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PREFACE 

The idea of publishing this monograph originated in an Inter-Agency 
Working Group on Milk and Milk Products, a body set up by the Food and 
Agriculture Organization of the United Nations (FAO), the World Health 
Organization (WHO), and the United Nations Children's Fund (UNICEF), 
which meets periodically to co-ordinate the efforts of the three organizations 
in the field of milk hygiene. 

The importance of milk as a food needs no emphasis. Most people are 
aware of the enormous wastage to which, because of its high perishability, 
milk is subject unless it is early and effectively processed; and also that milk 
provides an admirable culture medium for bacteria, and can and does serve 
as a vehicle for these and other disease-producing micro-organisms. For both 
economic and health reasons, therefore, it is essential that the animals giving 
milk should be protected from disease ; that milk and milk products should be 
handled, transported, processed, and packaged in the most hygienic conditions 
possible ; and that at every stage of their journey from producer to consumer 
such products should be subjected to the most vigilant control to prevent the 
entry of harmful organisms, destroy those already present, and guard against 
early deterioration. Modern practice in relation to these requirements is 
described in this monograph. 

But conditions vary in different countries. Milk production and distribution 
present an entirely different picture in the less developed countries and in the 
highly developed countries. Many of the former are in hot climates where 
the milk deteriorates rapidly unless properly processed; where the conditions 
in which the animals are kept and milked may be exceedingly unhygienic; 
where animal diseases communicable to man are common ; where dairies are 
few and trained staff in short supply ; and where the distribution of milk may be 
uncontrolled, haphazard, and wasteful. At the other extreme are countries 
where production, processing, and distribution are carried out efficiently and 
even the climatic conditions are favourable. An attempt is made in the mono
graph to describe milk hygiene practice not only as it is but as it could and 
should be in countries of very different climatic and technological conditions. 
A chapter is devoted to milk other than cows' milk, which assumes great 
importance in some of the less developed countries. 

It is hoped that this monograph will give a clear picture of the various ways 
and means of ensuring that the milk and milk products reaching the consumer 
are both harmless and wholesome. Some of the chapters deal with the advancing 
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8 PREFACE 

fringe of the subject, with processes that are not yet widely used or firmly 
established; a full description of these processes, it is felt, will be welcome, 
since it will enable those imperfectly acquainted with them to make up their 
minds about them. 
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The virtues of milk as a food have long been recognized and need not be 
further extolled here. Milk is, however, a ready and efficient vehicle for 
a great variety of disease agents. With the advent of mass collection and 
distribution of milk in rapidly industrializing countries in the early part of 
this century, this potential for disease transmission became a widespread 
community problem, instead of a concern limited to small groups obtaining 
their milk supply from a few animals. The virtual solution of this problem in 
economically advanced countries through the development and adoption 
of effective animal disease control measures and sanitary practices in the 
production and distribution of milk is one of the crowning successes of 
public health authorities in these countries. Such success, however, can be 
maintained only by constant vigilance over the health of the dairy animal 
and by adequate controls at all points from the time the milk leaves the 
cow's udder until it reaches the mouth of the consumer. The effective 
discharge of these responsibilities by state services is difficult enough in 
countries having a highly organized and mechanized system of milk produc
tion and distribution, evolved over decades of effort; but difficulties and 
dangers are magnified in less developed countries lacking the tradition, 
experience, trained. personnel, and funds necessary to ensure the proper 
functioning of a milk control system. Nevertheless, these difficulties must 
be faced today in such countries because of the remarkable extension of 
milk production, often involving modern machinery, that has taken place 
in developing areas during the past decade to make good the deficiencies 
in the diet of the people. 

While the problems of ensuring a safe milk supply are of different orders 
of magnitude in economically advanced and in developing countries, there 
are essential similarities. In both instances, where a highly mechanized 
system with extensive distribution services from a centralized milk plant is 
employed, the slightest relaxation of attention at any of the several crucial 
links in the chain from the farm to the consumer invites disaster. 

A second factor common to both advanced and developing countries 
is the disease-producing agent itself. Such agents can be conveniently 
classified as: (a) communicable disease micro-organisms-viruses, Rickett
siae, bacteria, protozoa, and other parasites-and their toxins; (b) specific 
and non-specific sensitizing agents; and (c) toxic chemicals-pesticides, 
preservatives, drugs, radionuclides, and other substances. 

The sanitary and technological problems encountered and methods 
used in the component parts of a milk collection and distribution system are 
dealt with in other chapters of this volume. Attention in this chapter will 
be focused primarily on communicable disease agents and their products 
(toxins) transmitted through. milk. The question of individual allergies to 
specific milk proteins will be largely set aside and only brief attention given 
to the question of hypersensitivities attributed in certain individuals to 
poor quality milk. Certain aspects of the problems of toxic chemicals, 
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radionuclides and pesticides will also be dealt with briefly (see also chapter by 
Jepsen, page 449). 

No attempt will be made to cover exhaustively all aspects of the com
municable diseases transmitted through milk, the discussion being limited 
to the latest knowledge of the major milk-borne diseases and to the most 
important aspects of their transmission and its prevention in both econo
mically advanced and developing countries. 

DISEASES CAUSED BY MICRO-ORGANISMS Al~"ll THEIR TOXINS 

Epidemiological Considerations 

The epidemiology of milk-borne diseases offers relatively few mysteries 
since they represent straightforward instances of diseases caused by ingestion 
of contaminated milk or of a foodstuff containing such milk or a milk 
product, in contrast to other microbial illnesses which may be air-borne, 
vector transmitted or the result of contact infection. Nevertheless, there are 
many variables and unknown factors associated with milk-borne disease 
and their causative agents. Only a few epidemiological highlights can be 
considered here. These include milk as a vehicle of infection or intoxication, 
the type and pattern of disease outbreaks, and the investigation and reporting 
of milk-borne disease. 

Milk and milk products as vehicles of infection or intoxication 

The medium 

Milk serves as an excellent culture and protective medium for certain 
micro-organisms, particularly bacterial pathogens, whose multiplication 
is mainly dependent on temperature and on competing micro-organisms 
and their metabolic products. Several important pathogenic bacteria 
(Mycobacterium tuberculosis, Brucella) do not multiply freely in milk, and 
viruses do not multiply at all; these pathogens depend for their disease
producing capacity upon the initial load of infection in the milk and on the 
subsequent dilution, processing, time that elapses before the milk is consumed 
by an individual, and other factors. Temperatures below 10°-12 oc are inhibit
ory for most pathogens and this is taken advantage of by cooling milk that is 
being held for heat treatment. At temperatures favouring the multiplication 
of micro-organisms, the pathogenic organisms may be overgrown by 
saprophytes, but often the offending agents survive and produce disease 
unless destroyed by heat. Where milk is produced under poor hygienic 
conditions and is not cooled, the main contaminants are usually lactic-acid 
producers which cause rapid souring. Lactic acid has an inhibitory effect on 
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pathogenic bacteria, and some lactic-acid-producing streptococci have been 
shown to produce antibiotic-like substances which may also inhibit patho
gens to some extent, but this cannot be depended upon to provide a safe milk 
product. Milk produced under very hygienic conditions may be almost 
free from the souring organisms so that certain pathogens (Salmonella, 
staphylococci) which do not grow well in the presence of lactic acid may 
multiply enormously under favourable temperature conditions. 

The aging process, in which pathogens often die off or are eliminated by 
the saprophytes and their metabolic products (e.g., as a result of acid 
formation), is an incidental part in the manufacture of some milk products 1 

and is helpful but seldom entirely dependable in producing a safe product. 
Therefore the increasing introduction .of pasteurization at some step in the 
manufacture of all milk products is a welcome tendency (see chapters by 
Kay, page 257, and Barber, page 405). 

Sources of infection and contamination 

Disease organisms in milk are derived from either the dairy animal 
itself, the human handler, or the environment (see Table 1). These organisms 
can be excreted through the udder directly into the milk, or originate from 
the skin and mucous membranes of the animal or milker and contaminate 
the milk and milk utensils. One of the most important extraneous sources 
of infection on the farm, and sometimes in the pasteurization plant, is a 
contaminated water supply (see chapters by Clark, pages 143 and 499). 
Insects, rodents, dirt and manure all play their part in introducing pathogens. 

The pathogens ·arising from animals or man will be considered later 
in this chapter. It is clear that man can be a source of infection at any time 
in the chain of events until the milk product is consumed. The most critical 
stages are following pasteurization, where a single human carrier may re
contaminate large quantities of milk (e.g., during bottling or packaging), and 
in bulk dispensing at shops. 

Heat as a destroyer of pathogens 

The problem of thermal inactivation of pathogenic organisms has a 
crucial bearing on any discussion of disease tra~smission through milk. 
Many workers have pointed out the variables that must be taken into 
consideration when making laboratory studies of heat treatment procedures 
intended for .commercial application in the processing of milk (see, for 
example, Jezeski, 1954; Kastli, 1957; Nevot et al., 1958). These variables 
include the origin and physiological state of the organism (whether artificially 
cultured over long periods, whether tested in actively growing or lag phase, 
dissociation, clumping, etc.); nature of the suspending medium (physio
logical saline, milk, cream, ice-cream mix); actual exposure time to heat, 

1 An excellent description of fermented milk products can be found in a publication by Kon (1959), 
extracts of which appear in Annex 2 (page 757). 
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TABLE 1 

DISEASES TRANSMISSIBLE TO MAN THROUGH MILK 

Disease 

Viral 

Infections with adenoviruses 1 

Infections with enteroviruses 1 (including polio-
viruses and the Coxsackie groups) 

Foot-and-mouth disease 
Infectious hepatitis 1 

Tick-borne encephalitis 

Rickettsial 

Q fever 

Bacterial 

Anthrax 1 

Botulism (toxin) 
Brucellosis 
Cholera 
Coli infections (pathogenic strains of E. coli) 

Clostridium per{ringens (welchii) infection 

Diphtheria 
Enteritis 1 (non-specific, from large numbers of 

killed or living coli, proteus, pseudomonas, 
welchii, etc.) 

Leptospirosis 1 

Listeriosis 1 

Paratyphoid fever 
Rat-bite fever 
Salmonellosis (other than typhoid and para-

typhoid fevers) 
Shigellosis 
Staphylococcal enterotoxic gastroenteritis 
Streptococcal infections 
Tuberculosis 
Typhoid fever 

Protozoal 

Amoebiasis 1 

Balantidiasis 1 

Giardiasis 1 

Toxoplasmosis 1 

Helminths 

Enterobiasis ' 
Taeniasis (Taenia solium infection) 1 

Other 

Sensitivity reactions to antibiotics, toxicoses 
from insecticides, plant toxins, radionuclides 
and other heavy metals, preservatives and 
other extraneous substances 

Principal sources 
of infection 

En vi-
Man Milch ran

animal men! 

X 

X 

X 

X 
X 

X 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 

X 

X 

X 

X 

X 

X 

X 
X 
X 

X 

X 
X 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

1 Not conclusively incriminated as milk-borne, but epidemiologically probable 
or suspect (see text for discussion of these diseases and others not mentioned 
in the table). 
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including pre-heating and cooling periods; accuracy of thermocouple 
devices; and others. 

For practical purposes, the use of heat in the processing of milk has a 
twofold aim-to destroy pathogenic and other unwanted organisms, and 
to improve keeping quality. The aim under discussion here is the killing 
or inactivation of pathogens. To accomplish this, procedures have been 
developed in which the time and temperature of exposure are varied to 
ensure the destruction of the known pathogenic micro-organisms. The heat 
resistance of the staphylococcal enterotoxin raises several problems in 
heat-processing, and efforts must be concentrated on preventing massive 
multiplication of toxin-producing staphylococci before and during the 
processing of milk or the milk product (especially in the production of dried 
milk and cheese). The adoption of the various pasteurization procedures 
followed much experimentation on the destruction of pathogens using 
different time-temperature curves, and the empirical results of commercial 
pasteurization have amply justified the confidence placed in these methods. 
It is often stated that no authentic outbreak of disease has been attributed 
to properly pasteurized milk. This claim is valid if the term " properly 
pasteurized " is taken to indicate that three conditions have been fulfilled: 
(1) the milk was adequately cooled and kept before pasteurization so as to 
prevent the formation of heat-resistant staphylococcal enterotoxin; (2) the 
pasteurizing equipment was functioning adequately; and (3) precautions 
were taken to prevent post-pasteurization contamination. Unfortunately, 
it often happens that one or more of these three prerequisites is lacking, and 
this is responsible for much milk-borne disease. 

Two points may be noted, however. Firstly, modern microbiological 
studies have shown that temperature inactivation is a much more complicated · 
phenomenon than was formerly believed; future studies, especially with 
micro-organisms of border-line susceptibility to some pasteurization temper
atures now used (Q fever, tuberculosis), should take this into account (see, 
for example, Daoust et al., 1961). Secondly, the survival of pathogenic 
viral agents requires careful study with the latest virological techniques, 
developed only in the last few years. Apart from very few investigations 
made some years ago, no adequate studies have been reported on the 
survival of pathogenic viruses in milk (see page 23). 

On the basis of practical experience over many years, however, there 
seems no reason to doubt that the pasteurization procedures now used, 
especially those involving the higher temperature ranges, are adequate for 
protection, in spite of certain theoretical possibilities indicated in laboratory 
experiments. 

Many studies of heat inactivation of pathogenic bacteria have been made 
over the years. The most recent comprel!.ensive re-examination of the entire 
question was made by Nevot and his collaborators (1958). Table 2 sum
marizes the results they obtained in a laboratory study designed to establish 



TABLE 2 

THERMAL DEATH-POINTS OF PATHOGENIC BACTERIA IN MILK 1 

Time in seconds to assure destruction at indicated temperature in °C 

Bacterial species 

I I I I I I I 58° 60° 62° 65° 68° 70° 72° 75° 

Salmonella typhosa I - 76-82 36-42 17-19 - 6-7 4-5 2-3 

S. schollmuelleri - 106-115 66 24-27 - 5-6 4 3 
S. hirsch(eldii - 65-70 35 15 - 4-5 3 2 
S. typhi-murlum - 135-198 88-90 36-40 13-14 7-8 6 4 

S. enteritides - - 135-140 67-70 25-26 13 8 5 
S dub/in - - 140 60-65 24-25 11-13 6-7 2-3 

S. anatum - - 85 40-43 18 9 6 4-5 

Brucella melitensis 2 - 175-210 90-100 32-55 - 22-29 18-20 10-12 

B. abortus' - 170-175 55-105 20-43 - 15-25 12-18 8-9 

B. suls' - 225 120 55-56 - 25 17 9 
Mycobacterium tuberculosis hominis - - 105-145 17-32 - 10-17 8-12 5-8 
Myco. tuberculosis bovis - - 115-150 25-40 - 6-11 4-8 2-5 
Staphylococcus pyogenes - 1080-1330 690 58-63 - 12-15 10-11 5-7 

Streptococcus group A ' (Lancefield) - 180-192 135-144 65-70 - 8-10 5-7 4-5 
Corynebacterium dlphtheriae ' 43-45 28-31 20-21 9-10 - 3 2 2 

Escherichia coli' - 125 47-48 18 - - 7 4 
---- ----------- -----

1 Compiled from data given by Nevot, Lafont & Lafont, 1958; test suspension prepared in raw milk, unless otherwise indicated. 
2 Tested in sterilized, not raw, milk. 
' Pathogenic strain 055B5. 
- = not tested. 
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time-temperature combinations which would ensure destruction of the 
major pathogens. In their laboratory studies, suspensions of artificially 
cultivated bacteria were suspended in physiological saline solution, and in 
sterilized and raw milk; in some instances, infected tissues of animals were 
used in place of cultures. Table 2 gives an extract of their results, and their 
monograph should be consulted for full details. 

Relatively little work has been done on the thermal inactivation of viral 
pathogens in relation to problems of pasteurization. Woese (1960) reviewed 
theoretical considerations applicable to the thermal inactivation of viruses, 
but the temperatures he was concerned with were low relative to those used 
in pasteurization procedures. Most of the known viral pathogens appear 
to be inactivated at pasteurization time-temperature combinations normally 
employed and this, coupled with the lack of reported illness in consumers 
of pasteurized milk, speaks for the efficacy of pasteurization. However, 
some pathogenic virus strains do survive pasteurization temperatures. This 
and other open questions concerning viral agents are discussed later (see 
page 23). 

Type and pattern of disease outbreaks 

The major microbial agents and their toxins that have been definitely 
incriminated as responsible for disease, or are suspected of being so, are 
given in Table 1. 

In many economically advanced countries, such diseases as typhoid fever, 
diphtheria, salmonellosis, streptococcosis (" septic sore throat ", " scarlet 
fever"), Q fever, brucellosis and tuberculosis attributable to milk-borne 
infection have virtually disappeared. They have either been eliminated from 
the animal population (e.g., brucellosis, tuberculosis), reduced to very low 
levels in the human population (typhoid fever, diphtheria), or their trans
mission avoided by the efficient heat processing and subsequent sanitary 
control of the milk product. In developing countries where this fortunate 
state of affairs has not been reached, some repetition might be expected 
of the epidemic history experienced during this century by the now economi
cally advanced countries (see, for example, Maxcy, 1956; Leff, 1957; 
Wilson & Miles, 1955). This need not occur, however, if use is made of 
recent advances in knowledge of disease transmission factors and, more 
important, if economically feasible heat-inactivation methods are applied 
to raw milk, either in bulk in a factory or in simple or home-made 
units. 

Classical sharp outbreaks of disease, such as those caused by toxigenic 
staphylococci, streptococci, typhoid bacteria and other salmonellae are 
not usually difficult to pin-point if systematic epidemiological investigations 
are undertaken (see later), because clinical disease is manifest as a cluster of 
cases within a relatively short period of time. It is much more difficult, and 
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often impossible, to track down the source of such diseases as brucellosis, 
tuberculosis and infectious hepatitis, because the incubation periods of 
these diseases are longer and more variable. 

Prediction of specific disease outbreaks in different countries is further 
complicated by differences in immune status shown by the population as 
a whole and by different age groups, quite apart from individual variations 
in the host and the infective agent. Thus the epidemic pattern resulting 
from post-pasteurization contamination of a milk supply with typhoid 
or diphtheria bacilli in a community with poor sanitary practices would be 
quite different from that in a community which had high sanitary standards 
and had long been free from natural exposure to these pathogens. In 
general, it can be said that in areas with poor sanitation, and where 
communicable diseases transmitted through the alimentary tract are endemic, 
infants and children as well as the adults have often already acquired 
immunity to many of these diseases. This immunity may be temporary 
(salmonellosis, shigellosis) or of long duration (diphtheria), depending upon 
strain variation and antigenic quality of the infecting micro-organism. 
Vaccination programmes in different countries for diseases such as cholera 
and typhoid would also affect the epidemic potential of milk-borne diseases. 
Finally, with very few exceptions, there is insufficient knowledge to establish 
with certainty the microbial causes of many ill-defined enteric or other 
diseases apparently acquired through ingestion. 

With such variables and lack of specific knowledge of disease conditions 
in most countries, it would be useless to attempt any sophisticated approach 
to epidemic prediction. The most one can say is that where effective heat 
treatment of milk is interposed as a barrier in the chain of infection, the 
resulting disease picture will consist of diseases of which man is the primary 
reservoir (see Table 1, page 15); where there is no such heat treatment, 
all the diseases listed in Table 1 may occur. 

It is likely that Table 1 will require drastic modification in the next few 
years. The importance as disease-producers of enteroviruses (which 
include the poliovirus and Coxsackie virus groups) and of certain strains of 
Escherichia coli is becoming increasingly evident. These pathogens are 
known to be universally distributed, although as a cause of disease they have 
attracted attention only in the economically more advanced countries where 
they have been specially looked for (perhaps having come into prominence 
when other intestinal pathogens disappeared from the community). As 
potential or actual causes of milk-borne disease at the present time, such 
pathogens would be derived principally from human-handlers, after the 
milk has been pasteurized. ln the more highly developed countries, 
a real shift in the type of milk-borne disease may soon be observed, if it 
has not already occurred, and in developing countries the enteroviruses may 
have to be added to the many as yet ill-defined etiological agents of enteric 
diseases. 
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In these areas, where contamination ofthe milk supply both before and 
after heating is much greater than in more highly developed countries, the 
infecting dose of the micro-organism for man is more easily reached. 

The investigation and reporting of milk-borne diseases 

It is only the more dramatic outbreaks of milk-borne disease that gain 
the public eye. As with other food-borne diseases, the deplorable lack of 
adequate investigating and reporting systems in most countries makes the 
real magnitude of the problem almost entirely a matter of conjecture. For 
example, it is generally co11ceded that gastrointestinal upsets are perhaps 
the greatest single cause of morbidity in developing countries and still 
constitute a very large problem in the economically more advanced countries, 
but the role of milk in these diseases, except in well-defined outbreaks, is 
far from clear. Attempts are being made to remedy this deficiency of 
reliable information. Especially noteworthy is the report of the WHO 
European Technical Conference on Food-borne Infections and Intoxica
tions 1• The recommendations contained in that report deserve the widest 
possible notice. Another useful publication is Procedure for the investi
gation of food-borne disease outbreaks.2 A few of the recommendations of 
these reports, in so far as they are relevant to the problem of milk-borne 
disease, will be discussed here. 

Investigation of outbreaks 

An " outbreak " is defined as two or more epidemiologically related 
cases, and an " incident " can represent a family or other outbreak, or a 
sin:gle (sporadic) case. 

When making an epidemiological investigation of an outbreak, a 
complete list of cases should be prepared (age, occupation, clinical features, 
date and hour of first symptom and character of symptoms). A record 
should be made of foods eaten and a common source of infection should 
be sought if several or large numbers of individuals are involved (e.g., a 
batch of reconstituted dried milk or bottled milk). A list of personnel 
handling milk on the farm, in the pasteurization plant, and in the retail 
shop should be made with a history of both recent and remote illnesses of 
these individuals. Evidence of enteric disorders, scratches, sores, pyogenic 
infections, or other evidence of sepsis should be looked for, and where 
indicated swabs should be taken. Notice should be taken of the sanitary 
facilities and practices of the plant or shops, i.e., the provision of water 
closets and the sanitary discipline of the employees. If a particular farm 
is suspected a detailed, veterinary history of the animals should be obtained, 

1 Wld H/th Org. techn. Rep. Ser., !959, 184. 
2 International Association of Milk and Food Sanitarians Inc. (1957) Procedure for investigation of 

.food-borne disease outbreaks, Shelbyville, Indiana, USA. 
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with particular attention to recent cases of mastitis. Pooled milk samples 
from one or several animals should be taken aseptically, immediately cooled, 
and held cool until delivered to the laboratory for examination. When 
the investigation has narrowed suspicion to one or a few animals, individual 

. samples should be obtained. Swabs for bacteriological study should be 
made from all utensils and from equipment at each stage of the processing 
line. All suspected specimens of milk or milk products should be collected 
for examination, including products prepared days or even weeks previously. 
The laboratory should also receive specimens of blood, vomitus and faeces 
from affected persons. 

The above course of action is particularly adapted to acute outbreaks, but 
most of the procedures listed are equally applicable to the less well-defined 
incidents (e.g., brucellosis). Where a specific disease emerges in the course 
of the investigation, as for example typhoid fever, the epidemiological and 
laboratory investigations can be intensified in that direction. 

The necessary action should be taken in the least arbitrary fashion 
possible, and without penalties attached, so as to enlist the full co-operation 
of all concerned. The latter can be accomplished if the ground has pre
viously been prepared by consultation and educational meetings, organized 
by health authorities, with milk producers, factories, canteen employees and 
other individuals concerned. 

Reporting of food-borne infections 

Food-borne infections and intoxications, including those caused by 
milk and milk products, should be made notifiable and reported by national 
authorities according to a standard classification as follows: 

A. Food-borne infections 

( 1) Bacterial : 
Anthrax (062) 1 

Bacillary dysentery (Shigellosis) (045) 
Brucellosis (044) 
Cholera (043) 
Coliform infections 
Diphtheria (055) 
Paratyphoid fever (041) 
Salmonella infections other than typhoid and paratyphoid fevers 

(042/0) 
Streptococci (049 .2) 
Tuberculosis (011,012 etc.) 
Typhoid fever (040) 

1 The figures in parenthesis are the code numbers in the .:.\fanual of the International Statistical Classi~ 
fication of Diseases, Injuries and Causes of Death, 1957, Geneva, World Health Organization. 
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(2) Viral and rickettsial : 
Foot and mouth disease (096.6) 
Infectious hepatitis (092) 
Q fever (108) 
Tick-borne encephalitis (082.0) 

(3) Protozoal 1 

B. Food-borne intoxications of bacterial origin 
Botulism (049.1) 
Staphylococcal enterotoxin food poisoning (049.0) 

C. Food-borne disease from heavy contamination with certain bacteria 
Clostridium perfringens (Cl. welchii), B. cereus 

D. Food-borne diseases ofuncertain etiology 
Escherichia (some strains), Proteus, Pseudomonas, etc. 

E. Food-borne intoxications due to chemical poisons 
The cause should be stated where determined, e.g., plant toxins (N960), 
inorganic and organic chemical compounds (N964-N967), radioactive 
substances. 

F. Food-borne diseases of undetermined etiology. 

Special reports, published at least annually, should be devoted to milk
borne outbreaks; these should cover as far as possible the following, and 
should include details of some specific outbreaks selected because of typical 
as well as unusual features: 

(a) circumstances (community banquets, meals in restaurants, home 
outbreaks, etc.); 

(b) size (total numbers of persons affected in relation to those at risk); 
(c) food concerned, specifying the particular form; 
(d) sources of contamination of the food involved (animal origin, 

human case or carrier, faecal contamination, etc.); 
(e) specific bacterial, viral, or parasitic agent isolated by laboratory 

examinations. 

Clear-cut clinical cases should be recorded as distinct from positive 
laboratory findings. This would not be difficult if health administrations 
were to record separately cases notified by physicians and those confirmed 
by laboratory investigati()nS. 

These procedures, if followed persistently, will certainly result in great 
benefit to health services locally, nationally, and internationally in arriving 
at a better understanding of the problems of milk-borne disease and their 
effective solution. The experience in the United Kingdom during the past 
decade well substantiates this conviction. 

1 See page 56. 



DISEASES TRANSI\ITTTED THROUGH l\ITLK 23 

Viral and Rickettsial Diseases 

Apart from tick-borne encephalitis (see page 25) the importance of 
viral agents in milk-borne diseases has not been clear-cut. This could be 
ascribed to the lack, until recently, of reliable laboratory techniques for 
many viral agents transmitted by the oral route, and to insufficient epi
demiological knowledge. During the past 10 years, the fund of information 
on viral diseases has increased considerably in advanced countries, but 
much remains to be determined as to routes of transmission, infective doses 
required, and the survival of the agents when exposed to heat and other 
environmental conditions. In a previous section (see pages 14-18), it has 
been indicated that adequate heat treatment as currently practised in com
mercial pasteurization of milk seems to have been satisfactory in preventing 
any notable outbreaks of communicable diseases, provided post-pasteuriza
tion contamination has not occurred. The possibility cannot be dismissed, 
however, that even in milk that has been heat treated transmission of certain 
viral agents has in fact occurred but has escaped notice. Some viruses patho
genic for man (tick-borne encephalitis, Coxsackie, and the Q fever rickettsial 
organism) have a heat-inactivation point near or slightly above the pasteur
ization temperatures often used in the holding-vat method (61.5oC for 
30 minutes), or at about the level used in some HTST (high-temperature 
short-time) processes (71 °-72°C for 15 seconds). Most of the laboratory 
studies on heat-inactivation of viruses have not been carried out using a 
milk or milk product medium favourable for virus preservation; it is to 
be hoped that studies along these lines will be undertaken in the near 
future. In developing countries with low sanitary standards, there is a 
strong probability of milk-borne viral diseases because of the likelihood 
that heavy contamination with human viral pathogens will be introduced 
at various points in the production line, whether the milk is non-heat-treated 
or pasteurized. 

The contamination arising from human handlers is by far the most 
important source of potential viral disease in man, but identical or closely 
related viral pathogens causing infection in the milch animal must also be 
considered. It is of interest, therefore, to mention briefly some charac
teristics of certain viruses causing disease in man and animals \Vhich could 
very well prove to be transmitted on an important scale through milk in 
some countries. 

1. Enteroviruses 

This group of viruses that multiply in the gastrointestinal tract of man 
and animals now numbers more than fifty distinct types. Only some of 
these are known to be human pathogens, notably the polioviruses and 
Coxsackie viruses; certain other members of the enterovirus group have 
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been shown to cause severe epidemics of " summer diarrhoea " in infants 
and children (Melnick & Sabin, 1959; Lepine et al., 1960). The entero
viruses are universally distributed, and the oral route is considered to be the 
principal portal of entry. Milk has been suspected as responsible for some 
outbreaks of poliomyelitis, but the evidence in these instances is only 
circumstantial and cannot be considered as conclusive (see, for example, 
Brown, 1949). Laboratory experiments indicate that pasteurization pro
cedures are adequate to inactivate the polioviruses (Kaplan & Melnick, 
1952; Agnese, 1956). The Coxsackie viruses suspended in milk appear to 
be more resistant to the usual HTST procedures, with some strains surviving 
the lower .temperature levels often employed (about 71 oc for 15 seconds); 
viruses suspended in cream were even more resistant (Kaplan & Melnick, 
1954). With polioviruses and other members of the enterovirus group, 
which are very commonly excreted in the faeces of clinically healthy persons, 
massive contamination of milk supplies no doubt often occurs. Thus 
unheated milk, and milk contaminated after pasteurization very probably 
plays a role in the dissemination of these viruses and must be strongly 
suspected as a vehicle of these diseases, particularly in developing countries 
where such contamination is liable to be heavy and frequent. 

2. Adenoviruses 

Some twenty different types of these viruses have been identified, and 
as with the enteroviruses only a few have been shown to cause disease. 
While the respiratory route appears to be the usual mode of transmission, 
some of the adenoviruses have been .shown to be excreted in the faeces 
(Dingle & Ginsberg, 1959). They likewise should be considered along with 
the enteroviruses as good candidates for milk-borne. disease. 

3. Virus of infectious hepatitis 

The study of infectious hepatitis has been severely hampered by the lack of 
laboratory tools for cultivation and identification of the virus (or viruses) 
concerned. There is no doubt that the virus is transmitted by the oral route 
and can be shed by convalescent and clinically normal individuals. Infor
mation on heat resistance of the virus is meagre; (it survives 56oC for 
30 minutes, but information on temperatures above this is lacking (Bedson 
et al., 1961). Infectious hepatitis must be considered as one of the most 
serious viral diseases for which milk may be an important vehicle of trans

' mission (Brown, 1949; Ballance, 1954). It should be noted that under 
certain circumstances (heavy original contamination with organic matter, 
insufficient clarification before chlorination) even chlorinated water is 
insufficient to ensure inactivation of the virus (Poskanzer & Beadenkopf, 
196}). Thus, apart from direct contamination from soiled human hands, 



DISEASES TRANSMITTED THROUGH MILK 25 

the disease may be spread by a defective water supply in a milk plant or 
distribution centre. 

4. Tick-borne encephalitis virus 

Tick-borne encephalitis was formerly believed to be limited to parts of 
central and northern Europe and Asia, but the causative virus (Group B 
of the arboviruses ), or a close relative, has recently been isolated in India 
and is now believed to be present on the North American continent 
as well (Thomas et al., 1960; Smorodintsev, 1958; WHO Study Group on 
Arthropod-borne Viruses, 1961). 

In its natural foci, tick-borne encephalitis virus circulates among verte
brate hosts through the agency of ticks and mites, but human infection 
may take place either through tick bites (Ixodes persulcatus, I. ricinus) 
or by mouth, particularly through drinking unheated milk of infected 
goats. 

This virus has been demonstrated in the milk of naturally infected goats 
in at least three areas in the USSR where the disease is endemic (Smorodin
tsev, 1958; Drozdov, 1959); and it has been found in milk from experimen
tally infected goats by several workers (Gresikova, 1957; Ilyenko, 1957; 
Smorodintsev et al., 1954; van Tongeren, 1956). It is continually excreted 
between 2 and 6 days after infection and attains titres in the milk of an 
infected animal several hundred times those in the blood. This may be 
due to the multiplication of the virus in the udder, or to filtration and 
concentration of the virus from the blood in the udder (Ilyenko, 1957). 

The virus does not appear to have been isolated from the milk of natu
rally infected cattle, although it has been isolated after both experimental 
infection through ticks (Gresikova & Rehacek, 1959) and infection by 
subcutaneous inoculation (Gresikova, 1958 a). In the former experiment 
the virus was present in the milk on the 3rd and 4th days after infection, and 
in the latter from the 2nd to the 6th day after massive inoculation. 

In sheep, also, the virus has been demonstrated in the milk after experi
mental infection with ticks from the 3rd to the 7th day after exposure 
(Gresikova, 1958b). The virus titres in sheep's milk can be nearly as high 
as in goats' milk (Blaskovic, 1958). 

The virus has also been demonstrated in cream, butter and curds pre
pared from infected milk. In cream and butter, it survives for two months 
in the refrigerator at 4 ac and in the curd for about two weeks (Gresikova, 
1958c; Gresikova-Kohutova, 1959). The virus has been isolated from 
infected cow's milk soured for 48 hours (pH 4.7) (Gresikova, 1961). In 
cottage cheese it was no longer detectable after two months. The virus 
is relatively heat resistant and still remains partly active in milk kept at 
60°C (and rarely at 65°C) for 20 minutes. It is, however, completely 
inactivated when kept at 70°C for 20 minutes, and is destroyed in milk 
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pasteurized at 62°-63oC for 30 minutes (Gresikova, 1961). It has also been 
shown that the virus is inactivated at 72°C and at 85°C in 10 seconds 
(Gresikova et al., 1960). . 

In oral infection of human beings from raw goats' milk, the disease is 
generally of the biphasic meningo-encephalitis type. The incubation period 
(4-7 days) is shorter than after exposure to tick-bites (8-20 days). Some 
of the persons exposed by the oral route develop subclinical infection 
followed by immunity (Pogodina & Kolokolova, 1961). The nature of the 
outbreak resulting from milk infection would depend on the type of milk 
supply into which the infected milk finds its way, but generally family 
epidemics are observed. Tick-borne infection is confined to persons who 
visit the forest, but milk-borne infection affects all groups, including those 
who stay at home or those who live in towns. The relative frequency of the 
two modes of infection depends on the milk-drinking habits of the popula
tion and on opportunities for exposure to tick bites. In one area, 70 % 
of the infections were contracted from goats' milk, while in another area 
goats' milk infections formed only 5 %-20 % of the total number (Smorodin
tsev, 1958, and others cited by him). 

Cows' milk may also convey the infection to man, although it seems to 
be much less important as a .vehicle of the virus than goats' milk or even 
sheep's milk (Blaskovic, 1958; Drozdov, 1959). 

Information on the possibility of other tick-borne encephalitis viruses 
(louping-ill, Kyasanur Forest disease 1) being transmitted through milk 
is scanty. Gresikova & Rehacek (1959) have shown, however, that louping
ill virus is excreted in milk of sheep 7-8 days after exposure to infected tick 
bites. Hardly any sheep's milk is consumed in Scotland and Northern 
England where louping-ill is endemic, and this may account for the absence 
of reported human infections in these areas. 

In the present state of knowledge, the control of milk-borne encephalitis 
is only feasible through adequate heat treatment of milk. Boiling, or heating 
the milk to 72°-85°C for 10 seconds or to 65°-70°C for 20 minutes, would 
render the milk safe. It has been suggested that goats immunized with a 
potent vaccine do not excrete the virus into the milk unless exposed to 
massive doses (Ilyenko, 1957). This indicates a possible method of 
control but there is evidently need for further investigation . 

. 5. Foot-and-mouth disease virus 

Foot-and-mouth disease is one of the most highly contagious diseases 
of cattle, but man appears to be only slightly susceptible to it (Betts, 1952; 
Platt, 1958). This is evident from the fact that despite extensive and repeated 
epizootics of the disease. throughout most of the world, human infection 

1 Shah & Murthy (1960) found no evidence of the excretion of the virus of Kyasanur Forest disease in 
the milk of 6 infected women who were nursing babies. 
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has been rarely proved. Milk-borne infection is seldom observed, even 
when raw milk from infected farms is consumed. Moreover, few of the 
reported cases were confirmed by animal inoculation or neutralization tests 
(Hull, 1947). 

The virus is shed in milk during the generalization stage; later, vesicles 
on the udder and teats may rupture during milking and contaminate the 
milk heavily. Fortunately, from the standpoint of milk-borne transmission, 
affected cattle often cease to secrete milk. 

Milk from infected farms should be adequately heat-treated if the removal 
of milk from affected farms is at all permitted. The virus of foot-and-mouth 
disease apparently does not survive pasteurization procedures, although 
recent work points to a rather high resistance of the virus to heat and other 
destructive influences under circumstances favouring protection of the virus 
(Cox et al., 1961). Consequently, it would be useful to re-study the question 
of pasteurization, using modern virological techniques. Raw milk has been 
known to be implicated in the transfer of the infection in cattle from one 
farm to another. For this reason also, heat treatment of milk is necessary, 
unless stronger measures like slaughter of affected animals are being under
taken. 

6. Other viruses 

Certain other virus diseases are transmissible to man by direct contact 
with the milking animal. These include cowpox, vaccinia, vesicular stoma
titis, contagious pustular dermatitis (" orf " in sheep and goats), and 
pseudocowpox (milker's nodules). There is little or no evidence, however, 
that ingestion of milk contaminated with the viruses of these diseases has 
caused clinical infections. Current investigations are uncovering many 
strains of viruses inhabiting the intestinal and respiratory tracts of cattle 
and other animals which are very closely related to, if not identical with, 
similar viruses affecting man. The natural transmission of such viruses from 
cattle to man and vice versa has not yet been demonstrated. One such 
group of viruses, the " reoviruses ", has been clearly identified in man 
and cattle, and future discoveries of an analogous nature can be anticipated 
(Abinanti, 1961). Also noteworthy are the isolations of the myxoviruses 
influenza A and para-influenza 3 from cattle and influenza A from sheep 
suffering from respiratory disease (Albinanti et al., 1960; Romvary et 
al., 1962). 

7. Q Fever 

Infection with Coxiella burnetii, a rickettsial organism, is responsible 
for the disease Q fever, which is very widespread in the world; only a few 
countries out of those that have been investigated have been found free 
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of the disease (Kaplan & Bertagna, 1955; Babudieri, 1959). As far as 
human infection is concerned, the principal reservoirs are cattle, sheep and 
goats-all milk-producing animals. Most human infection takes place by 
inhalation of infected dust previously contaminated with the amniotic 
fluid and foetal membrane of infected animals, but oral infection through 
drinking raw infected milk also occurs. Beck et al. (1949) found that 96 out 
of 300 persons (32 %) who contracted the infection in the Los Angeles area 
habitually drank raw milk. This percentage would appear to be significant 
in view of the fact that only 5 % of the population in the area consumed 
raw milk. Marmion et al. (1953) considered that 41 % of their cases in 
England were attributable to consumption of unprocessed milk. Later 
Marmion & Stoker (1958) examined the position in several parts of the 
country and concluded that milk was the main vehicle of transmission 
of the infection from cattle to man. A fair proportion of infections 
observed in Switzerland (Wiesmann, 1952) and Greece (Caminopetros, 
1948) have also been ascribed to the ingestion of raw milk and other dairy 
products. 

In areas where dairy animals are infected, a large proportion of the 
milk samples may be found infected with C. burnetii. Thus, Huebner et al. 
(1948) found 40 of 50 samples of pooled milk from 1440 cows infected in 
Southern California. Slavin (1952) showed that 6.9 % of milk samples 
from 25 181 farms in England, 2% from 553 farms in Wales and 0.8% 
from 240 farms in Scotland, were infected. In South Wales, Evans (1956) 
found that 5 % of 1311 samples of raw milk were infected. Of 136 specimens 
of pooled raw milk from retailers, 52 (38.2 %) were positive while 5.5 % of 
110 samples of pasteurized milk (see later) were also infective for guinea
pigs. Lashkevich (1958) isolated two strains of C. burnetii from 303 milk 
samples in Kirghizia. Zdrodovsky & Golinevich (1956) have referred to 
other isolations made in various parts of Central Asia and the USSR. 
From the very wide prevalence of the infection in dairy animals in different 
parts of the world (Kaplan & Bertagna, 1955) and the foregoing reports, 
it is reasonable to infer that C. burnetii would be present in a considerable 
proportion of samples of raw market milk, and to some extent also in pasteur
ized milk (see below). The organism has also been isolated from the milk 
of goats (Lennette & Welsh, 1951), sheep (Jellison et al., 1950), and even 
from human milk (Babudieri, 1954). 

Infected cattle continue to excrete C. burnetii in their milk for long 
periods (more than 200 days according to Bell et al., 1949) though the 
quantity secreted from day to day varies considerably. The infected udder 
and milk do not, as a rule, show any abnormality. In Sicily, a few cases of 
catarrhal mastitis in cows have been ascribed to this organism (Mirri, 1951) 
although this has not been reported elsewhere. 

C. burnetii is relatively heat resistant and often survives some time
temperature combinations used in milk pasteurization. Jezeski (1954) has 
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reviewed the varied results reported by different workers on the heat suscepti
bility of C. burnetii and advanced reasons for the differences. In naturally 
infected milk, it would be very unlikely for the few organisms that may 
possibly survive the usual pasteurization processes to constitute a public 
health danger, but even this slight risk can be eliminated by a small correction 
in time and temperature procedures. Kastli (1957) has also summarized the 
various observations on this point and concluded that C. burnetii is distinctly 
more heat-resistant than the tubercle bacillus, which was previously considered 
to be the most resistant non-spore-forming pathogenic micro-organism in 
milk. 

It has been shown that it survives pasteurization in bulked raw milk 
at a temperature of 161 ap (72°C) for 15 seconds by the HTST method 
(England & Wales, 1958). Similar treatment of infected cream and choco
late milk, or pasteurization at 145°F (63 oq for 30 minutes, fails to eliminate 
viable Coxiella. An increase of 5°F (3°C) in the temperature of pasteuriza
tion by either of these methods, as recommended by the US Public Health 
Service, has been found to be adequate to inactivate the organism in milk and 
the above-mentioned products (Enright, 1961). The Joint FAO/WHO 
Expert Committee on Milk Hygiene (1957) recommends, in addition, that 
in vat-pasteurization air-space heaters should be used. 

C. burnetii in raw milk is transferred to milk products made from it 
without adequate pasteurization. In products stored at freezing tempera
tures, the organism may survive for a very long time. At a temperature of 
-20°C it has been found viable after 2 years (Pinto, 1952). Information on 
the survival of this organism in cheese is scanty. It has been found viable 
in rennet cheeses for 25 days (Rosati & Berarducci, 1952) and in cottage 
cheese for 42 days (Sipka, 1958). The role of cheese in the epidemiology 
of Q fever is not clear, but cottage cheeses prepared from raw milk must 
be regarded with suspicion as they are consumed in relatively short periods 
after preparation. It has been claimed that the souring process in the 
making of yogurt kills Coxiella within 24 hours (Combiescu, 1957). 

The control of milk-borne Q fever depends mainly on adequate heat 
treatment of milk and cream as described above. Calving and lambing 
sheds should be away from the milking shed and the dairy. Recontamina
tion of heat-treated milk with dust and discharges should be prevented. 
Vaccination trials in animals have not been encouraging (Luoto et al., 1952). 
To determine the prevalence of infection in an area, surveys using various 
serological techniques (complement-fixation, capillary agglutination test, 
and microscopic agglutination test) should be encouraged (Kaplan & Hulse, 
1953; Babudieri, 1958; Luoto, 1956; Luoto & Mason, 1955). 
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Bacterial Infections and Intoxications 
1. Anthrax 

Oral infection with the anthrax bacillus in man nearly always results 
from ingestion of insufficiently cooked meat of infected animals rather than 
from their milk. Bacillus anthracis can, however, pass from the blood of 
an infected cow into its milk, but this transfer appears to require a high 
concentration of bacilli in the circulating blood, a condition that is met only 
shortly before death. For this reason, the bacillus has usually been detected 
only in samples of milk drawn just before or after death (M'Fadyean, 1909; 
Moore, 1919). Rarely, infection may persist in the milk of recovered 
animals (Fettick et al., cited by Hutyra, Marek & Maninger, 1946). In 
acute anthrax, the milk secretion is suppressed or the secretion is so altered 
in appearance that it is not likely to be consumed. There is, however, a 
danger from anthrax bacilli entering clean milk from the discharges and 
surroundings of affected animals if sufficient care is not exercised in the 
barns where the disease exists. 

The vegetative form of the organism is suceptible to heat treatment in 
the same way as non~sporing bacteria (Sterne, 1959) and is destroyed along 
with the enzyme phosphatase, so that adequately pasteurized milk is free 
from this form of the bacillus. The spore is, however, much more resistant, 
and its survival in milk for as long as 10 years has been reported (Morris, 
1921, cited by Hammer & Babel, 1957). The spore form is killed by boiling 
for 10-40 minutes and by autoclaving at a pressure of 15 p.s.i. for 10 minutes. 
Milk is a suitable medium for the multiplication of the organism and the 
formation of spores. A limited number of spores per se in milk held cool 
so as not to permit multiplication would not appear to constitute a very 
great danger, most outbreaks of ingestion anthrax reported in man having 
apparently been caused by highly contaminated meat derived from heavily 
infected carcasses. Nevertheless, prudence dictates that the strictest possible 
precautions should be taken to prevent contamination of milk and to 
prohibit the use of any contaminated milk product unless it has been 
adequately sterilized. 

The Joint FAO/WHO Expert Committee on Milk Hygiene (1957) 
recommended that in the event of the disease breaking out in a dairy herd, 
great care should be taken to prevent environmental contamination of milk. 
Also, milk from suspected animals, i.e., those showing rise of temperature, 
should be excluded from the supply .. The rest of the milk should be pasteur
ized. or otherwise adequately heat treated. Ideally, none of the milk from 
an infected herd should be used for human consumption until 2 weeks 
after the last clinical case of the disease has occurred. This step would often 
cause undue economic hardship; the practical recommendation made by the 
Expert Committee was arrived at after weighing the relatively small chance of 
transmitting the infection to man if the recommended precautions were taken. 
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Because of the possibility of living (attenuated) bacilli being excreted in 
the milk of animals inoculated with certain living spore vaccines now com
monly used, it is generally advised that the milk of animals showing systemic 
reactions after vaccination should be excluded from the supply, and that the 
milk of the remaining animals should be heat treated. The difficulty can be 
avoided by vaccinating cows, goats and sheep when dry. 

2. Botulism 

Milk and milk products are only rarely concerned in the causation of 
botulism. Meyer (1956) analysed the histories of a large number of recorded 
episodes in different parts of the world. Milk and milk products were 
implicated only in 8 of the 514 single or group intoxications recorded in the 
USA between 1899 and 1954. Cheese and cottage cheese were implicated 
in 6 instances and canned milk in two. 

The highly resistant spores of Clostridium botulinum and Cl. parabotulinum 
are widely distributed in soil and often contaminate milk and milk products. 
They are not likely to be destroyed by pasteurization and other common 
forms of heat treatment, and have been found to be viable in cheese usually 
without the associated toxins. The factors responsible for the inhibition 
of these organisms in milk and cheese are not well understood (Meyer, 
1953), although the acidity of milk and some milk products may be an 
important one. 

In view of the very rare implication of milk and milk products in this 
important type of intoxication in man, it will not be discussed further here. 

3. Brucellosis 

Brucellosis is one of the classical examples of a milk-borne zoonosis, its 
epidemiology having been first clarified by the Royal Society of London, 
Mediterranean Fever Commission (1905-1907). The Commission found 
that the source of human infection was the Maltese goat. About 20 000 ani
mals were present on the island at that time, half of which were infected and 
about one-tenth of which were passing the virulent organism in their milk. 
When the fresh goat milk being supplied to the garrison in Malta began 
to be pasteurized, the incidence of the disease among the soldiers fell by 
90 %. There was little doubt that the infection was milk-borne. Since then 
direct infection of man through contact with infected animal tissues and 
discharges, or inhalation of dry infected materials, has been demonstrated, 
and it is now considered to be of greater importance than milk-borne 
infection in certain areas. 

All the three principal " species " of Brucella (Br. melitensis, Br. abortus 
and Br. suis) can infect man and are excreted in the milk of dairy animals. 
Br. melitensis, the most virulent for man, is generally associated with goats 
in the Mediterranean region, in southern USSR, ·western Asia, and Latin 



32 M. M. KAPLAN, M. ABDUSSALAM & G. BIJLENGA 

America. In sheep it is found in the USSR, the People's Republic of China, 
central Europe, countries around the Mediterranean, and in Latin America. 
Br. suis, next in order of virulence for man, occurs in the USA (particularly 
in the areas of intensive hog-raising in the Middle West), Latin America 
and Europe. Br. abortus occurs in practically all parts of the world, except 
in Scandinavian countries, where it has been eradicated. There are areas in 
each continent where its prevalence reaches 10 %-30% while in others it 
is nearer 1 %. Stableforth (1959a) has summarized the prevalence rates for 
several countries from which information is available. 

The principal site of predilection for Brucella in non-pregnant cows 
is the udder and the supramammary lymph nodes. These nodes are affected 
in 60%-93% of infected animals (Doyle, 1935; Manthei & Carter, 1950; 
Lambert et al., 1960). The proportion of animals excreting the organisms 
at any one time is, however, less than the foregoing figures, because of the 
intermittent nature of excretion. It has been estimated that 15 %-35 % 
of the cows in non-vaccinated herds excrete detectable numbers of Brucella 
in their milk (Stableforth, 1959a). This figure includes not only the cows 
that have aborted, but also those that calve normally, when excretion can 
also be abundant. The number of organisms excreted varies from day to 
day, but is generally highest during the first few days after calving or 
abortion; it may be as high as 200 000 Brucella organisms per ml. Later the 
number falls to 10 000-20 000 per ml (Karsten, 1932). Brucella infection 
of the udder rarely causes clinical mastitis in cattle and there is no change 
either in the appearance and taste of the milk or in its chloride and catalase 
content (Fitch & Bishop, 1934). Nielsen & Pedersen (1932), however, 
observed mastitis in non-pregnant heifers that had been infected subcutan
eously with Brucella. The udder produced a whey-like secretion, often 
blood-tinged and containing large numbers of the organism. 

In goats, high prevalence rates are common, e.g., in Malta, 20% (Alton, 
1959); in Mexico, 15%-40% (Castafieda, 1954); in Portugal, 60% (Moreira
Jacob, 1955). It has been estimated that 50 %-60% of infected goats excrete 
the organism in milk at one time or the other (Stableforth, 1959a). In 
experimental infections, the percentage of milk excretors has been found 
to vary with breed, e.g., 58.5% of infected Swedish goats were found to 
excrete the organism in milk (Renoux et al., 1956), whereas the corresponding 
percentage for Tunisian goats was only 27 (Renoux, 1962). As in cattle, 
the number of organisms, which is massive soon after parturition or abor
tion, progressively decreases, and there may be only 500per ml at the end 
of one month. Many of the goats continue to excrete Intermittently for 
more than a year (Taylor et al., 1938; Polding, 1939; Spink, 1956). Brucella 
mastitis is not uncommon in infected goats. The udder feels nodular and 
the milk shows clots and discoloration. Sometimes, it becomes a clear, 
serum-like fluid with clots. In other cases the milk remains apparently 
normal, and there is not even a noticeable reduction in milk yield. 
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In sheep, high prevalence of brucellosis has been reported in some 
European countries,1 the USSR, Mongolia and North Africa. In South 
America, the infection is quite prevalent in goats but would appear to be 
absent from sheep; in rare cases of sheep brucellosis the organism concerned 
is Br. suis and not Br. melitensis, which is so common in goats in the area 
(Molinelli et al., 1950; Maubecin et al., 1950). Ordinarily, Br. melitensis 
infection is a much less protracted disease in sheep than in cattle and goats. 
The excretion of the organism in milk therefore lasts for a shorter period in 
sheep than in the other two species; it is greatest during the first few days 
after abortion or lambing, but disappears in 1-3 weeks, rarely persisting up 
to 6 months (Biggi, 1956). Orlov (cited by Vershilova et aL. 1961) reports, 
however, excretion in sheep's milk for as long as 1 Yz years after infection. 

The number of organisms excreted does not appear to have been definitely 
ascertained, but mammary changes similar to those in goats have been 
described (Ariel, 1937). 

The domestic water-buffalo, which is an important dairy animal in several 
countries, has been found to be affected (Zaki, 1948; Golem, 1949; Priestley, 
1950 ; Gentile, 1957). The infection runs a course similar to that in cattle 
and the organisms are excreted in milk. Karakulov & Zenkova (1948, 
cited by Vershilova et al., 1961) found 11.5% of "dairy" mares on a 
koumiss farm positive to the agglutination test and believed this finding to 
be of epidemiological significance. Brucellosis occurs in camels and reindeer 
whose milk and milk products are consumed in the regions in which these 
animals are found. Brucellae are excreted in the milk of infected women 
(British Mediterranean Fever Commission, 1905-1907; see also Renoux, 
1959). 

The proportion of consignments of raw market milk infected with 
Brucella is greater than the proportion infected with tubercle bacilli, even 
though the proportion of animals infected with the two diseases in dairy 
herds may be similar. This is due to the more frequent involvement of the 
udder in brucellosis than in tuberculosis. At one time 20 /'~-40 % of samples 
of pooled raw milk from individual farms in the United Kingdom were 
infected, while bulked milk from several farms \vas always infected (Wilson, 
1942). A more recent estimate (England & Wales, 1961) puts the incidence 
of herd infection at 15% in England and Wales only. 

Brucellae in raw milk are conveyed into milk products made without 
heat treatment. Souring of milk inhibits Brucella organisms but may not 
eliminate them completely for several days. Thus Vershilova et al. (1961) 
state that in sour milk at pH 4-5, with 125 o -200° of acidity according to the 
Turner scale, Br. melitensis remains viable for 15 days at 11 °-14°C. In 
koumiss with 120°-140° of acidity and 3.5 %-3.7% of alcohol, the organism 
remained viable for more than three days (Karakulov and Bukukhanova, 

1 Seeleman, M. (1961) Brucella melitensis infections in cattle~ sheep and goats .. International Dairy 
Federation, mimeographed document HI-Doe 10. 
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cited by Vershilova et al., 1961). The cream of infected milk is usually more 
heavily infected than the rest of the milk and maintains viable organisms 
for a long time (Guerra, 1957), though Renoux (1962) reported that the 
sediment of goats' milk more frequently gave positive cultures than did 
cream. Renoux (1959) has tabulated the published observations on the 
survival of Brucella in various dairy products. There is a wide variation 
in the periods of survival recorded, no doubt because of the many variables, 
including methods of preparation of the products involved in these 
experiments. In general, it may be concluded that raw milk, cream 
and butter prepared from unpasteurized unfermented milk, and soft 
cottage cheeses are the most dangerous of dairy products from the point 
of view of Brucella infection. Those dairy products requiring souring 
and maturation over long periods, though reported to contain viable 
organisms in a few instances (e.g., Cheddar cheese) for as long as 180 days 
(Gilman et al., 1946) do not seem to play an important role in human 
infection. Adequately heat-treated products are, of course, absolutely 
safe. 

The question of the growth of Brucella abortus in whole milk, sterilized 
milk, and homogenized milk has been studied by Schupback (1956). 
Although the organisms multiplied at temperatures between 20°C and 38°C, 
growth did not begin before 40 hours at 38°C and 3 days at 20°C. There 
was no difference ascribable to the type of liquid milk used. Schupback 
concluded that, under ordinary conditions of milk husbandry, Brucella 
organisms do not multiply in milk. They are less heat-resistant than tubercle 
bacilli, and are readily destroyed by heat treatment sufficient to destroy 
phosphatase in milk (Kiistli, 1957; Nevot, 1958). 

Most cases of human brucellosis contracted from ingestion of milk and 
milk products are encountered in townspeople who are not occupationally 
exposed to the infection (Vershilova et al., 1961). They are generally 
sporadic, but outbreaks involving several persons are sometimes noticed. 
These are caused more commonly by Br. melitensis and Br. suis than by 
Br. abortus (see Stableforth, 1959a). Spink (1956), Dalrymple-Champneys 
(1960) and others have noted that out of several members of a family con
suming the same milk infected with Br. abortus, only one may become 
infected at a time. Steele & Hastings (1948) have, however, reported an 
outbreak due to this organism in which 28 persons were infected in a small 
town, a not uncommon type of occurrence. 

The control of milk-borne brucellosis depends on its eradication from 
dairy animals and on adequate heat treatment of milk and milk products. 
The methods involved in the elimination of the disease from animals have 
been discussed in the reports of the Joint FAO/WHO Expert Panel on 
Brucellosis (1951) and the Joint FAO/WHO Expert Committee on 
Brucellosis (1953, 1958). It inay be pointed out that vaccination of milch 
animals may protect against abortion, but it does not prevent mild or 
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sub-clinical infection in which virulent Brucellae are still excreted in the 
milk (Stableforth 1954; Morgan & McDiarmid 1960). In the case of living 
Brucella vaccines (strain 19 and strain Rev. 1 ), the vaccine strain itself may 
be excreted in the milk of cattle and goats (Stableforth, 1959a; Alton, 
1959). Harmful effects of these relatively avirulent strains administered by 
the oral route to man have not been reported, but this possibility should 
not be discounted. 

Apart from heat treatment, souring and maturation of milk products 
may eliminate Brucella originally present in milk, especially if the product 
(e.g., cheese) is stored for several months before consumption. This method 
cannot, however, be relied upon until thorough laboratory tests have been 
made on the milk product as locally prepared and stored. 

In certain countries raw goats' milk is believed to be cooling and invig
orating (Da Motta, 1959) or is used as a" cure" for tuberculosis, whooping 
cough and other diseases. These " benefits " of raw milk are supposed to 
be enhanced if the patient receives the milk directly into his mouth from 
the animal's teats. Such practices are dangerous to the highest degree and 
should be vigorously condemned by all health authorities. 

4. Cholera 

Milk sometimes acts as a vehicle for the cholera vibrio, which gains 
access to it from the soiled hands of a patient or a convalescent carrier. 
More often, infected raw water used for dairy purposes, or even adulteration, 
introduces the infection into raw milk where the vibrio may remain viable 
for 1-3 days under ordinary conditions (Kitasato, 1889 cited by Pollitzer, 
1959). In boiled milk, cooled before contamination, however, the period of 
viability is much longer, and may extend to 9 days (Pollitzer, 1959). In the 
Indian milk curd (dahi), the vibrio is killed within 5 minutes (Panja & Ghosh, 
1945), whereas in the Egyptian sour-milk the vibrio can survive for 1 hour, 
and in white cheese for 2 hours (Shousha, 1948). 

The last milk-borne outbreak of cholera in Europe is believed to be the one 
that occurred in Rome in 191 I (Rochaix & Tapernoux, 1948). Other out
breaks traced to milk occurred in the Near East in the British Army during 
the First World War (Great Britain, War Office, Med. Services, 1922). Milk
borne infection no doubt occurs during the course of outbreaks in areas 
where the disease is endemic. 

Heat treatment of milk easily destroys the cholera vibrio, and in infected 
areas it should be rigorously applied as near as possible to the time of 
consumption. 

5. Clostridium perfringens ( welchii) infection 

Clostridium perfringens (welchii) is widely distributed in human, animal 
and insect faeces. The highly resistant spores survive almost indefinitely 
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in dust and are widely prevalent in cowsheds and dairies. As many as 
16%-18% of samples of commercially pasteurized milk have been found 
contaminated with this organism (Paquet & Gauvin, 1953; Buttiaux & 
Beerens, 1953). Under certain imperfectly understood conditions, the 
organism often multiplies profusely in food that is stored after cooking 
or pre-heating and .causes gastroenteritis in persons consuming it. Cases of 
diarrhoea and vomiting in children have been traced to contaminated milk 
which was inadequately heated and then kept at 25oC (Buttiaux & Beerens, 
1953). Meat dishes and soup have, however, been found to be much more 
frequent vehicles than milk. 

Experiments on human volunteers have confirmed the pathogenicity of 
a large dose of organisms, and have shown that cell-free filtrates are harm
less (Hobbs, 1960). 

Environmental hygiene and heat treatment (pasteurization as well as 
boiling) of milk, though important, are not sufficient to prevent this conta
mination and infection if the milk is subsequently stored under conditions 
suitable for the spore to vegetate and multiply (Plommet, 1956). Theonly 
effective prevention is, therefore, rapid cooling and storage of milk at 
temperatures below 15oC before and after pasteurization. 

6. ColifQrm infections 

Gastrointestinal illness has sometimes been ascribed to coliform orga
nisms of the genera Escherichia, Pseudomonas, Citrobacter, Klebsiella and 
Proteus, with varying and often insufficient evidence (Galton & Steele, 
1961). However, it has been clearly shown that certain 0 groups of Esche-

. richia coli are concerned in the causation of acute gastroenteritis of infants 
and children (Thomason et al., 1961), and more rarely of adults (Ferguson & 
June, 1952; June et al., 1953), either alone or in association with one or 
more of the enteroviruses (Ramos-Alvarez & Sabin, 195S). 

The work of Thomson (1956) and his eo-workers in Wales (United 
Kingdom) revealed that 1 % of samples of farm milk arriving at a dairy plant 
contained enteropathogenic E. coli of the 0 groups generally associated with 
infantile gastroenteritis. Since this organism can multiply in milk at 
summer temperatures, a build-up in the concentration of the organisms could 
lead to infection of infants fed on unheated milk (so-called "summer diar
.rhoea "). The frequency of this mode of infection would also explain the 
absence of the infection in breast-fed infants. 

Fey (1953) reported the occurrence of enteropathogenic E. coli ordi
narily implicated in gastroenteritis of children, in association with mastitis in 
cattle. In one case, the strain associated with bovine mastitis (type 0 
26: B6) appeared transiently in the faeces of the farmer's three children and 
their mother. Lovell (1955) has cited reports of the isolation from cases of 
white scours in calves of at least three types of E. coli (0 26, 0 114, 0 119) 
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which are also reported as implicated in infantile diarrhoea. The exact 
epidemiological significance of these possible animal reservoirs is not yet 
understood (Seeliger, 1960). Not only animals, but also a certain propor
tion of healthy human beings, both children and adults, carry the entero
pathogenic 0 groups in their gastrointestinal tracts. 

Bacteriological examination for coliform organisms is included in routine 
control of raw and pasteurized milk in most milk-control laboratories. 
The results show that these organisms are always absent from pasteurized 
milk giving a negative phosphatase test, provided re-infection has been 
excluded (Kastli, 1957 ; Nevot et al., 1958). Survival of thermoduric coli 
may contribute to a post-pasteurization build-up of infection in processing 
equipment (Swartling & Lindgren, 1954). 

It has been suggested that milk containing large numbers of coliform 
organisms may still be toxic to children after heat treatment, possibly 
because of heat-resistant toxins (Kastli, 1957), but the presence of a specific 
toxin that exerts its effect not only after parenteral inoculation but also when 
taken orally has not been proved. 

Control of coliform milk-borne infection would depend on exclusion 
from the milk supply of milk from quarters affected 'vith mastitis, cooling 
and storage at temperatures below 10°C, adequate heat treatment, and 
prevention of subsequent contamination, especially from food handlers. 

7. Diphtheria 

Milk-borne outbreaks of diphtheria formerly gave trouble in communities 
using unpasteurized milk (Maxcy, 1956; Wilson & Miles, 1955); their 
occurrence may still be expected in countries where diphtheria is present 
and sanitary conditions are poor. 

Corynebacterium diphtheriae is chiefly a parasite of man and is usually 
found in the nasopharynx of patients or healthy carriers. Rarely, it is esta
blished in wounds on the teats or in the udders of cmvs, but the original 
source of the infection even in these cases is generally a human carrier 
(Lovell, 1959). Milk can be infected from both these sources, but princi
pally from the human carrier, who may sneeze or cough over milk or may 
contaminate milk from fingers soiled from nasal discharges. It has been 
shown that Coryn. diphtheriae can multiply in milk at ambient temperatures. 
Hedrich (1918) has reported a curious case of the spread of diphtheria 
infection carried on the outside of milk bottles. One of the milk handlers 
was a carrier and part of his duty was to inspect bottles for cracks. Children 
in several of the families receiving milk from this dairy developed diphtheria 
at about the same time. The organism presumably got into the milk when 
being poured out of the bottles. 

The principal methods of control are the examination of milk handlers 
for diphtheria infection (see chapter by Cockburn, page 531) and the heat 
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treatment of milk. The organism is not very heat-resistant and is killed 
almost instantaneously by heating to 54 °-60°C (Kiistli, 1957). The usual 
methods of pasteurization are therefore adequate to render milk free from 
Corynebacterium diphtheriae (see Table 2, page 17). 

8. Leptospirosis 

This disease is world-wide in distribution and has been uncovered in 
almost every country where it has been looked for (Alston & Broom, 1958). 
Milk-producing animals are frequently infected with several of the sixty 
serotypes of.Leptospira thus far identified (Joint WHO/FAO Expert Com
mittee on Zoonoses, 1959; Alston, 1961). The udder tissue is frequently 
involved in the less acute form of leptospirosis, and mastitis of varying 
severity has been observed in cattle and goats with different serotypes (see 
Alston & Broom, 1958; Hengl et al., 1958; Mitchell & Boulanger, 1959). 
Leptospires are no doubt shed in the milk, whether or not mastitis is present. 
Human infection does not, however, appear to have been traced to milk. 
This may be explained by the fact that leptospires are very labile organisms 
and are easily destroyed by slight acidity. Also, in addition to type-specific 
antibodies, milk contains a heat-stable factor which inactivates and lyses the 
leptospires (Kirschner et al., 1952; Kirschner & Maguire, 1955). This 
factor has been demonstrated in milk from cows, goats and human beings, 
and also in human colostrum. Virulent as well as avirulent strains of 
L. hyos, L. icterohaemorrhagiae and L. pomona are dissolved by this factor. 
It persists in milk stored at 4 oc for two months and survives pasteurization 
at 80°C for 5 minutes, but it is destroyed by boiling. In sour milk, L. 
icterohaemorrhagiae is killed. in ten minutes (Mitrofanova-Perfileva, 1957). 
The chances of human infection would be increased if the milk were con
sumed very soon after withdrawal from the udder, especially in goats and 
cattle suffering from mastitis, which causes the milk to be slightly alkaline. 
Also, infected milk spilled on the ground may constitute a possible source of 
contact infection on the farm, especially if diluted with rain or tap water 
which may prevent the. action of the inhibiting factor in the milk (van der 
Hoeden, 1958). 

9. Listeriosis 

The epidemiology of listeriosis is poorly understood, and the mode of 
transmission of the micro-organism either in man or in animals is not 
known, except in the. case of intrauterine transmission. 

The serotypes of Listeria monocytogenes prevalent in man and animals 
(cattle, goats and sheep) in an area are generally identical. From this it 
has been inferred that the infection is a zoonosis, and one of the vehicles of 
the infection is considered to be milk. In experimental procedures it is 
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difficult to infect animals by the oral route, but young animals are more 
readily infected in this manner. It is possible that these findings apply also 
to humans (Gray & Thorp, 1957). 

Seeliger (1961) has summarized evidence from sporadic cases and out
breaks in Europe indicating that milk was the vehicle of the organism in 
many cases. This assumption is supported by the fact that Listeria not 
infrequently becomes localized in the udder and is excreted in the milk 
(see below). 

Potel (1953) isolated the organism from the milk of a cow suffering from 
atypical mastitis. A woman who drank the milk of this cow later gave birth 
prematurely to twins and L. monocytogenes was isolated from the liver of each 
of them. Wramby (1944) isolated pure cultures of the organism from two 
quarters of a cow suffering from acute mastitis. Gray & Thorpe (1957) 
believe that a transient infection of the udder occurs in cows suffering from 
a generalized infection. Such mild infections are likely to be more dangerous 
from the public health point of view, as the milk would not be withheld from 
the market; the organism is able to grow in milk at ambient temperatures, 
thus resulting in gross contamination. 

In a study by de Vries & Strikwerda (1956), the excretion of Listeria in 
milk was found to continue for 3 months, i.e., long after the clinical signs 
of mastitis had disappeared and the only abnormality left was an increased 
cell content. The udder lesion did not appear to be characteristic either 
during the early phases of the infection. 

Serological tests and elimination of positive reactors from a milking herd 
are not practicable because of the wide prevalence of infection and the low 
economic losses attributed to this disease. Also, titres may reflect only 
long past infection and not active disease. 

The control of milk-borne infection with Listeria would thus depend on 
adequate heat treatment. Pasteurization at 61.7cC for 33 minutes apparently 
does not kill all the organisms, and higher temperatures are necessary to 
do this. The surviving organisms in imperfectly pasteurized milk multiply 
to gross numbers (108 per ml in 48 hours) at 22"C (Seeliger, 1961). In 
culture media, however, the organism does not survive 55°C for more than 
40 minutes (Paterson, 1959). In vie\v of the greater frequency with which 
this disease is being reported, further studies are required in order to clarify 
the possibilities of milk transmission and the pasteurization procedures 
needed to destroy the orgamsm. 

10. Pasteurellosis 

This disease, often termed haemorrhagic septicaemia, affects all milk
producing animals and occurs with varying severity in different parts of the 
world. A particularly virulent form is found in cattle in northern Mrica 
and Asia. In the USA, this disease is considered part of the " shipping 
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fever complex ", although the pasteurella organism is not considered to be 
the sole cause of the disease. Pasteurellosis often occurs in milking herds at 
certain seasons and following the introduction of a new animal, and can 
spread slowly or rapidly through a herd. In animals affected with the 
pulmonary form, coughing and the resultant expectoration can contaminate 
the milk. 

Pasteurella multocida is also excreted in the milk of cows and buffaloes 
suffering from acute pasteurellosis, and infection of calves from milk 
sometimes occurs (Amitrov et al., 1961). Blum (1958) reported two cases 
of mastitis in different herds from which the organism was isolated. Human 
infection by ingestion of infected milk does not appear to have been recorded, 
but such milk must be considered as potentially harmful. Milk from infected 
herds should therefore be adequately pasteurized as the micro-organism is 
destroyed at the usual pasteurization temperatures. 

11. Rat-bite fever 

Streptobacillus monili:formis, the cause of one form of rat-bite fever,! 
is a normal inhabitant of the upper respiratory tract of rats and other 
rodents. Most of the human infections are acquired through the bites of 
rats, but oral infection can also take place. Two epidemics have been 
considered to be milk-borne (Parker & Hudson, 1927; Place & Sutton, 
1934), and a sporadic infection reported by Oeding & Pedersen (1950) was 
also ascribed to the contamination of milk. The mode of contamination 
of milk is not known, but the excretion of the organism in the urine of 
rodents may afford a possible explanation. Milk is not a favourable 
medium either for the growth or for the survival of S. moniliformis (Maxcy, 
1956). Even in suitable laboratory culture media almost no growth occurs 
at 22°C or at temperatures below it (Freundt, 1957). Heavy environmental 
contamination in rodent-infested dairies would therefore seem to be neces
sary for the infection to become milk-borne. 

12. Shigellosis (bacillary dysentery) 

This is a typical and cosmopolitan food-borne infection, caused by 
Shigella, for which milk has been frequently proved to be a vehicle. Milk
borne outbreaks are usually noticed in institutions and small communities. 

Two recent outbreaks may be cited as examples. In a school in a South 
African town, 9 adults and 64 out of 125 children (3-8 years) were affected 
with the clinical disease, in addition to 26 individuals in the rest of the town. 
Four of the affected children died. The outbreak began in an explosive 
manner about seven hours after a meal which included sour milk made with 

1 The other form (Soduku) is caused by Spirillum minus which does not seem to be capable of transmission 
through milk. 
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Streptococcus cremoris as a starter. Fresh milk was soured with this or
ganism after it had been boiled and left to cool in vessels with the lids off
a stage at which infection is believed to have taken place. On bacterio
logical examination, 6 of the employees in the dairy were found to be 
infected with Shigella flexneri (type 6, Newcastle), and the same organism 
was isolated from one fatal case and many of the affected children (Blair, 
1956). 

Dauer (1952) briefly described a large outbreak of Sonne dysentery in 
which 639 children were affected in one school. Epidemiological investiga
tions showed that the vehicle of infection was milk that had not been pro
perly pasteurized. The source from which the milk was infected was not 
traced. 

As in other enteric infections, Shigella gain entrance into the milk and 
milk products from the hands of food handlers or from faeces through water 
and flies. Although Deom & Mortelmans (1954) reported the isolation of 
Sh. sonnei from the blood of a calf in the Congo, there is no evidence that it 
infects adult cattle or that it is excreted in milk. Jepsen 1 has cited the 
observations of Cohn & Olsen in Denmark which showed that Sh. dysenteriae 
and Sh. sonnei multiply readily in milk at a temperature of 15oC or above. 
This multiplication is much more pronounced and the organisms remain 
viable longer in pasteurized than in raw milk, no doubt because of the 
absence of competing micro-organisms. Lipkina (1959) found that the 
period of viability of Sh.flexneri varies from 2 to 31 days at room temperature 
and from 11 to 49 days at 4 a -5 oc, depending on the heat treatment the 
milk received before inoculation. 

To prevent Shigella infection in milk, rigid sanitary discipline should be 
enforced in dairy workers, particularly in pasteurization plants and retail 
shops dispensing milk in bulk (see chapter by Vladimirov, page 537). 

13. Staphylococcal enterotoxic gastroenteritis 

The principal health hazard from infection of milk with staphylococci 
lies in the production by some strains of an enterotoxin that can cause acute 
gastroenteritis in human beings. The enterotoxin is heat stable and the 
staphylococci that produce it are widely distributed in apparently healthy 
food handlers and milch animals. This type of food-borne intoxication 
may therefore occur even where milk is produced and pasteurized under 
hygienic conditions, provided that it has been allowed to remain at tem
peratures suitable for the multiplication of the staphylococcus for a sufficient 
length of time for the build-up of dangerous amounts of enterotoxin. 
Information gained from several outbreaks of enterotoxic gastroenteritis 
involving different types of food including milk has been summarized by 

1 Jepsen, A. (1960) Milk-borne diseases in man: A briefrel'iew of some fundamental aspects (Unpublished 
document AFR/VPH/2). 
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Feig (1950), Meyer (1953), Dack (1956), Hodge (1960), Hobbs (1960) and 
others. 

Only some strains of staphylococci are toxigenic, but this property has 
not been properly investigated because of the difficulty of demonstrating 
enterotoxin without t~e use of human volunteers (Dack, 1956). The 
incidence of carriers of potentially pathogenic (coagulase-positive) staphy
lococci in the general population varies from place to place and from time 
to time. As many as 30 %-50% of humans have been found to carry these 
staphylococci in the nose or on the skin, especially where there are boils, 
cuts or carbuncles (Gillespie et al., 1939; Rowntree et al., 1956). Another 
important source of infection is the udder and the skin of the dairy animal 
which may sometimes be infected from a human source (Steede & Smith, 
1954; Reid & Wilson, 1959; Zinn et al., 1961). In a British investigation, 
cattle did not carry toxigenic staphylococci in the nasal chamber (Rowntree 
et al., 1956), even though they were infected in the udder or on the skin. 
A considerable proportion of bovines examined by Morrison et al. (1961) 
carried staphylococci in the nose (and on the skin) but the majority of the 
strains were coagulase-negative, the coagulase reaction serving as an indi
cator for the toxigenic potential. 

Impetigo and boils on teats and the skin of the udder often contain 
staphylococci and are very liable to infect milk directly or through the 
hands of the milker. There is considerable evidence to show that the 
incidence of staphylococcal mastitis in .cattle is increasing, especially where 
dominant Streptococcus agalactiae, dysgalactiae and uberis infection has 
been reduce~ by the use of penicillin (see Smith, 1959). In some countries 
(e.g., India), staphylococcal mastitis was the most common form in cattle 
and buffaloes even before penicillin had been used to any appreciable 
extent (Mohan, 1945). Among the other milk-producing animals, staphy
lococcal mastitis has been frequently described in goats in the Mediterranean 
countries and Germany (see Smith, 1959). It is considered to be the main 
cause of mastitis in goats in the USA (Kaplan, 1944). In sheep, Staphylo
coccus pyogenes is the most common cause of mastitis (Minett, 1939). 
As in cattle, in sheep and goats not all strains of staphylococci are toxigenic, 
but enterotoxic gastroenteritis has been frequently traced to the milk and 
milk products of these animals. Fresh cheeses made from unheated sheep's 
milk and goats? milk is a very frequent cause of this type of intoxication 
in Mediterranean countries. 

Penicillin is not as effective in the treatment of staphylococcal mastitis 
as in the streptococcal type, and it tends to produce penicillin-resistant 
strains, or to increase their frequency, in a manner similar to that well 
known to occur in human hospital wards. For example, Pearson (cited 
by Smith, 1959), observed that 4 months after the intensive use of penicillin 
in a dairy herd, 19 of 43 cows were excreting penicillin-resistant staphy
lococci in· their milk ; previously all the staphylococci isolated from this 
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herd were penicillin sensitive. Tee (1957) found that 11 out of 100 strains 
of staphylococci isolated from an area in Dorset, and 47 out of 100 isolated 
in another area, were penicillin resistant. Wilson (1958) found 40.6% 
to be similarly resistant. These resistant strains tend to persist in herds over 
long periods, in the same manner as the hospital (" epidemic ") strains 
derived from human beings persist for months or years in families to which 
discharged patients have returned (Wentworth et al., 1958). The epidemic 
strains do not remain restricted to human or animal groups and easily 
cross over where conditions for interspecies transfer exist. Pagano et al. 
(1960) studied an outbreak of suppurative skin disease (furunculosis, 
cellulitis, etc.) among the students of a veterinary college and identified the 
causal Staphylococcus as bacteriophage type 80/81, a type considered to be 
an " epidemic " strain of hospital origin. The same type was isolated from 
animals in the veterinary hospital where the affected students worked. 
Investigations revealed that not all the infections in veterinary students 
could be attributed to person-to-person contact, and in some cases the 
students could have acquired the infection from animals. Such an epidemic 
can very well prevail in a dairy farm among milkers and cows, as the bacterio
phage type 80/81 has been found to become established in and on the bovine 
udder with excretion in milk under natural conditions (Zinn et al., 1961). 
It has therefore been suggested that milk may play a role in the dissemination 
of penicillin-resistant strains of staphylococci (Brit. med. J., 1958). Some 
authorities consider this unlikely (Wilson, 1958), but the weight of evidence 
would appear to be in favour of the hypothesis. Penicillin-resistant strains 
have also been found in cheese which, it has been suggested, may serve as a 
vehicle for conveying them to the household of the consumer (Thatcher & 
Simon, 1955). In a recent study of dairy herds in Wisconsin (USA) George 
et al. (1962) reported that only 5.7% of the staphylococcal strains isolated 
from quarter milk samples were penicillin resistant, while 16% were resistant 
to streptomycin, 4.2% to chlortetracycline and 3.8 % to oxytetracycline. 
These data indicate that cows' milk is not an abundant source of antibiotic
resistant staphylococci but yet can be considered as a potential reservoir of 
infection for man. 

Because it is necessary to use human Yolunteers for the satisfactory 
demonstration of staphylococcal enterotoxin, investigations on the mecha
nism and exact conditions of its formation have been hampered. It has been 
suggested that one-half to one million staphylococci per gram of food 
must be present to build up the concentration of enterotoxin required to 
produce symptoms in man (Hobbs, 1960). Under favourable conditions, 
this concentration may be built up within 10-12 hours at 30°-37"C, but 
below 25°C the growth rate is so slow that even after 24 hours the amount 
of enterotoxin formed is negligible (Jones et al., 1957). At temperatures 
below l0°C, there is hardly any multiplication and no enterotoxin is formed; 
this provides an effective method of preventing enterotoxin poisoning 
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through milk products (Thatcher & Ross, 1960; Joint FAO/WHO Expert 
Committee on Milk Hygiene, 1960). It has been suggested that the presence 
of other bacteria, especially those capable of forming lactic acid, inhibits 
the growth of staphylococci. A heat-labile, inhibitory (clumping) factor 
in raw milk has also been reported (Smith, 1957). For this reason, imperfect 
pasteurization or the introduction of staphylococci into pasteurized milk 
or cream is more dangerous than the introduction of these organisms into 
raw milk containing moderate numbers of lactic acid and other bacteria. 
Residues of penicillin and other antibiotics in milk are also favourable to 
the growth of staphylococci, particularly if these are penicillin-resistant 
strains (Thatcher & Ross, 1960). 

The resistance of the enterotoxin to heat is of considerable practical 
importance. Pasteurization by various methods has no effect; even boiling 
for 30 minutes causes little reduction of potency, but boiling for an hour 
leads to appreciable loss. Autoclaving at a pressure of 15 p.s.i. causes almost 
complete destruction in 20 minutes (Dack, 1956). In the refrigerator 
(0°-4 °C) culture filtrates remain potent for at least two months (Dack, 
1956). The staphylococcus itself is not resistant to heat. Most strains of 
Micrococcus sp. are destroyed at the time-temperature combinations 
commonly used in pasteurization, but a few may survive this treatment 
(Elek, 1959), and certain strains in some milk products (such as ice-cream 
mix) may require slight increases in time and temperature (see Jezeski, 
1954). 

There are several instances on record in which adequate heat treatment 
of infected milk killed all the staphylococci but the enterotoxin remained 
potent enough to cause illness in consumers (see Kastli, 1957). Milk in 
which sufficient enterotoxin has been formed to cause gastroenteritis does 
not have an unusual taste or smell unless other bacteria have caused changes. 

Once enterotoxin has been formed in milk, it is retained in the various 
products made from it. Thus, spray-dried milk has been implicated in 
several outbreaks of intoxication (Arnijo, 1957; Anderson & Stone, 1955; 
Hobbs, 1955), and ice-cream in some (Williams et al., 1946). Another 
incriminated product is cheese (Virdis, 1956; Di Sapio, 1956; Thatcher & 
Ross, 1960); unfortunately there is a tendency to use inferior quality milk 
for cheese making. Thatcher & Ross found that milk delivered to cheese 
factories sometimes had a count of staphylococci in excess of 5 x 106 per ml. 
They ascribe this state of affairs to the following factors: (1) inadequate 
cooling of milk prior to delivery; (2) presence of antibiotic residues in milk; 
(3) the admixture of milk from cows excreting 'staphylococci. Additional 
factors are lack ofcare on the part of milk handlers who are nasal carriers, 
and inefficient cleaning and sanitization of utensils. Some milk products 
like cream, soft cheese and evaporated milk can support the growth of 
staphylococci and enterotoxin can be formed in them. As these products 
are liable to be stored for much longer periods than liquid milk, they are 
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more likely to be implicated in enterotoxin poisoning. The Indian sour 
curd ( dahi) and the Italian sour milk are not suitable media for the growth 
of pathogenic staphylococci, but they multiply in salt curdled milk used in 
the preparation of Roman and Sardinian sheep cheese (Krishnaswamy, 
1949; Archittu, 1956). 

As stated previously, milk of species other than the cow can be the 
vehicle of enterotoxin. Goats' milk is frequently implicated and the staphy
lococci are generally traceable to udder infection (Drysdale, 1950). Sheep's 
milk and cheese are also frequently concerned (Di Sapio, 1956). Enterotoxin 
poisoning following the ingestion of white cheese made mostly from sheep's 
and goats' milk is not uncommon in warm countries where staphylococcal 
udder infections of these animals are quite prevalent (Joint FAO/WHO 
Expert Committee on Milk Hygiene, 1960). 

In the control of staphylococcal enterotoxin gastroenteritis, it is difficult 
to ensure the complete exclusion of the organism from milk derived from 
latent infections of the udder, or from nasal and skin carriers among dairy 
workers and food handlers. Workers with cuts, boils and other staphy
lococcal lesions on the hands should not be allowed to handle milk or milk 
products (see chapters by Cockburn, page 531, and Vladimirov, page 537). 
The main efforts should, however, be directed towards preventing the 
multiplication of staphylococci, thus preventing the formation of enterotoxin. 
Milk should be cooled as soon as possible to lOaC or lower and kept at this 
temperature until processed. If, however, it is to be heat treated within a 
few hours, this cooling may not be necessary. After heat treatment, re
entry and multiplication of staphylococci should be prevented. One of the 
principal oversights in this connexion is to allow partially heat-processed 
milk (e.g., in the preparation of dried milk) to remain at a temperature 
favourable to the rapid multiplication of the organism (see Joint FAO/WHO 
Expert Committee on Milk Hygiene, 1960, and the chapter by Crossley, 
page 347). 

14. Streptococcal infections 

Group A (Lancefield) streptococci cause several acute clinical conditions 
in man, such as septic sore throat, otitis media, scarlet fever and erysipelas. 
Contamination of milk with the organism occurs from persons incubating 
streptococcal disease, from convalescents, and from symptomless carriers. 
In some cases, the persons disseminating the organism infect dairy animals, 
which develop clinical or sub-clinical udder infections and, in turn, pass out 
large numbers of streptococci in milk. If consumed raw or insufficiently 
heat treated, milk can act as a source of human infection which may be 
sporadic or epidemic. Group B streptococci (Str. agalactiae), which are 
a common cause of mastitis in the temperate climates, are only slightly 
pathogenic for man and may become established only in highly susceptible 
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tissues such as may be found in the postpartum uterus and in newly-born 
infants (McCarthy, 1958). Certain non-pathogenic strains of streptococci 
(Str. lactis, cremoris, etc.) are used to make dairy products. 

Milk-producing animals suffer from both systemic and localized infec
tions with haemolytic group A streptococci. Some workers believe that 
cattle have some resistance to udder infection with group A streptococci, 
'possibly due to the' presence of a bacteriostatic factor in normal cows' milk 
which is active against this group, but not against Group B.1 Many 
outbreaks and sporadic cases of bovine mastitis caused by these organisms, 
however, have been recorded in the USA, England, Denmark, Norway,. 
Germany and other countries (forreferences see Stableforth, 1959b). The 
disease in cattle is of varying severity, and mild or nearly sub-clinical cases 
are not uncommon. The milk contains enormous numbers of streptococci. 
Numerous outbreaks of septic sore throat and scarlet fever in man have 
been traced to the milk of infected cattle (see Tiedman, 1956; Wilson & 
Miles, 1955). Such outbreaks have almost disappeared in countries where 
pasteurized milk is widely used, but in developing countries they may pose 
a serious problem. 

Sometimes a large number of persons may be affected in an outbreak. 
For example, in the Gladsaxeoutbreak which occured in Denmark in 1941 as 
many as 2400 persons were affected (2300 with sore throat, 100 with scarlet 
fever). The epidemic was traced to a cow in which only one quarter of the 
udder was infected and which was excreting 1700 million organisms per ml 
of milk. The infected milk had been mixed with the milk of healthy cows 
and sent to a.dairy plant. A milker on the farm was found to be suffering 
from panaritium caused by the same type of streptococcus that had been 
isolated from the cow and also from throat swabs of affected persons who 
had consumed the milk. It is believed that the milker had infected the cow 
during milking.1 

Because of the slow growth of haemolytic streptococci in milk under 
ordinary conditions of cooling, an infection directly introduced by milkers 
or food handlers may not result in outbreaks among milk consumers, 
although incidents are known to have occured in this way. For example, 
a milk-maid with a discharging ear (otitis media) contaminated milk, causing 
118 cases of scarlet fever and 50 cases of sore throat among the consu
mers.! · When milk is kept under warm conditions, streptococci multiply 
rapidly. 

In milk, streptococci of Group A are readily destroyed by heat treatment. 
Outbreaks are almost always traceable to raw or imperfectly pasteuriz~d 
milk or to milk contaminated after pasteurization. Milk products made 
from raw milk are also infected and viable organisms have been found in 
butter after 6 months of storage in the refrigerator (Bryan & Bryan, 1944). 

'Jepsen, A. (1960) Milk-borne diseases in man: A brief review of some fundamental aspects (Unpublished 
document AFR/VPH · 2). 
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In Limburger cheese streptococci were found viable up to 51 days and in 
Cheddar cheese up to 18 weeks (Yale & Marquardt, 1940). 

Several instances of bovine mastitis caused by pneumococci (Diplococcus 
pneumoniae 1 (type Ill)) have been recorded and in at least two outbreaks the 
infection was traced to cowmen (Romer, 1948, 1959; Smith & Stables, 
1958). The disease has a devastating effect on milk production, but its public 
health significance as a milk-borne infection is uncertain, though, of course, 
the pathogenicity of Diplococcus pneumoniae for man is well known. 

The control of milk-borne streptococcal infection depends on the health 
control of dairy-farm workers, exclusion from the milk supply of milk from 
affected quarters and milk showing any abnormal change, adequate cooling 
of milk, and above all adequate heat treatment of all milk including that 
to be used for the preparation of butter, cheese and other products (see 
Joint FAO/WHO Expert·Committee on Milk Hygiene, 1960). 

15. Tuberculosis 

Milk consumed raw is the principal vehicle for the transfer of tubercle 
bacilli from animals to man, but airborne infection does occur (Francis, 
1958; Jensen, 1953). Infected milch cows are by far the most frequent source 
of the tubercle bacillus, although buffaloes, goats, sheep, camels and other 
ruminants can also pass on the infection. The incide;nce of bovine tuber
culosis infection in man, therefore, depends largely on its presence in cattle and 
on the amount of raw or inadequately heated milk consumed by the population. 

The spread of tuberculosis in cattle in turn depends on various factors, 
but mainly upon the close herding and housing of cattle necessitated by 
intensive husbandry. The distribution of infection therefore varies in 
different parts of the world, and also within each country if the animal 
husbandry conditions vary from one area to another. In Europe, tuber
culosis has been a serious infection, except in Norway and Portugal where 
the reported prevalence has been quite low. Only a decade and a half 
ago it was estimated that in the United Kingdom 17 %-18 %of all cattle and 
30%-35% of cows reacted to tuberculin 2 (Ritchie, 1946a, 1946b). At one 
time, other European countries, like Germany and Belgium, reported a 
similar or higher rate of tuberculin sensitivity. In the USA before the 
control programme was launched at the end of the First World War, the 
incidence varied between 2 % and 5 ~;,; in different states. In other parts 
of the world, such as Asia, Africa and Australia, the over-all incidence is 
low, but in certain herds and restricted areas the incidence is often quite 
high. For example, in the Indo-Pakistan subcontinent, the tuberculin 
reactor rate among cattle and buffaloes in the town dairies and certain 
organized herds is of the order of 25 ~;,; and in exceptional cases even 80 % 

1 This organism is a member of the tribe Srreptococceae. 
2 Unlike humans, all cattle reacting to tuberculin are regarded as open or potentially open cases. 
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(Abdussalam, 1956). During recent years, a number ofcountries in Europe 
have launched vigorous control and eradication measures, following the 
example of the USA, and the incidence of the infection has been brought 
down to practically nil. In the USA at one time 11.7 % of all human infec
tions were ascribable to the bovine-type bacillus (Price, 1939; Feldman, 
1947) but the latest information gathered by the Communicable Disease 
Center, Atlanta, shows that during the years 1948-1960 only 17 cases of 
bovine-type infection in human beings were reported from the whole country. 
Even allowing for a few cases that may have been missed this is a very 
marked reduction, which is undoubtedly due to the notable decrease of 
the disease in cattle and the nearly universal pasteurization of milk. 

Tubercle bacilli in milk may be derived from the contaminated environ
ment (manure, dust, etc.), but the prime source is an affected udder, though 
it has been shown that. the bacilli can pass from the blood to the milk 
through apparently normal udders (Griffith & Griffith, 1911; Francis, 1951; 
Nassal, 1957). In general, about 4% of tuberculin-positive cows have 
been found to excrete tubercle bacilli in milk (Ziegler, 1953; Kotsche, 1962), 
but only 25% of the excretors show gross udder lesions (Kotsche, 1962). 

The udder lesions may assume various forms, such as acute caseating, 
chronic nodular, chronic diffuse granulomatous, or diffuse tuberculous 
galactophoritis. The last-named type is restricted to the duct system but, 
it is important to remember that this system is affected. in the other types 
of lesion also (Stamp, 1961). This probably explains the abundance of 
tubercle bacilli passed out with the milk. It has been shown that milk of 
individual cows can be infective to guinea-pigs even after being diluted 
10 000 to 1 000 000 times (Pullinger, 1934). This explains why all 64 of 
the 3000-gallon rail tanks containing bulked milk from several farms coming 
into London at that time were found to contain tubercle bacilli, some of the 
samples being infective to guinea-pigs after being diluted 10- to 100-fold. 
Wilson (1942) has estimated that the average number of tubercle bacilli 
excreted by the individual cows investigated by Pullinger must have been 
in the neighbourhood of 5 million organisms per ml. The excretion of 
bacilli in milk is intermittent, however, so that a single examination of an 
individual sample may be misleading. 

The following figures of .the extent of tuberculous infection in the raw 
milk supply of some towns in the United Kingdom are now only of historical 
importance for that country, because of the effective control of bovine 
tuberculosis achieved during recent years. However, they are quoted 
here to show what can happen, and what may still be happening in some 
other parts of the world. During the decade 1928-1937, 73 509 samples of 
pooled raw milk from individual farms coming· into 10 towns 1 were 
examined and 8.6 % were found to contain virulent tubercle bacilli, the 

1 London, Brighton, Birmingham, Liverpool, Ma'nchester, Sheffield, Newcastle-on-Tyne, Glasgow, 
Edinburgh and Aberdeen. 
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percentage for individual towns varying between 6.1 and 13.2. Samples of 
bulked milk for 50 farms or so arriving into London in 3000-gallon tanks 
were invariably infected (Wilson, 1942). 

The foregoing incidence of tubercle bacilli in milk was reflected in the 
prevalence of bovine tuberculosis in man. It was estimated (Great Britain, 
1934) that in 1931 in the whole of the United Kingdom there were 2600 deaths 
from bovine tuberculosis and 6250 notifications of this disease. Calculating 
on a different basis, Wilson (1942) estimated that in 1937, 1500-2000 deaths 
in England and Wales only were attributable to bovine tuberculosis. Subse
quent special surveys made in 1943-45 showed that in the United Kingdom 
40% of non-pulmonary lesions in children under five years and 15% of 
similar lesions in those over five years were due to the bovine type of 
infection, the over-all percentage being 25 (Great Britain, 1949; Wilson, 
Blacklock & Reilly, 1952). This does not, of course, mean that bovine-type 
tuberculosis in man is always non-pulmonary. For example Griffith & 
Munro (1944), who studied 7000 cases of pulmonary tuberculosis, found 
that 5.8 % in Scotland and 2.2% in England were of bovine origin. 

An increasing number of countries have virtually eradicated tuberculosis 
from their cattle population, or are well on the way to doing so (USA, 
Canada, Netherlands, United Kingdom, Switzerland, the Scandinavian 
countries). While new cases of bovine tuberculosis in man are now becoming 
a rarity in these countries the disease still remains a serious problem for man 
and cattle in many others. A fairly recent survey in the German Federal 
Republic (Meyn, 1957) indicates the magnitude of the problem that has 
been faced in the past by most countries with a highly developed dairy 
industry, or will be encountered eventually by governments when under
taking control and eradication. In South Wiirttemberg, 19.2 ~~ of the human 
cases of pulmonary tuberculosis and 58.6 ~~~ of extra-pulmonary tuberculosis 
had been caused by the bovine type of tubercle bacillus. Among the pul
monary cases, only 9 % of patients under 30 years of age were infected with 
the bovine tubercle bacillus, while 34 % of the older group showed this type 
of infection. 

The frequency of mammary-gland excretion was again substantiated 
in 1957, when 72 out of 570 milk samples examined biologically at Cambridge 
were found to be positive (Soltys, 1958). These samples were received from 
herds that had not yet been tuberculin tested. 

In the Indo-Pakistan sub-continent (Benjamin, 1957 ; Abdussalam, 1956) 
and South Africa (Sampson, 1943), bovine-type infection in man appears 
to be practically non-existent, although a considerable proportion of cows 
in town dairies are infected. This may be due to the prevalent custom of 
boiling milk in India and of souring milk in calabashes in Africa. Dormer 
et al. (1953) found that bovine as well as human tubercle bacilli are killed in 
soured milk in calabashes within 6 days. More recently, Tacquet et al. (1961) 
have shown that yogurt, as commercially prepared in France, kills human, 
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bovine and BCG mycobacteria in 18 to 24 hours. It should be noted, however, 
that in Uganda more than 21% of strains isolated from human sputum 
(190 specimens) were found to be of the bovine type (WHO Regional 
Office for Africa, 1962). This may be due to the sharing of huts with cattle, 
a practice adopted by the pastoral people in certain parts of the country. 

After cultivation on media, tubercle bacilli may grow in sterile milk at 
suitable temperatures, but strains fresh from the udder do not multiply at 
all, or only very slowly. The organisms are carried over into cream, butter 
and cheese prepared from raw milk. Varying periods of survival of the 
organism in these products, especially in cheeses, have been reported in the 
literature (see Hammer & Babel, 1957); almost all survival times are suffi
ciently long to cover the usual periods of maturation and storage before 
these dairy products are consumed. Tubercle bacilli in milk and milk 
products are destroyed by heat-treatment sufficient to inactivate phospha
tase (Kastli, 1957). (Occasional reports of tubercle bacilli surviving pasteur
ization of milk are discussed on page 51.) 

It may be of interest to note that acid-fast organisms other than tubercle 
bacilli may be present in milk and may confuse the diagnosis from stained 
smears, unless confirmed by animal inoculation. Mycobacterium lacticola 
has been found to cause mastitis in cows following intramammary inocula
tion of an oily therapeutic agent (Stuart & Harvey, 1951; Tucker, 1953). The 
lesions in the udder observed were granulomatous and closely simulated 
tuberculous mastitis. Myco. johnei (=paratuberculosis) is sometimes found 
in milk and is derived from infected udders and faeces (Hammer & Babel, 
1957; Doyle, 1954). 

Human-type tubercle bacilli may gain direct access to milk from milkers 
and other handlers, and may reach the consumer in the same way as other 
milk-borne pathogens if they are not eliminated by adequate heat treatment. 
Infection of cows with human tubercle bacilli also occurs and it has been 
shown that such cattle may excrete the bacilli in their milk from apparently 
normal udders (Mitscherlich & Reuss, 1953; Nassal, 1956; Schliesser, 1958). 
However, the relative resistance of cattle to the human type of bacillus is 
illustrated by Schliesser's observation (1958) that following intravenous 
infection of two cows with such bacilli, continuous testing of the milk over 
a period of 3 months by microscopic examination and by inoculation into 
guinea-pigs failed to reveal any tubercle bacilli. 

Human tubercle bacilli apparently cause transient infections in cattle 
resulting in temporary tuberculin reactors (Jensen, 1953; Nielsen & Plum, 
1940). Such reactions have caused difficulties in eradication programmes, 
especially in valuable herds where positive tuberculin reactions are suddenly 
encountered after a long period of absence. Where exposure to human 
tubercle bacilli is suspected, such animals are usually held under observation 
and re-tested periodically. If the reaction disappears they are restored to 
their normal status in the herd. 



DISEASES TRANSMITTED THROUGH :MILK 51 

Avian type tubercle bacilli also cause natural infections in cattle (see 
Francis, 1947, 1958); these are commoner in some areas, e.g., southern 
Norway (Thorshaung, 1947), than in others. The bacilli are excreted from 
apparently unaffected udders, but rarely their presence is associated with 
mastitis (Stuart & Marshall, 1952). In a few instances, goats have been 
found infected in nature with the avian tubercle bacillus, and experimental 
studies have shown that they can excrete the organism in the milk (see 
Lesslie et al., 1960). Human infection with the avian type of bacillus is, 
however, very rare. 

Milch animals other than cattle are also affected with tuberculosis, 
mainly of the bovine type. Bovine tubercle bacilli have been found in the 
milk of buffaloes (Eissa et al., 1957) and goats (Mohan, 1950). These facts 
are cited only to underline the falsity of the common notion that buffaloes 
and goats are resistant to the bovine tubercle bacillus. Careful investiga
tions have repeatedly shown that these animals develop cavernous tuber
culosis of the lungs with extensive udder involment. Sheep appear to show 
fewer systemic infections, probably because of certain outdoor husbandry 
practices, providing fewer opportunities for massive exposure, and the 
shorter economic life of the animaJ.l 

The control of milk-borne tuberculosis depends on three important 
factors: (1) eradication of the infection from dairy animals, (2) health control 
of milk handlers, and (3) adequate heat treatment of milk. The first two 
steps are important from the point of view of long-term control, and their 
value has been proved in countries that have eradicated bovine tuberculosis 
more or less completely. The example of the USA has already been cited. 
Adequate heat treatment in the form of pasteurization, sterilization or 
boiling is a safeguard that should be adopted immediately, pending the 
planning and introduction of long-term measures. 

Pasteurization, even in the absence of eradication, brings down markedly 
the incidence of bovine tuberculosis in man and also of other milk-borne 
diseases. Lethem (1955) has shown this for England by comparing the 
statistics for 1921 and 1953 in regard to the incidence of and mortality from 
abdominal tuberculosis in children under 5 years of age, taking this form of 
the disease as an index of milk-borne tuberculosis. In 1921, only about 
50 % of the milk supply in London, and appreciably less in the rural districts, 
was pasteurized. In 1953, the figure was 100 /~ for London and 88% for 
the whole country (England and Wales). The number of deaths from abdo
minal tuberculosis in children under 5 years of age was 1107 in 1921, whereas 
in 1953 it was only 12, even though 42% of the milk was still coming from 
herds that had not been tuberculin tested. 

It is of interest to point out that tubercle bacilli have been detected in 
"pasteurized" milk by several workers (Wagener, 1954; Schonberg, 1953; 
and others). Kastli (1957), in citing these reports, explained that a short 

1 For a review of tuberculosis in buffaloes, goats, sheep and camels see Francis (1958). 
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passage of insufficiently heated milk cannot be entirely excluded, even in 
pasteurizers with flow-diversion valves. He considered this slight contamina
tion to be of little public health significance as the quantity of bacilli required 
to produce human infection is much greater than that needed for a positive 
guinea-pig inoculation test. 

The methods of eradication of bovine tuberculosis have been dealt with 
in reports of the Joint WHO/FAO Expert Group on Zoonoses (1951) and 
the Joint WHO/FAO Expert Committee on Zoonoses (1959), and the 
health control of dairy workers is described in the chapters by Cockburn, 
page 531, and Vladimirov, page 537. 

16. Typhoid and paratyphoid fevers, and other salmonelloses 

(a) Typhoid and paratyphoid fevers 

Typhoid and paratyphoid fevers are the classical enteric fevers caused by 
food- and water-borne infection. Numerous instances of milk-borne 
outbreaks have been cited in the literature (Maxcy, 1956; Wilson & Miles, 
1955), and milk is probably second only to water as a vehicle of these 
infections, especially in areas where pasteurization and other effective heat 
treatment of milk is not regularly practised. In countries of Europe and 
North America where the bulk of the milk supply of the towns is pasteurized, 
milk-borne enteric fevers have become much less common during recent 
years, although they still occur. In these. areas, Salmonella schottmuelleri 
infection (paratyphoid B) apparently occurs more commonly than infec
tions with S. typhosa and S. paratyphi (paratyphoid A), which are not 
uncommon in Asia and Africa (Felix, 1955). S. hirschfeldii infection 
(paratyphoid C) occurs in Eastern Europe and Asia but is rare in Western 
Europe and North America. 

The source of infection is generally a human carrier or an ambulant 
patient, who may be among the handlers of milk and milk products. 
Typhoid and paratyphoid A bacilli (S. typhosa and paratyphi) are not 
.natural pathogens of milch animals but S. schottmuelleri has been isolate::! 
from cattle infected in nature (Hagan & Bruner, 1961). Apart from direct 
introduction of infection into milk, indirect contamination may occur 
through water, flies, adulterants, and sometimes used milk containers 
returned from houses inhabited by typhoid patients or carriers. Since the. 
causative organisms can grow in milk at ordinary atmospheric temperatures 
(15°C and above), small initial infections build up to levels that are dan
gerous, even after dilution with non-infected material, especially since very 
few S. typhosa organisms are considered necessary to produce human 
infection. 

Outbreaks of typhoid fever have been traced to cream, butter, cheese 
and other dairy products (Wilson & Miles, 1955). In some cases the infec-
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tion is derived from milk used for the manufacture of these products; in 
others it is introduced into the products by handlers. Campbell & Gibbard 
(1944) found that S. typhosa in Cheddar cheese held at 4.S0-5.SOC (40°-
420F) was viable for at least 6 months, and in some cases up to 10 
months. In cheese held at 14.4°-l5.6°C (58°-60°F), however, most of the 
bacilli were dead after 3 months. Epidemiological investigation of a 
cheese-borne outbreak of typhoid fever indicated that S. typhosa had 
remained viable and infective in Cheddar cheese for approximately 63 days 
(Wade & Shere, 1928). The cheese in question was made from milk that 
would not curdle satisfactorily. Infection on the surface of cheese, however, 
appears to die out more quickly. Lemke (1912) experimented with 6 differ
ent kinds of cheese (Limburger, Swiss, Koppen, Harz, Beer and Tilsit) 
and found the survival time of S. typhosa on the surface to be 25-32 days. 

In milk products stored at freezing temperatures, S. typhosa survives for 
very long periods. Prucha & Brannon (1926) found that S. typhosa was 
viable in ice-cream stored at -20oC after more than 2 years, although the 
number organisms fell from 51 million to 6300 per ml in 2 years. In the 
Indian milk curd ( dahi), S. typhosa is killed within an hour, but if the acidity 
of the product is chemically neutralized the bactericidal effect is lost 
(Panja & Ghosh, 1945). Thus, acid milk products are inimical to these 
bacilli. It would be hazardous, however, to depend upon acidity or storage 
for destroying typhoid bacilli unless modern bacteriological methods were 
used to make a careful study of locally produced dairy products. Under no 
circumstances should survival of the typhoid bacillus be tolerated because of 
thelowthresholdinhumans for typhoid infection. It will be noted that much 
of the literature cited is old and fresh studies of this problem in developing 
countries would appear to be very much needed. A recent study by Nevot 
et al. (1958) has again conclusively proved the effectiveness of pasteuriza
tion procedures, both vat-storage and HTST, in destroying typhoid bacilli. 

(b) Other salmonelloses 

Salmonellosis is a common infection of animals all over the world. 
More than 600 types of Salmonella have already been described or named 
(Kauffmann, 1954, and others). The infection in cattle and other milch 
animals has recently been reviewed by Buxton & Field (1959). Both clinical 
and sub-clinical (carrier) types occur in cattle. Two pathogenic serotypes 
often involved are S. dublin and S. typhimurium. The pattern of the relative 
incidence of different strains seems to vary from region to region and from 
time to time, but all are actually or potentially infective for man. 

Milk can play an important part as a vehicle of these organisms for two 
reasons. Firstly, infection of human adults with most Salmonella types 
requires a relatively large number of organisms and it is unlikely that so 
many will pass directly from the animal source to man except in special 
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cases where animals are clinically affected and excrete the organisms in large 
numbers; milk .is a good culture medium for Salmonella, whether derived 
from the animal or from a human handler, and it therefore provides a very 
suitable vehicle, the critical' number of organisms for successful infection 
being easily reached at certain combinations of time and temperature. 
Secondly, milk, along with meat, provides a frequent medium of indirect 
transmission between animals and man, especially in the urban areas where 
no direct contact exists. In certain countries, imported feeding-stuffs and 
organic fertilizers bring in types of Salmonella new to the area; these become 
established first in farm animals from which they are passed on in turn to 
man through the agency of milk and meat. 

The actual incidence of food-borne Salmonella infection (Joint WHO/ 
FAO Expert Committee on Zoonoses, 1959) in different parts of the world is 
unknown, but careful investigations have been carried out during recent 
years in England (Cockburn, 1960; Taylor, 1960), the USA (Galton & 
Steele, 1961) and in some other countries. Salmonella organisms, especially 
types other than S. typhimurium, are being encountered more and more as 
causes of food-borne infection, although only a few outbreaks and sporadic 
cases have been traced to milk. This is attributed to the effective pasteuriza
tion of town supplies in the areas investigated. Post-pasteurization contami
nation of milk by a human handler, with a resultant human epidemic, can 
still occur in these countries, and this appears to have. been the cause of 
the outbreak .in Lancaster, Pennsylvania in 1955 (Amer. J. pub/. Hlth, 1956). 
Most of the cases of milk-borne Salmonella food poisoning occur in the 
rural areas. The apparent increase in the incidence of salmonellosis over 
the years in the countries referred to above has been ascribed to better 
reporting and improved techniques of laboratory investigation (Edwards, 
1958). 

Occasionally a cow suffering from clinical salmonellosis (diarrhoea, 
anorexia, etc.) may excrete Salmonella in the milk, but in most cases infection 
is derived from the faeces of carrier or sick animals (Buxton, 1957). Some
times, other sources in the milk-shed or the cows' environment, such as 
feeding-stuffs, rodent faeces, dust, utensils, the milker or the milk handler, 
poultry, swine, dogs, flies or ticks, may be responsible for contaminating 
the milk. The contamination introduced into milk and milk products 
persists for varying periods depending on the conditions of storage (various 
workers cited by Buxton, 1957), but in all cases it is sufficiently long to permit 
human infection unless the product is heat treated at some stage after 
contamination. Salmonellae are easily killed by the .usual methods of 
pasteurization but they may be re-intr9duced if the milk is not bottled pro
perly, and also in the home after the container has been opened. 

Control of milk-borne salmonellosis obviously requires a precise know
ledge of the animal-milk-human chain of infection, and its interruption 
at the most suitable point (Joint WHO/FAO Expert Committee on Zoonoses, 
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1959). In general,-the control measures would require: improved hygiene 
of the barn, since detection and elimination of animal carriers are not 
as yet feasible; health control of handlers; routine pasteurization or other 
effective heat treatment of milk; hygienic bottling or packaging and storage 
in the cold; and rigid sanitary practices in the dairy and retail shops. 

Pathogenic Fungi 

A few of the pathogenic fungi can infect the udder tissues \Yith the result 
that they are excreted in large numbers in the milk. Some of the species 
reported as causing mastitis in animals also cause various pathological 
conditions in man. There have, as yet, been no reports of human infection 
derived from milk, but the presence in milk and dairy products of these 
fungi pathogenic for man constitutes a possible although unproved hazard. 
There is some evidence to support the view that the widespread use of 
penicillin and other antibiotics in bacterial mastitis has led to an increase 
in the incidence of mycotic mastitis (Loftsgard & Lindquist, 1960). 

Nocardia asteroides has been reported as causing mastitis in cattle and 
was found to be excreted in milk over a period of 4 1;2 months (Munch
Petersen, 1954). Outbreaks of this type of mastitis have been reported from 
the USA in which 28 cows (18 %) in a dairy were affected (Pier et al., 1958). 
Other herds, including one in Hawaii, have since been found infected 
(Pier & Enright, 1961). Isolated infections in a cmv (Hillemark, 1960) and 
a goat (Dafaala & Gharib, 1958) have also been reported. The organism 
survives pasteurization at 74 oc for 15 seconds and 64 oc for 30 minutes, 
but not at 66°C for 30 minutes (Pier et al., 1958; Hillemark, 1960). 

An allied species, }{acardia brazilianis, was isolated from a cow suf
fering from chronic granulomatous mastitis (Ditchfield, Butas & Julian, 
1959). 

Loken et al. (1959) have described an outbreak of mastitis caused by 
Candida tropicalis which started 8 days after antibiotic treatment. The 
organism persisted in the udders for 4 months, although the disease seemed 
to be self-limiting. Candida albicans and C. krusei have also been reported 
as a cause of bovine mastitis (Lofsgard & Lindquist, 1960). W agner et al. 
(1958) believe that Cr;ptococcus is implicated in the causation of milkers' 
nodules (pseudocowpox), although this disease is generally considered to be 
caused by a virus. 

Because certain of the fungi mentioned survive some pasteurization 
temperatures (see above), the problem of fungus infections should be followed 
and investigated carefully in the future, especially as mastitis caused by these 
organisms is apparently increasing, perhaps as a result of the elimination of 
other causes of mastitis through the use of antibiotics. For the present, the 
recommended procedures of excluding from the milk supply all grossly 
abnormal milk should be followed. 
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Parasitic Infections 

There is no doubt that some human parasitic infections, where food can 
serve as a vehicle, can be spread through milk. This is particularly true 
of those infections in which the infective stage of the parasite is liable to 
be shed by the milk handlers, e.g., amoebic and other protozoan cysts or 
the eggs of Taenia solium and Enterobius. Because of the epidemiological 
characteristics of these infections, however, it is difficult or impossible to 
pin down the cause of transfer to milk, and this is no doubt the reason for 
the absence of reported infections of this type in the literature of milk
borne diseases. 

The only animal parasite infective for man which is known to be excreted 
in cows' milk is Toxoplasma gondii (Sanger et al., 1953), but it is not known 
if human beings can be infected with it through milk. The contamination of 
milk and milk products with infected soil containing Ascaris or Trichuris 
ova, helminth larvae, etc. would appear to be feasible but remote. Sanitary 
procedures, heat treatment of milk, and adoption of hygienic practices by 
milk handlers should effectively prevent transmission of this group of 
infections. 

SPECIFIC AND NON-SPECIFIC SENSITIZING AGENTS 

Antibiotics 1 

Antibiotic residues occur rather frequently in the market milk of econo
mically advanced countries where antibiotics are used therapeutically in 
dairy animals. 2 Although they are frequently used parenterally and orally 
and sometimes as a food supplement, it is the intramammary infusion for 
the treatment of mastitis that is mainly responsible for the contamination of 
milk and milk products. Also, for the same reason, penicillin occurs more 
frequently in market milk (Albright et al., 1961) than other antibiotics such 
as streptomycin, chlortetracycline, oxytetracycline, bacitracin, neomycin, 
chloramphenicol and polymyxin. In rare cases, persons who are either 
ignorant of the consequences or unscrupulous may deliberately add anti
biotics to milk to check bacterial growth. 

Surveys of market milk for antibiotic residues have been carried out 
in various countries, but chiefly in the USA, Canada and the United King
dom. Examination of thousands of samples of raw and pasteurized milk 
in these countries revealed penicillin in up to 11.6 % of samples tested, the 
most frequent range being 3 %-5% (Welsh et al., 1955 ; Welsh & Jester, 
1956; Jester et al., 1959). 

1 See. also the chapter by Jepsen, page 449. 
2 It has been estimated that 75 tons of antibiotics are used every year in the treatment of bovine mastitis 

(Welsh & Jester, 1956 ; Bird, 1961). 
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In South Africa, 3% of over 1200 herd samples collected in Johannesburg 
in 1958-59 were found to contain penicillin (Meara, 1959). References to 
the studies on the levels of excretion in milk of antibiotics given by various 
routes may be found in the excellent reviews by Marth & Ellickson (1959a), 
Albright et al. (1961) and in the chapter by Jepsen, page 449. 

The presence of antibiotic residues in milk creates two types of problem. 
First, difficulties are experienced in the manufacture of products requiring 
curdling, ripening, flavour production, and other processes depending on 
microbial activity, since this is hindered by the presence of antibiotic residues. 
The main danger, however, is of untoward reactions in persons hypersensitive 
to penicillin and other antibiotics. There exists also the possibility of 
exposing the consumer of raw milk to antibiotic-resistant pathogens derived 
from the udder, but it has not been proved that this is a danger for the time 
being (see also under staphylococcosis, page 43). 

From the point of view of reactions in hypersensitive consumers penicillin 
is of major importance, as the other antibiotics are found much less fre
quently in milk and are regarded as poor allergens. A panel of experts 
consulted by the US Food and Drug Administration was of the opinion 
that many people in the USA-but less than 10 ~~~ of the population-are 
more or less sensitive to penicillin, and that reactions, which are sometimes 
very severe, may be elicited by residues in milk (Welch, 1957). Zimmerman 
(1959) described 4 cases of chronic penicillin urticaria in the USA ascribed to 
milk from commercial sources. In the United Kingdom, also, cases of 
dermatitis have been traced to the consumption of milk containing penicillin 
(Vickers, Bagratuni & Alexander, 1958; Erskine, 1958; Borrie&Barrett, 1961). 

The foregoing hazard to health is sufficiently serious in some countries to 
warrant the exclusion of milk containing penicillin residues from market 
supplies. The Joint FAO; WHO Expert Committee on Milk Hygiene (1960) 
has recommended that milk from COW'S undergoing therapy should be 
excluded from human consumption for at least 72 hours, and if possible 
96 hours, after the administration of the antibiotic (penicillin). To over
come some of the obvious administrative difficulties in enforcing this recom
mendation, the Committee further recommended that antibiotics for animals 
should be administered solely under veterinary supervision and that the 
incorporation of" markers " in antibiotic preparations might be considered. 
The markers tried have been dyes or relatively inert substances like chloro
phyll which would be recognizable in pooled milk because of their colour 
(Smitasiri et al., 1958; Hargrove, Plowman & Wright, 1959; Rasmussen & 
Simisen, 1960; Hogh & Rasmussen, 1961). Further work is needed, 
however, to evolve a marker that would be more effective and harmless. 
The Committee indicated the following desiderata: (a) the substance should 
not affect the activity of the antibiotic: (b) the" marker" should be soluble 
in the suspending medium and uniformly dispersible in milk; (c) it should 
be readily detectable in very minute amounts; and (d) it should be non-toxic, 
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particularly from the standpoint of cumulative effect. One may add that 
it should continue to be excreted in detectable quantities simultaneously with 
the penicillin until the penicillin content of the milk reaches an acceptable 
level. 

An enzyme, penicillinase, is known to inactivate penicillin and its 
addition to contaminated milk has been suggested to counteract difficulties 
in curdling and souring. This has not been too successful in practice. The 
utility of this method in completely removing the health hazard remains to 
be proved, although in one case, addition of the enzyme to the milk consumed 
by a patient is reported to have prevented the recurrence of the unpleasant 
allergy (Borrie & Barrett, 1961). The high cost of the enzyme also prohibits 
its use where large quantities of market milk have to be treated. 

Heat treatment of milk has little effect on its penicillin content. The 
observations of several workers summarized by Marth & Ellickson (1959a) 
show that pasteurization does not eliminate penicillin from milk and milk 
products. Even boiling for 60 minutes and autoclaving at a pressure of 
15 p.s.i. for 15-30 minutes leaves some of it intact. 

Penicillin .is not inactivated by drying and thus can be found in dried 
milk. 

Milk Allergy 

Apparently the consumption of milk and milk products is sometimes 
followed by non-specific gastrointestinal upsets that cannot be definitely 
ascribed to the specific causes discussed in the rest of this chapter. In cases 
where individuals only are affected it is generally believed that they are 
sensitive to milk proteins (milk allergy). 

Cows' milk may cause allergic reactions in infants and young children. 
In certain countries it is claimed that as many as 66 out of every 1000 infants 
are allergic to it to some extent. The signs and symptoms are eczema, 
pylorospasm, colic, diarrhoea and listlessness. Less often, there is cough, a 
feeling of choking, gasping, asthma, nasal cold, sneezing, and toxaemia 
(Clein, 1951). The symptoms are relieved quickly if milk is withheld and 
the child is fed on substitutes, such as soy milk, broth, etc. Milk boiled for a 
prolonged period (3-6 hours) is also safer than pasteurized milk, because the 
allergenic properties are believed to reside in the albumin fraction which is 
coagulated by heat (Ratner, 1935). This may be one reason why milk 
allergy is not so commonly noticed in the warm countries, where milk is 
subjected to prolonged boiling before feeding to children or adults. Children 
sensitive to cows' milk may or may not be able to tolerate milk of other 
animals, and many are unaffected by evaporated milk. 

Allergy to milk and milk products is not uncommon among adults also. 
If it is manifested as gastrointestinal disturbances, the patient soon learns 
to avoid milk. Where milk allergy is manifested as a relatively mild derma
titis, the etiological role of milk may remain obscure. 
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TOXIC CHEl\HCALS AND OTHER EXTRANEOUS SUBSTANCES 

Insecticides 

During recent years, organic synthetic insecticides of high efficiency 
have been developed and have virtually pushed out of use the more expensive 
insecticides of plant origin (derris and pyrethrum). The large-scale use of 
these compounds in agriculture in the economically advanced countries has 
created some problems, among which is their appearance in milk, with 
consequent hazard for the health of the consumer. The two main sources 
of milk contamination are: (1) insecticides used on the cows and in the 
barn for the control of flies, lice, ticks and other ectoparasites, and (2) 
insecticides used on forage crops and grains to protect them from pests. 
In both cases, some of the insecticides are absorbed by the cow and partly 
excreted in the milk. 

Of the two chemically distinct groups of synthetic insecticides, the 
chlorinated hydrocarbons were discovered first and have been used exten
sively in the barn as well an on the fields. Marth & Ellickson (1959b) ha e 
recently reviewed the use of these insecticides in dairying practice and have 
found that when used in dairy barns or on cows, all the following insecticides 
appeared in the milk: benzene hexachloride, DDT, dieldrin, dilan, lindane, 
methoxychlor, perthane and TDE (Rhothane or DDD); the concentrations 
in the milk varied from0.4 p.p.m. for methoxychlor and perthane to 33.6p.p.m. 
for DDT. In general, the residues in milk disappeared in a few days after 
application, but in some cases low levels persisted for a long time. When 
insecticide-treated feedstuffs \Vere fed to cows, residues of benzene hexa
chloride, chlordane, DDT, dieldrin, endrin and toxaphene appeared in the 
milk at levels ranging from 0.05 p.p.m. for endrin to 26 p.p.m. for DDT. 

Kastli (1955) stated that 0.5 ~~-20 ~·~ of a chlorinated hydrocarbon 
insecticide ingested \Vith the fodder is excreted in milk. 

A second group of synthetic insecticides, the organic phosphates, are 
coming into use primarily against flies and other insects that are resistant 
to DDT and other chlorinated hydrocarbons. Marth & Ellickson (1959b) 
have concluded from published reports that the organic phosphate insecti
cides do not as a rule appear in milk after use in the barn or after ingestion 
on feedstuffs. In the latter case, they are believed to be broken down in 
the rumen of the animaL It is, therefore, the insecticides of the chlorinated 
hydrocarbon group that constitute the principal health hazard to consumers 
of milk and milk products. 

Surveys of market milk carried out in the USA in 1948, 1949 and 1951 
indicated the presence of DDT in traces in 25% of the samples tested. 
In 1955, 62% of 800 samples collected from all over the country showed 
traces of DDT and BHC. No organic phosphate residues were found 
(Clifford, 1957). In a more recent survey made in 1958, 936 samples from 
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48 dairies in 16 metropolitan areas, were examined and only 2.5% were 
found to contain residues (0.1 p.p.m. or more) or chlorinated hydrocarbons. 
Of the original 936 samples, 168 were examined further by paper chromato
graphy and a fly bioassay method. The former method showed that 3 %of 
the samples contained significant residues, and the latter showed that 33 % 
were toxic for flies (Clifford, Bassen & Miles, 1959). 

Because of the affinity of these insecticides for fats, they become attached 
to the milk fat with the result that butter made from the contaminated milk 
contains a considerably higher proportion of the insecticide than does the 
liquid milk. Smith, Hoskins & Fullmer (1948) found 65 p.p.m. of DDT in 
butter made from milk that contained 2.3 p.p.m. Schechter, Pogorelskin & 
Hailer (1947) reported the presence of 456-534 p.p.m. in butter made from 
milk that contained 3-26 p.p.m. High concentrations of these insecticides 
are also found in cream and cheese made from contaminated milk. They 
are stored in the fatty tissues of the body, which entails the risk of cumulative 
effects. 

Although the toxicity of DDT and other chlorinated hydrocarbons 
when ingested by mouth is known, the tolerance levels for residues in milk 
and milk products have not been established.l It must be kept in mind 
that large quantities of milk are consumed by particularly vulnerable 
groups, such as infants and invalids. The problems of consumer safety 
in relation to pesticide residues in food have been discussed at a joint 
meeting of the FAO Panel of Experts on the use of Pesticides in Agriculture 
& the WHO Expert Committee on Pesticide Residues (1962). 

To prevent the appearance of insecticide residues in milk, insecticides 
used in barns must be applied in such a way that the cows do not absorb 
them. Fodder treated with chorinated hydrocarbons that pass into milk 
should not be fed to dairy cattle. Contaminated milk should not be used 
for human consumption. The US Food and Drug Administration has fixed 
the tolerance level of DDT, methoxychlor and malathion at 0 p.p.m.
in other words these compounds should be altogether absent from milk. 
The difficulties of complying with this requirement have been discussed by 
Heineman & Miller (1961). Furthermore, pasteurization has little effect on 
DDT in milk (Manu, Carter & Ely, 1950). 

Preservatives and Disinfectants 

Chemical preservatives and bacteriostatic agents are sometimes added 
to milk to prolong its keeping qualities or to prevent or camouflage acid 
fermentation and decomposition resulting from faulty practices. They 
include hydrogen peroxidt., formalin, boric acid and borax, benzoic acid 

1 Lu, F. C. (1961) The establishment of tolerances for pesticide residues in food (Unpublished document 
WHO/Food Add./20). 
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and benzoates, alkaline salts, salicylic acid, potassium bichromate, hypo
chlorites and chloramine, and quaternary ammonium compounds. The 
last two groups of substances are often carried over from rinsing solutions 
used for milk utensils and machinery. The listed chemicals tend to mask 
unhygienic practices but do not provide any safeguard against pathogenic 
micro-organisms. In addition, certain of these substances (e.g., formalin, 
boric acid) can be highly toxic even in small amounts. Except for hydrogen 
peroxide (discussed in the chapter by Luck, page 423), their use as inten
tional bacteriostatics should be strongly condemned and guarded against. 
(For further information see the chapter by Jepsen, page 449, and American 
Public Health Association, 1960.) 

Radionuclides and other Heayy Metals 

Radionuclides 

The possibilities of fall-out from nuclear weapon tests and the exploita
tion of nuclear energy have added an entirely new dimension to the poten
tialities of milk as a transmitter of disease. The detection of radionuclides 
in milk and the significance of the levels found are highly specialized pro
blems which are being dealt with by many national and international 
authorities and will not be entered into here. Special expert groups of the 
United Nations are issuing periodic reports on this subject, and basic 
training courses are being given for food hygienists, including milk control 
authorities, jointly by WHO, FAO and the IAEA (International Atomic 
Energy Agency), as well as by national authorities. A recent review of the 
radionuclide problem as regards food in general, including milk, has been 
published by the Food and Agriculture Organization (1960). 

As far as milk is concerned, the radionuclides at present regarded as 
the greatest hazard are strontium-90 and iodine-131, although the possible 
importance of other radionuclides such as caesium-137 is being carefully 
followed. Strontium-90 has a long half-life (about 28 years) and when 
ingested becomes localized in bone. This is important in children because 
they consume the greatest quantities of milk. Iodine-131 has a short 
half-life (about 8 days). but it concentrates itself in the relatively small 
volume of tissue of the thyroid gland. It was in fact iodine-131 that caused 
the greatest concern in the 1957 Windscale incident in England, the 
first occasion on which there was immediate public health concern with 
respect to the milk supply. In this incident, a breeder-type reactor over
heated causing a uranium fire. The air going out of the exhaust stack was 
heavily contaminated with iodine-131, which is very volatile. Environ
mental contamination occurred and it was felt necessary to condemn some 
250 000 gallons of milk from about 600 herds of cattle inhabiting an 
area of 200 to 300 square miles. Although the type of reactor used at 
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Windscale is now considered obsolete, the incident underlines how 
important and necessary it is for milk hygiene authorities to become 
conversant with the problems of radionuclides in the food chain (see 
Food and Agriculture Organization, 1960; Joint WHO/FAO Expert 
Committee on Methods of Radiochemical Analysis, 1959; Lindell & 
Dobson, 1961). 

Active research is under way to evolve effective and economic methods 
for the decontamination of milk, especially by the use of ion-exchange 
methods (see, for example, Food and Agriculture Organization, 1960; 
Easterly et al., 1960). Although laboratory results are encouraging, a 
commercially feasible procedure has not yet been developed for strontium-90 
or caesium-137. Because of its shorter half-life, iodine-131 can be dealt with 
by the relatively simple procedure of storing the product until the con
tamination has been reduced to an acceptable level. 

Other heavy metals 

Potentially dangerous salts of metals such as cadmium, lead, zinc, tin 
and copper may gain entry into milk and milk products from corroded metal 
surfaces of utensils, dairy implements and containers (see the chapter by 
Rice, page 457). The quantities of such salts in a given samples 
of milk depend on their solubility, the acidity of the milk, and the length 
of contact between the two. Serious cases of poisoning from such conta
mination are rare, possibly because of the change in taste and often in colour 
caused by these salts. Also, relatively large quantities of these salts are 
required to produce toxicity when ingested in milk, probably because of 
partial absorption or neutralization by milk proteins. Such large quantities 
of the dissolved salts often cause vomiting. 

Plant Toxins 

Cattle grazing :in a new locality or in pastures affected by drought are 
liable to ingest poisonous plants. In the majority of cases, there is little 
evidence to indicate that the toxic principles of these plants are excreted in 
milk in quantities sufficient to cause a toxic effect in human consumers. In 
the following instances, however, such a toxic effect has been observed or 
strongly suspected: 

1. Milk sickness or tremetol poisoning. In certain parts of the USA two 
species of poisonous plants, the white snakeroot (Eupatorium urticaefolium) 
and jimmy weed (Aplopappus heterophyllus), produce a disease in cattle 
known as " trembles "; the animals continue to yield milk, but on analysis 
it is found to contain the active principle tremetol (C16H 220 3), derived from 
the plants (Khlentzos, 1950). Persons who consume such milk develop 
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" milk sickness ", characterized by muscular weakness, vomiting, epi
gastric pain and constipation. Deaths were common among the early 
European settlers, 1 but a fatal outcome is now extremely rare and confined 
only to remote mountainous or rural areas. Tremetol is destroyed rather 
slowly by boiling, so that the usual heat treatment of milk affects it only 
slightly. 

2. Endemic glaucoma. Isolated epidemics of glaucoma associated with 
dropsy observed in India have been traced to contamination of cooking 
oils with the seed-oil of prickly yellow poppy (Argemone mexicana) which 
contains the alkaloids sanguinarine and dihydrosanguinarine (Sarkar, 1948; 
Hakim, Mijovic & Walker, 196la). It has, however, been shown that 
argemone leaves added to a goat's feed lead to the excretion of these alkaloids 
in milk in quantities sufficient to cause glaucoma in monkeys, especially if 
their diet is low in cysteine content (Hakim, 1957). More recently, Hakim, 
Mijovic & Walker (1961b), on the basis of experiments in rabbits, have 
suggested the possibility of sanguinarine being excreted in the milk of 
cows feeding on fumaria weeds (e.g., Fumaria ojjicinalis) in lean pastures. 
They think the wide geographical distribution of these weeds may be of 
significance in relation to the widely prevalent endemic glaucoma of man. 

3. Groundnut-meal poisoning. Recently, stored groundnut-meal conta
minated with the fungus Aspergillus flavus has been found to be toxic to 
turkeys and other poultry (Lancaster et al., 1961). The toxic principle 
has been crystallized and found to be fatal to day-old ducklings in doses of 
0.2 p.g. Cows fed on concentrates containing the toxic meal could con
ceivably secrete the toxin in milk, but final proof of this and of the danger 
to human consumers of milk from such cows remains to be determined. 

Flavours and Drugs Excreted in ~lilk 

Many of the fodder plants and those on which cattle graze import 
perceptible flavours to milk which render it unwholesome and even nauseating 
to some persons. Plants of the family Cruciferae 2 are most familiar in this 
respect. 

A number of drugs when administered to milch animals in therapeutic 
doses are excreted in minute quantities for varying periods in milk. They 
may affect the consumers, especially children and weak adults who drink 
relatively large quantities of milk (Joint FAO/WHO Expert Committee on 
Food Additives, 1962). These drugs include salts of iodine, mercury, lead, 
copper, antimony (tartar emetic), arsenic; salicylic and boric acids; alcohol, 

1 President Abraham Lincoln's mother is mentioned among the victims of milk sickness. 
2 Some of these plants also contain a glucoside which passes out into the milk without any change. 

If the milk becomes contaminated with bacteria that excrete diastase, the glucoside is converted into allyl 
isosulphocyanate - a substance toxic to infants (Bendixen et al., 1937). 
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chloroform, ether, morphine, phenothiazine, tetrachlorethylene, turpentine, 
aloes, rhubarb, senna, croton oil, euphorbium, asafoetida, strychnine, 
colchicine, atropine, veratrine, isoniazid, 1 and the sulphonamides. Penicillin 
administered parenterally or by the intramammary route is dealt with else
where in this chapter (pages 56-58) and in the chapter by Jepsen (page 449). 
Phenothiazine excreted in milk renders it pink after a few hours of exposure 
to air and is often mistaken for blood by the consumer, 

Some of the above drugs (colchicine, croton oil) may have a cathartic 
action on milk consumers, while others (aloes, rhubarb, phenothiazine and 
senna) affect the taste and colour of milk. As far as possible, milk from 
animals receiving any of the drugs listed above should be withheld for at 
least 48. hours (preferably 96 hours) after the last administration. Where 
bad flavours from fodder are involved, the plant in question should be 
withheld. The affected milk should not be used for making butter or 
cream, as these retain the objectionable flavour. 

Other Causes of Unwholesome Milk 

Apart from pathogenic organisms, plant poisons, allergens and undesir
able flavours, there are a few other factors that render milk unwholesome 
and may induce nausea and other untoward reactions in consumers: 

1. Blood. Blood in milk, with or without other observable changes, may 
be a sign of infections such as mastitis, anthrax, etc. These have already 
been dealt with, and in this section reference is made only to the presence 
of blood in milk in the absence of infection. 

Varying quantities of blood may be present in the milk from one or more 
quarters of an apparently normal cow. This may be due to the escape of 
blood into the udder tissue or the milk cistern from injuries caused by 
kicking, treading, or hooking. A heavy pendulous udder may occasionally 
sustain a tearing injury merely from brisk walking or running on the part 
of the cow. 

Sometimes cows, especially primiparas, develop a marked but transitory 
oedema of the udder before or after parturition. Usually, the milk remains 
unaffected but sometimes blood may be present. In most cases the oedema 
disappears before the colostral period is over. 

2. Digestive disturbances. A decrease of milk secretion is frequently the 
only effect on the udder of digestive disturbances in the cow. In some 
cases, however, the milk acquires a salty or bitter taste, becomes thinner 
in consistency and tends to curdle in a few hours. It often possesses irritant 

' Because of the small quantities of isoniazid excreted in milk, it cannot be relied on to inhibit tubercle 
bacilli. Milk from tuberculous herds, even if the animals have been given chemotherapy, should be 
pasteurized (Kleeberg, Gericke & Weyland, 1961). 
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properties and may cause gastrointestinal upsets in children and highly 
sensitive adults. Milk of cows fed on mouldy, fermented, or decomposed 
feeds may also cause such upsets. It is not clear, however, if this results from 
the excretion into the milk of deleterious substances or from environmental 
contamination. 

3. Venomous bites and stings. Dairy animals may be bitten by poisonous 
reptiles or stung by poisonous arthropods, such as bees, wasps, scorpions, 
spiders or centipedes. This may result in various signs of toxaemia, including 
the escape of blood or oedema fluid into the milk, if there is any milk 
secretion at all. In some cases of snakebite, there may be profuse bleeding 
into the milk cistern or localized haemorrhages into the udder tissue. There 
is, however, no evidence that the venoms are excreted in milk or that the 
milk is rendered toxic for human consumers. 

4. Dirt and abnormal numbers of bacteria in milk. Poor-quality milk 
often contains manure or other extraneous matter, for example fodder 
particles, rodent and bovine hairs, insects and insect fragments, sand, 
etc., and very large numbers of bacteria. All milk contains a certain num
ber of bacteria, yeasts and mould derived mainly from the atmosphere. 
Ordinarily they are few and harmless, but under dirty conditions of handling 
and storage without cooling they multiply, and milk so treated may contain 
very large numbers of bacteria. This occurs also when milk is contami
nated after pasteurization or other heat treatment, and not held in a cool 
state. 

A group of bacteria that are prominent under such conditions are the 
aerobic spore-formers. Some members of this group produce sweet curdling 
of milk but others do not produce appreciable change. At least one organ
ism of this group, Bacillus cereus, is sometimes implicated in abdominal 
upsets and nausea following the ingestion of food containing farinaceous 
materials. Certain strains of B. cereus have been found to produce similar 
symptoms when the living organisms are fed in large numbers in food to 
human volunteers, but this has not been reproduced in experimental 
animals (Meyer, 1953; Nikodemusz & Csaba, 1959). Milk and milk pro
ducts containing large numbers of bacteria of these strains should therefore 
be capable of producing similar effects. B. cereus has also been suspected of 
causing bovine mastitis, accompanied by the shedding of large numbers of 
the bacteria in the milk (Weidlich, 1961). 

The evidence that other micro-organisms, dead or alive, produce abdo
minal upsets is weaker but there are grounds for suspecting this to be so. 

While pasteurization renders contaminated milk safe from the viewpoint 
of infection, such milk is alleged to cause gastrointestinal disorders in infants, 
children and other highly sensitive individuals. Some " summer diarrhoeas " 
have also been ascribed to the consumption of such milk, but this has 
not been conclusively proven. 
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The prevention of the above risks requires cleanliness in production and 
handling of milk, cooling during storage and transit, and precautions to 
ensure that heated milk is not exposed to re-contamination. 

* * * 
It is evident from the preceding sections that the great nutritional benefits 

provided by milk and milk products are not obtained by communities 
without well-planned and systematic action to prevent disease transmission. 
This applies equally to advanced and to rapidly developing countries. The 
many important gaps remaining in knowledge of milk as a potential vehicle 
of disease-notably with respect to viral agents, the changing patterns of 
communicable diseases, and the varied conditions and resources throughout 
the world--require both applied and fundamental research. Without this 
and without constant attention to the danger points in the handling, pro
cessing and storage of milk, it will be impossible to maintain the confidence 
now rightly placed in milk that has been hygienically produced and heat 
processed. 
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DAIRY-FARM BUILDINGS AND INSTALLATIONS 
IN TE~ERATE CLIMATES 

STEWART SWIFT, Assoc. M.C.T., F.R.S.H. * 

INTRODUCTION 

Where cows are kept indoors it is important that suitable and adequate 
buildings be provided if the cows are to be fully productive. In this respect 
dairy cows require no less consideration than other livestock on the farm, 
and in some respects their need is greater. Because of their milk-producing 
function, the housing needed for cows demands special features enabling 
milk to be obtained from clean and healthy animals in a manner which will 
prevent, so far as is reasonably possible, the contamination of milk during 
milking. Each dairy farm should be provided with suitable buildings for the 
housing and milking of cows, and for the subsequent handling and storage 
of milk. In many instances, cows are housed and milked in one dual
purpose building-the cowhouse; in other cases, they are milked in a special 
building-the milking parlour-the cows being housed else\vhere, usually in 
some form of yard which may be open or covered, or kept on pasture. Milk 
is handled, stored and treated in a dairy or milk-room specially reserved for 
those purposes. 

Quite apart from the need to provide good housing for dairy co\vs as 
valuable livestock, it must be remembered that milking has to be done twice 
a day seven days a week, and therefore demands reasonable \Vorking condi
tions. After food, labour is the most expensive item in the cost of milk 
production. Good buildings help to establish a good working routine and 
to reduce labour costs. Buildings that are well designed and constructed 
should be easy to-clean and economical in management and use. 

From the hygienic point of view, the production of milk free from 
infection-of either bovine or other origin-and contamination, involves 
questions of animal health (dealt with in detail in the chapter by Kaplan, 
page 11),. of dairy-farm buildings, and of methods of milk production. 
It has been clearly demonstrated by many workers all over the world that 
irrespective of the state of the buildings used for milking it is essential 
that the methods followed should prevent contamination of milk. In other 

*Regional Milk Officer, :tvlilk Service, Ministry of Agriculture, Fisheries and Food, Reading, England. 
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words, it is the quality of the work that counts. At the same time, however, 
it must be remembered that if dairy workers are given good working condi
tions they are more likely to work effectively than if conditions are poor. 
Therefore, good dairy-farm buildings are extremely important in considering 
any of the hygienic aspects of milk handling. 

Increasing attention is also now. being given to the economic aspects of 
milk production. In an attempt to reduce milk production costs, every 
effort is being made to introduce methods which will save labour. With this 
object in view, careful consideration has been given to the everyday details 
of milking and milk handling, and work study often shows that careful 
planning of the milking routine reduces labour costs. This can be effected 
not only by organizing the work of the operatives but by better planned 
buildings. 

It will be seen, therefore, that not only are good dairy buildings needed 
for the hygienic production of milk but they are also a factor of considerable 
economic importance. When, on hygienic grounds, improvements to dairy 
buildings are found to be necessary, it should not be forgotten that such 
improvements may well be economically sound in the long run by creating 
conditions which will lower production costs. Equally important, perhaps, 
is the fact that such improved conditions may well make the work less 
irksome and more congenial. 

Many <;.:ountries have statutory requirements relating to the production of 
milk on farms, and when planning farm dairy buildings care must be taken 
to ensure that any provisions of the law are satisfactorily complied with. In 
England and Wales, for example, every dairy farmer must be registered as 
such with the Ministry of Agriculture, Fisheries and Food before commencing 
to produce milk for sale. Before registration can be effected, the buildings 
for the purpose must comply with the requirements of the Milk and Dairies 
(General) Regulations, 1959, which include many details relating to buildings. 
Although the information contained in this chapter is not intended as a 
guide to the statutory requirements of any country, if dairy buildings are 
constructed in accordance with the advice given it is unlikely that there would 
be any major difficulty in meeting such requirements. 

There are certain basic requirements for all farm buildings and these are 
equally applicable to those used for dairying as for other farming operations. 
Briefly, the principal requirements are as follows: 

(a) Cost. The capital cost of dairy buildings is always high and care must 
be taken to see that it does not exceed what is reasonable in the circumstances 
of individual farms. 

(b) Adaptability. Cowhouses and milking parlours are specialized in 
character and thu~ not easily adapted for other purposes if the farming policy 
is changed. This makes it desirable to ensure that if at any time such a change 
occurs, the buildings can be readily altered to some other use. 
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(c) Construction. Since milk production is a day-by-day operation 
buildings are subject to heavy wear and tear. Such buildings should be 
soundly constructed of good materials. It may well be more economical, 
in the long run, to use more costly and better materials than to save money 
on the initial outlay of construction since any such saving may be offset in 
repair and maintenance charges. 

The details of construction of dairy buildings vary in different temperate 
countries. In this chapter the details given relate to current practice in 
England and Wales. Elsewhere it is frequently the custom to use buildings 
of two storeys or more for dairy purposes, the cows being on the ground level 
with storage lofts over. It is the practice in some countries to place the cows 
head to head, with a central feeding manger supplied with food from lofts 
above. In such cases, there may be a controlling gate to the mangers to 
prevent the cows having access to the food until the herdsman is ready, when 
the gate is opened in one operation by a control lever. Where such an 
arrangement is used, the standings will be longer than 5 feet (1.5 m) so as to 
enable the cows to lie in comfort when the manger gate is closed. 

In a number of countries it is the normal custom to have relatively deep 
and narrOW gutters, especially where the COWS lie in the buildings for long 
winter periods. In such circumstances, it is the practice to use more litter or 
bedding than in England and Wales, and to arrange for a man to be present 
during millUng to remove immediately any dung dropped by the cows, so as 
to avoid contamination of the milk or soiling of the cows after milking is 
finished and the cows lie down. 

These fundamental differences in practice in different temperate countries 
should be borne in mind when reading this chapter, as it is impossible to give 
full details of these variations as they occur in all temperate countries. 

It is convenient to consider buildings for milking and milk handling under 
the following headings: (l) cow houses; (2) yards and millUng parlours, 
including movable bails; (3) farm dairies. These are each dealt with in 
detail in the sections that follo\Y. 

THE COWHOUSE SYSTEM 

In the· cowhouse system, the cows are housed during winter and milked in 
the same building. This system has been practised in temperate countries 
for many years, the extent of i.ts adoption varying in different countries 
according to climatic conditions. 

The cowhouse is a specialized building which should be carefully de
signed and constructed so as to provide comfortable and healthy housing 
for the cows and at the same time to enable them to be milked in clean 
conditions. 
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Siting 

The siting of the cowhouse is extremely important. It should be suffici
ently close to the dairy and food store to reduce to a minimum the handling 
and carrying of milk and food. To achieve this objective, it is usually 
desirable to have the dairy on one side the cowhouse and the food store on 
the other. Alternatively, in the case of a large double-range cow house, both 
the dairy and the food store may be entered separately from a central position 
in the cowhouse, and in some cases, the fodder store may take the form of 
a loft over the cowhouse with arrangements for the food to be forked into 
the shed below. 

The cowhouse should be sited in relation to other farm buildings so that 
it obtains the maximum of light and air, It is important that there should 
be a suitable and easy approach for the cows from pasture and this approach 
should preferably be of concrete or some other hard material so that it can 
easily be kept clean. It is desirable that the cowhouse should be on high 
ground in relation to its surroundings, rather than be placed in a hollow 
where it would be liable to receive surface drainage from surrounding ground. 
The cow house should be sheltered from the north and east winds, if this is 
practicable. It is also necessary to site the cowhouse.so that essential services 
-water, electricity and drainage-are readily available, although it may 
sometimes be wiser to select a site which is suitable in other respects and take 
the services to the site rather than using a less suitable site simply because the 
services are already there. The site should be conveniently placed to enable 
milk to be removed from the farm easily. 

Planning and Layout 

The design of cowhouses varies according to the size of the herd and, 
where existing buildings are to be adapted for use as cowhouses, according to 
the type of building available. Thus cowhouses may be planned so as to 
accommodate the cows in a single row on one side of the shed-single-range 
cowhouse-or along both sides-double-range cowhouse. Each type may 
be equally suitable, but where the number of cows exceeds 16-20 it will 
generally be found that a double-range house is more convenient and less 
costly to build. 

Fig. 1 shows alternative plans for a single-range cowhouse of 10 cows 
with and without a feeding passage; Fig. 2 is a plan for a double-range 
cowhouse of 16 cows in two rows without feeding passages. 

In single-range cowhouses the standings should be so arranged that the 
maximum of light falls on the hindquarters of the cows. In the case of 
double-range houses, the cows generally face the outer walls, with a central 
gangway. Such an arrangement facilitates. the removal of dung; the heads 
of the cows are kept near to the fresh air inlets in the outer walls; the cows 
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A standing of 5 feet (1.5 m) long has been found most suitable to enable 
cows to lie clean, but with the smaller breeds of cow 4 feet 9 inches (1.4 m) 
or less may be sufficient. It is a useful practice, where a large number of 
cows are housed, to vary the length of the standings from one end of the shed 
to the other. When using standings of the lengths mentioned, it is essential 
that the front of the manger should not be too high; 6 inches (15 cm) is 
usually sufficient and it should not exceed 8 inches (20 cm). A width of 
3 feet 6 inches (1.1 m) is required for each cow in all types of cowhouse, and 
it is usual to arrange the standings in pairs with the dividing partitions 
7 feet (2 m) apart. For the smaller breeds, 6 feet 6 inches (1.9 m) for two cows 
may be sufficient. 

Height 

The most suitable height for the inside of a cowhouse is 8 feet (2.4 m) to 
the eaves. Adequate ventilation, especially air outlets, is much more 
important than height. Excessive height without proper outlet ventilation 
may result in foul air being retained in the cowhouse, and it increases the 
area of wall surfaces inside the building to be kept clean. 

Feeding passages 

Cowhouses may or may not be provided with feeding passages at the 
cows' heads. Their provision increases the over-all width of the building 
by at least 3 feet (90 cm) in the case of a single-range house and 6 feet (1.8 m) 
in the case of a double-range house, thereby increasing the capital cost of the 
building. Whether the increased cost is justified is a matter of opinion. 
Some farmers prefer feeding passages and consider them essential to enable 
the food to be put into the mangers easily and conveniently. Many others, 
on the other hand, find no disadvantages -in cowhouses without feeding 
passages. The decision whether or not to have a feeding passage is largely 
one of personal preference. Feeding passages increase the area in the 
cowhouse to be kept clean, and there is a tendency to use them as dumps for 
odds and ends or for the storage of foodstuffs, which is an undesirable 
practice, particularly if these are of a dusty nature. 

Walls 

The internal surfaces of all walls liable to soiling or infection by cows 
should be smooth and impervious to a height of at least 4 feet 6 inches ( 1.3 m) 
so as to be readily cleaned. In the qase of rough walls of brick, stone or 
other material this can best be achieved by rendering the whole wall surface 
with cement mortar brought to a smooth finish with a steel float. The 
remainder of the walls above that height should be well pointed and capable 
of being kept clean. As with all farm dairy buildings, the walls should be 
provided with a suitable horizontal damp-proof course to prevent damp from 
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nsmg. The thermal insulation value is considerably improved by having 
11-inch (28-cm) cavity walls instead of, for example, 9-inch (23-cm) solid 
walls. The correct relationship between internal and external temperatures 
is important in preventing excessive humidity inside the cowhouse. 

Floors 

The most widely used material for the floors of cowhouses is concrete, 
but hard engineering bricks may also prove satisfactory. Where concrete 
is used it should be not less than 4 inches (10 cm) thick and be composed of 
Portland cement, clean sharp sand and good hard aggregate broken to pass 
through a 1 Y2-inch (38-mm) mesh, in the proportions of 1 : 2: 4. Care should 
be taken thoroughly to mix the ingredients of the concrete, which may with 
advantage be finished with a 1-inch (2.5-cm) layer of granolithic concrete. 
The surface should be roughened with a stiff broom or tamping board or be 
sprinkled with carborundum powder at the rate of 2-3 pounds per square 
yard (or about 1-1.5 kg per m2) to prevent a slippery surface. 

The standings should have a fall of at least 1 Y2 inches (3.5 cm) from the 
manger to the heelstone and dung channel, and in order to form a warm bed 
on which the cows will lie, some form of insulation is desirable. This may 
take the form of field drain pipes or hollow blocks or tiles laid in the concrete. 
Cork, rubber or asphalt composition have been tried for cow standings for 
resilience and warmth but these materials are not widely used. 

The dung channel or gutter should be of concrete, preferably not less than 
3 feet (1 m) wide, so formed that the heelstone is not less than 6-8 inches 
(15-20 cm) deep and the rise to the backwalk or central gangway not more 
than 2 inches (5 cm). The channel should have a cross-fall from the 
heelstone to the backwalk of not less than 1-1 Y2 inches (2.5-3.5 cm). The 
edges of the heels tone are sometimes rounded off and this is desirable so long 
as they are only pencil-rounded. Fig. 4 shows cross-sections of channels and 
floors of cowhouses. 

The backwalk or gangway in a single-range house should preferably be not 
less than 4 feet (1.2 m) wide and in a double-range house uot less than 
9 feet (2.7 m), including the gutters, between heelstones. This will allow 
a trailer to pass through the double-range house for the collection of dung, 
and where this is done, doors of adequate width should be fixed at each end 
of the house. The gangway should ha Ye a cross-fall of at least 1-1 ~~~ inches 
(2.5-3.5 cm) towards the gutter. 

The mangers may be formed in a number of ways but in all cases should 
be of hard impervious material and be so constructed that they may easily 
be cleaned. Mangers are of two main types-individual glazed stoneware, 
sometimes called the Scottish-type manger; and continuous mangers formed 
in cement mortar with high backs. Cross-sections of Yarious types of 
manger are shown in Fig. 5. Where individual stoneware mangers are 
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provided, these should be 2 feet 6 inches (75 cm) long, 18 inches (45 cm) wide 
and 8 inches (20 cm) deep, internal dimensions; they should be set in concrete, 
properly benched around and the bottom of each manger fixed level with the 
standing so that the manger top is 8 inches (20 cm) above it. Continuous
type managers may be of stoneware, pre-cast concrete, or concrete laid in situ. 
The mangers should be not less than 2 feet 6 inches (75 cm) wide and the 
concrete back may be up to 2 feet 6 inches (75 cm) high. This type of manger 
should be laid in proper forms shaped inside with a template, and finished as 
smooth as possible with a steel float. Fixed or movable divisions may be 
provided to prevent cows from taking one another's food, and the best 
possible quality concrete should be used to prevent the rapid wearing of the 
manger surface. It is becoming a common practice to use a part section of 
a glazed stoneware pipe of fiat tiles let into the bottom of the manger so as 
to provide a glazed finish, and this is a very satisfactory arrangement. An 
alternative method is for the normal manger to be omitted and the food to 
be placed on fiat quarry tiles set in the floor with little or no manger kerb. 
This practice is adopted in certain parts of the. United Kingdom and enables 
the width of the cowhouse to be reduced, as an over-all length of 6 feet 
6 inches (1.9 m) to 7 feet (2.1 m) is required for the feeding place and standing, 
as against a minimum of 7 feet 6 inches (2.3 m) when the traditional type of 
manger is used. The omission of the old type of manger greatly facilitates 
the washing down of the building. Where the continuous type of manger is 
used, it should have a longitudinal fall of not less than % inch (12 mm) per 
cow from one end of the shed to the other and be provided with proper 
drainage holes at suitable points so as to discharge on to the standings. 

The longitudinal fall of the floor of every cowhouse is most important. 
Every part of the floor-manger, standing, gutter and gangway-must fall 
longitudinally not less than %inch (12 mm) and preferably% inch (19 mm) 
per cow. Where this is neglected in respect of the standings, the heelstone 
will vary in depth from one end of the shed to the other owing to the fall given 
to the gutter. 

Stall Divisions 

These are usually provided between each two cows, although some dairy 
farmers prefer single stalls. Divisions are generally either of solid pre-cast 
concrete suitably reinforced, or tubular galvanized steel; wood is not suitable 
as it is difficult to keep clean and deteriorates. 

Ties are mostly of the side or of the central type. The side tie, usually 
consisting of a single chain, may be fixed to a vertical rail which may be in 
one of three positions-forward, central or back-thus allowing for the tying 
of cows of different sizes in the correct position so that dung will drop into 
the gutter and not on to the standing. The central tie (yoke or double chain) 
tends to restrict somewhat the forward and backward movement of the cow 
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but the all-metal centrally hung yoke is favoured by some milk producers. 
Preferably all ties should be of the quick-release type. 

Water Supply 

A sufficient and suitable supply of water is essential for every dairy farm 
and it is desirable that this should be piped to the cow houses to provide water 
for cattle drinking and for washing down the sheds. The subject of water 
supply generally is dealt with more fully in the section of this chapter dealing 
with farm dairies (see below, page 116) and in full detail in the chapter by 
Clark (see page 143). It is an advantage to provide separate self-operating 
drinking bowls for each cow; these enable the cows to drink at will. There 
should be a tap in the cowhouse for cleaning down the buildings. 

Milking cows require about 12 gallons (551) of water per head per day for 
drinking purposes. The amount of water required for other dairy purposes 
will vary greatly according to the size of the herd, the system of milking and 
type of cooling. It is usual to estimate for a total average demand of 
30 gallons (135 1) per day per cow to include drinking, cooling, cleaning 
utensils, washing buildings, washing udders, etc., but a smaller amount will 
suffice with certain systems and methods. 

Facilities should be provided for washing the milker's hands before and 
during milking operations, and in addition to clean hot and cold water 
there should be soap, a nailbrush, and a clean towel. If these facilities are 
provided in or near the cowhouse they are more likely to be used than if 
placed elsewhere. 

Ventilation 

The regular renewal of the air in a cow house is essential for the mainten
ance of the health of the cows and the prevention of contamination of milk. 
The general principles underlying the system of ventilation of cowhouses 
have been summarized as follows: 
" (a) Air warmed and moistened by the cows' respiration tends to rise to the upper parts 

of the cowhouse and if suitable outlets are provided in the ridge, foul air should escape 
there. If, however, the roof is too high, the foul air oay become cooled tefore 
reaching the ridge outlets and may then fall again. \Varm air e3caping from the 
upper parts of the building is replaced by cool air entering the cowl: a use. 

"(b) The point at which fresh air is most required is low down near the head of the cow, 
and the provision of inlet openings in this position will reduce the flow of air into the 
house at undesirable points. 

" (c) Inlets and outlets need to be provided and their relationship adjusted so that air 
circulates freely in the cowhouse without causing draughts or excessive variations in 
temperature and so that condensation is avoided." (Great Britain, Ministry of\Vorks, 
1945, p. 65) 

Inlet ventilation may be provided by air inlets of about 12-18 squa~c 
inches (75-ll5 cm2

) or by 4-inch (10-cm) diameter glazed sanitary ben::l3 
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curved downwards inside the cowhouse, one inlet for every two cows placed 
in the outer wall at a low level near the cows' heads. Where there is no 
feeding passage and the air inlets are placed near the heads of the cows the 
inlets should be baffied so as to avoid a draught directly on to the cows. 
Fig. 6 gives cross-sections of various types of inlet ventilators. 

Outlet ventilation is of vital importance and should be provided at a 
point high in the roof to enable foul air to escape from the house. The 
outlets should be distributed evenly throughout the length of the building and 
preferably be placed in the ridge. Generally speaking, the amount of outlet 
ventilation should exceed that for inlet ventilation. There are many types of 
outlet ventilator-some of which are shown in Fig. 7-from the continuous 
opening at the ridge, which is probably the most efficient, to openings of 
various types, including cowls and louvres. 

Work carried out at the Hannah Dairy Research Institute in Scotland has 
tended to show that the first essential in ventilation is adequate provision of 
outlets at the ridge of the building and that, where suitable outlet ventilators 
have been provided, the question of the position and extent of air inlets is of 
relatively small importance (Great Britain, Ministry of Works, 1946). 

Lighting 

In order to enable cows to be milked without undue risk of contamination 
of the milk, it is essential that all cowhouses should be adequately lighted 
both by natural and by artificial means. Natural lighting is best provided by 
roof lights, and experience has shown that this should be at the rate of 
approximately 3 square feet (0.25 m2) per_ cow, evenly dispersed throughout 
the length of the cowhouse, although it is hardly possible to give too much 
natural light. Where it is impracticable to provide roof lighting, windows 
must be provided in the outer walls and these should be at the rate of 
approximately 4 square feet (0.35 m2) per cow. A combination of roof and 
wall lighting is effective and the windows, if of the hopper type, also assist 
ventilation. 

Roof lights may take the form of glass slates or tiles, corrugated sheeting, 
or fixed or openable roof lights. Lights should preferably face north or 
east and it may be an advantage to place the lights on one side of the buiiding 
if the area of light is adequate. Windows of the hopper type, hinged at 
the bottom which open inwards, are to be preferred, as in addition to lighting 
the buildings, they assist ventilation when placed immediately belmv the 
eaves. Windows of larger size, made to open, and placed high up in the 
gable ends of cow houses are excellent for both lighting and ventilation. 

Effective artificial lighting is necessary in all cowhouses because for a 
number of months in the year the milking of cows may take place during the 
hours of darkness. Electricity or gas have obvious advantages but where 
these are not available, portable lamps of the pressure vapour oil type should 
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FIG. 7 
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be used. Where electricity is used, a lighting intensity of 10 lumens per 
square foot (approximately lOO lumens per m2) has been recommended for 
cowhouses and dairies (British Electrical Development Association, 1956). 
Fluorescent lighting is becoming increasingly popular for use in dairy 
buildings. In addition to high diffusion, it has the advantage of natural 
colour rendering and cool running. Where the natural lighting is poor, 
necessitating greater use of artificial lighting, fluorescent lighting may be 
more economical than ordinary filament lighting. Vapour-proof fittings 
are recommended and finishes should be corrosion-resistant. The placing of 
lights is important; they should be sited so that the maximum amount of 
artificial light falls on the hindquarters of the cows during milking. In the 
case of single-range cow houses tllis can best be achieved by fixing the lights 
on the back wall at a height of about 7 feet (or 2 m) and inclined at an angle 
to throw the light on to the cows; in the case of double-range houses, the 
lights should be hung over the central gangway. 
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Drainage 

Every cowhouse should be provided with a proper drainage system so 
that all liquid matter is collected and disposed of so as to avoid contamina
tion of milk and any form of nuisance. It is not desirable to have drain 
inlets inside a cowhouse where cows are housed as well as milked, although 
there is not the same objection to this in a milking parlour where the cows 
are not housed (see below, page 99). The liquid waste from the gutters or 
dung channels should be conveyed outside the cowhouse and made to 
discharge over properly trapped drain inlets of the street gully type, provided 
with suitable metal strainers to collect solid matter and buckets for removing 
sediment. Alternatively, a small brick-built catchpit, about 18 )< 18 x 27 
inches ( 45 X 45 X 70 cm) internally, may be provided, covered with an iron 
grating, which should have a properly trapped outlet. The catchpit will 
retain solid matter and sediment, which may be removed as required. Where 
a trapped gully or a catchpit is provided, the liquid must be conveyed 
therefrom through properly constructed drains to a suitable place of disposal. 
The disposal of farm drainage is frequently a matter of considerable 
difficulty, depending to some extent on the proximity of dwellings and other 
buildings, on the possibility of polluting a source of water supply, and also 
on the nature of the subsoil. Where, for any of these reasons it is necessary 
to treat the drainage before its ultimate disposal, it may well be a difficult 
and costly matter. Where these considerations do not arise it is sufficient to 
dispose of the liquid waste in such a way that there is no risk of contamina
tion of milk or fouling of the approaches to the farm buildings, especially 
the cow house and dairy. In such circumstances the disposal of liquid waste 
may be simple and inexpensive. Where, however, for the reasons stated, 
the liquid waste must be treated before discharge, there are several alternative 
methods. On the comparatively rare occasions when a p:1blic sewer is 
available, this may be used provided proper steps a:Le taken by means of a 
suitable catchpit or otherwise to remove all solid matter from the liquid 
waste. In other cases it may be desirable to utilize the liquid for fertilizing 
the land, in which case it is necessary to exclude rain and wash water which 
merely dilutes the urine and renders it less valuable for use on the land. 
A dual system of drains is necessary using double gullies, one for washing 
water and the other for liquid manure, for each cowhouse. By means of a 
movable cover or weir arrangement the liquid may be made to discharge into 
either of the gullies as appropriate. The drain from the wash water and 
rainwater gully may be discharged at some suitable point without the liquid 
requmng treatment. The liquid manure, consisting largely of undiluted 
urine, should be taken through a properly glazed stoneware drain to a liquid 
manure tank, which may need a pump to enable the liquid to be removed for 
disposal on to the land. The capacity of the liquid manure tank will depend 
on the size of the herd, the frequency of emptying, and the time the cows spend 
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in the cowhouse. Where the cows are housed for the whole of the 24-hour 
period and the tank is emptied weekly, about 3 Yz cubic feet (100 1) of tank 
capacity will be required for each cow. Fig. 8 gives a plan and section of a 
liquid manure collecting tank to hold about 1800 gallons (approximately 
8000 1); Table 1 gives capacities and dimensions of such tanks. 

TABLE 1 

CAPACITIES AND DIMENSIONS OF COLLECTING TANKS 
UP TO 2000 GAL CAPACITY, ASSUMING THEY ARE SQUARE OR 

CIRCULAR ON PLAN, AND THAT THE DEPTH OF LIQUID IS 3FT 61N. 
IN ALL CASES • 

I Capacity I Side of square I Diameter •• 
l 

gal.t I cu. ft. I ft. in. I ft. in. 

400 64 4 3 4 9 
500 80 4 8 5 3 
600 96 5 4 6 0 
700 .112 5 8 6 4 
800 128 6 0 6 9 
900 114 6 6 7 4 

1 000 160 6 9 7 7 
1 200 192 7 5 8 4 

I 
1 600 256 8 6 9 6 
1 800 288 9 0 10 1 
2 000 320 9 6 10 8 

• Above 2000 gal. it is more economical to increase the depth rather 
than the length and breadth. 

** u Diameter" equals "side of square" increased by one-eighth 1 and 
one cu. ft. equals 6;/. gal. 

t 1 ga I. = 4.546 litres. 

Where the dual system is not used the whole of the liquid manure, 
together with rain and wash water, must be collected together and given 
sufficient treatment to enable it to be discharged to waste at a suitable point. 
This will usually involve the provision of a settling chamber to hold the 
liquid long enough for the solids in suspension to sink to the bottom and to 
catch any floating particles, such as straw, etc., so that only liquid will leave 
the tank and pass to the next stage. The collecting tank to which the liquid 
from the settling chamber passes should be similar to that shown in Fig. 8. 
This tank will require emptying at regular intervals and the liquid discharged 
on to the land by means of field drains so that it is properly filtered by soil 
before it reaches a ditch or stream. Any scheme of this kind needs to be 
carefully planned, and expert advice should be obtained from someone 
widely experienced in the disposal of farm drainage, otherwise serious 
nuisance may arise or the pollution of water supplies may occur. 

Dung Disposal 

This frequently presents a difficult problem on dairy farms. Where a 
cowhouse is used it is a simple and satisfactory method to provide a dung 
cart into which all manure is placed as it is removed from the cowhouse each 
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day. For the daily removal of dung a loading ramp will be found convenient; 
alternatively the dung cart can be kept at a lower level so that dung may be 
tipped easily into the cart. 

Where it is not possible to remove dung daily from the vicinity of the 
cow house it is desirable that there should be a proper dungstead in which to 
store the dung until its removal. 

The dungstead should be properly sited so as not to cause fouling of the 
approaches to the cowhouse or dairy, from which it should be placed at a 
distance of not less than 60 feet (18 m). The dungstead should preferably be 
covered to protect the dung from being leached by rain; it should not be too 
large but of sufficient capacity for from 6 to 8 weeks' requirements, which 
will vary, of course, according to the size of the herd. Each cow will produce 
about 5 cubic yards (3.8 m3) of dung in 6 months. The dungstead should be 
sloped and drained to the back and be provided with retaining walls so as to 
prevent access of cattle. Fig 9 shows a typical dungstead. The liquid 
manure is drained from the dungstead to a proper storage tank for use on 
the land (see above, pages 93-95). 

Isolation Boxes 

It is essential that there should be accommodation, usually in the form of 
suitable boxes, for sick animals and cows about to calve. These should be 
soundly built, well ventilated and lighted, properly drained, and so 
constructed that they can easily be cleaned and disinfected. They should 
not be provided with an unlimited supply of water by automatic drinking 
bowls, but be rationed according to veterinary advice. 

YARD AND MILKING PARLOUR SYSTEM 
(INCLUDING MOVABLE BAIL) 

In England and Wales, an increasing number of farmers have discon
tinued the housing of milking cows in cowhouses, and adopted a system 
where the cows are milked in parlours and either allowed to lie in the fields 
all the year round or kept in yards (which may be covered, or partially 
covered) in the winter. Where there are extremes of temperature during 
the year, as in the north of the United Kingdom and elsewhere, there may be 
a combination of both systems, the cows being housed in cowhouses during 
the cold winter months, and lying in the fields during the warmer summer 
period. In contrast to the cowhouse system, where the cows are housed 
and milked in the same building, in the yard and parlour system the cows 
are housed separately in yards or elsewhere and milked in a special building 
reserved for that purpose and generally known as a milking parlour. In 
essence the milking parlour consists of a number of stalls, few in number 
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compared with the size of the herd, through which the cows pass in turn and 
in which they are milked. Although the system varies from farm to farm, 
the concentrated food may be fed in the parlour, leaving the bulky food to 
be eaten in the yards or elsewhere, whilst on other dairy farms no food is 
taken into the parlour, which is use'd only for milking the cows. 

The yard and parlour system was originally closely associated with 
"releaser" or "releaser-recorder" milking machines, although the "bucket" 
type of machine was sometimes used. Recently, however," direct-to-can" 
milking has been adapted for use in milking parlours, and "pipeline 
milking ", in which the milk passes along a milk pipe to the dairy and 
thence direct to a can or to a bulk milk tank. 

The advantages and disadvantages of the yard and parlour system have 
been defined as follows: 

" Advantages 

(a) Lower building costs compared with the cowhouse system; 
(b) Better health of cows and freedom from troubles in knees and hocks; 
(c) Milk of high quality can be produced with less labour and trouble; 
(d) The daily cleansing of a large cowhouse is avoided; 
(e) Less water is required and there is less effluent; 
(f) Dung and urine are conserved and may be removed from the yards at convenient 

intervals, an ideal arrangement for mixed or arable farms, whether large or small; 
(g) The facilities and equipment for producing and handling milk are concentrated, 

making supervision easier; 
(h) In the summer months a collection yard and a milking house are the only accommo

dation used by the herd; 
(i) Where the open-air system is adopted during the summer months only, the bail can 

be transferred to a prepared site at the farm buildings to serve as a milking house 
during the winter; and 

(j) The buildings can be easily adapted for purposes other than milk production should a 
change in the system of farming render this necessary. 

" Disadvantages 

(a) Difficulty of isolation or segregation for disease control; 
(b) Danger of bullying unless the master cows are separately housed or dehorning is 

practised; 
(c) Difficulty of controlling individual rationing; heavy yielding cows require more careful 

handling and individual attention than is possible under this system; 
(d) Frequent moves during milking time may adversely affect the milk yield; and 
(e) Unless ample straw is available the yards housing the cows become fouled." (Great 

Britain, Ministry of Works, 1945, p. 88) 

Although horned cows have been milked in parlours it is really essential 
that all cows should be polled or dehorned before parlour milking is 
started. Horned cows are dangerous to one another in the yards and the 
horns may become entangled in the parlour fittings. The dehorning of 
calves of horned breeds should be standard practice whenever cattle are 
yarded. 
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There is no reason why cows should not be milked by hand in a milking 
parlour but this is rarely done. The parlour may be used with one machine 
unit to every two stalls or one unit to each individual stall. In this connexion 
it must be remembered that in those parlours where concentrates are fed-and 
this means in the majority of cases-the time each cow will spend in the 
parlour will largely be determined by the time taken to eat the food rather 
than the time taken to complete milking. Where the cows are fed a pro
duction ration based on milk yield (see below, page 109), the time in the 
parlour will be longest with very heavy milkers. 

Milking parlours are arranged in a variety of ways and common examples 
are: (a) single-level abreast; (b) two-level abreast; (c) two-level chute; 
(d) two-level tandem; (e) two-level herring-bone; and (f) movable bail. 

There are modifications of the standard types. 
The selection of the milking parlour best suited to the individual require

ments of a particular farm depends on a number of factors. Clough (1958) 
has considered the subject in some detail, and Clough & Dodd (1959) have 
considered the question of the measurement of performance in machine 
milking in parlours. They conclude that the factors that affect the perform
ance of a milking installation are concerned with the cow, the number and 
organization of milking units and the milker's routine. 

In all types of milking parlour, requirements similar to those for cow houses 
are necessary as regards construction, lighting, ventilation, drainage and 
water supply. So far as lighting is concerned it is essential that particular 
attention be given to the placing of the lighting points, and fluorescent strip 
lighting has been found effective. 80-W "natural" or "warm white" 
fluorescent lamps with open top or translucent plastic reflectors should be 
used. In abreast-type parlours, one 60-W lamp per 150 square feet (16.5 m2) 

of floor space will be satisfactory but one lamp per two stalls is advisable. 
For natural lighting, roof lights are probably the best; corrugated lighting 
sheets fixed over the operator's portion of the parlour will be found 
satisfactory. Where windows are placed in the side walls, care should be 
taken to fix these at such a height that the cows will not break them. In 
general, this means that they should be of the hopper type fitted immediately 
below the eaves. Ventilation should be provided in all milking parlours 
although it is of less importance than in a cow house where animals are housed 
as well as milked. A combination of hopper-type windows opening inwards 
together with roof ventilation, preferably at the ridge, will be satisfactory. 
The constant opening of doors for the entry and exit of cows automatically 
reduces the immediate ventilation requirements. Drainage in milking 
parlours is just as important as in cowhouses so as to avoid the ponding of 
liquid on the floor. This necessitates the floors having adequate falls to 
convey all liquid to the gullies, which should be placed outside the building, 
unless this is impracticable. Where outside trapped gullies cannot be fixed, 
one should be provided at a suitable point inside the parlour and the floor 
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In general, and depending on the breed of cow, 15-20 square feet (1.4-1.8 m 2) 

per cow is adequate, and for a mixed herd 18 square feet (1.7 m2) will be 
sufficient. By tightly packing the cows in the yard, they will pass into the 
parlour quickly and quietly without the need for anyone to drive them in. 
With large herds, it may be an advantage to have a movable electric wire 
across the yard which will assist the passage of the cows through the parlour 
as the wire is moved by the operator from the pit .. The floor of the collecting 
yard should be made of an easily cleaned material, preferably concrete laid 
with good falls to drains. There is an increasing tendency for the collecting 
yard to be completely covered, and this has some advantages in that the 
cows keep dry in wet weather and are more comfortable when the weather 
is cold, avoiding changes in temperature which cause chills; the yard is also 
easier to keep clean. A water trough accessible to the cows should be 
provided. 

The cows should disperse from the parlour to a suitable place which may 
take the form of a roadway, a concrete yard, or partially or completely 
covered yards. The practice of housing cows in cattle yards is increasing and 
this has many advantages, which have been summarized as follO\vs: 

(1) The animals tend to be healthier, more comfortable and cleaner, and it is easier to 
observe when cows are in season; 

(2) the labour of tending the animals is much less; 
(3) dung and urine are conserved more efficiently and in greater quantity in the form 

of well-trodden manure; 
(4) no elaborate drainage system is necessary; 
(5) yards are more adaptable to other uses; 
( 6) surplus straw· is put to good use; 
(7) the cost of building a yard may be cheaper than building a cowshed, especially if 

surrounding buildings make new walls unnecessary and only a roof and some fencing have 
to be provided; 

(8) washing-down water is not required for the floor. 

The drawbacks of this system are that the cows should be dehorned 
(which some farmers object to): " master " cows may be a nuisance even if 
dehorned; it is more difficult to give individual attention to cows where this 
is desired; and the yard can be used efficiently only if there is an adequate 
supply of straw available (England and Wales, :Ministry of Agriculture, 
Fisheries and Food, 1954). 

Straw is essential for the housing of cows in yards and although there is 
no precise information available on the amount required, it has been 
estimated that in winter about 12 pounds (5.5 kg) per cow per day are needed 
as against 7 pounds (3 kg) in a tie-up cowshed. The actual amount required 
varies widely in different districts, depending on climatic conditions and 
whether the yard is open, partially covered, or covered. More straw is 
needed where large quantities of silage and kale are consumed by the cows. 
Roughly twice as much straw is required per cow in a yard as in a cow 
shed. · 
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The following classification is adopted: 

Types of yard 
(1) fully covered; 
(2) mainly covered, with open feeding passage; 
(3) partly covered, with open feeding passage and open mangers; 
(4) partly covered, with covered feeding passage anc! covered mangers; and 
(5) mainly open. 
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The amount of space allowed per animal varies from about 15 square 
feet (I .4m2) for a calf to 80 square feet(7.4m2

) for dehorned cows (150 square 
feet (14 m2) for large horned animals). 

The system of feeding cows in yards varies, but however this is done about 
2 feet 6 inches (75 cm) of manger space per cow is needed. A typical layout 
for a yard and parlour for 40 cows with manual feeding arrangements is 
shown in Fig. 12. Fig. 13 shows a layout for a herd of 60 cows, including 
self-feeding arrangements. 

Single Abreast Milking Parlour 

In this type the cows stand side by side and operators and cows are on 
the same level. 

Fig. 14 shows typical single-level abreast parlours. Alternative arran
gements with direct-to-can milking are shown in Fig. 15. The essential 
dimensions in milking parlours of this type are as follows: 

Outlet passage 
Stalls 
Space behind cows . 

3 feet 3 inches (1 m) wide 
7-8 feet (2.1-2.4 m) long 
7 feet 6 inches to 8 feet (2.3-2.4 m) 

The floor should have a good fall to the rear wall, where the drainage may 
be taken by a half-round channel to a suitable trapped gully outside the 
building. It is essential that the fall should be carefully determined so that 
the whole of the floor drains towards the drainage channel, otherwise much 
unnecessary brushing will be required. 

Two-Level Abreast Parlour 

In this type, which is similar to the single-level abreast type, the standings 
in the stalls are raised above the level of the floor in order that the workers 
will not have to bend down so much as in the single-level type. The step 
should not exceed 16 inches (40 cm), otherwise there may be danger of 
damage to the teats of the co\vs as they mount the platform, and usually the 
steps are about 14 inches (35 cm) high. In some cases, attempts have been 
made to raise the standing even higher by the use of two steps, but this is not 
a desirable practice as the steps project out into the working space behind 
the cows and are dangerous to the cows and a nuisance to the workers. 
Fig. 16 gives details of this type of parlour with one step. 
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Two-Level Chute Parlour 

In this type of parlour the cows stand in line on each side of a pit, usually 
at a height of 2 feet 6 inches (75 cm) above the floor of the pit; this enables 
the operator to work in an upright position and avoid all bending. The 
number of stalls varies from two to four on each side, rarely exceeding four. 
The cows are let in in batches, each side being operated as a single unit, all 
the cows being let in on one side together and similarly released in a single 
operation. This constitutes a disadvantage in that the speed of the slowest 
cow is the speed of all the cows on one side of the parlour. Fig. 17 shows a 
parlour of this type. 

Tandem Parlour 

This is similar to the chute parlour, but a passage is provided to give 
independent access to each stall for entrance and exit of the cows; the parlour 
may be constructed so as to have the cows on one or both sides of the 
operator's pit, or the stalls may be arranged in an L shape. This type of 
parlour consists essentially of three parts: (a) milking stalls for cows; (b) 
passage for cows to enter and leave the stalls; and (c) operator's working pit. 
The stalls and passage should not be less than 2 feet 9 inches (85 cm) wide, 
and with the larger breeds 3 feet (90 cm) wide. The operator's pit should be 
4-5 feet (1.2-1.5 m) wide; if it greatly exceeds this distance the workers will 
have more walking about to do than is necessary. The milking stalls are 
usually in pairs, one milking machine unit being used for each pair of opposite 
stalls, so that while one cow is being milked the cow in the other stall is being 
brought in, washed and given its food, so as to be ready for the machine 
when the first cow is milked. In some cases, however, there may be one unit 
for each stall. This depends on whether or not the cows are being fed 
concentrates in the parlour and on the management of the herd. The \vhole 
object is to milk quickly and efficiently with the minimum of time and effort 
on the part of the operator. Fig. 18 shows details of a four-stall tandem 
parlour and shows the arrangement of gates for admitting and releasing cows 
from stalls. Fig. 19 shows a U-shaped tandem parlour with cows on three 
sides of the pit, which is usually about 7 feet 6 inches (2.3m) wide, and a 
double-row tandem parlour. Fig. 20 shows a three-stall single row tandem 
parlour. 

The construction of the tandem-type parlour requires special care. 
The stalls should have sufficient fall from the edge of the pit to the 
outer walls to enable all liquid to drain away to a suitable outlet. In 
some cases the actual cow standings are raised 3-4 inches (7-10 cm) 
above the floor level but this is not really necessary; it increases the cost 
of construction. 
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FIG. 21 

SECTION OF TYPICAL TANDEM 
MILKING PARLOUR 

D.P.C. = damp-proof course 
1 inch = 2.5 cm; 1 foot = 30.5 cm 

An open channel around the 
outside walls assists drainage. 
The walls forming the pit 
should be recessed inwards 
about 4 inches (10 cm) to enable 
the operators to stand com
fortably, as shown in Fig. 21, 
which shows a section of a 
typical tandem milking par
lour. All the concrete work 
should be carefully carried out 
and all wall surfaces brought 
to a smooth finish with a steel 
float. The pit requires to be 

provided with proper drainage facilities and this is best done by means of a 
properly trapped gully at the lowest point in the pit, connected to the 
drainage system. Alternatively, an open-ended 4-inch (10-cm) diameter 
pipe may run from the pit to a point outside the building to discharge 
over a trapped drain inlet. 

Herring-Bone Parlour 

A recent development in milking parlour design is the herring-bone 
parlour, details of which are ·shown in Fig. 22. This type has evolved from 
the chute-type parlour (see above, page 109). It consists of a pit with rows 
of cows on each side, standing at an angle so that the maximum number of 
cows can be accommodated in the smallest space. As with the chute type, 
all the cows are let in to one side at a time and the speed of the slowest cow 
determines when all the cows are released after milking. In this system, it 
is usual to milk by pipeline so that the milk is conveyed to the milk-room; 
the system works well with a bulk milk tank which incorporates refrigerated 
cooling (see chapter by MacWalter, page 249). The operator, having let 
in cows to one side of the parlour, prepares each cow for milking, puts on 
the machines and after completing the row, lets in cows to the other side 
and prepares these cows, by which time the milking of the first row of cows 
will be completed or nearly so, and the machines are transferred from one 
side to the other. Originally, no feeding was done in a herring-bone parlour, 
but experiments are taking place to develop suitable food hoppers to enable 
concentrates to be fed as in other types of parlour. Owing to the close 
standing of the cows it is particularly important that the lighting of the 
parlour should be adequate, and this involves care in the placing of artificial 
lighting points. 

Movable Bail 

The types of milking parlour referred to in the previous paragraphs, 
although different in type, are all fixed permanent buildings. The system 





116 S. SWIFT 

of outdoor milking has been practised in temperate climates for many years, 
and in essence consists of a portable milking parlour on wheels or skids which 
is moved round the fields to the cows instead of the cows being brought from 
the pastures to the farmstead. Where the soil and climate are suitable this 
arrangement may have distinct advantages. For example, if the pastures are 
some distance from the farm buildings, or if the farm is large and many 
fields are used to graze the cows, much time may be taken up in moving the 
cows twice daily to a fixed milking parlour or cowhouse. In addition, the 
labour of cleaning out cowhouses, the disposal of liquid waste from parlours 
and the cleaning of cattle yards are also avoided if the cows remain on their 
pastures all the time. On the other hand, however, it is essential that the land 
should be free-draining so that it does not become fouled, as the cows will 
stand on the ground when milked and not on an impervious and properly 
drained surface. It is also imperative that the bail be moved at regular 
intervals, daily if necessary, whenever the site becomes soiled. There is an 
added drawback with a portable bail in that the milk has to be moved to the 
farm dairy, although in some instances there is also a portable dairy attached 
to the bail. The problem 'of supplying the bail with a sufficient and suitable 
water supply also arises. It will be seen, therefore, that the use of a portable 
bail is restricted to suitable and carefully selected sites, and that considerable 
difficulties are likely to arise if the conditions are not suitable for this type of 
milking. To overcome some of the difficulties referred to, portable bails 
have been placed on permanent concreted sites, to which a proper water 
supply has been laid and drainage facilities provided. In such circumstances, 
there is really very little difference in principle from the abreast milking 
parlour previously described (see above, page 105). 

FARM DAIRIES 

The main functions of the farm dairy are: 

1. To provide suitable accommodation for cooling and storing milk after 
milking and until it. leaves the farm. 

2. To provide accommodation for cleaning farm dairy equipment and 
utensils, and their storage between milkings, and for the storage of empty 
milk cans. 

3. To accommodate, in properly constructed cupboards or other suitable 
containers, spare milking machines, parts, etc. 

The farm dairy should not be used for any purposes other than milk 
handling and the cleansing and storage of equipment. It should not be 
used as a general store for all the odds and ends which tend to accumulate 
on a farm. 
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Siting 

The siting of the dairy is important. It should be adjacent to the place 
where the cows are milked but should not have direct entry thereto if the 
cows are also housed in the milking house. If the cows are not housed in 
that building there is no objection to direct entry from it. Thus, in the case 
of a cow house in which cows are housed as well as milked there should be an 
intervening lobby between the cowhouse and the dairy to prevent direct 
access, but in the case of a milking parlour where cows are not housed, direct 
entry is permissible and indeed desirable from the management aspect. The 
dairy should not be sited near possible sources of contamination, such as 
dung heaps, stagnant ponds, untrapped drains, rubbish dumps, etc., all of 
which may give rise to dust or strong smells and enable fly breeding to occur. 
As with the cowhouse or milking parlour, there should be a suitable 
approach, preferably of concrete or some other easily cleaned macerial, laid 
with falls to ensure proper drainage. It is desirable that the dairy should be 
so sited that there will be ready access to the farm road so that the milk in 
cans may easily be removed from the farm. In this connexion, if the contour 
of the ground permits, a loading platform should be formed on to which the 
cans may be rolled without lifting from the dairy floor. The platform, on 
which milk in cans awaits collection from the farm, should be protected from 
the direct rays of the sun so as to avoid heating the milk while awaiting 
collection. If this cannot be done, the full cans should remain in the dairy 
until collection. 

Layout 

The dairy may consist of one or more compartments as follows: 

(a) milk-room in which milk is strained, cooled, bottled and stored; 
(b) wash-room in which dairy equipment and utensils, including bottles, 

are cleansed; 
(c) where required, a room for making milk products such as butter, 

cream or cheese; and 
(d) where necessary, a boilerhouse and fuel store. 

On the majority of milk-selling farms the dairy consists of a single 
compartment where all processes are carried out. Where, however, the 
volume of milk handled is considerable, or where the milk is bottled for 
retail sale, it is desirable to divide the dairy into two compartments, so that 
the washing and sterilizing of equipment can be done apart from the 
handling, bottling and storage of the milk. 

Size 

The size of the dairy will depend on the amount of milk handled, the 
equipment accommodated, and whether milk is bottled for retail sale. 
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The space required for the standard items of equipment is shown in 
Table 2. 

TABLE 2 

SPACE REQUIRED FOR STANDARD ITEMS OF FARM DAIRY EQUIPMENT* 

Floor space required 

Type of unit square 

I feet m' 

Surface cooler on wall brackets 6 0.6 
Surface cooler on tripod 8 0.7 
Steps up to milk-receiving pan 8 0.7 
Storage for churns (each) 2 0.2 
Bottling inachine 6 0.6 
Storage for bottles (per crate deep) 2 0.2 
Churn-immersion-type cooler (4 churns) 15 1.4 
Refrigerating unit for use with surface cooler 15 1.4 
Each door opening inwards (90°) 9 0.8 
Washing trough 6 0.6 
Table 8 0.7 
Small sterilizing chest (with door open) 20 1.9 
Large sterilizing chest (with door open) 30 2.8 
Steaming stool for churns 2 0.2 
Bottle washer (approx.) 9 0.8 
Washing machine for teat-cup clusters 15 1.4 
Combined wash-trough and sterilizer 14 1.3 

• Based on data from England and Wales, Ministry of Agriculture, Fisheries and Food (1953). 

Convenient minimum dimensions for the various compartments of the 
milk-room are given in Table 3. 

TABLE 3 

MINIMUM DIMENSIONS FOR COMPARTMENTS OF MILK-ROOM ON FARM DAIRIES* 

Milk-room Washing and sterilizing room 

Size Wholesale 

I 
Producer- I Wholesale 1· Producer-

Boilerhouse 

of only retailer only retailer 
herd 

I square I m' square I m' I square I m' I square I m' I square I m' feet feet feet feet feet 

Less than 20 cows I 60 

I 
5.5 80 

17.5 
60 

15.5 

I 
100 

111 

I 
30 2.8 

20-40 cows 80 7.5 100 9.3 80 7.5 150 14 40 3.7 
Over 40 cows 100 9.3 120 11 120 11 200 18.5 50 4.6 

*Based on data from Great Britain, Ministry of Works (1945) (page 95). 

Where solid fuel is used a boilerhouse is essential; it should be separate 
from the milk-room proper, and should be entered from the outside and not 
directly from the milk-room. 

It is most important that the size of the dairy should be adequate; it is 
better to err on the large side rather than restrict the working space so 
that the operations in the dairy cannot be carried out properly and 
conveniently. 
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less than one-tenth of the floor area. Hopper-type windows, the upper 
portion made to open inwards, are suitable. The ventilation of the dairy is 
important so as to maintain the air in it in a fresh condition at all times. The 
hopper-type windows previously mentioned will assist ventilation, which 
should be supplemented by means of properly positioned air inlets in the 
form of air bricks or gratings. 
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DAIRY-FARM BUILDINGS IN TROPICAL CLIMATES 

R. 0. BLODGETT, B.Sc. * 

Choosing a Site for New Construction 

The selection of a site for cattle yards, loafing shed, milking stable, 
and milk-room should be made with care. If possible, the site should be 
more or less centrally located in relation to accessibility to the various 
pastures. A high spot should be chosen that will allow good drainage 
from the yards and waste water disposal, and get the benefit of cooling 
breezes, if any. Some shade trees in or around the yards give the milking 
animals an opportunity to cool off before the afternoon milking, after their 
trek from pasture. 

Orientation of the Buildings 

In new construction it is cheaper to build if the milk-room, milking 
stable, and loafing shed are included under a single roof in a straight line. 
The building should run from west to east, with the milk-room at the west 
end, thus providing shade for the milking operation during the afternoon 
milking. 

Orientation and Plan of the Cattle Yards 

The yards should extend outwards from the end of the milking stable, 
and should not surround either the milk-room or the milking stable, to 
reduce the possible entry of dust and odours. This arrangement also 
makes the milk-room more accessible to the farm road for loading and 
hauling the milk and for stocking the feed-room with concentrates without 
the need for passing through the yards. There should be two yards, each 
sufficiently large to prevent crowding or fighting while the whole herd is 
in either. One yard is used for the animals to wait their turn to be 
milked, and the second for those already milked. If the animals can go 

* Agricultural Officer (Dairy), Animal Production and Health Division, Food and Agriculture Organi
zation of the United Nations, Rome, Italy. 
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directly to pasture after they are milked, this second yard need not be so 
large. 

All lower limbs of trees and any brush in or surrounding the yards 
should be cleared away to give freer circulation of air. 

Barbed wire should never be used for yard fences. To enclose a large 
number of horned animals in a comparatively small enclosure encourages 
milling about and fighting, and serious injuries can be caused by their 
being crowded against a barbed wire fence. Poles or heavy and durable 
sawn wood are best for yard fences. Solid walls of stone, brick, or adobe 
can be used, but this type will shut off the breeze to some extent and inter
fere with drainage. 

A water trough should be provided in the yards, large enough for 
several animals to drink at the same time. It can be placed in the fence 
line between the two yards so that animals can drink from either side. A 
rail about one metre high should surround it to prevent animals from 
stepping or being pushed into the trough and fouling the water. Artificial 
shade should be provided above the trough to keep the water as cool as 
possible, and to help prevent the growth of algae. 

If the feeding plan consists of soiling crops or " zero pasture ", then 
part of the yard fence should be " feed trough fences ". The troughs 
are filled with forage from the outside, and the animals eat from inside 
the yard. This fence-type feed trough should also have a rail about one metre 
high placed above the inside of the trough (height to depend upon the 
height of the withers of the animals) to prevent the animals from entering 
the bunk or being pushed over into the trough. This " trough fence " 
should run east and west to get full advantage of the artificial shade that 
it must have. Palm fronds tied down to a framework overhead will suffice 
for shade. It need not be waterproof. Animals eat more in tropical climates 
if they can eat in the shade. 

More eating space per animal will be required if the animals are horned. 
Polled or dehorned animals need two linear feet of trough space per animal.1 

Where mud is a problem in rainy weather, the entire yard should be 
paved -with either concrete, brick or stone. Concrete is more expensive 
but of course more durable, requires less maintenance, and is easier to 
keep clean. Stone, if available, is cheaper but difficult to clean. A paved 
yard, although a considerable investment, will soon pay for itself by reduc
ing the work of cleaning the yard and milking stable, facilitating the pro
duction of a higher quality milk; it also produces less dust in dry seasons, 
and reduces the fly problem. 

1 Dehorning mature animals with large horns presents a screw-worm problem in the tropics. At least 
three months are required for the sinus to close completely. A simpler, though slower, method would be 
to dehorn all infant female calves with a caustic paste or stick-or; better, a solution of antimony tri
chloride 28 %, salicylic acid, 7 %, and flexible collodian, 65 %- Best results are obtained by application 
to the horn button at between 3 and 10 days of age. In a few years all the animals would be hornless 
as the older animals leave the herd. Unquestionably restlessness and fighting of horned animals cost the 
dairyman a considerable amount in loss of production, mastitis and injuries. ' 
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The Dairy Building 

The three separate units of the dairy building are included under one 
roof, the width of which is nine metres exclusive of the overhanging eaves. 
The total length depends upon herd size. Each unit will be discussed here 
separately. 

The loafing shed 

This part, although not as essential as the milking stable or milk-room, 
has an advantage when rains occur just before or during milking time. 
The loafing shed should be large enough to shelter one half of the milking 
herd at one time. It is impossible to produce milk of high quality when 
an animal comes from the rain into the milking stable dripping dirty water 
from her flanks into an open milking pail. In some areas of the tropics, 
rain showers usually occur at more or less regular times. If the milking 
hours can be arranged to avoid the fall of these showers just before and during 
milking hours, then a loafing shed would not be essential. 1 The loafing 
shed may have an earth floor, but should be sufficiently above the outside 
ground level to prevent flooding after heavy rains. All it needs is a good 
roof of the cheapest material available supported on concrete or brick 
columns or poles of durable wood. The roof is an extension of the milking
stable roof. The length of the loafing shed will depend upon herd size, 
and can be determined thus: if the shed is nine. metres wide, each linear 
metre will flank nine square metres, which is sufficient for two cows while 
waiting to be milked. If the number of cows requiring shelter at one time 
is divided by two, the figure resulting will be the length of shed required. 

The milking stable 

This part of the installation is very important. If constructed and used 
properly it can contribute greatly to the ease of handling and milking the 
animals, and to the hygienic quality of the milk. 

Fig. I and 2 show the old and new methods of milking. The first 
illustrates the custom of milking in the corral, \vith the calf tied to the 
mother's front leg, and the cow's legs tied together >vith a dirty rope, while 
the milker squats on his haunches. It would have been impossible to feed 
concentrates to cows loose in the corral. Fig. 2 shows milkers at work in 
the milking stable, using stools and holding the milking pail between their 
knees. They were trained to change their procedure from a slow stripping 
action, with hands wet with milk, to a full hand-grip with dry hands. Once 
the new habits were fixed, the workers preferred these methods. 

1 In many areas of the tropics, rice hulls and cotton seed hulls are wasted. This material makes 
excellent bedding for the loafing shed. It gives comfort to the animals while resting and waiting their turn 
to be milked, and facilitates cleaning up after milking. This materic~.l a]so makes excellent bedding for 
small calves. 
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FIG. 4 

PROFILE OF FLOOR, MANGER AND FEED ALLEY IN MILKING STABLE 

(Single line of cow stalls, showing profile of calf mangers with elevated feed alley) 

A = Cow stanchions (wood) 
IB = Floor of feed alley (smooth concrete) 
C = Calf stanchions (wood) 
D = Brace 
E = Alley for cows (rough finish) 
F = Platform for cows (rough cement) 
G = 1-in. (2.5-cm) pipe with ell and plug for drainage for washing mangers 
H = 10 cm or more above ground level 
J = Ground level 

alley is closer to the milk-room and is eflsier to clean up after milking is 
done. The number of milking stalls in both stables is determined by the 
number of hand milkers used for milking. For an efficient hand-milking 
operation, two milking stalls should be provided for each hand wilker. 
With this arrange1Uent, another attendant removes the cows already milked, 
and replaces them with unmilked animals while the milkers continue their 
work uninterrupted. It has been found best that the milker washes each 
animal's udder just before milking it; this assures that his own hands will 
be clean for each cow. 

The single-line stable for smaller herds. As will be seen in Fig. 3, the 
animals enter at the end of the milking stable from the loafing shed 
or corral. They enter the stanchions, are milked, and leave by a side 
exit to a lane leading to the second corral or directly to pasture, thus 
avoiding confusion between urimilked and milked animals. 

The single line of milking stalls in a stable 9 metres in width still 
leaves ample space for a row of individual calf stalls, for newly born calves 
which are hand-fed milk and concentrates {see Fig. 7, 8). This arrangement 
brings the calves close to the fresh warm-milk supply and to the feed room. 
The floor plan in Fig. 3 and the floor profile in Fig. 4 give details and dimen
sions; construction suggestions are given on page 137. 
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FIG. 6 

END SECTION OF DOUBLE-LINE MILKING STABLE 

D.OI111 0.15"' 

FIG. 7 

INDIVIDUAL CALF STANCHIONS FOR FEEDING MILK AND MILK CONCENTRATES 

The stable with a double line of milking stalls. The entire nine-metre 
width is taken up with the two lines of milking stalls, so provision for 
small calves must be made elsewhere in another building. In Fig. 5 it 
can be seen that there is a dividing fence in the centre of the central alley; 
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FIG. 8 

FEEDING CALVES 

FIG. 9 

DIRECTION-CONTROLLING GATES TO MILKING STABLE 
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this is to guide the animals to the required destination-either into empty 
milking stalls, or to leave for pasture without molesting the milkers who 
are working on one side of the stable. It will also be seen that there are 
two long gates suspended from the same post two metres out from the 
milking-stable entrance, which control the direction the animals must 
take when entering or leaving the stable: Fig. 9 shows such an entry: 
the gate at the left is the entrance to the milking stable from the loafing 
shed; that at the right is for cows leaving the stable for pasture. Either 
gate can be swung over against the other, or can be hooked in the centre 
to the dividing fence in the stable (although the stable shown here had no 
such fence). Neither of the two types of stable is provided with stall 
divisions or partitions between the animals being milked. After the routine 
is established the animals learn to stand perpendicular to the line of stan
chions, so that stall divisions would only be in the way of the milkers. 
In attempting to train animals .to use the new stable, it is wise to start with 
a group of ten or twenty animals and then start with another group. It 
is necessary at first to lasso the heads or horns and drag the animals into 
the stanchions. A little concentrates rubbed on their wet noses will hasten 
a taste for this food; when the animals learn to like it, they will willingly 
or even eagerly enter the stanchions unassisted. All uneaten feed should 
be cleaned out after each milking and the mangers should be washed, to 
avoid attracting flies and ants. It is also wise to wet the floors of the milk
ing stable just before bringing in the first animals, and to keep them wet 
through the entire milking operation. This prevents any manure dropped 
during the operation from sticking to a dry floor, and facilitates the clean
ing operation afterwards. 

It should be explained that the milking stable has no walls (see Fig. 10). 
If the yards should extend around the sides of the milking stable, it is neces
sary to attach a plank fence to the side columns so that animals in the yards 
cannot interfere when the animals being milked are eating their concen
trates. Milking in the tropics is a hot job, so that it is best to have the stable 
as open as possible for free circulation of air. 

The milk-room and feed-room unit 

In the opinion of the writer this is the most important and essential part 
of the whole installation. If funds are not sufficient to construct the 
whole building, then it would be best to start with only the milk-room. 
This is absolutely necessary for the production of wholesome milk. Reason
ably good milk can be produced, with extreme care, when milking is carried 
out in the yards provided there is a clean place to filter the milk and to clean 
and store the utensils. Good milk can be produced by milkiag in the 
yard, but it is more difficult, and the handling of the animals consumes 
much more time and work. Also it is virtually impossible. to feed concen
trates to loose cattle in the yard. As will be seen in Fig. 3 and Fig. 5 
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FIG. 10 

GENERAL ASPECT OF MILKING SHED AND LOAFING SHED 

the width of the milk-room is five and a half metres and that of the feed
room is three and a half metres. The length of the milk-room will depend 
upon the quantity of milk produced, the number of cans to be stored, and 
the size of the cooling tank or tanks, if used. It is suggested that in original 
planning and construction provision should be made for eventual milk 
cooling. 

With larger herds, where 20 to 25 cans of milk each of 40-litre capacity 
are produced, the milk-room should be seven metres long. This will allow 
for space for two cooling tanks, with a capacity of 12 or more cans each, 
along the dividing wall between the milk-room and the feed-room. The 
feed-room is three and a half metres wide and seven metres long, and runs 
alongside of the milk-room. This gives sufficient· space for a supply of con
centrates, a place for storing shovels, brooms, and wheelbarrows, and also 
space for a small 4-5 kW diesel electric generator for supplying power for 
lighting and milk cooling if desired. Certainly in tropical climates cooling 
of milk on the farm is desirable. If milk payments are based upon milk 
quality, cooling of milk will pay. The writer has found that farm cooling 
of milk resulted in an increase of two hours or more in the reduction time 
of the milk when received at the plant. 

The planning and construction of the milk-room should be undertaken 
with care. This is the heart of the farm dairy. The wall between the milk
room and the feed-room should be solid with no connecting passages 
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between the rooms. Similarly, the wall dividing the milk-room from the 
stable should also be solid, except for a screened door entering from the 
centre alley of the milking stable. At the far end of the milk-room there is 
another screened exit, for taking out the milk in cans. Both doors must 
open outwards, with self-closing springs attached. The two outside walls 
of the milk-room should be solid masonry up to 1.2 metres. Above that 
level the whole wall can be of screen, except for the necessary brick or 
concrete columns; this will give ample ventilation and light. This building 
should be constructed entirely .of masonry. The inside walls of the milk
room should be plastered with concrete plaster and trowelled smooth with 
a steel trowel. The milk-room should have a smooth and tight ceiling to 
exclude insects and dust. Both walls and ceiling should be painted with 
a light-coloured washable paint. The lighter and brighter this room is, 
the cleaner it and the utensils will be maintained. 

The floor of the milk-room should be of smooth concrete, slightly 
sloping towards a centre drain, which should be equipped with a trap to 
prevent odours and vermin from entering from the disposal system. The 
drainage system should be constructed of no less than 4-inch (10-cm) con
crete or tile tubing. Waste water should be conducted underground with 
pipe or tile to at least 20 metres from the milk-room before it is discharged 
to the open. The discharge should not be near a water well, nor should it 
enter yards or pastures. 

The details of the cooling tank or tanks can be seen in Fig. 11 and 12. 
This farm-constructed tank was found to be cheaper than imported 
insulated cabinets of steel. It is partially sunk into the floor to facilitate 
putting in or removing full cans of milk. It can be cooled with a I-HP 
" drop-in " electric unit which usually has a built-in water-agitating 
device, or can be cooled with coils surrounding the inside of the tank. 
Faster and more efficient cooling will be accomplished if the water is ag 
ed while the unit is running. If servicing of the unit is necessary, it can be 
lifted out and a substitute unit used temporarily without any interruption 
in refrigeration. It is recommended that a non-absorbent kind of insulat
ing material such as ph1.stic foam be used. The floor of the cooling tank 
should slope slightly toward the drain, which should be trapped to prevent 
odours or vermin from entering the tank. The drain is made so that 
there is a sleeve or coupling of which the top end is just flush with.the floor 
of the tank. The overflow pipe is screwed into the sleeve, and when it is 
necessary to change the water, the overflow pipe is unscrewed to allow the 
tank to drain. The length of the cooling tank is calculated at 1 foot (0.3 m) 
or slightly more for each can. A 10-foot (3-m) long (inside measurement) 
tank would hold ten to twelve 40-litre cans. This would require a I-HP 
cooling unit. 

The. feed-room should also be constructed of masonry which need not 
necessarily be plastered, and finished like the milk-room walls. However, 
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it should be constructed to exclude birds and rodents. The feed-room has 
a door at each end opening inwards; one entry for bringing in concentrates, 
the other for access to the stable for feeding concentrates. 

If an electric generator is to be placed in the feed-room, sufficient 
ventilation should be provided. If a water-cooled diesel-electric plant is 
used, advantage can be taken of the hot cooling water by piping it to the 
milk-room for washing udders and utensils. The generator is usually 
started an hour or so before milking to cool down the water in the cooling 
tank or tanks, and is usually run for an hour or so after milking is 
completed to get the last milk cooled. Hot water would, therefore, be 
available for the whole milking operation. 

Construction Details 

Some general suggestions concerning construction are outlined below. 
Clear span trusses are not necessary. The centre columns which 

support the roof are not in the way in either type of stable. The centre 
line of columns in the single-line stable are just in front of the manger 
and cause no obstruction. In the double-line stable, the centre columns 
hold the dividing fence. Of course eliminating the centre columns in the 
loafing barn would be desirable, but is not necessary. 

The spacing of the columns depends upon the roofing material used. 
Tile, which seems to be the most freely available in the tropics, is heavier 
and cheaper than sheet-metal roofing; but being heavier, requires heavier 
construction and more frequently spaced rafters and columns. ·Sheet
metal roofing, being lighter than tile, would require a less sturdy construc
tion to support it. However, the writer believes that tile roofing is cooler 
even than aluminium roofing. 

It will be noticed in Fig. 4 and 6 (see pages 130 and 132) that there is no 
gutter in the profile of the stables. Since animals are in the stable for so short 
a time, no gutter is required for accumulated manure as is the case with 
stables in the temperate zones, where the animals· stay in the stable at night 
or even all the time in winter. A four-inch (10-cm) step is all that is neces
sary, with the stall platform and rear alley sloping toward this step. Cows 
do not like to back through a slippery gutter.. Very little manure will 
be left in the milking stable after the animals get accustomed to the routine; 
they are not there long enough. 

In both floor plans it will be seen that, at critical points, silt basins 
are located in the drainage systems. These are provided to catch silt and 
sand and to prevent them from clogging the underground tile farther 
out. The inlet and outlets of the basins should be higher than the bottom 
for accumulation of silt. They should be cleaned regularly. 

Fig. ll and 12 show details ofthe cooling tank. In the author's expe
rience, construction workers in tropical countries are more accustomed 
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FIG. 11 

DETAIL OF MILK-COOLING TANK 

A = Brick wall between milk-room and feed-room 
B Concrete plaster and smooth finish over brick to base of tank 
C Milk-room floor (4-in. (10-cm) concrete, smooth) 
D = 3-in. (7.5-cm) ·concrete with bolts (poured after insulation and bricks in place) 
E = Y.-in. (1.25-cm) plaster (smooth) 
F =.Bricks laid on edge against insulation 
G = Concrete plaster (smooth) 
H = 3-in. (7.5-cm) insulation 
J = Concrete wall footing 
K = Floor of tank: 3-in. (7.5-cm.) concrete (smooth) 
L = Bricks laid flat 
M = 3-in. (7.5-cm) concrete sub-floor (smooth finish) 

a = Covers made of 1-in. (2.5-cm) lumber: two layers crosswise to prevent warping 
b = Wood frame made of 2-in. (5-cm) lumber 
c = Hole for drop-in cooling unit 
d = Level of overflow to above neck of can (21 Y. in. for US 10-gallon can) 
e = Trap 
f 1 X-in. (3-cm) galvanized pipe 

to work with bricks than with concrete. By using bricks against the 
insulating material, and plastering smooth over the bricks for a final coat 
on the inside of the tank, the need for concrete forms and pouring of con
crete will be eliminated. Care should be taken to keep all concrete or 
concrete plaster wet for at least seven days after application. Smooth
finish coats should be applied over the bricks or rough concrete as soon 
as possible while the mortar or concrete is still green and damp. This 
makes a chemical as well as a physical bond. 

Considerable difficulty may also be experienced in finding construction 
workers on the farms who can read a plan. For the building of the stable 
floor, a model of its profile was cut to scale from a long 1-inch board (see 
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FIG. 12 

CONCRETE AND BRICK MILK-COOLING TANK AND UNIT 

Covers open and cans of milk in cooling water; a 1-HP "drop-in" cooling 
unit in place. Cooling water is maintained at 3°-5°C. This unit has a water
agitating propellor which functions while the unit is running: the vigorous action 
of the circulating water can be seen directly below it. 
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Fig. 13). Two of these " forms " were cut on the job, and placed at oppo
site ends of the line of stalls. Strings were stretched between these two forms 
at each point where the elevation changed, so that the workers could 
follow the plan without difficulty; this eliminated errors and much super
VISion_ For the double-line stable the form goes only to the mid-point 

FIG. 13 

DETAIL OF CROSS-SECTION OF MANGER, COW PLATFORM, 
FEED ALLEY AND CENTRAL AL'LEY 

A 
k 
I 
I 
I 
I 

'G + 14c•-
1 

•. • •• 

Mid-point of central alley 
Central alley, stall platform (rough-float finish) 
Manger and feed alley (smooth finish) 

C F 

92 cm 

F Feed alley 
G Drainage 
H 1-in. (2.5-cm) pipe 

WHO 12l.Lt 

A 
B 
c 
D 
E 

Bolts (spaced 1 m centre-to-centre) J 1-in. (2.5-cm) ell with plug 
Brick K Fill 
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FIG. 15 

A PORTABLE MODEL OF A STANCHION ASSEMBLY 

FIG. 16 

COWS IN STANCHIONS WITH FEED-MANGER IN FRONT 
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upon which the stanchion assembly is nailed. At every second stall, to 
the left of the stanchion opening, the fixed upright extends to the roof, 
to give stability to the row of stanchions. The sides of the stanchion 
openings should be slightly rounded off so that the edges will not cut the 
animals' necks while they are learning to use the stanchions. Fig. 15 shows 
a portable model of a stanchion assembly, which (with the model of the 
milking stable floor profile) was transported from farm to farm for car
penters to copy. (In this figure the stanchion is shown turned the wrong 
way-it should open to the right from the side as the milker milks the 
cow.) Fig. 16 shows the stanchion in use; cows with even larger horns 
than these can freely enter once they have learned how. 



WATER SUPPLY ON THE DAIRY FARM 

ROBERT NEWTON CLARK, C.E., M.S.* 

Milk hniene on a dairy farm is impossible without an adequate supply 
of suitable water. If this statement is to be fully understood, the concepts 
of "milk hygiene", "adequate supply" and "suitable water" must be 
defined. An understanding of these three points, which encompass the 
three elements of use, quantity and quality, will go far towards clarifying 
many of the technical details relating to farm water supplies. However, 
water is essential on a farm not only for milk hygiene, but for a great variety 
of other purposes-watering livestock, and for human uses, such as drink
ing, cooking, and personal and household hygiene. Except in cases 'vhere 
a separate supply of water is available for irrigation, a single source com
monly serves all farm purposes. For these reasons, in analysing the ele
ments of use, quantity and quality it is necessary to consider the water 
supply as a whole and not simply the portion used for milk hygiene. 

Use of 'Vater 

Although in this instance it is the reason for considering farm water 
supplies, milk hygiene is not the most important use for farm water. The 
primary requirement for water is to support life, first human, then animal. 
Without sufficient water for drinking there could be no farm, and no milk
ing animals. After this primary and essential need is satisfied, a supply 
of water must be made available for other household uses. These include 
cooking, bathing, laundering, cleansing of dishes and utensils, cleansing 
of floors, and in many cases flushing away of excreta and other wastes. 
After household needs have been satisfied, water must be provided for 
farm uses. Farm uses of water, other than irrigation of crops, include 
the watering of livestock and poultry, cleansing of buildings and equipment, 
processing of farm produce, making up liquid fertilizers and insecticides 
and a variety of other purposes. On any farm where milk is produced, 
one of the very important uses of water is to maintain proper milk hygiene. 

• Chief Sanitary Engineering Adviser, Division of Environmental Sanitation, World Health Orga
nization, Geneva, Switzerland. 
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What is milk hygiene? Milk hygiene on the farm has for its purpose 
the production of milk free from bacteria or organisms which may produce 
disease among consumers or cause the milk to spoil too quickly, and to 
preserve the milk in this state until it is taken from the farm. Water for 
milk hygiene includes that used to wash the milking animals, to cleanse 
the equipment and utensils used for milk, and in many cases to cool the 
milk and keep it cool pending collection or delivery. It includes water 
for washing the floors or other parts of the buildings used for cattle or 
for milk-handling. In dusty areas milk hygiene might also include sprink
ling the immediate surroundings of the milking sheds to prevent dust from 
flying and contaminating the milk. 

Amount of Water 

Each use of water must be examined in detail to determine the amount 
required. This seems to imply a simple exercise in addition, but there are 
certain complicating factors. In the first place, there are many parts of 
the world where water is not universally and freely available. In fact, 
this situation is the more common one, and it is in the minority of cases 
that water shortage is not a problem, either seasonally or throughout the 
year. This lays a controlling limitation on the uses to which water may 
be put, it forces the farmer to put priorities on certain uses, and in many 
instances puts a limit to his scale of operations. In short, water use is 
inextricably linked to water availability. One must strike a balance, and 
it is prudent to appraise the resources and face alternatives in each 
situation. 

Human consumption 

The amount of water needed to support human life varies with age and 
body weight, climatic conditions, amount of energy used, and the elements 
of the daily diet. Houssay et al. (1955) give the following information: 

WATER BALANCE OF AN ADULT MAN, WITH MODERATE ACTIVITY 
AT A TEMPERATURE OF 18°·20°C 

Intake I Output 

Source I Volume (ml) I Route of elimination I Volume (ml) 

Beverages 1 000 Kidney 1 500 
Food . 1 200 Skin 600 
Oxidations 300 Lung . " 300 

Faeces 100 

Total 2 500 Total 2 500 

The amount of water drunk in a hot climate, especially when manual 
labour is performed, may rise to 2litres per hour, and to 10 or even 13 litres 
per day. In a hot desert an intake of 6 litres per day is quite usual. 
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Slightly different values are developed by S. Wright (1952), who gives 
the following approximate quantitative data (both average and range) for 
daily water exchanges between the body and the environment: 

Water intake: as water 1500 ml (range: 0 to several litres per hour) 
in food 1000 ml (depending on composition of the 

diet) 
from oxidation in tissues 300 ml 

Water loss: in urine 1500 ml (range: under 20 ml to over 1200 m! 
per hour) 

via skin insensible perspiration (constant at 600-
800 ml) 
sweat (range:' 0 to nearly 2 litres per hour) 

via lungs 400 ml 
in faeces lOO ml (increased in diarrhoea) 

Other authorities confirm the high rate of sweat loss. Lee (1953) 
mentions that an adult man doing moderately hard work under hot dry 
conditions may lose as much as 4 gallons (15.2 litres) in one day, and this 
must be replaced by drinking. 

For drinking purposes alone, it can be concluded that the water re
quirement per adult man per day varies from 1 litre in temperate climates 
with moderate activity to nearly 16 litres in hot dry climates with mode
rately heavy work. 

Other domestic uses 

Domestic uses of water for purposes other than drinking would include 
food preparation, dish-washing, hand-washing, bathing, laundry and toilet 
flushing. Figures given (page 45) by Wagner & Lanoix (1959), which have 
been gathered from sources representative of different parts of the world, 
indicate that domestic water consumption per person per day varies from 
10 litres where the water is carried from an outside source to 190 litres 
where the house is equipped with hot and cold running water, and with 
kitchen, laundry and bath. Their recommended design figures (page 209) 
are: 

15 litres per person per day for outside source 
250 litres per person per day for water piped into the house 

Swift (1958), in presenting the figures used for official practice in England, 
states that for design purposes it is now usual ;to take as the basis for 
domestic demand 30 gallons (136 litres) per person per day in rural areas. 
Bidaut (1958) quotes the French Circulaire interministerielle du 12 decembre 
1944, which has set the needs of the rural population of France at from 
50 to 60 litres per person per day for drinking, cooking and washing. 
F. B. Wright (1956) uses the figures of 46 litres per person per day where 
there is running water in the kitchen only, and 152litres per person per day 
where there is running water in kitchen, bathroom and laundry. 
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Animal consumption 

F. B. Wright also gives some interesting figures on water use in food 
production. He states that to produce one quart of milk a cow requires 
from 372 to 572 quarts of water. His recommendations for daily water 
allowances for animals are: 

Animal 

Each horse 
Each steer, heifer or dry cow . . . . . . 
Each milk-producing cow (high-producing) 
Each hog 
Each sheep 
Turkeys (per 1 00) . 
Chickens (per lOO) 

Litres 

45.5 
45.5 

133 
15.2 
5.7 

68 
19 

Bidaut, in presenting French experience, gives the following consump
tion per head per day: 

Animal Litres 

Oxen, cows, horses 50 
Hogs . . . . . . 20 
Sheep . . . . . . 5- 10 

In Great Britain, the Ministry of Agriculture, Fisheries and Food, as 
quoted by Swift (1958), allows the following amounts per head per day: 

Animal Litres 

Each cow in milk . . . . . . . . . 136 
Other cattle (each) . . . . . . . . . 45.5 

Wagner & Lanoix, quoting from the US Joint Committee on Rural 
Sanitation, present the following estimates, per head per day (page 44): 

Animal 

Horses, mules or steers . . . . . . 
Dairy cows, drinking only . . . . . 
Dairy cows, drinking and dairy-servicing 
Hogs ..... . 
Sheep ..... . 
Chickens (per lOO) 
Turkeys (per 1 00) 

Milk hygiene 

Litres 

45 
57 

132 
15 
7.5 

15 
26.5 

The quantity of water needed in connexion with milk hygiene is the 
amount used for cleansing purposes and for milk cooling. For cleansing, 
which includes wiping the cows' udders, cleansing utensils and for general 
washing-up, various estimates are available. Wagner & Lanoix (by sub
traction) allow 75 litres per milking cow per day (page 44). F. B. Wright 
(1956), discussing American practice, allows 228 litres per day for a herd 
of 30 cows, or about 7.6 litres per head per day, Julitte & Pezard (1958) 
suggest a figure of 5 litres of water for each litre of milk handled. 

The amount of water needed to cool milk depends on the amount of 
milk to be cooled, the temperature of the cooling water, the temperature 
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to which the milk is to be cooled, and the method of cooling. Since milk 
has virtually the same specific heat as water, in a simple heat-transfer 
device such as a surface cooler, the theoretical final temperature of both 
the milk and the water used to cool it is equal to the weighted temperatures 
of milk and water. For example: 

5 litres of milk at 36°C 180 
40 litres of water at sac 200 

Total: 45 380 

Temperature resulting from exchange: 380 45 = 8.5°C 

HO\vever, in practice, perfect heat transfer does not take place and an extra 
allowance of water must be made to take into account the fact that, after 
cooling, the milk is somewhat warmer than the cooling water discharged. 

The temperature of water drawn either from wells or from surface 
sources can be readily measured. Seasonal fluctuations in temperature can 
be very great, depending on the nature of the water source. Shallow sur
face water, whether in ponds or in flowing streams, is subject to both 
daily and seasonal variations in temperature. A shallow body of water 
exposed to strong sunlight will warm up rapidly to the temperature at 
which heat loss through evaporation and radiation balances the heat input 
from the sun. The exact temperature depends on atmospheric conditions, 
but it is not unusual in hot climates for the temperature of shallow water 
to rise above 26"C during the day. The temperature of deeper bodies of 
surface water is not affected so strongly by daily changes, but seasonal 
temperatures may range between oa and 25°C, depending on the climate. 
Since the need for cooling milk is greatest during _the warmest season, and 
since surface water is the least suitable for cooling at precisely that season, 
it follows that surface water can seldom be depended on for milk cooling. 
There are exceptions to this rule. Water in the deeper parts of lakes or 
reservoirs is frequently much colder than at the surface, and deep intakes 
can be installed to make use of the cooler water. Also, the temperature of 
spring-fed streams or ponds may remain quite uniform. 

The temperature of water taken from wells is relatively constant. 
According to Todd (1959), the annual range of the earth's temperature at 
a depth of 30 ft (9 m) may be expected to be less than 1 °F (OS C). Ana
lysis of thousands of records of ground water temperature in the USA 
revealed that the temperature of ground water occurring at a depth of 
30-60 ft (9-18 m) generally exceeds the mean annual air temperature by 
2°-3°F (1°-1.5°C). Todd's analysis shows a range of ground water tem
peratures at this depth from 42°F (5.5C) in northern Maine (latitude 
45°N) to 77°F (25°C) in southern Florida (latitude 27°N). 

Below these shallow depths the temperature increases in accordance 
with the geothermal gradient of the earth's crust. Todd expresses this 
gradient as 1 oc for each 100 ft (30.48 m) of depth. Dumbleton (1953) 
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reports that the allowance usually made gives the mean rate of increase 
in Great Britain as about 1 op for about 57 ft (1 °C for 30.80 m) of 
descent. He mentions that W alferdin found in Paris that the increase was 
at the rate of 1 °C for 30.87 m. At Rouen the geothermal gradient was found 
to range from I oc for 20.2 m to 1 °C for 30 m. More accurate experiments 
on the artesian well at Grenelle showed remarkable regularity in the 
increase below the 28-m depth, the figure being l°C for 31.8 m. 

From these observations it can be estimated that water taken from wells 
about 20 m deep has a constant temperature of about 1 o or 2°C higher than 
the mean annual air temperature at that locality, and with deeper wells the 
temperature will be about 1 °C higher for each additional 31 m of depth. 
The temperature of water taken from wells less than 20 m deep may 
vary somewhat with the season. There are, of course, many areas where 
the normal geothermal gradient is disturbed, such as in volcanic regions, or 
where hot springs exist, and in such cases the temperature of sub-surface 
water might be almost anything. 

Water Quality 

In considering whether water is suitable for farm use there are two ele
ments of water quality that must be taken into account. The first relates 
to thpse qualities that may affect human health, principally the presence 
in water of disease organisms or excessive amounts of poisonous or harmful 
chemical substances; the second relates to substances which interfere with 
the useful purposes of water, such as excessive amounts of calcium and 
magnesium, which resu~t in the formation of scale in pipe, or of iron or 
manganese, which reduce the value of water as a cleansing agent. 

Bacteria in water 

The safety of water for human consumption has been the subject of 
intensive study. The examination of water to determine its bacteriolo
gical quality is a complex undertaking involving not only the proper labor
atory techniques, but also a complete sanitary survey of the source, and a 
systematic programme of sampling. One of the principal difficulties lies 
in the fact that in laboratory results based on the examination of 30-50 ml 
a single sample of water must be used to judge the quality of many thou
sands of litres. The sample examined can represent only imperfectly the 
conditions existing at the moment of its collection. A sudden downpour of 
rain, or any of a number of other events, can grossly affect the quality of 
the water between samplings. It is seldom practical or wise to judge the 
quality of a farm water supply on the basis of laboratory tests for bacteria. 
WHO, in its International standards for drinking-water (1958), gives a care
ful description of every aspect of this most complicated subject. 

In dealing with farm water supplies from the practical viewpoint, the 
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most constructive course is to take every reasonable precaution against 
contamination, and to rely on the excellence of protective measures for 
continued safety of the water rather than to base any conclusions on 
bacteriological examinations. 

Water drawn from surface sources cannot be considered to be continuously 
free from disease-producing organisms. This is an axiom of public health. 
Consequently if there is no alternative to the use of surface water it must 
be treated in some way to remove harmful organisms. Clark (1956), in 
discussing the purification of small amounts of water for drinking purposes, 
gives three general methods of treatment-boiling, chemical disinfection, 
and filtration. The types of treatment he recommends might be useful for 
quantities of water up to about 1000 litres per day. Wagner & Lanoix 
have dealt quite fully with the methods of filtering and chlorinating rural 
water supplies, and almost any good textbook on water supplies contains 
information on this subject. 

However, the use of treated surface water on a dairy farm should 
be considered only as a last resort. Treatment of water involves a daily 
operation. Even in large well-supervised water-filtration plants there are lapses 
in treatment. W agner & Lanoix state (page 171): " Experience in many 
parts of the world has shown that, once a water-treatment plant is cons
tructed, there is need for constant vigilance~both present and past 
literature abounds with the history of water-borne outbreaks of typhoid 
fevers, cholera and epidemic jaundice caused by a breakdown of treatment 
processes for which inexperienced or unqualified operators were responsible.'' 
If this happens in large water plants, the chances of its happening on farms 
is immeasurably greater. 

The safer course is to use water from properly protected wells. With 
certain exceptions water occurring deep underground is free from contam
ination with disease-producing bacteria. The chief exception is in regions 
where dolomite or limestone occurs, which has been channelled into fissures 
or caverns through which the \Vater can flow without being subjected to 
the filtering action of soil or permeable rock. Under certain less frequent 
conditions other rock formations may contain underground channels, due 
to fracturing or to cleavage planes. 

The danger of contamination reaching farm wells by passage under
ground through the soil is often over-emphasized. Pit privies, cesspools, 
septic tanks and seepage units should, of course, be separated by a reason
able distance from wells. So also should barnyards, manure heaps and other 
sources of contamination. But by far the most common mode of pollution 
is by the entrance of contamination into the top of the well. The well cap 
and the top two metres of the lining constitute the most vulnerable area. 
In a very high proportion of all cases good watertight construction here, so 
built as to prevent any water from the surface leaking in, will eliminate the 
danger of harmful bacteriological contamination in wells. The quality of 
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construction of a well top is a reasonably accurate index of the bacteriolo
gical quality of the water in the well. 

Mineral substances in water 

There are many mineral substances that make water less suitable for use. 
WHO (1958) lists the more important under two headings, Toxic substances 
and Chemical substances affecting the potability of water (pages 27, 28-29): 

" Toxic substances 
" There are certain substances which, if present in supplies of drinking-water at 

concentrations above certain levels, may give rise to actual danger to health. A list 
of such substances and of the levels of concentration which should not be exceeded in 
communal drinking-water supplies is given below: 

Substance Maximum allowable concentrations 

Lead (as Pb) 
Selenium (as Se) 
Arsenic (as As) 
Chromium (as Cr hexavalent) 
Cyanide (as CN) 

0.1 mg/1 
0.05 mg/1 
0.2 mg/1 
0.05 mg/1 
0.01 mg/1 

" The presence of any of these substances in excess of the concentrations quoted 
should constitute grounds for the rejection of the water as a public supply for domestic use. 

" It is realized that the limiting value for chromium is well below the known toxic 
concentration, but it is considered that this element should not be present in drinking
water, and a minimum limiting concentration has been set to provide rejection of a 
water supply ... 

" Chemical substances affecting the potability of water 

" The following criteria are important in assessing the potability of water. In view 
of the wide . variations in the chemical composition of water in different parts of the 
world, rigid standards of chemical quality cannot be established. The limits hereafter 
designated " permissible " apply to a water that would be generally acceptable by con
sumers; values greater than those listed as " excessive " would markedly impair the 
potability of the water. 

"However, these limiting concentrations are indicative only and can be disregarded 
in specific instances. 

Permissible Excessive 

Total solids 500 mg/1 1500 mg/1 
Colour [platinum-cobalt scale] 5 units 50 units 
Turbidity [turbidity units] 5 units 25 units 
Taste unobjectionable 
Odour unobjectionable 
Iron (Fe) 0.3 mg/1 1.0 mg/1 
Manganese (Mn) 0.1 mg/1 0.5 mg/1 
Copper (Cu) 1.0 mg/1 1.5 mg/1 
Zinc (Zn) 5.0 mg/1 15 mg/1 
Calcium (Ca) 75 mg/1 200 mg/1 
Magnesium (Mg) 50 mg/1 150 mg/1 
Sulfate (S04) 200 mg/1 400 mg/1 
Chloride (Cl) 200 mg/1 600 mg/1 
pH range 7.0-8.5 less than 6.5 or 

greater than 9.2 
Magnesium + sodium sulfate 500 mg/1 1000 mg/1 
Phenolic substances (as phenol) 0.001 mgjl 0.002 mg/1" 
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Both of the foregoing categories of chemical substances in water relate 
to its suitability for drinking. On a dairy farm where water for cleansing 
utensils and equipment must be heated, there often arises the problem of 
scale, which can be extremely troublesome. It may form in pipes and water 
heaters in such quantities as to clog them completely; it forms on the sur
faces of kettles or other containers used for heating or cleansing purposes, 
and is objectionable from every point of view. 

Scale is the deposition of mineral salts in the water resulting from a 
change in chemical equilibrium. Scale-forming properties of water are 
closely related to the corrosiveness of water. As the chemical equili
brium varies, the water varies from corrosive to neutral to scale-forming. 
These properties depend on the hydrogen-ion concentration, alkalinity and 
calcium-carbonate saturation-equilibrium value. This last factor depends 
on a number of other factors including the carbon-dioxide content and 
temperature. Waters of low alkalinity and hardness or of high carbon
dioxide content are usually corrosive; conversely, waters of high alkalinity 
and hardness, such as strongly mineralized well-waters, are usually encrust
ing or scale-forming. Water may be in chemical equilibrium when taken 
from a well, but the equilibrium may change quite rapidly. The loss of 
carbon dioxide can take place simply by exposure to the air-especially 
turbulent exposure, as when water spills from a pump--and this loss can 
lead to the precipitation of calcium carbonate scale. Heating water also 
changes the chemical equilibrium, both by changing the equilibrium point 
and by expelling carbon dioxide, and usually leads to rapid deposition of 
scale. The chemical and physical reactions involved have been exhaustively 
described by Langelier (1936) and by Fair & Geyer (1954). 

To correct the trouble of scale formation there are two general methods 
available: water-softening, and the addition of compounds which alter the 
scale-forming characteristics of the water. Water-softening can follow 
either of two general lines: (a) by the removal of calcium, magnesium 
and iron by precipitation with lime, or (b) by base-exchange-i. e., the 
zeolite process, by which one base, usually sodium, is substituted for 
another, usually calcium and magnesium. Zeolite-softened water is still 
mineralized, but with compounds which are neither " hard " nor scale
forming. 

Hoover (1943) has given a full and accurate description of lime
softening. It is seldom practicable to use this method on individual 
farms because of the daily skilled operation required. 

Zeolite-softening is often practicable, and the infrequent operation 
required is confined usually to periodic regeneration of the zeolite with 
salt. Fair & Geyer (1954) describe the chemistry of this process, and 
practical applications are set forth in Wagner & Lanoix (page 192), and 
Wright (1956). Technical advice should be sought before deciding on the 
type of softener, since there may be mineral substances in the water which 
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require special consideration. Different equipment is needed, for example, 
for zeolite-softening of water containing iron. 

Water can be treated with chemicals, such as polyphosphates, which 
reduce the amount of scale formed on heated surfaces, leaving the pre
cipitated minerals suspended in the water. These are generally called 
" softening compounds " or " boiler compounds ". Compounds may 
also be used with soap and other detergents to reduce the amount of film 
and encrustants deposited on equipment and utensils. The use of such 
compounds probably represents the most practical treatment for scale
formingwater available for farm use. Freyman (1955) describes the chemistry 
of the softening action of some of these compounds, such as tri-sodium 
phosphate, sodium hydroxide, sodium carbonate and sodium sulfate. The 
American Society of Heating and Air-Conditioning Engineers (1959) has 
prepared a comprehensive description of scale, its causes and its prevention, 
with particular reference to the use of polyphosphates. 

Winning Water 

The winning of water is a term that applies to locating water, devising 
and constructing the works necessary to make water accessible, and install
ing and operating the equipment needed to bring water to a point where 
it can be used, or transported elsewhere for use. In the case of a farm well 
it means, in simplest language, locating water underground, digging a well, 
and installing a pump. 

Locating water 

Finding water underground is a tricky business, especially when dealing 
with a farm well. Departments of geology, working on a grand scale, or a 
municipality searching for thousands of cubic metres per day, can well 
afford the latest equipment for geophysical surveying, and can do extensive 
field work. Often they can search for water in several widely scattered 
areas. The farmer, with no more than his individual resources and limited 
to the confines of his own property, can almost never make use of such 
methods. His search is limited to a few fundamental inquiries. 

The first course open to him is to find out what kind of wells his neigh
bours have, or which he himself may have on his own property. This in
volves getting three basic facts about each well-namely, the depth of the 
well, the depth of water in the well, and the yield of the well during the 
worst season of the year. Each of these items involves a certain complexity. 

The depth of the well is subject to measurement, and it is usually best 
simply to measure it, rather than to search about for someone who may or 
may not have a clear memory of what its depth is supposed to be. The 
measurement of the depth is of importance in locating the aquifer, or the 
underground stratum which bears water. This measurement can be con-
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sidered as the thickness of the material (earth, rock, sand or gravel) which 
overlies the aquifer. This thickness varies according to the elevation of 
the aquifer and the elevation of the ground surface. It is important, there
fore, when measuring the depth of the well to take note of the terrain
for example, whether the well is on high ground or low ground, and the rela
tion of this to the area proposed for the new well. By doing so, a better 
estimation can be made of the depth to which the new well must go to 
penetrate the aquifer. 

The depth of water in the well can also be measured, and it is convenient 
to do this when measuring the total depth of the well, simply by marking 
and measuring the wetted portion of the plumb rod or line. The depth 
of water in a well is subject to great changes, however; in a well at rest, 
from which little or no water has been drawn for several days, the water 
surface accurately indicates the level of the ground water table; whereas 
when a well is in use, and relatively large volumes are being withdrawn, 
the level in the well is drawn down, creating a cone of depression in the 
ground water table. It is important, therefore, to know what use has been 
made of the well at about the time of measurement, for it is perfectly pos
sible for a well to be drawn down to the very bottom, even though the general 
ground water level is unchanged. 

If possible, a series of measurements should be made at different seasons, 
but it is most important to make measurements at the season of the year 
when the water table is lowest. If there are wells in the neighbourhood 
which, according to hearsay, " never go dry ", or which " did not go dry 
in a year when everyone else was out of water", measurements should 
certainly be made of their depth, for if a new well is carried down deep 
enough to provide the same depth of water it will almost certainly be 
below the lowest seasonal level of the ground water. 

The estimation of the yield of a well is not particularly difficult, although 
it does call for certain care. In the first place, when dealing with an indi
vidual farm supply, the yield of a well is not important so long as there is 
plenty of water. If neighbours are making about the same use of water 
as the dairy farmer would make, and if their wells yield the amount they 
need without excessive drawdown or other difficulties, then it is only common 
sense to conclude that the same kind of well in the same kind of formation 
will provide the same kind of satisfactory yield. If, however, there have 
been difficulties, it is useful to know specifically the yield of existing wells. 

Measurement of yield can be made by pumping at a constant rate until 
a stable condition is established, often from 12 to 24 hours, and then measuring 
the drawdown. The mathematical theory underlying the relationship of 
yield to drawdown is fully developed by Fair & Geyer (1954). To get the 
yield figure the rate of pumping is divided by the final drawdown, the result 
being the specific capacity-that is, a certain number of litres per minute 
per metre of drawdown. Within practical limits, the yield is directly pro-
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portional to the drawdown. Thus, if a well yields a certain amount of 
water with a drawdown of 1 m, the same well, or a similar one in the same 
formation, may be expected to yield twice as much water with a 2-m draw
down. 

Drawdown and recovery rates may be very greatly influenced by res
triction of flow where the water enters the well. This condition is probably 
most serious where the well consists simply of a pipe driven into the ground 
with a strainer on the bottom. When the strainer becomes corroded and 
encrusted it offers very strong resistance to water flow, and drawdown data 
on such wells may be of questionable value in predicting yields. 

From information gained on neighbouring wells, and from any other 
sources, some decisions can be made relative to the probable location and 
depth of sub-surface water. If possible, this estimate should be verified 
by sinking one or more test holes. If the water lies deep and an expensive 
operation is required to drill down to it, test holes are probably out of 
the question, but if it can be managed, such drilling will usually prove 
to be a good investment. 

Well construction 

There are many excellent texts on the construction of wells. Particular 
mention is made of the book by Wagner & Lanoix (1959), which contains 
information gained from and applicable to virtually all parts of the world. 
From the practical point of view, which is usually the point of view of the 
farmer, local experience should be taken strongly into account. Very 
often improvements can be made in the types of well in local use, but the 
general style of local wells reflects the local needs, resources, and skills 
or methods of work. 

Regardless of the kind of well used, one of the most important points 
to keep in mind is that contamination must be kept from leaking in 
from the surface. It is useful to consider how surface wash, carrying 
harmful bacteria, can find its way into a well. It can leak in through 
the upper 2 m of the well lining; the ground immediately surrounding a well 
is often saturated with water which has been wasted or spilled, for it is not 
uncommon for people to wash their faces and hands and to splash water 
over their bodies while standing at the well. The saturated soil encourages 
leakage through stone, brick, or other linings into the well. To correct 
this fault, there should be a watertight platform all round every well, 
extending away from it for a distance of 1.5 to 2 m, set on a built-up mound 
above the level of the surrounding area, and sloping away from the well 
in all directions. By this means, spilled water is directed away, and the 
earth in contact with the lining is not perpetually saturated. At the same time, 
at least 2 m of the lining immediately below the ground surface, and any 

· part of the lining above the ground surface, should be absolutely water
tight. 
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The second way that surface wash can enter a well is through the slab 
or covering. Open wells are not admissible for use on dairy farms. The 
justification for this statement is revealed in the filth and debris that can 
be found at the bottom of open wells when they are drawn down for clean
ing. The slab or cover should be constructed in such a way that no drops 
of water splashed or flushed over the surface of the cover can find entrance 
into the well. 

The third way that contamination can enter a well is through the pump. 
This occurs most frequently in cases where suction-lift pumps are used which 
require pnmmg. Self-priming pumps, with cylinders set below the water 
level in the well, are somewhat more expensive, but they afford very much 
better protection to the quality of the water and as a rule are freer from 
trouble. 

The Use of Power 

The use of water is facilitated and encouraged if it can be made available 
without great expenditure of human effort. This can be accomplished in 
a number of ways. A spring on a hillside can be led to the point of use 
through pipes, providing gravity-flow. In areas :where the winds are fre
quent, wind-wheels can be used to advantage. Water power can be har
nessed to pump water. Internal combustion engines are commonly em
ployed for pumping in all parts of the world, and where electric power 
is available on a farm it offers an ideal solution to the pumping problem. 

Gravity-flow from an elevated source can be used in two ways. The first 
is to use a pipe connecting the source to an elevated tank located near the 
farm buildings and farmhouse; from this tank, water can be led through 
pipes to the points of use. The second system is to construct a basin near 
the source high enough to give the desired pressure at the farm buildings 
or house, and to lay a pipe from this basin to the points where the water 
is to be used. The choice between these two systems is based entirely on 
the relative cost in each instance. 

The following factors relate to pipe sizes, and hence to cost. Water is 
seldom drawn from a piped system at a uniform rate. At certain times 
of the day it is used for different purposes, at various rates, ranging from 
nothing at all during the night to relatively very high rates during washing, 
milk-cooling, or other operational periods. Figures have been given on 
the daily amount of water required for use on a dairy farm. There are 
1440 minutes in a day, but if a farm uses 2880 litres per day the flow 
used will not be a steady 2 litres per minute, but will vary from 0 to 40 litres 
per minute at different periods of the day. To satisfy the peak demand, 
under the second condition described above, the pipe connecting the source 
to the outlet must be large enough to discharge the maximum rate. Fur
thermore, depending on the yield of the source and the daily cycle of use, 
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the reservoir or basin constructed at the source must be large enough to 
supply the sudden peak demands whenever they are in excess of the yield. 

In the first case, where an elevated tank is constructed near the point 
of use, the pipe connecting the source to the elevated tank can be operated 
to deliver water at a constant rate throughout the 1440 minutes of the day. 
A heavy draught during the day will draw down the level of water in the 
elevated tank, but the level is restored again during the night by the steady 
inflow. The elevated tank must be of sufficient size to meet the daily de
mand, and should generally be large enough to contain one day's supply. 

It can be seen that, in the second instance, the pipe from the source 
must be very much larger than in the first case. If the source is some 
distance away the saving in piping cost effected by using the first system 
will offset the extra cost of an elevated tank. 

Where power pumps are used, a similar consideration applies to pump 
sizes, and it will be found that elevated or pressure-tank storage ordin
arily reduces the cost of pumping, both in terms of equipment costs and 
operation. 

It is an odd thing that a suitable pump has not been developed for use 
with animal power. There have been instances of the use of treadmills or 
other devices to drive a proper pump, but there has been no widespread 
use of this method. Animals are very commonly used for lifting water, 
but the devices generally utilized are insanitary, and can only result in 
contaminating the water. Among these are the ingenious self-emptying 
goatskin bags used in North Africa, and the Persian wheel used in parts 
of Asia. There is scope here for some research and development, for ani
mal power is the commonest source of energy on farms throughout the 
world. 

The Human Element 

In the final analysis, the production of safe water on a dairy farm de
pends on the human being involved, the farmer. Every farm has a water 
supply, and consequently, the commonest situation to be faced is its im
provement, or perhaps the substitution of a new supply. Farmers as a class 
tend, however, to be conservative, and an individual farmer may well have 
a deep-seated attachment to his water supply. · It is a part of his life, almost 
like a member of his body, and he may be resentful· of criticism directed 
against it. His well may have been in use, since ancestral times, it is a part 
of his tradition. To change his well may mean not only a change in his 
own life: it may represent to him a break with the past. In spite of these 
difficulties, the farmer may have to be persuaded that his water supply is 
not as good as it should be, and that he must tak~ certain actions to bring 
it up to an acceptable standard. The burden of maintaining a farm water 
supply falls directly on the farmer, and if he is to keep it in good condition 
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he must have a permanent convinction that it is worth while to put in the 
effort required. Different people will react differently, and the education
al methods applied will vary with the circumstances. The main point 
is that the dairyman should be persuaded that he must give as much atten
tion to the hygiene of his water as to that of his milk. 
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PEST CONTROL 

R. C. BUSHLAND, Ph.D.* & CARROLL N. SMITH, Ph.D.** 

Insects that affect the health of dairy cattle or are of importance in milk 
hygiene fall into two main groups. In the first gr9up are those insects that 
lead a parasitic life, infesting the host animals continuously for long periods, 
and those that live out of doors and visit cattle briefly to feed. In large 
measure these parasitic or free-living forms are controlled by application of 
insecticides to the cattle. 

The other group is made up of insects that infest farm buildings. Some 
of them annoy cattle in barns or sheds or in lots. close to farm buildings; 
others do not attack the cattle directly but spread filth and thereby conta
minate milk and dairy products. Control of this group of insects is accom
plished largely by treating the premises rather than the cattle. 

It cannot be emphasized too strongly that the best means of pest control 
is to prevent breeding through sanitation, whenever this method is feasible; 
but in practice satisfactory pest control often requires the application of 
insecticides. Since the treatment of animals presents an entirely different 
problem from the treatment of premises, these two approaches are consid
ered separately. 

PEST CONTROL ON Ac"~IMALS 

Cattle Grubs 

Cattle grubs or heel flies (Hypoderma bovis (L.) and H.lineatum (De Vill.)) 
are the most damaging insects affecting dairy cattle in temperate regions of 
the world. In northern areas where winters are severe both species are 
found, but in southern areas only lineatum infests· cattle. 

Cattle grubs cause losses in three ways. During the spring when the 
flies are ovipositing they cause panic in the gentlest animals. The flies have 
vestigial mouth parts and cannot bite, but as they approach to oviposit, 
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Service. United States Department of Agriculture, Kerrville, Tex., USA. 
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their buzzing frightens cattle into stampeding. The flies pursue them, and 
cattle may run until they are exhausted or they may injure themselves in 
their attempts to escape the insects. Frequently cattle wade into ponds 
or streams and stand in the water for hours without feeding. This reaction 
is caused chiefly by H. bovis, the northern heel fly, which strikes an animal 
repeatedly, gluing one egg at a time to the hair. H. lineatum, the common 
heel fly, will sometimes chase animals and cause them to panic, but it will 
also approach sleeping animals and lay its eggs on any portion of the body 
near the ground without disturbing the host. 

Upon hatching, the larvae penetrate the ~kin and live within the body 
of the host for approximately six months. Apparently first-instar larvae of 
lineatum do little measurable damage, as they live within the loose connect
ive tissue of the viscera, chiefly the gullet, and feed on lymph rather than 
blood. First-instar larvae of bovis usually do little apparent damage, but 
they invade the spinal column and sometimes injure nerves, causing para
lysis. In the fall and early winter the first-ins tar larvae complete their growth 
within the body, then migrate to the back and cut holes through the hide 
with their mouth parts. Here they moult (shed their skins) and transform 
to the second instar. The second- and third-instar larvae spend about a 
month in the back and then crawl out of the cysts and fall to the ground, 
where they crawl under any loose material to pupate and transform to 
adults. 

While the larvae are growing in the back, they enlarge the cysts and the 
holes in th(f hide through which they obtain air. The grubs produce an 
antibacteri~l substance, but occasionally bacteria from outside invade the 
cysts and form large pus pockets. The larval infestation and the bacterial 
growth cause much discomfort and reduce milk production. 

A standard treatment for cattle grub control has been to kill the second
and third-instar larvae by applying rotenone to the back. The cattle are 
usually sprayed at monthly intervals with a suspension of 7.5 pounds of 
5% rotenone powder in 100 US gallons of water (or about 4 kg of powder 
in 375 1). The same mixture may also be applied by scrubbing the backs 
of the cattle with a brush to force some of the insecticide into the cysts 
(see Fig. 1). Still another method is to rub the dry 5% dust into the hair 
of the back, using care to push dust particles into the breathing holes cut 
by the grubs (see Fig. 2). 

There are many objections to these treatment methods. Usually the 
weather is cold when grubs are in the back, and wetting the animals in the 
winter is undesirable; When large numbers of cattle are involved, the labour 
cost of rubbing dry dust in by hand is sometimes prohibitive. Also, the 
grubs killed by rotenone die and putre,fy within the cyst. Some animals 
react severely to the dead grubs, and some dairymen consider that less 
harm is suffered if the grubs. are allowed to complete their growth and 
crawl out. 
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FIG. 1 

SCRUBBING ROTENONE SUSPENSION ON BACK OF COW FOR GRUBS 

FIG. 2 

RUBBING 5% ROTENONE ON BACK OF COW FOR GRUBS 
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When there are only a few infested cattle or labour is inexpensive, an 
alternative method of control may be to squeeze out the living grubs by 
hand. However, the process is painful to the cattle and unpleasant for the 
operator. 

The methods described above are the only ones recommended for lac
tating dairy cows in the USA when their milk is being used for human 
consumption. 

Two organophosphorus insecticides, ronnel (0,0-dimethyl 0-(2,4,5-
trichlorophenyl)phosphorothioate) and 0-(3-chloro-4-methylumbelliferone) 
0,0-diethylphosphorothioate (sold under the trade name Co-Ral, and also 
known as Bayer 21/199) have been found to be much superior to rotenone 
for practical grub control. Ronnel is given as a drench or bolus at 100 mgfkg, 
and Co-Ral is applied as a 0.5% spray in sufficient quantity to wet the ani
mals to the skin. Either treatment is made only once, between the end of 
the heel fly season in the summer and before grubs start migrating to the 
backs in the fall. The treatments are about 90 % effective in destroying 
:first-instar larvae within the body of the host before they do any apparent 
harm. Unfortunately, both insecticides appear in the milk for a time after 
administration and in the USA, where no tolerance has been established, 
they cannot be recommended for lactating cows or for dry cows due to be 
milked within 60 days. They should not be used on baby calves, but they 
can be recommended for heifers which are more than three months old but 
not old enough for milking within the next 60 days. 

Botflies 

In the American tropics cattle grubs are not a problem, but a related 
insect, the human botfly (Dermatobia hominis (L.)), is even more damaging 
to cattle than are grubs in the temperate zone. This botfly captures such 
insects as biting flies or mosquitos and glues its eggs to their bodies. When 
the egg-bearing flies or mosquitos visit any warm-blooded animal, the lar
vae hatch from the eggs and penetrate the skin of the host, where they 
make sores much like cattle-grub cysts. A cow may have hundreds of 
larvae growing in these painful sores over all parts of the body. There are 
several generations per year, but the infestations are most severe following 
periods of mosquito abundance. 

There are two approaches to the control of this botfly. One is to apply 
chemicals to repel or kill mosquitos and thus prevent infestation. Occa
sional treatment with toxaphene and DDT have been reported as valuable 
for reducing mosquito populatio:ns in beef herds. Where regulations forbid 
the use of chlorinated hydrocarbon insecticides on dairy cattle, daily appli
cations of pyrethrum sprays may be used. 

During the last few years research workers have reported on successful 
experiments with ronnel and Co-Ral applied in the same manner as for 
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cattle-grub control, and several other systemic insecticides have been found 
promising in small-scale tests. These organophosphorus compounds do 
cause slight milk contamination, but it would still seem desirable to use 
them and discard the milk for a few days after treatment. In livestock
raising areas, cattle are the source of breeding most of the human botflies; 
so it is desirable to prevent breeding in both mefit and milk animals. 

Ticks 

Many species of tick attack dairy cattle. In the USA the most important 
belong to the genera Amblyomma, Dermacentor, and Ixodes, but from the 
world-wide standpoint, ticks of the genus Boophilus are of greatest concern, 
since they are the vectors of Texas fever, or piroplasmosis. The cattle tick 
(Boophilus annulatus (Say)), has been eradicated from the USA except for 
a small area along the Mexican border, and is kept out of the country by 
quarantine measures-. This species is common in Mexico, and the tropical 
variety, Boophilus microplus (Can.), is common in Australia, South America, 
Asia, and Africa. 

The cattle tick was eradicated from the USA by dipping cattle in an 
arsenic solution (0.175 %-0.19% As20 3). This old-fashioned treatment has 
been largely displaced by modern insecticides, but it is still used by many 
regulatory agencies in connexion with quarantines. In many parts of the 
world where this dip has been used extensively, ticks have become resistant 
to arsenic, and the treatment is now ineffective. 

For the past ten years the most generally used control for cattle ticks 
has been to spray or dip cattle in a chlorinated hydrocarbon insecticide 
(see Fig. 3). Toxaphene (chlorinated camphene containing 67 ~fo-69% of 
chlorine) at 0.5% and 0.5% DDT (2,2-bis-(p-chlorophenyl)-1,1,1-trichloro
ethane) plus 0.03% gamma-BHC (gamma-isomer of 1,2,3,4,5,6-hexachloro
cyclohexane) have been very popular. Dipping is essential in eradication 
efforts in order to ensure that every tick is reached; but for practical control, 
where eradication is not the goal, spraying is preferred because cattle are 
often injured by the rough treatment involved in dipping. 

In recent years the fever ticks in many countries have become resistant 
to the chlorinated hydrocarbon insecticides, and these are being displaced 
by organophosphorus compounds. At present sprays or dips containing 
0.25%-0.5 ~~of Co-Ral, 0.15 ~~ of2,3-p-dioxanedithiol S,S-bis(O,O-diethyl
phosphorodithioate) (sold under the trade name of Delnav), or 0.75% of 
ronnel are reported to be effective against ticks resistant to arsenic or 
chlorinated hydrocarbons. 

In many countries where piroplasmosis is not f:l problem two other cattle 
diseases are caused by ticks. Several species of tick are vectors of anaplas
mosis, and tick paralysis is a direct reaction to tick bites. 
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FIG. 3 

DIPPING CATTLE FOR FEVER TICKS 

Because the chlorinated hydrocarbon insecticides cause detectable milk 
contamination, and in the USA there are no tolerances for insecticide resi
dues in milk, the only treatment substances currently recommended for 
controlling ticks on lactating dairy animals are rotenone and pyrethrum 
sprays. However, these substances are expensive and have poor residual 
effectiveness, and where milk contamination is not involved, the chlorinated 
hydrocarbons or organophosphorus insecticides are recommended as being 
vastly superior. 
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Horn Flies 

The horn fly (Syphona irritans (L.)) is a major pest of dairy cattle. The 
flies live on cattle almost continuously, leaving them only to oviposit on 
fresh droppings. Since these droppings are scattered over entire pastures, 
it is impracticable to prevent breeding in the manure by sanitary procedures. 
Therefore, the use of insecticides is essential. 

In the USA, where regulations concerning milk contamination are 
stringent, the only treatments at present recommended are: (1) mist sprays 
of 3 %-5 % of an organic thiocyanate as an oil solution, or 1% of pyrethrins 
plus 10 /~ of a synergist. as an oil solution o~ emulsifiable concentrate, 

FIG. 4 

WET SPRAY WITH TWO-GALLON SPRA YER FOR HORN FLIES 

applied once or twice daily at l-2 CS fluid ounces (about 30-60 ml) per 
animal; (2) water-base sprays containing 0.05 o,~ of pyrethrins plus 0.5 ~~~ of 
a synergist applied at 1 or 2 quarts (about 1 or 21) per animal every 3-7 days 
(see Fig. 4): (3) methoxychlor (2,2-bis-( p-methoxyphenyl) 1,1, 1-trichloro
ethane) dusted by hand over the back at the rate of 1 tablespoonful of 50% 
powder per animal every three weeks (see Fig. 5). 

In areas where health authorities do not object to the small amounts of 
methoxychlor that appear temporarily in milk following the use of sprays, 
an economical method of treatment for horn flies is to spray dairy cattle 
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FIG. 5 

SPRINKLING METHOXYCHLOR WETTABLE POWDER ON BACK OF COW 
FOR HORN FLIES 

with 0.5% methoxychlor at the rate of 2 quarts per animal. This treatment 
protects the animals from reinfestation for about three weeks. DDT and 
toxaphene at 0.5 % similarly applied are equally effective, but the contami
nation of milk is greater than with methoxychlor. The organophosphorus 
insecticides, Co-Ral at 0.25 %-0.5 %, ronnel at 0.5 %, Delnav at 0.15 %, 
and malathion (S-(1,2-diethoxycarbonylethyl)-0,0-dimethyl phosphoro
dithioate) at 0.5% are all excellent in sprays with residual effects of a week 
or longer. 
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Stable Flies 

Stable flies (Stomoxys calcitrans (L.)) are as common as horn flies and 
much more difficult to control with chemicals. Around dairies stable flies 
breed in decomposing organic matter, such as spilled feed under the troughs 
and wet hay or straw bedding. In such situations the best control is proper 
sanitation. In addition it is often necessary to apply residual sprays to the 
surfaces of farm buildings where the flies rest between attacks on cattle. 
These treatments are described in detail in the section on pest control in 
farm buildings. 

Stable flies are strong fliers. Many of them invade dairy premises from 
breeding sites beyond the control of the dairymen, and chemical treatment 
of the animals becomes essential. The only approved treatments are 
pyrethrum and organic thiocyanate sprays used as recommended for horn 
fly control. Since stable flies prefer to feed on the lower parts of the body, 
special attention should be given to the legs and belly. If cattle walk 
through wet grass or wade through mud and water, treatment may be 
needed twice daily. 

Mosquitos 

Mosqmtos can cause considerable damage to livestock. Where breed
ing is uncontrolled-such as near salt marshes producing myriads of Aedes, 
or in freshwater pastures flooded by melting snow, overflowing rivers, or 
heavy rain-mosquitos may attack cattle in such numbers as to kill them in 
a single night. The organophosphorus and chlorinated hydrocarbon insec
ticides cannot be recommended, for two reasons. First there is the constant 
problem of residues in milk, but even more important is the fact that they 
do not protect cattle attacked by millions of mosquitos since they do not 
kill the insects fast enough to prevent them from feeding. The only treat
ment substances known to be effective are sprays of pyrethrum or thio
cyanates. When freshly applied, these insecticides are both toxic and 
repellent to mosquitos. 

Horse-Flies and Deer Flies 

Many species of the family Tabanidae, known as horse-flies and deer 
flies, attack dairy cattle. The larvae may be aquatic, some species are found 
along shore lines, and still others breed in well-drained upland pastures. 
Generally they breed over such huge acreages that the dairyman is helpless 
to prevent breeding and his only recourse is to protect cattle from the flies. 
When " outbreaks " of tabanids occur, cattle left unprotected in pastures 
may be killed through loss of blood from the slashing bites of the flies. 
Even when the flies are not present in outbreak numbers, the bites are so 
painful that even a few insects can cause the cattle to group together and 
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stop feeding, with a resultant loss of milk production. Because horse-flies 
and deer flies go from animal to animal as they feed, the damage they do as 
vectors of anaplasmosis can be more serious than the annoyance caused by 
their feeding. 

When tabanid outbreaks occur, dairymen may find it necessary to con
fine their cattle in barns all day, and pasture them only at night. Some 
dairymen, lacking barns, may resort to smudge fires; the cattle seek out the 
smoke, which repels the flies. The only insecticides that can be recommend
ed are the pyrethrum and thiocyanate sprays. The residual organic insec
ticides are not repellent and kill the flies too slowly to prevent attacks. 

Lice 

Five species oflouse commonly attack dairy cattle. One is a biting louse, 
which obtains its food by chewing hair and particles of skin, and the others 
suck blood. 

The cattle-biting louse (Bovicola bovis (L.)) is common in late spring 
and early summer, and if treatment is neglected millions may be found on 
a single animal. They have been known to kill calves, and infestations are 
commonly severe enough to stunt calves and reduce the milk flow in pro
ducing cows. 

Two sucking lice, Linognathus vituli (L.) and Solenopotes capillatus (End.), 
attack both cattle and calves, but they are most common on calves, and are 
popularly called blue lice. In the summertime calves may be covered with 
huge patches of blue lice. 

The most common louse infesting cattle is the short-nosed louse (Haema
topinus eurysternus (Nitz.)). Severe infestations may so exsanguinate the 
cattle that they die of anaemia. Although this insect is usually present in 
damaging numbers only in the winter and spring, some cattle may be un
usually susceptible hosts and may support heavy infestations the year 
round. 

The cattle-tail louse (Haematopinus quadripertusus Fahrenh.) occurs most 
abundantly in the switch of the tail, but when herds are heavily infested it 
may be found upon other parts of the body. 

Cattle lice on calves and dry cows are easily controlled with a number of 
organic insecticides. DDT at 0.5 %used as a spray or dip to wet the entire 
body has shown outstanding effectiveness all over the world, but is no longer 
recommended in the USA because it contaminates fat in excess of the toler
ance established for beef animals. 

Methoxychlor and toxaphene are safe to use as 0.5 % sprays or dips on 
non-lactating animals, and one treatment will usually eradicate an infesta
tion. The tail louse is more difficult than the other species to control and 
twice the usual concentrations of insecticides may be required for this 
species. 
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Gamma-BHC at 0.05% will also kill motile lice, but it has little residual 
effect, and treatment must be repeated after the eggs hatch. 

There is evidence that in some areas lice are developing resistance to 
chlorinated hydrocarbon insecticides. Fortunately, organophosphorus in
secticides are also effective. Malathion at 0.5 % in a spray or dip kills all 
the lice on an animal, but the residual effect may not last through the incuba
tion period of eggs; a second treatment after three weeks may therefore be 
necessary. 

Co-Ral and ronnel at 0.5% and Delnav at 0.15 ~,~all control lice when 
used in sprays or dips to wet the animals thoroughly. Their residual toxicity 
may not be sufficient to kill nymphs hatching from eggs; therefore the cattle 
should be examined after two or three weeks, and if lice are found, the treat
ment should be repeated promptly to kill them before they are old enough 
to oviposit. 

These chemicals are recommended only for calves and dry cows because 
of the milk contamination hazard. In the USA the insecticide recommended 
for lactating cows is rotenone, as a 0.5 %-1% dust rubbed into the hair, or 
as a spray containing 1 pound of 5 % powder to· 50 US gallons of water 
(or about 500 g of powder in 200 1 of water). 

Pyrethrum also kills lice, but it must be used in a water-base spray, since 
mist sprays of oil solutions do not penetrate the hair. The water-base spray 
should contain 0.05 % of pyrethrins or 0.025 % of pyrethrins plus 0.25 % 
of a synergist, and should be applied so as to wet the animals to the skin. 
Both pyrethrum and rotenone must be applied again after two or three 
weeks, since they are lacking in residual effect and the nymphs hatching 
from eggs must be killed. 

Screw-Worms 

Screw-worms (Callitroga hominovorax (Cqrl.)) are severe pests in cattle 
in tropical and subtropical areas of the western hemisphere. During the 
summer screw-worm flies migrate into the adjac~nt temperate zones to 
infest animals. The flies lay their eggs on any abnisions, such as cuts or 
scratches, and also on sores caused by ticks and horn flies. Infestations are 
most common in the navels of new-born animals. 

Insecticide treatment is essential when screw-worms are present. If left 
untreated, the infested animals would be literally eaten aliw. 

For calves and dry cows, very effective treatment methods are wound 
dressings containing 3 ~'~ of Co-Ral or 5% of ronnel, or sprays containing 
0.25 % of Co-Ral or 1 /~ of ronnel directed into the wound and used to wet 
the surrounding hair. Calves less than three months old should not be 
treated over the entire body, but such treatment on older calves usually 
protects them from reinfestation for three weeks or longer. An applica
tion of a phosphorus insecticide merely to treat a wound and its adjacent 
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FIG. 6 

APPLYING EQ-335 .SMEAR WITH BRUSH FOR SCREW-WORMS 

area needs to be repeated at about weekly intervals until the wound is 
healed. 

Because of the milk contamination hazard, the phosphorus insecticides 
are not recommended for lactating cows. Wounds on these animals should 
be treated with a dressing such as EQ-335, which contains 3% gamma-BHC, 
35% pine oil, 42% mineral oil, 10% silica aerogel and 10% of an emulsifier; 
or smear 62, which contains 35% diphenylamine, 35% benzene, 10% 
turkey red oil and 20 % lampblack. The dressing should be applied twice 
weekly until the wounds heal (see Fig. 6). If a gamma-BHC dressing is 
used on the navel of a newborn calf, only the minimum amount should be 
applied because of the hazard of toxicity to the calf. 

PEST CONTROL IN FARM BUILDINGS 

Insects Causing Hygiene Problems 

Flies are the most important filth pests in and around animal shelters 
and milk barns. One or more species of the genus Musca, commonly 
called houseflies, can usually be found in abundance in most parts of the 
world, and all are efficient carriers of disease organisms. A number of 
.other muscoid flies-such as Fannia spp., Muscina spp., and blow-flies-
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may be important in some localities. Biting flies of the genus Stomoxys 
often cause severe annoyance to animals while in buildings. Various spe
cies of cockroach abound in farm buildings in some regions and may con
stitute a milk-hygiene problem. 

Houseflies breed in moist, decaying organic matter, including manure, 
straw, spilled feed, and garbage. As all flies do, they pass through four 
development stages-egg, larva, pupa, and adult. The eggs are usually laid 
in clusters of several hundred, and a single female may lay as many as 
2700 eggs over a period of 30 days. They usually hatch in 10-24 hours. 
The whitish larvae, or maggots, feed beneath the surface of the material 
in which they hatch until they are fully grown, usually about 4-10 days. 
They then crawl to the surface and, if it is dry enough, they may pupate 
there. If the surface is too wet, they will crawl to a more suitable place. 
The reddish-brown, barrel-shaped pupal stage lasts for from three days to 
a month or more, depending on the temperature, after which the adult flies 
emerge. Mating occurs within a few days of emergence, and the females 
usually start laying eggs in 4-12 days. There may be as many as twelve 
generations a year. 

Houseflies frequent such filthy materials as manure, human faeces, and 
sputum, from which they may transport pathogenic organisms to milk or 
milking equipment. These organisms may be carried on the feet or hairy 
legs of the flies or deposited in the excreta. Moreover, flies regurgitate a part 
of the stomach contents on to the surface where they are feeding, and this 
may cause heavy contamination. 

They may carry the organisms of typhoid, dysentery, cholera, tuber
culosis, and yaws; in fact, they carry most diseases that can be spread by 
mechanical contamination. 

Fannia and Muscina are similar to houseflies in their breeding-places 
and habits, and they may carry the same diseases. However, they are less 
widespread and usually less abundant than houseflies and play a proportion
ally less important part in hygiene problems. 

Stomoxys seldom breeds in dense manure, but will breed readily in 
manure mixed with straw, in rotting hay, peanut litter, strippings from celery 
or other vegetables, and even in wind-rows of seaweed along beaches. It 
may cause some contamination of milk or milk utensils, but is of most 
importance in barns because of its annoyance to man and animals during 
milking. 

Blow-flies vary widely in their breeding habits. The larvae of some 
species live in excrement, others in carrion, and others in mixed organic 
material. In some localities they may be abundant enough to cause a 
hygiene problem. 

Cockroaches are less conspicuous than flies because they hide during the 
hours of daylight. Heavy infestations may therefore occur in barns, espe
cially where feed is stored, without attracting much attention (see Fig. 7). 
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FIG. 7 

PERIPLANETA SPP. FEEDING, PHOTOGRAPHED BY NIGHT 

The insects are feeding on food left overnight in a feed trough-a practice 
conducive to increased cockroach infestations. During the daytime cockroaches 
will hide in the pipes of milking stanchions, in feed-storage rooms, inside walls 
and attics of dairy barns, and in debris near the barns. 

They are a menace tb proper hygiene, however, since they travel from excre
ment to animal feed, milk, or utensils in the same manner as flies. Although 
cockroaches have rarely been proved to be connected with particular out
breaks of disease, their microbe-carrying ability has been repeatedly 
demonstrated experimentally. 

Cockroaches pass through three developmental stages--egg, nymph, and 
adult. The eggs are deposited in a chitinous capsule, the ootheca, which may 
be carried about by the female until the eggs hatch, stuck to a wall or other 
surface, or simply dropped in a protected place. The nymphs are similar 
to the adults in appearance except for smaller size and the absence of wings. 
They moult several times before emerging as adults. Nymphs and adults 
feed on many materials, including almost all types of organic matter. The 
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time required for development varies widely with the species, ranging from 
six weeks to more than a year for a complete generation. 

Sanitation 

Sanitation is the first and most important step in the control of insect 
pests, despite recent advances in the use of insecticides. Sanitation will be 
much easier if the barns and holding pens are properly located and construct
ed. They should be situated on the highest available ground, so that neither 
rain nor subsurface water will collect and create conditions favourable for 
fly breeding. Good drainage is essential and is more easily achieved on high 
than on low ground. Concrete floors in barns are also essential to the best 
sanitation. Properly designed concrete floors improve drainage and make 
cleaning easier. Keeping the soil of holding pens 0r corrals dry and hard
packed will also help to minimize fly breeding. Where the soil is moist or 
the drainage poor, 4-6 inches (10-15 cm) of gravel on the ground-surface of 
the holding pens will create a fairly hard surface in which few flies will 
breed, provided wastes are raked up and disposed of regularly. 

The most important sanitation step in fly control is the proper disposal 
of manure. If possible, manure should be removed daily from barns and 
scattered on fields, spread thinly so that it will become too dry to support 
fly-breeding. If this is impracticable, the manure should be stored in boxes 
or pits where flies are unable to reach it. Boxes or pits made of concrete 
are the most satisfactory. Another method is to pile the manure in a rect
angular stack, preferably on a concrete base. The manure should be packed 
down with a spade and the sides of the stack made vertical. A ditch should 
be dug around the stack and filled with crude oil. Heat generated in the 
tightly packed manure will kill many maggots and drive the others to the 
surface, from which they will fall into the oil-filled ditch and be killed. 

Spilled feed, vegetable refuse, and garbage should not be allowed to 
accumulate in the open, as they provide breeding-places for flies and food 
for cockroaches. Such materials should be cleaned up promptly and kept 
in tightly closed containers until they can be burned or buried. Damp 
straw, hay, and other vegetable refuse should be eliminated to prevent 
Stomoxys breeding, and carrion should be eliminated to prevent blow-fly 
breeding. In some regions privies may require attention to prevent blow
fly breeding. Trash should not be allowed to accumulate, as it provides 
harbourage for cockroaches. 

Screens and Electric Grids 

Well-fitting screens on windows and doors assist in keeping flies out of 
barns and milk-rooms. Screened doors should swing outwards. Screens 
of copper, bronze, aluminium, plastic, or one of the rust-resistant alloys 
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should be used in humid climates, but galvanized screens are satisfactory 
in dry climates. Screens with 14 meshes to the inch will keep out houseflies, 
but finer screens will also keep out some other insects. 

Electric grids, mounted in the open or attached to windows and doors, 
help in the elimination of flies. They consist of parallel wires, about 1/4 inch 
(or 6 mm) apart, connected to a high-voltage, low-amperage circuit, which 
electrocute flies that land or try to pass through. Flies can be attracted to 
the grids with a bait, such as molasses, milk, or fruit waste. 

Insecticides 

Some use of insecticides may be needed to maintain a high degree of pest 
control, since some breeding will probably occur despite the best efforts at 
sanitation. Insecticides may be used as residual applications in sprays or 
dusts, as space or contact sprays, in baits, and in ribbons or cords. In many 
areas flies have become highly resistant to some of the best insecticides, 
which greatly complicates the problem of control. Some. countries restrict 
the kinds of insecticides that may be used in dairy barns or other situations 
where they might contaminate milk. 

Residual applications 

Residual treatments provide the best control of flies where the problem 
is not complicated by resistance. Sprays may consist of a solution of the 
insecticide in deodorized kerosene, an emulsion made by adding an emul
sifiable concentrate to water, or a suspension of a wettable powder in water. 
The sprays should be applied to all surfaces where the flies settle-not only 
the walls and ceilings of the dairy barns themselves, but also the surround
ing vegetation, other barns, stables, sheds, pig pens, poultry houses, fences, 
and garbage cans. The surfaces should be wet to the point of run-off. 
The amount will vary with the type of surface and the formulation. Usually 
1-2 US gallons per 1000 square feet (or 4-8 1 per 100m2) will be required. 

DDT is the most effective insecticide in areas where flies have not become 
resistant to it. Emulsions or suspensions containing 5 % of DDT will pro
vide residues that control flies for several weeks or months. However, after 
DDT was found in the milk of cows kept in treated barns, it was no longer 
approved for use in the USA in dairy barns or other situations where it might 
contaminate milk or food. It can be used, however, in other farm buildings 
and out of doors. When flies have become resistant to DDT, other insec
ticides must be used. 

Gamma-BHC at 0.5 %, methoxychlor at 5 %, chlordane (1,2,4,5,6,7,8,8-
octachloro-3a,4,7,7a-tetrahydro-4,7-methanoindane) at 2%, or toxaphene at 
5% in emulsions or suspensions, may also be used as residual insecticides. 
Their residual action is not as long as that of DDT. In the USA chlordane 
and toxaphene are not approved for use in dairy barns because of residues 
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in milk; gamma-BHC and methoxychlor may be used in some parts of dairy ·· 
barns but not in milk-rooms. All these insecticides usually give control of 
DDT-resistant flies for a few years, but, like DDT, they are chlorinated 
hydrocarbons and DDT-resistant flies become resistant to them also. 

A number of organophosphorus insecticides have given control of flies 
that were resistant to the chlorinated hydrocarbons, but in some countries 
flies have also become resistant to these insecticides. Their residual action 
is not as prolonged as that of DDT. Those that ha ye been approved for use 
in parts of dairy barns, but not in milk-rooms, in the USA include malathion, 
ronnel, and diazinon (0,0-diethyl 0-(2-isopropylA-methyl-pyrimidinyl-6) 
thiophosphate at l % in emulsions or suspensions. In some countries 
Co-Ral and other compounds have also been used successfully. 

Attempts have been made to lengthen the period of control obtained 
with the organophosphorus insecticides by adding 2.5 %-5 % of sugar to 

FIG. 8 

TREATMENT OF COCKROACH HIDING-PLACES 

In spraying for the control of cockroaches it is necessary to treat the hiding
places. An inspection with a flashlight has shown these hollow stanchion 
pipes to be heavily infested. 
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' the sprays. Although this has extended the effectiveness of deposits under 
some conditions, it has not been uniformly successful, the added periods of 
protection have usually been short, and it has caused mould to grow on the 
treated walls under warm, humid conditions. The use of sugar in this way 
is not at present recommended by the US Department of Agriculture. 

Insecticides applied for the control of houseflies will kill many cock
roaches, but for the best results residual insecticides should be applied to 
their harbourages. To find the harbourages it may be necessary to move 
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objects next to walls, and to search behind and below hard-to-move object's, 
with a flashlight (see Fig. 8). Very heavy infestations often occur inside hollow 
walls if any access holes are available. A careful search at night, with a light, 
will often reveal infestations many times more heavy than suspected from 
a daytime inspection. It will ordinarily be necessary, as a minimum, to 
spray the floors, walls up to about 1 metre, baseboards, and under and 
around feed-troughs and cabinets. 

The best residual insecticide for the control of cockroaches is chlordane, 
but its use in dairy barns is restricted. Gamma-BHC may be used in places 
where chlordane is not approved, but the residual effect does not last as long. 
In the USA one species, Blattella germanica (L.), has become resistant to 
these insecticides, and malathion· or diazinon are employed as substitutes. 
Malathion should be used at 2 % and diazinon at 0.5 % in an emulsion, 
suspension, or oil solution. They may also be applied as dusts in situations 
where the visible residue is not objectionable, will not be removed by 
cleaning operations, and will not contaminate milk or feed. Sodium fluoride 
applied as a dust will also control cockroaches, but i! is less effective than 
the other materials, must be applied more heavily, and must be handled 
carefully because of its hazard, to warm-blooded animals. 

Space sprays 

Space sprays generated with hand or power sprayers or aerosol dispensers 
, are employed to kill the flies that are active in barns at the time of treatment. 
They are released in finely divided mists or aerosols that remain suspended 
in the air for an appreciable period and permeate all the space in the barns 
(see Fig. 9). They have little or no residual action and must be applied 
daily to maintain good control. They are not effective in open barns. The 
inse'cticide most widely used is pyrethrum at 0.1 %-0.2%, together with 
1 %-2 % of a synergist such as n-propyl isome, piperonyl butoxide or 
sesame oil. I 

Space sprays rarely give satisfactory control of cockroaches. 

Baits 

Poisoned baits control houseflies in some places where sprays fail, 
including unscreened dairy barns in some regions. If properly applied they 

I 
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FIG. 9 

SPACE-SPRAYING 

An electrically driven generator produces a space spray by mechanically 
breaking the insecticide solution into an ultrafine mist or aerosol. 
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can be used in most farm buildings without harming animals or contami
nating milk. They may be applied as scattered dry or liquid baits, as paint
on baits, or in bait stations. 

Commercial ready-to-use baits are satisfactory and convenient; if they 
are not available baits can be made with emulsifiable concentrates or wett
able powders of malathion, diazinon, ronnel, DDVP (2,2-dichlorovinyl 
dimethyl phosphate) or 0,0-dimethyl 2,2,2-trichloro-1-hydroxyethylphos
phonate (sold under the trade name of Dipterex). 

Liquid baits are made by mixing 10% of sugar, molasses, or syrup and 
0.1 %-0.2 % of the insecticide with water. A conv.enient dry bait is made by 
mixing 1 %-2 % of the insecticide with dry sugar; it is well to add a little 
lampblack so that the bait will not be mistaken for ordinary sugar. 

A cornmeal bait is recommended for use on moist surfaces, where a dry 
sugar bait would dissolve. While stirring 1 pound ( 450 g) of coarsely ground 
cornmeal, slowly add 1 tablespoonful of peanut oil, 6 tablespoonfuls of a 
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25 % wettable powder or 3 tablespoonfuls of a 25 % emulsifiable concen
trate of the insecticide, and 2 ounces (55 g) of powdered sugar. Stir with 
a paddle until all the meal particles are coated. Five minutes' stirring 
ensures proper mixing of 1-5 pounds. Mixing of larger quantities by hand 
is not recommended. 

The effectiveness of baits depends largely on the selection of the most 
suitable formulation and its proper application. It is necessary to deter
mine where the flies are feeding and congregating and to apply the baits 
liberally in such places. The sweetening agents are not powerful attractants, 
and the baits must be so well distributed that the flies will not fail to find 
them. Once found, the flies feed on them eagerly. The poisons act very 
quickly, and spectacular immediate kills are often seen, but it is usually 
necessary to make daily applications for several weeks until fly-breeding in 
the area has been greatly reduced. Thereafter applications twice a week 
may be sufficient, but if infestations increase daily applications should be 
resumed. 

Ready"to~use baits should be applied according to the directions on the 
container. Home-made liquid baits should be applied with an ordinary 
sprinkling can. It is well to plug about half the holes so that the bait will 
be spread thinly in strips 4-6 inches (10-15 cm) wide. Liquid baits are 
particularly good for application to concrete floors where flies gather and 
feed. Ordinarily about 1 US gallon per 1000 square feet (4 1 per 100m2) is 
sufficient, but if infestations are very heavy larger quantities may be needed. 
On floors or other surfaces covered with dirt or litter, the bait should be 
sprinkled on sheets of tin, wood, paper, or other material. Liquid baits 
should be applied daily until breeding has been controlled, usually after 
2 or 3 weeks; semi-weekly treatments may be adequate thereafter. 

Dry sugar bait may be applied conveniently from a shaker-top can or 
glass jar, and should be sprinkled in narrow strips on floors, walkways, 
window sills, and other places where flies gather. It is a particularly good 
formulation for use in feed-storage rooms, but care must be taken not to 
contaminate the feed. This bait should be used. only on dry, firm surfaces. 
On loose materials, such as straw, the bait may fall where flies cannot get it. 
About 2 ounces per 1000 square feet (60 g per 100m2) is generally 1sufficient, 
but if flies are very numerous more may be needed. 

Cornmeal bait is useful on slightly moist surfaces where sugar bait would 
melt and on dry surfaces as well. It should be applied about twice as 
heavily as the sugar bait. 

Houseflies in dairy barns may come from near-by pig pens, calf pens, or 
poultry houses. Neither a dry bait nor a liquid bait gives good control of 
flies in animal pens in which the ground is muddy, trampled, or littered. 
A paint-on bait is often effective in these places (see Fig. 10 B). It is applied 
with a paint-brush to fly resting-places near by, such as posts, railings, or 
the outer surfaces of fences, where animals cannot lick it. It may also be 



FIG. 10 
USE OF BAIT STATIONS AND PAINT-ON BAITS FOR THE CONTROL OF FLIES 

A: Bait stations should be well distributed 
through barns at places where flies are ob
served to feed or congregate. 

B: Paint-on baits are useful wh·"re the ground 
is muddy or littered, but must be carefully 
placed so that animals cannot lick them. 

C: When flies invade dairy barns from nearby 
poultry houses, bait stations set in the manure 
may provide control. 

D: Houseflies are gathering on this bait station 
10 minutes after exposure, even though the barn 
is well kept. 

E: Myriads of dead flies accumulated around 
7 bait stations in 48 hours in an unsanitary barn. 

B 

D 
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used in barns, applied to window frames, on ceilings around electric lights, 
or in other spots where flies like to rest. Molasses, corn syrup, or a thick 
sugar-and-water slurry containing 1 ~la-2 % of the insecticide makes a satis
factory paint-on bait. In open areas paint-on baits will remain effective 
for a week or more if not destroyed by rain. 

Bait stations are useful for the control of flies gathering on manure or 
muddy surfaces. They are especially suitable for the treatment of accumu
lations of manure under caged poultry, if the flies in the dairy barns are 
coming from such locations, and have some advantages for use inside the 
barns. 

A convenient bait station consists of a paddle made by fastening a 
4-inch (10-cm) square of screen wire to a slender wooden handle about 
6 inches (15 cm) long. The wire is coated with a bait containing 50% sugar, 
46 % sand, 2% insecticide, and 2% gelatine or, better.yet, Bacto agar. The 
sugar is first mixed thoroughly with the sand. Boiling water is then poured 
slowly over the gelatine or agar, while it is stirred, until it has absorbed as 
much as it will hold and starts to liquefy. The liquid is poured over the 
sand-sugar mixture and stirred thoroughly. The insecticide is then added 
and thoroughly mixed in. Additional water may be needed to make a putty
like mixture which can be spread on the screen wire without running off. 
The paddles should be allowed to dry for about 24 hours. 

In use, the wooden handles of the bait stations are thrust into the soil 
around the edges of pens or into the manure in poultry houses, to hold the 
baits in a vertical position with the lower edges just touching the surfaces 
(see Fig. 10 C). They should .be spaced 5 or 10 feet (1.5-3 m) apart where 
flies are numerous. They will remain effective for several weeks unless 
destroyed by rain. For use inside dairy barns they can be tacked along walls 
or on window frames. They are especially useful in feed rooms, where 
they can be laid on sacked feed without danger of contamination (see 
Fig. 10 A). About 50 well-placed stations will provide control in most 
barns. They take longer than scattered baits to produce a high degree of 
control, but a single application remains effective for several weeks (see 
Fig. 10 D, E). . 

Baits may also prove useful for the control of some species of cockroach. 
In the USA a bait consisting 6f 75% cornmeal, 2% Dipterex, and 23% of 
a sweetening agent (dextrin, powdered sugar, or a soft-drink syrup) gives 
good control of Periplaneta spp. in dairy barns but not of Blattella ger
manica. The bait should be scattered liberally in cockroach harbourages 
and feeding-places as revealed by a night examination with a flashlight. 

Ribbons and cords 

·In some regions cloth ribbons or cotton cords treated with parathion 
(0,0-diethyl-0-p-nitrophenyl thiophosphate) or diazinon have given satis
factory control of houseflies when suspended from the ceilings of barns or 



FIG. 12 
SPRAYING METHOD 
FOR UNPROTECTED 
OPERATOR 

Occasional applications of 
the sprays approved for use in 
dairy barns may be made with
out special clothing, but ope
rators should avoid inhalatio~ 
of the spray and wetting of the 
skin or clothing. 

PEST CONTROL 

FIG. 11 
PROTECTIVE CLOTHING 
FOR APPLICATION 
0~ RESIDUAL SPRAYS 
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Applicators who will spend 
much time applying residual 
sprays should wear protective 
clothing. The long spray-rod 
facilitates treatment of ceilings 
as, well as lower parts of walls 
and hard-to-reach places. The 
nozzle should produce a flat, 
fan-shaped spray pattern. A 
power sprayer with 1OOft. (about 
30 m) of hose may be parked 
outside the barn if necessary. 
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sheds. The cords or ribbons are impregnated by dipping in a 5 %-10% 
solution of parathion or a 25 % solution of diazinon. Sweetening agents 
may be added. The cords or ribbons may be coloured as a safety precau
tion. Because of the high mammalian toxicity of parathion it is well to 
use only cords or ribbons that have been prepared by commercial formu
lators. The directions printed on the package should be carefully followed. 
The usual rate of application is 30 feet of cord per 100 square feet of floor 
area (or about 9 m of cord per 10 m 2 of floor area). 

Larvicides 

It is well to avoid the use of chemical fly larvicides if possible, since they 
are liable to hasten the development of resistance. However, if other 
methods fail, it may be necessary to use them in the manure from the dairy 
barns, and perhaps in nearby poultry houses as well. In the absence of 
resistance, chlordane, gamma-BHC, diazinon, malathion, or parathion will 
give satisfactory control when applied at 3-6 ounces per 1000 square feet 
(90-180 g per 100m2). Emulsions give the best penetration of the manure, 
but dusts or kerosene solutions may be preferred in poultry houses if it 
is desired to keep the manure dry. 

Precautions 

Insecticides are poisonous. Careless handling and improper applica-
tion may cause harmful effects on operators, animals, or food products. 

Read the directions on the label carefully before preparing sprays. 
Do not expose the skin to insecticides unnecessarily (see Fig. 11). 
Avoid breathing large amounts of mist or dust (see Fig. 12). 
Do not contaminate feed, feed troughs, drinking fountains, or milking 

utensils. 
Cut off the power before applying residual sprays to electric wires or 

fuse boxes. 
Do not strike matches or smoke when applying inflammable sprays. 
Do not spray oil solutions near open flames or electric coils. 
Do not apply oil solutions to animals in amounts that will wet the skin. 
Keep baits and insecticides where children, pets, and livestock cannot 

reach them. 
Wear gloves when installing parathion-treated ribbons or cords. 



THE HANDLING OF MILK 

L. F. L. CLEGG, B.S.A., Ph.D., D.Sc., D.I.C. * 

It is an old saying that nature never intended milk to see the light of 
day, and as our knowledge of milk hygiene increases the more truth there 
seems to be in this statement. Milk is a highly nutritious fluid and therefore 
readily subject to attack by a great variety of micro-organisms. Hence it 
is desirable that it should be kept free from contamination by micro
organisms carried on dust particles and other air-borne debris. The vita
min content of milk is subject to partial destruction by even a small exposure 
to direct sunlight or diffuse daylight. Thus, the main object in handling 
milk in the dairy barn should be to transport it quickly to the milk-room, 
cool it immediately, and keep it cold in a closed container until ready for 
dispatch. By this means the chemical and bacteriological properties of the 
milk will be best preserved. 

Care in handling milk starts in the cowshed; therefore those aspects of 
milking procedure which might influence the bacteriological quality of the 
milk will be considered here. 

Udder Washing 

Frequently the coat of the milking animal is clean before milking and 
consequently little or no attention is given to the cleaning of the udder. 
It is desirable, however, that the udder of each cow should be washed before 
each milking for three reasons: firstly, to minimize the spread of mastitis 
from one animal to another; secondly, to keep dirt out of the milk and 
thereby improve its bacteriological quality; and thirdly, to act as a stimulus 
to milk ejection or let-down. 

In some modern cow-houses, such as parlours or well-milkers, a supply 
of water is piped to the milking site so that the udder of each animal can 
be washed by a fine spray of water manipulated by the milker. This is 
followed by drying with fresh paper towels. This is probably the most 
satisfactory method of udder washing as it completely avoids the risk of 

*Professor and Head, Department of Dairy Science, ·cniversity of Alberta, Edmonton, Alberta, 
Canada. 
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passing infection such as mastitis from one animal to the next. However, 
where such facilities are not available it is reasonable for the udders to be 
washed with a suitable disinfectant solution in a bucket. Paper towels are 
highly recommended, but where these are not available cloths or sponge 
towels can be used. Probably the most convenient method of udder wash
ing using buckets is with two cloths and two buckets. The first bucketful of 
solution is intended to remove obvious dirt from the udder and the second 
to clean and disinfect the udder. The liquid in the first bucket should be 
changed when necessary; in clean dry conditions it may suffice for 6, 8 or 
even 10 cows, whereas, when the animals come in from wet muddy pastures, 
it may be necessary to use a bucket of water for each animal. Since this 
first bucket is needed only to remove dirt, it might seem unnecessary for it 
to contain disinfectant. However, in view of the ever-present risk of trans
ferring infection by this means from one animal to the next, it is desirable 
that both buckets should contain disinfectant (except of course where a 
fresh bucket of water is required for each animal). 

There is more than one type of disinfectant that can be used in the water, 
but sodium. hypochlorite at the rate of 500 parts per million (p.p.m.) has 
proved to be generally satisfactory. Good reports have also been received 
on the use of quaternary ammonium compounds (QAC's) and other suit
able disinfectants. Newbould & Barnum (1958) assessed the efficiency of 
disinfectants for udder washing by determining the number of micro
organisms that could be removed from teat-cup liners by swabbing imme
diately after the clusters had been removed from the cows. These workers 
found that increasing the concentration of sodium hypochlorite or iodine 
solutions had little effect in reducing the bacterial count as determined above. 
On the other hand, usingachlorhexadine compound, Hibitane, which possesses 
strong bacteriostatic properties, a definite relationship was noted between 
the concentration of the solution and the reduction in bacterial numbers. 

From time to time, it is reported that the use of a certain chemical has 
caused chaps and cracking of the teat. Such reports are not confined to 
one chemical alone, and the skin damage may be the result of a number of 
factors. Frequently a change from one disinfectant to another will remedy 
the condition. 

It is recommended that after the udder has been washed with a wet 
cloth, the cloth should be wrung out outside the bucket, re-wetted, wrung 
out and then used to remove the excess moisture from the udder. The 
drying procedure should obviously be more thorough after the disinfectant 
wash from the. second bucket. It is undesirable to leave the udder in a wet 
condition, as this would allow drops of moisture to get into the milk. 

However effective the udder washing may be, it should not be regarded 
as more than a safeguard against possible infection from unknown mastitis. 
Where cases of mastitis are known, the spread of infection can be prevented 
more effectively by segregating the infected animals and milking them last. 



Use of the Strip-Cup 

Physical examination 
of the milk for gross 
abnormality before milk
ing can be helpful not 
only in detecting early 
stages of mastitis but 
also in preventing ab
normal milk from get
ting into the bulk. A 
high proportion of ab
normal milk is known 
to have an adverse effect 
on such bacteriological 
tests as the methylene 
blue and resazurin tests. 
The use of a strip-cup 
(see Fig. 1) can help to 
detect such abnormali
ties and is essential for 
the physical examination 
of milk. The practice of 
drawing the fore-milk 
on to the floor of the 
barn cannot be too 
strongly condemned, not 
only because stale milk 
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FIG. 1 

THE USE OF THE STRIP-CUP 
IN DETECTING ABNORMAL MILK 
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Reproduced by kind permission 
of Babson Bros. Co., Chicago, 
Ill., USA 

smells putrid and attracts flies, but also because milk containing mastitis 
organisms may be transmitted in this way to other teats of the same cow 
when it lies down, and sometimes to other cows. · 

There is evidence to show that the number of micro-organisms in the 
fore-milk is higher than in the remainder of the milk. It has been suggested 
by some workers that the bacterial count of milk can l;Je reduced by discard
ing the fore-milk, but it is doubtful if this has any significant effect. The 
amount of fore-milk withdrawn is in any case small.. Estimates of the re
duction in bacterial counts by rejecting fore-milk vary: between 1 ~;,; and 4 % 
(Lochhead, 1939). 

Disinfection of Teat-Cups during Milking 

The practice of dipping teat-cup clusters in a disinfectant solution be
tween milking one cow and the next has been practised probably as long as 
milking machines have been used. There are, however, doubts as to whether 
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the practice is worth the effort involved and whether it may not do harm 
by leading to a false sense of security. 

However effective the disinfectant solution used, it is necessary to see 
that no airlocks are formed in the cluster during dipping, otherwise the 
solution will be prevented from entering the liners when the cluster is sub
merged. This can be overcome either by removing the long milk tube from 
the claw-piece (or from the tap on the bucket or pipeline) or by some other 
similar procedure, such as lifting the lid of the bucket or lifting the tap out 
of the bucket lid. Nevertheless, even when adequate precautions have been 
taken to prevent such airlocks, there are still other circumstances that will 
prevent complete disinfection. The claw-piece of the long milk tube will. 
be wet with milk from the previous animal and some of this milk is bound 
to drain back into the liners immediately before the unit is put back on the 
next animal. If the previous animal's milk contained mastitis organisms, 
there is a possibility thatthe next animal may become infected. 

Taylor & Hoy (1954) published a short synopsis of work carried out 
during the war on the effectiveness of dipping clusters in a disinfectant solu
tion between cows. When precautions were taken to prevent airlocks, the 
practice of dipping clusters reduced the percentage of clusters infected with 
Streptococcus agalactiae from 47% to 8 %. These workers found that while 
complete immersion of clusters for periods of as much as 5 minutes in a 
solution containing.2000 p.p.m. of available chlorine was the most effective 
treatment tried, it could not be relied upon to sterilize teat-cups used to milk 
cows that were heavily infected with Str. agalactiae. The immersion of 
clusters for 5 minutes during milking would be impracticable, unless spare 
sets of liners were used. Taylor & Hoy also made the observation that 
Str. agalactiae in naturally infected milk was about 10 times as resistant to 
hypochlorite as laboratory strains. 

It would appear, therefore, that dipping of clusters between cows should 
be given second place to udder washing and the use of the strip-cup and 
should not be practised if the time involved is likely t.o prevent thorough 
carrying-out of either of these two operations. Segregation of badly infect
ed animals is, of course, the most important consideration of all. 

Recent information from the National Institute for Research in Dairy
ing (1959) has shown that, for the disinfection of clusters before milking 
each animal, application of hypochlorite solution at 87°C to the inside of 
the teat-cups for 6 seconds is more effective in preventing the spread of 
mastitis organisms than immersion of the teat-cups in unheated hypo
chlorite for 1 minute. 

Straining ·of Milk 

The straining or filtration of milk causes little or no improvement in its 
bacteriological quality; in fact, the reverse may be the case. Even with the 
most modern filtration equipment, the spaces between the fibres of a filter 
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must be considerably larger than the size of bacteria. in order that the milk 
shall filter at a reasonable rate. Therefore, micro-organisms will be able to 
pass through such filters, and only large particulate matter will be filtered 
out. The removal of such particulate matter will have the effect of improving 
the sediment test on milk, but it will not improve the bacteriological quality, 
because the milk-souring organisms that have the greatest bacteriological 
effect will pass through the filters. The filtration of milk thus serves two 
purposes: it can improve the quality of milk from an aesthetic viewpoint, 
and it can indicate to the producer how much dirt is getting into the milk. 

If the metal strainer, which contains the filter pad, has not been ade
quately cleaned and sterilized, the process of filtration may impair the 
bacteriological quality of the milk. As milk is filtered in any case at 
the receiving dairy, there have been suggestions that there is no need for the 
producer to filter milk before sending it to the receiving depot. Such a prac
tice would prevent the milk from becoming contaminated by contact with an 
additional, perhaps unsterile, surface, and it would also afford the reception
ist at the dairy an opportunity to determine which milk had been produced 
under satisfactory conditions. Straining of milk is perhaps more of a 
traditional than a logical procedure. It was obviously very desirable in 
the days of hand milking when milk was distributed directly from a great 
number of farms to the consumer. With hand milking, and particularly 
wet hand milking, considerable quantities of dirt and particulate matter did 
get into the milk. At the present day, with machine milking, provided that 
udder washing is carried out satisfactorily, there should be little extraneous 
matter in the milk. Filtration will, of course, remove the clots from bad 
mastitis milk, but such milk should be detected by the use of the strip-cup, 
and should be excluded from the bulk. With pipeline milking, specially 
designed filters are placed in the milk pipeline. These, however, do little 
more than supplement the information already pro'.Cided by the strip-cup. 
Further, they are an additional piece of equipment which has to be cleaned 
and sterilized, and their value is therefore open to question. 

Cooling 

The scientific reason for the cooling of milk is to keep it in a bacterio
logically stable state. No matter how clean the methods of milk production 
are, some micro-organisms will get into milk, and it is desirable to prevent 
these from growing and multiplying. Obviously, ·with unsatisfactory 
methods of production the number of micro-organisms getting into milk 
may be excessive. Under these conditions the value of cooling will be 
greater. This information can be readily appreciated from the table. With 
sample A the bacteriological quality after 22 hours with very little cooling 
(i.e., to 65°F(l8.3°C)) was still reasonably satisfactory and almost as good 
as that of sample C held for the same period at a temperature of 40°F 
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EFFECT OF STORAGE FOR 22 HOURS AT DIFFERENT TEMPERATURES ON THE COLONY 
COUNT AND KEEPING QUALITY OF THREE RAW-MILK SAMPLES OF DIFFERENT INITIAL 

BACTERIOLOGICAL QUALITY* 

Sample A Sample B Sample C 

Storage Keeping Colony 

I 

Keeping Colony Keeping temperature Colony quality quality quality (oF) (oC) count count count 
(30°C) at 18°C (30°C) at 18°C (30°C) at 18°C 

(hours) (hours) (hours) 

40 4.4 1 900 46 41 000 38 270 000 24 
50 10.0 1 720 44 48000 34 740 000 20 
60 15.6 15 000 40 110000 26 17 000 000 8 
65 18.3 500 000 26 2 420 000 18 58 000 000 4 
70 21.1 1 700 000 22 16 600 000 6 200 000 000 Sour 

*After Thiel (1948) 

(4.4°C). On the other hand, failure to keep sample C cool for 22 hours 
resulted in souring of the milk. 

The following tabulation shows the effect of different storage tempera
tures on the methylene-blue dye-reduction test of aging milk at different 
temperatures. 

Storage temperature 
(0 F) (OC) 

41.0 5 
50.0 10 
59.0 15 
68.0 20 
77.0 25 
86.0 30 
95.0 35 

Alteration in reduction time 
for every 30-minute increase 

in storage up to 5 hours 
(minutes) 

-2.2 
0 
2.0 
8.2 

13.3 
19.9 
23.4 

A temperature of 50°F (10.0°C) will maintain the milk in a bacterio
logically stable condition for a period of about 5 hours (Smythe, 1945). At 
temperatures above this, the milk will deteriorate according to the tempera
ture at which it is stored, but at a temperature below 50°F (10.0°C) the milk 
actually improves with respect to the result of the methylene-blue reduction 
test. 

The value of milk cooling, therefore, depends to a very large extent on 
the temperature to which the milk can be cooled. This is frequently govern
ed by local circumstances. Where non-refrigerated coolers are used, i.e., 
those in which the coolant is the farm water-supply, the water temperature 
may sometimes approach 70°F (21.1 oq in summertime. There is no doubt 
that going through the motions of cooling with water at that temperature 
is of no benefit whatsoever. Moreover, unless cooling is done inside the 
milk-can, it probably does more harm than good by bringing the milk into 
contact with another surface. Every attempt should be made to ensure 
that the water itself is kept as cool as possible; such obvious measures as 
insulating tanks in the milk-room, lagging pipes leading to the cooler, or 
.seeing that a pipeline from a sp~;ing does not get heated up by the sun, are 
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simple but are frequently neglected. Some farms have two supplies of water, 
yet only one may be sufficiently cool. Provided that it is not badly conta
minated, every effort should be made to use this supply for cooling. 

There are two methods of cooling that can be used with a farm-water 
supply, surface cooling and in-can cooling. 

Swface-coolers 

Surface-coolers (see, for examples, Fig. 4 of chapter by Rice, page 476, 
and Fig. 3, 4 of chapter by Anquez & Tiersonnier, pages 551, 552) may be 
water-cooled or refrigerated; the refrigerated type may employ either the 
direct expansion system, where the primary refrigerant is expanded in the 
tubes of the heat exchanger, or the indirect system, in which a secondary 
coolant, frequently brine, acts as a vehicle to convey the heat from the 
milk to the refrigerant vapour. 

The corrugated cooler. This is a very efficient water-cooler with a single
pass counterflow for water. A water flow at approximately 3 times the rate 
of the milk flow will lower the temperature of the milk to within about 
3°-4°F of the water temperature. This type of cooler is not suitable for 
other than very low water pressures (about 5 pounds per square inch 
(p.s.i.) or 0.35 kgjcm2). 

The corrugated tubular pressed cooler. Two pieces of corrugated metal 
are welded together back-to-back along the ridges and end-pieces are fitted, 
so that there is one continuous tube for the coolant to flow in. This type 
of cooler will withstand higher pressures than the non-tubular type of cooler 
but is not used as an evaporator with primary refrigerants. 

The tubular seamless cooler. This is made out of properly fabricated 
tubes with vertical spacers. This type of cooler is capable of withstanding 
pressures of200-250 p.s.i. (14-17.5 kg/cm2) and can be used with a refrigerant. 

The drum cooler. This type of cooler consists of t\vo stainless steel 
cylinders, 6-8 in. (15-20 cm) in diameter. These are positioned one above the 
other and connected with a vertical spacer. The upper cylinder is for pre
cooling with water, and the lower cylinder for final cooling with a primary 
refrigerant. 

In-can cooling 

Immersion cooling. For this purpose, all that is needed is an insulated 
tank in which the cans are immersed up to the level of the milk (see Fig. 12 
of chapter by Blodgett, page 139). In northern temperate countries the 
temperature of the water may be sufficiently low all the year round to cool 
the milk. In countries where ice is available in the winter it may be harvested 
and stored in ice-houses or ice-wells for use in the immersion cooler during 
the summer. 

Cooling in such tanks is slow, unless there is agitation of the milk, and 
nowadays this is usually performed mechanically. The inversion point of 
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water occurs at approximately 39°F (3:9°C) and below this figure the density 
decreases with falling temperature. It follows, therefore, that convection 
currents set up in a water tank at 35°-40°F (1.7°-4.4°C) will be extremely 
sluggish. The water in the vicinity of the cooling surfaces of the evaporator 
being cooled to around 33°F (0.6°C) will have a slight tendency to rise 
because its density is less than the maximum, and water in the proximity of 
the milk cans being at approximately 50°F (10.0°C) will also tend to rise. 
Thus mechanical agitation of the water is very desirable. Without agitation 
water at 35°F (1.7°C) will take 200 minutes to lower the temperature of 
milk from 90°F (32.3°C) to 50°F (10.0°C); however, with agitation the same 
process will take only 90 minutes. It can be greatly speeded by mixing the 
milk. 

One of the difficulties with immersion coolers is the weight of a full 
can of milk. Cans of above 8-gallon (about 36-litre) capacity are very 
difficult to handle. For example, a full 10-gallon (45-litre) can will contain 
103 lb. (47 kg) of milk, and, unless it is made of aluminum, the empty can 
will weigh about 33 lb. (15 kg). Obviously some form of mechanical 
lifting for this. 136 lb. (62 kg) would be desirable. 

Cascade coolers. The simplest type of cascade cooler is a sparge ring 
(see Fig. 2; see also Fig. 5 in chapter by Anquez & Tiersonnier, page 552). 

FIG. 2 

AN IN-CHURN MILK COOLING INSTALLATION USING A CHILLED WATER COOLING UNIT 

Reproduced by courtesy of Mr Stewart Swift, Ministry of Agriculture, Fisheries and Food, 
Reading, England, and the Electrical Development Association, London, W .C.2, Engl~nd 
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FIG. 3 

DIAGRAM OF BULK MILK TANK 

3 
4 

Refrigeration channels ,and insulation in wall of tank 
Dial thermometer 

Reproduced by courtesy of Van-Vetter Inc., 
Seattle, Wash., USA 

This is merely a tube with holes in it which is bent into a ring and fitted 
around the neck of a can; the water flows out through the holes and over 
the outside of the can. If unchilled water is used, a plentiful supply will be 
needed, because it must either go to waste or be used for cattle drinking. 
If the water can be cooled mechanically, it should be in a closed-circuit 
system, possibly with an ice-bank to allow a small compressor to be used. 
Refrigerated cascade coolers have a slightly better cooling rate than agitated 
immersion coolers. A 10-gallon (45-litre) can with a cascade cooler will be 
cooled from 90°F (32.2°C) to below 50°F (10.0°C) in 50-60 minutes, where 
the water temperature is 35°F (1.7"C). 

A more recent type of cascade cooler embodies a turbine stirrer, and 
a still more modern type has a slowly rotating, tubular water-circulating 
element, which is immersed in the milk, the overflow from this element 
being allowed to flow over the can as a film. 

Bulk coolers 

Only a limited description of this type of cooler will be given here, as 
there are many makes and the manufacturers' brochures are quite detailed 
(see Fig. 3). Furthermore, this type of cooler is expensive to install, and 
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its full advantages cannot be utilized unless milk is collected every other 
day with a bulk pick-up tank. 

Bulk-cooling tanks are of two types: (a) gravity-filled tanks which are 
at atmospheric pressure, and (b) vacuum tanks, in which the vacuum is 
maintained by a pipeline milking machine. Two systems of refrigeratioR 
are used, the ice-bank, and direct expansion of the refrigerant. 

The ice-bank system requires a compressor working 80% - 90% of the 
time. With direct expansion, a larger compressor is needed but it works for 
only 25 %-30 % of the time. Air-cooled compressors and condensors are 
designed in the ratio of 1-HP compressor to 100 gallons (450 litres) of vat 
capacity. A 200-gallon (900-litre) direct-expansion tank with daily pick-up 
of the milk will require a 2-HP compressor, but if the milk is picked up 
every other day a 1-HP compressor will be sufficient. The direct-expansion 
type of cooler costs more than the ice-bank to install, but less to operate, 
because the ice-bank type has a circulating pump. Vacuum tanks may have 
some advantage because they remove some feed odours from the milk 
as the milk is cooled under vacuum, and, in addition, they are dust-proof. 

Milk comes into the tanks at 92°-98°F (33.3°-36.7°C). Most tanks 
cool the first milking to 36°F (2.2°C) in 1 ~ -2 hours. With subsequent 
milkings the milk is cooled more rapidly, because there is a greater surface 
area of the cooler in contact with the milk and because the already cooled 
milk acts as a reserve of cold. The maximum temperature of the blend 
will be about 45°-50°F (7.2°-10.0°C). Nevertheless, the amount of heat to 
be removed is about the same as in the previous milking; consequently, the 
time required to reduce the temperature to 36°F (2.2°C) would be about the 
same were it not that the surface area of the cooler is effectively increased. 

Conclusion 

When milk has been produced and efficiently cooled it is obviously 
logical to see that it is maintained in a cool condition until it reaches the 
dairy. With bulk-tank collection this is seldom a problem, because the 
bulk pick-up tanks are adequately insulated. In some countries, the pick-up 
trucks are covered or even refrigerated, particularly where long hauls are 
necessary. However, there are all too many occasions where hauliers do 
not take sufficient care even to provide a tarpaulin cover or canvas to cover 
the cans. In some areas, they may have little encouragement to do so, 
because farmers frequently leave the milk on stands by the roadside in the 
direct glare of the sun. There is obviously a need for properly constructed 
and shaded milk stands, Clearly, the co-operation of both the producer 
and haulier is essential if milk is to reach the dairy in a sufficiently cool 
condition. 
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CLEANING AND STERILIZATION OF MILKING 
EQUIPMENT ON THE FARM 

L. F. L. CLEGG, B.S.A., Ph.D., D.Sc., D.I.C. * 

In the production of clean milk of good bacteriological quality the clean
liness and sterility of the milking equipment are the most important factors 
-even more so than cooling the milk. The amount of equipment used 
has a direct influence on the quality of the milk; satisfactory cleaning and 
sterilization are therefore more necessary where milking machines are used 
than with hand milking. 

Cleaning and sterilization are complementary processes: neither alone 
will achieve the desired end-result, which is to leave the surface as free as 
possible from milk residues and from inilk-souring bacteria. Cleaning and 
sterilization can be separate processes or they can be combined, as for 
example with some methods of chemical sterilization. The term "cleansed" 
is frequently used to indicate that equipment has been cleaned and sterilized. 
This is a term that is preferable to either cleaned or sterilized, because 
in dairy practice it is rare that both conditions are completely satisfied. 
Milk-contact surfaces are seldom chemically clean and seldom completely 
free of bacteria. 

All cleaning processes in dairy work comprise the following stages: 
(a) a pre-rinse with cold or tepid water, which, if adequately performed, 
removes much of the soil and helps to wet the surface; (b) removal of soil 
from the surface by solution, emulsification, saponification, or mechanical 
action, or by a combination of these methods; (c) dispersion of the un
dissolved soiling matter; (d) remoYal of the used detergent solution to
gether with the suspended and dissolved soil: (e) final rinsing to remove the 
last trace of detergent. 

The Use of Detergents 

Detergents are necessary for cleaning, but the type of detergent used 
and its concentration will depend on the method of w·ashing. For example, 
washing may be done by hand or mechanically, as in the circulation rinsing 

*Professor and Head, Department of Dairy Science, University of Alberta, Edmonton, Alberta, Canada .. 
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of pipeline plant. When alkaline detergents are used for hand washing, 
the concentration should not be more than the equivalent of 0.25 % sodium 
carbonate, otherwise the solution will be too alkaline for the hands. With 
circulation cleaning this consideration does not apply. 

Detergents help to free the surface of milking utensils from fat and 
milk residues and they should not be confused with disinfectants, whose 
sole function is to kill bacteria. · However, strongly alkaline detergents, 
especially if used hot, are bactericidal. There are two main types of de
tergent, the inorganic alkalis and those composed principally of surface
active agents. Modern detergents usually contain a blend of several 
inorganic salts to achieve the desired amount of water softening, rinsing, 
deflocculation and emulsification, with surface-active agents to improve the 
wetting ability of the solution. In present-day practice, special detergents 
are usually manufactured for hard-water areas, and it is not normally 
economical for producers to mix or blend their own detergents. However, 
if detailed information on this question is required, ·the reader is referred 
to a work such as the memorandum on detergents published by the British 
Standards Institution (1956). 

The way in which a detergent is used will be determined by the type 
of sterilization and the general method of cleansing. Accordingly, the 
details of the procedure for using detergents will be found under the various 
sections on different methods of cleansing. 

Sterilization by Heat 

Heat is applied to milk-contact surfaces on the farm mainly in the 
form of steam at atmospheric pressure, boiling water, or hot water. 
There are some so-called " hot-air " sterilizers, but these use moist heat 
and therefore sterilization cannot strictly. be said to be by hot air. When 
heat sterilization is coupled with hand washing, the cleaning and steriliz
ing processes are separate; the usual method of cleaning a milking machine 
is such cases is given below. The same principles apply to hand-milking 
equipment. The necessary materials are a plentiful supply of hot and 
cold water, a single- or double-compartment wash-trough, additional 
large pails, the various types of brushes for buckets, inflations and tubes, 
and a pull-trough or reaming rod for the long rubber milk tube (see Fig. 1 
of chapter by Solberg, page 628). 

Cold-water rinse. The outside dirt and residual milk should be re
moved from the equipment as soon as possible after milking with a brush
rinse in cold or lukewarm water. Clusters should be agitated in this 
rinse-water by vacuum flushing. Rinsing should be continued until the 
surfaces appear to be free from milk. If it is not possible on occasion 
to rinse the equipment immediately, then it should be left completely 
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immersed in water. Rinsing removes most of the soil from the equipment, 
but if milk solids are allowed to dry on the equipment, then the task of 
washing is much harder. 

Hot detergent wash. This is preferably done in a wash-trough (see Fig. 1) 
at a temperature of about ll5°F (about 46°C). If the wash solution is much 
hotter than this it will be too uncomfortable for the hands to allow washing 
to be done satisfactorily. With a 2- to 3-unit bucket machine, 10 gallons 
(45litres) of hot wash are normally required. For a smaller amount of milk
ing equipment less water may be used, e.g., 5 gallons (23 litres). Usually 
4 ounces (115 g) of dairy detergent are added to 10 gallons (45 litres) of 
water, but the proportion may vary with the type of detergent used, and 
the manufacturer's instructions should be followed., The amount of de
tergent used should be approximately equal to 4 ounces (115 g) of soda 
ash or 8 ounces (230 g) of washing soda per 10 gallons (45 litres) of water; 
if the concentration is greater or the alkali stronger than this, defatting 
of the skin of the hands may take place with continual use. The equip
ment should be brushed in the hot detergent solution with suitable brushes 
to remove the remaining surface residues. 

Final clean rinse. A rinse of clean water is necessary after a detergent 
wash to remove the final traces of detergent. It is desirable to use warm 
water if the water is somewhat hard, as a cold rinse may leave a deposit 
on the utensils. 

Steam sterilization 

Steam ranks first in efficiency as a method of applying heat, and on 
large farms it is usually more convenient than scalding water. 

The use of a steam chest is the usual way of applying steam, but this 
method should not be used for milking-machine clusters. If the clusters 
have been washed in a 0.25 % detergent solution they are best sterilized on 
a steam jet at 205°F (about 96°C) for 2-3 minutes.· It is undesirable for 
clusters to be steamed in a chest because it would take a considerable 
time for the heat to penetrate to the inside of the long milk tubes, and the 
air inside such tubes must be replaced by steam before sterilization can 
be effected. The heating of a long milk tube from the outside would 
mean that the rubber would be subjected to much more heat than necessary. 
Further, since hot metal parts would be in contact with rubber for such 
a long period and heat transfer from metal to rubber is quicker than from 
air to rubber, the rubber would tend to adhere to the metal at points of 
contact. (If any rubber parts of a milking machine, such as lid gaskets 
or the rubber bungs of claws, are to be sterilized in a steam chest, it is 
desirable that they should be hung in a muslin bag in the chest and not laid 
on the metal grids.) If rubber is badly washed, steaming will accelerate 
oxidation caused by absorbed fat; however, with well-washed and defatted 
rubber normal steaming will do little to shorten its life. 
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The steaming of cans may create a problem on a large dairy farm 
because the number involved would take up too much space in the steam 
chest. Under such circumstances it is desirable for cans to be steamed 
on a steaming stool. This is merely a metal plate with a central hole 
which admits a steam jet. After washing, the cans are inverted over the 
steam jet and steamed for a minimum of 2 minutes.. It takes at least 1 mi
nute for the mass of metal of the can to come up to the sterilizing temper
ature, and steaming for a further minute ensures virtual sterility. The lids 
of cans may also be steamed on the stool, but the steaming time can then be 
shortened to 1 minute. When many cans are to be washed and steamed 
it is reasonable to have multiple steaming stools, so that two or more 
cans may be steamed at once. A note of caution should be added here 
concerning home-made steaming stools. The position of the end of the 
steam-jet in relation to the plate of the steaming stool is important. If 
the tip of this jet is not level with the upper surface of the plate of the 
steaming stool, the hole in the plate may act as a venturi and cold air 
will be sucked in with the steam. This may result in such a high propor
tion of air being drawn in with the steam that the temperature of the cans 
may never rise above 175°F (79.4°C). 

It is not necessary to have the temperature of the steam inside the steam 
chest as high as that of boiling water. Boiling-point will, of course, vary 
according to the altitude of the milk-house. There are many dairy farms 
situated on the continent of North America at 4000-5000 ft (1200-1500 
metres), where the boiling-point of water is only 96° or 95°C. Most steam 
chests will attain a temperature equivalent to that of boiling water if left on 
long enough. However, moist heat a few degrees below boiling-point at sea 
level, i.e., at about 205°F (96.1 °C), for about 10 minutes will kill all micro
organisms except resistant spores, and even 212°F (100°C) for several 
hours cannot be guaranteed to kill all of these. In order to allow utensils 
time to heat up before the holding-time of 10 minutes, and also to allow 
cold air to be replaced, steam should be admitted slowly to the chest so 
that the coming-up time is not less than 20 minutes. Steam should enter 
the chest at the top, so that it pushes the cold air downwards in a blanket
ing fashion and forces it out of a vent at the bottom which should be not 
less than 1 Y4 inches (3.2 cm) in diameter. This vent will also act as a drain 
for condensed water. The utensils inside the chest should be inverted so 
that the cold air can flow out when the heat treatment begins. The thermo
meter should not be placed in the direct line of a steam-jet but should be 
positioned where it can conveniently be read without danger of being 
broken. 

Recorder and releaser and similar pipeline plants are readily sterilized 
by steam because of their small cubic capacity. Steam must reach all 
parts of the plant, and the caps on pipelines should be loosened to prevent 
dead-ends. It is desirable to steam the plant in the opposite direction 
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to the milk flow. The duration of steaming should be for 2-3 minutes 
after steam is seen to issue out of the teat-cup clusters. 

Steam sterilization can be done twice a day after each milking. While 
this may be desirable in hot weather, it is reasonable to steam only once 
a day in cool weather and to use a chemical rinse after milking. A later 
section deals with the combination of heat and chemical sterilization (see 
page 213). 

Hot-water sterilization 

Boiling or scalding water may be used on small farms where the amount 
of equipment is too small to warrant the installation of steam-raising 
plant. This method can· also be used in emergencies when steam-raising 
plant is out of order. As with steam, scalding water is used after the clean
ing process. The temperature should be as near boiling as possible but 
not less than 185°F (85°C). The utensils and other parts should be im
mersed for 1 minute, but where this is not possible boiling water should 
be poured over the milk-contact surfaces until they are too hot. to touch. 

Hot-air cabinets 

So-called hot-air sterilizers have been used successfully in milk-houses 
in a number of cases. The heating is usually by electrical elements. The 
success.·of this method depends on placing the utensils in the chest in 

•a wet condition. The heat from the electrical elements converts the moi
sture on the utensils into. steam, and it is this agent that brings about steri
lization. Sterilization by hot air as such is possible in the laboratory but 
it is not practicable ·on the dairy farm because of the higher temperatures 
needed to make up for the slowness of the rate of heat transfer as compared 
with steam. With most of these cabinets, the time taken to reach operat
ing temperature is of the order of 3 hours. Some of the cabinets are con
trolled by a time-switch. This is undesirable because the temperature 
attained in the chest will then be dependent on the amount of equipment 
in the chest. It is preferable for such chests to be controlled by a thermo
regulator which cuts off the electricity after the desired temperature has 
been held for 10 minutes. 

Chemical Sterilization 

Sterilization by chemicals has become· more popular in the last two 
decades, particularly because it avoids the necessity for heavy capital 
expenditure in the installation of steam-raising plant. There is no reason 
why chemical sterilization should not give just as satisfactory results as 
steam sterilization if it is well understood and properly carried out. 

Whereas sterilization by steam is governed only by time and temper
ature, sterilization by chemicals is dependent on a number of variables: 
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(a) the strength of the disinfectant solution; (b) the contact time; (c) the tem
perature; (d) the speed of action of the disinfectant and its specificity against 
various types of micro-organisms; (e) the ability of the disinfectant to wet 
and cover the surface and also to penetrate any deposit on the surface; 
(f) the type of surface. 

With a method that is affected by so many factors it is not difficult 
to understand why unsatisfactory results are obtained unless there is 
strict adherence to a definite and well-established routine. Probably of 
greatest importance is the contact time between the disinfectant and the 
milk-contact surface. With the correct concentration of disinfectant, 
satisfactory sterilization can be effected with a contact time of 2 minutes. 
If the time is shorter, sterilization may be incomplete. In a routine where 
weaker concentrations of disinfectant are used and the contact time is 
several hours, the personal factor, as it affects the way in which the routine 
is carried out, is eliminated. 

The success of any method of chemical sterilization depends on whether 
it is reasonable and fits in with the routine of the farm. If so, it will be 
carried out successfully; if not, it may not be done properly. There are 
three basic processes that can be done easily: (a) a rinse lasting a matter 
of seconds; (b) a wash lasting a matter of minutes; (c) a soak lasting a 
matter of hours or preferably the whole of the time between milkings. 
Most chemical sterilization processes have been built up on one of these. 
Recently, automatic re-circulation processes have been introduced and 
these can take any time that is suitable. They can be controlled by a time
switch or made to suit the farmer's routine, i.e., to ;extend over breakfast 
or supper. 

The hypochlorites 

As the hypochlorites are probably used more than any other chemical 
disinfectant for sterilizing milking utensils, these agents will b~ discussed 
here as an example of chemical sterilization. The variations necessary 
when other materials are used will be referred to later. The two hypo
chlorites mainly used in dairying are sodium hypochlorite and calcium 
hypochlorite. Sodium hypochlorite is the more convenient material to 
use because it is a liquid that can be added direct to the \Vater in the wash
trough and it leaves no sediment on the utensils that have been washed. 
However, the fact that it is in liquid form is a disadYantage in a country 
where it would be uneconomic to haul water over long distances. Sodium 
hypochlorite is mainly sold at concentrations between 10~/~ and 17~~ of avail
able chlorine, the latter being about the strongest preparation that can 
be made. Some preparations are available in which sodium hypochlorite 
has been incorporated in the water of crystallization of inorganic detergents, 
such as trisodium phosphate. The maximum amount of chlorine that 
can be contained in such a crystalline material is about 3 %. This mate-
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rial can be made suitable for cleaning in place but it is not suitable for hand 
washing. As mentioned earlier, the detergent concentration used for 
hand washing should not be greater then 0.25 %, otherwise it will have an 
adverse effect on the hands. A 0.25 /~ solution of chlorinated trisodium 
phosphate will yield a solution containing only about 100 parts per million 
(p.p.m.). of available chlorine. This is not a sufficiently strong disinfec
tant solution for chemical sterilization by the hand-washing process. It 
has not been found possible to prepare sodium hypochlorite in a dry stable 
form in a concentration stronger than this. 

Calcium hypochlorite is a solid material which makes it easily trans
portable and hence popular with certain sections of the farming commun
ity. It is a fairly stable compound and was the form of hypochlorite first 
used for chemical sterilization of dairy utensils. Its chief disadvantage 
is that it may leave a residue on the utensils if it is dissolved directly 
in the wash-tank. It is possible to avoid this by making up a strong stock 
liquor, letting the deposit settle in this, and using only the supernatant 
liquid. A supply for several days can be made up in this way. 

Strength of solution. The speed at which bacteria are killed rapidly 
increases with the strength of the hypochlorite, e.g., on smooth metal 
surfaces a 1-minute contact with a solution containing 200 p.p.m. of 
available chlorine is equivalent to a 7-minute contact with a solution con
taining 25 p. p.m. The use of solutions of adequate strength is therefore 
imperative, because the time that can be allowed for the treatment of 
utensils is limited. A minimum of 2 minutes should be given each article. 
This is the contact time that has been established by research to be the 
minimum with a 300 p.p.m. solution of hypochlorite; this strength will 
allow for some loss during the washing procedure. Further increase 
above 300 p.p.m. for utensil washing does not necessarily shorten the time 
for disinfection, but stronger solutions are certainly liable to cause cor
rosion (particularly with tinned steel) and are also unsuitable for hand 
washing. 

( 

Different methods of treatment. Chlorine sterilization for the hand 
washing of dairy utensils was first introduced as a sterilizing rinse after washing 
or cleaning. This practice is still recommended with hypochlorite by 
some manufacturers on the North American continent, but combined 
detergent sterilizers based on disinfectants other than hypochlorite are 
becoming more popular. The combined use of detergent and hypochlorite 
has been practised in Great Britain for the past 15 years to the virtual 
exclusion of the separate cleaning and sterilizing process. The com
bined method is used after a preliminary rinse and the utensils are scrub
bed in a hot detergent-chlorine wash, e.g., 0.25% detergent and 300 p.p.m. 
hypochlorite in water at ll5°F (46°C). Ten gallons (45 litres) of such a 
solution in a wash-trough are sufficient to wash all the equipment of a three-
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unit milking-machine bucket plant. With this method the chlorine dis
infectant is sterilizing the utensils during the whole of the period that the 
utensils are being brushed in the detergent-disinfectant solution. Accord
ing to one school of thought, the use of the combined method is unsatis
factory because the presence of milk solids will dissipate the strength of 
the hypochlorite. While this is correct iri. theory to a certain extent, the 
combined method has been found sound in practice and was only accepted 
after extensive farm trials. In fact 10 gallons of a solution containing 
300 p.p.m. of available chlorine used to wash a three-unit bucket plant 
for 30 minutes will still contain about 200 p.p.m. of available chlorine. 

The advantages of the combined detergent-hypochlorite wash are . as 
follows: 

(1) It helps to ensure the minimum contact time of 2 minutes in the 
sterilizing solution. Without some such automatic control of contact 
time the disinfectant might not be given sufficient time to act, with the 
result that a build-up of micro-organisms could occur on the utensils in 
a few days. Under such circumstances only really efficient cooling of 
the milk would prevent it from souring rapidly. 

(2) The presence of an alkaline detergent in the disinfectant solution 
(or of a synthetic detergent containing alkali) reduces corrosion of tinned 
steel, which is still used extensively for such articles of equipment as milk 
cans. 

(3) There will be a saving of time as, if a separate sterilizing rinse is 
used, the rinsing time (which should be a minimum of 2 minutes for each 
tankful of equipment) will be additional to the washing time. 

( 4) Although the germicidal power of hypochlorite in an alkaline solu
tion is increased as the pH is lowered, in practice the germicidal power 
of hypochlorites against a soiled surface is increased when mixed with a 
detergent because the detergent solution confers greater penetrating power 
on the disinfectant. 

The differences between the separate and combined treatments are 
shown in the table. The use of a sanitizing rinse just before milking is to 
be recommended. It must be noted, however, that this rinse is used cold 
and, moreover, that this is the only occasion on which the disinfectant is used 
with the separate method. This almost invariably means that the contact 
between the utensil and the sanitizing rinse is a matter of a few seconds 
only. It is true that the utensils will remain wet with the solution for a 
short time afterwards, but this is not the same thing as being in contact 
with the disinfectant solution for a period of 2 minutes. With the separate 
treatment, it will be noticed also that the same procedure is used after the 
evening as after the morning milking, whereas \Vith the combined process 
the evening treatment consists merely of a simplified chemical rinse. This 
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DIFFERENCE BETWEEN.THE SEPARATE AND COMBINED CLEANING 
AND STERILIZING ROUTINES 

Method used with 

Time 

I 
Combined detergent and Separate detergent and 

chlorine treatment chlorine treatment 

After morning milking Pre-rinse, then hot 
detergent wash followed 
by plain rinse · 

Pre-rinse, then hot 
detergent chlorine wash 
followed by chlorine rinse 

Before evening milking Cold chlorine rinse -
After evening milking Pre-rinse, then hot Pre-rinse, then cold 

detergent wash followed chlorine rinse 
by plain rinse 

Before morning milking Cold chlorine rinse -

is in keeping with the practice mentioned earlier of a simplified chemical 
rinse and once-a-day steam treatment. 

It has been shown experimentally that if the treatment after the morning 
milking is thorough, a simplified treatment is all that is necessary after the 
evening milking. Micro-organisms take time to grow on utensils, and 
providing a thorough cleaning has been done in the morning a simple 
chemical rinse is all that is necessary to keep them in check after the even
ing milking urifil the next thorough treatment. If a simplified treatment 
is to be given it is preferable for this to be after the evening milking for several 
reasons: (1) This is the time when the operator is tired from the day's work 
and when there is more likelihood of cleaning being skimped. (2) Any 
short cuts introduced in the morning treatment would be disastrous because 
there would then be no satisfactory chemical treatment at all. (3) The 
evening treatment prepares the utensils for the morning milking and it is 
the morning milk which has to last the shorter time before arriving at 
the dairy where it is usually processed. Therefore lower standards are 
normally accepted for morning milk than for evening milk. 

Limitations and safeguards 

It has been found in practice and by experiment that old metal utensils 
with cracked seams and rusted patches cannot be sterilized by chemicals 
in a reasonable time. If it is not possible to repair such utensils, they 
should be replaced. Wire-gauze strainers are almost impossible to keep 
clean and sterile by chemical means and should be replaced by perforated 
metal plates. After the rubber parts of a milking machine have been in 
use for a few weeks they become increasingly difficult to clean and sterilize 
because of an accumulated film on the surface and in the pores and crevices. 
Such a condition requires special treatment. 

There is less likelihood of resistant milk-stone formation with the use 
of chemicals than with heat, which will precipitate and bake the protein 
and mineral material on incompletely washed surfaces. However, che-
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micals do not penetrate in the same way as heat, and an even greater degree 
of cleanliness is necessary with chemical sterilization. It cannot be too 
strongly emphasized that chemical sterilization will not give the desired 
result on surfaces that have been allowed to become unclean by previous 
neglect. 

Neither sterilizing nor cleaning is 100% efficient in normal dairy prac
tice. This is particularly true with chemical sterilization. The residue 
of micro-organisms surviving disinfection from day to day, and the residue 
of milk solids not removed after cleaning, will increase, though perhaps 
not at an arithmetic rate. Such a process can continue for a time without 
there being any noticeable deterioration of the milk. However, after a 
certain period the accumulation of milk solids will provide a suitable 
habitat for those micro-organisms that have survived chemical sterilization. 
Sooner or later a stage will be reached when the bacteriological quality 
of the milk is affected. This change may be quite dramatic in hot weather, 
and with particular supplies the milk may change from being of reason
able bacteriological quality to quite unsatisfactory bacteriological quality 
in the course of two or three days. The deposit of milk solids or film 
assists the accumulation of micro-organisms by affording them protection 
from chemical sterilization. It is therefore necessary to institute period
ically as safeguards (a) heat treatment, which will penetrate the film and 
kill the micro-organisms therein, and (b) descaling, to remove the film 
and thus eliminate the safety-zone for the micro-organisms. 

Heat treatment. Except in very soft water a film or scale will gradually 
form on milk utensils, and after a few days chemical disinfectants will be 
unable to penetrate this film. It is then necessary to sterilize the film 
right through and this is best done by heat. With metal utensils, this treat
ment should be weekly and can be effected either by steam or by scalding 
water. Rubber can also be treated in the same way, although it is usually 
more convenient to give rubber parts a weekly soak for 30 minutes in hot, 
strong detergent (1 %) at an initial temperature of 160°-l70°F (71 o -77°C). 
This will loosen the film, so that it can be scraped off. The combination 
of alkalinity and temperature will provide adequate sterilizing treatment. 
This method also keeps rubber in good condition. 

Descaling. The film or scale that collects on milk utensils after they 
have been in use for some time may be a result of interaction between 
milk solids, detergent and hard water. Although little trouble may be 
experienced in soft-water areas, in places where there is any trace of hard
ness in the water a film will occur sooner or later despite good cleaning 
methods. Fig. 2 shows an enlargement of such a deposit. 

This deposit must be periodically removed. Mild organic acids may 
be used or proprietary materials, some of which are in a convenient powder 
form. One of the common organic acids used is phosphoric acid. Con-



206 L. F. L. CLEGG 

centrated phosphoric acid (specific gravity 1.75) can be diluted in a plastic 
or stainless steel bucket for use. it is most undesirable to dilute this in 
a galvanized wash-trough, which would be attacked by the acid. 

FIG. 2 

ENLARGEMENT (x2Y,) OF MILK-STONE DEPOSIT ON INSIDE OF MILKING-MACHINE RUBBER 

Reproduced from Clegg (1956) by kind permission 
of the editors 

All descaling materials cause some corrosion, and this is to be expected. 
However, it is less detrimental than allowing milk-stone to accumulate 
on the utensils. Corrosion can be minimized if the solution is kept in 
motion, and for this reason the application of the solution with an old 
brush for a short time is preferable to a long soak in a correspondingly 
weaker solution. Rubber gloves and a nylon scrubber may be preferred 
to an old brush. Removal of milk-stone is more effective if the acid treat
ment is alternated with an alkaline detergent scrub. The alkaline treatment 
will attack the proteinaceous matter, and the acid treatment will attack 
the mineral matter of milk-stone or film, which together form a kind of 
matrix. Descaling with one type of treatment may not be able to proceed 
beyond a certain point unless it is alternated with the other type of treatment. 

With phosphoric acid, a 4 % solution should be prepared in reason
ably hot water (150°-l60°F; 66°-7l 0 C): A 1-gallon (4.5-litre) quantity is 
sufficient if it is passed from one utensil to another, so that all are kept 
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reasonably well wetted. It is essential to see that all surfaces of the utensils 
are entirely wetted with the acid solution, either by a brush or a nylon 
scrubber. It is necessary for the surfaces to remain wetted with the acid 
solution for a period of 30 minutes. The film may be quite invisible when 
the acid treatment is commenced, but as it becomes hydrated it expands 
and becomes visible. In fact, the film usually remains invisible until 
20-30 minutes after the acid treatment has started. At the end of 30 mi
nutes the utensils should be rinsed in plain water and then washed once 
more in a warm detergent solution. This will neutralize the acid and 
assist in bringing off the remainder of the film. If there are some parti
cularly tenacious areas of film, the acid treatment should be repeated, 
followed of course by a plain-water rinse and then an alkaline wash. Fig. 3 
and 4 show expanded film which has become visible following a 30-minute 
acid treatment on utensils which showed no evidence of film whatsoever 
before treatment. 

The care and treatment of rubber 

The rubber components of milking machines are expensive, and unless 
proper care is given their life will be short. Knowledge of how rubber 
deteriorates enables suitable preventive measures to be adopted. 

Rubber can deteriorate through the action of light, oxygen, or fat. 
Therefore, the best possible treatment that can be given to rubber is to 
store it in the dark, to exclude air from it, and to keep it in a solution that 
will extract and saponify any absorbed fat. Rubber left in the air will 
be oxidized as a result of attack by ozone. Small cracks in rubber at 
right angles to the direction of tension are characteristic of ozone cracking. 
Ultra-violet light increases oxidation of rubber and therefore hastens 
cracking. This is the reason why ozone cracking is usually noticed on the 
side of rubber which has been exposed to light. Rubber can absorb 30 % 
of its own weight of fat, and this is responsible for the swelling of rubber 
and the resultant softening. Absorbed molecules of fat penetrate in 
between the hydrocarbon chains of the rubber, lubricating them and caus
ing the rubber to become too elastic and to lose tension. An excellent 
account of the make-up and decomposition of rubber can be found in 
the chapter by Berridge in a publication on machine milking (Great Britain, 
Ministry of Agriculture, Fisheries and Food, 1959). 

The rubber parts of a milking machine that deteriorate most rapidly 
are the teat-cup liners or inflations. Very little fat will be absorbed by 
rubber from milk during the course of milking, because the fat particles 
in milk are very stable. It is only when milk residues are left on the rubber 
surface that the fat emulsion breaks and much fat is absorbed. However, 
even with good cleaning methods some fat absorption will take place 
during milking, mainly from the sebaceous glands of the teat. More 
fat will be absorbed by rubber under tension than when tension is relaxed. 
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FIG. 3 

FILM EXPANDED AS A RESULT OF 30-MINUTE TREATMENT WITH PHOSPHORIC ACID 
ON INSIDE OF LID OF MILKING-MACHINE BUCKET 

FIG. 4 

FILM EXPANDED AS A RESULT OF 30-MINUTE TREATMENT WITH PHOSPHORIC ACID 
ON INSIDE OF TAP OF LID OF MILKING-MACHINE BUCKET 
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For this reason alone it is good practice, if possible, to slacken the tension 
on liners between milkings. Greasy udder-salves also aggravate the pro
blem of fat absorption. Non-greasy udder-salves can be obtained. 

To keep the rubber parts in good condition they must be constantly 
defatted. In this way the elasticity of new rubber will be maintained for 
a long period. Liners that have absorbed fat can still be defatted satis
factorily providing oxidation has not gone too far. Heating rubber has 
very little effect on its physical and chemical condition, providing oxida
tion has not commenced. Heat accelerates oxidation, and subjecting fat
impregnated rubber to a severe heat treatment will rapidly bring about 
a softening of the rubber. Satisfactory washing of rubber in detergent 
will reduce fat absorption by removing residues and fat from the surface. 
However, no detergents at the concentrations used for hand washing can 
actually defat rubber. This requires organic solvents or caustic soda 
(lye). Usually, a 5% caustic soda solution is advocated. The action of 
this solution can only take place on the surface of the rubber as 
the NaOH molecule will not penetrate normal rubber. NaOH will 
form a soap with fat on the rubber surface. This will allow more fat 
to diffuse to the surface, and more soap will be formed which can be 
scraped off or washed off with warm water. The methods recommended 
below for treatment of rubber do not necessarily comprise any of the 
safeguards described earlier. Although they may assist in this respect, 
they are primarily designed to lengthen the life of the rubber. Any one of 
the following three methods will give satisfactory results. 

Hot detergent soak 

The rubber parts are immersed in a 1 ~-~ detergent solution at an initial 
temperature of 180"F (about 82"C) for 30 minutes. This can be done in 
a large bucket or tank, and at the end of the soaking period the solution 
can be tipped into a wash-trough, diluted to 0.25 % detergent, cooled if 
necessary, and the rubber brushed or scraped with a blunt instrument to 
remove any loosened film. Long rubber milk tubes are best cleaned after 
soaking with suitable cleaning rods. These rods should be fitted with a 
smooth metal scraper of the correct size, which will not damage the in
terior surface of the tube. 

Wet storage of clusters 

This process has proved its worth for more than 25 years. It was 
introduced by Johns in 1933 and consists of filling the teat-cup clusters 
and long milk tubes with a 0.5% solution of caustic soda, and keeping 
the milk-contact surfaces completely covered throughout the period 
between milkings. Special ~ .tcks can be bought, or simple racks can be 
made, to hold the clusters in position. The claw-pieces of some makes of 
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machine allow the solution to leak out between milkings, and it may be 
necessary to fit a special rubber washer to prevent this. 

Wet-storage of liners is not really successful unless they are first washed 
in a detergent solution. The action of 0.5 % NaOH alone without the aid 
of mechanical brushing will not keep the milk-contact surfaces free of 
film (Great Britain, Ministry of Agriculture, Fisheries and Food, 1959). 

An alternative to the 0.5 % NaOH solution is a 2 % alkaline detergent 
solution containing, in addition, 125 p.p.m. of hypochlorite. A 2-weeks' 
supply of solution can be made up in an old milk can. The method of 
making up the solution in bulk is preferable because the salts present in 
hard water will then precipitate in the can. If the solution is made up daily, 
the precipitation will occur in the clusters and may cause a deposit there. 
The solution should only be used once. There is no need to rinse before 
milking. If the solution is allowed to run to waste and drain out through 
the long milk tube 10 minutes before milking, there will be insufficient 
detergent left either to be noticeable in the milk or to cause damage to the 
cow's teats. However, if a sanitizing rinse is normally given as part of 
the routine it may be more convenient to do this rather than let the clusters 
drain. 

Wet-storage should not be started with rubberware that has been in 
use for some time. Otherwise there will be a danger that a soapy film will 
form on the surface of the rubber, making it slippery. If the ends of the long 
milk tube tend to slip off the vacuum store tubes, this indicates that they 
contained fat before wet-storage was commenced. The remedy for such 
slipping is to dip the ends of the tubes in hot water to remove the soapy 
film. With new rubber the net fat intake will be small, because the fat 
gained at each milking will be largely removed between milkings. 

Defatting of rubber 

The defatting of rubber in 5 % caustic soda has been mentioned above. 
It can conveniently be done with a resting set of liners which are allowed to 
soak for one week in the caustic solution. After this period the liners 
are washed in warm water to remove the soap which will have formed on 
the outer and inner surface of the liners. 

The vacuum line 

Before considering other methods of chemical sterilization it is perhaps 
desirable to digress a little to consider the cleaning of the vacuum line. 
This will enable a complete method of cleaning a milking machine by 
chemical sterilization to be discussed in one section. 

Stall taps on the vacuum line are now almost invariably fitted on the 
top of the line; this :prevents moisture from :training down the long milk 
tube. Vacuum lines should be installed at an inclination to the horizontal, 
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and drainage cocks should be fitted at intervals. To check the slope of 
any system, a pint of water can be poured in at the highest tap. If most 
of the water runs out of the drainage valve or cock furthest away from 
the point of entry in about two minutes the slope may be considered satis
factory. If the water is not clear when it comes out, this indicates that 
the pipeline should be washed. Drainage cocks should always be fitted 
at any point where the slope is interrupted to go across a passageway. 
Pipelines should be frequently examined for sagging, as this constitutes a 
danger. 

Most manufacturers give instructions regarding the washing of the pipe
line. Frequently these stipulate monthly washing and additional washing 
each time it is known that milk has entered the pipeline. Milk can gain 
access to the pipeline when the milking bucket or glass jar is overfilled 
during milking or cleaning, or when a bucket is overturned. A 1 % deter
gent solution at 160°-l70°F (about 71°-77°C) may be used to wash or 
flush the pipeline. Two gallons should be used for each branch line. 
Most of the solution should be drawn to the furthest tap, a portion being 
drawn through each of the other taps. If the line has been badly neglected, 
washing should be continued until the wash-water in the trap comes through 
clear. It is important not to overfill the sanitary trap, otherwise liquid 
may be drawn into the vacuum pump. If the line smells, it may be neces
sary to sterilize it with a chemical disinfectant. A solution of about 
300 p.p.m. should be used (steam can of course be used if this is available). 
Drain-cocks and stall taps should be left open for several hours after 
washing to assist drainage. When a ne·w plant is being erected it is worth 
while to ensure that drainage valves empty on to a washable floor and not 
into a feeding-trough. 

Other chemical disinfectants 

In addition to the hypochlorites, there are three main types of chemical 
disinfectant used in dairying: the organic chlorine-containing compounds, 
the quaternary ammonium compounds and the iodophores. 

Organic chlorine-containing compounds. Probably the most widely used of 
these materials are the compounds of chlorine and ammonia, the chlora
amines, of which there are several. Two other organic chlorine-containing 
compounds are commonly used, namely, dichlordimethyl hydantoin and 
trichloroisocyanuric acid. All three materials are in solid form and can 
be combined with detergents. They are more stable than the hypo
chlorites, but slower in action. Some formulations may be slow in going 
into solution, but providing they are dissolved satisfactorily before washing 
commences, a contact time of two minutes between these disinfectant 
solutions and the surfaces to be disinfected gives an adequate time for 
disinfection. 
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The quaternary ammonium compounds (QAC's). These are cationic 
materials, one of the commonest being cetyltrimethylammonium bromide 
(CTAB). 

There are hundreds of QAC's but only a few of them have disinfectant 
properties. The most useful are colourless, virtually odourless, tasteless 
and non-corrosive, and therefore very suitable as disinfectants for food 
plant. These compounds are highly surface-active and therefore produce 
considerable reduction in surface and interfacial tension. Since the cationic 
part of the molecule is hydrophobic, the disinfectant tends to form a layer 
one molecule thick on any surface-for example, the cell wall of a bac
terium. Thus the disinfectant is automatically concentrated at the point 
required. QAC's are said to have good bacteriostatic properties, because 
the molecules are not readily detached from the surfaces to which they 
have become adsorbed, and as they are very stable, disinfected surfaces 
may remain sterile for many hours after treatment. 

Because the QAC's are cationic they can be inhibited by certain anionic 
detergents. Therefore, manufacturers usually prefer to formulate QAC's 
with a compatible detergent rather than supply them as separate steri
lizers which might be used in the combined washing and sterilizing process 
with an incompatible detergent. Soda-ash is usually compatible with these 
materials, but wetting agents sometimes are not. Some of the phosphates 
are not compatible, but there is no rule to act as a guide. Usually the 
QAC's are more eifective against Gram-positive than against Gram-negative 
bacteria, especially in low concentration. 

The iodine compounds. Iodine is an excellent bactericide, but its use as 
a disinfectant for dairy equipment is new. Hitherto, its corrosiveness, 
toxicity, and low solubility have made it unsuitable for the food industry. 
These difficulties have largely been overcome in the new products called 
" iodophores ", in which the iodine is loosely combined with a suitable 
non-ionic wetting agent, which acts as a carrier; an acid, generally phos
phoric acid, is also added to increase the germicidal activity and to promote 
stability. The carrier or wetting agent acts as a solubilizing medium for 
the iodine, favourably modifying its undesirable properties. In this com
bination the germicidal activity of iodine is enhanced and the vapour 
pressure reduced to a very low value-a necessary requisite for stability. 
The characteristic odour of iodine is reduced to a minimum, permanent 
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staining prevented, and the intense stinging sensation, which accompanies 
the use of tincture of iodine, is eliminated. Hard water does not affect 
the germicidal efficiency of the iodophores. 

Usually, these materials are recommended for use at a strength of 
25 p.p.m., but Cousins, Clegg & Hoy (1959) have shown that it requires 
50 p.p.m. of this material to be equivalent to 100 p.p.m. of hypochlorite in 
laboratory tests. No large-scale field trials have yet been made on these 
materials, but they have been used fairly extensively in North America with 
apparent success. Because of the inclusion of phosphoric acid with som'e of 
these materials, a build-up of milk-stone is prevented; under these circum
,stances it is possible that the disinfectant can act more readily. With pipeline 
plant a low concentration of disinfectant can easily be overcome by increas
ing the contact time. 

The iodophores would appear to be well suited for udder washing and 
in the prevention of spread of mastitis, since they have strong bacterio
static properties and give a much more lasting effect on the skin of the cow's 
udder than do hypochlorites. 

The Combined Use of Heat and Chemicals 

What is the best method of cleansing farm utensils ? How can this be 
done most efficiently? Many producers ask these questions. \Vithout 
doubt steam is the best method, but of course it is not popular because of 
the cost of installing steam-raising equipment. However, if this is a secon
dary consideration then steam will undoubtedly give the best results. With 
regard to efficiency, there is now considerable evidence that once-a-day 
steaming is adequate if a chemical rinse is used after the second milking, 
except perhaps in the hottest weather (Great Britain, Ministry of Agri
culture, Fisheries and Food, 1959). 

The different methods of cleaning equipment are represented graphic
ally in Fig. 5. This shows that the double-strength chlorine rinse is 
recommended as adequate for chemical sterilization. This is also based 
on experimental evidence (Clegg, 1955). Since this method has proved 
satisfactory with chemical sterilization it is obvious that it will be at least 
as satisfactory with steam. The combined use of heat and chemical steri
lization has been practised in the dairy at the );ational Institute for Research 
in Dairying, Reading, England, for over a decade \Vith excellent results. 

Immersion Cleaning 

The development of immersion cleaning in Great Britain (Thiel, Clough 
& Clegg, 1955) was designed primarily to cut out the personal factor, which 
is the biggest variable in the cleaning of utensils, and by this means to pro-
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with detergent and sterilized with either chemicals or steam. Where an 
automatic recirculating process has been installed, of course, immersion 
cleaning would not be worth considering. 

The following is a description of the material and procedure required 
for immersion cleaning for the type of machine with long milk tubes. 

Equipment 

This consists of a mild-steel or rubber bin with a capacity of about 
18 gallons; a fitting mild-steel basket with a perforated bottom, fitted with 
a jig to accept equipment in a definite position so as to avoid airlocks; 
and stainless steel claw-pieces and shells. If direct-to-can milking is used, 
then a special stainless steel vacuum can lid will be required. With some 
types of rubber liners or inflations it is necessary for special lugs to be 
moulded on to the short milk tubes during manufacture (see Fig. 6). The 
purpose of this is to relax the tension on the liner during immersion and 
allow it to remain loosely inside the shell. This permits the liners to be 
rinsed free from the immersion solution after treatment. With those 
types of liner that have a deep lip around the mouth, the moulded lugs are 
not needed on the stem, since the liner shell can be suitably loosened from 
the liner (see Fig. 7). 

FIG. 6 

STRETCHED (TWO-PIECE) AND MOULDED 
LINERS SHOWING SPECIAL LUGS ON 

STEMS TO ALLOW LINERS TO BE 
DE-MOUNTED DURING IMMERSION 

Reproduced from Thief, Clough & Clegg 
11955) by kind permission of the editors 

FIG. 7 

LINERS WITH DEEP MOULDED LIPS 
DEMOUNTED FROM SHELLS 

Such liners do not require special lugs 
moulded on the milk stems. 
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The solution 

This is made up once a month by dissolving 3 lb. (1.4 kg) of caustic 
soda (lye) in 12 gallons (55 litre,s) of water. To this is added 2, 4 or 6 oz 
(56, 12 or 225 g) of ethylenediaminetetraacetic acid (EDTA), depending on 
whether the water is moderately hard, hard or very hard. The solution 
will normally become diluted with rinse water from the equipment to the 
extent of 30% by the end of one month. However, this is still a satis
factory immersion solution, though a concentration of less than 2 % caustic 
soda has a smaller margin of safety. 

Daily procedure 

At the beginning of the day, the clusters and long milk tubes will have 
been immersed in caustic soda since the previous milking. The basket con
taining this equipment is lifted free from caustic soda solution in the bin 
and allowed to drain for a minute or so (see Fig. 8). The metal basket 
(shown separately in Fig. 9) can then be stood on the floor and the equipment 
hosed to remove most of the caustic· soda. The equipment is then 
transferred by hand to a wash-trough containing 5 gallons (23 litres) 
of water to which has been added hypochlorite at a concentration of 
50 p. p. m. The liners are mounted in the shell ready for milking, 
and the long milk tubes are rinsed in the tank and attached to the claw
pieces. It is quite easy to effect adequate rinsing of caustic soda from 
the equipment, but inadequate rinsing will mean that the clusters will not 
stay together during milking. 

After milking, any dung should be brushed off the outside of the clusters 
with a wet brush. The long milk tubes should be disconnected from the 
clusters, which are put into the tank of water previously used before milking. 
The long milk tubes are butted up to a tap and water is allowed to flow 
through. The liners are de-mounted from the shells, and the whole of 
the equipment is placed in the correct positions in the basket (see Fig. 10), 
which is lowered into the bin of caus.tic soda. 

Monthly procedure 

The solution should be rejected each month and any sludge should be 
cleaned from the bottom of the bin. A fresh solution should be prepared 
and all the equipment disassembled and brushed in a detergent solution. 
This is the only time during the month when the milk-contact surfaces are 
brushed, and therefore it is essential that a thorough job should be made. 
During this process the rubber parts should be examined for wear and re
placements effected where necessary. 

Caustic soda solutions are not dangerous except to the eyes, and practice 
has shown that accidents with this type of treatment are no greater than 
with either steam or chemicals. 
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FIG. 8 

INNER BASKET AND EQUIPMENT LIFTED FREE FROM THE CAUSTIC SODA SOLUTION 
AND ALLOWED TO DRAIN BEFORE RINSING IN TANK AT REAR 

FIG. 9 

IMMERSION CLEANING: METAL BASKET SHOWING PERFORATED BOTTOM, 
RACK TO ACCEPT LONG MILK TUBES, AND BRIDGE TO SUPPORT CLUSTERS 
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The time taken by an experienced worker for the preparation of the equip
ment is 3 minutes before milking and another 3 ·minutes after milking. 
He will take 30-35 minutes to effect ordinary chemical cleaning and steri

lization of a three-unit 
FIG. 10 

IMMERSION CLEANING: CLUSTERS, LONG MILK TUBES 
AND BUCKET LIDS IN POSITION IN METAL BASKET 

milking-machine bucket 
plant. 

Extensive trials (Car
reira, Clegg, Clough & 
Thiel, 1955; Thiel,Clegg, 
Clough & Cousins, 1956; 
Cousins, Clegg, Thiel & 
Akam, 1957) have shown 
that this method gives 
results comparable with 
the best results obtained 
by other methods of 
cleaning milking equip
ment. While it is true 
that un~atisfactory re
sults can be obtained 
with immersion clean
ing, this is usually only 
brought about by gross 
negligence. However, 

one practice which can give rise to unsatisfactory' results is the exces
sive use of greasy udder-salves. Non-greasy salves are available, and 
they should be used sparingly as their effect is not improved by exces-
sive use. 

Recent studies 

More recent work (Whitehouse & Clegg, 1960) has demonstrated the 
suitability of immersion cleaning with free-standing bucket plant with long 
milk tubes and with the suspended bucket type of machine where there is 
no long milk tube (Clegg, 1962, unpublished data). With this type of 
machine it is undesirable to allow any moisture to get behind the liner 
because such moisture would soon find its way to the pulsator during milk
ing. With long-milk-tube machines this is not important, because a small 
amount ofliquid would fail. completely to wet the long milk tube and would 
therefore never reach the pulsator. With the suspended-bucket machine, 
before immersion, two short air tubes on the shells are cross-connected, but 
the tension on the liners is not released. The pulsator is then removed from 
the lid, which is immersed in the caustic solution with the shells attached. 
The buckets are washed and sterilized in the normal manner. 
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Pipeline Milking 

The purpose of pipeline milking is to avoid the transport of milk in 
containers to the milk-room and cooler. Thus pipeline milking is a necessity 
with large herds of 60-100 cows. Pipelines can be installed in stanchion 
barn systems or parlours. With the former, much more piping is required; 
with the latter the cow does some of the transport itself. Pipelines can 
be of either stainless steel or glass. The advantage of glass is that the 
effectiveness of the cleaning can be judged by the clarity of the glass. Some 
producers have one section of glass and the rest of stainless steel. The 
two materials cost about the same. Pipelines should be taken down only 
seldom, otherwise the advantage is partly lost. The more frequently they 
are taken down the poorer will be the fit of the gaskets between the lengths 
of pipe. Under pressure the gaskets will then become deformed and tend 
to protrude into the bore of the pipe, thus interfering with the flow of the 
flushing or circulating solutions. This difficulty is now being overcome 
by the use of plastic gaskets. 

Rinse-water can be circulated by gravity, by pressure from a supply 
pump or pressure tank, by pressure from a circulating pump, or by the 
vacuum pump. The rate of passage of rinse-water should not be less than 
5 ft (1.5 m) per second. Each 10 ft (3 m) of 1.5 in. (3.8 cm) glass piping 
and each 12 7'2 ft (3.8 m) of 1.5 in. stainless-steel piping holds 1 gallon 
(4.5 litres) of solution. (Glass piping sizes are determined by the inside 
diameter, and stainless-steel piping by the outside diameter.) The clean
ing procedure should be by usual methods of (a) pre-rinsing, and (b) deter
gent-sterilizer wash or detergent wash followed by sterilization. Sometimes 
cleaning is assisted by passing a rubber ball or sponge of a slightly larger 
diameter than that of the pipe through the pipe while the solution is being 
circulated. The detergent solution should be 1 ~~-2 ~·~ concentration, and 
its temperature should be at least 150°F (about 66°C) initially. Depending 
on the size of the installation 25-40 gallons (114-182litres) of the rinse are 
required for flush-rinsing. For circulation cleaning 15-20 minutes' treat
ment is desirable. 

Bulk Milk Tanks 

Chemical sterilization is usually practised with bulk milk tanks, after 
a pre-rinse. In some ice-bank types of tank it is desirable to have the 
detergent or detergent sterilizer in a rubber or plastic bucket to avoid 
unnecessary cooling of the solution. Proper manual brushing with a 
detergent sterilizer will take 15 minutes if all surfaces of the tank are to 
be brushed twice. Manual cleaning followed by a misting of disinfectant 
as an aerosol is effective, but built-in sprays for pre-rinsing, cleaning and 
sterilizing are becoming more popular and are very effective. 
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MILK CONTROL ON RECEPTION 

C. K. JOHNS, B.S.A., M.Sc., Ph.D. * 

Formerly, official concern over milk quality was largely confined 
to freedom from adulteration. While this is still a problem, even in the 
more advanced countries, the realization that disease could be spread by 
milk has led to the emphasis being placed upon the safety of milk supplies. 
Routine testing for the presence of pathogens is impracticable, but it was 
felt that the greater the care taken in production and handling of milk, the 
less the danger to the consumer. Consequently, methods developed by the 
medical bacteriologist for testing water supplies-plate count and coli
were adapted for assessing the bacteriological quality of milk. Davis 
(1950) has reviewed developments in the bacteriological testing of milk up 
to 1950. 

The widespread adoption of pasteurization or other heat treatments of 
milk has largely removed the concern over safety, particularly of supplies 
intended for pasteurization. With such supplies the results of bacterio
logical tests are regarded chiefly as an indication of the care taken in pro
duction and handling of milk. Where milk is consumed raw, bacterio
logic8.l tests also give an indication-although a far from precise one-of 
the probable keeping quality of the milk. 

In many respects the receiving platform is the key point in relation to 
the quality of milk or of the products made therefrom, and the man in
specting the milk is the key figure. He should, however, be assisted by 
the control laboratory on the one hand and by the farm inspection or ad
visory service on the other. A laboratory should be provided in all but the 
smallest processing establishments; it affords the best and cheapest means 
of assessing the care taken in the production and processing of milk. It 
can frequently aid the inspection or advisory service by indicating the 
probable cause of unduly high bacterial populations, as well as giving 
evidence of mastitis, adulteration, etc. Finally, it can carry out composi
tional tests (fat, total solids, etc.) to detect sub-standard supplies, or as a 
basis for payment. 

*Director, Dairy Technology Research Institute, Canada Department of Agriculture~ Ottawa, Ont., 
Canada. 
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Platform Tests 

These are necessarily rapid tests which can serve as a basis for acceptance 
or rejection of milk. A review of this subject was published in 1952 by 
Clegg. In most dairying countries, chief reliance is placed upon the keen 
nose of a trained man at the intake. By smelling the can lid as it is removed, 
he is able to detect undesirable odours indicative of feed, weed or stable 
flavours, as well as of excessive numbers of bacteria. In some countries 
this is supplemented by tasting the milk. This, however, may involve some 
hazard unless cattle are known to be free from tuberculosis and other 
bovine diseases affecting man. While it would be preferable to use an 
objective test for this purpose, there is unfortunately no test available which 
does not involve some delay. Where the producer has to get his own cans 
back, the delay involved may have serious consequences. 

Milk cooled in farm bulk tanks is so cold that detection of off-flavours or 
odours is difficult. Heating a sample in an electric bottle-warmer or soup
cup is helpful here. 

Acidity test 

This is a crude test for quality, most useful with poor-quality milk 
supplies. It is carried out by titrating a definite volume of milk with stan
dard alkali solution. 1 The result is often misleadingly expressed as " per 
cent lactic acid ". In actual fact, fresh milk, especially from Channel 
Island breeds, may show a titratable acidity as high as 0.23 %, none of which 
is lactic acid (Sommer, 1952). This titration value simply measures buffer 
capacity; it represents the amount of alkali required to bring the pH from 
the initial value of approximately 6.6 to about 8.3, the endpoint of the 
phenolphthalein indicator. Thus, if a low limit, say 0.16 %, is set, this 
may be exceeded by perfectly fresh milk with a high solids content (Sommer, 
1952). On the other hand, with a limit of, say, 0.18 %, milk low in solids, 
or mastitis milk, could undergo appreciable acid development and still 
meet the standard. In most progressive countries, this test is rarely applied 
to market milk, but may be used to check doubtful cans of milk for manu
facturing purposes. 

In titration, some directions (e.g., the American Public Health Associa
tion, 1960) call for diluting milk with from one to ten volumes of water. As 
has been pointed out (Sommer, 1952), such dilution permits a shift in the 
phosphate equilibrium, with a resulting titration value lower than for an 
undiluted portion. 

Alcohol test 

This is the fastest of the objective tests. Usually, equal volumes of 
milk and 68 % ethyl alcohol are mixed; if the milk curdles, it is considered 

' A rougher test, in which definite values of milk and alkali solution are mixed, is commonly used to 
tell whether the acidity exceeds a certain level. 
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unsatisfactory and is rejected. Like the acidity test, it is of little value 
where a quality improvement programme has been in effect. It is used 
mainly with milk for manufacturing purposes. 

This test is open to objections on both sides. On one hand, milk 
giving a positive reaction has usually so deteriorated that within a few hours 
it will clot on boiling; on the other hand, occasional samples which appear 
normal in every respect react positively even when fresh (Clegg, 1952). Not 
only acidity but also increased albumen and salt concentration may be 
responsible for a positive test (Sommer, 1952). 

Ten-Minute Resazurin Test 

In Great Britain, a committee was appointed during the Second World 
War to study the various tests proposed as a basis for rejecting milk unfit 
for pasteurization. They recommended the ten-minute resazurin test for 
this purpose (Barkworth et al., 1942). 

The dye-milk mixture is incubated at 37°C for 10 minutes. The read
ings are interpreted as follows: 

Resazurin disk reading 

4-6 
1-3 Y2 inclusive 
0 and Y2 

Action recommended 

Accept for pasteurization 
Advisable to reject as unsuitable for pasteurization 
Reject 

These standards, while more stringent than those for the acidity and 
alcohol tests, are still very lenient in comparison with bacterial count stan
dards for market milk currently in force in the more progressive areas. 
Milks with counts in the millions per ml may still be classed as acceptable 
(Thomas & Andrews, 1943). While the ten-minute resazurin test is com
monly used by pasteurizing establishments in Britain, in North America 
it is considered that (a) milk failing the test has deteriorated so much that 
it should readily be detected by the odour test, and (b) where shipping 
cans are owned by the farmer, the delay involved in performing the test ·. 
makes it impracticable for any but the smallest establishment. 

Lactic Acid Test 

A test for developed acidity would be preferable to the titratable acidity 
test. Lactic acid is the chief product of bacterial activity, and various 
workers have developed tests for it; the latest is that of Taylor & Clegg 
(1958). A value of 0.03 % lactic acid has been suggested as a useful limit 
for acceptability. It is claimed that a single test can be run in 5 minutes; 
if so, this method may be widely adopted where this much delay is not 
crucial. 
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Sediment Test 

Visible dirt has no place in milk. Consequently, sediment tests to 
demonstrate such dirt are a routine practice in many countries. While 
a poor sediment test is indisputable evidence of carelessness, a clean test 
may merely represent efficient straining on the farm. It should also be 
emphasized that there is little or no correlation bet~een the amount of 
sediment and the bacteriological quality of the milk. Milk heavily con
taminated with sediment may contain only a modest number of bacteria, 
while one devoid of sediment may teem with them. 

Originally the test was conducted by forcing a measured amount (usually 
1-pint-about half a litre) of mixed milk through a 174-inch (3.2-cm) 
lintine disk. More recently the "off-the-bottom" type of test has been 
preferred (American Public Health Association, 1960). In this, the measur
ed • volume of milk is sucked through the lintine disk while the tester is 
moved in a definite pattern across the bottom of the shipping can. Testers 
using compressed air are also in general use in North America. Where 
milk is handled in farm bulk cooling-tanks, recourse is had to a sample 
taken after thorough agitation of the milk. Either a 1-gallon sample (about 
4 litres) is filtered through the regular size of disk (174-inch or 3.2-cm) or 
a 1-pint (half-litre) sample is filtered through a proportionately smaller 
aperture (Liska & Calbert, 1954). Standards representing definite quan
tities of sediment have been in use for years (American Public Health 
As~ociation, 1960); milks containing over 3 mg sediment per pint (per 
j:mlf-litr~)dvith the " off-the-bottom" type tester are usually rejected. 
Mter grading the sediment disk into three or four grades by comparison 
~th the st~ndards, it is customary to return it to the producer. Where 
s~dim~nt is excessive, it .is· obvious to the producer that he should check 
on his production practices. Such . evidence is more easily understood 
thfln are .th~ r~sults of bacteriological tests. . 

Watering 

Where the milk looks suspiciously "thin", a specific gravity reading 
using a lactometer may be made (American Public Health Association, 
1960). If the reading is appreciably subnormal, the milk may be rejected. 
However, it is advisable to confirm the suspicion by a freezing-point deter
mination (American Public Health Association, 1960). The newer equip
ment (Shipe, 19~9) is very much faster and more accurate. 

' ' 'I 

RJ~tine Control Tests 

As· quality impi'ovement progresses, interest goes far beyond rapid 
rejection tests.~ The ideal irs a nnlk supply of good flavour and composi
tion which is free from pathogenic organisms, is derived from disease~free 
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udders, and has been so carefully produced and handled that it is virtually 
free from sediment, and the bacterial content is exclusively composed of 
the udder flora. Such milk shows little or no deterioration in quality even 
when held at a temperature high enough to allow extensive bacterial growth. 

Various methods are employed in assessing the bacteriological quality 
of raw milk. The choice of method will be influenced by such factors as 
the general quality of the supply, cost, interest in quality improvement, 
etc. Where little quality improvement work has been carried out, tests 
such as the " one-hour " resazurin or the methylene-blue reduction test 
(American Public Health Association, 1960) are useful. As quality im
proves, the " one-hour " resazurin test can be replaced with the " triple
reading" test, the direct microscopic count (DMC) or the standard plate 
count (SPC) (American Public Health Association, 1960). Finally, where 
bacterial numbers are extremely low, the SPC appears to be the most suit
able test. 

With all the emphasis on prompt, efficient cooling of milk there is a danger 
that cooling may mask careless production practices. To put more empha
sis on cleanliness, "preliminary incubation" at 12.8°C for 18 hours has 
been advocated (Johns & Berzins, 1959). Holding at 15.6°C for 21 hours 
has also been used (Chalmers, 1956). Cleanly produced milks are not 
adversely affected by this treatment; those containing external contamin
ants generally show marked bacterial growth, sometimes an increase of 
over one hundredfold. (Thermoduric bacteria are an exception; they fail 
to grow in raw milk at 12.8°C.) The inadequacy of examining the freshly
taken sample has long been recognized in Britain, where samples are held 
at atmospheric shade temperature for 12 or 18 hours before being tested 
(England and Wales, Ministry of Health, 1937). (Holding at a fixed tem
perature would appear to be much more satisfactory, even where, as in 
Britain, the atmospheric temperature range is fairly narrow.) 

The need for preliminary incubation is most evident where a dye reduc
tion test is employed. In Britain it was early recognized (Wilson, 1935) 
that dye reduction tests during the winter months frequently fail to detect 
milks containing large numbers of bacteria; these are so dormant as a 
result of the low atmospheric temperature during preliminary storage that 
growth and consequent reduction of the dye during incubation at body 
temperature are slowed down. This is even more true of milk rapidly cooled 
to 4°C or lower in farm bulk tanks and collected every other day. With 
such well-cooled milks, the formerly established relationships between 
bacterial numbers and reduction times have been seriously distorted. Pre
liminary incubation at 12.8°C helps overcome this distortion; following this 
treatment, grading by the triple-reading resazurin test is in closer agreement 
with that by the SPC (Johns & Berzins, 1959). 

Results of routine tests should be sent to producers to stimulate their 
interest in the bacteriological quality of their milk. A competitive element 
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may be introduced by listing all producers in order of quality and marking 
for each producer his own standing. Prizes or bonuses offered for the 
best year's record have also been effective in stimulating interest in quality 
improvement (S. J. Olsen, personal communication, 1956). 

Where milk is to be pasteurized, the chief purpose of routine control 
tests is to assess the care taken in the production and handling of milk. 
Keeping quality is of little significance, since the types of organism usually 
responsible for spoilage of pasteurized milk are almost all destroyed by 
the heat treatment. Where raw milk is bottled and distributed, keeping 
quality is of great importance. Whether or not a special test for keeping 
quality, such as the "clot-on-boiling" test (Barkworth et al., 1942), should 
be used is a matter of opinion. Milk which will meet most current stan
dards, especially if subjected to preliminary incubation, should have ample 
keeping quality under all but exceptionally unfavourable conditions. The 
subject of quality tests for milk has recently been reviewed (Galesloot, 1956; 
Johns, 1959; Overby, 1955). 

Viable counts 

The well-known plate-count or Petri-dish method was the first one 
developed and is still the most widely favoured test for low-count milks. 
It is, however, expensive and time-consuming and requires well-trained 
personnel. 

Over the years, with increased knowledge, the standard plate-count 
procedure has been improved by the use of lower incubation temperatures 
and more productive media. Much of this improvement can be credited 
to the committees responsible for the various editions of Standard Methods 
for the Examination of Dairy Products (published by .the American Public 
Health Association). Although dairy bacteriologists (Babel et al., 1955) 
uniformly prefer 30°-32°C to the 35°C alternative currently recommended 
in Standard Methods, public health laboratories more often favour the 
higher temperature. This frequently yields much lower counts, especially 
on pasteurized samples. In Britain, while incubation at 30°C is favoured 
for advisory work {Griffiths et al., 1957), 37°C is still employed for official 
analyses by health departments. At this temperature all psychrophilic 
organisms, and many thermoduric organisms, fail to develop colonies 
in 48 hours. 

The SPC is intended to reflect as . closely as possible the total number 
of bacteria present in a sample. However, not all bacteria will form 
visible colonies on the standard agar medium under the specified incubation 
conditions. Furthermore, a colony may arise from a single bacterial cell 
or from a chain or clump of cells containing a hundred or more. Never
theless, the plate count is still the most precise means of estimating the 
bacterial population of milk, especially where bacterial numbers are low. 
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Several other procedures have been advocated as substitutes for the 
more expensive plate-count method, especially for use as " screening " 
tests. In the Burri slant method (American Public Health Association, 
1960) a measured loopful of milk is spread over the surface of an agar 
slant, and the colonies are counted after incubation. It is particularly handy 
for studies where laboratory facilities are not available. In the " little 
plate" method (Frost, 1916), bacteria grow on a microscope slide in a 
thin film of agar medium inoculated with the milk. The film is dried and 
stained and the colonies are counted under the microscope. The original 
method has been modified by various workers, but has not come into 
general use. In America, however, interest appears to be increasing. The 
"roll-tube " (Lab. Practice, 1957) and " agar-strip " methods (Stirling et 
al., 1950) have also been developed as cheaper modifications of theJplate
count method. 

In most areas, official count limits have been established for pasteurized 
milk. To meet these limits the raw milk must not contain too many ther
moduric (heat-resistant) bacteria. 1 Consequently, incoming supplies should 
routinely be tested for these organisms by a " laboratory pasteurization" 
test (American Public Health Association, 1960). Thermoduric bacteria 
are rarely found in the udder; neglected milking equipment, especially the 
rubber-ware, is usually responsible for their presence in milk. Therefore 
the laboratory pasteurization test is considered by some to give a more 
satisfactory indication of faulty production practices than does the SPC. 
Several simplified methods for determining thermoduric counts have been 
described (American Public Health Association, 1960; Egdell et al., 1950); 
they are cheaper and less refined than the plating method but are quite 
adequate to detect heavily contaminated milks. 

Direct microscopic count (DMC) 

This method (American Public Health Association, 1960), with which 
the name of Breed has long been associated, has been extensively used in 
North America for the examination of raw milk. In qualified hands it 
can furnish much useful information concerning the past history of the 
milk, and in addition can reflect abnormal udder conditions such as mastitis. 
It may be used as a rapid means of checking the quality of any can or tank 
of ritilk, the results being available within minutes. 

The direct microscopic test is most reliable when applied by trained 
workers to milks with counts in excess of 500 000 per ml (Wilson, 1935). 
As the bacterial numbers decrease, the experimental error increases, and 
more fields must be examined in order to obtain a reliable estimate. This 
makes the method even more expensive than the plate count for low-count 
milks. Consequently, in North America the popularity of this method 

1 In Britain the problems posed by heat-resistant bacteria have been by-passed by substituting a keeping .. 
quality test for the plate count on pasteurized milk; in North America high counts of these organisms are 
taken as indicating insanitary milking equipment. 
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for market milk has declined. This has been hastened through the pheno
menal expansion in the use of farm bulk cooling-tanks, 1 wherein bacterial 
growth in the milk is virtually eliminated, and lower bacterial count stan
dards (50 000 per ml) are being employed (Corash, 1956). 

Recently it has also been realized that wide variations in counts on 
" split " samples, and poor agreement between direct microscopic and plate 
counts are largely attributable to inadequate illumination, poorly trained 
workers and-most often-counting far too few fields (Levowitz, 1957). 
Even with well-trained technicians, there is also a fatigue factor which has 
not previously been recognized (W. C. Lawton, personal communication, 
1959). Finally, technicians prefer to make plate counts. 

When the plate count or the methylene-blue reduction test is used, no 
indication of abnormal udder conditions (mastitis, etc.) is obtained. Hence 
it is desirable to examine the milk for cells occasionally by the direct micro
scopic test. The "strip-counting" procedure (Levowitz, 1957) using the low
power objective, enables the entire area of the milk film to be surveyed in 
a few seconds. An improved " single-dip " staining solution (Levowitz 
& Weber, 1956) to replace the Newman-Lampert stain is giving good 
results. 

Dye Reduction Tests 

Bacteria growing in milk bring about a decrease in the oxidation
reduction potential. This can be detected through the use of a suitable 
indicator, such as methylene-blue or resazurin (American Public Health 
Association, 1960). These form the basis for simple methods of measur
ing the bacteriological quality of milk. Such tests require little equipment 
or technical skill, and allow rapid evaluation of the quality of large num
bers of samples. Poor-quality milks are reduced most quickly, enabling 
a check to be made at the farm without delay. 

Bacteria vary in their redl!cing activities and optimum growth tempera
tures. Consequently, the agreement between reduction time and viable 
count is t greatest with high-count milks. Other factors also tend to dis
tort the correlation originally established. Rapid cooling and holding of 
milk at a low temperature leaves the bacteria dormant, increasing the re~ 
duction time. Under such conditions, too, psychrophilic bacteria ·may 
make up a large percentage of the population; these fail to grow at the 
usual incubation temperatures-35°-37°C Increasing numbers of heat
resistant bacteria, coming largely from neglected milking machines, are not 
adequately detected by dye reduction tests (Smythe, 1959) as these organ
isms are weakly reducing. On the other hand the use of more suitable 
media and incubation temperatures has increased the level of plate counts, 

' In January 1961 over 160 000 of these tanks were in use in the USA. It is probable that within a 
few more years all market milk in the USA will be handled in bulk tanks. 
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while increased dye concentration in the methylene-blue reduction test has 
prolonged reduction time. Finally, the indicator resazurin is partially 
reduced by abnormal milk (for example, that associated with mastitis, late 
lactation, etc.). 

Methylene-Blue Reduction Test 

The methylene-blue reduction test, described by Barthel and Orla Jensen 
in 1912, is probably the most extensively used bacteriological test for raw 
milk. Its advantages are simplicity, reproducibility, cheapness, and rapid 
detection of poor-quality milks. Little technical training is required, and 
several hundred samples may be tested simultaneously. 

In Britain a modification (Wilson, 1935) of the methylene-blue reduction 
test replaced the plate count for the examination of raw milk in 1937 (England 
and Wales, Ministry of Health). This modification calls for frequent 1 

inversion of tubes during incubation to redistribute the bacteria which are 
swept to the surface by gravity. Results are more accurate and repro
ducible than with undisturbed incubation. The test is not run on the 
fresh sample. Instead, the sample is held at atmospheric shade temperature 
for 12 or 18 hours before testing. While this has definite advantages, in 
cold weather the grading is too lenient. Storage all year round at a fixed 
temperature in the range of 10°-15°C would seem much preferable. 

In areas where mechanical refrigeration is not generally used, and where 
less stringent standards are in force, as with milk for manufacturing pur
poses, the methylene-blue reduction test, applied to the freshly-taken 
sample, is still widely used and is generally giving satisfaction. 

Resazurin Reduction Test 

One objection to the methylene-blue reduction test has been the lengthy 
incubation period. For a plate-count standard of 200 000 per ml, a reduc
tion time of over 5% hours has been accepted as equivalent (Pub!. Hlth Bull. 
(Wash.), 1953). Where milk supplies arriYe at noon or later, testing in
volves either overtime work in the laboratory or refrigeration of samples 
overnight. Consequently, there has been interest in the use of other dyes 
which would give results more quickly. Of these, resazurin has been most 
widely accepted. A number of modifications haYe been described, only 
three of which appear to have come into general use. The original " one
hour " test graded the milk by the degree of colour change after one 
hour at room temperature; incubation at 37°C was subsequently adopted 
(Ramsdell et al., 1935). A "temperature-compensated" test is employed 
in Britain (by the Department of Health for Scotland); in this the reduction 

1 Inversion every hour gives the same results as inversion eYery 30 minutes, as recommended by \Vilson 
(Johns, 1939). 
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time for acceptable milk varies according to the mean atmospheric shade 
temperature during the preliminary holding period. 

While the " one-hour " test has some value where bacteria-count levels 
are high, it is generally considered to be of limited value for most market 
milk supplies. A more acceptable modification is the triple-reading test 
(American Public Health Association, 1960). This test employs as end
point a colour (5P7/4 in the Munsell system) midway between the initial 
blue and full pink, which is reached in approximately half the time required 
for complete reduction of methylene-blue. In addition to correlating well 
with the bacteria count, it also reflects excessive numbers of leukocytes. It 
has been accepted as a standard method (American Public Health Asso
ciation, 1960) since 1948, and is widely used in controlling fluid milk sup
plies in Canada. In Denmark a slightly stiffer grading has been suggested 
(Hempler, 1950), using a slightly earlier end-point, which is considered 
superior in distinguishing exceptionally good milk from that of only satis
factory quality. As a means of distinguishing between reduction by 
leukocytes and that by bacteria, Hempler has recommended a second 
end-point at the full pink stage, in addition to the earlier one. Another 
Danish bacteriologist (Overby, 1955) studied the various dye reduction 
tests. He was most impressed with the effectiveness of the triple-reading 
test. 

The third modification, the " ten-minute " test, has already been des
cribed under "platform tests" (see page 224). It is only effective in detect
ing milk too deteriorated to be accepted for pasteurization. 

It is unfortunate that many writers refer to the resazurin test without 
indicating which one they mean. Many comments on the inadequacies 
of the test obviously refer to the " one-hour " test, and not to the triple
reading test. 

Like the methylene-blue test, the resazurin test has been affected by those 
factors tending to distort the former relationship between reduction time 
and bacterial count. There is much better agreement between resazurin re
duction time and plate count following preliminary incubation at 12.8 oc for 
18 hours (Johns & Berzins, 1959). It is also true that low-count milk 
containing numerous leukocytes brings about early reduction of resazurin 
(Ramsdell et al., 1935). This is regarded as an advantage of the test since 
such milk cannot be considered desirable. Resazurin is more sensitive to 
light than methylene blue but does not stain glass-ware as does the latter. 
As 8 % of the male population are colour-blind, workers using the test 
should be tested for colour vision. Colour changes should be observed 
under a fluorescent daylight lamp. Munsell colour standards (American 
Public Health Association, 1960) in test-tubes are more convenient than 
the Lovibond apparatus described by Davis & Thomas (1940). 

Of recent years another indicator-2,3,5-triphenyltetrazolium chloride
has been advocated (Mustakallio et al., 1955). Its value appears to be 
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greatest in indicating high-count milks and detecting substances inhibit
ing lactic streptococci (Neal & Calbert, 1956). The dye is highly sensitive 
to light. 

Keeping-Quality Tests 

As the proportion of milk delivered raw continues to drop in most 
countries, interest in keeping-quality tests for raw milk declines. Where 
milk is to be pasteurized or sterilized, the value of determining keeping 
quality before heating is open to question. Testing after bottling would 
be more useful, especially since spoilage of cooled milk is most frequently 
attributable to growth of psychrophilic bacteria which have contaminated 
the milk after pasteurization. 

Various procedures, mostly modifications of the dye reduction tests, 
have been advocated as keeping-quality tests. Since the organisms which 
grow best at the temperatures at which milk is commonly held are not 
necessarily those that grow best at body temperature, incubation at lower 
temperatures, for example, 18°C, has been suggested. In Britain, a great 
deal of attention has been devoted to keeping-quality tests for raw milk; 
in particular, the " clot-on-boiling" test, in which portions of the samples 
are immersed in boiling water twice daily, has been advocated (Rowlands 
et al., 1950) for this purpose. This method was adopted for routine testing 
in England and Wales in 1961. 

Coliforun Tests 

Authorities in North America have rarely been interested in the coli
form (colon-aerogenes) content of raw milk, feeling that high counts more 
frequently indicate :growth than initial contamination. They cannot be 
taken as an indication of faecal contamination; neglected milking machine 
rubber-ware is the most frequent source of high counts (Smillie, 1953). 
In Britain, on the other hand, many authorities feel that the coliform count 
furnishes a better indication of the care taken in production than does the 
total bacterial content (Griffiths et al., 1957; Smillie, 1953; Thomas, 1955). 
Since the volume of milk being cooled in farm bulk tanks in America is 
rapidly increasing, however, more interest in the coliform content of raw 
milk may be expected there. 

The coliform content may be determined by either of two general 
methods {American Public Health Association, 1960), both of which have 
their adherents. In the tube dilution method, measured amounts of milk 
(or its dilutions) are inoculated into a selective fluid medium containing 
ingredients tending to inhibit growth of non-coliforms. In the plating 
method, 1-ml or smaller amounts are plated directly in a selective agar 
medium. Incubation was formerly at 37cc but various workers have 
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shown that many lactose-fermenting organisms escape detection at this 
temperature; roughly twice as many positive tests were obtained by incub
ating at 30°C (Wilssens & de Vleeschauwer, 1956). It is not considered 
necessary to confirm positive tests, or to determine the type of organism 
present, as in water analysis, since the presence of faecal types does not 
indicate a potential health hazard as it does in water. 

Tests for Mastitis 

Milk is usually defined as the normal secretion from a healthy 
udder. This has been largely overlooked in many milk regulations, where 
emphasis has been mainly or entirely on the bacterial content. Of the 
routine control tests, the " one-hour" and triple-reading resazurin tests 
are the only ones which automatically penalize abnormal milk, i.e., that 
containing excessive numbers of leukocytes or other body cells. With 
low-bacteria-count milk, non-bacterial reduction can readily be distinguish
ed by the rapid change in colour during the first hour or two, followed 
by little further change until bacterial growth causes further reduction. 
Hempler's procedure for distinguishing non-bacterial reduction has already 
been mentioned. 

One weakness of the preliminary incubation at 12.8°C is the sharp 
decline which occurs in the reducing activity of the leukocytes. This makes 
it necessary to employ a separate test for their detection. A leukocyte 
count may be made in conjunction with the direct microscopic count. 
This is one of the most satisfactory procedures; a trained worker can fre
quently make useful deductions concerning the type of infection, especially 
if the sample is incubated for some hours or overnight at body temperature 
before the smear is made. 

During recent years there has peen increasing interest in the use of 
rapid chemical tests for the detect1on of abnormal milk. These may be 
used on individual quarter samples or on bulked herd-milk samples, and 
are simple enough for use on the farm or on the receiving platform. Of 
these, the modified Whiteside test is the most widely known (Murphy & 
Hanson, 1941). One drop of 4% NaOH is stirred into 5 drops of milk 
for 20 seconds. Abnormality is indicated by the extent of flaking and 
thickening that develops. The test is highly regarded by many who have 
had experience with it. An off-shoot of the Whiteside test, known as the 
California Mastitis Test (Schalm & Noorlander, 1957) has been developed 
to replace the strip-cup test on the farm. It utilizes a pH indicator, in 
addition to a surface active agent, to indicate abnormal conditions. An
other modification using a surface active agent (Teepol) has also been des
cribed (McKenzie & Cameron-MacKintosh, 1958). The routine use of 
tests of this nature would help to direct attention to those herds most . in 
need of veterinary service. 
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Tests for Antibiotics 

The presence of detectable quantities of antibiotics in milk has recently 
given both health officials and industry some concern. Although occa
sionally added deliberately, most often antibiotics are residual from masti
tis therapy. They may inhibit bacterial growth to the extent that milk is 
graded as better than it is, and may also interfere with acid production in 
the manufacture of fermented dairy products. Various procedures have 
been recommended for their detection in milk; the agar diffusion method 
(American Public Health Association, 1960) and the TTC (2, 3, 5-triphenyl
tetrazolium chloride) reduction test (Neal & Calbert, 1956) are two that are 
frequently used. 

It seems unlikely that a test rapid enough to serve as a rejection test 
will be developed. The incorporation of a marker dye in the antibiotic 
preparation (Hargrove et al., 1959) appears to be the most promising 
approach. 

Compositional Tests 
Butterfat 

Since the publication of the Babcock test in 1890, and of the Gerber 
test in 1892, it has been customary to determine the butterfat content of 
milk supplies received from farmers. In most countries the fat content 
is a factor in determining the price paid. In North America, Australia 
and New Zealand, the Babcock test is still generally used, although in the 
States of California, New Jersey, New York and Pennsylvania the Gerber 
test is officially approved. In Europe the Gerber test has long been favour
ed. Both tests yield results sufficiently close to those by the extraction 
method to be considered satisfactory, although minor modifications to 
obtain closer agreement are being advocated. 

There has always been interest in a test which avoided the need for 
using strong acid. During the past decade, several "detergent "-type 
tests have been described in which a surface active agent plus an alcohol 
has been used to free the fat from the non-fatty materials. Comparative 
trials (Herreid, 1957; Hoover et al., 1958) indicate a degree of accuracy 
comparable to that of the Babcock test. 

Solids-not-fat 

Gravimetric procedures are time-consuming and expensive. Consequent
ly, reliance is placed upon density measurements employing special hygro
meters called lactometers (American Public Health Association, 1960). A 
modification (Watson, 1957) using a smaller lactometer and sample, is 
considered to be more rapid and less tedious. Various formulae have 
been developed for calculating the solids-not-fat from the lactometer read
ing (Sommer, 1952). More accurate results are obtained by first heating 
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milk to 39°C to melt the butterfat. The use of plastic disks or spheres 
of various densities has recently been advocated (Golding, 1959). This 
method has obvious advantages. 

Conclusions 

The keen nose of a trained man inspecting incoming milk shipments 
is the most important single means of detecting milk of unsatisfactory 
quality. For quality improvement a variety of laboratory tests may be 
used, the choice depending on the level of bacterial contamination and the 
availability of funds, facilities and trained personnel. 

A full quality-control programme would include routine testing for sedi
ment, total bacteria (by plate count, direct microscopic count, or methylene 
blue or resazurin reduction test) fat and total solids. Supplementary tests 
to be run less frequently should include a laboratory pasteurization test, 
a test for watering, and one for mastitis (leukocytes, Whiteside, California 
Mastitis Test). Where bacterial growth is virtually eliminated, as with 
farm bulk tanks, preliminary incubation of samples at 12.8°C for 18 hours 
is useful for indicating where cooling is being substituted for cleanliness. 
The coliform count on bulk tank milk may also provide valuable informa
tion concerning the cleanliness of milking equipment. 
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PAYMENT ACCORDING TO QUALITY 

J. EKMAN* 

Milk quality is a term of very wide scope. It takes into consideration 
the proportions of the main components of the milk, the chemical compo
sition, taste and flavour, the possible presence of extraneous substances, 
the content and action of pathogenic and non-pathogenic micro-organisms, 
environmental sanitary conditions at the place of production, and hygienic 
handling and processing between production and consumption. 

The object of payment for milk according to quality is twofold: to pay 
producers an equitable sum for the milk they deliver; and to give them 
guidance on the kind of milk regarded as desirable. In a producers' co
operative the net income is divided among deliverer-members as payment 
for the milk in the proportion in which each member has contributed to 
earning the income. This can be calculated on a purely quantitative basis 
only under primitive conditions; generally the quality of the milk produced 
must also be taken into account. Good-quality milk has a better market 
value and entails less costs than poor-quality milk. This requirement of an 
equitable price for the milk produced should apply also to other dairies 
than producers' co-operatives. 

The second object of quality payment is based on the fact that the system 
of payment will always influence the methods and trends of production: 
quality payment is necessary to stimulate an improvement in, or the mainten
ance of, hygienic and compositional quality. 

Quality payment has thus both economic and psychological effects 
-it should reflect the market value of milk or milk products of differing 
quality, and it should influence the producer to adapt the methods and 
aims of his production (in accordance with the varying costs) to the type and 
hygienic standard which will give him the best net income. However, under 
certain marketing conditions there is a limit to the extra amount that can 
be paid for milk of higher than average quality-a limit set, for example, 
by abundance of supply, or the social or economic state of the market. A 
vicious circle results: if there is no market demand for high-quality milk, no 
high-quality milk is produced. and so there is no possibility of increasing 

• Technical Department, Swedish Dairies Associarion, Stockholm, Sweden. 
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the demand. From points of view other than the short-term economic one 
-e.g., human nutrition, health and welfare-it may, however, be urgent 
to improve the hygienic quality or the composition of the milk. In these 
circumstances a payment system must be based more upon the achievement 
of a milk quality suited to the social needs of the population; if only the 
economic aspect is to be considered, the payment system must take into 
consideration the production costs mentioned above. 

In many situations the most economic production policy may be difficult 
to determine; data may be lacking for the calculation of differences in pro
duction costs, or producers may be unable to perform such calculations. 
The psychological aspect of quality payment consists in the assumptions of 
the producer about the most profitable line to follow-not in what actually 
is profitable. For example, the fact that payment has been fixed according 
to fat content may have led to a rise in fat percentage even though calcu
lation might have shown that the additional payment was too small to cover 
production costs for the increased fat content. With improved production 
techniques and increased possibilities for economic evaluation and advisory 
services, this stage should be passed and future analysis should centre solely 
on the economic interactions. 

Stimulating interest and responsibility in quality payment 

In most countries food is subjected to control by the health authorities 
so as to prevent transmission of disease. It may also be within their scope 
to prevent adulteration of milk and to guarantee to the consumer a minimum 
content of important constituents. Minimum standards for quality payment 
are therefore often laid down in legislation, and in countries where milk 
production is developing this is a very useful way of stimulating the produc
tion of high-quality milk. 

Above this minimum level it is mainly a question of the producers and 
dairies reaching and maintaining a quality of product high enough to 
compete successfully with other products on the market. If the producers' 
milk and dairy products do .compete successfully, quality payment may be 
expected to benefit. The responsibility of the dairy side expands with 
increasing standards of production techniques and market conditions. 

So far this chapter has dealt mainly with payment for the producers' 
milk; it is, however, equally important to have a quality payment system 
for dairy products, including a testing and grading system for liquid milk, 
butter and cheese, and .some regulation or agreement between the dairies 
about quality payment. One system is that by which fees are paid by the 
dairies into a common fund on a quantitative basis, and repaid to each 
dairy according to the quality of its products. 

The fundamental principle ofquality payment is that better milk should 
earn a higher price than milk of lesser quality. Obviously, it is the difference 
in price that is important, but nevertheless much attention has been given 
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to the question of whether this difference should be considered as a premium 
given to high-quality milk or as a deduction from the price of low-quality 
milk. The important thing is to get a response when quality payment is 
started. The following outline may be given. When quality payment is 
started in a region, a premium is added to the price of milk fulfilling certain 
quality requirements; too many grades should not be used in the first step. 
Simultaneously, an advisory service and propaganda for technical impro
vement should be started. When the concept and the economic importance 
of quality have been established among producers, the system may be 
extended by introducing deductions from the price of the lowest-quality 
milk. If the development is successful and the majority of milk produced 
tends to be of premium grade, it is time to raise the basic or standard price 
for that milk in a degree corresponding to the premium, and to continue 
deductions only for the lower grades. As conditions improve, the good milk 
must be regarded as the norm, and it becomes more urgent to eliminate the 
remaining milk of really poor quality. 

When grading of milk is based on several testings per period of payment, 
it is useful to introduce a system of progressive deductions for repeated 
failures; thus milk deliveries of consistently low quality are penalized to a 
greater extent than those showing a single, possibly accidental, failure. An 
example of such a deduction system for quality payment of a rather exacting 
standard is as follows: 

Grade I (norm) 
Grade II . 
Grade III ... 

Deductions in monetary units 

1st testing 2nd testing 3rd testing 

4 
2 
6 

3 
8 

The deductions are totalled at the end of the period, the total covering 
the whole quantity delivered during the period. The lowest grade milk 
assigned to Grade Ill at all three testings will bear a penalty of 4 + 6 + 8 
= 18 units deducted from the normal price. 

If quality payment is to have the desired effect on production, the price 
difference between grades, additions or deductions must bear a reasonable 
relationship to the standard price. Guiding calculations as to the differences 
in production costs for milk of different composition are possible, but 
become much more difficult when applied to hygienic conditions. Some 
equipment is of course necessary and will entail costs, but much of the 
hygienic result is due to the skill and interest of the producer-a factor more 
difficult to express in figures. In respect of hygiene it is likewise almost 
impossible to provide the dairy with relevant calculations of the economic 
value of milk of different hygienic standard, because of the difficulty of 
defining this in a comparable way. Further, the relationship between the 
quality of the raw material and that of the productJkpends on the technique 
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of processing used. There is, however, no doubt about the economic and 
social importance of high quality, even if we fail to express it in monetary 
value in individual cases. Price differences must therefore be determined 
on the basis of what is held reasonable. In the example mentioned above 
-a rigorous system-the standard price is of the order of 40 units per kg, 
and the maximum deduction is nearly half of the price, the stage after this 
being rejection of the milk. It can be said, as a general guide, that a deduc
tion (or premium) rate of less than 10% of the standard price indicates a 
lenient quality payment system, and one of more than 10% indicates a more 
stringent one. It must also be stressed that increasing economic interference 
through quality payment must be preceded by the choice of approved tests 
for quality control (see chapters by Johns and Barber, pages 223 and 303) 
and by the organization of reliable testing conditions. 

Notwithstanding the technical difficulties involved, quality payment for 
milk is an essential means of increasing the interest and improving the skill 
of the persons handling the milk from the place of production to the pro
cessing or manufacturing plant. This is of particular importance in less 
advanced countries, where trained personnel and a public appreciation of 
hygiene are commonly lacking. In such countries it may be of great psycho
logical importance to fix the basis for payment according to progressively 
improving quality, so that relatively good-quality milk receives a bonus, 
rather than that milk should be penalized for being below the minimum 
standard fixed from time to time. While payment according to quality 
can obviously be put to considerable advantage in countries where the dairy 
industry has long been developed, the institution of such a system in the 
less developed countries might have the effect of increasing the price of 
the milk to the consumer. This point should be very carefully considered 
when instituting payment for milk on the basis of hygienic quality in such 
countries. 

The technical basis for hygienic quality payment can be either the quality 
of the milk as tested at delivery, or the grading of the conditions under which 
it is produced, or a combination of both. 1 There has been much discussion 
of the problem of whether routine quality tests can assess the quality of 
the milk in an acceptable way, or whether inspection and grading of the 
conditions on the farm give a better idea of the real state of the milk. 
Logically, there is no better way of investigating the quality of a milk delivery 
than to test the milk itself. If it is felt that the tests do not tell the whole 
truth about the milk, the testing methods should be improved. A complete 
test, however, can hardly be performed every day-it has to be based on 
a number of random samples per period. Since, as is well known, the quality 
of deliveries can change from day to day, the question arises whether 
inspection of farm conditions can guarantee decreased variation in milk 

1 See Appendix, page 247. 
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quality. Several investigations have proved-as most dairymen have 
noticed-that good milk can be produced under quite difficult conditions, 
while on the other hand a shining surface is not a guarantee of good milk 
hygiene. The skill and interest of the milk handlers is in fact of much greater 
importance than the environment. Few aspects of farm equipment have 
been shown to be invariable causative factors in the hygienic state of the 
milk produced. On the other hand, it is, of course, easier consistently to 
produce milk on a well-run farm than on a poorly-run one. 

The practical conclusion of this reasoning is that hygienic quality payment 
as far as possible should be based upon the actual testing and state of the 
milk, and that good farm conditions should be achieved through advisory 
work. Certain fundamental prescriptions as regards the cowshed or the 
milking parlour may be laid down, but care must be taken to avoid making 
them too detailed, since experience has shown that detailed regulations 
may tend to diminish the flexibility, and therefore the economic and technical 
development, of milk production. Generally speaking, in quality work it 
must be remembered that agriculture, including milk production, is an 
economic enterprise comparable with other industries, and that the economic 
importance of quality is the main argument for quality efforts. 

Absence of pathogens as a basis for quality payment 

It has been stated above that the milk or the milk product itself should 
be the primary basis for judging milk quality. It may seem, therefore, some
what contradictory to specify freedom from pathogens as a basis for qua
lity payment, as this property of milk must to some extent be judged by tests 
on the cow. Some infections may affect cattle as well as people, e.g., 
tuberculosis and brucellosis, and the eradication of such diseases from cattle 
is an important factor in the control of the human forms. For tuberculosis, 
the state of the milk is guaranteed by tuberculin testing of the herds. It 
should be noted that there is a definite and proven connexion between the 
health of the cow and the state of the milk; Brucella abortus can be detected 
in the milk itself. Diseases other than these may come into the picture in 
the future. Direct help in eradication of disease has been necessary, but, 
to attain results and to consolidate gains, the payment of a bonus for herds 
that have been rendered free of these infections has been an important aid 
in many countries. This bonus may be paid either by the State or by the 
dairy organizations, both of which have an interest in the problem; once the 
diseases have disappeared there is no special need for a bonus. In countries 
where the eradication of certain infectious diseases which are also pathogenic 
to humans is planned, a bonus payment system can be recommended on 
condition that the absence of pathogens in the herds or in the milk can be 
clearly shown. The risk of reinfection of the milk during handling should 
be noted. Here the mastitis problem should be mentioned; it may be 
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infectious or non-infectious, and in most cases the infectious types are not 
pathogenic for humans. Mastitis is largely influenced by environmental 
factors and cannot be eradicated in the way that tuberculosis can. The 
results of efforts to control it may be very different in different herds. At 
the moment there is no simple and adequate way to deal with the mastitis 
problem in quality payment. Perhaps future developments may make this 
possible-for example when the connexion between udder health, leukocyte 
count, and CMT (California Mastitis Test) reaction has been well established. 

Payment according to the keeping quality, etc., of the milk 

Keeping quality is often used as a summary term to include the bacte
riological state of the milk as well as such chemical changes as are dependent 
on the length of time for which the milk is kept, e.g., oxidation. However, 
in most cases payment is based on certain tests used, and those assessing 
the bacteriological state of the milk are not those used to check the chemical 
changes. The term keeping quality can be used in the narrower chemical 
sense covered by the dye reduction tests, etc., and is so used here. These 
tests chiefly measure in different ways two factors in the milk-the degree 
of acidity and the reduction-oxidation conditions. Both are largely related 
to the bacteriological state of the milk, but are not ideal for differentiating 
between the effect of the number of bacteria and of their activity. The tests 
can show that a milk is poor, but cannot show clearly whether this is due to 
severe contamination at milking or to faulty handling after milking. On 
the average there is good correlation between the result of the tests and the 
actual condition of the milk, but in individual cases the tests may fail-for 
example, extreme cooling may help a rather low-grade milk to pass the 
reduction tests. 

In some countries, the standards for grading are changed seasonally or 
day by day, according to the outside temperature. Thus the milk is required 
to fulfil less exacting standards on a warm day than on a cold day. An alter
native system is, when the weather is warm, to require special care to be 
taken of the milk, if possible, so as to assure a high quality, as the standards 
for grading remain unchanged. There are arguments for both systems. On 
the one hand, it may be unwise to discourage producers by making it impos
sible for them to produce a high-grade milk on a warm day. On the other 
hand, the consumers' demand for keeping quality is no less on that day 
-rather the contrary. This problem should be looked upon as a question 
·of development: when the concept of quality and the techniques of hygienic 
production become familiar to producers, there is little reason to accept 
a lower-quality milk in summertime than in wintertime. The peak of the 
production curve comes in the summer, at least in the temperate zones, 
and it is important for the dairy industry to preserve the quality of this 
additional .production at a level that will ensure its sale. 
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Chemical changes that occur are noticed together with other defects in 
taste and flavour due to fodder, contamination, exposure to sunlight, etc. 
The test is a subjective one, but important for the quality of the products. 
The ability of the testers to notice the defects may differ, and it seems rea
sonable that objections should be made only when the defects are con
spicuous. To give the producers confidence in the quality payment system, 
it is advisable not to penalize failures for which no remedy can be suggested. 
For this type of failure, the first step is to ascertain the causes by further 
research. 

The cleanliness of milk is tested by the filtration or the sedimentation 
tests. In some countries filtration on the farm is forbidden, elsewhere it is 
not. The reliability of the tests largely depends on the earlier treatment of 
the milk tested. For quality payment, the test results are more reliable if 
the milk has not been filtered before delivery. The filtration test can then 
give a fairly good indication of the standard of hygiene on the farm. 

Payment according to composition 

Milk consists of water and solids dissolved or dispersed in it. It is the 
solids that constitute the economic value of the milk-a fact so simple that 
it has sometimes been forgotten in discussions on the composition desirable. 
The main solid components are milk sugar (lactose), salts (ash), fat and pro
tein. For physiological reasons the percentage of ash and lactose is fairly 
constant. A variation in total solids depends mainly upon variations in the 
fat and protein content. A variation in the amount of lactose formed in the 
udder per day results in a corresponding variation in the volume of milk 
produced, as the percentage of lactose is kept "constant". If the amount 
of fat and protein does not then change, the percentage of these components 
will obviously vary, but in step with each other. Partly because of this 
mechanism, and partly because of factors influencing the formation of fat 
as well as of protein, there is a rough correlation between the percentage 
of fat and the percentage of protein in the milk. This correlation may be 
fairly good in bulk milk from a dairy, but is much less marked in the bulk 
milk from different herds, and hardly exists in the milk of individual cows. 
The practical consequence is that at the dairy the fat content of a known 
type of milk-that used for cheese-making, for example-is sometimes 
regarded as an acceptable measurement for labelling the composition of the 
milk. However, it must be recognized that payment according to protein 
content as calculated from the fat percentage is dubious except as a theo
retical average, and is not applicable to the actual individual case. If the 
price of milk is to be fixed according to protein or total solids or solids-not
fat, analyses other than fat testing must be performed. Recently, several 
methods for large-scale determination of protein and total solids have 
become available to dairies; it may be said that whichever component may 
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be chosen as a basis for quality payment, the technical difficulties concerned 
have been solved, and the problem remains an economic one with a biolo~ 
gical background. 

Milk of average composition gives a calculable amount of milk products 
at the dairy. What is the economic importance of a variation in one or 
several components? Briefly, it is as follows. Liquid milk in many countries 
is priced only according to volume, and a variation in the components has 
no direct economic importance. It makes no difference whether or not there 
is a legal minimum level in the composition so long as the milk is only 
slightly above that level. When the milk is standardized to a constant fat· 
percentage, e.g. 3 %, fat above that level can be used for cream or butter
making and has a calculable value. Occasionally a premium is given for 
fat content above a certain level, which implies a direct evaluation of the 
surplus fat. In cheese-making a variation in both the fat content and the 
protein content influences the yield of cheese, and the variation is thus of 
economic importance. In butter-making the yield of butter is fairly pro
portional to the fat percentage, and the fat value can be calculated from the 
butter value, whereas a variation in protein content is of no importance. 
From these examples it is obvious that the use of the milk for different pur
poses decides whether there is any reason to take one or other of the milk 
constituents into account in quality payment. In addition, social or political 
considerations may be involved. The difference between percentage and 
amount must be borne in mind: there is, in a very general way, an inverse 
relationship between the concentration of the solid components and the 
volume of the milk. A possible surplus production of milk fat is scarcely 
overcome by striving towards a lower fat percentage in the milk, since 
instead the volume of the milk will probably increase and counteract the 
supposed decrease in the amount of fat. Because of the rough correlation 
between fat and protein content in the milk, it is also unwise o assign 
payment to protein content instead of fat content in a fat-surplus situation, 
as was often suggested in western Europe in 1958. It is of fundamental 
importance that any compositional payment system be thoroughly considered 
from the standpoints of how the milk is to be used (liquid consumption, 
specific type of manufacture, etc.), of market conditions, of social aspects, 
oflactational physiology, and of production economy. Unless this is .done, 
quite unexpected effects may result. 
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Appendix 

PAYMEl\"T ACCORDING TO HYGIENIC QUALITY* 

" ... Any method of payment on quality obviously entails the application 
of a standard method of quality assessment to all consignments or to 
significant samples of the consignments of each producer's milk. The 
assessment must be made by an objective test at the first point of milk 
delivery, i.e., before the milk is bulked. In countries where milk passes 
through collecting centres before going on to a dairy plant for processing, 
samples for testing should be taken at the collecting centre. Farm in
spection will assist in arriving at a conclusion as to the worth of the farmer's 
methods, but it is on the quality of the product on reaching the point of 
first delivery that payment should be made. 

" The hygienic quality of the milk may be judged by one or more of a 
number of well-known tests, the choice among which may not necessarily 
be the same for different countries or districts. But whatever the test 
used-reductase, acidity, sediment, etc.-as a basis for quality payment, 
testing must be done by a competent tester who has the confidence of the 
milk producer. The actual test or tests used must depend in part on the 
purpose for which the milk is to be used and in part on local conditions. 
Where testing has to be done in small collecting centres, the number of 
competent testers required in a given milk-producing district may be large, 
and may thus involve serious training problems. How frequently this 
objective examination of each producer's milk should be made depends 
on local testing facilities and other local conditions; preferably, it should 
be done at least twice a month. 

" Several systems are in use as a basis for quality payments. Any system 
to be used for such incentive payments must be adapted to local conditions. 
One is to ' classify ' or ' categorize ' a producer on the average results of 
a dozen tests over a period of six months (as, for example, on the number of 
unsatisfactory reactions to dye reduction tests applied during this period), 
and to pay him for the succeeding six months on that basis, revising his 
category if need be at the end of the period and so on. Three categories 
would seem to be the most appropriate number, the first of these to receive 
a bonus, the second, the standard price, and the third, a penalty. 

" The final penalty for very poor quality is to return the milk to the 
producer without payment. This drastic action, or even a reduction in 
payment, is usually followed by anxious demands for advice and help 
in improving matters. An almost inevitable corollary, therefore, of any 
payment-on-quality scheme must be a competent advisory service, run 

* Reprinted from: Joint FAO/WHO Expert Committee on ~ilk Hygiene (1957) First report, Geneva 
(Wld Hlth Org. techn. Rep. Ser., 124; FAO Agricultural Studies. No. 40, Rome). 
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either by the dairy organizatioh-which may be a farmers' co-operative
or by the national agriculture, public health, or veterinary advisory corps, 
which body must keep in closest touch with the dairy and be thoroughly 
conversant with milk production difficulties. 

" Such an advisory service costs money, and must either add directly 
to the consumer price of milk or be financed out of public funds. In most 
countries where quality payment has been adopted, this extra expense has 
been considered well worth while, in view of the higher quality and greater 
value to the dairy of the milk produced. 

" In several countries, a bonus payment has been made in recent years 
to producers whose herds pass the tuberculin test. Such a bonus may be 
paid on the number of animals in a tuberculosis-free herd, or, better, on the 
amount ofmilk sent to the dairy. Here again, six-monthly categorization 
is the usual practice, a producer being paid his bonus after a completely 
satisfactory test, pending the results of the succeeding routine test becoming 
available. 

" The amount of the hygienic quality bonus or penalty must have some 
reasonable relationship to the standard price. For milk from tuberculin
tested herds, the bonus may be of the order of 10% or even more of the 
standard price; for milk of first-class quality, as judged, for example, by a 
properly-controlled reductase test, a bonus of similar amount would almost 
certainly lead to a rapid improvement in the average quality of the milk 
reaching the collecting centres. A penalty of the same order on milk of un
satisfactory quality would almost certainly have a similar effect in raising 
average quality and would not involve any expense on the part of the dairy 
plant. It is on the whole better to impose a severe penalty for really poor 
milk and to use such milk for some purpose other than the fluid milk supply, 
rather than to send it back to the farmer. The return of a can still contain
ing poor quality milk to a small farmer with inadequate can-washing and 
bactericidal treatment facilities may mean contamination of the next day's 
consignment. It has been found advantageous to give a farmer who has 
been penalized the opportunity of seeing for himself in the collecting centre 
the results of the sediment test or the reductase test on his milk. 

" Whether the dairy plant should apply the same standard for the judge
ment of milk all the year round or whether the standard applied should 
be higher in the copier months of the year is a debatable point; the weight 
of opinion would seem to favour a single high standard which will naturally 
be more difficult to attain in the warmer seasons. 

"Payment on hygienic quality of milk (as determined, for example, by 
the reductase test) may be combined with payment on the tuberculin-tested
herd status, and also with payment on compositional quality (as determined, 
for example, by percentage of fat or total solids in the milk). " 



CLARIFYING, COOLING AND STORAGE 
OF MILK 

R. J. MAcWALTER, B.Sc., Ph.D., F.R.I.C., M.I.Chem.E. * 

Milk may be received at the processing dairy in cans direct from 
producers, or in cans or tanks from a collecting centre.- Following accept
ance of the consignment, it is necessary to measure the quantity received. 
This may be done volumetrically by inspection of the level in each can, 
or by the use of a dip rod in the case of delivery by tank. This method 
demands the use of receptacles which are calibrated in units of volume, 
and the consignor is then credited with the whole of the volume deli
vered. Alternatively, the consignment may be tipped into a weigh-tank, 
and the weight of the milk " received " into the dairy is credited to the 
consignor. 

Whichever method is adopted, the first stage of the process of reception 
involves emptying the cans over the tip-tank or weigh-tank (see Fig. 1). 
This process may be carried out entirely by hand, by a mechanical inverter, 
or by a" hand-assisted" method whereby, as it falls, the can is guided in a 
regulated manner into the inverted position. This process of inversion may 
be a serious source of contamination of the tipped milk by soil from the 
exterior of the can, and some dairies adopt inclined tipping whereby the 
can is not completely inverted to a vertical position. Thus the base of 
the can is never directly above the surface of the milk in the receiving tank. 
Drainage of the can is important and it is generally considered that for 
cans of 40-1 capacity a drainage time of at least 30 seconds should be 
allowed. 

Where weigh-tanks are installed, after the \Veight of the consignment 
has been recorded the contents are discharged into a tank immediately be
low it from which the milk is pumped through a cooler to a storage tank. 
Where milk is measured volumetrically the cans are tipped directly into the 
tip-tank, from which the milk is pumped to the cooler. 

In either case the tank serving the pump is fitted with a fine metal-gauze 
strainer to remove particulate matter. 

• Chief Chemist, Central Laboratory, United Dairies, Ltd., London, England. 
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FIG.1 

WEIGH-TANK 

R. J. MAcWALTER 

Cooling 

Milk which is to be stored 
upon receipt from the farm 
for periods in excess of one 
hour should be immediately 
cooled to 4 °C. In temperate 
climates, where water cooling 
at the farm is normally pract
ised, it is common to cool the 
milk by means of a plate-type 
heat-exchanger using a second
ary refrigerant. In warmer 
countries, and where a copious 
supply of cold water from a 
river or artesian well is avail
able, an intermediate stage of 
water cooling in the heat
exchanger may be advanta
geous. 

With such heat-exchangers 
the circulating secondary refri
gerant is usually a 20% solution 
of calcium chloride at between 
-7° and -4 oc or chilled water 

at between 1.5° and 2.5°C., There are a number of advantages in the use 
of chilled water in preference to calcium chloride or other salt solutions: 

(1) The corrosion hazard for stainless steel is greatly reduced. 

(2) Deposits on cooler plates are less readily formed. 

(3) It is impossible for the milk in the cooler to freeze if the flow of 
milk is interrupted without stoppage of the refrigerant circulation. 

(4) Designs of water chillers are available in which a reserve of ice may 
be built up during periods when no milk-cooling duty takes place. This 
permits a refrigerating unit to be used for cooling loads in excess of its rated 
capacity for short periods. 

(5) If the secondary refrigerant (water) is lost it may be replaced without 
cost. 

In small installations a " capillary " or " surface " cooler (see Fig. 4 of 
chapter by Rice, page 476) may be employed in which the milk flows over a 
corrugated metal surface, the internal surface of which is cooled by water or 
refrigerant (or both in two stages). In the smaller sizes direct expansion 
refrigeration is often employed. In such a case, however, heat sterilization 
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of the milk-contacting surfaces may present difficulties unless provision is 
made for the refrigerant to be pumped away from the cooler beforehand. 

Whichever system of cooling is employed, it is desirable that the capacity 
of the plant should be matched as closely as possible to the rate of discharge 
of milk at the reception point so that the flow of milk to be cooled is subject
ed to as few interruptions as possible. 

FIG. 2 

BATTERY OF INSULATED STORAGE TANKS OF 3000-GALLON CAPACITY, 
AIR-AGITATED 

Storage 

Modern storage tanks for ra\V milk are generally of horizontal cylin
drical shape (see Fig. 2). In temperate climates where the storage period 
is not to exceed , 24 hours it is often considered unnecessary to insulate 
tanks of 12 000-1 capacity in order to maintain the desired maximum tem
perature of 4°C. In warmer climates, and with tanks of smaller capacity, 
insulation with 7-10 cm of cork or other insulating material is desirable. 
In such cases a watertight sheet metal covering for the insulating material 
is essential. 
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Means for agitation of the milk during storage must be provided and 
may take the form of a submerged rotating paddle or of a continuous flow 
of bubbles of air from a series of apertures in a pipe placed along the base 
of the tank. The paddle may be driven from above the tank, or the spindle 
may pass through the side of the tank by means of a hygienic form of gland. 
Formerly these glands were regarded as a source of bacterial contamination 
and this led to the development of the air agitation system. Modern de
signs of gland have, however, removed this hazard. With the largest tanks 
of 25 000-1 capacity air agitation is likely to be the more efficient. With 
either method, however, a balance needs to be found between too much 
agitation, leading to the formation of granules of butter, and too little, 
leading to creaming of the milk. 

Opinions differ as to whether it is better to fill storage tanks from below, 
or by means of an inlet pipe at or near the top. Local considerations often 
dictate the chosen method, but it is important to avoid foaming of the milk 
during filling. If the tank is filled from an inlet near the top it is desirable 
to set this pipe so as to direct the milk against the wall of the tank, thus 
avoiding splashing. 

The contents of storage tanks may be measured by means of a vertical 
open-ended glass tube connected at the bottom with the contents of the tank. 
The height of milk in the tube indicates the level of milk in the tank. This 
is not, however, hygienically satisfactory, and measurement by means of a 
dip rod inserted through an aperture in the top of the tank is preferable. 
In either case careful calibration of the capacity of the tank in its final work
ing position is essential. 

Access manholes for cleaning are provided either at a low level or near 
the top of the tank, and two sight windows are essential. As with all equip
ment in the dairy, tanks should be supported on legs so designed as to pro
vide minimum obstruction to the cleaning of the dairy floor, and modern 
practice dictates that tank bodies should be constructed of polished stainless 
steel sheet. 

Clarification 

The cooled stored milk must be clarified before pasteurization. In this 
context the term clarification is used to indicate the process of removal of 
insoluble material foreign to milk. Milk produced under satisfactory hygie
nic conditions will be substantially free from obvious foreign matter and 
will be passed through cloth strainers before the transport cans are filled. 
It is, however, good practice to introdu,ce at the receiving dairy additional, 
and generally more efficient, means of clarification than are available at the 
farm, so as to ensure that the final product is entirely free from animal hairs, 
dust, soil and other debris. It is perhaps relevant to mention that this pro
cess has little effect on the bacteriological condition of the milk, for any 
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micro-organisms associated with the foreign matter are likely to have been 
transferred to the milk before clarification. For this reason the use of 
sediment pads for the judgement of the hygienic quality of production has 
a limited value, for whilst poor grading for sediment indicates unhygienic 
conditions, high grading may merely demonstrate that equally unsatisfactory 
milk has been efficiently clarified before filling into cans. 

FIG. 3 

CLOTH FILTER 

The strainer mentioned earlier serves merely to protect the coolers and 
other equipment from deposits derived from the milk. Two methods are 
used for efficient clarification-filter cloths (see Fig. 3) and centrifugal 
clarifier (see Fig. 4). 

Filtration with cloth usually takes place after the milk has been partially 
heated in its passage through the pasteurizer, since at elevated tempera
tures the reduced viscosity of the milk reduces the resistance to its passage 
through the filter. In modern pasteurizing plants such filters are incorporat
ed in the machine, usually in the form of cylindrical " stockings " fitted over 
perforated tubes of stainless steel. By employing two such units in parallel 
it is possible to use them alternately so that one filter may be taken out 
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of use for replacement without interrupting the flow of milk. Filtration 
takes place at 35°-60°C; the cloth used has a woolly nap on the side facing 
the direction from which the milk flows. 

Centrifugal clarification takes place before the milk reaches the pasteur
izer, and in modern installations the process is carried out in the cold. This 
apparatus is similar to the cream separator, but the internal design is slightly 

modified so that cream and 
FIG. 4 

CENTRIFUGAL CLARIFIER 
separated milk do not flow 
separately from the machine. 
The insoluble matter is thrown 
to the rotating bowl of the 
machine and collects there, 
whence it is removed at in
tervals. Such machines are 
more efficient than cloth filters 
but, of course, need the me
chanical maintenance charac
teristic of high-speed centrifu
ges. There is one application 
where the superior efficiency of 
this method is of considerable 
advantage. When milk is 
homogenized traces of insolu
ble matter, particularly epithe
lial cells, are more likely to 
deposit from the milk on 
standing than is the case with 
ordinary milk. This gives rise 
on occasion to a dark-coloured 
sediment even if the milk has 
been filtered before homoge
nization. Such sediments may 
be completely eliminated by 
the use of cold centrifugal cla
rifiers owing to their greater 
efficiency. 

Cleaning and Sterilizing 

It is considered good practice for the whole plant used for reception, 
cooling, and storage of raw milk, including pipelines and pumps, to be 
cleaned and sterilized each day after the last of the milk has been received. 
Tanks used for raw milk storage should be cleaned and sterilized each time 
they are emptied. 
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In many dairies efficient methods of cleaning-in-place are practised 
whereby the detergent solution is circulated through the assembled plant, 
which is then flushed with water and finally sterilized with water at 85°C 
without the need for dismantling. It is, however, necessary to be sure that 
the method used is capable of completely removing all milk residues before 
reliance can be placed on it. Somewhat similar methods may be used for 
storage-tank cleaning by fitting a whirling spray to project the detergent 
solution over the whole of the milk-contacting surfaces. 

Hygienic Effect of Clarifying and Cooling 

Although, as has been stated, the influence of removal of particulate 
matter on the bacterial quality of milk is not of marked significance, its 
aesthetic importance is considerable. Consumers of milk and milk pro
ducts have the right to demand that these foods shall be free from extra
neous matter, and the obligation rests with the processor to ensure this 
condition by efficient clarification of the milk for all purposes. 

As regards the importance of cooling, this is of vital concern to processor 
and consumer alike. At a temperature of 4°C few organisms of signi
ficance are likely to grow, except the group known as psychrophiles which 
can proliferate under these conditions. This group is of relatively small 
importance. 

At temperatures between 10°C and l5°C appreciable deterioration in 
milk supplies may take place in a few hours, the effect being much more 
marked with supplies produced under poor than under satisfactory hygienic 
conditions. 

This is not to say that by cooling to 4°C all deterioration is arrested, 
nor that the hygienic condition for storage of milk at this temperature can 
be lightly regarded. In fact, organisms associated with improperly sterilized 
apparatus have been found to have high heat resistance and to be responsible 
for loss of keeping quality. The same hygienic standards of cleaning and 
sterilizing are required at this stage as elsewhere in dairies; refrigerated milk 
should not be stored for longer periods than necessary, and in any case 
not longer than 48 hours. 



PASTEURIZATION : OUTLINES OF PROCEDURE 
AND CONTROL 

H. D. KA Y, C.B.E., F.R.S.* 

Introduction 

Milk as secreted by the udder cells of a healthy cow is probably sterile
that is, it contains no micro-organisms capable either of decomposing the 
milk constituents or of causing disease in the consumer of the milk. But 
when it reaches the collecting cisterns within the udder, and particularly 
in passing through the teat cistern and canal into the milking pail or ma
chine, the risk of the milk's picking up deleterious micro-organisms steadily 
increases. Even when carefully produced under clean farm conditions, 
milk ready for transport from the farm will certainly contain sufficient 
bacteria to cause souring after a few hours unless it is kept at a tempe
rature below that at which these organisms, in a nutrient medium like milk, 
begin to proliferate. Dirty, uncooled milk in a tropical climate may begin 
to sour within four hours. 

That raw milk, and especially bulked raw milkfromanumber of animals, 
may also contain micro-organisms pathogenic to man has been clearly 
indicated in the chapter by Kaplan et al. (page 11 ). Unless it is certain that the 
animals providing the milk are perfectly healthy, modern hygiene demands 
that raw milk before it is consumed, and especially bulked raw milk, must 
undergo such treatment as to prevent not only its rapid deterioration, but 
also any risk of its conveying disease to the unsuspecting consumer. The 
treatment that has been found, as a result of many years of experiment 
and experience, to be generally most satisfactory for these two purposes, 
and to cause the minimum of change in the composition, flavour and accepta
bility of the milk, is the form of heat treatment knmvn as pasteurization. 
From the hygienic standpoint, effective heat treatment does not necessarily 
entail the destruction of all the micro-organisms originally present, but it 
must accomplish the destruction of any pathogens, which fortunately are 
all rather sensitive to heat. 

*Director, Twyford Laboratories Ltd., T wyford Abbey Road, London, England. 
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There are therefore four main problems facing the technical management 
of any pasteurizing plant, be it large or small, and whatever the particular 
method of heat treatment used. These are: · 

(1) to obtain as uncontaminated a supply of raw milk as possible; 

(2) to destroy all possible pathogens present in it, and as many as possible 
of the rather more heat-resistant spoilage organisms, without damaging 
either its flavour or its nutritional value; 

(3) to prevent recontamination of the milk, after its heat treatment, 
with either pathogens or spoilage organisms; 

( 4) to prevent, after pasteurization and during the course of distribution 
of the milk to the consumer, the growth of the small residuum of spoilage 
organisms that may have survived the heat treatment. 

In the present chapter there will be no attempt to give detailed instructions 
for the operation of pasteurization plants since these can be found elsewhere 
(see the accompanying Select Bibliography). What is attempted is to 
present, with a certain emphasis on the hygienic aspects, a brief outline of 
pasteurization methods, of the various requirements of a pasteurizing centre, 
of difficulties that may arise in a country or district taking up pasteurization 
for the first time, and of methods for controlling the efficiency of the process. 
The important question, affecting the final quality of the product from all 
types of pasteurization plants, of the initial quality control of milk on recep
tion, and the modern technique for testing incoming milk in relation to its 
fitness or unfitness for pasteurization, is dealt with in the chapter by Johns 
(page 223). 

Definition of Pasteurization ; Outline of Different Methods 

The foregoing paragraphs make some mention of what milk pasteur
ization should accomplish. In some countries, since effective pasteurization 
is so important from the health standpoint, the word has been given a pre
cise legal meaning; the temperatures and times of heat exposure required 
have been exactly defined, and the process is permitted to take place only 
in an approved plant in officially registered premises. But there are at 
least six methods, each of which has been used with success, for the effective 
heat treatment of milk in such a way as to meet public health standards. 
Some countries have therefore decided not to attempt the thankless task 
of endeavouring to define these procedures in legislation, but to exercise 
control solely through the careful, periodic examination of the treated pro
duct. Methods are now known, and will be discussed later, by which it is 
possible to decide whether or not a given sample of presumed pasteurized 
milk has, in fact, been sufficiently heat-treated to make it safe for consump
tion. 
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The six principal methods for effective pasteurization, one or other 
of which may have special advantage in particular circumstances over the 
others, are in effect variations on the same theme-namely, that for the 
heat destruction of micro-organisms with minimum changes in the consumer
value of the milk, the time and temperature of heat exposure are the variables 
which must be considered together and carefully controlled. The lower 
the temperature of exposure the greater the time needed; the higher the tem
perature, the less the time. But as a result of much experiment, the relation
ship between time and temperature for killing any micro-organisms has 
been found not to be a simple, straight line, but to follow a curve in which, 
as the temperature rises, the time needed for destruction falls much more 
rapidly. If the logarithm of the time is plotted on a graph against the tempe
rature, the curve showing this relatiouship approximates to a straight line. 
Thus, while about 40 minutes is required to kill the more heat-resistant 
pathogens in milk at 57°C (134.6°F), about ten seconds only is required 
at 7l°C (159.8°F) and less than two seconds at 75"C (167.0°F). Theo
retically there is almost an infinite number of combinations of time and 
temperature that would be equally effective, from about an hour at 56°C 
(132.8°F) to a fraction of a second at 78°C (172.4°F). In practice, the 
principal pasteurization methods referred to add a substantial factor of 
safety, either of time or temperature of exposure, or both, to the minimum 
figures required for effective destruction. 

The methods are as follows, placed in historical order of development: 

1. The " batch holder " process, in which milk is heated in a large jacket
ed container by steam or hot water circulating in the interspace. The 
temperature to which the milk is to be raised and held varies (in different 
countries with different ideas of what margin of safety to allow) from not 
less than 60°C (140°F) to as much as 65SC (150°F), for at least 30 minutes. 
The milk is then cooled, still in the container, to lOcC (50°F) or less. The 
batch holder vessel has then to be emptied, and there is a break in the ope
ration of at least an hour before the next batch is ready for filling into the 
distribution bottles or cartons. 

2. The continuous-holding method, an extension of the batch system, by 
which the milk is heated (and subsequently cooled) by a plate type of heat
exchanger outside the actual holding vessels of wlllch there may be four 
or more and each of which may have a capacity of up to 500 litres. The 
heated milk, at say 65°C, is run into the first holding vessel, where its tempe
rature is maintained by a hot-water jacket or other means. \\'hen the first 
holder is full, which takes perhaps 10-15 minutes, the filling of the second 
holder begins automatically, and so on. By the time the first holder has 
been held for 30 minutes, the last is just being filled. A virtually continuous 
flow of pasteurized milk to the bottling apparatus can thus be obtained. 
Large volumes can be treated in the course of a few hours. The difficulties 
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of running, and particularly of cleansing, this type of plant are formidable 
(especially the difficulty of preventing the growth of thermophilic bacteria), 
and there are now very few plants of this type in use. This method will 
not be discussed further. 

3. "In-bottle" pasteurization, by which milk is heated to" holder" pasteur
ization temperatures and filled into special bottles which are then hermeti
cally sealed. The filled bottles are maintained at the holder temperature 
for at least 30 minutes, and are then cooled rather slowly by immersion or 
partialimmersion in water (or in a stream of cold air). 

4. The so-called "flash " process, by which milk is heated as rapidly as 
possible to 75°C (167°F) or 80°C (176°F), or even above, and then cooled 
rapidly. 

5. The high-temperature, short-time (HTST) continuous process, by which 
milkis rapidly brought to a temperature of 71°-72°C (159.8°-l61.6°F), is 
held at that temperature for not less than 15 seconds, and is then rapidly 
cooled to 10°C or below. These temperatures and time give a good margin 
of safety, but there are minor variations in them in some countries where 
times and temperatures of. HTST heating are legally defined. Heating is 
usually by hot water, and the rapid heat exchange is effected through stain
less steel plates or, in one type of machine, by passing the milk through the 
annular space between concentric water-heated tubes. Electrical methods 
of heating have also been used, in a few cases where current is very cheap 
and plentiful. 

6. The ultra-high temperature (UHT) continuous process, by which milk is 
rapidly heated, usually in two stages (the second stage being under pressure), 
to between 135°C (275°F) and 150°C (302°F) for times of the order of 
a few seconds only, and is then either cooled rapidly and bottled as asepti
cally as possible, or bottled hot (at 75°-80°C). 

Each of the above six methods, which are placed in the approximate 
order of their invention over the past fifty years, has been used at different 
times and in different countries. For each method there are several different 
makes of plant with minor variations in method of operation. The mini
mum times and temperatures legally laid down in the different countries 
may also vary, but the combination of time and temperature must, in each 
case, be sufficient to destroy, with a good margin of safety, the tubercle 
bacillus, Mycobacterium tuberculosis, which appears to be the most heat
resistant of all the pathogens which may occur in raw milk. The Q-fever 
organism, which is occasionally present in raw milk, has a heat-resistance of 
the same order, but is reported to be destroyed by the time and temperature 
normally used in the HTST process, and also by exposure in the holder 
process to 63°C (145.4°F) for 30 minutes. 

The dairy machinery expert might say that of the six categories of heat 
treatment described above, only numbers 1, 2, 3 and 5 are true pasteurization 
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processes; the others, numbers 4 and 6, should be differently described. 
Number 6 is, in effect, a sterilization rather than a pasteurization method, 
and will not be considered further here, although it might be mentioned 
that after a lengthy experimental stage, two at least of the modifications 
of this process are growing in industrial importance, and in the course of 
time, when adequately trained technical staff are available, are likely to be 
very widely used (see the chapter by Galesloot, page 269). 

Planning a Pasteurizing Dairy 

The first requirement is not merely a supply of raw milk, but an adequate 
supply of raw milk of pasteurizable quality. Where, in a technically under
developed country, a new pasteurization centre is to be set up, this require
ment may be very difficult to fulfil, particularly in a warm climate and where 
production hygiene may be non-existent. But even under such conditions, 
if milk is collected very soon after milking and rapidly cooled to 6°C (43°F) 
in a small cooling plant, which may be established to serve a group of peasant 
producers, the milk can thereafter be transported in bulk, or in cans surround
ed by broken ice, for fairly long distances without developing sufficient aci
dity to become impasteurizable, and thus preventing a hygienic product from 
reaching the consumer. The thermal capacity of milk is high, and to raise 
cooled milk in cans, or in tankers, to a temperature where souring bacteria 
begin to proliferate requires a surprisingly large influx of heat. Cooled 
milk in the smaller containers in which milk is usually distributed heats up 
much more quickly. It is desirable, therefore, that the pasteurizing dairy 
be situated close to the milk consumption area, rather than in the production 
area. 

In siting a new pasteurization centre, the distance that milk supplies have 
to be transported, together with the range of atmospheric temperatures 
experienced in the region in question, will determine whether or not cooling 
centres are needed in the production areas. Some regard will also have to 
be given to transport difficulties at different seasons of the year. 

It is more likely that the necessary services will be available if a pasteur
izing dairy is sited close to a centre of population than if it is sited in a remote 
area. These services include: (a) a constant supply ohmter of good hygienic 
quality; (b) an adequate supply of fuel for steam raising (the steam require
ments of a pasteurizing plant, where, in addition to effecting the heat treat
ment of the milk, cans and bottles have to be cleansed, are considerable); 
(c) an adequate supply of electric current; (d) a sufficient system of all
weather roads and by-roads in the distribution area. Milk hygiene is the 
first to suffer if one or other of these services is defective. It may well be 
necessary, from the beginning, for the dairy itself to provide one or both 
of the facilities (a) and (c) above. If so, markedly increased capital expen
diture is obviously entailed, and additional staff will be needed. 
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The dairy site should be large enough to provide not only for the dairy 
building itself, for ample storage and cold-storage space, for an adequate 
boiler-house and room for vehicles, but also for future expansion, including 
an adjacent space for a building to house, if need be, a milk-manufacturing 
plant. As regards the dairy building itself, the same principles apply, of 
providing what may appear to be rather more than adequate space. Poor 
planning at the start, and parsimony in space within the building, ultimately 
exact their toll either on the quality, not least on the hygienic quality, of 
the pasteurized milk or in staffing difficulties. Planning must ensure ade
quate space not only for the pasteurization equipment and its servicing, but 
also for raw milk storage, for its clarification or filtering, for filling, capping 
(or sealing) and crating the final containers, for storage of pasteurized milk 
in bulk, for bottles and can-washing machines with plenty of room for access 
to them, for office purposes, and for what is a prime necessity if efficiency of 
operation and a hygienic product are to be maintained-a properly equipped 
laboratory. Finally, but of major consequence in any country, whatever 
its state of technological development, well-trained and competent plant 
operatives are necessary. 

Choice of Pasteurization Technique 

Different methods of pasteurization have already been briefly outlined. 
A choice of one or other has to be ·made, together with a decision as to 
the type of final container-bottle, carton or possibly a larger vessel (if, as 
is the case in certain warm countries, pasteurized milk is most conveniently 
distributed, at small distribution centres, direct from cans or bulk containers 
into the clean vessels brought by consumers to the centres). 

The volume of the actual, and that of the prospective, available milk 
intake have to be taken into account in deciding which type of pasteurization 
plant to install, but let it be stated forthwith that some form of HTST 
pasteurization is at present the principal method for the heat treatment of 
milk in the large majority of processing dairies, both in most of the tech
nologically advanced and in many of the less advanced countries. Never
theless, the batch holder is still in use in some centres where relatively small 
quantities-say up to 500 litres per day-are to be heat-treated, and the 
larger-capacity, continuous holder is not yet completely extinct. In-bottle 
pasteurization, despite its ability to provide a product immune, or almost 
immune, from the risk of post-pasteurization contamination, has never been 
very popular, mainly on account of its initial cost, the. large and cumber
some nature of the plant, and the cost of operation, but a small, declining 
number of plants of this type is still in operation. 

The advantages of the HTST process over the holder or over the in
bottle method are as follows: (a) for the same daily output of pasteurized 
milk the initial cost of the HTST pasteurization equipment is less than that 
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required for either of the other methods, and the day-to-day operating costs 
are lower; (b) the area of floor space required for the HTST equipment is 
much less, and the plant can be increased or diminished in pasteurizing 
capacity with changing requirements much more easily than with the other 
methods; (c) pasteurized milk is being produced and is ready for bottling 
within two or three minutes of the commencement of operation, whereas 
with the holder plant, or with the in-bottle plant, the time required is about 
an hour; (d) the HTST equipment, being smaller and capable of being clean
sed by modern methods of detergent circulation, requires less labour to keep 
it in a satisfactory hygienic condition; (e) very much larger quantities of 
milk per hour (up to 20 000 litres or more) may be pasteurized by the HTST 
method, in a plant of reasonable size, than by the holder or in-bottle methods. 

Further, the modern HTST equipment is fitted with a number of automa
tic control and precautionary mechanisms which render it almost fool-proof, 
provided that these mechanisms are kept in good order by a reasonably 
skilled technician. Owing to the " regenerative " process by which the cold 
incoming milk cools down, and is itself partially warmed by the hot pasteur
ized milk by rapid heat transfer through thin, stainless steel plates, the appa
ratus is economical in its steam requirements. The milk warmed in this 
way passes on to be further heated to the correct pasteurization temperature 
by circulating water only a few degrees hotter than the milk. The milk is 

HTST PASTEURIZING APPARATUS 
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held at that temperature for not less than 15 seconds by passing it through 
a pipe of the requisite length. · A rapidly acting flow-diversion valve, thermo
statically controlled, at the end of the " holding " pipe prevents any milk 
which has not reached the pasteurization temperature from getting through 
to the bottling apparatus. Correctly heated milk, passing this valve, is 
quickly cooled, first by the incoming milk, as just described, and then by 
brine or chilled water, down to about 3°-5°C (37°-4l°F). It can then either 
be run direct into the bottling or cartoning apparatus (non-returnable hygienic 
cartons are being increasingly used in many countries) or stored in large 
insulated containers at this low temperature until required for distribution. 
Properly pasteurized HTST milk in cartons or bottles should have a keeping 
quality of not less than 24 hours at l8°C (64°F). The figure shows HTST 
pasteurizing apparatus with the control panel in the foreground. 

Why not boil? 

The question has frequently been asked as to why milk should be pasteur
ized-a process requiring rather elaborate machinery and margins of safety 
that may appear unnecessarily small-instead of being heated to boiling
point or very close to it at the dairy, a process that will, with a very large 
margin of safety, kill all micro-organisms that are not present in the form of 
spores. The answer, briefly, is that boiling causes changes in flavour that 
are disliked by many consumers, causes pronounced physical changes and 
also some loss of nutritional value, destroys the " cream line", is technically 
difficult on a large scale, and is commercially uneconomic. 

" Cream line " 

The "cream line", indicating in easily visible form the amount of fat 
which has risen to the top of a bottle of milk, is regarded as of importance 
by many consumers in giving information on the compositional quality of 
the milk. The housewife not infrequently pours off the " top of the milk " 
to serve with fruit or cereal. (The depth of the cream line has nothing to do 
with hygienic quality.) In whole milk correctly pasteurized by either the 
holder or the HTST process (but not in milk heated by the "flash" process), 
a good cream line should develop, but if the normal pasteurization tempera
tures have been exceeded, the pasteurized product may either give no cream 
line or need to be held for a long time at a fairly low temperature before a 
rather poor " line " appears. The HTST process correctly carried out is 
perhaps a little more destructive of the cream line than is the batch holder 
process, but in any case the depth of the cream line or the speed with which 
it is formed is no more than a dubious criterion of milk quality. Thus by 
diluting milk with water up to about 50 % dilution, an increasingly clear 
cream line is obtained. 

" Flash pasteurization " plants usually take milk far above the HTST 
temperatures, with complete loss of cream line. The "flash" method is thus 
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more popular in countries where cream line is unimportant and a cooked 
flavour is not objected to. The loss of nutritional value due to the flash pro
cess is fortunately small. 

Milk may be "homogenized", a process which breaks up the fat globules 
into much smaller particles that do not rise to form a fat layer. Pasteurized 
homogenized milk is a commercial product in several countries. When 
fresh, it has a richer flavour than ordinary pasteurized milk, but the greatly in
creased surface area of the fat particles renders it more susceptible to post
pasteurization deterioration. From the hygienic standpoint it may be 
regarded as the equivalent of ordinary pasteurized milk. 

Pasteurizing twice 

There is no good reason, if considerations of extended keeping quality 
or of hygienic safety require it, why milk should not be pasteurized twice. 

There may be further loss of cream line and some slight deterioration 
in flavour, but the effect on the nutritional value of the milk is virtually 
negligible. Minor changes in the vitamin content of the milk are brought 
about by any form of pasteurization (see the chapter by Galesloot, page 269). 

Control of Pasteurization 

Since the effectiveness of pasteurization has important public health 
implications, the question of adequate control of the process needs careful 
consideration. 

Control should be exercised (a) by the dairy itself, where arrangements 
are normally made for the routine testing of both incoming and outgoing 
milk and of the efficiency of each stage of the process; and (b) by the public 
health or sanitary authority, one of whose main duties is to protect the public 
against the risk of disease. 

As regards control by the dairy, it is obvious that this cannot be exercised 
unless there is a suitably equipped laboratory and a laboratory staff 
with a command both of the chemical and of the bacteriological techniques 
required, duly supported by a manager who understands the functions of a 
laboratory in a processing dairy. 

In addition to the testing of incoming milk for bacteriological and com
positional quality the control duties of the dairy embrace the assessment 
of the state of cleanliness of the pasteurizing plant itself (and not least that 
of the bottle-filling and capping machines), of the cans and tankers before 
they go out to milk producers or collecting depots, and of the bottles or 
other containers before they are filled with pasteurized milk. These latter 
duties entail controlling the efficiency of the can-washing and bottle-washing 
machines, the quality of the detergents used, the concentration and efficiency 
of sterilizing agents, and the bactericidal activity of the rinse water. The 
quality and composition of the incoming water supply are important points 
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for the dairy laboratory to examine; at the other end of the processing chain, 
the efficiency of the disposal of dairy wastes usually needs laboratory 
attention. A check-up, at intervals, of the automatic controls on the dairy 
plant should also be a laboratory task. 

The primary duty of the dairy control laboratory, to which all the duties 
just mentioned are important subsidiaries, is the control of the quality of the 
outgoing milk. Regular testing is essential; daily or twice-daily phosphatase 
tests for efficiency of pasteurization, the methylene blue or some similar test 
for keeping quality, t),:le coliform test for post-pasteurization contamination. 

In the better-equipped laboratories, a periodic, detailed bacteriological 
examination of the pasteurized milk as it leaves the dairy will usually give 
valuable information on possible sources of trouble. Details of the various 
tests used need not be given here (see accompanying Select Bibliography). 
For present purposes it is enough to say that the phosphatase test is based on 
the fact that efficient pasteurization is just sufficient to destroy this easily 
recognizable enzyme. If the presumedly pasteurized milk has been inade
quately heated, or if small amounts of raw milk have got through into the 
final product (for example, by leakage across a plate in the pasteurizing 
apparatus), a detectable quantity of the enzyme will be found in that pro
duct. The methylene blue test, a similar dye test, or the clot-on-boiling test 
appropriately carried out will give a shrewd indication of the probable keep
ing quality of the pasteurized milk. The coliform test depends on the fact 
that properly conducted pasteurization destroys this group of easily recogniz
able organisms. If, for example, coliform bacteria are not found in milk 
direct from the pasteurizer, but are found in the bottled milk, then post
pasteurization contamination, which may be-and in certain countries will 
be-dangerous, is occurring. Its origin must be found and the trouble 
remedied. 

As regards control by the public health or the licensing authority, tests 
will usually be made of samples taken by the inspector at any stage from the 
pasteurizing plant to the consumer. The tests are usually similar to, though 
less frequent than, those effected by the dairy itself, and they must be no 
less searching. One test which some public health authorities still carry 
out on pasteurized milk is the guinea-pig test for the presence of living 
tubercle bacilli. But since the repeated finding that a negative phosphatase 
test is never accompanied by a positive guinea-pig test, the frequency of 
application of the latter test (which is one that needs particularly expert 
supervision if the results are to be of any value) is today much less than it 
was formerly. 

In addition to marking the tests on the product, many sanitary autho
rities visit the pasteurization plant at irregular intervals and without pre
vious warning, to inspect the thermograph records, the position and accuracy 
of the thermometers, the presence or absence, and the position, of the auto
matic safety devices, the presence and position of cocks for sampling milk 
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at different stages during pasteurization, and also the state of cleanliness 
of the plant, the buildings and the surrounding premises-the last being of 
major importance in warm countries, where dust and flies may abound. It 
need hardly be said that such inspection should be carried out scrupulously 
by a competent officer of the licensing authority, and action taken without 
delay if any defect is found. (Control of the health of operatives in the 
pasteurizing dairy is dealt with in the chapters by Cockburn and Vladimirov, 
pages 531 and 537.) 

Conclusion 

Pasteurization has been described as '' the process of heating milk to 
such temperatures and for such periods of time as are required to destroy 
any pathogens which may be present, whilst causing minimal changes in the 
composition, flavour, and nutritive value". 

One can legitimately add to this " and to increase the keeping quality 
so that sufficient quantities of wholesome milk may be supplied to large 
populations, in urban centres and elsewhere, who would otherwise not be 
able to enjoy the nutritional benefit of such a supply ". It is not always 
realized that both aspects in the above description are of comparable signi
ficance from the standpoint of human health. 
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THE STERILIZATION OF MILK 

Th. E. GALESLOOT, Dr. Ir. * 

Recently the production of sterilized milk has increased considerably in 
many countries. Such milk has gained wide acceptance not only in parts 
of the world with a hot climate but also in countries with a temperate 
climate (e.g., the western part of Europe); it appears that consumers often 
prefer milk of unlimited keeping quality so much that they do not object to 
the higher price and the impaired flavour of sterilized milk (which has in 
any case much improved in quality during late years). 

This chapter, restricted to the sterilization of fluid milk, describes the 
bacteriological aspects, heat-treatment techniques (including the influence 
of heat on colour and taste), and the laboratory examination and nutritive 
value of sterilized milk. 

BACTERIOLOGICAL ASPECTS OF MILK STERILIZATION 

Definition of Sterilized Milk 

Strictly speaking, sterilized milk must be sterile-that is, it should contain 
neither bacteria nor bacterial spores. However, sometimes less stringent 
definitions are used that can be of practical value in many circumstances. 
Although, in the opinion of the author, the theoretically correct definition 
of sterilized milk is that it must be completely sterile, the more practical 
definition-that sterilized milk is one that must have, at prevailing atmos
pheric temperatures, an unlimited keeping quality from the bacteriological 
point of view-is acceptable. This latter definition does not always mean 
that treated milk must be completely free of bacterial spores, for there are 
spores (such as those of the obligate thermophilic bacilli) that under many 
circumstances do not develop in milk. 

* Assistant Director, Netherlands Institute for Dairy Research, Ede, Netherlands. 
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Spore Flora of Raw Milk 

Raw milk generally contains a considerable number of bacterial spores, 
although this number may be low in comparison with the total bacterial 
count. The number of bacteria in raw milk is mainly influenced by the 
degree of contamination from milking utensils and by the bacterial growth 
that has taken place between time of production and delivery at the dairy. 
The bacterial spores, however, gain entr~nce to the milk mainly by other 
means-for example, contamination with particles of dust, soil and manure; 
the density of spores in the milk is thus higher when the cow is milked in the 
stable than in the open air. It can be assumed that their number will not 
increase during the lapse of time between milking and delivery at the dairy. 
The number of spores in the raw milk is therefore chiefly governed by the 
cleanliness of the methods of milk production at the farm. Dye-reduction 
tests applied to raw milk give no indication of spore content; it is possible 
that the filter disk test may give some information as to this point since 
spores enter milk mainly with dust particles, etc. Little information is 
available as to the number of spores usually found, which is, moreover, 
strongly influenced by the method of pasteurization used with regard to 
the enumeration. Heating for 10 minutes at 80°C gives the total number 
of spores, and heating for 30 minutes at 100°C is often used for the enumera
tion of the more thermoresistant spores. However, the first heating does not 
destroy all the vegetative bacteria (some bacteria of the species Microbacte
rium lacticum may remain alive), and consequently the enumeration has to 
be performed with some caution. Studies of the spore content of raw milk 
performed in Great Britain, Australia and the Netherlands have shown 
that the total spore content is, at its maximum, some hundreds of spores 
per ml. The thermoresistant spore count is, at maximum, about 1 per ml. 
Unfortunately no data are available for the spore content of milk in areas 
with a hot climate. The spore count of milk shows wide fluctuations (see 
Burton et al., 1953; Franklin et al., 1956; Galesloot, 1951, 1953; Ridgway, 
1955; Williams, 1958; Williams et al., 1955). From the data in these sources 
(which refer only to the milk of certain countries) it appears that more than 
half of the bacterial spores in raw milk belong to the species Bacillus 
licheniformis. Such milk also contains as a rule considerable numbers of 
spores of B. pumilus and B. subtilis, and, in lesser numbers, spores of many 
other species of bacillus (for example, B. cereus, B. mycoides, B. circulans, 
B. megatherium, thermophilic bacilli) and members of the genus Clostridium. 

Among the mesophilic spores present in raw milk, those of B. subtilis 
are the most thermoresistant. When milk is submitted to heat treatment 
of increasing intensity these spores usually survive longer than those of the 
other mesophilic species, notwithstanding the fact that some of these 
(e.g., the spores of B. licheniformis) are initially present in larger numbers 
than those of B. subtilis. 
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Destruction of Spores by Heating 

To understand the sterilization process and the value of the different 
systems of milk sterilization, it is necessary to have some basic knowledge 
of the laws which govern the destruction of spores by heating and of the 
influence different heat treatments exert upon the colour and taste of the 
milk. 

When raw milk is heat-treated the spores are not all immediately and 
simultaneously destroyed; their destruction is a process that needs time, 
whether they are of different species or all of one species. 

Until recently it has generally been accepted that spores, when heated at 
a constant temperature, are destroyed in such a manner that the relation 
between the logarithm of the surviving number and the time is presented 
by a straight line-the so-called them1al destruction or log survivor-time 
curve. Recently there has arisen some doubt as to the shape of these thermal 
destruction curves; it has been obserYed that, when the number of surviving 
spores is very small (for example, IQ-5 ~'~ to IQ-6 ~'~ of the initial number), 
the curves often lose their straight character and become convex towards 
the time-axis. 

An increasing number of bacteriologists-among others, the present 
author-are now of the opinion that the thermal destruction curve is not 
straight but a sigmoid curve. How-ever, as a rule its upper section, where 
the numbers of surviving spores are high, strongly resembles a straight line. 
Fig. 1 shows straight and sigmoid destruction curves. 

In dealing with sterilization processes, the terms " decimal reduction " 
and " decimal reduction time " are often used. The first indicates a reduc
tion of the number of spores to one-tenth of the concentration, the second, 
the time necessary for the performance of such a reduction. When spore 
destruction proceeds according to a straight destruction curve, the decimal 
reduction time is always, at all concentrations, the same. When the curve 
is sigmoid this is not the case; then the decimal reduction times increase 
in duration when, at the low concentrations of surviving spores, the thermal 
destruction curve becomes convex towards the time axis. From the course 
of the thermal destruction curves it follows that the initial spore concentra
tion has an important effect upon the result of heat treatment. Heat treat
ment which reduces an initial spore concentration from, e.g., 100000 spores 
per litre to 1 spore per litre ( 5 decimal reductions) reduces an initial concentra
tion of 1000 spores per litre to 1 spore per 100 litres (also a 5 decimal reduction). 
This phenomenon is always valid \Yhether the destruction curve is straight or 
sigmoid; the term " decimal reduction " is hence a very useful one. The 
term " sterilizing effect, " as employed here, refers to the number of decimal 
reductions that heat treatment is able to effect: a heat treatment with a 
sterilizing effect of 5 reduces the spore concentration from I 00 000 per litre 
to 1 per litre, or from 1000 per litre to 1 per 100 litres. The sterilizing effect 
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ment has to effect 7 decimal reductions (sterilizing effect = 7). Commercial 
sterilization is not a term that can be precisely defined; the intensity of the 
heat treatment is dependent not only on the initial spore concentration but 
also on the final concentration acceptable to the dairy in its product. The 
choice of this final concentration is greatly influenced by the distribution 
circumstances and by the amount of risk acceptable to the dairy manager. 

Sterilizing Effect and Influence of Different Heat Treatments 
on Colour and Taste 

The higher the temperature of the heat treatment, the greater the steriliz
ing effect and the more marked the change in the colour and taste of the 
milk. When milk is heated, off-flavours occur-at first a cooked flavour, 
caused by the production of volatile sulfur compounds; then, when the 
intensity of the heat treatment is increased, a sterilization taste mainly 
caused by the reaction between the sugar and the protein constituents 
(Maillard's reaction). This process impairs not only the taste of the milk 
but also its colour, which becomes brownish. 

One important phenomenon is that with increasing temperatures the 
spore-destruction rate increases far more than the influence upon the taste 
and colour of the milk. With every 10°C increase the rate of the browning 
reaction multiplies approximately 2.5-fold, while the rate of spore-destruction 
is increased about tenfold (Burton et al., 1953). This means that, when a 
heating at X° C needs y minutes for the destruction of a certain number of 
spores, a heating at (x + 10tC only needs 0.1 y minutes for the destruction 
of that number of spores. Also, when a heating for a certain time at X°C has 
a sterilizing effect of z, a heating for the same time at (x + 10)°C has a 
sterilizing effect of lOz. The first calculation remains valid whether the 
thermal destruction curves are straight or sigmoid. However, the second 
calculation is based upon the assumption of straight thermal destruction 
curves. With sigmoid destruction cur\'es the result of the second calculation 
is smaller than lOz. Table 1 illustrates the important consequences of the 
differences in which an increase of the heating temperature affects the 
browning rate and the spore-destruction rate. 

TABLE 1. SPORE-DESTRUCTION AND BROWNING-REACTION RATES 
AT DIFFERENT TEMPERATURES 

Temperature of heating Relative spore-destruction rate j Relative rate of browning reaction 

oc I 100 1 1 
110 10 2.5 
120 100 

I 
6.2 

130 1000 15.6 
140 10 000 I 39.0 
150 

I 
100 000 

I 
97.5 
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Another illustration may become apparent on taking into consideration 
a number of temperature-time combinations with the same sterilizing effect 
and calculating the relative degree of browning caused by these heat treat
ments. Table 2 shows the results of this calculation. The differences in 
browning are surprising, and this phenomenon has exerted an important 
influence upon the choice of techniques. 

TABLE 2. INFLUENCE ON COLOUR OF MILK OF EXPOSURE TO DIFFERENT 
TEMPERATURES FOR DIFFERENT DURATIONS OF TIME 

Temperature of heating * Time* Relative degrees of browning 

•c 
100 600 minutes 100000 
110 60 minutes 25 000 
120 6 minutes 6250 
130 36 seconds 1 560 
140 3.6 seconds 390 
150 0.36 seconds 97 

*All these time-temperature combinations produce the same sterilizing effect. 

Heat treatment has, however, another influence J.Ipon the colour of the 
milk. By sufficiently intensive heating the serum proteins are more or 
less denatured, with the result that the milk reflects more light and thus 
appears whiter. In the discussion of the properties of different sterilization 
methods it is seen that it is sometimes this whitening effect which is of 
especial importance and sometimes the browning colour change. 

The Different Systems of Milk Sterilization 

For the sterilization of milk several different methods are now in use: 
(1) the milk is bottled and heated for some time at temperatures between 
100°C and l20°C: this is the complete in-bottle system; (2) the milk is 
sterilized in a continuous-flow sterilizer at very high temperatures (130°-
150°C) for very short times (1-20 seconds), whereupon it is aseptically 
packed in the container: this heat treatment is often called the UHTST or 
VHTST (ultra- or very-high-temperature-short-time) process; (3) the milk 
is first sterilized according to the UHTST process under (2), then bottled, 
and finally submitted to further heat treatment to destroy any spores which 
may have entered it during bottling: this process is referred to as the two
stage process. 

Sterilization in the container (complete in-bottle system) 

In this process the milk is heated, as a rule in a bottle, in steam at a 
temperature of between 110° and 1209C. The temperature of the milk 
rises slowly on account of the slow heat penetration, especially when the 
bottles are not agitated in the sterilizer. Because of this, and of the fact 
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The UHTST type of heat treatment exerts only a small influence upon 
the milk because of its " high-short " character. The milk acquires merely 
a cooked flavour, and its colour is not impaired, sometimes even becoming 
whiter than before treatment. Fig. 3 shows the reflection curves of UHTST
treated milk, untreated milk and UHTST-treated milk after additional in
bottle treatment. It is clear from the data that the UHTST treatment 
did not impair the colour of the milk, which showed whiter after 
treatment. 

The influence of UHTST treatment upon the properties of milk is so 
slight that when certain UHTST systems, especially those employing direct 
steam-heating, are used, the phosphatase is not definitely destroyed; 
after some time reactivation of this enzyme occurs. Fortunately this pheno
menon of reactivation has not been observed with those enzymes affecting 
the keeping quality of the milk. Milk which is submitted to UHTST 
heating must have good heat stability if no sediment is to be formed in the 
product. 

The advantages of UHTST treatment in a flow sterilizer can only be 
preserved completely w·hen the milk is aseptically packed in a container 
after heating. 

Sterilization by the two-stage process 

At the moment this is the method generally applied for producing bottled 
sterilized milk. The milk is sterilized in bulk by UHTST heating, followed, 
after bottling, by mild in-bottle treatment. 

The best results can be obtained only if the in-bottle treatment is as 
mild as possible to avoid impairing the taste and colour of the milk. The 
reflection curves shown in Fig. 3 clearly indicate that after-treatment in the 
bottle, notwithstanding its lesser sterilizing effect, does tend to impair the 
colour of the milk much more than does the UHTST method. 

The UHTST heating has to be such that the milk is free, or almost so, 
from spores that have gained entrance during production at the farm. 
The level of the spore content after the heating must be much lower than 
the number of spores that contaminate the milk during bottling. When 
such a heat treatment is coupled with in-bottle heating, the latter process 
can be very mild because it is required to destroy only the small number 
of spores that enter the milk at bottling and which may have survived the 
UHTST heating. 

What are the advantages and disadvantages of this two-stage process 
as compared with the process whereby treatment is carried out completely 
in the bottle? Because the in-bottle treatment used in the combined method 
can be very mild, the taste and colour of the final product can be better than 
those of milk sterilized according to the complete in-bottle system. The 
capacity of the equipment for in-bottle treatment is greater when used for 
the two-stage method than for the complete in-bottle method. 
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Another important advantage of the two-stage system is its greater 
reliability as compared with the complete in-bottle treatment. As has been 
previously mentioned, the sterilizing effect of UHTST treatment can be 
increased considerably by a slight raising of the temperature: by an increase 
of 5°C a hundredfold reduction of the concentration of the surviving spores 
can be obtained. The two-stage process thus makes the dairy manager 
less dependent upon the spore content· of the raw milk. 

The temperature of the UHTST treatment must be precisely controlled; 
when it drops for any period of time down to, for example, 120°C, much 
of the milk passing through the apparatus will show approximately the same 
spore content as raw milk. Because the later milk in-bottle treatment is 
capable of destroying only a small number of spores this drop in temperature 
of the UHTST installation may easily result in a non-sterile product. 

Finally, it must be remarked that contamination during bottling has a 
greater effect on the end-product of the two-stage process than on that of 
the complete in-bottle system. 

This fact can easily be explained by a simple example, as shown in Table 3. 
For this calculation the assumption is made that all the spores belong to 
one species, or at least to species having the same thermoresistance. This 
example clearly shows the important influence bottling contamination may 
have on the results of the two-stage sterilization system. 

TABLE 3. INFLUENCE OF INFECTION AT THE BOTTLING STAGE 
UPON THE PRODUCT OF THE COMPLETE IN-BOTTLE STERILIZATION AND 

THE TWO-STAGE PROCESS 

Sterilizing effect of 1 N b Spore um er Level of infec- content Approximate number 
Steriliza- Jofsp~res tion with spores of the of non-sterile bottles 

tion system UHTST in-bottle I p~r htre per litre bottled (1/1 litre) 
1n the treatment treatment raw milk during bottling milk after all processes 

per litre 

Complete I -
I 

8 I 100 000 I 1 1100 001 I 
1 per 1000 

in-bottle - 8 100 000 100 100100 1 per 1000 

Two-stage 6 

I 
3 1100 000 1 1.1 1 per 1000 

100 000 100 100.1 1 per 10 

It is, of course, possible to use UHTST treatment merely as an extra 
safeguard, and to use after-treatment in the bottle with a sterilizing effect 
that is as great, or nearly as great, as that of the complete in-bottle process. 
In such a case many of the advantages of the combined process disappear 
(the better product, the increased capacity of the in-bottle sterilizing equip
ment), while the disadvantage of the extra cost of the UHTST installation is 
still fully apparent. The only advantage that remains is the greater confidence 
that can be placed in the sterility of the final product. This system cannot 
be called a two-stage method; it is a double sterilization. 

It is impossible to give any exact criterion for the amount of sterilizing 
necessary in after-treatment; it is dependent on the degree of contamination 
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TABLE 4. INFLUENCE OF THE STERILIZING EFFECT OF THE AFTER-TREATMENT 
IN THE BOTTLE AND OF BOTTLING CONTAMINATION UPON THE FINAL RESULT 
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Infection during bottling Sterilizing effect of Concentration of spores 
(spores) in-bottle treatment after the heating 

litres 
1 per 10 litres 1 1 per 100 

2 1 per 1 000 
3 1 per 10 000 
4 1 per 100 000 

1 per litre 1 1 per 10 
2 1 per 100 
3 1 per 1 000 
4 1 per 10 000 

10 per litre 1 1 per 1 
2 1 per 10 
3 1 per 100 
4 1 per 1 000 

100 per litre 1 10 per 1 
2 1 per 1 
3 1 per 10 
4 1 per 100 

at the bottling stage and on the risk the dairy manager wishes to accept. 
Table 4 shows some data as to the relation between the sterilizing effect of 
the treatment, contamination at the bottling stage, and the final results. 
This somewhat schematic example is again based upon the assumption that 
all the spores concerned belong to one species, or to species having the same 
thermoresistance. 

STERILIZATION TECHNIQUES 

The individual features of various items of machinery or plant and 
the requirements they have to fulfil in the processing of sterilized milk 
are briefly described. 

Auxiliary Processes 
Homogenization 

Homogenization is an essential part of any milk-sterilization process. 
It is of great importance that the fat should remain in the milk as an emulsion. 
Otherwise a solid cream plug is formed in the neck of the bottle. 

Bottle-washing 

The bottle-washing machine plays a very large part in any sterilized 
milk plant, particularly when the two-stage system is used. As a rule the 
bottle-washing machines now in use are unable always to destroy all the 
bacterial spores that may be present in the returned bottles. Spores that 
survive treatment by detergent can contaminate a large number of bottles. 
Detergent solutions with a rather high alkalinity and high temperatures are 
to be preferred. The bottles must be not only washed but also disinfected 
completely, or nearly so. 
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Filling and capping 

Sterilized milk can be packed in tins, bottles and cartons; canning is 
not much used for reasons of cost, and packing in cartons has only 
recently been introduced in some countries. 

As already mentioned, milk is generally bottled at a high temperature. 
The bottles must be hermetically sealed, because during heat treatment the 
pressure inside the bottle is greater than outside, and because after steriliza
tion, when the inside pressure is less than the outside one, contamination 
from without must be prevented. Crown corks are now generally used. 

From several investigations of the spoilage flora of insufficiently steril
ized milk, it appears that non-spore-forming bacteria are seldom found 
- a fact which suggests that crown caps are very suitable for sealing 
bottles of sterilized milk. 

UHTST Process in Bulk Sterilization 

The sterilizers for this process, of which there are many available makes 
and types, can be divided into two groups-those operating with direct 
steam heating and those in which the milk is heated indirectly by steam. 
Two well-known representatives of the first group are the uperisator and the 
Laguilharre flow-sterilizer. 

FIG. 4 

DIAGRAM OF A UPERISATOR (SWISS TYPE) 

1 = Fresh-milk inlet 
2 = De-aerator 
3 = Entrainment separator 
4 = Condenser 
5 = Water injector 
6 = Condensate pump 
7 = Vacuum pump 
8 = Milk pumps 
9 = Milk pre-heater 

10 =Steam inlet 
11 = Steam purifier 
12 = Steam trap 
13 = Uperising tube 
14 = Expansion vessel 
15 = Cooler 
16 = Storage tank 
17 = Cooling-water inlet 
18 = Vapour condenser 
19 = Hot-water outlet 

Fig. 4 and 5 show the uperisator plant. After pre-heating and de-aerating, 
the milk passes to the uperising tube, where high-pressure steam is injected 
into it, raising its temperature suddenly to sterilization temperature. After 
passing through the uperising tube the hot milk, still containing condensa
tion water, is forced into an expansion chamber for the first rapid cooling. 
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With both systems the raw milk is first heated to temperatures at which 
it can be homogenized, then to 130° -140°C in the high-temperature section 
of the plant with holding times of up to approximately 20 seconds. 

Fig. 8 and 9 show the Stork tubular sterilizer. Fig. 10 shows the A.P.V. 
Company's UHTST sterilizer. 

FIG. 9 

THE STORK TUBULAR UHTST FLOW-STERILIZER 

Reproduced by courtesy of the manufacturers 

In principle, sterilizers working with very short holding times produce 
less impairment of the qualities of the milk for the same sterilizing effect than 
do sterilizers with longer holding times. These differences may be of impor
tance when the milk is aseptically packed, but when, as is now generally 
done, the milk is submitted to after-heating in the bottle, they are not. 

Aseptic Packing of Sterilized Milk 

As has already been stated, the highest-quality sterilized milk is obtained 
by aseptic packing of UHTST sterilized milk. The difficulties involved are 
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FIG.10 

A PLATE UHTST FLOW-STERILIZER (A.P.V. CO .. LTD., UNITED KINGDOM) 

Reproduced by courtesy of the manufacturers 

the sterilization of the containers and the aYoidance of contamination 
during filling by micro-organisms from the air. For some time past this 
aseptic packing has been done commercially-although only on a restricted 
scale-by canning under special conditions. Fig. 11 shows the Martin aseptic 
canning system used for this purpose. The cans are sterilized with super
heated steam as they are conveyed continuously through the can sterilizer to 
the filler. The lids are also sterilized by superheated steam. The cold sterile 
product is filled into the sterile cans through a straight-line filler by a method 
permitting constant flow. An atmosphere of superheated steam or hot inert 
gas is maintained in the filler, closing machine and interconnecting conveyor 
system to preserve sterility. 

As yet aseptic bottling is not practised on a noticeably large commercial 
scale: the present bottle-washing procedures are not reliable enough with 
respect to sterilization of the bottles, and with the fillers now in use micro
organisms from the air often contaminate the milk. 

It has recently been shown that aseptic packing can be done by using 
Tetrapak single-service paper containers and Tetrapak filling equipment 
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FIG.11 

THE MODEL 60 MARTIN ASEPTIC CANNING SYSTEM 
WITH STANDARD CONTROLS (USA) 

Reproduced by courtesy of the manufacturers 

adapted for this purpose. This system is commercially applied in some 
countries. Fig. 12 shows the Tetrapak filling equipment developed by 
AB Tetrapak and Alpura AG. 

The problems connected with aseptic packing of milk are now being 
studied in many places, and more practicable solutions may be discovered in 
the near future. (See chapters by Casalis & van de Putte, page 569, and by 
Capstick, page 595.) 

When UHTST~treated milk is packed normally, it will (like pasteurized 
milk) spoil rather quickly. It no longer contains any bactericidal and/or 
bacteriostatic factors capable of inhibiting the development of bacteria 
originating from post-sterilization contamination. This contamination can 
be decreased but not eliminated by bottling the UHTST-heated milk at 
high temperatures; then only spore contamination will be of any magnitude. 
For further information concerning spore contamination in the latter case, 
and the keeping quality of milk bottled in this way, reference is made to 
Jayne-Williams et al. (1960) and Labots et al. (1960) . 

. In-Bottle Sterilization 

In-bottle sterilizers, which can be used either for the complete in-bottle 
system or for after-treatment in bottle of UHTST-sterilized milk, are of 
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FIG.13 

THE" PERFECTION" ROTARY-BATCH STERILIZER 
(PERFECTION STERILIZER CO., UNITED KINGDOM) 

The bottles are rotated only during cooling. 

Reproduced by courtesy of the manufacturers 

FIG.14 

THE STURZA TUMBLING AUTOCLAVE (GERBIG, GERMANY) 

Reproduced by courtesy of the manufacturers 
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Batch sterilizers 

The equipment for the batch process is the autoclave or the steam cabinet. 
In the simplest type of sterilizer the bottles are not agitated; as a rule treat
ment is carried out by steam; and the temperature of the milk increases only 
slowly. Thus sterilization is carried out at a relatively low temperature, 
which greatly impairs the colour of the milk. Heat transfer in the bottle 
can be increased considerably by using autoclaves or steam cabinets in 
which the milk is agitated, by rotary or tumbling batch sterilizers or by 
sterilizers with a to-and-fro movement. Fig. 13, 14 and 15 show some 
types. On account of the faster heat rise and cooling, sterilization can be 
carried out at higher temperatures during a shorter time, which gives a 
product with a better colour, and avoids the formation of skin on the milk. 

FIG.15 

AN AUTOCLAVE WITH A TO-AND-FRO MOVEMENT (HOLVRIEKA, NETHERLANDS) 

Rep,oduced by courtesy of the manufacturers 

The batch process is relatively wasteful of steam, and large heat losses are 
unavoidable. Another disadvantage is that not all the bottles have the 
same temperature at the moment of entry into the sterilizer. The milk, 
after filling and capping, has to wait until a full charge for the sterilizer can 
be built up, or until a cabinet is free to receive the charge. The steriliza-
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tion process has to be adapted to the bottles with the lowest temperature, 
so that much of the milk inevitably receives too intense a treatment. 

Generally the batch process is only suitable for small~scale production; 
however, the agitating-type sterilizer has come into favour for products 
which are difficult to sterilize, such as chocolate milk, cream, custard, and 
evaporated milk. 

Continuous sterilizers 

This type of plant has come into use since the great increase in production 
of sterilized milk, and has, in fact, helped to make this possible. These 
sterilizers have a capacity of up to 6000 one-litre bottles per hour. The 
first continuous sterilizers were built some years before the Second World 
War, but the greatest development took place after the war. The sterilizers, 
of which there are many available makes and types, can be divided into two 
kinds-namely, those operating with steam as the sterilizing medium, and 
those in which the sterilization is carried out by hot air. 

(1) Continuous sterilizers operating with steam. ,The types used for 
bottled milk are all based upon the principle shown in Fig. 16. The plant 
consists of a number of towers which together form a number of U-shaped 
passages. One of the towers, filled with steam, is maintained at a high tem
perature, the others are filled with water to seal off the steam tower from the 
atmosphere and to allow a high pressure of steam, and hence a high temper
ature, to be maintained. A conveyor belt or chain for the bottles runs 
through the plant. The temperature in the steam chamber is determined by 
the height of the water seals. A water column of 5 m allows a steam tem
perature of 110°C to be reached; a column of 10 m, a temperature of approxi
mately 120°C. The water columns allow the bottles to be pre-heated and 
cooled. The bottles enter the water seal at a comparatively low temperature, 
are gradually heated during passage through the seal into the sterilizing 
chamber, and gradually cooled on leaving the machine. Today these instal
lations are usually provided with more towers than are shown in Fig. 16, 
for better cooling. 

Fig. 17 shows the " Pioneer " continuous sterilizer of R. W. Webster 
& Co., Ltd. Fig. 18 shows the in-bottle sterilizer of Stork Bros & Co. 

(2) Continuous sterilizers operating with hot air. In the Econster tunnel 
sterilizer of N. V. Bronswerk, small carriers loaded with crates containing 
bottles are transported through a tunnel; the movement of the carriers is 
not continuous but occurs at intervals (see Fig. 19). The carriers are 
provided with plates which divide the tunnel into its several compartments. 
The pre-heating is effected by steam at atmospheric pressure, the sterilization 
by circulating hot air, and the cooling by spraying with water. 

The Lacster sterilizer of A. Vandergeeten consists again of a series of 
compartments through which an endless conveyor belt is transported. The 
first, third and fourth compartments are filled with water for pre-heating 
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FIG.17 

A WEBSTER" PIONEER" CONTINUOUS IN-BOTTLE STERILIZER (UNITED KINGDOM) 

Reproduced by courtesy of the manufacturers 
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FIG.18 

MODEL OF A COMPLETE STORK PLANT FOR CONTINUOUS 
TWO-STAGE STERILIZATION 

293 

Reproduced by courtesy of the manufacturers 

In the experience of the author, sterilizers operating with hot air need 
longer to complete the process than do steam sterilizers-a fact which 
is not surprising given the difference in heat transfer between glass and 
hot air, and glass and condensing steam. The relation between sterilizing 
effect and browning is better for steam sterilizers than for hot air installa
tions. This is due to the fact that the heating in steam is carried out at 
a higher temperature and for a shorter time than that in hot air. In the hot 
air installations now in use it is impossible to increase the air temperature 
to such a degree that this difference is eliminated, since burned milk deposits 
are then formed on the glass wall. 

Continuous sterilizers can be used for the complete in-bottle system 
and for the two-stage system; for the latter, however, the capacity is larger 
than for the former. 

In practice (in the experience of the author) the intensity of the heat 
treatment in the continuous in-bottle sterilizer, when employed for the 
second part of the two-stage system, is often greater than necessary, especially 
in installations operating with steam under pressure. 
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It is not enough merely to estimate the sterilizing effect; the results of 
the treatment on the properties of the milk must also be taken into account; 
this can be performed most accurately by means of an estimation of how 
greatly the colour of the milk is affected. Care must be taken that the 
results are not incorrectly influenced by the simultaneous occurrence of the 
browning reaction and the whitening effect described on pages 273 and 274. 
Results of such evaluations of sterilization procedures have already been 
shown in Fig. 2 and 3 (see pages 275 and 276). In addition, Fig. 20 shows the 
results of the estimations of the sterilizing effect of treatment in three 
different in-bottle sterilizers operating with steam as the sterilizing medium. 
In these cases the relation between the sterilizing effect and the total travelling 
time of the bottle was estimated. Such evaluations are of great use to dairy 
managers in selecting sterilizers and sterilizing procedures. For further 
particulars see Galesloot (1956), Galesloot & Radema (1957); Galesloot et 
al. (1957), Labots et al. (1958, 1959). 

SURVIVAL OF BACTERIA IN COMMERCIALLY 
STERILIZED MILK 

Because of the deleterious effects of sterilization upon certain properties 
of milk there is often a tendency to use the minimum amount of treatment, 
so that occasionally bacteria develop in the product. Investigations concern
ing the bacterial spores that may survive the commercial sterilization of 
milk have unfortunately been restricted so far to a few countries with a 
moderate climate. Among those bacteria causing difficulties during distri
bution in countries with a moderate climate, B. subtilis occupies an important 
position. This bacillus gives the milk an extremely bitter taste, and pro
teolysis occurs. Strains of B. circulans which produce a carbolic taint are 
often a cause of difficulty; occasionally other bacteria (B. licheniformis, 
B. cereus, B. macerans) present problems. 

When sterilized milk is incubated at higher temperatures it is possible 
that more species may be found. The presence of the above-mentioned 
bacteria, of the B. coagulans group, and of facultative thermophilic bacilli 
can be demonstrated by tests at 37°C. Tests at 55°C can demonstrate 
the presence of bacteria of the B. coagulans group, facultative thermophilic 
bacilli, and obligate thermophilic bacilli. Anaerobic spore-forming bacteria 
are practically never present unless the milk has been strongly under
sterilized, as anaerobic spores are less resistant than aerobic ones. 

There is some relation between the nature of the surviving flora and the 
most probable cause of the non-sterility; consideration of this aspect may 
help to solve the difficulties. Insufficient heat treatment, of course, results 
in milk which is not sterile, but it cannot be assumed that non-sterility in
variably condemns the process. Other circumstances, such as imperfect 
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bottling conditions for the two-stage process, may be the cause, notwith
standing the fact that the sterilization process applied was adequate for 
normal conditions. In such cases sterile milk could be obtained by increas
ing the intensity of the heat treatment, but if the quality of the milk is not 
to be impaired it is better to eliminate the defective part of the process so 
that normal treatment is sufficient. 

When B. cereus and B. subtilis are found it can generally be assumed that 
the intensity of the heat treatment was too low. In the case of B. cereus 
the insufficiency of the degree of heating must have been greater than if 
B. subtiliswere present. The spores of B. cereus are less thermoresistant than 
those of B. subtilis, but the former grows more quickly than the latter. When 
B. subtilis is found in the product after the two-stage process has been used, 
it can usually be said that the treatment in the UHTST sterilizer was not 
intense enough (treatment temperature too low or too fluctuating). 

The presence of strains of B. circulans, which produce a carbolic taint, 
is often associated with improperly washed bottles. These bacteria, even 
at rather low temperatures, quickly and abundantly form spores in milk; 
returning bottles may thus contaminate the bottle-washing machine, and 
when the alkalinity and the temperature of the detergent solutions are not 
sufficiently effective large numbers of B. circulans spores may survive the 
treatment and infect the cleaned bottles. The in-bottle treatment then fails to 
kill the spores, hence more infected bottles return and contaminate the bottle
washing machine. Thus a vicious circle is set up, which is fatal to the product 
unless measures are taken to improve the standard of bottle disinfection. 

The presence of bacteria of the B. coagulans group and of thermophilic 
bacilli is usually associated with the filler. For reasons of economy and 
quality, milk is mostly bottled at high temperatures, and these bacteria develop 
in the filler, form spores there and contaminate the milk at the bottling stage, 
often surviving later in-bottle treatment. The development of bacilli of the 
B. coagulans group can be fairly easily controlled by using high filling tem
peratures, for their growth is retarded at 60°C and prevented altogether at 
between 60°C and 65cC. The development of thermophilic bacilli can 
be controlled only by thorough and frequent cleansing and disinfection of 
the filler. At a bottling temperature of 80°C, which can be considered as 
a maximum, the development of thermophilic organisms is much less 
than at the more frequently used temperatures of 65c -70°C, but is still 
possible. Because filling temperatures of at least 65°C are now in general 
use, the frequency of spores of the B. coagulans group in the final product is 
low. The thermophilic bacilli are, however, often present in sterilized milk. 

As to the nature of the surviving flora, striking differences result from 
the complete in-bottle system and the two-stage process. In milk treated 
according to the former process, B. subtilis is more often present than in 
milk sterilized according to the two-stage process. This difference may 
easily be understood: the spores of B. subtilis are often very thermoresistant, 
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and are regularly present in fairly large numbers in raw milk; when, however, 
the two-stage system is applied, these spores are easily destroyed during 
UHTST treatment. 

On the other hand, spores of the B. circulans strains, the B. coagulans 
group, and the thermophilic bacilli are more often present in milk sterilized 
by the two-stage method than in milk submitted to the complete in-bottle 
treatment. It has been suggested earlier that, in contrast to the complete 
in-bottle system, infection at the bottling stage exerts a greater influence upon 
the final product in the two-stage process, because the spores originating 
at bottling are submitted only to a mild after-treatment. The spores of 
B. coagulans, the carbolic-taint strains of B. circulans, and the thermophilic 
bacilli may all seriously contaminate the milk at bottling, either through 
insufficiently disinfected bottles (B. circulans) or through the filler (B. coa
gulans and the thermophilic bacilli). On the other hand, these spores 
occur in raw milk only in very low numbers. The greater frequency of 
spores of B. circulans, B. coagulans and thermophilic bacilli in milk submitted 
to the two-stage process is thus easily understandable. For a further 
discussion of the subjects treated above, see Galesloot & Labots (1959a). 
Because the role of thermophilic bacilli in contaminating sterilized milk is 
a considerable one, the problem of dealing with these bacteria is discussed 
below in greater detail. 

The thermophilic bacteria that develop in the hot milk in the filler 
belong chiefly to those types that form an acid clot; other types are rare. 
They all grow at 65°C; by means of a growth test at 37°C they can be separated 
into obligate (growth at 37°C negative) and facultative (growth at 37°C 
positive) thermophilic bacilli. Neither type grows at temperatures of 28°C 
and lower. 

In the experience of the .author (Galesloot & Labots, 1959b), the pro
perties of those thermophilic bacilli which develop in hot milk in fillers 
differ considerably from those of the thermophilic bacilli found in raw 
milk. The latter do not as a rule ferment lactose, but either produce no 
change at all, or cause a slight alkaline reaction or proteolysis. The presence 
of lactose in the milk probably accounts for the fact that lactose-fermenting 
thermophilic organisms are the most likely to develop in milk. 

According to the 1957 edition of Bergey's Manual of determinative 
bacteriology (Society of American Bacteriologists), all the thermophilic 
strains are called B. stearothermophilus. 

The. thermophilic spores are generally more thermoresistant than the 
mesophilic spores, and therefore the former are present in greater frequency 
in sterilized milk. 

What significance should be attached to the presence of thermophilic 
bacilli in the sterilized milk? This question is difficult to answer definitively. 
In many countries thermophilic bacilli are unable to develop in milk at the 
temperatures prevailing during distribution and in the household, because 
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their growth is inhibited at 28°C or lower. In tropical areas, however, 
things are different. It can be assumed that the facultative thermophilic 
bacilli can cause spoilage of the product, but in the opinion of the author it 
is uncertain whether the obligate thermophilic types are very dangerous. 
Fortunately the spores of the facultative thermophilic types are much less 
thermoresistant than those of the obligate thermophilic types. 

There is, however, too little published experience to give a firm basis 
for evaluating the importance of thermophilic bacilli in sterilized milk for 
hot countries. In many areas with a rather hot climate the two-stage process 
has already been in use for some years, and no difficulties from thermophilic 
organisms have been reported. 

However, in the experience of the author, and of others, the thermophilic 
bacilli-even the obligate thermophilic types-can cause difficulties when 
the milk is not cooled sufficiently during the sterilization procedure, and if 
further cooling in the air has been prevented or is at least strongly inhibited 
by faulty storage and transport practices. The milk may then remain for 
several hours at temperatures which are very favourable for quick growth of 
thermophilic bacteria. These difficulties have also been reported for 
countries with a temperate climate. The problems of contamination with 
thermophilic bacteria can be solved by lowering the bottling temperature 
to, for example, 30°C, but the subsequent in-bottle treatment must then 
be adapted to this change. 

STERILITY CONTROL OF STERILIZED MILK 

Since immediately after sterilization the spore content, at least of the 
mesophilic spores, is as a rule less than 1 per litre, control of sterility can 
be performed only after incubation of the unopened bottle of milk, and 
the result is reliable only when a fairly large number of bottles is examined. 

To demonstrate the presence of mesophilic spores, incubation of the 
milk at a temperature of 30° or 37"C is generally used, but at 37°C the 
facultative thermophilic bacilli also are able to develop, albeit less quickly 
than the mesophilic ones. Moreover, it is known that some sublethally 
heat-treated mesophilic spores cannot grow at 37°C, but are able to do so 
at 30°C. For the detection of mesophilic spores 30°C is thus the temperature 
of choice. For the demonstration of the presence of thermophilic bacilli, 
incubation of the milk at temperatures of 55° -65°C can be used. At 55°C, 
however, the mesophilic bacilli with a high maximum temperature (B. coa
gulans) can also develop, which is impossible at 65°C. Notwithstanding 
this fact, the 55°C test for the detection of thermophilic bacilli is preferable 
to a test at a higher temperature. At 63°-65°C the obligate thermophilic 
bacilli develop more quickly than do the facultative thermophilic ones, and 
when spores of both types are present in the same bottle the obligate thermo
philic type outnumbers the facultative thermophilic type so greatly during 
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incubation that afterwards none of the latter can be found. The reverse 
holds true at 55°C. Because the presence of facultative thermophilic spores 
in the final product involves more risk than that of obligate thermophilics, 
the author prefers incubation of the milk at 55°C for the detection of 
thermophilic organisms. 

The flora developing at 55°C can be analysed by means of growth tests 
with subcultures of 28°C and 37°C. With some experience the surface 
colonies of facultative and obligate thermophilic strains can be distinguished. 
After incubation (e.g., 5-7 days at 30°C, 3-5 days at 37°C, 5 days at 55°C) 
milk must be examined for the presence of bacterial growth; this is, of course, 
unnecessary if changes are already visible. The examination can be per
formed by plating out upon or in an agar medium (a loopful or 0.1 ml) 
or by microscopic examination. When after incubation of the plates a 
dense growth has developed, it can be assumed that the sample was not 
sterile; when a scarce growth has developed (for example, only a few colonies), 
care must be taken in interpreting the result. It may be a question of a type 
of bacillus that could not grow quickly at the incubation temperature of the 
milk (such as facultative thermophilic bacilli, at 37°C); or of a bacillus 
whose growth in the milk had been· delayed by sublethal heat treatment; or 
of a bacillus that had developed very rapidly in the milk, dying in large 
numbers by the time examination took place (the latter often occurs with 
thermophilic bacilli at 55°C or higher). There is another possibility that 
is unrelated to the milk examined-namely, that this scarce growth originates 
from infection during the plating-out of the milk, for example, from the air, 
or from the hands of the investigator. In this case the bacteria are mostly 
non-spore-forming. There are many agar media suitable for use, but it is 
better not to choose one with sugar, since this constituent often inhibits 
the formation of spores in such media. Among the ready-to-use powdered 
media, nutrient agar prepared by Difco or Oxoid can be used with success, 
Oxoid nutrient agar being the better of the two for spore formation, especial
ly for B. circulans, B. coagulans and the thermophilic bacilli. There are 
certain bacilli, however (especially among the thermophilic types), which 
will not grow upon Oxoid nutrient agar but do normally grow upon the 
other product. 

The result of the sterility test may be influenced to some extent by 
the history of the sample. The insufficiently sterilized bottles contain 
so-called sublethally heat-treated spores, which may show the phenomenon 
of de-activation upon incubation at sub-optimal temperatures. When, for 
example, bottles of sterilized milk are incubated at . 30°C immediately 
after sterilization, more non-sterile bottles may be found than when the 
incubation is carried out after storage for one or more days at temperatures 
of 20°C or lower. 

Even in a country with a temperate climate, or in other circumstances 
where the thermophilic bacilli play little part in milk 'spoilage, the 55°C 
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test has a certain value. The results show how the cleaning and disinfection 
of the filler is carried out. 

NUTRffiVE VALUE OF STERILIZED MILK 

The following data have been derived from a review by Kon (1958). 
In-bottle treatment destroys at least half of the surviving vitamin C, 

and there is an important loss of thiamine (30 %-40 %). Vitamin B12 is 
almost completely destroyed. The indications at present are that there is 
some loss of vitamin B6 at sterilization, but authorities differ markedly 
as to its extent. The process has no effect on vitamin A, carotene, riboflavin 
and nicotinic acid, and its effect on the remaining vitamins studied is doubtful. 
The biological value of the proteins decreases by only a few percentage 
units as a result of this treatment. When milk is given as an exclusive diet 
to rats the total nutritive value is not affected by sterilization in bottle. It 
has also been stated that sterilized milk was almost as good as raw milk in 
growth experiments with piglets. There is no evidence of untoward effects 
on other nutrients. 

The effects of the UHTST treatment are much less drastic than those 
of in-bottle treatment, and (according to Kon) they differ little from those 
of pasteurization as testified by the relatively small destruction of vitamin 
B12 which, because of its great !ability in processing, may be taken as a gauge 
of the severity of treatment. Ultra-high-temperature sterilization has 
no effect on the biological value of the proteins, as judged by experiments 
with rats. 

It can be assumed that the losses of the nutrients of milk treated by 
the two-stage process are somewhat less than those resulting from the 
complete in-bottle heating, especially when the after-treatment in bottle is 
very mild. However, Kon (1958) has stated that there are no differences 
between the complete in-bottle system and the two-stage system, but he 
based his conclusions on a study of a two-stage system with a rather intense 
in-bottle treatment. 

For further information concerning the nutritive value of sterilized 
milk the reader is referred to work published since the 1958 review: see 
Kon (1959), Payne-Botha & Big\vood (1959), Ford, Kon & Thompson 
(1959), Henry & Porter (1959), Ogasa et al. (1959), Shillam, Dawson & Roy 
(1960), and Pol & Groot (1960). The following results are especially worth 
mention. Shillam et al. found that newborn calves fed UHTST-treated 
milk for 3 weeks gained significantly less and scoured more frequently than 
calves fed raw or pasteurized milk. Pol & Groot reported, among other 
things, that sterilization, even by the UHTST process, caused significant losses 
of the essential fatty acids (linoleic acid, linolenic acid and arachidonic acid). 

Sterilized milk is not normally stored for prolonged periods. It is 
known, however, that in long storage in the dark no losses occur in carotene 
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and vitamin A or riboflavin, that the vitamin C content decreases fairly 
rapidly, and that of thiamine more slowly. Losses are greatly accelerated 
during storage in daylight and there is then a marked loss of vitamin A 
and riboflavin also; In any prolonged holding there will also be the danger 
of progressive inactivation oflysine through a Maillard reaction of its amino 
groups with lactose. 
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HYGIENIC CONTROL OF FLUID MILK 

FRANKLIN W. BARBER, B.S., M.S., Ph.D. * 

The hygienic control of fluid milk is necessary to provide the public 
with a safe, wholesome, high-quality beverage. It involves many carefully 
controlled steps, regardless of whether the end result is fluid milk and cream 
or any other of the numerous milk products or by-products. It is concerned 
with such matters as the health of the cow, the health of the farmer, the 
condition of the farm, the milking operation and equipment, delivery of 
the milk to the dairy, processing of the milk and eventual delivery to the 
home. 

Other chapters of this monograph have dealt with various aspects of 
milk hygiene up to and including pasteurization; the hygienic control of 
fluid milk can be said to embrace all these aspects, because only if each step 
in milk production and processing is carefully controlled can high-quality 
fluid milk be obtained. The final evaluation of the finished product is 
determined by how well .the product meets the standards of quality set by 
controlling agencies, whether they be federaL state or municipal. 

For the most part controlling agencies have set up specifications or con
ditions relating to the operation of the dairy industry. These specifications 
or conditions, which should cover milk on the farm, milk in transit and 
milk in the plant, have already been discussed. However, it is when the 
finished product is obtained that the efficiency of these operations is evaluat
ed. Although finished-product standards may vary from one country to 
another, or even from one municipality to another within a given area, in 
general, the same standards of quality are involved. These are: 

I. A pasteurized product must give a negative test for the enzyme 
phosphatase. 

2. A pasteurized product must contain less than a specified number 
of micro-organisms per ml. 

3. A pasteurized product must contain less than a specified number of 
coliform organisms per ml. 

*Assistant Research Manager, Research and Development Division, National Dairy Products Cor
poration, Glenview, Ill., USA. 

-303-



304 F. W. BARBER 

By meeting these standards, plus the many processing specifications, the 
product is regarded as safe and wholesome for the public. 

For many years the hygienic quality of fluid milk has been regulated and 
judged by laboratory control tests. It has been the practice in the dairy 
industry to evaluate the effectiveness of processing and the quality of the 
milk by the results of laboratory tests carried out on the product immedia
tely after pasteurization and packaging. The most common laboratory 
tests are (a) the phosphatase test, (b) the standard plate count, and (c) the 
coliform count (Johns, 1953, 1955). In more recent years, in some areas, 
a psychrophile count and some kind of keeping-quality test have also been 
added to the other routine tests conducted by the laboratory on the finished 
product. In the USA and Canada the various laboratory procedures used 
to evaluate the hygienic quality of dairy products have. been standardized 
and presented in Standard Methods for the Examination of Dairy Products 
(American Public Health Association, 1960). 

The Phosphatase Test for Pasteurization 

The phosphatase test is a chemical method for determining the efficiency 
of processing and has a direct relationship to the safety of pasteurized pro
ducts. The test is based on the fact that phosphatase, an enzyme occurring 
normally in raw milk, is progressively inactivated by increasing heat treat
ment. Complete inactivation occurs at a thermal exposure just barely 
below the temperature and time required for pasteurization, and above the 
temperatures required for the destruction of disease-producing organisms. 
The unusual sensitivity of the enzyme to slight variations in the processing 
operations required for proper pasteurization makes the phosphatase test 
exceptionally valuable for discovering recontamination with raw milk and 
for locating causes of under-pasteurization. 

There are a number of tests for phosphatase activity reported in the 
literature (Gilcreas & Davis, 1940; Kay & Graham, 1935; Sanders & Sager, 
1948; Sharer, 1953), but all of them are based upon the ability of alkaline 
milk phosphatase to liberate phenol from phosphoric-phenyl esters. The 
activity or amount of enzyme present in a milk sample can be detected by 
calorimetric determination of the liberated phenol. In most areas in the 
USA and Canada the Scharer one-hour test has been widely used as a 
screening method (Burgwald, 1942). Suspect samples are generally con
firmed by one of the two official methods described in the 11th edition of 
Standard Methods. In European countries the Kay & Graham phosphatase 
test is used more frequently (Kastli, 1957). 

The phosphatase test is regarded as a valuable tool in the hygienic con
trol of pasteurized milk. Fay (1939), in an early paper on the value of the 
phosphatase test, lists a number of defects in pasteurization which were 
revealed by this test: 
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" A. Short holding 

1. Fast recording thermometers 

2. Leaky outlet valves 

3. Deliberate short holding 

4. Confusion of valves in a multiple 
valve system 

" B. Low temperature : shown on 
recorder 

I. Vats only partially filled-milk 
does not hold temperature 

2. Holders cold at start of run 

3. Holders in a draught 

4. Poorly insulated holders 

5. Cold layer on the bottom of vats
poor agitation. 

" C. Low temperature : not shown on the 
recorder 

I. Thermometer bulb passing through 
heated jacket 

2. Improperly pasteurized foam con
taminating the last milk out of the vat 

3. Long thermometer bulbs touching 
the glass or metal lining of a jacketed 
vat 

" D. Added raw milk 

1. Defective valves or valves impro
perly closed 

2. Standardizing during or after heat
ing with raw or improperly pasteuriz
ed milk or cream 

3. Leaks in regenerator section 

4. Passing milk through equipment 
previously used for raw milk. " 

Any of the foregoing conditions might lead to an improperly pasteurized 
product. The use of the phosphatase test not only on the finished product 
but also on samples taken during the processing operation enables the 
plant operator to spot the faulty equipment or operation and then apply 
the proper corrective measures. The phosphatase test is reported to be 
able to detect (a) a 1.5-degree drop in the temperature of pasteurization, 
(b) a 5-minute shortening of the holding time, or (c) the addition of 0.1% 
raw milk. 

Valuable as the phosphatase test may be in the control of pasteurized 
milk, there are conditions which can invalidate the test. It is essential that 
the factors affecting the accuracy of the test be recognized and that directions 
for making the test be followed carefully (Barber, 1942). The precautions 
to be taken are clearly stated in the general instructions for conducting the 
test (see, for example, Standard Methods). 

A number of workers (Hammer & Olson, 1941; Barber & Frazier, 1943) 
have shown that under some conditions bacterial phosphatase can interfere 
with the test. Certain micro-organisms are capable of producing sufficient 
amounts of phosphatase to cause a positive phosphatase reaction on pro
perly pasteurized products. Barber & Frazier showed that bacterial phos
phatase was more resistant to heat than milk phosphatase and required a 
heat treatment of 76.7°C (169°F) for 30 minutes for inactivation, while 
milk phosphatase was inactivated at 62.8°C (l44°F) for 30 minutes. This 
difference in heat resistance was found to be a convenient method for dis
tinguishing between the two types of phosphatase. 
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More recently, several workers have reported obtaining positive phos
phatase tests on products subjected to high-temperature, short-time (HTST) 
pasteurization (Fram, 1957a, b; Wright & Tramer, 1953a, b, 1954). 
It appears that there is a reactivation of phosphatase when products are 
pasteurized at high temperatures and subsequently held at temperatures 
above refrigeration temperature. 

Fram (1957a) has reported the reactivation of phosphatase in dairy pro
ducts of various fat content (from skim milk to 38 % fat cream) after heat
ing at various times and temperatures. Immediately after pasteurization 
and when stored at 4.4°C (40°F), all products gave negative phosphatase 
tests. When the products were held at 31.1°C (88°F), however, phosphatase 
reactivation was observed in HTST-treated products but not in products 
pasteurized by the long-hold method. The minimum short-time tempe
rature above which reactivation occurred, and the minimum period of 
storage at 31.1 °C before reactivation, appeared to be a function of the 
fat content-the higher the fat content of the product, the lower the tempe
rature of heat treatment and the shorter the period of storage at 31.1 oc 
before reactivation of the enzyme. 

It is suggested that with products subjected to HTST pasteurization, 
phosphatase tests should be conducted either immediately after pasteuriza
tion or on products which have been quickly cooled after pasteurization 
and held at temperatures below 4.4°C, to avoid positive phosphatase test 
results due to reactivation of the enzyme. 

Bacterial Flora in Milk 

Before considering the bacteriological tests that are of importance in the 
hygienic control of fluid milk, mention should be made of the various types 
of organisms that may. be encountered in milk. Because milk is an ideal 
medium for the growth of micro-organisms, strict control over its pro
duction, processing and distribution is necessary. For the purpose of this 
discussion only the minimum amount of detail will be presented regarding 
the various types of bacteria than can be found in milk. For more com
plete information, the reader is referred to Foster et al. (1957) and Elliker 
(1949). With respect to pathogenic bacteria, present information is. ably 
summarized in a recent paper by Kastli (1957): 

Milk aseptically drawn from the cow is not completely free from bac
teria, as there are. always organisms present in the teat canal and the udder. 
The health of the cow determines the types and extent of the bacterial flora 
of the milk as it is produced. Milk from a normal healthy udder may 
contain varying numbers of micrococci and small rod forms. Mastitis 
infection naturally results in increased bacterial numbers. In addition to 
the usual mastitic streptococci, micrococci (staphylococci) and Pseudomonas 
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have been reported as being implicated in mastitis. If the animal is not 
healthy, pathogenic bacteria such as mycobacteria, brucellae and rickettsiae 
(Q fever) may be present in the milk. 

Further contamination of milk can occur during milking from the coat 
of the cow, milking utensils, air, feed, dust, manure, etc., if good milking 
practices are not followed. Many types of organisms are represented in 
this kind of contamination: lactic-acid bacteria, spore-forming rods, coli
forms and Pseudomonas in particular. If the milk is not cooled rapidly 
and properly after milking, growth of these organisms may take place 
and markedly increase the count of the raw milk. A satisfactorily produced 
milk should have a bacterial count of less than 200 000 per ml when it is 
delivered to the processing plant. 

At the plant the sanitary condition of the equipment and the temperature 
and time of raw-milk holding also have a marked effect on the bacterial 
population of the milk. Proper pasteurization destroys all possible patho
gens and reduces the number of viable organisms in the milk. Here again, 
if proper cleaning and sanitizing procedures are not followed for 
pasteurizing equipment, an increase in certain types of organisms 
is possible, owing to a build-up of milk solids in the equipment. This 
is particularly true in the long-hold pasteurization method, where one vat 
may be used several times a day for pasteurizing different batches of milk 
without being cleaned between batches. If the original raw milk contains 
types of organisms that are resistant to heat or capable of growth at pas
teurization temperatures, the chances of this type of build-up in the equip
ment are increased. These organisms are known as thermoduric (heat
resistant) and thermophilic (heat-loving) bacteria. 

The thermoduric and thermophilic organisms, for the most part, are 
the bacteria responsible for high counts immediately after pasteurization. 
This is because the thermodurics are not destroyed by pasteurization and 
the thermophilics are capable of growing at the temperatures of the long
hold process and even, though infrequently, at the temperatures of the 
short-time process. The thermoduric organisms are generally micrococci 
or microbacteria, which originally get into the milk on the farm from 
improperly cleaned and sanitized utensils or equipment. The thermophiles 
also may gain access to milk on the farm through soil, bedding, feeds or 
other sources. Raw milk generally contains relatively few thermophiles 
and it is primarily through mishandling of the milk by exposure to high 
temperatures for comparatively long periods that the thermophilic flora 
builds up. As has been mentioned, this may be the result of continued use 
of vat pasteurizers without cleaning between batches. The undesirable prac
tice . of re-pasteurization of returned milk, and operating without foam 
heaters on the pasteurizing vats or with improperly designed ones also 
may cause a build-up of these organisms and contamination of the equip
ment and the product. 
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Assuming that the raw milk is of good quality, and that proper handling 
and pasteurizing practices have been followed, there is still the possibility of 
contamination of the product after pasteurization. The source of this 
contamination is usually improperly cleaned and sanitized pipelines, milk 
coolers, bottle-filling equipment and the bottles themselves. Condensate 
in the filler room frequently can be a serious cause of contamination 
if proper precautions are not taken. The principal post-pasteurization 
contaminants are reported to be the coliform organisms and psychrophiles 
in general. 

The coliform organisms, because oftheir prevalence in nature (in manure, 
in soil, in the intestinal tract of man and animals, and on dirty utensils), 
are practically always present in raw milk. However, their heat resistance is 
such that they are usually completely destroyed by pasteurization and 
therefore their presence in pasteurized milk is considered to be an indication 
either of improper pasteurization or of post-pasteurization contamination. 

The term psychrophile, as commonly used in the dairy industry, refers 
to those bacterial species which are capable of relatively rapid growth at 
low temperatures, generally within the range of 1.7°-l0°C (35°-50°F). 
These organisms are largely Gram-negative, non-spore-forming rods with 
varying degrees of proteolytic activity. They are invariably present in all 
raw milk supplies and, like the coliforms, thermodurics and thermophilics, 
a part of the normal flora of raw milk. Their numbers depend upon the 
sanitary conditions under which the milk is produced, the temperature of 
holding and the time that elapses before processing. They are not regard
ed as being able to survive proper pasteurization treatments and therefore 
their presence in pasteurized milk is considered an indication of post
pasteurization contamination. 

The psychrophilic bacteria have received increased attention by investigators 
during recent years because modern developments in the handling and 
transportation of milk have resulted in milk being held for longer periods 
at low temperatures before processing, manufacture or consumption. The 
literature on psychrophilic micro-organisms in milk has been completely 
reviewed recently by Thomas (1958). 

Standardized Bacteriological Tests 

Standard plate count 

The bacteriological control of fluid milk is dependent upon the deter
mination of the numbers and kinds of bacteria present in the product. The 
oldest and most frequently used method for the enumeration of bacteria in 
milk is the standard plate count. Although this method was originally 
intended to count all the bacteria contained in the sample plated, actually 
the counts obtained are only estimates. This is because the conditions 
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of the test (incubation temperature, medium, oxidation-reduction potential, 
existence of clumps of bacteria, etc.) impose limitations that may prevent the 
growth of some of the bacteria in the sample. Therefore if bacterial stan
dards are to fulfil their purpose as an indication of the quality of the product, 
every detail pertaining to apparatus, technique of plating, incubation, count
ing, and reporting of counts must be uniform, so that counts obtained by 
one laboratory can be accepted as authoritative by all concerned. These 
details for the standard plate count are set forth in the 11th edition of Stan
dard Methods for the Examination of Dairy Products. 

Although it has long been recognized by many investigators that there 
are many limitations to the standard plate count, the method is of value in 
that it provides a comparative index of the care used in the processing of 
the milk and is a means of ascertaining whether or not the product meets 
predetermined count standards. Controlling agencies may vary in their 
standards, but for the most part a standard plate count of 30 000 per ml 
is common, although in many areas a standard of 10 000 per ml is required 
for pasteurized milk. With present-day equipment and controls it is not 
difficult to produce a pasteurized product with a standard plate count of 
less than 10 000 or even as low as 1000 per ml. 

Coliform count 

The coliform test has also been standardized so that counts obtained by 
different laboratories will have meaning. Coliform bacteria can be enumer
ated by plating the sample, as is done in the standard plate count, but 
using a selective nutrient agar that will permit the distinctive colonies of 
coliform bacteria to develop while suppressing the growth of other bacteria. 
An alternative procedure, in which liquid media are employed, can also be 
used to estimate the coliform content of the sample. Both of these methods 
are clearly and specifically recorded in Standard Methods for the Examination 
of Dairy Products. 

Both tests are based on the fact that coliform organisms are Gram-negative, 
non-spore-forming rods that ferment lactose with the production of acid and 
gas. Both methods utilize media inhibitory to most other species, but 
since some other organisms may grow, positive results on the primary media 
are considered to be positive presumptive tests. To confirm a presumptive 
positive result, further tests with additional selective media ha Ye to be carried 
out. 

It is recognized by most investigators that present-day pasteurized pro
ducts should not contain any coliform organisms. However, in many 
areas, coliform standards are not quite so strict and usually specify 
that coliforms be absent in 1.0-ml or 0.1-ml samples (Kiistli, 1957). A 
survey of coliform standards in the "CSA carried out in 1955 by the Com
mittee on Applied Laboratory Methods of the International Association 
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of Milk and Food Sanitarians (Committee on Applied Laboratory Methods, 
1956), showed the following: 

"1-Jilk: Of the 46 replies, 19 States have legal standards; 19haveunofficialstandards; 
8 have no standards. Legal standards were as follows: one State with 1 per ml., one 
with 3 per ml., one with 5 per ml., 15 with 10 or <10 per ml., and one State did 
not give a standard. Unofficial standards include one State with 0 per ml., one with 
5 per ml; and 17 with 10 or <10 per ml. The majority of replies (36) indicated routine 
testing with good compliance. " 

Other Bacteriological Tests 

The standard plate count and the coliform test are bacteriological 
methods required in many areas by controlling agencies for evaluating the 
hygienic quality of fluid milk. However, many other methods are often 
used to obtain more detailed information regarding the quality of the milk 
or to aid in locating and correcting conditions which have caused a high 
count to be obtained on the pasteurized product. One procedure fre
quently used to locate trouble spots is the " line run ". In this procedure 
samples are taken at various locations along the processing route or at 
differe.nt times during the processing operation, and the source of high 
counts is thus determined. The samples are usually plated by standard 
procedures, but sometimes special methods of examination are of value. 

Methods for total counts 

Oval-tube technique. Because of the high costs of media, glassware 
and labour involved in routine standard plate counts, some investigators have 
been interested in other methods for making total counts. The oval-tube 
technique proposed by Myers & Pence (1941) can be used on pasteurized 
milk or on raw milk pasteurized in the laboratory. Oval tubes containing 
melted and tempered agar medium are inoculated with a 0.01-ml or 0.001-ml 
loopful of milk and mixed by gentle shaking. The tubes are slanted so 
that the medium forms a 2-3 inch (5-8 cm) surface along the tube, the agar 
is allowed to harden, and the tubes are then incubated horizontally, agar 
side up, in racks at 32°C (90°F) for 48 hours, after which time the colonies 
are counted. This method has shown close agreement with counts made 
by the regular plating method, and permits the examination of a large 
number of samples at one time quite economically. 

Roll-tube technique. A similar technique is the roll-tube method, which 
is reported as being used quite extensively in countries other than the USA. 
As described by Thomas et al. (1952), this method utilizes a cylindrical 
tube which, after the melted medium has been inoculated with the sample, 
is placed on a spinner which causes the agar to harden as a thin film on the 
inside walls of the tube. After incubation, the colonies are counted as in 
the oval-tube method. This procedure has the advantages of the oval-



HYGIEl'iiC CONTROL OF FLuiD MILK 311 

tube method, but requires special tubes, stoppers, a spinner and a counting 
device. 

Membrane-filter technique. The membrane-filter technique (Goetz & 
Tsuneishi, 1951), although better adapted to and approved for water ana
lysis, has also been used for obtaining total counts on milk samples. Cole 
(1955) has used this method extensively in the evaluation of the pasteuri
zability of producers' milk. A 0.01-mlloopful of milk is introduced into 
20 ml of sterile water and passed through a Millipore filter. In this pro
cedure all of the organisms present in the sample are collected on the sur
faces of a membrane, and the membrane is transferred to a small Petri dish 
containing an absorbent pad with added nutrient medium. The complete 
unit is incubated overnight at the desired temperature and the following 
morning the colonies are counted. The greatest advantage of this method 
is that counts can be obtained in a relatively short length of time: 18 hours 
as compared to 48 hours for plate counts. The direct addition of small 
volumes of milk without dilution has been tried out, but a recent compa
rative study indicated that additional research is necessary before this modi
fication can be regarded as a standard procedure for the examination of milk. 

Bacto-strip technique. The Bacto-strip technique was developed in 
Switzerland (Forg, 1956) as a means of making microbiological determina
tions when laboratory facilities are not available. Bacto-strips are obtain
able for determining total counts, yeast and mould counts, and coliform 
counts, and special strips have been designed for checking surface conta
mination (Johns & Berzins, 1957). The strips are lengths of sterile heavy 
filter-paper impregnated with a specific culture medium depending upon 
the type of strip and the desired count. The size of the strip controls 
the amount of sample absorbed (1 or 0.1 ml). 

To make the test, a strip is removed from its sealed plastic envelope, 
dipped into the milk being tested, withdrawn, drained, and returned to 
the envelope for incubation. The upper portion, which has been conta
minated during handling, is torn off at the perforation and discarded. 
The open end of the plastic envelope is placed between two glass slides and 
heat-sealed by passing the exposed edges through a flame. After incuba
tion at 37°C (98.6°F) for 8-10 hours the colonies which have developed 
on the strip are' counted. The method is considered to be a good screening 
procedure but not a control method at the present time. Its cost is also a 
disadvantage for most laboratories. 

Other special methods 

The foregoing test procedures can be used to obtain total counts or, 
by slight modifications in the medium (addition of inhibitory substances) 
or in the time and temperature of incubation, to obtain information regard
ing specific types of organism. As has already been indicated, the quality 
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of the final product is dependent upon the quality of the raw product, the 
effectiveness of processing and the conditions of packaging and distribution. 
Hence the bacteriological condition of the milk must be known throughout 
the entire operation. 

Microscopic examination. Microscopic examination of pasteurized 
milk is generally not considered a suitable method for determining the 
quality of the milk because of the poor staining ability of bacteria after 
heat treatment and the difficulties encountered in making accurate micro
scopic counts on low-count samples. However, it is possible to obtain 
very rapidly an indication of the general quality of the milk and to detect 
grossly mistreated samples. The application of the microscopic method 
to pasteurized milk may detect milk processed from raw milk with an 
extremely high count; may show the presence of excessive numbers of 
leukocytes, indicating the possibility of mastitis in the producing animal; 
may indicate faulty plant practices by detecting the presence of large numbers 
of bacteria; and may demonstrate the growth of bacteria after pasteuriza
tion. In carrying out a microscopic examination of pasteurized milk it 
should be remembered that the accuracy of the method is greatest with 
high-count milk and progressively decreases as the count decreases. 

Examination for thermodurics. If during the routine standard-plate
count evaluation of pasteurized products high counts are obtained, the 
investigator must systematically determine the cause of these counts. 
Usually the first step is a check on the bacteriological condition of the 
raw milk supply. Samples of raw milk are subjected to pasteurization in 
the laboratory at the times and temperatures used in the plant. These 
samples are plated by one of the procedures already described (standard 
plate, oval-tube, roll-tube or membrane-filter technique). If the labora
tory-pasteurized samples also give a high count, contamination of the raw 
milk supply with thermoduric organisms is suspected. This condition 
requires a check on each producer to determine the source of the organisms. 
When the source is located it is usually found that poor sanitary conditions 
exist on the farm or that improper cleaning and sanitizing practices are 
being followed. A thorough clean-up of the farm and instruction as to 
the proper procedures for cleaning and sanitizing milking equipment and 
utensils usually will produce the desired results. Sometimes it has been 
found that the contamination is caused by improperly cleaned and sanitized 
bulk tank trucks. Therefore these trucks must be inspected and checked 
for satisfactory bacteriological condition. 

At times it will be found that raw milk samples pasteurized in the labo
ratory will show a satisfactory reduction in count. In this case a build-up 
of thermoduric or thermophilic organisms within the pasteurizing plant is 
indicated. Here the line-run technique is used to determine just where 
and when the build-up of organisms occurs. Usually the cause can be 
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traced to improper cleaning and sanitizing of equipment, faulty installation 
of pipelines allowing dead ends, excessively long periods of pasteurization 
operation without clean-up of the equipment, use of returned or previously 
pasteurized products, accumulation of foam in pasteurizers, etc. Again 
proper cleaning and sanitizing practices will usually eliminate the problem. 

Examination for thermophilics. Thermophilic bacteria are detected by 
the agar-plate, the oval-tube or the roll-tube method, with incubation at 
55°C (13eF). These organisms are capable of growing at this tempe
rature and a count of the number present can be made. A microscopic 
examination of films prepared from pasteurized milk also can be employed; 
the presence of large rod-shaped bacteria, which retain the blue stain, 
strongly suggests that thermophilic bacteria are present. 

Examination for spore-formers. Generally when one speaks of thermo
duric organisms in milk the organisms referred to are the heat-resistant 
micrococci and microbacteria. However, it is the spore-forming bacteria 
that are the truly heat-resistant organisms, and on rare occasions these 
have been the cause of high counts in pasteurized products. These spore
forming organisms can also cause spoilage of pasteurized milk. When 
this type of spoilage does occur the milk usually becomes putrid. The 
spore-forming bacteria are present in soil, dust, grain, etc. and easily con
taminate the raw milk if proper sanitary and milking practices are not 
followed on the farm. 

Spore-forming organisms are detected easily in milk by the simple 
procedure of heating the milk to 80°C (176°F) for 10 minutes to destroy 
all vegetative cells and then incubating it at about 35"C (95~F) for 72 hours. 
The presence of spore-forming bacteria is indicated by the formation of 
a gassy curd in the sample. Anaerobic spore-formers can be detected in 
a similar manner if anaerobic conditions are provided by the addition of 
Vaspar (a combination of petroleum jelly and paraffin) to sterile test tubes 
before the milk sample is introduced and heated. The presence of these 
organisms in milk is undesirable and is indicative of the presence of dirt 
and dust on the producing farm. 

Examination for coltforms. When coliform counts are obtained on pro
ducts which have been properly pasteurized, as eYidenced by a negative 
phosphatase test, the line-run technique is again of value. In this instance 
the source of contamination is clearly indicated by the numbers of coliform 
colonies appearing on the plates. Frequently the contamination occurs 
during the bottle-filling operation and may be caused by condensate from 
the filler bowl dripping into the milk. Drip deflectors and frequent chlorine 
spraying will eliminate this problem. Often improperly cleaned and sani
tized equipment also will be found to be the cause of contamination, and 
improperly cleaned and sanitized bottles can likewise contribute to the coli
form problem. It cannot be stressed too strongly that the cleaning and 
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sanitizing of all utensils and equipment is essential for the production of 
high-quality products (Glenn & Olson, 1959). 

Examination for " ropy milk " bacteria. One of the less frequently 
occurring defects in pasteurized milk is a type of spoilage known as " ropy 
milk ". The causative organisms in this case are capable of synthesizing 
a viscous, capsular material which may be pulled out into threads or strands 
giving the appearance of rope. This type of spoilage is considered to be 
harmless but is undesirable from the aesthetic point of view. The most 
common causative organism (Alcaligenes viscosus) is found in water, feed, 
soil, and manure or on utensils and can contaminate the milk supply on 
the farm. Unless the extent of contamination is great these organisms 
are destroyed by pasteurization. Therefore occurrences of ropy milk are 
usually traceable to post-pasteurization contamination. 

Burke et al. (1955) have reported that very low numbers of ropy milk 
organisms (less than 1 per ml) can eventually bring about the ropy milk 
defect. These workers developed a simple test that detects between 2 and 
20 ropy milk organisms per 10 ml of milk in 48 hours. Briefly the test 
consists in adding 20 y of penicillin per ml to a milk sample; incubating 
this sample at 21°C (70°F) for 24 hours; streaking a 0.01-mlloopful of 
the incubated sample on to standard tryptone-glucose-extract agar contain
ing 20 y of penicillin per ml; incubating the plate for 24 hours at 21°C; 
and finally, with a needle, checking for the presence of stringy or ropy 
colonies on the plate. This test has been found to be satisfactory for several 
types of ropy milk organisms. 

Preliminary incubation test. The practice of prompt and adequate 
cooling of milk for pasteurization has been advocated for many years as 
a means of obtaining low bacterial counts. However, the advent of bulk 
handling of farm milk and the use of farm bulk-cooling tanks have made it so 
much easier to obtain low bacterial counts that good production practices 
may be neglected. This is particularly true in areas where dye-reduction tests 
are used for grading milk, because the bacteria are in a dormant state follow
ing refrigeration and dye reduction may be unduly delayed. With bacterial 
growth inhibited by efficient cooling, there is need for a procedure for the 
detection of milk produced under poor sanitary conditions. 

Johns (1958) has reported on a preliminary incubation test by which 
poorly produced milk can be detected even though a satisfactory dye
reduction test may be obtained on the milk. In this test the milk sample 
is subjected to 18 hours' pre-incubation at 12.8°C (55°F) and is then 
tested by standard-plate-count or dye-reduction procedures. When samples 
show a marked' deterioration in bacteriological quality, unsatisfactory 
sanitary conditions of production are indicated. Johns strongly recom
mends the adoption of this preliminary incubation test as an aid to quality 
control. 
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Keeping Quality of Final Product 

The advent of bulk handling of raw milk, mechanical cooling of milk· 
on the farm, new and improved cleaning and sanitizing programmes on 
the farm, and the use of more severe pasteurization treatments than are 
needed for the destruction of pathogenic organisms, have presented the 
dairy industry with a product that has an increased shelf-life and a very 
low bacterial count. In many cases the pasteurized milk is practically 
free from lactic-acid-producing organisms, with the result that on storage 
at usual refrigerator temperatures the milk no longer turns sour; it does, 
however, undergo certain changes which give rise to putrid flavours and 
odours. In the absence of the lactic-acid bacteria, spore-forming bacteria 
and Gram-negative psychrophiles are able to multiply comparatively 
rapidly and cause the milk to become putrid and unfit for consumption. 

The problem of laboratory tests for predicting the keeping quality or 
shelf-life of pasteurized products is a serious one. Although many tests 
have been proposed by numerous investigators, a completely satisfactory 
test that will predict the shelf-life of the product has yet to be found. As 
has been mentioned, the type of spoilage encountered most frequently today 
is due to bacteria which grow at low temperatures and is generally not 
evident until the milk has been held at refrigeration temperatures for several 
days. The problem is further complicated by the fact that at the time 
the product is pasteurized and packaged, these low-temperature organisms 
are present in such small numbers that they cannot be detected by the usual 
plating techniques. Also, the Standard Methods procedure for the enu
meration of psychrophiles requires 7-10 days' incubation at 5°C (41°F), 
and by the time counts are obtained the product may already be unsaleable. 
Therefore the goal of investigators is a simple laboratory test, the results 
of which will be available quickly and will provide a reliable estimate of 
the probable shelf-life of the product. 

Dye-reduction test 

Numerous chemical and physical tests-for example, tests for protein 
stability, variations in nitrogen distribution, changes in pH, protein
degradation products, and lactose reduction-have been suggested and tried 
out, but the changes were too slight, too inconsistent and occurred too near 
the time of flavour spoilage to be of value. Day & Doan (1956) proposed a 
dye-reduction test which they claimed to be a simple method for detecting 
poor keeping quality of refrigerated pasteurized milk. The test is based 
on the reduction of the dye, neotetrazolium, by the growth of bacteria under 
specified conditions. Reduction of the dye to a definitely discernible pink 
colour at the end of 4 hours' incubation at 37°C is the criterion for a positive 
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test. Such a result obtained on bottled milk after a minimum of 3 days' 
refrigerated storage would predict spoilage within a period of 3-4 days. 

In discussing their test Day & Doan state: 

" Perhaps the simplest way for a milk plant laboratory to use the test would be first 
to determine the maximum number of days their product might be held before being 
consumed. This interval would then be employed as the period of time a sample would 
be held before applying the test. A negative test at this point might well be considered 
satisfactory, for it would indicate a keeping period of at least 3 days more than that 
absolutely required. " 

This keeping-quality test has merit, but it should be pointed out that 
the test requires a 3-day incubation period prior to testing, as well as some 
special glassware and equipment. 

Another recently proposed dye-reduction test is that of Broitman, 
Mallmann & Trout (1958). This test utilizes the colour change of 2,3,5-
triphenyltetrazolium chloride when added to pasteurized milk and incubat
ed at 20°C (68°F). The special dye solution us~d ~n the test consists of: 

2,3,5-triphenyltetrazolium chloride (TTC) 

Nacconol NR ST 

K 2HP04 ••• 

KH2P04 ••• 

Distilled water 

0.1 g 

1.0 g 

5.0 g 

0.1 g 

100 ml 

The dye solution is placed in a dark bottle, autoclaved at 121°C (250°F) 
for 15 minutes and stored in the dark at room temperature. One millilitre 
of the dye solution is aseptically placed in a sterile test-tube, 10 ml of milk 
sample are added, and the contents are mixed well and incubated. Obser
vations are made after 12, 24, 36 and 48 hours' incubation. A pale pink 
to rose colour is considered a positive result. 

Broitman and his colleagues claim satisfactory results with the test and 
have suggested the following interpretation of results: 

Negative after 24 hours: good keeping quality 

Positive after 12 hours: very poor quality; average shelf-life at 4.5°C, 4 days 

Positive after 24 hours: poor keeping quality; average shelf-life at 4.5°C, 9 days 

Positive after 36 hours: good keeping quality; average shelf-life at 4.5°C, 12 days 

Positive after 48 hours: good keeping quality average shelf-life at 4.5°C, 15 days 

Plate counts 

It is recognized that the value of a psychrophilic count (7 days at 5°C-
41 °F) in freshly pasteurized milk is limited because of the possibility that 
very small numbers, less than 1 per ml, may be present initially and yet may 
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multiply within a few days to such an extent that spoilage occurs. Several 
techniques have been suggested to overcome this problem of quickly detect
ing small numbers of organisms in the sample. 

Incubation of sample prior to plating. Although a psychrophilic count 
is recognized as that count obtained when samples are plated and incubated 
for 7 days at 5°C (41 °F), it should be noted that incubation temperatmes of 
21 o -25°C (70° -77°F) are also in the temperature range where essentially 
all psychrophilic types of importance in milk supplies will grow rapidly. 
Therefore it is possible to use incubation temperatures of 21 a -25aC (70°-
77°F) to obtain information regarding these particular organisms. Frequent
ly it has been advantageous, with samples where the psychrophilic count is 
known to be so low that no organisms could be detected in a 1-ml sample, to 
subject the milk to 18-20 hours' incubation at 21°-25oC (70°-77°F) before 
plating. This procedure will not result in an accurate count, but it will 
indicate whether or not these organisms are present in the sample. It also 
should be noted that the additional criteria of typical colony formation and 
characteristic odour development should be met in the plates for the organ
isms to be considered psychrophilic types of importance in spoilage problems. 

Galesloot (1955) has commented that incubation of samples prior to 
plating is a satisfactory procedure for the detection of post-pasteurization 
contamination of milk. He suggests incubation at l5°C (59°F) for 24 hours 
for the detection of the psychrophilic types and incubation at 20°C (68°F) 
for 48 hours or 27°C (81°F) for 24 hours for the detection of non-thermo
duric streptococci. 

The problem of the keeping quality of pasteurized milk varies in different 
parts of the world: in some areas milk is kept refrigerated from the time of 
processing to the time of consumption; in other areas home refrigeration 
facilities do not exist. In areas where there is no refrigerated storage after 
the milk leaves the processing plant, it is even more essential that the plant 
operator should know how long his product will remain in a saleable con
dition. 

A review of available reports shows that most investigators agree that 
total bacterial counts, coliform counts or reduction tests made on the pro
duct immediately after processing have little or no value in predicting the 
shelf-life of the milk under the conditions prevalent in the home of the 
consumer. All investigators recommend that quality control tests, if they 
are to have any value, should be run on samples of the product that have 
been held at l7°C (63°F) for 24 hours. 

Provan & Rowlands (1949) suggested that reduction tests would provide 
a direct measure of keeping quality if the samples were incubated at 18°C 
(65°F) for a period of 18-24 hours before the test \Vas run. Samples not 
reducing methylene blue or resazurin in half an hour at 37"C have a keeping 
quality in excess of one day at 18°C. 
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Bertelsen, Mattsson & Dufeu (1956) recommended that coliform counts 
should be made on the product immediately after processing and again 
after 24 hours' incubation at l7°C. For good keeping quality, pasteurized 
milk should not contain over 100 coliform bacteria per ml after the incuba
tion treatment. These authors also suggest that the reduction time for 
milk incubated for 24 hours at l7°C should exceed 5 hours if a shelf-life 
of 48 hours at l7°C is to be assured. 

Berger & Anderson (1949) suggested that the incubation test (24 hours 
at l7°C) could be applied to line-run samples as a means of detecting 
"after-infection". Total counts, coliform counts and dye-reduction tests 
arecarried out on various samples from the line as well as on the finished 
product. 

Membrane-filter method. Modifications in the membrane-filter tech
nique have been proposed that would permit the passage of 5-10 ml of a 
milk sample through the filter and thus collect all of the organisms present 
in the sample on the membrane. Incubation of the membrane on suitable 
media at 21°-25°C might give a reasonably accurate psychrophilic count. 
This modification is aided by the development of the DA membranes 
reported by Fifield et al. (1957) in their studies on the enumeration of 
coliforms by the membrane-filter technique. 

Special media. Another proposal has been to add low concentrations 
of penicillin to the plating medium and incubate at 21°-25°C for 2-3 days. 

This method has proved to be quite satisfactory for the detection of 
psychrophiles in cottage cheese. 
· Although the above-mentioned methods would permit the enumeration 

of psychrophiles more quickly than the procedures described in Standard 
Methods, no data are available to indicate the correlation between the early 
detection of small numbers of organisms and the subsequent spoilage of 
the product. 
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EVAPORATED AND CONDENSED MILK* 

J. C. T. VAN DEN BERG ** 

Introduction 

Condensed milk is the product obtained by evaporating part of the water 
of whole milk or fully or partly skimmed milk, with or without the addition 
of sugar. Though the product is supplied in bulk as a raw material for the 
food industry, it is mainly prepared for direct consumption, in which case 
it is packed in relatively small quantities in sealed tins or in bottles. 

In the countries or areas where enough milk is available, the consump
tion of condensed milk packed in small units is as a rule relatively small 
and mainly confined to some applications for which the concentrated form 
has special advantages, such as use in beverages. Condensed milk is of far 
greater importance for the milk supply in remote areas with a shortage of 
milk; the concentrated form gives a considerable saving in cost of packing, 
transport and storage. 

As bacteriological contamination of milk cannot be prevented by evapor
ating only part of the water, separate measures should be taken for the pre
servation of concentrated milk. 

This preservation is done mainly by two methods which also determine 
the nature of the finished product, namely: 

(1) Sweetened condensed milk or, for short, condensed milk-a milk con
centrate, the watery phase of which, owing to the addition of sugar, has 
such a high osmotic pressure that no micro-organisms can develop. 

(2) Sterilized condensed milk or, for short, evaporated milk-a sterile 
product obtained by heating the tinned concentrated product at high tem
peratures. 

Condensed milk is a relatively young dairy product. The Frenchman 
Appert was the first to prepare evaporated milk by way of an experiment. 
In 1810 a patent was issued in England on the concentration of milk in open 
vats with subsequent preservation by adding sugar. In 1856 the American 

• Illustration of manufacturers' products does not imply that they are endorsed or recommended in 
preference to other products of a similar nature that are not illustrated. 

** Government Dairy AdYiser for Milk Products, Ministry of Agriculture and Fisheries, The Hague, 
Netherlands. 
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Gail Borden took out the first patent for the commercial preparation of 
unsweetened condensed milk by evaporation in a vacuum. Because of its 
limited keeping qualities, unsweetened condensed milk, unlike sweetened 
condensed milk, remained of little significance. 

In 1884 the Swiss Meyenberg patented his method for sterilizing un
sweetened condensed milk in tins with steam under pressure, which started 
the enormous development of the preparation of evaporated milk. 

In contrast to butter and cheese, condensed milk and evaporated milk 
are manufactured mainly by big dairy factories and concerns, which often 
spend large sums on research and put their products on the market as 
branded lines. It is, no doubt, due to competitive considerations that so 
little has been published about this branch of dairying. 

Though condensed milk is made with different milk-fat and milk-solids 
contents, the standards given in the table have been generally accepted. 

STANDARDS FOR CONTENT OF CONDENSED MILK 

Percentage milk-fat I Percentage milk-solids 

Type of milk 
(including fat) 

UK I USA I UK I I USA 

Full cream unsweetened 9.0 7.9 31.0 25.9 
Full cream sweetened 9.0 8.5 31.0 28.0 
Skim unsweetened - - 20.0 20.0 
Ski ni sweetened · - - 26.0 24.0 

'· 
. UK =;o.,rlJ~ited Kingdo~ standards; USA= USA standards. 

Sometimes the .statement of. contents on the tin indicates the number of 
pints/litres o~ milk of standard composition which have been condensed. 
A dilution clause indicates the number of pints/litres of a certain standard 
composition (the butter-fat content of which may likewise be stated) that 
can be prepared from the contents of the tin. 

Pre-Treatment of Milk 1 

Raw milk should meet very high req~irements, particularly with regard 
to the stability of the milk colloids. This stability is determined by the 
acidity' ~nd the salt balance of the milk, among other factors. The simplest 
method for determining the stability of fresh milk is the alcohol test, accord
ing to which the milk should not curdle when mixed with equal parts of 
alcoliol' of 75 %-80 %. This stability, however, need not run parallel to the 
stabi1iiy of the concentrated product, so that the alcohoftest does not pro
vide a ·reliable forecast concerning the heat-stability of this milk during 
sterilization or thetendency to age-thickening. 

1 See also chapter by Barber, page 303. 
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Other criteria for judging the raw supply may be flavour, aroma, and 
methylene blue reduction tests (recommended reduction time more than 
2. 5 hours). The odour and flavour should be those of natural milk: a slight 
feed odour is not objectionable, but there should be no odours associated 
with acid development. Titratable acidity should be normal for the area, 
the appearance should be normal (no flakes, clots, curdling, or insect parts), 
and " off-bottom " sediment tests should not exceed an 0.3 mg disk standard. 
For sweetened condensed milk, the methylene blue reduction test should 
have a reduction time of more than 3.5 hours, and the one-hour resazurin 
test should give a reading of PBP 7/5.5 or less; direct microscopic clump 
counts should not exceed one million per millilitre. While these standards 
may appear lenient in comparison with fluid milk standards, it should 
be stressed that the more care that is taken in the production of milk the 
better will be the quality of the final product. 

Pre-heating 

To prevent deterioration the milk is pasteurized immediately on delivery 
and/or cooled in anticipation of processing. Pasteurization not only reduces 
the bacterial count of the milk, but also must destroy pathogenic bacteria 
that may be present and enzymes that may cause undesirable conversions 
in the product. 

In this connexion it may be observed that, with condensed milk, after 
pasteurization the concentrated product is not sterilized, as is done in the 
preparation of evaporated milk. 

Pre-heating is not only of importance for the destruction of micro
organisms and enzymes but also affects the physical qualities of the finished 
product, including viscosity and stability. The viscosity of condensed milk 
and evaporated milk should be high enough to give the consumer a good 
impression of the richness of the product. 1 Further, the viscosity should 
invariably be the same and should not change during storage. 

The tendency of condensed milk to age-thickening-that is, an increase of 
viscosity during storage-can be controlled by choosing the right pre-heating 
temperature, which should be above 80°-85°C, because only then may it be 
reasonably expected that most harmful micro-organisms, non-spore-formers, 
and enzymes will be destroyed. 

In the choice of the most suitable temperature it should be taken into 
account that age-thickening is closely related to seasonal fluctuations of 
the composition of the milk. Pre-heating at temperatures above lOOaC 
reducing the age-thickening tendency, temperatures below 100°C being no 
absolute safeguard. As, however, too high temperatures may cause the 
opposite effect-namely, age-thinning-the pre-heating temperature is so 
chosen that it varies with the natural stability of the milk, so that in periods 

1 In recent years some consumers have shown increasing interest in relatively thin liquid condensed milk~ 
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of little stability higher temperatures are applied than in periods of great 
stability. 

In the manufacture of evaporated milk several factors determine the 
period during which, and the temperature at which, the milk must be pre
heated-on the one hand, to obtain a final product with sufficient viscosity 
and, on the other, to prevent heat-coagulation during sterilization, so 
as to produce milk of sufficient heat-stability. As a rule a relatively short 
pasteurization at a high temperature will give a higher heat-stability than a 
relatively prolonged pasteurization at a low temperature. The intention is 
not, however, to attain a maximum heat stability, as the product would then 
be insufficiently viscous. Temperatures below boiling-point, for example, 
90°-100°C for 10-25 minutes, as well as above boiling~point, for example, 
100°-l20°C for 3-10 minutes or above 120oC for half a minute and shorter, 
are applied. In the last few years a very short pasteurization time at high 
temperatures hfLS been proposed. The finished product then has a very good 
heat stability but, if no special measures are taken, is seriously lacking in body. 

Standardization 

To obtain a concentrated product of a given composition the fluid milk 
must be standardized in the ratio of fat to milk-solids-not-fat desired in 
the finished product. One of two processes may be necessary: (a) the butter
fat content of the fluid milk may be too low, in which case cream is added, 
and (b) the butter-fat content of the fluid milk may be too high, in which case 
skimmed milk is added. 

Care should of course be taken to ensure that the skimmed milk or cream 
used for standardization is of the same hygienic quality as the milk itself. 

For standardization the following formula can be used: 

Os 

Os 
V 
D 
Vd 
Vs 
Ds 

Vd · D-100V 
= 100 100 Vs- Vd. Ds' in which 

= kg of cream or skim milk to be added to 100 kg of fluid milk 
= milk-fat content (%) of fluid milk 
= solids content (%) of fluid milk 
= ratio of fat to milk-solids in finished product 
= fat content (%) of cream or skimmed milk 
= solids content (%) of cream or skimmed milk 

Addition of sugar 

Hunziker (1949) recommends a high-grade granulated sucrose for the 
preparation of canned goods, and is of the opinion that the presence of 
dextrose makes the product more susceptible to brown discoloration and 
age-thickening, especially at high temperatures. Kunziker states, however, 
that in condensed milk to be used for the manufacture of ice-cream or 
confectionery it appears practicable to replace part of the sucrose by dextrose. 
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Where reference is later made here to sugar, it should be taken to mean 
sucrose. 

The sugar should be bacteriologically and chemically pure and should 
be stored in suitable packing away from dust and from the risk of insect or 
rodent contamination, and in dry conditions to avoid contamination and 
absorption of moisture. 

To prevent bacterial spoilage the water in the concentrated milk should 
have a high sugar content. Hunziker (1949) recommends a sugar-in-water 
concentration of not less than 63.5 %, but remarks that this does not provide 
an absolute guarantee against the occurrence of certain defects caused by 
heavy contamination with sucrose-fermenting yeasts, moulds and other 
quality-damaging bacteria. For this purpose hygienic preparation, especially 
good pasteurization and prevention of contamination, are necessary. 

Though the preserving action is better with higher sugar contents, a 
certain limit may not be exceeded, as the sugar may then crystallize at 
lower temperatures. Hunziker therefore recommends a sugar-in-water 
concentration of not higher than 64.5 /~, which is equal to a sugar-in-

64.5 
condensed-milk concentration of (100- 31) >< 

100 
= 44.5 %, when the 

product has a total solids content of 31 %. 

The quantity of sugar to be added to the fluid milk may be calculated 
with the following formula: 

D(100-Dc)S . . 
K = 100 De , m wh1ch 

K = kg of sugar to be added to 100 kg of standardized fluid milk, 
D = solids content (%) of standardized fluid milk, 
De = solids content (%) of finished product, 
S = desired percentage of sugar in water concentration. 

The sugar may be added in various stages of the process. The pre
sence of sugar during pre-heating, however, increases the chance of age
thickening of the finished product. Therefore, the sugar may be added 
only at the end of the condensing process as a hot concentrated solution 
(60 %-80 %), which is first sieved to remove extraneous matter. 

When condensed milk is prepared in bulk for industrial processing, the 
sugar may be dissolved in the hot pasteurized milk. As a rule the storage 
period of condensed milk in bulk is shorter and/or the storage conditions 
are better controlled than in the case of retail packings intended for do
mestic use. 

Sometimes pre-heating is done in two stages: in the first the milk is 
warmed to 50°-60°C and sugar is added; when the sugar is completely 
dissolved, pre-heating is continued in the second stage. 
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Condensing of Milk 

The milk is concentrated by evaporating. This evaporation might be 
done by boiling the milk to the air, in which case the temperature would, 
however, be too high. A prolonged temperature adversely affects the quality 
of the milk, especially when the milk is concentrated. 

To meet this disadvantage and accelerate evaporation the milk is con
densed under low pressure, so that it b9ils at a lower temperature. In 
itself this procedure does not effect a saving of heat. Nevertheless, evapo
ration in vacuum, as it is done in practice, has economical advantages, 
resulting from the possibility of using the exhaust steam or applying steam
saving systems. 

Milk evaporation plants comprise mainly the following parts: 

(1) the milk-heater 
(2) the vapour-separator 
(3) the condenser 
(4) the milk discharge pump and the vacuum pump. 

The heater 

In the milk-heater the heat required for evaporation is transmitted to 
the milk so that part of the water can. evaporate. The oldest forms con
sisted of a pan with a steam jacket and, later, steam coils were used. The 
more recently developed heaters use pipes fitted in a steam-heated body, 
while today heaters with plates are also in use. The condensate formed in 
the steam space is constantly drawn off by means of a special condensate 
pump. 

The vapour-separator 

The heat applied to the milk evaporates the water in the milk. The 
vapour formed is separated from the mrlk in the vapour-separator, where, 
owing to the relatively large space, the vapour has a small velocity so that 
small milk droplets carried along with it are not lost. The milk flows back 
to the heater to be heated again. 

The condenser 

The vapour released in the separator must be constantly discharged. This 
purpose is served by the condenser, which is connected with the vapour
separator by means of a wide pipe, and in which the vapour is condensed 
by passing through sprays of cold water (spray condenser) or by being 
brought into contact with cold metal surfaces (surface condenser).. In the 
case of a spray-condenser the cooling water and the vapour condensate are 
discharged by means of a barometric drain (barometric condenser) or a 
wet vacuum pump. Also, the non-condensable gases, such as air, which get 
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into the pan through leaks and are introduced with the milk, must be remov
ed, as otherwise the vacuum would gradually run off. 

Types of vacuum milk evaporators 

Scott (1952) discusses the principle of the main types of evaporator used 
in the dairying industry. The type used by Borden is still employed, although 
in an improved form, especially for the sweetened product but also for the 
unsweetened product. It consists of a vacuum pan of which the lower part 
serves as milk-heater and the upper part as vapour-separator (see Fig. 1). 

The heating surface of the heater may be a steam jacket, steam coils or 
milk tubes in a steam chest. The heating surface transmits the heat of the 
steam to the milk. As hot milk has a lower specific weight than cold milk, 
it will rise to the surface and here release the vapour formed. As a result 
of the evaporation the milk becomes specifically heavier and sinks again to 
be heated and to rise afresh. Against the liquid reduction resulting from the 
evaporation of the water, fresh milk is constantly drawn in. The solids 
content of the milk in the evaporator gradually rises, and this continues till 
the desired solids content has been reached. A disadvantage of this system 
is its lack of continuity, as a result of which the evaporation process must 
repeatedly be interrupted. 

Continuous production of concentrated milk may be achieved by cons
tantly drawing off the concentrated milk with a milk discharge pump and 
uninterruptedly supplying fresh milk so that the solids content remains 
constant. This method is seldom applied in the manufacture of condensed 
milk (see page 330). 

In a further development of milk-evaporators specially designed for 
continuous manufacture, the vapour-separator is fitted next to the heater 
(see Fig. 2). Here the heated milk flows from the top of the heater to the 
separator, where it releases the vapour formed and flows back into the heater 
at its base, where it is re-heated, and caused to rise again. Sometimes 
milk and vapour are already separated in the heater and then the speci
fically heavier milk travels down through one or more wide pipes fitted in 
the heater. In this case only a small part of the milk which is carried off with 
the vapour reaches the separator. 

The evaporators described above have a high steam consumption
namely, 1-1.2 kg of steam for the evaporation of 1 kg of water-while much 
vapour is carried off to the condenser. For the utilization of the thermal 
energy contained in this vapour several evaporators have been constructed
namely, the multi-effect evaporator, the thermo-compression evaporator 
and the mechanical vapour-compression evaporator. 

The multi-effect evaporator consists of two or more effects and for each 
effect it has a heater with a separator. From the first effect partly concentra
ted milk flows to the second effect and fre>m there to the third, etc. The 
vapour produced in the first effect is ust;d to heat the milk in the second effect, 
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FIG.1 

BATCH EVAPORATOR 
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FIG. 2 

TWO-STAGE MILK EVAPORATOR 

1 = Heater (first effect) 
2 = Vapour-separator (first effect) 
3 = Condenser 
4 = Heater (second effect) 
5 = Vapour-separator (second effect) 
6 = Thermo-compressor 
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and so on. As the temperature of the vapour used for heating in a given effect 
must be higher than that at which the milk in that effect boils, each succeed
ing effect of the multi-effect evaporator is operated at a lower temperature 
-for example, at 65oC in the first effect and at 48°C in the second. The 
vapour produced in the last effect is carried to a condenser. 

By another system, part of the vapour is mixed with live steam in a 
thermo-compressor. The temperature of the vapour-steam mixture is then 
high enough to bring the milk in the heater of the same effect to boiling 
point. The part of the vapour that has not been compressed with live steam 
is carried off to the condenser. 

For the evaporation of 1 kg of water in a double-effect evaporator or 
in a single-effect evaporator with thermo-compression, 0.6 or 0.7 kg of 
steam is required. The two systems may also be combined. The double
effect evaporator with thermo-compression is \Videly used. The steam con
sumption of this combination is about 0.40-0.45 kg. Besides a saving in 
steam the systems described above give saving in cooling-water because less 
vapour is carried to the condenser for condensation. 

The vapour can also be compressed in a mechanical thermo-compressor, 
with which the energy applied is converted into an increase of the vapour 
temperature. According to this system, which can only be applied with 
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low-cost power, all vapour is used for the heating of the milk and no con
denser is needed. 

All systems dealt with above involve a large liquid content in the eva
porators and, in consequence, a long average stay of the milk in them. This 
is not the case with the falling- and climbing-film evaporators which have 
been constructed for continuous operation. 

The falling-film evaporator has a steam chest with relatively long pipes. 
The milk is distributed in a special way at the top of the heater and flows 
down along the walls of these pipes, where it is heated and loses its vapour. 
A separator at the base separates the milk from the vapour, and these are 
then carried off. The chief characteristic of this plant is that there is very 
little milk in the pipes and the separator, and the milk passes through the 
pipes once only. The result of this is that the milk remains for a very short 
while in the plant. The heat economy is favourably influenced by placing 
more effects behind one another (see Fig. 3, 4). 

The climbing-film evaporator also contains very little milk. The liberated 
vapour presses the milk film upwards through long narrow pipes fitted in 
the steam chest. 

In the case of plate-evaporators the milk is heated in a plate-exchanger. 
These evaporators may operate on the recirculation system as well as on 
the single-pass principle. 

Operation of the vacuum pan 

The evaporator is steamed before the milk is drawn in; the condenser 
and the vacuum pump or ejectors are then started. When the vacuum is 
high enough, the milk is fed in at pasteurization temperature. When, how~ 
ever, the milk is pre-heated at high temperatures, for instance above 95°-
1000C, it may be desirable first to cool the milk to a lower temperature. As 
soon as the whole heating surface is covered with milk, the steam is admitted, 
after which evaporation proper starts. The discontinuous method differs 
from the continuous one. 

Discontinuous pan operation. As soon as the milk boils regularly so much 
fresh milk is continuously drawn in that the quantity of liquid in the pan re
mains the same. Normally, the total quantity of milk to be drawn in should, 
after concentration to the desired composition, just fill the pan. When all 
the milk-and, in the case of condensed milk, the sugar also-has been 
drawn in,. condensation will be nearly completed. Boiling is continued for 
a short time to remove the last of the water. 

By the end of the evaporation the conce'ntration rises quickly and the 
product becomes very viscous, especially in the case of condensed milk. 
The high viscosity may cause the milk to cake on to the heating surface and 
give rise to super-heating. The steam pressure is therefore sometimes re
duced at the end of the process, which also reduces the rate of evaporation, 
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FIG. 3 

FALLING-FILM EVAPORATOR, THREE EFFECTS 
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A = Pasteurizer 

B = Heater (1), (11), etc. 

C = Thermo-compressor 

D = Vapour separator (1), etc. 

FIG. 4 

CONTINUOUS THREE-STAGE FALLING-FILM EVAPORATOR 
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and along with it the danger of over-condensing. All these factors, and 
especially the difficulty of concentrating to the desired solids content, make 
the continuous system of evaporating less suited for the manufacture of 
condensed milk. To turn to account here also the advantages of the continu
ous multi-effect evaporators, the milk is sometimes as far as possible pre
concentrated in evaporators of this type, after which it is boiled off to the 
desired solids content in a batch evaporator (see Fig. 1, page 328). 

Continuous pan operation. Continuous operation is especially applied 
to evaporated milk and in the pre-concentration of condensed milk. After 
the milk in the vacuum pan has reached the desired composition, so much 
concentrated milk is continuously discharged and fresh milk supplied that 
the composition of the product remains constant. 

Cooling of Condensed Milk 

After evaporation the condensed milk should be cooled as quickly as 
possible, because prolonged storage at relatively high temperature promotes 
age-thickening and discoloration. From the bacteriological aspect, also, 
quick cooling is desirable. Wrong cooling may cause the product, which 
is smooth at first, to become sandy after 12-24 hours. This defect is usually 
due to the presence of big lactose crystals. 

At the evaporation temperature the water in the condensed milk forms 
a saturated solution of lactose. When the condensed milk is cooled, the 
solution will increasingly become oversaturated and at a given moment 
crystallization of the lactose will be inevitable. When this cooling is done 
slowly, the excess lactose will increase only slowly and this will result in 
the formation of relatively few crystal nuclei, which slowly grow into big 
lactose crystals. Crystallization could be accelerated by quickly cooling to 
a very low temperature, with a consequent high degree of oversaturation, if 
it were not for the retarding effect of the viscosity, which increases owing 
to the low temperature. The optimum condition for crystallization is reach
ed at about 30oC. Therefore, immediately on discharge from the vacuum, 
the condensed milk is quickly cooled to about 30°C. A small quantity 
(0.1 %-0.3 %) of very fine lactose crystals is added and this starts the cry
stallization of the oversaturated lactose. At the same time the condensed 
milk is vigorously stirred, which causes the formation of a great number of 
crystal nuclei (for a smooth product, about 400 000 per ml). During cry
stallization, which generally lasts at least one hour, the temperature of the 
moving mass is kept constant; it is then reduced to l5°C and stirring is 
continued for a considerable time. 

The lactose crystals serving as seed material should be very fine and 
sharp; if they are too big they may cause the defect of sandiness. In addition, 
more lactose might have to be added, which would mean an increase in 
the total quantity. For seeding purposes, either special seed lactose or 
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commercial lactose specially ground in a colloid mill, or a small quantity 
of the product that was prepared the previous day, of which the lactose has 
already crystallized, may be used. 

Evenhuis (1957) discusses a new method by which as many crystal nuclei 
are added to the condensed milk as crystals are wanted in the finished pro
duct (that is at least 400 000 per ml), thus allowing the process to be in
dependent of the formation of nuclei during cooling, and the precise method 
of cooling to be of less account. The crystals added should, of course, be 
very small . (not bigger than one cubic micron). British Patents 683.007 
(1952) and 696.287 (1953) give methods for the preparation of such fine 
seed material. 

The condensed milk is cooled in batch coolers or in continuous coolers. 
A batch cooler consists of a cylindrical jacketed vat, containing a rotating 
agitator with scrapers against the side. The agitator, which can operate at 
various speeds, keeps the contents in violent motion and continuously 
scrapes the cooled milk off the wall. The rate of cooling depends on the 
quantity and the temperature of the water circulating through the jacket. 

For large quantities tubular coolers are used, through which the milk 
passes under high pressure (10-15 atmospheres) and with great speed. The 
tubes are cooled with water. A layer of crystalline lactose settles against 
the wall of the cooler and inoculates the fresh milk so that separate seed 
material is not needed. At the end of the production the cooler is not 
emptied but kept filled till the next day. By re-circulation this final quantity 
of condensed milk is also cooled and well-crystallized. A very high initial 
pressure is required to pump the cold, very viscous milk out of the cooler as 
cooling recommences. The coating of crystalline lactose on the walls of the 
tubes becomes gradually thicker so that the passage becomes smaller. The 
cooler should therefore be emptied and cleaned regularly. After cleaning, 
well-crystallized condensed milk is first pumped into the cooler to provide 
seed material. 

Combinations of batch cooler and tubular cooler are also used. 
The vacuum cooler works on quite another principle. It consists of a 

tank with an agitator. Into this tank, which can be brought under high 
vacuum, a full charge of condensed milk is drawn. As a result of the high 
vacuum, which is maintained with a condenser for the discharge of the 
water vapour and usually multi-stage ejectors for non-condensable gases, 
the concentrated milk begins to boil. The heat required for this boiling 
is withdrawn from the milk itself, which cools off in cpnsequence. The higher 
the vacuum, the cooler the milk becomes. When the temperature has fallen 
to about 30°C the milk is inoculated, and is stirred at this temperature for 
about 30 minutes, after which it is cooled to room temperature. With this 
method of cooling the milk is in violent agitation, caused by the mechanical 
stirring. It should be taken into account that during this boiling some 
water evaporates. 
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Standardization of the Condensed Milk 

Mter cooling, the condensed milk is stored in tanks. At this stage it is 
still possible to check the composition. When the milk is over-condensed, 
it can be standardized by adding water. This should be done with great care 
so that the water is evenly distributed through the mass. If this is not done, 
some parts of the batch not only will have a wrong composition, but 
also will be more susceptible to deterioration because their sugar concentra
tion is too low. 

Standardization is also possible by mixing several batches. 

Packaging of Condensed Milk 

As the packaging material is relatively expensive, it would appear to 
be profitable to concentrate the milk to a very high solids content. This, 
however, has two disadvantages; in the first place, the danger of certain 
defects, especially age-thickening, and, in the second place, the consumer's 
impression that he gets less value for his money. 

For the packing of condensed milk for industrial purposes use is 
generally made of containers of various material, such as steel drum con
tainers with a removable end, suited for re-use. 

Retail packaging is done in hermetically sealed tins which are delivered 
ready-made by a tinplate works, or are made at the condensed milk factory 
itself-this, however, pays only in big factories. Most tins used are open-top 
tins, the top end of which is clinched on to it after filling. The tins are 
filled in automatic filling machines which may have a great capacity. The 
fillers are generally of the plunger type, and the quantities measured by the 
plungers are adjustable. The tins should be filled as completely as possible 
to ensure that hardly any air remains. The usual quantities contained are 
12 oz (340 g) for the skimmed product and 14 oz (397 g) for the full-cream 
product. 

To prevent contamination of the milk the filling operation should take 
place in a separate sanitary room, of which the air should be filtered and 
where the temperature should be around 16°C (60°F). The tins and lids 
should be sterilized by means of gas-flames, superheated steam or ultraviolet 
radiation. Mter filling and closing the tins are automatically labelled. 

They are then transported on conveyors which take both the empty tins 
to the filling machine and the filled tins to the lid-seamer, the labeller, and 
finally to store. 

Bacteriological Defects of Condensed Milk 

Since, after pre-heating, condensed milk is not subjected to any further 
heat treatment, the greatest possible hygiene should be observed. All 
apparatus and piping should be thoroughly cleaned and disinfected after 
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every production period. The layout of pipes and equipment should be 
planned to avoid the occurrence of valve leakage, pockets of warm milk in 
the line, etc., since it is here that contamination may take place. There are 
many parts of the equipment that are difficult to clean, and the tempera
tures used in the process may cause the build-up of milk solids which be
come " burned-on ". Thorough rinsing of equipment with hot water, 
followed by acid cleaners and alkaline detergents, will do much to prevent 
this accumulation of solids; after cleaning, a steam treatment or a chlorine 
rinse (600 parts per million) helps to keep the vacuum pan in a sanitary 
condition. Special attention should be given to the filling machine (which 
may be an important source of contamination unless it is washed, steamed 
and dried at the end of each day's run) and to the empty tins. 

In spite of the most extensive precautions, micro-organisms will occur 
in the finished product. Its bacteriological examination in the can is an 
important stage in the hygienic control of sweetened condensed milk. Cans 
are aseptically opened and samples are carefully taken for total, coliform, 
yeast and mould counts-the last three being especially important since in 
spoilage outbreaks it is often these types of organism which are involved. 
Direct microscopic examinations may be of value. (Smears are prepared 
from 1: 5 dilutions of the product with distilled water to avoid the risk of 
interference of sugar crystals in staining.) Since the product is not sterile, 
total counts may range from a few hundred to over 100 000 per gram and 
yeasts, moulds, micrococci, coliforms and spore-forming aerobes may be 
found. The quantity of micro-organisms present shortly after preparation 
may be considered a yardstick for the bacteriological effect of pre-heating 
and the hygiene during production. During storage the bacterial count 
of condensed milk may either increase or decrease· sometimes there is first 
an increase, which is followed by a rather rapid decrease. Besides the tem
perature during storage, the sugar-content of the product is important at 
this point-it should reach a sufficiently high level, as with a decreasing 
sugar content more and more groups of organisms will be able to develop 
with an increasing chance of defects. The occurrence of defects is, however, 
determined not only by the number of micro-organisms that will develop, 
but also by the nature of these organisms as not all species are harmful 
to the product. 

According to Hammer & Babel (1957), who give a survey of the litera
ture, the commonest bacteriological defects are gas formation, thickening, 
and growth of moulds. 

Gas formation 

Gas may be suddenly developed in the product-sometimes even after 
as little as 10 days, usually, however, after some weeks. Gas formation, 
which is· generally caused by a certain yeast, the Torulopsis lactis-condensi, 
may be of such a serious nature that not only do the ends of the tins bulge, 
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but the tins even burst open along the seams. The oxygen needed for 
the development of the yeasts is withdrawn from the head space in the tins. 
So, in this respect, it is necessary to fill the tins as completely as possible. 

As the yeasts are generally insufficiently resistant to the pre-heating 
temperatures applied, their presence must be due to contamination. It 
has been found that sugar may be a source of contamination, especially 
when moist. 

Growth of moulds 

Like yeasts, moulds need oxygen for their growth, so that their develop
ment can be checked by lack of oxygen; a low storage temperature also has 
a retarding effect. Sometimes, however, mould colonies will develop (dia
meter 1 cm and more) which are clearly visible because the milk coagulates 
in such places and forms so-called " buttons ". When the moulds have lost 
their activity owing to lack of oxygen these " buttons " still continue to 
grow, owing to the activity of enzymes. They usually have a disagreeable 
taste, and are of a dark, brownish colour. The commonest moulds belong 
to the genus Aspergillus. 

Thickening 

Bacteriological thickening is generally attended with taste defects. In 
the literature many species of bacteria are mentioned, including cocci and 
spore-formers, which have been found in age-thickened milk. Except when 
sugar contents are low, the growing conditions are rather unfavourable and 
thickening will proceed slowly. Bacterial thickening may be accompanied 
by acid formation. 

Non-bacteriological Defects of Condensed Milk 

The presence of crystals 

Sandiness is caused by the presence of big lactose crystals which feel 
sharp on the tongue. The texture of the product does not possess the 
required smoothness. In this case the product has not been cooled in the 
right way. 

Sucrose crystals may also be found. In this case the watery sucrose 
solution contains more than 64.5 % sucrose, \Vhich may cause super
saturation and crystallization. Crystals which are too large in size will 
settle. This may be retarded by increasing the viscosity. 

Age-thickening 

Age-thickening is a very serious defect of condensed milk, by which 
the viscosity gradually increases till a stiff pudding-like consistency has 
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been formed. This may happen in some weeks but also may take some 
years. 

Age-thickening may be caused by the following factors: 

(1) The composition of the milk. The stability of the milk, and along 
with it the tendency for age-thickening, depends on seasonal influences. 
Especially in spring, but also in autumn, the stability is low. Though the 
increased content of whey proteins may be of some influence here, the main 
cause seems to lie in the salt balance. · 

There is a maximum stability when there is a certain balance of calcium 
and magnesium bases against phosphate and citrate radicals. A change in 
this balance may reduce the shelf stability. Though there may be variation 
up and down, there will usually be an excess of calcium and magnesium. 
Therefore, stabilizers such as sodium citrate are sometimes added before pre
heating, the method of which affects the salt balance. From this it follows 
that the alcohol test on the platform is of little value for predicting the ten
dency towards age-thickening. 

(2) The solids-not-fat content. The tendency for age thickening becomes 
greater as the solids-not-fat content of the milk is higher. Therefore, the 
milk should not be further concentrated than has been statutorily prescribed. 
Like the evaporation at high temperatures the addition of sucrose before 
pre-heating reduces the stability. Also an increased acidity has an unfavour
able effect. Age-thickening can be reduced by storing the product at low 
temperature. 

(3) The pre-heating temperature. The temperature of pre-heating is the 
most important factor determining age-thickening (see page 323). When this 
temperature is raised, the tendency towards age-thickening will decrease. 
Too-high temperatures, however, may cause the opposite effect-namely, 
age-thinning-which not only gives the consumer an insufficient impression 
of the richness of the product, but also increases the tendency towards the 
separation of fat and the settling of crystals. 

Other defects 

When the milk is stored at high temperatures-for example, at 30°C
a brown colour, which intensifies with higher temperatures, may develop. 
There will be hardly any discoloration when the product is stored at l5°C 
or lower. 

Fat may separate when the fat globules are too big, especially when 
the viscosity is low. 

The defect of " tallowy" flavour, mainly caused by the presence of 
copper in the milk, has been reduced by the use of stainless steel in the con
struction of the apparatus. 
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Homogenization and Cooling of Evaporated Milk 

Homogenization 

Between evaporation and cooling, the concentrated milk is homogenized 
in order to get such a stable dispersion of fat that there is no fat separation 
in the finished product. Further, homogenization increases the viscosity 
of the finished product, which also promotes the stability of the fat dispersion. 
The increase in viscosity is greater as the homogenization pressure is higher. 

Homogenization of milk under high pressure may cause fat clustering, 
and, further, fat separation. This may be prevented by carrying out a 
second homogenization at a much lower pressure, which disperses the fat 
clusters again. 

When the milk has been efficiently homogenized the fat globules will 
not be bigger than 2 microns. The pressure during homogenization ge
nerally varies from 175 to 250 atm.; for the second homogenization a 
pressure of about 50 atm. is sufficient. 

Cooling and standardization 

Mter homogenization the milk is cooled, for which by preference con
tinuous-flow coolers are used. Before canning the cooled milk is stored in 
tanks with agitators. In the case of prolonged storage, relatively low tem
peratures should be maintained to prevent fermentative conversions in the 
product. 

While in the storage tanks the concentrated milk can be standardized; 
some manufacturers over-condense slightly, after which the milk, with an 
accurately calculated quantity of water, is brought to the required solids 
content. It should be remembered that the water used for reconstituting 
the concentrate may be a source of contamination, causing spoilage of the 
reconstituted milk, even if it is held at refrigeration temperatures. Any che
mical stabilizers may be dissolved in this water. Before evaporation the 
fresh milk should be standardized to the right ratio of fat to solids-not-fat. 

Packaging of Evaporated Milk 

Most evaporated milk is packed in tins for domestic consumption; some 
milk is packed in glass bottles. 

During sterilization there may be considerable differences in pressure be
tween the interior and the exterior of the tin. Although in modern sterilizers 
these differences have been as much as possible eliminated, the tins should 
nevertheless be capable of withstanding changes in pressure and, above all, 
should be hermetically sealed. 

A wide range of sizes is used in the world, the most current sizes being 
I4Yz oz (411 g) or 16 oz (453 g). Generally the tins are of the closed type 
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with a vent-hole, through which they can be filled, which is carried out by 
a fully automatic filler (see Fig. 5). The vent-hole is automatically soldered 
up, after which leaky tins, if any, are detected by immersion in hot water 
and re-soldered by hand. 

FIG. 5 

AUTOMATIC FILLING AND CLOSING OF TINS 

Sterilization of Evaporated Milk 

The object of sterilization is not only to destroy micro-organisms and 
enzymes but also to give the product a certain viscosity. The temperature 
to which the product is subjected to obtain the required viscosity is as a 
rule sufficient to destroy enzymes and bacteria. The heating should 
not be too intensive because discoloration and coagulation of the product 
may then occur. On an average the sterilization period should range from 
15 to 20 minutes at temperatures of 115oC or somewhat higher. A usable 
combination is 15 minutes at ll5°-ll6oC. 

As well as the holding period-that is, the time during which the milk is 
at sterilization temperature-both the coming-up period and the cooling 
period affect the quality of the product. Usually, fixed times for the 
coming-up and the cooling period will also be chosen. 

For sterilization both batch sterilizers and continuous sterilizers can be 
used. The batch sterilizers are especially suited for small factories: they 
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moves the tins spirally from the entrance to the discharge end. Each tin 
has its own compartment so that the period of treatment is equal for all 
tins. After sterilization all tins may be automatically examined for leaks 
and underweight. 

HTST -Sterilization 

The natural properties of the milk. are better retained with high steri
lization temperatures applied during a short time than with low sterilization 
temperatures applied during a longer time. This knowledge has led to the 
application of high-temperature-short-time (HTST) sterilization, instead of 
the conventional practice of sterilization at about llSOC for 20 minutes. 

The heat stability, i. e., the stability during the sterilization process, of 
the concentrated milk is better with HTST sterilization than with conven
tional sterilization-even to such extent that the finished product is in
sufficiently viscous and is thin in body and, in consequence, shows an in
creased tendency to fat separation. On the other hand, the shelf stability 
is relatively small, that is to say, gelation will occur after a short time. 
Advantages of the HTST sterilization are tendency towards a reduced cook
ed flavour and less browning. 

Tarassuk (1959) describes two methods for HTST sterilization of milk, 
namely: 

(1) in the tins at temperatures of 127°-132°C from 2 minutes to about 
40 seconds; 

(2) in a continuous-flow sterilizer for only a few seconds at 14SOC or 
higher, with subsequent aseptic canning. 

For increasing the viscosity of the finished product and reducing age
thickening, several methods have been proposed by which generally the 
sterilization period is lengthened or a supplementary temperature treatment 
is given before or after sterilization, for instance in the coming-up or cooling 
period. 

Gammack & Weckel (1957) propose to keep the tins at 113oC for 10 mi
nutes after HTST sterilization at about 127°C. 

Hegarty (1958) sterilizes concentrated milk in a heat exchanger at 135°-
1500C for 3 seconds, after which cooling is interrupted at 85°-92oC for so 
long as has been found necessary from a test. The milk is then homogenized 
at 245-280 kgjcm2, cooled to about 20oc, and aseptically canned. 

Although HTST sterilization is sufficient to obtain a sterile product, 
supplementary heat treatment is necessary to ensure a sufficient shelf sta
bility of the finished product, which means that presumably the fullest benefit 
cannot be completely derived from the advantages of HTST sterilization. 
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Bacteriological Defects of Evaporated Milk 

Evaporated milk should be sterile. If this is not the case, deterioration 
will set in if the conditions of life are favourable for the bacteria present in 
the product. Generally deterioration can be prevented by keeping the eva
porated milk at a low temperature. 

According to Davis (1955) non-sterility will occur mainly when the heating 
is not intensive enough or when tins are leaky. It may result from the appli
cation of an insufficiently intensive time-temperature combination, or from 
deviations from the chosen sterilization programme-for instance, temporary 
decrease in the sterilization temperature during the holding period. A 
second cause may be an uneven distribution of heat in the sterilizer, owing 
to which not all tins undergo the same heat treatment. The danger of this 
increases when HTST sterilization is applied. 

When non-sterility is due to insufficient temperature treatment, thermo
philic and heat-resistant spore-forming bacteria especially will develop. The 
principal defects that may then appear are, according to Hammer & Babel 
(1957) who make a survey of the literature, bacterial coagulation, gas form
ation and flavour defects. 

Bacterial coagulation 

Bacterial coagulation may be of a sweet or sour character. In the 
former case deterioration is caused by sweet curdling, spore-forming bac
teria, such as B. subtilis. The coagulum formed can be digested, in which 
case at worst a brownish liquid is formed. At the same time a disagree
able bitter taste will occur. 

Sour coagulation is caused by acid-forming bacteria, such as B. coagulans. 
The milk coagulates owing to the increased acidity. The taste is somewhat 
sour, sometimes a little cheesy. To this group belong the flat-sour bacteria, 
that is to say bacteria which make the milk sour, but form no gas and, 
consequently, cause no bulging. 

Gas formation 

This defect is generally due to spore-forming anaerobic bacteria. Usually 
the formation of gas is accompanied by coagulation of the milk and the 
development of very disagreeable flavour. 

Some strains of spore-formers causing spoilage, such as the acid-forming 
B. coagulans and the gas-forming Plectridium foetidum, may withstand 
15 minutes' sterilization at l18°C. It is thus certainly wrong, in choosing 
fresh milk, to disregard the bacteriological quality in favour of placing 
entire reliance on sterilization. Moreover, the heating will have to be the 
more intensive according as the initial bacterial count is higher; the utmost 
hygiene should therefore be observed in the factory. 
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Bacteriological Deterioration Resulting from Leaky Tins 

Deterioration may be caused bynon-thermoresistimt, non-spore-forming 
bacteria; as a rule a mixed flora is found. Deterioration may be due to 
coagulation and gas development. 

During cooling suitable pressure relationships should be maintained to 
prevent bulging of cans. If seams become weakened contamination of the 
final product by the cooling water may occur, for the decreasing internal 
pressure associated with the cooling of the can contents would draw the 
water and its bacteria into the can. 

Although evaporated milk may be considered a sterile product, and can 
be stored without refrigeration: for long periods of time, once the can has 
been opened it is as perishable as fluid milk, and unless consumed immediately 
it should alw~ys be placed under refrigeration. Contaminating organisms 
will grow rapidly in such milk and cause spoilage to take place very quickly 
unless it is held at a low temperature. ~, 

) -

Non-bacteriological Defects of Evaporated Milk 

Viscosity and heat coagulation 

'The finished product should have a certain viscosity to give the con
sumer an impression of the richness of the product and to prevent fat separ
ation during storage. 

Evaporation increases the viscosity, but the heaviest increase is caused 
by sterilization. In fact, the increase of the viscosity results from some 
coagulation of proteins. , 

This coagulation should not assume such proportions as to form a rough 
or grainy product or even a curd which no longer allows of dilution with 
water. The measure in which the milk stands up to such irreversible coagul
ation is called heat stability. This heat stability depends on the properties 
of the milk as well as the manufacturing process. Milk with an increased 
acidity will have less heat stability. Neutralization with sodium bicarbonate 
is not recommendable, as this may cause brown discoloration. Also, milk 
with a higher albumen content, such as that produced in the early days after 
calving, is more susceptible to heat coagulation. Here the salt balance also 
affects the heat stability; faults so originating are found especially in spring 
and, in a smaller measure, in autumn. As a rule the balance is disturbed 
by an excess of calcium and magnesium in relation to phosphate and sodium 
citrate. The balance can be restored by adding disodium phosphate or 
sodium citrate. The optimum quantity can be determined by preparing 
pilot experimental batches. The stabilizers can be dissolved in the water 
with which the milk is standardized after condensing. 
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Condensing and especially pre-heating usually cause the salt balance to 
change in favour of the phosphate. Thus pre-heating may have a stabiliz
ing effect when there is an excess of calcium. 

The more the milk is concentrated the more the heat-stability will de
crease. With solids contents over 30 % it becomes more and more difficult 
to prevent coagulation. Also homogenization under high pressure may in
crease the hazard of coagulation, especially with milk of a small heat
stability, in which case homogenization at high pressure (higher than 200 
kgjcm2) should be avoided. 

Pre-heating may affect the heat-stability, which is greater when pre
heating is done at higher temperature, albeit for a shorter time (see page 323). 
However, the heat stability may not be so great that it reduces the viscosity. 

As a rule evaporated milk tends to become thinner during storage. This 
process is accelerated by high storage temperatures. Sometimes the viscosity 
increases during prolonged storage owing to gel formation. 

Other defects 

Fat separation may occur when the homogenization of the milk has not 
been carried out efficiently and/or the product is not viscous enough, which, 
for example, is the case when age-thinning occurs. 

Brown coloration may especially occur during sterilization as a result 
of intensive heating; in this respect prolonged heating at a relatively low 
temperature is more harmful than HTST sterilization. Further, during stor
age a progressive darkening occurs with increasing temperature and time. 

In evaporated milk a deposit is sometimes formed consisting mainly of 
crystals of calcium citrate and, further, of mineral salts. 
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DRIED MILK 

E. L. CROSSLEY, B.Sc., F.R.I.C., F.R.S.H., F.L.S. * 

Crude forms of dried milk have been prepared in Eastern countries from 
very early times, but essentially it is a technological product of the 20th cen
tury. Various commercial processes have been introduced and subsequently 
abandoned, and at present only two-the " roller process " and the " spray 
process"-remain in general use, although the "freeze-drying process" 
may develop in the future. 

Milk drying has found its major application as a means of preserving 
large quantities of milk surplus to requirements at the flush periods of pro
duction for later use when supplies are limited. The removal of nearly all 
the water content of milk (about 87 %) yields a compact, concentrated pro
duct which is easily transported and stored. No microbiological growth 
occurs in dried milk, and although it is subject to various forms of slow 
chemical deterioration it may be stored for very long periods and recon
stituted again in water when required. 

In the early years of the century the major output came from roller 
process plants and other processes now obsolete, but from 1930 onwards 
there was a growing development of spray drying. This was greatly acce
lerated during the Second World War to meet the needs of armed forces 
in many countries, and subsequently world production has been further 
expanded by the introduction of spray drying in still more countries where 
milk production has increased or seasonal surpluses present a problem. The 
emergence of spray drying as a major dairying process is perhaps the most 
striking development of recent years. Apart from its use for reconstitution 
to liquid milk, dried milk has become an important foodstuff of high nutri
tional value with a variety of uses (see page 402). Very large quantities of 
dried separated milk (non-fat milk solids) are now manufactured and distri · 
buted on an international scale; this practice is tending to replace condensed 
separated milk manufacture or feeding of separated milk to farm stocks as 
an adjunct to the manufacture of cream and butter. Other by-products of 

*Professor of Dairying, University of Reading, England. 
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considerable nutritional value, such as buttermilk and whey, are also dried 
and stored for future use. Much research work on technical, chemical, and 
microbiological problems is in progress, and it is probable that the future 
will bring important new developments. 

Most countries have introduced legislation that prescribes standards of 
chemical composition and labelling requirements for the sale of dried milk. 
A Code of principles concerning milk and milk products (see Annex 1, 
page 747) drawn up by a committee of government experts under the auspices 
of the Food and Agriculture Organization of the United Nations suggests 
that dried full cream milk (full cream milk powder or whole milk powder) 
should contain not less than 26% of fat (a legal standard in many countries) 
and not more than 5% of water.1 Milk powder for food manufacturing 
purposes, clearly designated as such, may contain not less than 24% fat, 
although at present this would contravene the legal regulations of some 
countries. Dried skimmed milk (skimmed-milk powder or non-fat dry milk) 
should contain not more than 1.5 % of fat and not more than 5 % of water. 
Some countries also prescribe standards and labelling requirements for 
various grades of partly-skimmed-milk powder. 

The formulation of bacteriological standards is a much more difficult 
problem, involving various anomalies and inaccuracies. Most countries 
have avoided direct legal standards and prefer to exercise control by in
direct means such as agreed codes of practice or public health control. 
However, the American Dry Milk Institute, Inc. (1954, 1955), prescribes the 
following standards:· 

Type of powder 

Spray process 

Premium grade, gas packed 
Extra grade, gas packed 
Extra grade, bulk 
Standard grade, bulk 
Roller process 

Extra grade, bulk 
Standard grade, bulk 

Maximum permitted standard plate count per gram 
Whole milk Skimmed milk 

30000 
50000 
50000 50000 

100 000 lOO 000 

50000 50000 
100000 lOO 000 

METHODS OF MANUFACTURE 

The Roller-Drying Process 

This process is the oldest successful commercial method and has changed 
very little since its introduction at the beginning of the century. Basically 
it is a simple process and comprises heating a thin film of milk for 2-3 seconds 
at atmospheric pressure on a metal surface heated by steam at 290°-300°F 
(143°-l49°C). 
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A common design consists oftwo steam-heated cylinders (rolls) mounted 
horizontally and parallel to one another with a very small gap of about 
0.02 to 0.03 inch (0.50 to 0.75 mm) between them (see Fig. 1). Dam plates 
fitted across the ends of the rolls form a trough between them into which 
the milk is fed. Normally the rolls are made of cast iron accurately ground 
to a smooth surface, but occasionally stainless steel rolls are used. The 
rolls rotate towards each other at the top at 14 to 19 revolutions per minute 
(r.p.m.) and are mounted in a massive iron framework to minimize vibration. 

FIG.1 

TWIN ROLLER-DRIER WITH SIDE CONVEYOR 

Reproduced by kind permission of R. Simon 
&. Sons, Ltd., Nottingham, England 

Steam is admitted to the rolls at from 40 to 90 pounds per square inch 
(p.s.i.) (2.8-6.3 kg/cm2), usually at 60-70 p.s.i. (4.2-4.9 kgfcm2). Milk fed 
into the trough between the rotating rolls spreads as a thin film over the 
hot surfaces and after about half a revolution is completely dried. Scraper 
knives across the upper surface of each roll remove the dried film of milk as a 
thin continuous sheet which is collected and removed by a screw conveyor 
to sifting and grinding machines. The scraper knives should be made of 
high-quality steel, carefully tempered and ground, and maintained in a sharp 
condition. Each knife is usually carried in a heavy iron bar and provided 
with means of securing uniform accurate adjustment of pressure at all 
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points across the roll. Some machines employ a feed trough below, into 
which the rolls just dip and pick up a film of milk. This method may also be 
used with machines having a single roll. The hot vapour rising from the rolls 
is taken outside the building by a vapour hood and stack above the machine. 

The milk supply to the rolls is usually pre-heated to a temperature not 
exceeding 160°F (71 °C). The temperature of the rolls depends upon the 
steam pressure, but owing to the extrem,ely rapid evaporation of water the 
milk film does not attain the temperature of the rolls. Steam consumption 
is of the order of 11.5lb. per gallon of milk dried (1.15 kg per litre). Stan
dard rolls usually range between 5 and 8 ft (152-244 cm) in length, having 
hourly capacities of 85 gallons (385 litres) and 190 gallons (865 litres) of 
milk dried per hour, and electric power consumptions of 8 HP and 16 HP 
respectively. However, both larger and smaller sizes are available. 

The rate of drying is influenced mainly by the steam temperature, but 
this is limited by the risk of baking the milk on to the rolls. With any one 
machine the possible variations in rate of revolution or of the gap between 
the rolls have little effect upon output, whilst increasing the gap soon results 
in leakage of milk. Output is increased by pre-heating the milk, but above 
160°F (71 °C) the total heat treatment becomes excessive and an inferior 
powder results, with little or no further improvement in the rate of drying. 

Some increase of output is also obtained by slight pre-concentration of 
the milk to 18 %-25% solids content; further concentration results in dele
terious overheating of the product. 

Very slight variations in the operating conditions can have considerable 
effect upon the quality of the product and a high degree of skill is involved 
in maintaining a consistently satisfactory standard. On the one hand, 
incomplete drying must be avoided, and on the other, excessive exposure 
to heat which produces powder of poor solubility, brown colour, and heated 
or burnt flavour. The milk film should be just dry at the moment when it 

I 

is scraped off the roll. 

The following operating points are important: 
(I) Close control of the temperature and time of drying. Variations of 

steam pressure and of the rate of revolution of the rolls must be avoided. 
The latter can result from overloading the machine or variations in the 
electrical supply, but may be greatly reduced by employing a continuously 
variable speed drive. 

(2) Incomplete removal of steam condensate and air from within the rolls 
produces uneven heating over the surface and moist patches. An internal 
siphon pipe should be fitted almost to the base of each roll to remove con
densate to an efficient steam trap; all steam traps require careful inspection 
and maintenance. 

(3) Accurate alignment of the rolls is essential to ensure a uniform 
clearance (and therefore film thickness) along the whole length. 
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(4) Accurate control of the feed device is required so that milk is spread 
evenly between the rolls, but the depth of milk in the trough is kept as small 
as possible. The maximum concentration at which the film can be spread 
evenly is about 30 % solids. Lengthy preliminary exposure of the milk to 
heating by contact with the hot surfaces, especially if violent boiling occurs, 
results in concentration, and a powder of poor solubility results. The loss 
of solubility becomes marked if the milk attains a concentration above 30 % 
solids before it is dried. If the concentration becomes excessive (e.g., 60 %) 
some milk may burn on to the rolls. For this reason pre-concentration, 
if used, should not be taken beyond 25 ~~ solids. 

(5) Pre-heating of the milk is an advantage, but the temperature should 
not be allowed to exceed 160°F (71 °C). 

(6) The roll surfaces must be kept very smooth and any rusting or pitting 
must be avoided. Periodic re-surfacing may be necessary. 

(7) The scraper knives must be kept sharp and reground frequently; pre
ferably one skilled man should be responsible for this work. The knives 
must be very carefully set to maintain a close and even pressure at all points 
across the roll. To facilitate this some device is usually provided to secure 
fine adjustments. It is essential that no portion of the dried film should pass 
the knife and remain on the hot roll to become burnt (see also page 380); in
complete removal of powder is a major cause of production of a low-grade 
product. The knife must also attain the working temperature before dry
ing commences. 

(8) Slightly acid milk yields a powder of dark colour and poor flavour, 
whilst if the acidity is high the milk film fails to dry properly and will not 
leave the roll. Addition of a small quantity of sodium bicarbonate to the 
milk before drying is sometimes practised. 

General Considerations 

The process has some useful features. Both the capital cost and the 
operating costs are relatively low, whilst pre-concentration in a vacuum 
evaporator is not essential. Moreover the process can be operated econom
ically with small quantities of milk. The plant itself is movable, occupies 
little floor space, and does not require a special building. The heat treat
ment destroys the majority of the bacteria present in the milk, so that the 
powder contains few residual organisms and is completely free from patho
genic species. All these advantages are likely to be of special importance in 
under-developed countries where milk production is limited or subject to 
pronounced seasonal variations, and even in some countries where the rival 
spray process is well established considerable quantities of roller-processed 
powder are still manufactured. 
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Nevertheless the future probably lies with the spray-dried product. 
Roller-dried milk suffers from the serious disadvantages of a definite cooked 
flavour and rather unattractive appearance when reconstituted. Its solu
bility is poor-only about 85 % at best-and the insoluble sediment is 
obvious to the user, whereas spray-dried milk is almost completely soluble. 
Moreover the fat globule structure is damaged by roller drying, so that the 
reconstituted milk tends to have an oily appearance. Some makers over
come this latter disadvantage by homogenization of the milk prior to 
drying. 

Nevertheless it should be recorded that these characteristics have appar
ently no serious significance when the product is used for infant feeding, 
for which purpose it has been employed very successfully for many years. 
At the other extreme the process is widely used as a cheap method of drying 
separated milk, buttermilk, and whey for use in animal feeding. 

Two methods of improving solubility have been used commercially. 
One employs a special system of feeding concentrated milk directly on to 
the drying rolls in the form of an atomized spray. An improved product 
is obtained, but its solubility is not equal to that of spray-dried milk. In the 
second method the whole plant is enclosed in a vacuum chamber so that 
drying takes place at a much lower temperature. A high-quality product 
can be obtained, but, in addition to the cost of maintaining the vacuum, 
the. process itself (and particularly adjustments during a run) becomes more 
complicated. Neither method has come into widespread use. 

The Spray-Drying Process 

In contrast to the roller process, spray drying involves large and com
plicated plant which requires a tall building to house it. The capital cost 
is high and the process is most economic when large quantities of milk are 
handled; the ideal is a daily run of 20 hours with a 4-hour period for plant 
cleaning. Spray-dried milk is markedly superior to the roller-dried product 
in flavour, appearance, and solubility, and usually commands a higher 
market price. It has attained considerable international importance in both 
old-established and newly-developing dairy industries ofthe world, and meets 
a very vital need in supplementing inadequate diets in various countries 
where malnutrition is prevalent. 

The process itself is probably at an intermediate stage of development, 
and some authorities believe that eventually it may become a normal 
method of providing milk supplies for household distribution. Technical 
and scientific progress is, however, retarded by the high capital cost of the 
equipment and the relatively small number of plants in use. 

The basic principle consists of atomizing the milk to form a spray of 
very minute droplets which are directed into a large chamber where they mix 
with a current of hot air. Owing to their large surface area the droplets qry 
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almost instantly to a fine powder which is then removed from the current 
of warm air plus \Vater vapour. In total, however, the process comprises 
three distinct but interdependent operations of pre-heating the raw milk, 
concentration of the milk (usually by vacuum evaporation), and finally 
spray-drying of the concentrated milk. 

Pre-beating 

Pre-heating is essential to destroy bacteria and inactivate enzymes which 
may be present in the milk supply. The spray-drying process kills many 
bacteria but its effect varies considerably between different species; bacterial 
spores, thermoduric streptococci, and micrococci are in general most 
resistant. Nevertheless the percentage destruction is quite variable and 
irregular, even with a single species, and a 100 % kill is rarely attained with 
any species. The process (unlike roller drying) cannot be relied upon in 
itself to kill pathogenic organisms with certainty, for which purpose a definite 
pre-heating process is required. It therefore follows that the minimum 
permissible pre-heating treatment must be equivalent to that given by nor
mal pasteurization, and the pre-heated milk must satisfy phosphatase or 
other standard control tests. In practice a rather more severe heat treat
ment is usually given. 

As the whole process is a continuous one it is normal to employ short
time heating in continuous flow, using either a tubular heater or a plate 
heat exchanger. Pre-heating may be performed at 163°-165°F (73°-74°C) 
for a period of 1-3 minutes; if the hot milk is afterwards held for 2-3 minutes 
in a small balance tank feeding the evaporator (a common arrangement), 
the holding time in the heater need not exceed 15-20 seconds. (Great care 
is needed to avoid holding bulks of milk at temperatures which encourage 
the proliferation of thermophilic bacteria during lengthy periods of opera
tion.) This method, formerly universal, yields a product now known as 
" low-heat " powder. 

Subsequently it was shown by Mattick et al. (1945) that the keeping 
quality of dried milk, and its bacteriological quality, could be improved con
siderably but with only a minor loss of solubility by pre-heating the milk 
to 190°F (88°C). For most uses of full-cream milk this " high-heat" 
powder is now preferred; the advantages are rather less with separated milk 
for which pre-heating at about 175°-180°F (80°-82°C) is often used. 

In order to prevent proliferation of bacteria, any milk which cannot be 
processed immediately on arrival should be cooled promptly and stored at 
about 40°F ( 4.4 oq; the duration· of the drying run is usually longer than the 
period of milk reception. At some plants all milk is pre-heated and cooled 
as it arrives and is fed at 40°F ( 4.4°C) to the evaporator. This system is 
probably desirable in hot climates. 
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It has been claimed that clarification of the milk improves the keeping 
quality of the powder, but other trials by Mattick et al. have not shown 
any significant differences between clarification and filtration. 

In recent years pre-heating to very high temperatures from 230° to 300°F 
(110° to 149°C) for a few seconds has been introduced to meet special 
demands for a near-sterile powder, and particularly to eliminate spores. 

Pre-concentration 

For practical purposes preliminary concentration of the milk is essential, 
and the degree of concentration has an important influence upon some pro
perties of the powder. In particular the bulk density of the powder (see 
page 378) increases with rising concentration of the milk subjected to spray 
drying whilst the enclosed air content of the powder particles is reduced. 
This is of importance in relation to the keeping quality of the powder, 
particularly if gas packing (see page 388) is used, and also in connexion 
with packaging generally. For most purposes a" heavy" powder is desired. 

Moreover, spray drying is. not a highly efficient thermal process because 
the heat supplied to the air used for drying is only partially utilized. In 
this respect a vacuum evaporator is more efficient and occupies less floor 
space, so that it is an advantage to remove part of the water by this means. 
Thus the pounds of steam required to remove 1 lb. of water vapour (or 
kg steam per kg water vapour) is only about 0.4 for a modern vacuum 
evaporator as compared with about 1.25 for a roller drier and 2.5-4.0 for 
a spray drier. 

The degree of concentration is determined to a considerable extent by 
the design of the particular atomizer used to spray the liquid into the drying 
chamber; the normal range is from 30 % to 50 % solids content. As the 
solids content is increased a point is reached beyond which the saving in 
steam consumption is much reduced. The optimum point is around 45 % 
solids, although some atomizers will not handle a liquid of this concentration 
satisfactorily. As the viscosity of the liquid increases, the atomizer tends 
to produce a coarser spray, and incomplete drying may result. Moreover, 
the degree of concentration is limited by the accumulation of deposits in 
the evaporator, which lead to shorter periods of operation, reduced heat 
transfer, increased labour for cleaning, and bacteriological difficulties. 

Except for one design of spray drier, pre-concentration is carried out 
with a vacuum evaporator which may be any one of the standard types 
used in other dairy processes. It is, however, usual to employ some form 
of continuous evaporator to synchronize with the other processes. 

A common form consists of a vertical or inclined calandria comprising 
milk tubes enclosed in a steam jacket. The milk flows up the tubes and is 
thereby heated. From the top of the tubes the milk issues into a vapour
liquid separator, from which the. vapour released is drawn off at the top to a 
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where it becomes the heating medium and surrenders heat for further con
centration of the milk (see Fig. 3, 4, 5). In this case the milk is partly 
concentrated in the first effect and taken from the first separator to the second 
effect, where concentration is completed and the finished product is with
drawn from the second vapour separator. In this way steam consumption 

FIG. 4 

DOUBLE-EFFECT CALANDRIA EVAPORATOR CONCENTRATING MILK 
FOR SPRAY DRYING 

Reproduced by kind permission of A.P. V. Co., Ltd., 
Crawley, England 

is reduced to about 0.6 lb. per lb. (0.6 kg per kg) of water evaporated and 
there is also (i saving (about 50%) of condenser water as less vapour is 
handled finally. A vacuum arrangement is required to withdraw condensate 
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from the second calandria, which is under vacuum, and great care is 
needed to avoid entrainment of milk droplets with the vapour to the second 
calandria. In order to secure heat transfer from the hot vapour the milk 
in the second effect must boil at a higher vacuum and lower temperature 
than in the first effect. 

FIG. 5 

DOUBLE-EFFECT EVAPORATOR WITH INCLINED CALANDRIAS 

Reproduced by kind permission of Ben nett Sons 
& Shears, Ltd., London, England 

This principle may be extended by adding a third effect to give triple
effect evaporation, which reduces steam consumption still further to about 
0.4 lb. per lb. water (0.4 kg per kg). 

In many evaporators a temperature difference of about 40°-50°F 
(22°-28°C) is maintained between the heating vapour and the boiling milk. 
This results in milk temperat).lres of about 160° and l20°F (71 o and 49°C) 
for double-effect evaporation and 200°, 160°, and l20°F (93°, 71°, and 
49°C) for triple-effect working. It must be accepted, therefore, that 
thermal economy is obtained at the expense of heating the miik to rela
tively high temperatures during part of the process, particularly with triple
effect evaporation. Frequently this is not very important, but it may be 
so if a very highly soluble powder with a minimum heated flavour is 
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required. In the production of " high-heat " powder, pre-heating at 
190°F (88°C) is sometimes followed by high evaporation temperatures, 
for example 190° to 200°F (88° to 93°C) and 165°F (74°C) in a double
effect evaporator. 

If a supply of high-pressure steam is available, an alternative method is 
to employ thermocompression, in which part of the hot vapour leaving the 
evaporator is compressed so that its temperature is raised above the boiling
point of the milk, when it is returned to the calandria at1d employed for 
further heating. Normally this is achieved by using a high-pressure steam
jet booster to force the vapour through a venturi diffuser which compresses 
the steam-vapour mixture to the pressure required in the calandria. The 
temperature increase obtainable by compression is limited, and it is not 
possible to achieve very high calandria temperatures, which necessitates 
a large calandria surface. A single-effect evaporator with thermocom
pression has about the same steam consumption per lb. of water evaporated as 
a double-effect evaporator, although its capacity is smaller. There may be 
sufficient vapour to operate both thermocompression and a second-effect 
evaporator. In this case a first effect with thermocompression at about 
160°F (71 oq plus a second effect at l20°F (49°C) has the same steam 
consumption as a triple-effect evaporator, but works at a lower maximum 
milk temperature. 

Recirculating evaporators of the types described above may contain 
quite large quantities of milk, so that portions of the product can be exposed 
to heat for long periods and temporary errors of operation may affect a 
large bulk of milk. This can be avoided by using a single-pass evaporator 
in which the milk flows only once through the heating tubes and separators 
and the plant contains only a small quantity of milk at any time. Climb
ing film and falling film evaporators may be operated in this way. 

A typical climbing film evaporator (see Fig. 15, A to K) comprises a 
calandria containing three sections oflong vertical heating tubes, all enclosed 
in a common steam jacket; the tubes are about 23 feet (7 metres) in length. 
At the top of each section of tubes an outlet leads to a liquid-vapour separa
tor, and all three separators are connected to a common vapour duct leading 
to a condenser and vacuum-raising unit. Consequently all the calandria 
tubes are maintained at the same vacuum and temperature. The pre-heated 
milk is drawn in at the base of the first calandria section, and as a result of the 
heating under reduced pressure some water vapour is given off and a film of 
milk climbs up inside the tubes. From the top of the tubes it passes to the 
first separator, from which the partly concentrated milk flows down to the 
base of the second calandria section. The process is then repeated; the milk 
is further concentrated and taken to the third calandria section and vapour 
separator, from which the finished concentrated milk is discharged by a 
barometric pipe. In this way it is possible to evaporate the milk in con
tinuous flow to a high solids content (45 % or higher), whilst at the same 
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FIG. 7 

LOW-LEVEL PLATE-TYPE EVAPORATOR WITH HORIZONTAL SEPARATOR 

Reproduced by kind permission of A.P.V. Co., Ltd., 
Crawley, England 

Storage of Concentrated Milk 

The concentrated milk is withdrawn from the evaporator either by a 
barometric seal pot or by pumping, and normally passes through some 
device where the degree of concentration can be checked with a hydrometer. 
It is then passed to a balance tank or tanks feeding the atomizer of the spray 
drier. 

This stage is an extremely critical one from the bacteriological point of 
view (see pages 397 and 399) and it is essential to avoid holding large bulks 
of almost stationary concentrated milk for long periods. The only really 
safe procedure is to employ two tanks, of the smallest practicable size, and 
to empty, clean, and re-sterilize each tank alternatively at short intervals. 

Spray Drying 

The hot-air stream performs the double function of applying heat to the 
minute droplets of atomized milk and carrying away the vapour evolved. 
Drying is almost instantaneous, and the dried milk is collected as a fine 
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FIG. 3 

DOUBLE-EFFECT PLATE-TYPE EVAPORATOR 

Reproduced by kind permission of A.P.V. Co., Ltd., 
Crawley, England 

powder which needs no grinding. Notwithstanding the high temperature 
of the drying air, evaporation of moisture is so rapid that the temperature 
of the milk droplets is probably kept down to the wet bulb temperature and 
does not exceed a calculated value of l20°-l30°F (49°-54°C). 

The methods of applying the general principle vary considerably. 

(1) The atomizer 

The milk must be sprayed into the hot air as very small particles, as 
nearly as possible uniform in size. Uniformity is important because in 
a mixture of sizes the smallest particles might be prematurely dried and 
overheated whilst the largest might be only partially dried. In addition, 
uniformity assists towards better control of the initial mixing with the air 
stream and easier separation of the powder from it afterwards. The indi
vidual particles should also contain a minimum of trapped air (see page 379). 
In practice, completely uniform particle size has not yet been obtained but 
individual atomizers produce a majority of particles within a particular 
size range. The atomizer and the air stream are designed together to ensure 
thorough initial mixing and close control of the direction of the stream of 
particles. 
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Atomizers are of three general types: 

(a) Hydraulic pressure jet: This type, the original form of atomizer, 
forces the milk at a high pressure around 2000 to 3000 p.s.i. (141 to 
211 kg/cm2) through a very small orifice, which may be only 0.005 inch 
(0.125 mm) in diameter, in a hard steel disk. Modern types impart swirl 
velocity in addition to axial velocity by tangential entry of the milk to a 
swirl chamber preceding the orifice. 

The atomizer produces a hollow cone spray, with the droplets disposed in 
an annular ring around the central air cone and with a decreasing particle 
size towards the outer edge. Although drop size is not uniform it is possible 
to produce a range of sizes. Drop size is reduced by increasing the pressure, 
reducing the nozzle diameter, or reducing the liquid velocity (Marshall, 
1955), but this type of atomizer is unsuitable for producing a large proportion 
of drops below 30 fL in diameter. The viscosity of the concentrated milk 
influences the possible pressure with a given orifice, and in general a high 
degree of concentration is not satisfactory. 

The main operating difficulties are choking of the jet orifice and alteration 
of the spray due to an increase in the orifice diameter as a result of erosion; 
spare nozzles must always be available. This atomizer is not suitable for 
handling special mixtures containing milk with other solids in suspension. 
High-pressure pumps and milk lines are necessary. 

(b) Pneumatic: A stream of compressed air is used to disintegrate a jet 
of milk. The air impinges at high velocity on to a film of liquid projected 
at right angles to it, or alternatively several air jets impinge on the milk 
stream from an angle. This method does not require high-pressure pump
ing of the milk, erosion of jet orifices is reduced, and a more concentrated 
liquid can be sprayed as compared with the pressure jet type. 

A very high velocity is achieved and the spray travels a long distance 
before breaking up. This atomizer is the best type for producing very 
small particles and is not satisfactory when the size range is required to 
exceed 50 fL (Marshall, 1955). More energy is required per unit of surface 
area created than with the other two types. 

(c) Centrifugal: No pressure is applied to the milk, the velocity being 
imparted by centrifugal force in a rotating device. The milk leaves the peri
phery of the atomizer as either a thin sheet or filaments which break up 
into spherical droplets in an umbrella-shaped spray. 

One type consists of a hanging inverted bowl (see Fig. 9). The concen
trated milk is fed to the underside of the bowl, which rotates at a high speed. 
The milk is thrown outwards by centrifugal force, spreads evenly round the 
circumference, and leaves the rim as a film of uniform thickness. Another 
type consists of a fiat wheel-shaped hollow disk with openings around the 
periphery, or a hollow slotted basket (see Fig. 10). The concentrated milk 
is fed to the centre of the rotating device and is discharged through the 





379 and 399). Moreover, 
powders containing a 
high proportion of large 
particles-readily ob
tainable with centrifugal 
atomizers-tend to dis
solve in water the most 
easily (see page 382). It 
has also been claimed, 
and later disputed, that a 
greater degree of uni
formity of particle size 
is obtainable. 

The modern prefer
ence is for the milk to 
leave the atomizer in de
finite streams (i.e., from 
openings in a disk or 
special channels in an in
verted bowl) rather than 
as a fiat sheet. Many 
attempts have been made 
to produce air-free par
ticles, and various claims 
have been patented. Such 
developments comprise 
different means of chang
ing the direction of the 
droplets by retardation 
or deflection. The air 
bubbles contained in the 
heavier liquid mass reach 
the edge of the droplet, 
burst through the wall 
and escape; the particle 
then contracts and be
comes solid. The deflec
tion is achieved by means 
of special streams of air 
which must be cold and 
possibly moist, as it is es
sential for the direction
al change to occur im
mediately after spraying 

DRIED MILK 365 

FIG. 10 

DISK TYPE OF CENTRIFUGAL ATOMIZER 

I 
I 

/ 

A = Housing for worm wheel mechanism 
B = Driving pulley to motor 
C = Milk inlet pipe 
D = Atomizer wheel 
E = Shaft carrying atomizer wheel 

c 

/ 

Reproduced by kind permission of Niro 
Atomizer, Ltd., Copenhagen, Denmark 
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FIG. 14 

OUTLINE DIAGRAM OF CYLINDRICAL DRYING CHAMBER WITH CONICAL BASE 

Disk-type atomizer; powder recovery in cyclones. 

1 = Feed tank, concentrated milk 
2 = Adjustable pump 
3 =Feed pipe 
4 =Atomizer 

~} = Water tank and density regulator 
7 =Air filter 
8 = Pressure fan 
9 = Air heater 

10 = Hot air inlet duct 
11 = Hot air disperser 
12 = Drying chamber 
13 = Powder collection and discharge 

14 = Pneumatic conveyor duct 
15 = Outlet air duct 
16 = Cyclone collector 
17 = Exhaust fan 
18 = Air exhaust hood 
19 = Conveyor cyclone 

~} = Powder collector and discharge valve 
22 = Conveyor fan 
23 = Air filter 
24 = Instrument panel 
25 = Inlet for air cooling jacket 

Reproduced by kind permission of Niro 
Atomizer, Ltd., Copenhagen, Denmark 

risk of odours or black specks discourages the use of such heating systems 
in milk drying. Electrical heating is very convenient and clean but, except 
in special cases, it is too expensive unless the plant is very small. The air 
supply must always pass through an efficient filter before it enters the heater. 

The use of stainless steel for construction of a large drying chamber is 
very costly and not strictly necessary, as only dry powder should contact 
the metal surface. Most older plants are made of tinned steel, but alumi
nium alloys are usually chosen for modern plants. 
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During the process the temperature of the air-water vapour stream falls 
rapidly, and at the outlet from the chamber it drops to 150°-205°F (66°-96°C) 
depending upon the particular plant; a common figure is about l70°F 
(77°C). The outlet temperature is controlled by the rate of feeding con
centrated milk to the atomizer. The moisture content of dried milk is a 
major factor which influences the development of various storage defects, 
and is regulated by careful control of the milk feed rate to give a constant 
outlet air temperature, by regulation of the volume of hot air, and by con
centration of the milk to a constant solids content. The air inlet and outlet 
temperatures should be recorded by therm:ographs. 

(3) Powder recovery systems 

In most driers the main bulk of powder collects at the base of the chamber, 
from which it is removed continuously by mechanical means. When the 
chamber has a conical hopper at the base to provide a settling zone below 
the air outlet the powder may be removed by a rotary discharge valve or 
by a suction blower; if it has a flat base mechanical sweepers, conveyors, 
or vacuum collectors are used. 

A small quantity of powder may remain on the sides of the chamber 
and is usually swept down at the end of the run, access doors being provided 
for this purpose. With all driers some powder particles are carried out 
with the exit air and this powder must be extracted before the air finally 
leaves the plant. Consequently powder recovery involves the triple pro
blems of settling the main bulk from the air stream, recovering powder dust 
from the exit air, and ensuring a minimum exposure of the powder to hot 
air currents. ' 

The original method was to pass the outlet air through very fine mesh 
cloth filter bags, and in some early plant designs an appreciable proportion 
of the powder output was collected in this way. The bag collectors are 
shaken at intervals, preferably mechanically, and the powder is removed 
from the base. 

This system achieves effective air cleaning but has the disadvantage that 
the powder is exposed for some time (depending upon the frequency of 
shaking and removal) to cont~ct with the outgoing warm air. This has the 
effect of further reducing the bacterial numbers, but has adverse effects 
upon powder solubility, flavour, and possibly appearance. Powder from 
qag collectors is often blended back into the main bulk but is sometimes 
sold separately as a second grade product. Any clogging of the cloth 
meshes-difficult to avoid entirely-is liable to set up undesirable back 
pressures in the drying chamber. 

These problems have been greatly reduced by the development of high
efficiency cyclone separators which remove entrained powder particles 
rapidly and continuously from the outgoing air and discharge a product 
equal in quality to the main bulk from the drier. Originally a single relatively 
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large cyclone was used (see Fig. 15) but this still left 1 %-3 % of the powder 
output to be extracted in bag collectors. Subsequently it was shown that 
small-diameter cyclones are more efficient and the modern practice is to 
use 4-12 cyclones (see Fig. 16) of 2-3 ft. (61-91.5 cm) diameter. These 
achieve a powder recovery of 99.5 %, and in some modern designs bag col
lectors have been eliminated entirely. The use of such systems enables all 
the powder to be collected and discharged at one point and in some cases 
to be passed through a cooling cyclone. 

FIG. 15 

OUTLINE DIAGRAM OF DRYING PLANT 

Climbing-film evaporator, cylindrical drying chamber with conical base, hanging bowl atomizer, 
single cyclone separator, and filter bags. · 

A, B, C = Jet condenser with barometric leg 
D = Vapour pipe 
E = Milk-vapour separator 
F = Calandria tube 
G = Steam jacket 
H = Milk inlet box 

J, K = Concentrated milk outlet with 
barometric seal-pot 

L = Concentrated milk pump 
M, N = Cold air filter and inlet fan 

0 = Filtered air 
P = Air heater 

Q = Hot air duct 
R, S = Concentrated milk line and storage 

tanks 
T, U = Atomizer and driving motor 

V = Powder particles 
W = Powder sitter 
X = Powder conveyor 
Y = Cyclone powder separator for 

outgoing air 
Z = Bag collector for powder dust 

a, b, c, d = Path of outlet air 
e = Powder dust removed 

Reproduced by kind permission of Kestner 
Evaporator and Engineering Co., Ltd., London, 
England 

In a modern plant of this type (see Fig. 17) the hot air is admitted at 
the centre of the roof around the spray unit. It passes downwards and then 
returns up the cylindrical wall of the chamber to leave at the top where it 
enters the cyclones. The spent air leaves the cyclones at the top whilst the 
powder is withdrawn by a cold-air operated ejector from the bottom of 
each cyclone into a common pneumatic conveying and cooling system. The 
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FIG.17 

DRYING CHAMBER AND POWDER CYCLONES 
OF SPRAY DRIER SHOWN IN FIG. 16 

373 

Reproduced by kind permission of F. W. Berk 
& Co., Ltd., London, England 
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The air supply must always be filtered to remove suspended impurities and 
as many micro-organisms as possible. 

As far as possible, horizontal ducts where powder may accumulate, for 
instance between the drying chamber and cyclones, should be avoided. 

Improved thermal efficiency has long been the aim of designers, and one 
obvious possibility would be to utilize the heat in the outgoing spent air. 
Heat exchangers, of large siz~, have been incorporated in a few plants to 
pre-heat the incoming air. The high moisture content of the outgoing air 
prevents its re-introduction into the drying system, whilst if it is cooled by 
pre-heating the incoming cold air the dew point is soon reached and moisture 
condenses. Consequently a heat exchanger must either deal with the con
densed water or avoid condensation by extracting only part of the waste 
heat. The difficulties are increased still further by even traces of powder 
dust in the outgoing air. For these reasons the outgoing air is nearly 
always exhausted directly to the atmosphere, 

In one design a completely different principle is used. The outgoing 
air is passed through a concentrator chamber where it passes upwards 
through a falling spray of hot pre-heated milk. Evaporation of water from 
the milk takes place, and by using a system of recirculation of milk through 
the concentrator the solids content of the milk is increased to the concentra
tion required for spray drying. In this way the outgoing air is used to con
centrate the incoming milk, and no vacuum evaporator is required. At the 
same time any powder particles in the air stream are dissolved and returned 
to the drier. Some of the waste heat is recovered, but this is accompanied 
by disadvantages. Portions of the milk are reheated in the concentrator 
and redried in the spray drier, which has some effect upon the quality of the 
powder. Moreover, any bacteria present in the entrained powder particles 
(and which have resisted the drying process) are reintroduced into the con
centrated milk and unless great care is taken some proliferation may occur. 
This introduces a serious bacteriological risk of multiplication and recycling 
ofresistant organisms. 

(5) Economy of operation 

The economics of spray drying are much influenced by the size of the plant; 
it is usually difficult to achieve profitable operation with a small plant. The 
availability of milk supplies is also important with any plant, as operation 
for only a few hours per day or for only short periods of the year may again 
be uneconomic. Economic levels vary between different countries. 

The major items of drying cost are for steam or other heating medium, 
electric power, labour and management. Of these the heating cost usually 
predominates, owing to the low thermal efficiency (50 %-60 %) of spray 
driers. Heating costs are reduced by removing as much .water as possible 
in a vacuum evaporator of high thermal efficiency, and for the drier itself 
by maintaining a large temperature drop between the inlet and outlet air. 



Modern plants have 
muchreducedthelabour 
required for the opera
tions of spray drying. 
All instruments and 
gauges (e. g., recording 
air pressures, tempera
tures, atomizer speeds, 
etc.) should be brought 
to acentralcontrol panel. 
The atomizer feed should 
be operated by remote 
control or entirely auto
matically, and by using 
instruments and servo
mechanisms it is possible 
to arrange almost com
plete automatic control 
of the whole plant. With 
modern collecting sys
tems all the powder can 
be discharged at one 
point. By these means, 
and by mechanizing the 
cleaning operations, the 
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FIG.18 

BRUSH-TYPE SIFTER FOR ROLLER-DRIED MILK 

Reproduced by kind permission of 
R. Simon & Sons, Ltd., Nottingham, 
England 

labour required to operate a large plant can be reduced to two men, and 
sometimes to one. 

Poor management and careless operation can readily cause considerable 
wastage, but with a properly operated plant powder losses can be maintained 
at less than 0.5 %. 

It should perhaps be stated that in most Western countries the whole 
cost of drying is but a small fraction of the cost of the milk itself. 

Packing Operations 

Before packing, the sheets of roller-dried milk must be broken down to 
powder form. This is often done with a simple brush-type sifter, of totally 
enclosed design to reduce dust (see Fig. 18). If a very fine powder is required, 
a Kek mill or ball mill can be used; for roller-dried whey this is essential. 
With spray powder it is only necessary to remove any coarse aggregates 
by passing the powder through a screen sifter. 

Packaging by hand is undesirable as it is difficult to avoid dust, wastage, 
manual contact, and general discomfort. Powder-filling machines are used, 
the type depending upon the nature of the container. Where applicable, 
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FIG. 19 

SINGLE·HEAD POWDER FILLER FOR LARGE 
CONTAINERS 

Reproduced by kind permission of 
Albro Fillers and Engineering Co., 
Ltd., Enfield, England 

vacuum-operated fillers have ad
vantages. In these the package 
(which must be rigid) is raised to 
the filling head and makes an 
airtight joint against a rubber
faced filling nozzle. A vacuum 
pump withdraws air from the 
package through a gauze and 
powder is sucked into the package 
from a supply hopper until it fills 
up to the level of the gauze. The 
vacuum is then broken and the 
container is removed from the 
filler head. Semi-automatic single
head machines (see Fig. 19) may 
be used for large containers whilst 
automatic multi-head rotary ma
chines (see Fig. 20) are available 
for rapid filling of small contain
ers. Vacuum filling involves an 
enclosed circuit which permits 
dustless filling without wastage. 
No moving parts are needed in 
contact with the powder, and the 
removal of air enables a denser 
pack to be obtained. These ma
chines can also be adapted to fill 
rigid but non-airtight containers 
such as cardboard cartons. 

Flexible containers, for exam
ple, head-sealed bags, are more 
difficult and are usually filled di
rectlyfromapowdernozzle. How
ever, it is possible to apply vacuum 
filling by placing the bags inside 
metal tubes which maintain them 
in a vertical and rigid position 
while the top of the tube makes 
the necessary seal against the rub
ber face. 

The powder packaging department should be completely isolated to 
reduce the spread of powder dust throughout the drier building-by no 
means an easy matter. A pneumatic conveying system is preferable for 
transferring powder from the drier to the packing rooms; apart from the 



advantage of an enclosed 
system the powder is 
cooled by the air current, 
and can be moved over 
considerable distances~ 
e.g., 200 ft. (60 m). 

Reproduced by kind permission 
of Albro Fillers and Engineering 
Co., Ltd., Enfield, England 
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FIG. 20 

MULTI-HEAD ROTARY VACUUM POWDER FILLER FOR 
SMALL CONTAINERS 

PROPERTIES OF DRIED MILK 

Physical Structure 

The physical structure of the powder particle is of considerable import
ance, and may confer different properties upon powders of identical chemical 
composition. 

Roller-dried milk consists of solid, irregular masses containing little 
enclosed air. The fat globule structure is broken by contact of the milk 
with the very hot rollers and the pressure of the scraper knives, so that free 
fat becomes scattered throughout the powder~some of it on the surface~ 
and is readily extracted by solvents. 
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In contrast, spray-dried milk comprises regular spherical or slightly oval 
particles containing more or less enclosed air. The air may be present as 
a single cell or as a number of small bubbles, and usually occupies 15 %-25 % 
of the volume of the particle. The volume of enclosed air is given by the 

D-d 
formula --d-, where D is the true density of milk solids and d the apparent 

density of the powder. In addition there are always some solid particles, 
the proportion varying considerably (from 10% to 70% of the total) be
tween different atomizers. It has been shown that the liquid particles have 
the same form when sprayed. The air-cell volume may influence the keep
ing quality of the powder. With a given liquid, pressure-jet atomizers tend 
to produce the lowest air-cell volume and the highest proportion of solid 
particles. On the other hand, air-cell volume is also closely related to the 
concentration of the liquid being sprayed, and thus pre-concentration of the 
milk to a high solids content gives less trapped air in the powder. In general, 
highly concentrated milks are sprayed more readily with centrifugal atom
izers, and this factor tends to be the important one. After drying, further 
air diffuses into the particle for about 24 hours owing to cooling and con
traction. 

As described earlier, the particles vary considerably in size with different 
designs of atomizer. Lactose is the major constituent of the particle itself 
and comprises about 38 % of full cream powder and 50 % of separated milk 
powder. It forms an amorphous glass-like envelope around the particle 
and is also the continuous phase within it. The outer envelope is only 
slightly permeable and retains enclosed gases and seals in the fat, which 
is only partially extractable by solvents. The proportion of " free " fat is 
very variable and is stated to range from 3% to 19 %, as compared with 
43 %-75 % in freeze-dried milk and about 96% in roller-dried milk. 
Lactose is, however, very hygroscopic and readily absorbs moisture from 
air (over 50 % relative humidity) or from within the powder if its mois
ture content exceeds 5 %. The amorphous lactose then crystallizes 
as alpha-lactose monohydrate and forms a crystal lattice which renders 
the particle permeable. The fat is then freed, and at a critical moisture 
content between 8.6 % and 9.2 % is almost completely extractable by 
solvents. The powder itself also gradually " cakes " into hard lumps. 
In spray powder the fat globule structure is largely retained, although 
pressure-jet atomizers may produce some degree of homogenization to 
globules of smaller size. 

Physico-Chemical Properties 

Bulk density 

The weight of powder which can be packed into a given volume-known 
as the bulk, apparent, or packing density-can vary considerably. Bulk 
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density is important commercially because it affects the size of standard con
tainers, storage space, and transport space. 

Powder particles are dispersed in air and spray particles also contain air 
within them. The density of air-free milk solids is 1.32 g/ml for whole 
milk and 1.46 g/ml for separated milk, but the bulk density of normal spray 
powder may vary between 0.5 and 0.8 g/ml. The bulk density of spray 
powder depends partly upon particle size because small spheres pack more 
closely together than large ones, although a mixture of particles can also 
give a heavy powder owing to packing of small particles between large ones. 
In this respect jet atomizers, particularly pneumatic types, have the advantage, 
whereas centrifugal atomizers tend to produce large particles and lighter 
powders. On the other hand, bulk density is also influenced by the air con
tent of the particles and consequently there is a direct relationship between 
bulk density and the degree of pre-concentration of the milk; a high degree 
of pre-concentration is advisable when a heavy powder is required. This 
factor is probably the most important one and favours the centrifugal 
atomizer. It is also possible to increase bulk density by de-aeration of the 
liquid before drying. 

The bulk density of roller powder depends upon the fineness of grinding 
and is therefore variable. In general it is lighter than spray powder and 
varies between 0.3 and 0.5 g/ml. Although roller powder contains little 
entrapped air there are considerable voids between the irregular particles, 
which pack less closely than regular spheres. 

Appearance 

Good-quality dried milk should flow readily, be free from lumps or 
caking, and be uniformly white or light cream in colour. 

Spray powder may contain small hard lumps \Vhen some of the milk 
droplets are only partially dried. This may occur if the milk feed to the 
atomizer is increased whilst the volume and temperature of the hot air 
supply remains unchanged, when the larger particles remain moist and develop 
lumps at points where they are distributed in the pmvder mass. Similar 
effects may result if the speed of a centrifugal atomizer is reduced (e.g., by 
a slipping belt drive) as a reduced rate of rotation increases particle size. A 
falling air temperature may also cause incomplete drying of the larger 
particles. Changes in feed rate are usually indicated by a fluctuating outlet 
air temperature. Control instruments should be placed conveniently to 
permit of continuous observation (and when possible recording) of atomizer 
speed, air-flow rate, inlet temperature, and outlet temperature, whilst the 
milk feed should be calibrated to permit very small known alterations of 
setting to be made. 

Dried milk absorbs moisture very readily from the atmosphere, and if 
packed in materials which are not impermeable to moisture, such as plain 
paper sacks, cardboard cartons, etc~, it may develop large hard lumps or 
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severe caking during storage. High-quality powder may be ruined by poor 
packaging. A low initial moisture content is also highly desirable. With 
modern properly managed plants lumpy powder is more likely to arise 
from storage defects than from faulty manufacturing processes. 

Small errors of operation during roller-drying can readily result in dried 
milk having a darker shade of colour, whilst more serious failures or acid 
milk may produce a distinctly brown product. Discoloration, often associat
ed with a heated flavour, results from overheating due to. excessive time of 
contact between the milk and the hot roller surfaces, too high a steam tem
perature, or prolonged heating of partly concentrated milk between the 
upper surfaces of the rollers. 

A more common defect is the presence of brown scorched particles, 
sometimes sufficiently numerous to impart a visibly speckled appearance. 
Even high-quality roller powder usually contains a few specks of scorched 
material. The major cause is incomplete removal of the dried milk film 
from points on the rollers. Any milk solids which pass the scraper knives 
remain on the hot roller surface and eventually become burnt. Frequent 
grinding and sharpening of the knives, accurate alignment across the rollers, 
and careful adjustment of knife pressures at all points is one of the most 
essential and skilled operations in the production of roller powder, for 
flavour and solubility may be affected as well as colour. 

A general brown colour and burnt flavour is not associated with spray 
powder unless serious overheating has occurred in the drier. Particles of 
foreign matter may, however, be present and although they are not usually 
noticeable in the powder they may be clearly apparent as a sediment in the 
reconstituted milk. Such sediment may be of several kinds, and is best 
collected by filtering the reconstituted milk through a cotton pad; the specks 
may then be examined with a lens. Inadequate filtration or clarification 
of the milk supply may result in the presence of typical foreign matter 
from the raw milk. The air supply to the drier should be filtered to prevent 
the admission of outside dust, and particular care should be taken to avoid 
the entry of minute particles of coal or ashes when coal-fired boilers are 
used. The air supply is sometimes drawn from fnside the building because 
of its higher temperature, but this involves the risk of introducing powder 
dust which may become charred when heated. However, scorched par
ticles arise mainly from powder deposits which have been held for long 
periods in ducts or at other points in the drier, or from accumulations of 
partly-dried milk on the walls and roof of the drying chamber due to in
adequate mixing and directional control of the milk and air streams. The 
moist powder sticks to the hot metal surfaces and eventually becomes brown 
or even black. Subsequently large pieces of discolored material may become 
detached and mix with the powder bulk. Some drying chambers are pro
vided with vibrators or internal rotating mechanical devices to prevent such 
accumulations. 
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Finally, a general brown discoloration may develop as a storage defect 
of both roller and spray powders, mainly when powder of high moisture 
content is exposed to high temperatures. 

Flavour 

It is a great mistake to use milk supplies of poor quality. Whilst some 
feed taints may be removed during the course of vacuum evaporation or 
drying, this is not always the case. Acidity already developed in the milk 
will be retained in the powder, which acquires an unpleasant :flavour. Neu
tralization of acid milk has been practised, but the :flavour of the resulting 
powder remains unsatisfactory and the colour may darken. Very acid milk 
cannot be dried by the roller process. First-quality powder should not 
exceed an acidity of 0.15% (as lactic acid), and no powder should exceed 
0.17%-

Assuming that good-quality milk has been used, the most likely defect of 
freshly made powder is some degree of burnt :flavour. A distinct burnt 
:flavour is only likely to occur in spray powder following considerable over
heating in the drying chamber, but may arise much more readily in roller 
powder owing to overheating on the rollers or faulty adjustment of the scraper 
knives (see page 380). In any case roller powders always possess a distinct 
cooked :flavour. The :flavour of spray powder is influenced considerably 
by the milk pre-heating temperature used. Thus "low-heat" powder, or 
powder from" ultra-high-temperature "processed milk, gives a reconstituted 
milk having a :flavour close to that of pasteurized milk. " High-heat " 
powder when reconstituted possesses a more cooked :flavour, which, how
ever, is not unpleasant and indeed is preferred by some consumers. In 
practice storage changes produce various flavour defects which mask other 
factors, and after 2-3 months the " low-heat " powder is commonly 
inferior if special precautions have not been taken. The user of dried 
milk is concerned mainly with the :flavour defects which arise during 
storage (see page 386). 

Moisture content 

A high moisture content has a major influence upon the development of 
most storage defects except fat oxidation. ::-.rormal roller-dried milk con
tains 1.5 %-2.5 % and spray-dried milk 2.0 %-3.5 ~~ moisture. Control of 
the moisture content during manufacture has been discussed, and in addition 
to the manufacture of powder of minimum moisture content the nature of 
the packaging (see page 393) is extremely important owing to the hygroscopic 
nature of dried milk solids. There appears to be a critical level around 
5.0 % moisture, and every effort should be made to maintain a level not 
exceeding 4.0 %. 
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The American Dried Milk Institute prescribes the following standards: 

(a) Whole milk powder 

Grade 

Premium 
Extra 
Standard 

(b) Separated milk powder 

Extra 
Standard 

Reconstitution 

Spray process 
(Gas-packed) (Bulk) 

2.25 
2.50 2.50 

3.00 

4.00 
5.00 

Roller process 
(Bulk) 

3.0 
4.0 

4.0 
5.0 

Two properties are involved in the reconstitution of dried milk-namely, 
the "wettability" of the powder, which affects the speed and ease of solution, 
and the ultimate " solubility " or dispersibility of the powder. 

(1) Wettability 

The fine powders produced by the spray process are difficult to wet and 
tend to produce lumps which are slow to disperse in water. More investiga
tion of this problem is required, but it appears that very small particles under 
about 50 11. are the most troublesome, probably because the swelling which 
occurs in initial contact with water blocks the interstices and hinders the 
access of more water. A larger particle size is preferable, and a figure of 
100-15011. is generally considered to be an ideal size. Uniformity of particle 
size would almost certainly be a considerable additional advantage, and some 
modern designs of atomizer are achieving progress in this direction (see 
page 366). 

The irregular particles of roller-dried milk are sometimes. wetted more 
readily and give an initial impression of superior solubility. 

(2) Solubility 

The solubility (more strictly, dispersibility) of dried milk is a very im
portant commercial property. Loss of solubility is due to denaturation of 
protein by heat treatment during the manufacturing process. 

The severe heat treatment used in atmospheric roller-drying reduces the 
solubility ofthe powder to 80 %-85 %- Damage to the fat globule structure 
also releases some drops of oil, and the reconstituted milk has a less attractive 
appearance. Some makers employ preliminary homogenization of the milk 
to secure an improvement. Faulty operation, as previously mentioned, can 
increase the severity of the heat treatment still further. 

Spray-dried milk (once it has been wetted) should be highly soluble 
(98 %-99.9 %) and the fat globules should be largely undamaged. The solu
bility of the powder is determined by the heat treatments used at all stages 
of the manufacturing process. 
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The use of temperatures above 165°F (74°C) for pre-heating the milk 
reduces the solubility of the powder as the temperature rises. At 190°F 
(88°C) as used for " high-heat" powder the reduction is definite but of 
little real importance for most purposes. 

Usually the evaporation process is of less significance, but some re
duction of solubility may result if a high-temperature effect is used or the 
milk is over-concentrated. 

Powder solubility is also affected by the temperature of the hot air in 
the drying chamber and the time of exposure of the powder to it. The maxi
mum desirable air inlet temperature varies with the degree of air turbulence 
and the speed of removal of the powder; it should not exceed 338°F (170°C). 
Rapid removal of the powder is essential, and recovery in cyclones is prefer
able to bag collectors (see page 370). 

The final solubility tends to be the cumulative result of relatively small 
effects at each succeeding stage of the whole process. Protein insolubility 
due to heating of the liquid milk probably differs from that induced by 
exposure of the powder to hot air. The former is an irreversible change, 
whilst the latter is at least partly reversible if the powder is reconstituted in 
water at 122°F (50°C) instead of 68°F (20°C). 

A spray powder of poor solubility tends to form three layers when recon
stituted. The top layer consists mainly off at globules which have carried some 
insoluble protein to the surface. A sediment at the base consists of settled 
insoluble protein which has also entangled some fat globules, whilst the middle 
layer of soluble protein also permeates both top and bottom layers. 

During storage loss of solubility may occur, depending mainly upon the 
moisture content of the powder and the storage temperature (see page 391). 
Large-scale reconstitution of spray-dried milk for consumption as fluid 
milk or for manufacturing purposes requires considerable care and suitable 
apparatus to ensure proper wetting and even dispersal of the milk 'solids. 
Opinions differ upon the most satisfactory methods (see Gibson, 1952), but 
it is agreed that complete absorption of water by the powder takes some 
time, and that it is desirable for the reconstituted milk to stand undisturbed 
for three hours after preparation. If the product is to be consumed as 
fluid milk, preliminary cold storage for 24 hours is needed fully to regain 
the flavour and characteristics of fluid milk; in addition, homogenization is 
often employed. 

It is important to sprinkle the powder slowly into the water, which is 
agitated continuously. A very good method is to use a pump circulation 
whereby the liquid is withdrawn from the base of the solution vessel and 
returned to the top, the powder being sprinkled into the flow of liquid. The 
temperature of the water should be high enough to melt the fat, which may 
enclose some soluble protein. Most workers favour a temperature of 80°-
100°F (2JC-38°C), with a maximum upper limit of l20°F (49°C). The 
use of softened water has also been advocated. 
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Instant powders 

Much effort has been devoted to improvement of the wetting properties 
of spray-dried milk which has led to the development of special processes 
for producing " instantly soluble " powders. These new products have 
achieved considerable commercial success owing to their greater con
venience in use, particularly for household purposes. At present the pro
cesses are applicable only to separated milk powder, preferably of the "low
heat " type. The methods so far disclosed depend upon the principle of 
producing a structure of porous aggregates which disperse readily and quickly 
in water, without vigorous agitation, to produce a stable reconstituted milk. 
This is achieved by slight moistening of the powder particles so that they 
develop surface stickiness and adhere together as large porous masses 
of irregular shape, after which the aggregates are partially re-dried to pre
serve their structure. 

One of the best-known early patents refers to a" hydrator ",a cylindrical 
vessel with a collecting cone at the base and two concentric conduits which 
enter the top of the chamber. Just below the inner conduit an annular 
device discharges a mixture of wet steam with a mist of atomized water 
droplets. Normal spray powder, of good quality, is delivered at a controlled 
rate by a fan blower to the top of the inner conduit. It then falls into the 
hot moist atmosphere of water vapour and droplets, where it is rapidly 
wetted. A supply of warm air at 90°-l40QF (32°-60°C) is passed down the 
outer conduit and envelopes the moistened powder. The particles adhere 
to give large irregular aggregates which swell up and become moist. The 
moisture content of the powder is raised to 10%-15% and the temparature of 
the treatment zone is between 80° and 120°F (27° and 49°C). 

The warm air leaves the top of the chamber and passes through a cyclone 
to remove any entrained p0wder particles. The moist, bulky particles fall 
downwards and as they reach. the conical base they are cooled by a current 
of atmospheric air and are discharged at a temperature of about 100°F 
(38°C). The soft aggregates are further cooled by gentle passage along a 
conveyor. When they have become firmer and less sticky they are passed 
across a vibrating, perforated metal screen on which they are exposed to 
hot air blown upwards through the perforations, which reduces their moisture 
content to 5 %-6 %- The process involves a very delicate balance between 
the feed rates of powder, water, steam, and hot air, plus close control 
of the rate of passage through the plant. Excessive moisture produces 
a dough-like mass, whilst excessive steam adversely affects flavour and 
solubility. 

The process is additional to normal powder manufacture and involves 
some extra cost, which, however, is claimed to be small. The instantly 
soluble character is accompanied by the two disadvantages of a very low 
bulk density and an increased moisture content. A high moisture content 
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FIG. 21 

INSTANTIZER FOR SPRAY-DRIED MILK 

Reproduced by kind permission of Blaw-Knox Co., 
Mora, Minn., USA 

reduces the keeping quality of the powder (see page 391), which must be 
marketed reasonably quickly before unpleasant flavours develop. 

A later design (see Fig. 21) admits a thin stream of powder at the top 
of the chamber. The powder particles fall through a steam jet area but 
their moisture content is not allowed to increase above 4 %. As they pass 
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downwards they meet a mildly-heated turbulent air stream which agglome
rates the particles and removes surface moisture. Redrying is completed 
rapidly and the finished product is discharged from the base of the 
" instantizer ". The powder has a low bulk density of about 0.35 g per ml, 
but the structure is claimed to be stable after packaging whilst the low 
moisture content improves the flavour and keeping quality of the product. 

A further different process is incorporated in the spray drier itself. 
In this case the powder is dried with a higher moisture content than normal 
by reducing the outlet air temperature and increasing the output of powder. 
The powder is discharged from the conical base of the drying chamber 
directly into a treatment unit situated below it. The unit consists of a series 
of perforated plates through which an upward flow of air is passed; the 
plates are also vibrated and slowly pass the powder horizontally to the 
discharge outlet. Slow cooling of the high-moisture powder binds some 
moisture to the lactose (as lactose hydrate) and some slight agglomeration 
occurs. The free moisture is reduced to about 4.5% in the finished product. 
To secure close adjustment of the moisture content the unit is divided into 
three separate sections, each with independent control of the air flow and 
with provision for heating the air in the first two. 

The process is claimed to be a gentle one with no adverse effects upon 
flavour or solubility. Compared with those previously mentioned it has 
the advantage of producing a powder of higher bulk density-about 0.55 g 
per ml. About 75% of the output ofthe drier is obtained as instant powder, 
the remainder being the powder collected from cyclones. 

However, some workers believe that all these processes may be only 
temporary expedients pending the perfection of atomizers which will pro
duce completely uniform particles of the right size. 

Keeping Quality 

. Micro-organisms do not proliferate in dried milk, and storage defects 
are purely chemical in nature. These tend to develop slowly, and normally 
the product may be stored without deterioration for many months. The 
useful storage life is, however, much influenced by the temperature of storage, 
and the difficulties are most pronounced in hot climates, where as it happens 
the product is potentially of greatest value. Although much research re
mains to be done, two major types of deterioration are well recognized, 
affecting fat in one case and protein plus lactose in the other. Ultimately 
these affect the flavour, solubility, colour, and nutritional value of the powder. 

Fat decomposition 

Oxidation of the fat leading to the production of flat, and finally marked 
tallowy, flavours is a major storage defect of full-cream powder, and some
times occurs to a lesser extent in the residual fat content of separated milk 
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powder. The chemical changes result from the addition of oxygen to the 
double bonds of unsaturated glycerides, giving peroxides which can be 
estimated by chemical means. At first the peroxides accumulate, but later 
they decompose to various aldehydes, ketones, and acids which impart the 
unpleasant flavours. Aldehydes are detectable with colour reagents, but 
the sense of taste is much more sensitive than chemical tests. The reaction 
commences with a slow induction phase, followed by a period of rapid 
change and combination with oxygen; large quantities of oxygen can be 
absorbed. Peroxides are formed when the container contains an excess of 
free oxygen, but later the decomposition of peroxides exceeds the rate of 
their formation. The keeping quality of individual "low-heat " powders 
varies considerably-from 4 to 12 months in temperate climates and per
haps half tllis time in hot climates. Whilst the development of poor flavour 
is parallel to oxygen absorption, the ratio is not constant and the most 
stable powders require the most oxygen in order to deteriorate to a given 
flavour value. 

Fat oxidation is not influenced appreciably by the moisture content of 
the powder, but there are other definite factors involved. 

(a) The rate of deterioration increases rapidly \Vith rise of storage tem
perature (factor 2.2 per rise of 10°C). The keeping quality of an unstable 
powder may fall as low as six weeks in a tropical climate. 

(b) Traces of heavy metals such as copper and iron act as catalysts and 
shorten the induction phase. Stainless steel equipment should be used, and 
it is essential to avoid any contact between the milk and copper, copper 
alloy, or tinned copper surfaces at any stage. 

(c) Oxidation is more rapid in powders of high acidity. 

(d) Exposure to light is deleterious, and transparent packages should 
not be used. 

(e) Other less certain factors are the possible presence of oxidizing en
zymes in the milk or of microbiological origin, and seasonal variations in 
the detailed glyceride composition of the fat. 

In the absence of special precautions, oxidation occurs rather more 
rapidly in spray than in roller pmvders, but in recent years much progress 
has been made in extending the life of spray powders. With full-cream 
powder the main cause of deterioration is overcome if fat oxidation is pre
vented, other possible defects being within the control of the manufacturer. 

Methods of avoiding fat decomposition 

Three major methods a~e possible. 

(1) Packing in inert gas 

This depends upon prevention of the chemical reaction by removing the 
oxygen from the container and replacing it with nitrogen or carbon dioxide, 
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usually the former. It is the only method which completely prevents oxida
tion for practical purposes, and can extend storage life up to 7-10 years 
even at high temperatures. 

The powder must be packed in air-tight metal cans having a small 
brogue hole. The cans are placed in a cabinet, which is closed, com
pletely sealed, and exhausted to a very high vacuum-preferably 3 mm of 
mercury. The vacuum is maintained for about 2 minutes after which the 
cabinet is filled with nitrogen to slightly above atmospheric pressure. The 
cans are then withdrawn and the brogue holes rapidly soldered over. 

It has been shown (Lea, Moran & Smith, 1943) that a tallowy flavour 
may develop if there is 0.05 ml of oxygen available per g of fat, and that it 
becomes pronounced with 0.1 ml per g fat. In practice this means that the 
oxygen content of the can heads pace must not exceed 1.0 %-2.0%; if this is 
attained the powder can be stored for several years and with 3.0 % oxygen 
the keeping quality is usually three times longer than that of an air-packed 
powder. 

With care there is little difficulty in obtaining 0.5 %-0.7% oxygen im
mediately after gassing, but complications arise from the physical form of 
spray-dried particles. The process withdraws the air between particles but 
not the air enclosed inside them, and even if the high vacuum is maintained 
for one hour little of the enclosed air is withdrawn. This difficulty is due 
to the envelope of lactose "glass" which surrounds the particle (Lea et al., 
1943; Coulter & Jenness, 1945). During storage a process usually desig
nated "desorption" occurs, in which a small part of the trapped oxygen 
is adsorbed on the powder particles (Coulter & Jenness, 1945), but the bulk 
diffuses slowly through the walls to set up a new equilibrium (Lea et al., 
Coulter & Jenness). In this way an initial oxygen content of 0.5 % in the 
can headspace can rise to 2.0 % during storage so that an extremely low 
initial value is essential. The rate of desorption varies considerably be
tween different powders and is influenced by the degree of pre-concentration 
and the method of atomization. With most powders the process is complete 
in 7 days but some require a month or longer. The increase is roughly pro
portional to the total volume of entrapped air (Coulter & Jenness), and for 
gas-packing purposes it is desirable to manufacture powder of high-bulk 
density containing a minimum of gas bubbles. The air content of spray
dried milk increases for 2 days after manufacture, and gas-packing should 
be completed within 24 hours. Roller-dried powders contain little en
trapped air and " desorb " practically no oxygen. 

This apparently simple process requires much skill and care in practice. 
To reduce the initial oxygen content to 0.5 % it is necessary to maintain 
well-made gas-tight cans, expert soldering, a highly efficient vacuum pump, 
completely gas-tight cabinet, valves, and pipelines, and nitrogen of 99.8% 
purity. In addition, laboratory checks (using an Orsat method) should be 
made of the residual oxygen content of sample cans both initially and after 
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storage for 7 days; the latter figure should not exceed 2.0 /o. Moreover, 
it is highly desirable to test every can for gas-tightness because the most 
minute leaks will nullify the whole process. Various devices are available 
(American Dry Milk Institute, Inc., 1954, 1955) which enable this to be 
done fairly simply with bulk containers, but large numbers of small con
tainers present a more difficult problem. 

The difficulties can be reduced by " double-gassing" in which the gas
packed powder is stored for up to 7 days and the process is then repeated. 
This removes the desorbed oxygen and enables very low final figures around 
0.3 /o-0.5% oxygen to be attained. Some additional cost and inconvenience 
are obviously involved, although against this it is possible to work with a 
vacuum around 10 mm as against 3 mm for " single-gassing ", which is 
easier and cheaper in practice. 

Still further simplification is possible by holding the powder under 
vacuum long enough to withdraw the entrapped gas, followed by a single 
gassing. The evacuation period should be about three days ideally, but in 
practice 24 hours is normally adequate. This whole process can be com
pleted in the container, but in commercial practice satisfactory results are 
now obtained by holding the freshly-made powder under vacuum in large 
bulk containers, followed by transfer to small containers and a single 
gassing. This method has operating advantages and is almost as effective 
as " double-gassing " in a small container. 

Whilst gas-packing is undoubtedly the most effective method of extend
ing keeping quality-and probably the only satisfactory one in hot climates
much study has been made of less elaborate and costly means of ensuring an 
adequate keeping quality for normal requirements in temperate climates. 

(2) High-temperature pre-heating 

The best known of these methods is the production of "high-heat" 
powder by raising the temperature to which the milk is pre-heated before 
spray-drying. Compared \Vith pre-heating the milk at 165°F (74°C), 
pre-heating at 180°F (82°C) doubles the keeping quality of the powder 
whilst at 190°F (88°C) the increase is 3-5 times. Such po\vder remains in 
good condition for about two years in temperate climates with ordinary air 
packing (Mattick et al., 1945). Moreowr, high-temperature pre-heating 
improves the bacteriological quality of the powder C~'fattick et al., Crossley, 
1945) and preserves the vitamin content during storage (\1attick et al.). 

The mechanism is not fully understood, but in general it is associated 
with the formation of traces of protein decomposition products containing 
a sulfhydryl grouping which function as antioxidants and prolong the in
duction period. Natural milk proteins contain no free sulfhydryl groups, 
but in the denatured protein formed in heated milk such groups become 
unmasked and reactive. The first action may be the formation of cysteine, 
followed by further reaction at the exposed sulfur ends of the chains to split off 
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hydrogen sulfide or methyl mercaptan. Traces of hydrogen sulfide are detect
able in the heated milk. The action of sulfhydryl groups is uncertain, but 
may be due in part to prevention of the catalytic action of heavy metals 
by removing them as sulfides. 

Sulfhydryl groups are not detectable in milk heated below 180°F (82.2°C) 
(Mattick et al.; Jenness & Coulter, 1955) but reach the optimum level at 
190°F (87.8°C). Higher temperatures up to 260°F (126°C) (Jenness & Coulter, 
1955) or above produce no appreciable increase or further improvement 
of powder keeping-quality, although there may be bacteriological reasons for 
such treatments. It is not necessary for sulfhydryl groups to remain in the 
powder provided that they have been produced in the milk before it is dried; 
this may occur with those plants which use outgoing hot .air from the drier 
to pre-concentrate the milk. 

High-temperature pre-heating may also prevent changes produced by 
enzymes derived from the raw milk or from bacteria. Thus it has been 
shown that hygienic quality of the milk supply and high bacteriological 
standards of manufacture are most significant when low-temperature pre
heating is used (Mattick et al.). 

(3) Addition of antioxidants 

Direct incorporation of antioxidants has also been investigated exten
sively. Numerous substances have been tried and rejected on various 
grounds such as unpleasant flavour, possible toxicity, or high cost; hydro
quinone was probably the most effective of these. Of the more successful 
substances, ascorbic acid added as an 0.03 % concentration in the liquid 
milk prolongs powder keeping-quality by several months but disappears 
during storage. The most effective antioxidants appear to be esters of 
gallic acid, particularly ethyl or propyl gallate. The incorporation of as 
little as 0.07 % of ethyl gallate in the powder prolongs the keeping quality 
to about two years when only low-temperature pre-heating has been used. 
Ethyl gallate is non~toxic and has no effect on flavour; it does not disappear 
during storage and appears to remain unchanged. Keeping quality may 
be extended still further by combining high-temperature pre-heating with 
the addition of ethyl gallate; in this way it is possible to produce powders 
having a keeping quality of from three to four years in temperate climates. 
Nordihydroguaiaretic acid has also been found effective when added as 
0.04% of the weight of the fat. 

However, many countries prohibit this use of antioxidants. Although 
their addition to cooking or other fats may be permitted, it is considered 
that such additions to dried milk are unnecessary and undesirable when 
other methods of safeguarding keeping quality are available. The use of 
antioxidants is advocated most strongly for powder packed in small con
tainers when gas-packing may be awkward and expensive. 
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Fat hydrolysis 

True rancidity resulting from the hydrolysis of fat to free fatty acids 
such as butyric acid was formerly not uncommon. The lipolytic enzymes 
involved can be derived from the milk itself or they may be of microbio
logical origin. This defect has become unusual since stricter attention is 
now given to both milk production .and plant hygiene, and higher pre
heating temperatures which inactivate lipases are in general use. 

Other forms of fat deterioration 

Various workers (Patton, Kenney & Potter, 1955) have described storage 
changes which do not appear to be associated with either oxidation or 
lipolysis of the fat. These :flavours are described as " stale", or most 
characteristically as like " coconut "; a " toffee " :flavour may also be a 
form of the same defect. They are produced only from milk fat and do not 
occur in dried separated milk. The defect is accelerated by high-tempe
rature storage and by a high moisture content, but is independent of oxygen 
and occurs in gas-packed powder. This form of deterioration seems to 
occur at a fairly early stage during storage; it develops before the fat oxida
tion defect from which it also differs in :flavour. There is strong evidence 
(Patton, Kenney & Potter) that the change is caused by a rearrangement of 
monoethenoid fatty acids in milk fat to form lactones, and that 3-deca
lactone in minute quantities is the substance responsible for the coconut 
:flavour. The origin of this lactone is thought to be 9-deconoic acid. These 
rearrangements involve no oxygen, and the empirical formulae remain the 
same. No definite method of prevention has been suggested except low
temperature storage. 

Protein-lactose reactions 

Maillard reactions between protein and lactose produce a series of storage 
defects which often occur together in a progressive sequence of stale :fla
vours, increasing loss of solubility, unpleasant " glue " :flavour, and darken
ing or brown discoloration. These changes may occur in all types of powder 
but are associated predominantly with separated dried milk and tend to be 
most pronounced in roller-dried powders. They are greatly accelerated by 
high-storage temperatures, and in addition the moisture content of the 
powder is a major factor. Critical moisture levels appear to be about 5 % 
for spray powders and 4 % for roller powders; above these figures the de
fects are accentuated with increasing moisture content. 

Deterioration of a high-moisture powder proceeds in a series of stages. 
First the lactose absorbs moisture and changes to crystalline alpha-lactose 
monohydrate containing 5 ~~ v,·ater of crystallization. In powders of low 
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moisture content the lactose is present in the amorphous alpha and beta 
forms (1 : 1.5) with only 0.5 %-5.0 % of lactose hydrate. If the moisture 
content and the temperature remain low the lactose preserves its amorphous 
form and no deterioration occurs. If the moisture content is high, as much 
as 40 %-60 % of the lactose may be hydrated in a fresh powder, and at 
levels of 6.5 %-7.0% for full-cream powder and 7.5 %-8.0% for separated
milk powder crystallization becomes rapid and complete. (It must be re
membered that dried milk can also absorb moisture very readily from the 
air.) Such powders may show an apparent decrease in their moisture 
content (as determined by methods which estimate mainly "free" water). 
There is often a loss of free-flowing properties and possibly some definite 
" caking" of the powder. The impervious lactose envelope around spray
powder particles probably changes to a crystal lattice. 

The free lactose content of the powder then falls and an insoluble pro
tein-lactose compound is formed which contains lactose equivalent in quanti
ty to the free soluble lactose which has disappeared. The reaction is pre
sumed to occur between the aldehyde group of the lactose and a protein 
amino group. There is strong evidence that the amino group mainly 
involved is that of lysine, and about 40 % ofthe original lysine disappears, 
which considerably reduces the nutritional value of the powder. It has 
also been shown that such powder can be restored to its original nutritional 
value if lysine is added in the quantity required to balance the loss. As 
the protein-lactose reaction proceeds, the remaining protein also becomes 
progressively insoluble and eventually the loss of solubility may be pro
nounced, particularly of roller-dried milk. 

The final stage involve~: a decomposition of the protein-lactose compound 
to form products which include substances having an unpleasant glue-like 
flavour and a brown colour. The reaction involves absorption of oxygen 
and the evolution of carbon dioxide, but the exact nature of the breakdown 
and the identity of the decomposition products are uncertain. In general 
the oxygen reacts preferentially with the fat in full-cream powders, and 
tallowy flavours predominate, whilst the stale and gluey flavours are more 
characteristic of separated milk powder, but both forms of deterioration 
can proceed simultaneously. 

If the powder is gas-packed the protein-lactose reaction and loss of 
solubility may still occur, but the final changes are much less serious. There 
may be some development of brown colour and a slight caramelized flavour, 
but unpleasant flavours are unusual. It would appear that development of 
the gluey flavour requires a supply of oxygen. Gas-packing is therefore 
partially effective but is not a real solution. The manufacturer can avoid 
these defects more simply and with greater certainty by producing powders 
of low moisture content and by using moisture-proof packaging combined 
with low storage temperatures. 
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PACKAGING MATERIALS 

From the foregoing it will be clear that in addition to the necessary 
mechanical strength a good packaging material should have very low per
meabilities to both oxygen and moisture if dried milk is to be stored for long 
periods. It is false economy for the user of dried milk who requires a long 
storage life to purchase supplies packed in cheap but inadequate materials. 
The best material is tinplate, and a sealed metal can is essential when gas 
packing is used, as anything less than a complete barrier to oxygen is use
less. Owing to the increasing cost of tinplate, and the development of 
more stable pO\vders \Vhich can be stored for reasonable periods without 
gas packing, alternative cheaper materials have come into extensive use. 
Materials based on paper or cardboard are only suitable for short periods 
of storage, but new plastic and synthetic materials are now available with 
low permeabilities to gases and water vapour. These materials are parti
cularly suitable for small retail packs, as they are supplied in flexible sheets 
from which suitable bags are easily made and closed by heat sealing; they 
have achieved wide popularity for packaging many foodstuffs. Examples 
of such materials are cellulose films, polythene, pliofilm (rubber hydro
chloride), nylon films, and "cryovac" (polyvinyl-vinylidene chloride co
polymer). However, few single materials are completely impervious to both 
gases and water vapour. Thus cellulose films are a more effective barrier 
to gases than to water v:>.pour, whilst the reverse is true of polythene. Con
sequently, laminates of more than one material have been developed to 
combine the required characteristics. Examples of these are waxed cellu
lose films, cellulose films coated with polythene, pliofilm-cellulose laminates, 
and polythene-coated vegetable parchment. 

Waxed cellulose and some polythene-coated celluloses are better than 
cellulose or polythene alone, but still allow some passage of \Vater vapour, 
whilst only small moisture gains occur in powders packed in cryovac or 
pliofilm-cellulose laminates. The two latter materials can also be subjected 
to vacuum treatment and sealed under vacuum, and offer a very good 
oxygen barrier. 

Excellent results have also been recorded (Wearmouth, 1958) with thin 
aluminium foils either coated with a heat-seal lacquer or laminated to poly
thene or pliofilm. The plastic film side contacts the powder and imparts 
flexibility and toughness, whilst the aluminium forms a barrier against 
moisture and oxygen. Water vapour transmission is negligible, and per
meability to oxygen is very low. 

The performance and reliability of plastic films is also dependent upon 
the thickness used and upon freedom from minute perforations. There 
have been some reports of peculiar off-flavours associated with polythene. 

For large bulk packages plastic films alone are not sufficiently robust. 
Polythene is often used as a liner for metal containers, but paper is widely 
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employed as a cheap means of imparting mechanical strength. Paper in 
its various forms is a poor water barrier, and although multi-wall paper sacks 
are frequently used as a cheap and robust package, the powder thus packed 
should not be subjected to long storage. On the other hand, paper sacks 
with a polythene liner, plasticized liner, wax liner~or better still a combina
tion of different liners-have proved successful as a substitute for metal con
tainers for quite long periods of storage. Similarly, paper-lined cardboard 
cartons tend to limit storage life but are much improved by substitution of 
a polythene liner. 

BACTERIOLOGICAL QUALITY 

lt is highly undesirable that large numbers of organisms should survive 
in dried milk, particularly when this is intended for uses such as infant feed
ing and ice-cream manufacture, as vigorous growth may occur when the 
milk has been reconstituted. The severe heat treatment associated with 
roller-drying normally reduces the bacterial population to a low level of not 
more than 1000 organisms per gram, mainly resistant spores. The major 
risk arises from dust and handling contamination during packaging and other 
post-drying operations. Spray powder can be a much more variable pro
duct, with bacterial contents ranging between 10 and many million organisms 
per gram of powder. High bacterial counts were formerly a common ad
verse feature of spray-dried milk but very drastic improvements have been 
achieved in recent years (Crossley, 1945; Crossley & Johnson, 1942; Nichols 
1939). Close bacteriological control of manufacture is essential, and a pro
perly equipped laboratory is an indispensable adjunct of the drying plant. 

Flora of Spray-Dried Milk 

The flora of spray-dried milk is a specialized one (Crossley & Johnson, 
1942) and predominantly thermoduric. The major groups are: 

(a) Thermoduric micrococci which are of common occurrence in milk 
supplies and also difficult entirely to eradicate from dairy plant and equip
ment. 

(b) Thermoduric streptococci, mainly strains of Str. thermophilus, Str. 
bovis, Str. faecalis, and Str. liquefaciens. Plant conditions may favour their 
proliferation and the building-up of serious infections; they are often res
ponsible for the extremely high powder counts. 

(c) Corynebacteria which vary considerably in their incidence. The 
thermoduric species involved are derived from the milk supply and appear 
to bear little relation to the efficiency of plant cleaning. 
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(d) Small numbers of bacterial spores (mainly of aerobic species such as 
B. subtilis and B. licheniformis) occur in practically all powders unless the 
milk has been subjected to ultra-high temperature treatment. The flora 
may also include thermophilic types which are of significance for some parti
cular uses of dried milk. 

(e) Miscellaneous contaminants, which may not be thermoduric, can 
be contributed by atmospheric contamination or from plant surfaces. These 
may include very small numbers of organisms of the escherichia-aerobacter 
groups, which should, however, be absent. The regular presence of such 
organisms in less than 10 g of powder is an indication of unsatisfactory 
hygienic conditions. 

Spray-dried milks containing less than 1000 organisms per gram are now 
produced regularly in commercial practice, and reasonable maximum limits 
are 50 000 per gram for low-heat powder and 20 000 per gram for high-heat 
powder. The final bacteriological quality attained depends upon a com
plex interaction of a number of factors. 

There is little relation between the total bacterial counts of the raw milk 
and the powder made from it (Crossley & Johnson, 1942), but the powder 
count is closely correlated with the thermoduric count of the raw milk. 
High standards of milk production are therefore desirable not only to re
duce the risk of acid development but also to minimize the thermoduric 
population. 

There is also a very close relation between the bacterial count of the 
pre-heated milk and that of the final powder (Crossley & Johnson); the flora 
of the pre-heated milk should be entirely thermoduric. High-temperature
short-time (HTST) methods are normally used (see page 353), and to ensure 
the destruction of pathogens the treatment giYen should be not less than the 
equivalent of pasteurization. Pre-heating temperatures below 159°F (71 oq 
are followed by increased powder counts, whilst these counts show a marked 
reduction as the pre-heating temperature exceeds 164°F (73°C). Pre
heating at 190°F (88°C) very greatly reduces the bacterial content of the 
milk and of the powder made from it. 

The process of concentration under vacuum may be of vital bacteriolog
ical significance and there is again a definite relation between the con
centrated milk and the powder (Crossley & Johnson). 

The milk entering the evaporator contains the surviving flora from the 
pre-heating process; the numbers should not be large unless the raw milk 
supply contains considerable numbers of thermoduric organisms. Con
centration of the milk to a high solids content results in some accumulation 
of deposits at suitable points in calandrias, vapour separators, pipelines, and 
vapour ducts, especially during long operating periods. Owing to their 
size and complexity, evaporators are by no means easy to clean and sterilize, 
and there is always a risk of residual deposits of concentrated milk accumulat-
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ing at points which are not readily accessible. The efficient use of detergents 
and mechanical aids to cleaning, followed by suitable combinations of 
steam and chemical agents to ensure efficient sterilization, requires a con
tinuous combined effort by the managerial and laboratory staffs. Modern 
methods of circulation treatment have reduced the difficulties and eased the 
labour, but rigid control is still essential. The major objective must be to 
avoid focal points of bacteriological infection; in this matter the design of 
the plant itself is of great importance. It is possible almost entirely to eli
minate evaporator contamination, and if this is not done disastrous re
sults will follow sooner or later. 

During concentration the organisms are exposed to the effects of tempe
rature, agitation, and slowly or rapidly increasing viscosity and osmotic 
pressure. Many bacterial species-probably the majority-are unable to 
tolerate the conditions and are either reduced in numbers or merely survive. 
On the other hand the conditions favour the multiplication of some species, 
especially in milk deposits. Whilst temperatures of ll0°-l20°F (43°-49°C) 
are too high to permit the growth of many organisms, others such as thermo
duric streptococci can multiply rapidly, and the evaporator may collect a 
specialized population of organisms capable of growth in concentrated milk 
at high temperatures. Even strains of the same species can differ widely 
in their behaviour. In general the organisms which constitute such plant 
infections tend to be species which resist pasteurization, but this is not in
variably the case. 

The particular combination of conditions varies between different plants. 
For example, a multiple-effect evaporator may operate with a high tempe
rature (possibly lethal to the majority of organisms) in the first effect, where
as in another plant the milk may remain throughout at a nearly uniform 
temperature which is low enough to permit multiplication of selected orga
nisms. Time periods can vary widely between the extremes of single pass 
designs in which the milk flows very rapidly through the plant and others 
which employ lengthy recirculation of portions of the milk, which can result 
in a selection of bacterial types if temperature conditions also happen to 
be suitable. Moreover, as described earlier, the degree of concentration 
employed is also variable. 

Consequently every plant tends to present an individual bacteriological 
problem for investigation and control, and indeed there is evidence that 
individual plants tend to develop their own particular characteristic strains 
(Hawley & Benjamin, 1955). The whole problem is therefore a combination 
of initial contamination introduced by the pre-heated milk, plus any re
sidual plant infections, combined with a possible selection and multiplica
tion of some species of bacteria and the suppression of others. Even with 
the most favourable initial combination of high-temperature pre-heating and 
very clean plant, the bacterial population of the concentrated milk still 
rises as the evaporation process continues. Operating periods should 
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not exceed about 10 hours without a plant-cleaning break (Crossley 
& Johnson). 

Most plants incorporate a feed tank or tanks from which the concentrated 
milk is withdrawn to the drier. This section of the plant may constitute a 
very serious bacteriological danger, as it is possible for portions of con
centrated milk to be held for long periods at a suitable temperature for pro
liferation of many of the organisms which are present in it. Extremely 
large increases have been shown to occur (Crossley & Johnson; Hawley 
& Benjamin). If the tank is uncovered the danger is increased by the risk 
of contamination from the atmosphere with powder dust containing orga
nisms which have resisted the processes of manufacture. Some organisms 
appear to multiply vigorously in deposits of milk solids on the base of the 
tank (Ha\vley & Benjamin). Certain precautions are therefore essential to 
ensure that only the smallet practicable quantity of milk is held between the 
evaporator and the drier, and for the shortest possible time. 

This necessitates the use of two tanks, of as small a size as possible, fitted 
with covers and agitators. The tanks are used alternately for short 
periods and cleaned and sterilized between each period of use. The intro
duction of modern automatic control systems may eventually remove the need 
for atomizer feed tanks. Another solution which has been adopted at 
some plants is to subject the concentrated milk to an additional heat treat
ment immediately before it enters the drier in order to destroy a large pro
portion of the bacterial flora. Satisfactory bacteriological results are obtain
able, but to achieve them it is necessary to heat the concentrated milk rather 
above pasteurization temperatures in order to kill non-spore-forming ther
moduric organisms (e.g., micrococci and streptococci) which may con
stitute a considerable part of the flora. This introduces some technical 
problems and may also influence the chemical and physical properties of 
the powder. 

As previously mentioned (see page 353) the drying process destroys 
many bacteria, sometimes a high proportion of the total. Different species 
vary in susceptibility and even the behaviour of a single species may not 
be constant under apparently similar conditions. Apart from this the 
drying temperature may be of some significance; the tendency to survival 
is increased when the air inlet temperature falls below 3l1°F (155°C) 
and is reduced above 330°F (166cC). Nevertheless, even if the drying 
temperature is raised above the maximum which is desirable \Yithout ad
verse effects upon other properties of the powder-for instance to 410°F 
(2l0°C)-it is rarely possible entirely to eliminate even non-spore-forming 
organisms. 

Even when every precaution is taken, the bacterial counts of spray-dried 
milk tend to increase during the course of the run and this limits the desirable 
length of an unbroken run. It is important to determine this bacteriolog
ical factor for every individual plant. Moreover, the regular laboratory 
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control system should always include sampling and examination of the pow
der produced at the end of the run. 

Some plants tend to show seasonal variations leading to higher powder 
counts during hot weather (Nichols, 1939). When this occurs it is usually 
an indication of inadequate cleaning and sterilization of plant, the effects 
of which are accentuated by high atmospheric temperatures. With adequate 
pre-heating and good plant hygiene the bacteriological results should show 
little seasonal variation. 

The bacterial population of dried milk declines during storage but the 
decrease varies considerably between different powders. It may reach 50 % 
after one month, or it may be relatively small after six months, depending 
mainly upon the nature of the flora. Spores survive for very long periods, 
whilst streptococci tend to die out rather. quickly. Consequently a bacte
riological examination of a stored powder can be a very unreliable guide to 
its quality at the time of manufacture. Bacteria appear to survive much 
longer in gas-packed powder (Nichols, 1939). 

Pathogenic Organisms 

Dried milk has an extremely good record of freedom from pathogenic 
bacteria and is much used for infant feeding. Roller-dried milk may be 
regarded as a completely safe product. From the foregoing it will be clear 
that the manufacture of spray-dried milk requires much greater care and 
strict bacteriological control. However, adequate pre-heating of the milk 
does ensure the destruction of any milk-borne pathogens which may be 
present in the milk supply, and spray-dried milk is not associated with the 
usual infections which may be derived from milk. 

Nevertheless in recent years a few outbreaks of staphylococcal food 
poisoning have originated from spray-dried milk (Hobbs, 1955). The 
organisms involved were coagulase-positive strains of Staphylococcus aureus 
and the poisoning resulted from their growth in reconstituted milk; the pre
sence of pre-formed toxin appears to be very rare. It is known that poison
ing only follows a massive growth of the organisms and this requires some 
focal point of multiplication. 

This species occurs quite frequently in milk supplies, but there is no 
connexion between the organisms in the raw milk and those in the powder. 
The cow strains are eliminated by the pre-heating process and are replaced 
by rlew and quite different 'phage types in the plant; some of these may be 
of human origin. As many people are carriers of the organisms there is 
always the possibility of some contamination of plant surfaces during clean
ing and other operations, although this is unlikely to be significant unless 
some opportunity is presented for further multiplication. 

It has been shown (Crossley & Campling, 1957) that an occasional strain 
may be able to multiply in the evaporator, but fortunately a decline in num-
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bers is more usual. A reduction normally occurs if a temperature of l20°F 
(49°C) is maintained in the evaporator, and at 133°F (56°C) the organism 
appears to be eliminated. 

The main risks occur at later stages. If the plant incorporates a baro
metric-seal pot for continuous discharge of concentrated milk from the 
evaporator, significant growth is possible at this point. Moreover, it is 
a convenient place for checking the degree of concentration of the milk 
with a hydrometer, which introduces a definite possibility of contamination. 
The introduction of human strains by direct manual contamination followed 
by considerable multiplication has been observed (Hawley, 1959), as well 
as aspiration through the sealing gland of the pump which passes the con
centrate to the atomizer feed tanks. Multiplication of the organisms in 
the atomizer feed tanks is a constant risk to be guarded against. Some 
strains do not multiply in the concentrated milk, particularly if they have 
previously passed through the evaporator, but others grow vigorously. 
Most strains grow well if they gain direct access to the concentrated milk 
(Crossley & Campling, 1957). This may happen as a result of aerial con
tamination with powder dust from a previous contaminated batch, leading 
to the introduction of selected strains which are built up further by a process 
of re-cycling (Hawley, 1959). Fortunately the survival rate after spray
drying is generally low, probably around 0.25 ~la (Crossley & Campling). 
Post-evaporation contamination and growth of this nature may result in the 
presence of 10-1500 staphylococcal cells per gram of powder. 

Recently it has been observed (Ha\vley,1959) that some dried milks con
tain very minute numbers of staphylococci of the order of one cell per gram 
of powder, which are not likely to be of public health significance. Such 
low numbers are not explained by the existence of a point of multiplication, 
and the organisms are not usually detectable at the stages prior to drying. 
It is suggested that their presence results from direct aspiration of traces of 
powder dust into the drying chamber. 

Great care is required, particularly in catering establishments, to avoid 
mishandling by allowing reconstituted milk or preparations containing it 
to stand for several hours in a warm condition. Under such circumstances 
a powder of good general bacteriological quality but containing very small 
numbers of staphylococci can be transformed into a potentially dangerous 
product containing very large numbers of staphylococci. Therefore whilst 
adequate pre-heating of the milk remains the primary safeguard, this does 
not entirely dispose of all the problems, nor are regular bacteriological 
examinations of pmvder samples a sufficient control in themselves. Main
tenance of all the necessary precautions falls largely within the sphere 
of management, and it is essential that, in addition to possessing tech
nical knowledge, the manager of a drying plant should be aware of the 
bacteriological hazards associated with the process for which he is 
responsible. 
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NUTRITIONAL VALUE AND UTILIZATION OF DRIED MILK 

With the exception of some loss of vitamin B12 dried milk is equal in 
nutritive value to pasteurized milk and superior to other forms of preserved 
milks such as evaporated, condensed, and sterilized milks (Kon, 1959; 
Chapman et al., 1957). Spray-dried milk is slightly better than the roller
dried product, but the difference is relatively small notwithstanding the 
more severe heat treatment associated with the latter process. Excessive 
and prolonged heat treatment during manufacture may damage some of the 
vitamins and lower the protein value through heat impairment of amino 
acids, but the protein denaturation and solubility changes associated with 
the modern high-quality products have no effect on nutritional value 
(Kon, 1959). 

The fat, together with vitamins A and D associated with it, and the lac
tose of milk are unaffected by the processing; any risks there may be con
cern the water-soluble vitamins. There is some loss of ascorbic acid 
(vitamin C) amounting to about 20% for spray-dried powder (as for pasteur
ized milk) and 30 % for roller-dried powder. The much more serious 
effects resulting from exposure to light are, however, well known, and in 
most countries richer supplementary sources are relied upon to ensure an 
adequate intake of ascorbic acid. 

Of the vitamin B complex, riboflavin, pantothenic acid, nicotinic acid, 
and biotin are unaffected for practical purposes although riboflavin is 
damaged by exposure to light in association with ascorbic acid. There is 
some uncertainty about vitamin B6 • This vitamin is preserved in pasteur
ized milk but variable results, which include some high losses, have been re
ported for evaporated milk; the evidence indicates that it is not inactivated 
in carefully produced dried milk. 

Thiamine (vitamin B1 ) is lost to the extent of about 10% in pasteurized 
milk and in spray-dried milk; in roller-dried milk rather larger losses of 20 %-
30% have been recorded. These losses are probably of little consequence 
(Kon) and are appreciably lower than for evaporated and sterilized milks. 
Losses of vitamin B12 are probably of greater nutritional significance. This 
vitamin may be almost destroyed in sterilized and evaporated milks although 
it is little affected by pasteurization. Significant losses of about 30 % occur 
in dried milks and represent the .one feature in which nutritional losses in 
drying exceed those in pasteurization (Chapman et al., 1957). 

Oxidative changes in the fat may result in reduced nutritional value as 
well as unpleasant flavours. The use of high-temperature pre-heating or the 
addition of antioxidants increases the stability of the powder, and in tem
perate climates an air-packed powder can then be stored for 12 months 
without loss of biological value of the proteins or of vitamin A, carotene, 
or vitamin C (Kon, 1959). Gas-packing is required to maintain the full 
nutritional value of powders stored in warm climates. In addition, the 
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protein-lactose " browning reactions " associated with powders of high 
moisture content involve nutritional losses owing to the combination of 
lysine with lactose (see page 392). Good packaging is therefore important 
for nutritional as well as for other reasons. 

Dried separated milk has become particularly important because it 
contains unimpaired all the most valuable milk constituents-particularly 
the proteins, riboflavin, and minerals-which, indeed, are relatively more 
concentrated than in dried whole milk. It is cheaper than the whole milk 
product and more stable during storage if it is protected from moisture. 
Surpluses have become available in some countries and are now transferred 
on a large scale to other countries where low nutritional standards prevail; 
the product is therefore of major international importance. 

Dried milks have many uses which cannot be described in detail. The 
properties desired are influenced by the ultimate use of the powder, and 
it is not possible to produce a standard product \Vhich is ideal for all re
quirements. The present tendency to manufacture powders for specific 
uses may well increase. 

The major application is for direct use as liquid milk. In some countries 
this is a very long-established practice in infant feeding, for which many 
authorities consider dried milk to be an ideal method when breast-feeding is 
not possible. Constancy of composition, important in infant feeding, is 
easily attained, and in addition variations to meet the needs of the individual 
child are possible by adjusting the proportions of powder and water or by 
using dried preparations of modified composition. The infant food is easily 
stored and prepared as required, thus reducing the risk of bacterial growth 
and decomposition. The high general bacteriological standard and the 
absence of pathogenic organisms are also important advantages. Roller
dried powders retain a considerable share of this particular market; the 
process is simple and bacteriologically very safe, whilst the product has 
proved very satisfactory in practice oyer a long period of years. Most 
infant foods are prepared from normal milk of standardized composition, 
usually containing about 3.3 ~,~ of fat. Additions of iron and of vitamin D 
are commonly made to oYercome the deficiencies of normal milk. Many 
special preparations are also available to overcome feeding difficulties with 
individual infants-for instance, with a reduced fat or an increased carbo
hydrate content. Human milk contains considerably more lactose but 
rather less protein and fat than does cows' milk, and there is a considerable 
production of " humanized " milks in which the milk constituents are 
separated and re-combined to obtain a composition which approximates 
to that of human milk. 

In recent years there has been a growing use of reconstituted milk, both 
whole and separated, for general domestic and catering purposes in place 
of or in addition to fresh liquid milk. This practice has proved valuable 
in areas where local production of adequate milk supplies is difficult or 
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impossible, and modern high-quality powders, properly reconstituted, appear 
to yield a product which is generally acceptable. Reconstituted milk may 
also be used in the preparation of special products such as flavoured milks 
and yogurt. 

A product known as " toned milk " is made by adding reconstituted 
separated milk to local milk supplies with the object of reducing the fat 
content while maintaining the content of solids-not-fat. It is distributed 
mainly in Eastern countries, particularly India, where buffalo milk (of high 
fat content) comprises a considerable proportion of the milk supply. By 
combining local supplies of buffalo milk with dried separated milk imported 
under schemes of international assistance, it is possible to obtain a toned 
milk which is equivalent to cow's milk and can be specially sold at an eco
nomic price to the poorer sections of the population. This product is 
proving very valuable in combating the widespread malnutrition which 
is a distressing feature of these countries. (See the chapter by Khurody, 
page 695.) 

Full-cream powders used for reconstitution are normally of the high
heat type to improve stability during storage, preserve the nutritive 
value, and reduce the content of micro-organisms. Both high-heat and 
low-heat separated milk powders are used, except that a low-heat powder 
is nearly always selected for the preparation of special "instant" powders. 

A further product, for which the name "filled milk" has been used, is 
made by incorporating a vegetable fat or oil such as coconut oil into re
constituted dried separated milk. The product is prepared to simulate the 
composition of milk and is probably of equal nutritional value. While 
not identical with whole milk in flavour, filled milk is palatable and can be 
sold at a lower price. The major introduction has occurred in far Eastern 
countries such as the Philippines, Thailand, and Japan, where it is favoured 
on the grounds that milk supplies are inadequate but local sources of veget
able fats are available. Attempts to introduce it in countries with an 
established dairy industry have been strongly opposed for purely economic 
reasons; sales are either prohibited or permitted only under a different 
description which indicates clearly the nature of the product. A genuine 
" recombined milk " can, however, be produced from reconstituted dried 
separated milk and pure butter-oil (dry fat). Both these constituents can 
be stored for long periods and are easily transported. Again, the main 
application has been found in far Eastern countries, using supplies drawn 
from New Zealand and Australia. 

The .ice-cream industry provides a major outlet for very large quantities 
of dried separated milk, which is a valuable source of the milk solids-not-fat 
required in balanced ice-cream mixes. A high bacteriological standard is 
essential, together with complete freedom from flavour changes, and as a 
long storage life is sometimes required in addition it is usual to select a 
high-heat powder. 
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Cheese is also made in some countries from reconstituted dried milk, 
or from milk to which additional dried milk solids have been added. The 
normal product is a soft cheese of the cottage or Coulommier type, often a 
skim-milk cheese (Babad & Hadass, 1959). Hard cheese is rather less 
successful. For cheesemaking purposes a low-heat powder is essential, 
owing to the adverse effects of high-temperature heating on rennet action 
and curd characteristics. 

Dried milk, particularly separated milk, finds various outlets in other 
food industries. It may be an ingredient of soups, sausages, and margarine, 
and is an important raw material in some branches of chocolate and con
fectionery manufacture. For this latter purpose special characteristics are 
sometimes demanded and roller powder is preferred for some uses. Many 
patent foods and beverages are also marketed in which milk is combined 
'Yith eggs, malt, or cocoa. Perhaps the most important non-dairy applica
tion is in bread-making. Dried separated milk when added to flour (about 
6 parts per 100 of flour) has the effect of delaying staling of the loaf to a 
marked extent. Moreover, there are important nutritional advantages; milk 
increases the biological value of the bread proteins and may quadruple the 
calcium content of the loaf. A possible difficulty is that the addition of 
milk may reduce the volume of the loaf. In order to avoid this without 
adding other costly ingredients it is essential to use a high-heat powder 
dried from milk pre-heated to 190°-203°F (88°-95°C). 

Apart from the foregoing uses, large quantities of dried milk and dried 
whey are employed for animal feeding. 
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HYGIENIC ASPECTS OF THE PROCESSING OF 
BUTTER, CHEESE, FLAVOD~ED AND FERMENTED 
MILKS, AND ICE-CREAM 

FRANKLIN W. BARBER, B.S., M.S., Ph.D. * 

The hygienic control of any dairy product, whether it be fluid milk or 
any one of the various milk products and by-products, is dependent upon 
the quality of the raw milk and the conditions under which this milk is pro
duced. Therefore it should be recognized that the information presented 
elsewhere in this monograph is an essential part of the discussion to follow. 

Since the hygienic control of milk production is discussed on page 303, 
and the quality control tests are reviewed in the chapter by Johns on milk 
control on reception (see page 223), the present discussion will be concerned 
only with the hygienic control problems related to the processing of various 
milk products and by-products. 

Ideally, the starting raw milk for the production of these milk products 
and by-products should be of the same high quality as is required for fluid 
milk. It should be the goal of the industry to strive for the day when all 
raw milk will have the same high quality, since the higher the quality of the 
starting material the better the quality of the final product. · 

Butter 

Butter consists primarily of butterfat, a small amount of milk solids and 
water; it may also contain added salt. The composition of commercial 
salted butter is about 80.5~,~ butterfat, 16.5~;.; \Vater, 2.0% salt and 1.0% 
milk solids. In unsalted butter the amount of fat or water, or both, may 
be slightly higher. The requirements for a satisfactory butter are that it 
must (a) be free from disease-producing micro-organisms and toxic sub
stances of any type, (b) be of high nutritive value, (c) be free of undesirable 
extraneous matter, and (d) have a pleasing body and flavour. Because of the 
solid or semi-solid nature of the product and its high fat, low moisture, and 
salt content, the growth of micro-organisms is somewhat restricted. How-

*Assistant Research ~lanager, Research and Development Di,.·ision, National Dairy Products Cor
poration, Glenview, Ill., USA. 
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ever, the delicate flavour of butter makes the product particularly susceptible 
to slight changes which might be caused by contaminating organisms. There
fore the hygienic control of butter-making is important in the production 
of a high-quality product. 

Butter can be made from sweet cream, neutralized sour cream or cultured 
cream. Sweet cream is generally separated from fresh whole milk at the 
creamery and pasteurized (usually 68.3°-7l.loC (155°-l60°F) for 30 mi
nutes). The pasteurized cream is then either churned immediately to pro
duce sweet cream butter or inoculated with special cultures. Farm
separated cream is usually sour and is shipped to a central creamery, where 
it is neutralized, pasteurized and finally churned. Cultured cream is pasteur
ized sweet cream to which special cultures are added. There are several 
methods for using butter cultures: (a) a culture is added to the pasteurized 
cream, which is held at lOoC (50°F) for several hours or overnight, or is 
ripened at 21.1 oc (70°F) for several hours or overnight, and then churned; 
(b) a culture is added to the cream at the time of churning; (c) a culture is 
added at the time the butter granules are formed and is then worked into 
the butter. 

Cream supply. As with all dairy products, the higher the quality of the 
cream the higher the quality of the butter. Cream separated on the farm 
presents additional problems in.the quality control of butter. This is espe
cially true where gravity separation is practised, as there is opportunity for 
contamination of the cream while it stands in shallow pans. Care must be 
exercised that undue contamination will not occur from dust and unclean 
pans and strainers. Good farm practices in the production of the milk are 
necessary and special attention should be given to the thorough cleaning 
of pails, milking machines, etc. If a cream separator is used it must also be 
cleaned carefully after each use and sanitized with hot water or chlorine 
solutions before re-use. Collecting cans for the cream should always be 
cleaned and sanitized. All clean utensils should be stored in a clean, dry 
area free from dust contamination. Since the cream usually turns sour 
before it is collected or delivered to the creamery there may be a tendency to 
use less care in the cleaning of equipment; on the contrary, however, even 
more care is needed in the cleaning of utensils, since the growth of undesir
able organisms can still occur in the sour cream. 

At the creamery, if whole milk is received and separated, the separator 
may become a source of contamination unless properly and thoroughly 
cleaned. Tanks and vats also must be cleaned and sanitized to prevent con
tamination of the cream. The cream should have a clean odour and flavour. 
Putrid, bitter or stale odours or flavours indicate poor-quality cream. Sedi
ment tests are frequently made on cream, but these indicate only the care 
with which the farmer has handled the milk or cream. A clean sediment 
pad ,does not necessarily indicate the quality of the cream from the stand-
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point of microbial growth and decomposition, and therefore the test is re
garded as of only limited value. Tests for the detection of mould filaments 
can also be regarded as of only limited value, since they would only detect 
poor-quality cream in which extensive mould growth had occurred. 

Sour cream will normally contain many bacteria, but if the sanitary con
ditions on the farm are satisfactory, these organisms are usually the lactic 
types. Commercial neutralizers do not contain appreciable numbers of 
organisms and are not considered a source of contamination of the cream. 
However, a good potable water supply should be used in the preparation 
of the neutralizing solutions. 

Cultures. When starter cultures are used in culturing cream the pre
cautions and care of utensils and equipment that have been discussed in the 
section on cultures for fermented milks (see page 416-417) must be followed. 

Processing. Various types of churning equipment are available for the 
production of butter. In many areas wooden churns are in use, and these 
require special attention to ensure that they will not become a source of 
contamination during the churning operation. Cracks and crevices may 
occur, offering excellent opportunities for accumulation of organic matter 
and subsequent growth of micro-organisms. After churning, the churn 
should be rinsed by revolving it for about 10 minutes when one-third full 
of water at 43.3"C (ll0°F), drained, and then washed with 60oC (140°F) 
water, containing a washing compound and sequestering agent, by rotating 
for 15 to 20 minutes. After draining, water at 87.8oC (190°F) is added and 
the churn is rotated for 15 minutes as a second rinse and then drained 
thoroughly. The churn is left standing with the opened doors at the top 
and the opening covered with a screen. Just prior to re-use the churn should 
be sanitized with a 200 parts per million (p.p.m.) chlorine solution. 

Metal churns are easier to clean and sanitize. In plants where continuous 
butter-making procedures are in use, the usual care in cleaning and sanitiz
ing of all equipment is necessary to preYent contamination of the cream dur
ing the churning step. 

In the churning operation, the water supply used for washing the butter 
granules may be an important source of contaminating organisms. There
fore the water supply should be checked to determine its potability and 
whether or not psychrophilic bacteria are present. It is these psychrophilic 
bacteria of water origin which can cause the development of putrid and off
flavours in the butter on storage. Water containing these organisms should 
not be used. 

Throughout the butter-making operation, and particularly during work
ing and packaging, care should be taken to aYoid contamination of the 
butter with the hands (see Fig. 1). In these operations, although the actual 
numbers of organisms may be low, the types may be those which later can 
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FIG.1 

HYGIENIC BUTTER-MAKING 

Note use of rubber gloves. 

Reproduced by courtesy of United 
Dairies Ltd., London, W.2, England 

FIG. 2, 

HYGIENIC BUTTER-PACKING 

Reproduced by courtesy of United 
Dairies Ltd., London, W.2, England 
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cause the development of off-odours and fiaYours. Butter should be packag
ed in clean sanitary containers \vhich can be properly closed to avoid any 
possible contamination of the finished product (see Fig. 2). 

Bacteriological tests. Since considerable time is usually required in the 
commercial marketing of butter, a long shelf-life is desired for the product. 
Routine bacteriological tests do not always indicate the keeping quality of 
butter. Certain tests are of value for determining the quality of the butter 
immediately after manufacture. Yeast and mould counts should usually be 
below 10 per gram and indicate the attention being given to proper sanita
tion of equipment during manufacture. Coliform tests have been reported 
as being of some value in the case of butter, the presence of coliform bac
teria being indicative of post-pasteurization contamination. Specific tests 
for proteolytic and lipolytic bacteria, using special media, indicate whether 
or not these organisms are present in sufficient numbers to cause spoilage. 

A satisfactory keeping-quality test which can be used to predict the shelf
life of the product has long been sought by the dairy industry. The present
day tests (Naylor & Guthrie, 1940) are fair but not completely satisfactory. 
These tests consist in placing samples of butter in glass jars, incubating them 
at 37°C (98°F) for 48 hours and for 7 days at 21.1 oc (70"F), and then 
observing them for odour, flavour and body characteristics. From these 
observations some attempt is made to predict the shelf-life of the butter. 

Butter made from properly pasteurized cream will not contain any 
pathogenic bacteria. However, it has been demonstrated that pathogens 
can survive in butter (Wilson & Tanner, 1945) and therefore all precautions 
should be taken to prevent contamination of the butter after the cream has 
been pasteurized and during manufacture. Butter should not be manufac
tured from raw cream or, if it is, it should be used only for cooking where it 
will receive adequate heat treatment. This situation emphasizes again the 
importance of proper pasteurization of the cream and the use of sanitary 
procedures throughout the manufacturing process. 

Cheese 

In general terms cheese is the consolidated curd of milk used as food. 
There are more than 400 varieties of cheese, representing about 19 general 
types known throughout the world. Most of these types can be made from 
the same batch of milk merely by variations in the added micro-organisms, 
enzymes and salt and by changes in the temperature during manufacture and 
curing. Natural cheeses can be classified into two main groups: (a) the un
ripened soft cheeses with either a 10\v or a high fat content and a high 
moisture content; and (b) the ripened cheeses with varying moisture con
tents (hard grating cheeses such as Romano, hard cheeses such as Cheddar, 
semi-soft such as Roquefort, or soft such as Camembert). 
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It is neither necessary nor possible in a discussion on the hygienic control 
of cheese-making to describe the details of manufacture of the various 
types of cheese. Fortunately the hygienic control of one process is applic
able to all. 

Milk supply. Cheeses are usually made from cow's milk, either whole or 
skimmed, although in some areas of the world milk from other mammals 
is used. The milk must be from healthy animals and of good bacteriological 
quality. Frequently quality-control tests such as the methylene blue or 
resazurin reduction tests are used. Some areas also employ a fermentation 
test (Markin & Gumpertz, 1959) to determine the ability of the milk to pro
duce or support the desired fermentation and also to detect the presence of 
organisms which might result in an undesirable curd. The milk must be 
free from inhibitory substances, whether natural to the milk, caused by the 
growth of antibiotic-producing bacteria, or due to antibiotic residues from 
the treatment of mastitis. 

Recently, attention has been focused on the presence of toxin-producing 
strains of staphylococci in milk for cheese-making. It has been found that 
these organisms, if provided with the opportunity to grow in the milk and 
produce toxin, may give difficulty in the final cheese. Therefore control of 
conditions on the farm should be such that these organisms are not present 
in the milk or, if present, are there in very low numbers (see chapter by 
Kaplan, et al. pagell). 

Processing. After the milk has been received in the plant it should be 
promptly cooled or immediately processed. If the cheese to be made re
quires the normal complement of milk fat, the milk is clarified; if skim-milk 
is needed, it is separated; and in some plants, it is standardized to a cons
tant fat level. The heat treatment given to the milk varies. Pasteurization 
of all milk is desirable from the standpoint of the destruction of disease
producing organisms. But while nearly all types of cheese" can be made 
successfully from pasteurized milk, the ripening process occurs much more 
slowly and, according to some experts, the cheese never reaches the same 
sharpness and flavour that develops in a raw-milk cheese. Partial heat treat
ment sufficiently severe to destroy the staphylococci has been recommended 
in some areas. If the cheese is not made from properly pasteurized milk, it 
must be held for 60 days before consumption. In any case, the equipment 
used in clarification, separation and pasteurization requires the same careful 
cleaning and sanitizing recommended for the equipment used in the making 
of other dairy products. In addition, pipelines, vats and other utensils 
should be thoroughly cleaned and sanitized each day. 

The milk is next pumped into vats of different types, depending upon the 
type of cheese to be produced. The milk is heated to the desired tempera
ture. and the necessary cultures added. At one time, cheese-makers depend
ed on the bacteria normally present. in the milk to produce the necessary 
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FIG. 3 

HYGIENIC CHEESE-MAKING 

Note use of rubber gloves. 

Reproduced by courtesy of United 
Dairies Ltd., London, W.2, England 

FIG. 4 

CHEESE-MAKING ROOM 

Reproduced by courtesy of United 
Dairies Ltd., London, W.2, England 
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acid in the cheese. Today, however, most cheese-makers rely on the action 
of special added cultures. The procedures for the propagation of starter 
cultures are discussed in the section on cultures for fermented milks (see 
pages 416-417), to which the reader is referred for details of hygienic control. . 

Good, active cultures should be used. Care must be taken to ensure that 
contaminants are not present in the culture and that the organisms are active 
and the ones needed for the type of cheese to be produced. In some cheeses 
rennet is also used to promote the formation of the curd. The rennet should 
be of high quality so that undesirable organisms are not added at the same 
time. Throughout the curdling step the milk should be protected from 
undue air contamination. 

When the curd has formed to the desired firmness, it is quickly cut with 
curd knives into small cubes, to facilitate the draining of the whey. The 
operations from this point vary, depending upon the type of cheese being 
made. From the point of view of hygienic control, precautions must be 
taken to avoid every possibility for contamination (see Fig. 3, 4). Curd 
knives, paddles, draining cloths, presses, forms, etc. must be handled in a 
sanitary fashion and cleaned and. sanitized after each day's use. 

The unripened, soft cheeses are highly perishable and their shelf-life is 
limited even under the best storage conditions. Cottage cheese in particular 
should receive additional comment. During manufacture it is essential that 
the proper amount of acidity develops, because if the pH is too high spoilage 
organisms, which always contaminate the product to some degree, are able 
to grow rapidly and make the product unsaleable. The water used for wash
ing the curd can frequently be a source of the Pseudomonas types which 
later cause spoilage. Yeast and mould contamination from the air or im
properly sanitized containers may also give rise to trouble. Pseudomonas, 
yeasts and moulds are the organisms most frequently implicated in the spoil
age of cottage cheese. Every effort must be made to keep contamination by 
these organisms at a minimum. Care in cleaning and sanitizing equipment 
such as vats, knives, paddles or rakes, and containers will aid greatly in the 
control of these organisms. In some plants it has been found that condens
ate from the ceiling or pipes over the vats may be a source of Pseudomonas 
types, and this condition should be avoided if possible. Spraying or fogging 
the area with chlorine solutions may be of value for the control of this type 
of contamination. Low-temperature (refrigerator) storage is essential for 
ensuring a maximum shelf-life; 4.4°-7.2°C (40°-45°F) has been found to be 
a better storage temperature tlian 10°C (50°F) or above. 

It should be noted that the harder the cheese (i.e., the lower the moisture 
content) the longer the shelf-life of the product. Some of the ripened semi
soft cheeses also have a limited shelf-life. This may be due in part to the 
continued action of the ripening organisms, which, if allowed to act too long, 
may cause the cheese to become overripe. Many of the hard cheeses im
prove with age, as the organisms or enzymes responsible for flavour and 
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FIG. 5 

CHEESE PRODUCTION 
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Reproduced by courtesy of Profes
sor P. Solberg, Norwegian Agricul
tural College, Vollebekl<, Norway 

FIG. 6 

CHEESE STORAGE 

Reproduced by courtesy of United 
Dairies Ltd., London, W.2, England 
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body characteristics are slow-acting. However, during the ripening period 
the storage rooms must be maintained at the temperature and humidity 
necessary for the particular variety of cheese. These storage rooms must 
be maintained in a satisfactory sanitary condition for the cheese in question. 
Insect infestation of these areas must be avoided (see Fig. 5, 6). 

Many of the hard cheeses are protected by a coating of wax which pre
vents contamination of the cheese and loss of moisture during storage. 
Other cheeses receive the same protection by the development of a hard 
surface rind. These protective coverings are typical of various cheeses and 
make the hard varieties less perishable than the soft and semi-soft varieties. 

Fluid Milk Products 
Flavoured milks 

Flavoured milks are recognized as beverage products containing milk to 
which has been added flavouring materials such as chocolate, fruit flavours 
or syrups and possibly colouring material. The milk product used is usually 
skimmed or partially skimmed milk with a reduced fat content, but may 
even be a reconstituted milk powder. The product may be pasteurized or 
sterilized or prepared from pasteurized milk at a milk bar. 

The hygienic control of this type of product requires that all milk in
gredients meet the same specifications and requirements as apply to fluid 
milk. In addition, the bacteriological and sanitary condition of flavours, 
syrups and colouring material must be checked to eliminate possible con
tamination of the finished product. Only colouring materials and flavours 
approved by health authorities should be used. 

The product should be manufactured in plants where adequate super
vision and equipment are available. The products should be pasteurized 
at temperatures slightly higher than those used for fluid milk. The recom
mended pasteurization for chocolate milk, for example, is 62.8°C (145°F) 
for 30 minutes or 73.9°C (165°F) for 15 seconds. Products distributed in 
areas lacking home refrigeration should be sterilized-preferably by the 
"in-bottle " process. For distribution at milk bars or other establish
ments only properly pasteurized milk should be used and the added in
gredients should be of high quality. Proper cleaning and sanitizing of 
utensils and equipment should be practised at all times. 

These products should be subjected to the same rigid bacteriological 
examinations as are carried out on fluid milk. The ingredients should be 
checked before use to determine their bacteriological quality. The coliform 
test is of particular value in this instance. Bacterial standards should be 
the same as for fluid milk. 

Fermented milks 

Since the early days of history man has known that fresh milk becomes 
sour more or less rapidly, depending on the temperature at which it is held. 
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He has long made use of this property for the preparation of countless 
palatable forms of soured or fermented milk. Each area of the world has 
developed its own method for the preparation of these products, and thus 
has arisen a large number of fermented milks, each with its own name and 
slightly different characteristics. Although several of these products are 
produced commercially today, little is known about the microbiology of 
many fermented milks, especially those made in the home and in remote 
areas of the world where each new batch is inoculated with a portion of the 
previous batch. Basically, however, all of these products are soured by 
lactic acid bacteria and some, in addition, undergo an alcoholic (yeast) 
fermentation. 

Fermented milks manufactured commercially are all prepared in the 
same general fashion, although specific details vary from one product to 
another. Skimmed milk, partially skimmed milk, whole milk or sometimes 
concentrated milk or reconstituted dried milk solids is subjected to heat 
treatments generally more severe than pasteurization, although the range 
may be from pasteurization to autoclaving temperatures. After cooling to 
the requisite incubation temperature the milk is inoculated with the appro
priate micro-organisms and incubated until the desired acidity, flavour and 
body characteristics have developed. The product is then cooled and pack
aged for distribution. 

Milk supply. Of all dairy by-products, perhaps fermented milks should 
receive the most care with respect to selection of the milk supply. This is 
particularly true in the commercial production of these products, where the 
loss of product due to lack of growth of the fermenting organisms would 
amount to a fairly large volume. The milk supply must be of high quality, 
have a clean flavour and be free from inhibitory substances such as anti
biotics, natural inhibitors, or residual sanitizing agents. It is generally con
sidered advisable to check the milk supply frequently to determine the ability 
of the milk to support the growth of the organisms being used in the fermen
tation. If dried milk solids are used to fortify the milk or to prepare a re
constituted milk, the powder also should be checked to determine whether 
or not it will support the growth of the desired organisms. 

The treatment of mastitic cows with antibiotics has caused problems for 
the manufacturer of fermented milks. Unless milk from treated cows is 
withheld by the farmer for 72 hours after treatment of the cow, sufficient 
amounts of residual antibiotics can be present in the milk to inhibit the 
growth of the cultures. Some of the antibiotics (penicillin in particular) 
will not be completely inactivated by the heat treatments employed in pro
cessing. It has been reported that residues of penicillin have been detected 
in non-fat dried milk solids at levels high enough to inhibit the growth of 
lactic acid bacteria. Therefore fluid milk and dried milk solids should be 
checked frequently for the possible presence of inhibitory substances. 
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Equipment. Plant sanitation is of critical importance in the manufacture 
of fermented milks. All equipment must be thoroughly cleaned and sanit
ized. However, in the sanitizing operation, care must be exercised that 
residual sanitizing agents do not contaminate the milk. This is particularly 
necessary in the case of the .quaternary ammonium compounds, as it has 
been found that as little as 5 p.p.m. of such compounds can inhibit acid pro
duction by Streptococcus lactis (Curry & Barber, 1952). Hot water at about 
82.2oC (180°F) is regarded as a satisfactory sanitizing agent, and chlorine 
solutions if properly used also sanitize equipment in a satisfactory manner. 

Bacteriophage. Bacteriophage (commonly known as phage) can be a 
problem in the production of fermented milks and various types of cheese 
or any product dependent upon the action of bacteria which may be sus
ceptible to the action· of phage. Phage may be carried with the culture, may 
develop in improperly cleaned equipment where milk residues accumulate, 
may be brought in by contaminated air, and is also present in whey. In 
areas where cheese whey is returned to the farmer in his milk cans, unless 
the cans are properly cleaned and sanitized with hot water or sanitizing 
agents before fresh milk is added, the milk itself can carry the phage and 
thus contaminate the plant. The rotation of cultures is recommended since 
phage is strain-specific (phage particles grow and attack only their own specific 
strain). This rotation is claimed to prevent build-up of the phage in the 
plant. 

Recent developments have indicated that phage can be controlled in 
cultures by the use of a new type of culture medium. British workers 
(Reiter, 1956; Tybeck, 1959) have developed a medium, designated "Cock
ade", which is low in calcium and is reported to prevent the development 
of phage in cultures that are carried in the medium. Workers in the USA 
(Hargrove, 1959; United States Department of Agriculture, 1959) have re
ported that the addition of phosphates to the milk may aid in the control 
of phage. 

Although it is generally recognized that the primary source of phage may 
be the culture itself; it is known that the plant may become contaminated 
with phage and present a problem in phage control. Thorough cleaning 
and sanitizing of equipment must be practised to prevent a build-up of this 
type in the equipment. In some areas an air-filtration system is regarded 
as necessary for preventing phage contamination from the air. If a plant 
becomes contaminated, a thorough clean-up is always necessary and fogging 
of the area with a strong chlorine solution (2000 p.p.m.) has to be carried out. 

In any plant where bacterial cultures are to be used for the manufacture 
of fermented milks or various types of cheese (especially cottage cheese), 
it is recommended that a special area away from the manufacturing area of 
the plant be set aside for the sole purpose of maintaining these cultures. 
Ideally, this area would be1 completely removed from the rest of the plant, 
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even in a separate building. In any case, it should be recognized that special 
conditions and care to prevent contamination are needed in the propagation 
of starter cultures. 

Cultures. The procedures for maintenance and preparation of cultures 
must be followed carefully if good, active cultures are to be available for 
the fermentation. Commercial cultures are available in the dry, liquid or 
frozen state. The milk used for propagation of the cultures must be care
fully selected. It should be of high quality and free from any inhibitory 
substances; and may be whole milk, skimmed milk or reconstituted milk, 
depending upon the type of product being made. Whole milk is generally 
used when a high butter aroma is desired and is usually preferred for mixed 
cultures containing acid-formers and aroma-producers. All glassware 
(bottles and pipettes) must be clean and sterile. Milk is usually sterilized in 
an autoclave, although some plants use a heat treatment of 82.2°-87.8°C 
(180°-l90°F) for one hour. The heated milk is cooled to the requisite in
cubation temperature, inoculated and incubated until the desired acidity 
has developed. Cultures are gradually increased in volume from the mother 
culture to the intermediate culture, the bulk starter culture and finally the 
culture in the vat. Each transfer must be made with care, using properly 
cleaned and sanitized equipment and selected milk. Temperatures and 
times of incubation must be rigidly controlled, not only in the small volumes 
of the mother and intermediate cultures, but also in the larger volumes of the 
bulk starter and the vat. 

Processing. It has been noted that the milk to be used in the manufacture 
of fermented milks usually receives a heat treatment somewhat more severe 
than normal pasteurization. This heat treatment not only completely eli
minates pathogenic organisms but also reduces the number of all other 
organisms which might compete with the added starter cultures. 

After the heat treatment, the milk is usually pumped into large vats or 
tanks, adjusted to the proper incubation temperature and inoculated with 
the desired culture or cultures. The proper incubation temperature must be 
maintained throughout the fermentation so that the organisms develop pro
perly and produce the desired acidity and flavour. As soon as the proper 
acidity and flavour have been attained, the product is rapidly cooled to pre
vent further growth of the bacteria. The fermented milk is then bottled or 
packaged with a minimum of agitation, to prevent damage to the body 
characteristics of the product. The fermented milk should be held at refri
geration temperatures, otherwise the cultures may continue to grow and pro
duce too much acid, making the product unpalatable. Also, unless care 
has been exercised to prevent contamination of the milk with other organ
isms, undesirable spoilage may take place. 

In the control of the final product, the coliform test is frequently used to 
determine the care with which the fermented milk has been produced. Since 
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these products are made from adequately pasteurized milk, the presence of 
coliform organisms suggests inadequate pasteurization or recontamination 
after heating, either of which might mean an undesirable product for the 
consumer. 

Ice-Cream 

Ice-cream and frozen dairy products are popular food items in the USA 
and many other countries. Ice-cream generally means a pure, clean, frozen 
product made from various milk products, dry or liquid forms of glucose, 
sucrose or corn sugar and water. Generally it contains an edible flavouring 
material, sometimes fruits or nuts, or both, and frequently edible colouring 
matter. Other varieties of frozen desserts contain eggs or egg products and 
all usually have added stabilizers and emulsifiers. These products have been 
classified on the basis of composition as plain, nut, fruit, mousse, bisque, 
puddings, custards, ices, sherbets, specials,. and novelties. Standards of 
composition for these products vary from area to area, so no attempt will 
be made t6 describe them. 

In a discussion of the hygienic control of these frozen desserts attention 
must be given to the quality standards set up by the controlling authorities. 
The main purpose of standards is to provide the consumer with a safe, 
wholesome product. The United States Public Health Service standards 
are established to p,romote a greater degree of uniformity and a high level 
of efficiency in the sanitary control of frozen desserts. The bacteriological 
standards in force in many areas are the following: 

Mix 

Cream 

Condensed milk 

50 000 per gram 
(10 coliforms per gram) 

100 000 per m1 (pasteurized) 
400 000 , , (raw) 

50 000 , , (pasteurized) 
200 000 , , (raw) 

All ice-cream and frozen desserts are pasteurized. In general, the pas
teurization standards are: 68.3aC (155°F) for 30 minutes; 79.3aC (175°F) 
for 25 seconds; and 87.8aC (190°F) for no holding period (the so-called 
"flash" or vacuum process). Higher ~emperatures and shorter times of 
pasteurization are being investigated, and 93.3aC (200°F) for 3 seconds has 
also been proposed as a suitable standard. All these pasteurization treat
ments have been thoroughly investigated to ascertain that they are suffi
ciently severe to bring about complete destruction of all pathogenic organ
isms. Pathogens themselves have not been used in recent investigations, 
but the above times and temperatures have been determined by the use of 
heat-resistant test organisms (Barber, 1951; Speck, 1950). 

In the production of frozen desserts the bacteriological condition of the 
mix is dependent upon the quality of the ingredients. Usually pasteurized 
products are used in making up the mix, but in all cases the mix should be 
pasteurized before freezing. 
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Cream. High-quality, sweet, un-neutralized cream should preferably be 
used as a source of fat. The bacterial count of the cream should not exceed 
100 000 per ml if the cream is pasteurized or 400 000 if it is raw. Care must 
be taken to select a cream with no off-flavours as these may carry over into 
the ice-cream. Unless cream produced and processed' under sanitary con
ditions is used, it can be a source of high counts, especially of the thermo
duric type of organism. Other permissible sources of fat include frozen 
cream, butter oil and, in some areas, vegetable fats. 

Condensed and dry milk solids. The milk solids in the ice-cream are 
generally provided by condensed or dry· milk products. These products 
should have bacterial counts of less than 50 000 per ml and should always 
have been produced under sanitary conditions. The use of high-count pro
ducts may contribute considerably to the count of the finished product. 

Sugar and sweetening agents. Liquid or dry sugar products can be used 
in the production of ice-cream, depending upon the needs and the equipment 
in the plants. These products should be of high quality and have low 
bacterial counts. The concentration of sugar in the finished product is low 
and therefore the contamination from this source is slight. However, it 
should be emphasized that the cleaning and sanitizing of tanks for the storage 
of liquid sugar and of pipelines for the transport of this ingredient should be 
carefully carried out to prevent possible growth of osmophilic yeast and 
thermophilic spore-formers in the equipment and the product. 

Stabilizers. Stabilizers are used in very low concentrations in frozen 
desserts. However, high bacterial counts in these ingredients are not desir
able. Gelatin, a frequently used stabilizer, should never have a count exceed
ing I 0 000 per gram. 

Fruits and nuts. Fruits and nuts may be important sources of contamina
tion, particularly since they are usually added to the product after pasteur
ization and immediately before freezing. Fruit products also present the 
problem that they are not generally subjected to heat treatment during 
processing because of the fragility of the fruit and the desire to maintain 
the delicate flavour of the fresh fruit. Therefore fruit processors should 
take all precautions possible to ensure that wholesome raw materials are 
used and to see that these are handled carefully during processing. Con
tamination from pickers, handlers, soil, insects, and water is unavoidable, 
but care should be taken to reduce this contamination to a minimum. 
Attention should be given to the quality of the water and the sanitary con
ditions in the fruit-processing plant. When frozen fruits are thawed for 
use in the ice-cream plant, it is important to prevent contamination and sub
sequent growth of micro-organisms in the defrosted product. 

Nuts, on the other hand, may be sterilized by treatment with an ethylene
oxide carbon-dioxide gas mixture to destroy insects, yeast, moulds and 
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bacteria. They may also be roasted, and this heat treatment will reduce, if 
not eliminate, contamination. Special care must be exercised in the addition 
of these products to the ice-cream to ensure that contamination is not in
troduced at this point. 

Fruits and nuts are usually examined bacteriologically for total counts 
and for coliforms, yeasts, moulds, and ~-haemolytic streptococci. The pre
sence of coliform organisms is generally considered an indication of human, 
soil, utensil or water contamination. ~-Haemolytic streptococci may be 
present as a result of contamination from human sources. Yeast and mould 
counts indicate to some extent the degree of ripeness and also the care with 
which the fruits and nuts were handled, especially the sanitary conditions 
throughout the processing operation. 

Colours and flavours. Only colourings and flavours that have been ap
proved by health authorities should be used. Since these ingredients are 
also usually added after pasteurization of the mix, unless they are properly 
prepared and handled they can be a source of large numbers of micro
organisms. As a rule these ingredients have low bacterial counts when 
received. However, colourings may become quickly contaminated if dilute 
unused solutions are allowed to remain for some time at room temperature 
in contaminated containers. A good practice is to prepare only enough 
colour solution for immediate use and to make up fresh solutions every day. 
Microbiological checks on colourings and flavour materials include determ
inations for total count, coliforms, yeasts and moulds, and at times tests for 
~-haemolytic streptococci. 

Egg products. Egg solids may be obtained in fresh, frozen or powdered 
form and unless they have been produced under sanitary conditions they 
may be a source of bacteria in ice-cream. These products are usually ex
amined for total count, coliform bacteria, yeasts, moulds, putrefactive 
anaerobes, ~-haemolytic streptococci and species of Salmonella. Although 
standards have not been set up for egg products, the total bacterial count 
should not exceed 10 000 per gram. 

Processing. Once all the ingredients have been collected there follow 
numerous steps in the manufacture of ice-cream. These usually include 
mixing of ingredients, pasteurization, homogenization, cooling, storage where 
aging of mix is practised, addition of fruits, nuts, flavouring and colour, 
freezing, packaging, hardening and, finally, distribution of the frozen 
hardened product. In all these steps the sanitary care and condition of the 
equipment involved in the process are important. If every piece of equipment 
is not properly cleaned and sanitized it may become a source of contamina
tion of the product. 

Pasteurization is a critical step in the operation because it is here that 
the product receives its only heat treatment. The pasteurizing units must 
be operated in such a manner that every particle of mix is properly heated. 
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Time and temperature charts must be accurate and frequently checked. 
For vat (long-hold) pasteurization foam heaters should be used at the 
top of the vat, otherwise the insulating effect of the foam will prevent 
all the mix from receiving the necessary heat treatment. After use pasteuri
zers should be cleaned thoroughly and operation times should be controlled 
so that build-up of solids in the equipment does not occur. 

If the equipment used is properly cleaned and sanitized, the processes 
which follow do not increase the bacterial count of the product. However, 
the injector used for the addition of fruits and nuts immediately before 
freezing may offer an opportunity for contamination if not kept in a sanitary 
condition. The containers used in the preparation of fruits and nuts prior 
to addition to the ice-cream also should be cleaned and sanitized before 
use. All possible opportunities for contamination should be avoided. 

Quality control tests. After processing, samples are usually taken for 
quality control tests. In the laboratory the ice-cream is allowed to melt and 
samples are weighed into water blanks prior to plating. Bacteriological 
tests include counts for total bacterial content and for numbers of coliforms, 
yeasts and moulds. Of these determinations the coliform test is frequently 
regarded as being most valuable in the detection of post-pasteurization con
tamination. However, with ice-cream containing fruit products, the coliform 
test must be interpreted with caution. It has been found that frequently 
false positive tests are obtained on these products (Barber & Fram, 1955). 
The false positive reactions are due to the presence of non-coliforms, which 
are part of the natural flora of many fruits and \Yhich, in the presence of the 
low concentrations of sugar provided by the ice-cream, \Vill grow on the solid 
coliform media with colony formations typical of the coliform bacteria. A 
procedure which will eliminate the false positive reactions is the membrane
filter technique (Nutting et al., 1959). The sample is diluted in the usual 
manner and then heated to 45cC (113°F), a detergent solution is added and 
the mixture is filtered through the membrane filter. A differential medium 
allows only the growth of the coliforms on the membrane; the elimination 
of the sugar by filtration prevents the growth of the false positive types. 

When high counts of any of the above organisms are obtained, it is fre
quently necessary to make use of line-run tests to determine the cause of the 
high count. Samples are taken at various locations during the processing 
operation and of all the ingredients. These samples are plated and in this 
manner the source of contamination is located. Special attention to cleaning 
and sanitizing of equipment is often found to be necessary to eliminate the 
cause of the high counts. 

Although not directly related to the production of ice-cream, special 
mention should be made of the possible contamination of ice-cream in eat
ing establishments. All too frequently little attention is given to the sanitary 
condition of dispensing utensils. Dippers and utensils are often subjected 
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to a cursory rinse in water heavily contaminated with ice-cream solids. 
These conditions provide an excellent opportunity for the growth of bacteria, 
contaminate the dippers and thus the individual serving as well as the bulk 
container of ice-cream. It is recommended that particular care and in
struction be given as to the proper sanitary procedures to be followed in the 
dispensing of these frozen dessert products. Utensils should be washed 
thoroughly and sanitized with hot water. If a container of water is needed 
for the dippers there should either be a continuous flow of fresh, clean water 
through it or the water should be changed frequently to prevent the growth 
of micro-organisms. 
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THE USE OF HYDROGEN PEROXIDE IN MILK 
AND DAIRY PRODUCTS 

H. LOCK, D.Sc. * 

Introduction 

During recent years great efforts have been made by many countries 
with tropical or subtropical climates to develop their dairy industry. In 
such countries many difficulties in handling fresh milk arise simply from the 
fact that milk remains sweet for only very short periods of time at the high 
temperatures prevailing. Moreover, it is often necessary to transport the 
milk over long distances, and the initial bacterial counts are already generally 
quite high, partly because of insanitary conditions of milk production. In 
addition to attempts to achieve more hygienic milk production, efforts 
have been made to prolong the keeping quality of the milk by artificial 
cooling on the farm as well as during transport; double or multiple pasteuri
zation; and preservation. Without doubt the first is the ideal method, 
but its cost prohibits its use at present in many newly developing tropical 
countries, while the second method is practicable only if milk depots exist. 
Thus preservation of milk has been tried in certain countries. 

General aspects of the use of milk preservatires 

A " preservative for milk " may be defined as any chemical compound 
and/or process which, when applied to milk, retards alterations caused by 
the growth of micro-organisms, or enables the physical properties, chemical 
composition and original nutritional value to remain unaffected by microbial 
spoilage. It is felt that substances such as stabilizers, etc., added to milk 
to prevent physical changes, should not be included in this definition. 

The question of using preservatives for milk and dairy products has 
been extensively debated. The general attitude in most countries is that it 
should not be permitted, for two reasons: firstly, the preservation of milk and 
milk products should be secured through improved production and process
ing methods rather than through the addition of preservatives; secondly, 
milk and dairy products are basic foodstuffs, and as such should be free 
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of preservatives. On the other hand, it has been maintained that the use of 
preservatives should not be entirely condemned under certain conditions, 
in countries where the dairy industry is not well developed or organized, 
and more particularly in countries with a warm climate. Any country 
adopting this method should ensure that it presents no obstacles to the 
production of clean milk. Real and permanent progress of a dairy industry 
is only possible through clean, hygienic milk production and the use of 
hygienic manufacturing processes. Recourse to preservatives should there
fore be restricted to emergencies, and must be considered only as a temporary 
aid to farmers and the dairy industry in warm countries until the necessary 
improvements in production conditions (for instance cooling on the farm 
as well as during transport) become an economic possibility. If preserva
tives are employed, control must be exercised to prevent misuse or un
necessary use of them. Various methods of processing milk, in which 
different preservatives or preserving methods are used, have been introduced 
not only in countries where the dairy industry is comparatively undeveloped 
but also-by certain commercial interests-in some highly developed 
countries. 

A good milk preservative should satisfy the following requirements: 
(1) it must not react with any of the constituents of milk; (2) it should 
be easily removable in the milk-plant before the milk is made available 
for human consumption or for industrial purposes (e.g. cheese-making); 
(3) after it has been eliminated from the milk, the substances remaining 
must be non-poisonous, odourless and tasteless; (4) the whole preservation 
process must be easily carried out and should not be expensive. 

None of the known milk preservatives fulfils all. these demands. 
Different chemicals have at one time or another been used or recommended 
officially or unofficially in different countries-e.g., antibiotics (penicillin, 
aureomycin, streptomycin), quaternary ammonium compounds, chloro
picrine (microlysin), menadione, bromine compounds of acetic acid, mer
captopropionic acid or its compounds, formaldehyde, extracts of plants, 
peroxides, and oxygen under pressure. Very few of these have given 
satisfactory results. Most of them entail a risk to the health of the consumer 
and the public health authorities frown upon their use as additives. The 
problem with antibiotics is that a single substance-e.g. penicillin, which 
is destructible by penicillinase-is not sufficiently effective, while if a com
bination of more than one antibiotic is employed, the ultimate elimination 
of the residual preservative becomes very difficult. The preservation of 
large quantities of milk through oxygen under pressure is costly and very 
difficult to handle on a commercial scale. 

The general principles of food preservation, which are also valid for 
milk and dairy products, have been summarized in reports of a Joint 
FAO/WHO Expert Committee on Food Additives (World Health Organiza
tion, 1957, 1962). 
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General aspects of the use of hydrogen peroxide 

In the dairy industry the objections against the use of hydrogen peroxide 
(H20 2) are those applicable to any preservatives, as described above. 
However, it is the most acceptable at present available. lt can be destroyed 
easily, quickly and completely through catalase; after enzymatic treatment 
the breakdown products, water and oxygen, are normally undetectable in 
milk and no toxic residue remains once H20 2 has been destroyed. 

H 20 2 is a strong oxidizing, bleaching and germicidal agent. As 
mentioned above, its decomposition yields water and oxygen. In dilute 
H 20 2 solutions the oxidizing effect is reduced. The concentrations used 
in the dairy industry appear to have very little influence on the constituents 
of milk, especially the native proteins. Generally the influence of H 20 2 on 
milk is intensified by an increase of the temperature and prolongation of the 
period of treatment. Highly concentrated H 20 2 should be diluted with 
water before being added to milk. 

The germicidal properties of H 20 2 have been known since its discovery 
by the French chemist Thenard in 1818. The first experiments in preserving 
milk with hydrogen peroxide were made at the end of the last and the 
beginning of this century (Schrodt, 1883; Heidenhein, 1890; Low, 1900; 
Jablin-Gonnet, 1901; Renard, 1904; Nicolle & Duclaux, 1904; Budde, 
1904; Much & Romer, 1906). The quantity ofH20 2 required for significant 
inhibition of bacterial growth is small and does not constitute any appreci
able dilution of the milk. Most of the H 20 2 added is decomposed by the 
catalase of micro-organisms and leucocytes of the milk, while heat treat
ment can also destroy H 20 2 to a certain extent. 

A disadvantage in using H 20 2 in tropical countries is its instability, 
which is accelerated by contamination. Today, very pure H 20 2 can be 
manufactured, but the presence of 1 part per million (p.p.m.) of iron or 
0.05 p.p.m. of copper can cause rapid decomposition. The stability decreases 
as the pH increases, decomposition becoming rapid at pH 10. Stability 
may be maintained by adding small amounts of organic or inorganic 
stabilizers. For use in the preservation of milk, the H 20 2 solution must be 
of analytical quality and free from metallic or other impurities. 

Hydrogen peroxide is of interest to the dairy industry in treating milk 
for two purposes: first, as a short-time treatment in place of pasteurization, 
in order to reduce the total bacterial count, and secondly, as a preservative 
to maintain the keeping quality of milk for a longer period. In the first 
method H 20 2 is present in the milk only for a short period (up to 1 hour); 
in the second method contact bet\veen the preservative and the milk is much 
longer (several hours or days), hence any reaction of the H 20 2 with the consti
tuents of the milk will be intensified. If H 20 2 is used for both purposes, 
efforts should continue to be made to replace the peroxide treatment as soon 
as possible by better methods of milk production, transport and processing. 
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H 20 2 has also been used in conjunction with other preservatives, for 
instance 0.2 % H 20 2 and 0.025 % propyl-p-hydroxybenzoate or 0.05 % 
of the ethyl ester (Ferrara and eo-workers, 1957). Both esters, or mixtures 
of them, prolong the preservative effect of H 20 2 on milk, but it is impossible 
to eliminate them subsequently. 

Extensive research has been carried out on all these aspects in several 
countries (for a review of the literature see Luck (1956a)). The question 
of adding H 20 2 to milk has also been discussed at a meeting of experts from 
different countries which was convened at Interlaken by the Food and 
Agriculture Organization of the United Nations in 1957. In their report 1 

the following points are made on the practical aspects of the use of this 
preservative. 

The use of H 20 2 should be permitted only when: (1) adequate control 
can be maintained by official agencies; (2) the availability of tested and 
approved grades of H 20 2 can be ensured, and its distribution organized 
through authorized agencies; (3) the absence from milk destined for liquid 
consumption of any residual preservatives can be checked before distribu
tion. Provided that these essential controls can be established, the local 
conditions under which this use of H 20 2 might possibly be permitted are 
as follows: (1) where a preservative is urgently necessary in an emergency 
(e.g., as a result of the mechanical breakdown of a refrigeration plant); 
(2) where, in a technically less developed country, the production and 
collection of milk is as yet insufficiently well organized; (3) where, in a 
warm country, milk is produced on scattered farms, usually in small quanti
ties, and has to be bulked and transported over considerable distances 
before reaching a cooling or pasteurizing centre; (4) where, in a warm 
country, roads and transportation conditions are such as will not allow 
milk to reach the consuming area within a sufficiently short time-in some 
warm countries, less than four hours; (5) where, in a warm country, atmo
spheric temperatures are so high at certain seasons of the year as to cause 
very rapid bacterial multiplication and spoilage of milk, and no refrigera
tion is available. 

Trial distribution of H 20 2-treated milk has been made in some coun
tries-namely, Italy, France, Spain, Nigeria, and areas in south-west Africa 
and South America. 

The use of other peroxides 

Besides H 20 2 other peroxides___:in particular, solid peroxides-have 
been tried as preservatives for milk. Solid substances are easier to handle 
than liquid preservatives, especially highly concentrated H 20 2 solutions. 
Calcium and magnesium peroxides (Ca02, Mg02) which are of only historical 

1 Food and Agriculture Organization of the United Nations (1957) Report on the meeting of experts on 
the use of hydrogen peroxide and other preservatives in milk, Inter/aken, Switzerland, 23-27 September 1957, 
Rome (Unpublished mimeographed document FA0/57/11/8655).' 
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interest (" Kalkodat " and " Magnodat " processes, Mayerhofer & 
Pribram (1910)) seem to be unsuitable for ueatment of milk, even under 
exceptional conditions. They impart an objectionable taste, increase the 
reduction test, and decrease the acidity (Csiszar, 1944). 

Several inorganic salts which form peroxyhydrates have proved of 
interest, but for similar reasons to those advanced against Ca02 sodium 
carbonate-peroxyhydrate cannot be recommended for practical use 
(Csiszar, Tomka & Bittera, 1949). Rudy (1944) has used alkali phosphate
peroxyhydrates to prevent microbial infections of processed cheese. 

Hydrogen peroxide also forms solid molecule compounds with organic 
amines and their derivatives which are very considerably dissociated 
in aqueous solution. As a milk preservative, the urea compound 
CO(NH2) 2.H20 2 containing 64 % urea and 36 % Hz02 has been tested 
with good results (Dahlen & Crossley, 1945; Banerjee, 1947). The addition 
of urea to milk may, however, be objectionable from the hygienic point 
of view. If, for instance, skim milk powder is made from urea- and 
H 20 2-preserved milk, the urea concentration per lOO g of powder will be 
approximately 0.2 g-1.4 g. Urea is not very toxic, but its use as a food 
additive in such an unusually high concentration is very undesirable. 

No peroxides other than H 20 2 (and this only within the limitations 
previously stated) should therefore be considered as preservatives for milk 
used for human consumption. 

Effects of H 20 2 on the Constituents of Milk 

Taste 

Milk treated with H 20 2 in the concentrations normally used retains no 
undesirable taste once complete decomposition of the H20 2 has taken place. 
As long as H 20 2 is demonstrable by chemical reaction the milk has an 
objectionable flavour of the preservatiw. \Yhen 0.05 ~·~ by weight of H 20 2 

and above is used to preserve milk having excessive bacterial counts, off
flavour may develop. Milk containing an appreciable amount of nu
decomposed peroxide may, depending on the material of the container, 
develop a slight" oxidized" flavour after prolonged storage (Nambudripad, 
Laxminarayana & Iya, 1952). 

On the other hand, the treatment of milk \Vith H 20 2 can prevent the 
development of a typical " solar-activated " flavour in homogenized milk 
samples (Weinstein & Trout, 1951), and can delay the formation of an 
" oxidized " flavour (Bell & ~Iucha, 1949; Morris, 1950), and the develop
ment of a "tallowy" flavour (Krukovsky & Guthrie, 1946) during cold 
storage, probably by chemical reaction. When H 20 2-treated milk is sub
sequently heat-processed, no undesirable flavour is detectable even after 
long storage. 
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Vitamins 

The vitamins of milk are very little damaged by normal treatment 
with H 20 2 • Only ascorbic acid is seriously affected, but this is not important 
because milk is not an important source of this vitamin. After addition of 
0.04 % by weight of H 20 2, the loss of ascorbic acid in milk held for 20 hours 
at 15°, 22°, 26° and 32oC was 54%, 78 %, 85% and 92.5% against 84% 
in the controls (Satta et al., 1943). Higher H 20 2 concentrations and higher 
temperatures intensify the destruction. The instability of vitamin C in 
milk containing peroxide has also been confirmed by other authors 
(Bisogni & Calendoli, 1943; Banerjee, 1947; Krukovsky, 1949). 

None of the B-complex vitamins examined by Nambudripad et al. (1952) 
was found to be affected by peroxide treatment of milk. The thiamine, 
riboflavin, nicotinamide and cobalamin contents were nearly the same in 
H 20 2-treated pasteurized milk (0.03 % by weight H 20 2 added, and the milk 
pasteurized at 63°C for 1-2 hours) as in the control milk, which was only 
pasteurized. Luck & Schillinger (1958a) have found that vitamin B1 is partly 
destroyed but vitamin B2 is quite stable even under relatively extreme condi
tions (see Table 1). 

TABLE 1 

EFFECTS OF H,o, TREATMENT ON THE VITAMIN B, AND B, CONTENT OF MILK* 

Treatment 
Vitamin B, 

I 
Vitamin B, 

(!-Lg/100 ml) (!-Lg/100 ml) 
-

Milk, untreated 49 158 

Milk + 0.075 % by weight H,o,, 21 hours, 20°C 47 158 

Milk + 0.30 % by weight H,o,, 23 hours, 20°C 22 160 

• After LOck & Schillinger (1958a) 

Janicek & Pokorny (1958) have shown that a peroxide concentration of 
0.25% destroys 20 %-25% of the riboflavin. A similar destruction of the 
thiamine was observed after 5 minutes' heating of the milk at 60°-65°C. 

After milk has been treated with 0.04 % by weight of H 20 2, the vitamin A 
content decreased by 22 %-42% (Giolitti, 1949). Satta et al. (1943) have 
shown that the addition of 0.12% by weight of H 20 2 at 20oor 32°C for 
36 hours reduces the vitamin A content from 158 International Units (I.U.) 
to 125 I.U. per 100 g. The eorresponding figures for the stored controls 
without H 20 2 were 130-135 I.U. The thiamine content dropped in the same 
treated sample from 25-30 I.U. to 12-15 I.U., and in the controls to 15-
18 I.U., per 100 g. In biological assays of vitamin D with rats no appreciable 
changes could be noted for milk treated with H 20 2 up to 0.16% by weight 
and held at 22°C for 36 hours. 

Other experiments have shown (see Tables 2, 3) that the fat-soluble 
vitamins are quite stable, probably being protected by the fat of the fat 
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globules. Even H 20 2 in a concentration of0.3% by weight could not destroy 
~-carotene, vitamin A and vitamin E (Luck & Schillinger, 1958a). However, 
fat-soluble vitamins added to milk are more sensitive to H 20 2 treatment. 

TABLE 2 

EFFECTS OF HzOz TREATMENT ON THE CONTENT IN MILK OF CERTAIN FAT-SOLUBLE 
VITAMINS* 

Treatment 

Milk, untreated 

Milk+ 0.075 %by weight HzOz, 30 minutes, 51°C 

Milk+ 0.30 %by weight HzOz, 24 hours, 30'C 

Vitamin-enriched milk, untreated 

Vitamin-enriched milk+ 0.30 %by weight HzOz, 
24 hours, 30°C 

*After Luck&. Schillinger (1958a) 
•• Total tocopherols 
t Total tocopherols + DL-0(-tocopherol 

TABLE 3 

~!-Carotene j 
(:Lg/100 ml) 

22.8 I 
22.1 

I 22.5 

42.0 

I I 40.2 
I 

Vitamin A I Vitamin E 
:Lg/100 ml) (IJ.g/100 ml) 

37 110 ** 

38 -
37 112 •• 

302 404t 

285 200t 

EFFECTS OF HzOz SHORT-TIME TREATMENT* ON THE CONTENT IN MILK 
OF CERTAIN WATER-SOLUBLE VITAMINS** 

Vitamin 

B, 

Bz: chemically determined 

microbiologically determined 

B, 

C: ascorbic acid 

ascorbic acid + dehydroascorbic acid 

* 0.07% by weight HzOz, 30 minutes, 51'C 
•• After Luck&. Schillinger (1958b) 

Milk sugar and butte1jat 

I 

I 
i 
i 
I 

I 

Mg/100 ml 

before 

I 
after Loss % 

treatment treatment 

0.055 I 0.054 0 
I 

0.220 I 0.224 0 

0.197 
I 

0.181 I 8 

0.023 

I 
0.023 0 

1.57 0.10 94 

I 1.73 0.14 92 I 
I 

Giolitti (1949) has found no changes for lactose, fat, total nitrogen and 
pH after the addition of 0.04 /~ by weight of H20 2 to milk. According to 
other experiments, the lactose content of peroxide-treated milk is somewhat 
lower than that of untreated samples (Banerjee, 1947). The same results 
were confirmed by Arnaudi & Treccani (1953). The sugar content of 
untreated milk was 5.01 /~ but, after treatment with 0.01 %, 0.02 %, 0.04% 
or 0.08 % by weight of H 20 2 at 30°C for 16 hours, the figures were 5.01 %, 
4.95 %, 4.95 % and 4.60 ~,~ respectively. 
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The higher unsaturated fatty acids do not, in practice, react with 
hydrogen peroxide. Even under relatively severe conditions of treatment 
(0.3% by weight of H 20 2 for 24 hours at 51 oq the ultraviolet absorption 
spectrum of the butterfat did not change significantly (Liick & Schillinger, 

· 1958a). Butter made from preserved milk (0.03 % by weight of Hz02) 

did not differ appreciably in quality from that made from fresh milk 
(Nambudripad et al., 1952; Negretti, 1952). 

Casein 

Hydrogen peroxide in higher concentration oxidizes proteins and 
aldehydes, ketones and acids being formed. Dilute peroxide solutions do 
not show this effect. According to the experimental results of cheese
making from H 20 2-treated milk, changes of the casein molecule are to be 
expected. Generally, peroxide has a softening action on curd. Arnaudi, 
Cartasegna & Passani (1949) have investigated the influence of H 20 2 treat
ment on the coagulation of milk by rennet and found that the addition of 
H 20 2 up to 0.04% by weight improves the coagulum; the addition of0.08% 
or more, however, decreases the firmness of the curd. The coagulation time 
using rennet is increased (Liick & Joubert, 1955b). 

Compared with untreated samples, the size of the casein particles in milk 
shows no significant change when examined under the electron microscope. 
The alcohol titre is a little lower; this means that the stability is reduced and 
the alcohol concentration for the coagulation of treated milk is a little lower 
than that for the same milk when untreated (Liick & Joubert, 1955b). 
H20 2 treatment of pure casein solutions (0.1 %-0.4 % by weight) increases 
the proportion of nitrogen not precipitated by trichloracetic acid and reduces 
the viscosity of the solutions (Liick, 1956b). This may be the reason why 
H 20 2 treatment (0.04% by weight) of milk increases the albumin content 
and decreases the casein content (Giolitti, 1949). Experiments with ultra
centrifugation have shown that part of the casein has dissociated after 5-6 
days' preservation with 0.1 % or 0.4% by weight of H 20 2 at 4°C. The 
sedimentation constant of the more rapidly sedimenting component was 
reduced; however, electrophoresis did not indicate any difference between 
the casein of treated and that of untreated milk (Liick & Joubert, 1955a,b). 

The reaction described above may explain the longer period of time 
required for coagulation by rennet observed in milk (as well as in pure 
sodium caseinate solution after addition of CaC12). The effects of H 20 2 

on casein are nof as serious as may appear because untreated milk; if kept 
for long at a low temperature, undergoes similar alterations. 

Whey proteins 

The ~-lactoglobulin in milk shows similar changes to those noted with 
casein. The storage of skim milk to which has been added 0.4 % by weight 
of H 20 2 for 7 days at 4 oc resulted in a complete breakdown of the ~-lacto~ 
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globulin into a component of lower molecular weight. At lower peroxide 
concentration the effect is reduced. Solutions of pure crystalline ~-lacto
globulin appeared to be more resistant to dilute H 20 2 solution than the 
natural ~-lactoglobulin in milk (Luck & Joubert, 1955c). Compared with 
~-lactoglobulin, the immune globulins are far less susceptible. 

Amino acids 

Certain amino acids are very susceptible to H 20 2, particularly cysteine, 
cystine, and methionine. Tyrosine and tryptophan can also be easily 
oxidized. Fortunately, the -SH groups of the non-denatured milk proteins 
are relatively resistant to oxidizing agents. Addition of 0.03 % H 20 2 (by 
weight) or 0.03 % H 20 2 with 8.10-5 % Cu had no effect on the -SH groups 
in skim milk after 20 hours at room temperature (Zweig & Block, 1953). 
Even the addition of 0.1 % H 20 2 (by weight) for 1 day at 30°C or for 30 mi
nutes at 55 cC did not noticeably reduce the -SH content (Luck & Joubert, 
1955a; Luck & Schillinger, 1958b). Treatment with higher peroxide 
concentrations or at higher temperatures and for longer periods of time 
diminishes the sulfhydryl groups content. In the presence of metal ions 
(Cu) or of peroxidases, the oxidizing effect is catalytically accelerated. 
Fortunately the milk peroxidase is quickly destroyed by H 20 2• 

Enzymes 

H 20 2 preservation affects milk enzymes to a certain extent. The phos
phatase test for distinguishing raw and heat-treated milk is applicable to 
peroxide-treated milk. It was found that 0.08 %-0.12 % by weight H 20 2, 

both at freezing temperature and at 20°-30°C, did not affect amylase, lipase, 
tryptase and phosphatase, but nearly destroyed peroxidase, catalase and 
reductase (Cimino, 1945). The phosphatase is seriously inhibited when 
the H 20 2-treated milk is kept for a longer period (10-20 days) (Sanders 
& Sager, 1949). 

H 20 2, 0.06% by weight, is able to destroy all peroxidase in milk, where 
smaller doses of peroxide disappear and allmv some peroxidase to persist 
(Banerjee, 1947). The destruction of catalase, which is accelerated at 
increasing temperature, is accompanied by the decomposition of H 20 2 

(Luck & Schillinger, 1958b). Fortunately, catalase and peroxidase are 
destroyed. If peroxidase were to persist, the danger of oxidizing amino 
acids and proteins \Vould be much greater; while if catalase were to persist, 
all the preservative would be decomposed after a very short period of 
treatment, and the preserving effect would be much reduced. 

Nutritive value 

Biological protein evaluation, approximate compositiOn and vitamin 
analysis indicate little change in the composition and nutritive value of 
milk treated with 0.1, 0.2 or 0.5 ~>~of H 20 2, or of whey or cheese obtained 
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from such milk (Teply, Derse & Price, 1958). It must be recognized that 
H 20 2 destroys a large proportion of vitamin C, but this is of little consequence 
because milk is not an important source of ascorbic acid supply to man. 
The tryptic digestion of casein pre-treated with hydrogen peroxide is aug
mented (Muset, Calvet & Valls, 1954; Luck, 1956b). 

Effects of H 20 2 Treatment on Bacteria 

Pure cultures 

H 20 2 is known to be an effective bactericidal and bacteriostatic agent, 
although its mechanism of action is as yet unclear. In the older literature 
its effectiveness was attributed to the oxygen developed in statu nascendi 
but, as recognized today, it is the undecomposed H20 2 which is effective. 
The bactericidal efficiency varies with different organisms, with the bacterial 
count, the concentration of H 20 2, the period of time, and the temperature of 
treatment. Therefore the rate of bacterial reduction by H 20 2 depends 
on the initial quality of the milk, i.e., the initial bacterial count 
(Nambudripad et al., 1952). The germicidal effect of H 20 2 in protein-free 
solutions is more pronounced than in protein-containing liquids (milk). 

Molland (1947) found that some aerobic strains (about 1010 cells per ml) 
were able to grow in a broth containing 0.0125% H 20 2 after incubation 
at 37°C. Even bacteria which produce very little or no catalase, such as 
the pneumococcus, the streptococcus, Salmonella typhosa, Bacillus anthracis 
and Erysopelothrix rhusiopathiae, grew in a medium containing 0.0125% 
H 20 2• The H 20 2 concentrations tolerated by different strains of bacteria 
were as follows: Proteus spp., 0.2 %; Bacterium coli, 0.05-0.1 %; Staphy
lococcus aureus, strain 1, 0.0125 %-0.025 %; strain 2, 0.1 %-0.2 %; Brucella 
abortus, 0.4 %; Streptococcus agalactiae, 0.4 %; Str. zymogenes, 0.0125 %; 
Neisseria catarrhalis, 0.0125 %-0.025 %. 

Nambudripad & lya (1951), Nambudripad, Laxminarayana & Iya 
(1949) have studied the bactericidal efficiency of H 20 2 with respect to 
micro-organisms isolated from milk. In general, the Gram-negative group 
of bacteria (coliforms) are more susceptible to inactivation by H 20 2 than 
are Gram-positive species (spore-formers). The susceptibility of the lactic 
acid bacteria fell between these two. The time required for 100% destruc
tion of some micro-organisms of dairy importance can be seen in Table 4. 
The surviving cells of Str. lactis exposed to 0.05 % by weight of H 20 2, plated 
and inoculated (an isolated colony) into sterile skim milk, showed a definite 
retardation in acid production after three days (untreated : 0.71% lactic 
acid ; treated: 0.48 %). The ability of the organisms to reduce methylene 
blue was not significantly changed. 

Other results with anomalous coliforms from treated milk(Manzari, 1951) 
suggest that peroxide treatment may change the metabolism of the surviving 
bacteria. 
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TABLE 4 

TIME REQUIRED FOR COMPLETE INACTIVATION OF CERTAIN MICRO-ORGANISMS 
BY H,o, TREATMENT* 

I 
0.005% 

I 
0.03% 

I 

0.05% 
Micro-organism 

hr. I min. hr. I min. 

Streptococcus lactis 6 0 

i 

4 0 
Streptococcus lique{aciens 16 0 7 0 
Sarcina sp. 8 10 

I 

5 0 
Lactobacillus bulgaricus 6 0 4 30 

Bacillus subtilis 36 I 0 I 24 i 
Bacillus cereus 24 

I 
0 I 14 0 

Bacillus kaustophilus 120 I 0 i 32 0 

Bacillus megatherium ** I ** 
I 

24 0 
I 

Escherichia coli 5 

I 
45 0 45 

Aerobacter aerogenes 6 0 1 0 
Alcaligenes viscosus 2 

I 
0 1 0 

Serratia marcescens 6 0 3 30 
Torula sp. 24 I 0 7 0 

Oi"dium sp. 26 ! 0 8 0 i I 
i 

*After Nambudripad & lya (1951); Nambudripad, Laxminarayana & lya (1949) 
•• Not determinable 

Non-pathogenic bacteria in milk 

hr. I min. 

2 30 

4 0 
2 30 

2 30 

18 0 

7 0 

18 0 

16 0 

0 45 

0 30 

0 40 

2 0 

3 0 

3 30 

Under certain conditions, H 20 2 treatment causes a higher bacterial 
reduction than does pasteurization. Anaerobic spore-formers were entirely 
eliminated (Morris, 1950). Satta et al. (1943) have determined the percentage 
reduction of the bacterial count in milk treated with different concentrations 
of Hz02 for 20 hours; the results are given in Table 5. Addition of 0.05 % 
of the peroxide solution arrested the multiplication ofthe bacteria for more 
than 15 hours at 15" and 20"C. A reduction of the initial count for 24 hours 
was effected by the addition of 0.1 ~'~. Onset of multiplication was delayed 
for 36 hours beyond that of the control. 

TABLE 5 

PERCENTAGE REDUCTION OF BACTERIAL COUNT IN H,O:-TREATED MILK 
AFTER 20 HOURS • 

Percentage reduction by weight 
Temperature H,o, 

('C) I 0.08 I 0.10 I 0.12 

15-17 I 99.82 99.88 99.88 

20-22 

I 

98.64 99.76 99.79 

32 93.57 99.53 99.96 

• After Satta et al. (1943) 
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Nai & Giolitti (1947) recommend contact with 0.28 %-0.4% by weight of 
the preservative for 8-10 hours, because addition of 0.1 %-0.12% by weight 
is said not to allow a sufficient safety margin. In winter the dose could 
be lower : 0.16-0.24% by weight (Giolitti & Nardi, 1949). 

Clostridium butyricum was greatly reduced in 11 hours and disappeared 
in 24 hours. Thermobacteria and Streptococcus lactis were very sensitive 
to H 20 2 (Arnaudi & Treccani, 1953). Babad, Boros & Baier (1959) report 
that the bactericidal effect of H 20 2 is reduced in milk from penicillin-treated 
cows, probably as a result of the selection of bacteria which are also heat
resistant. 

As mentioned earlier H 20 2 treatment has also been recommended as 
a short-time treatment (30 minutes, 49"-51 "C, 0.08 /~ by weight H 20 2) in 
place of pasteurization by heat. Data on the effectiveness of this method are 
given in Table 6. Generally the non-acid-formers are better inactivated by 
this process (98.5 ~;,; reduction) than are the acid-formers (84% reduction). 
The coliforms and anaerobic spore-formers are totally destroyed (Demeter 
et al., 1959). For this reason the method has been particularly recommended 
for cheese-making. The results on bacterial reduction are shown in the 
accompanying figure. 

Pathogenic organisms 

Treatment with H 20 2 destroys most of the pathogenic organisms, 
but Mycobacterium tuberculosis is more resistant than other pathogenic 
organisms, withstanding an H 20 2 concentration as high as 0.8% by weight 
(Giolitti, 1947b). Treatment with H 20 2 is therefore recommended only 
for tubercle-free milk. Bovine tubercle bacilli added to milk survived up 
to 25 hours at H 20 2 concentrations of 0.08 ~~ by weight (Bertarelli et al., 
1945). Similar results were obtained by Monaci (1949). Two of nine milk 
samples inoculated with suspensions of Jfvco. wberculosis var. bovis and 
treated with H 20 2 were positive in a guinea-pig inoculation test. 

With the short-time treatment Jt:1·co. tuberculosis boris is inactivated by 
addition of 0.15 ~,~ by weight of H 20 2 only if the infection of the milk is not 
excessive (Demeter et al., 1959). 

The experimental results of the destruction of Brucella organisms in 
milk by H 20 2 are not uniform. Complete destruction of Brucella abortus 
and Br. melitensis has been obtained by treating milk with 0.08% by weight 
of H 20 2 for 3 hours (Biffi & Romagnoli, 1949), for 14-24 hours at 20°-22oC 
and 28 o -3o~c (Monaci, 1949) and for 30 minutes at 20°C and 32 oc (Satta 
et al., 1943). Br. melitensis is less resistant than Br. abortus (Rosati & 
Mitrovic, 1951), the first surYiving the addition of 0.08 % by weight of 
H 20 2 at 20°-28"C for 12 hours, and the second for 24 hours. The authors 
conclude that although H 20 2 treatment of milk does not necessarily result 
in the elimination of brucellae, it is the safest chemical method yet devised 
for this purpose and deserves to be used more widely. 
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Other authors, however, have found that an H20 2 concentration of 
0.08 % by weight is not sufficient to kill brucellae completely. Treatment 
with 0.24 % by weight H 20 2 for 12 hours gave complete destruction 
(Maestone, 1952; Giolitti, 1952). The short-time treatment inactivated 
Br. abortus at 0.06 % by weight H20 2 (Demeter et al., 1959). 

Salmonella typhosa was killed in 8-9 hours by 0.08 % by weight H 20z 
at l7°-32°C and in 4-5 hours by 0.1-0.12% by weight H 20 2 at the same 
temperature (Satta et al., 1943). Typhoid organisms could be isolated 
(Monaci, 1949) from only one of 20 milk samples, inoculated with 
S. typhosa suspension and treated with 0.08 % by weight H 20 2 for 
14-24 hours at 20°-22oC and 28°-30°C. 

Given the results with mycobacteria, it seems clear that the use of H 20 2 

should be recognized only as a means of increasing the keeping quality 
and of reducing the total bacterial count; it does not completely destroy 
certain pathogenic micro-organisms in milk under normal conditions. 
Consequently H 20 2 treatment can be recommended for the manufacture 
only of dairy products which are also usually made from raw milk. If 
milk is to be distributed for liquid consumption, it is essential that H 20 2 

treatment should be followed by approved methods of processing to ensure the 
destruction of pathogens. 

Conditions giving a maximum preserving effect 

Theoretically, H20 2 should not be able to preserve milk for long; like 
other biological substances, milk contains catalase both originally present, 
and to a greater extent formed additionally from cell and bacterial catalase. 
This enzyme decomposes H 20 2• After a certain period of time all H 20 2 

should therefore have been destroyed and no further preserving effect should 
exist. Fortunately, as mentioned above, catalase is inactivated by H20 2 

in the same way as the peroxide is decomposed by catalase (Luck, 1957). 
By this means some H20 2, split by catalase, is exhausted in the destruction 
of the catalase, while the remainder exerts a preservative effect for a certain 
period. It is known that the speed of destruction of the H 20 2 by catalase 
is increased by higher temperatures (in the physiological range), but the 
destruction of catalase itself is also intensified at higher temperatures. The 
quantities of H 20 2 decomposed by milk, which was highly contaminated 
with coliform bacteria (Liick, 1955a; Luck & Schillinger, 1958b) after 
24 hours at 4°,13°,20° and 30°C were 0.17 %, 0.12%, 0.078% and 0.043% 
by weight of H20 2 respectively. According to these results, the addition of 
0.1% would satisfactorily preserve this milk at temperatures of 20° and 
30°C, but not at 13°C. 

On the other hand, if surplus H20 2 in milk must be destroyed by the 
addition of catalase, the milk should be relatively cold. At lower 
temperatures it takes a longer time to decompose the preservative but 
much less catalase is necessary for splitting the same quantity of peroxide 
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than at higher temperatures. The quantity of H 20 2 decomposed by milk 
at a constant temperature is proportional to the quantity of catalase (cells, 
aerobic bacteria) in the milk. For a maximum preservative and germicidal 
effect, therefore, the H 20 2 must be added soon after milking, when the 
bacterial content is low, and while the milk is at a temperature of 37"C 
(blood temperature). 

As pasteurization by heat destroys most of the catalase, H 20 2 has a 
better preserving effect on pastet1rized milk than on raw milk. 

Hydrogen Peroxide in Dairy Practice 

The practical application of H 20 2 as a dairy preservative has been 
described by many authors (such as Minut, 1946, 1947; Demeter, 1953; 
Rosell, 1954). As mentioned earlier, two methods are normally used: 
a short-time treatment to reduce the bacterial content of the milk (e.g., 
"Per-zym" process, H 20 2-catalase process), and the addition of H 20 2 to 
improve the keeping quality. 

Short-time treatment as substitute for pasteurization 

Rosell (1957) and others have described the method of using H 20 2 

instead of pasteurization by heat to reduce the bacterial count. This 
treatment has been recommended as a method of retaining the raw milk 
properties when making cheese (Morris, Larson & Johnson, 1951, 1952, 
1953; Roundy, 1958, 1959), in processing and canning whole sweet milk 
(Winger, 1952a), and in treating milk for human consumption (Lewis, 
1953). 

For the manufacture of cheese, H 20 2 is added to the milk and, after the 
necessary period for effective germicidal action has elapsed, the rest of the 
H 20 2 is removed through the addition of catalase. Normally, a treatment 
with 0.08-0.1 ~~by weight of H 20 2 for 20-40 minutes at 49°-54oC is recom
mended. At this temperature the peroxide should not remain in the milk 
for more than one hour. Prolonged treatment causes the curd to become 
gummy. After the milk has been cooled to about 38 °C, catalase is added. 
Cheese made from this milk (Swiss, Cheddar and Jack cheese) has been 
reported to be superior in flayour, body and texture to products made from 
raw and pasteurized milk (i\forris, Larson & Johnson, 1951), but according 
to other experiments, no outstanding differences in texture, " eye "-formation 
or flavour were detected between cheese such as Emmental and Tilsit made 
from H 20 2-treated, raw or pasteurized milk (Heidrich, 1956). Only milk 
rich in butyric-acid-producing bacteria gave more " eyes " when treated 
with H 20 2 • The cheese-making procedure follmvs the usual methods, 
although the use of larger quantities of starter and slightly higher cooking
temperatures than is customary are advisable, because slight variations in 
reaction may be noted at different stages of manufacture. 
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The advantages of the process have been summarized (Armour & 
Company, Inc., 1953) as follows: 

(1) Superior quality and fine flavour 

(2) Improved body and texture 

(3) Control of fermentation by variation in temperature and in amount 
of H 20 2 

(4) Elimination of "late gas formers" 

(5) Pre-treatment with H 20 2 does not interfere with later cheese-making 
operations 

(6) The deleterious action of high pasteurization temperatures is avoided 

The disadvantages are that the treatment with H 20 2 and catalase of milk 
for cheese-making takes longer than the normal pasteurization process; 
and that butyric-acid-forming bacilli are not completely killed by 0.1 % 
by weight of H 20 2, if the milk is highly infected (Wassermann, 1959). 

A similar peroxide treatment is used for the preparation of sterilized 
milk. The milk is treated with 0.035 %-0.07% by weight of H 20 2 at 49°C 
for 30 minutes (Winger, 1952a). After removal of H 20 2 with catalase, 
the milk is homogenized, canned and sterilized at a temperature above 
100°C. The product manufactured by this process does not contain the 
objectionable cooked and scorched flavour usually noted in normally heat
sterilized milk. In another patent, Winger (1952b) recommends pasteuriza
tion before peroxide treatment by the addition of only 0.0053 % by weight of 
H 20 2 at 61 °-62°C for 30-35 minutes and no addition of catalase before 
sterilization. 

The low-heat-H20 2-catalase process has also been recommended for the 
treatment of fresh milk in tropical countries (Lewis, 1953). The results 
reported above on the effect of this method on Myco. tuberculosis suggest 
that it is unsuitable for milk which is to be distributed for liquid consumption, 
unless it is known to have been effectively pasteurized. The peroxide 
treatment must be prolonged, and a higher H 20 2 concentration must be 
used (Nai & Giolitti, 1947) in order to obtain the same destruction-rate as 
with pasteurization by heat. 

Addition of H 20 2 to improve keeping quality 

The improvement in keeping quality of milk obtained by H 20 2 treatment 
has been pointed out by many authors. Two methods are known: 

(1) addition of a relatively small amount of H 20 2 to improve the keeping 
quality between milking and arrival at the pasteurization plant, and 

(2) addition of a relatively high amount of HP2 to improve the keeping 
quality and to render pasteurization unnecessary. 
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Both methods reduce the losses from souring during transport which 
renders milk unfit for pasteurization and consumption. From the nutritive 
point of view, only the first method can be recommended. As mentioned 
above, concentrations higher than 0.1 ~~ by weight of H 20 2 may unfa
vourably influence the constituents of the milk. 

The advantage of using a low peroxide concentration to preserve milk 
lies in the fact that its transport in hot countries then becomes practicable, 
and valuable animal protein is thus available for human consumption, while 
milk production in remote areas is encouraged. The disadvantage of the me
thod lies in its delaying effect on the development of hygienic milk production. 

The peroxide concentrations to be added depend on the climate, the 
quality of the milk and the period of preservation desired. The following 
quantities (% by weight) are recommended: 0.009 (Vintika, 1948), 0.03 
(Nambudripad et al., 1952), 0.03-0.07 (Rosell, 1957), 0.04-0.08 (Pien, 1948), 
0.08-0.12 (Satta, 1948; Satta et al., 1943). Because of the complete destruc
tion of H 20 2, addition of catalase may not be necessary at lower H 20 2 

concentrations. Pasteurized milk, in which most of the catalase is destroyed 
by heat, can be preserved with less H 20 2 than is normally used for raw 
milk. With this method it is possible to supply big towns in tropical coun
tries \vith fresh pasteurized milk from great distances. Skim milk treated 
with H 20 2 (0.08% by weight) can replace fresh skim milk for calf-feeding 
(Mainradi, 1952). To summarize, the concentrations of H 20 2 for preserva
tion should range from 0.01 % to 0.08 ~~ by weight, but this treatment can
not replace pasteurization. 

The second method mentioned above tries to replace the normal pasteu
rization process through increasing the peroxide concentration, or the 
temperature, or the period of treatment. In some Italian experiments 
(Giolitti, 1947a; Nai et al., 1951), from 0.1 %to 0.24% by weight of H 20 2-

according to the catalase number-was added to raw milk at a small 
collecting centre. After 8 hours' contact the excess peroxide was eliminated 
by the addition of catalase, and the milk was bottled and distributed. The 
cost of the method \Vas slightly less than 6.25 lire per litre.1 The H 20 2-

treated samples had a better keeping quality than pasteurized milk, especially 
at 13 "C (Nemec, 1950). 

Preservation with peroxide concentrations higher than 1 % has also 
been tried. Milk can be kept at 5°C by the addition of 0.4 ~;,;, 0.8% or 
1.2% by weight of HP2 for 24-35 days, 32-40 days, and up to 100-110 days 
(Romani, 1947). Similar results have been reported by Negretti (1956), 
who found that milk could be preserved for up to 39 days at 28"C with 
1 % H 20 2• This method cannot, however, satisfactorily replace methods at 
present accepted for preserving milk. 

Romani (1944) considered that use might be made of the liberated oxygen 
for preservation, as in the Hofius process ; but, as mentioned above, this is 

1 US $1.00 ~ 621 lire. 
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hardly practicable with bulk quantities of milk processed on a commercial 
scale. 

Preservation of whey 

The preservation of whey with hydrogen peroxide has also been described 
in the literature. Good results were obtained through the addition of 
0.015% and 0.03% by weight of H 20 2 to raw sweet whey. After precipita
tion of the proteins by heating at 98 oc for 10 minutes, or after the addition 
of small quantities of yeast, the taste of the H 20 2 disappears. Similar results 
with preservation of whey have been reported by Jasewics & Porges (1959). 
Cheese whey was preserved for more than 10 days by the addition of 0.02 % 
by weight of H 20 2 soon after separation. This concentration killed within 
1 hour 97 % of the bacteria in whey which was grossly contaminated with 
2.8 x 107 micro-organisms per ml; it was, however, relatively ineffective 
against greater numbers of bacteria. Saccharomyces jragilis was grown 
successfully in preserved whey in which the excess of H 20 2 was destroyed by 
catalase. 

Experiments with lower peroxide concentrations have not been very 
successful. Addition of 0.01 % did not prevent the growth of yeasts 
(Pli:ittner, 1947). 

In contrast to the above-mentioned results-probably because of 
considerable contamination with yeasts-Yunus (1953) reported that the 
addition of H20 2 (0.1 %) had no preservative value for whey. Formaldehyde 
was more effective, and prevented acid formation for at least 21 days. 

Preservation of cream 

The preservation of cream by H 20 2 has also been tried. In a pre-war 
patent (Reichert, McAllister & Hinegardner, 1936), the addition of H 20 2 

in amounts ranging from 0.01 %-0.09 % by weight, followed by heating at 
temperatures of 61 °-63°C for 15-30 minutes, is recommended. For the 
control of infections in " synthetic " cream, 0.005 %-0.02 % H 20 2 should 
be added (Hobbs & Smith, 1954). In the presence of butter, milk and 
egg yolk, at least three times the concentration of H 20 2 is necessary as 
when emulsified fat without added protein is used. 

Manufacture of Dairy Products from Milk Preserved with H 20 2 

Cheese-making 

As mentioned above, the manufacture of cheese from milk treated by 
the short-time process with H 20 2 (0.07 % by weight of H 20 2 for 20-40 mi
nutes at 49°-55°C) yields a product which may be superior in quality to 
that made from raw or pasteurized milk. On the other hand, cheese manu
factured from milk preserved with H 20 2 (0.08% by weight) for a longer 
period (8-24 hours) is mostly of inferior quality, having a pasty texture and 
soft body (Morris, 1950; Ltick, 1955b). At higher H 20 2 concentrations the 
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effect is still more pronounced; it is difficult to obtain satisfactorily dry 
cheese from milk treated with 1 ~~ H 20 2 (Peltola & Mattson, 1950). Two 
factors are responsible for these anomalies: (1) an inhibiting after-effect on 
the lactic acid bacteria (Arnaudi, Cartasegna & Passani, 1949; Li.ick & 
Schillinger, 1958b); (2) the influence of H 20 2 on the structure of the casein 
(Li.ick &Joubert, 1955b). The delay in acid formation by lactic acid bacteria 
is partly caused by the high quantity of dissolved oxygen (Li.ick & 
Schillinger, 1958b) and probably a small shift of the redox potential. In 
order to offset these disadvantages, the use of larger quantities of starter and 
cooking at slightly higher temperatures than is customary are necessary. 
Arnaudi et al. (1949) have added up to three times the quantity of rennet 
normally used to obtain a satisfactorily firm curd. As already discussed, 
H 20 2 preservation prolongs the coagulation period by rennet, and this 
period is further extended when a higher peroxide concentration and longer 
preservation are used (Li.ick & Joubert, 1955b). The longer the coagulation 
period necessary, the less firm is the curd. 

Cheese-making experiments (Gouda and Cheddar cheese) with pre
served milk (0.1 % by weight of H 20 2 for 24-30 hours at 26°-30oC) were 
not very successful, in spite of doubling of the quantity of starter culture and 
addition of calcium chloride. The body of the Gouda cheese was very 
soft and flabby, it lost shape, and had a foreign and unclean flavour. When 
such cheese becomes older, it develops a bitter taste. The Cheddar cheese 
had a body similar to that of the Gouda and after 8 weeks' storage it had 
developed a strong off-flavour, with a pasty, greasy and pliable texture 
resembling that of processed cheese (Liick, 1955b ). The taste is also typical, 
best described as a chemical salt flavour with a slight bitterness. According 
to these experimental results, the manufacture of cheese from H20 2-preserved 
milk (0.1 % by weight, 24 hours) cannot be recommended. However, experi
ments on cheese-making from mixtures of preserved and untreated fresh 
milk, or from milk preserved with a lower H 20 2 concentration, gave good 
results. PreserYed and fresh milk are mixed before pasteurization. The 
mixed milk should stand for approximately 30 minutes to one hour, to 
enable the catalase of the fresh milk to decompose the remaining H 20 2 • 

No further addition of catalase is necessary. The Gouda made from 50% 
preserved milk had a slight foreign flavour, but the Cheddar did not. The 
samples made from 33 ~~and 25% ofH20 2-preserved milk were of even better 
quality than the controls, especially in tropical countries during that season 
of the year when the milk arrives over-acid at the factory and the body 
of the cheese has a tendency to become rough, crumbly or even chalky 
(Li.ick, 1955b ). 

The quality of cheese made from H 20 2-treated milk is better when 
preservative is added in low concentrations at intervals (e.g., 0.1 % by 
weight in three equal lots at 8-hour intervals) than when the same quantity 
is added in a single dose (e.g., 0.1 ~~~ in one lot during 24 hours). The 
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preservation of milk with 0.02 %-0.04 % H 20 2 (by weight) does not affect 
the technique of cheese-making (Arnaudi, 1949; Treccani, 1952). Experi
ments have also been carried out in making Parmesan cheese from H 20 2-

treated milk (Annibaldi, 1958). 

Butter-making 

Several trials in butter-making with H 20 2-treated milk (0.03 by weight 
of H 20 2) (Nambudripad, Laxminarayana & Iya, 1952) have shown no 
appreciable difference in quality as compared with the product of untreated 
milk; nor were any differences in yield or flavour observed in butter made 
on an industrial scale from preserved milk (Negretti, 1952) which had been 
treated with 0.2 % by weight of H 20 2, the surplus disinfectant removed by 
catalase 8 hours later. The butter from the treated milk showed better 
keeping quality and very low coliform titres and bacterial counts, the 
latter being almost zero. 

Casein-making 

No real difference in the casein manufacturing process exists as between 
H 20 2-treated (0.1% by weight, 24 hours at 25°C) or untreated milk, apart 
from the facts that the coagulation period .of treated milk is somewhat 
prolonged, and the acidity of the whey before cooking should be somewhat 
higher. Exact control of the acidity is important, because casein manu
factured from treated milk has a stronger tendency to become rubbery and 
plastic at higher temperatures. This effect can also be observed at higher 
drying temperatures. It can be prevented by adding .some acid to the final 
wash-water to obtain a pH of 4.6. Low-acid curd from treated milk should 
not be left overnight in wash-water without the addition of acid, otherwise 
it may become so soft and milky by the next morning that it cannot be 
pressed and dried (Luck, 1955b). 

Milk-powder manufacture 

In Northern Nigeria milk is preserved with hydrogen peroxide for trans
pbrtation from the collecting centres to the dairy. The skim milk is then 
processed into roller-dried milk powder, by boiling between two rollers, 
resulting in the complete removal of the H 20 2• The powder is distributed 
through welfare centres to children in a ration of two pounds per month, or 
as a 3: 1 mixture of peanut flour and milk powder (H. Davelaar, personal 
communication, 1961). The question of the use of peanut flour is atpresent 
under review. 

Toxic Aspects of H 20 2 in Dairying 

The effect of HP2 treatment or preservation on the constituents of milk 
is less marked than that of other processes applied and accepted in the 
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dairy industry. The milk does not lose in nutritional value, apart from a 
small decrease of some vitamins and a considerable loss of ascorbic acid. 

According to present knowledge of the effect of H 20 2 on the living 
organism, this preservative should be completely removed before the milk, 
or its products, are used for human consumption. Hydrogen peroxide 
causes a decrease in the number of normal mitotic figures in the mouse 
intestine (Dustin & Gompel, 1949) and induces mutations in micro
organisms (e.g., Neurospora, Escherichia coli). Caution should therefore 
be observed in respect of the risk of undecomposed H 20 2 in human food, in 
spite of the facts that H 20 2 is quickly split in the gastro-intestinal tract, and 
that living tissues may produce traces of it. 

Tests for Presence of H 20 2 

In the manufacture of dairy products (e.g., cheese) and in the processing 
of liquid milk for human consumption, the main problem is to ensure 
that no trace of the preservative is left in the milk. 

In dairy practice sensitive qualitative tests are important. For this 
purpose the use of strips of KI-starch paper can be recommended. This 
method is sensitive to less than 0.001 % by weight H 20 2• Several ml of milk 
and the same volume of concentrated hydrochloric acid are mixed, one 
drop of a weak formalin solution is added, the mi.xture is warmed to 60°C 
and a strip of KI-starch paper is dipped into the solution. In the presence 
of H 20 2 the paper becomes blue or violet. 

Munday (1957) has used vanadium pentoxide solution for testing H 20 2 

in milk: 10-20 drops of a 1 % solution of YP5 in dilute sulfuric acid (6 %) 
added to 10 ml of milk produce a pink or red colour in the presence of traces 
of Hz02• The test is sensitive to less than 0.008 ~,~ by weight H 20.2• 

The reader is referred to the following literature for further information 
on methods of testing: Funk, 1949; Humpoletz, 1949; Patrick & Wagner, 
1949; Aquino, 1950; Freytag, 1950; Ovenston & Rees, 1950; Musha, 
Higashino & Doi, 1951; Pien, Desirant & Lafontaine, 1953, 1954; Andreae, 
1955; Janicek & Pokorny, 1955; Rouquette, 1955; Balley & Boltz, 1959; 
Meloan, Mauck & Huffman, 1961; Perschke & Broda, 1961. 

Conclusions 

To conclude, the opinion of the Expert Group \Vhich met in 1957 under 
the auspices of FAO may be quoted: 1 

" (1) ... In general the use of any preservative in milk is undesirable-in 
fact the addition of any preservatives to milk can only be regarded as 

1 Food and Agriculture Organization of the United i'ations (1957) Report on the meeting of experts 011 

the use of hydrogen pero.Yide and other presenarives in milk, Inter/aken, Swit:er{and, 23-27 September 1957, 
Rome (Unpublished mimeographed document FAO,S7'1! 8655). 
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being of the nature ofa necessary evil. It is a method to be tolerated 
only in exceptional circumstances, and in warm or technically less developed 
countries where rapid transport of producers' milk to a processing centre 
is not possible, or where effective cooling of the milk cannot be carried out 
and where, if a preservative were not used, serious loss of human foodstuff 
would result. 

" (2) ... Of the range of preservatives available at present, the only one 
that is permissible for milk that is to be used for human consumption or 
to be manufactured into milk products is a pure grade of hydrogen peroxide 
(sold commercially in aqueous solution of differing strengths). 

" (3) ... The addition of hydrogen peroxide should be made at the milk 
collecting centre, and should not be made by the milk producer unless in 
exceptional circumstances the sanitary or other competent authority so 
decides. 

" ( 4) ... If, owing to difficult local conditions, permission is given for 
hydrogen peroxide to be used, either by the producer or by the collector 
of milk, the quantity to be used should in no circumstances exceed 0.80 g 
of H 20 2 (calculated as pure H 20 2) per litre of milk, and should usually, 
for milk for liquid consumption, be between 0.10 g and 0.40 g H 20 2 per 
litre. 

" ( 5) ... Since the function of hydrogen peroxide is merely to delay the 
souring of the milk, and since this preservative at any permissible strength 
does not destroy certain types of pathogenic micro-organisms (including 
M. tuberculosis), any milk treated by hydrogen peroxide must subsequently 
be subjected to effective heat treatment before being distributed to the 
consumer or during the course of manufacture. 

" (6) ... Whether hydrogen peroxide is added to milk destined for liquid 
consumption or for manufacture, such additions must be very carefully 
controlled, and official tests made sufficiently frequently to ensure that the 
preservative has been destroyed before the milk and milk products are 
distributed to the consumer. 

" (7) ... If catalase is added to hydrogen-peroxide-treated milk to destroy 
residual preservative, the enzyme preparation must be entirely satisfactory 
from the enzymic, chemical and bacteriological standpoints. 

" (8) ... As the addition of hydrogen peroxide to milk is known to affect 
to some extent the quality of the milk, further investigations are recommended 
to evaluate more precisely these changes in relation to human health and 
nutrition (vide the report ofthe Joint FAO WHO Expert Committee on 
Food Additives ... [World Health Organization (1957)]). 

" (9) ... Finally, it must clearly be recognized, both by the controlling 
authorities and the technical personnel concerned, that the use of hydrogen 
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peroxide is not a hygienic measure, and is no substitute for efficient heat
treatment. In short, it is a method which, in other than exceptional cir
cumstances, is not to be recommended. " 
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RESIDUES OF DISINFECTANTS AND ANTffiiOTICS 
IN MILK 

A. JEPSEN * 

Disinfectants 

The use of chemical disinfectants in many instances has become an 
indispensable part of proper milk hygiene practice when thermal disinfection 
is not practicable. The widest field of application no doubt is found in 
the dairy barn, where large amounts of disinfectants are used for cleaning 
the teats and udders of the animals and for the disinfection of milking 
machines and other milking utensils; disinfectants also have their place, 
however, in dairy plant sanitation. 

Bacteriostatic effects. Off:flavours 

As long as chlorine compounds, hypochlorites and chloramines were 
practically the only type of disinfectant used in the dairy industry, the 
problem of residues of disinfectants in milk did not attract much attention, 
because the marked instability of chlorine compounds in the presence of 
milk constituents results in rapid decomposition with the formation of 
inactive ions. Experiments haYe shown that good disinfection practices, 
as normally applied in the dairy barn, may leave up to 0.25 % of the dis
infectant solution in the milk (Swartling, 1959). With chlorine solutions 
-200 parts per million (p.p.m.) available chlorine-an addition to milk 
of more than 2 % produces off-flavours, and the bacteriostatic level 
(inhibition of lactic acid streptococci) is at about 10 %. With solutions of 
iodine compounds, iodophors (25 p.p.m.), similar findings have been reported 
(Danish State Experimental Dairy Reports, 1951, 1959). 

Since about 1940, the introduction of some ne'v types of disinfectant, 
especially the quaternary ammonium compounds, has, however, made the 
problem of residues of disinfectants in milk one which cannot be ignored. 
Quaternary ammonium compounds are remarkably stable in milk and re
tain a high residual effect. Levels of 0.00001 %-0.00005 % still show a 
bacteriostatic action in milk, and hence careless use of such compounds 

* Professor of Veterinary Bacteriology and Food Hygiene, the Royal Veterinary and Agricultural 
College, Copenhagen, Denmark. 
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in milk hygiene practices involves very real risks of starter failures in cheese-
1 

and butter-making. Some results from the Danish State Experimental Dairy 
Reports on minimum bacteriostatic levels of various disinfectants in milk 
are as follows: 

Calcium hypochlorite 
Chloramine . . . . . 
Iodophor ..... . 
Alkyl-dimethyl-benzyl-ammonium-chloride 
Cetyl-pyridinium-chloride 
Cetyl-trimethyl-ammonium bromide . . . 

Minimum bacteriostatic level 
for starter cultures in milk 

(mg per litre) 

. 25 
25 

6.25- 12.5 
5 
0.2 
2 

The inhibitory action of disinfectants in milk may also interfere with 
the grading of the milk by means of the methylene blue reduction test. 
However, this would hardly result from ordinary use of disinfectants, but 
may well occur when disinfectants have been added to the milk on purpose. 
On an average, concentrations must be increased tenfold above the figures 
listed in the above, tabulation to cause a definite delay of the reduction 
process. 

Laboratory methods for the detection of disinfectants and preservatives in 
milk 

For screening of unknown samples the use of specific chemical tests 
for each individual compound is, of course, a rather uncertain and trouble
some procedure. Considerable work has therefore been devoted to de
veloping non-specific microbiological tests which would be well suited for 
the sorting-out of suspect samples. Recently such a method, which is 
a modification of the Kluyver (1914) fermentation test, has been investigated 
and authorized by the Nordic Committee for Food Analysis (1961). The 
method consists of a test to show whether fermentation can be brought 
about in the sample under investigation by adding pressed yeast, yeast 
extract and glucose to the sample and adjusting the pH to 3.25. The fer
mentation test is carried out in a flask connected to a water-filled test-tube, 
in which any gas evolved is collected. The minimum levels of some pre
servatives in milk detectable by this method are listed in the following 
tabulation. 

Sodium benzoate . . 
Monobromacetic ester 
Formaldehyde 
Alkyl-dimethyl-benzyl-ammonium-chloride 

Threshold levels in milk 
by fermentation test 

(mg per litre) 

200- 250 
2- 2.5 

lOO- 200 
1000- 1500 

The fermentation test is not effective in detecting antibiotics because 
Saccharomyces is not inhibited by most antibiotics. Attention is drawn 
to the fact that proper interpretation of the fermentation test can be achieved 
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only when the examiner determines for himself the threshold values of 
the preservatives in current use under local conditions. Presumptive qualit
ative chemical tests which may serve as supplementary in cases where the 
fermentation test is not sensitive enough are Wade's (1933) test for chlorine 
compounds, the amidol test for formaldehyde and the Miller & Elliker 
(1951) test for quaternary ammonium compounds. Wade's test shows 
definite positive reaction with about 20 mg available chlorine per litre. 
It will react also with hydrogen peroxide. The amidol test is a reaction for 
aldehydes and is very sensitive. Positive results thus must be confirmed 
by specific chemical tests (distillate with chromotropic acid). Identification 
of preservatives of the aromatic acids group can be performed by means 
of paper chromatographic methods (see also American Public Health 
Association, 1960). 

Antibiotics 
Starter failures 

Soon after the introduction of antibiotic therapy in bovine mastitis, 
the dairy industry began to suffer from technical difficulties, especially in 
the manufacture of hard ripened cheese. These difficulties were due to 
the inhibitory action of antibiotics in the milk which prevented normal de
velopment of the starter cultures used in cheese-making. Since about 1947 
this problem has been extensively studied in many countries. The lactic 
acid bacteria of starter cultures (Streptococcus cremoris, Str. diacelactis and 
Leuconostoc citrovorum) are inhibited by various antibiotics at low levels. 
With the delay in acid production, the pH of the milk and the fresh curd 
remains high and favours vigorous growth of gas-producing coliform bac
teria that will spoil the cheese. Off-fiaYours develop, combined with faulty 
texture with large and irregular holes. When starter cultures are used in 
butter-making and in the production of buttermilk and sour-milk products, 
similar difficulties may arise. 

The inhibitory levels of some antibiotics against starter cultures in milk 
are approximately as listed in Table 1. 

I 

I 
I 
! 

TABLE 1 

INHIBITORY LEVELS OF CERTAIN ANTIBIOTICS AGAINST 
STARTER CULTURES IN MILK* 

i Inhibitory 

I 
Complete 

Antibiotic 

I 
level inhibition 

(per ml) (per ml) 

Penicillin (units) I 0.05 I 0.1 
I 

I 
Chlortetracycline (~g) 

I 

0.02 1.0 
Oxytetracycline (:J.g) 0.01 2.0 
Chloramphenicol (:.Lg) 0.20 

I 
10 

Streptomycin (:J.g) 
i 

0.04 10 

• After Overby, 1952 
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Public health aspects 

Public health authorities began to object to the presence of antibiotics 
in milk and dairy products. In particular, the observation of severe allergic 
reactions in humans after the administration of penicillin gave reason to 
suspect that penicillin in the milk supply might play some role in sensitiz
ing the human population and also in setting off allergic shock symptoms 
in sensitized individuals. A case report by Borrie & Barrett (1961) proves 
beyond doubt that penicillin in milk can produce remittent eczematous 
eruption in sensitized persons who drink such milk. The patient reacted 
severely to a dose of 15 units in a day. This represents only 500 ml of milk 
with a penicillin content of 0.03 units per ml. 

Today it is the general consensus that even slight traces of antibiotics 
in milk and food for human consumption should not be tolerated. 

Elimination of antibiotics in milk 

(1) After intramammary treatment: Antibiotics may be excreted after 
intramammary treatment as well as after systemic treatment or, for in
stance, intra-uterine application. By far the highest levels in milk are ob
tained when the drugs have been introduced directly into the mammary 
gland. Parts of the dose introduced are absorbed into the bloodstream or 
inactivated, but the main part is eliminated with the milk on subsequent 
milkings. In penicillin therapy it has been found that the concentration 
of the drug in the milk after treatment will decrease at an approximately 
exponential rate. When plotting the logarithms of the penicillin concen
trations, an approximately straight-line regression appears within the first 
10- to 12-hour period (Jepsen, 1950). For how long low-level residues will 
persist depends upon the type of preparation and especially upon the 
physical qualities of the solvent base used. The level of concentration and 
the total amount recovered in the milk vary widely within .individual cows, 
even when identical schemes of therapy are followed. Variations of from 
about 8 % to 80 % in the amount recovered have been recorded. On an 
average about 50 % of the total dose of penicillin introduced into the 
mammary gland will reappear in the milk, the main part in the first two 
milkings following treatment (Jepsen & Overby, 1951). 

(2) After systemic or intra-uterine treatment : When large doses are used 
for intravenous or intramuscular injections or in intra-uterine treatment, 
a limited excretion of the drugs may take place through the mammary 
gland. Milk from cows which have received 6 million units of penicillin 
intramuscularly (about 10 000 units per kg of body-weight) may contain 
0.1-1 unit per ml 12 hours after treatment, and 0.01-0.2 ml after 24 hours. 
In cows with low yields nearing the dry period, higher concentrations may 
be found (Hovmand & Overby, 1955). 
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Stability of antibiotics in milk 

Antibiotics follow the water phase of the milk; when whole milk con
taining antibiotics has been separated, a higher level of the drug will be 
found in the skim milk, and a lmver level in the cream. This is illustrated 
by the following figures: a whole milk containing about 6 % butterfat and 
2 unitsjml of penicillin was separated, and the skim milk contained 2.4 units 
per ml whereas the cream (about 50% butterfat) contained only one unit/ml 
(Jepsen & Overby, 1951). 

The stability of penicillin is known to be about maximal at the usual 
pH of milk, and it does not suffer any appreciable loss of activity through 
pasteurization. Momentary heating of the milk to 80cC likewise does not 
affect the biological activity of tetracyclines, chloramphenicol or strepto
mycin (Overby, 1952). 

Antibiotics have also been found in an active state in cheese, butter 
and spray-dried powdered milk. 

Preventive measures 

To prevent the contamination of market milk and milk products with 
antibiotics, the milk of treated animals (whether treatment has been intra
mammary or systemic) must be detained on the farm and not delivered 
to any dairy plant until mammary excretion of the drugs has ceased. It is, 
however, difficult to make a general statement as to the duration of the period 
during which the milk will contain residues of the drugs. In the USA the 
labelling of antibiotic drugs for treatment by the intramammary route is 
required to bear a statement that milk from treated cows must not be used 
for human consumption for at least 72 hours after treatment, unless the 
manufacturer has provided eYidence to the authorities that his drug will be 
eliminated from the milk within a shorter time. There are, however, drugs of 
which residues will remain for as long as 6 days. Table 2lists the duration of 
the period of elimination observed for various antibiotic drugs (Over by, 1955). 

TABLE 2 

DURATION OF PERIOD OF ELIMINATION FROM MILK 
OF CERTAIN ANTIBIOTICS 

Antibiotic 

Administered by intramammary route: 
Penicillin (aqueous solutions) 
Penicillin (ointment base) 
Penicillin (long-acting) 
Chlortetracycline 
Oxytetracycline 
Chloramphenicol 
Streptomycin 

Administered by intramuscular route: 
Penicillin 

Minimum number 
of days for which 
residues remain 
present in milk 

2 
4 
6 
6 
4 
3 
4 
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In Denmark since 1954 regulations have been in force to the effect that 
antibiotics for intramamll}ary treatment must be administered by veterina
rians only, and that the owner of the treated cows is responsible for the 
detention of the milk from the treated quarters for four days after intra
mammary treatment. The veterinarian must instruct the farmer accordingly 
and inform the dairy plant manager of the treatments performed. 

This system-which of course will work only with a disciplined and 
well-organized farming community-has proved very useful under Danish 
conditions. At present a revision of the existing regulations is under way 
which will also cover systemic treatment of milking animals with antibiotics, 
and will request manufacturers of pharmaceuticals to state the duration 
of mammary excretion of their products, because the duration of elimination 
actually varies a great deal with different types of preparation. The correct
ness of these statements will. be checked by the public health service, and 
it is to be expected that the once-popular long-acting formulae after this 
will disappear. 

To facilitate the detection of milk containing penicillin, Dalgaard
Mikkelsen & Folke Rasmussen (1957) suggested the addition of Green S 
(Food Green No. 4) as a tracer dye to penicillin preparations for intra
mammary treatment. With penicillin contents above 0.1 units per ml the 
milk shows visual discoloration. With lower concentrations (down to 
0.002 units per ml) a simple ion-exchange method for concentrating the dye 
is applicable as a platform test to be performed upon receipt of the milk 
at the dairy plant (Folke Rasmussen, 1961). 

Testing of milk for antibiotics 

Microbiological plate assay methods are used in screening milk samples 
for antibiotics. For details of technical procedures reference is made to 
Grove & Randall (1955) and Jensen (1959). It is interesting to note that 
certain strains of lactic acid streptococci (Str. saccharolactis) commonly 
present in pooled milk produce an antibiotic substance which also may 
cause inhibition of starter cultures and give false-positive results on testing 
milk for antibiotic residues. Except for the specific inactivation of penicillin 
by penicillinase enzyme employed as a control, there are at present no 
specific identification tests for antibiotics when present in milk in smail 
concentrations. Andersen & J0rgensen (1959) reported findings of Str. 
saccharolactis in infected udders and as a cause of clinical mastitis. They 
also frequently found the streptococcus in high-count pooled milk, and under 
favourable conditions of growth it will produce enough antibiotic to render 
the milk unsuitable for souring by starter cultures, and to effect distinct 
zones of inhibition on assay plates. No doubt this explains the findings 
reported by Jester, Wright & Welch (1959) in their survey of antibiotics 
in milk in the USA when they state " the antibiotic-like activity found may 
have been due to natural inhibitory substances that are sometimes present 
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in milk. These inhibitory substances often increase as milk ages. In fact, 
fresh milk that contains no measurable antibacterial activity when first 
tested, may develop such activity after it has aged. " Further references 
on antibiotics produced by lactic acid bacteria are given by Overby (1954). 
It seems necessary, therefore, to be aware of this source of error when mak
ing surveys of antibiotics in fluid milk. To prevent formation of the anti
bacterial substance from growth during incubation of assay plates with milk 
it is recommended that high-count milk should be submitted to a heat 
treatment before assay (61 °C for 30 minutes). 
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HYGIENIC CONTROL OF DAIRY EQUIPMENT 

E. B. RICE, Dip. Ind. Chem., M.A.I.A.S., M.I. Bioi.* 

Objectiws and ~'lethods of Control 

The primary objective of hygienic control of dairy equipment is to 
ensure the consistent daily turn-out of safe and clean products which com
ply with pure-food and public health Jaws. A secondary and commercially 
important aim is to preserve the keeping quality of dairy products and 
so enhance consumer confidence in them. 

An integral part of a dairy is the laboratory. Continuous testing is 
necessary for many purposes, including equipment hygiene. Bacteriolog
ical standards of dairy products can be maintained only if the raw product 
is of good bacteriological quality and is protected against contamination 
from the equipment with which it comes in contact during all stages of 
processing. 

In recent years there has been a strong trend towards dairies with large 
throughputs. This has been conditioned by two influences. Firstly, offi
cially supervised pasteurization of milk is now acknowledged to be necessary 
to obtain a safe milk of good keeping quality for human consumption; 
this is now largely a problem of supplying such milk from raw bulked 
supplies received from many farms. Secondly, in order to reduce process
ing costs, larger dairies are replacing those with smaller outputs. A modern 
dairy should be designed and equipped for economic and hygienic efficiency 
because of the complex machinery and equipment now required for the 
treatment of milk and milk products. 

Many factors may influence the maintenance of dairy equipment in 
a hygienic condition; the most important are the dairy buildings, the ma
terials and construction of the equipment, personnel, \Vater supply, cleaning 
procedures, and laboratory control. It is quite impossible to place these 
points in order of importance, efficient control of equipment hygiene being 
dependent on proper attention to all factors. 

*Director of Dairying, Department of Agricu~ture and Stock, Brisbac.~, Queensland, Australia. 
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Dairy Building!' 

It has been well established that certain structural and other require
ments must be insisted on for dairy buildings if the desjred hygienic stan
dards are to be consistently maintained under commercial conditions (see · 
Appendix, page 492). Dairy buildings designed and equipped for functional 
efficiency, includinghygiene, also aid in saving time, reducing labour and 
other operational costs and facilitating the turn-out of products which 
comply with legally prescribed bacteriological quality standards. 

Structural requirem~nts 

From the viewpoint of hygiene, the following may be regarded as essen-
tial principles for structural requirements. , 

Floors must be constructed of material impervious to water, smoothly 
finished, effectively sloped and efficiently draintb'd by means of tile drains 
(or other approved drains), to enable water to be quickly removed. 

The walls should be of adequate height (at least 14ft (4 m) in rooms used 
for processing), and have smooth, cleanable surfaces, which should prefer
ably be of vitreous tiles or cement plaster finish up to a minimum height of 
6 ft (2 m). The ceilings should be smooth and have a light-coloured surface. 

In the processing sections, all doors should be self-closing and windows 
and other external openings should be screened to give protection from 
insects and vermin. 

Lighting, whether natural or artificial, should be sufficient for the pur
pose for which the room is used. However, dairy products must be pro
tected from direct sunlight, which causes their spoilage by the oxidative 
effect of the ultraviolet rays. 

All rooms must be well ventilated for the purpose of reducing odours 
and condensation of moisture. 

The milk~ and cream-reception platform or area should be separated 
from the processing section. Separate rooms should be provided for the 
different stages of treatment. If this is not possible the washing of cans 
and bottles should be carried out quite separately from the processing 
room so as to avoid the possibility of contamination of products and of 
equipment. In multiple-product dairies, each product should be treated 
in separate rooms or on separate floors. 

Other requirements 

Special mould-resistant gloss paints should be used for interior painting, 
which should be done as often as is necessary to maintain effective sanitation. 

Adequate hand-washing facilities, fitted with running water, should be 
provided in processing rooms. 

Sufficient water-closets (preferably sewered or of a septic-tank type) 
should be provided, and any room in which they are situated must not 
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open directly into any room which is used for processing, handling or 
storing dairy products. If earth-closets are used they must be detached and 
situated at least 20 feet (6 m) away from the main building. 

All buildings should be kept in good repair and the surroundings in a 
clean and tidy condition. 

All rooms used for storage of factory requisites or dairy products should 
be kept clean and tidy, as untidiness there predisposes employees to careless 
hygienic practices in the processing sections of the dairy. All ingredients 
used in dairy products and all packaging materials should be stored therein 
so as to be kept clean and dry, and should be handled in such a way as 
to avoid contamination. 

The yc>.rds should be paved, especially where they provide access for 
vehicles, and well drained. 

The planting of lawns, shrubs and garden beds in front of a dairy adds 
appreciably to appearance and stimulates pride among employees, with 
a bendicial attitude to the performance of their duties. 

Cleaning 

In order to avoid odours which may be absorbed by milk products, 
or contamination of equipment from milky residues, all floors of milk 
reception and processing rooms should be cleaned after their daily use. They 
should be first hosed down to remoYe remnants of milk, then, if necessary, 
a detergent solution should be swept over them with a stiff broom, and 
finally they should be hosed with hot water. Drains and sumps should 
receive similar treatment. Floors and drains should be flushed clean by 
hosing with water as often as may be necessary during the daily operations. 
Cheese-factory floors must be protected from the destructiYe effect of lactic 
acid formed in the whey by ejecting the whey directly from the cheese
making vat to storage, or running it into a stainless-steel-lined or tile 
drain and then pumping it to storage. 

Personnel 

The compliance with hygienic and aesthetic standards in the dairy 
factory is, in the final analysis, dependent on the human element. Each 
employee, from top management to the most junior operative, has his role 
in the fRctory sanitation programme, and carelessness at any stage may 
cause quality deterioration of products or endanger the health of consumers. 
Legal action against the dairy may also result from neglect of hygiene. 

Personal hygiene 

Provisions regarding personal hygiene of employees are contained in 
all legislation dealing with milk treatment. 
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Employees should wear clean washable clothing-insistence on white 
overalls and caps for processing staff is desirable-and be of clean per
sonal appearance and habits. 

Employees should be compelled to wash their hands after visiting the 
toilet or whenever they become otherwise soiled. The importance of the 
supervision of this aspect of employee hygiene cannot be overemphasized. 

Smoking and expectorating should be forbidden in dairy premises. 

Education 

The most effective way to encourage good plant hygiene is by education 
of employees, at the appropriate levels, in the principles of hygiene. A 
prerequisite for effective enforcement of sanitary laws is that staff should 
be trained to appreciate and understand the scientific principles upon which 
such laws are based. Each person engaged in some aspect of plant cleaning 
should therefore be carefully instructed and trained as to his particular 
responsibilities. 

In many countries employees who perform skilled work in dairy factories 
must possess relevant certificates of competency which are issued after 
examinations in the theory and practice of the respective subjects h"3.ve been 
successfully passed. The principles and methods of dairy hygiene should 
always be included in the subject matter to be studied. 

Written instructions 

Printed or typed instructions are useful in promoting the desired clean
ing or other hygienic procedures if they are placed conveniently near parts 
of dairy premises or equipment to which they specifically refer. One printed 
instruction which should be obligatory is a sign or card in lavatories or 
toilets directing employees to wash their hands before returning to work. 

Liaison with laboratory 

The staff responsible for the cleaning and bactericidal treatment of dairy 
equipment are, in conjunction with the laboratory staff, the key personnel 
in the factory hygiene programme, and there must be the closest liaison 
between them. 

Water Supplies for Cleaning Equipment 1 

General considerations 

A plentiful supply of water is essential at a dairy for such purposes as: 
(1) cleaning equipment and washing floors; 
(2) washing of milk or cream from vats and washing butter during the 

manufacturing process; 

1 See also chapter by Clark, page 499. 
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(3) steam raising; condenser, engine, compressor and vacreator-jacket 
cooling; cream or milk cooling: production and maintenance of vacuum 
for processing, etc. 

Tay1or (1935) has given details of the large quantities of water used in 
dairies. 

Water used for cleaning equipment should be of potable quality, reason
ably soft to ensure economy in the use of detergents, and non-corrosive to dairy 
equipment. An even more rigid bacterio1ogical quality is desirable for 
the water used for final cold-water rinsing of milk bottles and chilling of 
butter churns preparatory to churning cream in order to avoid contamina
tion from bacteria \Vhich may cause quality spoilage of dairy products. 
For the washing of floors and for uses mentioned under (3) above, an altern
ative supply not satisfying such rigid bacteriological quality may be used. 

Quality of waters used for cleaning equipment 

The bacteriological standard recommended by the Ministry of Health 
for England and Wales (1939) for non-chlorinated domestic water supplies, 
which meets sanitary requirements for dairy products and cleaning dairy 
equipment, is: 

Class 1: Highly satisfactory 
Class 2: Satisfactory . 
Class 3: Suspicious 
Class 4: Unsatisfactory 

Presumptive coliform count 
per 100 ml 

less than 1 
1 to 2 
3 to 10 
greater than 10 

Throughout the year 50~~ of the samples should fall into Class 1, 80% should 
be Class 1 or 2, and the remainder should not fa11 below Class 3. All 
chlorinated supplies should be of Class 1 standard. 

When the quality of a supply falls to Class 3, it is usual (a) to make 
a more detailed bacteriological examination in order to define the types of 
coliform organism present, and (b) to search for and eliminate possible 
causes of pollution. 

Few (1958) has described the treatment and mentioned a suggested 
standard for producing water of suitable bacteriological quality for purposes 
such as the washing of butter and the final rinsing of milk bottles. The 
standard recommended is not more than 100 inert bacteria per m1 and 
freedom from coliforms. 

Even if the bacteriological quality is satisfactory, hard waters will 
impair the cleaning of equipment through the formation of milkstone, and 
may cause faulty operation of some equipment, such as can and bottle 
washers. Water-softening agents can be included in the detergents used 
for cleaning equipment. This practice is usually uneconomic for waters 
other than those of low or moderate hardness. For harder waters, treat
ment by a conventional softening method should be considered. The 
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decision in this respect, although sometimes dictated by necessity, is also 
largely an economic one. All potential sources of supply should therefore 
be carefully examined and the quality of the available water supply may, 
in fact, largely determine the location for a dairy. 

Sources of water supply and suitability for cleaning 

Sources of water which may find application for one factory use or 
another are: 

(1) surface water, including sea, rivet, creek, lagoon or artificial dam; 
(2) underground water, such as from artesian or sub-artesian bores or 

wells; 
(3) town supply mains where such exist; 
( 4) rain-water collected from factory roofing and from that of out

buildings. 

The composition of samples of water from these different sources will 
vary considerably, both chemically and bacteriologically, and, always 
subject to the necessity imposed by the supply available, every care should 
be taken to select the water most suited for the use intended. 

Of the surface waters, sea-water has no application for cleaning pur
poses. Supplies which are obtained from rivers, creeks, lagoons and dams 
often are not unduly hard, but usually require filtration or chlorination 
(sometimes after prior clarification or sedimentation to remove suspended 
matter) to make the)ll of satisfactory quality for dairy hygiene. 

Underground waters from deep bores or deep wells vary from very 
soft to very hard and so often need softening. Mostly they are of satis
factory bacteriologidtl quality for cleaning equipment. Well waters, which 
are from shallower depths, may be seriously contamined from surface 
seepage; filtration or chlorination is therefore usually necessary before they 
are suitable for cleaning equipment. 

Water from a municipal supply, which is subject to supervision by an 
approved laboratory, will invariably be of satisfactory bacteriological purity, 
but not infrequently contains sufficient hardness to necessitate its softening, 
or its use with detergents specially formulated to soften or sequester calcium 
and magnesium salts, to make it satisfactory for some cleaning operations 
in a dairy. 

Rain-water is very soft, but the small quantity which can be conserved 
at a dairy limits its application for cleaning. 

Treatment of waters 

Most waters for use in dairies require treatment for one or more reasons
the removal of suspended matter, softening to remove chemical hardness, 
and filtration or chlorination to make them of satisfactory bacteriological 
quality. It is outside the scope of this chapter to give details of water 
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treatment. Moreover, the requisite treatment, while often following a 
well-recognized technique, is essentially an individual matter for the par
ticular water concerned. Therefore, expert advice should be obtained 
before any system of water treatment is installed at a dairy. 

Factory storage of 1rater 

Several species of bacteria of water ongm, which are not of public 
health significance but deleterious in dairy products, multiply at low tem
peratures, such as prevail in cold water storage tanks at dairies. Regular 
periodic emptying and cleaning of these tanks is necessary to avoid con
tamination of products from equipment rinsed with such water. 

Storage of adequate capacity for the hot water requirements of a dairy 
should be provided. The recovery of waste heat can reduce the costs of 
heating such water. 

Water supplies for dairies and their treatment are dealt with at some 
length by McDowall (1953) and DaYis (1955). Thresh, Beale & Suckling 
(1949) deal comprehensively \Vith the examination and treatment of waters. 

Hygienic Aspects of "Ctensils and Equipment 

A number of factors govern the suitability and choice of the specific 
metals or other materials used in the construction or manufacture of uten
sils and equipment, depending on the purposes for which they are used in 
dairies. They are strength, thermal conductivity, tainting of dairy pro
ducts, toxicity, fabrication problems, cost, and insolubility in milk, deter
gents or chemical sterilants. Ho,vever, one consideration from which 
there can be no departure is that dairy utensils and equipment must satisfy 
the essentials for good hygiene. 

Hygienic essentials 

All utensils and equipment with which milk or milk products come into 
contact, and multi-use containers-for instance, milk and cream cans
must be made of smooth, impervious material which is resistant to corrosion 
by milk and milk products, as well as by detergents and bactericides at the 
concentrations and temperatures used for their cleaning. Their design must 
be such that they are capable of being easily and thoroughly cleaned. All 
metal joints and seams must be finished with a smooth surface, and all 
equipment must be kept in good repair. 

Equipment must be so located in the dairy as not to interfere with effective 
cleaning. 

Materials used 

Stainless steel has become the most widely used metal for dairy equip
ment. It is very durable and can be polished to a very smooth surface. 
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It is highly resistant to corrosion by alkaline and weak acid detergent solu
tions, but is attacked by strong (other than dilute nitric) acid and chlorine 
sterilant solutions and brine. 

Steel and copper with a well-tinned coating are still commonly used, 
although the trend is strong for their replacement by stainless steel equip
ment. The tinned surface is attacked by alkaline and acid solutions, and 
if it becomes broken or worn off, thereby exposing the base metal, corrosion 
of the latter will soon result and hygiene will be impaired. Dissolved 
oxygen in cleaning solutions promotes the attack of the tinned coating, 
but the inclusion of sodium sulfite in detergents eliminates the dissolved 
oxygen and protects the tinning. 

Mild steel is used in can- and bottle-washing machines. It resists 
alkaline detergents, but scale forms on the surfaces exposed thereto owing 
to precipitated mineral salts, and acid used for periodic descaling must be 
inhibited to prevent corrosion. 

Aluminium or aluminium alloys are used for some storage vessels, 
road milk tankers, cans and milk bottle caps. They can be brought to a very 
smooth surface and are of light weight, but soft. Aluminium is readily 
attacked by alkali and acid solutions. Sodium silicate, which protects 
it against corrosion, must be included in alkali detergents used for cleaning 
equipment made of this metal. Acid detergents cannot be used. 

Coatings of glass and vitreous enamel, sometimes rniscalled " glass 
enamel ", are now seldom used on dairy equipment. They give very 
smooth surfaces which help in ease of cleaning, but are rather easily damaged 
and difficult to repair. Effective cleaning of a damaged surface is well
nigh impossible. Glass is inert to dairy detergents, but vitreous enamel 
is attacked by strong caustic alkalis. Because of cheapness, glass milk 
bottles easily maintain top place for a retail package for milk despite the 
obvious sanitary advantage of a single-service paper container. A recent 
development, which can be expected to become widespread, is the use of 
Pyrex glass for piping. It is cheaper than stainless steel and well suited 
for equipment cleaned by the "in-place" method. 

Despite its porosity, which makes cleaning and bactericidal treatment 
difficult, wood was until recent years the only material used for the barrels 
of butter churns, as the butter .stuck to barrels made of the metals previous
ly available. This disadvantage has been overcome with the advent of 
stainless steel, which isfast.replacing wood for churn barrels. 

Natural or synthetic rubber, which is used for gaskets on sanitary piping, 
between the plates of plate-type pasteurizers and in bottle fillers, absorbs 
milk fat, which leads to its deterioration. It withstands detergents and 
chlorine solutions at the concentrations and for the short times used in 
cleaning routine, but is affected by steam sterilization. It must be re
placed as often as necessary in order to prevent the contamination of dairy 
products which is inseparable from soft, fat-penetrated or perished rubber. 
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Cloth, made of cotton or nylon, is extensively used in dairy equipment, 
chiefly for filtration purposes. Cotton filters are often of the single-service 
type, but any re-usable cotton cloth must be carefully washed by hand. 
Nylon filters require careful hand washing after each use. 

Packing-glands, which are used in equipment such as butter churns, 
pumps and homogenizers, may cause serious contamination of dairy pro
ducts unless they are repacked periodically. 

Sanitary piping 

Sanitary piping is used in all dairies as a means of conveying milk or 
cream from one piece of equipment to another, either by gravitation or 
by pumping. Nowadays stainless steel or Pyrex glass is chiefly used for its 
construction. All joints must be leak-proof. In dairies where piping is 
dismantled daily for cleaning, the lengths of pipe should be not more than 
6 feet 6 inches (2 m), so that they may conveniently fit into a cleaning 
trough. Piping must be erected with sufficient slope to permit self-drain
ing of cleaning fluids. The installation of stainless steel and Pyrex glass 
piping which can be cleaned and sterilized, without daily dismantling, by 
circulation of acid and alkaline detergent and chemical sterilants is making 
headway and reducing labour costs. 

Milk-cocks, bends or taps on piping or other equipment, and sanitary 
pumps for pumping of milk and cream, must be so designed as to permit 
ready, complete dismantling of all component parts for cleaning. 

Sanitary standards 

Detailed specifications for many items of dairy equipment to ensure 
construction conforming with requirements for sound hygienic practices 
are laid down by the International Association of 11ilk and Food Sanitar
ians of America (Flake, 1 959) and the British Standards Institute (B. S. 
3756.1956). They merit close study by all concerned with the hygienic 
control of dairy equipment. It is stressed, however, that any statutory 
control must be based upon the stage of development of the dairy industry 
of a country. This does not imply that undue leniency is warranted, but 
controlling authorities should not permit the use of equipment which is 
difficult to clean. 

Fundamental Principles in Cleaning and Sterilizing of Dairy Equipment 

All utensils and equipment which are used for the treatment or storage 
of dairy products must be thoroughly cleaned after each time of use, and 
this must be follmved by suitable bactericidal treatment. These simply 
stated requirements are, howewr, often not easily fulfilled in practice 
because of the complexity of some equipment installed in modern dairies and 
the nature of the soiling material. 



466 E. B. RICE 

Definitions 

Sanitation of dairy equipment depends on two distinct operations
cleaning and sterilization. They are complementary procedures each of 
which must be efficient to achieve the desired end result, which is to leave 
surfaces free from milk residues and as nearly as possible free from viable 
bacteria. 

Cleaning removes by physical means the residues remaining on the equip
ment after use. Thorough cleaning must precede sterilization. 

Sterilization destroys bacteria which remain after cleaning. 
In actual practice the two procedures overlap to some extent, as during 

cleaning a high proportion of bacteria are destroyed and others removed 
in the detergent solution. 

The soiling material 

This may consist of: (a) residues of milk or milk products, which are 
in a liquid or dried state (often heat-hardened); (b) deposits resulting from 
a mixture of mineral constituents precipitated from hard waters and heated 
milk residues, called milkstone, which adhere tenaciously to the equipment 
and are hard to remove; and (c) miscellaneous foreign matter. 

Usually more than one form of soiling material has to be dealt with in 
the routine operations of cleaning in dairies; 

Basic routine and o~jectives 

There are four basic steps in the cleaning and sterilizing of dairy equip
ment. 

(1) Rinse as soon as possible after use with cold or lukewarm water. 
This is to remove most of the residues while they are wet and soft and to 
economize in the use of detergents. If milk residues are left to dry on 
equipment the dry film is more difficult to remove. Possibly the most · 
suitable temperature of a rinse water is about ll0°-ll5°F (about 43°-46°C), 
which is warm enough to liquefy the fats but not hot enough to denature 
the proteins. 

(2) Wash with a hot solution of a suitable detergent. This is to remove 
residues remaining on the surface, and is achieved through the various 
properties of detergents. 

(3) Rinse with hot water. This is to compu;:te the removal of the surface 
flm of detergent and dispersed soiling material. 

(4) Sterilize by an approved method. This is to destroy bacteria re
maining after cleaning, thus ensuring that risk of bacterial contamina
tion of milk or milk products is eliminated when the equipment is again 
used. 
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Properties of detergents 

The properties which may be required in dairy detergents are: 

(a) softening of water to prevent deposition of insoluble salts on heating or 
when mixed with alkalis which would form milkstone on the equipment; 

(b) improving the wetting power of water in order to facilitate cleaning; 
(c) emulsifying the fat residues into small globules to prevent them from 

settling on the equipment when the cleaning solution is being run to waste, 
and saponifying them to facilitate cleaning; 

(d) dissolving the proteins which makes their removal easier; 
(e) sequestering calcium and magnesium salts in hard waters to convert 

them into complex soluble salts, thus preventing them from being pre
cipitated, mixing with milk residues and forming milkstone on equipment; 

(f) dispersing undissolved soiling material by keeping it in suspension 
in a finely divided state; 

(g) improving the rinsability so that a residue-free and film-free surface 
is left before sterilizing the equipment. 

Detergents used in dairies 

Detergents used in dairies must be non-toxic, non-tamtmg to dairy 
products, non-irritant to workers (particularly if used for cleaning equipment 
by hand), and must have minimum corrosive effect on equipment. 

The kinds of residue to be removed, the materials used for construction 
of various pieces of equipment and the hardness of waters all vary appre
ciably in different dairies. No all-purpose dairy detergent has yet been 
compounded and, in order to attain the desired properties for specific 
cleaning operations, most dairy detergents are formulated from two or 
more compounds. The strength of the detergent, temperature used, con
tact time and means of application haw also to be varied according to 
the nature and extent of the soiling material, cleaning procedure, and kind 
of equipment. 

The detergents used in dairies fall into two main groups-alkaline and 
acid. 

Sodium hydroxide (caustic soda), sodium carbonate (soda ash), tri
sodium phosphate and complex polyphosphates and sodium metasilicates 
are the main constituents of alkaline detergents. ~fany such detergents 
have special constituents added to them for purposes such as protecting 
against corrosion of metals, impro.-ing their \Vater-softening power, or 
improving their wetting power. 

The accompanying table sets out the principal properties of the com
monly used alkaline detergents. 

The acid detergents are nitric acid, phosphoric acid, citric acid, tartaric 
acid, gluconic acid and urea nitrate. They possess few of the desired 
properties of a detergent, but are effective in preventing the deposition 
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PRINCIPAL PROPERTIES OF COMMON DETERGENT CONSTITUENTS * 

Emulsi· Steril-

I 

Scale Solution Lubri-
Constituent tying Rinsing izing preven- Wetting of milk eating 

tion solids power 

Sodium carbonate Fair Fair Fairly Poor Fair Fairly Poor 
good good 

Sodium metasilicate Good Fairly Good Fair Fairly Good Bad 
good good 

Trisodium Fair Good Weak Good Fairly Fairly Poor 
phosphate good good 

Sodium Good Very Nil Excel- Good Poor Poor 
hexametaphosphate good lent 

Sodium hydroxide Fair Poor Very Poor Poor Very Very 
good good good 

*Reproduced, by kind permission, from Davis (1948) 

of hardness constituents from water§ and m removing milkstone from 
equipment. They are corrosive to metals and in most dairies are used 
only at intervals to remove milkstone which may have built up on equipment. 
Acid detergents are often inhibited against their corrosive effects. 

Sterilizing methods 

Complete sterility of equipment is unattainable in commercial dairy 
practice. Near-sterilization, "commercially sterile", sanitization, and bac
tericidal treatment are terms which more properly describe the practical 
result achieved, which is the destruction of all but a few inert bacteria and 
bacterial spores. The agents by which this is accomplished in dairies are 
steam, boiling water or chemical sterilants. However, milk bottles are 
sterilized by the hot strong caustic soda solution, which is the basis of the 
detergent mixtures used in bottle-washing machines. It cannot be too 
strongly reiterated that, irrespective of the sterilizing agent employed, the 
equipment must first be thoroughly cleaned. On improperly cleaned 
equipment there will be a protective film which will prevent efficient des
truction of the contaminating bacteria. 

Steam 

Steam is a very efficient sterilizing agent by virtue of its latent heat of 
condensation. Only two variables are involved in its application-time 
and temperature. This is in contrast with chemical sterilization, the effi
ciency of which depends upon a number of variables. Sterilization by 
steam is effected by jetting or in an enclosed compartment. The first 
method is suitable for pipelines and cans, while the second is more suit
able for small parts. In steaming pipelines the end of the line where the 
steam is injected must be blocked off so that air cannot be drawn in with 
the steam and couplings must be slackened to avoid buckling on expansion. 
If air is sucked in at this point the temperature inside the line is greatly 
lowered. For thorough line sterilization by this method the steaming 
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should be continued for 10 minutes after the exhaust steam at the distant 
end reaches 210°F (98.9°C). 

Steaming in an enclosed compartment is sometimes done with the com
partment completely closed. This is the autoclave principle, for which the 
compartment must l::e strongly constructed to withstand the pressures built 
up. Usually 15 pounds pressure per square inch (1.05 atm.) for 15 minutes 
is maintained. Some milk factory autoclaves have been designed to take 
lengths of pipeline plus all fittings. This is the ideal method, which achieves 
absolute sterility, but the necessary plant is fairly costly. 

The steaming is more commonly done in a chest which has a steam 
escape vent and which consequently never comes under pressure. Practical 
sterilization of a tank or chest full of equipment can be achieved by con
tinuing steaming for 10 minutes after the temperature of the contents of 
the compartment have reached 210°F (98.9°C). 

Boiling water 

Boiling water has one advantage over steam in that it has a considerable 
flushing effect. HoweYer, it is bulky compared with steam for any given 
amount of heat to be transferred. The water must be near boiling-point 
as the destructive effect on bacteria declines rapidly at lower temperatures. 

After heat sterilization equipment should be allowed to drain and dry. 
Bacteria cannot grow without moisture. 

Chemical sterilants 

Various chlorine compounds were the only chemical sterilants used 
in dairies for many years. Recently other chemical sterilants such as 
quaternary ammonium compounds and the iodophors, which are also 
surface-active and thus have detergent effects, have come into use. However, 
these new sterilants are not yet widely employed and are not officially 
approved in some countries. Chemical sterilization differs from steam 
and hot water, which achiew bacterial destruction by heat alone. Chlorine 
and iodine destroy bacteria by inactivation of specific enzyme systems 
essential for their respiration, while with quaternaries the bactericidal 
effect appears to depend partly on this and possibly also on interfering 
with cell surface activity. Further fundamental \vork is required fully 
to elucidate their bactericidal action. All chemical sterilants function well 
in cold water. For effective sterilization the solution must be of the correct 
strength and have adequate time of contact with the surface of the equip
ment. The pH of the solution is also important, but practical considera
tions often preclude use at optimum pH. 

Chlorine sterilants 

Chlorine sterilants are very corrosiw to aluminium and copper and to 
alloys of these two metals. Tinned surfaces are also attacked if the 
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contact time is long, but stainless steel is not affected if recommended 
procedures for sterilizing are carefully followed. Corrosion by chlorine is 
increased by higher temperatures and concentrations. For this reason hot 
chlorine rinses should be avoided and the concentration of chlorine should be 
kept to a level recommended for a specific purpose. Hypochlorites should 
never be mixed with acids because of the danger from the toxic gases which 
result. If scrupulous care is exercised in following recommendations for 
use, tainting of dairy products by chlorine sterilants should not occur. 
Chlorine rinses have poor wetting power, but this can be improved by 
including a wetting agent. In order to avoid corrosion, equipment should 
generally only be treated with chlorine sterilant solutions immediately prior 
to use. 

One or more of the following methods of application can be used accord
ing to the equipment to be sterilized. 

(1) Circulation: Pumps, pipelines and coolers can be sterilized by 
circulating a solution of 200 parts per million (p.p.m.) for 5 minutes. 

(2) Immersion: Small items can be immersed for 5 minutes in a bath 
containing a 200-p.p.m. solution. 

(3) Brushing: Cheese-vat surfaces and agitators, weighing vats and 
similar open vessels can be brushed with a 400-p.p.m. solution. 

(4) Spraying: Large open holding vats can be sprayed with a 300-p.p.m. 
solution, allowing 5 minutes' contact time with the surfaces before rinsing 
off with clean water. 

(5) Fogging: Closed vats and tankers can be fogged with a 500-p.p.m. 
solution atomized with special equipment to give a fine mist which settles 
on the surface and is then rinsed off with clean water. 

Exceptions to the above general methods are the cleaning of butter 
churns and the treatment of water. An alternative to hot water for the 
treatment of churns before cream is churned is to run into the churn 50 
to 100-p.p.m. gallons (225-450 1) of water containing 100-p.p.m. available 
chlorine and revolve for at least 10 minutes, or a 200-p.p.m. concentration 
for 5 minutes. A churn which is not clean or is in poor repair cannot be 
sterilized by a chlorine solution. In the treatment of water, sufficient 
chlorine should be added to give a residue of 0.3-0.5 p.p.m. as judged by 
the orthotolidine test (American Public Health Association, 1960b; Houghton, 
1950) at the point of use. Different waters and reticulation systems use up 
varying amounts of the chlorine, and hence the original dosage cannot be 
specified. A turbid water must be filtered or the sediment otherwise re
moved before chlorination. Thorough agitation of the water during 
chlorination is important. This makes it impossible to get the best results 
if settling and chlorination are performed in the one tank. 
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Quaternary ammonium compounds 

There are numerous quaternary ammonium compounds which differ 
markedly in their respective bactericidal efficiencies. All are non-corrosive, 
colourless, odourless, non-irritant to the skin, and less affected by organic 
matter than hypochlorites. However, the bactericidal efficiency is greatly 
reduced in hard \Vaters, but this can be overcome by including a sequester
ing agent or non-ionic wetting agent. They are incompatible with anionic 
wetting agents. They are more specific in their effect on different bacterial 
species than hypochlorites, and the pH of the solution affects them more 
than it does hypochlorites. They have a bacteriostatic action on treated 
surfaces of equipment. Resuggan (1951) deals with their chemistry, phy
sics, bacteriology and industrial application. 

Iodophors 

The use of these sterilants is still in the experimental stage and is mainly 
confined to the USA and Canada. They are not yet available commercially 
in most countries, but considerable research is taking place with them in 
many countries. They depend for their bactericidal effect on the liberation 
of free iodine. They are prepared from iodine and a non-ionic wetting 
agent. The properties of the iodophors are rather similar to those of 
chlorine compounds, but they are non-corrosive to equipment, and more 
stable in the presence of organic matter. The temperature of the solution in 
most cases should not exceed l20°F (or about 50°C) to avoid staining 
of equipment by liberated free iodine. 

Influence of detergents and chemical sterilants on milk quality 
and milk products 

With careful use of appropriate methods negligible residual quantities 
of detergents and chemical sterilants, in the strengths used for treatment of 
equipment in dairies, should gain access to milk. Nevertheless, the public 
health and technological implications cannot be ignored. Swartling (1959) 
has review·ed this subject. Provided every care is taken to drain equipment 
after treatment, residual quantities would appear to be harmless to human 
health and no technological problems should arise, but precautions must 
be taken to avoid their intentional or unintentional addition to milk. It 
may be mentioned that in most countries negligence in their use would 
render an offender liable to legal proceedings for adulteration of milk. 

Cleaning and Sterilizing of Equipment in Dairy Practice 

A plan should be evolved and the necessary facilities provided for 
the cleaning and sterilizing of equipment to ensure that this important work 



472 E. B. RICE 

is carried out efficiently and economically, consistent with the objective of 
producing safe, high-quality products. The mental approach to the work 
is also important, and in this regard employees should be trained in the 
techniques and instructed in the reasons for the various operations they 
perform. 

Methods of cleaning certain equipment are often specified by the manu
facturer, and alternative methods should be followed only after expert 
advice has been obtained. Manufacturers of detergents and chemical 
sterilants, too, often supply detailed instructions for particular detergents, 
concentrations of solutions and cleaning procedures recommended for 
various kinds of equipment. The British Standards Institute has made 
recommendations for specific cleaning operations for much of the equipment 
in dairies (B. S. 3756, 1956), but sterilizing or bactericidal treatments are 
not included. 

Milk- and cream-cans 

If cans are washed manually in small dairies, first rinse them with warm 
water, scrub both inside and outside with a warm mild detergent solution, 
rinse with hot water, place over a steam jet for two minutes and invert to 
drain and dry. 

Rotary can-washing machines (see Fig. 1) provide for several operations 
to take place in a number of compartments (usually five). The compart
ments each hold a can and lid, and rotate until the can is removed at the 
site where it entered. The machine may be either manually or automat
ically operated. As the compartments rotate the cans and lids come oppo
site jets which spray the inside and outside of the cans. A cold or luke
warm water rinse for milk-cans or steam-jetting for cream-cans is followed 
by hot detergent solution (160°F; 71°C), hot water (190°F; 88°C), steam 
and hot-air-jetting. 

In straight-through machines the cans and lids are usually carried 
through by means of a ratchet drive which moves them through jetting 
sequences, with draining pauses between each jetting. A common sequence 
is cold or lukewarm water rinse, hot detergent jetting (160°F; 71 oq, hot
water-jetting (190°F; 88°C), steam-jetting, hot-air drying (230°F; ll0°C). 

Where the water used for can-washing machines is moderately soft, a 
detergent based on soda ash and sodium metasilicate gives satisfactory 
results. If the water is hard a sequestering agent should be added to the 
detergent solution. It is important to maintain the strength of the deter
gent solution by periodic additions of detergent during operation. Pro
vision for automatic feeding-in facilitates this work. The prescribed tem
peratures of solutions and the steam supply must be maintained for efficient 
operation of can washers. Cans should leave the machine in a dry con-· 
dition. The jets need periodic attention to avoid blockage. The tanks 

· should be emptied and cleaned daily. 
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FIG. 1 

ROTARY CAN WASHER 
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Mechanical aspects of can washing are discussed by Briscoe (1947) and 
bacteriological aspects by Scarlett (1947). McDowall (1953) also deals 
exhaustively with can washing. 

Open vats or vessels 

These are used for weighing, dumping, balancing, neutralizing cream, 
cheese-making, etc. (see Fig. 2, 3). After use, they are hosed out with 
cold or warm water, which is run to waste. The outlet valves are closed, 
and about 50 gallons (2251) of warm water, to which is added about 2 pounds 
(1 kg) of general-purpose detergent, are let in. The internal surfaces and 
any covers and strainers are scrubbed with a long-handled brush, and if the 
vessel is fitted with coils they are set in motion and scrubbed with a brush. 
The outside is then scrubbed with this solution and, as it is draining away, 
the outlet valves are cleaned. The vat is rinsed with hot water and allowed 
to drain and dry. It is sterilized just before re-use by brushing or spray
ing with a 200-p.p.m. chlorine solution. Sterilization of a weighing or 
dumping vat is often done in conjunction with pipelines and other equip
ment by placing a chlorine solution in the vat and pumping it through the 
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FIG. 2 

CHEDDAR-CHEESE-MAKING VAT 

assembled pipelines to other equipment such as separator, homogenizer, 
ice-cream freezer, surface cooler, bottle filler, according to the type of dairy. 

Closed storage and transport tanks 

Milk residues are rinsed off from the whole surface by hosing with 
cold or lukewarm water and draining. An employee then enters and 
scrubs the surface, as well as any parts which can be dismantled, with a 
mild detergent solution which must be of a type suited to the material used 
for the interior surface of the vessel, which may be stainless steel, aluminium 
or vitreous enamel. Residual detergent is flushed out by hosing with cold 
or warm water. Spray cleaning is displacing manual cleaning of this 
equipment. 

Sterilization is most conveniently done just before re-use by fogging the 
inner surface with a 200-p.p.m. chlorine solution, and rinsing it off with 
pure cold water. 

Pipelines 

Pump through a cold or lukewarm water rinse, dismantle, place each 
pipe in a trough containing a general-purpose detergent solution and soak 
for 20 minutes or longer. Brush through with a pipeline brush, which 
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FIG. 3 

DUMPING VATS, SURFACE COOLER, HOLDING TANK, BUTTER CHURNS AND 
OTHER EQUIPMENT IN BUTTER FACTORY 
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should be long enough to be pushed completely through the length of pipe 
and have a brush-head of the same diameter as the internal bore of the 
pipe. Next rinse thoroughly with hot water. If not reassembled after 
cleaning, place the pipes on a rack to drain and dry. 

Just before next use, sterilize the reassembled pipelines \Vith steam 
(slacken couplings of pipes to avoid distortion), hot water, or a 200-p.p.m. 
chlorine solution. The trend now is to clean pipelines in place and not to 
dismantle daily but at intervals, the frequency of dismantling depending 
on experience as to its desirability. 

Pumps 

Dismantle the pump and brush all parts, including the outside of the 
impeller casing, with detergent solution and rinse with hot water. After 
reassembly sterilize with hot water or chlorine solution, the usual practice 
being to include the pumps in part of the equipment sterilization system. 

Open swface coolers (see Fig. 4) 

Rinse off all milk residues with cold or warm water. Then circulate 
a warm detergent solution and while doing so scrub the tubing with a 
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FIG. 4 

SURFACE COOLER USED FOR COOLING CREAM IN BUTTER FACTORY 

brush, taking care to clean thoroughly the ends and corrugation~. Also 
brush parts such as the milk distributor, bottom trough, milk inlets and 
outlets. Rinse off residual detergent by hosing with cold water. 

Before re-using, circulate a 200-p.p.m. chlorine solution for 10 minutes 
to sterilize the cooler. This is the easiest and most convenient method of 
sterilization, as surface coolers cannot be sterilized by steam or hot water 
unless the cold water and brine are first drained from inside a cooler using 
such cooling media, or unless an internal pressure relief safeguard is pro
vided in the refrigeration installation if a direct expansion cooler is used. 
Serious damage to equipment and danger to st<j-ff can occur if thes:: pre-
cautions are overlooked. -

Plate-type and tubular heat exchangers (seeFig. 5) 

The instructions of the manufacturer should be strictly followed in 
regard to cleaning procedure, detergents and chemical sterilants used. The 
following methods are commonly recommended for stainless steel units, 
which have largely superseded those made of other metals. 

Pump cold or lukewarm water through the unit until it runs clear. 
Slacken the pressure on the rubber gaskets of plate machines to allow 
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FIG. 5 

PLATE-TYPE PASTEURIZER AND HEAT REGENERATORS IN POWDERED MILK FACTORY 

slight leakage of hot solutions. Shut down brine, flush out brine section 
with cold \Vater, and drain. Circulate an alkaline detergent solution at 
160°? (71 oq for 30 minutes and thea rinse out any residual detergent with 
cold water u:1til the metal surfaces are cool to the touch. Open the machine, 
brush t:1e plates or tubes, and then hose \Yith wr.r;:-:" '<';&ter. 

On reassembly next day, circulate through the machine a 200-p.p.m. chlo
rine solution for 10 minutes. or. bef::n·e tigh:::uing U1J, hot water for 15 mi
nutes after the water from the exhaust point has reached not less than 
180°F (82°C). 

Milkstone which accumulates is periodically removed by circulating an 
acid detergent-().5 ~s phosphoric acid, 0.25 ~la nitric acid, or proprietary 
milkstone removers at the coacentration recommended-for 15 minutes at 
about 160°F (71 °C). flushing out with cold water, opening the machine 
and brushing the surfaces of plates or tubes with alkaline detergent solution 
and finally hosing with cold water. 

The trend with stainless steel equipment is not to open up the machine 
daily, but to use an alkali recirculation cleaning method for cold milk 
sections and an acid-alkali detergent recirculation for the hot milk sections. 
These recirculation methods are described in detail on page 487. 
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Batch-type or holding pasteurizers 

Partly fill the holding tank with cold or warm water and pump through 
the complete system to rinse off milk residues. Partly fill the holding 
tank with a solution of general purpose cleanser at a temperature of appro
ximately l10°F (43°C), and scrub the internal surface, including auxiliary 
fittings. If an open-type cooler is used, pump the cleanser solution in the 
holding tank over the cooler and scrub the surfaces on both sides with a 
brush. If a pl:tte cooler is used, follow the procedure already described 
for it. 

Dismantle the receiving tank, pumps, piping and other fittings and clean 
each part in the manner previously described. 

Reassemble for sterilization prior to re-use. Steam can be used for 
the holding tank and piping, followed by the circulation of hot water through 
the whole system. The precautions previously referred to should be taken 
if an open-surface cooler is used. 

Dome-type pasteurizers 

Rinse away milk or cream remnants with warm water. Then fill the 
machine with a mild hot detergent solution (140°F; 60°C), which is allowed 
to remain in the machine for some time to soften deposits on surfaces 
before being drained away. Dismantle, scrub and finally hose with hot 
water. 

An open-surface cooler is sometimes used with this type of machine 
and may be included in the cleaning routine by pumping solutions through 
the pasteurizer and over the cooler, the tubing of which is brushed during 
the detergent-wash stage. 

After reassembly, circulate hot water for 30 minutes or a 200-p. p. m. 
chlorine solution for 10 minutes. 

Homogenizers 

Place about 50 gallons (225 1) of warm water in a vat or the feed tank, 
if fitted to the machine, and pump it through the homogenizer to rinse out 
milk residues. The control valve is first adjusted to give reduced pressure, 
and the locking rings of each piston packing gland are loosened to allow 
slight leakage. Keep the glands loosened throughout all stages of cleaning. 
Next pump through about 50 gallons (225 1) of general-purpose detergent 
solution at l20°-l40°F (48°-60°G). Dismantle the machine, place all 
removable parts in a wash vat containing a detergent solution and scrub 
them. Brush the rest of the machine in place. Rinse away residual de
tergent from all parts and reassemble the machine. 

Sterilize with a 200-p.p.m. chlorine sterilant prior to re-use; this is 
usually done in conjunction with the sterilization of other equipment. If 
hot water is used, care should be taken and the quantity kept as small as 
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is necessary for near-sterilization in order to avoid partial seizure and 
scoring of the piston rods, particularly on new machines with tight clearances. 

Filling and capping machines 

Drain milk residues from the filler bowl with cold or warm water. 
Thoroughly scrub the bowl and valve stems with a general-purpose de
tergent solution. Dismantle valves, air pipes and other removable parts 
and wash separately, as well as the capping section. Rinse all parts with 
hot water. 

Sterilize all movable parts separately. Steam the metal parts in a 
steaming compartment for one hour, or soak them in a 50-p.p.m. sterilant 
solution, taking care to guard against corrosion. Place the rubbers in a 
stainless steel or non-corrodible container, and soak in a 50-p.p.m. sterilant 
solution until needed for reassembly. 

Before reassembling the parts the employee should wash his hands 
with a 400-p.p.m. chlorine solution. 

Before use, sterilize the whole machine with a 200-p.p.m. chlorine 
solution by running it from the bowl into clean bottles from the bottle
washing machine. Empty the chlorine solution from the bottles and return 
them to the bottle washer for rewashing. Do not cap the first round of 
filled bottles, but, after emptying the milk from them, return them also 
for rewashing. 

Bottle-washing 

Automatic bottle-washing machines (see Fig. 6) are of three types 
-soaker, soaker-hydro and hydro, which depend in principle on soaking, 
a combination of soaking and jetting, and jetting, respectively. 

Soaker and soaker-hydro machines 

These operate on rather similar principles except that there is no 
jetting of detergent with the soaker machines. After either a pre-rinse 
in a tank of warm \Vater or jetting \Vith warm water at 95~-l05°F (35°-40°C) 
(some soaker machines do not provide a warm-water pre-rinse), the bottles 
pass on to one or more detergent soak tanks or sets of jets for washing with 
a strongly alkaline detergent solution at about 145°F (63°C). This is 
followed by a warm-water soaking rinse or jetting and a final jetting with 
cold mains water. The detergent strength varies from 1% to 3 ~;,; according 
to whether the machine depends on jetting with, or soaking in, the detergent 
solution. \Vetting agents can be included in the detergent tank if the 
machine relies mainly on soaking, but with most machines which rely on 
detergent jetting excessive foaming causes loss of detergent by overflow 
from the tank. A phosphate constituent is usually included in the detergent 
mixture to improve rinsability. 
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Hydro-machines 
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FIG .6 

BOTTLE-WASHING MACHINE 

The bottles are pre-rinsed with warm water at about 105°F ( 40°C), 
then jetted with a strongly alkaline detergent solution (1 %) at 140°F (60°C) 
and sometimes given a hot-water jetting at 150°-160°F (65°-71 °C). They 
are then jetted with rinses of warm water and, finally, cold water. As the 
detergent constituents required vary according to the make of machine, 
the recommendation of the manufacturer should be followed. The pump 
pressure for the detergent solution is normally 15-20 pounds per square inch 
(1.05-1.4 atm.), but there are variations with different machines. 

Care of bottle-washers 

The detergent solution should be changed weekly, all tanks being then 
cleaned and hosed out. Filters and jets must be. kept clean. Provided the 
concentration of detergent solution and its temperature are maintained at 
the appropriate levels the bottles will leave this section in a near-sterile 
condition, but they may be recontamined by the warm and cold water rinses. 
The warm-water rinse temperature favours rapid multiplications of bacteria. 
If recirculated, this water should be renewed daily and it is advisable to add 
a corrosion-inhibited chlorine sterilant to the section to bring the concentra-
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FIG. 7 

BUTTER CHURN 
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tion of chlorine to 50 p.p.m. and to maintain its strength during operation. 
The detergent strength should be maintained during operation by adding 
fresh charges as necessary. 

Bottle crates 

Metal bottle crates, which are easy to keep clean, are displacing wooden 
crates. To prevent the crates from contaminating washed bottles, they 
should be cleaned with a mild detergent. Mechanical crate washers are 
also available. 
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Separators and clarifiers 

Flush out residues with warm water. Dismantle the bowl, remove the 
disks and clean off the slime from the bowl. Scrub the bowl, each disk 
and other parts with a mild alkaline detergent, and then rinse first with 
hot and next with cold water. After washing keep thedisks slightly apart 
so that they can drain and dry. Mechanical disk-washers are now used 
in many factories. Next day, when the machine has been reassembled, 
sterilize with hot water or a 200-p.p.m. chlorine solution. 

Butter churns (see Fig. 7) 

According to the size of the churn, run in about 50-200 gallons (225-
900 litres) of hot water (180°-200°F; 82°-93°C) immediately after use, 
and revolve the churn in high gear for 3-5 minutes, care being taken to 
allow the escape of steam and so prevent collapse of the churn. Stop the 
churn and drain away the water as quickly as possible. Hose out with 
hot water any fat which remains in the bottom of the churn. 

Fill the churn one-quarter full with an alkaline detergent solution which 
is at a temperature of 200°F (93°C), replace the churn door, remove the 
sight glass and revolve for 3 minutes with the rollers working in the churn 
and then in high gear without the rollers in motion for another 10 minutes. 
Stop the churn and drain quickly. Refill the churn one-quarter full with 
hot water (200°F; 93°C) and remove the sight glass from the door. Revolve 
in low gear for 5 minutes with the rollers set in motion and then in high 
gear for 15-20 minutes without the rollers in motion. Stop the churn, 
drain, remove the door and allow the churn to dry out by standing with 
the cock open at the highest point of the churn. The temperature of the 
water leaving the churn should be checked and if it is over 180°F (82°C) 
the treatment can be considered satisfactory. Experience will soon show 
how much water has to be placed in the churn to ensure. that it will be at 
the desired temperature when being drained. 

Butter churns must be given a bactericidal treatment before re-use. 
For this purpose run into the churns 50-100 gallons (225-450 1) of water 
at 180°-200°F (82°-93°C), or the same quantity of cold water containing 
200-p.p.m. chlorine, and revolve the churn in high gear for 3-5 minutes. 
Stop and drain rapidly. Run in 50-100 gallons (225-450 1) of chilled water 
to prevent butter from sticking to the churn, revolve for 5 minutes and 
drain. 

Butter trolleys, packing machines, etc. (see Fig. 8) 

After a preliminary rinsing by hose with warm water, dismantle all 
parts that require cleaning by hand, wash by hand with a mild detergent 
solution, and then rinse or hose with hot water. 
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FIG. 8 

MECHANICAL BUTTER PACKER 
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After use, flush through with warm water to wash away all remnants 
of cream. Fill with water to which 2 pounds (1 kg) of detergent is added 
per 100 gallons (450 1), raise the temperature to near boiling-point, and 
allow the solution to remain in the machine overnight. Dismantle next 
morning and clean off all softened deposits before reassembly. Just before 
further use, sterilize with steam. 

Recirculation techniques employing alkali or acid and alkali detergents 
can also be employed. 

Cream treatment units (see Fig. 9) 

These machines are designed for cleaning by a recirculation technique. 
First flush the machine with cold water for 5 minutes to free it of cream 
deposits. Recirculate a 0.25 ~~-0.75% acid solution, the strength depending 
on the extent to which deposits are formed during processing, at 160°-
1800F (71 °-82°C) for a period of 30-40 minutes. Next flush the machine 
free of acid solution, and then recirculate a 0.5 ~~ alkaline detergent solution 
at 160°-l80°F (71 °-82°C) for a period of 30-40 minutes. Rinse with hot 
water to remove all traces of the detergent solution. Parts of the equipment 
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FIG. I 

CREAM TREATMENT UNIT FOR PASTEURIZING CREAM FOR BUTTER MANUFACTURE, 
AND CREAM-NEUTRALIZATION VATS 

which become heavily coated with milkstone-such as the pasteunzmg 
steam injection lines-may require a soaking treatment for effective cleaning. 
Sterilize with steam before use. 

Evaporators or vacuum pans (see Fig. 10) 

The following procedures are suggested by Dairy Industries Society 
International (1949). 

Batch pans: Fill the hot well with enough warm water so that when it 
is drawn into the pan the solution will be 6 inches (15 cm) above the coils. 
Add 1 pound (450 g) of a bottle-washing detergent for each 10 gallons 
(451) of water in the hot well. Heat to 160°-180°F (71 °-82°C). Operating 
the pan at low vacuum (10-15 inches or 250-380 mm of mercury), draw the 
solution from the hot well into the pan until the coils are covered. Operate 
the pan to give the solution a good pitch or roll. As the water evaporates 
from the pan, draw more solution from the hot well. Operate pan for 25 to 
30 minutes. Drain solution and rinse pan with warm water. To remove water 
films, or darkening of copper pans, use a solution of milkstone remover. 
This solution can be applied direct with a brush, or made up in the hot well. 
The hot well method is usually the more convenient. Draw about the 
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FIG. 10 

MILK EVAPORATOR 

same amount of water in the hot \Vell as is used for the cleaning solution. 
Add 1 pound of milkstone remover for each 25-30 gallons of water 
used. Heat to 135°-l40°F (5T-60°C). Draw into the pan and operate 
as for the cleaning solution for 25-30 minutes. Drain and rinse pan with 
cold water. 

Continuous pans: These pans usually have the heating coils or chest outside 
the vacuum pan. Connect a return pipe from the pan to the hot well. 
Use the same concentrations of cleaning and milkstone remover solutions, 
at the same temperatures, as for the batch pan. A larger volume of 
each solution is required to give a circulation through the pan and heating 
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chamber. Draw the solutions first through the tubes in the heating cham
ber and then into the pan. A large enough volume of the solutions is 
necessary to fill the tubes and the pan, so that a roll or pitch of the solution 
can be obtained, as well as for maintaining the vacuum. Regulate the 
return flow from the pan to the hot well so that a continuous flow of the 
solution is maintained for 25-30 minutes. This method cleans the tubes 
and the pan at the same time. Drain solution and rinse with cold water. 

Roller driers 

Disconnect powder flues and invert collection troughs prior to clean
ing roller surfaces to prevent the entry of moisture to the surfaces which 
come into contact with the powder. Flush the pre-heater with cold water 
until all traces of milk residues are removed from the lines. Scrub down 
the rollers while this water is being run through the machine; the final 
stage can now be done with water emery paper to maintain the rollers 
in smooth condition. Give special attention to the removal of all particles 
of charred powder from the knives, particularly the undersides., 

Circulate hot detergent solution through the pre-heaters for 30 minutes 
and then thoroughly scrub each plate. Dismantle all pipelines and unions 
daily and remove any traces of milkstone. 

In-Place Cleaning and Sterilization 

Investigations have shown that about 20 % of the working time of 
employees in dairies is spent on cleaning and about 40 % of this cleaning 
time is for dismantling and reassembling equipment. 

Advantages 

Cleaning in situ by circulating detergents and sterilants in a closed 
circuit is aimed chiefly at reducing labour time and cost, but other advant
ages can accrue. Stronger detergent solutions may be used at higher 
temperatures (140°-l60°F versus ll5°F for manual cleaning; or 60°-71 oc 
versus 46°C) and left longer in contact with the surface to be cleaned. 
More economic use is thus made of detergents, and physical wear of equip
ment and damage to fittings, such as unions, gaskets and blank caps, is 
less, even though they must be removed, washed by hand and replaced 
before a start is made in cleaning the system in place. The cleanliness of 
equipment, assessed by bacteriological tests, can be equally as good as 
by the conventional daily dismantling. However, the equipment should be 
periodically dismantled for inspection and, if necessary, manually cleaned. 
The particular conditions operating in the dairy will determine how fre
quently dismantling should be done. 
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Operational factors 

Equipment suitable for circulatory cleaning, which must be of stain
less steel or Pyrex glass, comprises pipelines, plate heat-exchangers, HTST 
pasteurizers, vacreators, tubular heaters and coolers, pumps and homo
genizers, through all of which solutions may be pumped. The velocity of 
the solution should be 5 feet (1.5 m) per second in the largest-diameter pipe 
in the circuit; at lower velocities the surfaces may appear visually clean, 
but the prescribed flow-rate is necessary for effective bacteriological results. 

All pipelines and suitable equipment could be included in one circuit. 
Practical considerations usually determine this matter and result in two 
or more separate circuits. Milk piping and equipment used for cold milk 
and raw milk, which are easier to clean than similar equipment used for 
hot milk, may constitute one circuit, and the hot milk section another 
circuit. In large dairies, the cold milk and raw milk sections may be treated 
in separate circuits, to facilitate the early cleaning of the raw milk lines, 
which are usually available for cleaning before other equipment. 

A mild alkaline detergent should suffice for the cold and raw milk cir
cuit, while a strong alkali and an acid detergent are required for the hot 
milk circuit. The detergent solution for each circuit is continuously pump
ed from and returned to a tank or container and not run to waste. This 
container and pump may be centrally situated, or they may be portable 
so that they may be moved for attention to the different circuits. To ensure 
that pipelines and equipment are completely filled with solution, the capacity 
of the tank must exceed the volume of solution required to fill the circuit, 
and the outlet to the pumps must be placed at a depth below the surface 
to prevent air from being drawn into the system. 

The temperature of the solution during circulation should be maintained 
by steam injection, preferably by thermostatic control. Return lines for the 
detergent solutions may be of sanitary piping, glass, or, for short distances, 
rubber hose. The slope of pipelines can be 1 in 120 if they are sufficiently 
supported to obviate sag, which prevents effective draining. Pipe unions 
which are specially made for in-place cleaning are to be preferred, but with 
careful supervision, the ordinary 0-rings are satisfactory. 

A recent development to improve the efficiency in the cleaning of pipe
lines is to force a sponge or rubber ball through them by the detergent 
flow. This is, of course, not possible with other equipment, such as plate 
heat-exchangers. An even more recent approach to a substitute for achiev
ing results by in-place cleaning similar to brushing during washing by hand 
is to circulate compressed air with the solution, but the equipment for this, 
including necessary safeguards, is expensive. 

Methods 

Satisfactory results with in-place cleaning are obtained from the follow
ing methods. 
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Cold milk equipment: Flush out milk residues with cold or warm water 
(l10°-ll5°F; 43°-46°C) until the discharged water has a clear appearance. 
Do not circulate this water. Remove blank caps, valve plugs and other 
similar fittings, clean with a brush and replace. Recirculate a mild alkaline 
detergent solution at l20°-130°F (49°-54°C) for 20-30 minutes. Rinse by 
circulating water for 10 minutes, allowing the discharged water to run to 
waste. Just before use sterilize by recirculating hot water at not less than 
180°F (82°C), or a 200-p.p.m. chlorine solution, for 10 minutes. 

Hot milk equipment: Flush as for the cold milk section. Wash valves 
and plugs similarly and arrange the circuit for recirculation. Circulate an 
acid detergent solution at 160°-l70°F (71 °-77°C) for 30 minutes. Rinse 
with water. Circulate a strong alkaline detergent solution at 160°F (71 °C) 
for 30 minutes. Ririse with water. Just before use, sterilize as for the 
cold milk circuit. 

HTST pasteurization equipment: Slacken the pressure on the plates 
sufficiently to allow slight leaking, and flush out milk residues with cold or 
lukewarm water until it runs clear. Then circulate an acid detergent solu
tion and carry out the other steps in the same way as for hot milk equipment. 

Spray Cleaning 

Devices for spray cleaning equipment may be divided into two groups 
-manually-operated steam guns and mechanical sprays. 

Steam guns 

Steam cleaning guns may be used for cleaning open equipment such 
as cream neutralizing vats, cheese vats, weighing and open-holding vats, 
outer. surfaces of butter churns, walls and floors. A mixing device is con
nected to a steam line and the steam flowing through draws a detergent solu
tion from a drum and warms it. The hot steam and detergent mixture is 
sprayed on surfaces of equipment. 

Mechanical sprays 

Large enclosed storage tanks and road or rail milk tankers may be 
cleaned by means of spray devices. These sprays are available in a number 
of types, but all depend on the turbine principle. A solution tank, a high
pressure centrifugal pump and the spray head comprise the cleaning unit. 
The spray nozzles may be rotating, rocking or stationary. The rocking 
type clean the upper surfaces of vessels as the nozzles oscillate, while the 
lower surfaces are cleaned by the solutions flowing down the walls. Vessels 
are cleaned in the .same way by the stationary type. They are spherical 
with holes or slots in the upper surface through which the cleaning solu
tions are sprayed. The nozzles of the rotating type spray all surfaces as 



HYGIENIC CO:KTROL OF DAIRY EQlJTPMENT 489 

they rotate, the rotation of some being around both the horizontal and ver
tical axes. 

The first rinsing of the used vessel \Yith cold water can be done by the 
spray, but hosing is usually more effective in removing milk froth. The 
water is run to waste. A detergent solution is next sprayed on the surfaces. 
Traces of detergents are removed by a warm or cold water rinse, and the 
vessel is sterilized by a chlorine solution before re-use. 

The Society of Dairy Technology (1959) has published a booklet on 
in-place cleaning. 

Assessment of Equipment Hygiene 

The efficiency of the measures adopted for the maintenance of equipment 
in a hygienic condition may be assessed by visual inspection and laboratory 
tests. Both are relied on by factory managements and public officials 
whose duties are to supervise compliance with statutory requirements. 

Visual inspection 

Responsibility for visually inspecting all the cleaned equipment before 
reassembly or use should be placed on a foreman or other member of the 
supervisory staff of the dairy who is fully conversant with the implications 
of failure to ensure that equipment is near-sterile before processing begins. 

Although all parts of the equipment should receive careful and thorough 
visual scrutiny during any inspection, attention should particularly be 
concentrated on parts which are inaccessible or more difficult to clean, 
such as dead-ends, pockets, bends, taps or other outlets and valves. An 
experienced person can usually quickly detect with the naked eye any 
defect in plant hygiene, although sometimes exhaustive laboratory testing, 
coupled with detailed visual observation, are necessary to pinpoint the focus 
of contamination from equipment. 

A few simple objective tests are often useful to demonstrate an unsatis
factory condition to the staff of the dairy. These are: 

(l) The senses of sight and smell enable serious neglect to be quickly 
pointed out. 

(2) A pocket knife or spatula can be used to scrape a surface to demon
strate the presence of a film or residues on improperly cleaned equipment. 

(3) A piece of muslin wiped over the inside of a can or over metal 
surfaces of other equipment will be soiled if the surface is improperly 
cleaned. 

(4) The temperatures of cleaning solutions can be checked. For ex
ample, the final wash-water as it drains from a butter churn should be at 
180°F (82°C), and steam or hot \nter used for sterilizing pipelines should 
be at 210°F (99°C), or 185°F (85°C), respectively, as they drain from the 
distant end. Hot water and detergent solutions in the different sections 
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of a bottle- or can-washing machine should be at the temperatures recom
mended by the manufacturer of the machine. 

(5) Cans as they leave a can washer should be dry if the machine IS 

being operated efficiently. 

Laboratory tests 

There are two main methods for the laboratory control of the hygienic 
condition of equipment. The first is the use of tests which make it possible 
to appraise the numbers and kinds of bacteria remaining .on the equipment 
after cleaning and sterilization, and the second is the use of bacteriological 
tests on the products themselves to ascertain the extent to which con
tamination may have been due to organisms picked up from the equipment 
during processing. 

Testing by the first method is done by the swab or rinse techniques 
(England and Wales, Ministry of Agriculture and Fisheries, 1944, 1945. 
1947; American Public Health Association, 1960a). 

Swab technique 

The swab technique is applied on surfaces of equipment such as vats, 
tanks, coolers and pipelines. 

The interpretation of results in England is as follows: 
Colony count per square foot 

Not more than 5000 . . 
Over 5000 up to 25 000 
Over 25 000 ..... 

Classification 

Satisfactory 
Fairly satisfactory 
Unsatisfactory 

In some countries the standard adopted is not more than one bacterial 
colony per square centimetre. 

Rinse technique 

The rinse technique is chiefly used for bottles and cans. 
In England no differentiation is allowed for variations in bottle sizes, 

and the results are interpreted as: 
Colony count per bottle 

Not more than 200 
Over 200 up to 600 
Over 600 ..... 

Classification 

Satisfactory 
Fairly satisfactory 
Unsatisfactory 

; Not more than one colony per ml capacity of bottle is another standard 
kdopted in some countries. 

The English standards for milk cans are: 
ColonY count per can 

Not more than 50 000 . . . . . . . . 
More than 50 000 and less than 250 000 
250 000 and over . . . . . . . . . . 

Classification 
(for dry or moist cans) 

Satisfactory 
Fairly satisfactory 
Unsatisfactory 
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A " wet " can is degraded to the next class below because it is unlikely 
to remain in a satisfactory condition. These standards are rather lenient 
for present-day conditions when efficient machines usually turn out cans 
having counts below 10 000. 

Tests on products 

The tests which are mainly used on the product itself are the bacterial 
colony count, coliform test and yeast and mould count. For this purpose, 
tests on the "first-through" milk, cream or other product are of great 
value as contamination from improperly cleaned equipment will be greater 
at this than at subsequent stages of the day's operations. 

A line-run survey of equipment should be carried out if bacteriological 
results are not promptly improved by the factory staff themselves. This 
makes it possible to determine the specific equipment which is responsible 
for the contamination. Points from which sampling is done for such a 
survey will vary according to the type of product being manufactured and 
the specific kinds of equipment. Normally sampling should be done on 
the product before and after treatment in the various sequences of equipment. 
In a milk pasteurizing plant these would be raw milk immediately before 
pasteurization, pasteurized milk entering the storage tank, leaving the storage 
tank, from bottle filler, and from filled and empty-capped bottles. The 
samples must be from the same bulk supply. Great care is necessary to 
avoid contamination during sampling. For this reason it is usually un
satisfactory to take samples from pipelines and cocks which are exposed 
to external contamination. 

The thermophilic and thermoduric bacteria counts are other means by 
which specific faults in hygiene are determined. \Vith the rapid changeover 
from holder pasteurization to the HTST system the former test is now less 
significant than it \vas some years ago, as thermophils are usually found on 
equipment where milk is heated for long periods. High thermophilic 
bacteria counts can, however, occur with HTST plants when the pasteurizing 
runs are long, allowing thermophils to develop in the hot section. 

High thermoduric bacteria counts on pasteurized milk samples reveal 
that the quality of the raw milk \Vas unsatisfactory through neglect in farm 
hygiene, particularly milking machines. Thermoduric bacteria testing of milk 
samples from individual farm supplies is necessary to ascertain the offend
ing farms, where advisory help should then be given to correct the trouble. 

A positive presumptive coliform test is an indication of post
pasteurization contamination of products from dai'fy equipment or water. 
References to its use in this respect are given by Crossley (1946). 

The yeast and mould count is widely used for the laboratory control 
of butter manufacture as an index of churn contamination (Rice, 1938). 
These organisms are mainly carried into the product from wood churns 
which are improperly cleaned or in disrepair. 
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The presence of Pseudomonas and Achromobacter species on agar plates 
prepared from samples of products is frequently indicative of a contaminated 
final cold-water rinse of bottles or contaminated water used for washing 
butter. These organisms may cause serious flavour defects in butter. 

Chlorine strength test 

Another method of gauging the efficiency of sterilization of equipment 
is based on testing the available chlorine in the sterilizing solution before 
use and again after being drained from the dairy equipment. There should 
be no appreciable drop in the chlorine content if the cleaning was efficient. 
This method has strict limitations, and is useful only if carefully standardiz
ed conditions are adhered to in regard to chlorine strengths, temperatures 
and period of application. 

Appendix 

UNITED STATES PUBLIC HEALTH SERVICE MILK CODE* 

ITEM lp. FLOORS 

The floor of all rooms in which milk or milk products are handled or 
stored, or in which milk utensils are washed, shall be constructed of concrete 
or other equally impervious and easily cleaned material, and shall be smooth, 
properly drained, provided with trapped drains, and kept clean and in good 
repair. 

Public-health reason. Floors constructed of concrete or other similarly 
impervious material can be kept clean more easily than floors constructed 
of wood or other pervious or easily disintegrating material. They will not 
absorb organic matter and are, therefore, more apt to be kept clean and free 
of odours. Properly sloped floors facilitate flushing, and help to avoid 
sloppiness. Trappings of drains prevent sewer gas from entering the plant. 
Clean floors, free of litter, are conducive to clean milk-handling methods. 

Satisfactory compliance. This item shall be deemed to have been satisfied: 

(1) When the floors of all rooms in which milk is handled or stored, or 
in which milk utensils are washed, are constructed of concrete of good 
quality, or equally impervious tile or brick laid closely with impervious joint 
material, or metal surfacing with impervious joints, or other material which 

* These extracts from United States Department of Health, Education, and Welfare (1956) Milk ordin
ance and code. 1953 Recommendations of the Public Health Service, Washington (Public Health Service 
Publication No. 229), pp. 75-78, 80, 82, are reprinted by kind permission of the United States Public Health 
Service. 
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is the equivalent of concrete of good quality, and are maintained in good 
repair. 

(2) When the floor surface is smooth, and sloped so that there will be 
no pools of standing water after flushing, and the joints between the floor 
and the walls are so constructed as to be impervious. 

(3) When the floors are proYided with trapped drains so constructed as 
to minimize clogging, and the plumbing is so installed that no sewage can 
back up in the drain-line and flood the floor. 

( 4) When the floors are kept clean at all times. Floors shall be kept 
free, not only of organic filth, but also of litter. Materials and equipment 
not routinely used in a given room shall not be stored therein, as this practice 
renders it difficult to keep floors clean. Materials and equipment not in 
routine use shall be stored in a special storage room or rooms in which 
milk-handling operations are not conducted. 

ITEM 2p. WALLS A~D CEILINGS 

Walls and ceilings of rooms in which milk or milk products are handled 
or stored, or in ll'hich milk utensils are washed, shall have a smooth, washable, 
light-colored surface, and shall be kept clean and in good repair. 

Public-health reason. Painted or otherwise properly finished walls 
and ceilings are more easily kept clean and are, therefore, more apt to be 
kept clean. A light-colored paint or finish aids in the even distribution of 
light and the detection of unclean conditions. Clean walls and ceilings are 
conducive to clean milk-handling operations. 

Satisfactory compliance. This item shall be deemed to have been satis
fied: 

(1) When walls and ceilings are finished with smooth, washable, light
painted wood, tile, smooth-surface concrete, cement plaster, brick, or other 
equivalent materials with 'vashable, light-colored surfaces, and 

(2) Walls, partitions, windows, and ceilings are kept clean and in good 
repair, and are refinished as often as the finish wears off or becomes dis
colored. 

A dark-colored paint may be used for the lower part of the wall. 

ITBI 3p. DOORS AND WINDOWS 

Unless other effective means are provided to prevent the access of flies, 
all openings to the outer air shall be effectively screened, and all doors shall 
be self-closing. 

Public-health reason. Freedom from flies in the milk plant reduces the 
likelihood of contamination of the milk. For information on disease trans
mission by flies, see item 7r (Public-health reason). 
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Satisfactory compliance. This item shall be deemed to have been 
satisfied: 

(1) When all openings to the outer air are effectively screened; all 
screen doors or other doors, including interior doors, are self-closing; and 
all doors to the outer air open outward; or 

(2) When fans of sufficient power to prevent the entrance of flies are in 
use at all ineffectively protected openings; or 

(3) When effective electric screens or screen panels are installed at all 
openings to the outer air; or 

(4) When any effective combination of (1), (2), and (3) exist; or 
(5) When flies are absent in the immediate vicinity of the plant. 

Openings through which cans, crates, or other articles are loaded in 
rapid succession, making impracticable the proper use of self-closing 
screens, may be protected by properly constructed flaps, or by fans of 
sufficient power and so located as to prevent the entrance of flies. Such fans 
must be in operation at all times when doors are open. 

Window- and door-screens must be tight-fitting and free of holes. This 
applies also to screens for skylights and transoms. 

This item refers to the physical facilities for exclusion of flies from the 
interior of the plant, and must be enforced during those seasons of the year 
when flies are present. The actual presence of flies inside the plant should 
be considered a violation of item 5p. 

ITEM 4p. LIGHTING AND VENTILATION 

All rooms shall be well lighted and well ventilated. 

Public-health reason. Ample light promotes cleanliness. Proper ventila
tion reduces odours and prevents condensation upon interior surfaces. 

Satisfactory compliance. This item shall be deemed to have been 
satisfied: 

(1) When adequate light sources are provided (natural, artificial, or 
both) which furnish at least 10 foot-candles on all working surfaces, as 
measured by a light meter. This applies to all rooms where milk or milk 
products are processed or where utensils and/or equipment are washed. 

(2) When all rooms are ventilated so as to be reasonably free of odours, 
and of condensation upon equipment, walls and ceilings. Ventilation 
equipment, such as exhaust fans, vents, etc., shall be provided to supplement 
windows and doors, if necessary. 

The above requirements shall not apply to cold-storage rooms, but 
dry-storage and cold-storage rooms should be provided with approximately 
4 foot-candles of light at a distance of 30 inches from the floor. 
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ITEM 5p. MISCELLA:N'EOUS PROTECTION FROM CONTAMINATION 

The various milk-plant operations shall be located and conducted so as to 
prevent any contamination of the milk, or of cleaned equipment. All necessary 
means shall be used for the elimination of flies, other insects, and rodents. 
There shall be separate rooms for (a) the pasteurizing, processing, cooling, 
and bottling operations, and (b) the washing and bactericidal treatment of 
containers. Cans of raw milk shall not be unloaded directly into the pasteu
rizing room. Rooms in which milk, milk products, cleaned utensils, or con
tainers are handled or stored shall not open directly into any stable or living 
quarters. The pasteurization plant, milk containers, utensils, and equipment 
shall be used for no purposes other than the processing of milk and milk 
products and the operations incident thereto, except as may be approved by 
the health officer. 

Public-health reason. If the washing and bactericidal treatment of 
containers are conducted in the same room in \Vhich the pasteurizing, 
processing, cooling, or bottling is done, there is opportunity for the pas
teurized product to become contaminated. For this reason, separate rooms 
are required as indicated. The unloading of cans of raw milk directly into 
the pasteurizing room is apt to increase the prevalence of flies therein, as 
well as to render it too public. 

Sometimes screening is not sufficient to keep out flies. For this reason, 
other methods are required in these circumstances. The control of other 
insects and rodents is necessary to prevent the contamination of the product, 
utensils, and equipment. The handling of other products or substances in 
the milk plant may create a public-health hazard. 

ITEM 6p. TOILET FACILITIES 

Every milk plant shall be provided with toilet facilities conforming with the 
ordinances of the municipality of . . . . . . . . . . . . . . . . . . . . . . . . . Toilet rooms 
shall not open directly into any room in which milk, milk products, equipment, 
or containers are handled or stored. The doors of all toilet rooms shall be 
self-closing. Toilet rooms shall be kept in a clean condition, in good repair, 
and well ventilated. A placard on which section 13 is printed, and a sign 
directing employees to wash their hands before returning to work, shall be 
posted in all toilet rooms used by employees. Where privies or earth closets 
are permitted and used, they shall be separate from the building, and shall be 
of a sanitary type, located, constructed, and operated in conformity with the 
requirements of item I Or. 

Public-health reason. Human excreta are potentially dangerous and must 
be disposed of in a sanitary manner. The organisms causing typhoid fever, 
paratyphoid fever, and dysentery, may be present in the body discharges 
of cases or carriers. Sanitary toilet facilities are necessary to protect the 
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milk, equipment, and containers from fecal contamination which may be 
carried by flies, .other insects, hands, or clothing. When the toilet facilities 
are of a satisfactory type, are kept clean, and are in good repair, the opportu
nities for the spread of contamination by the above means are minimized. 

The provision of an intervening room or vestibule between the toilet 
room and any room in which milk, milk products, equipment, or containers 
are handled or stored makes it less likely that contaminated flies will enter 
these rooms. It will also minimize the spread of odours. 

Where pit privies are used, it is essential that they be of a sanitary type, 
so that excreta are not accessible to flies and other agents of transmission. 
They must be operated and maintained in a sanitary manner. 

The posting of a hand-washing sign and of section 13 is necessary in order 
to bring these important public-health matters to the attention of all milk
plant employees. 

ITEM 8p. HAND-WASHING FACILITIES 

Convenient hand-washing facilities shall be provided, including hot and 
cold running water, soap, and approved sanitary towels. Hand-washing 
facilities shall be kept clean. The use of a common towel is prohibited. No 
employee shall resume work after using the toilet room without having washed 
his hands. 
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WATER SUPPLY AND WASTE DISPOSAL FOR 
MILK PROCESSING PLANTS 

ROBERT 0l"EWTON CLARK, C.E., M.S. * 

The procurement of water, its use in a milk plant and its disposal can 
be considered as a continuous process. It enters the plant in a natural 
state, is purified or treated as necessary for use, picks up liquid or solid 
wastes, is treated to remove all or part of these wastes, and is again dis
charged into a natural body of water. Some of these steps may take place 
outside the milk plant. Water may, for example, be obtained from a 
municipal or other public water supply system in a condition ready for use, 
or on the other hand the \Vastes from a milk plant may be discharged into 
a public sewer system for treatment in a sewage disposal plant and ultimate 
discharge with other liquid wastes from an entire city. There are, however, 
many milk processing plants so located that the entire operation must be 
carried out by the plant itself. In this discussion, the water cycle is broken 
down into three parts: water supply, water treatment, and waste treatment. 
These three aspects are closely connected and interdependent. 

WATER SUPPLY 

The selection of a source of water is dependent first of all upon its 
quality. The source must be either of a quality suitable for use without 
treatment, or of such quality that it can be treated successfully at a reasonable 
cost. A hard water-that is, one containing mineral compounds of cal
cium and magnesium-can usually be softened by any of several methods 
at a relatively low cost. On the other hand, a salty water, containing salts 
of potassium and sodium, may require distillation, double ionic exchange 
or other comparable treatment, which is relatively expensive. A surface 
water containing such natural pollutants as mud or organic matter can 
usually be treated at a reasonable cost, but a surface water containing such 
industrial wastes as chromium or phenolic compounds may be very expensive 
to treat. 

If a water source is of a suitable quality, the next and only remaining 
consideration is that the quantity available must be sufficient, and this 

*Chief Sanitary Engineering Adviser, Division ofEnvironrr:emal SanitaTion, \Vorld Health Organization, 
Geneva, Switzerland. 
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amount must be dependable continuously at all times and seasons. The 
yield of a stream or a well may, for example, diminish during certain periods 
of the year, or at times of prolongeb drought, to the point that plant opera
tions must be reduced or stopped. Studies of water yield should therefore 
take into account yields over a full year, and the effect of an abnormJlly 
dry year. 

Raw Water Quality 

The International Standards for Drinking-Water (World Health Orga
nization, 1958) specify that the following toxic substances should not be 
present in communal water supplies in amounts greater than indicated: 

Lead (as Pb) 
Selenium (as Se) 
Arsenic (as As) 
Chromium (as Cr hexavalent) 
Cyanide (as CN) 

* mg/1 ~ milligrams per litre. 

0.1 mg/1 * 
0.05 mg/1 
0.2 mg/1 
0.05 mg/1 
0.01 mg/1 

The water supply for a milk processing plant should be of drinking
water quality, and these substances consequently should not be present 
in the water as used in the plant in greater concentrations than indicated. 
Normal water treatment processes may not materially reduce these consti
tuents; hence, if any of these toxic substances are present at any time in 
the raw water in excessive concentrations, the source in question should 
be rejected. If there is no alternative source, competent technical advice 
should be sought on effective methods for their removal. 

Chlorides and sulfates are not easily removed by treatment, and their 
concentrations in the water source should be examined. If possible, a 
source should be selected that contains no more than 200 mg/1 of either. 
In situations where all the available sources are highly mineralized, the 
allowable concentrations can be increased to 400 mg/1 for sulfates and 
600 mg/1 for chlorides, but expensive trouble can be expected from the 
continued use of such water. 

Phenolic substances are highly objectionable in the water supply of a 
milk processing plant because they impart a damaging taste and odour 
to any dairy product with which they come in contact. Phenols are not 
readily removed by ordinary water treatment processes, and should not 
be present in the raw water in concentrations greater than 0.001 mg/1 
expressed as phenol. 

There are other considerations to be taken into account before a source 
is accepted for a milk plant supply. Water which is contaminated with 
sewage or sewage effi.uents should be viewed with great suspicion even 
though the water is subsequently purified. In any process of water treat
ment, human or mechanical failure is to be expected at some time. Sole 
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reliance must not be placed on treatment processes alone; other concurrent 
safeguards to water quality must be established. An epidemic of disease 
in a community, traced to the contamination of a milk supply, can put a 
dealer out of business overnight, and if negligence can be proved, an epidemic 
can lead to ruinous claims for damages. It is not only a social responsibility, 
but good business judgement to safeguard the product against harmful 
contamination. One safeguard is to make sure that the water source is 
as pure as possible before treatment. There are two measures to be taken: 
a sanitary survey of the proposed source, and bacteriological study of 
samples from the source. 

A sanitary survey should, if possible, be made by an experienced public 
health expert, preferably a sanitary engineer. It should cover not only 
conditions existing during the period of the survey, but also potential 
sources of pollution. A stream may, for example, be relatively free from 
harmful bacteria during dry periods, but badly contaminated after rain
storms. A well may ordinarily produce pure water, but may become 
contaminated if the well-top is flooded. Chance or accidental episodes 
are doubly dangerous if they are unexpected. Great reliance must be 
placed on the skill and experience of the person making a sanitary survey 
of a water source. 

Bacteriological studies should not be confined to the examination of a 
single sample of water, no matter how complete the examination may be. 
Much more can be gained from even simple examinations of a series of 
samples, taken at different times and under different conditions, than from 
an elaborate and exhaustive examination of a single sample. No one 
sample is fully representative of the supply. This is particularly true of 
surface water, 'vhich may change greatly in quality within a period of a few 
hours. It is less important to take frequent samples from a deep well 
which has been in use for some time, and where the quality does not change 
greatly or often. Absolute limits for the bacteriological quality of raw 
water are difficult to set, since the efficiency of bacterial removal by any 
treatment process depends so much on the design of the process and the 
calibre of operation. Fair & Geyer (1954) (p. 701), basing their conclusions 
on results from large municipal filtration plants and on the US Public 
Health Service standards for drinking-water, indicate the following as the 
maximum permissible concentrations of coliform organisms in raw water 
which will result in a suitable quality of treated water: 

Trearment process T::.rbid rirer 1rater Clear lake 1rater 
( 1\fPN* coliforms) (_\JPS* colifonns) 

1. Chlorination 80 50 
2. Flocculation, settling and rapid sand 

filtration 80 60 
3. (2) and pre-chlorination 3500 
4. (2) and post-chlorination 6000 4500 

* Y!P:;.{ =most probable numbe:- of orga:1is:ns per lOO ml of water. 
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For small plant operation, and particularly where pressure sand filters 
are used, these values would be considerably lower. 

In summary, before a source of water can be considered suitable for a 
milk processing plant the following investigations should be undertaken: 
a limited chemical examination of the water, including an estimation of 
the substances mentioned on page 500; a sanitary survey, to disclose 
existing and potential sources of pollution; and a series of bacteriological 
examinations, to provide an index of harmful pollution. If these three 
steps, taken together, indicate that the raw water quality is suitable, the 
source can be considered further. 

Quantities Required 

The quantity of water required in a milk processing plant depends upon 
the size of the plant, generally expressed in terms of the maximum weight 
of milk handled during any one day, and the processes involved. The 
daily volume of water required may vary widely, depending mainly on the 
availability of water and the control of all water-using operations in the 
plant. In operations where the process is one of continuous flow, the 
amount of water needed for rinsing and washing is not necessarily propor
tional to the amount of product processed. Less water is needed for cooling 
equipment where the cooling water is recirculated. A tabulation should 
be made of each process, and an estimate of water requirements prepared 
m detail. The processes to be considered would include the following: 

Human use: 

Water closets 
Bathing and hand-washing facilities 
Drinking-water and catering 

General plant use: 

Washing of premises 
Washing of vehicles 
Plant laboratory 
Maintenance of grounds 

Cooling: 

Cooling of product 
Condensers 
Refrigeration machines 

Processing of product: 

Washing of e.g., butter, curd 
Use in product 

Cleansing of equipment, cans, bottles. 
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Power production: 

Boiler feed 
Steam production 
Power-plant cooling water 
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As a general value, the amount of water required ranges from about 
one half to double the amount of milk handled, although the figure may be 
as high as nine times the milk volume. An approximation commonly used 
is that the amount of water required equals the amount of milk received. 
It is dangerous, however, to accept these approximations without making 
a detailed water-use analysis. 

Information on the techniques of estimating water yields from different 
sources, including both surface water and ground water sources, can be 
obtained from any reliable textbook on water supply engineering. Wagner 
& Lanoix's (1959) treatment of the subject is particularly valuable since it 
deals with small supplies of a nature likely to be used by milk plants. Other 
sources of information would include the Institution of \Vater Engineers 
(1961), Fair & Geyer (1954), and Babbitt & Doland (1949). 

Collection of 'Vater 

The methods of collecting water and bringing it to the point of use are 
so numerous and varied that they cannot be described in detail in this 
chapter. If the scale of the water supply permits, advice should be sought 
from a competent engineer. This is particularly the case if surface water is 
to be impounded, for failure of a dam, dyke or retaining structure can lead 
to serious damage to property and possible loss of life. Reference to the 
literature listed in the accompanying bibliography will provide useful 
suggestions and alternatives that might be considered for water collection 
structures. Particular emphasis is gi;-en to the book by Wagner & Lanoix, 
since it embraces experience in many different parts of the world. Reference 
is also made to the chapter by Clark in the present volume entitled" Water 
Supply on the Dairy Farm" and to its bibliography (see page 143). 

WATER TREATMENT 

Water treatment may be necessary to make the water safe, palatable and 
neutral, that is, neither scale-forming nor corrosive. Safety relates to the 
destruction or removal of pathogenic organisms which may infect plant 
personnel or the product. Palatability relates to such physical and chemical 
characteristics as tastes, odours, turbidity and presence of iron or manganese. 
The neutrality of water relates to acidity, alkalinity, hydrogen-ion concen
tration (pH), and hardness. 
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Chlorination 

Chlorination, or an equivalent process, is a necessary step in the treat
ment of any surface water, and for any other water which on any occasion 
contains coliform bacteria. Active chlorine can be applied to water in the 
form of gaseous chlorine, calcium hypochlorite and sodium hypochlorite. 
Calcium hypochlorite is available either as chlorinated lime (25 %-30% 
available chlorine) or as a high-test hypochlorite (about 70% available 
chlorine). The object of chlorination is to bring active chlorine into contact 
with all portions of the water being treated without interruption, in such 
concentrations, for such periods of time and under such conditions that all 
pathogenic bacteria are destroyed, and to do so without producing delete
rious chlorinous tastes and odours. To be treated successfully, the water 
should be free from turbidity and from constituents that influence the 
effectiveness of the process. Suspended solids (turbidity) may shield 
embedded bacteria from the action of the chlorine. Organic matter in 
solution reacts with chlorine chemically and destroys its disinfecting pro
perties. Ammonia reacts with chlorine to form chloramines, which have 
a lesser disinfecting property than free-residual chlorine. Alkalinity and a 
high pH value (above about pH 7.6) reduce the disinfecting capacity of 
chlorine. Nitrites combine with chlorine and destroy its disinfecting 
capacity, and at the same time interfere with the orthotolidine test, commonly 
used to determine the amount of available chlorine present in the water. 
Iron and manganese in the reduced state react with chlorine and destroy 
its disinfecting capacity, and when these metals are present in concentrations 
greater than about 1 mg/1, they interfere with the orthotolidine test. The 
temperature of water influences chlorination; at higher temperatures the 
bactericidal rate is higher, but chlorine tends to disappear from the water 
faster. 

The minimum period of contact after admixture of chlorine should be 
about 10-15 minutes, depending on such conditions as temperature, alkali
nity, pH and the presence of ammonia. Where treated water is held in a 
storage tank, it is desirable to apply the chlorine in advance of this tank 
to permit several hours of contact with the chlorine before the water is 
used. 

The amount of chlorine applied to water should be based on tests made 
at the point of use. Tests should be made by the sodium-arsenite orthoto
lidine test to eliminate the effect of interfering substances. Better results can 
almost always be obtained, from the standpoint of effective disinfection 
and also reduction in chlorinous tastes and odours, by maintaining 
a free-chlorine residual, commonly known as break-point chlorination. 
Details of the laboratory techniques are given in the International Stan
dards for Drinking-Water, Annex 4, p. 69 (World Health Organization, 
1958). 
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Cox 1 has worked out a comparison of the effects of free-residual and 
combined-residual chlorine, which shows the benefits of maintaining break
point chlorination: 

Recommended minimum colicentrations of free-residual chlorine 
versus combined-residual chlorine to ensure effective disinfection 

pH l'a{ue 

6.0- 7.0 
7.0- 8.0 
8.0- 9.0 
9.0-10.0 

lO.O+ 

_\finimum concentration 
of/Tee-residual chlorine; 

disinfecting period at 
least 10 min. (p.p.m.) 

0.2 
0.2 
0.4 
0.8 
0.8 +(with 

longer contact) 

Coagulation 

Minimum concentration 
of combined-residual chlorine; 

disinfecting period at 
least 60 min. (p.p.m.) 

1.0 
1.5 
1.8 

Not recommended 

A study of a water source-for example, a lake which is relatively clear 
but which contains objectionable algae-may indicate that it is suitable for 
filtration without the use of chemical coagulants ahead of the filters, but 
most surface waters contain, at times or continuously, such high turbidity 
that the preliminary step of coagulation is necessary. Filtration for iron 
and manganese removal do not require chemical coagulation, but may 
require aeration and pre-sedimentation. The design and construction of 
water filtration plants is a specialized undertaking, and warrants the 
employment of a qualified engineer. 

Water containing more than 5-10 units of turbidity, or water which is 
actually or potentially contaminated with cysts of enteric disease organisms 
such as Endamoeba histolytica, or eggs of intestinal worms, requires filtra
tion. Cysts and ova are not completely destroyed by chlorination alone, 
but are effectively removed by careful and suitable filtration. 

Coagulation consists of adding a chemical coagulant to the water, which 
reacts with compounds in the water to form a gelatinous floc, to which are 
drawn minute particles of clay or other solids which are too small to settle 
by themselves. If, after the addition and mixing of the coagulant and the 
formation of the initial floc, by slow and gentle movement the small particles 
are brought into contact with each other, they adhere together and build up 
into masses large enough to be visible and settle rapidly through the water. 
This process is called flocculation. If, after a floc with good settling pro
perties is formed, the water is conducted gently into a quiescent tank, the 
flocculent matter will nearly all settle to the bottom within a period of an 
hour or two, and the clarified water can be withdrawn from the top, ready 
for filtration. Filtration consists in straining out any material which has 

1 Cox, C. R. Operation and control of ;rarer rreatmem processes, GeneYa (JVorld Health Organization: 
Monograph Series, in preparation). 
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not already settled, including floc, cysts and ova, having a size greater than 
the effective pore size of the filter. Coagulation of turbid water is usually 
necessary because clay particles are generally smaller. than the filter's 
effective pore size, and in their natural state simply pass through the sand. 

The chemicals commonly used for coagulation are alum (aluminium 
sulfate), copperas (ferrous sulfate), chlorinated copperas, ferric sulfate and 
ferric chloride. By far the most common is alum. 

When alum is added to water containing natural alkalinity, it reacts 
with the dissociated hydroxyl ions to form aluminium hydroxide. This has 
the effect of reducing the alkalinity of the water and also of reducing the pH. 
Both of these effects are of importance. There must be sufficient alkalinity 
in the water to react with all the alum present, otherwise dissolved alum 
is carried forward through the filters and causes trouble when the water is 
subsequently used. Furthermore, the nature of the floc formed is strongly 
dependent upon the pH, but in a very complex way. If there is insufficient 
alkalinity to react with the alum, or if the pH is depressed below about 5.5, 
it is necessary to add alkalinity to the water, usually in the form of lime or 
sodium carbonate. 

Reactions between alum and natural alkalinity in various water.s are 
influenced by so many factors that it is virtually impossible to arrive at a 
theoretical .determination. As a general guide, one p.p.m. of alum reacts 
with: 

0.45 p.p.m. natural alkalinity, expressed as CaC03 

0.30 p.p.m. of 85% quick lime as CaO 
0.35 p.p.m. of 95% hydrated lime as Ca (OHh 
0.48 p.p.m. of soda ash as Na2C03 

The above approximate amounts of added alkali are those required with 
alum for the formation of an aluminium hydroxide floc without causing a 
change in the alkalinity of the treated water. 

The effect of alum on the pH of natural waters is also of importance. 
The pH range for coagulating turbid waters is from about 5.7 to 8.0. 
Highly coloured waters may coagulate best at pH 4.4-6.0. Consequently, 
the addition of lime or soda ash should be governed to a large extent by the 
effect on the pH, and in some cases other coagulant aids such as sodium 
aluminate or activated silica might be useful. 

Because of the difficulty in arriving at a theoretical determination of 
·the optimum dosages of alum and added alkalinity, if it is needed, the best 
course usually is to make a series of jar tests, in which serial doses of the 
chemicals are added to a number of jars and stirred in the laboratory 
under standard conditions of speed, time and temperature. Jar tests are not 
exactly comparable to plant conditions, but with experience they give an 
excellent guide. 
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The addition of coagulants and coagulant aids should be at a point of 
great turbulence, to ensure very rapid or " flash " mixing into the entire 
volume of water being treated. Turbulence may be secured by mechanical 
means, or by hydraulic means, for example at a pipe outlet or weir. Follow
ing the initial quick mix, the design of a plant should provide for about 
15-30 minutes of gentle agitation to give an opportunity for the floc particles 
to build up to their optimum size. Agitation should not produce too much 
shear, which would break up particles as they form, but should be great 
enough to prevent the floc from settling. If paddles are used, the peripheral 
speed should not exceed about 2ft (0.6 m) per second. If hydraulic currents 
or jets are used to produce turbulence, their maximum velocities should be 
about 60 ~~ of the above figure. Compressed air diffusers are also effective 
in flocculation tanks. Although these figures represent maximum velocities, 
it is often necessary to use lower velocities to preserve fragile floc. The 
lower limit of flocculating velocities is about 0.3 ft (0.09 m) per second, or 
just sufficient to prevent settling. It is desirable to provide a variable speed 
of agitation within these limits. Best results are obtained with veloci
ties of about 1.0-1.4 ft (0.3-0.42 m) per second. Higher velocities are 
favoured for turbid waters and lower velocities for highly coloured waters. 
Flocculation should extend mer a period of 10-30 minutes. In general, a 
longer period permits a lower coagulant dose and gentler agitation. 

Sedimentation 

There are six factors that influence sedimentation: 

(a) characteristics of the floc 
(b) temperature of the water 
(c) the period of time of sedimentation 
(d) the depth of the sedimentation basin 
(e) the horizontal area of the sedimentation basin 
(f) the " surface overflow rate " 

Floc is characterized by its large bulk in relation to its weight. Floc
culation should be directed to the formation of a dense, firm floc, and to 
the avoidance of a light, feathery floc. A conservative figure, frequently 
used in design, is that floc will settle at a rate of 2.5 ft (0.75 m) per hour. 
A good floc will settle much more rapidly than this, and a settling velocity 
of 10ft (3 m) per hour is not uncommon. 

Temperature has a great influence on the viscosity of water, and this 
affects the rate of sedimentation. The rate of settling of floc at 30oC is 
2.3 times the rate at occ. Allowances should be made for this factor, 
particularly in cold climates. 

The sedimentation period is expressed in different ways. The" detention 
period " is the time computed by dividing the volume of the tank by the 
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rate of flow through the tank. This is a theoretical figure, for water seldom, 
if ever, moves through a tank in a perfectly uniform manner, and as a uniform 
mass. A determination of the " flowing through " period can be made 
under any given set of conditions by adding concentrated dye or salt for a 
brief period to the incoming. flow, and subsequently measuring its appea
rance in the effluent. The efficiency of any given tank, under any particular 
condition of flow, is computed by dividing the " flowing through period " 
by the " detention period ". This factor, called " efficiency of displace
ment", should not be less than 30 %, within the normal range of operat
ing conditions. Normally, in a horizontal-flow basin, provision is made 
for a four-hour detention period. 

The depth of a horizontal-flow sedimentation basin determines the time 
required for floc to be deposited on the bottom. Depth is not a very critical 
factor. A common computation is to multiply the settling rate of the floc 
by the design detention period, and to add additional depth equal to the 
anticipated maximum thickness of the deposited sludge layer, usually about 
2 ft (0.6 m). The design of such a tank should provide quiescent space in 
the bottom where sludge is not subject to scour. The depth of a vertical
flow tank is related to design factors other than those already mentioned, 
and must be proportioned to such operating features as depth of sludge 
blanket and the means provided for concentration and removal of sludge. 

The surface area of sedimentation basin is generally established by 
the "surface overflow rate", which is obtained by dividing the design rate 
of flow by the surface area. This gives a linear rate, which is expressed in 
various units, e.g., millimetres per second or feet per hour; in American 
practice the surface overflow rate is often given as gallons per square foot 
per day. For horizontal-flow basins, the surface overflow rate should not 
exceed the equivalent of 5 ft (1.5 m) per hour, and this only under conditions 
where a rapidly settling dense floc can be maintained invariably. A suitable 
figure is more nearly half of this value. With vertical-flow sedimentation 
tanks, particularly those operating on a solids-contact principle, i.e., where 
the floc-bearing water passes upward through a sludge blanket, the surface 
overflow rate is normally greater, in the order of 10-12 ft (3.0-3.6 m) per 
hour. 

The theory underlying the solids-contact sedimentation tank is described 
by Degremont (1960) and by Nordell (1961). Its essential feature is that the 
coagulated water, after a flocculation period of 10-15 minutes, is introduced 
into the bottom of a tank and flows upward through a blanket of precipitated 
floc at a continuously decreasing velocity. The level at which the upward 
velocity of the water is equal to the settling velocity of the precipitate 
constitutes the upper surface of the sludge blanket. Above this level, any 
flocculant particles remaining tend to settle. downward. Sufficient depth 
must be provided above this level to ensure that fluctuations in flow or 
in the volume or density of the sludge will not result in solid particles 
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being carried over the outlet structure. The portion of the tank occupied 
by the sludge blanket through which water is passing is called the active 
zone. In association with this, there is a concentration zone, in which 
the sludge is quiescent, free from upward currents. From this zone, sludge 
is drawn off either continuously or periodically to keep the sludge blanket 
volume within reasonable limits. There are a number of variations in 
designs utilizing this principle. It is greatly favoured by equipment manu
facturers who can adapt it to a self-contained, pre-fabricated unit. Extra
vagant claims of efficiency should be viewed with suspicion, and the minimum 
volume of the settling basin, excluding the flocculation zone, should provide 
not less than a one-hour detention period, at the maximum rate of flow. 

The principal purpose of sedimentation is to remove a high proportion 
of suspended solids before the water passes to the filters. This relieves the 
filters from an otherwise heavy burden, and increases the length of filter 
runs between periods of back-w·ashing. Efficient settling considerably 
reduces the cost and difficulties of filtration. It is important that at every 
step coagulated water should be treated gently to avoid breaking up floc. 
Hydraulic transitions at ports, channels, weirs and other structures should 
never introduce velocities high enough to destroy floc once formed. The 
effluent from sedimentation tanks should preferably be dra\vn off at the 
surface over a long weir, or series of weirs. The effluent should contain 
a minimum of visible floc, and the turbidity of the water between floc 
particles should be kept below 10 units; as low as 5 units if possible. 

Filtration 

Filtration is the passage of water through a bed of granular material, 
usually sand. The object of filtration is to remove all fiocculant or parti
culate matter, bacteria, cysts and ova of intestinal parasites. The theory of 
filtration and the design of filters are complex. For detailed treatment of the 
subject, reference is made to Fair & Geyer (1954) (chapter 24). There are 
three general types of filter: slow sand, rapid sand and diatomaceous earth. 
For milk processing plants, rapid sand filters are the most common type, but 
diatomaceous earth filters have a useful application in many situations. 
Rapid sand filters may be of either the gravity or the pressure type. Pressure 
filters have two drawbacks: first, their operation cannot be readily observed 
and in case of trouble many of their parts are relatively inaccessible; and 
secondly, their space requirements are not as favourable as those of gravity 
filters. 

The size and uniformity of the granular particles determine to a con
siderable degree the performance and efficiency of a rapid sand filter. Filter 
sand is often described by its effective size and uniformity coefficient The 
effective size is the effective diameter, expressed in millimetres, of the 
theoretical sieve opening that would pass 10 ~'~ of the weight of sand under 
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examination. To determine the uniformity coefficient, it is further neces
sary to find the effective diameter of the theoretical screen opening that 
would pass 60 % of the weight of sand under examination. The ratio of this 
diameter to the effective size is the uniformity coefficient. A commonly 
used specification is that filter sand should have an effective size of greater 
than 0.45 mm, and a uniformity coefficient of less than 1.5. British practice 
describes both particle size and uniformity in terms of the sieve meshes that 
will pass and retain the total weight of the sand. A common British speci
fication is that a filter sand shall pass a 16-mesh and be retained on a 30-mesh 
sieve, the meshes used being in accordance with B.S.410 1943 (Institution 
of Water Engineers (1961), p. 517). If one were to assume a statistically 
probable particle-size distribution, this would be equivalent to an effective 
size of about 0.6 mm, and a uniformity coefficient .of about 1.2. 

Rapid sand filters are normally operated at a uniform rate. As the filter 
begins to clog with retained foreign matter, additional force or head is 
applied to maintain a constant rate of flow through the filter. In practice, 
a filter is commonly designed to require a loss of head of about 1 ft (0.3 m) 
immediately after cleaning, and to provide up to about 12ft (3.6 m) potential 
loss of head. Filters are generally washed when the loss of head exceeds 
about 9 ft (2.7 m). The rate of filtration is expressed as a linear velocity, 
commonly (in American practice) as volume per unit of area per unit of time. 
A common rate of filtration is 2 gallons (US) per square foot per minute, 
which would be expressed in British practice as 16ft per hour, or in metric 
units as 4.8 m per hour (1.33 mm per second). 

Rapid sand filters are cleaned periodically by back-washing them with 
filtered water, often in combination with mechanical or compressed air 
agitation, the wash water being led off to waste. The agitation produced 
must be sufficient to separate the sand grains and to scour them against 
each other, but the velocity of the back-wash must not be so great as to 
carry away the sand. The velocity of back-washing is dependent principally 
on the size and density of the granular material and the temperature (i.e., 
viscosity) of the water. Ideally, the sand grains should be. lifted sufficiently 
to result in an expansion of the sand bed amounting to 120 %-165% of its 
operating depth. The rate ofwash is expressed as a linear velocity, a com
mon figure being 24 inches per minute (10 mm per second) where auxiliary 
agitation is not used. In case mechanical rakes, hydraulic jets or compressed 
air are used, the back-wash velocity is ordinarily reduced to a value of be
tween 50% and 75% of the rate mentioned. Air scour generally proceeds 
at a rate of 3-5 cubic feet of air per minute per square foot of filter 
surface (15-25 litres per second per m2). 

For proper operation, rapid sand filters, whether of the gravity or 
pressure type, should be equipped with instruments to indicate the rate of 
flow during filtration, the loss of head through the filter, and the rate of flow 
during back-washing. 
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Softening 

The operation of a milk processing plant is greatly simplified if its water 
supply is soft, that is, relatively free from compounds of calcium and 
magnesium, particularly their carbonates and bicarbonates. Not all the 
water used in a milk plant needs to be softened. It is important that all 
water introduced into a milk plant be of drinking-water quality (reference is 
again made to the International Standards for Drinking-Water in this 
respect), but a certain portion of the water may be used without special 
treatment for softening. 

N ordell (1961) lists (p. 179) some of the difficulties that can be expected 
in a milk plant using hard water. In addition to forming scale in boilers, 
water heaters, piping and fixtures, hardness reacts with caustic compounds 
used in bottle washers to form a scale which clogs the recirculating system
pumps, pipes and nozzles-and forms unsightly deposits on the bottles. It 
is exceedingly troublesome in pasteurizers, especially of the high temperature 
type. It causes trouble in can washers and leads to the formation of milk 
stone. 

Softening is not so important in such processes as cooling, lavatory use 
and general plant use, e.g., floor washing, vehicle washing and the mainten
ance of grounds. 

There are a number of processes for softening water. The two principal 
methods are by cation exchange (zeolite) and by precipitation with lime. 
The lime or lime-soda process is not used frequently in milk plants. For 
the details of this process, reference is made to Fair & Geyer (1954), Nordell 
(1961) and Degn':mont (1960). Hoover (1946) has also published a very 
complete description of lime softening. 

The sodium cation exchange, commonly called zeolite, process consists 
of substituting a sodium for a calcium or magnesium cation. In practice, 
hard water is passed through a bed of granular zeolite, the calcium and 
magnesium being retained and an equinlent amount of sodium being given 
up in exchange. Using the symbol R to represent the cation exchanger 
radical, the softening process can be written as follmvs: 

(HC03) 2 r (HC03) 2 

Cat Ca l Na2 ~ so* _L 2NaR -+ R2 so4 ' 
MgJ Mg l Cl2 Cl2 

The reaction is reversible, and a zeolite bed can be regenerated by 
introducing a solution of sodium chloride, leading to the following: 

Cal 
f R 2 -7-- 2NaCl -+ 

MgJ 

Ca l 
2NaR + } Cl 

MgJ 
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Sodium cation exchangers usually consist of a metal tank or vessel con
taining a bed of zeolite from 2ft (0.60 m) to 8 ft (2.4 m) thick with necessary 
control fittings. Hard water is passed through the unit until the ability of 
the zeolite to soften the water is exhausted. The zeolite. is backwashed to 
clean and hydraulically regrade the bed, and a solution of sodium chloride is 
introduced to regenerate the material. The exchanger is then rinsed free 
of the soluble by-products and excess salt, and returned to service. 

Within limits, the ability of a bed of zeolite to soften water is dependent 
upon the amount of zeolite in the unit rather than upon the rate of flow. 
Nordell (p. 412) lists seven natural zeolites, each having slightly different 
exchange characteristics. In addition there are a number of synthetic cation 
exchangers, which fall into two general types (the resin type and the car
bonaceous type) and which have an exchange capacity up to 9 or 10 times 
greater than that of natural zeolites. For each zeolite bed there is a more 
or less constant weight of hardness which the bed can remove between 
regenerations. The volume of water that can be softened in one cycle is 
therefore in inverse ratio to its hardness. In practice, a greater efficiency is 
obtainable if the full theoretical capacity of the bed is not exhausted, in 
other words, the bed should be regenerated while it still has a considerable 
exchange capacity. Simil~rly, in regeneration it is mor.e efficient to interrupt 
the reaction before regeneration is complete. 

The rate of flow through a softening unit is normally related to the 
volume of exchange material. Degremont (1960) (p. 256) states that the 
average hourly output should be from 15 to 20 times the volume of zeolite, 
and that the maximum hourly output should not exceed 25-40 times the 
volume of zeolite. This provides an average contact period of 3-4 minutes, 
with a minimum contact period of 1.5-2.4 minutes. Care must be taken 
to distribute the incoming water evenly over the entire cross-section of the 
column, and to avoid any jetting action which may produce hollows in the 
surface of the sand. 

Sodium chloride (common salt) is ordinarily used for the regeneration 
of the ion-exchange material. Salt contaminated with even traces of iron 
should never be used. With most zeolites, sea-water can be used for regenera
tion, but it must be coagulated, filtered and chlorinated before use. Other 
salts that can be used, if cheaply available, are sodium nitrate, potassium 
nitrate and potassium chloride. Sodium sulfate can be used, but only in 
the form of a very weak solution to avoid precipitation of calcium sulfate. 
The theoretical weight of salt required for regeneration is about 6/7 the 
weight of hardness removed. The actual amount required under practical 
operating conditions is from 2. 5 to 3 times the theoretical figure, or from 2.14 
to 2.55 times the weight of hardness removed. 

In regeneration, the volume of regenerating solution should be at least 
equal to the volume of the zeolite. The strength of the brine solutions 
actually applied to the bed, which includes injection water, is usually 
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10%-12% for natural or synthetic zeolites; 5%-15% for carbonaceous 
types; and 15%-18% for high-capacity resins. The time required for 
regeneration varies with the type of exchange material; Degn\mont specifies 
from 30 to 60 minutes. 

After the application of brine, the exchanger bed must be rinsed clean of 
residual sodium chloride and of the calcium and magnesium chlorides 
formed during regeneration. Rinsing is usually carried out at a rate equal to 
about one-third the wash-water rate, and for a period of about ten minutes. 
A bed should not be over-rinsed as this will result in a loss of usefuL exchange 
capacity. 

Removal of Iron and Manganese 

The commonest form in which iron is found in water supplies is as ferrous 
bicarbonate (Fe(HC03) 2). Its solubility increases with an increasing free 
carbon dioxide content of the water. It is frequently found in deep well 
water which has not come into contact with the air. Iron may also occur as 
ferrous sulfate, or, in surface waters, in organic combination (chelated iron). 
Ferrous bicarbonate is readily removed by aeration, sedimentation and 
filtration. Aeration removes considerable amounts of the carbon dioxide 
from the water, and adds oxygen, which converts the ferrous bicarbonate to 
ferric hydroxide, an insoluble fiocculent material which normally settles 
rapidly and which can be removed by filtration. Nordell (1961) has shown 
that with aeration the oxidation reaction proceeds best at a pH of 7.0 or 
above. It is possible to oxidize ferrous bicarbonate to ferric hydroxide by 
adding chlorine. This reaction can be carried out at a lower pH, as low as 
5.0 in some cases. It should be pointed out that in aerating water with a 
low pH, carbon dioxide is driYen off, which has the effect of increasing the 
pH without the addition of alkali. If water has a bicarbonate alkalinity 
of 50 or more, reduction of its carbon dioxide content to 10 p.p.m. or lower 
will raise the pH above 7 .0. 

The cation exchanger can also be used for the removal of iron. With 
clear, deep well waters containing ferrous bicarbonate, the iron may be 
removed simultaneously with the hardness by the zeolite process. It is 
customary practice to limit this application to waters whose iron content, 
as Fe, is not more than half the hardness, and to \Vaters containing no more 
than 50 p.p.m. iron, as Fe. In this process it is important that the water 
should not have come into contact with air before passing through the water 
softening units, otherwise ferric hydroxide will be precipitated on and in the 
zeolite bed. 

The coke tray is a reasonably efficient and cheap type of aerator. Three, 
or sometimes four, trays with perforated bottoms and filled with coke are 
placed one above the other, with a distributor at the top. Water trickles 
down through successive trays into an aerated-water basin beneath. The 
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usual rate of application, based on the area of one tray, is about 10 gallons 
(US) per square foot per minute (6.8 litres per m2 per second). The capacity 
of the settling basin following aeration should allow for no less than 15 
minutes' detention; it is good practice to provide for 30 minutes'. If iron 
removal by aeration is to be combined with cation exchange for the removal 
of hardness, the iron should be precipitated first, and the water filtered 
before being passed through the cation exchange bed. 

The removal of manganese follows the same pattern as for iron. While 
many iron-bearing waters can be treated by precipitating the iron through 
aeration alone, all manganese-bearing waters require that an alkali be added 
immediately after aeration and before sedimentation. The pH should be 
raised to about 10.0 for efficient results. Some additional time must be 
allowed for the precipitation of manganese, and the tank receiving the 
aerated water should provide for at least 30 minutes' detention. The 
equipment used for manganese removal is the same as for iron removal, and 
the two processes can take place simultaneously. 

Neutralization 

The tendency of water to corrode metal or to form scale is of great 
interest in a milk plant as it affects three types of water systems: (1) boiler 
water, (2) hot water, and (3) cooling water systems. Normally milk plants 
operate only low-pressure boilers; if high-pressure boilers are to be used, a 
special study should be made to develop a suitable boiler water treatment 
by a qualified expert. 

The principal scale-forming material in water is calcium carbonate, which 
is formed on the surface of heated metal by the alteration of calcium bicar
bonate according to the following reaction: 

Ca(HC03h ~ CaC03 + C02 + H20 

The reaction is reversible so long as carbon dioxide remains in solution, but 
upon heating the carbon dioxide is usually driven off, and with waters 
containing a substantial amount of calcium bicarbonate the resulting 
deposits can build up very rapidly. 

Calcium sulfate can also be scale-forming if it occurs in high. concen
trations. When cooling water containing calcium sulfate is recirculated, 
care should be taken to draw off and replace enough water to keep the con
centration of calcium sulfate, expressed as CaC03, below about 1000 p.p.m. 
This will generally prevent a sulfate scale from forming. 

Water softened either by cation exchange or by lime softening is not 
scale-forming, but attention should be given to its possible corrosiveness 
under various operating conditions. 

To judge whether a water is encrusting or corrosive, it is useful to apply 
the Langelier index. The index is computed from the observed pH and a 
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In applying the Langelier index, it will be noted (a) that with a water 
which will tend to be corrosive in use, this. tendency can be corrected (i.e., 
the pHs can be lowered) by decreasing total solids, or by increasing the 
working temperature, the hardness and the methyl-orange alkalinity; and 
(b) that with water which will tend to be encrusting in use, this tendency can 
be corrected (i.e., the pHs can be raised) by increasing total solids, or by 
decreasing the working temperature, the hardness and the methyl-orange 
alkalinity. Total solids do not have a very marked effect on the stability pH. 
The working temperature of the water is usually fixed within a few degrees 
by the conditions of use. Consequently the only two factors that can be 
varied in a practical way enough to have a marked effect are hardness and 
alkalinity. Carbon dioxide accelerates corrosion in waters of low pH and 
low alkalinity, and this tendency is stronger at higher temperatures. Waters 
containing sulfur may produce metal sulfides, corroding the surfaces. It is 
good practice to chlorinate sulfur waters, after aeration, to oxidize or pre
cipitate the sulfur. 

Considerable savings can be effected by re-use of treated cooling water, 
either by recirculation through cooling towers or heat exchangers, or by 
using it for other purposes. Cooling water, which is already partially heated, 
can be used after .additional heating if necessary, for washing cans, bottles 
or other equipment, or in other plant processes. Savings result not only in 
the costs of production and treatment of the water, but also in the costs of 
treating the plant wastes. Any reduction in the volume of wastes tends to 
lower the cost of their treatment. 

It is possible with waters of relatively low hardness to add polyphosphates 
and organic boiler compounds to boiler-feed water and thereby prevent the 
formation of scale. Boiler compounds have for their purpose the precipita
tion of calcium and magnesium in a form that will not adhere to metal walls 
in the form of scale. The precipitate is still present, but in the form of 
suspended material. Nordell (1961) (p. 268) lists seven phosphates which 
are used for this purpose, together with tables for computing dosages. 
Organic boiler compounds include tannin, starch and other natural or 
synthetic products; when properly made and used, they are valuable in 
the control of scale in boilers. 

WASTE TREATMENT 

"The control and disposal of wastes is of major concern to many plants 
in the dairy industry. Optimum reduction and utilization of wastes are 
essential for economic production in both small and large plant operations. 
Wastes which cannot be prevented must be disposed of in a suitable manner. 

" The Nation's water resources are seriously limited in some places. To 
conserve and protect all water resources for maximum use is mutually 
beneficial to the individual citizen, our ever expanding industries, and the 



\VATER SUPPLY ANlJ WASTE DISPOSAL 517 

Nation as a whole." (United States Department of Health, Education and 
Welfare, Dairy Industry Committee, 1959). 

The subject of dairy wastes must be approached from t\vo directions: 
the prevention of waste in so far as it affects the economic conservation or 
recovery of useful products, and the treatment of those wastes which cannot 
be economically avoided. The costs of waste treatment are high, and savings 
in treatment costs through the reduction of waste materials can be an impor
tant factor in deciding upon measures to be used in the conservation or 
recovery of usable products. The principal measurement of the strength of 
dairy wastes is the 5-day biochemical oxygen demand (BOD). This is the 
amount of oxygen used up by the wastes under standard conditions over a 
period of 5 days at 20°C. Wheatland (1960) reports that in a factory pro
cessing about 25 000 gallons of milk per day, careful attention to conserva
tion and recovery reduced the 5-day BOD of the waste waters from 1420 to 
730 p.p.m. and the daily discharge of BOD from 826lb. to 446lb., equivalent 
to a saving of some 346 gallons of milk. M organ & Baumann (1957) found 
in two American plants that supervised waste control reduced the average 
5-day BOD discharged per 1000 lb. of milk received from3.39lb. to 1.83lb. in 
one case, and from 1.53lb. to 0.95lb. in the other, the reductions being 46% 
and 38 % respectively. The economic implications in these and similar 
cases are not insignificant nor trifling. 

Waste Prevention 

There are a number of processes in the milk and milk products industry 
which may contribute putrescible milk solids to the drainage system of the 
plant. These can be classified as: 

(1) reception, cooling and storage: 
(2) heat treatment and bottling of fluid milk: 
(3) butter-fat separation and handling of cream: 
( 4) cheese manufacture: 
( 5) butter manufacture; 
( 6) condensing; 
(7) milk drying; 
(8) ice cream manufacture. 

In each of these processes the regular methods of \vashing and cleaning 
give rise to liquid wastes containing milk solids and cleansing agents, but 
there are opportunities to reduce wastes. Good management and efficient 
operation calls for a detailed analysis of waste potentials in each process. 

Reception 

Milk is received, either in cans or in tank vehicles, weighed, cooled, and 
pumped into holding-tanks pending further processing. There are two chief 
sources of waste in this process: spillage and inadequate drainage of cans. 
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Spillage may result from carelessness in emptying cans into the receiving 
hopper or weighing tank. The proper installation of splash guards reduces 
the possibility of wastage at this point and careful instruction and super
vision of the handlers is an effective measure. Spillage may also result from 
over-filling the receiving tank. This may be controlled by a suitable system 
of alarms or indicators, and by providing adequate capacity in outlet lines 
and pumps to handle the maximum rate of delivery. To reduce losses 
represented by milk left in the cans, sufficient time must be allowed for 
drainage. Milk continues to drain from a can after it is moved away from 
the receiving hopper. Can washers can be fitted with a drain pan at the 
entrance point, and a large part of the residual milk can be collected there. 
A volumetric rinse can also be used on each can, with about 3 oz (100 ml) 
of water being sprayed under pressure into the can. These washings can 
be collected and used for animal feeding, and a reduction can thereby be 
made in the wastes to be treated. By a combination of these methods it is 
possible to reduce receiving wastes by more than 50 %. 

In the handling, cooling and storage of milk incident to its reception, 
losses may occur from leaks and drips in pipes and pumps, from overflows 
and spills, and from inadequate drainage of equipment before washing up. 
Leaks and drips result from damaged or poorly assembled fittings, and the 
use of equipment that can be cleaned without disassembling tends to reduce 
such wastes. It is not possible to reassemble equipment once it is put in use, 
so it is advisable to mount all pipes and fittings in locations where drip-pans 
can be placed beneath to catch the milk. Collected drippings can be used 
for animal feeding and kept out of the plant waste system. 

To prevent overflowing of tanks and vats, these should be watched care
fully, and if possible automatic controls should be installed-as, for example, 
float controlled valves. Where necessary, indicators or gauges should be 
installed to enable operators to verify liquid levels. Spillage is nearly 
always due to carelessness, and can be reduced by appropriate instruction 
and close supervision. 

Heat treatment and bottling 

The equipment used for pasteurization or other heat-treatment of milk 
usually contains a considerable surface area and after use there is a corre
spondingly great amount of milk adhering to these surfaces. Provisions 
should be made for drainage from all units, and sufficient time should be 
allowed for drainage to be complete. Piping should be pitched to drain, 
and the drainage should be collected either for use in a product or for 
animal feeding. It is good practice to spray-rinse equipment with a small 
amount of water and to collect the rinsings for use as animal food. By 
keeping all milk drainage and concentrated rinsings from the plant drainage 
system a significant reduction can be made in the load on the waste treat
ment plant. 
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When milk is cooled, either after heat-treatment or for storage, it is not 
uncommon for it to freeze on the cooling surfaces, and this can represent a 
significant loss of milk, and an additional load on waste-treatment facilities. 
These losses can be minimized by proper design and careful control. It is 
good practice to use a refrigerant of which the temperature is not below the 
freezing-point of water. 

Cream separation 

The practices described for pasteunzmg equipment should also be 
applied to separators and their auxiliary equipment. Special consideration 
should be given to the drainage and rinsing of equipment used for cream, 
and such equipment should be steamed to remove residual butterfat and 
cream. 

Cheese manufacture 

This operation can be a major source of BOD in the plant wastes. Whey 
and cheese washings have a high BOD, and their conservation has a material 
effect on the cost of waste treatment. Any significant escape of these mate
rials to the plant drainage system is costly. Whey vats and pans should be 
carefully watched to keep the liquid at a level safely below the rim, and whey 
pumps should be of adequate capacity and mounted in such a way that they 
do not become air-bound. Cheese hoops should be filled in the vats, and 
suitable containers should be installed beneath the presses to prevent the 
press liquor from entering the drain lines. Cheese curds spilled on the floor 
should be swept up and saved for animal food, and not washed into the 
sewer. 

Recommended methods of waste prerention 

The US Department of Health, Education and Welfare, Dairy Industry 
Committee (1959) gives 38 suggestions for effective waste prevention, 
applicable to all types of milk processing; they are as follows: 

(1) Adopt and maintain a definite waste pre..-ention programme. \Vaste prevention 
committees and group discussions will help make employees " Waste Prevention 
Conscious." 

(2) Instruct plant personnel in the proper operation and handling of equipment. 
(3) Make a thorough study of plant operation to determine where losses occur. 
(4) Provide ample equipment, especially for receiving, cooling, and storing, to take 

care of maximum volumes so that there can be no spoilage due to delays in handling. 
(5) Mark all valves clearly, especially multiport, so that it is practically impossible 

for inexperienced help to turn the valve the wrong way. 
(6) Handle with extreme care all sanitary fittings, valves, rotary seals, and pump 

parts during every phase of operation to prevent marring which may cause leaks. 
(7) Provide reliable standby power so that processing can be completed as quickly 

as possible in case of a breakdown of the regular source of power. 
(8) Provide accurate temperature controls on plate, internal tubular, and surface 

coolers to prevent freezing-on. 
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(9) Eliminate valves on the outlet. side of internal tubular or plate heaters or coolers 
to avoid waste due to blown gaskets. 

(10) Install suitable liquid-level controls with automatic pump stops, alarms, or 
other devices at all points where overflows are likely to occur. 

(11) Vats and tanks should have well-rounded corners, be properly pitched, and be 
installed high enough from the floor for easy draining and rinsing into standard buckets. 

(12) Install equipment such as vats, tanks, and processing machinery designed to 
reduce to a minimum losses due to leaky joints, gaskets, packing glands, and rotary 
seals, etc. 

(13) Install all sanitary lines so that they can be drained thoroughly and pre-rinsed 
with a small amount of water into standard buckets. This residual material is suitable 
for animal feed. 

(14) Give distinctive markings to the different types of fittings on plate-type heat 
exchangers to avoid milk being pumped into the water side of the exchanger. 

(15) Provide and use proper splash shields on surface coolers. 
(16) Never fill cheese vats, ice-cream vats, pasteurizers, or cooling tanks to such a 

high level that spillage will occur when the product is agitated. 
(17) Worn-out or obsolete equipment or parts of equipment, including sanitary 

valves, fittings, and pumps, should be repaired or replaced. When a leak cannot be 
repaired during processing, buckets should be provided so that the product is not allowed 
to go down the floor drain. 

(18) Foam contains a considerable amount of milk solids and should be kept out of 
the sewer. Common sources of excessive foaming are open-type separators, splashing 
when filling tanks, air sucked in through leaky connexions in lines under partial vacuum, 
through leaky packing, and through faulty rotary seals or pumps. 

(19) Replace or repair leaky milk cans. 
(20) Provide the best possible conveyor levels and unloading facilities to avoid 

upsetting of cans during unloading, and maintain conveyors so that cans will not tip over. 
(21) Where permitted, use grid style (western style) dumping of milk cans. Where 

practical, eliminate the use of milk cans and substitute tank truck pickup on farms and 
between plants. 

(22) When unloading tank trucks, avoid spillage from the sanitary pipe or hose 
connexions. Be certain the tank is empty before disconnecting the sanitary pipe or hose. 

(23) Provide an adequate drip saver between can dumping and can washing. A 
product-saving pre-rinse (2 to 4 oz of water per can) should be used at the entrance to the 
can washer over the drip-saver pan extending for two or three drain positions. Such 
pre-rinsings can be used for animal feed. 

(24) Do not use a constantly running water hose in any room. Eliminate the cause 
of spillage, rather than just wash it away after it has occurred. 

(25) Avoid the use of hot wells for preheating because of the danger of filling them 
too full or of their boiling over. Use regular plate, tubular, or surface heaters. If hot 
wells must be used, equip them with liquid level controls which operate alarms or pump 
stops with good temperature regulators. 

(26) Operate evaporators at low liquid level to prevent boiling over. 
(27) Design all new external tube-chest evaporators with a tangential inlet from the 

tube chest to the evaporating space. Equip all coil or calandria evaporators with efficient 
entrainment separators. So-called splash disks in the top of the evaporators will not do 
the job unless carefully operated under the rated capacity with a low liquid level and at 
relatively low vapour velocities. 

(28) Wherever possible, equip the condensers of evaporators with a full barometric 
leg so as to eliminate the possibility of spoiling products by sucking water back through 
the condenser into the evaporator in case of pump or power failure. A full barometric 
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leg will be very helpful in maintaining a steady vacuum, which again helps to reduce 
entrainment losses. 

(29) In filling or moving cans or barrels of liquid dairy products, take extreme care 
to avoid spillage. 

(30) Where sugar is used in the manufacture of dairy products, take care that it is not 
spilled on the floor and washed into the sewer. Sugar will pollute the stream just as much 
as will milk solids. 

(31) When condensed products have been removed from vacuum pans into storage 
or cooling vats, utmost care should be taken that no cleaning solutions be allowed to enter 
the vats, thereby spoiling the product. 

(32) All dust from spilled or wasted products in milk-drying operations should be 
scraped or swept up with the aid of a vacuum sweeper. These products should be collected 
and disposed of for animal feed. Water from hoses should never be allowed to flow 
constantly over powder-room floors. 

(33) Provide a foolproof whey collection system and avoid leaks from valves and 
fittings on whey lines which will result in ultimate loss of whey to the sewer and in floor 
corrosion. 

(34) Provide standby pumps for pumping whey from cheese vats to storage tanks 
in case of power or pump failure. 

(35) Provide whey storage tanks of twice the maximum daily Yolume for all types 
of cheese and casein plants. 

(36) Sweep up all spilled cheese curd particles from the floor. Do not wash them 
down the sewers. 

(37) In casein operations, collect all casein dust and collect all fine particles with 
proper settling equipment or filter presses. This can be used for animal feed. 

(38) In lactose manufacturing plants, evaporate lactose mother liquors and lactose 
wash liquids and use them for animal feed. Storage and catch basins must be available. 
Remove albumin or other cake carefully from the filter presses so that none is lost to the 
sewer. 

Selection of Waste Treatment ::\fethods 

Sanitary wastes, that is to say wastes carrying human excrement, should 
be kept separate from the process wastes and treated or disposed of in a 
separate disposal system. The treatment of dairy wastes requires careful 
technical and scientific consideration, and it is good policy to enlist the ser
vices of a qualified expert in this field since a considerable capital outlay may 
be involved. The bases of design are reliable data on the volume, strength 
and composition of the 'vastes, including seasonal or process variations, and 
the allowable quality of the effluent from the waste treatment plant. There 
are several choices of treatment method, including (at present) aeration, 
irrigation, biological filtration (including alternate double filtration), and 
activated sludge. Other treatment methods are described by, for example, 
the American Chemical Society (1953), Eldridge (1942), and in other 
technical literature listed in the accompanying biliography. 

The required quality of the final effluent imposes the chief restriction on 
the selection of a method of treatment. In general the amount of BOD 
which may be discharged depends on the character of the receiving stream, 
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and the discharge must not impair the quality of the receiving water beyond 
a definite limit. In Great Britain, River Boards generally impose an " effluent 
standard", and ordinarily require that the effluent from a dairy waste treat
ment plant shall not exceed 20 p.p.m. of 5-day BOD. Where the diluting 
flow in the receiving stream is small an even more stringent requirement may 
be laid down. The final requirement, therefore, may be expressed in either 
of two ways, a maximum weight of 5-day BOD that may be discharged in 
any single day, or a maximum conpentration, in parts per million, of 5-day 
BOD in the plant effluent. With an accurate estimate based on actual 
measurement of the wastes, and .of the maximum waste load to be treated, 
the required percentage reduction of 5-day BOD can be computed. This 
computation may immediately rule out certain treatment processes which 
cannot yield the required percent removal of BOD. The remaining altern
atives can then be analysed for practicability and cost, and a final selection 
can be made. Cost analysis should include both operating expenses and the 
amortization of capital. The possibility of discharging dairy wastes into a 
public sewerage system should not be overlooked. Municipalities may 
impose a charge for handling such wastes, but this may well be less than the 
costs of constructing and operating a separate waste treatment plant. In 
case sewer charges are based in part on the strength of wastes received into 
the sewers, a study might be made of the relative economy of partial treat
ment before discharge into the public sewers. 

Plant waste flows fluctuate greatly during 'the course of an operating day. 
Depending on the type of treatment, it may be economical to provide a 
balancing tank to receive and hold peak flows for subsequent more uniform 
release to the treatment plant. This has the effect not only of equalizing 
flows, but also of mixing wastes of different character and strength, produc
ing a more uniform loading for subsequent processes. 

Aeration 

The principles of aeration of milk wastes are described by Trebler & 
Harding (1955), who list five" fundamental facts": 

(1) Milk wastes are exceptionally easy totreat by aerobic fermentation 
· (2) Where wastes contain a relatively high proportion of whey, the 

addition of assimilable nitrogen is helpful 
(3) By extended aeration the milk solids are aerobically digested to a 

considerable extent 
(4) Temperature is important; the optimum appears to be about 86°F 

(30°C); at 50°F (10°C) the rate of fermentation is practically stationary 
(5) It seems doubtful that milk waste aeration tanks can be operated 

consistently without removal of some sludge 

The aeration process is similar to activated sludge treatment-a process 
described in any standard text on sanitary engineering. The aeration process 
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differs in that aeration of the sludge developed is continued until the sludge 
is stabilized, whereas in the activated sludge process a proportion of the 
sludge is withdrawn, either continuously or periodically, to separate digester 
units or for other disposal. In the aeration process, the cells are destroyed 
by their own metabolism (endogenous oxidation), thus greatly reducing the 
sludge volume. After vigorous oxidation, generally with air introduced 
through diffusers, the aerated liquor is led into a settling tank where sus
pended solids are removed for return to the aeration tank and the clear 
supernatant liquid flows to the receiving stream. 

The capacity of the aeration tank is based on the weight of 5-day BOD 
applied and on the total daily volume of flow. ~ilk wastes contain very 
little suspended matter, except for some cheese curd and materials found in 
floor washings, such as a small amount of sand, milk bottle caps and other 
debris. It is normal practice in the aeration process to allow up to about 
36 hours' aeration. Trebler & Harding (1955) report satisfactory operation 
with oxidation at a uniform rate for 24 hours, even where the raw waste 
load enters the process with extreme non-uniformity. The exact design of 
the aeration units does not appear to be critical, and tanks can be square, 
rectangular, or of horizontal or vertical cylindrical shape; they can be 
shallow or deep, and can be operated with uniform or variable level, or as 
fill-and-draw tanks. The important points are that oxygen be supplied 
continuously to all portions of the liquid, and that the liquid be maintained 
as nearly as possible at the optimum temperature of 86°F (30°C). The 
United States Department of Health, Education and Welfare makes the 
additional point that the concentration of solids in the liquor undergoing 
aeration should be kept below 9 %. 

Aeration tank capacities are sometimes worked out in terms of the BOD 
loading, amounting to 20 or 30 cu. ft1lb. (1.25-1.85 m3 per kg) of 5-day 
BOD per day. The amount of air required in the aeration process varies 
with the extent of oxidation desired. Initial assimilation requires a weight 
of oxygen equal to one half the weight of milk solids. Complete oxidation 
requires a weight of oxygen equal to 1.25 times the weight of milk solids. 
Irr terms of air and BOD, the theoretical requirement is for 1.5 m3 of air 
per kg of 5-day BOD (24 cu. ft/lb.) for initial oxidation and 2.5 times this 
amount for complete oxidation. In practice, only 3 %-5 % of the oxygen 
brought into contact with the liquor is used in the biochemical reaction. 
If compressed air is applied through diffusers it is necessary, for complete 
oxidation, to apply an amount of air in the order of 120 m3/kg of 5-day 
BOD (2000 cu. ft;'lb.). A great deal depends upon the design of the system, 
e.g., the size of air bubbles produced by the diffusers, and it has been re
ported (United States Department of Health, Education and Welfare, 
Dairy Industry Committee, 1959) that up to 5000 cu. ft of air per lb. of 
5-day BOD has been required in some instances. Wheatland (1960) points 
out that this can be costly. 
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The effectiveness of the aeration process is usually expressed as percentage 
removal of 5-day BOD. The aeration process is capable of effecting 95% 
or higher removals; it can be adapted to lower levels ofpurification where 
conditions may permit. 

Biological filtration 

The action of biological filters depends upon contact phenomena rather 
than on any filtering or straining action. Biological filters for milk wastes 
can be constructed of a great variety of materials: stone, wood, brick, coke, 
or any other reasonably durable substance. Biological filters depend for 
their effectiveness on two essential elements: a large surface area upon which 
a biological coating or slime can develop, and a copious supply of air to the 
coated surfaces. The commonest form of filter is a structure containing 
carefully graded stone, the pieces having nominal diameters greater than 
2.5 in. (6 cm) and less than 3.5 in. (9 cm). These sizes are not critical and 
finer material can be used. Wheatland (1960) reports the use of metallur
gical coke graded from % to 1 Yz in. (2-4 cm) nominal diameters. The 
thickness of the filter is subject to considerable variation. A common 
figure is about 7 ft (2 m), although filters as shallow as 4 ft (1.2 m) and as 
deep as 9 ft (2.7 m) have been used successfully. The size of the filter is a 
function of the BOD loading, and the rating is expressed in terms of weight 
of BbD per unit volume of filter per day. Rates normally range from 0.3 to 
0.5 lb. of 5-day BOD per cu. yd (0.18-0.3 kg per m3) of filter medium per 
day, although higher rates are reported. In the design of biological filters 
it is important to distribute the liquid over the surface of the filter very 
evenly, and intermittently. The liquid can be sprayed from fixed nozzles, 
in which case an automatic siphon is used to produce intermittent applica
tion, or from rotating arms equipped with nozzles along their axes (see 
Fig. 2). Ventilation is important also, and is most oftr-n produced by laying 
the filter medium on a perforated base having a free circulation of air 
beneath. For the sake of good natural ventilation it is considered good 
practice to build the entire filter, including its under-drains, completely 
above ground level. 

In the design of a filter consideration must be given not only to the BOD 
loading, but to the hydraulic flow also. The rate of application to the filter 
should not exceed about 160 gallons (US) per cubic yard (0.83 m3 per m3) 

of filter medium per day, the normal rate being two-thirds of this value. 
There is a maximum strength of wastes that should be applied to a biological 
filter, amounting to about 400 p.p.m. of 5-day BOD. For single-stage 
conventional-rate biological filters treating milk wastes, it may be desirable 
to use diluting water to keep the BOD concentration below this approximate 
level, otherwise difficulties will arise from ponding of the. bed, due to over
growth of biological masses. Biological filters are capable of reducing 
BOD by 75 %-90 %. 
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FIG. 2 

PLANT FOR TREATMENT OF MILK WASTE WATERS BY CHEMICAL COAGULATION 
(IN TANK ON RIGHT) FOLLOWED BY PASSAGE THROUGH A DEEP PERCOLATING FILTER 

(ON LEFT) 

British Crown Copyright. Reproduced by courtesy of the 
Controller of Her Britannic Majesty's Stationery Office 

FIG. 3 

GENERAL VIEW OF WASTE TREATMENT PLANT AT A DAIRY 

The waste waters are collected in the tanks furthest from the camera, treated in the percolating 
filters in the centre, and finally settled in the humus tanks in the foreground. 

British Crown Copyright. Reproduced by courtesy of the 
Controller of Her Britannic Majesty's Stationery Office 
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Post-filter sedimentation 

Biological filtration should be followed by sedimentation. Filters 
periodically" unload", that is, masses of the biological growth are detached 
from the filter medium, and at times such material, commonly called humus, 
appears in considerable quantities in the filter effluent. Humus settles readily, 
as a rule, and a detention period of one hour usually allows for satisfactory 
settling and results in a clear supernatant liquid which can be drawn off 
over a surface weir (see Fig. 3). 

High-rate biological filtration 

The effectiveness of biological filtration can be improved, and the size of 
filters thereby reduced, by re-circulating settled filter effluent continuously 
with the waste being applied to the filter. Eldridge states that the BOD 
loadings on a high-rate filter can be four times the rate of application to a 
simple or conventional filter, which would be equivalent to 1.3-2.0 lb. of 
5-day BOD per cu. yd (0.8-1.2 kg per m3) of medium per day. The 
recirculated flow can be much greater than the incoming flow, and recirculat
ing ratios-i.e., the ratio of the incoming flow to the return flow of settled 
effluent commonly ranges from 1:1 to I :10. Particularly when the recircula
tion ratio is low, it is considered good practice to operate the recirculation 
pumps in such a way that the hydraulic flow to the filters is more or less 
uniform. The minimum hydraulic rate should preferably be greater than 
250 gallons (US) per cu. yd (1.3 m3 per m3) of filter medium at all times, 
although good experience has been reported with somewhat lower rates. 

It is important to follow high-rate filtration with final sedimentation 
tanks. One of the characteristics of such a filter is its continuous " unload
ing ". The biological growth on the filter medium is of a different nature 
from that in a conventional biological filter. It is thinner and very much 
more active, and is continually renewing itself, sloughing off the older 
growth. Consequently, there is a considerable amount of solid organic 
matter in the filter effluent. The detention period for a final settling tank is 
normally one hour, based on the total recirculated flow. 

The efficiency of a single-stage high-rate biological .filter, followed by 
sedimentation, ranges from about 90 %to 99 % removal of five-day BOD. 

Double filtration 

Double filtration-more specifically, alternating double filtration-has 
been gaining favour, particularly in Great Britain. In this process, the puri
fied effluent from one filter, after sedimentation, is passed through a second 
filter. Wheatland (1960), in reporting on this process, points out that a 
percolating (biological) filter which has become partially clogged can be 
cleared by passing through .it the effluent from another filter. By construct
ing two filters, and by alternating them every two weeks from primary to 
secondary service and vice versa, ponding could be controlled and very high 
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efficiencies could be attained. With filter loadings up to about 0.5 lb. of 
5-day BOD per cu. yd (0.3 kg per m3) of filter medium (based on the total 
volume of both filters) Wheatland reports BOD concentrations in the final 
effluent consistently lower than 10 p.p.m., the efficiency frequently being 
over 99 % removal. 

Digestion and disposal of solids 

Although the solids resulting from the aerobic treatment of milk wastes 
are largely consumed in the process, it is seldom if ever possible to do away 
with them altogether. Some means must be provided, therefore, for their 
final handling and disposal. There are three general methods for disposing 
of sludge: lagooning, drying, and digestion and drying. Sludge from tanks 
used for settling raw milk wastes is very objectionable, giving rise to putrid 
odours, and being difficult to dry or dispose of. The sludge from a tank 
used to settle treated wastes, from either the aeration or biological-filter 
process, is better stabilized, and when dried resembles humus. Such sludge 
can be put directly on to sand beds for drying. In large plants it may be 
economical to provide a digestion tank, in which the solids are stabilized by 
anaerobic decomposition, after which the remaining solids are more amen
able to drying and are considerably less noxious. Data on the size of 
digestion tanks for milk wastes are rather scanty. Morgan & Baumann 
(1957) mention a digester with a capacity of about 2000 cu. ft (56.5 m3) in 
a plant treating a waste containing up to 900 lb. (410 kg) of 5-day BOD 
per day. This amounts to digesting capacity of about 2.2 cu. ft/lb. (143 
litres per kg) of incoming BOD per day. 

Irrigation 

The United States Department of Health, Education and Welfare, Dairy 
Industry Committee (1959) emphasizes that, where suitable land is available 
and where the cover crop is carefully selected, the disposal of milk wastes by 
spray irngation generally presents the most economical and least trouble
some method of treatment. Porous soils are the best for this purpose, such 
as loose loam, sand and gravelly formations. Clay soils may be unsuitable 
because of their impervious nature, and because clay is subject to poisoning 
by sodium in the wastes. Sloping or rolling terrain is the most suitable, but 
the gradient should not exceed about 6 /~. For cover crop, shallow-rooted 
grasses are recommended, and the cover should be well established before 
the spray operation is started. The spray irrigation system may be per
manently installed, or may be composed of portable piping. Irrigation-type 
spray nozzles are suitable, but the wastes should be screened to remove 
debris that might clog the nozzles. Pumps and pump sumps should be so 
designed that the wastes do not become septic, and the dosing schedule 
should be so planned that the ground does not become waterlogged. 
Dosage can be at the rate of 2500-6200 gallons (US) per acre (3.8-9.4 m3 per 
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hectare) per day. If three or four days can be allowed between applications, 
the rate can be as high as 25 000 gallons (US) per acre (38 m3 per hectare) 
per day. Some whey may be discharged with normal plant wastes, although 
excessive amounts of whey may damage the cover crop. It may be desirable 
in some instances to install sub-surface drainage to assist in removing water 
from the soil. Other types of irrigation may also prove more practical or 
more economical. With strong wastes ridge-and-furrow irrigation may 
prove to be more satisfactory than spray irrigation. 

Record-keeping 

The treatment of milk-plant wastes is relatively expensive. To protect 
the value of the investment, a continuing effort should be made to operate 
these processes at the highest possible efficiency. This involves maintaining 
a set of records which can be used to appraise the results being attained. 
The minimum records that should be kept are the hydraulic flows in each 
unit of the plant, and the associated 5-day BOD determinations. Flow 
records reveal average daily quantities and maximum or peak hydraulic 
loadings. Waste flow measurements are also valuable in identifying water 
wastage in the plant, and can be used to effect water ec9nomies. BOD 
records indicate organic waste loads and are essential in computing plant 
efficiencies. Long-term records, maintained continuously over a period of 
time, are necessary data for engineering design of future works, and as such 
constitute a scientific contribution. Records can be very elaborate, but 
even the very simple measurements mentioned can, with careful analysis, 
be of great value. The keeping and examination of plant records is the first 
step in good management and good economy. 
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HEALTH CONTROL OF DAIRY WORKERS 

W. CHAS. COCKBURN, M.B., Ch.B., M.R.C.P., D.P.H. * 

The principles of hygiene must be strictly practised at all times by all 
dairy workers-milk handlers on the farms, workers in pasteurization plants 
and workers in dairies and retail shops. They must not be forgotten when 
milk which is pasteurized in bulk is afterwards distributed for sale to con
sumers, since, in countries where pasteurization is general, failure to observe 
the rules of hygiene in these circumstances is the usual cause of the milk
borne outbreaks of food poisoning which occur. 

Medical Examination of Milk Handlers 

The regular medical examination of dairy workers is not carried out in 
all countries. Where it is undertaken, even if the laboratory examination of 
specimens of blood, faeces, and urine is included, it should be clearly 
recognized that it does not guarantee that workers will remain free from 
infection with dangerous pathogens in the intervals between examinations. 
Unless this limitation is appreciated by employer, employee and health 
authority alike, a false sense of security may be engendered and lapses from 
the strict practice of hygienic measures will ensue. 

In countries with a low incidence of typhoid and paratyphoid fevers in 
all age-groups and a low incidence of dysentery in adults, stool or serologic
al examinations are unlikely to proYide sufficient information to justify the 
expense and trouble of carrying them out, but in such countries there is 
much to be said in favour of a clinical examination of new employees. This 
should include a detailed history of past infections. 

In countries in which the incidence of enteric diseases is high, a thorough 
clinical examination of new employees should be made, supplemented by a 
laboratory examination. In addition, in these areas periodic re-examina
tions-e.g., at 6-monthly intervals-are also useful, particularly if employees 
can be encouraged to remain more or less permanently in dairy work. A 
reduction in the turnover of staff, and the consequent reduction in the 

* Chief Medical Officer, Virus Diseases, \Vorld Health Organization. Geneva. Switzerland; formerly 
Director, Epidemiology Research Laboratory, Public Health Laboratory SerYice of England and Wales. 
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number of new employees entering the industry, is in itself some protection 
against the introduction of infection, for example by chronic carriers, and 
is added justification for a comprehensive initial examination and the con
tinuation of periodic re-examinations. 

The initial examination of workers in all countries should therefore 
include: 

(1) a history of infections, particularly of the gastro-intestinal tract, but 
also of chronic skin, aural or other sepsis, and of sore throats; 

(2) a clinical examination. 

In the light of the history and of the findings at the clinical examination, 
consideration should be given to the need for laboratory examination of 
specimens of stool and urine and of swabs from the ear, nose and throat. 

In countries with a high incidence of enteric infections the initial examina
tion should always include, in addition: 

(3) serological tests for antibodies to the typhoid and paratyphoid 
bacilli; 

( 4) bacteriological and protozoological examination of the stools and 
urine. 

The main purpose of the laboratory tests is to uncover chronic carriers, 
and these tests might be omitted at the periodic re-examination unless there 
are indications from the history and clinical examination that they should 
be carried out. 

These measures . are difficult to implement in the case of the staff of the 
small dairy farm or the small producer, but they should never be omitted 
for the personnel of big farms and processing plants on which a large sec
tion of a community may depend for its supplies. 

Milk handlers are not the only source of infection on farms and in 
dairies. If it is found that a number of staff members are simultaneously 
excreting salmonellae, the question of a common source of infection should 
be considered-for example, contaminated feeding-stuffs, egg products, or 
infected animals. In these circumstances detailed epidemiological and 
bacteriological studies should be undertaken to discover the source. 

Personal Hygiene 

A high standard of personal hygiene is as important as any other measure 
in preventing the contamination of milk and its products with human 
pathogens. Clean working clothes should be supplied by the employer in 
quantities which allow frequent changes; laundered head-covers should be 
included. In certain cases suitable footwear should also be issued. Finger
nails should be kept short and clean. An . abundant supply of warm water 
and of soap, nail brushes, and clean towels should be provided, and 
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wash-hand-basins should be sited in or very near the water closets and in readily 
accessible places in the work-rooms. A rigid discipline of careful hand
washing should be enforced on workers after each visit to the \Vater closet. 
Workers should also be encouraged to \Vash their hands at frequent inter
vals during the course of their work. They should be forbidden to spit, 
smoke or use snuff in the work-rooms. 

Reporting of Disease 

Employees should be encouraged to inform their employer when they 
become ill. In particular they should report immediately ifthey are suffering 
from diarrhoea or Yomiting, sore throats, infected cuts, septic skin condi
tions, discharging ears or other septic conditions. They should also report 
cases of a similar kind in their families or near contacts. 

Action Recommended when llJness is Reported 

It is of primary importance that employees be paid full salary when 
absent from work because of an infectious illness, otherwise they may be 
unwilling to report that they are ill. Payment should continue throughout 
the period of sickness and the period when " clearance " specimens are 
being examined; salaries should also be paid when employees are excluded 
from work as family contacts of infectious diseases. 

The employer should keep in touch with the health authorities and seek 
their advice on how to deal with cases of illness as they occur. The health 
authority should arrange for the collection and laboratory examination of 
specimens without cost to the employee or employer. 

Typhoid and pararyphoid fevers 

Employees suffering from typhoid or paratyphoid fever should be 
excluded from the farm or processing plant and advised to obtain immediate 
treatment. They should not be allowed to return to work until six successive 
stool and urine specimens taken at 3- to 4-day intervals after the cessation 
of treatment have been found negative. A specimen of stool and urine 
should subsequently be examined at 3-monthly intervals for 12 months 
after return to duty. From each of the sick worker's fellow employees three 
stool and three urine specimens should be examined, and any excreters 
detected should be excluded from work until six successive specimens 
taken at 3- to 4-day intervals have been found free from pathogens. 

Employees in contact with typhoid or paratyphoid fever should be 
excluded from work for 14 days, and during this period should be kept 
under surveillance by the health authority. They should not be allowed 
to return to work until t11·o samples of stool taken during the second 
week of exclusion have been shown to be negative. T1m further specimens 
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of stool should be examined during the first week after return to duty. 
If any of these specimens is found positive the employee should be excluded 
from work until six successive specimens examined at 3- to 4-day inter
vals have been found negative. 

Bacillary dysentery and salmonellosis 

For employees suffering from bacillary dysentery or salmonellosis due to 
salmonellae other than the typhoid or paratyphoid bacilli, the same 
procedure should be adopted as for typhoid and paratyphoid fevers, but the 
3-monthly examinations should be omitted. 

Employees in contact with cases of bacillary dysentery and salmonellosis 
should not be excluded from work but should be kept under surveillance. 
At least three stools taken at intervals of 3-4 days should be sent for labora
tory examination. If a specimen is found positive, the employee should be 
excluded until three successive negative stools taken at 3- to 4-day intervals 
are subsequently obtained. 

Carriers 

If an employee becomes a chronic carrier of any of the pathogens 
mentioned above after his acute attack, the only sure method of obviating 
the direct or indirect risk of contamination of milk or milk products is to 
assist him to find employment outside the milk and food industries. 

Amoebic dysentery 

Employees suffering from amoebic dysentery should be excluded from 
work until treatment is completed and three freshly voided stool specimens 
have been found free from Endamoeba histolytica. Stool specimens should 
then be examined at intervals of 3 months for a year after return to duty. 

Employees in contact with cases of amoebic dysentery should be care
fully instructed on the importance of hand-washing after visits to the water. 
closet. Three freshly voided stool specimens, taken at intervals of one 
week, should be examined, but the employee should not be excluded from 
work unless E. histolytica is found in the stools. 

Diphtheria, and streptococcal and staphylococcal infections 

Employees suffering from bacterial throat and nose infections and aural, 
skin or other sepsis should be excluded from work and thoroughly treated. 
An interval of at least three days should be allowed to elapse after the 
cessation of treatment with antibiotic or sulfonamide drugs before the first 
clearance swab is taken. At least three successive swabs, taken at not less 
than 24-hour intervals, should be reported free from pathogens before the 
employee returns to work. In the case of diphtheria and streptococcal sore 
throat, and of staphylococcal sepsis at any site, the importance of taking 
nasal swabs in addition to swabs from the throat or other site of manifest 
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clinical infection cannot be overstressed. The nasal disperser of diphtheria 
bacilli, streptococci and staphylococci is a frequent source of dangerous 
contamination of his environment. In this connexion special attention 
should be paid to persistent nasal and sinus infections even if they are 
apparently mild. 

Employees in contact with cases of diphtheria should be excluded from 
work until at least two nose and two throat swabs are found negative. They 
should be kept under clinical surveillance for two weeks after return to 
duty. If a swab is found positive they should be excluded from work until three 
successive swabs taken at not less than 24-hour intervals are found negative. 

Employees in contact with streptococcal and staphylococcal infections 
should not be excluded from work but should be kept under surveillance for 
two weeks after the onset of illness in the patient. During this period at 
least two nose and two throat swabs should be examined. If a swab is found 
positive the employee should be excluded from work until three successive 
swabs taken at not less than 24-hour intervals are found negative. 

Poliomyelitis 

There is no clear evidence of the spread of poliomyelitis by milk. Never
theless there is on theoretical grounds a potential hazard. Patients suffering 
from the disease should therefore be excluded from work for at least three 
weeks after the onset of illness or, where laboratory facilities for the isola
tion of the virus are ayailable, until three successive stool specimens fail to 
yield the virus. 

Exclusion of family contacts of poliomyelitis cases from all types of 
food handling is theoretically useful but is of little practical benefit, because 
of the large number of unrecognized infections in the community. Employees 
who are family contacts should therefore be allowed to continue at work, 
but should be carefully instructed to wash their hands after visits to the 
water closet and should be kept under surveillance so that they can immediate
ly be sent home if they dewlop pyrexia or other suggestive symptoms or 
signs of infection. 

Infective hepatitis 

There is good evidence of the spread of infective hepatitis by means of 
milk contaminated by human cases of the disease. Employees who develop 
the disease should therefore be excluded from work for at least two weeks 
from the onset of illness, and on their return to duty should be carefully 
instructed in the importance of thorough hand-washing after visits to the 
water closet. 

Employees who are family contacts of cases should be allowed to con
tinue at work but should be like\vise instructed in hand-washing and kept 
under surveillance so that they can immediately be sent home if they develop 
suggestive symptoms. 
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Viral infections of the upper respiratory tract 

The viral infections of the upper respiratory tract, in which secondary 
bacterial infection may occur, are so frequent that the exclusion of personnel 
suffering from them is clearly impracticable. During the acute stage 
employees should be encouraged to use disposable paper handkerchiefs or 
clean rags which they can discard readily when soiled. They should also 
be required to wash their hands after blowing their noses. If their nasal 
or throat symptoms persist, swabs for bacterial examination should be 
obtained. 

Education of Dairy Workers 

The measures mentioned above will be fully effective only when the 
employers and employees understand the reasons behind them. Instruction 
and education should therefore take a prominent place among the measures 
to reduce the risk of transfer of pathogens from milk handlers to con
sumers. 

In this respect the health authorities have to take the lead. They should 
first make the medical practitioners concerned fully conversant with the .. 
measures proposed and with the reasons for them. They should then meet · 
employers and managers, discuss methods with them and .seek their advice 
and co-operation in putting the measures into practice. 

Finally, meetings and demonstrations should be arranged for groups of 
workers, small enough for the speakers to have good personal contact with 
each member of the group and to answer thE' questions which individual 
members may raise. In large organizations health education may be under
taken by members of the staff in association with the health authorities. It 
is particularly important that new employers should be instructed and trained 
in hygiene as soon as possible after they enter the plant, so that good stand
ards of hygiene are inculcated from the commencement of their employment. 



HYGIENE OF DAIRY WORKERS IN THE USSR 

B. VLADIMIROV, Cand. med. Sci. * 

A great deal of attention is paid to the question of hygiene of dairy 
personnel in the Soviet Union. The general principles necessary for ensur
ing that safe milk escapes contamination from handling during production, 
storage and distribution may thus be illustrated from a detailed considera
tion of this aspect of dairy practice in the USSR. 

In accordance with the health legislation at present in force, all workers 
in the food industry, including workers on dairy farms, dairy plants in the 
cities, and shops in which milk is sold, are kept under constant medical 
supervlSlon. Before he can be employed in a food enterprise every worker 
must undergo medical examinations, including a chest X-ray and examina
tions to show whether he is a carrier of bacteria or affected with helmin
thiases. The management is not permitted to allow anyone to begin work 
who has not undergone the necessary examinations and who does not, if 
necessary, submit a medical certificate to say that there is no obstacle to 
his working in the food industry. 

Thereafter, dairy-industry workers are medically examined regularly 
every three months, and undergo an examination for tuberculosis once 
a year. Examinations to detect carriers of pathogenic bacteria or helminths 
are made at times determined by the local health inspectorate. 

With a view to preventing cases of acute intestinal infections, all workers 
in dairy enterprises, when they first take up the employment, are vaccinated 
against typhoid and paratyphoid A and B. Thereafter they are revaccinated 
with the same vaccine every year. 

The pre-employment medical examinations, the subsequent regular 
examinations and the laboratory tests are carried out in hospitals and clinics 
of the Ministry of Health. In dairy enterprises employing more than 
50 workers the periodic medical examinations may be carried out on the 
premises; in such cases the management must provide suitable rooms 
and the necessary equipment. 

* Head, Department of Food Hygiene. Institute of ~utrition, Academy of ~ledical Sciences of the 
USSR, Moscow, USSR. 
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The information obtained by means of medical examinations, radio
scopy and bacteriological and helminthological investigations, together 
with entries certifying that preventive inoculations have been duly carried 
out, are entered by the physician in the personal health book of the worker 
concerned. The Ministry of Health has approved a standard type of 
health book for this purpose. 

Expenditure connected with medical examinations is chargeable to the 
enterprise itself. Examinations for tuberculosis, pathogenic bacterial in
fection and helminthiases, and the preventive inoculations, are carried out at 
the expense of the Ministry of Health. 

The physician responsible for granting medical certificates has the right 
to forbid the examined person to work in the food indu,stry, or to take him 
temporarily off his work if he is discovered to be suffering from a disease 
through which the food products concerned might be infected. Such 
temporary displacement may be ordered if the worker is found to be suffer
ing from catarrh of the upper respiratory tract, sore throat, suppurative 
diseases, abscesses of all kinds, unhealed cuts and burns, etc. Those 
found to be carriers of· bacteria are suspended from work involving the 
possibility of contact with milk until a second negative result is obtained 
from bacteriological examination. 

When helminthological examination discloses tapeworms (Taenia), 
roundworms (Ascaris), hookworms (Ancylostoma) or dwarf tapeworms 
(Hymenolepis nana), the worker concerned has to undergo compulsory 
anthelminthic medication in a clinic or polyclinic, or in the health centre 
of the dairy enterprise, and the . fact is noted in his personal health book. 
Persons undergoing anthelminthic treatment are not dismissed from dairy 
enterprises. 

Regular helminthological examinations and compulsory anthelminthic 
medication have considerably reduced the number of cases among food
industry workers. Thus, in Moscow the number of cases of helminthiasis 
among food workers in 1958 was only a quarter of the number in 1951, and 
the improvement continues (see figure). 

Workers in dairy enterprises are required to observe the rules of personal 
hygiene very strictly. They must keep their bodies, and particularly their 
hands, clean, their finger-nails must be kept short and neat, and they must 
wear clean underclothes and working clothes. The dairy enterprise must 
make it possible for them to fulfil these requirements. 

Much official attention is paid to questions of hygiene in the dairy indus
try; there are " Health Planning Standards " binding on all enterprises, 
which lay down the requirements governing the general layout of the enter
prise, the planning of production and auxiliary premises, and the equipment 
needed to ensure hygienic working. A special section lays down the com
pulsory requirements for the construction of premises to provide services 
for the workers and to give them an opportunity of complying with the 
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rules of personal hygiene. Such premises include cloakrooms, lavatories, 
washrooms, showers, rooms for the breast-feeding of babies, women's 
rest rooms, manicure rooms and a laundry equipped for the disinfection 
of underclothes and working clothing. 

Separate cloakrooms must be provided for top clothing, ordinary outer
wear, and special working clothing. The cloakroom for working clothing 
must contain separate sections for clean and dirty working clothes and 
underclothes; the position of the dirty-linen section must be such that the 
soiled clothes can be taken to the laundry without going through the cloak
room or the showers. 

The layout of cloakrooms varies, and so do the methods of hanging 
clothes in them. Under the closed system, each worker has a separate 
locker in the cloakroom, with a vertical partition separating it inside into 
two compartments, one for top clothing and one for his ordinary outer
wear. An individual locker is also provided for his working clothes. 

Under the open system, a hook in a general cloakroom is allotted to 
each worker, the distance between hooks being at least 20 cm, while separate 
open lockers are provided for his ordinary outer-wear and working clothing. 
There are also mixed systems in which top clothing is hung on hooks in a 
cloakroom, and ordinary outer-wear and working clothing in individual 
closed lockers. To ensure that sufficient air circulates in the closed lockers, 
they should be raised on legs about 15 cm off the floor. The bottom of 
the locker should be made in the form of a grating or grid and a few holes 
should be drilled in the doors. 

Before beginning \Vork, all employees engaged in the reception, process
ing, bottling and issue of milk, and those engaged in the preparation of 
dairy products, must take a hot shower. Shower-baths are therefore an 
essential feature of dairy enterprises. According to existing health regu
lations in the USSR, one shower-bath cubicle must be provided for every 
seven workers on the shift on which the greatest number work. 
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On reaching work, the employee takes off his overcoat and hangs it 
on a hook in the cloakroom for top clothing; he then goes into the cloak
room for ordinary outer-wear, undresses, places his clothes. and under
clothes in his individual locker and goes into the shower-bath cubicle. 
When he has taken a shower, he obtains his underclothes, working footwear 
and working clothing in the cloakroom for working clothing, puts them on 
and proceeds to his place of work. 

From a hygienic point of view the best arrangement for shower-baths is 
one in which the worker cannot reach his. place of work without passing 
under the shower. There are many different ways in which this may be 
arranged. In one case the workers, after leaving their clothes and under
linen in the cloakroom, reach the production premises through a tunnel, 
along the walls of which perforated pipes are fitted horizontally, from 
which jets of warm water spurt over the body but leave the hair dry. This 
system is suitable for enterprises employing a large number of women. 
Another more simple arrangement is for the outer-wear cloakroom and 
the working-clothes cloakroom to communicate by means of short corridors, 
in the ceiling of which there are several rows of pipes from which warm 
water pours continuously. 

However, this system of compulsory showers is not practicable for all 
enterprises, since it means supplying all workers with a full set of under-

. clothes plus working clothes and footwear. In most cases the workers put 
on their own underclothes again, after taking a shower, and wear the working 
clothes provided by the management over them. It is of particularly great 
importance in the dairy industry that the hands should be spotlessly clean. 
Wash-basins with hot and cold water and mixing taps must be provided at 
the rate of at least one basin per 20 workers on the largest shift. 

It is of especial importance that the wash-basins should be rationally 
distributed. They should be fitted at the entrance to workshops and to 
lavatories, and in the canteen. Dairy workers are obliged by the regu
lations to wash their hands before beginning work and after each break. 
The hands must be washed with particular care and disinfected after each 
visit to the lavatory. 

Soap must be provided at the wash-basins and a disinfecting apparatus 
fitted. For this purpose a container of disinfectant is placed above the 
wash-basin on a shelf. It has a hole in the bottom with a rubber tube and 
a clip. Special stands with foot pedals, like those used in hospital dressing 
stations, are convenient for the purpose. To disinfect the hands, hypo
chlorite solutions containing 100-150 mg/1 of available chlorine can be 
used. The solutions should be prepared under the supervision of the works 
laboratory and should be changed every day. 

An important question is the drying of the hands after washing. If 
a common towel is used, the washed and disinfected hands may again be 
abundantly contaminated by the microfiora on the towel. What are known 
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as electric towels, in which a stream of hot air plays on the hands, do not 
prove suitable in practice; when a fairly large volume of air, taken from 
the premises and sometimes containing considerable numbers of mi
crobes, is blown on to the hands, they again become contaminated. The 
best method of drying the hands is to use an individual towel once. These 
are placed in a pile in a special container next to the wash-basin, and after 
use are thrown into a basket and subsequently sent for laundering. It is 
also possible to use paper tissues, which are thrown away after drying 
the hands. 

In dairy plants in cities in the ·csSR, the arrangements for ensur
ing good personal hygiene among the workers include a manicure room 
where a manicurist who belongs to the factory staff looks after the nails 
of the women workers who come into direct contact with milk and dairy 
products, since badly kept nails may serYe as a source of infection of pro
ducts with helminth ova and microbes of various kinds, including toxigenic 
staphylococcus. 

Great attention must be paid to checking the cleanliness of the hands in 
the production shops. In this connexion the election of " public health 
plenipotentiaries" from among the workers in the shop or department 
is of great importance. These persons undergo special courses of 
instruction and their duties include ensuring that working clothes are 
correctly worn, that hands are clean and that there are no cuts, burns or 
abscesses on the uncovered parts of the body. 

Very good results are obtained by objective examination of hand
cleanliness carried out in the bacteriological laboratory, by taking washings 
from the hands by means of sterile cotton-wool pads or gauze napkins, and 
then inoculating the washings on to nutrient media. When washings are 
being taken, the surfaces of the palms of both hands and the fingers are 
rubbed at least five times with each pad, which is then used to rub the spaces 
between the fingers, the nails and the space underneath the nails. 

The results of the examination are communicated to the workers and 
discussed with them, and they are shown the bacterial cultures growing on 
Petri dishes. In the USSR, the Ministry of the Meat and Dairy Industry 
has approved a scale of marks for judging the results of bacterial examina
tion of equipment and containers in dairy enterprises and the workers' 
hands. The mark " excellent " is given to the workers from whose hands 
washings show less than 2000 bacteria per 1 ml; the mark "good" corres
ponds to contamination with a tot::d of 2000-5000 bacteria; where the 
number of bacteria if between 5000 and 10 000, the mark given is "fair", 
and if there are over 10 000, the mark is "bad". If gas appears in the fer
mentation liquid, a " bad " mark is given, independently of the total number 
of bacteria. These figures are considered as limit figures, and in enterprises 
with the best standards of hygiene the management has the right to reduce 
them and thus to make the marking stricter. 
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The workers are personally interested in obtaining good marks, since 
on this depends the possibility of obtaining bonuses; no bonuses can be 
won if a bad mark is obtained. 

The use of objective indices of cleanliness, while it undoubtedly plays a 
great role in maintaining a high standard of hygiene in the dairy industry, 
does not play a decisive part. The main factor is the general level of 
hygiene in production and the clear understanding by all workers of the 
importance of strict hygienic rules and, in particular, of the importance 
of personal hygiene in obtaining high-quality production and protecting the 
health of consumers. 

In the USSR, as stated above, all workers seeking employment in the 
food industry must first of all undergo training in accordance with a special 
syllabus. This syllabus covers 20 hours' teaching in the case of dairy 
workers and includes the following subjects: 

(a) the foundations of rational nutrition; 
(b) microbes; 
(c) food poisoning and its prevention; 
(d) health requirements in the building and maintenance of dairy 

enterprises; 
(e) production hygiene; 
(f) personal hygiene. 

In addition to following this course of training, which is. called the "health 
minimum ", employees attend regular talks given by a doctor on the impor
tance of hygiene, and every two years all members of the staff attend a one-day 
seminar to test their knowledge .. The lectures for the " health minimum " 
are given either in the enterprise itself or in special permanent schools of the 
Ministry of Health. The courses are conducted by sanitation experts who 
are well acquainted with production conditions. 
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MILK COLLECTION CENTRES 

M. ANQUEZ * & B. TIERSONNIER ** 

Satisfactory supply of a dairy factory depends upon how the quality of 
the milk can be maintained until its arriYal at the factory. One solution to 
this complex problem is the establishment of collection centres in the milk 
collection area, although, as will be seen later, this method is subject to cer
tain conditions which make it unsuitable for adoption in every case. 

Before the various types of collection centre are described, it may be 
useful to indicate their purpose, from the point of view both of easing collec
tion and of preserving quality. 

The Collection of Milk 

The simplest and most usual way of collecting milk is from door to door; 
the van stops at each farm, is loaded with a number of full cans, and deposits 
a similar number of empty cans which have been cleaned and sterilized by 
the dairy. This method is only moderately efficient, since it is slow because 
of the numerous stops; the nlue of the whicles depreciates relatively fast, 
as they are used on all types of road, some of which may be badly main
tained; and the transport capacity of the lorries is used uneconomically, 
because the cans are rarely all completely filled. Under these conditions the 
collection of milk is ineYitably expensive. 

Nevertheless, however uneconomic this method may be it is often the 
only practicable one, notably in wooded country where there are several 
small isolated farms. It may also be used-less inconveniently-in more 
prosperous districts where the production from each farm is several hundred 
litres a day, although bulk collection in tankers might be a better solution. 

On the other hand, this method of collection is not justified in districts 
with small farms grouped in villages. Here, the formation of a milk collec
tion centre to which the farmers bring their morning and evening milk by 
their own means greatly facilitates collection because the van is able to pick 

* Chief Engineer (Rural Engineering), Chief of Technical Section of Refrigeration, Ministry of Agri· 
culture, Paris, F ranee. 

**Engineer (Rural Engineering), ~linistry of Agriculture, Paris, France. 
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During the first hours after milking the multiplication of bacteria is 
slow; this is the " lag " phase, the duration of which is extremely variable 
and depends essentially on the initial contamination and, to a lesser extent, 
on the composition of the milk-which varies according to the season, the 
feeding and the breed of cows. This period of relative stability is succeed
ed by the " log " phase during which the bacteria multiply very quickly, 
causing an irremediable deterioration in milk quality. 

It is during the lag phase that precautions must be taken to preserve 
milk quality, because any intervention after this period 'vhen bacteria are 
in the log phase is of very slight, almost negligible, effect. 

The duration of the lag phase varies; it may be as much as 10-15 hours 
for very clean milk containing 1000 bacteria/m! and held at a temperature 
of 20°C; while it falls to 2-3 hours or less for milk containing several thou
sand bacteria;'ml held under the same conditions. In practice, it is during 
the two hours after milking that means of arresting bacterial growth must 
be applied. Bacterial growth being a function of temperature, the simplest 
means of checking it is to cool the milk. An empirical rule, taking the pre
ceding statements into account, is to establish cooling conditions, namely, 
(a) lowering of the average temperature of the milk to below+ 10°C in the 
two hours follmving milking; (b) maintenance of the milk at tllis temperature 
and, if possible, at a lower temperature, until collection. 

Unless a plentiful supply of chilled water is available, neither of these con
ditions can be fulfilled without mechanical refrigeration. Milk coolers using 
mechanical compressors are expensive and do not easily pay their way on 
small farms. Where local conditions allow for the formation of a milk col
lection centre equipped for cooling and holding of milk the milk quality 
will be improved, and full use may be made of the relatively expensive 
refrigeration equipment. The milk collection centre should thus represent 
one of the links in the refrigeration system-a Yery important link since it 
occurs at the beginning of the system immediately after production. 

The :\Iilk Collection Centre 

If used with the appropriate precautions the milk collection centre is a 
definite advance in local dairy economy, but its formation must be governed 
by the characteristics of the milk-producing district wllich it serves. 

Installation of collection centres 

In principle, the setting-up of a collection centre should be envisaged 
only for districts where several hundred litres of milk are produced daily 
by the small farmers grouped around the village. The producers deliver 
their milk by their own means to the centre from a very short radius-
200-300 metres, for example-so that a heavy burden of transportation is 
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not imposed on them; for greater distances the cans are brought in by van 
or cart. This simple scheme holds good in districts where the co-operative 
tradition exists, or where the individualism of the farmer has been obliged 
to give way to communal methods of organization if full value for his pro
ducts is to be obtained; it involves goodwill and extra effort. Experience 
has shown, however, that this method of organization is easily assimilated 
into local tradition wherever there is the initiative to start it. 

More recently, some attempts have been made to extend this scheme to 
districts where farms are more dispersed, by choosing grassland regions 
where milking is carried out in the field. The freshly obtained milk is 
taken not to the farm but straight to the collection centre. The distances 
travelled to deliver the milk are longer, the radius from the centre being as 
much as 2-3 km. When these centres are constructed in pre-eminently 
dairying regions, and drain a relatively large area, their reception capacity 
becomes much greater, reaching several thousand litres of milk per day. 

The promoters of this extension justify it by the fact that once transport 
of milk is inevitable, it may as well be taken to a collecting point. 

The collection of milk from mountain pastures by cable railway or by 
pipeline leading to a centre in the valley fills a similar need for rapid and con
venient collection of milk which is not readily accessible. 

These few examples show the limits of application of this method of 
collecting milk-good in principle, valuable, but dependent upon the pre
vailing physical, agricultural and human circumstances. 

Construction of' a collection centre 

Milk collection centres may be established either in specially constructed 
buildings or in rented premises. They generally comprise two rooms, one 
of which is used for reception and weighing of milk and the other for 
refrigeration; these two operations may be carried out in one room if the 
layout does not allow for two, although it is preferable to have separate 
rooms (see Fig. 2; see also Fig. 4 in the chapter by Mann, page 658). A 
platform is frequently provided for loading and unloading of milk cans. 

The surface area necessary for the installation of a collection centre 
being relatively small (2-4 square metres per 100 litres of milk-roughly 
1-2 sq. ft per gallon, depending upon the reception capacity), many are 
integrated with buildings housing other communal or agricultural activities. 
Thus, for example, collective deep-freeze lockers are often installed in the 
same building as the milk collection centre, with the advantages of somewhat 
reducing the costs of installation (engineering, water and electricity services, 
etc.) and offering greater convenience to the users. 

The centre must have access to potable water, electricity and drainage. 
Its rooms should always be kept extremely clean to reduce to the mini

mum the risks of contamination of milk when transferred from one vessel 
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Although the cooling of the milk is naturally carried out in appropriate 
refrigerating equipment, it is still desirable to keep the rooms themselves as 
cool as possible. Doors and windows should therefore face north, and if the 
work-rooms have a roof which tends to become overheated in summer some 
form of insulation should be improvised-for exam'ple, by covering the upper 
surface with a cheap material such as squares of pressed straw, rolls of glass 
fibre, etc. 

Interior equipment 

The interior _equipment of a milk collection centre depends on the method 
of collection practised: in cans or in bulk. 

Collection in cans. The producers bring in their milk in pails or cans. 
Two methods of procedure may be used: (I) The individual milks remain 
in the producers' cans, and the centre confines itself to centralizing and cool
ing them, its functional equipment being limited to a milk cooler. Keeping 
of accounts for milk delivered by the producer continues to take place at 
the reception platform of the dairy, and similarly the cans are washed and 
sterilized at the factory-a guarantee of their bacteriological hygiene which 
is not without value. On the other hand, collection is less economic, since 
not all the cans will be completely full. (2) The milks are mixed at the col
lection centre. The procedures necessary at the centre are in this case as 
follows: weighing, filtering and transfer of milk to the collection churns; 
refrigeration; keeping of accounts for the milk of each producer. To this 
may be added the washing and disinfection of cans used. for transport be
tween the farm and the collection centre. The responsibility of washing 
cans may be left to the producers, a solution which is simple and probably 
the best provided it is efficiently carried out. This unfortunately not always 
being the case, some centres undertake to wash the producers' cans them
selves. Equipment for this type of centre comprises a weighing machine 
for milk; a cooler; a desk at which farmers' production records can be kept; 
and washing equipment (hot water, troughs and drains) for the producer's 
cans. Whatever the circumstances, this equipment is not elaborate, and is 
suitable for centres handling little more than 1000 litres per day. 

Bulk collection in tankers. For larger quantities of milk, handling in cans 
is slow and laborious, and is giving way to bulk collection. 

The equipment of the centre then comprises: reception and milk -weigh
ing apparatus; a milk cooler which brings the milk down to +4°C within a 
few minutes; insulated tanks for storage of cooled milk; .pumps and a cir
culation system for the transfer of milk; a hot water supply and detergent
disinfectant solutions for cleaning the apparatus and producers' cans. This 
equipment, which is considerably more complex than that used for collection 
of milk in cans, is suitable for centres collecting several thousand litres of 
milk daily. Space is naturally always reserved for refrigeration equipment. 
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FIG. 3 

SURFACE COOLER 

In large collection centres (taking over 1500 litres per day) the milk is poured into a 
tank from which it is pumped on to a more powerful surface cooler capable of cooling 
1000-1500 litres per hour. 

Milk cooling equipment 

Reproduced by kind permission of the Food 
Conservation Division, UNICEF, Paris 
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The methods and the type of equipment used for cooling milk depend 
upon the size of the collection centre. When this is small and milk is col
lected in cans it is cooled by one of the following procedures: 

(1) By passing the milk over a surface cooler using a liquid refrigerant 
(see Fig. 3). Cooling is rapid, occurring in a few minutes, and corresponds . 
to the time taken for the milk to run through the apparatus; the milk is col
lected in cans and stored in a cool place or preferably in a tank of cold or 
chilled water. 

This is a rapid and efficient method, but it imposes certain conditions on 
the user. Since the milk passes over a surface cooler, exposed to the air, 
there is a risk of its contamination by dust in the atmosphere and by the sur
face of the cooler itself unless this has been extremely carefully cleaned. 
Such coolers are consequently often encased in a light housing-for example, 
of sheets of transparent plastic-to protect them from the air. Moreover, 
the cooler itself must be cleaned after each run-a task which is unnecessary 
with other methods. 

(2) By immersion of the cans in a tank of cold \·vater (in the mountain 
districts) or chilled water (see Fig. 4). 
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FIG. 4 

DUAL-TYPE SURFACE COOLER 

This cooler deals with 1000 litres of milk per hour; a single-type cooler 
cools 500 litres per hour, and a triple-type, 1500 litres per hour. The con
sumption of well water is between two and two-and-a-half times the volume 
of the cooled milk. 

Reproduced by kind permission of the Food 
Conservation Division, UNICEF, Paris 

FIG. 5 

SPRAYING APPARATUS FOR 16 CANS 

The fine pulverization of the water allows advantage to be taken of the 
cooling, effect produced by evaporation; water consumption is thus very low 
(2 litrEis of water for 1 litre of milk during the 12 night-time hours). 

Reproduced by kind permission of the Food 
Conservation Division,, UNICEF, Paris 
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(3) By spraying of cold water (in mountain districts) or chilled water on 
the outside of the cans (see Fig. 5). 

These last two methods give a slower initial cooling of milk than the sur
face cooling method (1 Yz- 2 hours are necessary to lower the temperature 
of the cans by 20°C and therefore to bring it to below + 10°C), but their use is 
simpler and avoids the risk of secondary contamination of milk~which, in 
effect, does not leave the can until it reaches the dairy, thus avoiding all 
contact with atmospheric dusts or other agents during actual cooling. 

The refrigerant is almost exclusively water~ordinary water if it is cool 
enough and in sufficient supply, or chilled water produced by an ice-bank 
type of cooler. 

Many centres, including the older ones, use whatever \Vater supply is 
available for the cooling of milk, but unless the flow and temperature are 
very suitable and a very cool \Vater (less than + 10°C) is plentiful, this 
traditionally rural but inadequate method is being progressively abandon
ed for the more efficient chilled-water installations. 

Most installations now use mechanical refrigeration with an electricity 
consumption of the order of 2 watt-hours to lower the temperature of 
1 litre of milk by 1 °C. 

The coolers used are sturdy pieces of equipment with dimensions similar 
to small standard models for individual needs; functioning is completely 
automatic and no specialized personnel are necessary. 

The refrigeration equipment of collecting centres receiving several 
thousand litres of milk per day from tankers is entirely different, the prob
lem here being on an industrial scale, and requiring coolers of the type 
used in dairies. 

Apparatus capable of cooling several thousand litres per hour to a temper
ature of approximately --,--4 cc is utilized to supply surface coolers, or tubular 
or plate heat-exchangers in which milk circulates in the opposite direction 
to chilled water, or is cooled by direct expansion of a liquid refrigerant. Pas
sage through the heat exchanger takes only a few minutes; the cooled milk 
on leaving is directed into insulated tanks of stainless steel, where it is stored 
while awaiting collection. 

The apparatus used, without being complicated, nevertheless requires 
strict supervision. 

It could be greatly simplified in future by adopting refrigerator tanks 
in which the milk can be both cooled and stored. This type of equipment, 
in which cold is produced by direct expansion of the refrigerant in the lining 
at the bottom of the tank, functions wry simply and safely; it can cool the 
supply from one milking to + lOcc in less than one hour, and to +4°C 
in less than two hours. 

Whether conventional milk cooling equipment or refrigerator tanks are 
used, however, it is imperative that they should be meticulously cleaned with 
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water and detergent if a high bacteriological standard is to be maintained for 
the milk. 

The operation of collection centres 

The collection centres are generally set up and managed by local farmers' 
societies, which arrange the loans and subsidies. 

A responsible person is appointed to administer the centre, to ensure 
the daily reception and dispatch of milk, to maintain the hygiene of the 
equipment, to undertake other small maintenance jobs, and to arrange for 
periodic detailed technical checks. 

He is also responsible for keeping the books of the centre and, should the 
occasion arise, the delivery records of the producers. 

These tasks take little time in the small centre, only 2-3 hours per day; 
in larger centres a permanent staff is required, possibly two men employed 
full-time. 

The management costs of a collection centre may be broken down into: 
amortization of loans; rent, if the site is rented; salaries of personnel; cost 
of water, electricity and various services; and annual maintenance expenses. 
They are covered by a premium per litre of milk collected, paid by the fac
tories supplied, to cover the management costs as such, and to repay the 
producers for the effort of delivering their milk to the centre. 

This scheme of management costs is in fact rather theoretical, because 
the collection centre is formed as a result of local initiative, and is conse
quently planned with the maximum of precautions to ensure-its success and 
profitability. Frequently certain expenses appear in the accounts only as 
hypothetical amounts because of subsidies from local authorities, farmers' 
societies, or individuals interested in the success of the enterprise. It is 
hardly possible in these conditions to judge of the profitability of the col
lection centre; the usual methods of determining the producer-cost per litre 
of milk do not reflect the real price, which is considerably less, and varies 
in different cases; such figures are rarely divulged to investigators. 

However, the three examples which follow, concerning small collec
tion centres in the Dijon Basin, France, give some idea of management costs. 
Since the centres were established to ensure the cooling and holding of milk 
between milking and collection, the accounts cover a period of only five 
months per year, from May to October. 

TANAY CENTRE 

Capacity: 560 litres per day 
Immersion cooler (chilled water) 

Old francs 

Cost of building construction . . . . . . . . . 800 000 
Cost of interior equipment . . . . . . . . 900 000 
During 5 months of the year, 84 000 litres of milk 
were collected and cooled. 
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Annual operating costs 

Amortization of building over 30 years at 5 ~,~ 
Amortization of equipn;ent owr 10 years at 5 ~_,;; 

Maintenance and labour charges 
Water, electricity . . . . . . . . . . . . . . 

Cost per litre of milk 

253 500 

84 000 
= 3 fr. per litre 

REMILLY EN MONTAG>.;E CE'S'TRE 

Capacity: 400 litres per day 
Immersion cooler (chilled water) 
Cost of fitting up existing premises . . . . . . . 
Cost of interior equipment . . . . . . . 

During 5 months of the year. 60 000 litres of milk 
were collected and cooled. 

Annual operating costs 

Amortization of building O\-er 30 years at 5 % 
Amortization of equipment over 10 years at 5% 
Maintenance and labour charges 
Water, electricity . 
Rent of premises . . 

Cost per litre of milk 

163 000 
60 000 = 2.7 fr. 

BLIG"'Y-LE-SEC CENTRE 

Capacity: 400 litres per day 
Spray-type chilled-water cooler 
Cost of fitting up existing premises 
Cost of interior equipment 

During 5 months of the year, 60 000 litres of milk 
\Vere collected and cooled. 

Annual operating costs 

Amortization of building over 30 years at 5 % 
Amortization of equipment over 10 years at 5% 
Rent of premises . 
Water, electricity . . . . . . . . . . . . . . 

Cost per litre of milk 

161 000 
60 000 = 2.6 fr. 

Old francs 

66 500 
135 000 
28 500 
23 500 

253 500 

120 000 
650 000 

10 000 
97 500 
35 000 
15 500 
5 000 

163 000 

120 000 
650 000 

10 000 
97 500 

5 000 
13 500 

161 000 

555 
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The merits of collection centres are considerable from all aspects. Apart 
from their technical and economic advantages, early refrigeration at the 
centre avoids the use of individual cooling equipment, which is widely 
dispersed, heterogeneous, and often improperly managed by the producers 
if left to themselves. Moreover, improvement in the quality of raw milk 
encouraged by the collection centres has some effect on the slow process of 
improving the value of agricultural products-a process from which the 
producer is the first to benefit. 
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CANS, TANKERS AND CONTAINERS 

J. EKMAN* 

Cans 

General considerations 

In many countries milk production units are small. With increasing 
industrialization, too, milk consumption tends to be greater in areas other 
than where it is produced. The problems of collection and transport of 
milk are thus of increasing importance in all dairying countries. 

The purpose of milk collection is to move milk from the farms to the 
collection centres, or directly to the dairy plants, without any serious decline 
in milk quality in its \Videst sense~keeping quality, chemical composition, 
and the taste and flavour of the milk. When cans are used for milk collec
tion, they may have to be delivered by the farmer to some spot from which 
they are picked up by the transport. At such pick-up points arrangements 
should be made to give the cans suitable protection from sunshine, dripping 
vegetation, and splashes from the road. The waiting period (especially on 
warm days) should not be too long. A good transport system therefore com
prehends a transport timetable which will enable the producer to get his 
cans to the pick-up point at the most suitable time, and which will avoid 
delays in reception at the dairy plant when the transporters arrive with the 
milk. When transport co.-ers any considerable distances it is in the interests 
of hygiene that the vehicles should be capable of fairly rapid speeds, and 
that they should be designed to be easily cleansed from road dirt and milk 
residues. In extreme climates it may be necessary to have covered transport 
to protect the milk from excessive temperatures; even a tarpaulin can be 
a valuable aid in this respect. If the transport carries other cargo besides 
the milk, it should not be loaded on to the same part of the vehicle, parti
cularly if the additional freight is chemicals for the farms, or any other strong 
smelling or unclean load. In addition to avoiding the risk of contamination 

* Technical Department, Swedish Dairies Association, Stockholm, s..,,·eden. 
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of the contents of the cans, their external surfaces must be kept clean since 
they will be brought into the dairy plant on arrival. 

As to bacteriological quality, the micro-organisms present in milk after 
milking should be prevented from increasing during transport, either by 
keeping pre-cooled milk at a low temperature in the transport can, or by 
cooling the milk in the vessel (if the transportation period is long enough). 
The insulation properties of the cans may differ according to whichever 
method is adopted. Contamination from a badly cleaned can or tank must 
not take place, nor should it be possible for any external contaminating 
material to enter the milk. This implies certain demands on the material 
and construction of the containers. Materials that can be given a smooth 
surface not easily scratched are to be preferred, and they must not be liable 
to severe corrosion by the cleaning agents necessary to dissolve milk 
residues or by sanitizers. The designer should bear in mind that every part 
of the container must be made available for mechanical cleaning and pre
ferably also for inspection. Lids and junctions must fit,. not only to avoid 
leakage but also to protect the contents. 

Steps taken to improve the hygienic conditions of the milk involve 
chemical problems of milk quality. In many countries an oxidized flavour 
occurs, and among other causes copper and iron contamination of the milk 
should be mentioned. With improved milk hygiene, these metals should 
not be used in any surface in contact with the milk. For the same reason, 
and for the protection of the fat from lipolytic activity in raw milk, the 
design of cans or tankers should as far as possible prevent violent agitation 
of the milk or admixture of air with it during transport. Agitation may 
have some disadvantage also from the bacteriological point of view if 
bacterial clumps are broken up and spread throughout the bulk. 

These conditions have an important bearing on milk quality and they 
should be fulfilled as far as possible. Obviously this may be done within 
several different collecting systems. However, milk production is an econo
mic enterprise, and hygienic advice or injunctions that are unrealistic from 
the economic point of view will always give poor results. 

Collection systems 

Various systems of collection and transport of milk from the farm exist, 
and may be classified as follows: 

(a) Collection and transport of cans or corresponding containers up to 
the size of about 50 litres or 10 gallons. 

(b) Transportable bulk tanks used at the farm and taken to the dairy 
plant for emptying. 

(c) Stationary farm bulk tanks used with transport tankers which 
pick up the milk at the farm. Tankers may also be equipped to collect, 
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measure and sample milk from cans at the farm (" ambulant collection 
centres "). 

(d) Mobile milking units-that is, transports equipped with milking 
utensils-in which the staff perform the milking and the milk is taken care 
of by the patrol. 

(e) Plastic pipe-lines are used in some high areas for transporting milk 
down to the valleys. 

The frequency of collection may vary rather widely because of climate 
and regional differences. The delivery of milk twice a day immediately 
after milking, and without any cooling, is practised in \Vann countries where 
it is difficult to cool milk on the farm; this system is also found in areas with 
small farms close to the collection centres or dairy plants. Such frequent 
transport involves a considerable labour, however, and a balance must be 
struck between labour costs and hygienic conditions. 

Once-a-day collection is the common system in temperate dairy countries. 
The evening milk is kept overnight at the farm and is delivered, together 
with the morning milk, on the following day. In northern countries, where 
the weather is cold in winter and production is lower than in summertime, 
milk is collected every second day in areas with long distances between 
farms and dairies. Further, the system using refrigerated farm bulk tanks 
has been introduced in several countries; when farms are rather small col
lection can take place only every second or third day if the system is to bear 
the costs of this type of installation. 

The organization and operation of different collecting systems is a ques
tion beyond the scope of this contribution, but as the factors influencing 
decisions in these matters have some bearing on conditions for milk hygiene, 
a brief account is given here. 

The size of herds is of major importance to the collecting system. For 
small herds (by far the most common), big inYestments in cooling and stor
ing equipment are impossible. The larger the herd, the more technical 
aids can be used. The transport costs per unit of milk depend on the 
distances and the amount of milk produced per farm-the "regional density" 
of milk. If there is little milk in a region the transport economy may be 
improved by collecting double the amount of milk every second day. This 
affords opportunity for good barn hygiene and the possibility of cooling the 
milk at the farms. The different uses to which the milk is put, marketing 
conditions and producers' prices are the factors that decide the quality of 
milk obtainable. 

Cooling units on the farm 

There are two main \Vays of cooling milk on the farm. The cheapest 
but not alw·ays available method is to use natural cold water or natural 
preserved ice; the other way, more expensive but more efficient, is by means 
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of an energy-consuming cooling machine. The temperature of sub-soil 
water is only seldom below 8°C in summer and will not allow a milk 
temperature of below 10°C to be achieved. A refrigerator can-according 
to size-give any temperature down to zero, or can freeze the milk. Air is 
too poor a heat conductor to be used for efficient cooling. The cooling 
medium in contact with the surface next to the milk should be water or the 
expansion unit of the refrigerator. 

The cooling procedure may take place in a special apparatus, either 
closed or open. The open-surface cooler is often used; the milk flows down 
over a ribbed tubular surface in the opposite direction to the water within 
the tubes. The tap-water passing through the cooler may be combined with 
a section containing iced water in the lower part of the apparatus. Mter 
cooling the milk is filled into the transport containers. Air infection from 
the surface cooler is negligible in an ordinary milk-room, but the cooler 
itself must be carefully cleaned; if the air of the room is liable to contamina
tion, the cooler should have a cover. The use of open-air coolers, which 
involves some risk of contamination, is undesirable. Other possible sources 
of contamination during the cooling procedure are (1) seepage of cooling 
water into the milk when cans are immersed, and (2) at stirring of the milk 
to hasten cooling. 

If no special cooling apparatus is used, the milk should be cooled in 
transport cans or in bulk tanks. Troughs of water, naturally cool or cooled 
by machine, may be used for immersion of the cans. A gentle agitation of 
the milk several times during the cooling procedure improves the heat 
exchange. Instead of troughs a spray or drip cooler can be used: the water 
flows down the outside of the can from a pored ring tube round the neck 
of the can. The most efficient types have an agitator in the milk, run by 
the water pressure. Tap-water or refrigerated water may be used. In farm 
bulk tanks the refrigerator is combined with the storage tank and allows 
the milk entering the tank at each milking to be cooled as well as stored at 
low temperature. 

Before the temperatures of choice are discussed, it must be stres~sed that 
cooling is no substitute for primary hygiene at milking and during handling
it is a complement to it. When fresh from the udder the properties of milk 
allow only slight growth of the micro-organisms infecting it for about 2-4 
hours-the bactericidal or adaptation phase. That period is prolonged if cool
ing takes place immediately after milking and this will give a better starting 
point for storage of the milk. If the milk is delivered to the dairy within 
that period, deep cooling is unnecessary: a temperature of about l5°C 
will do. If the milk is collected daily, but not within a few hours of milking, 
a temperature not over 10°-l2°C is desirable. If collection occurs only 
every second day, adequate cooling below the temperatures mentioned 
(preferably below 4 oq is necessary to inhibit as far as possible the growth 
of the psychrophilic micro-organisms. 
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Transportation cans 

Milk cans are always handled in a routine way, and a can that is easy to 
handle will also more probably be handled hygienically. The type of can is 
therefore of importance from this point of view. Standardization of milk 
cans has many advantages. If all cans are of the same size, handling in the 
dairy is easier; mechanical aids, such as transport chains, emptying machines 
and washing machines, work more efficiently; the lids are interchangeable; 
and transport vehicles can take a better payload (see Fig. 1). Moreover, 
manufacture in bulk of a uniform type of can will give a lower price per can. 

FIG. 1 

LOADING OF MILK-CHURNS ON TO LORRY 

Material used for cans 

Reproduced by courtesy of United Dairies, Ltd., 
London, W.2, England 

The material used for manufacture of milk cans should fulfil a number 
of requirements. It should haYe mechanical strength-the life of a can is 
not particularly protected-and it should be light-weight; it must withstand 
sudden and drastic changes in temperature (a can may pass in a minute 
from the cold of a \Vinter's day to the heat of the steam sterilizer); it must 
be inert, and it should not transmit any flavours or toxic substances to the 
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milk. It is preferable that the surface should be polished and remain so, 
since this improves washability. The material should not be such that 
water or any milk constituent will have a special tendency to adhere to it, 
since rapid drying after cleaning is an important feature. For cans in 
which milk is to be cooled by an external medium, the heat transfer capacity 
of the material is of importance for rapid cooling. 

Tinned iron is the oldest and most common of the materials used in 
modern dairying. The state and age of cans in service varies greatly; 
the tin cover must be of good quality, be made of pure tin, and have a 
smooth, non-porous surface. The length of life for a tinned can is limited, 
even for those only in seasonal use. Rust tends to attack cans stored under 
not entirely suitable conditions more easily than cans in regular use. Tinned 
cans not in use should be thoroughly cleaned, dried, protected with grease or 
an anti-rust agent, and stored in a dry place. Corrosion has proved to 
be most active between 0° and 8°C. The advantages of tinned iron cans 
are comparative cheapness, and mechanical strength due to the iron content 
and the fact that the parts can be welded together at manufacture; their 
drawbacks are weight and susceptibility to rust. 

Aluminium cans have come into general use during the past decades. In 
some countries they were held not to be strong enough for the heavy duty 
of a milk can. However, the properties of the alloys used and the construc
tion and manufacturing technique has been considerably improved during 
the 1950's, and today it can be stated that light metal cans of first-class make 
stand up to the same tests as iron cans. An electrically oxidated surface is 
better than the original surface. Aluminium cans have good longevity pro
vided that no cleaning agents containing pure alkali are used; modern 
cleansers containing metasilicate can be used without danger. Chlorine 
solutions should not be stronger than normally recommended-200 p.p.m. 
of active chlorine; weak nitric acid may be used for sterilizing aluminium 
cans. The material is somewhat elastic and bosses often disappear after 
some time. 

Stainless steel is the best material for cans from the hygienic point of 
view. It is strong, easy to clean, and withstands many years of use. Cans 
of stainless steel are no heavier than those of tinned iron. Their main 
drawback is cost, as stainless steel is more expensive than other materials; 
however, distributed over years of use it is unlikely that the average cost 
of stainless steel cans is any greater than that of other types. 

Plastic is also used for the manufacture of milk cans. There are nu
merous kinds and qualities of plastic with very different properties. At first, 
plastic cans were found to be not strong enough, their form was changed 
by the heat in the washing machine, and they transmitted flavours to the 
milk. However, improvements have been made, and today there are 
makes of plastic can which withstand the approval test by a good margin. 
The approved cans are strong owing to their elasticity, they are impervious to 
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any chemicals used, and are easy to clean. They should, of course, be of a 
quality of plastic which involves no risk of contamination to the milk from 
the plastic material itself. They may become slightly scratched on the 
outside after some use, but this has not proved important in dairy hygiene. 
Their weight is very low-indeed it may be too low; in some cases empty 
cans are reported to have blown off the transport wagon! This difficulty 
may be overcome if the cans prove useful. Plastic cans have greater insula
tion than metal ones, and milk in plastic cans being cooled in troughs or by 
a spray-cooler needs considerably longer treatment with a greater flow of 
water to reach the desired temperature. On the other hand, cooled milk 
keeps cold longer in a plastic can when placed in warm surroundings. 
Perhaps the full situation with regard to plastic cans is not yet quite clear, 
but its further development should be followed with interest by dairy 
enterprises. 

As an example of the weights of cans manufactured of different materials, 
the following figures for a 40-litre can are given: tinned iron and stainless 
steel-11-13 kg; aluminium alloy-5.5-6.0 kg; plastic-5.0-5.5 kg. 

Design of milk cans 

There is an ideal form for every detail of a milk can; however, the form 
of one detail may influence the properties of another part of the can, which 
should therefore be looked upon as a whole. When standardizing cans, 
for example, the height cannot be the same for all sizes, since the smallest 
cans would then be too narrow. 

The position of the centre of gravity of the filled can in different situations 
is important for its convenient handling. At the farm and at loading, full 
cans are often rolled on the bottom hoop when they are moved. The angle 
of balance should not be too great, as this makes work inconvenient, nor 
should it be too small, or the can will risk accidental overturning. From 
the hygienic point of view, the angle at which milk spills from the full 
can is worth notice: it should not be less than the angle of balance, or milk 
will spill out from under the lid when the can is rolled. These angles, of 
course, are related to the height and diameter of the can, and also to the angle 
of the shoulders and the diameter of the neck (see Fig. 2). The angle of the 
shoulders should not be too great as a can with square shoulders is weaken
ed as regards pressure from above, it drains slowly when tipped, and is 
difficult to clean and inspect. On the other hand, very steep shoulders give 
a wide neck which raises difficulties in fitting the lid, and it may be impossible 
to keep the diameter of the lid less than the diameter of the can, which is 
necessary if the can is to be lifted by the handles. Too small a neck dia
meter is likewise undesirable as regards the stability of the can when it is 
turned upside down in a washing machine, or when stored in an inverted 
position. 
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FIG. 2 

DIAGRAM INDICATING ANGLES OF MILK CAN 

A= Shoulder angle 
B ='Balance-point angle inverted 
C = Balance-point angle full 
D = Spill-point angle 

To summarize, ideal standards for cans are as follows: angle of balance 
about 30°, spill-point angle more than 30°, shoulder angle less than 45°, and 
angle of balance inverted 15°-20° (all calculated from the vertical plane). 

The handles of the c3;ns must fit into the hands when gripped from 
outside or inside. A length of 10 cm is a minimum; the handle should be 
4 cm from the edge of the lid on the inside, and preferably a similar distance 
from the periphery of the can on the outside. It should,always be possible 
to grip the handle without risk of hurting the wrist against the lid or the 
fingers against the handles of neighbouring cans. It is unimportant whether 
the handle is riveted or welded to the body of the can, so long as the 
surface inside the point of connexion is smooth. 

The lid must fit well into the neck There should be no danger of leak
age during transport, nor should rain or dirt be allowed to come in contact 
with the inside of the can. The mushroom or umbrella lid carries off 
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water best as it is smooth and has a clean edge. Some hold that the um
brella lid involves more labour because both hands are needed to lift it, 
while a lid with the handle set in a central concavity can be lifted with one hand. 
However-apart from the fact that there is no simultaneous task for the 
other hand-the cavity may collect dirt, the danger of which is partly over
come if the edge of the lid reaches 3-4 cm outside the neck. This should 
always be the case, but the edge should not reach the handles or the neigh
bouring cans, as was pointed out earlier. Thus the diameter of the can, 
that of the neck and the size of the edge of the lid bear a relationship to 
each other. The bottom ring must be Yery firmly fixed to the body of the 
can and provided \Vith holes for \Vater drainage when the can is in an 
inverted position. 

Insulated cans 

Insulated cans are sometimes used in warm countries. They are double
walled, and the intervening space is filled with cork, foam plastic or a similar 
light insulating material. However, it is always a problem to keep a closed 
space free from condensed water and to make the cans withstand the clean
ing procedure. The insulation problem may be solved in a cheaper way 
by means of a light insulation hood which is placed over the can when 
the milk is chilled. When the milk is placed on a milk stand in the road 
to be collected by the transporter, the stand should preferably have a screen 
to protect the cans from direct sunshine. For the same reason the cans 
should be covered on the transporter both during the warm season, and 
during frost, as frozen milk is difficult to drain from the cans at the dairy. 

Tankers 1 

Tankers are used to transport milk from farms pro...-ided with farm bulk 
tanks, or from collection centres to the dairy plants. Combined equipment 
also exists for picking up and measuring milk directly from transport cans 
for further transport by tanker. This combination may be a solution in 
areas where there are large and small producers on the same transport line 
and where farm bulk tanks are too expensive for small farms. If the tank 
incorporates a pump, hose, flow-meter and other utensils necessary for the 
collection of milk, the term" bulk milk pick-up tank" is often used. 

It is often said that the bulk tank system improves milk quality-a 
statement which is too general: the quality of the milk put into the tank 
is still naturally of fundamental importance. Primary hygiene at milking 
must not be overlooked, whether or not a refrigerated tank is available. 
The low temperature in the tank \vill preserve the quality of a good milk, 
but it cannot improve unhygienic milk. The same is true of the tanker, 

1 See also chapter by Capstick, page 595. 
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and the well-known traditional hygienic practices for preserving milk qua
lity must be adapted to the use of the tanker system. The milkinthetankmust 
be safe for contamination from without; the edge of the manhole should 
be fianged upwards enough to prevent dripping into the tank when the lid 
is lifted. A special outer cover over the lid will protect it from dust and dirt 
from the road, and there must be some similar cover over any valve or 
hose connector through which the milk will pass during the operation. The 
opening of the valve on disconnection of the hose, or the opening of the hose 
when in place, should be closely sealed by a cap. On modern tankers, the 
dust cover over the valves and other utensils takes the form of a compart
ment with dustproof doors. When a good milk passes the valves without 
accident it should reach a clean tank. Hence, the tank should be easy to keep 
clean; and its material should be, for example, high-quality stainless steel 
(18% chromium, 8% nickel) which offers a hard polished surface withstand
ing chemicals and rust. Tanks can be made from aluminium alloys, which 
may be cheaper, although in the long run it is not certain that there is much 
difference in cost. It must also be remembered that a tanker can be 
used full-time and is handled by more highly trained staff than is neces
sary for cans. The cost of the tank itself is not the predominant factor, 
and there is no point in using material or equipment which is not of the 
best technical and hygienic standard. Large volumes of milk will pass 
through a tank, and the economic consequences of a failure are obviously 
much greater than with a can. Moreover, poor-quality material is more 
likely to become damaged and thus more difficult to clean. All inside 
weldings should be smooth and polished, as well as the rest of the surface; 
corners and edges should be rounded so that no residues can be overlooked. 
If the tank is not constructed to embody an automatic cleaning device, the 
size of the manhole and the height of the tank must permit a man to enter 
it for the purpose. All utensils, valves, pumps, the flow-meter of the pick-up 
tank, etc., should be of approved hygienic dairy type which can be dis
assembled for easy cleaning. 

Another requirement for preserving milk quality is that the temperature 
be not considerably raised during transport. The bigger the volume of 
milk, the less is the ratio surface/mass and the less the heat exchange. 
The milk filled into the tanker is chilled, and it is usually not strictly neces
sary to envisage either a refrigerator or insulation. However, the tankers 
may be used under differing conditions, so that it is advisable for all per
manent tankers to be constructed with an insulating layer of material such 
as cork, plastic foam or mineral wool, all efficient and cheap. The cost 
depends mainly on the necessary outer protection. This outer jacket can 
be made of aluminium, plastic or any other waterproof rigid material 
which is easy to clean. It is important that it should be well sealed against 
the entry of water or dirt. The bottom of the tank should not be forgotten, 
particularly if it is close to the engine, which may act as a heater. 
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For several reasons unpasteurized milk should be handled gently during 
transport. To avoid splitting of bacterial clumps, alteration of fat globules, 
with the attendant risk of lipolytic reactions, or admixture of air, which may 
give rise to oxidation problems, all unnecessary pumping, violent agitation 
and surging in the tank must be minimized. Thus it is often desirable to 
divide larger tanks by means of baffles, which should, however, allow cleaners 
to pass between the compartments. 

FIG. 3 

MILK TANKER 

This tanker takes milk 240 miles (385 km) in a high-temperature, high-rainfall belt of tropical 
Queensland, Australia. 

Reproduced by courtesy of Dr E. B. Rice, 
Director of Dairying, Department of Agriculture 
and Stock, Brisbane, Queensland, Australia 

The general design of the tanker may be a technical problem more than 
a hygienic one. Nevertheless, many details of good design will also in
fluence the hygienic aspects-efficient fastenings to ensure that the dust
proof doors are really shut good lighting to prevent error when work is 
carried on during the hours of darkness, etc. Partitions between the pump 
motor and the pump and Yalves are useful in avoiding the risk of contamina
tion with oil. 
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The tankers in present use include all forms, from free-standing in
sulated tanks placed on a truck, to streamlined sales-promoting and well
equipped pick-up tanks (see Fig. 3). The tendency is towards the latter type, 
as the extent of bulk collection makes it possible to have the trucks in use 
throughout the day. 

Whether transport takes place in cans or in tankers, .the fundamental 
problems of milk hygiene are the same. Cans can be handled by any driver 
but the tank handler must be a trained person capable of carrying out hygie
nic tests on the milk. The increase in temperature during transport is less 
in the tank than in the can. In one respect, however, there is a distinct 
difference between the systems; bad milk in one can will hardly influence 
the quality of the contents of the other cans, but bad milk put into a 
tanker will affect the whole bulk. Hence, the tank handler must be able 
to distinguish and reject bad milk. Experience, however, shows that in 
practice this presents little difficulty, and failures are rare. 

This consideration of the two methods suggests that it is possible to 
arrange a good hygienic collecting system using either cans or tankers: the 
choice between them may be made mainly on the basis of economic and 
technical factors. 



THE PACKAGING OF FLUID MILK 

JACQCES CASALIS * & JACQUELINE V AN DE PUTTE ** 

The objective of all workers in any way concerned in the collection, 
transport and treatment of milk should be to deliver to the consumer a 
product that has preserved, as far as possible, the nutritive properties and 
natural qualities of milk as it leaves the udder. The work of specialists 
from various countries-dietitians, health workers, physicians, veterinarians 
and zoologists-has shown: (1) that on leaving the udder milk taken from 
a healthy animal is free of pathogenic bacteria; (2) that it possesses a bacterio
static quality that protects it for a varying period of time against the pro
liferation of lactobacilli; (3) that the more carefully it is treated the better 
are its nutritional and therapeutic properties. 

There can be no doubt that the ideal is to supply man with a raw milk, 
for consumption in its natural state, taken from healthy animals, collected 
and handled with the utmost hygienic care, and distributed under refriger
ation (so as to prolong its natural keeping quality) from the factory to the 
consumers' table. 

Unfortunately, this can rarely be done in present conditions of the world 
dairy industry. The big urban centres of S\vitzerland have central depots 
for consumer milk where milk is simply cooled and packaged before being 
put on sale. The essential factors in the success of this technique are the 
proximity of production zones to consumption centres, a relatively colder 
climate than in most temperate countries, and a method of procedure strictly 
observed by the milk producers. 

However, in most countries, climatic factors, lack of co-operation on the 
part of producers, and long transport distances make it necessary to submit 
consumer milk to heat treatment of varying degrees before packaging it for 
distribution. Such treatment is even more necessary when milk and milk 
products are supplied in countries where climatic conditions do not permit 
the rearing of dairy cattle. 

The protection of milk, whether raw, pasteurized, sterilized, concen
trated, or powdered, during packaging and marketing is invariably based on 

*Professor, ~ational Institute of .Agricnlr.ural and Food Products Industries~ Paris, France. 
**Engineer, Technical Institute of Agricuhural Practice. Paris, France. 
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the same general concepts: milk products are essentially liable to change, 
either through the action of a wide variety of bacteria, or of physical and 
chemical factors. The first objective is thus the reduction of these causes 
of change to a minimum. 

Bacteriological causes of change 

Milk contains all the elements necessary for life: proteins, carbohydrates, 
lipids, mineral salts, vitamins, growth factors, etc. While these substances 
are of value in human nutrition, they also provide an ideal culture medium 
for most micro-organisms, the development of which changes the com
position of milk and rapidly makes it unfit for consumption. Pathogenic 
organisms. that have entered during packaging retain their virulence and 
may cause serious illness in the consumer. 

Causes of chemical change 

The components of milk, particularly the lipids, are extremely labile and 
subject to chemical change, especially to oxidation, which in liberating the 
fatty acids of glycerides imparts more or less unpleasant flavours and odours 
and changes their nutritional value to a greater or lesser degree according 
to its intensity. Certain metals (iron and copper in particular), and certain 
physical agents (temperature and light), accelerate and catalyse these de
gradation reactions. 

FACTORS AFFECTING CHANGES IN AND KEEPING QUALITY 
OF MILK BEFORE AND AFTER PACKAGING 

Before discussing the operation of packaging itself, the factors causing 
or retarding changes in milk in the course of packaging and during the time 
between packaging and consumption must be defined. They may have a 
purely chemical action, such as light; or a bacteriological and chemical 
action, such as temperature and air. 

Contact Surfaces 

Surfaces with which milk comes into contact are, in most cases, very 
difficult to sterilize. The possibility of infection from these surfaces, at the 
farm as well as at the factory, is great, so that it is desirable to reduce their 
area as much as possible. 

Constant care must be taken during all handling operations to see that 
surfaces are made free from infection-by cleaning, disinfection, and pro-
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tection against recontamination. Surfaces are also a cause of chemical 
change when they are not absolutely inert in respect to milk and cleaning 
products. The salts of heavy metals, particularly copper and iron, may 
form in the course of treatment or from contact with metal containers, and 
may catalyse oxidation processes. 

All new materials (particularly plastics and protective varnishes) destin
ed for use in the packaging of milk must be very carefully examined with 
regard to their possible solubility in milk at the different temperatures to 
which they may be subjected when utilized. 

Finally, the surfaces of returned equipment and packages must be tho
roughly rinsed after cleaning and disinfection, so that no extraneous chemical 
can affect the composition of the milk. 

Temperature 

Temperature may act on milk in two ways, either by encouraging or in
hibiting bacterial action or by causing physico-chemical changes that do not 
involve the activity of living organisms. 

Even if hygiene and packaging operations are carried out correctly, 
bacterial change is to be feared in fresh, raw or pasteurized milk and to 
some extent in s\veetened condensed milks. Evaporated milk and sterilized 
milk are, by definition, milks that should be devoid of viable bacteria, and 
powdered milk, although not sterile, does not contain enough water to 
allow the bacteria it contains to multiply. Physico-chemical changes (by 
contact with metal or by light) may be produced in fresh milk, but generally 
there is not time to observe them, since they are masked by changes of 
bacterial origin; it is in preserved milks that physico-chemical changes may 
have an effect on quality at the time of consumption. 

Changes of bacterial origin 

The relationship between temperature and the rate of multiplication of 
bacteria is well known. However, care must be taken not to assume re
frigeration to be the universal remedy. Cold is a means not of rendering 
milk more hygienic but of prolonging its keeping quality by retarding the 
biological processes that lead to its deterioration. Even at low temper
atures bacteria continue to multiply, more or less slmv-ly according to species. 
Lactobacilli are more rapidly inhibited by low temperatures than are pro
teolytic or alkali-producing bacteria. This emphasizes the necessity of 
taking all appropriate precautions to avoid recontamination of milk after 
pasteurization, and confirms the necessity of fixing a time-limit beyond 
which sale to the consumer is forbidden. 

Raw and pasteurized milk must thus be kept in temperature conditions 
such that the bacteria present are not able to alter the milk composition 
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between the time of milking, or of pasteurization, and that of consumption. 
This necessitates systematic refrigeration to preserve milk from the time 
when it has been cooled after milking or after pasteurization (to a temper
ature generally between 4° and 8°C) 2,nd during the operations which follow, 
i.e., bottling, storage, transport, distribution and retail storage. It is not 
merely a question, in the course of these operations, of cooling milk, but of 
preventing it from acquiring heat from its surroundings. Obviously the 
methods and amount of refrigeration required vary greatly according to 
climate and season. The volume and refrigerator capacity of cold stores 
and refrigeration installations must always be calculated in terms of the 
extremes of the external temperature. 

The refrigeration industry is now able to solve all problems of lowering 
and maintaining temperatures arising in dairies. The limiting factor in re
frigeration is not a technical one, but is the effect of cost of refrigeration 
equipment on general costs. 

Bottling 

Cooled milk is put into glass bottles or cartons. The bottles on leaving 
the washing machine must be rinsed in cold water to prevent excessive re
heating of the milk. When bottles are rinsed with water at a temperature 
of l2°-l5°C, the increase in milk temperature is 0.5°-1.5°C according to 
exterior conditions. It would not be economic to rinse the bottles with 
chilled water, and if it is impossible to cool the bottles sufficiently in ordinary 
water, it is preferable to cool the milk. 

Cartons paraffined at the moment of filling require a refrigeration device 
that will reduce them from a temperature of 85°C (temperature of the 
paraffin bath) to one low enough not to affect significantly the temperature 
of the milk. 

Thermal protection of containers 

The conductivity of glass is obviously much higher than that of paper or 
cartons but, since there is a much greater thickness of material in a glass 
bottle than in a paper or carton container, the thermal protection con
tributed by the glass or by the carton is practically equivalent. However, 
experience has shown that-conditions being equal-milk heats up or cools 
down a little less rapidly in certain types of carton packaging than in glass 
bottles. The fact that carton and paper packages are closely packed in 
crates used for distribution, thus limiting the circulation of air between the 
containers, gives them a much higher thermal inertia than the glass bottles. 
For paper and carton packages it is therefore very important that milk be 
cooled to the appropriate temperature before filling, because a very long 
period in cold storage would be necessary to reduce the temperature still 
further. 
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Cold storage 

The period in the cold store is not meant to lower the temperature of the 
packaged milk but to maintain it. It is important that milk be returned to 
the cold store as soon as bottling, capping and crating are completed. The 
cold stme should be big enough to contain all the day's production if 
delivery does not begin before the end of milk treatment. 

Insulation must be generously calculated, and the necessary steps taken 
to avoid falls of temperature at the opening or closing of doors, or at the 
filling or emptying of the cold store. In particular it is worth while to have 
an ante-room in front of the cold store, closed by doors or curtains that open 
at simple pressure and close themselves after the passage of goods or per
sons. Excellent results have been obtained by putting special ventilators 
above the doors of cold stores which are automatically set in motion when 
doors or shutters are opened and create a curtain of air before the entry, 
thus reducing to a minimum thermal exchanges between the atmosphere of 
the cold store and the exterior. 

The amount of refrigeration necessary to supply the cold store must be 
calculated in terms of the maintenance of the temperature of cooled milk, 
taking into account the temperature gains that occur on handling. The 
cold stores of dairies are very frequently insufficient in size and in degree of 
refrigeration. They may be connected to a refrigeration plant, using brine 
or iced-water, that feeds the entire factory. In this case, at peak periods or in 
great heat, the cold store, which is the last stage of the refrigeration system 
of the factory, runs the risk of being supplied with a refrigerant that has been 
insufficiently cooled. On the other hand, when the external temperature is 
low the cold store consumes little power. For these various reasons, it is 
the preference nowadays to equip the cold store with individual direct
expansion plant, preferably automatic, thereby permitting operation that is 
more economic in power and better able to preserve a constant temperature. 

Transport and distribution 

Depending on the distance from the factory where the milk is treated to 
the consumption centre, transport may be direct from the factory to the 
retailer or by rail or road to the place of consumption, distribution being 
made by delivery vehicles to the retailer. Large road vehicles and railway 
wagons should be well insulated, and preferably refrigerated with the aid of 
ice, dry ice or a refrigeration compressor. Usually refrigeration is necessary 
only during part of the year. 

Transport by heavy lorry or rail to the retail delivery vehicles should be 
carried out under conditions that ensure that the milk does not remain ex
posed to air temperature or light. Depending on the organizations concern
ed and the timetables, a cold store may be necessary to hold milk between 
unloading and reloading. 
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The delivery lorries must be closed and heat-insulated (see Fig. 1); in 
the absence of heat insulation the metal body absorbs and concentrates solar 
heat. It is difficult to assure the maintenance of milk at low temperatures 
during all the weather conditions encountered during a delivery circuit to the 
retailers without refrigeration. 

Chipped ice 

FIG. 1 

DELIVERY LORRY 

One of the methods used for maintaining milk at a low temperature 
throughout delivery consists of filling the crates containing the bottles with 
chipped ice. This necessitates special crates with solid exterior walls so that 
the ice surrounds the bottles as far as the neck. This is a very efficient 
method of maintaining milk at a temperature between 0° and 2°C, and allows 
for adjustment to the outside temperature. 

Air and Oxygen 
Bacterial contamination 

From the bacteriological viewpoint, air is an agent of contamination, and 
constitutes a risk that must not be neglected at the time of drawing-off and 
in respect of the containers themselves. A room for packaging raw or 
pasteurized milk must be clean and in good order. The dirty bottles must 
not be stored there. The floor must be washed and disinfected and kept 
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damp to avoid dust. The ceilings and walls should be regularly cleaned, 
whitewashed or treated with anti-fungal paint to prevent the development 
of mould, particularly in places where condensation occurs. To protect 
bottles against possible contamination by the atmosphere, the conveyor 
belt from the bottle-washing machine to the drawing-off equipment should 
be covered by a casing. 

Personnel must be careful not to grasp an empty bottle by placing the 
fingers in its mouth-bottles must be held by the body or the neck. All 
personnel in the bottling department must be medically supervised and re
ceive simple instruction on the necessary hygienic precautions. For sweet
ened condensed milk, in addition to the usual precautions complete dis
infection of the room where drawing-off is carried out is necessary. 
Osmophilic yeasts may develop in the factory and are easily carried in the 
air. Disinfection of air may be effectively carried out with the aid of aerosols. 

When single-service containers of carton or metal are not made at the 
place where they are filled, they must be stored away from dust, humidity 
and steam. On reception the containers must be placed with the opening 
underneath, and during their transport from storage to the packaging room 
there should be no risk of their contamination. 

Oxygen m1d oxidation 

Oxygen from the air plays an extremely important role in the keeping 
quality of milk. It is necessary for the development of any bacteria that may 
remain in sweetened milk. Filling of tins of sweetened milk must be carried 
out in such a way that a minimum of air remains after closing the tin; 
filling under vacuum is a good way of preserving sweetened milk. 

Oxygen is also the factor which determines physico-chemical changes, 
and is necessary for the changes caused by light in sterilized milk. It is the 
chief factor in the ageing of powdered milk. 

All oxidation processes are catalysed by the salts of heavy metals that 
may have entered the milk in the course of treatment, from the farm up to 
final packaging, by contact with metal surfaces such as badly tinned iron 
or copper. 

Light 

Milk is sensitive to the action of light, above all of direct sunlight. Even 
a short exposure to light may set off oxidation processes in milk that give 
it a special taste known as " sunlight flavour ". These processes continue 
after the milk has been withdrawn from the light, and may make it unfit 
for consumption. 

Oxidation leads to a breakdown of milk fats (phospholipids) and of 
certain non-fatty elements, shown by the destruction of ascorbic acid 
(vitamin C), riboflavin (vitamin B) and probably other amino-acids. The 
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milk not only acquires a disagreeable flavour but also loses part of its nutri
tive quality. The mechanism and extent of this process are still not fully 
known. This action of light is produced in the presence of oxygen. It has 
been shown that de-aerated milk does not acquire an oxidized flavour under 
the action oflight; this is the reason why de-aeration and vacuum packaging 
of sterilized milk improve its flavour and its resistance to oxidation. 

Much research has been devoted to this question. It seems that the 
short waves of the solar spectrum are the active ones. To avoid all oxidiz
ing action of light it is necessary to exclude waves of a length less than 
620 m[J., i.e., all that part of the spectrum which precedes orange and red. 
Glass coloured green or brown, cartons, and paper containers retard the 
process of oxidation by absorbing part of the spectrum. Coloured glass 
bottles, while retarding the process of oxidation by light, do not prevent it 
completely. Their use is not general in the dairy industry because they 
cost more and optical inspection of their cleanliness on leaving the washing 
machine is difficult. 

Mattsson 1 has compared glass bottles with Tetrapak. Their relative 
permeability to light is as follows. At 250 m[J., light does not penetrate glass 
or Tetrapak paper. At 350 m[J., glass allows 70 % of the initial light to pene
trate, and Tetrapak paper 1 %. At between 400 and 700 m[J., glass allows 
80 %-90 % of the initial light to penetrate, and Tetrapak paper allows 
1 %-2%. 

Research work on the disappearance of ascorbic acid and the appearance 
of oxidized flavour confirms the protective value of paper packaging-but 
it is not, however, complete. At present this protection extends only to raw 
and pasteurized milk, and not to sterilized milk, which because of its long 
period on the market before consumption is most exposed to the action of 
light. Precautions are therefore necessary to protect sterilized milk from 
even diffuse light. Bottle crates of solid wood offer a certain amount of 
protection as compared with open-work metal crates. Transport of steri
lized milk in bottles must be carried out in covered lorries, and warehousing 
and deliveries must be so organized that the milk is not exposed to the direct 
action of sunlight. A few minutes' exposure to sunlight is sufficient to 
set off the process of oxidation. Bottles of sterilized milk must also be 
protected as much as possible against diffuse light, which acts less rapidly 
but has the same result. 

Warehouses storing bottled sterilized milk should receive appropriate 
warning, and the retailer should be instructed in the disadvantages of ex
posing milk, especially sterilized milk, to light. 

Metal tins protect sterilized milk against oxidation very efficiently; this 
is a strong argument in favour of their use. 

1 Mattsson, S. (1954) [The effect of light on milk in glass milk bottles and in Tetrapak]. Svenska 
Mejeritidningen, No. 36 (Abstracted in French). 
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PACKAGING 

Characteristics of Hygienic Packaging 

The developing requirements of health authorities and consumers, in the 
dairy industry as in all food industries, lead today to a growing tendency 
to package goods to comply with the following conditions: (1) the container 
must be tamper-proof, so that bet\Yeen the time of packaging and the time 
of consumption it is protected against fraudulent practices and the buyer 
has a guarantee concerning its origin; (2) the container must be of such a 
shape and size that its contents correspond to the consumer's daily re
quirements, and its capacity must always be related to the keeping quality 
of the product. 

In such conditions the sale of large-size containers for products for 
immediate consumption will decline, except in certain special cases to be 
mentioned later. Progressive disappearance of large-size containers is in 
contradiction to the idea mentioned previously of the necessity of reducing 
the size of the surfaces with which milk may come into contact. A reminder 
of these very general principles \Vill make it possible to formulate the con
ditions required in a container of good quality. 

Bacteriological conditions 

A container of good quality must prevent, or limit to the minimum, all 
bacterial recontamination. Either it may be used once only (single-service 
container) or it may be returned to the packaging factory and used more 
than once. In this case its shape must permit effective cleaning, without 
inaccessible corners where bacterial deposits difficult to eliminate might form, 
and with a perfectly smooth inner surface. 

Chemical conditions 

A container of good quality should have the following characteristics. 

(1) It should be made of materials without any tendency to transmit the 
slightest trace of their constituents (by dissolving or by melting under heat) 
to the products which they contain. 

(2) It should not be vulnerable to attack by either packaging products or 
cleaning products. This is essential for two reasons: attack of the internal 
walls of the container by such products may cause change in milk compo
sition, and may further cause pitting of the walls- where bacterial colonies 
difficult to eliminate could proliferate. 

(3) It should be such as to avoid as far as possible all indirect or direct 
chemical change in the components of milk and, in -particular, the oxidation 
of lipids. 

Special care should be taken with all products intended for long storage. 
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Adaptation to type of milk 

Each type of milk requires a container adapted to it, which should 
accordingly be designed in relation to its function. A bottle of pasteurized 
milk does not have the same characteristics as a bottle of sterilized milk; 
nor have the metal tins used for the packaging of concentrated milk and of 
powdered milk. For raw milk, pasteurized milk, sterilized milk, evaporated 
milk and sweetened condensed. milk, it is necessary to make a special study 
of the characteristics of hygienic packaging; and how they can be obtained 
and controlled. 

Packaging of Raw. Milk 

Apart from the exceptional case previously mentioned of dairy plants 
supplying urban population centres with raw milk (and there the problem of 
handling is the same as in. dairy plants supplying pasteurized milk), the 
}Jygienic distribution of raw .milk is made by trade or farming undertakings 
subject to regulations, varying in different countries but generally very 
strict, concerning the hygiene of cattle, of milk productiop, and of packaging 
plants. Bottling, preceded by cooling to 4°C, is generally done by the pro
ducer immediately after milking. The bottles are the same as those used 
for pasteurized milk (see page 580, and Fig. 2). The quantities milked are 
generally small and do not justify economically the use of automatic machines 
either for bottle-washing or for bottling and capping. The human factor is 
thus of primary importance. If milk is drawn from healthy animals, cor
rectly fed, and if the necessary hygienic precautions concerning the stabling 
of the animals, the milking, etc., are taken, the milk will have a low bacterial 
content, but it will be all the more susceptible to every risk of bacterial con
tamination. In addition to cooling of milk as soon as possible after milking, 
hygienic security rests on the strictest regulation of cleaning, disinfection 
and filling of bottles. 

Manual or semi-automatic washing of bottles 

Dirty bottles must be kept outside the place where filling is carried on. 
Washing of bottles should include the following operations: 

(1) Soaking or rinsing in cold or tepid water containing some disinfectant 
(e.g., sodium hypochlorite) to retard bacterial growth during the operation. 

(2) Mechanical brushing. 

(3) Soaking in a warm detergent solution. 
( 4) Rinsing in clear water. 

(5) Soaking in a disinfectant solution. 

(6) Final rinsing. The bacteriological quality of water used for this 
operation is obviously one of the essential factors for success. If this quality 
is not sufficiently high it must be remedied by adding in advance a dose of 
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suitable antiseptic (sodium hypochlorite, for example, to give a content of 
25-50 mg of free chlorine per litre (25-50 p.p.m.)). 

(7) Drainage. The baskets and crates in which the bottles are usually 
put to drain upside-down should also be carefully cleaned and disinfected. 

Detergent and disinfectant solutions must be specially examined to en
sure that they are efficient but do not attack the hands of the operators. 
They should not leave re si dues or traces in the bottles at the time of bottling. 
Disinfectants with a chlorine base are the most suitable. 

Capping 

Capping should preferably be carried out with aluminium caps rather 
than cardboard milk-bottle tops. These caps, which are generally pre
fabricated, should be stored in a dry place protected from dust and con
tamination. 

If a sterilizing chest for milking, cooling and filling equipment is 
available, the caps should also receive this treatment. 

The recommendations given below for pasteurized milk equipment apply 
also to automatic equipment for the handling of raw milk. 

Packaging of Pasteurized Milk 

The equipment used for distribution of pasteurized milk comprises: cans 
(generally of 20-litre capacity- 4.4 gal.); glass bottles; and single-service 
containers of cardboard or plastic. 

Milk cans 

The 20-litre milk can is still used for the distribution of pasteurized milk 
in smaller centres (in France, centres of less than 20 000 inhabitants) where 
the installation of bottling equipment would be too expensive; it is also used 
for supplying milk to institutions (such as boarding-houses, restaurants, 
barracks, etc.). The question of cans is dealt with elsewhere (see chapter 
by Ekman, page 557); here it will be sufficient to state that the recommend
ations concerning their shape, the materials used for their manufacture, and 
above all their cleaning, should be even more strictly followed when packag
ing of milk after pasteurization is involved than when they are used for the 
collection and transport of milk from the farm to the factory. 

Bottles 

The bottle is gradually replacing the can for distribution of both raw 
and pasteurized milk in towns as the requirements of health authorities and 
consumers increase. In spite of its weight and the disadvantages attached 
to the return and sterilization of empty bottles, the bottle is still the most 
widely-used container. 
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jets and brushes to act on the entire inner surface. The neck should be 
joined to the body of the bottle without forming a sharp angle, and should 
have no bulges or narrow portions. The base should be concave rather than 
convex so that milk residues collect in the centre rather than at the circum
ference of the bottom of the bottle where they would be more difficult to 
reach. 

The bottle shape should be adapted as much as possible to the apparatus 
used for washing, drawing-off, capping and handling, so that there is less 
risk of breakage during its passage through the plant. Breakages, econo
mically undesirable in themselves, have from the hygienic point of view 
(glass-splinters, spilt milk, stoppage of the machine) an effect that must not 
be underestimated. 

Studies recently made in different countries, notably in Norway,1 have 
resulted in the conclusions that, with regard to the exterior shape of the neck, 
a straight profile is superior to a bulging profile; the top of the bottle should 
be not oval but perfectly circular within very small tolerance limits, so that 
the cap is tight; its optimum thickness is 17 mm. 

There was a time when, particularly in the USA, the shape of the bottle 
affected sales. The manufacturers went to great lengths to find original 
shapes emphasizing the cream line. Today, in most countries preference 
for a bottle with a cylindrical body has returned, and a study of the different 
standards established in various countries would be valuable to achieve 
international uniformity. 

Capacity of the bottle. Milk is sold by volume. The most common 
capacities are the litre, the half-litre, and the quarter-litre for countries where 
the metric system is used, and the quart, the pint and the half-pint in Anglo
Saxon countries. Filling machines delivering a measured quantity of milk 
into each bottle are less and less used because of difficulties of cleaning and 
sterilization; fillers working at a constant leYel and under a vacuum are pre
ferred. It is important, therefore, that the capacity of the bottles be con
stant, regular and adapted to the specific filling apparatus. Most countries 
have regulations fixing the tolerance limits in relation to the exact quantities 
of milk that should be contained in each bottle sold. 

Resistance of the bottle. The shape of the bottle affects its resistance to 
shocks. Manufacture, constancy of quality and thickness of the glass are 
also factors. 

During in-bottle sterilization or pasteurization, bottles are subjected to 
internal pressures, which they must also be capable of resisting. They must 
likewise be able to survive the differences of temperature to which they are 
submitted during washing, and to tolerate sterilization temperatures. 

Quality of glass. Irregularities in the composition of the glass, the pre
sence of air bubbles, deformations of the surface or extraneous matter in 

1 Hougen, A. G. (1959) ~\filk bott{e dr?sfgn ca~d qua.rlty comro!. In: Pr'Jc ... YV Int. Dairy Congr., 1, 497. 
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the glass not only are defects of appearance but affect resistance to mecha
nical and thermal shocks. The constancy of the weight of the bottle is a 
factor affecting the constancy of its other characteristics, since it is manu
factured from a fixed quantity of glass. 

Cleaning of bottles 

Cleaning of bottles is one of the most awkward problems in the hygienic 
packaging of milk. All the precautions taken to destroy the bacterial flora 
of the milk by appropriate heat treatment are useless if it is not packaged 
in containers that are as clean as possible. This cleanness has two com
plementary aspects which are equally important: a macroscopic and a micro
scopic aspect. Retailing stores return to the factory empty bottles of which 
some have remained with the consumer or the retailer for a long time, have 
been used for various purposes, and have contained the most various pro
ducts: e.g., oil, petrol, paint. There is thus a risk of transmitting odours of 
varying intensity to a complete consignment of bottles in the washing trough. 
Even assuming that the bottle has contained only milk, and has been rinsed 
by the consumer (as unfortunately it has generally not), nevertheless during 
the time taken for its return to the factory a film of varying thickness has 
formed on the inside from the dried milk residues or rinse-water remaining 
in the bottle. This film consists mainly of fat and protein and gradually dries 
up, adheres more and more firmly to the interior surface and becomes 
accordingly more difficult to remove. If it were formed only from the che
mical constituents of milk it would still have to be removed, but it is in
variably the site of a more or less marked bacterial growth, and the bacteria 
also dry, so that when conditions of temperature and medium are favour
able (i.e., when the bottles are again filled with milk) they again multiply. 

It is therefore essential, both for commercial and bacteriological reasons, 
to eliminate these deposits-chemically, by dissolving the fat and by pep
tization of the dried protein, so that the mechanical action of the washing 
machine carries them away; and bacteriologically, by destroying the bac
terial flora contained in the . deposits. These two aspects, detergent and 
disinfectant, are equally important. It is useless to remove the deposit 
without ensuring the destruction of bacteria, and the use of disinfectants 
only would not be effective if the film were not first removed. 

In certain countries the regulations allow factories to refuse to take back 
dirty bottles. It is desirable that similar regulations should be applied every
where where milk is sold in bottles. 

It would also be most advisable to educate the consumer by all possible 
means, pointing out to him (a) the adverse effects on milk quality that may 
occur as a result of using milk bottles for purposes other than to contain 
milk, and (b) the help he can give towards the improvement of milk quality 
by returning the bottles to the milk retailer as soon as they are empty, after 
having carefully rinsed them. 
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When the bottles arrive at the factory they should be sorted before being 
placed in the washing machine. Those which are cracked, or are unusually 
dirty or have a pronounced odour, must be removed, and those which can be 
recovered are given a special cleaning treatment, while the others are des
troyed. 

T;pes of bottle-washing machine. Bottle-washing machines are construct
ed on different principles: spray-type rotary machines; straight-through 
soaker-hydro machines: and come-back soaker-hydro machines. 

A bottle-washing machine, regardless of type, should allow the cleaning 
and sterilizing solutions to reach all points of the internal and external 
surfaces of the containers. The contact of bottles with solutions should be 
sufficiently prolonged. The solutions should not be allowed to mix or to 
be diluted with rinse-water or steam injections. 

Washing operations must be in the following order: 

Pre-rinsing with tepid water which warms the glass, eliminates particles not firmly 
attached to it, and moistens, but does not bake, the dried impurities. 

Mechanical action, by brushing or high-pressure jets. 
Spraying or soaking with a detergent solution at the highest temperature possible. 

A temperature of 80°C is generally considered to be satisfactory. 
Rinsing in warm water to remove the detergent solution completely, before the in

jection of disinfectant solution, which is less effective in an alkaline medium. 
Spraying or soaking in a disinfectant solution which is most active when hot. 
Final rinsing to remove disinfectant and to cool the bottle before filling (in the case 

of sterilized milk, the bottle'i are still hot when filled). 

However, whatever the refinements of the machine, it must be correctly 
used and supervised to give satisfactory and constant results. 

Control of washing solutions. The concentration of washing and dis
infectant solutions should be determined and maintained so as to obtain 
optimum cleaning and sterilizing action. 

The concentration of detergent solutions is generally controlled by 
titration with hydrochloric acid in the presence of phenolphthalein. This 
method allows the dilution of solutions to be estimated but gives no in
dication of the chemical changes produced during aging of the solution in 
the washing troughs. When the detergent solution is carbonated, or satu
rated with fat and protein, it must be renewed. The frequency of renewal 
will be established by experiment in terms of the Yolume of the trough 
and the number of bottles treated. 

The most frequently used disinfectant solutions have a chlorine base. The 
amount of free chlorine is controlled. A content of between 100 and 250 
p.p.m. is considered satisfactory. There are several methods of titration. 
Solutions with a chloramine base are more stable than those with a hypo
chlorite base, the chlorine being more active, having a neutral or slightly 
acid pH. The pH of hard waters may be reduced provided care is taken not 
to let it drop below the degree at which it would be corrosive to equipment 
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Temperature control of troughs. This test is extremely important: the 
effectiveness of the entire washing process depends on a correct succession 
of temperatures between one trough and another, and a sufficiently high 
temperature in the detergent trough. These temperatures must be easily 
controlled at regular intervals by the operator of the machine. 

Cleaning of bottle-washing machines. Some bacteria may survive in 
bottle-washing machines which are badly maintained, and covered with 
scale, or where the detergent solution is neither hot enough nor sufficiently 
often renewed. These are generally aerobic spores which may cause defects, 
particularly in sterilized milk. The equipment must therefore be regularly 
cleaned and maintained, and where necessary must be de-scaled, especially 
the jets. 

Detergents and disinfectants. The very wide range of detergents and dis
infectants provided by the chemical industry for use in dairy factories cannot 
be reviewed here. An excellent study of them has been published by Mohr. 1 

However, it must be recalled that detergents and disinfectants are not poly
valent. Their chemical composition may vary according to the nature of the 
surfaces to be cleaned and the deposits to be removed, but they must comply 
with the following general specifications: 

(a) they must not be toxic in the amounts used; 
(b) they must not be dangerous to handle; 
(c) they must not act on the surfaces to be cleaned; 
(d) they must be perfectly soluble in water, so that a careful rinsing will 

remove them completely; 
(e) they must be effective, regardless of the quality of water used for clean

ing. 

To these general characteristics must be added those specific to de
tergents: 

(a) they must have low surface tension in order to moisten the impurities 
to be removed and penetrate into all the interstices of the surfaces to be 
cleaned; 

(b) they must promote peptization and swelling of the protein matter con-
tained in the deposits; · 

(c) they must promote emulsion and saponification of fat; 
(d) they must keep the impurities to be eliminated in suspension in the 

cleaning solution. 

Control of cleanliness of bottles after washing. The control of the clean
liness of the bottles after washing is a delicate operation for which a per
fectly satisfactory solution has not as yet been found. Trials for the detection 
of imperfections in washing using photo-electric cells have not, as yet, given 

1 Mobr, W. (1954) Die Reinigung und Desin/cktion in der Milchwirtschaft, Hildesheim, Th. Mann 
(Translated into French by J. Pien). 
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any conclusive results. The method most usually employed is the " cand
ling" of bottles. The worker in charge of this operation makes a visual 
examination which may be facilitated by lighting devices, white backgrounds, 
lenses and mirrors reflecting the image of one surface of the bottle. Never
theless, the observation of each bottle which passes (at an output which 
may attain 12 000 per hour) is a delicate and tiring operation, and it is estim
ated that the same person cannot carry out this work properly for more 
than half an hour at a time. 

It is possible to judge from the appearance of the bottle whether it is 
really clean or whether there is still a film of organic matter on the inside. 
The presence of a persistent film of organic matter may be demonstrated by 
simple methods. In a clean bottle the rinse water forms a continuous 
smooth film, while on the sides of a dirty bottle it flows in irregular streams. 
A calorimetric method is very instructive to the personnel; organic matter 
invisible to the naked eye can easily absorb certain dyes. The dye generally 
used is fuchsin. A specific quantity of the dye solution is poured into the 
bottle and the bottle is shaken so that the dye comes into contact with the 
whole of the inner surface. The rest of the dye is emptied out, the bottle is 
rinsed, and any remaining organic matter will appear coloured. This 
method also shows up traces of mineral salts caused by hard water. 

Visual methods of examination show the effectiveness of macroscopic 
cleaning, but the effectiveness of treatment by disinfection can only be 
measured by laboratory examination. However, a macroscopically soiled 
bottle is almost certainly a bottle contaminated with bacteria. 

Bottle filling and closing 

Level fillers are easier to take to pieces, clean and sterilize than measured
quantity fillers. Bottles of a constant height and capacity are necessary for 
their smooth functioning. 

The three most commonly used methods of sealing bottles are card
board tops, aluminium caps and crown corks. The cardboard top is less 
and less used. It is placed inside the neck of the bottle in a mouth difficult 
to clean, which is a source of bacterial contamination difficult to avoid, and 
which lessens the resistance of the neck. It is not tamper-proof but is easy 
to remove and replace. It is not leak-proo[ does not protect the entire in
ternal surface of the neck \Yith which the milk comes into contact when 
emptied from the bottle, and thus does not offer full !1ygienic security. 

Aluminium caps. Aluminium wz.s first used for bottle-capping shortly 
after the First World War. At firs~ caps supplied to bottling fa::tories 
were utilized: these prefabric:ued caps are still in use for bottling or in 
fermented milk factories (yoghurt) of small output. Now, ho\\ever. most 
bottling systems use machines which cut caps from aluminium strips. stamp 
them, place them on the bottles, aEd crimp them on (see Fig. 3). 
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FIG. 3 

FILLING AND CAPPING BOTTLES 

Reproduced by courtesy of United Dairies Ltd., 
London, W.2, England 

The first caps had a thickness of 0.08-0.1 mm. They were heavy, and 
often lined with paper to reduce the price. Machines for cutting and form
ing the caps were difficult to run, the cutting instruments blunted quickly, 
and greasing of the aluminium was a problem. All these difficulties have 
gradually been solved. The present caps have a thickness of 0.04-0.06 mm 
and capping machines are able to keep up with bottling equipment with a 
capacity of from 6000 to 12 000 bottles per hour. The aluminium cap 
covers the whole mouth of the bottle. It must also be sterile, leak-proof 
and tamper-proof. 

Sterility of the cap. Sterilization of the cap. just before placing it on the 
bottle is recommended, but is very difficult to carry out effectively. It must 
not be forgotten that the caps may sometimes be a source of contamination, 
and bacteriological tests should be made in the laboratory at regular intervals. 

Resistance to leakage and tampering. The resistance of the caps to leakage 
may be tested by placing the capped bottle in water. It is, however, pre
ferable to test it over a period of time by leaving a fuli bottle upside down 
for 24 hours. It is considered to be satisfactorily leak-proof if there is no 
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leakage of milk during this period. It should not be possible to turn a 
tamper-proof cap round the mouth or remove it without tearing it or making 
it unusable. The bottle itself is often responsible for faults in crimping, 
arising from variations in the diameter, height and centring of the mouth. 
In most countries regulations require bottles of pasteurized milk to bear 
the date of manufacture, marked on the cap at the time of use. The date 
stamp is often a movable part of the matrix used in manufacture. 

Dimensions of caps. The dimensions of the cap are obviously adapted to 
the bottle mouth. A large number of different types, diameters and sections 
of bottle-mouth exist; and should be reduced so that manufacturers may 
simplify their plant and improve precision. It must be emphasized that 
regularity of operation and output is a necessary condition for the hygienic 
functioning of bottling equipment. 

Single-service containers 

Appreciable progress in the use of single-service containers for the packag
ing of pasteurized milk has been made in recent years. The advantages of 
single-service containers as compared to bottles may be briefly summarized 
as: resistance to tampering, reduction in weight carried by distribution 
lorries, less bulk, no records of containers (crates excepted), no return of 
empties and, above all, none of the heavy labour and drawbacks of clean
ing. Their development is hindered by factors of various kinds: a higher 
price than bottles, and their opacity, entailing a change in consumer habits, 
especially for those who attach great importance to the cream line. In 
certain countries their use has been made compulsory by regulations which 
forbid the sale in the same shop of bottled milk and milk in single-service 
containers. 

Opacity protects the milk against the action of light, which catalyses 
oxidation processes that may alter the flavour. From the bacteriological 
point of view, there is no great difference between a well-washed bottle and 
a single-service container. The hygienic Yalue of these containers is deter
mined by their leak-proof and stable inner lining. This lining should not 
contain toxic products, and should be proof against attack by milk con
stituents. At present two types of single-service container are used: pre
fabricated packs and those manufactured at the time of use. 

Prefabricated containers (see Fig. 4). Cardboard containers impre:snated 
with paraffin cannot be heat-treated before use. Certain manufacturers treat 
the prefabricated containers in a way that protects them from contamination. 
The user should take care to keep opened lots of containers away from dust 
and moisture, and the manufacturer should make sure that the containers 
are not contaminated by mould or other spores during manufacture. 
Agreement about the bacteriological state of the containers should be 
reached between the user and the manufacturer. An intermediate solution 
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FIG. 4 

SINGLE-SERVICE CARDBOARD CONTAINER 
consists of paraffining the 
containers at the time of use. 
The temperature of the pa
raffin bath (85°C) is sufficient 
to ensure sterilization. 

Containers manufactured 
at the time .of use. The first 
apparatus designed for manu
facturing and paraffining 
cardboard bottles at the time 
of use was perfected in the 
USA. Since it is very expen
sive it is usually hired out, 
together with the correspond
ing filler. 

The development of the 
Swedish Tetrapak recently 
has given new impetus 
to single-service packaging. 
The principle of this package 
is to form a tetrahedron 

from a single strip of paper. The strip is sealed along its parallel edges to 
form a tube, the base of which is cut and joined to form one edge of the 
tetrahedron. The required quantity of milk is introduced, and the other 
end of the tube is cut and sealed by a clamp to form an edge perpendi
cular to the preceding one. Within the same category of containers, 
mention must be made of the Zupack. 

Pure polythene is used as an impermeable lining. It is considered to be 
inert and insoluble in milk. Experiments carried out in France have con
firmed its harmlessness and it has been officially authorized for the packag
ing of food. 

Tests on the bacteriological state of Tetrapak containers at the time 
of use have given satisfactory results-complete absence of indole-producing 
coliform bacteria in the container and an average of less than two viable 
bacteria per cm2 of the surface in contact with the milk. In the USA the 
accepted bacteriological standard is five bacteria per cm2• 

Tetrapak was first used for quarter- and half-litre containers and is now 
eeing developed for one-litre containers. 

In countries where milk is already being packaged in bottles, the use of 
single-service containers is developing for schools, factory canteens and 
self-service stores, and is just beginning to be general in dairies. In countries 
where the places of production and treatment of milk are far from con
sumption centres, and where the disadvantages of bottles (weight, return of 
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empties) have made the distri
bution of pasteurized milk 
impossible, the single-service 
container is developing direct. 

Within a few years Tetra
pak equipment has spread to 
the five continents, and paper 
factories have been estab
lished to supply it. Continual 
improvements are being ef
fected in the plant for mak
ing single-service containers, 
and although at present they 
are used only in dairies of a 
certain size, there is every 
reason to believe that equip
ment will be rapidly perfected 
that will meet the needs of 
smaller establishments. 

Plastic containers. Pack
aging of milk in plastic 
bags (see Fig. 5) is still in 
its infancy, and it is not yet 
possible to judge its hygienic 
value. The problem is to 

FIG. 5 

PLASTIC CONTAINER 

Reproduced by courtesy of de 
Stoutz Actini-France S. A. R. L., 
Larringes-sur-Evian, France 

find a plastic material that is absolutely inert and non-absorbent with 
respect to milk and is able to withstand the temperatures needed for 
effective sterilization. 

Polythene is inert to milk up to a temperature of about 50°C. Untear
able bags of polythene are available which can be individually filled either 
by an automatic nlw (patent W. P. de Stoutz), or by a small-flow filling 
machine. Current research may result in the development of plastics resistant 
to high temperatures, which will change the situation. 

Packaging of Sterilized Milk 

Sterilized milk should contain no viable bacteria. The principle of milk 
sterilization is to transport milk in hermetically sealed containers to a 
chamber under pressure and keep it at a temperature and for a time sufficient 
to destroy all existing bacteria. Theoretically, it could then be kept in
definitely. 

In fact, the term " sterilized milk " is accepted in certain countries for 
milk which can be kept longer than pasteurized milk, but nevertheless only 
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for a specific limited period. Thus in Great Britain the accepted minimum 
keeping time is seven days. 

The sale of sterilized milk (which does away with daily distribution and 
justifies a certain amount of storage) has begun to spread with the develop
ment of sterilization plant that takes the organoleptic characteristics of milk 
into account, and of a hermetically sealing system that enables capping to 
be done automatically. 

Sterilized milk is packaged only in bottles or tins. The most widely used 
method consists of sterilizing the milk within the tin or bottle, filling being 
carried out immediately before sterilization with warm milk that is some
times pre-sterilized. The other method is to draw off and fill aseptically 
with milk previously sterilized in thin layers. The most common method 
is Martin's (USA). It requires a large amount of cumbersome equipment, 
and can be used only for the packaging of metal tins, which are sterilized 
at a temperature of 2J5°C ,immediately before filling. Perfectly aseptic 
filling into glass bottles poses problems which have not been solved by 
industry: 

Metal tins 
' Metal tins for sterilized milk present the same problems as those for 

evaporated milk (see page 339 in chapter by van den .·Be:~;g). , Tins are 
dearer than bottles, and their use is economically justlfled only for trans
port over long distances, where the return of containers is impossible. 

In-bottle sterilization 

In-bottle sterilization may be carried out in autoclaves with or without 
stirring. Modern machines are continuous sterilizers in which the pressure 
required to reach the sterilization temperature is maintained by columns of 
water in equilibrium with a steam chamber under pressure. The bottle 
is filled with milk, which has been preheated at about 70°C, and her
metically sealed. It then passes into the sterilizer through one of the columns 
of water, where it is gradually heated, and so to the steam chamber, where it 
remains long enough for the whole of the milk to reach the required steriliz
ation temperature. This temperature may vary from 110° to 130°C, accord
ing to the previous treatment of the milk and the duration of heating. The 
bottle leaves the sterilization chamber through another column of water in 
which it is gradually cooled. The milk receives some stirring as a result of 
the movement and changes of direction of the conveyor oelt. This facilitates 
the distribution of heat and lessens the risk of caramelization of the lactose. 

Characteristics of the bottle 

Because of the heat treatment they undergo during sterilization, bottles 
should fulfil certain standards of resistance to thermal· shock and internal 
pressure. 
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Shape. The bottle for sterilized milk is characterized by the diameter of 
the rim, which should not exceed 30 mm. The shape of the mouth should be 
adapted to the method of closing the bottle. The shape of the bottle varies, 
three types being distinguishable (see Fig. 6): 

(1) the high narrow bottle, which has the biggest surface area for a given 
volume; 

(2) the average bottle, which can be used in crates of the same size as 
those for pasteurized milk; 

(3) the short, wide bottle, the shape and size of which is very similar to 
that of preserving jars, so that it can be used in preserving autoclaves 
with the minimum loss of space. 

From the hygienic point of view, there is nothing to choose between these 
different types. Particular importance must, however, be attached to stan
dardization of their dimensions. To enable the top to be hermetically 
sealed and resistant to the pressures of pasteurization, careful attention should 
be paid to the relative specifications of the diameter and section of the mouth; 
similarly for the bottle height~variations in height between bottles make it 
difficult for the capping machine to work properly. 

Closure. Originally bottles of sterilized milk were closed with swing 
stoppers provided with rubber seals. This method has several disadvantages. 
The metal part and the seals deteriorate rapidly and make mechanical clean
ing difficult; moreover, closing cannot be done mechanically. Thus the 
swing-stopper has been practically abandoned in favour of the crown cork. 

The crown cork allows the entire process of bottling sterilized milk to 
be mechanized. It is a fairly strong metal cap provided with a cork insert. 
The crown cork is prefabricated, placed on the bottle and crimped on by 
machines, the output of which should be worked out to correspond with the 
output ofthe bottling machines. The closure is hermetic and tamper-proof. 
The hermetic seal is ensured by the cork insert being tightly compressed 
over the bottle mouth in such a way that it fits exactly over the upper part of 
the rim. The seal is maintained by crimping the cap on so that the serrations 
grip the lower part of the rim (see Fig. 7). 

Washing of sterilized milk bottles 

The methods and apparatus are identical to those used for the washing 
of pasteurized milk bottles. 

The operation ismore difficult for various reasons. 

(1) During sterilization, and particularly when the bottles are not suffi
ciently agitated, deposits may form on the inside and are more adhesive 
because of the higher sterilization temperatures. 
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E. CAPSTICK, M.Sc.* 

Milk and milk products are extremely valuable foods for people all 
over the world, but they are exceedingly perishable and if contaminated 
during distribution could become carriers of disease. Therefore it is very 
important to ensure that distribution is effected in the most hygienic and 
rapid way possible. The cost of doing this should also b~ considered, as 
the consumption of these foods will not go up unless the price is kept down 
to an economic level in every country. 

It is only during the last fifty years or so that various methods of distri
bution (see Fig. 1) have been studied and controlled. Before then milk 
distribution was a completely haphazard business and the condition of 
the milk when it arrived at the consumer was not regulated in any way. 
Until Pasteur demonstrated that heat would destroy bacteria in a liquid, 
no processing of any kind was carried out. Once efficient methods of heat 
treatment had been established in some countries, people began to investig
ate methods of distribution. ~ow it is fully accepted that distribution 
must be carefully supervised and controlled so that high-quality milk reaches 
the consumer. 

Raw milk 

In some places milk is still distributed raw, but this cannot be recommend
ed except in temperate areas where production is carefully supervised and 
where a comparatively short time elapses between production and consump
tion. The milk should be distributed in sealed containers, and where 
possible the temperature should not rise above lO"C at delivery. The con
sumers should also be educated to boil all raw milk before use, unless it is 
from cows that haYe passed the tuberculin test. Raw milk consumption 
will probably continue in rural areas in most countries, but strict hygienic 
control is necessary to ensure that it is of good quality. 

*Director, United Dairies, Ltd., London, England. 
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Bottles 

The chief advantages of the bottle are transparency-so that the cream 
line can be appreciated-and low cost. Provided satisfactory systems of 
bottle-recovery are organized, between 40 and 50 trips per bottle are normally 
attained under widely differing conditions. In ideal conditions, up to 
80 trips have been achieved. With trippage figures of 50 per bottle, the cost 
of using them as containers for milk generally works out at about one
third of the cost of cartons which, of course, are single-trip containers. 

Bottle size 

Quart 
Pint 

Half-pint 
Third-pint 

TABLE 1 

COMPARATIVE CAPACITIES OF CRATES FOR MILK 
CONTAINERS OF VARIOUS SIZES 

Weight of External dimensions of crate 
Number of crate of fu 11 (inches) 

bottles bottles 
per crate (pounds) Length Width Height 

12 64.0 18.5 14.375 11.25 
20 59.0 18.5 14.375 10.25 
30 53.5 18.5 14.375 7.5 
30 43.0 18.5 14.375 7.5 

Percentage 
weight of 

milk (gross 
weight) 

48.0 
43.4 
35.1 
30.0 

The disadvantages of bottles are weight, breakage and misuse. With 
0.5-litre bottles held in a suitable crate, the weight of milk amounts to only 
43 % of the total. With 0.2-litre bottles used for school milk, the milk 
constitutes only 30% of the total weight (see Table 1). There is the ever
present risk of breakage, with the attendant risk of splinters getting into 
filled milk bottles. The number of occasions when this actually happens 
is very small, but if the breakage takes the form of chipping of the lip of 
the bottle when under the filling valve or capping head of a modern bottle 
filler, it is very difficult to detect. Bottles when in the hands of the public 
may be misused so as to render it impossible to cleanse them satisfactorily 
in the most powerful bottle washers available. Bottles may be used for 
containing paraffin or other strong smelling liquids and may pass through 
the bottle washer without detection and still have traces of the foreign 
odour which is rapidly absorbed by the milk. 

Bottles used are generally colourless, but trials have shown that the use 
of coloured glass partially prevents the development of light-induced 
oxidization with its particular flavour. Coloured glass bottles were intro
duced in Sweden in 1957, and now 60 ~~ of the milk thery is distributed in 
brown glass bottles and 40% in Tetrapak cartons. 

Cartons 

The chief advantages are lightness and their being single-purpose 
containers. Cartons thus increase the payload on transport vehicles, or, 
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alternatively, reduce the strength of the vehicle required for a comparable 
payload. Owing to their non-returnable nature, no breakage or misuse of 
cartons occurs. Leakage of milk from cartons during delivery is a hazard 
which seldom occurs with bottles. 

The principal disadvantages are high cost and slower filling rate, while 
in some countries opacity may be so considered. Cartons are about 
three times more expensive than bottles if trippage of 40-50 per bottle is 
obtainable, but the cost of collection, transport and washing of bottles is 
of course eliminated if cartons are used. The filling rate for cartons is 
generally much slower than for bottles, and two or three fillers would be 
required to replace the capacity of the modern bottle filler. Cartons are . 
opaque, so that the cream line cannot be seen. It is perhaps significant 
that since most milk sold in the USA is homogenized and thus has no 
cream line, no consumer resistance was encountered when cartons were 
introduced into that country. Originally most cartons were straight-sided, 
but a four-cornered Tetrapak introduced in Sweden is slowly becoming 
more popular. The newer Zupack of rectangular shape may not encounter 
much material consumer resistance: 

Distribution 

Bulk distribution 

Distribution of pasteurized milk in bulk was widely practised in Europe 
up to the Second World War, but is now rapidly decreasing. However, 
in countries where there is a need to provide pasteurized milk at low cost 
this method is in use-for instance, in some urban areas in India. 

It must be pointed out that there are disadvantages and dangers when 
this method is used. Unless it is tightly controlled the door is wide open 
for malpractices and adulteration. If adulteration takes place, or the 
vessels are not scrupulously cleaned and sterilized before being filled, 
outbreaks of milk-borne diseases such as gastro-enteritis are likely to 
occur. 

The importance, therefore, of the need for strict hygienic control cannot 
be over-emphasized. It is strongly recommended that, when bulk distri
bution of pasteurized milk is carried out, the cans be sealed at the dairy 
and distribution be permitted only from authorized and supervised dis
tribution points. 

Finally, every effort should be made to persuade consumers purchasing 
this milk to boil it immediately before use. 

Other distribution methods 

Milk may be distributed either through delivery by roundsmen, or from 
milk shops that sell other dairy produce (and, in some countries, a consi

. derable range of foodstuffs), or from booths to which milk is delivered at 
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set times twice a day. The method used in any country or district depends 
in part on the way in \vhich the industry has developed, and on local factors 
such as the building density in the area, the quality of the roads, and the 
cost of distribution to the home compared with distribution through either 
shops or booths. 

In cities and towns where milk consumption is high and the trade is 
well organized, household distribution has generally become established, but 
in some areas, notably the larger cities on the eastern seaboard of the 
USA, household distribution has become so expensive that many consumers 
now choose to collect their milk from big departmental stores or milk shops. 

Factors influencing the pattern of distribution in urban areas 

Building density. Where the building density is high, the rate of delivery 
per unit of time is greater than where it is low. 

Topography of the area. The rate of delivery is slowed down in hilly 
areas and the vehicles used may not be able to carry as large a load as in 
flatter districts. Topography also influences the type of vehicle that may 
be used for the delivery service. Hand-push trucks are useless in hilly 
areas, and electric vehicles not so efficient, as the heavier demand on their 
batteries when climbing hills reduces the mileage they can do without 
recharging (see Table 2). 

TABLE2 

COMPARISON OF PAYLOAOS OF VARIOUS VEHICLES 

Miles per I Maximum I Number of I Equivalent gallonage 
Type of vehicle charge load (tons) crates I I Half-pints Quarts Pints 

Small electric 

I 
(pedestrian 
controlled) 6 0.5 24 72 60 45 

Medium electric 

{e 
108 

(pedestrian- 9 1.0 97.5 
controlled) 93.75 

Large electric 

{5 
! 150 

(driven) 45 1.5 ' 120 

I 
' 123.75 

Horse-drawn -

{~ I 
105 

i I 
1.0* 100 

93.75 
I t 

*Very elastic; this figure is approximate. 

Factors JVithin the co11trol of the distributor 

Number of customers serred per round. \Vhen compeutwn exists be
tween a number of dairymen, the quantity of milk that can be delivered is 
lower than when the distribution areas haw been zoned and only one man 
delivers in an area. 
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Distance of the delivery area from the dairy. This obviously materially 
affects the time that can be spent on actual distribution, and limits the over
all quantity of milk that can be distributed from a central processing dairy. 
In larger towns the practice has grown up of establishing distribution depots 
with adequate cold-storage accommodation in areas remote from the pro
cessing plants. The bottled milk is taken to these depots in large delivery 
vans (see Fig. 2) and placed in cold store during the afternoon or night 

FIG. 2 
THE DELIVERY OF PASTEURIZED BOTTLED MILK FROM THE PROCESSING DEPOT 

TO THE DISTRIBUTION DEPOT 

Reproduced by courtesy of United Dairies Ltd., 
London, W.2, England 

before the milk is required for distribution. Distribution vehicles are 
kept at and operate from these depots. Their size varies widely-the largest 
may operate up to 50 rounds and the smallest, on the fringe of a big town, 
as few as 6. All distribution depots must have sufficient cold storage 
accommodation to hold one day's delivery of milk at a temperature not 
exceeding 8°C. 

A minor variation of this system is the use of an insulated or refri
gerated vehicle to act as a cold store in an area where new trade is develop
ing. When sufficient trade has been secured, the normal practice is to 
build a permanent depot, and the insulated vehicle is used to operate in 
another developing area. 
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Types of delivery relude 

Delivery vehicles at present in use (see Table 2) include: 

(a) Hand- or push-prams which can be used only in the immediate 
neighbourhood of the processing dairy or distribution depot. 

(b) Pedestrian-controlled electric whicles which have a carrying capacity 
of up to 1 metric ton (see Fig. 3). 

FIG. 3 

PEDESTRIAN-CONTROLLED ELECTRIC VEHICLE 

Reproduced by courtesy of United Dairies Ltd., 
London, W.2, England 

(c) For rounds with greater mileage, electric or horse-drawn vehicles 
driven by the roundsman (see Fig. 4, 5). Capacities in this class of vehicle 
vary between payloads of 1 and 1.5 metric tons. 

(d) For rural distribution, petrol or diesel engine vehicles are the only 
suitable types available. 

In temperate climates the vehicles used both for transport of the bottled 
milk from the bottling depot to distribution depots and for retail distribution 
need not be insulated. In marginal climates, where the day temperatures 
can be high, the necessity of insulating deli,·ery vehicles is avoided by carry
ing out distribution during the cooler hours of the night. In hot climates, 
e.g., the southern states of the USA, insulated vehicles have gradually 
become more and more popular. They are, however, both expensive in 
capital outlay and somewhat more costly to operate. 
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FIG. 4 

LATEST-STYLE ELECTRIC DELIVERY VEHICLE 
WITH FIBRE-GLASS BODY-WORK 

Reproduced by courtesy of United Dairies Ltd., 
London, W.2, England 

The type of body on distribution vehicles is very important. It should 
be as large as possible, so that the crates containing the bottles or cartons 
need not be stacked unduly high. Some dairies operate horse-drawn 
vehicles with a body of sufficient size so that it is unnecessary to stack more 
than two tiers high. With electrically driven vehicles three tiers are usual. 
The body of the vehicle should be capable of being opened on two sides 
and at the rear, so that the roundsman can easily get to any particular 
crate. 

Types of crate 

Whether the retail containers in use are bottles or cartons, they must 
be packed in crates for ease of handling. For bottles, because of the weight, 
the crates must be of stout construction; they are usually made of either 
wire or angle iron and expanded metal. It is very important that the 
design of crates should be such as to permit interlocking for stacking, and 
if more than one size of bottle or carton is filled, crates should be designed 
to be of uniform size and permit interlocking irrespective of the size of 
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pasteurized milk from native Indian cows containing 5 %-6 % butterfat 
on testing, and toned pasteurized milk, which is a mixture of buffalo milk 
and reconstituted skim-milk powder, giving a final composition of 3.5% 
fat and 9 % solids-not-fat. (See the chapter by Khurody, page 695.) 

Organization of rounds 

Where distribution areas have been rationalized and one operator 
supplies all the needs of the householders in a particular block, it is prac
ticable to make approximately 350 calls per day. Under British conditions 
the quantity of milk so delivered would be between 400 and 500 litres. At 
each call the roundsman leaves the milk ordered for the day and collects 
the empty bottles. (Where cartons are used, no problem of returns arises.) 
It is important to educate the customer to rinse the bottle as soon as it 
has been emptied. This will greatly reduce the number of complaints that 
may arise from bottles which cannot be perfectly cleansed after passing 
through the normal bottle~washing machinery. 

In many countries where household delivery is established, the rounds
man also carries other dairy products such as butter, cream and cheese. 
In other areas, where it is difficult to build up rounds of sufficient size to 
make them profitable, a further range of goods such as eggs, canned fruits, 
etc., are also sold to improve the profitability of the round. 

Shop distribution 

In many countries distribution to customers' homes has never become 
widespread and milk is normally obtained from the local dairy shop which 
also sells cream and other dairy products. In some countries such shops 
are survivals from the old practice of town cowkeeping. In others, they 
have been specially built as milk distributing points and sell dairy products 
in addition to milk. Very often they are linked to the local processing 
depot, and in the cas<;: of farmer/co-operative enterprises may be owned by 
the producers supplying milk to the processing plant. Such shops must 
have adequate cold-storage accommodation to hold a complete day's 
supply of milk and must be flexibly staffed to cope with the big demand for 
milk that usually occurs early in the morning and during the luncheon 
break. 

The Bombay System 

Although some delivery to homes by private milkmen and dairies 
may still persist, the syste,m of distribution of milk pasteurized and bottled 
at Aarey Colony achieved real economies in distribution costs. Khurody 1 

has described the setting-up of several hundred milk distribution booths 
at strategic points throughout the city. Milk is delivered to these points 

'Khurody, D.N. (1953) In: Proc. XIII Int' Dairy Congr., The Hague, 3, 1514. 
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at advertised times. About 200 consumers fetch the milk during one hour 
in the morning and one hour in the afternoon from each distribution point, 
and at the same time return rinsed empty bottles. The customers pay for 
the bottles on their first purchase and are responsible for their replacement 
if they are broken whilst in their possession. Milk obtained in this way 
is quickly transported back to the consumer's home and kept in a cool 
place until required. In many homes the long-established custom of keep
ing the milk simmering in a pan on the fire is still practised. 

This system has advantages in tropical climates, as the milk passes 
from the processing cold store into the consumers' hands within 2-3 hours, 
when the responsibility for the keeping quality of the milk can be taken 
over in the home by keeping it either cool or hot. Further, it is very much 
cheaper than either household delivery or distribution from milk shops. 

In many countries where government or municipal plants have been 
established, with or without UNICEF support, distribution from approved 
shops with adequate refrigeration cabinets is well established. This is a 
good system, but inevitably it is more costly than distribution from booths 
which are staffed for only 2-3 hours a day and have no refrigeration expense. 

Sterilized Milk 

The cost of distributing sterilized milk can be less than for pasteurized 
milk because of its superior keeping quality, as a twice-weekly delivery 
would be satisfactory in most climates. Further, it can be carried over 
much greater distances involving longer periods of time without the pro
vision of insulated or refrigerated vehicles. It therefore appears to have 
very real value under tropical conditions, where processing centres are 
likely to be far apart. In such circumstances the area to be supplied with 
milk from these centres is greater than can safely be served with pasteurized 
milk of lesser keeping quality. Its only disadvantage is that the cost of 
the sterilization process, together with the more expensive cap necessary 
to seal the bottle, does necessitate the imposition of a higher price on the 
consumer. 

Care of Milk in the Home 

Properly pasteurized milk in sealed containers is safe-that is, free 
from pathogenic organisms when it arrives in the home. If kept too long 
at atmospheric temperatures it will go sour or putrid. If souring occurs it 
will still be consumable, but if it putrifies it is not likely to be acceptable 
for human consumption. 

The care of milk in the home, therefore, has two aspects: suitable 
storage to delay souring or putrefaction and to provide a reasonable period 
within which it can be consumed; and the prevention of contamination in the 
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home. Suitable storage is simple if domestic refrigerators are available. 
Except in North America, the great majority of homes are not equipped 
with refrigerators. The milk must, therefore, be kept in the coolest place 
and preferably in the dark. If this is not practicable, it should at least be 
sheltered from direct sunlight to ").VOid loss of riboflavin and ascorbic acid. 

' Exposure to· direct sun

FIG. 6 

EARTHENWARE COOLER 

This covers milk bottle and stands in water on a plate. 
The water rises through the porous earthenware and eva
porates from the external surface. This evaporation pro
duces colder air conditions inside the container. 

Reproduced by courtesy of United 
Dairies Ltd., London, W.2, England 

light under tropical con
ditions is liable to indu,ce 
" sunlight flavour" in as 
short a time as 30 minu
tes, and a very great loss 
of these two vitamins. 
Earthenware coolers (see 
Fig. 6) covering one or 
more bottles of milk, or 
small cabinets to hold 
up to four bottles, both 
depending on the cool
ing effect produced by 
the evaporation of wat
er, are available where 
refrigeration is not. 
Where used they should 
be kept in a draughty 
place to increase the 
quantity of water eva
porated and thus maxi
mize the cooling effect. 
With such aids, properly 
pasteurized milk kept 
in its original container 
should keep for at least 
24 hours at l8°C. In 
temperate zones a keep
ing quality of up to 
2 days without mechan
ical refrigeration is fre-
quently attained. 

In very hot climates the practice of raising the milk to the boil on receipt 
or before use has much to commend it. This practice, however, has two 
disadvantages: (a) the milk is exposed to the risk of contamination after 
the heating process is over, and (b) if cooling is attempted in order to hold 
the milk for some hours after the boiling process, any contamination that 
may occur will have an opportunity to develop and might on occasions 
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prove serious. However, if there is any doubt as to the hygienic quality 
of milk, either raw or pasteurized, which has been distributed loose, the 
milk should be boiled immediately before consumption. To avoid con
tamination in the home it is always advisable to leave pasteurized or 
sterilized milk in the bottle until it is required. If the whole contents of the 
bottle are not required at once, it is better to replace the cap on the portion 
remaining in the bottle rather than to decant the whole into a jug or house
hold vessel. Any household vessel into which milk is decanted should be 
washed and scalded with boiling water and allowed to drain and cool before 
the milk is poured into it. On no account should the jug be dried inter
nally by the use of a dish cloth or tea towel. As soon as a bottle has been 
completely emptied of milk it should immediately be rinsed in clean water 
to remove all traces of milk solids. Tllis is enough, as the milk bottle will 
be washed and sterilized on its return to the processing dairy. Most of 
the troubles with imperfectly washed bottles arise through failure of con
sumers to carry out this simple treatment before returning them to the 
dairyman. 

Milk is so valuable and yet so perishable a foodstuff that consumers, 
even in countries in which a safe milk supply has long been established, 
require constant reminders and education on the sensible and safe keeping 
of milk in the home. The best results in such educational campaigns are 
obtained when the dairy, the distributor and the local health authorities 
all combine in regular concerted efforts. 

Milk Legislation 

In countries \Vhere milk is delivered in sealed containers the legislation 
and regulations made thereunder governing distribution need not be so 
elaborate as where milk is sold loose. It is desirable, however, that such 
legislation should provide for: (a) the registration of the distributors; 
(b) the registration and approval of the premises: (c) the approval of the 
types of vehicle used for transporting the milk, either from processing plant 
to distribution points, or for household delivery; and (d) the medical exa
mination of staff employed in distribution. 

Registration of distributors 

The virtue of this is obvious in that it can be used to control or prevent 
the operation of an excessive number of distributors in any town or area. 

Registration and approral of premises 

This is important in that any premises should be provided with adequate 
cold storage and proper washing and toilet facilities for the staff. It is 
equally applicable where the premises are also used as a shop, and in such 
circumstances, if the state of development justifies it, it is possible to insist 
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on the installation of refrigerated display cabinets as a condition of regist
ration. 

Approval of types of vehicle used 

In warm climates the type of vehicles employed must offer reasonable 
protection from the ambient temperatures and also from intense sunlight. 
Refrigerated vehicles for bulk distribution from processing to shops or 
distribution points. are ideal, although their costs may be high. Under 
such circumstances, insulated vehicles are often adequate to overcome 
reasonably high ambient temperatures. For household distribution, refri
gerated vehicles are generally completely uneconomic, but it is important 
that milk being distributed under conditions of intense sunlight should 
be shielded, otherwise the risk of an oxidized flavour is considerable. 

Medical examination of staff 

The medical examination of staff is particularly important where milk 
is sold loose. In such cases no person who suffers from any infectious 
or contagious disease should be employed. It is, in fact, undesirable for 
any person suffering from cuts, wounds, etc., to be employed in the handling 
of such a valuable foodstuff as milk, which is so important in the nutrition 
of infants and young children. 

Where milk is sold loose, the risk of spreading disease through failure 
adequately to cleanse and sterilize all the utensils used is very great indeed. 
All premises, therefore, that are licensed for loose milk distribution must 
have adequate facilities for the washing and sterilizing of vessels and uten
sils used. For sterilizing, boiling water is usually adequate, although a 
steam chest in which the temperature of the utensils can be raised to 98°C 
is better. In the absence of either, the use of hypochlorite sterilizing 
agents can be satisfactory, but considerable skill is required to ensure their 
proper use. 
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MILK HYGIENE PRACTICE IN INDIA 

K. K. IYA, Ph.D., A.I.I.Sc., I.D.D. * 

The concept of" milk hygiene", as it is understood and put into prastice 
in advanced Western countries, is comparatively new to India. Although 
there has been a general awareness of the importance of cleanliness in the 
handling of milk, the need for high standards of sanitation during produc
tion, the advantages of the storage of milk at low temperatures and the 
modern techniques of milk hygiene practice have not yet found much appli
cation in the country owing to the unorganized state of the milk industry and 
to other socio-economic causes. The whole structure of Indian dairy indus
try is, however, changing rapidly, along with the economic and industrial 
developments that are taking place in the country, and the subject of milk 
hygiene is bound soon to assume great significance in relation to the success
ful working of market milk supply projects. The present conditions of 
milk production and distribution in the country, the special problems of 
milk hygiene encountered, and the steps being taken to improve the situation 
are here described. 

Background of the Milk Industry 

In order to obtain a proper understanding oft he problems of milk hygiene 
in India, it is necessary to make a brief reference to the climatic and econo
mic conditions under which the dairy industry has been functioning. The 
Indian Union is situated within the tropical and subtropical zones, and is 
generally characterized by high atmospheric temperatures during the major 
part of the year, although there are wide variations from region to region 
in regard to climate, rainfall, soil and vegetation. The country may be 
roughly divided into four regions: (1) the great North Indian plains, includ
ing the Indo-Gangetic basin, which are characterized by scanty rainfall, a 
comparatively dry climate and extremes of temperature (varying from 9° to 
25°C during winter and from about 28° to 45°C during summer); (2) the 
Deccan plateau, comprising parts of Central and South India and character
ized by hot summers and mild winters; (3) the coastal areas in the north-east, 

*Director of Dairy ResearchJ National Dairy Research Institute, Karnal, Punjab, India. 
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south-east and south-west, which have a heavy rainfall and are generally 
associated with a hot and humid climate throughout the year; and ( 4) hilly 
and mountainous regions distributed in various parts of the country and 
enjoying a temperate climate and good rainfall. 

The Indian Union is one of the most densely populated regions in the 
world as regards both human beings and livestock. There are about 200 mil
lion head of cattle and buffalo in the country-about a quarter of the total 
bovine population of the world-while the human population is over 
400 million. Agriculture is the mainstay of the people, 60 %-80 % gaining 
their livelihood from it. Livestock breeding and dairying, however, con
stitute only secondary occupations of the cultivators, who keep cattle mainly 
for draught purposes. With the exception of a few well-defined milch 
breeds of cattle found in certain parts of the country, the animals used for 
milk production are of a nondescript type with an average milk yield of less 
than 2-3 lb. (about 1 kg) a day. A few herds of milch breeds (for example 
Sahiwal, Red Sindhi and Tharparkar) maintained at government or private 
farms have been found to be capable of giving good yields of milk (5000 lb. 
(2300 kg), with a 5% fat content, per lactation of 300 days), but their pro
portion to the total population of milch animals in India is very small. 
Buffaloes, which have a higher milk-yielding capacity than cows and milk 
richer as regards fat and total solids content, are generally favoured for 
milk production. The best milch types of cow and buffalo are mostly con
centrated in the comparatively dry western and north-western parts of the 
country, which may be said to constitute the main dairying tracts in India. 

Owing to the poor productive capacity of the bulk of Indian cattle, 
combined with inefficient methods of milk production and handling, the 
total output of milk is low and falls far short of the requirements of the popu
lation. The total annual production of milk in 1951 was estimated at 
16.66 million tons (16.92 million metric tons), which increased to 18.87 mil
lion tons (19.17 million metric tons) in 1956. Even this amount of milk is 
not distributed or utilized properly, owing to the scattered production of 
milk and the difficulties of collecting and transporting it to consumer markets 
over long distances under tropical conditions. Milk production is concen
trated in certain pockets of the country, and during peak seasons there are 
huge surpluses in these areas which cannot be transported to other parts 
of the country where there is deficiency of milk. As a result, out of the 
total amount of milk produced in 1951, only some 36.2% was used- for fluid 
consumption and the resf was converted into milk products. The average 
daily per caput consumption of milk in India is reported to be about 4.8 oz. 
(136 g). It is therefore evident that, apart from taking steps to increase the 
production of milk in the country, it is necessary to reorganize methods of 
milk production, distribution and utilization on a rational basis and to 
improve the quality of milk in order to ensure an adequate supply of fluid 
milk at a cost the population can afford. 
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Conditions of the Market Milk Industry 

The essential features of the market milk industry in countries where it 
is well developed can be summed up as follows: (a) hygienic production of 
milk in large-scale farms situated in rural areas; (b) immediate chilling or 
cooling of milk; (c) assembling of milk supplies from different farms and 
their rapid haulage to milk plants in insulated or refrigerated motor vans 
and road or rail tankers; (d) pasteurization and bottling of milk in the milk 
plants; (e) distribution of pasteurized milk to the consumers either directly 
or through consumers' stores; and (f) strict adherence to hygienic practices 
and enforcement of sanitary regulations at all stages in order to ensure the 
supply of a safe, clean and wholesome milk to the population. The success
ful application of milk hygiene in developing the market milk industry in 
these countries has been greatly facilitated by the organized production and 
handling of milk on a large scale and the existence of well-developed public 
health and milk control authorities as well as an educated population con
scious of the importance of hygienic quality in milk. In many of these 
respects the existing conditions in India present a contrasting picture. 

The sources of milk production in India may be divided into three 
categories: village producers, urban producers, and organized dairy farms. 

Milk production in villages 

The bulk of the milk (over 90 %) is produced in villages in innumerable 
and scattered small-scale holdings. The cultivators, whose principal occu
pations is agriculture, keep a few cows or buffaloes for milk production 
(2-4 animals on an average) as a supplementary source of income. The 
average daily milk production per village is estimated to be about 200 lb. 
(90 kg) (varying from 25 lb. (11 kg) in Assam to nearly 1000 lb. (450 kg) 
in Delhi State). A major portion of this milk is used for the manufacture 
of milk products, owing to difficulties of transporting fluid milk from the 
villages to distant urban markets. The conditions under \Vhich the milk is 
produced in villages are Yery unsatisfactory, either because of ignorance or 
because of economic backwardness of the producers. The animals are housed 
in a part of the living-room or in small closed or open yards adjacent to the 
house. The flooring is usually of mud without any drainage, and is gene
rally covered with dung, urine and fodder. The animals are rarely washed 
before milking, but buffaloes get a chance of wallowing in nearby ponds or 
tanks. The farmers take no precautions at the time of milking: animals are 
milked by hand after they haw been allowed to suckle their calves. All 
types of utensil, including earthen and brass pots and buckets of odd sizes 
and shapes, are used for handling the milk. The utensils are not washed 
properly, either because of ignorance or because of difficulties in procuring 
sufficient water. The producers try to dispose of their milk as quickly as 
possible, since there are no facilities for cooling it. Any surplus milk is 
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boiled immediately and either used for the manufacture of milk products 
or admixed with the next lot of raw milk at the time of selling. The situati<;m 
is slowly improving with the expanding opportunities available for market
ing village milk in consumption centres, the provision of a good water supply, 
and the supplying of the producer with suitable types of milk utensil and other 
facilities. The milk co-operatives, functioning in some parts of the country, 
have also been trying to improve the conditions of production by providing 
community milking byres and other facilities. 

Urban milk production 

The greatest demand for fluid milk as well as for milk products is from 
the urban centres. It is estimated that .more than 3 million tons of milk, 
or over 50% of the total amount of fluid milk marketed in India, are consum
ed by the urban population.· Owing to the difficulties of transporting it 
from rural areas, about 60%-70% of milk supplied to the urban population 
is produced within the municipal areas, the rest being obtained from nearby 
villages. This has given rise to the development of a new class of urban 
milk producers, who generally maintain larger herds (10 animals per pro
ducer on an average) than those kept by the village cultivators, and who are 
exclusively engaged in the business of milk production. The animals are 
kept in the heart of residential areas under very insanitary conditions with 
all the attendant handicaps from the point of view of hygienic milk produc
tion as well as of public health (see Fig. 1). The need for eliminating these 
stables from urban centres and moving them to outlying rural areas has 
been widely realized. This problem has already been partly solved in Bom
bay city where a separate colony for housing the displaced animals has been 
established, and arrangements have been made for their maintenance under 
sanitary conditions and for the collection, processing and distribution of the 
milk produced in the different units. 

Organized farms 

The milk produced in organized farms constitutes only a negligible 
fraction of market milk in India. There are some 60-70 dairy farms in the 
country where organized production and handling of milk is possible. These 
include farms which cater for the requirements of military personnel or are 
attached to cattle-breeding stations and research or educational institutions. 
The size of milch herds on the farms varies from less than lOO animals to 
about 1000 head of cattle and buffalo, while the volume of milk handled 
ranges from 500 to 5000 lb. (200-2000 kg) a day. Most of the farms are 
provided with modern cattlesheds, milking byres, fly-proof milk collecting 
and recording rooms and other amenities required for hygienic milk pro
duction (see Fig. 2). Some of them also have pasteurizing and bottling 
plants, cold-storage facilities, and equipment for the cleaning and sterilization 
of dairy utensils. 
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FIG. 1 

A CATTLE STABLE IN THE HEART OF A RESIDENTIAL AREA 

FIG. 2 

SANITARY MILKING BYRE IN A MODERN FARM 
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Collection, transport and distribution of milk 

The assembling, transport and distribution of fluid milk under the tro
pical conditions prevailing in India present many difficult problems. As 
stated earlier, production of milk in villages takes place on a very small 
scale in numerous scattered holdings, which makes the task of collection 
difficult. The amount of milk available in most of the villages is so small 
that even for assembling 5000 lb. (2000 kg) of milk a day a very large number 
of producers in several villages have to be visited. Many villages are not 
connected by good roads, and some are inaccessible during the monsoon 
season. There are no facilities for cooling or refrigeration, and no rapid 
means of transport. Under these conditions the transport of milk in good 
condition from villages to the urban markets is quite a difficult task. 

There are numerous agencies and persons involved in the collection, 
transport and distribution of milk-namely, village producers, milk col" 
lectors, halwais (manufacturers of milk sweets), milk vendors, dairies, pro
ducer-retailers, and wholesale or retail markets. The milk collectors, who 
are the most import~nt links in the chain, visit different villages, collect 
milk from the petty producers and supply the milk either directly or through 
bigger agents t() the milk collection centres of a dairy, to the halwais and 
milk venddts in the city, or to the consumers. In some cases the producer
retailers themselves deliver milk to the above points. The milk may be 
carried (in earthen or metal pots or cans) as head-loads, or suspended over 
shoulder slings, on bicycles, on pack-animals or by horse-drawn tongas, 
depending on the quantity of milk to be transported and. the distances in
volved. In the case of villages situated at greater distances the milk col
lectors or agents may transport the milk cans by motor lorry or by rail. In 
some areas, cans or tin~ of milk are also transported in small boats. 

The containers used for assembling the milk in villages may likewise be 
earthen or metal vessels of various shapes and sizes, generally without lids. 
Many of them may be badly dented and rusted, and contain accumulated 
milk residues and other dirt, so that it is no wonder that the milk thus 
handled sours very rapidly. In many cases lack of a good water supply in 
the· villages appears to be a major cause for the unclean condition of milk 
utensils. For long-distance transport of milk, galvanized iron cans (fabri
cated locally) are generally employed, and where the collection and transport 
of milk supplies is organized by milk co-operatives or by large dairies (which 
are, however, very few in number), the cans are usually cleaned and steamed 
in the dairy and then returned to the collection centres. Use of tinned 
steel or aluminium milk cans is very much restricted owing to import 
difficulties as well as to the cost involved. 

There are, again, numerous agencies in urban centres that supply raw 
or pasteurized milk to the population: (a) urban milk producers who deliver 
milk atthe consumers' houses or milk the animals at their doors; (b) rural 
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producer-retailers who bring milk from nearby villages; (c) halwai shops · 
which receive milk from various sources and sell boiled milk kept in open 
pans; (d) milk vendors; (e) retail and wholesale markets where milk is assem
bled and sold; and (f) private dairies and co-operative unions. Some of the 
larger unions and dairies in major cities and towns sell pasteurized and 
bottled milk. 

FIG. 3 

DAILY DELIVERY OF BUFFALO MILK IN BRASS CONTAINERS 
TO COLLECTION CENTRE, ANAND 

Reproduced by courtesy of Mr R. L. Cooper, 
UNICEF, Paris 

The question of improving the condition of milk production is therefore 
closely linked with the problem of urban milk supply. Tllis matter has 
drawn considerable attention in recent years, and attempts are being made 
to solve the problem in four directions: (a) organization of co-operative 
milk producers' societies and milk supply unions; (b) colonization of city 
milch cattle in nearby rural areas; (c) establishment of organized dairy 
farms for the production of nlilk; and (d) establishment of creameries and 
dairy factories for the utilization of surplus milk in areas producing large 
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FIG. 4 

SALE Of' DOUBLE-TONED MILK AT A GOVERNMENT CENTRE 
FOR UNICEF-SUBSIDIZED MILK, ANAND 

Reproduced by courtesy of Mr R. L. Cooper, 
UNICEF, Paris 

quantities. Co-operative milk supply unions have been organized in several 
parts of the country and are working very well in solving the twin problems 
of improving conditions of milk production in the villages and of supplying 
good-quality milk to the urban population (see Fig. 3, 4). For example, the 
Kaira District Co-operative Milk Producers' Union at Anand has 138 societies 
with 40 000 farmer-members affiliated to it, and handles about 24 000 gallons 
(about 110 000 litres) of milk daily. A major portion of this milk is pasteu
rized and sent by rail to Bombay in insulated vans over a distance of some 
300 miles. Recently, a modern dairy factory equipped for the manufacture 
of milk powder, casein, baby foods, etc., has been started by this union, 
with the aid of UNICEF and the Colombo Plan authorities. In regard 
to the removal of city milch cattle to rural areas, Bombay has taken the 
lead by establishing the Aarey Milk Colony on the outskirts of the city. The 
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colony at present maintains 15 000 buffalo owned by private dairymen in 
modern cattle sheds, and produces about 17 000 gallons (about 80 000 litres) 
of milk a day, which is pasteurized, bottled and distributed to the city's 
population. Large-sized projects are also being organized at Calcutta, 
Delhi and Madras, and 35 other milk supply schemes have been set up under 
the Second Five-Year Plan. Under the project for organizing the milk 
supply of Delhi, a modern milk plant capable of handling up to 100 000 gal
lons (some 455 000 litres) of milk per day is being erected in the capital 
and is expected to start functioning during 1960. It will supply the popula
tion with pasteurized and bottled milk. For assembling the milk and trans
porting it to the new dairy a number of milk-collecting and -chilling stations 
are being established around Delhi. In addition, it has also been proposed 
to establish a large number of milk co-operatives to organize the milk 
supply of other major cities and towns in India, and to install several milk
products factories in milk-producing areas for the utilization of surplus 
production. 

Processing of milk 

Pasteurization of milk has been universally adopted in Western countries 
as the most satisfactory method of improving the keeping quality of milk 
and of ensuring its safety for human consumption. In India, pasteurization 
plants have been installed in a few large dairies and government farms, but 
the bulk of market milk is sold in a raw condition. The consumers, how
ever, invariably boil the milk before consumption, and this practice has pro
bably saved them from serious milk-borne infections. Pasteurization of 
milk for fluid milk distribution has not yet found much application in this 
country, mainly on account of the scattered methods of production and 
distribution of milk in small quantities. When the various milk supply 
schemes in the country come into operation it will become necessary to 
introduce pasteurization of milk on a wider scale, firstly as a means of in
creasing the marketable life of milk under tropical conditions, and secondly 
as a means of ensuring its safety for human consumption. It has, however, 
been realized that in the absence of adequate facilities for refrigeration and 
cold storage, pasteurized milk will have to be handled at atmospheric tem
peratures, which will considerably limit its keeping quality. Investigations 
carried out at the National Dairy Research Institute, Karnal, have shown 
that market milk supplies in India generally contain many thermoduric 
flora and that pasteurized milk undergoes spoilage within 12-20 hours at 
atmospheric temperatures (30°-3TC) of storage in summer. During the 
height of summer, when the temperature goes up to 42c -44 oc in some areas, 
the conservation period of pasteurized milk is much shorter. The advantages 
of adopting more drastic methods of heat-treatment-for example, ultra
high-temperature pasteurization or sterilization-may have to be examined 
carefully. 
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Bacteriological Quality of Market Milk 

The effect of insanitary conditions of milk production and handling and 
the exposure of milk to high atmospheric temperatures during its collection 
and transport are fully reflected in the poor quality of market milk supplies 
generally available in the country. This is illustrated in Table 1, where 
comparative data regarding the bacteriological quality of raw milk produced 
under different conditions at Centres A and B are presented. Centre A is 
in South India, which has a fairly temperate climate, while centre B repre
sents a typical North Indian town, characterized by extremes of temperature. 

TABLE 1 

BACTERIOLOGICAL QUALITY OF RAW MILK PRODUCED 
UNDER DIFFERENT CONDITIONS IN INDIA (AVERAGE DATA FOR 200-300 SAMPLES 

IN EACH CATEGORY) 

Centre A I Centre B 
Age of 

Standard plate counts (thousands per ml) 
Source of milk milk from 

sample time of 

I Summer I I Winter I Summer I production 
(hours) Winter M on- M on-

soon soon 

Organized farm 
(bulk milk) 2 104 168 177 404 910 990 

Village produc-
lion 2 343 584 467 738 2 621 1100 

Private dairies 4-5 3 408 3 677 1 472 185 9 795 14 300 
Milk vendors in 

urban market 4-5 1 592 1 991 3 750 1 212 6 657 2 460 

Centre A: Mean atmospheric temperature 15°-28°C in winter, 22°-35°C in summer, and 20•-32•c 
in monsoon. 

Centre B: Mean atmospheric temperature 9°-25°C in winter, 28°-45°C in summer, and 23°-400C 
in monsoon. 

It may be seen that the quality of milk samples obtained at Centre B was 
generally of a lower standard than that of the corresponding category in 
Centre A, possibly because of the influence of higher atmospheric tempe
ratures prevailing during a major part of the year in the latter region. In 
both centres the samples of milk obtained from private dairies, which re
ceive milk supplies from a variety of sources, are of the lowest quality. 

The different conditions of production and handling associated with the 
above sources of market milk supply have been described in the preceding 
paragraphs, but the data reveal to what extent they are responsible for bring
ing down the quality of milk. In this connexion the influence of tropical 
conditions of temperature, humidity and dust in providing greater scope for 
contamination and in accelerating bacterial growth in milk should be kept 
in view. Accordingly, there is considerable fluctuation in the extent of 
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bacterial contamination in milk from place to place and from season to 
season, which makes the problem of sanitary control highly complicated. 

The predominant types of microfiora found in raw milk supplies drawn 
from different sources have been reported to be coliform bacteria, micro
cocci, lactic streptococci, spore-forming aerobes and corynebacteria, the 
majority of them being utensil contaminants. Although the coliform bac
teria were initially present in smaller numbers than other species, their rate 
of growth and activity in milk was much greater, particularly during the 
summer. The high incidence of thermoduric organisms in milk supplies has 
already been mentioned. 

The results of another investigation, aimed at finding possible ways of 
improving the quality of milk produced in an organized farm during the 
summer (mean atmospheric temperatures varying from 35° to 45°C) by 
adopting a special programme of clean milk production are presented in 
Table 2. Various sanitary precautions in the production and handling of 

TABLE 2 

EFFECT OF SPECIAL "CLEAN MILK PRODUCTION " PROGRAMME 
ON THE HYGIENIC QUALITY OF FARM MILK (AVERAGE OF 15 TRIALS) 

Source of milk 
sample 

Milking pail 
Herd sample 
Dairy bulk 

Milking pail 
Herd sample 
Dairy bulk 

Age from time I Standard plate I 
of production count 

(hours) (per ml) 

Coliform 
count 

(per ml) 

Before introduction of sanitation programme 

0 7 650 0 
1-2 71 000 3 200 
2-3 3 200 000 11 200 

After introduction of sanitation programme 

0 1 580 0 
1-2 3 600 30 
2-3 9 700 120 

I 
Methylene blue 
reduction test 
(hours-m ins.) 

5-00 
4-10 
2-45 

9-00 
6-50 
6-15 

milk were introduced, but the most important innovation was that of effi
cient cleansing of utensils by rinsing with chlorine solution just before use. 
It may be seen that as a result of adopting the " clean milk production " 
programme it was possible to improve the quality of dairy bulk milk to a 
very high level (standard plate counts of less than 10 000 per ml). Similar 
studies carried out to improve the quality of milk produced in village centres 
affiliated to a co-operative milk union have given very encouraging results. 
From this it may be inferred that once the production and distribution of 
milk in India are established on an organized basis, the problems of milk 
hygiene could be solved successfully. However, in view of the rigorous tro
pical conditions prevailing in India it is all the more necessary to impose 
the highest standards of cleanliness and hygiene in the production and handl
ing of market milk. 
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Milk-borne Diseases 

Considering the highly insanitary conditions of production and the nu
merous sources of infection to which milk is exposed during its handling, the 
type of milk sold in the market or delivered to the consumers in India may 
be expected to be a potential vehicle for communicating various diseases to 
man. Since milk is generally boiled before consumption the danger of 
infection by pathogens is greatly minimized. This aspect has not received 
much attention in India and even though there are quite a number of out
breaks of diseases such as diphtheria, dysentery and typhoid fever, the possi
bility of incriminating milk as the source of infection has not generally been 
considered. Similarly, the transmission of diseases such as tuberculosis, 
brucellosis and septic sore throat from infected animals through milk has 
also been given little serious attention. Since in many instances such in
fected animals live in close proximity to human beings, the risk of direct 
infection is always present. In recent years considerable attention has been 
given to the possible role of heat-stable toxins, produced by certain species 
of bacteria growing in milk, particularly in causing gastro-enteritis and other 
intestinal disorders in children. This is a problem of considerable signi
ficance to India in view of the high bacterial content of raw milk supplies 
and the incidence and growth of various types of organism in milk before it 
reaches the consumer. 

In this connexion another point that de.serves special attention, parti
cularly in the light of the developments now taking place in India towards 
the introduction of pasteurizing units in many of the urban areas, is that 
very strict vigilance and effective public health control must be maintained 
on the process of pasteurization if large-scale transmission of diseases through 
milk is to be avoided. In the absence of such controls it is quite possible 
that milk may not receive adequate heat treatment, and bottled milk labelled 
" pasteurized milk " may be consumed without boiling by the consumers. 
It is therefore the special responsibility of the organizations undertaking 
such large-scale processing of milk to ensure that any bottled milk labelled 
" pasteurized milk " satisfies rigid public health standards. 

Milk Legislation and Public Health Supervision 

The multiplicity of persons and agencies involved in the production, 
collection and supply of milk, and the small quantities of milk handled in 
each case, make it very difficult to exercise any effective public health control 
over the market milk industry or to improve the hygienic standards of the 
milk trade. This factor, combined with the sense of security created by the 
universal habit of boiling milk as a guarantee against any risk of infection 
from pathogens, has probably kept the sanitary aspects ofthe milk industry 
in the baekground. 
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At present the control measures in practice are directed mainly towards 
the prevention of adulteration of market milk. Municipal acts in different 
states and in the major corporations of Bombay, Calcutta and Madras in
clude certain model rules and by-laws relating to the construction and 
maintenance of cattle-sheds and milk-shops, and the cleanliness of milk 
stores, milk utensils, etc. Most of these regulations are, however, based on 
laws laid down in other countries and are not related to local needs and con
ditions. In any case, they are seldom enforced in actual practice, owing to 
the absence of effective machinery for the purpose, and other difficulties. 



MILK HYGIENE PRACTICE IN NORWAY 

PETER SOLBERG, Cand. real. * 

From a geographical point of view Norway is favourably situated for 
the production of milk. The country extends from latitude 58° to 71 °N, 
but even winter temperatures, especially along the western and northern 
coasts, are moderate, owing to the effect of the warm waters of the Gulf 
Stream. It is a mountain country divided by long fjords and deep valleys. 
The greater part of the land lies at a height of over 1500 feet above sea level. 
Less than one-third is productive land and most of this is covered by forest; 
the remainder is barren (mountains, bare rock, and eternal snow and ice, 
including glaciers). Only one-thirtieth of the total area of Norway is 
cultivated land. 

The population is found along the coast, and along the water-courses 
inland; the average density for the country as a whole is small, with 10 
inhabitants per km2 . 

All communications are expensive, especially where milk production is 
concerned, as often distances are great from isolated farms to the dairy, 
and transport may require several hours. The distribution of milk to the 
more isolated members of the population is naturally affected by this. 

In 1958 a total of 1127 million kg of cow's milk and 17 million kg of 
goat's milk was delivered to the dairies, the total amount of milk produced 
in the country being about 1620 million kg. Practically all dairies are 
owned by producer-cooperative organizations. 

Pathological Conditions Induced by Milk 

Thanks to its geographical position, Norway has been spared many of 
the typical milk-borne epidemics that can be found in warmer parts of the 
world. Moreover, many of those diseases which are otherwise found in 
connexion with milk products in the more temperate zones, and which 
earlier occurred to a certain extent in this country, were eradicated many 
years ago. Norway has thus been free for a considerable time from bovine 

*Professor of Dairying, Norwegian Agricultural College, Vollebekk, Norway. 
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tuberculosis, contagious abortion (brucellosis), and foot-and-mouth disease. 
This is due, in particular, to the efforts of the veterinary and health autho
rities in co-operation with the communal-foodstuffs-control administration 
and the dairies. Apart from the purely practical measures taken, consider
able weight has been laid on the value of making pertinent information 
available to all concerned with the handling of milk and dairy cows. In 
spite of the fact that several of the serious cattle diseases have been eradi
cated from Norway, a careful watch is still necessary if the stock is to be kept 
free of disease; it is strictly prohibited to send unpasteurized skim milk for 
feeding calves, etc., back to the farm. Access of foreign visitors to dairy 
farms must be controlled, and no one who has not resided in the country 
for three months previously is allowed access to premises used for horses, 
cattle, sheep, pigs, etc., or for feed and litter for these animals. However, 
this prohibition does not apply to persons who, at the time of their arrival 
in Norway or later, have undergone a satisfactory disinfection of their 
person, clothes and luggage. If a foreigner wishes to take up employment 
where cattle or other cloven-hoofed animals are kept, he must produce 
proof of such disinfection. 

Parallel with the· efforts towards improvement in general hygiene during 
the post-war years, there has been an intensive fight against udder infections 
(mastitis). A central laboratory for mastitis investigation has been establish
ed in Oslo, and attached to this there are now a number of district labora
tories in the more remote parts of the country. Veterinary surgeons have 
been instructed by the veterinary director to be on their guard against con
tagious mastitis within the districts covered by their practice. Particularly 
good co-operation has developed between practising veterinary surgeons, the 
milk producers and the mastitis research laboratories. In the special re
gulations for stock-owners it is expressly emphasized that the fight against 
mastitis is unlikely to be successful unless the owner and farm staff direct 
all their energies towards this goal by following the directions given by the 
veterinary surgeon and the laboratories. 

In this connexion there arises the consideration of milk containing anti
biotics or other drugs when delivered to the dairies. At present delivery 
to a dairy or milk factory, or sale or disposal by any other means, of milk or 
cream containing antibiotics or other drugs is prohibited. Further, milk 
from cows treated with antibiotics or other drugs less than 48 hours before 
milking is considered to be dangerous to health. The law of foodstuffs 
control empowers health authorities to seize such milk. Where chemicals for 
the destruction of animal pests or weeds (e.g., insecticides, herbicides) are 
concerned, both the government and the milk producer are aware of the 
possible dangers inherent in substances that are toxic in themselves and can 
accumulate in the human body. As it is only during the past few years 
that these chemicals have been used to any extent in Norway, their effect on 
milk production is relatively unknown, but it is recognized that the utmost 
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care should be observed in their use so that the chances of contamination 
of foodstuffs may be kept as small as possible. 

The effects of atomic radiation and radioactive dust are being followed 
with the greatest vigilance by a special commission appointed by the 
Ministry of Social Affairs, working in close co-operation with the Public 
Health Service. According to information given by the Ministry of Social 
Affairs, Directorate of Health Services, in May 1960, this radiation has not 
risen to a level that can be considered dangerous. 

~lilk Hygiene on the Farm 

The main aim in building dairy barns has so far always been to construct 
a building that is warm enough to house cows throughout the winter; 
insulation and ventilation problems thus dominate the picture. Only during 
the past few years has a certain interest arisen in the loose-housing system, 
and research has shown that costs for building and upkeep can be con
siderably lower and that on an average the cows are healthier, have a finer and 
thicker coat, etc. The public health authorities prO\ ide special recommenda
tions for farm buildings. In each county technical advisers are available 
on agricultural matters, and regular reports are issued from the different 
institutes engaged in research on building problems. There are also so
called " type-designs '' of economic buildings for larger and smaller dairy 
farms. On a farm producing milk for sale the dairy barn is required to be 
spacious, dry, well-ventilated and fitted out in such a way that it is easy to 
keep clean. A clean water supply must be easily accessible; flies and rats 
must be effectively dealt w-ith. Further, there should be a separate room 
for cooling and storage of the milk. The owner or user of a dairy barn 
must follow the regulations imposed by the health authorities in order to 
achieve a satisfactory standard of hygiene; the authorities can order delivery 
of milk to cease until these regulations are obeyed. 

Owing to the scattered nature of Norwegian farms and villages, many 
places have an abundant supply of clean water, from lakes, rivers, springs 
and wells. In those districts where there are no natural water sources 
or where there is contamination as a result of too dense a population, 
the municipal water authorities provide a satisfactory supply of clean 
water. 

Milk production in Norway is carried out under such widely differing 
conditions that feeding practices also differ greatly. There is, however, a 
characteristic common to large parts of the country: where circumstances 
are suitable for pasture, this cheap and often valuable form of feeding-stuff 
for top milk production is utilized, sometimes with the addition of con
centrates, particularly by spring and winter calvers. Considerable further 
research has been initiated and an information service begun on the use of 
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home-grown feeding-stuffs. Silage, in particular, has been investigated as 
an important part of winter feeding. The authorities recommended en
siling with addition of acid-for example, by the A.I.V. method introduced 
by Virtanen) or with the help of formic acid. This however, makes con
siderable demands on the efficiency of the operator. Where the ensiling 
has not been correctly carried out (where the pH value is too high), there is 
danger of development of anaero hie spore-forming bacteria (of the Clostridium 
genus) which easily find their way into the milk and are the cause of com
plications, as, for instance, in the manufacture of Swiss-type cheese. 

FIG. 1 

SUITABLE CLEANSING FACILITIES FOR MILKING EQUIPMENT 

Note at left electric water heater for batch preparation of scalding water. 

Milking machines are now widely used in Norway, and an important 
aspect of milk hygiene is their cleansing and sterilizing. During the past 
few years there has been a sharp exchange of views within authoritative 
circles concerning methods of washing and sterilizing milk utensils, espe
cially milking machines (see Fig. 1). One group maintains that modern 
washing and sterilizing materials are now so effective that an immersion 
method can be used, which, on the whole, excludes mechanical treatment by 
brushing during the washing process. Where sodium hydroxide lye cannot 
be applied for the immersion method, either because of the danger connected 
with this compound or because of its corrosive effect on tinned metal, the 
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author shares the opinion that it is necessary to brush in addition to relying 
on the effect of the washing compound if all particles are to be satisfactorily 
removed. Afterwards the teat-cups, rubber tubes and claw-piece are best 
sterilized with boiling water (by scalding). Before milking, the teats, the 
udder and surrounding parts must be washed. The milker must wash his 
hands and forearms before milking. During milking no dust must be 
created and no strong-smelling feeding-stuffs given. 

The milk should be removed from the dairy barn as soon as possible and 
taken to the dairy, where it is immediately and rapidly cooled to sec or 
lower. Milk delivered direct to the dairy factory or collecting station 
within 3 hours of milking is exempt from the requirement of cooling on the 
farm. The health authorities, in individual cases where it is warranted, 
can permit the disposal of milk without cooling. 

Cooling of milk on the farms is often carried out by setting the miik 
churns in containers of well or spring water. It is also quite usual to cut 
ice during the winter and to store it for use when cooling in the summer. 
Meanwhile there has been a clear development in the direction of mechanical 
cooling, where a small refrigeration plant provides the necessary ice-water. 

Handling and Processing of Milk in Dairies 

When the milk is received at the dairy it can be controlled in several 
different ways. All dairies, however, take farm milk samples for com
pulsory fat analyses and methylene-blue reduction tests, in order to comply 
with the regulations of the Ministry of Agriculture. The reduction test is 
particularly significant as a measure of hygiene on the farm, and platform 
samples must be taken four times a month. 

Since 1955 the Ministry has granted to those dairies requesting it per
mission to replace up to one-quarter of the compulsory reduction tests 
during the year by taste and smell tests. However, reduction tests must be 
carried out on at least two of the samples taken each month. The price 
paid for the milk at the end of the month depends on its hygienic quality 
as interpreted by the reduction test. In special cases other methods may 
be employed to control farm milk for udder infections, such as catalase 
tests, total plate count, etc. At any stage the public health authorities may 
undertake any control of the treatment of the milk that is found desirable 
or necessary. As soon as the milk has come into the dairy and has been 
weighed, it must be cooled to 4cc or lower and kept at this tempe1·ature until 
it is pasteurized, sold, or disposed of by other means. If it is necessary for 
the milk to be kept for any length of time at the dairy, it is usually stored in 
the raw condition. 

Liquid milk or cream to be sold in towns or densely populated areas 
must be pasteurized. In Norway the term pasteurization means either 
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heating to 70°-72°C with a holding time of 15 seconds (high-temperature
short-time (HTST) pasteurization) or momentary heating to more than 80°C. 
The apparatus used must be sanctioned by the municipal health authorities. 
Wherever possible, pasteurization should take place within 24 hours after 
milking, after which the milk should be immediately cooled to 4°C or 
less. In cases of urgent necessity, such as to prevent spread of an 
infectious disease, the Director of Health can enforce pasteurization within 
a district. 

At pasteurization, it is usual for the milk to pass through a filter, or even 
more commonly a clarifying centrifuge (situated between the first regener
ative section and the heating section). To ensure adequate HTST pasteur
ization, physical control is carried out by means of recording thermometers, 
and also by strict supervision of the design and capacity of the heat exchange 
system and pumps, etc. Flash pasteurization is controlled by the peroxydase 
test. 

Up to the present, sterilization of milk is not widespread in Norway; 
however, certain types of tinned and bottled cream and evaporated milk 
are sterilized by means of autoclaves. These products come from raw 
materials of the highest possible quality, and are also manufactured in con
formity with the instructions for canned food products. 

Milk powder can be sold only in sealed packages, bearing the name of the 
producer and the place of production. The moisture content of milk pow
der is limited to 4 %; the minimum fat content for whole milk powder is 
26 %; and the maximum fat content for skim milk powder is 1.6 %. Mi
nerals, vitamins, etc., can be added to milk powder only by special permission 
of the Ministry of Social Affairs (Directorate of Health Services). Only 
one kind of flavoured milk has been produced in any quantity in Norway; 
this is chocolate milk, which is sold as a sterilized product. 

Control over the hygienic quality of fluid milk is very strict; public 
health officers follow the progress of the milk closely from the dairy farm 
until it reaches the consumers. These officers work in close co-operation 
and on good terms with the technical specialists, who are engaged by the 
producers' co-operative dairies. 

The bacteriological standards of cleanliness for milk delivered to Nor
wegian dairies include a maximum total bacterial count of 100 000 organisms, 
and 100 coliform organisms, per ml of milk. The corresponding standard 
for pasteurized and bottled milk is not more than 30 000 organisms and 
10 coliform o"rganisms per ml of pasteurized milk. These standards are 
decided by the local authorities and may vary slightly in different parts of 
the country. Dried milk, butter, cheese, fermented milks, etc., of native 
origin seldom offer any hygienic problem, because of the strict over-all qua
lity control and grading. Fig. 2, 3 and 4 show the conditions under which 
cheese is produced in rural factories. The public health authorities very 
rarely have reason to criticizethehygienicquality of Norwegian milk products. 
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FIG. 2 

RURAL CHEESE FACTORY: 
CHEESE VATS AND HORI
ZONTAL STAINLESS-STEEL 

HYDRAULIC PRESS 

FIG. 4 

MODERN 
EQUIPMENT FOR 

PRODUCTION 
OF WHEY CHEESE 

FIG. 3 

CHEESE FACTORY : BRINE 
TROUGHS 
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This is due to the co-operative sales organization in the dairies, which main
tains a rigorous system of quality control and payment according to strict 
quality grading. 

The government Laboratory for Dairy Products in Oslo is responsible 
for the special quality brand known as " the four-leafed clover ". 

During the past twenty or thirty years a special medical service at the 
factories has been developed. This gives an additional assurance of hygienic 
safety in the food industry. The code of instructions for the handling of 
milk includes special standards of personal hygiene for the workers. Persons 
with running sores are excluded from the handling of milk and milk products, 
and those suffering from any other infection or disease may similarly be 
excluded by the health authorities. 

Collection, Transport and Distribution of Milk 

As already mentioned, milk and milk products are marketed by means 
of producers' co-operative dairies. The first co-operative dairies in th~s 
country, dating back to the last half of the nineteenth century, seem very 
small by modern standards. From a sociological point of view, however, 
they were of great importance as centres of economic life for the rural 
population. As the boat routes, railways and highways became better and 
more widespread, there was a change in the social and economic life bf 
even the more remote districts. There has been a tendency towards the 
fusion of smaller dairies into larger units (see Fig. 5), which has led to an 
increase in transport distance for raw milk between the dairy farms and the 
central dairies. Milk pipelines are in use in mountain districts (see Fig. 6). 
All milk is transported from the farms in churns by lorry or by boat (see 
Fig. 7), while transport from a local receiving station is usually carried out 
in railway or road tankers. From the processing dairy the milk is generally 
brought to the retailers by lorry. Retail milk shops in Norway must be 
sanctioned by the local public health authorities. As well as general regula
tions concerning all retail sale of food, there are certain additional rules 
for the retail sale of milk, one of the main requirements being the installa
tion of cooling equipment of sufficient capacity. It is also prohibited to 
return empty glass bottles to the retailer if they have not been rinsed free 
from all visible remnants of milk. 

Norwegian building standards for private houses generally include a 
frost-free cellar which forms a cool storage place for foods such as milk 
even during the hottest part of the summer. However, as electricity is 
supplied to nearly all households throughout the country, a refrigerator 
has become more usual as standard equipment in the kitchen. If the milk 
is of adequate hygienic quality, there is generally no problem in keeping it 
fresh in the home, even if the housewife chooses to purchase milk every 
other day only. 
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Conclusion 

Milk hygiene in Norway is closely connected with and dependent upon 
both the general hygienic standard of the Norwegian people and the special 
educational and advisory system within the field of dairy technology. 
The author strongly emphasizes the significance of dairy schools, where 
young people ·receive both theoretical knowledge and practical training. 
Under this system of education the pupil works for a year at a first-class 
dairy, which is selected and approved by the director of the dairy school, 
to which the pupil comes for a second year entirely devoted to theoretical 
studies. This is followed by a third year of practical work, and finally by 
four months of theoretical studies. Graduates of the school are then ready 
for employment in a dairy, first in charge of a small section only, but later 
receiving greater responsibility, which eventually leads to dairy management. 
In addition to the dairy schools there is also a more advanced course of 
studies on a university level; here the students begin with a general course, 
finally graduating and possibly taking a doctorate in special fields within 
dairy science. Such graduates will take up posts in the scientific, advisory or 
educational fields, or as directors or assistant directors in large dairies or 
dairy organizations, or in government service. 

A number of factors have gone to improve the standard of the dairying 
profession - amongst them, the special dairy schools, advisory work, pro
fessional organizations, congresses, exchange of views and discussions in 
professional journals, and the setting up of refresher courses. A special 
system of dairy supervision and inspection has been established within 
some local organizations. The government adviser in the district is invited 
by dairies to inspect the dairy buildings, plant and products, accompanied 
by two or three of the dairy managers of the district, selected annually on 
a system of rotation. The dairies are graded by the inspectors from a quality 
standpoint, and frequently their views help the dairy manager to convince 
the administration that modernization or rebuilding is necessary. 

Within Norwegian dairying there is a high standard of hygiene; and 
professional understanding is good, being built up by means of sound com
petition and easy access to both general and specialized training in the 
field of dairying. 



MILK HYGIENE PRACTICE IN EGYPT 

M. S. EL-RAFEY, M.Sc., Ph.D. * 

The ancient Egyptians left evidence of their interest in dairying in 
writings and carvings portraying cattle and dairy practices as early as 
3000 B. C. Carvings found in the early tombs reveal the types of cattle kept, 
milking methods and other interesting facts. In the portrayal of milking, 
the cow was milked from· the side into earthenware containers, a calf was 
placed in front of the cow during milking, presumably to induce her to let 
down the milk, and meanwhile the cow shed tears for depriving the calf of 
her milk. The earthenware vessels shown in such ancient carvings are 
still in use by the majority of farmers. Although milk sanitarians consider 
them unhygienic, and advocate the use of properly cleaned and sterilized 
milking utensils as one of the important factors in the production of milk of 
low bacterial count, the ancient practices for treatment of these earthenware 
containers are still in some places being followed today. The porous vessel 
is washed, a small quantity of milk is rubbed over the inside to fill the pores, 
and the container is then sterilized by placing it on the embers of the bread 
oven during baking, where it is left until milking time. After a fe\v such 
treatments the inside surface becomes glazed and the vessel is used for setting 
the milk; the cream is churned into butter and a local soft cheese is made 
from the curd. The sterilization process is carried out daily, with an 
additional treatment, which is considered by the Egyptian farmer as essential 
to obtain maximum creaming of the milk. 

This treatment, known as " khella ", usually consists in burning straw 
or corn cobs inside the earthenware container, and wiping it with corn stalks 
or other parts of Yarious plants before heat sterilization. Such practices are 
giving way to modern methods of milk production, which are being introduced 
into Egypt. In recent years considerable attention has been given to ways of 
improving the production and supply of milk to large towns, and the instal
lation of modern pasteurization and processing plants. The task is rather 
difficult and calls for study of the basic problems of production, collection, 
transportation, processing, and distribution, estimating the needs of the 
country and planning a programme to be executed within a certain period. 

* Managing Director~ Sccit!tC :\lis:- Lairiere et A.lirr.enta.ire. Cairo. Eg::p;:, United Arab Republic. 
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The Milk Industry 

There are about two million head of cattle and buffalo in Egypt (United 
Arab Republic), producing approximately 1.5 million tons of milk valued 
at £E 50 million.! About 60% of the milk-producing animals are buffaloes. 

The milk produced is utilized as follows: 145 000 tons for market milk; 
560 000 tons for cheese manufacture; 700 000 tons for butter manufacture; 
and 95 000 tons for miscellaneous use. , 

Except for about 400 tons of white cheese sold to neighbouring Arab 
countries, there is practically no export of milk products. However, Egypt 
imports cheese, milk powder, condensed milk and butter equivalent to 
about 45 000 tons of liquid milk valued at $E 1.5 million.! It is estimated 
that a yearly increase in milk production equivalent to 30 kg per animal 
could replace the imported milk products, provided that plant facilities were 
available for their manufacture. 

The per caput consumption of milk and milk products is very low, 
amounting to only about 60 kg of milk. 

From the nutritional point of view, milk consumption should be 
increased 300 %; plans are hence being made to increase milk production. 
Import of dairy cattle is advocated, and the Ministry of Agriculture and 
other agencies have been empowered to purchase 3000 Friesian cattle, a 
breed which for the last 20 years has proved able to withstand the climatic 
conditions in Egypt. Attempts are also being made to increase the level of 
milk production of buffaloes and local cattle through better feeding, breeding 
management and disease control. 

There are 16 well-equipped milk-processing plants in Egypt handling 
about 20 000 tons of milk per year or about 1.5 % of the total milk produc
tion. The bulk of milk (98.5 %) is either processed on the farms, in small 
shops, and in dairies with simple installations, or sold directly to the 
consumers through pedlars. These facts indicate the urgent need for modern 
dairy plants. Steps are being taken to provide each city and town in Egypt 
with a well-equipped milk pasteurization and processing plant. 

Milk Production 

The two million buffaloes and cows are distributed over six million 
feddans 2 of agricultural land which constitute the Nile Valley. About 80% 
of the dairy cattle are scattered over one million farms-each farmer owns 
from one to three animals. These farms are grouped into 4000 villages. The 
average number of dairy cattle is 500 per village. Milk production of these 
animals is rather low, being one ton of milk a year per buffalo and half a ton 

1 £E 1 = US$ 2.25. 
2 I feddiin = 1.038 acres. 
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per cow. It is estimated that farm animals in Egypt give work to the farmers 
represented by £E 45 million and manure valued at £E 10 million. Experi
ments have shown that when dairy cattle are kept for milk production only, 
they respond exceedingly well to balanced rations and better management, 
and usually double their milk production. This indicates the potentialities 
for increasing milk production without raising the number of cattle. 

The small farm 

Hygienic conditions of milk production on Egyptian farms are often 
unsatisfactory. The cattle may be housed in the farm courtyard or in the 
mud-brick farm-house without adequate ventilation, flooring or drainage or 
a clean water supply. The hot climate and the presence of flies make good 
hygiene difficult to achieve, but the farmer's wife tries her best to produce as 
clean milk as possible by washing the udder (although often clean water may 
not be available), wiping it with a clean cloth, and milking by hand into an 
earthenware container previously sterilized in the baking oven for several 
hours. Milking is done twice a day, at sunrise and sunset, before the cattle 
are taken out to pasture and after their return. In hot weather the farmer's 
children take the buffaloes for a dip in the nearby canal to help remove the 
dirt and dung, and to try to clean them. The milk is not sold fresh except in 
villages adjacent to towns; it is usually left for " setting " in earthenware 
vessels covered with a cloth until the creaming of the fat and clotting of the 
curd is complete. Butter and soft cheese are subsequently made under 
similar conditions and usually sold on market-day, which is held once a 
week in each village. 

The situation is now improving through the expanded Government 
scheme to supply clean chlorinated water to the villages, and through the 
efforts of the Ministry of Agrarian Reform, which is building well-designed 
new villages for farmers, who are given fiw acres ofland on an easy-payment 
plan. Community stables are being built in some of these villages; provision 
is made for a modern milking stable (see Fig. 1), clean \Vater supply, 
veterinary supervision and extension service for better methods of feeding, 
management and milking. Milk produced under these conditions was sold 
in Alexandria during November 1960 at a premium price amounting to 25% 
higher than milk produced in the neighbouring locality. 

The dairy farm 

There are a few dairy farms situated close to large cities in Egypt. They 
are run by farmers who own from 20 to 300 buffaloes; on these farms, which 
vary in size from 50 to 200 acres, crop rotation is planned to supply the 
maximum amount of fodder for the animals; " berseem " or Egyptian clover 
provides them with enough feed for about six months, and then the herd is 
usually fed on cottonseed cake, bran, straw, corn stalks and silage or hay. 
These farms have cattle sheds and some facilities for clean milk production. 
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FIG. 1 

A MILKING STABLE IN A MODERN VILLAGE 

Washing and cleaning facilities for the cattle are provided. 

However, cooling of milk is not practised on the farm, which is a great 
handicap to hygienic milk production. The milk is transported to large 
dairies immediately so that it reaches its destination within three hours after 
milking. Practical experience has shown that the acidity of milk does not 
exceed 7 on the Soxhlet-Henkel scale if milk is received at the pasteurization 
plants within this period, even during the summer months when the tempe
rature reaches 45°C. 

Government dairy farms in Tahreer Province maintain more than 
2000 Friesian cattle which are milked daily in very modern stables. In 
Sakha district the Ministry of Agriculture maintains a herd of 1500 buffalo 
and Friesian cattle to supply the new milk-drying plant which has been 
established by UNICEF for the Egyptian Government. The plant is 
designed to handle 20 tons of milk daily. 

The Ministry of Agrarian Reform also maintains large herds at Behtim, 
10 km from Cairo, and in other districts to be the nucleus for the 
"Nasser project" of distributing 10 000 milking buffaloes to landless 
farmers in order to raise their income. The plan is well on its way, with 
gratifying results to the farmers. Most of these Government farms have 
facilities for cooling milk either mechanically or by the use of ice and water, 
and the milk is produced under hygienic conditions similar to those 
prevailing in more advanced countries. It is estimated that 10% of the total 
number of cattle are maintained on dairy farms. 
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Urban stables 

The urban population in large cities is partly supplied with milk from 
producers within the municipal area. At present there are about 4000 buffa
loes housed in stables within Alexandria city limits, and 2500 in the city of 
Cairo. The size of herds varies from 10 to 100, and the animals are kept in 
crowded pens both day and night and milked under the most unhygienic 
conditions. They are fed a highly concentrated diet. Disposal of manure 
poses a difficult problem, and tends to cause flies and bad odours. 

Health of Dairy Animals 

Among the diseases affecting dairy cattle and buffaloes in Egypt are 
tuberculosis, brucellosis, foot-and-mouth disease and cowpox. Average 
rates of tuberculosis infection are reported as 5 % in buffaloes, 8 % in cows, 
12% in oxen and 1.5% in calves from 1 to 2 years. Animals housed in 
crowded stables in the cities under poor ventilation and hygienic conditions 
have a higher rate of infection than those on farms leading an open-air life. 
There is no definite plan for the control and eradication of bovine tuber
culosis. Regulations have been in existence since 1951 requiring the 
condemnation or slaughter of animals that may be a source of infection for 
any disease, but, because of lack of available funds to compensate the 
owners, are difficult to enforce. 

According to the Veterinary Department, infection rates for brucellosis 
in Egypt are 4 % for buffaloes, 6 % for cows and 7 % for goats. 

Foot-and-mouth disease presents a serious problem for milk producers. 
Outbreaks occur yearly, causing a marked decrease in milk production and 
presenting a national health hazard. Regulations demanding that the milk 
from infected cattle be boiled before sale are difficult to enforce, especially 
in city barns where the disease is more preYalent. Buffaloes do not respond 
to cows' vaccine, and a research project is under way to develop a special 
vaccine for these animals. There is some evidence that various strains of 
foot-and-mouth disease virus are brought to Egypt twice a year with the 
migration of birds to and from Europe and South Africa. 

Cowpox is not uncommon, but the disease is under control as it is 
planned to vaccinate all dairy cattle periodically. Eighty-eight veterinary 
centres for the control of animal diseases have been completed and are in 
operation; the ultimate goal is to build and equip 329. 

Health of ~ilk Handlers 

Milk may be handled by anyone among the village population, and there 
is no medical examination of milkers for the purpose of preventing the 
contamination of milk with typhoid and paratyphoid bacilli or other diseases 
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carried by man. In one village near Cairo a recent medical survey indicated 
that rates of infection of the population are 2 % for tuberculosis, 5 % for 
typhoid fever, 12.5% for typhoid carriers, 75% for dysentery and an even 
higher rate for bilharziasis. 

However, regulations are strictly enforced for a complete medical control 
of personnel in pasteurization plants and milk shops and of milk pedlars. 
A health certificate is issued by Government laboratories to milk handlers 
within the city limits. 

Quality of Market Milk_ 

Composition 

Milk legislation law No. 132 (28 August 1950) defines milk as the product 
of healthy buffaloes or cows, free from infection. It prohibits the sale of 
milk for human consumption unless it is fresh, clean, and free from colostrum, 
dirt, preservatives and colouring matter. Adulteration, either by watering 
or by the abstraction of fat, is prohibited. Likewise, it is considered illegal 
to offer boiled milk for sale except in eating establishments. 

The milk regulation dated July 1952 sets the compositional standard for 
buffalo milk at not less than 5.5% fat and 8.75% solids-not-fat, while for 
cows' milk the limits are 3 % and 8.5 % respectively. 

Bacteriological quality 

Several studies have been made to determine the bacteriological quality 
of raw market milk in Cairo; the Bacteriology Department at the University 
of Cairo found in 1957 that no difference exists between the bacterial flora of 
buffaloes' and cows' udders. The average bacterial count was 576 per ml 
for buffaloes and 2830 per ml for cows, arid comprised mainly staphylococci 
of various types. Pasteurization of aseptically drawn milk resulted in 
complete sterilization of the milk, showing that the organisms present in the 
normal udder are unable to survive pasteurization, and that the udder is not 
the source of thermoduric bacteria. 

On the other hand, plate counts and presumptive coliform tests of regular 
market milk samples revealed gross contamination by streptococci, micro
cocci, corynebacteria and alcaligenes in addition to the coliform group. The 
total plate count varied between 194 000 and 29 million, with an average of 
9 million, bacteria per ml. Similar studies at Ain Shams University revealed 
heavier contamination of 100 milk samples taken from pedlars: bacterial 
counts ranged between 143 000 and 400 million, with an average of 44million, 
per ml. Boiled milk samples contained an average of 13.8 million bacteria 
per ml. The number of coliform organisms showed an apparent correlation 
with the plate count in raw milk samples but not in boiled milk samples. 
These facts explain the prevalence of diarrhoea aP1_ong children, especially 
during the summer months. 
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Quality of Pasteurized Milk 

Properly pasteurized milk has been available in Egypt since 1952. 
At present there are two modern plants supplying the cities of Cairo and 
Alexandria and distributing about 18 million bottles of standardized 
pasteurized milk per year. Samples of milk taken daily by municipal health 
departments and by the Ministry of Health indicate that all samples conform 
to legal standards as regards composition, phosphatase test, and methylene 
blue tests. The method of pasteurization used in both plants is the 
high-temperature, short-time (HTST) process, heating milk to 85°C for 
15 seconds and cooling to below 5°C in up-to-date equipment provided 
with flow diversion valves and temperature-recording charts. The regu
lations for pasteurized milk passed in 1954 are strictly enforced on 
pasteurization plants, and require that temperature-recording charts be 
kept for one month for examination by health inspectors. Dating of 
pasteurized milk is also required, and a numerical system has been adopted 
from 1 to 7 for the days of the week, starting with Sunday. Milk fat is 
standardized to 3 % in order to produce pasteurized butter for the local 
market, since Egypt formerly imported 1000 tons yearly. 

The high pasteurization temperature of 85°C has been selected in order 
to improve the keeping quality of milk. Studies have shown that vitamin C 
present in buffalo milk is not affected by heat treatment under commercial 
conditions. The pasteurized milk contains 25 mg of ascorbic acid. Further
more, the higher temperature ensures adequate destruction of Coxiella 
burnetii, the infectious agent of Q-fever. The taste of milk is greatly 
improved by the process of preclarification of the milk before pasteurization. 
There is no noticeable heated flavour in pasteurized milk, especially to a 
population accustomed to boiled milk. 

Raw milk is collected in clean milk cans by trucks owned by the pasteuri
zation plants from milk farms, co-operatives, and private dealers collecting 
milk from small farmers. Strict control is maintained to ensure transport 
of milk within three hours of milking. Milk with acidity higher than 7 on 
the Soxhlet-Henkel scale is rejected at the platform. Payment is made on 
the basis of compositional quality, a premium being given for a percentage of 
fat higher than 7 % and the price being reduced when the fat of buffalo milk 
is less than 6.5 %. Studies have shown that such raw milk is grossly conta
minated with thermoduric bacteria. Laboratory pasteurization on individual 
samples at 63°C for 30 minutes indicated that the efficiency of pasteurization 
varied between 32 ~·~ and 90 ~la depending on the degree of contamination 
with the thermoduric bacteria (such as Streptococcus bovis, Str. ther
mophilus, aerobic spore-forming rods and thermoduric actinomyces). 
However, commercial pasteurization using the HTST process gives a higher 
efficiency of pasteurization (98 ~·~). Official bacterial counts on commercial 
pasteurized milk sold in Alexandria during 1953-54 have shown that the 
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FIG. 2 

MILK COLLECTION CENTRE IN A COLLECTIVE UNIT 

FIG. 3 

FILLING OF CANS AT A MILK COLLECTION CENTRE 

The cans are to be shipped to a pasteurization plant in Cairo. 
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total number of bacteria varies between 10 000 and 140 000 per ml, with an 
average of 35 000 per ml. However, the fact that raw milk is heavily conta
minated with spore-forming rods and other thermoduric bacteria makes the 
setting-up of plate-count standards of questionable value for the control of 
pasteurization processes under Egyptian conditions. The phosphatase test 
and the methylene blue test are required by the pasteurized milk regulations. 
The alkaline phosphatase in buffalo milk is lower than in local cows' milk or 
milk from foreign cows; phosphatase activity has been shown to be 28, 82 
and 120 units per 100 ml of these milks respectively. However, experiments 
have shown that the enzymes present in the milk of the cow and the buffalo 
are identical; thus the phosphatase test can be safely adopted for testing the 
efficiency of pasteurization of buffalo milk (sensitive as it is to the presence 
of 0.25 % of raw milk). 

Preliminary bacteriological study made in one pasteurized plant indicated 
that the quality of uncooled raw milk received during hot weather (above 
25°C) was indicated by plate counts varying between 1.5 and 10 million, 
with an average of 4 million. The count was reduced to 3000 after pasteuri-

. zation, revealing the efficiency of pasteurization to be over 99 ~~· The total 
count increased to 14 000 after bottling. The quality of pasteurized milk 
was not impaired when stored at lmv temperature. After 7 days' storage at 
5°C, samples of bottled milk from the experimental batch showed practically 
no increase in acidity. The bacterial count after one week's storage at 5°C 
was 33 000 per ml. 

Collection centres 

In 1953 the Government established the Permanent Council for Public 
Welfare Services to examine the general policy of reform and draw the broad 
lines of the new projects on reconstruction, production, social and health 
services and education. To distribute the services equally among the popu
lation the Council has decided to amalgamate all its services-health, 
educational and social-in a single unit to serYe an area of 15 000 inhabitants. 
Egypt has been divided into suitably sized areas for this purpose, and each 
unit has been sited as centrally as possible within its area. Two hundred 
and fifty of these units have so far been completed. The Council has 
started to provide drinking-water to the rural areas, and has allocated 
£E 5.5 million to supply three million people as the first step towards 
establishing a complete dean-water system throughout the country. Within 
each unit there will be a milk collection and cooling centre to serve four or 
five villages, each village to produce one ton of milk daily in addition to that 
allocated for local consumption. Twelve of the milk collection centres have 
been completed, of which three started to deliver milk to the Cairo pasteu
rizing plant during November 1960, while that in Tahreer province is 
delivering six tons of milk daily to the Alexandria dairy (see Fig. 2, 3). Each 
centre is provided with facilities for testing, weighing and straining the milk, 



644 M. S. EL-RAFEY 

FIG. 4 

CAIRO PASTEURIZATION PLANT: RECEPTION PLATFORM 

FIG. 5 

CAIRO PASTEURIZATION PLANT: RECEPTION DEPARTMENT 
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FIG. 6 

CAIRO PASTEURIZATION PLANT: PROCESSING HALL 

FIG. 7 

CAIRO PASTEURIZATION PLANT: CLARIFIERS AND PASTEURIZATION UNIT 
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and cooling it at the rate of 1.5 tons of milk per hour to about 2°C. A boiler
house, mechanical refrigeration and a storage tank for three tons of milk are 
available in each unit. Provision is made to transport the milk to the centres 
within two hours of milking. The centres are run by co-operatives under the 
technical supervision of officials appointed by the Council and of uniYersity 
professors. The farmer is paid a higher price for his milk-up to 40 milleems 1 

per kg instead of the· 20-30 milleems which he used to get from pedl .trs or 
from the manufacture of butter and cheese. Milk collection centres aim at 
improving milk production and providing pure milk to· the pasteurization 
plants. 

Another type of milk collection and cooling centre has been established 
·around the milk-drying plant at Sakha. The equipment for this plant has 
been supplied by UNICEF; the project has been carried out in collaboration 
with the Ministry of Agriculture. 

With the aim of reducing risks of contamination of milk from utensils, 
clean aluminium milk cans of 5-litre capacity are distributed to farmers, who 
milk directly into these wide-mouthed cans, which are subsequently washed 
and steamed in the collection centres. 

Central pasteurization plants 

To supply each town and city with hygienic milk and milk products, three 
pasteurization plants are being constructed for the cities of Tantah, 
Mansourah and Ismallia, in addition to the existing plants (see Fig. 4-7) in 
Cairo and Alexandria. Each plant is equipped to process 25 tons of 
pasteurized milk, yogurt, cheese and crude milk sugar. The milk will be 
supplied from collecting centres established within a radius of 50 km from 
each plant. 

Sterilized milk has been suggested as a substitute for pasteurized milk in 
Egypt. The authorities have requested a comparative study to be made at 
Cairo dairy, and a pilot sterilizing unit will be installed for this purpose. 
While the advantages of sterilized milk are well known, consideration will be 
given to the acceptability to consumers of such milk in localities where fresh 
pasteurized milk is kept under refrigeration in. most grocery stores all day. 
The cost of production, changes in flavour, colour, and nutritive value arid 
the heat stability of buffalo milk are among the points to be studied. The 
survival of spores may present a problem in the production of sterilized milk 
under Egyptian conditions. 

' 350 milleems ~ US$ 1.00 
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I. MANN* 

General Conditions 

Kenya is an equatorial country, with an area of nearly a quarter of a 
million square miles (about 600 000 km2). The human population is 
6~1z million. The cattle population amounts to 7 million, the goat to 6Yz 
million and the sheep to 7 ~-4 million. Thus, the livestock ratio per caput 
is 1.06 head of cattle and over 2 head of sheep and goats. 

Three-quarters of the country has a rainfall not exceeding 20 inches 
(58 mm) and much of it below 10 inches (30 mm). It is in these areas that 
the nomadic tribes, such as the Masai, Samburu, West Suk, Somali and Boran 
lead a life little changed in a thousand years, continuously on the move in 
search of water, " salt " and grazing for their herds. 

Kenya varies in altitude from sea leYel, through rich plateau areas of 
4000-8000 feet (1200-2400 m), to the snowline. It is in these highlands, 
well suited for intensiye agriculture and dairying, that the main African and 
European milk industry has developed. The European farmer and the more 
progressive African farmer in the well-favoured areas now have advanced dairy 
industries. To-day, after fifty years of progress, the most ancient methods 
of milk production may still be seen alongside the most up-to-date: a cross
section of centuries of achievement. The ageless, unchanged nomadic system, 
reminiscent of the biblical pastoralists, is found but a short distance from 
modern progressive owners of pedigree animals, up-to-date milking machi
nery, cooling equipment and excellent transport facilities. 

Except for the grade European cattle now increasingly owned by African 
agriculturalists, the remainder of the African-owned cattle are East African 
shorthorn zebus. This breed, without selection and special feeding, is 
barely capable of supporting the calf, except shortly after calving and in the 
rains, at which time a small surplus of milk may exist for man's needs. 
The pastoral economy depends on vast herds of cattle to supply sufficient 
milk and meat for the tribe-for example, 70 000 .Masai own a million head 
of cattle-a ratio of 14 head of cattle to each man, woman and child, yet 

* Chief, Anim1l lnd:.rstry P.-ojects S-ec::.o::1. Departm~n: of Veterinary Sen·ices, Kabete, Kenya. 
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even here, the milk is seasonal and often has to be augmented by blood drawn 
from the living animal. Such a ratio is quite impracticable in agricultural 
areas, where man's food is primarily starchy crops and grazing is conse
quently restricted. The cattle of the agriculturalist were not superior to those 
of the pastoralist-on the contrary, because of limited grazing and the com
petition between man and calf, each animal generation tended to be inferior 
tb the last. (In this connexion it should be noted that, because of the intense 
maternal instinct of the zebu, it is necessary to rear all calves, male and 
female, if any milk is to be obtained from the dam.) 

The grazing available to the agriculturalist's stock has fallen per head 
because of two main factors: an increase in the human population, leading 
to a greater area of tillage, and an increase in the stock population consequent 
on the production of effective vaccines against such diseases as rinderpest. 
The increase in number of cattle consequent on disease control was not 
modified by sale or slaughter because of the prestige attached to the posses
sion oflarge herds. Hence, no culling was practised and little or no castration 
of inferior males so that there was no genetic improvement in the national 
herd. At the same time, the animals were entirely dependent on pasture 
unsupplemented by any form of fodder conservation. Such a regime is 
clearly dependent on chance, exemplified by the rains and locust invasions. 

The amount of animal protein in the diet varies from tribe to tribe. The 
main diet of pastoral tribes is milk with meat and, in some cases, blood. 
Such people no doubt consume an excess of protein. The purely agricul
tural communities exist on an almost exclusively carbohydrate diet composed 
of foods such as cassava, plantains, sweet potatoes, maize and millet, with 
the addition of small amounts of vegetable protein derived from pulses. 
Those to suffer most are expectant mothers, whose protein intake is even 
lower than the remainder of the community due to various food taboos. 
Children, too, are particularly affected when, as is usual, the only food after 
weaning is a carbohydrate gruel. Oedema, skin and hair depigmentation, 
diarrhoea and stunted physical and mental growth result from this type of 
diet. The number of kwashiorkor cases (1951-60) recorded by the Kenya 
Medical Department and the Ministry of Health is 41 594, with a mortality 
of 2441. These represent no more than a fraction of the total cases of 
frank kwashiorkor, whilst subclinical cases must occur in alarming numbers. 

In Kenya, the growing urban populations-European, Asian and Afri
can- are the main consumers of milk and milk products from the agricul
tural areas. As the townships have reached reasonable standards of personal 
and food hygiene, together with adequate housing and water-borne sani
tation, their inhabitants must be considered highly susceptible to milk
borne diseases. It is, therefore, the paramount objective. of milk hygiene 
practice and legislation to protect this susceptible urban population from 
contracting disease from unpasteurized or recontaminated milk or milk 
products. The need for strict precautions is emphasized by the fact that 
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Kenya dairy products are being exported in growing volume to several 
African countries and, indeed, to the ~Cnited Kingdom-a market they can 
enter only if they satisfy stringent standards. 

Spectacular results ha Ye been achieved since 1900; the lessons learned 
here and the proven methods evolved may well be applicable to other 
emerging, under-developed countries. 

The Problems of the African Environment 1 

The fundamental principles of producing wholesome and clean milk 
in under-developed tropical countries are identical with those in developed 
territories, but the implementation of basic principles of public health prac
tice in dairy routines encounters almost insurmountable obstacles and diffi
culties. The preaching of public health improvement will not be effective 
until it is combined with higher standards of living and a change from a 
subsistence economy to a full economy. Even where the economic obstacles 
have largely been overcome, there remain the particular problems of the 
African environment. 

Herd management in open tropical country, as in Kenya, differs greatly 
from the standards adopted in developed territories. In Kenya, most stock 
is out at pasture all the year round and often grazes over huge areas, so that 
regular checking of each animal is extremely difficult. 

The animals are of low intrinsic value and can often be replaced for 
less than the cost of treatment, so that close supervision and expensive 
treatment are uneconomic. 

On the same pastures, there are often large herds of game, such as zebra, 
wildebeest and various kinds of antelope and gazelle. :Many of these game 
animals are reservoirs of disease while not showing clinical signs. Low
grade African-owned livestock, heavily infested with ticks and often disease 
carriers, commonly trespass on highly productive land. 

Pure water is often economically impossible to obtain. In many areas, 
water is drawn from rivers or dams liable to gross contamination by man and 
beast and may be the only water available for washing dairy utensils. 

Direct contamination of milk by the dirty hands of milkers, due in part 
to the lack of washing and latrine facilities among a people with a low 
standard of personal hygiene, is a factor predisposing to heavy infection 
with pathogens. When working with this type of labourer, precautions 
against contamination, even when practised to the full, are no guarantee 
of safety, nor are periodic medical checks, which are often misleading 
where acute cases of infection are rare but carrier cases common and where 
the turnover oflabour is high. The general absence of milk cooling facilities 
leads to multiplication of pathogens capable of growth in milk. 

1 The reader is referred to Annex 3 (page 764), "~tilk pasteurization under bush conditions", contributed 
by the author of this chapter. 
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The rain often comes in deluges followed by six months of drought, 
leading to complete denudation of the land. With no grass and a crumbling 
surface, dust clouds are easily formed, charging the air with faecal particles. 
During the rainy season, the land surrounding the dairies is often an ideal 
incubator for all kinds of organisms, there being practically optimum 
moisture and temperature conditions. During the wet weather, when cattle 
are milked, the rain drips off the unwashed udder and flanks, carrying dung 
and mud into the milk bucket. Indeed, the bacterial quality of milk is 
poorer in the rains than at any other time. 

Contamination of milk by rodents, flies, dogs, cats, sheep and goats is 
always possible. A further source of contamination is unscrupulous distri
butors, who often use contaminated water for dilution and may themselves 
be carriers. This risk occurs equally with pasteurized milk. 

This brief summary has outlined the difficulties in and obstacles to the 
introduction of satisfactory milk hygiene practice. 

The European dairy farmer is faced with identical or very similar pro
blems, but by constant vigilance and the use of modern equipment and 
methods he has succeeded in producing milk in which the total bacterial 
count compares favourably with that for milk in temperate countries. As an 
example of this success, of 3700 resazurin tests carried out by the Nairobi 
Municipal Public Health authorities in 1960, 3600 had a disk reading 
of 4-6. Chemical milk analyses are routinely conducted at the Veterinary 
Research Laboratories; Kabete. Some 35 000 butterfat tests are conducted 
annually, in addition to thousands of solids-not-fat determinations by eva
poration to dryness. These services are designed to help farmers plan breed
ing for their milch cattle~ 

The progressive African is now following the example of the European 
dairy farmer, but he requires help to lift his whole environment to a satis
factory nutritional, sanitary and ebonomic level. To introduce an adequate 
standard of hygiene among such peoples is extremely difficult. Healthy 
cattle and the provision of a suitable dairy and equipment are not sufficient 
to produce safe milk or milk products. 

A health education programme explaining the wide aspects of milk 
hygiene is the backbone of clean milk production, but it must be combined 
with a general improvement in environmental and domestic hygiene and 
with economic incentives for the production of hygienic foods. The intro
duction of laws and penalties imposed on an African producer often have 
the reverse effect to that planned. Without understanding the reasons for 
and objectives of food hygiene, the producer considers them unnecessary 
nuisances which he tries to avoid by all means, expecially if he is not com
pelled to raise his hygienic standard of milk production by a discriminating 
customer. The financial aspects have to be considered because the costs 
of milk hygiene have to be borne by the consumer and adjusted to his 
means. 
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Development of Milk Production by the African Stockowner 

The backward, mistrustful stockowner, the unproductive animal, 
trying climatic conditions, lack of communications, diseases, pests and 
locusts, soil deficiency, poverty and lassitude, all form a vicious circle, making 
the task of improvement well nigh insurmountable. Where cattle are kept 
only for prestige, payment of dowries, or as a bank account, '>Vhere sheep 
and goats take the place of small cash reserves, as well as providing food, 
and where the desire for consumer goods is practically non-existent, the 
standard public health approach to milk hygiene must be modified. 

There are four factors to be considered in the improvement of milk 
hygiene in countries such as Kenya: 

(1) the stockowner, who must be taught the elements of animal hus-
bandry; 

(2) the land, which must be better managed; 
(3) the animal, which must be built up to higher productivity; 
( 4) the market, which must be remunerative to provide the incentive for 

improvement. 

To achieve these aims, the first essentials in Kenya were: (a) to check or 
eradicate decimating diseases, such as rinderpest, bovine pleuropneumonia, 
the tick-borne diseases and trypanosomiasis; (b) to help the stockowner 
to improve water facilities and pastures and teach him the basic principles 
of animal husbandry to enable him to keep a more productive animal; 
(c) to introduce a higher milk-yielding animal to those farms where the 
environment had been improved; (d) to assist in the disposal of saleable milk 
and milk products surplus to the needs of calf and family, thus creating an 
incentive for better hygiene practice. 

In a pastoral community, everyone has li\-estock and therefore his own 
milk, and there are practically no sales because of the remoteness of markets. 
As a result, the milk is consumed by the owner and his family, and even on 
a village level it would seem that for years to come no dramatic changes 
are likely to occur. It is obvious that milk hygiene practice cannot be taught 
under nomadic conditions, nor could it be carried out. The danger of milk
borne diseases among such people is relatiYely small in comparison to 
other diseases needing immediate medical attention. Therefore, in such 
areas, veterinary efforts should be directed towards combating decimating 
animal diseases such as rinderpest, pleuropneumonia and trypanosomiasis 
and other major diseases such as anthrax and blackquarter, combining this 
campaign with pasture and water improwment, and aiming at the greater 
production of meat as a cash crop. 

In higher-rainfall areas, where agriculture is practised and the number 
of stock owned by an individual is relatively small, in addition to combating 
disease, the aim has been to increase the productivity of the herd for milk 
and meat. Statistics from less developed territories are often very deceptive, 
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as the animals may not produce sufficient milk for both calf and man; 
a herd of 20 cows may not yield more than a few pints of milk a day. In 
the drier period of the year, this milk may cease entirely. This, perhaps, 
explains why kwashiorkor may exist in a family owning a fair number of 
animals, a fact incomprehensible in temperate zones. To impose sanitary 
regulations on a community living in such circumstances without increasing 
milk output would be a waste of effort. 

Under these conditions, as a first stage in improvement, priority has pro
perly been given to the nutritional demand of the community, and all efforts 
have been concentrated on the production of better animals able to yield 
more milk and meat protein. 

In the next stage, once the pasture, husbandry and cattle have improved, 
the position is completely different. The community has a surplus of milk 
and embarks upon delivery to an urban area. In the town, sanitary stan
dards are higher and the urban population is susceptible to milk-borne 
diseases. The higher price commanded and the increased volume of pro
duction warrant the adoption of standards for wholesome milk production 
and handling. 

Clean milk production in Kenya was first achieved by progressive Euro
pean farmers applying the following principles: (a) maintaining the health 
of the herd; (b) improving dairy hygiene; (c) cooling milk immediately 
after milking, or pasteurizing on the farm. The European dairy industry, 
employing large numbers of Africans and in close proximity to African far
mers, has served as an instructional model. This, combined with the various 
government efforts, has gradually led to an emerging African milk industry. 

The European farmer produced a milk surplus many years ago, and in 
consequence organized marketing and manufacturing outlets for his produce. 
The African milk producer is a relatively recent phenomenon and, with the 
rapid growth of this new industry, he too has discovered the need for outlets 
for his seasonal surplus. To-day, more and more Africans are joining and 
making use of the Kenya Co-operative Creameries Ltd, originally formed 
as a European organization. However, despite this growing merger, it is 
still convenient to consider the Kenya problem in two parts-the African 
and the European. 

It was soon realised that to develop the African milk industry initial 
government assistance and guidance would be required. The early work 
of the Veterinary Department in this direction was concentrated upon pro
tecting stock from decimating epizootic diseases, with a success which can 
be seen from livestock censuses-in 1923 there were 3 million head of 
African-owned cattle and 150000 European-owned, whilst to-day there are 
over 6 million African-owned and nearly one million European-owned. 

However, the increase in the number of cattle in African areas was un
fortunately followed by deterioration in their condition and conformation, 
due to heavy overstocking of pastures. It became obvious that, unless 
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knowledge of improved animal husbandry was disseminated this livestock 
would remain commercially unproductive. It was considered that the best 
approach would be to establish in the heart of the African stock-owning 
districts model centres where such training would be undertaken. It was 
believed that the African zebu, which responds well to better feeding and 
management, would, with selective breeding, become a high-milk-yielding 
animal. In 1928 the first centre was established for selective breeding of 
African zebus for milk production, and for instruction in animal husbandry, 
and to-day the Veterinary Department runs fifteen livestock improvement 
and animal industry centres, where young pupils are accepted for training 
and occasional courses in milk production and hygiene for adults are held. 
Each year, several hundred pupils leave the centres and apply their acquired 
knowledge on their own farms, or become veterinary instructors or find 
employment on larger farms which produce milk for sale. 

The centres, because of their situation in the heart of the livestock breed
ing country, are able to modify various methods of animal husbandry to 
suit local conditions. Unfortunately, the indigenous zebu was found to be 
too slow in responding to selective breeding and, therefore, in 1939 efforts 
were made to introduce an animal with a higher milking potential but as 
closely resembling the African zebu as possible. The Indian Sahiwal was 
chosen and has proved an extremely valuable asset in upgrading the African 
zebu for milk production, being especially suitable for the drier areas and 
the less-skilled husbandman, in conditions where the European grade 
animal would not survive. 

An artificial insemination service, started to control infectious breeding 
disease, has gradually acquired an all-important role in stock improvement, 
providing the African stockowner who cannot afford a good bull with 
service from Friesian, Ayrshire, Guernsey, Jersey, Sahiwal, Red Poll and 
Shorthorn breeds. 

Eradication of tsetse fly by bush clearing and insecticide spraying, and 
treatment of trypanosomiasis with curative and prophylactic drugs have 
opened new areas for settlement. The provision of new water supplies in 
Kenya is very expensive, but, over the past twenty years, the African Land 
Development Board has provided or assisted in the construction of great 
numbers of dams, tanks, boreholes and piped water schemes, some of which 
have been made possible by free communal labour provided by Africans. 

Sanitary Cream Production : The Initial Step 

The fruits of the abow serYices became apparent when the stockowner 
became interested in the possibilities of milk as a cash crop. 

The indigenous zebu, whilst being a very poor milker, has one particular 
advantage-its milk is rich in fat, the butterfat often exceeding 6 %, i.e., 
nearly double that of such European breeds as Friesians and Ayrshires. 
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Therefore, the first commercial approach to these animals was not the 
exploitation of milk but the production of cream. 

There is always a danger that milk sales may be developed too rapidly 
in under-developed countries, thus depriving both the owners and their 
animals of much~needed proteins. The producer often sells his whole 
production of milk to purchase inessential articles, with disastrous results 
to the livestock and human population. Strict sanitary regulations imposed 
upon a primitive producer, unable to understand them or even to afford the 
necessary utensils, may discourage him from adopting any sanitary measures 
whatsoever. There must thus be a careful balance between the livestock, 

FIG.1 

SEPARATING MILK IN AN EARLY GHEE PLANT 

Reproduced by courtesy of the Department of 
Information, Kenya 

the producer and market requirements. It was, therefore, a wise move to 
embark first upon the commercial utilization of cream, the part of the milk 
which is not essential to nutrition. Under primitive conditions and with 
large distances to be covered, the sale of cream or butter was, of course, 
out of the question. Ghee offered several advantages-few utensils are 
required to make it under bush conditions, it has good keeping qualities, 
and a large market existed, especially among the Asian population. Its 
production on a co-operative and assisted basis was therefore encouraged 
(see Fig. 1) and the first rural dairies were established in 1927 with the assi
stance of the local native councils and under the supervision of veterinary 
scouts. At first, very small, primitive rural centres were built and separators 
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were distributed to them; the cream was separated under the supervision 
of a veterinary scout, and instruction included emphasis on the value of skim 
milk. In this way, an income could be acquired without depriving the calf 
or the owner's family, and a thriving ghee industry rapidly developed in 
high rainfall areas such as Nyanza. 

Clean milk production, mechanical separation and careful clarification 
of the butterfat were the standards laid down and strictly adhered to in 
order to ensure that the product would compete successfully with imported 
Indian ghee. By 1936, nearly 900 rural dairies were in operation, some 
run by private individuals (particularly by ex-pupils of the veterinary train
ing centres). To-day, nearly one and a half million pounds (680 000 kg) of 
ghee are produced per year and sold by African stockowners, who have thus 
learned the methods of good cream production. Even in remote areas 
cream of first-grade quality, easily disposable through co-operative channels, 
can be produced, leaving the skim milk for the needs of the farmer's family 
and stock. 

Pioneering Whole Milk Schemes 

The first step in laying the foundation of an African whole milk industry 
in Kenya was the establishment of a milk plant at Mariakani in 1930, 
with the aim of collecting milk from small African producers and forwarding 
it to Mombasa for sale to consumers who could not afford milk produced 
by the Indian town dairies. The development of this plant may serve as an 
example of the progress achieved in fostering milk production in Kenya. 
In 1949, HTST pasteurization equipment was installed. Improved water 
facilities and grazing in the district and the extension of the radius from 
which milk is collected, now allow over a million gallons (4~~ million litres) 
of milk to be pasteurized annually and, in addition, nearly 100 000 gallons 
(nearly half a million litres) are used for the manufacture of ghee and other 
products. The Mariakani Milk Plant has become the centre for the training 
of the African milk producer in simple methods of hygienic milk production, 
handling, utensil cleaning, and so on (see Fig. 2). Each batch of milk 
brought to the plant is tested for butterfat content, keeping quality, acidity, 
etc. (see Fig. 3). When fetching the milk from the producer within a radius 
of some 60 miles (100 km) around the plant, the collector conducts similar 
tests on the spot before accepting the milk. 

By administration, penalties, premiums and direct visits to the Africans, 
experience has been gained in how to handle small producers in primitive 
conditions scattered over a wide area. For instance, it has been learned 

, that it is better that milk cans be cleaned and sterilized by the plant and 
returned to the producer, who with his simple means and dearth of water 
is generally unable to achieve an adequate standard of hygiene. Moderni
zation and improvement of environmental hygiene with increased produc
tion have been achieved, but the plant proved too small to cope with the 
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FIG. 2 

INSTRUCTION IN UTENSIL CLEANING 

Reproduced by courtesy- of the Department of 
Information, Kenya -

FIG. 3 

PRELIMINARY EXAMINATION OF MILK (MARIAKANI, KENYA) 

Reproduced by courtesy of the Department of 
Information, Kenya 
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growing supply of milk and so, with UNICEF aid, it is at present being 
reconstructed to increase throughput and install facilities for milk drying. 

Improved methods of animal husbandry and of disease control, and the 
introduction of artificial insemination methods, haYe resulted in the firm 
establishment of grade herds owned by Africans in the fertile, higher rain
fall areas of the Central Province, and hence the production of milk in 
increasing quantities. Small co-operatives have been organized with the 
aim of supplying Nyeri township; in about 1950, the Tetu Dairymen's 
Co-operative Union was formed, representing several small primary milk 
co-operatives, and was eventually able to erect its own dairy with a milk 
depot in Nyeri township. The quality of the milk has been gradually 
improved by strictly enforcing cleanliness at the point of production and 
by testing for contamination and adulteration. Steam sterilization of cans 
and bottles, milk cooling facilities and a bottling plant have been installed, 
and this Union now handles annually half a million gallons (two and a 
quarter million litres) of whole milk. In addition, substantial quantities 
of cream are supplied to the Kenya Co-operative Creameries, part of the 
skim milk being used for local consumption and part sent to a nearby 
roller drier. 

Rural Milk Centres 

The rapid growth of the African milk industry means that in some areas, 
the needs of the family and calf are now easily covered by high-production 
animals; the remainder of the milk produced represents a cash income, and 
must be sold to consumers beyond the reach of an individual producer. 
As the milk reaches the town consumer, the problem of educating the pro
ducer to safeguard the hygienic standard of his milk becomes urgent. 

Unfortunately the indiYidual farmer's surplus is usually too small to 
allow him to have his own cooling equipment; his knowledge of the hand
ling of such a highly perishable product as milk, for sale to distant markets, 
is inadequate: and his transport facilities are uneconomic. Concurrent 
with the local surplus of milk, there is widespread protein malnutrition in 
areas too remote for individual sales to be effected, but not out of range of 
mechanical transport. Even with the best will in the world, in many 
areas the scarcity of pure water, or lack of water in general, prohibits 
hygienic care of dairy utensils. Groups of producers may not be able to 
finance a co-operative, entailing the erection of a building and purchase of 
equipment. Thus it became clear that the three principal requirements of 
milk hygiene (sterilized vessels, milk cooling, and speedy dispatch to consum
ers) in addition to an educational programme, could only be achieved on a 
centralized basis. Rural milk centres were hence established at strategic 
points (see Fig. 4) and were equipped with simple home-made boilers, 
double washing troughs, separators, filters, double sets of cans, and cooling 
equipment, operating on chilled water. Thus, they can cool the milk to a 
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point where multiplication of bacteria and pathogens is checked and they 
can provide every, supplier with a sterilized can. The double set of cans 
allows one set to be cleaned and sterilized and returned next morning in 
exchange for the full can. Permanent roofing materials were provided so 
as to collect the rain-water. 

Rural dairy co-operatives were encouraged so that the rural milk centres 
could be built and operated by a local co-operative, and to ensure that the 

FIG. 5 

MOBILE VERSION OF RURAL MILK CENTRE 

Reproduced by courtesy of the Department of 
Information, Kenya 

local producers have full control over milk collection, processing and market
ing. Hygienic milk production is enforced by quality payout for butterfat or 
by rejection of milk as unsuhable for sale, so that these centres have laid 
the foundation for sanitary co-operative milk handling. They dispose of 
much of their products, especially cream, through the Kenya Co-operative 
Creameries. The whole and skim milk is sent direct to the needy village 
populations and to the smaller trading centres and townships. The con
sumers are told to boil the milk as a protection against milk-borne disease. 

As a second step it is envisaged that rural milk co-operatives will even
tually be able to combine their efforts to finance fully equipped milk proces
sing plants. A mobile version of a rural milk centre equipped with a loud
speaker, posters and instructor (see Fig. 5), tours districts where the through-
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put warrants the establishment of rural milk centres. An organized African 
milk industry has a direct bearing not only on the economy of the country 
but also on the health of a large part of the population, which either does 
not possess livestock or cannot afford expensive milk. Emphasis in educa
tion of the public is being placed on the use of skim milk in nutrition, 
especially for children, and on methods of conservation of skim milk, not 
only in liquid form but also as simple cheese (see Fig. 6). 

FIG. 6 

MOBILE PROPAGANDA UNIT TO POPULARIZE CHEESE-MAKING 

Reproduced by courtesy of the Department of 
Information, Kenya 

Recently, UNICEF has pro\ided aid for a new building and the installa
tion oflarger pasteurization plant at Mariakani. Milk driers are also being 
installed, which will be a great asset during the flush period after the rains 
when there is a substantial milk surplus. This increased processing capacity 
will allow the collection of milk from further afield. Furthermore, as the 
rural centres have proved so successful, U~ICEF has agreed to give equip
ment for some hundred ne\v centres. To train the operators, a Milk Techno
logy Centre is to be opened shortly at the Veterinary Experimental Station 
at Naivasha, where all aspects of hygienic milk production, processing and 
marketing will be taught. A mobile nutritional unit will be provided, 
depicting the benefits to the stockowner of hygienic milk production and 
the nutritional adyantages of consuming not only whole milk but also skim 
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milk, milk powder and cheese, products with which most Africans are not 
yet familiar. Repayment for this equipment will be made in kind, by 
issuing free milk to needy infants and schoolchildren through local health 
authorities and district education boards. There is no doubt that in this 
way nutritional advantages will result amongst the large numbers of poorer
class people who cannot themselves afford to purchase milk. 

The Growth of the European Industry 

The dairy industry, as developed by the European settler, has made 
spectacular progress. About 1910 it was started (on lines similar to those 
later followed by the African) by concentration on butterfat after the small 
local demand for milk had been satisfied. The initial success encouraged 
expansion; the first creamery was opened at Lumbwa in 1912, and by 1924, 
butter exports had increased from 150 lb. to 1000 lb. a year (70-450 kg). 
The market for cheese was growing too, and creameries were opened at 
Naivasha in 1924 and at Nanyuki in 1928 (Kenya, Committee of Enquiry 
into the Dairy Industry, 1956; Kenya, Dairy Industry Enquiry Committee, 
1936; Pepperall, 1950). At this time, the towns were supplied with milk 
from suburban farms. Such early milk supplies left much to be desired. 
The milk was brought from nearby sources in any type of container
kettles, pots, paint a.nd oil tins, beer and whisky bottles, and gourds, often 
heavily contaminated. As the milk was usually uncooled and was transport
ed in direct sunlight on porter's heads, by donkey or by oxcart, it was no 
longer fresh when it reached the consumer. In the dry season, there were 
milk shortages often resulting in exploitation by dilution and overcharging. 
Gradually, however, the suburban farmer improved his milk supply because 
of the desire of the consumer to obtain wholesome milk of better keeping 
quality and because by-laws were introduced and reinforced by the township 
health authorities (see Appendix I, page 674). In the meantime, towns had 
grown and communications improved, so that to supply the fresh milk 
market from peri-urban farmers alone was no longer possible. Hence, 
milk had to be drawn from further afield. This required milk of better 
bacteriological standards, and several European farmers installed pasteuriz
ing plants to meet this need. 

In 1946, the Kenya Co-operative Creameries Limited thought it advi
sable to expand their activities to include provision of fresh milk to the 
towns, then badly in need of uniform supplies of safe milk from controlled 
sources. It was thanks to the Creameries and their rigid hygienic require
ments for milk and cream (see Appendix II, page 675) that the industry 
gradually developed into a unified model organization with products compar
ing favourably with those manufactured in Europe, where climatic conditions 
are ideal and there is a long dairying tradition and superior livestock and 
labour. Payment on quality and rejection of inferior or dirty milk, combined 
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with regular inspection of dairies, led to a remarkable improvement in 
quality, while organized transport allowed milk to reach the Creameries 
unadulterated. The dairy industry now operates on a pool system, so that 
even in remote districts reasonable payment for butterfat is maintained. 

Production, transportation, processing and distribution represent far 
greater difficulties in tropical countries than they do in temperate zones. 
There are many difficulties still to be overcome, the two main ones being 
seasonal production and the great distances over which milk has to be con
veyed. As the bulk of the cattle are fed principally on grass, there are 
flush periods during and immediately after the two rains, followed by defi
cient periods marked by a substantial drop in production as the grass dries 
up. In the flush periods the milk is di,·erted to driers, condensing plants 
or cheese vats, and during the dry periods further supplies are drawn from 
up-country creameries. 

Delivery of milk to Mombasa and Kampala from districts some 250 
miles (400 km) away by a slow railway system and in a tropical climate 
illustrates the distances involved. Currently, there are thirteen 3000-gallon 
(13 600-litre) rail tankers in use for bulk milk transport from the Naivasha, 
Nakuru and Eldoret factories to the Nairobi factory (see Fig. 7). There 
are also three 1000-gallon (4500-litre) road milk tankers in use for the supply 
of milk to the Kericho area from the Sotik factory and also for the transfer 
of bulk milk between factories (see Fig. 8). 

As the handling of bulk milk after pasteurization may give rise to 
recontamination, and in order to prevent possible adulteration, the Kenya 
Co-operative Creameries Limited introduced Tetrapak in 1956. That the 
hygienic advantages of this pack appeal to the consumers is amply proved by 
the fact that over four and a half million gallons (about 20 million litres) 
of milk in Tetrapak were sold by the Creameries in 1960. The use of a 
hermetically sealed pack which is filled immediately after pasteurization 
and cooling gives a long-keeping milk which can be transported very consi
derable distances (see Fig. 9)-e.g., from the Eldoret factory to Kasese in 
Western Uganda, a distance of 515 miles (830 km), mostly through hot 
country. 

All the larger towns, except for Kisumu, draw their pasteurized milk 
from the Kenya Co-operative Creameries Limited, licensed farmers or the 
Mariakani pasteurizing plant. Each farmer has a registered, approved 
dairy complying with the 1925 Ordinance and has mechanical refrigera
tion. All milk is checked for quality, using the 10-minute resazurin rejection 
test on composite samples, followed by testing of individual cans should the 
composite sample be unsatisfactory. All milk giving a disk reading of below 
4 is rejected, and disk-4 results are subjected to a heat stability test. The 
average disk reading after 10 minutes is 5%-6, and, after 30 minutes 5-5~;2. 
Tests for butterfat and solids-not-fat content are carried out each day; the 
average butterfat is 4.6 /~, and solids-not-fat, 8.80 ~la. 
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FIG. 7 

INSULATED RAIL TANKS FOR TRANSPORTING MILK 

FIG. 8 

Reproduced by courtesy 
of the Department of 
Information, Kenya 

INSULATED ROAD TANKER FOR TRANSPORTING MILK 

Reproduced by courtesy 
of the Department of 
Information, Kenya 

FIG. 9 

TETRAPAK IS DELIVERED BY AIR TO DISTANT 
CONSUMERS IN TANGANYIKA AND SOMALIA 

Reproduced by courtesy 
of the Department of 
Information, Kenya 
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Initially, the processing plant consisted of three lOO-gallon( 450-litre) batch 
pasteurizers and one cabinet surface-cooler with a capacity cif 200 gallons 
(900 litres) per hour. The milk was heated by steam to 145°-l50°F (63°-
65.50C), held for half an hour, and first-stage cooling effected by circulating 
water; finally the milk was cooled to below 50°F (10°C) by the USe of brine, 
the latter also providing the cooling medium for the cold store. An in-bottle 
pasteurization plant was introduced in 1957, having an output of 135 gallons 
(610 litres) per hour. Output is now 1200-1250 gallons (about 5500 litres) per 
day and it has been decided to introduce an HTST plant, primarily to cope 
with bulk supplies and then finally to handle the daily intake, up to an 
eventual throughput of 500 gallons (2300 litres) per hour. Additional items 
of plant to be installed are a 1000-gallon (4500-litre) insulated storage tank 
for the processed milk and a 200-gallon (1000-litre) raw-milk balance tank for 
the HTST plant. Laboratory control of the processed milk consists of 
phosphatase tests, keeping-quality tests at 24 and 48 hours' storage periods, 
and tests to evaluate butterfat and solids-not-fat. Cream is purchased from 
the farm, pasteurized and packed into cartons. 

The health of the staff is kept under observation, T.A.B. injections being 
given annually, and suspects are submitted to clinical examination. 

The Hazards of Milk-borne Disease 

To assemble complete significant statistical data on milk-borne diseases 
in an under-developed country such as Kenya is impossible because of rare 
reporting and the distances involved, and because the medical profession 
devotes most of its time and effort to the more deadly diseases. Further, the 
picture is often obscured by other diseases, such as malaria and hookworm, 
which can prevent the diagnosis of a milk-borne disease unless clinical tests 
are carried out. Milk-borne diseases are very rarely epidemic; the same 
diseases may originate from sources other than milk. As meat from sick 
or dead animals or those found dead is frequently consumed, the resulting 
meat-borne infection must play a more important role than milk-borne 
infection, especially as there is a preference for under-cooked meat. The 
close contact of the African \vith his domestic animals provides other impor
tant routes of infection. 

The epidemiological mechanism of infections transmitted by milk in 
pastoral and rural communities is not ahvays clear. Often infection is 
absent where it might be expected and, conversely, it may be present where 
least expected. Impunity can be enjoyed by some gross offenders, whilst 
severe punishment is inflicted on others for only the slightest neglect. This 
can be explained where a large percentage of the people or a whole popula
tion have acquired immunity from continual exposure, thus passing in turn 
through low-grade subclinical infections. The detection and isolation of 
sub9linical cases in symptomless carriers present an extremely difficult 
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problem which will require many years to solve. In consequence, every 
milker or milk handler must be regarded as a potential carrier of milk
borne diseases, especially of the enteric, streptococcal and staphylococcal 
groups. 

Hence, it is obvious that epidemics may be expected in towns, army camps 
and schools, where the community has not previously come in contact with 
the particular pathogens and has not developed immunity. Consideration 
of milk-borne diseases from this angle aids the solution o£ many aspects of 
public health. 

A description follows of the most common milk-borne diseases in 
relation to animal health and the human agents. 

Tuberculosis 

Kenya is extremely fortunate in that tuberculosis in cattle is almost non
existent. Very occasionally, a few cases of pulmonary tuberculosis have 
been diagnosed, but tuberculosis of the udder is unknown. In consequence, 
extreme vigilance is exercised by the Veterinary Department to ensure that 
tuberculosis is not imported in livestock. Each imported animal has to 
be accompanied by a certificate of freedom from tuberculosis issued in the 
country of origin and, after arrival in Kenya, the animals are quarantined 
until they have passed the single intradermal comparative tuberculin test. 
If a case of tuberculosis is discovered during meat inspection, the farm of 
origin is visited by a veterinarian and the herd is examined. 

Human tuberculosis, particularly pulmonary infection, is widespread 
among the African population and it is one of the principal targets of the 
Medical Department. The fact that, in man, intestinal tuberculosis ts 
unusual indicates the rarity of milk-borne tuberculous infection. 

Brucellosis 

In contradistinction to tuberculosis, brucellosis is widespread among 
both indigenous and exotic cattle. Contamination of milk via the udder 
with viable bacteria, vaginal discharge from sick animals, or dust, is always 
a danger. It must be expected, therefore, that consumers of raw milk in 
Kenya are exposed to brucella infection. 

The first case of human brucellosis was diagnosed in Kenya in 1910 and, 
since then, in spite of the fact that in all probability only a fraction of the 
cases that occur have come to medical attention, the number diagnosed has 
increased considerably: at the Medical Research Laboratory, Nairobi, 
over the past decade the number of confirmed cases has been 1412, with 
a mortality of 31. 

It is characteristic that about 95 % of all human cases are due to 
Br. melitensis and are practically confined to Africans, with only a few cases 
amongst Asians. Only very occasional cases are diagnosed in Europeans, 
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and these are inYariably due to Er. abortus, probably from cream or unboiled 
milk. Er. melitensis has not been confirmed in cattle, nor has Er. suis been 
found in pigs. 

Cases of Er. melitensis in Africans can only very rarely be attrih~Jted 
to goats' milk, as goats are seldom milked in Kenya. However, the close 
contact between goats and humans no doubt facilitates infection; goats 
often sleep in the same room as the owner and his family; goat meat is the 
staple food of many tribes, and infection can easily occur during slaughter 
and preparation, as \V ell as from eating the meat only lightly grilled or braised. 
Goats are often killed for ceremonial and sacrificial purposes, and their 
intestinal contents and blood smeared on the body. 

Contamination of water with goat urine is very frequent, and dust and 
wind-borne infection must play an important role. 

The fact that Er. melitensis occurs in sheep and goats must be carefully 
taken into account when programmes for the improvement of these animals 
are put into operation. Several schemes are in progress with the aim of 
crossing indigenous goats with high-milk-yielding strains. The danger 
from the resulting milk will be very great, especially when cows' milk for 
sale is mixed with goats' milk. 

As cattle infected with brucellosis usually acquire natural immunity 
after a single abortion, this disease among African-owned livestock generally 
receives little attention. 

In 1955, the Veterinary Department began a brucellosis survey on bulk 
cream and milk supplies to the nine Kenya Co-operative Creameries from 
European farms. A total of 1666 tests were carried out (1383 on cream, the 
remainder on milk). The overall average of positive samples was 19 %, 
with the lowest area showing 12.4 %, while another area reached 38.33 %
An accreditation scheme for brucellosis-free herds \Vas proposed to the farm
ing community on a pilot basis, but received little support, mainly because 
there was no premium involved and all their milk and cream were already 
being sent to the Creameries for pasteurization. 

Brucellosis control is practised by most of the dairy farmers. To-day, 
40 000 doses of contagious abortion vaccine (strain 19) are issued annually 
by the Veterinary Department, and protection against brucellosis is gain
ing popularity with progressive farmers. The policy of the Veterinary 
Department is to encourage calfhood vaccination (at 6-8 months of age) to 
ensure the maximum immunity while permitting brucellosis testing in later 
life and avoiding the danger of brucella passing into the milk. Diagnostic 
tests have their limitations, and it is very difficult, if not impossible, to apply 
high standards of sanitation with animals grazing day and night, where 
contamination of grass and water supplies by discharge from sick animals 
or by aborted foetuses cannot be prevented. Often a neighbouring farmer, 
with much lower standards of hygiene, waters his cattle at the same river 
or dam as does the progressiw farmer. 
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Anthrax 

Anthrax is endemic in most of Kenya. The contamination of the milk 
of highly productive animals is only a remote possibility because lactation 
ceases in the sick animal. In some low-yield zebu cattle there may be partial 
immunity, leading to a slower. than normal course of the disease. Under 
these circumstances, the theoretical possibility exists that vegetative anthrax 
organisms may pass into the milk. 

The dissemination of anthrax bacilli by vultures, hyaenas, jackals, 
marabou storks and other carrion eaters makes it difficult, if not impossible, 
to keep livestock free of infection unless mass inoculation is practised. 
Furthermore, the presence of anthrax in game grazing on the same pasture 
or dead game animals contaminating the water maintains a source of 
infection. It is possible that biting flies and ticks play a part in disseminating 
the disease. 

The high incidence in man is revealed by the fact that between 1951 
and 1960 there were 8441 cases, of which 252 were fatal. The bulk of these 
cases are due probably to eating meat from anthrax carcases or to 
handling or sleeping on hides derived from such carcases. No milk-borne 
anthrax cases have been confirmed. 

To reduce the incidence of anthrax in domestic animals, the main reservoir 
of human anthrax, mass vaccination· campaigns are organized and up to 
half a million animals are vaccinated yearly. African district councils are 
adopting legislation for compulsory vaccination. 

Where anthrax occurs as an epizootic, the Veterinary Department has 
a mobile exhibit which tours the districts, depicting all the dangerous aspects 
of anthrax infection in man and beast. Field stations are equipped with 
microscopes and are provided with trained staff able to diagnose anthrax. 

Enteric infections 

Salmonellosis : There is no doubt that in the tropics the whole environ
ment in which milk is produced is often charged with various types of 
salmonellae. The close association of man and animal facilitates the recipro
cal passage of salmonellosis between them and, in time, both may become 
carriers. 

Even in developed countries, statistics of salmonellosis leave much to 
be desired because the diagnosis requires laboratory confirmation. 

Originally, it was considered that salmonellosis was endemic amongst 
the African population, who suffered only mild attacks and acquired an 
immunity. However, experience in more recent years has proved that 
salmonellosis may flare up as severe epidemics, leading to high mortality. 
The recorded cases between 1951 and 1960, which are probably only a 
fraction of the total, amount to 13 890, of which 1642 were fatal. 

There is no doubt that most milkers and milk handlers must be considered 
potential sources of Infection. 
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A great many salmonellae have been isolated from human stools in Kenya. 
S. typhosa is responsible for nearly 90 % of the cases. The other main offen
ders are: S. typhimurium, S. oranienburg, and S. enteritidis. Results of 
stool sampling of employees at several food establishments show that nearly 
10 % of their African staff are S. typhosa carriers. S. paratyphosa has 
recently been isolated in Kenya for the first time. 

Improved sanitation and free use of T.A.B. vaccine, combined with 
a drive to raise the general hygienic conditions in the environment in which 
man and animals live, are improving conditions. However, it will be many 
years, if ever, before raw milk can be considered safe. 

Salmonellosis is widespread in cattle. In the adult it is generally in the 
carrier form. Acute calf paratyphoid infections caused by S. dublin and 
S. typhimurium are a common occurrence, especially where poor animal 
husbandry is practised. Under such conditions, the calf is commonly 
allowed to suck from the cow before hand milking takes place, so contamin
ating the teat and thus the milk in the bucket. 

The contamination of milk produced under primitive conditions may be 
due not only to the cow, the milker and milk handlers, but also to various 
other contacts, such as sheep, goats, chickens, pigs, dogs and birds, and to 
faecal particles present in the dust or water. 

With such widespread salmonellosis in man and beast in acute and carrier 
forms, the danger of salmonella infection via raw milk is ever present. 

Shigellosis: The dysentery group constitutes another major danger by 
direct contamination of milk with human excreta, by human carriers, 
flies, rodents, water and all other conditions which result from poor sanita
tion and low domestic and personal hygiene. 

The most common organisms of the dysentery group are Shigella jlexner, 
Sh. sonnei, Sh. schmitzii, Sh. manchester, Sh. newcastle and Sh. bodii. Double 
infection with S. typhosa and Sh. sonnei or with S. typhosa and Slz. flexner 
is found fairly frequently. 

Foot-and-mouth disease 

This disease is enzootic in Kenya, especially in African areas where 
indigenous cattle show only milk infection. However, it continues to be 
a serious threat to livestock, especially to imported breeds in which the 
disease follows a more dramatic course than in indigenous stock. 

The danger of humans contracting this disease from milk is very remote, 
as man is highly resistant to the virus-indeed, no confirmed case has 
been reported. Further quarantine legislation prohibits the movement of 
unboiled or unpasteurized milk from the farm. Nevertheless, streptococcal 
or staphylococcal mastitis, consequential on foot-and-mouth disease, can be 
a danger to public health, especially as most of the milking is done by hand 
and by primitive people, among whom boils, ulcers, paronychia, septic 
throats and nose conditions often occur. 
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Qfever 

Recent research confirms that Q fever, caused by Coxiella burnetii, 
is present in Kenya and widespread in certain districts. Because the infection 
seldom produces clinical cases in domestic animals, milk production is 
not affected. 

The high tick population of Kenya and the dry climate favour the 
occurrence of Q fever in both. man and animals 

Sera of 35 cattle were examined at the Veterinary Research Laboratories, 
Kabete, for Q fever antibodies, using the Henzerling and Nine Mile strains 
of Q fever antigen (Lederle). Twenty were found to be positive, 2 doubtful 
and 13 negative. 

Since 1952, when the first case in humans in Kenya was described, more 
I 1','['1) 1" 

and more cases are diagnosed each year. It is difficult to assess whether it is 
a milk-borne infection, because most sufferers have also been in contact 
with cattle, sheep and goats, before contracting the disease. Most probably, 
many pastures in Kenya are heavily infected because the sick animals dis
charge rickettsiae in their excretions; furthermore, heavy shedding of 
rickettsiae may occur after parturition. 

During dry weather, the dusty and windy conditions encourage the 
spread of the disease to man and beast, whilst the increase in the tick popula
tion during the rains maintains the infective vectors during that period. 

C. burnetii can be excreted in milk, and also the milk may be contam
inated by dust or by faecal material from ticks or sick animals. Man con
tracts the disease by coming into contact with animals or contaminated 
dust, or by drinking raw milk. 

From the public health point of view, Q fever needs special consider
ation, even when milk is pasteurized, since the organism is on the threshold 
of resistance to the pasteurization temperature. Hence, any fault in the 
pasteurization process leading to a fall in temperature may result in viable 
C. burnetii being present in the pasteurized milk. In Kenya, if the milk is to 
be sold as " pasteurized", the plant must be licensed. All such plants must 
be equipped with recording thermometers, and the milk is subjected to the 
phosphatase test by the public health authorities. The Kenya Co-operative 
Creameries, as a precaution against Q fever, now as a routine pasteurize 
milk at 163°F (72.8°C) for 15 seconds (Enright et al., 1957). 

Bovine leptospirosis 

Serological testing of slaughter stock from the Northern Frontier Pro
vince has revealed that from time to time the incidence of this disease is 
high. Some consignments tested revealed an incidence of 12 %, others of 
up to 43 %, depending on the region from which the animals originated. 
The organism isolated was identified as Leptospira grippotyphosa, whilst 
antigen tests for L. pomona, L. hyos, L. canicola and L. icterohaemorrhagiae 
proved negative. L. canicola is fairly common in dogs. 
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No milk-borne infection has been reported. However, milkers and 
livestock owners amongst herds with this infection show influenza-like 
symptoms. It can be presumed that humans are infected with leptospirosis 
from stagnant water and dams which have been infected by domestic animals 
or, more often, by rodents and game. 

Streptococcal and staphylococcal mastitis 

From the public health Yiewpoint, the streptococcal diseases are not as 
menacing in the tropics as in temperate zones. The incidence in Kenya of 
scarlet fever is astonishingly low~a total of 86 cases between 1951 and 1960. 

Septic throat infections are not Yery common; the total incidence be
tween 1951 and 19EO was 2328, with a mortality of 20. 

There is, however, a definite risk inherent in the employment of primitive 
labour for milking and the possibility of infection from streptococci and sta
phylococci being disseminated via milk is always present. Nasopharyngeal 
infection is coll1111on in man, and small blisters and boils are often over
looked. Malnutrition or chronic under-nourishment may lower general 
resistance. Foci of infection are provided by trauma through insect and tick 
bites and scratches (especially in thorn country), particularly when little 
clothing and no shoes are worn. 

Bovine mastitis, caused by group A streptococci, may be introduced 
into cows' udders by the milkers, and the pathogens may then be excreted 
in the milk. 

As a rule, however, staphylococcal mastitis is more coll1111on. The latter 
strain is resistant to drying and can remain viable in dust for weeks, so that 
staphylococcal enterotoxin food poisoning due to infected milk is of consi
derable importance. For example, an outbreak from this source occurred 
at a European girls' high school in 1960, when over 100 children suffered 
from staphylococcal food poisoning traced to raw milk wrongly regarded 
as pasteurized. The possibility of infecting milk by skin or nasal carriers 
always exists. Several smaller epidemics of staphylococcal food poisoning 
caused by tampering with pasteurized milk have been reported. 

The progressiYe farmer often uses antibiotics indiscriminately to cure 
mastitis in his high-yielding herds, and this may lead to resistant strains. 

Diphtheria 

Diphtheria is not a very serious disease in Kenya as compared with 
temperate zones. Only sporadic cases of a mild form occur, and it is doubt
ful whether milk could be implicated as a carrier. 

Pasteurization 

The hazards of milk-borne disease indicate the need for milk treatment, 
especially for urban populations. Pasteurization capacity is a fair indication 
of the stage of development of applied public health. In Kenya the pasteur-
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izing capacity is 12 400 gallons (56 400 litres) per hour; the. total quantities 
of butter produced and of milk pasteurized for whole milk sale in 1960 were 
respectively 12.2 million pounds (5.3 million kg) and 12.55 million gallons 
(57 million litres). 

It may be noted that the average daily working time is thus only some 
3 hours. This is, to some extent, due to the need to have large-capacity plants 
in order to handle the raw milk as quickly as possible after arrival at the 
factory. If there were more efficient farm cooling-plants or facilities for 
cooling and storing the milk at the factory before pasteurization, the equip
ment already installed could handle twice the available throughput with 
little further cooling facilities. 

A greater danger of post-pasteurization contamination exists in countries 
such as Kenya than in those with a temperate climate. Formerly, milk was 
dispensed in bulk containers liable to gross contamination by milk handlers 
and by dilution with unpasteurized milk or water, and sometimes it was 
subject to deliberate adulteration with water from unknown sources. Mi.lk 
delivered in bottles, closed only with a cardboard disk, offered similar temp
tations. Pasteurization carried out on farms was often inadequate owing to 
lack of supervision and of automatically controlled equipment. 

To-day, every pasteurizing plant is inspected at regular intervals by the 
health authorities, who check the equipment and carry out phosphatase 
tests on the milk. Automatic temperature recordings must be kept and 
retained for at least two months for inspection purposes, and a high standard 
of environmental hygiene must be maintained. The bulk of pasteurized 
milk is dispensed to-day in containers which obviate the risk of recontami
nation. Most of it is marketed in Tetrapak or plastic containers and, where 
bottles are used, they are closed with a metal seal. Only a fraction is distri
buted in 10-gallon (45-litre) sterilized cans, some of which go to hospitals 
and schools where the milk is used under strict control and often boiled, and 
some to registered dairies for repacking in bottles or plastic containers; 
such dairies must comply with a high standard of hygiene and must have 
automatic filling equipment 

In Nairobi, to-day, the second schedule of the Nairobi Municipality 
(Milk and Dairy) Rules, 1949, is enforced. All milk used for the production 
of fermented milk must first be pasteurized at a temperature of 185°F (85°C) 
for 30 minutes and then cooled rapidly to 70°F (21 °C). The milk must be 
inoculated with an approved starter and, after ripening, cooled to 50°F 
(10°C). It may be distributed only in containers marked "fermented 
milk". 

Therefore, it can rightly be presumed that pasteurized milk, as offered for 
sale in Kenya, especially where it is packed in small containers, is safe and 
does not present a risk of milk-borne. disease. 
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The Challenge of the Future 

The growth of the milk industry was periodically affected by market 
fluctuations and it was deemed necessary, after an official inquiry, to estab
lish statutory control. As a result, the Kenya Dairy Board was set up in 
1958 and was charged with the task of organizing and developing all sections 
of the industry, taking into consideration efficiency, quality, consumer pre
ference, price stability and market research. The Board to-day is actively 
concerned with introducing standards of composition, hygiene and labelling 
for all dairy products along the lines of the " Code of Principles concerning 
Milk and Milk Products " drawn up in 1960 by a committee of government 
experts under the auspices of the Food and Agriculture Organization of the 
United Nations (see World Health Organization, Joint FAO/WHO Expert 
Committee on Milk Hygiene, 1960), and is assuming control of producers 
and retailers and indirect control of manufacturers. This is being done by 
the 1961 Dairy Industry (Sales by Producers) Regulations. 

Between February 1959 and January 1960, the production from European 
farms-herds totalling about 450 000 head-amounted to over 60 million 
gallons (270 million litres) of \Vhole milk, 12.6 million pounds (about 
6 million kg) of butter (of which 5.5 million pounds (2.5 million kg) were 
exported) and 1.5 million pounds (700 000 kg) of cheese. The total milk 
sold off the farm by European farmers amounted to 45 million gallons 
(205 million litres); thus some further 15 million gallons (68 million litres) 
were used for the needs of calf and family on the farms. Africans are esti
mated to own 6.5 million head of indigenous cattle, mostly beef type. In 
general, the African farmer does not destroy bull calves; if, therefore, we 
assume that 40 % of such cattle are female, yielding only 20 gallons (90 litres) 
per year after they have reared their calves, then a further production of 
55 million gallons (250 million litres) can be estimated. There are a further 
30 000 head of grade European stock in African ownership. It is estimated 
that these produce a gallon a day in addition to calf and family needs, making 
a total annual yield of 11 million gallons (50 million litres). These cattle 
belong in the main to progressive farmers in the high rainfall areas and are 
the nucleus of the future modern African dairy industry. It is these farmers 
who will, it is hoped, be able to produce milk of such quality that it will be 
fully comparable with that handled by the Kenya Co-operative Creameries, 
which has reached such satisfactory standards. 

Of the total annual production of 126 million gallons (572 million litres), 
only some 10 % is pasteurized. The remaining 90 ~;,; is a potential source of 
disease; this low percentage of wholesome milk must be increased. At the 
same time, the present per caput availability of milk for the country must be 
increased: at present it amounts to 0.3 pints (0.17 litres) per day and is very 
unevenly consumed. These two problems present a challenge for the future. 
Only a combined attack by the veterinary and agricultural professions, the 
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health authorities and the educationalists, supported by a rising standard 
of living, can successfully meet this challenge. 

Appendix I 

MILK LEGISLATION IN KENYA 

Under the Public Health (Milk and Dairies) Rules, 1925, modelled on 
United Kingdom legislation, power was given to any local authorities to 
apply the Rules governing the production and sale of milk within their dis
trict. The Rules provided for registration of dairies, both within and without 
the local district, and for the restriction of the business of " purveyor of 
milk " to persons in possession of a licence. The Rules comprehensively 
covered the standards of construction of dairies, cleanliness and the whole 
process of production and handling, and provided for inspection at any time 
by medical and veterinary officers and for revocation of licences in cases of 
non-compliance. In Nairobi, legislation concerning milk was gazetted in 
October, 1929; later, the Nairobi Municipality (Milk and Dairies) by-laws 
were introduced (in September 1949). All other municipalities have followed 
this example. 

Under the Food and Drugs (Adulteration) (Milk, Cream and Butter) 
Regulations, 1931, minimum standards are laid down for milk, these being 
3.2 % of milk fat and 8.5 % of solids-not-fat. Milk containing preservative 
is to be presumed not genuine and injurious to health. No dirt must be 
visible to the normal eye or detected on straining the milk through a cotton 
filter pad. Butter containing more than 16% water or any preservative 
other than common salt is presumed to be not genuine. 

Under the Food and Drugs (Adulteration) (Ghee) Regulations, 1960, 
until the contrary is proved, ghee which contains a proportion of water in 
excess of 1 % or to which has been added (i) any fat or oil other than butter
fat, (ii) any colouring matter, (iii) any preservative, (iv) more than 1 %water, 
or which contains any dirt shall be presumed to be not genuine. 

Under the Public Health (Dried Milk) Rules, 1960, no person shall 
expose for sale any dried milk intended for human consumption unless it 
contains: 

(1) (a) dried full-cream milk, of a weight equal to at least 26% milk fat; 
(b) dried %-cream milk, of a weight equal to at least 20% milk fat; 
(c) dried 12-cream milk, of a weight equal to at least 14% milk fat; 
(d) dried 7'4-cream milk, of a weight equal to at least 8% milk fat. 

(2) (a) as dried skimmed milk, milk fat of a weight exceeding 8 %; 
(b) as separated or fat-free milk, milk fat of a weight exceeding 1.5 %. 
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Appendix II 

STANDARDS FOR RAW .MILK A.:.~D PASTEURIZED ~flLK AND 
DAIRY PRODUCTS (KE"l'o""YA CO-OPERATIVE CREAMERIES, LTD) 

Farm Hygiene 

The various county, city or municipal health authorities have a system 
of dairy inspection and licensing where milk is supplied direct to dairies 
or customers within their respective areas. A licensed milk supplier must 
be in possession of a properly paved and drained cowshed and a milk room 
constructed of permanent materials and made both fly- and dust-proof; 
steam sterilization is encouraged-otherwise, quaternary ammonium com
pounds are required for this purpose. The licence is renewable annually, 
subject to satisfactory conditions. The health authorities carry out checks 
on the milk for both chemical and bacteriological quality. The resazurin 
test is the routine test, supported by plate counts or colifom1 tests, or, in 
some cases, both. The criterion for the resazurin tests is usually acceptance 
at readings above 4 on the basis of the 10-minute resazurin test for raw milk 
and the 1-hour resazurin test for pasteurized milk. \Vhere milk or cream 
is supplied to the Kenya Co-operative Creameries, Ltd. (K.C.C.) for pasteur
ization or processing, quality is controlled by the Grading Standards of 
that company. If poor produce is supplied by a member, qualified staff 
visit the farm and advise on hygiene and improved methods. There is no 
regular system of farm inspection or medical inspection of farm labour. 
It is clear that this is economically impracticable when the distances involved, 
the standard of labour and the quantities produced are considered. Sup
plier's milk- and cream-cans are machine-washed and sterilized before return 
to the farm, but the farmer remains responsible for their cleanliness before 
re-use. 

The rigid quality standards and hygienic precautions adopted by the 
K.C.C. form a sanitary barrier between the point of production and the point 
of consumption. 

Grading Standards 

Cream 

Cream is graded by sight, taste and smell. The grading terms and 
methods of grading are controlled by the company's Standard Practices. 
The grades used are: (1) first grade, (2) second grade, (3) third grade, and 
(4) reject. 

Second and third grades are paid for at lower prices than first grade, and 
rejected cream is coloured with methyl violet dye and returned to the 
producer. 
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Milk 

Milk is graded by: (a) sight, taste and smell; (b) the 10-minute resazurin 
test; and (c) the sediment test. Besides these tests, the grader may take 
samples for acidity testing, alcohol testing, or bacteriological examination 
at the central laboratory as he thinks fit. 

The grading methods are laid down in the company's Standard Prac
tices. The grades use are: (J) first grade, (2) second grade, (3) third grade, 
and ( 4) reject. 

Second and third grades are paid for at lower prices than first grade, and 
rejected milk may be paid for at 50 cents per gallon for separation or 
returned to the supplier. Milk rejected as unfit for human consumption 
is coloured with methyl violet dye and returned to the supplier. 

Resazurin gradings are: tesazurin 6-first grade; resazurin 5-second 
grade; resazurin 4-third grade; and below 4-reject. 

Sediment test pads are compared with a standard which reproduces 
the minimum requirement for first, second and third grade. Milk showing 
extraneous matter above the minimum standard for third grade is rejected. 

The company standards for butterfat and solids-not-fat are 3.5% and 
8.5 % respectively. The legal minima for Kenya are 3.2 % butterfat and 
8.5% solids-not-fat. Supplies to K.C.C. between 3.2% butterfat and 
3.4% inclusive are paid for at a lower rate than supplies of 3.5 % and above. 
Milk supplied with a butterfat content below 3.2 % is rejected. Routine 
tests are carried out for the butterfat and solids-not-fat of all milk from sup
plies, and routine checks are carried out on bulk pasteurized milk. All 
tanker transfers of bulk milk are checked by the receiving factory. 

Factory Processing Standards 

Cream 

Cream for buttermaking is neutralized with bicarbonate of soda to 
a standard of 0.10% lactic acid, and is then pasteurized and vacuum
deodorized in all factories using the Murray Vacreator. Pasteurizing tem
peratures are controlled between 200°F and 214°F (93.3°-101 °C) according 
to the quality of the cream handled, which is then immediately cooled to 
temperatures between 44°F and 48°F (6.5°-9°C). 

Cream for sale as table cream is either treated in the above manner or 
batch-pasteurized to a minimum standard of 145°F (63°C) for 30 minutes 
followed by cooling to 45°F (7°C) or lower. 

Routine samples of butter are sent to the central laboratory for bac
teriological examination consisting of total plate counts, coli testing in 
dilutions of 1/1000 and 1/10 000, and yeast and mould counts. 

Routine samples of ghee are also tested for total plate count and coli. 
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Milk 

All milk, whether for sale in fluid form or for manufacturing, is pas
teurized. 

The temperature/time combination is 163°F (73°C) for 15 seconds, and 
the standard laid down is not less than 162°F (72.2°C) and not more than 
164.5°F (73.6°C) for 15 seconds' holding time. Periodically, the rate of 
flow is checked. 

At Naivasha factory, where feed taints are a problem, the hot milk is 
passed through a vacuum degassing plant before entering the regenerative 
and cooling sections of the pasteurizer. 

All pasteurized milk is cooled to 40°F ( 4.SCC) or lower immediately 
after pasteurization. 

Pasteurized milk is required to give a reading of disk 6 to the 1-hour 
resazurin test. Routine samples are sent to the central laboratory for 
bacteriological examination consisting of total plate counts and coli testing 
in dilutions of 1, 1/10 and 1/100. 

Spot checks of pasteurizing efficiency are made by means of phosphatase 
tests. 

Milk destined for homogenization is checked for quality by the same 
grading standards, is checked for butterfat and solids-not-fat, and is homo
genized, pasteurized and cooled to below 40°F (4.5°C) before packaging 
in T etrapak. 

Routine samples of cheese are examined bacteriologically for coli in 
dilutions of 1/1000 and 1/10 000, and for yeasts and moulds. Routine samples 
of skim milk powder are examined for total plate count, coli, yeasts, moulds 
and Staphylococcus aureus. Whole-milk powder is subjected to bacterio
logical examination of samples taken throughout the manufacturing process, 
and condensed milk is tested throughout in a similar way, but with 
further examinations of sample tins which have been incubated for extended 
periods. Every batch of the product is checked for total solids, sucrose, 
protein and butterfat. 

Milk for liquid consumption is checked by means of spot samples taken 
by the health authorities in the areas of sale. Besides keeping quality and 
bacteriological tests, the efficiency of pasteurization is checked by means 
of phosphatase tests. 

Factory Hygiene 

Each factory is controlled by a licence issued by the county, municipal 
or city health authorities. This entails inspection of buildings, plant, water 
supplies and drainage by public health officers. Besides this, the factories 
are inspected by the Production Superintendent, who examines all buildings, 
building environs, plant, drainage and water supplies. The plant is inspected 
both internally and externally. 
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Each factory has a cleaning and sterilizing routine which includes, 
especially in milk factories, a large measure of in-place cleaning. This 
includes pre-rinse, hot detergent circulation and sterile rinse. Acid descaling 
is carried out at least once weekly. Steam or chemical sterilization is carried 
out immediately before plant is put into use. 

Condensed milk plant is subject to very special cleaning and sterilizing 
routines which are stringently checked daily by a carefully worked-out 
system of bacteriological and mycological tests. Routine tests are also 
carried out on air samples taken in various parts of the condensed milk 
rooms to keep a check on the efficiency of the bacteriological air filters. 
Staff working in the packing section are provided with specially treated 
clothing. 

Butter-making, ghee-making, cheese-making and milk powder manu
facturing plant is scrubbed and sterilized after every use and receives pre-use 
sterilization with either steam or chlorine solutions. The strength of the 
latter is checked by m~ans of chlorine testing outfits. 

Water supplies are regularly checked for chlorine content. and, where a 
municipal supply is not available, filtration or flocculation plants are in use 
and chlorine dosing is carried out. 

Staff are subject to medical examination on appointment and at regular 
intervals thereafter. The examinations include stool and urine tests and 
examination for venereal disease, tuberculosis, sore throats, etc. Regular 
inoculations are carried out against typhoid and poliomyelitis and also 
regular vaccination against smallpox. Staff are also taught personal hygiene 
in relation to personal cleanliness in such things as hand washing, etc.; 
white clothing and a weekly ration of soap are issued to African staff. All 
staff must appear in clean clothing each morning. 

Packaging and Transport 

Packaging and transport of butter, ghee, cheese, milk powders and 
condensed milk are much the same as in non-tropical countries in that parch
ment wrappers, plastic coatings, special films, plastic-lined bags or tins are 
used with or without an outer cardboard container according to the size 
and strength of the material used. 

Milk is transported in a variety of ways varying from 2-decilitre and 
1-pint Tetrapaks to 10-gallon (45-litre) milk cans, 1000-gallon (4545-litre) 
road tankers and 3000-gallon (13 600-litre) rail tankers. 

Where milk is supplied in 1 0-gallon cans to dairies, these are licensed 
and inspected by the local county, municipal or city health authorities. 
All cans used by the company are machine-washed and sterilized before 
being refilled. Can filling.is accomplished by means of stainless steel semi
automatic measuring can fillers. 
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Special precautions are taken with rail tankers; they are rinsed, spray
cleaned and sterilized at the receiving factory and padlocked before return 
to the filling factory, where they are sterile-rinsed before milk is put into them. 

In 1959, the company installed a pasteurizer capable of conversion to 
ultra-high temperatures; it now awaits a method of aseptic filling into 
Tetrapak, 1 when it will be possible to fill microbe-free milk into a hermet
ically sealable container. This could result in a great step forward in the 
dairying history of Eastern Africa. 
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MILK OTHER THAN COWS' MILK 

JEAN MITTAINE * 

From organic chemistry it is known that all milks are composed of the 
same basic substances-sugars, proteins, fats, and minerals; but (as is in
deed the case for most biological products) a complete analysis has never 
been made, and the milks from different mammals show certain basic diffe
rences which are as marked as those shown by mineral chemistry to exist 
between the various metals. 

No classification of mammals according to their milk secretion appears 
ever to have been drawn up. Such a list might be an interesting source of 
comparison in the evolutionary plan of the species and their adaptation to 
different environments. The study could range from the duck-billed pla
typus (Ornithorhynchus) to the whale, and include all the terrestrial animals 
which rear their young and develop their life with the aid of this same type 
of energizing food. 

Milk is the only natural complete food which exists, and each milk is 
adapted to assist the growth of its particular species: a Normandy cow may 
let down daily a dozen litres of milk for its calf, but a camel which lives 
in the African desert may let down only half a litre a day for its young. 
This variation brings out the enormous difference in the energy value of 
the milk and its remarkable adaptation to the environment of the mam
mals. 

Biological adaptation is no less complete. There are many proofs of 
this, some connected with allergies which haYe only recently been studied 
but were noticed by people of former times. 

The various milks have been used as a human food by succeeding ages 
and today are so employed according to the custom of each region. Since 
Neolithic times herds of domestic cattle have been kept, but whether 
their milk was used or not is uncertain. Cows' milk was probably not 
the first used by man; according to ancient literature this was probably 
ewes' milk. 

* Ing6nieur Docteur de l'Ecole Polytechnique de Paris; President, Commission for Dairying in \V arm 
Countries (International Dairy Federation), Paris, France. 
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The pre-eminence of cows' milk is relatively recent and applies mainly 
to the temperate zones. The systematic selection of cows was accomplished 
in the last century and their breeding, as much for milk as for meat, became 
highly developed, thus rendering obsolete all other livestock used for milk 
in these areas since ancient times. 

Nevertheless, the production of milk other than cows' milk has not 
ceased; it is still an essential resource of certain regions, particularly in hot 
and tropical countries where the climate is unsuitable for cows. 

Ewes' milk is a basic food of nomads in arid districts, where their wealth 
is evaluated in head of sheep. Goats are well-adapted to mountainous 
country with a continental climate. The yak, adapted to the very high 
altitudes of the Central Asian plateaux, provides the inhabitants with their 
basic food. Camels in the deserts of Africa and Asia, and buffaloes in 
marshy areas of the humid tropical zones, provide the basic dairy products 
for the populations of these regions. The reindeer is the principal wealth 
of the inhabitants of the tundra, and of the Eskimos: its milk and meat 
constituted until very recently their basic foods. The milks are consumed ' 
either as fluid or in the form of various dairy products, which are some
times of cheese type or fermented curds. The heat treatment, separation 
processes, etc., used in large dairies and described elsewhere in this mono
graph may be applied as well to these milks as to cows' milk. The object 
of this chapter, therefore, is to complete the information given elsewhere and 
to draw attention to certain points. , 

Before considering the principal milks in use throughout the world cer
tain factors common to all may be reviewed. 

First, the adaptation of each milk to the climate in which it is produced 
must be stressed. Elsewhere in this monograph other contributors have 
described the hygiene necessary in the production of cows' milk, its storage, 
and the methods used for avoiding contamination. The range of these pro
blems is obviously general, but their importance appears to increase as 
the ~nimals become more developed and more selected. 

Guerault (1960) has remarked that in warm and tropical countries milk 
production is often very far from fulfilling the minimum hygienic conditions 
required for cows' milk in the temperate countries. It could be inferred 
that the milks of warm countries are poor. But in spite of the lack of special 
dairy equipment, the almost invariable failure to cleanse equipment, the 
multiplicity of contaminating agents (dust, flies, insects), long journeys, 
temperature variations, exposure to sun, etc., these milks preserve their 
nutritive value perfectly for long periods without needing any process of 
preservation. Such a milk, which has been transported under very bad 
conditions and which has been distributed without regard for elementary 
hygienic measures, will boil without" turning", while milk produced by cows 
living in a temperate climate would sour long before, under conditions much 
less severe. 
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The various milks produced in warm countries possess, therefore, a 
" self-protective " quality which is the more marked as the animals are less 
highly bred and the climate extreme. Several studies are already being 
carried out on this subject, particularly in India; it would be desirable to 
extend them to elucidate the mechanism of this protective quality. 

A second important point is the different capacity of the various species 
to transmit diseases. The method of propagation of tuberculosis by cows' 
milk is well known; this discovery was the origin of the treatment which 
milk commonly undergoes. Thus, pasteurization, which was developed 
primarily to control tubercle bacilli in cows' milk, has also greatly increased 
milk consumption and reduced to a minimum all risk of infection. 

Ewes' milk has been shown to be free of tubercle bacilli, the majority 
of sheep being resistant to this micro-organism. Goats' milk, on the other 
hand, is the most usual agent for the transmission of brucellosis, which was 
very common in Mediterranean countries and still exists in some areas. 

Milk must be considered an outstanding culture medium, and this it is 
whether it is used in human nutrition in its fluid state or in dairy products. 
It is used c:s a culture medium for two types of inoculation-for the natur
ally occurring lactic bacteria, or for the extraneous micro-organisms which 
act with certain enzymes to give an almost infinite range of different dairy 
products. Butter-making, cheese-making and the fermented milk industry 
are based on the reactions of milk as a medium with different starters, 
reactions in which each constituent plays a particular and often irreplace
able role. 

Thus, in cheese-making the universally recognized coagulating agent is 
rennet, an enzyme which cannot be made synthetically and which is generally 
obtained from the sucking-calf's stomach. Rennet is in fact a living product 
specific to each species of animal (apart from the special case of the vegetable 
rennets). There are thus various rennets, and that obtained, for example, 
from lambs' stomachs acts on ewes' milk in a different manner from that 
obtained from calves' stomachs. Either will certainly produce curd, but its 
formation is not identical; and this is evidence for the specificity of the action 
of rennet derived from one animal on the milk produced by its own species. 

To sum up, the final dairy product depends on the method of manufacture, 
the type of culture used, and above all on the type of milk used as medium. 

Sometimes it is said that " the bacteria are nothing, the medium is all "; 
this axiom is applicable to dairy products, hence the value of using the milks 
of different species to obtain a variety of therapeutic, nutritive, dietetic, 
or-simply-gastronomic, products. 

This concept can be traced in the traditions of nomadic tribes living in 
eastern Europe and Asia, who have long known the therapeutic value of 
koumiss and yogurt. Today, use is made in certain paediatric hospitals in 
Paris of Roquefort cheese made from ewes' milk to inoculate the milks fed 
to babies with gastro-intestinal disorders. 
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A detailed study of the milks of various animals is outside the scope 
of this chapter; supplementary information may be obtained from the 
works cited in the accompanying bibliography or from the International 
Dairy Federation and its Commission for Dairying in Warm Countries, 
which is concerned more particularly with milk other than that of the cow. 

The characteristics mentioned below are average values because, even 
within the same species, the figures may vary considerably according to the 
environment and breed. The production per caput depends on feeding 
as well as on other factors and that is why good farmers try to correlate the 
beginning of lactation with the season when food is most abundant, regular 
and fresh. During lactation the milk composition varies considerably, 
but this normal biological phenomenon may be corrected by selective 
breeding. 

Milk production generally excludes the production of other things
for example, a ewe cannot be at the same time a good milker and a good 
wool producer; the nitrogen metabolism of the animal bred for the purpose 
favours a privileged product, wool or milk. 

Highly bred animals are less hardy and robust; they need more attention 
and more regular, abundant and appropriate feeding. Finally, it may be 
noted that in improving dairy breeds (as in other breeding problems) the role 
of the male is as important as that of the female. 

In the following pages the milks of the mare, ewe, goat, camel, buffalo, 
reindeer and yak are considered; that of the zebu is not dealt with because 
(although not in the strictest sense) it resembles that of the cow. 

Mares' Milk 

Mares' milk is traditionally ~onsumed in the high plateaux of Asia and 
eastern Europe; its use is documented mainly in Russian. In fermented 
form it has for many centuries been the basic dairy food of the nomadic 
peoples of Mongolia, and is also often used as a medicine. 

In a study prepared for the International Dairy Federation (see Dilanyan 
et al., 1959), M. S. Mironenko, head of the Dairy Laboratory at the Research 
Institute for Agricultural and Veterinary Science, Kirghiz; cites medical re
ferences to koumiss studied in 1889 by S. T. Aksakov. This product is 
obtained from mares' milk by the combined action of lactic bacteria and 
yeasts-i. e., Lactobacillus bulgaricus, Streptococcus lactis, and Torula sp. 
Work on these lines is continuing, and koumiss is the foundation of cer
tain treatments for tuberculosis and gastric and intestinal diseases, avita
minosis, anaemia and some cardiovascular disturbances, and diseases of 
the liver and kidneys. In 1858 a " koumiss hospital " was started near 
Samarra; others are situated near Moscow, Leningrad, Volinsk, etc., and 
there are at present 23 hospitals using koumiss therapy in the USSR. 
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The sanatoria in Kazakhstan alone use two million litres of koumiss a 
year while those of Kirghiz use lOO 000 litres and those of the Crimean 
Region 140 000 litres. Mares' milk is also used for feeding infants with 
gastro-intestinal disorders. 

Table 1 (taken from M. S. Mironenko's report (see Dilanyan et al., 1959) 
compares the composition of mares' milk with that of other species. The 
study of mares' milk has been considered of particular medical interest in 
the past decade. 

TABLE 1 

CHEMICAL COMPOSITION OF MILK (PERCENTAGES)* 

I 

i I 

I I 

I Albumin Total Species Butterfat Protein ! 
Casein and Lactose Ash solids globulin 

Mare 
I 

1.65 

I 

I 1.23 

I 
0.91 

I I I 
! 2.20 I 6.91 0.32 11.1 

Cow 3.80 3.30 2.80 0.50 4.70 0.70 12.5 
Human I 3.50 1.25 i - - 6.50 0.25 11.5 

*After Dilanyan et al. (1959) 

The milking of mares and collection of their milk are organized on a 
large scale in the steppes and mountains of eastern Russia, where there are 
large herds of horses. The lactation period lasts about five months and the 
season of the year in which it occurs is a very important factor in milk pro
duction, which also varies with the different breeds (see Table 2). 

TABLE2 

COMPOSITION OF THE MILK OF DIFFERENT BREEDS 
OF RUSSIAN HORSES AND THEIR CROSSES* 

Breed and crosses 
I 

Fat 
I 

Protein 
I 

Lactose 
I 

Ash 

Kirghiz 1.81 2.14 6.33 I 0.35 
New Kirghiz 1.65 2.20 6.91 ! 0.32 
Improved Kirghiz 1.92 1.97 7.02 0.30 
Trotters 1.55 1.85 7.23 0.33 
Kirghiz trotters 2.40 2.22 6.33 0.38 
Kazakh 1.75 1.94 6.60 0.32 
Bashkir 2.25 2.05 6.16 
Buryat 1.40 2.26 5.59 0.51 
Russian breed 

of milking mares 1.24 2.14 6.53 0.36 
Sana mares ("mtsyri") 1.91 1.43 6.57 

*After Dilanyan et al. (1959) 

I 
Total 
solids 

10.03 
11.10 
11.21 
10.95 
11.35 
10.80 

. 9.76 

10.27 

The best yields appear to be given by the new Kirghiz breed-about 
2500 litres per lactation period, with a daily average yield of up to 16 litres. 
Certain records reach 3500 litres, and E. V. Kashtanov cites the case of a 
" Surchikka " mare of the improved Kirghiz breed which gave 30.8 litres 
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a day during the third month of lactation. Since the yield depends on the 
season of the year, systematic regulation of foaling is now attempted. 

Mares' milk contains more vitamin C than does cows' milk, reaching 
135 mg per litre; similarly, it has more carotene, the content being about 
690 mg per litre. The vitamin A content varies with the type of feeding, 
reaching sometimes 830 mg per litre. 

Ewes' Milk 

Sheep-rearing is chiefly developed in dry arid countries, to which it is 
particularly suitable. It is largely ewes' milk which is produced in the whole 
of the Mediterranean basin, eastern Europe and western Asia. Around the 
Mediterranean there are more than· one hundred million sheep, of which the 
ewes are more or less regularly milked. 

The length oflactation in the ewe is about 150 days; the quantity of milk 
produced depends on the breed and conditions of life of the animals. Cer
tain lightweight ewes living in hard conditions give about 80 litres per 
lactation, but other more highly bred animals may yield record totals of 
more than 1000 litres. This is the case in the Awassi breed which has been 
selected in Israel: a champion ewe gave 1058 kg for a lactation lasting 
289 days, while another gave in nine lactations 5420 kg of milk. Twenty 
years ago the flock from which these animals came yielded approximately 
200 litres; a clear proof of the influence of selection working in conjunction 
with improvements in husbandry such as the provision of a better-balanced 
diet, better living conditions, and regular health checks. 

The composition of ewes' milk varies markedly during lactation. This 
is clearly shown in Table 3, where the results of analysis of milk of a French 
breed of ewe (Lacaune) are given for particular months of lactation. The 
principal characteristic of ewes' milk is its high fat and calcium content. 
As a general rule, at any time the total solids are one-and-a-half times, and 
the fat and protein at least twice, as great in ewes' milk as in cows' milk. 

Ewes' milk has a characteristic odour and flavour. It is very white in 
colour. It is above all a milk for cheese-making. It is also, however, con
sumed raw, but it is too rich and concentrated and so must be diluted. 

An industrial process has been developed for treating ewes' milk to 
produce something resembling cows' milk, but the proteins of this product 
remain different and it has a different taste. Ewes' milk can also be used 
to prepare acidified milks. 

There are a large number of cheeses made from ewes' milk which 
are ripened in a variety of ways. Professor S. H. Dilanyan of the Erevan 
Zootechnical and Veterinary Institute has shown that ewes' milk has been 
employed for making cheese since the tenth century B.C. in Soviet Georgia. 

Today in all the Mediterranean countries this milk is used to make a 
white curd which is ripened and preserved in brine (Feta cheese), to make 
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either pressed cheeses, or cheeses inoculated with moulds, some of which 
have a worldwide reputation. 

TABLE 3 

SUMMARY ANALYSIS OF COMPOSITION OF EWES' MILK (LACAUNE BREED)* 
(GRAMS PER LITRE) 

Constituents and properties I Average I Minimum I Maximum 

Water 

I 

840 

I 

805 870 
Total solids 200 170 235 
Fat 80 65 130 

2nd month of lactation 65-70 55 80 
4th month of lactation 80-90 I 70 95 
5th and 6th month of lactation 90-105 I 80 130 

Solids-not-fat 120 114 129 
Nitrogenous matter (protein) 62.100 ' 54.140 76.440 
Nitrogenous matter (total nitrogen) 9.750 ' 8.500 12 

2nd month of lactation 8.5-8.7 8 9 
4th month of lactation 10-10.5 8.500 11 
5th and 6th month of lactation 11 -12 10.500 12.500 
Casein 48 43 60 
Albumin 8- 9 7 10 
Globulin 2- 3 2 3 

Minerals 11 10 12 
Ash 9.5 8.5 10.5 
Calcium (Ca) 

I 
2 1.750 2.350 

Phosphorus (P) 1.560 I 1.500 1.710 
Ca/P 

I 
1.30 I 1.21 1.45 

Chlorides (NaCI) 1.650 I 1.500 1.850 
Molecular constant (simplified and corrected) 76 72.500 I 83 

Melting point of fat I 29" c I 
Solidifying point of fat 

I 
12° c 

Density 1 038 
Acidity (Dornic method) 20 
Reichert-Meissel value 

I 

28.5 26.6 33 
Polenske value 5.8 4 8 
pH 6.6 

• After Studer (1958) 

Goats' Milk 

Goats' milk is in extremely 'videspread use throughout the world, and 
the zones of its production are widely dispersed. Goats are not kept on a 
very large scale for milk production; they are generally kept for domestic use. 

Goats' milk is often recommended for infants and adults who suffer from 
allergies. This demand forms the basis of the goats' milk industries (con
centrated and dried) in certain regions, for example, the West of the USA, 
the Mediterranean basin, and certain mountainous zones which are parti
cularly suited to goat rearing. 

Goats are not difficult feeders, and adapt remarkably to different clim
ates. They are therefore popular in many countries as the suppliers of milk 
and milk products for individual households. 

Hygienic problems associated with goats' milk derive from infections 
it can transmit directly, e.g., brucellosis, or indirectly through contamin
ation and poor handling (staphylococcal enterotoxin poisoning). These 
problems are considered in the chapter by Kaplan et al., page 11. 
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A very good milker may give 1000 litres during the period of lactation, 
which habitually lasts 6-10 months,. and records of 1200 litres are known. 
Professor M. A. Petrova in a study on the milk yield of the goats in the 
Uzbek Republic even quotes a figure of 1700 litres. 

The composition of goats' milk varies considerably with the country, 
the climate and the feeding. In Table 4 the relative figures for the content 
of goats' and cows' milk in New York State (Asdell & Marquardt, 1954) 
are compared with those given by M. A. Petrova for the Uzbekistan 
animals. 

TABLE 4 

COMPARISON OF GOATS' MILK IN NEW YORK STATE WITH GOATS' MILK IN UZBEKISTAN 

Percentage 

Fat 
I 

Protein I Lactose I Ash I 
Total 
solids 

New York 

I 
Goats' milk 

I 
4.1 

I 
3.7 

I 
4.6 

I 
0.8 

I 
13.2 

State • Cows' milk 3.7 3.4 4.9 0.72 12.7 

Uzbekistan •* I Goats' milk I 4.5-7.2 I 3.5-5.2 
I 

3.2 I 0.7 I 11.9-16.3 

After* Asdell & Marquardt (1954); •• Dilanyan et al. (1959) 

The proteins of goats' milk resemble those of human milk quite closely; 
in particular, they fl.occulate in the form of smaller and lighter particles than 
do those of cows' milk. The fat globules are also of very small dimensions. 
These factors render goats' milk extremely digestible, and it is used as food 
for patients with gastro-intestinal disturbances in most parts of the world. 

Goats' milk is often used to make butter and yogurt or other types of 
acidified milk such as kefir. Petrova quotes ancient Russian sources which 
state that kefir was made from goats' milk treated with calves' rennet. 
Cheese from this milk is an important industry, particularly in France where 
the cheeses are eaten fresh or matured. 

Goats' milk has been considered only briefly here because much has 
been written on this subject. 

Camels' Milk 

Camels' milk is used in countries where desert or semi-desert conditions 
allow only this species of domestic mammal to live. 

There is no lack of information about this milk. The lactation period 
of camels varies from 10 to 18 months according to climatic conditions, 
feeding and the care given to the animal. The quantity of milk given is very 
variable. In a study presented to the International Dairy Federation 
(Dilanyan et al., 1959), S. G. Kherashov of the Agricultural Institute at 
Orenburg quotes the following figures: a female dromedary gives 4.5-12litres 
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a day, and may give up to about 15litres; a Bactrian camel (camel with two 
humps from south-west Asia) will give no more than 2.5-8 litres. The total 
production during a lactation period could be increased to about 2000 litres 
for the first, with a record of 2938 litres, and 735 litres for the second, with 
a record of 1151litres. The figures collected for the African zone fall likewise 
between these limits. 

Camel's milk is much thicker and richer in fat than cows' milk. It has a 
sweetish, often salty, taste and in colour is an opaque white. 

Table 5 shows the chemical composition of the milk of the two kinds of 
camel (after M. S. Kherashov). 

TABLE 5 

CHEMICAL COMPOSITION OF MILK FROM TWO SPECIES OF CAMEL* 

INumberl 
I Protein I Casein I A~~~-~ Lactose/ I Total I I Speci-Species .of Fat Ash solid Acidity fie. 

anomals s grav1ty 

Dromedary 15 4.47 3.5 2.70 0.89 4.95 0.70 13.62 16.6 1.032 
Bactrian 

camel 4 5.39 3.8 2.90 0.97 5.10 0.69 14.98 15.9 1.033 

• After Dilanyan et al. (1959) 

The milk is drunk raw, often diluted with water. It is a food much prized 
by the people of the semi-desert countries. The usual products, cheese, 
butter, and especially a type of yogurt to which a therapeutic value is 
attributed, can be made from camels' milk. It is also frequently used for 
cooking and seasoning foods. 

Many ways of improving and standardizing products of camels' milk 
have been suggested, but this is difficult because the people who use it are for 
the most part nomadic. 

Lastly several factories for rennet cheeses have been established in parts 
of the USSR ; the product obtained has certain factors in common with 
Tilsit cheese, but its taste is very different. 

Buffaloes' Milk 

Buffaloes are bovines particularly suited to life in warm humid climates. 
They are found in most tropical countries, but they also live in certain regions 
of Europe, particularly southern Italy. 

In some areas they have been bred for milk production. Their yield 
varies considerably according to breed method of feeding, and climatic 
conditions. Good buffaloes generally yield about 10 litres of milk daily. 

Table 6 gives the chemical composition of the milks of the cow, 
buffalo, goat and ewe, together with the nutritive needs of the human adult 
per day (after Causeret, 1954). 
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TABLE 6 

CHEMICAL COMPOSITION OF THE CHIEF MILKS CONSUMED IN ljROPICAL REGIONS * 

I 

Calories 

Peptides (g) 
Lipids (g) 
Lactose (g) 

Ash (g) 

Phosphorus (mg) 
Calcium (mg) 
Iron (mg) 

Ascorbic acid (mg) 
Thiamine (mg) 
Riboflavin (mg) 
Nicotinic acid (mg) 

Vitamin A (I.U.) 
Vitamin D (I.U.) 

• After Causeret (1954) 
I.U.= international units 

Cows' milk 

65 

3.5 
3.5 
4.6 

0.7 

90 
119 

0.1 

1 
0.04 
0.18 
0.10 

140 
40 

Buffaloes' 
milk 

101 

4 
7.5 
4.4 

0.9 

' 125 
160 

0.2 

1 
0.04 
0.12 
0.10 

130 

Per 100 grams 

Daily 
nutritive 

Goats' Ewes' require-
milk milk ments of 

human 
adult 

73 99 3 000 

3.8 ,5.8 70 
4.5 6.5 
4.3 4.3 

0.9 0.9 

95 135 
141 180 1 000 

0.1 0.1 12 

1 1 75 
0.05 0.06 1.5 
0.11 0.25 1.8 
0.30 0.30 15 

160 200 5 000 

The average composition and properties of normal Egyptian buffalo 
and cows' milk are summarized in Tables 7 and 8 (communicated by 
Dr M. S. El-Rafey of Cairo, Egypt). 

Buffalo milk has great nutritive value, and in several areas, such as India 
and the Middle East, it has long been a traditional food. It can be consumed 
either in the fluid form or in a variety of home-made acidified or sweetened 
products and in soft-type cheeses such as the Mozzarella of southern Italy. 
Its high fat content (7 %-8 %) makes it especially suitable for the production 
of butter and ghee. 

Of recent years, pasteurization, sterilization and drying have been 
applied to buffalo milk. A modern dairy set up in Baghdad by the Iraq 
government, in collaboration with UNICEF and FAO, produces at present 
about 15 000 litres a day of sterilized buffalo milk. With a 3 % standard of 
fat content, this milk is sterilized at very high temperatures (135°-l40°C), 
bottled at 70°C, and finally exposed to a temperature of ll7°C in a 
continuous autoclave. The heat stability of this type of milk enables it to 
retain its character even under modern sterilization procedures. 

The relatively large proportion of fat ( 4 %-5 %) resulting from standardi
zation is used for producing butter and thick cream, the high value of 
which contributes to keeping down the price of the sterilized milk. 

Toning is another economic method of using the high fat content of 
buffalo milk. This gives a standard milk of a lower fat content by the 
addition to the fresh milk of skimmed reconstituted powdered milk. In 
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TABLE 7 

AVERAGE CONCENTRATIONS OF SOME CONSTITUENTS 
IN NORMAL EGYPTIAN BUFFALO AND COWS' MILK* 

Constituent or group of constituents Buffalo 

Weight (g per kg) 

Water 834 
Total solids 166 
Milk fat 68 
Phospholipids 0.21 
Cholesterol 0.04 
Solids-not-fat 98 
Total proteins 41 
Casein 32 
Albumin and globulin 6 
Non-protein nitrogen 3 
Lactose 49 
Ash 8 
Calcium 2.20 
Phosphorus 1.02 
Magnesium 0.13 
Citric acid 2.24 
Chlorine 0.65 

Weight (mg per kg) 

Iodine 0.04 
Copper 0.22 
Fat-soluble vitamins 
Vitamin A 0.69 
Carotenoids 0.00 
Vitamin E (tocopherols) 1.97 
Water-soluble vitamins 
Ascorbic acid 25.40 
Thiamine 0.50 
Riboflavin 1.07 
Niacin 1.71 
Pantothenic acid 1.50 
Pyridoxine 3.25 
p-aminobenzoic acid 26.75 
Folic acid 5.51 
Biotin 0.13 
Vitamin B, 0.004 

*Communicated by M. S. EI-Rafey 

TABLE 8 

SOME PHYSICO-CHEMICAL CONSTANTS 
OF NORMAL EGYPTIAN BUFFALO AND COWS' MILK* 

Properties I Buffalo I 
I 

Density at 20° C 1.0310 
Viscosity (centipoise) 2.04 
Refractive index 1.3448 
Specific refractive index 0.20614 
Surface tension (dynesjcm) 55.4 
Acidity (lactic acid %) 0.13 
Acidity (Soxhlet Henkel scale) 5.8 
pH value 6.7 
Buffer value (at p = 5.1) 0.0417 
Freezing point 0.560 
Average size of fat globules ([.L) 

' 
5.01 

Number of fat globules (millions per mm') ! 
3.2 

Phosphatase activity (units/100) 28 
Fluorescence under ultra-violet light I greenish-

I yellow 

*Communicated by M. S. EI-Rafey 
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Cow 

870 
130 

41 
0.32 
0.15 

89 
34 
27 
5 
2 

48 
7 
1.27 
0.92 
0.12 
1.71 
1.00 

0.06 
0.14 

0.48 
0.30 
1.84 

19.50 
0.40 
1.49 
0.90 
3.00 
0.70 

? 
? 
0.04 
0.006 

Cow 

1.0287 
1.86 
1.3338 
0.20598 

55.9 
0.15 
6.5 
6.6 
0.0359 
0.570 
3.85 
2.96 

82 
pale-
bluish 
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certain areas (for example, in India) where the production of fresh milk is 
low, this method allows the supply of milk to the population to be doubled 
or tripled, thus improving the level of nutrition. 

Reindeer Milk 

At the time when the lands of the far North were practically inaccessible, 
herds of reindeer constituted the sole wealth of the people of these regions, 
particularly the Eskimo. Along with their fishing catches, the reindeer was 
their chief source of food, and its milk their only dairy food. Only half a 
century ago, reindeer milk was the sole drink of the Laplanders, who alsa 
made butter and cheese. 

The climatic conditions of these countries are such that possibilities of 
preserving milk are excellent; it is only necessary to let it freeze to drink it raw 
later. This practice still exists, but is much reduced because communication 
with the temperate zones allows access to more varied food, including 
preserved foods. 

The few Laplanders in the Swedish and Finnish forests are nearly the only 
people who regularly milk reindeer, which is done at certain times of the year, 
for example in October when migration towards the winter pasturage begins. 

The problem of milking the reindeer is complicated by the fact that the 
animals, accustomed to a life. of semi-freedom, are only partially domesti
cated. Nevertheless, the females are commonly enough well tamed and can 
be milked relatively easily. The difficulty of milking has, however, largely 
contributed to reindeer milk being given up; moreover, the animals have 
practically never been selectively bred for milk. One female gives very 
little milk, about half a litre a day, so that, in spite of the price, the Laplanders 
prefer to buy tinned condensed milk. This is also the reason why reindeer 
butter and cheese no longer exist. Further, efforts are usually made to rear 
reindeer calves naturally, without weaning them prematurely, in order 
to favour the production of meat, the most important source of revenue 
for the reindeer breeder. 

Table 9 shows the average composition of reindeer milk. The content of 
fat and lactose is relatively low, that of protein high, while the mineral 
content is very high. 

TABLE 9 

AVERAGE COMPOSITION (MAIN CONSTITUENTS) OF GOATS' AND REINDEER MILK 
(IN GRAMS PER LITRE) 

Protein 
Water Fat Lactose 

I Albumin 

Minerals 
Casein 

Goats' milk 

I 
900 40 45-48 31-32 

I 
6- 7 

I 
9-10 

Reindeer milk 675 160-200 30 80 18-20 17-18 
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Yaks' Milk 

Yaks are the only domestic cattle adapted to the high altitudes and the 
severe continental climate found in the high plateaux and mountains of Asia. 
The bibliography on the subject is largely in Russian or Chinese; most of 
the following information is therefore taken from a report to the Interna
tional Dairy Federation by Dr V. A. Ivanova of the Agricultural Centre of 
Gorno-Altai (see Dilanyan et al.). 

Yaks live commonly in country covered almost all the year in snow and 
ice, where vegetation is sparse but nevertheless constitutes their only food. 
They are very hardy and robust, are out in the open all the year, work, and 
nevertheless proYide a milk which is very rich in fat. 

The period of lactation is about 200 days; milk yield at milking may 
reach 350 kg, and, when combined with that used for their young, about 
700 kg. The fat content varies between 6.5 % and 16 ~la during this time. 
Milk yield reaches its maximum when the animal is about 10 years old, and 
generally decreases from the 12th year on. 

At the Agricultural Centre at Gorno-Altai it has been shown that the 
milk yield is very considerably increased with supplementary feeding. A 
curious phenomenon also studied at the Gorno-Altai Centre is the increase 
in milk yield correlated with the number of milkings a day. This occurs 
because the udder is too small to allow any considerable accumulation of 
milk. Table 10 gives the average composition of yaks' milk; the figures may 
vary considerably. 

TABLE10 

CHEMICAL ANALYSIS OF YAKS' AND COWS' MILK* 

Percentage 
Average 
diameter 

Groups Specific of the 
gravity 

\Protein\ Casein \Lactose~ I milk fat 
Fat Ash I 

Total globules 
I I solids [L 

Yaks 1.0371 

I 

5.80 4.80 3.80 5.52 0.86 16.84 4.39 
(Gorno-Aitai) 
Cows 1.0328 9.90 3.58 2.29 5.32 0.76 13.44 3.35 
(Gorno-Aitai) I 
Yaks 1.0380 I 6.30 5.75 5.66 0.93 17.35 4.39 
(Kirghiz) I 

I I Cows i 4.36 3.71 0.70 13.41 2.82 
(Kirghiz) I I I i 

* After Dilanyan et al. (1959) 

The diameter of the fat globules is greater than for other types of milk. 
Yaks' milk is a highly energizing food. It is used to make various dairy 

products: fermented curds, such as ayran, cheeses from renneted curd, often 
smoked (kurut), and pressed cheeses such as pyshtak. 
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AUGMENTING MILK SUPPLY THROUGH 
TONED MILK 

D. N. KHURODY, I.D.D. * 

In most countries in the warmer regions of the world, the per caput con
sumption of milk is very low. For instance, in India it is less than 5 ounces 
(about 140 g) per day as compared to many times that quantity in some 
western countries. There are several reasons for this state of affairs, one of 
them being that the price of milk is high in relation to the earning capacity 
of the consumers. \Vhereas, for example, in New Zealand, Australia, Great 
Britain, the USA or Canada, it takes a manual worker only 8-12 minutes of 
his working time to earn sufficient to purchase a litre of milk, in India it 
would take him about 1 hour and 20 minutes. He is therefore unable to 
consume as much as a worker elsewhere. Indeed, in many instances, milk is 
a luxury purchase and unless something can be done to reduce its price 
substantially there is little hope of increasing its consumption. 

The poor quality of the dairy cattle is the main difficulty. Scientific 
breeding, feeding and management on the one hand, and availability of 
cheap and plentiful fodder on the other, influence the cost and volume of 
milk production in any country. But in a number of warm countries these 
favourable conditions are absent, and in many others their development is 
a slow process. 

It is generally observed, however, that where the yields are low, the milk 
contains rather a high proportion of fat. For instance, although approxi
mately 28 million Indian buffaloes produce only about 2 lb. (0.9 kg) of milk 
per head per day (there are, of course, many breeds which produce 10 lb. 
(4.5 kg) and more per head per day), the fat content in the buffalo milk is 
very high and ranges from 7 /~ to 8 ~/~. The content of solids-not-fat is 
also between 9% and 10 ~~~. For consumption as fluid such rich milk 
is not necessary. 

A permanent solution might be to take advantage of the milk with a high 
fat content by blending it with cheap reconstituted skim milk, which would 
help not only to reduce the price considerably (and thereby to raise the 
consumption), but also to increase substantially the quantity of the blended 

*Dairy Development Cvrnmissioner and Joint Secretary to the Government of Mahareshtra, Agriculture 
and Forests Department, Old Secretariat, Bombay, India. 
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product while still maintaining a good over-all quality. The making of such 
a product presents no difficulty, as will be seen from the description 
given bt<low. 

Fat can also be reduced, of course, by partial removal or standardization, 
but these methods lead to the problem of the disposal of the surplus fat, and 
the residual product is not as cheap as that obtained by blending the surplus 
fat with reconstituted skim milk powder. 

Introduction of the New Product in Bombay 

During the Second World War, the price of buffalo milk rose to be very 
high in the Bombay area. There was little that could be done about it, 
except through subsidization. A subsidized milk distribution scheme was 
introduced in 1944 for the benefit of women and children, but it was not 
possible to extend the scheme or to carry it on for any length of time. The 
Government Milk Scheme in Bombay therefore introduced in 1946 a new 
blended milk, which was called " toned milk ". This led to a rapid increase 
in the quantity of milk available and lowered the price to the consumer by 
about half, while supplying a wholesome product. 

A word of explanation is necessary as to why the product has been called 
toned milk. By merely adding water to whole buffalo milk both the fat and 
the solids-not-fat are reduced. But by adding skim milk to the mixture, the 
solids-not-fat is " toned up " to the original level in pure buffalo milk-that 
is, 9 %. As the product was neither whole milk nor standardized milk, a 
new name, "toned milk", was given to it. Although this term was coined 
by the Bombay Milk Scheme, it has not been registered and all milk schemes 
throughout the world are free to use it-in fact, the term is now used freely 
in discussions and in technical papers in many parts of the world. 

Preparation of Toned Milk 

Only low-heat spray-dried skim-milk powder is recommended for reconsti
tution, as it has a higher solubility than the roller-dried product. Small 
quantities of toned milk can be made without the use of any mechanical 
mixing device, but for larger quantities mechanical mixing is necessary. 

For small quantities, say, up to 200 gallons (roughly 900 litres) per hour, 
there is no need to use any mechanical mixing device. Here the method 
would be to line up 10-15 8-gallon (about 36.4-litre) milk cans in the dairy. 
After determining the average composition of the whole milk and of the 
product to be made, the further quantity of skim-milk powder and the 
whole milk required in each can of 8 gallons (or any other size) can be worked 
out. Clean potable water should then be poured into the can to the required 
level. This can be done with the help of a dip-stick. The quantity of skim
milk powder required for each can should then be weighed or measured out 
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and dumped into the can. With the help of a simple hand plunger (a 
perforated disk fitted to the end of a rod) the milk powder can be fully 
dissolved in the water within a few minutes, resulting in reconstituted skim 
milk. Whole buffalo milk of a known quality should then be poured into 
the can to a given level. The contents must be mixed again with the plunger. 
The product (toned milk) is then ready for distribution in a raw condition or 
for pasteurization. The entire bulk of 100-150 gallons (about 460-680 litres) 
can also be made in a vat or a tank, using a hand plunger. With this method, 
the composition of fat and solids-not-fat can be regulated to vary only by 
plus or minus 0.2 %, provided constant care is taken. Two or three opera
tors can prepare about 200 gallons (900 litres) of toned milk per hour. 

For larger quantities, mechanical mixing is recommended. There are 
several methods of reconstituting the powder with water, but at the Aarey 
Milk Colony (Bombay), the equipment consists of two simple circular 
stainless steel mixing vats with conical bottoms, of 1200 gallons (about 
5500 litres) capacity each. These vats pass through the floor, projecting 
only about a foot above it, and at their sides are fixed two stainless steel 
hoppers, each of which holds 400 lb. (180 kg) of powder. The conical 
bottom of the tank is connected to a plate filter on the floor below, and from 
there the product is pumped to the balance tank of the pasteurizer. 

For making 1000 gallons (4550 litres) of toned milk of 3% fat and 9% 
solids-not-fat content from buffalo milk of 7. 5% fat content, the mixing vat 
is filled with 560 gallons (2545 litres) of water from the municipal mains, 
through a meter. Alternatively, a calibrated dip-stick may be used. To this 
quantity of water is added 515 lb. (234 kg) of spray-dried skim-milk powder 
(medium heat), which is allowed to drop gradually into the water below. 
Powder is received in 56-lb. (25.4-kg) bags, and its handling and weighing is 
therefore easy. From the roof of the top floor, over the centre of each vat, 
hangs a Silverson mixer, which can be lowered or raised by a cable pulley. 
It takes about eight minutes to drop the powder gradually into the vat. 
Thereafter, 400 gallons (1818 litres) of whole buffalo milk (about 7.5% fat 
content) are pumped in through a separate pipe, and the Silverson mixer is 
switched on again for about two minutes. The product is now ready for 
filtration and pasteurization, and its composition is 3 % fat and 9 % solids
not-fat. 

The provision of two mixing vats permits the continuous preparation of 
toned milk, and in about nine hours the dairy is able to make 19 lots, each of 
1000 gallons (4546litres). The time schedule is such that between the actual 
preparation and consumption of toned milk there is a time-Jag of approxi
mately 12 hours. 

Hygienic Control in Preparation of Toned lVfilk 

In the preparation of toned milk all possible rules of hygiene must be 
observed. Cleaning and sterilizing of the plant must be to the same 
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standards as those which apply to milk processing plants. There are 
other factors, however, that have to be very carefully considered. 

Firstly, the water used for powder reconstitution must naturally be free 
from harmful bacteria and, therefore, any doubtful water supply must not 
be used. 

The powder used should be bacteriologically tested to ensure that it is 
free from dangerous bacteria; for example, streptococci, staphylococci, 
other pathogenic organisms. The powder should be of the best quality, 
fresh (not more than a year old), and free from taints or off-flavours; and its 
moisture content should not be more than 2.5 %-3 %· Any container in 
which any of the contents are caked should be discarded. (See chapter by 
Crossley, page 347; the American Dry Milk Institute, Inc. (1954, 1955) has 
prescribed standards.1) 

The method of storage of powder prior to use is extremely important. 
It should be kept in original containers and stored in rooms that have been 
properly constructed for hygienic storage; walls should be free from 
dampness and the room maintained at a moderate temperature. 

The temperatures for the pasteurization of toned milk should be not less 
than that for pasteurized milk-that is to say, either pasteurizing at a 
temperature of 145°F (62.8°C) for 30 minutes and cooled down to at least 
40°-42°F ( 4.5°-5.5°C), or at normal HTST temperatures which entail 
heating at not less than 161 op (71.5°C) for 15 seconds and cooling to 
40°-42°F (4.S0-5.SOC). 

It has been recognized for a number of years that there have been 
outbreaks of food poisoning in several countries when skim-milk or whole
milk powder have been reconstituted. In a number of instances these 
outbreaks have been traced to the presence of staphylococci and their 
toxins. In some cases staphylococci have been found in the original pow
der, and although these organisms may have been destroyed during the 
pasteurization process, the toxins of the staphylococci, being relatively 
heat-stable, were carried through to the end product, resulting in the 
outbreak .of food poisoning. In other instances a mix has been allowed 
to stand overnight at a warm temperature, and may either have contained 
small numbers of staphylococci, or become contaminated after mixing, 
with the result that a rapid growth of this organism took place and on 
use the following day caused food poisoning (see chapter by Crossley, 
page 398-399). It is therefore recommended to follow normal processing 
procedures, such . as pasteurization, immediately with any reconstituted mix 
or toned milk before distribution. 

It cannot be too highly emphasized that the processing of toned and 
double-toned milk (see below) should be carried out with extreme hygienic 
care. 

1 American Dry Milk Institute, Inc. (1954) Chicago Bull., 911; (1955) Chicago Bull., 913. 
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Control Requirements 

Since to the naked eye toned milk and whole milk look alike, and only 
laboratory tests can indicate the difference, it is necessary to prescribe 
safeguards in the sale of toned milk. This can best be done by ensuring that 
it is prepared and marketed only by authorized agencies, which must submit 
their returns regularly to the authorities. But more important than this is 
the insistence that the containers should be distinctively marked, and that 
the composition of the milk be clearly stated. Moreover, its price should 
be fixed by the authorities in relation to that of whole milk. 

Progress of the Scheme 

The figures below represent sales of toned milk in the Bombay area, 
through the Government Milk Scheme. They are evidence of how popular 
the product has been: 

Year 

1947-48 
1951-52 
1955-56 
1960-61 

Gallons per dgy 1 

1 430 
5 040 

14 200 
20 200 

Toned milk represents approximately 50% of the total sales under the 
Bombay Milk Scheme, the other half being whole buffalo milk. It sells at 
Rs. 0.48 2 per litre against Rs. 0.96 per litre of whole buffalo milk, both being 
pasteurized and bottled, with colour-coded caps. 

Double-Toned :Milk 

A UNICEF milk scheme at Bombay, called the Worli-Dairy Scheme, 
has provided machinery and dairy equipment not aYailable in India and for 
which foreign exchange is scarce. This aid is to be " matched " by the State 
Government, which is to distribute, over a period of 5-7 years, free milk to 
children or low income group consumers equal in Yalue to 1.5 times the 
UNICEF aid. For this purpose, UI\TJCEF prefers to distribute low-fat
high-protein milk, which is comparatiYely less costly and yet very nutritious. 
This milk contains only 1.5 ~··~fat but 10 o~ solids-not-fat and is prepared in 
the same way as toned milk, but of course with varying proportions of water, 
buffalo milk and skim-milk powder. In order not to increase its price, this 
" double-toned milk ". as it called, is not bottled but poured from dippers 
out of cans into the wssels of the consumers. About 10 000 litres of double
toned milk have been distributed daily since 14 November 1959 to about an 

1 fn litres, the range is between 6500 io. 1947-48 and 9c 000 in 1960·61. 
2 l rupee = 21 es cents. 
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equal number of families, from some 50 distribution centres in the Greater 
Bombay area. The scheme is to be expanded to cover about 100 000 families 
in due course. Because the milk is not bottled it is essential that in its 
preparation and in its distribution every hygienic care should be taken. 

Possibilities of Expansion of the Scheme 

A number of milk schemes in India are.now based on the preparation of 
toned milk. It is realized that irrespective of the price of buffalo milk, by 
using imported cheap solids-not-fat in the form of skim-milk powder, the 
toned milk is cheaper and therefore more popular. Indeed, owing to the 
use of cheaper imported skim-milk powder, a rupee-worth of toned milk 
gives more food-value than a rupee-worth of whole milk (both unsubsidized). 

In most of the Western countries there is not as much difference between 
the various classes in their capacity to purchase food as exists in India 
and in several other countries in the region of South-East Asia, where the 
income level of the people varies very considerably. One type or grade of 
milk is therefore not sufficient, and, as in the case of other food items and 
goods in general, consumers of milk must be allowed the choice of more than 
one grade of milk to suit their requirements. Toned milk therefore has a 
special appeal, as a much cheaper and yet wholesome product, to those who 
cannot afford or who do not need the expensive and rich buffalo milk. 
For those who cannot afford even toned milk (and there are many millions) 
double-toned milk is the answer. 

The regulated and integrated use of toned milk in any distribution 
undertaking also has the possibility of alleviating seasonal or temporary 
shortages of milk. The summer conditions in warm countries and the 
severe winters in cold countries are not conducive to milk production, and 
the yield generally drops. If at that time larger supplies of toned milk could 
be made and put on the market, the effect of shortages could be minimized. 
In this connexion, it is interesting to note that for meeting emergency 
shortages of market milk, the South Australian Metropolitan Milk Supply 
Act was modified to permit an increase in the volume of available milk, 
through a " process of toning ", with reconstituted skim-milk powder. It 
is now legal under the Act to use reconstituted skim milk and to blend it 
with whole cows' milk so that the product contains 3.8% fat and 9% solids
not-fat. Suchmilk is found to have a high consumer acceptability and has 
helped in solving the problem of providing cheap good-quality milk, even 
during periods of natural shortage. 
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MILK HYGIENE: ADMINISTRATION 
AND LEGISLATION * 

W. A. LETHEM, M.C., M.D., D.P.H., D.T.~L, Barrister-at-law** 

Objects of Control 

Milk regulations are made for many purposes. The most important 
is to make sure that milk is safe to drink, but it should also be clean, that is, 
free from dirt, sufficiently fresh to be palatable, and unadulterated. How
ever, the measures necessary to attain these secondary objects, while they 
contribute to safety, do not alone guarantee it. The production of milk 
which is safe, clean, fresh and unadulterated depends firstly on preventing 
its infection by pathogenic organisms derived from the cow or from man; 
secondly, on preventing its contamination by dust, dirt, manure or water; 
and thirdly, on destroying or preventing the multiplication of such organisms 
as may have gained access. 

Other regulations, concerning matters of grading, price, labelling, com
position or standards, although of economic importance and a benefit to 
trade, are of less direct public health importance. They are so closely con
nected with the marketing arrangements and trade practices of each country 
that they are only briefly touched on here and, in fact, they often have to 
be amended to meet changing trade conditions. Nevertheless, they can be 
of value in effecting improvements in quality. 

General Principles of Legislation 

The first principle oflegislation is that no regular ion should be made which 
cannot be enforced. To do so brings the whole system oflaw into disrepute. 
If one law is not enforced, others may be evaded. It is therefore wiser to 
restrict the issue of regulations to matters which can be enforced and to leave 
other aims, however desirable, to voluntary action. Recommendations often 
pave the way for regulations. 

* Adapted from Lethem, \V.A. (1956) The principles of milk legislation and control, Rome, Food and 
Agriculture Organization of the United ~ations, pp. 4-!9 (FAO Agricultural Development Paper, No. 59). 

** 17 Tring AYenue, Ealing Common, London, \V.5, England. 
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As a general rule, particularly in countries where the standard of hygiene 
is not high, it is better at first to limit regulations to matters which are essen
tial for safety. Only when these have been adopted and have become 
accepted practice is the time ripe to turn attention to making compulsory 
other practices which may improve keeping quality or composition but may 
have little direct bearing on safety. If, as a result of education or financial 
inducement, a higher standard of hygiene becomes attainable, the regulations 
can be expanded as may be required. 

The second principle of legislation is that no law can be enforced without 
the co-operation of most of the persons concerned. The first step therefore 
is to create the desire for improvement, keeping in mind that the greatest 
incentive to improvement is the hope of reward. Before regulations are 
drafted, it is always advisable to consult the parties interested. Not only can 
they give valuable advice on what is practicable but, by obtaining their early 
co-operation, the law is put into force with less friction. Likewise, the 
authorities whose duty it will be to enforce the regulations-if they are not 
the same as those which make them-should be consulted. They can 
advise on administrative difficulties. In at least one country the basic food 
law requires that all interested parties be consulted before any regulation 
affecting food can be made. Their views need not necessarily be accepted, 
but they must at least be obtained. This has proved a valuable law, and has 
gone a long way towards m?king changes in method acceptable and ensur
ing that new legislation is effective, practicable and not too costly. 

Consultation may be obtained by sending draft copies of the proposed 
regulations or amendments to the various trade and other organizations 
concerned, asking for their comments in writing and promising an oppor
tunity for discussion. It is as well to request that they should not be published 
in the general press, as the trade, as well as the public, can be materially 
influenced by articles and statements in journals which are not primarily in
terested in health. When the various comments have been received and con
sidered, the parties concerned should be invited to send representatives, 
either separately or together, to meet officials of the department for informal 
discussions. Some of their comments will no doubt be accepted and others 
will not, though it is usually possible to obtain a large measure of agreement 
before the proposals are put forward to higher authority for legislative action. 

An alternative method, or it may be a preliminary to the preceding one, 
is to appoint an advisory committee of representatives of all the interests 
concerned, with power to eo-opt any persons whose advice would be valu
able and to examine witnesses. This committee then proceeds to make 
recommendations to the government department concerned, and these form 
the basis of regulations. The disadvantage of such a procedure-as opposed 
to drafting the regulations in the department-is the time taken for the many 
meetings required. Large committees always work slowly, and such a repre
sentative committee must necessarily be large. Also, it is often difficult for 
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the department to refuse to accept the recommendations of such a body, 
which naturally carries great weight with the trade, though some of its 
recommendations may express the views of perhaps only one or two in
fluential members. This method of approach has, however, the advantage of 
making the trade itself largely responsible for the new proposals, thereby 
throwing on it the moral obligation of getting them obeyed without too much 
obstruction. No law in this field can be effectively enforced which does not 
have the willing support of most of the trade. 

In countries where there is not already a milk research institute or similar 
body, it may be found an advantage to appoint a standing advisory com
mittee. This should consist of persons with a wide knowledge of the whole 
milk trade, of technicians and research workers and representatives of 
government departments. Its duty would be to advise the appropriate 
department from time to time on changes which are needed in matters of 
policy or legislation, and to advise the trade on such practical matters as 
the design of equipment or the technique of laboratory tests. Some financial 
support would be needed to enable it to obtain the necessary information 
and to undertake such tests or trials as might be required. It would naturally 
meet as often as necessary, but, to prevent stagnation, it might well be re
quired to meet not less frequently than, perhaps, every six months. 

Whatever may be required by law, experience shows that in such a com
plex industry as dairying, ranging as it does from small isolated farms 
owned by men of little education and intense conservatism to large combines 
equipped with the latest machinery and managed by men well versed in 
modern scientific knowledge, instruction is more important than compulsion. 
If a separate staff of expert advisers cannot be provided, the inspectors 
appointed should be taught to consider themselves more as advisers than 
as policemen. 

Simple cleanliness is not enough. With new discoveries in bacteriology 
and engineering new dangers are being revealed, but also new methods of 
prevention. The emphasis has changed from the construction and clean
liness of buildings to the methods of handling and to specific means of pre
venting the spread of known infections from the cow or from man. In fact, 
intelligent handling is more important than modern equipment. 

As knowledge is increasing, so legislation should be drafted in a way that 
can be easily amended. Otherwise, the trade is tied to methods which may 
have become out of date, and research or improvement is discouraged. If 
possible, therefore, legislation should be in a form which can be amended 
without the delay and expense involved in altering a decree of the highest 
order, such as an act of the government concerned. 

The difficulty in drafting regulations is to strike a happy mean between 
too much detail and too little. Those who have to enforce regulations like 
them to be exact and precise, which makes them easy to administer and saves 
the trouble of having to use judgement and discretion. On the other hand, 
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those who draft regulations are usually more fully aware of the difficulties 
and of the many exceptions which would have to be made if one particular 
enactment had to be enforced throughout the whole country. For example, 
specification of the amount of window space to be provided for a cowshed 
in a sheltered valley might be excessive for a building high up on a mountain 
or exposed to strong winds, or for one used only for milking; materials for 
making an impervious floor might be widely used in one district and un
obtainable in another without excessive cost. It would be better in such 
cases merely to say that ventilation should be " adequate " and floors " im
pervious". Certain health requirements, however, must be detailed and 
specific and must be equally enforced all over the country, as, for example, 
the minimum degree of heating required for pasteurization, or the washing 
of hands before milking. 

As a rule, and particularly in less advanced countries, it is better to state 
the principles required in general terms-as, for example, that an article must 
be clean-and trust to instruction and education to raise the standard to one 
which might in time justify more detail; in this case, that the cleaned article 
must not show more than a certain bacterial count. To start by specifying 
a low standard merely because it might be enforced does more harm than 
good. It is human nature to do no more than is required, so if a low stan
dard is laid down the better farmers and dairymen tend to relapse and are 
satisfied if they merely comply with the law. The bad are improved at the 
cost of the good, progress is checked, and the result in the end is a low 
average standard. 

When at last it has been agreed that the time is ripe for making regula
tions, and when their. precise form and wording have been settled, it is 
generally best to fix the date on which they shall come into operation well 
ahead. It may be necessary to postpone the date for a particular item, or 
even to leave it to be announced later, especially if it involves the use of 
machinery or equipment which is not at the moment available. 

Farmers are often slow to hear of what is common knowledge in trade 
circles. Even though the proposals are generally acceptable and have been 
agreed to by their representatives, farmers require time to talk them over 
among themselves. To force the pace without allowing time for consideration 
may result in arousing opposition through sheer conservatism, or through 
ignorance of what is required. Moreover, some of the improvements may 
require time to enable them to be made and loans to enable them to be 
financed. A year is seldom too long, while in matters concerning the eli
mination of cattle disease five years may not be excessive. Whatever period 
of grace is allowed, however, it should be made clear that the regulations 
will come into operation on the date announced and that the delay is not 
because they are considered unnecessary or unimportant. 

An alternative to postponing the date of operation, applicable in countries 
where local government is well developed, is to make the regulations, or part 
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of them, adoptive by local authorities. Each authority is then free to adopt 
them or not, as it chooses. The usual result is that some of the more pro
gressive do so and that when the scheme has proved its value, with perhaps 
some modifications, others copy their example. In drafting a law on the 
subject of adoptive regulations, it is as well for the central government to 
retain the right to make them operative in all areas after some years, when 
deemed necessary. This right need not be exercised if local conditions should 
still prove unsuitable or if the opposition to adoption is strong; but if this 
should be so, they would probably be unenforceable in any case. 

Systems of Administration 

The administrative systems, climatic conditions and local customs of no 
two countries are alike and hence it would be unwise to adopt a particular 
form of milk control merely because it had proved successful elsewhere. In 
some countries control is centralized in the government, usually in one or 
other ministry or department, or in a body such as a milk board or commis
sion set up for the purpose; while in others it is localized and entrusted to 
existing local authorities or municipalities. There may even be a divided 
system, in which the control of production is delegated to the ministry of 
agriculture or to some body interested in farming, and the control of distri
bution to local authorities. Some degree of uniformity throughout the 
country is desirable, but absolute uniformity is not essential. 

Whether a public health department, a veterinary department, or an 
agricultural department is made responsible is a matter which each country 
must decide for itself. Likewise, at enforcement level, the local authorities 
concerned must decide whether medical officers of health, veterinary officers 
or agricultural officers can best undertake the work, with trained inspectors 
working under them. 

One thing is important. Whatever arrangements are made, the safety 
of milk is essentially a public health matter. Its health importance should 
never be forgotten, however strong may be the claims of administrative con
venience or commercial interest. Its control, therefore, should be entrusted 
to a department primarily interested in human health. 

In general, it is usual for a department of a central government to be 
given powers by a basic law to make regulations, orders or decrees, and for 
these to be enforced by some lesser authority. In some countries, muni
cipalities or local authorities can make their own regulations or by-laws, 
which may have to be approved by a department of the central government 
in order to ensure some degree of uniformity between one district and another. 
Alternatively, as already mentioned, general regulations made centrally may 
be made adoptive by the enforcing authorities and only made applicable to the 
whole country when the time is ripe, possibly a matter of years. For example, 
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some requirement such as compulsory pasteurization or bottling may be 
practicable in some towns and not in others, or not in country districts. 
It would be short-sighted to refrain from making pasteurizing regulations 
at all merely in order to maintain a principle of uniformity. 

Methods of Application 
Definition of milk 

Most legal codes find it necessary . to define with some exactness the 
meaning of the different terms used, and FAO has recently prepared a Code 
of Principles concerning designations, definitions and standards for milk 
and milk products, to which reference should be made for further details 
(see Annex 1, page 747). It must be decided whether the word "milk" 
refers only to cows' milk or to the milk of goats, sheep, camels, buffaloes, 
and so on. If other than cows' milk is included, it will be necessary to 
restrict some of the sections to cows and to add others to apply only to 
other animals. 

It must be decided whether the regulations are to apply to all milk pro
duced, or only to milk " for sale for human consumption ". On the prin
ciple that a man can do what he likes with his own provided that it does 
not interfere with the comfort or safety of his neighbour, many countries 
are content to restrict control to milk for sale for human consumption. 
This, of course, includes reconstituted or " toned " milk and milk used in 
the manufacture of milk products, such as butter or cheese. Farms pro
ducing milk solely for feeding livestock, with perhaps a little for the use 
of the staff, hardly need to be registered as dairy farms or become liable to 
hygiene regulations. 

The definition may exclude or include milk taken within a certain number 
of days before and after calving. Such milk is of little nutritional value, 
but can seldom be detected in a bulked supply. The rule is therefore difficult 
to enforce. 

Registration of'premises 

It must be decided whether those parts of the regulations dealing with 
registration, inspection and hygiene shall apply to all premises where milk 
is produced for sale for human consumption, however small they may be, 
or only to larger farms which are specially concerned with the production 
of milk. In some countries there are many small farmers who own only one 
or two cows, mainly for their own use, but who sell a little surplus milk 
to their neighbours, or occasionally to the collecting centre of a large dairy 
farm. While it would be better for all such farmers to have to comply with 
the same standards of building and hygiene, this is often impracticable, and 
sometimes unn~cessary. To require, for example, a separate milk-room 
for a man with one cow would be absurd. A more important consideration 
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is that the arrangements for inspection are seldom sufficient to keep every 
small producer under observation, with the result that the regulations would 
either be ignored, or, if enforced, would result in the person giving up pro
ducing milk. 

This difficulty can be overcome by making a definition of" dairy farm", 
and applying certain sections of the regulations to them alone. The number 
of cows in milk which should constitute a " dairy farm " will depend on 
local farming practice and the ability of the authorities to keep them under 
control; but any farm where the sale of milk is one of the chief sources of 
income should certainly be included. 

Small non-registered farms which supply larger dairies will naturally have 
to supply milk of whatever standards of freshness or composition the dairy 
may require, and the dairies themselves can, if they wish, improve the 
quality by a system of graded payments, combined with advice and visits 
if necessary. If the state or the local authority can extend control, or at least 
advice, to such places, so much the better, but in countries where milk 
hygiene regulations are being introduced for the first time, or are being 
expanded, it is usually better to concentrate first on the larger farms. When 
they have been put in order, they will serve as an example to the unregistered 
farmers in the neighbourhood, on whom attention can be concentrated later. 

Composition 

A butterfat and solids-not-fat content may be prescribed. If this is done, 
it must be decided whether it shall be permissible to reduce the fat to the 
minimum legal figure by abstracting the excess, as is allowed in some coun
tries and prohibited in others. The addition of water or skim milk is usually 
prohibited. Alternatively, milk can be defined as " milk as it comes from 
the cow without addition or abstraction", in which case it becomes an 
offence to tamper with it in any way, although, if a minimum fat standard 
has been laid down, it will still be an offence to sell milk of less than that 
standard, even if it has not been tampered with. These considerations 
naturally do not apply to milk reconstituted from dried milk, or to what is 
usually called " toned " milk, in which a high-fat buffalo milk is diluted 
with reconstituted dried skim milk; nor do they apply to "standardized" 
milk, in which the fat content is reduced to an approved figure. Special 
regulations must be made for such products. Regulations concerning 
standards of composition are better kept separate from those concerned 
with hygiene. 

Freedom from disease 

Milk is sometimes defined as the product of healthy cows. It is true that 
such a definition is open to abuse, and, wrongly interpreted, might be used 
to stop the sale of milk \Vhich \vas quite safe but came from a cow which was 
suffering from some minor ailment which did not affect the milk; never-
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theless, used with common sense, it will strengthen the hands of medical 
and veterinary officers and may help to prevent the sale of milk from a sick 
animal, even though there may be no definite proof that the milk is infected. 
The danger of a milk-borne epidemic is too great to risk allowing the sale 
of milk which is even only under suspicion. 

Reducing risk of infection 

Although requiring milk to be the product of healthy cows does some
thing to lessen the risk from bovine infections, the protection provided is 
not great. The fact remains that after every precaution has been taken, raw 
milk may still be infected with bovine or human disease; and much of the 
milk sold in some countries is so infected. It should always be seriously 
considered whether the tragic results which may follow even a temporary 
infection do not justify requiring all milk to be pasteurized or sterilized. 
If milk is not so treated, boiling at home should be recommended. The 
death or permanent ill-health of children from non-pulmonary tuberculosis, 
the widespread outbreaks of more acute infectious diseases such as typhoid 
or scarlet fever, the long-drawn-out illness of undulant fever (brucellosis), 
or the short acute attacks of vomiting and diarrhoea caused by various 
bovine and human infections are preventable and should be prevented. 
Inspection of the herd does not, and never can, guarantee freedom from all 
bovine infections, and, of course, it does nothing to reduce the risk of human 
infection. Collecting the milk of many herds into a common supply for 
distribution materially increases the risks. If heat treatment is not practic
able throughout the whole country, it should at least be required in those 
towns or areas where it is practicable. This might be done by giving the 
local authority the power to name the area concerned, as the necessary pro
cessing plant becomes available. 

In hot climates, where even under the best conditions organisms multiply 
quickly, special considerations apply; these are touched upon in the chapters 
by Blodgett, El-Rafey, lya and Manu (see pages 125, 635, 611 and 647). 

Inspection 

The enforcement of legislation over such a technical subject as dairying 
should never be delegated to policemen or to officials who have had no 
special training in the subject. Those entrusted with the work need not 
necessarily devote all their time to it, but they should at least be 
required to undergo a course of instruction in those regulations which they 
are required to enforce. Inspectors are needed to visit farms, collecting 
centres, pasteurizing and processing premises, creameries, retail distributing 
centres and shops; and the more knowledgeable they are, the more will their 
visits be welcomed rather than resented. They should always be able to 
explain in simple language the reasons for a particular requirement. While 
their first duty is to enforce the law, they may, in time, come to be looked 
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on as unofficial advisers, if they know enough about the subject. Hygiene 
is not an end in itse(f, it is only a means to an end, and if an inspector can 
obtain that end by persuasion rather than by compulsion, he is doing his 
work well. Where an advisory service already exists, experience has shown 
that the reverse method is seldom satisfactory, and advisers who are made 
responsible for the enforcement of the new law tend to lose the confidence 
of those who should seek their advice. Naturally, a farmer or a dairyman 
is less ready to call in advice and discuss the details of his work, if it may 
result in his being prosecuted for a breach of the law. 

Whatever system is adopted, inspections should, as far as is possible, 
be made when milking is in progress or when the dairies are working, in 
order to exercise proper control over the methods of operation and not only 
over the condition of the buildings and the plant. If all premises cannot be 
kept under supervision, attention, at least at first, should be concentrated 
on those most in need of improvement. 

The farmer or dairyman should be told the result of every sample taken, 
whether good or bad. This may, in time, help to break down his natural 
suspicion of sampling, and may even come to be welcomed as proof of the 
success of his efforts. 

Veterinary control 

Apart from control of the milk, a staff of veterinary surgeons will be 
needed to supervise the health of the cattle, and to check the spread of 
bovine infections. Veterinary surgeons, inspectors and advisers should be 
supported by a laboratory service to which they can turn for help. 

Laboratory service 

An official laboratory service is as necessary for the improvement of 
hygiene as it is for the prevention of adulteration or the maintenance of 
standards of composition. Physical, chemical and bacteriological exa
minations are of little value unless they are followed up by advisory visits 
to discover the cause of failure and to suggest the remedy. Further examin
ations help to show what improvement has been made and to convince 
the person at fault of the value of the advice given. For example, a series 
of sedimentation tests made and examined on the spot may be the first step 
in convincing a milker that his methods are at fault, while a bacteriological 
test of washings from different parts of the piping and machinery in a dairy 
may show the manager which parts are not being properly sterilized and 
where a pocket of infection lies. 

At first, therefore, only a limited laboratory service may be needed and 
routine testing can be deferred until the new regulations have begun to take 
effect. There comes a time when both farmers and dairymen begin to 
welcome frequent testing as a check on the efficiency of tbeir work and as 
a means of preventing financial losses. 
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Veterinary officers, advisers and inspectors, wherever possible, should 
be in personal touch with the chemists and bacteriologists concerned, who 
should be encouraged to visit farms and processing plants and make them
selves conversant with working conditions. The visit of a bacteriologist 
to a farm not only may reveal the cause of trouble but should create an 
atmosphere of goodwill, when it is realized that he is there to help rather 
than to find fault. The more the laboratory service can help farmers by 
giving practical advice, the better for all. 

Educational services 

No single method is applicable to all countries or even to all parts of the 
same country. Most governments have themselves started, or have encour
aged, the foundation of agricultural and technical colleges in which courses 
of instruction are given to persons aiming at responsible positions, either 
on farms or in industry; but the vast majority of milk handlers have had 
no such training and could not be given it. 

Agricultural advisers can, however, sometimes obtain encouraging 
attendances at local courses of a few meetings and demonstrations, held 
at times and. places suitable to the workers. Such demonstrations may be 
held at the farms of dairy farmers who are proud to show off their methods. 
Most farmers realize the value of interested and trained workers. The same 
applies to the processing and distributive sides, more often in towns, where 
evening classes are possible. Sometimes local societies can be formed, which 
combine social activities with meetings at which papers are read and discussed 
and films shown, and with visits to farms or processing plants. 

Apart from organized instruction, which can only influence those who 
are interested, possibly most progress is the result of the personal influence 
of advisers or inspectors in the course of their visits to farms and dairies. 
Once it is appreciated that such visits are made for the farmer's own good, 
they are more readily welcomed. 

An adviser should be in touch with the collecting stations where milk is 
first examined, and should be ready to go at once to farms from which milk 
has been rejected or accepted only at a reduced price. In fact, it sometimes 
happens that the first call for his help comes from a farmer who has had his 
milk rejected. His visit is then welcomed and his advice acted upon; a very 
different story from what sometimes happens when an official makes a 
routine inspection merely to see that the terms of the regulations are being 
complied with. 

Financial incentives 

Great improvements result if the society or dairy company buying the 
milk pays lower prices for milk which does not reach an agreed standard 
of freshness and composition. Every dairy should examine every incoming 
can, either by smell or by some other quick test. The grading of farms 
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by the State to qualify for some form of bonus payment, as is practised in 
some countries, may result in an improvement in buildings or in the in
stallation of better equipment, but does not always result in the production 
of safer or better-quality milk. 

On the other hand, it is not unreasonable for farmers to receive a higher 
price, either by a state subsidy or by the terms of their contract, for milk from 
herds which have been certified to be free from tuberculosis or brucellosis. 
As the elimination of disease in herds is a matter of national importance, 
such a system of certification, where it exists, is usually paid for out of 
national funds; but certification alone is ineffective without an adequate 
system of veterinary and bacteriological supervision. 

There is also much to be said for the payment of a government subsidy 
to dairies for the extra cost of pasteurization. The benefit to the health 
of the people from the virtual elimination of milk-borne disease, and the 
saving in the amount of liquid milk lost by souring, justifies the comparatively 
small national expenditure. It is unwise to expect the public to pay more 
for pasteurized milk; it would be a better policy to arrange for it to pay 
less. Pasteurization does not, as is sometimes thought, discourage clean 
milk production; on the contrary, it encourages it. Dirty or souring milk 
cannot be satisfactorily pasteurized and the financial pressure which a dairy 
company can, if it wishes, exercise over the suppliers of milk to be pasteurized 
is one of the most effective ways of improving the hygiene of production. 

Enforcement 

The object of milk regulations is best attained by a policy of education, 
persuasion and mutual co-operation, and for this, the goodwill of the trade 
and of the public is of the first importance. That, hmvever, is not in itself 
enough; there must be the force of law behind it. The usual penalties are 
a fine, by order of a court of law, or, where some system of licensing exists, 
the revocation of the licence, which may be done either by a court or by 
the licensing authority, usually with a right of appeal to a court. 

Far stronger than any penalties for a breach of the regulations is the fear 
of a prosecution for selling infected milk-in those countries 'vhere the sale 
of an article of food unfit for human consumption is an offence at law. 
It is usually sound policy to repeat such a requirement in the milk regulations 
and thereby make it clear to all concerned that it is an offence to sell in
fected milk, whether knowingly or otherwise. 

An even stronger sanction is the fear that persons suffering from an 
infection, or from any sickness proved to have been caused by a particular 
milk supply, may lodge an action in a civil court for personal damages; 
and when milk has been infected with an acute infectious disease, many 
hundreds of persons may have suffered and the compensation payable may 
be heavy. When such an action has been taken and has become known 
to the trade, the improvement in hygiene throughout the district is specta-
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cular. A tactful reminder of these risks may result in greater willingness 
to comply with the regulations and, while it might not be a complete defence 
in law, proof that the accused or defendant had fully complied with the 
regulations and had done all that he had been asked to do by an inspector 
or dairy adviser would go a long way towards lessening the penalty. 

·Standards of Composition 

Many countries are considering the adoption, or have already adopted, 
the Code of Principles concerning designations, definitions and standards 
for milk and milk products recommended by an international committee 
of government experts under the auspices of FAO (see Annex I, page 747). 
This recommends the designations to be applied to different kinds of milk 
and milk products, as, for example, to evaporated milk or to butter, and 
the composition of each article. Uniformity prevents misunderstanding of 
the meaning of a particular label, may improve the nutritional value of a 
particular article and, of course, is a help to international trade. 

Clearly, regulations are needed in each country to enforce the require
ments of such a code and, therefore, adequate arrangements must be made 
for inspection, sampling and analysis. The basic principles of all good 
legislation apply even more to such commercial regulations than to those 
concerned with hygiene alone; firstly, that no regulation should be made 
which cannot be enforced and, secondly, that no regulation can be enforced 
which does not have the support of a large majority of the persons affected. 
In countries, therefore, which do not already enjoy a high standard of milk 
production and handling, much may have to be done before the time is ripe 
for the introduction of such legislation. As already pointed out under 
"Laboratory service" (see page 711), the existing laboratories may be fully 
occupied in matters of hygiene and may not be able to undertake the routine 
task of analysing the many new samples required. It is important that the 
enforcing authorities should receive laboratory reports without delay, and 
therefore new laboratories may be needed. Detailed standards of composi
tion can seldom be enforced unless most of the larger traders are themselves 
anxious to maintain the standards required and themselves make frequent, 
perhaps daily, analysis of their own products. 

Until standards are set, some measure of control is usually possible under 
the existing laws applying to the sale of food unfit for human consumption, 
or to fraud in general, such as the use of false or misleading labels or 
descriptions. 

Although composition is not a matter of ,hygiene, local authorities are 
usually concerned with the prevention of adulteration, as it is closely linked 
with nutritional value. Some countries prohibit any addition whatsoever 
to cow's milk-water, steam, skim milk, colouring matter, preservatives or, 
in fact, anything-and some also prohibit the extraction of fat. These 
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restrictions do not, of course, apply to reconstituted milk made from milk 
powder or skim-milk powder, nor do they prevent any addition, such as 
a flavour, provided that the article is correctly labelled and does not pretend 
to be full-cream natural milk. Such milks are often cheap, and can be 
manufactured in hot climates under conditions which make the sale of 
natural milk either difficult or expensive. 

Adulteration 

Watering of milk is a problem in every country. It can be partly checked 
by sampling and prosecution, but unless samples are taken frequently, con
victions obtained quickly and penalties severe, the profits are greater than 
the risks. The fines inflicted can sometimes be earned in a few days' illicit 
trading. In some countries, but not necessarily in all, the publicity of a con
viction is more damaging than the fine. More successful action can be 
taken by dairies entering into a contract with their suppliers for milk of a 
certain quality, as they are in a position to sample the incoming milk daily 
and either can refuse to accept it or can pay for it at a greatly reduced price. 

Fat and solids-not-fat 

It used to be thought that the fat in milk was all-important, but it is 
now known that the solids-not-fat, i.e., the protein, lactose, salts and par
ticularly the calcium, are nutritionally more important. The maintenance 
of a high content of both fat and solids-not-fat is obviously desirable, but 
these depend on many factors besides watering-breed, heredity, the stage 
of lactation, the prevalence of mastitis and other diseases, and the nature 
of the feeding, which in turn depends on the season of the year. The milk 
of every animal varies in both fat and solids-not-fat from month to month 
throughout the year. 

A common method of control is to set a standard for fat and solids
not-fat for the different milks concerned-that of cows, sheep, goats or 
buffaloes, etc. If the standards are high, much good milk may fail to comply 
at certain seasons and the honest seller or producer becomes liable to a 
penalty, quite unwittingly, as no farmer can be expected to analyse his milk 
at frequent intervals. If, on the other hand, the standards are low, good 
animal management is discouraged and adulteration, either by watering or 
by the abstraction of fat-if this is prohibited-is encouraged. 

The problem is one of quantity versus quality. In a country where milk 
is plentiful, the government may well set a high standard and thereby compel 
farmers to pay close attention to animal husbandry, i.e., the many factors 
which affect the fat and solids-not-fat content. On the other hand, where 
milk is scarce, and where cmvs are undernourished, it would be a bad policy 
to set a low standard, which would encourage adulteration. In such 
countries the difficulty can be overcome by making no legal standard but by 
publishing an unofficial or assumed standard, that is to say, a standard to 
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which milk should normally comply but to which failure to comply would 
not constitue a legal offence unless the milk had in fact been adulterated. 
Before taking official action the cause of the deficiency would have to be 
discovered, by sampling at the farm if necessary. If it should transpire that 
the fault lay in the herd and that the milk had not been tampered with, no 
offence would have been committed and an opportunity would be given to 
the agricultural adviser to instruct the farmer on animal management. 
Experience shows that such advice is usually well received. 

Preservatives 

Some countries still permit the use of preservatives. Their use is in many 
ways undesirable, as it discourages better methods of handling. So long as 
the addition of a chemical will have, to outward appearance, the same effect 
as a high standard of cleanliness, so long will it be used to avoid work. 
Preservatives will, it· is true, delay souring but will not make infected milk 
safe, in the strengths that can be used. A small quantity may not be harmful, 
but milk is an article which is consumed daily and on which young infants, 
invalids and the aged may be largely dependent. The long-continued in
take of a preservative or antiseptic may be harmful. If preservatives are 
allowed, their use becomes almost universal; even if a permitted quantity 
is laid down by regulation, it is often impossible to tell by analysis if the limit 
has been observed. Whatever the climate may be, if sufficient care is taken 
at the farm and if the milk is pasteurized or sterilized, it should be possible 
to deliver it fresh to consumers without having to rely on the use of a 
preservative. 

Grading 
Premises 

In some countries, dairy farms and dairies are graded into different 
categories. A high grading may be of some commercial value and may serve 
as an advertisement to customers. Where there is competition between 
traders, grading may prove useful, but there are practical difficulties which 
should not be overlooked. Good buildings make work easier but it is 
difficult to assess the hygienic value of expensive buildings against less im
posing premises where, by reason of care and cleanliness, safe clean milk 
is produced. In practice, grading usually depends on matters of construction 
and equipment. When inspection is done by rule of thumb, according to 
whether the buildings conform to an approved schedule, grading may have 
little effect on the quality of the milk; when it depends on the discretion 
of the inspector, based on methods of handling combined, perhaps, with 
tests of the milk, it may result in his being subjected to undesirable pressure. 
Milk from graded premises should in addition be required to pass a high 
standard of quality and cleanliness. 
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Milk 

A more logical method is to grade the milk; but if the principle is accepted 
that all milk should be safe and fresh enough to satisfy ordinary needs, there 
seems to be little object in incurring government expenditure on such a 
system of grading. Different standards of keeping quality may well be left 
to become matters of competition or of commercial contract between the 
parties concerned. 

Apart from grading for keeping quality or for fat and solids-not-fat 
content, herds which are certified as free from tuberculosis and brucellosis 
might well receive a government subsidy or, alternatively, the milk of such 
herds might be allowed to be distinctively labelled and command a higher 
price. It should, however, be made clear to the buying public that such 
a label on raw milk does no more than give a reasonable guarantee against 
the bovine infections named. Such milk can in no way be considered safe, 
as it so often is with tragic results. " Tuberculin-tested " milk, i.e., milk 
from tuberculin-tested herds, is not necessarily free from the risk of trans· 
mitting undulant fever, streptococcal infection, or human infections. 





ADVISORY AND TRAINING SERVICES 

P. KASTLI * 

Regulations to promote milk hygiene can be of only limited value with
out some means of ensuring their enforcement in the agricultural and dairy
ing industries. Similarly, the results of research on dairying problems must 
be brought to the notice of those who are concerned with the problems in 
practice. Control and advisory services are therefore of great importance 
for progress in milk hygiene. Where such services are lacking, experience 
has repeatedly shown that although regulations based on sound knowledge 
are in existence they are not observed by the industry. An effective in
spection and advisory service should therefore be organized at the same 
time as regulations are issued and legislation passed. 

Direct advice through personal contact is more effective than written 
instructions, or even radio and television broadcasts. The advisory service 
should be at the disposal of all levels of the dairy industry: producers, col
lection centres, processing and distributing dairies, milk retailers, and, 
finally, the milk consumer. 

As the advisory service expands, stricter control measures must be in
troduced. \Vithout supervision, the measures recommended or prescribed 
may not be followed, either because of ignorance or from economic con
siderations. 

A well-organized inspection and adYisory serYice should also be concern
ed with the further education of its own personnel, to keep them informed 
of new discoveries and new dairy aids and equipment. This is best achieved 
by means of special courses for advisers in milk hygiene; an excellent 
opportunity is thus afforded not only for the research institutes to pass on 
new findings through the service to the dairy industry, but also for these 
institutes to become acquainted with current problems of the industry. 
The courses give the advisory worker the chance to point out difficulties 
occurring in practice which require scientific advice from the research in
stitute; this close contact between theory and practice can be of great value 
in efforts to improve milk hygiene. 

*Professor of Veterinary :Medicine; Dire.::tor, Swiss Federal Experimental Station for Dairy Industry, 
Liebefeld, Berne, Switzerland; Past President of the lmernational Dair) Federation. 
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Personal contact between the scientist and the advisory service inspector 
also has the advantage that, when the adviser's own knowledge is insufficient 
to enable him to deal with a special problem, he may call on the services 

of an expert known to 
FIG. 1 him through the instruc-

UDDER CONTROL IN THE COWSHED tion courses; this also 

Aseptic removal of a sample from an udder affected by 
mastitis. 

gives the scientist-often 
working in isolation in 
his laboratory-an op
portunity to become 
familiar with conditions 
in the industry. 

A well-organized con
trol and advisory service 
should similarly work in 
close conjunction with 
the veterinary service. 
Control of milk produc
tion should include con
trol of the health of 
dairy cattle. It is often 
impossible to appoint 
veterinary surgeons for 
this purpose, and in many 
cases it is not necessary 
to call in a qualified 
veterinarian to deal with 

what are largely routine technical matters. For economic reasons it seems 
inadvisable to have a dairying inspector for general control of hygiene as 
well as a veterinary inspector for udder control: both tasks may be carried 
out during a single round of inspection. However, it is essential to ensure 
that there is close contact with the veterinary service, especially where the 
dairy cattle are known to be suffering from udder diseases, infectious diseases, 
or obvious digestive disturbances. An effective campaign against udder dis
eases can be achieved, for example, if, whenever the inspector discovers a case 
of abnormal milk secretion in dairy cows, samples taken under aseptic con
ditions from the affected udders are sent to a veterinary bacteriological 
laboratory (see Fig. 1), and the results of the investigation reported to the 
owner of the animal or the responsible veterinary surgeon. Care must be 
taken that advisers without veterinary qualifications do not issue advice 
on the treatment and control of bovine diseases. Close collaboration be
tween the advisory services and the veterinary service is therefore essential. 

Up to a certain point it is also possible for the adviser to give technical 
advice on milk production and the running of dairies. Indirectly this may 
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also effect an improvement in milk hygiene, e.g., through recommendations 
for the production of fodder or for suitable equipment of dairies. Such 
advice benefits the economy of the farm or dairy business and is parti
cularly appreciated by the owner. It has repeatedly been shown that the 
better the personal contact between the adviser and the owner of a business, 
the more effective and successful is the work of the advisory service, and 
hence the quicker the improvement in dairying practice and milk hygiene. 

Organization of Advisory Services 

The organization of the advisory service must start with the production 
of milk and be carried through to the consumer. Thus, it must include the 
farm, the collecting centre, the processing dairy, the distributing dairy, the 
retail dairies and the individual consumers and catering establishments. If 
the service is not comprehensive, or if there are any weak points in this 
chain, all efforts may be in vain. 

Farm advisory service 

In setting up a farm advisory service various aspects must be considered, 
such as whether the majority of farms are large or small; whether or not 
milk production is of a technically high standard; and whether communities 
are close or scattered. Where mainly small farms with few or no technical 
facilities for milk production exist, and where village communities pre
dominate, the advisory service can, with advantage, be organized on a local 
basis. In some countries where such conditions obtain, the establishment of a 
control and advisory service on a co-operative or communal basis has given 
good results-for example, the milk control service that has been operating 
in Switzerland in the Emmental cheese-manufacturing district since the 
beginning of the nineteenth century. Reputable farmers who have had 
a sound agricultural training are given special courses in milk hygiene con
trol and advisory services on the farm. At regular intervals, or as soon as 
any deterioration in milk quality is noted, they visit the farms of their 
colleagues and check production conditions. These visits are particularly 
effective because the farmer concerned knows that the advice he is receiving 
does not come from a strange official without local knowledge, but from a 
capab!e colleague with practical experience. This system, however, pre
supposes that these part-time advisers are responsible to better qualified 
inspectors, who are in a position to supervise the inspection and advisory 
service or to bring their more specialized knowledge to bear in difficult 
cases of unsatisfactory milk quality. 

A local service of another type can be organized where there is a village 
collecting centre, cheese factory or dairy of which the manager can under
take control and advisory work for the producers (see Fig. 2). 
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FIG. 2 

TAKING MILK SAMPLES AT THE MILK COLLECTION DEPOT 

Regional advisory service 

Regional organization of the control and advisory services is advisable 
in scattered communities, and especially where dairy farming is at a tech
nically advanced level, with milking machines, milk coolers, and milk tanks 
on the farm. Under such conditions, a satisfactory service demands the 
introduction of technically qualified full-time inspectors, who have the 
necessary means of transport at their disposal. It is often expedient for 
them to undertake also the control of collecting dairies and milk transport; 
a laboratory should be available for control tests. In districts where milk 
is delivered to cheese factories, butter factories, dried or condensed milk 
factories, etc., that are not large enough to have their own control service, 
the technical and hygienic control of these factories should also be the re
sponsibility of the. regional advisory service. This presupposes that the in
spectors are not only trained in problems relating to production on the farm, 
but also have the necessary technical dairying knowledge to undertake, for 
example, the control of cheese-making as well as of milk delivery and milk 
production. 

Control by the same inspector both of production on the farm and of 
milk processing has certain advantages. A single inspector is more likely 
to be able to relate processing difficulties to unsatisfactory milk production 
than are two different inspectors working on the farm and at the factory. 
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It may also be an advantage if the person carrying out the laboratory tests 
can himself present and explain the results to the milk producer. 

Careful consideration should be given to the question of whether full
time dairy inspectors should be officials attached to local administrations 
or employees of dairying organizations. In the case of the local advisory 
services organized on a communal or co-operative basis, it is obvious that 
the inspectors can serve only in a part-time capacity and are responsible to 
the dairying organization. On the other hand, the employment of a full
time officer, whether by the local administration or by a co-operative, has 
both advantages and disadvantages. The government official can take 
responsibility in cases of legal prosecution (adulteration of milk); he has 
greater independence in making decisions; and he runs less risk of oppo
sition from milk producers or dairies under his control. The advantages of 
the inspector employed in a non-official capacity by a dairying organization 
are closer personal relationships with the farmer and dairyman, who are 
members of the same organization, and greater emphasis on the advisory 
aspect of his work and less on control. Which of these two systems is to be 
preferred will depend on the technical level of milk hygiene in the country 
concerned and on its administrative outlook. 

The nature of the training given to an inspector and adviser must depend 
upon his duties. For routine control of dairy herds and farm premises, 
inspectors who are well trained in milk hygiene and conversant with normal 
agricultural practice will be adequate. If, however, the inspector is to give 
advice on processing of 
milk and other technical 
matters, it is essential 
that he should have had 
a thorough training in 
dairying and hold a re
cognized diploma. In 
order to ensure that the 
personnel employed in 
the control and advisory 
service are put to the 
best possible use, accor
ding to their training, a 
grading system may have 
to be introduced. 

A dairy control labo
ratory (see Fig. 3) may 
be a great asset in all 
such control and advi
sory work. The advice 
given will be far more 

FIG. 3 

EXAMINATION OF MILK SAMPLES 
IN THE DAIRY CONTROL LABORATORY 
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convincing if the results of an investigation can be simultaneously demon
strated; for instance, advice on clean milk production is far more effective if 
the milker can be shown the results of a sediment test on his milk, or if the 
results of keeping-quality tests can be related to th;; condition of the milking 
equipment. Similarly, the owner of the cows may be interested in the results 
of the analysis of his milk in relation to breeding questions. Analysis of 
the milk delivered from the farm and the dairy undoubtedly improves the 
effectiveness of an advisory service. Not only is it valuable to carry out 
such an analysis before inspection, but in many cases it is possible to check 
whether the advice has had the desired effect by making a subsequent ana
lysis. For instance, if the sale of milk from some cows in a herd has been 
prohibited because of mastitis, later analyses for the presence of mastitis 
milk make it easy to establish whether the instructions have actually been 
carried out. 

Where the advisory service does not hav.e official status, close co-oper
ation with the appropriate official department is essential. In some cases, 
good results have been obtained by a division of responsibility, a privately 
run advisory service being available to the producer and wholesale distri
butor, whereas retail distribution is subject to official inspection. If a 
punishable offence (e.g., adulteration of milk) is discovered by a privately 
employed inspector, he must naturally report it to the appropriate official 
department so that legal action can be taken. On the other hand, if a 
government inspector finds that advice on clean milk production is required, 
he may call on a private advisory service to rectify the situation. It is of 
considerable importance that the control and advisory services should be 
kept abreast of scientific advances by the dairy research institutes. The 
organization of periodic courses and conferences by a central laboratory 
enables the personnel to keep up to date with new milk hygiene and control 
methods, and to ensure that these are put into practice. Wherever possible 
the organizing laboratory should be attached to a dairy research institute 
or university. 

Functions of a Control and Advisory Service 

On the farm where the milk is produced, the control and advisory service 
must deal with the following matters: 

(1) General health of milkers and of dairy cows; testing milk for udder 
diseases. 

(2) Hygiene of milkers, both in the cowshed and in the milking house. 

(3) Condition of the fodder, its composition, nutritional value and 
method of storage (see Fig. 4). 

( 4) Type and cleanness of milking equipment and storage vessels; me
thods of cleaning and disinfection; bacteriological control of equipment. 
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FIG. 4 

FODDER CONTROL IN THE COWSHED 

(5) Place and method of storage of milking equipment. Hygienic con
ditions in the milk-room, and mechanical and chemical cleaning methods. 

(6) Method and degree of cooling, and cool storage of the milk. 

(7) Infestation with insects. 

In the collection centres and processing dairies, the items to be checked 
include: 

(1) General hygiene of personnel and premises. 

(2) Bacteriological cleanness of dairy equipment. 

(3) Efficiency of straining and cooling of milk. 

( 4) Condition and bacteriological cleanness of milk transport vessels, 
such as cans and tankers. 

(5) Cool storage of milk when it is not immediately transported. 

(6) Increase of temperature and bacterial count of the milk during tran
sport to the distributing dairy. 

(7) Methods of examination of milk on delivery by producers, or in 
connexion with the quality payment system, and the results of such exami
nation. 
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In addition, attention should be given to the following points when 
dairies supplying large quantities of milk for liquid consumption are in
spected: 

(1) Medical inspection of personnel. 
(2) Activity of the control laboratory as regards milk hygiene. 
(3) Quality of the water supply. 
(4) Cleaning and disinfection methods used. 

I 

(5) Efficiency of milk treatment such as pasteurization, homogenization, 
cooling, filtering, or any enrichment such as addition of vitamins. 

(6) The possibility of bacterial or other contamination of the milk during 
treatment at the dairy. 

During the delivery of the milk to the consumer, the following points 
require checking: 

(1) Continuation of cooling up to the time of consumption. 
(2) Protection of milk from light and taints as well as from gross and 

microscopic contamination. 
(3) Changes in the composition of milk. 
(4) Health and hygiene of milk roundsmen and cleanness of transport

ation equipment. 

Training in Milk Hygiene 

Training of personnel concerned with milk hygiene may be carried out 
in the following ways: 

(1) Individual instruction through control and advisory services. 
(2) Courses at agricultural and dairying colleges; special and advanced 

courses for persons engaged in agriculture and dairying. 
(3) Lectures; radio and television broadcasts; information circulars, po-

pular articles, books, and technical papers. 
(4) Technical in-service training of dairy personnel. 
(5) Instruction of consumers and users of liquid milk., 
(6) International training courses and conferences of experts. 

Individual instruction 

Personal instruction and advice is the best means of teaching milk hygiene. 
Inspectors responsible for control of milk hygiene must not, therefore, be 
satisfied merely to discover shortcomings and to institute any legal proceed
ings that may be called for; they should also take time to explain the mistakes 
and their significance to those responsible. If necessary, there should also 
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be discussion of measures to avoid possible recurrences of the faults, such 
as improvements in the equipment or better management. It is not sufficient, 
for example, merely to tell the farmer or the milker that the milk of one cow 
is infected and must not be put with the herd milk; the inspector must also 
ensure that the infected milk is bacteriologically examined and the cow 
treated according to the udder disease found. These measures are of special 
importance in the case of infectious or contagious disease; there is little 
point in holding back the milk from one diseased udder if, after short time, 
other animals become infected, and abnormal milk from these is mixed 
with the bulk. Similarly, in a dairy, it is insufficient merely to note the un
satisfactory condition of equipment and demand its renewal, if the cause of 
corrosion and defects lies in the incorrect use of cleaning and disinfecting 
agents. Here, too, advice is just as important as inspection, for continued 
incorrect use of these agents will soon bring the new equipment into the same 
state. These two examples, to which could be added many others, should be 
sufficient to show how closely inspection and personal advice must com
plement each other. This direct personal instruction by the advisory service 
can be made particularly effective if emphasis is given to the economic 
advantages resulting from the measures recommended. For instance, it is 
easy to demonstrate to a producer that careful handling and cleaning of 
milking equipment such as milk pails, milking machines, etc., is not merely 
worth while from a hygienic viewpoint but also leads to higher quality
payments for the milk as well as longer life for the equipment. In dairies, 
too, readiness to improve milk hygiene can be favourably influenced by re
ference to the ensuing economic advantages. Conversely, unfriendly critic
ism, perhaps even prosecution, without previous advice, may result in an 
unhelpful, defiant attitude. Criticism of this type is quite unnecessary, par
ticularly in cases where regulations have been disregarded from ignorance 
rather than from malice or careles~;ness. 

In districts where the need for clean milk production is not yet under
stood, it is particularly important to give constructive advice rather than 
threaten prosecution. Again, rejection and return of milk can lead to an 
improvement in milk hygiene only if the supplier is informed of the cause 
of the unsatisfactory quality. Thus, the examination of milk delivered to 
the dairy must be carried out in close collaboration with the advisory 
service to the producer and the collection centre. The same considerations 
also apply to laboratories investigating the hygienic quality of milk. This 
does not preclude the use of economic incentives such as quality payments, 
nor the eventual employment of sanctions such as rejection of milk, fines, 
or even legal measures where necessary. 

Agricultural and dairying colleges 

It is important that the curriculum in agricultural colleges should 
include a thorough discussion of all matters concerned with clean milk 
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production. The students of such colleges, being mostly young and open 
to the reception of new ideas, will later form a kind of elite, who will set 
an example in clean milk production to other farmers. 

When agricultural colleges are open only in the winter, it is useful if 
the teachers, especially those giving courses in milk hygiene, also undertake 
inspection and advisory work. This gives them the opportunity of observ
ing the results of their work by visits to former students, and of getting useful 
new ideas for teaching. 

To ensure a close contact between agriculture and dairying, a finishing 
course at an agricultural college may be of value for dairying personnel. 
Workers having such dual training are particularly valuable as inspectors and 
advisers. 

In the dairy colleges an understanding of the importance of milk hygiene 
is best awakened by including in the curriculum various agricultural pro
blems relating to clean milk production on the farm: manuring, cropping, 
feeding and animal husbandry (milk secretion, effects of diseases on milk 
quality, etc.). 

In many countries with a high standard of agriculture and dairying there 
are also special schools for teaching domestic economy to farm women. 
As they often help with the milking as well as looking after the equipment, 
it is obvious that training in milk hygiene should be given particular em
phasis in these schools. This training provides a good opportunity of in
troducing into farm practice a knowledge of the requirements for clean milk 
production, such as instruction in the cleaning and disinfection of milking 
machines-a matter that frequently receives insufficient attention. 

Special courses in milk hygiene 

Unfortunately, special schools and colleges can provide education for 
only a few of those engaged in agriculture and dairying. Many are unable 
or unwilling to attend such schools; others do not decide until later in life 
to seek employment in agriculture or dairying. Special courses are there
fore very valuable for awakening an understanding of milk hygiene in these 
untrained persons, and at the same time they serve as refresher courses for 
former students. 

Short courses of 4-6 weeks' duration have proved useful for training 
milkers. These courses deal 'with the hygienic aspects of milking as 
well as giving instruction in milking techniques. It is obvious that careful 
training of milkers in hygiene is of the greatest importance for clean milk 
production: the milker must know why various precautions are necessary, 
as well as how to carry them out. Often only a small number of milkers 
are able to attend such courses, however, and it may therefore be necessary 
to supplement them by periodic 1- to 2-day courses on milk production. 
Tuition at these special courses is best given by the appropriate inspectors 
of the control and advisory service. The co-operation of veterinary surgeons 
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at these courses is strongly recommended, as lectures on the physiology of 
milk secretion and on the influence of cattle diseases on the quality of milk 
always arouse great interest (see Fig. 5). 

FIG. 5 

INSTRUCTION IN MILKING FOR MILKERS 

Special courses are also necessary for dairy personnel. Unlike the 
milkers, in countries where dairying is well developed these workers will 
frequently have attended a technical school, but nevertheless they will need 
to be kept abreast of new findings in milk hygiene. Short-term courses for 
dairy workers, cheese-makers, etc., may therefore be of considerable value. 

For all such courses it is recommended that instructional films, slides 
and diagrams should be made available through a central organization. 
These aids add greatly to the interest of the lectures and facilitate under
standing. Particularly for evening classes, films have become almost in
dispensable. 

Organization of lectures 

Evening lectures on milk hygiene during the winter months are of par
ticular educational value in districts with small holdings and village com
munities. The subsequent discussions may also provide useful pointers for 
the lecturers (usually inspectors of the control and advisory services). In 
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countries where milk production is organized on a strictly co-operative 
basis, attendance at such evening courses is sometimes obligatory. 

In areas where farms are mainly scattered it is more difficult to achieve 
this direct contact between the adviser and the farmer, and the main em
phasis must be on radio talks and television programmes, These modern 
educational aids deserve considerable attention as they reach a much wider 
audience than lectures given at meetings; moreover, it is possible to obtain 
the services of extremely competent experts to prepare the talks. 

Literature 

To draw attention to the measures that are particularly important at 
various times of the year, leaflets may be posted up in the dairies or dis
tributed to dairy workers or farmers. Examples of the subjects on which 
information may be given in such leaflets are: milk cooling at the start of 
the warmer weather; prevention of digestive disturbances in cattle when 
beet-top feeding begins; and use of silage at the beginning of the winter
feeding period. 

Leaflets can also be used to stress the importance of hygiene measures that 
must be carried out daily-e.g., the cleaning and disinfecting of milking 
machines or other milking equipment, milk cooling, operation of pasteur
izing plant or other dairy equipment. 

The provision of popular as well as of scientific textbooks is essential for 
the teaching of agriculture and dairying and also for further private study. 
The publication of such material might well be subsidized to make it avail
able at a lower price. 

Finally, reference must be made to the specialized agricultural and 
dairying journals. These are, of course, a good medium for explaining 
the requirements of clean milk production; it must, however, be remember
ed that such journals are read primarily by those who already have a certain 
understanding of these requirements. Nevertheless, the publication in the 
technical press of new ideas or findings on hygiene helps their eventual 
adoption in practice. 

In-service technical instruction 

Progress in dairying and milk hygiene can be fostered by training 
young people as " apprentices " on model farms and dairies. These ap
prentices, who are normally required to pass an examination at the end of 
their training, provide the future technical personnel of the dairy industry. 
Good organization and careful supervision of their training are therefore 
all-important. 

It has also been found worth while, particularly in the larger dairies, to 
arrange occasional meetings at which the technical staff are informed of 
special or newly adopted measures for improvement of milk hygiene. For 
instance, if certain unsatisfactory conditions are discovered, it is useful to 
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discuss these with the staff, to inform them of the causes of the shortcomings, 
and to explain measures taken to avoid them. Finally, in such dairies, the 
technical staff may be further educated through courses of instruction 
arranged by the manager. 

Dissemination of information to consumers 

Although milk may be of perfect quality on delivery to the consumer, it 
may subsequently deteriorate through incorrect handling. Since knowledge 
of milk hygiene in homes and catering establishments is often inadequate, 
the milk is not always stored with sufficient care. Particularly in countries 
where refrigeration is not in general use, milk may spoil through storage at 
temperatures that are too high, or bottled milk may become tainted through 
exposure to light. Where milk is supplied loose, it is sometimes stored in 
places where it may pick up flavours from other substances or even be 
contaminated by foreign matter. 

All these undesirable effects on the palatability and hygienic quality of 
the milk must be explained to the consumer. This can be done in various 
ways. Radio and television may render good service; short leaflets or 
circulars delivered to the consumers have also been shown to be useful. In 
districts where milk is not pasteurized instructions for so-called " household 
pasteurization" have proved necessary. In some large dairies it has been 
possible to provide storage and cooling facilities for the milk of their larger 
consumers. 





EDUCATION AND TRAINING IN COUNTRIES 
DEVELOPING THEIR DAIRY INDUSTRY 

HANS PEDERSEN, V.M.D.* & JEAN DE MARTINI** 

An adequate number of suitable well-trained workers and skilled 
administrative personnel is one fundamental need which all countries 
have in common ifthey want to exploit to the maximum their dairying 
potentials. 

The qualifications required of the personnel concerned and the special 
training needed will naturally depend on their future duties and responsibil
ities, as well as on the stage of development of the local dairy industry 
and the social conditions, habits and even cultural traditions of the 
country. 

In advanced dairying countries, where milk hygiene organization is 
well established, training facilities have developed alongside the indus
try. Resources for recruitment are good because of the general high 
level of education, and because the industry offers good opportunities for 
careers. 

When it comes to the technically underdeveloped part of the world the 
situation is entirely different, in respect of both lack of technically trained 
personnel and lack of facilities for training, and it is aggravated by the need 
for speed in improving the conditions and health of the people by making 
full use of the national potentials in the field of dairy development. 

The purpose of this chapter is threefold: (a) to illustrate in general terms 
the complexity of the problems to be tackled in areas where organized 
dairying is in its infancy; (b) to outline, as an example, the facilities available 
and methods used by the Food and Agriculture Organization of the United 
Nations (FAO) for the training of personnel from countries receiving tech
nical assistance for the dewlopment of an indigenous dairy industry; and 
(c) to analyse present trends in developments and suggest possibilities for 
increasing training facilities to meet the rapidly rising need for technicians, 
and skilled administratiw personnel and workers on all levels. 

* Chief, Dairy Branch, Animal Production and Health Division, Food and Agriculture Organization 
of the United 1\ations, Rome, Italy. 

**Chief, Training and Fellowships Branch, Food and Agriculture Organization of the United Nations, 
Rome, Italy. 
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The Complexity of the Problems Requiring Specially Trained Personnel 

Some 70 % of the total world population is said to be living in poverty in 
countries which, as far as organized dairying is concerned, may be considered 
underdeveloped. Malnutrition is common, in particular protein mal
nutntwn. At the same time the population is rapidly increasing. It is 
generally agreed that to achieve permanent improvement of child nutrition 
an increase in the local production of milk is almost essential. Consequent
ly, the United Nations and other international organizations, as well as 
individual countries through bilateral agreements, are actively supporting 
indigenous dairy development-even under conditions where formerly it 
was considered impossible or at least impracticable to attempt to do so. 
As a result of such support, many governments have themselves taken 
active steps to improve national nutrition, particularly of the child popula
tion, firstly by organizing feeding schemes in which they have made use of 
supplies of imported skim milk powder, available free or at concessional 
prices, and secondly by increasing production of milk locally. 

The experience gained so far has proved not only that it is possible 
to produce and handle milk on a large scale under conditions obtaining 
in most of the less-developed areas of the world, but that this is an 
effective means of improving the general standard of living among the 
rural population through the creation of a reliable outlet for the milk 
produced. 

It has also been shown that demonstration of hygienic principles and 
practices may bring about a change in habits and traditions far more 
quickly than was previously believed. 

Experience has, on the other hand, demonstrated that capital invest
ment is of little value if adequately trained personnel is not available to 
support the project in its entirety. 

Technical aspects 

The development of organized dairying to meet nutritional needs-in 
part at least-under such conditions can, of course, be justified only if 
the milk produced will ultimately come within the purchasing power of the 
average wage-earner. To achieve this, it is necessary to increase efficiency of 
almost every aspect involved in milk production, to organize collection and 
distribution, and to improve hygienic standards of handling milk at all 
stages from producer to consumer. 

Basically, the relatively high cost of production in most underdeveloped 
countries is due to the very low yield per animal. Improvement in this 
respect everywhere, but especially in hot-climate countries, is a complex 
problem involving control of animal diseases and parasites, better pasture 
and range management, as well as the production of special fodder crops 
and improved methods of conservation to ensure better animal nutrition; 
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expert attention in these fields, however, is likely to give relatively encourag
ing returns as many local breeds of cattle are capable of considerably higher 
production of milk than is obtained under conditions of neglect and poor 
management. 

Improvement through selective breeding, on the other hand, is of a 
much longer-term nature and requires both expert advice and effective 
control. The introduction of high-yielding breeds may be tempting and 
in some cases desirable, but it is a solution which should not be resorted 
to without careful consideration by an authority on the subject. 

Capital investment 

Another essential condition for the successful development of a dairy 
industry in these countries is an assured outlet at a favourable price to the 
cattle owner for his product. For this purpose, the establishment of a 
processing plant is in most cases essential. Such a plant will form a centre 
around which producers can be organized and can facilitate efficient col
lection and distribution of milk. 

At the same time processing serves the purpose of prolonging the keeping 
quality of the milk, and the plant will be an important factor in making the 
best possibie use of seasonal surpluses. 

Hygiene 

While a processing plant is, in most cases, a desirable part of the project, 
the improvement in the quality of the milk before it reaches the plant is 
one of the most important requirements for the successful development of 
a dairy industry or even a satisfactory indigenous supply of milk. This is 
always a long-term project involving the training not only of technical and 
administrative personnel but also of skilled workers connected with the 
production, handling and processing of the milk right from the producing 
animal to the consumer. In most underdeveloped countries it also calls 
for a change of tradition and of food habits as well as an evolutionary 
development of hygiene consciousness amongst the people. 

Recruitment for training 

As outlined above, there are quite a number of special problems in 
connexion with dairy development in most of the underdeveloped countries, 
but lack of properly trained and adapted personnel may still be said to 
be the main limiting factor: and it should be stressed that the need for 
training becomes greater-not less-as dairying is being developed in 
more and more countries where natural conditions are unfavourable and 
where efficient hygienic handling of milk is difficult. 

The need for training applies equally to workers on the farm, in the 
plant, in marketing and administration. With few exceptions, the building
up of a pool of adequately trained personnel in such countries meets with 
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various difficulties; first, because of the lack of tradition and experience in 
organized dairying; secondly, because of the lack of general education at 
the dairy workers' level; and thirdly, because trained personnel have to 
be made available at rather short notice to ensure maximum benefit from 
developments. As a result, training must rely on foreign aid in various 
forms-such as scholarships, fellowships and training courses, etc., and 
the assignment of international-agency field experts to give technical advice 
to governments. 

Recruitment for training must have as its prime objective the building
up of a pool of technically competent people whose task it will be to adapt 
what they learn from the advanced countries to the conditions obtaining 
in their own country, and to train others to fill the vacuum of skilled 
workers. 

Training Methods in Use by FAO 

The technically advanced countries are not only contributing consi
derable amounts of money for the implementation of technical assistance 
programmes, but also offering many facilities within their own borders 
for the education and training of personnel needed to develop milk produc
tion potentials, to improve hygienic handling of milk, to operate processing 
and manufacturing plants, and to distribute and market the products. 

At the present time, the international and bilateral technical assistance 
organizations offer this training in three different ways, the first being 
counterpart training by experts assigned to a special project; the second, 
the award of fellowships, scholarships or travel grants; and the third, the 
organization of national and regional training courses. 

Counterpart training 

The services of experts are being provided under the United Nations 
Expanded Technical Assistance Programme to help governments with the 
organization and development of their dairy industries in most of the 
underdeveloped countries. Whether the experts' specific competence is 
in the field of production, plant operation or administration, their terms 
of reference include the training of "counterparts" and other personnel 
employed on the project. 

The maximum benefit from this type of training can only be achieved if 
the counterpart selected by the recipient government is the person who is 
best qualified, technically and administratively, to carry on the work and 
to assume full responsibility for the project after the expert's departure. 
This is not always fully appreciated by the government officials directly 
concerned; experts may be left without a counterpart for part or all of 
their stay, or the counterparts may be very junior persons whose main 
qualification is the knowledge of a foreign language, or they may act as a 
combination chauffeur/interpreter. 
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The direct and immediate impact of such individual counterpart training, 
even in the best cases, will always remain very localized and limited. 
However, besides the primary purpose of ensuring continuity of competence 
for a specific project, such training should serve the even more important 
and long-term purpose of creating a nucleus for preparing skilled personnel 
to help meet the national need for foremen, supervisors, technicians, 
maintenance engineers, etc., from amongst whom selections may be made 
for future research workers and executives. Such counterpart training is 
therefore of fundamental importance, and without it no country will be 
able to build up a sound dairy industry, however much external help it 
may receive. 

Fellowships 

Since the inception of the Expanded Technical Assistance Programme 
in 1951, FAO has awarded (up to September 1961) 132 fellowships and 
scholarships in dairying and related subjects, distributed to as many as 
29 countries; included in this figure are 23 fellowships financed by the United 
Nations Children's Fund (UNICEF). No figures are available on the grants 
made for training in dairying by individual countries such as the USA, 
France, Germany and Switzerland, or by groups of countries such as the 
Colombo Plan, but their number certainly greatly exceeds the awards made 
by FAO in this connexion. 

As far as FAO's policy is concerned, candidates should be selected from 
the national personnel connected with the work of an FAO expert in the 
field, and the training should enable the recipient to return to his home 
country to carry on the work initiated by an expert \Vhen the latter leaves 
the country. The cost of a fellowship is, however, relatively high, mainly 
because of the heavy expenditure for travelling abroad. It has therefore 
been the policy of FAO to award fellowships to persons who, having 
already finished their schooling and gained some experience in their own 
field, can be expected to take an active part in their country's development 
plans and apply the knowledge gained abroad to the best possible advantage. 
Preference is given to persons who will have the opportunity of training per
sonnel, in order to ensure that knowledge of advanced methods and newly 
acquired skills may be imparted to as many people as possible. 

The training programmes are prepared on an individual basis for each 
fellowship holder. In most cases the fellow is known personally to the 
FAO expert who prepares the preliminary plan of study. This is then 
checked by headquarters' staff and submitted to the host country or coun
tries. On the basis of the general programme prepared by FAO, the host 
country will make detailed arrangements for the fellow. In most cases 
the programme will include theoretical training at institutes of advanced 
study or in government departments. The greatest emphasis, however, is 
placed on practical training, in the field, in the laboratory or in the 
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processing plant, where the trainee puts on an overall and takes part in the 
actual work. 

Training courses 

Since the establishment of the Expanded Technical Assistance Pro
gramme, FAO-often in collaboration with other United Nations agencies 
and international organizations-has organized a number of national and 
regional training courses. 

National training courses. The planning and organization of national 
training courses are generally left to the experts assigned to a specific project, 
and do not otherwise depend on external financial aid. In co-operation 
with local officials, college teachers and university professors, and in some 
cases also with the help of experts from other international and bilateral 
organizations, a programme is prepared for a few weeks' training and 
demonstration, generally within a narrow field considered of special import
ance for the development of a dairy project, under the climatic and other 
natural conditions obtaining in the particular locality. 

As a good example of what might be achieved by such elementary train
ing and demonstration to "fill the vacuum" in respect of skilled labour, 
mention should be made of the school for" corraleros" (cowboys) which 
was first started in El Salvador in 1954 and which has subsequently become 
a semi-permanent institution for the training of the workers in the most 
elementary requirements for production economy and hygiene. Although 
the students in such courses are ordinary workmen, some of whom read 
and write with difficulty or not at all, they learn through suitable lectures 
and demonstrations both the "why" and the "how" of improved methods. 

Similar short-term courses for small homogeneous groups of would-be 
skilled workers or even lower-level assistant technicians, have been orga
nized and conducted by FAO experts in the field in a number of different 
countries. Apart from helping to meet the immediate need for skilled 
workers for a project receiving UN assistance, such local training courses 
appear to have a very stimulating and far-reaching effect on the outlook 
of the rural population and thus, both directly and indirectly, help to 
increase the possibilities of drawing suitable young people into the industry. 
Pending the establishment of permanent schools for apprentices, such 
local· courses should be considered an indispensable part of the 
programme. 

Regional training courses. These training courses are arranged for 
30-40 participants selected from nominations submitted by governments in 
the region or regions chosen. 

Funds required for such training courses are generally provided under 
the Expanded Technical Assistance Programme, and cover expenses for 
some prominent lecturers, board and lodging for the participants, and 
half the cost of their return fares-participants' own governments are 
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responsible for the other half. The host country for such a training course 
will provide some lecturers, and make technical and other local facilities 
available. 

The primary aim of these training courses is to ensure the widest possible 
dissemination of up-to-date techniques in the production and processing 
of milk and the manufacture of milk products, as well as to allow for an 
exchange of views and experiences among participants from different parts 
of the world. 

To achieve these aims, the programme must, naturally, cover a rather 
wide field, which makes it necessary to insist that nominations for parti
cipation be restricted to fully qualified executives, technicians and pros
pective managers of milk plants. 

So far five such courses have been organized by FAO in different parts 
of the world, most of them with assistance from WHO, UNICEF and the 
International Dairy Federation (I.D.F.). They have undoubtedly served 
very useful purposes, at a reasonable cost per participant in comparison 
with individual fellowships. They have, however, been far too few in num
ber and too limited in time (between three and five weeks) to be considered 
as more than refresher courses for relatively few senior officials and 
technicians. 

A new and greatly improved type of training course, made possible 
through special donations by the Danish Government, was started in 1956 
and repeated in 1958. Approximately 60 senior officials and technicians 
from Asia, the Far East and Latin America have attended these courses of 
practical training and demonstration in Denmark. The first course extended 
over more than five months and the second nearly four months. Most of 
the time was spent on farms and in plants, laboratories and factories, with 
participants actually taking part in the manual work. 

Other countries have indicated their interest in lending their support 
to FAO for the organization of similar training courses, and plans are in 
preparation. 

Trends in Developments and the Planning of Training 

Although encouraging results are being obtained from dairying develop
ment programmes in many parts of the world where the need for increased 
consumption of milk and milk products is especially great, it is only too· 
obvious that the scale of operations must be increased many times if even 
a reasonable proportion of the world's needy infants and children are to· 
be reached. 

While it certainly is true that the developments in this field in the 
technically advanced countries in the western world have taken many 
decades, a glance into the immediate future will convince one not only of 
the need but actually of the urgency of a much broader approach· to the 
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problem than before. Thus it is estimated 1 that within the next five years 
there will be an additional 65 million children under 15 years to feed in the 
countries which are generally referred to as technically underdeveloped. 

Considering such a figure in relation to desirable milk requirements 
-say, 0.25litre per day per child-one comes to the frightening conclusion 
that a new milk plant with an average capacity of 100 000 litres per day 
is required every two weeks! While this may be said to be a Utopian aim, 
the real significance of this exercise becomes even more impressive when 
it is emphasized that these requirements relate only to the so-called under
developed part of the world, and only to the necessity of improving the 
present quite unsatisfactory situation in respect of protein supplies in 
general and milk in particular. In facing such a situation it is stimulating 
and encouraging to keep in mind that, during recent years, a new trend in 
international relations has developed which is characterized by the growing 
understanding among nations and races, and by the feeling that it is the 
duty of everybody to give help-material and technical-wherever it 
is needed. As a testimony to this trend of thinking, more money and 
careful thought than ever before are being expended on improving living 
conditions in the underdeveloped countries. 

As regards milk, new plants are being built in many parts of the world. 
Where needed, capital aid is being provided by UNICEF, or through 
international and bilateral aid; in many places private industry is also 
making valuable contributions. Where capital is available/the establish
ment of plants as such does not present any particular problem. However, 
to ensure maximum efficiency, and economic and hygienic operation of the 
plants in the course of construction-and the many more which of neces
sity must follow-a new approach to the problem of training of personnel 
will have to be made. 

Towards this end, the technical assistance work done by FAO up to 
now, however scattered and thinly spread, provides a good foundation 
and good experience on which to plan and organize to meet future needs. 
In addition, generous facilities for scholarships and exchange of students 
are provided under other international and bilateral programmes as well 
as by private industry. 

Facilities for diploma training 

In most of the countries which have recently embarked on the develop
ment and organization of dairying one is not likely to find facilities for 
academic training leading to a diploma or some similar degree. However, 
many universities and agricultural colleges could no doubt make arrange
ments, even without great expense, to meet the need of the country. 

1 United Nations, Department of Economic and Social Affairs (1958) The future growth of world 
population, New York (Population Studies, No. 28). 
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What is required first of all is a careful analysis of the situation in 
respect of staffing needs in order to co-ordinate plans for training as far 
as available facilities and funds permit. In such work, foreign experts 
already available in a country can be of great help. 

Universities and colleges, however, cannot be expected to take action 
before the needs and the plans are fully analysed and generally understood 
-in particular by the student groups who may wish to make a career in 
the dairy industry. Consequently, such an appraisal should be made without 
delay, and academic training should be started as soon as possible. Once 
a pool of young academically qualified technologists is available and the 
needs of the industry are better recognized, it becomes easier for those 
responsible for fellowship administration to arrange for the exact type of 
practical training required for the student's future work and position. 
First-hand knowledge of technique, established practices and quality-control 
methods of reputable industrial and public health concerns will remain a 
significant and vital part in national developments. 

Although the need for technical skill and knowledge becomes greater 
as developments proceed, the prospects for the present and immediate 
future in respect of the availability of diploma personnel must be considered 
relatively good. Not only do the technically advanced countries make 
their university and college facilities available for students from overseas, 
but some of the other countries, in which developments are gaining rapid 
momentum, are also making great strides towards self-sufficiency in this 
respect; in fact, some are even offering facilities for students from neigh
bouring countries. 

It may be said, therefore, that the main problem in this particular field 
is likely to remain twofold: (a) how to attract the right type of persons into 
the industry, and (b) how to retain them there after giving them the benefit 
of all the training facilities available, nationally and internationally. These 
are problems which need very careful study and consideration. Fellowship 
holders have been known to accept positions in fields of activity other 
than those for which they were trained simply through lack of co-ordination 
or delays in the construction of milk plants, with consequent loss to the 
dairy industry; in many instances they are also offered better salaries and 
working conditions. 

Plans for training skilled 1rorkers 

A greater problem, however, is that of providing an adequate supply 
of trained and skilled personnel-dairymen, foremen and supervisors of 
plant personnel, laboratory assistants, mechanics to operate and maintain 
plant installations, public health inspectors, milk recorders and general 
dairy advisory workers whose task it is to reach the thousands of milk 
producers, who may often have only the most elementary ideas about 
hygiene. 



742 H. PEDERSEN & J. DE MARTINI 

All these types of trained and skilled workers are indispensable for the 
development of a sound dairy industry. Unless they have understood 
why certain things have to be done and have been instructed in the methods 
to be followed, they cannot be expected to carry out proper sanitary practices 
or accomplish their tasks successfully. 

The fact is, however, that in most technically less-developed countries 
no organized training facilities or apprenticeship schemes are as yet to be 
found. Emphasis must be placed on the word " organized " in a national 
sense, inasmuch as very creditable efforts at training skilled workers to 
support dairying developments are being made in several countries, both 
in milk plants established with external aid and by private industry. Not
withstanding such efforts, the essence of many reports submitted by FAO 
experts in the field is in effect that foreign aid exceeds what the country is 
able to absorb because of lack of competent counterpart personnel and 
skilled workers. ~. 

The task of providing facilities and organizing adequate training on all 
the different levels of skill is at best a formidable one. In advanced dairy
ing countries it has taken many years to reach the present level of organi
zation and efficiency, and few would make claims of perfection. In the 
less-developed countries, the task must be to draft a national plan which 
will ensure that maximum value be derived from international and bilateral 
aid. Foreign experts, where available, should be requested to assist. 

Apprenticeship scheme 

Naturally there is no standard formula for training skilled personnel 
which will be suitable for international application. Conditions vary from 
region to region; the stage of development of the industry varies; and, 
finally, the type and degree of training will depend on the educational 
background of the trainee, his practical experience in the industry, and the 
responsibilities of his future job. 

Having regard to all these factors, the aim must, of necessity, be the 
establishment of national apprenticeship schemes which will produce 
skilled workers who have qualified in their particular field after working 
a specified time under expert guidance-one, two or even three years 
according to type of skill required-and including a corresponding but 
relatively shorter period of theoretical study. Furthermore, the ultimate aim 
should be to ensure that all higher technical and administrative posts be 
filled by persons who not only possess the required academic training and 
diploma but who have also had the basic apprenticeship experiences. 

A prerequisite for such a national apprenticeship scheme is, of course, 
the availability in the country of a nucleus of qualified personnel and 
certain plant, laboratory and other facilities for instruction and training. 
Many of the less-developed countries do have some facilities and a few 
are, in fact, making good use of them; others, in which developments are 
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in the embryonic stage, must rely on the advice of experts available under 
technical assistance programmes. In such countries a pilot milk plant 
would be the best starting point both as a focus for national training and 
for the development of the dairy industry. Assistance towards this end 
may generally be obtained through either international or bilateral assistance. 

Combined regional and fellowship training 

To meet the present need for trained personnel and keep pace with 
developments, a much broader approach to the problem is needed. The 
plans described below may serve as an illustration of what may be achieved 
by a combined regional and fellowship training approach. 

A country relatively advanced in the field of dairying, located in a 
region where most of its neighbours are in the very early stage of such 
developments, would co-operate with an advanced dairying country on a 
semi-permanent basis. The objective is threefold: first, to give basic, 
practical training to the maximum number of persons from the region in 
the shortest possible time and at the lowest average cost per trainee; second, 
to ensure that those trainees who are destined to organize and direct train
ing in their home countries be given the necessary and best possible special
ity training after completion of the basic practical training in the region; 
and third, to assist those selected and so trained to organize and start 
national training courses to meet the need of their home countries. 

The first phase of the plan is to organize the regional courses for up 
to approximately 30 persons; those will be of three to four months' dura
tion, and will be repeated for a number of years. 

The host country's contribution to this phase of the scheme would be 
the main one, and would consist of making plants, laboratories and other 
training facilities, as well as qualified personnel for instructions and demon
strations, available free of charge; cost of board and lodging would be 
met by the participating governments or possibly by international or 
bilateral organizations. 

The advanced country's contribution to the first phase would consist 
of making one or two highly qualified persons available to the host country 
for the purpose of assisting with the organization and operation of the 
regional courses, and-most important of all-with the selection of candi
dates for the second phase of the plan. 

This second phase consists of speciality training of those selected from 
the participants in the regional course-say, approximately a dozen or so 
every year. Such speciality training would extend over six to twelve months 
according to the need, and the cost would be charged to a special fund 
provided by the advanced country. 

The third and last phase aims at assisting the specialists to start the 
organization of training in their home countries. Certain funds are expected 
to be made available by the adYanced country for purchase of reference 
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books, technical journals and essential minor items such as instruments 
and equipment. 

Such a training scheme was started in 1960, jointly sponsored by the 
Governments of Denmark and India, and is expected to continue at least 
until1965. 

Conclusion 

Although a number of countries are facing problems of surplus produc
tion and disposal, on a world basis there is still an urgent need for an 
increase in the production of food, and of milk and milk products in 
particular. While better distribution could help in some way to solve the 
problem, indigenous .production in the less-advanced countries must be 
developed to meet at least part of the need, and simultaneously help to 
raise the general standard of living of rural populations. 

In these circumstances, it is indeed encouraging to see .how the econom
ically and technically advanced countries are prepared to assist in respect 
of funds, experts and facilities for training. Capital and technical assistance, 
however, are of little value unless a sufficient number of adequately trained 
personnel and skilled workers are available to ensure that maximum benefit 
be derived from such external assistance. 

As the lack of trained personnel may in fact be said to be the main 
limiting factor to development, the first problem to consider is how best 
to use the funds, means and facilities collectively at the disposal of the less 
developed countries, and how to get results in the quickest possible way. 
The answer, it seems, must be, first, to continue to make use of all present 
training facilities, at home and abroad, to the fullest possible extent-i.e., 
scholarships, fellowships, counterpart training by experts, and national and 
regional training courses. However, for financial as well as technical 
reasons, the ultimate aim must be to provide facilities for the major part 
of training on the regional, and even more on the national, level, according 
to plans based on careful appraisal of needs and resources in the countries 
concerned in the region. 

For technical reasons, this is essential because the training obtained from 
foreign experts or in the advanced countries will need to be adapted to the 
conditions of the country where they are to be applied. From a financia'l 
point of view, the national and regional approach is desirable to ensure 
that money is spent on long-distance travel only for those who are qualified 
and suitable for study abroad and destined to become leaders of dairying 
developments, including training, in their home country. 

In other words, fellowships become a second-stage training for the 
selected few, who have gone through the national or regional apprentice
ship training, and who, on return to their home country, will play a leading 
role in the organization and development of the dairy industry. 



ANNEXES 





Annex 1 

CODE OF PRINCIPLES 

CONCERNING MILK AND MILK PRODUCTS * 

drawn up by a committee of government experts 

under the auspices of the Food and Agriculture Organization 

of the United Nations 

Application of the Code 

Governments are requested to inform the Director-General of FAO [by 1 September 
1960] whether they intend to apply the provisions of the Code of Principles as set out 
below. Governments which so declare their willingness to apply the Code are further 
requested to state whether they can indicate the date by which they will be able to bring 
their national requirements into conformity with its provisions, as well as the steps they 
will require to take in order to achieve this position. 

This Code of Principles is not intended to affect the adoption and use of more rigorous 
requirements or standards under domestic legislation. 

PREAMBLE 

The purpose of this Code of Principles is to protect the consumer of 
milk and milk products and to assist the dairy industry on both the national 
and international levels by: 

ENSURI~G the precise use of the term " milk " and the terms used for 
the different milk products; 

AVOIDING confusion arising from the mixing of milk and/or milk 
products with non-milk fats and/or non-milk proteins; 

PROHIBITI~G the use of misleading names and information for products 
which are not milk or milk products and which might thereby be confused 
with milk or milk products; and 

ESTABLISIDNG (a) definitions and designations, (b) minimum standards 
of composition, and (c) standard methods of sampling and analysis for 
milk and milk products. 

"' First edition, 1 March 1960, published by the Food and Agriculture Organization of the United Nations, 
Rome. The text here reprinted contains additions appearing in the Report of the Fourth Session of the Com
mittee of Government Experts on the Code of Principles Concerning .1\filk and _\filk Products, April 1961, Rome, 
FAO (Mimeographed document, Meeting Report No. AN-1961/3). 
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Article 1 

MILK 

1.1 The term " milk " shall mean exclusively the normal mammary 
secretion obtained from one or more milkings without either addition 
thereto or extraction therefrom. 

1.2 Notwithstanding the provisions of Article 1.1 the term " milk " may 
be used for milk treated without altering its composition, or for milk 
the fat content of which has been standardized under domestic legis
lation. 

1.3 The term " milk " may also be used in association with a word or 
words to designate the type, grade, origin and/or intended use of such 
milk or to describe the physical treatment or the modification in composition 
to which it has been subjected, provided that the modification is restricted 
to an addition and/or withdrawal of natural milk constituents. 

1.4 In international trade, the origin of the milk shall be stated if it is 
not bovine. 

Article 2 

MILK PRODUCTS 

2.1 The terms used to designate milk products shall only be employed 
for those products which are exclusively derived from milk as defined in 
Article 1. 

2.2 Notwithstanding Article 2.1, the terms used for each milk product 
may be employed when substances necessary for the manufacturing process 
are added, provided that these substances are not intended to take the 
place in part or in whole of any milk constituent. 

2.3 The terms used to designate milk products may also be used in 
association with a word or words to designate the type, grade, origin 
and/or intended use of such milk products or to describe the physical 
treatment or the modification in composition to which they have been 
subjected in accordance with Articles 1.3 and 2.2. 

Article 3 

CoMPOSITE PRODUCTS 

3. The term "milk" and the terms used for milk products may also be 
employed together with a word or words to designate composite products 
of which no part takes or is intended to take the place of any milk constit
uent and of which milk or a. milk product as referred to in Articles 1 and 2 
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is an essential part either by quantity or for characterization. If such 
composite products are designated in terms which are suggestive of milk 
or milk products or the dairy industry, the label shall indicate the milk 
or milk product used as well as the other essential constituents. 

Article 4 

OTHER PRODUCTS 

4.1 A product which is neither milk, nor a milk product, nor a composite 
product as referred to in Articles 1, 2 and 3, whatever its origin, source 
or composition, shall not be described or designated in any label, com
mercial document or publicity material by word or pictorial devices, or 
be presented in such manner as to refer to or be suggestive of milk or 
milk products or other dairy term, if likely to lead the purchaser and/or 
consumer to suppose that the product is milk, a qtilk product or a 
composite product as referred to in Articles 1, 2 and 3. 

4.2 Without restricting the scope of Article 4.1, whenever products 
foreseen by that Article are of such nature as to be likely to lead the purchaser 
and/or consumer to suppose that they are products as referred to in 
Articles 1, 2 and 3, the designation of such products shall be presumed 
to meet the requirements of Article 4.1, if carried out in the following 
manner: 

(a) by the name of the product referred to in Articles 1, 2 and 3 
preceded by the word " imitation " in clear type, or 
(b) by a distinct name and/or description indicating the true nature 
of the principal raw materials used. 

4.3 In countries where the mixing of milk or milk products with products 
foreseen by Article 4.1 is not forbidden, wherever the label of such a 
mixed product or any publicity referring to it declares the presence of the 
milk or milk product, the percentage dry matter by weight of the milk 
ingredients to the total product shall also be indicated, except that where 
butter is present in a mixture of fats its percentage by weight shall be 
stated. 

Article 5 

LABELLI~G, PRESENTATIO~ A~D PDtiLICITY 

5. No label declarations, methods of presentation and publicity concerning 
products referred to in Articles 1, 2, 3, 4.2 and 4.3 shall be made in a 
manner likely to mislead the purchaser and/or consumer as to the true 
nature or the composition of the product as a whole. 
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Article 6 

EXTENT OF APPLICATION 

6.1 Unless otherwise stated, the provisions of this Code shall apply to all 
products therein considered whether imported, exported or produced and 
offered for sale upon the home market. 

6.2 In view of the relationship between a federal government and its 
constituent states or provincial governments, wherever some or all of the 
provisions of this Code are not regarded as appropriate for federal action, 
federal goverriments undertake to make effective arrangements for the 
reference of such provisions to the appropriate authorities with the request 
that they give active consideration to the amendment of their state or 
provincial requirements in conformity therewith. 

6.3 In adapting their practices to this Code, governments would undertake 
to give earnest and sympathetic consideration as appropriate to the indivi
dual standards established in association with the Code according to 
resolution No. 16/57 of the FAO Conference. 

6.4 This Code and the individual standards established in association 
with it are not intended to affect the adoption and use of more rigorous 
requirements or standards under domestic legislation. 

EXPLANATORY NOTE 

OF THE CODE OF PRINCIPLES 

Article 1 

MILK 

1.2 The term " standardized " refers to the standardization of fat content alone, either 
up or down. Other possible modifications are referred to in the following paragraph. 
Examples of treatment : clarified, pasteurized or otherwise heat-treated. 

1.3 Mention of the intended use may accompany the word" milk". The modifications 
referred to here are only permitted if restricted to an addition and/or withdrawal of 
natural milk constituents. Modifications shall always be indicated. 

Examples: 

Type: 

Origin: 

Intended use : 

Treatment: 

Whole and skimmed milk 

Cow, goat, sheep, alpine 

Infant, school (destined for school-feeding programmes, etc.) 

Sterilized, evaporated, homogenized 

Modification: Humanized, soft-curd, vitamin-D or lactose-fortified, toned 
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Article 2 

MILK PRODUCTS 

2.1 and 2.2 Article 2.1 covers such products as butter, cheese, ghee, cream, dried milk, 
condensed milk ... Examples of substances necessary for the manufacturing process of 
these products are: for butter-salt, lactic acid culture, colouring matter ... ; for cheese 
-salt, spices, coagulating enzymes of animal and vegetable origin ... ; for sweetened 
condensed milk and ice-cream-sugars ... 

2.3 Examples : 

Type: Whole milk powder ... 
Origin : Cow, goat, sheep, alpine 

Intended use: Cooking butter, table butter, coffee cream ... 

Treatment: Sterilized, evaporated, homogenized ... 

Modification: Humanized, vitaminized ... 

Article 3 

COMPOSITE PRODUCTS 

Examples : Flavoured milks, cheese with added foods, milk porridge, milk bread, 
milk foods with additives, malted milk, milk chocolate, milk candies, sweetened dried 
milk, ice-cream ... 

Article 4 

OTHER PRODUCTS 

The key provision to the whole Article is contained in 4.1. It lays down that no 
product which is not a product covered by Articles 1, 2 and 3 may be designated, labelled, 
advertised or presented in any way which might lead the purchaser or consumer to 
believe that it was such a product. It is clear, therefore, that such designations as 
cold cream, vanishing cream, face cream, shaving cream, hair cream and milk of magnesia 
are perfectly acceptable since no confusion is possible. 

Article 4.2 deals with the most important category of products covered by 4.1: 
those which are of such nature as to be likely to lead the purchaser or consumer to suppose 
that they are products covered by Articles 1, 2 and 3, for example, imitation cream or 
milk containing non-milk fat. For such products, Article 4.2 states that the general 
requirements of Article 4.1 as to designations will be presumed to have been fulfilled 
if their designations conform to one or other of the examples given under (a) and (b). 
It was believed that the use of those designations would be most likely to ensure the 
protection of the consumer and the producer of milk and milk products. Examples of 
designations foreseen: under (a): imitation cream; under (b): soya-milk, coconut milk, 
almond milk, peanut butter, skimmed milk with non-milk fat. The true nature of milk 
or milk products used, as foreseen by alternative (b), shall only be described by the term 
normally used for the milk or milk products in question. 

It was further believed in connexion with Article 4.2 that the products margarine 
and vanaspati were correctly designated by the terms " margarine " and " vanaspati " 
since no confusion could arise by their use. These products would, however, need to be 
labelled, advertised and presented in a manner which would not confuse the purchaser 
or consumer in accordance with Article 4.1. 
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Article 5 

LABELLING, PRESENTATION AND PUBLICITY 

This Article is understood to cover the designation of the products referred to. 

Article 6 

EXTENT OF APPLICATION 

As an interim measure, it is understood, however, that a country applying the Code 
would not be restricted by its provisions when exporting to a country which did not 
apply the Code. It is evident, nevertheless, that the effect of the Code depends largely 
on the number of countries applying it. Speedy i:md wide acceptance would therefore 
hasten the achievement of the objectives at which it aims. 

STANDARDS ADOPTED BY THE COMMITTEE 

Standard No. 1 

BUTTER 

1. Definitions : 

Butter is a fatty product exclusively derived from milk. 
Whey butter is a fatty product derived from whey containing no other fat than 

milk fat. 

2. Permitted additions : 

Harmless substances necessary for the manufacturing process, for example: 

3. Standards : 

Sodium chloride 

Lactic acid cultures 

Vegetable colouring matters 

Butter and whey butter shall contain not less that 80 % by weight of milk fat and not 
more than 2 % by weight of milk solids-not-fat. Butter and whey butter shall normally 
contain not more than 16 % by weight of water. If the water content according to national 
legislation may exceed 16% by weight, it must not exceed 18% by weight. 

4. Marking and labelling : 

Export butter shall be clearly marked with at least the following particulars in letters 
and figures of a conspicuous size: 

(I) indication of the country of manufacture 

(2) if the butter contains more than 16% by weight of water, the words "Contains 
not more than 18% of water" 

(3) in the case of whey butter, the words" whey butter". 



1. Designations : 

Milk fat 
Butter-fat 
Butter-oil 

2. Definition : 

} (anhydrous) 

Al\'NEX 1 

Standard No. ] 

MILK FAT, BuTTER-FAT, 

BLTTER-OIL (ANHYDROUS) 

753 

Milk fat-butter-fat-butter-oil (anhydrous) is a product exclusively obtained 
from butter or cream and resulting from the removal of practically the entire water 
and solids-not-fat content. 

3. Standards: 

The product shall contain: 

Not less than 99.3% of butter-fat 

Not more than 0.5 ~-~ of water. 

Standard No. 3 

EVAPORATED MILK 

1. Definition : 

Liquid product obtained by the partial removal of water only from milk or 
skimmed milk. 

2. Permitted additions : 

Harmless substances which may be necessary for the manufacturing proces5; for 
example: 

sodium phosphate } 
sodium citrate as stabilizers 
calcium chloride 

3. Designations and standards: 

3.1 Evaporated milk 
Evaporated whole milk 
Evaporated full cream milk 
Unsweetened condensed whole milk 
Unsweetened full cream condensed milk 

The product shall contain not less than 7.5 ~~ of fat by weight, 
not less than 25 % of milk solids by weight. 

3.2 Evaporated skin1 milk 
Unsweetened condensed skinlmed milk 

The product shall contain not less than 20 ~~ of milk solids by weight. 
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Standard No. 4 

SWEETENED CONDENSED MILK 

1. Definition : 

Product obtained by the partial removal of water only from milk or skimmed 
milk with the addition of sugars. 

2. Permitted additions : 

Harmless substances which may be necessary in the manufacturing process. 

3. Designations and standards : 

3.1 Sweetened condensed milk 
Sweetened condensed whole milk 
Sweetened full cream condensed milk 

The product shall contain not less than 8 % of fat by weight, 
not less than 28 % of milk solids by weight. 

3.2 Machine-skimmed sweetened condensed milk 
Sweetened condensed skimmed milk 
Skimmed sweetened condensed milk 

The product shall contain not less than 24 % milk solids by weight. 

Standard No. 5 

WHOLE MILK POWDER, PARTLY SKIMMED MILK POWDER, SKIMMED MILK POWDER 

1. Definition : 

Powder obtained by the removal of water only from milk, partly skimmed milk or 
skimmed milk. 

2. Permitted additions : 
Harmless substances necessary for the manufacturing process. 

3. Designations and standards: 

3.1 Whole milk powder 
Dried full cream milk 
Full cream milk powder 
Dcy whole milk 
Milk powder 
Dried milk 

shall contain not less than 26 % of fat by weight and not more than 5 % of water 
by weight in the product. * 
*Note: For an interim period ending 1 January 1965, the product may, where in accordance with national 

legislation already existing on 10 March 1961, contain less than 26% but not less than 24% of fat by weight, 
provided: 

(a) The product is packed in units of not less than 25 kg. 
(b) The product is designated exclusively" milk powder" or" dried milk". 
(c) The product is labelled" contains not less than 24% by weight". 
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3.2 Partly skimmed milk powder 
Partly skimmed dried milk 

shall contain between 1.5 % and 26 ~·~ of fat by weight in the product and not more 
than 5 % of water by weight in the product. The fat percentage by weight in the 
product shall be declared. 

3.3 Non-fat dry milk 
Dried skimmed milk 
Skimmed milk powder 

shall contain not more than 1.5 % of fat by weight in the product and not more 
than 5 % of water by weight in the product. 

TENTATIVE DRAFT STANDARDS FOR CHEESE 

1. Cheese 

1.1 Definition : 

" Cheese " is the fresh or matured product obtained by draining after coagulation of 
milk, cream, skimmed or partly skimmed milk, buttermilk or a combination thereof. 

1.2 Cheese designations : 

The terms used to designate the variety of cheeses shall only be applied to those 
products which conform to the definition of cheese given in paragraph 1.1 and which 
possess the characteristics normally associated with that variety. 

1.3 Additions : 

The following substances may be added, provided that such substances are not 
intended to take the place of any milk constituent: 

(a) harmless substances which are necessary for the manufacturing process 

(b) natural flavouring substances not deriving from milk, such as spices, in such 
quantity that they can be considered only as flavouring substances, provided that the 
cheese remains the major constituent and that the addition is declared in the designation 
of the product (e.g., cheese with celery, etc.), unless the presence of spices is a traditional 
characteristic of the cheese. 

1.4 Marking and labelling : 

In accordance with Article 5 of the Code of Principles all cheeses shall be marked with 
their minimum fat content and producing country, whenever the consumer could otherwise 
be misled. Subject to these requirements, the following provisions shall apply: 

1.4.1 Cheese containing less than 45 ~~fat: 

Where a cheese contains less than 45% fat in the dry matter, the guaranteed minimum 
fat content shall be marked upon all original cheeses, or where not practicable on all 
original packs, and on all prepared consumer packs. 

1.4.2 Cheese containing 45 /~fat or more : 

Where a cheese contains 45 % or more fat in the dry matter, it may be marked with 
the minimum fat content. Where the designation '" full fat cheese " is already in use for 
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cheese with 45% or more fat in the dry matter, its use may be continued, provided it 
conforms with the provisions of the Code of Principles. 

1.4.3 Cheeses subject to co_mposition standards : 

The provisions of paragraph 1.4.1 shall, however, not be obligatory in respect of 
cheese covered by international composition standards set up under the Code of Principles. 
Until such standards have been elaborated, cheeses covered by exi~ting national legis
lation, fixing in particular their minimum. fat content and maximum moisture content, 
shall not be subject to the compulsory declaration required by paragraph 1.4.1.* 

1.4.4 General requirements : 

Subject to paragraph 1.4.3 the fat content of cheese shall be expressed as a percentage 
of the dry matter. The marking of fat content upon the original cheese, original packs 
and prepared consumer packs shall be made in distinct and legible figures. 

1.4.5 Additional requirements for export : 

The cheese or its package as well as commercial document referring thereto shall bear 
the name of the producing country and an identification of the manufacturer or exporter 
in plain or in code. 

2. Whey cheese 

2.1 Definition : 

Whey cheese is the product obtained by concentration or coagulation of whey, with 
or without addition of milk and milk fat. 

2.2 Export standards : 

2.2.1 The standard for the content of " whey cheese " is the percentage of fat content 
in the dry matter. 

2.2.2 Full fat whey cheese : 

The minimum percentage fat in the dry matter in full fat whey cheese shall be 33 %. 

2.3 Marking and labelling : 

2.3.1 The "whey cheese" or "whey cheese packs" shall bear the designation " whey 
cheese", the name of the producing country and the minimum fat content. 

2.3.2 The marking of fat percentage in the dry matter and the designation of " whey 
cheese " shall be made in distinct and legible figures and letters. 

• The Danish delegation put forward the following alternative version of paragraph 1.4.3: 
" The provisions of paragraph 1.4.1 are not obligatory for internal trade in respect of cheeses covered by 

national legislation which: 
(a) is already in existence on 10 March 1961, 
(b) fixes their minimum fat and maximum moisture contents, and 
(c) does not prescribe or prohibits the marking of their minimum fat content in the dry matter." 



Annex 2 

DEFINITIONS OF AND NOTES ON SOME MILK PRODUCTS * 

Toned Milk 

Toning can be defined as the addition of reconstituted skim milk to 
locally produced milk in order to reduce its fat content to a pre-determined 
standard while maintaining or increasing the content of solids-not-fat. 

Soured and Fermented Milks 

Broadly speaking, the European traditional methods make use of fresh 
milk rather than boiled, whereas in Asia the opposite obtains. The modern 
industrial production of soured and fermented milks in North America, 
western Europe and other countries has partly taken over and adapted 
some of the traditional methods and names, as, for example, with yogurt 
and kefir, and partly evolved specific products, such as acidophilus and 
cultured buttermilk. 

Sour milk : milk soured spontaneously by adventitious acid-producing 
streptococci and lactobacilli when exposed in open pans or vessels for 
one or two days at room temperature. In Russia and other countries 
where the milk is popular, it is now prepared for large-scale distribution 
in catering establishments from pasteurized or boiled milk seeded with 
pure bacterial cultures. 

" Long milk ": In this characteristic viscous sour dish of Scandinavian 
countries, bacteria causing " ripeness " in milk, usually an annoying form 
of spoilage, are combined with acid formers to produce a palatable product 
of remarkable keeping qualities (ldngmjolk, liittemjO!k in Sweden, taette 
in Norway, pitkiipiimii in south-western Finland). 

Fermentation is induced in fresh milk by the addition of carefully 
preserved taette from an earlier preparation. 

The "cellar milk" (kjaeldermelk) of Norway is made by establishing 
in spring the taette fermentation in a cellar in huge, carefully cleaned 
butts and keeping the milk at about 10°C. After a time the milk loses its 

*Extracted from: Kon, S. K. (1959) .:.'!ilk and milk products in human nutrition, Rome (FAO 1Vutritional 
Studies, No. 17). 
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viscosity but retains a pleasantly acid flavour and can be kept in a whole
some state for 10 months or even for a year or two. 

Yogurt, laban and dahi: Yogurt and yogurt-like products are the 
traditional form of sour milk of Greece, Romania, Hungary, Bulgaria, 
Turkey, the Caucasus and neighbouring countries, and often are the main 
form in which milk is taken. In these countries, cow, goat, sheep or 
buffalo milk is used as available, mostly whole but in some places skimmed. 
It is boiled, often for a long time, so that it is reduced in volume, allowed 
to cool to some 45°C (or to some 52°C for the laban variety), inoculated 
with a starter from the previous day's yogurt and then kept warm until 
clotted and viscous. When the milk has been concentrated by boiling, 
the yogurt is usually diluted with water for drinking-for example, the 
doogh or abdoogh of Afghanistan and Iran, or eyran in Turkey. Laban 
is said to contain a little alcohol from yeast fermentation, but yogurt not 
more than traces. 

In Israel an industrial modification is produced from reconstituted 
dried skim milk. 

Dahi is the sour milk product characteristic of the Indian subcontinent. 
In the traditional desi (or country) method of manufacture, whole milk 
is brought to the boil, cooled to body temperature, and placed in unglazed 
earthenware vessels which are kept warm by a wrapping of cloth or hay. 
Usually a small amount of the previous day's dahi is added as a starter, 
but generally the organisms in the pores of the vessels suffice to start a 
vigorous fermentation even though the vessels have been washed and 
dried. Dahi is also frequently used as the starting point in the manu
facture of ghee, and may then be made from unboiled milk. 

Yogurt and laban are taken in many ways and form the basis of many 
staple dishes. In the Mediterranean countries, for long keeping the products 
are stored in jars under a layer of fat or dried in the sun. The dried product 
is called jub-jub in Lebanon, kuru! in Afghanistan and kashg in Iran. 

Another popular dish is made by mixing yogurt and wheat flour, 
sometimes with the addition of green leaves, allowing the mixture to 
ferment and then drying it in the sun or shade. 

Butter is often made from yogurt or yogurt-like milks by hand-churning. 
The buttermilk may be taken as such, but the curd is often strained off 
and dried in the sun or by pressing, as with the whole-milk yogurt. 

Cultured yogurt : The name yogurt is also given to the cultured-milk 
product industrially produced in large quantities in western European and 
North American countries and also in many other countries with a developed 
dairy industry. It is usually made from whole milk, either as such or 
concentrated to two-thirds of its volume, by a highly technical process 
in which souring is brought about by a combination in equal parts of 
acid-producing streptococci and lactobacilli. 
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Kefir : Kefir is a sour-milk product of the Caucasus in \Vhich lacto
bacilli and streptococci combine with a lactose-fermenting yeast to give 
souring and formation of alcohol, of which kefir may contain up to 1 %. 
Propagation is by the curious way of adding kejir grains to milk. These 
grains are essentially particles of clotted milk containing the mixed microbial 
population. Kejir is increasingly produced industrially outside the Middle 
East from pasteurized milk; the kefir grains are filtered off after about 
eight hours, and fermentation is allowed to proceed in bottles for a further 
day. During fermentation the grains increase in size and thus remove 
some protein and fat from the milk. 

Koumiss : Koumiss, which may be regarded as a variety of kejir, is 
the well-known sour alcoholic drink of the peoples in the south-eastern 
steppes of the European part of the USSR and of western Siberia. It is 
prepared from mares' milk, which contains more lactose than cows' milk; 
hence after prolonged fermentation koumiss may contain up to 3% alcohol. 

Kurunga : Kurunga is a koumiss-like preparation of cows' milk com
monly used by peoples in western Soviet Asia. 

Chal: Chal is a similar effervescent soured product made m Turk
menistan from camels' milk. 

Lassi : Lassi is the name given to the sour buttermilk remaining after 
the churning of butter from dahi in the manufacture of ghee. Lassi is also 
prepared directly from skim milk in the same way as dahi but is a less 
flavoured and palatable drink than the buttermilk lassi. 

Buttermilk : The word buttermilk as used earlier denoted the acid 
by-product of the churning of sour cream into butter, and as such was 
a popular drink. It is still popular in Belgium, Denmark and Holland. 

Cultured buttermilk : Cultured buttermilk is the modern equivalent of 
sour buttermilk and is now mostly produced by means of a starter of 
acid-producing streptococci, from skim or partly skimmed milk, pasteurized 
at a temperature of around 85oC. It is the most popular of the cultured 
milks in the USA. 

Acidophilus milk : Acidophilus milk is a similar product made with 
a pure culture of Lactobacillus acidophilus, which has largely replaced 
Lactobacillus bulgaricus for this purpose. 

There is no doubt that souring and fermentation have played and are 
still playing a most important part in making milk safer and more whole
some in many parts of the world where these products are prepared in 
the traditional fashion. Souring inhibits and later destroys many pathogenic 
bacteria, particularly typhoid and paratyphoid organisms and noxious 
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coliforms, so that the outbreaks of intestinal disease so common with 
untreated milk in hot countries are much less likely with fermented pro
ducts. 

Souring cannot be relied on to control all pathogenic organisms ; for 
example, Mycobacterium tuberculosis and Brucella melitensis survive for 
days if not weeks in fermented milks of quite high acidity. 

Traditional Concentrated Milk 

In various parts of the world, concentrated milk products are made 
which in their composition lie on the borderline between the condensed 
milks of the dairy industry and its dried products. Except for the reindeer 
product, the following are characteristic of India. 

Khoa or mawa is obtained by boiling milk while stirring in an open 
pan over a brisk fire until it reaches the consistency of dough and the 
water content decreases to some 30 %-40 %. Khoa is usually heavily con
taminated with iron from the pan. After manufacture micro-organisms 
rapidly gain access and the product deteriorates quickly. It should be 
consumed within not more than four days of manufacture. 

Kheer is a similar but less concentrated product, and may be unsweetened 
or sweetened; if the latter, it resembles sweetened condensed milk in texture. 

Rabri is a sweetened concentrated product made by skimming off 
successive layers of dotted cream from the simmering milk, adding sugar 
to the liquid residue in the pan when it has been concentrated to about 
one-eighth of the original volume, and blending into it the skimmed-off 
clots. 

Malai is a similar product made without sugar. 

Dried reindeer milk: The Laplanders place reindeer milk in a reindeer's 
stomach in the heat and smoke over the open fireplace, replenishing it 
as it evaporates, until after two to three weeks' " cure " the stomach is 
filled with the dried grainy product. A stomach lasts a Lapp family almost 
a whole winter. Reindeer intestines are also used for this purpose. 

! Butter and Ghee 

Butter : In the early years butter was churned directly from milk and still 
is in India in the desi method of ghee-making. 

In the modern way, it is as a rule churned either from cream ripened 
(soured) by starters, or from sweet cream. Those exporting countries such 
as Denmark and Holland that can deliver the butter rapidly to their customer 
countries mostly produce the ripened butter, of prized flavour but short 
shelf-life, whereas in New Zealand, Australia and, to a large extent, in the 



A~~EX 2 761 

' 
USA, sweet-cream butter is made, as it travels better and is less liable to 
rancidity and other objectionable taints. Apart from these differences, 
butter may be salted or unsalted. 

In the sweet-cream process freshly separated cream is pasteurized and 
cooled or, alternatively, the cream is neutralized with alkaline compounds 
such as sodium bicarbonate and subjected to a vacuum heat treatment in 
which pasteurization and-important in New Zealand and Australia and 
several other countries-removal of feed taints are achieved simultaneously. 

Whether ripened or unripened, the cream is churned by a batch process 
in large mechanical churns. 

Ghee : Ghee, the best known of such stable butter-fat products, is made 
on a very large scale in India and adjoining countries, and in East Africa. 
Ghee-making in India is still largely a cottage industry in which butter 
is churned directly from dahi collected over a few days and then heated 
in batches over a slow fire, at first to come to about 90°C, when the water 
begins to evaporate, and finally, according to local taste, to about l20°-
1500C. The fat is then allowed to solidify by cooling and the lower layer 
of buttermilk is run out. The ghee produced by the farmers is collected 
in the refineries and grading stations where the katcha (raw) ghee is clarified, 
whereas the refined ghees are only blended. 

Samna is the Egyptian name for ghee ; in some other eastern countries 
it is called mislee. 

Dry butter-fat is also produced in other countries by modern technical 
processes. 

Cheese 

Cheese may be defined as a solid or semi-solid substance formed from 
the curd of milk, the liquid part remaining after the separation of the 
curd being known as whey. Over 400 varieties of cheese and more than 
800 names have been listed. 

Perhaps in considering its nutritive value cheese might best be divided 
according to moisture content into very hard, hard, semi-soft and soft 
types, each of the four types being made from whole or partly skimmed 
or skim milk; to these may be added the cheeses that are not cheeses in 
the strict sense-cream cheeses and whey cheese. 

The true cheeses of the first three types are all ripened by the action of 
bacteria or by surface micro-organisms or by blue mould in the interior, 
whereas the soft cheeses may be ripened or unripened. 

Cheeses range, therefore, from almost unchanged milk curd to products 
markedly altered in moisture content, composition and flavour. 

The essential steps in the modern making of Cheddar, a typical hard 
cheese, may be given in the briefest outline as they involve nearly all the 
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recognized treatments of milk and curd. Milk is usually pasteurized by 
an HTST process for a very short time, and culture of lactic streptococci 
is added as a starter, followed by rennet when the desired slight activity 
has developed-that is, when the milk has " ripened ". The combination 
of acidity and enzyme gives the best conditions for the formation of a 
satisfactory curd. The curd is cut with special knives into small pieces 
which float in the whey. The temperature is then raised to around blood 
heat and the mass stirred until the curd reaches a condition suitable for 
"pitching", that is, settling. at the bottom of the vat. ,The settled curd 
is pushed to one end of the vat, the whey drained off and the curd cut and 
piled to allow further drainage. After a few hours, the curd is milled or 
ground into small pieces, salt is added and after further standing the curd 
wrapped in cloth is put into presses in which increasing pressure is applied. 
When sufficient moisture has drained off the cheese is bandaged in cloth 
and stored for a few months to ripen. 

Differences in various stages of the process give rise to different varieties 
of cheese-for example, for soft and semi-soft cheeses the curd is not 
pressed, and in the blue-veined varieties mould either is allowed to penetrate 
adventitiously into the cracks or is introduced artificially. 

Cream cheese is a soft cheese made from renneted or soured cream 
or a mixture of milk and cream. 

Whey cheese is made in various parts of the world by precipitating the 
soluble proteins of whey by heating (cooking) the acid whey. It is known, 
for example, as Ziger in Germany, ricotta and broccio in Italy, recuit and 
serac in France. Skuta or puina is made in Yugoslavia by boiling together 
sheep's milk whey with one-tenth of sheep's milk. A similar product in 
Greece is called mitzithra. The mysost of Scandinavian countries is made by 
concentrating whey by boiling to about a quarter of the original volume. 
The mass is stirred while cooking and set in forms. 

Processed cheese is made by grinding cheese, adding " melting salts " 
as stabilizers, and sometimes flavouring, and heating with thorough mixing 
to about 80°C to soften the mass, which is then poured into suitable 
containers-cartons, tinfoil or plastic. Processed cheese keeps very well 
because of the heat treatment. 

Channa : Channa is the counterpart of cheese made in India and neigh
bouring countries from boiling milk by the addition of lemon juice, acid 
whey or sometimes tartaric acid. 

The panir of Afghanistan is made in a similar fashion. 

In the Sherpa areas of the Himalayas and in Tibet surplus lassi (butter
milk) is heated, and the clot, mainly consisting of casein, together probably 
with some precipitated soluble protein, is strained in bamboo baskets; 
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MILK PASTEURIZATION UNDER BUSH CONDITIONS* 

Various methods suitable for the pasteurization of milk under bush 
conditions have been and are undergoing trial in Kenya. 

Mobile All-in-one Milk-Processing Unit 

To permit rapid milk collection from smallholders who cannot afford 
to cool their milk individually, and to pasteurize the milk for distribution 
in areas where milk plants do not exist, a mobile milk-processing unit 
fitted to a 5-ton truck is under construction, in consultation with a leading 
firm of dairy equipment manufacturers in Australia (see Fig. 1). This unit 
will perform the following duties: 

(1) Cool the incoming milk on a surface cooler at a rate of 80-100 
gallons (about 360-450 litres) per hour. 

(2) Separate milk at a rate of 60 gallons (about 270 litres) per hour. 
(3) Store the milk in a tank suitable also for pasteurization and recom

bining of milk. 
FIG. 1 

MOBILE ALL-IN-ONE MILK-PROCESSING UNIT 

11 

CD REFRIGERATION I 

Q) STEAM RAISING EQUIPMENT 

@) TESTING BENCH 

@ 80/100 gal. SURFACE COOLER 

® 60gal. MILK SEPARATOR 

@ 250 gal. VAT 

(J) MECHANICAL AGITATORS 

@STORAGE FOR 5x10gal. CANS 

"' Contributed by Dr I. Maim, Chief, Animal Industry Projects Section, Department of Veterinary 
~t:rvices, Kabete, I<-enya. 
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The 5-ton insulated truck carries the following equipment: 

(1) Refrigeration 
(2) Steam-raising equipment 
(3) One 80/100-gallon surface cooler 
( 4) One 60-gallon milk separator 

765 

(5) One 250-gallon (about 1130-litre) stainless-steel vat for pasteuri
zation, adaptable to milk recombining 

(6) Five 10-gallon (45-litre) cans for cream and skim milk. 

The flow of operations is as follows. The smallholder brings his milk 
to the side door of the truck. Here, organoleptic and clot-on-boiling tests 
are carried out. The milk which passes the tests is cooled on the surface 
cooler and tipped into the receiving tank. Milk which is on the point of 
turning sour is not cooled but separated. The skim milk and the cream are 
kept separately in five 10-gallon cans on the side of th~ truck. This skim 
milk is used either for cheese-making or for culture-milk-making. The 
cream is cooled on the surface cooler after all milk cooling has been com
pleted. When the receiving tank is full, the steam is turned on and the milk 
is kept for 30 minutes at 145°F (63°C), after which it is cooled to 45°F 
(rC), when it is ready for dispatch. 

Whenever local production is not sufficient to cover consumption, the 
milk pasteurizer is used as a milk recombiner or for the production of 
liquid skim milk from dried skim milk powder. For this purpose the vat 
is provided with mechanical agitators. Mter recombining, the milk is 
pasteurized. 

Continuous-Coil Pasteurizing Plant 

The plant (see Fig. 2) consists of: 

(1) A heater, made from a 44-gallon (200-litre) drum, fixed horizontally 
with a segment, 6 inches (15 cm) deep, cut away along the length of the tank 
(from the upper surface when horizontal). The water is kept at boiling
point by heating from underneath with a charcoal fire in a half-drum 
perforated for ash and draught. 

(2) A cooler. Cooling takes place in a plastic coil immersed in a 44-
gallon drum through which cold water passes continuously. Where ample 
cold water is available, it is piped direct to the drum; where not available, 
water has to be stored in a well and fed over a surface cooler by a semi
rotary pump. The cooling water always flows in the opposite direction to 
the milk flow. 

(3) A milk header tank situated above the hot water tank and fitted 
with a control valve. The milk flows by gravity through the heating coil 
and then through the cooling coil until it reaches the milk churn. 
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over-powered so that sufficient heat is produced on days when solar radiation 
is low. The 40-gallon tank is insulated with a minimum of 5 inches (about 
13 cm) of fibre glass wool contained in an outer casing. 

A stainless-steel coil is immersed in the hot water tank and the milk 
is passed through the coil, so that it is heated to a temperature of not less 
than 165° F for 30 seconds. A thermostat valve is fitted in the outlet side 
of the stainless-steel coil to ensure that only milk that has been heated to 
the above temperature discharges into a closed receptacle. Cooling is done 
in the same manner as is described above for the continuous-coil pas
teurizer. 
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Acidity test for milk quality, 224, 643 
Acidophilus milk, 759 
Activated sludge process, 523 
Additives, 351, 390, 424, 426-427 

permitted, 750-756 
See also Preservatives 

Adenoviruses in milk, 15, 24 
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703-717 
Adulteration of milk, control, 223, 226, 
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Advertisement of milk products, 749 
Advisory services, 705, 712, 719-731 
Aeration of dairy wastes, 522-524 
, Aerosol insecticides, 176, 177 
Air-circulation systems in spray drying, 

372-374 
Alcohol test for milk quality, 224-225, 322 
Alkalinity of water. ~:mtrol, 506-507 
Allergy, to milk, )6, 687 

to penicillin, 452 
Alum treatment of water, 506 
Aluminium, dairy equipment, 369,464, 469, 

562, 563, 566, 585-586, 646 
foil for packaging, 393 

Amido1 test, 451 
Amino acids, effects of hydrogen peroxide 

treatment, 431 
Anaplasmosis, 163, 168 
Animal feeding, Egypt, 637 

Norway, 627-628 
use of milk, 352, 403, 439, 521 

power on farms, 156 
reservoirs of disease, 649, 653 

Anthrax, 15, 30-31, 651, 668 
Antibiotics, preservatives for milk, 424 

residual in milk, 15, 44, 56-58, 235, 410, 
415, 451-455, 626-627 

treatment of mastitis, 42-43 
Antioxidants added to dried milk, 390 
Apprenticeships in dairying, 730, 742-743 
Arsenic dip for cattle tick control, 163 

Artificial insemination of cattle, 653 
Atomizers for spray drying, 362-366 
Australia, toned milk, 700 
Autoclaves, 288, 289, 341, 469 
Ayran, 693 

Babcock test, 235 
Bacillus anthracis in milk, see Anthrax 
Bacillus cereus in milk, 65 
Bacteria, in farm water, 148-150, 154-155 

in milk, effect of hydrogen peroxide 
treatment upon, 432-437 

Bacterial contamination, causes, 186, 187, 
205, 270, 335-337, 463, 570, 571-572, 
574-575 

chemicals affecting, 202-204 
dried milk, 394-403 
post-pasteurization, in tropics, 672, 698 
" sterilized " milk, 296-299 
temperature affecting, 17, 188, 199, 259, 

270-279, 306-308, 398-399, 546-547 
Bacterial infections, see Disease 
Bacteriological standards, fluid milk, 630, 

640, 641-643 
raw water, 461,501-502 

Bacteriological tests, milk, 223-237, 243 
water, 501 
See also under designation 

Bacteriophage in milk products, 416-417 
Bacteriostatic effects of disinfectants, 449-

451 
Bacto-strip technique, 311 
Bail, portable, 116 
Baits, insect control, 176-180 
Batch cooler, 334 
" Batch holder " pasteurization, 259 
Biochemical oxygen demand of dairy 

wastes, 517 
Biological filtration, 524-525, 526-527 
Blackquarter, 651 
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Blood in milk, 64 
Boiler compounds to control scale, 151-152, 

516 
Boilerhouse in farm dairy, 118, 119, 120, 

121 
Boiling of milk, 264, 326, 598, 619, 710 
Bombay Milk Scheme, 603-605, 696, 699 
Bonus systems, for cleanliness of dairy 

workers, 542 
for healthy cattle, 243, 248 
See also Payment according to quality 

Botfly, control, 162-163 
Bottles, 572, 576, 578-587, 590-593, 596-597 
Bottle-washing, machines, 479-481, 583 

processes, 279, 285, 297, 480, 578-579, 
582-585, 592-593 

Bottling, 569-593, 596-597 
Botulism, 15, 31 
Bovine tuberculosis, 625-626 
Bread, addition of dried milk, 403 
Breeding, buffalo, 689 

cattle, Egypt, 636, 638 
hot-climate countries, 734-735 
India, 612, 614 
Kenya, 647-648, 652-653, 657, 673 

mares, 685-686 
reindeer, 692 
sheep, 684, 686 

Browning reaction, 273-274, 296 
condensed milk, 324, 338, 342, 345 
dried milk, 350, 380, 381, 392 

Brucella, see Brucellosis 
Brucellosis, 15, 31-35, 243, 622, 626, 639, 

666-667, 683, 687 
Buffalo milk, and brucellosis, 33, 639 

and tuberculosis, 51 
composition, 640, 690, 691 
milking procedures, 613-614 
vitamin content, 641 
yield, 612, 619, 636, 637, 689, 695 

Buildings, collection centre, 548-550 
dairy, hygiene, 458-459,492-496 
dairy-farm, in temperate climates, 77-123, 

627, 633 
in tropical and warm climates, 125-142 

factory hygiene, in Kenya, 677-678 
in USSR, 537-542 

grading, 716 
legislation, 78,492-496,607-608,708-709, 

716 
pasteurization centre, 261-262 
rural milk centre, plans, 658-659 

Bulk density of dried milk, 378-379, 384, 
386 , 

Bulk milk tank, 114, 191-192, 219, 249 
Burnt flavour in dried milk, 350, 351, 380, 

381 
Burri slant method, 229 
Butter, insecticide residues, 60 

processing, 405-409 
production in Egypt, 636 
standards, 752-753 
types, 760-761 

Butter-making equipment, 475, 481 
cleaning, 482 

Caesium-137 in milk, 61-62 
Calving cows, accommodation, 96 
Camels' milk, 33, 682, 688-689 
Can washer, 473 
Cand!ing of bottles, 585 
Canning equipment, 286 
Cans, 284-286, 387-388, 393, 557-565, 576, 

579, 590, 646, 678 
cleaning, 472-473 
See also Churns; Tins 

Capping of bottles, 479, 579, 585-587, 593 
Cartons for packing milk, 280, 379, 393-

394, 572, 587-588, 596, 597-598 
See also Tetrapak; Zupak 

Casein, effects of hydrogen peroxide treat
ment, 430, 442 

Catalase in milk, 436-437 
Cattle breeding, see Breeding 

grubs, control, 159-162 
Cellar milk, 757-758 
Chat, 759 
Channa, 762 
Cheese, and botulism, 31 

and brucellosis, 34 
and Q fever, 29 
and staphylococcal enterotoxic gastro-

enteritis, 42, 44-45 
and streptococcal infections, 47 
and tuberculosis, 50 
and typhoid fever, 52-53 
definitions, 761-763 
dried milk, 403 
insecticide residues, 60 
processing, 409-414, 437-438, 440-442, 

631, 761-762 
production, Egypt, 636 

Kenya, 661 
standards, 755-756 
wastes, 519, 521 

Cheese-making equipment, 474, 631 
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Chemical sterilization of milking equip
ment, 200-213 

Chemicals, toxic. in milk, 59-61, 471 
See also Antibiotics, residual in milk; 

Disinfectants, residual in milk; In
secticides, residual in milk 

Chlordane for insect control, 174-176, 
182 

Chlorination of water, 462, 470, 504-505 
Chlorine compounds, for disinfecting 

equipment, 201-204,469-470, 492, 583, 
621 

residual in milk, 61, 449-451 
Chocolate milk, 630 
Cholera, 15, 35 
Chura, 763 
Churns, 407, 464, 470, 481, 482, 491, 561 

See also Cans 
Churps, 763 
Citrobacter in milk, see Coliform infections 
Clarifier, 254 

cleaning, 482 
Clarifying milk, 252-254, 354 
Cleaning, dairy equipment, 336, 395-396, 

397, 463-489 
milking equipment, 195-220 
premises, 89, 458-459, 492-496 
tankers, 679 

Climate, farm buildings suited to tempe
rate, 77-123 

farm buildings suited to tropical, 125-
142 

Clostridium botulinum in milk, see Botulism 
Clostridium perfringens (welchii) infection, 

15, 35-36 
Clot-on-boiling test, 266, 765 
Clothing, dairy workers, 532, 539, 540 

protective, for insecticide application, 
181, 182 

Coagulation, bacterial, see Thickening 
of dairy wastes, 525 
of water, 505-507 

Cockroaches, control, 171-173, 175, 176, 
180 

Code, milk and its products, 348, 674, 714, 
747-756 

milk hygiene, 492-496 
Coke tray aerator, 513-514 
Coliform infections, 15, 19, 36-37 

organisms, growth in tropical climate, 
621 
sources, 308. 313-314, 501, 640 

standards, 309-310 
tests, 233-234, 309-310, 417, 491 

Collection centres, 545-556, 642, 643-646, 
722 

Colombo Plan, 618 
Calorimetric examination of bottles, 585 
Colourings for ice-cream, 420 

See also Additives, permitted 
Concentration of milk, before spray drying, 

354-360 
traditional process, 7 60 

Condensed milk, 321-345 
cleaning routine for plant, 678 
defects, 333, 335-336, 337 
standard, 754 

Condenser for evaporating milk, 326-327 
Confectionery, use of dried milk, 403 
Consumption of dairy products, Egypt, 

636 
India, 695 
Kenya, 648, 673 

Containers, cleaning, 472-474, 582-585 
condensed milk, 335, 339-340 
dried milk, 375-377, 379-380, 387-388, 

393-394 
handling methods, 575 
packaging methods, 569-593, 678-679 
sterilized milk, 280, 284-286, 589-593, 

605 
thermal factors, 572 
types, 557-568, 569-593, 596-598 
See also Bottles; Cans; Cartons; Churns; 

Tetrapak; Tins; Zupak 
Contamination, see Bacterial contamina

tion; Fly contamination; Iron; Rats 
Continuous-coil pasteurizing plant, 765-

766 
Continuous-holding method, pasteuriza

tion, 259-260 
sterilization, 275-277, 290-294 

Control and adYisory service for dairying, 
724-726 

Coolers, cleaning, 475-476, 478, 551 
types, 189-192, 250-251, 476, 551, 552, 

560 
Cooling of milk, 187-192, 250-251, 255, 

333-334, 519, 559-560, 629, 638, 641, 
646 

Cooling tank, 135, 136, 137-139, 550 
Co-operatives, milk, 614, 625, 632, 646, 

652, 657, 660 
Copper equipment, 338, 387, 464, 469, 558, 

570, 571, 575 
Co-Ral for pest control, 162, 163, 166, 169, 

175 
Corral milking, 128 
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Corynebacterium diphtheriae in milk, see 
Diphtheria 

Costs, dried milk, 352, 374-375 
milk collection centre, 554-555 
milk distribution, 605 
milk production, 77, 78, 261, 650 
milk transport, 559 

Counterpart training for dairy industry, 
736-737 

Cowboys, school, 738 
Cowhouses in temperate climates, 79-96 
Cowpox, 639 
Coxsackie viruses in milk, 19, 23-24 
Crates for bottles, 576, 597, 602-603 
Cream, grading standards, 675-676 

ice-cream production, 419 
processing, 406-407, 440, 476, 484, 676-

677 
production, Kenya, 643-655 
waste prevention, 519 

Cream cheese, 762 
"Cream line", 264-265, 580, 581, 598 
Cream-making equipment, cleaning, 483-

484 
Crown cork, 592, 593 
Crystals, lactose, addition to condensed 

milk, 333-334 
Cultures for milk products, 407, 410-412, 

416-418 

Dahi, 758 
Dairy, farm, construction and equipment, 

116-123, 127-137 
Dairy farm, see Farm 

products, see Milk products 
workers, see Personnel 

DOT for pest control, 162, 163, 168, 174 
DDVP for insect control, 177 
Decimal reduction time, 271-272, 295 
Deer flies, control, 167-168 
Definitions of milk and milk products, 

708, 748, 757-763 
Dehorning of cattle, see Polling 
Delnav for pest control, 163, 166, 169 
Detergents, affecting milk quality, 471 

selection, 195-196,467-468, 583-584 
use, for dairy and milking equipment, 

197, 202-219, 279, 297, 463-466, 471-
489, 583-584 
for defatting rubber, 209 
for descaling, 205-207, 467-468, 477 

Dextrose, in preparation of milk products, 
324-325 

Diazinon, control of pests, 175, 176, 177, 
180, 182 

Diphtheria, 15, 37-38, 534-535, 622, 671 
Diplococcus pneumoniae in milk, 47 
Dipping cattle, 163-164 
Dipterex, for insect control, 177, 180 
Direct microscopic count method, 229-

230 
Disease, milk-borne, 11-74, 398-399, 625-

627, 639-640, 649, 651, 665-671, 683, 
698, 720, 727 
legislation, 706, 709-710, 713, 717 

of dairy personnel, 531-536, 537-542, 
639-640, 678 

See also under individual disease 
Disinfectants, for udder washing, 1S4 

residual in milk, 60-61, 449-451, 471 
See also Bottle-washing; Disinfecting of 

equipment 
Disinfecting of equipment, 185, 195-220, 

457-492, 578, 584 
See also Bottle-washing 

Dispersibility of dried milk, see Solubility 
Distribution of milk, 595-608 

See also Transport of milk 
Domestic storage of milk, 605-607, 632 
Drainage, cowhouse, 93-96 

milking parlour, 99, 109, 114, 116 
milk-processing plant, 517, 520, 521, 

522 
milk-room, 136, 493 
portable bail, 116 

Dried milk, 347-404 
antibiotic residues, 453 
buffalo, 690-692, 695-700 
equipment, cleaning, 486 
hydrogen-peroxide-treated, 427, 442 
India, 618, 692, 695-700 
Kenya, 657, 661 
legislation, 674, 708, 709, 715 
reindeer, 760 
standards, 677, 754-755 
toning, 690-692, 695-700 

Drying chambers for spray drying milk, 
366-370 

plant, 371-375 
Dung disposal, 65, 79, 80, 83, 85, 93-96, 97, 

101, 137, 173 
production of metharie gas, 766 

Dungstead, 97 
Dye-reduction tests for milk quality, 227, 

230-231, 314, 315-316 
Dysentery, 534, 622 

See also Shigellosis 
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Earthenware milk cooler, 606 
Education and training in developing dairy 

industries, 733-744 
Eggs added to ice-cream, 420 
Egypt, milk hygiene practice, 635-646 
Enamel for dairy equipment, 464 
Enteroviruses and milk-borne diseases, 15, 

19, 23-24, 36, 668-669 
Enzyme added to milk, 58 
Enzymes in milk, 431, 436-437, 643, 683 
Epidemiological mechanisms of milk-borne 

diseases, 665-666 
EQ-335 treatment for screw-worm, 170 
Escherichia coli in milk, See Coliform infec

tions 
Evaporated milk, 321-345 

standard, 753 
Evaporation-cooler, domestic, 606 
Evaporators, 327-333, 354-362, 395, 484-

486 
Ewes' milk, 681, 682, 686-687 

and brucellosis, 32, 33 
and Q fever, 28 
and staphylococcal enterotoxic gastro

enteritis, 42, 45 
and tick-borne encephalitis, 25-26 
and tuberculosis, 51, 683 

Fat deterioration in dried milk, 301-302, 
386-391 

in raw milk, 558, 567, 570 
Fat separation in condensed milk, 338, 339, 

342, 345 
Farm, advisory service, 721 

buildings, 77-123, 125-142 
cleaning of equipment, 195-220 
grading, 716 
registration, 708-709 
water supply, 143-157 

Feed taints, 381 
See also Off-flavours 

Fellowships for training in dairying, 737-
738, 743-744 

Fermentation test, 450-451 
Fermented milks, 414-418, 757-760 
Feta cheese, 686 
" Filled milk ", 402 
Fillers, 340, 376, 377, 586 
Filling methods, 339-340,479, 585-587, 593, 

678, 679 
Filter, biological, 524 

cloth, 253 

Filtration, dairy wastes, 524-525, 526-527 
milk, 186-187, 249, 252-254, 255, 354, 

465 
water, 505-506, 509-511 

" Flash" process, 260, 264-265, 418, 630 
Flavouring dairy products, 414, 419-420 

See also Additives 
Flocculation of water, 505-507 
Flush periods for milk, 663 
Fly contamination, control, 117, 134, 170-

171, 173-174, 493-496 
Foam heaters in ice-cream production, 421 
Fodder control in cowshed, 725 
Food and Agriculture Organization of the 

United Nations, 690, 714, 733, 736-
739 

Foot-and-mouth disease, 26-27, 626, 639, 
669 

Free milk schemes, 662, 699-700 
Fruits added to milk products, 419 
Fungi in milk, 55 

Galactophoritis, 48 
Gamma-BHC for pest control, 169, 170, 

174-175, 176, 182 
Gas formation in condensed milk, 336-

337, 343 
Gas-packing of dried milk, 387-389, 392, 

400 
Gerber test, 235 
Ghee, definition, 761 

legislation, 674, 676, 690 
production, 654-655 

Glass for dairy equipment, 464, 465, 487, 597 
See also Bottles 

Glaucoma and dairy animals, 63 
Goats' milk, 625, 682, 687, 688 

and brucellosis, 31-35, 639, 667, 683, 687 
and glaucoma, 63 
and leptospirosis, 38 
and Q fever, 28 
and staphylococcal enterotoxic gastro-

enteritis, 42, 45 
and tick-borne encephalitis, 25-26 
and tuberculosis, 51 
"cure", 35 

Haemorrhagic septicaemia, see Pasteurel
losis 

Handling of milk, 183-193 
Health control of dairy workers, 531-536, 

537-542 
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Health education, of public, 607, 650, 656, 
731 

of workers in dairying, 536, 541, 542, 
634, 655, 656, 721, 724, 726-731, 733-
744 

See also Training 
Heat treatment of milk, see Dried milk; 

Evaporated milk; Fermented milk; 
Pasteurization; Sterilization; Thermal 
destruction rates 

Heater for condensing milk, 326 
Heel flies, control, 159-162 
Helminths, 15, 537, 538, 539 
Hepatitis, milk-borne, 15, 24-25, 535 
Hibitane for udder washing, 184 
High-temperature short-time pasteuriza-

tion, 260, 262-264 
sterilization of concentrated milk, 342-

343, 345 
See also Ultra-high-temperature 

Homogenization of milk, 265, 279, 339, 
352, 383 

Homogenizers, cleaning, 478-479 
Horn flies, control, 165-166 
Horse-flies, control, 167-168 
Housefly, see Fly contamination 
Human milk, and brucellosis, 33 

and coliform infections, 36 
compared with cows' milk, 401 

Hydrogen peroxide in dairying, 423-447 
residual in milk, 61 

Hygiene, control aspects, equipment, 489-
492 
milk and milk products, 223-237, 
303-319, 405-422, 703-717 

dairy workers, 531-536, 537-542, 678 
Hypochlorites, for disinfecting equipment, 

201-204, 608 
residual in milk, 449-451 

Ice-cream, 402, 418-422 
Immersion cleaning of milking equipment, 

213-218 
" In-bottle " pasteurization, 260 

sterilization, 274-275, 277-279, 286-294, 
297-299, 301, 590 

Incubation of milk in quality testing, 227-
228, 314, 317-318 

India, milk hygiene practice, 611-623 
toned milk, 402, 690-692, 695-700 

Infant feeding, dried milk, 352, 398, 401 
Infection, see Disease 

Inhibitory substances resembling antibio -
tics, 454-455 

In-place cleaning of equipment, 255, 486-
488 

Insect bites of dairy animals, 65 
Insect control, 159-182 
Insecticide-proof clothing, 181, 182 
Insecticides, control of cattle pests, 159-182 

legislation, 60, 165, 174-175, 626-627 
precautions in handling, 181, 182 
residual in milk, 15, 59-60, 163, 164, 165, 

174-175 
In-service technical instruction, 730-731 
Inspection systems for dairies and farms, 

634, 675, 710-711, 722-724 
Instant powdered milk, 384-386 
Instantizer for spray-dried milk, 385 
Insulation, milk cans, 563, 565 

storage tanks, 251 
vehicles, 566, 573-574, 601, 664 

Iodine compounds, for disinfection, 212-
213,471 

residual in milk, 449-451 
Iodine-131 in milk, 61-62 
Iron, contaminating milk, 558, 570, 571, 

575 
removal from water, 513-514 
tinned, for cans, 562, 563 

Irrigation of sludge, 527-528 

Jub-jub, 758 

Kashg, 758 
Keeping quality, butter, 409 

cheese, 412 
dried milk, 386-392 
fluid milk, 570-577 
hydrogen-peroxide-treated milk, 438-440 
payment for, 244-245 
tests, 228, 233, 266, 315-318, 409 

Kefir, 688, 759 
Kenya, milk hygiene practice, 647-679 

pasteurization under bush conditions, 
764-767 

Kheer, 760 
" Khella " treatment, 635 
Khoa, 760 
Klebsiella in milk, see Coliform infections 
Koumiss, and brucellosis, 33 

definition, 7 59 
therapy, 683, 684, 685 
See also Mares' milk 
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Kurunga, 759 
Kurut, 693, 758 
Kwashiorkor, 648, 652 

Laban, 758 
Labelling of milk products, 749 
Laboratory service for hygiene control, 

711-712,714,723-724 
Lactic acid test, 225 
Lactometer tests, 235-236 
Lactose crystals, addition to condensed 

milk, 333-334 
Langelier index, 514-516 
Larvicides in control of cattle pests, 182 

See also Insecticides 
Lassi, 759, 762-763 
Legislation, affecting milk hygiene, 703-717 

antibiotics, 57-58, 424, 452, 453, 454 
buildings, 78, 492-496, 607-608, 708-709, 

716 
health, animals, 626, 639, 666, 669, 

709-710, 711 
personnel, 459-460, 537, 538, 607, 608, 
626, 640, 674 

insecticides, 60, 165, 174-175, 626-627 
milk, dried, 348, 390 

pasteurized, 258, 303 
Egypt, 640, 641-643 
Kenya, 674 
Norway, 629-630 

retail, 582, 607, 608, 622-623, 629-630, 
632 
toned, 699, 708 

wastes, 522 
See also Code; Standards 

Leptospirosis, 15, 38, 670-671 
Lice, control, 168-169 
Light affecting milk, 117, 183, 192, 387,458, 

557, 565, 570, 575, 606 
Lighting, cowhouse, 91-92 

dairy, 122-123, 494 
milk collection centre, 549 
milking parlour, 99, 114 

Liners, milking, 207-208, 215 
Lipolytic reactions, see Fat deterioration; 

Fat separation 
Listeriosis, 15, 38-39 
Livestock population, Egypt, 636 

India, 612 
Kenya, 647-648, 652-653 

Loafing shed, 127, 135 
"Long milk", 757 

Maillard reactions in dried milk, 391-392 
},falai, 760 
Malathion, pest control, 166, 169, 175, 177, 

182 
Manganese, removal from water, 514 
Mangers, types, 84, 85-88, 104, 105, 126, 

130, 132, 133, 139, 141 
Manicures for dairy workers, 541 
Manure, see Dung disposal 
Mares' milk, 683-686 

and brucellosis, 33 
Mastitis, affecting quality payment, 243-244 

and milk-borne disease, 21, 36, 37, 39, 
42, 46, 47, 50, 55, 56, 65, 671 

causes, 306-307 
detection, 185, 234, 626 

Mawa, 760 
Medical examination of milk handlers, 531-

532, 537-538, 632, 639-640, 649, 678 
Membrane-filter technique, 311, 318 
Meningo-encephalitis, 26 
Metals in milk, 15, 61-62 
Methane gas for bush pasteurization, 766 
Methoxychlor, control of cattle pests, 165-

166, 168, 174 . 
Methylene-blue reduction test, 231 

inhibited by disinfectants, 450 
Micro-organisms in milk causing disease, 

13-56 
Microscopic examination of milk, 312, 336 
Milk, code of principles, 747-756 

collection centres, 545-556, 642, 643-646 
constituents, buffaloes', 690, 691 

camels', 689 
comparative, 401, 685, 689-690, 691, 

692, 693 
condensed. 322 
cows', 674, 685, 690, 691, 693 
dried, 630, 674 
ewes', 686-687 
goats', 688, 692 
hydrogen-peroxide-treated milk, 428-

432 
mares', 685-686 
reindeer, 692 
yaks', 693 

control of hygiene, 303-319 
on reception, 223-237 

definitions, 708, 748, 757-763 
factory processing standards, Kenya, 677 
fat, standard, 753 
grading, 241, 242, 244-245, 247-248, 676, 

716-717 
handling, 183-193 
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Milk (continued) 
hygiene practice, Egypt, 635-646 

India, 611-623 
Kenya, 647-679, 764-767 
Norway, 625-634 

other than cows' milk, 681-694 
payment according to quality, 135, 239-

248, 632, 637, 641, 660, 662-663, 712-
713 

production figures, Egypt, 636-637 
India, 612 
Kenya, 663, 673 
Norway, 625 

products, definition, 748-749, 751 
hygienic aspects of processing, 405-

422 
tests for control, 409,417-418,421-422, 

491-492 
sickness, 62-63 
world needs, 740 
See also under individual types of milk 

Milk-borne diseases, see Disease, milk
borne 

Milkers' hygiene, 89, 130, 629, 649, 728-729 
Milking, hand, 127, 128 

equipment, 98, 99, 109 
cleaning and disinfecting, 184, 185-186, 

195-220, 628-629 
stables, portable, 116 
temperate climates, 96-116 
tropical and warm climates, 127-134, 

135, 615, 638 
Milk-stone, see Scale formation 
Miller & Elliker test, 451 
Mineral substances in water, 150-152 
Mislee, 761 
Mobile cheese-making unit, 661 

milking unit, 559 
milk processing unit, 764-765 
nutritional unit, 661 
rural milk centre, 660 

Mosquitos, control, 167 
Moulds in condensed milk, 337 
Mycobacterium tuberculosis, see Tubercle 

bacillus 
Myxoviruses in sheep and cattle, 27 

"Nasser project", 638 
Neutralization of water, 514-516 
Norway, milk hygiene practice, 625"634 
Nutritional needs and milk, 648, 657, 734-

735 

Nutritive value, dried milk, 400-403 
hydrogen-peroxide-treated milk, 431-432, 

442-443 
sterilized milk, 301-302 

Nuts added to milk products, 419 

Off-flavours in milk, excreted, 63-64, 323, 
451 

from packing, 393, 576 
from processing, 273, 380, 381-392, 409, 

427, 449-451, 492 
from water, 500 
See also Browning reaction; Light 

affecting milk 
Orthotolidine test, 504 
Oval-tube technique, 310 
Oxidation of milk, 575-576 

Packaging, see Containers 
Paints suitable for dairy interiors, 458, 493 
Panir, 762 
Paper chromatographic tests, 451 
Parasitic infections, human, 15, 56 
Parathion, fly control, 180-181, 182 
Pasteurellosis, 39-40 
Pasteurization, and hydrogen peroxide 

treatment, 425, 437-438, 439, 440 
and Q fever, 670 
and tuberculosis, 51-52 
and typhoid, 53 
cheese, 410, 440 
condensed milk, 323-324 
cream, 406 
equipment, 257-267, 477, 644-645, 646, 

764-767 
cleaning, 476-478,488 

fermented milks, 414 
flavoured milk, 415 
ice-cream, 420-421 
legislative aspects, 710 
procedures outlined, 257-267 

Egypt, 641-646 
India, 619 
Kenya, 661, 663-665, 671-672 

. Norway, 629-630 
standards, 303, 305, 309-310, 675-679 
tests for control, 303-318, 491 
toned milk, 697-698 

Pasteurizer, continuous-coil, 765-766 
mobile, 764-765 
plate-type, 477 
solar, 766-767 
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Pasteurizing uairy, planning, 261-262 
Payment according to quality, 135, 239-248, 

632, 637, 641, 660, 662-663, 712-713 
Peanut flour added to dried milk, 442 
~enalties for contravening milk regulations, 

713-714 
Penicillin, milk preservative, 424 

plate counts, 318 
residues in milk, 44, 56-58, 451-455 
treatment of mastitis, 42-43, 55, 56 

Penicillinase, added to milk, 58, 454 
Peroxides, as milk preservatives, 423-447 

residual in milk, 61 
solid, 426-427 

Personnel, dairy, health control, 531-536 
hygiene, 459-460, 479, 495-496, 537-

542, 575, 678 
training, 460, 472, 518, 519, 575, 719-

731, 733-744 
Pest control in milk production, 159-182 

See also Insecticides 
Phosphatase test, 266, 277, 303, 304-306 
Pipelines, disinfection, 186, 199-200, 219, 

474-475 
mountain, 632, 633 

Piroplasmosis, 163 
Plant toxins in milk, 15, 62-63 
Plastic, dairy equipment, 551, 559, 562-563, 

566, 765-766 
packing, 393-394, 589 

Plate-count tests for milk, 228-229, 308-309, 
316-318, 640, 641-643 

Pleuropneumonia, 651 
Poliomyelitis in dairy personnel, 535 
Poliovirus in milk, 19, 23-24 
Polling of cattle, 98, 101, 126 
Population growth and milk requirements, 

740 
Portable bail, 116 
Powder recovery in spray drying, 370-372 
Preservatives in milk, 15, 60-61, 423-447, 

674, 716 
Processed cheese, 762 
Protein-lactose reactions m dried milk, 

391-392 
Proteus in milk, see Coliform infections 
Protozoal diseases, 15 
Pseudomonas in milk, see Coliform infec

tions 
Psychrophilic bacteria, significance, 308, 

317 
Public health authorities and milk hygiene, 

258, 266-267, 452, 622-623, 630 
See also Legislation 

Pumps. milk, cleaning, 475 
water, 155-156 

Pyrethrum for control of cattle pests, 162, 
164, 167, 168, 169 

Pyshtak, 693 

Q fever, 15, 27-29, 260, 270 
Quality payment for milk and dairy pro

ducts, see Payment according to qua
lity 

Quarantine, foot-and-mouth, 669 
Norway, access of foreigners to dairy 

farms, 626 
tuberculosis, 666 

Quaternary ammonium compounds, disin
fection, 212, 416, 471 

preservation of milk, 424 
residual in milk, 449-451 

Rabri, 760 
Radionuclides in milk, 15, 61-62, 627 
Rains affecting milk quality, 650 
Rat-bite fever, 15, 40 
Rats contaminating milk, 40 
Reception procedures for milk, 223-237, 

249-255 
" Recombined " milk, 402, 765 
Reconstitution of dried milk, 382-383, 399, 

401-403 
Record-keeping in dairy-waste disposal 

plants, 528 
Reindeer milk, 682, 692 

and brucellosis, 33 
dried, 760 

Rennet in cheese-making, 683, 689 
Reoviruses in man and cattle, 27 
Reporting of disease, 20-22, 533 
Resazurin tests, 225, 231-233, 650, 663, 675 
Residual substances in milk, 15, 44, 56-58, 

59-61, 163, 164, 165,174-175,235,410, 
415, 449-455, 471, 626-627, 716 

Respiratory infections in dairy personnel, 
536, 538 

Returned milk, repasteurization, 307 
Rickettsial diseases, 15, 27-29 
Rinderpest, 651 
Roll-tube technique, 310-311 
Roller drier, 349 

cleaning, 486 
Roller-drying, 347, 348-352 
Ronnel for pest control, 162, 166, 169, 175, 

177 
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" Ropy milk " bacteria, examination of 
pasteurized milk, 314 

Rotenone for pest control, 160-162, 169 
Rubber equipment, care and treatment, 

197, 204, 205, 207-210, 216, 464-465 
Rural milk centres, 657-662 

Salmonellosis, 15, 53-55, 534, 668-669 
Samna, 761 
Sandy defect in condensed milk, 333, 337 
Sanitation on dairy farms, 173 

See also Drainage; Dung disposal 
Scale formation on dairy equipment, 148, 

151-152, 204, 205-207, 208, 213, 461, 
464,466,467,477,511,514-516 

Screw-worm control, 169-170 
Sealing of bottles, see Capping 
Sediment test for milk quality, 226 
Sedimentation, dairy wastes, 526 

water, 507-509 
Separators, cleaning, 482 
Sheep resistant to tuberculosis, 683 
Sheep's milk, see Ewes' milk 
Shelf-life, see Keeping quality 
Shigellosis, 15, 40-41, 669 
Shower-baths for dairy workers, 539-540 
Sifter for roller-dried milk, 375 
Sinks for cleaning farm dairy equipment, 

198, 628 
Skim milk, added to toned milk, 690-692, 

695-700 
Kenya, 660-662 
standard, 754-755 

Skyr, 763 
Sludge disposal, 527 
Snakebite affecting dairy animals, 65 
Sodium bicarbonate added to milk, 351 
Sodium cation exchange, see Zeolite pro-

cess 
Sodium fluoride for cockroach control, 176 
Solar pasteurizer, 766-767 
Solids-not-fat, control, 650, 663, 715-716 
Solubility of dried milk, 351, 352, 382-383 
Soured milks, definitions, 757-760 
Spillage prevention, 517-518 
Spore-formers, examination of pasteurized 

milk, 313 
Spores in milk, 270-273, 295 
Spray application of pesticides, 165, 175, 

177, 181 
cleaning of equipment, 488-489 
cooling of milk, 552, 553, 560 
drying, 347, 352-375 

Stability of milk, 322-324, 344-345 
Stabilizers, 419, 425 
Stable flies, control, 167 
Stall ties for cattle, 88-89 
Stanchions, calf-feeding, 132, 133 

milking stable, 140-142 
Standardization of condensed milk, 324, 

335, 339 
Standards, coliform, 309-310 

condensed milk, 322, 324 
dairy equipment, 465, 490-491 

cleanliness, 4 72 
dried milk, 348, 382; 630 
ghee, 655, 674 
" health planning " in USSR, 538-539 
milk and milk products, 752-756 
milk composition, 674,675-679,714-716, 

753-755 
water supplies, 461 

Staphylococcal enterotoxic gastroenteritis, 
15, 41-45 

food poisoning from dried milk, 398 
infection in dairy personnel, 534-535 
mastitis, 671 

Steam evaporation of milk, 327-333 
roller drying of milk, 348-350 
spray drying of milk, 354-360 
sterilization of equipment, 197-200, 213, 

261, 468-469 
of milk, 280-284, 289, 290, 291, 293, 
294 

Steel for dairy equipment, 369, 463-465, 
470, 487, 562, 563, 566 

Sterility of milk; definition, 269 
Sterilization, ancient practices, 635 

equipment, 195-220, 465-466, 468-489 
milk, 269-302, 340-342, 630, 646 

Sterilized milk, containers, 589-593 
control, 299-301 
hydrogen-peroxide-treated, 438 
nutritive value, 301-302 
packaging, 280, 284-286, 589-593, 605 
processing, 269-302, 321-345 

Sterilizers, 281, 282-284, 285, 286-294, 340-
342 

Storage of milk, 251-252, 361 
Streptobacillus moniliformis in milk, see 

Rat-bite fever 
Streptococcal mastitis, 671 

milk-borne infections, 15, 45-47, 534-535 
Strip-cup test, 185-186, 234 
Strontium-90 in milk, 61-62 
Structure of dried milk, 377-378 
Subsidization of milk, 712-713, 717 
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Sucrose, see Sugar 
Sugar, added to insecticides, 175-176, 177-

178 
in milk products, 324-325,419 
in wastes, 521 
inhibiting micro-organisms, 321, 336 

Sunlight affecting milk, see Light 
Synthetics for packing milk, 393-394, 589 
Swab technique, 490 

" Tallowy "flavour, avoidance, 427 
condensed milk, 338 
dried milk, 386-387, 392 

Tanks for raw milk storage, 251-252 
Tankers, 550, 565-568, 663, 664, 679 
Technical Assistance Programme, 737, 738 
Temperate climates, farm buildings suited 

to, 77-124 
Temperature, air, affecting milk, 565, 568, 

569,570,619,620 
See also Cooling 

Tests, see under designarion 
Tetrapak containers, 285-286, 287, 576, 

588-589, 597, 598, 663, 672, 678, 679 
Therapy, koumiss and yogurt, 683 
Thermal destruction rates for bacteria in 

milk, 14-18, 28-29, 271-279 
Thermoduric and thermophilic organisms, 

detection, 312-313, 353, 394-398, 491 
Thickening, age, 337-338 

bacterial, 337, 343 
heat, 344-345 
See also Viscosity 

Tick-borne encephalitis, 15, 25-26, 651, 670 
Ticks, control, 163-164 
Tins, c:mdensed milk, 335-337 

dried milk, 375-3 77, 379-380, 387-388, 
393-394 

evaporated milk, 339-340 
sterilized milk, 280, 576, 590 
See also Cans 

Toned milk, 402, 618, 690-692, 695-700, 
708, 709, 757 

Toxaemia of cows affecting milk, 65 
Toxaphene for pest control, 162, 163, 168 
Toxic chemicals in milk, 59-61 
Toxins, of micro-organisms in milk, 13-56 

plant, 15, 62-63 
Toxoplasma gondii in milk, 15, 56 
Training, dairy workers, 542, 634, 661, 726-

731, 733-744 
See also Health education 

Transport of milk, 545-546, 558-559, 561, 
565-568, 569, 573-574, 598-605, 608, 
616-619, 632-633, 657, 664, 678-679 

See also Vehicles 
Tremetol in milk, 62-63 
Tropical and warm countries, dairying pro

blems, 424, 605, 611-623, 635-646, 649-
650, 672, 682, 734-735, 764-767 

farm buildings suited to, 125-142 
milk hygiene practice, Egypt, 635-646 

India, 611-623, 695-700 
Kenya, 647-679, 764-767 

milk quality, 682-683 
milks consumed, 690 

Trypanosomiasis, 651, 653 
Tsetse fly eradication, 653 
Tubercle bacillus, and hydrogen peroxide, 

444 
heat resistance, 260 

Tuberculin-tested cattle and quality pay
ment, 243-244, 248 

Tuberculosis, 15, 47-52, 537, 538, 622, 639, 
666 

Tubular cooler, 334 
Typhoid and paratyphoid fevers, 52-53, 

533-534, 53 7, 622 

Udder control in cowshed, 720 
washing, 183-184 

Ultra-high-temperature pasteurization, 260 
short-time sterilization, 274-279, 280-284, 

286-294, 342 
United Nations Children's Fund, 618, 638, 

739, 740 657, 661, 699-700, 737, 
Union of Soviet Socialist Republics, 

hygiene of dairy workers, 537-542 
United States Public Health Service Milk 

Code. extracts, 492-496 
Uperisator. 276, 280, 281, 282 
Urea added to milk, 427 

Vaccination of dairy animals, 31, 32, 34-35, 
667, 668 

Vacuum chamber for roller-drying milk, 
352 

Vacuum cooler, 334 
Vapour-separator for condensing milk, 326 
Vehicles for milk transport, 312, 545-546, 

561, 565-568, 574, 596, 599-603, 608, 
632, 633, 663, 664, 678, 679 
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Venoms and dairy animals, 65 
Ventilation, cold store, 573 

collection centre, 549-550 
cowhouse, 89-91, 92 
dairy, 494 
milking parlour, 134 

Veterinary control and milk hygiene, 711 
Viral diseases, 15, 19, 23-27, 536 
Viscosity of condensed milk, 323-324, 337-

338, 339, 340, 342, 344-345 
Vitamins, content, dried milk, 400-401 

hydrogen-peroxide-treated milk, 428-
429 

mares' milk, 686 
destruction in milk, 183, 301-302, 389, 

641 

Wastes, disposal in milk processing plants, 
499, 516-529 

prevention, 517-521 
treatment, 521-528 
See also Dung disposal 

Water balance, human, 144-145 
consumption, animals, 146 

domestic purposes, 145 
milk hygiene, 146-147 
milk processing, 502-503 

locating for farms, 152-154 
mineral substances, 150 
natural temperature, 147-148, 188, 189, 

559 
quality, dairy farm purposes, 148-152, 

461-462 
milk processing plants, 407, 412, 419, 
460, 500-503 
reconstituting toned milk, 698 

softening, 151-152,461-463, 467, 511-513 

supply, dairy farms, 89, 100, 126, 143-
157, 627, 637, 649-650 
farm dairies, 121, 137, 657 
milk processing plants, 460-463, 499-

516 
surveying, 501 
treatment, 149, 151-152, 461-463, 467, 

470, 499, 500, 503-516 
Weigh-tanks, 249, 250 
Well water, 147-148, 149-150, 501 
Wells, construction, 154-155 

location, 152-154 
Wettability of dried milk, 382 
Whey, 348,352,375,403,763 

affected by hydrogen peroxide treatment, 
430-431, 440 

cheese, 762 
destructive effects, 459 
wastes, 519, 521, 522 

Whitening effect, 274, 296 
Windscale incident, 61-62 
Wode's test, 451 
Wood for dairy equipment, 464 

Yaks' milk, 682, 693 
Yard system on dairy farms, 100-105, 

125-126 
Yeasts in condensed milk, 336-337 
Yogurt, and Q fever, 29 

and tuberculosis, 49-50 
definition, 758 
therapy, 683, 689 

Zebu, 647-648, 653-654 
Zeolite process, 151-152, 511-513 
Zupak, 588 


