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The quality of new sources of protein
and their suitability for weanlings and young children*
F. E. VITERI 1 & R. BRESSANI 2

A number offormulated protein-rich mixtures have been developed with the objective of
preventing protein deficiency in vulnerable population groups, particularly in weanlings and
children of pre-school in the developing countries. This paper describes an investigation,
by the nitrogen balance index method, of the protein quality ofseveral such mixtures. The
results indicate that most of the mixtures are suitable protein sources for children ofpre-
school age.

Nutritional surveys carried out in many parts of
the world (Scrimshaw & Bhar, 1959; Scrimshaw,
1966; Bengoa, 1970) have amply documented the
widespread occurrence of protein-calorie malnutri-
tion, which affects whole populations and in parti-
cular infants and children of pre-school age. Fur-
thermore, the results of studies on the availability
of food indicate that, if food production and popu-
lation growth continue at their present rate, in
many areas of the world protein and calorie defi-
ciencies will remain as prevalent as they are now or
will become even more widespread in the near
future. Data recently obtained in the region of
Central America and Panama illustrate these two
important points (Tables 1 and 2).

There is an urgent need, therefore, to make avail-
able large quantities of protein of high biological
value for human nutrition, in order to help to avert
the impending protein crisis. For this purpose,
efforts are needed at the national and international
levels to find new sources of such proteins.
For several years the Institute of Nutrition of

Central America and Panama (INCAP) has been
interested in the development and commercial pro-
duction of vegetable protein mixtures for human con-
sumption (BWhar, 1963) that meet the following re-
quirements: (a) they should have a high nutritive
value, as shown by adequate testing; (b) it should be

* From the Institute of Nutrition of Central America and
Panama (INCAP), Guatemala City, Guatemala; the re-
search was carried out with financial assistance from WHO
(agreement No. P15/181/2).

Chief, Biomedical Division, INCAP.
Chief, Division of Agricultural and Food Sciences,

INCAP.

possible to prepare them with locally available
resources; (c) they should be acceptable to the local
population; (d) they should be inexpensive and yet
should lend themselves to successful commercial pro-
duction; and (e) it should be commercially possible
to store them for long periods of time under adverse
environmental conditions, such as those prevailing
in the tropics.

This paper deals with only the first of the above
requirements, and includes observations on tolerance
to certain protein products that INCAP has received
from WHO and UNICEF. The main objective of
this study was to evaluate the quality of new protein
products, designed primarily for weanling children,
and to assess their advantages and limitations for
the information of national and international agen-
cies concerned with human nutrition.

METHODS

All the protein-rich products that were tested in
children had previously been approved by WHO as
suitable for human testing. The methods used were
based on the recommendations of the FAO/WHO/
UNICEF Protein Advisory Group (PAG) on the pre-
clinical testing of new sources of protein,' and the
testing was carried out in accordance with the PAG
guidelines on the human testing of supplementary
food mixtures.2

1 FAO/WHO/UNICEF Protein Advisory Group (1970)
Guideline for pre-clinical testing of novel sources of protein,
New York (mimeographed document).

' FAO/WHO/UNICEF Protein Advisory Group (1970)
Guideline for human testing of supplementary food mixtures,
New York (mimeographed document).
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Table 1. Numbers of children between 0 and 5 years of age whose weight for age
deficit is compatible with various degrees of protein-calorie malnutrition (PCM),

based on sample surveys in Central America and Panama, 1965 *

Total population 1st, 2nd, and 3rd degree PCM 2nd and 3rd degree PCM
Country age in each o Total number Total number

country of cases of cases

Costa Rica 294 300 153 200 52.0 35 300 12.0

El Salvador 554 400 380 000 68.5 135 400 24.4

Guatemala 833 400 611 660 73.4 231 560 27.8

Honduras 346 900 221 300 63.8 78 300 22.6

Nicaragua 287 500 148 800 51.8 36 500 12.7

Panama 207 900 104 947 50.5 20 322 9.8

Total 2 524 400 1 619 907 f 64.2 { 537 382 21.3

' Data obtained during a nutritional survey carried out in the Central American region from 1965
to 1968 by the governments of Central American countries and Panama, INCA P, and the Office for Inter-
national Research, National Institutes of Health of the USA.

Table 2. Availability of food in Central America and
Panama, 1970 and 1980 (expressed as % of minimum

adequate diet) *

1970

average = 58

average = 92

1980

92

55I

average = 60

41

60

102

50

156 average = 88

52

126

111

* Predicted data, adapted from Ramirez (1968).

Before these products were administered to chil-
dren they were submitted to proximate analysis and
used in trials on weanling rats to determine the
standard PER (protein efficiency ratio) and/or the
nitrogen growth index (see below). Their evaluation

in children was carried out only by the nitrogen
balance index method (Viteri & Alvarado, 1971).

Animal testing
The standard PER (Allison, 1964), determined in

weanling rats, is defined as the gain in body weight
divided by the weight of protein consumed, over a
period of 28 days when there is free access to a com-
plete diet containing approximately 10% of protein
from the source being tested.
The nitrogen growth index (Allison, 1959) is

calculated by measuring the slope of the straight
portion of the curve relating weight gain to nitrogen
intake, in weanling rats fed complete diets in which
the concentration of protein from the source being
tested ranges from 1 % to 10%. The results are com-
pared with the slope obtained using whole egg protein
as reference, and are calculated as a percentage of the
reference value.

Human trials
Tests in children were rigorously standardized, by

methods that have been described in detail by Viteri
& Alvarado (1971).

Selection of subjects. Children were selected for
inclusion in the study only after it had been fully
ascertained that they were: (a) of pre-school age and
in a healthy condition as judged by repeated clinical
evaluations and their rate of growth; (b) free from
nutritional deficiencies as judged by clinical and

Food

milk

egg

meats

beans

vegetables

fruits

musaceae

roots and tubers

corn

wheat

sugar (refined
and unrefined)

fats

90

49

48

47

32

62

122

51

173

58

129

106
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Fig. 1. Appearance of child with protein-calorie malnutrition on admission to the clinical centre of INCAP and
when fully recovered 12 weeks later.

haematological examinations, the serum levels of
specific nutrients, a weight for height above 95%
based on the 50th percentiles of the tables of Stuart
& Stevenson (1954), and a creatinine/height index
above 0.9 (Viteri & Alvarado, 1970); (c) free from
clinical infection or diarrhoea during the tests, and
(d) amenable to nitrogen balance techniques and to
receiving only liquid or semi-liquid diets. Fig. 1
shows the appearance of a child when malnourished,
on admission to the clinical centre of INCAP, and
when fully recovered; Fig. 2 $hows his growth record
while at the centre. Fig. 3 shows the apparatus used
for the separate collection of urine and faeces in
metabolic balance studies.

Diets. All the diets were prepared in a metabolic
kitchen; the ingredients were weighed to an accuracy
of 0.1 g and cooked for 15 min in liquid form.
Throughout the study, the diets plus added supple-
ments provided the recommended amounts of
minerals, vitamins, calories, and water at constant
levels. A daily intake between 90 and 100 kcal per
kg of body weight was considered to be adequate.
Of the total calorie intake, 20% was provided in the
form of fat, including that contained in the food
mixture being tested; corn (maize) oil was the source
of added fat. Carbohydrate was provided in the
form of starch, sucrose, and dextromaltose. The
water intake varied between 120 and 150 ml/kg/day.

12
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weight
BOYS for

Weight Height height deficit
(kg) (cm) Weight for height tOO 0

(4,) Height for age % deficit

13- 90- ~~~~~~~~~9010

60 40

Fig. 2. G;rowth record of a child. Evaluation of protein quality was undertaken only if former growth was adequate
and if weight for height was greater than 95 %.

The only variable factor was the daily protein intake,
of which 4 different levels were given, each for a
period of 10 days; these levels were, in succession,
1.5, 1.0, 0.75, and 0.50 g/kg/day.

Metabolic balance techniques. Each 10-day period
consisted of 4 days of adaptation followed by two
3-day periods during which nitrogen balance studies
were performed. During the studies, all food intake
was weighed, as were the urine and faeces, which

were collected separately. Extreme care was taken
to achieve the greatest possible accuracy in these
measurements. If the child had control over his
sphincters he was allowed to get up; otherwise he
was kept in a metabolic bed during the 6 days of
urine and faeces collection. The urine samples were
collected at exactly timed intervals, and the collection
of faeces was controlled by means of markers.

Aliquots of the diet, urine, and faeces were routine-
ly tested for total nitrogen content by the macro-
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Fig. 3. Equipment used for separate collection of urine and faeces.

Kjeldahl method (Association of Official Agricultural
Chemists, 1965). The urinary creatinine was deter-
mined during each 3-day collection period (Clark &
Thompson, 1949), and the haematocrit and total
serum proteins were measured at the end of each
10-day period. The serum albumin was determined
on several occasions by electrophoresis in cellulose
acetate.

OBSERVATIONS

Clinical observations
Every child was examined daily. The rectal tem-

perature was taken 3 times a day and at other times
as necessary. A daily record was kept of body
weight, dietary intake, urinary volume, and the
weight and characteristics of the faeces. The pre-
sence of abdominal distention, flatulence, vomiting,
or refusal of the diet was carefully noted. Any
vomitus was accurately weighed and an aliquot was
obtained for nitrogen estimation. If diarrhoea or
infection occurred, either the study was discontinued
or observations were made over additional periods
after the diarrhoea or infection had subsided.

Careful clinical observation is important because
several factors influence nitrogen retention.

Protein deficiency. Fig. 4 shows the correlation
that exists between nitrogen retention and the degree
of protein deficiency as measured by the creatinine/
height index, which is the ratio of the 24-hour
urinary creatinine excretion of the subject to that of
a well-nourished child of the same height (Viteri &
Alvarado, 1970). Children with protein deficiency
retain more nitrogen than do those without such
deficiency; this is of particular importance in the
present study, since all the subjects were admitted to
the clinical centre of INCAP with severe protein-
calorie malnutrition. Furthermore, their weight for
height was sometimes normal even though their
creatinine/height index clearly indicated a protein
deficiency.

Infection. The effect of tonsillitis on nitrogen
retention is shown in Fig. 5. During the acute
infection, which is accompanied by fever, nitrogen
retention decreases, whereas during the post-infec-
tion period it increases above the normal retention
value obtained before the infectious episode occurred.
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Fig. 4. Negative correlation between nitrogen retention and degree of protein deficiency as evaluated by the
creatinine/height index. (Reproduced, by permission, from Viteri & Alvarado, 1970.)
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Fig. 6. Effect of acute diarm

: Absorption Intolerance. It is not unusual to find some degree
Retention of intolerance to any diet when its protein content is

low in relation to its calorie content. When the
protein intake is only 0.50 g/kg/day, the child often
loses his desire to eat and therefore the diet must be
administered with patience. Consequently, food
tolerance must be judged with care during the last

- 10-day period of the nitrogen balance study. Vomit-
ing must be carefully recorded and the nitrogen con-
tent of the vomitus subtracted from that of the diet
ingested. If vomiting becomes recurrent the study

1 day of 4 days must be discontinued, both for ethical reasons and
diarrhoea post- diarrhoea also because the nitrogen balance index method is
rhoea on nitrogen absorption unreliable under such circumstances.

and retention in a child maintained on a constant
protein and calorie intake.

Diarrhoea. Besides affecting apparent digestibility
because of a larger faecal nitrogen excretion, diar-
r.hoea can also affect nitrogen retention by a number
of mechanisms, which are beyond the scope of this
paper. Fig. 6 illustrates an example of decreased
nitrogen retention as a consequence of diarrhoea.

The nitrogen balance index
This method was used to evaluate the quality of

new sources of protein, with reference to whole egg
and milk proteins. Fig. 7 illustrates the principle
used in evaluating the various mixtures supplied by
WHO and UNICEF; the protein sources used here
are whole egg and protein M, which is a predomi-
nantly vegetable protein mixture.

Egg protein . 0

Protein M x- -x 160-

140-

120-

100.

C

IS.z

cm

E
-0

e
.a
0

x

Egg protein Y = - 55 + 0.58 X
Protein M y =-42 + 0.37 X

400

H1 Egg protein a 0

Protein M x- -X

Egg protein Y = - 42 + 0.69 X
Protein M Y = - 34 + 0.41 X
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Fig. 7. Nitrogen balance studies in children: variations in nitrogen retention with changes in nitrogen intake and
absorption.
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In Fig. 7 (I), the curve that starts at point A, ob-
tained with egg protein, can be divided into three
segments: (1) In the first segment, where the protein
intake is very low, the curve has a steep slope, i.e.,
the increase in nitrogen retention is high per unit of
intake. The experimentally determined point A cor-
responds to the endogenous urinary and faecal
nitrogen excretion of children on a nitrogen-free diet,
and ends at a point corresponding to a nitrogen
intake of about 35 mg/kg/day. (2) The second seg-
ment corresponds to nitrogen intakes of from
35-200 mg/kg/day; within this range, the relation
between nitrogen retention and intake is linear.
(3) In the third segment, which corresponds to
nitrogen intakes higher than 200 mg/kg/day, the
increase in nitrogen retention per unit of intake is
very low. If straight lines are drawn along the second
and third segments they intersect at point E, which,
in the case of whole egg protein, corresponds to a
nitrogen intake of approximately 200 mg/kg/day.

Fig. 7 (II) shows the nitrogen retained per unit of
nitrogen absorbed. The above remarks on Fig. 7 (I)
also apply here to the line obtained with whole egg
protein; this line originates at point B, which repre-
sents endogenous urinary and faecal nitrogen excre-
tion. Straight lines drawn along the three segments
of the curve intersect at points corresponding to a
nitrogen absorption of approximately 30 and
160 mg/kg/day. Point F corresponds to point E
in Fig. 7 (I).

In both parts of Fig. 7, the straight lines drawn
along the second segment of the curves for whole egg
protein have three characteristics in addition to a
steep slope: (a) they cross the nitrogen equilibrium
line (i.e., where nitrogen retention=0) at points C
and D, at an angle that represents the slope of the
second segment of the curve; (b) they intersect the
ordinate at points that are higher than those cor-
responding to the experimentally determined endoge-
nous faecal and urinary nitrogen excretion (this
phenomenon, which has been observed by other in-
vestigators-e.g., Brush et al., 1947-suggests that,
for reasons so far unknown, endogenous sources
make a smaller contribution to the total nitrogen loss
when nitrogen ingestion is very low than when it is
unrestricted); and (c) they cross the line drawn along
the third segment of the curve at points E and F.
Points C, D, E, and F, together with the slope of
the second segment of each curve, characterize the
nitrogen balance index and can be used for the com-
parative evaluation of protein quality.

In theory, the better the quality of the protein the

Table 3. Endogenous nitrogen excretion in pre-school
age children

Endogenous 1Number Average Standard Standard
nitrogen of 3-day (mg/kg/ deviation effeor
_____ ~collections day) _ _

faecal 67 24.6 8.6 1.0

urinary 67 65.1 14.9 1.8

greater the angle of slope (i.e., the higher the regres-
sion coefficient) and the lower the level of nitrogen
intake and absorption at which points C, D, E,
and F occur.
The slope of the line relating nitrogen retained to

nitrogen absorbed is an approximate measure of the
biological value of the protein under test. In order
to assess the biological value accurately, the true
amount of nitrogen retained must be compared with
the true amount of nitrogen absorbed. The " true "
nitrogen retained is calculated by adding the average
endogenous urinary and faecal nitrogen excretion
(see Table 3) to the apparent amount of nitrogen
retained; and the " true " nitrogen absorbed is
calculated by adding the average endogenous faecal
nitrogen excretion to the apparent amount of nitro-
gen absorbed. Fig. 8 shows the curves for whole egg
protein and protein M from values calculated in this
way. The average biological value of whole egg
protein, with amounts of nitrogen absorbed ranging
from 50 to 150 mg/kg/day, was 0.97, with extreme
values of 1.16 and 0.83. The results of experiment B 1
using whole egg protein, and selecting values of
apparent nitrogen absorbed that were less than
160 mg/kg/day, are shown in Fig. 9. The average
biological value obtained with amounts of " true "
nitrogen absorbed ranging between 60 and 170 mg/
kg/day was also 0.97, with extreme values of 1.08
and 0.90, respectively. These results, together with
those obtained in the first series of studies, suggest
that in children the slope of the nitrogen balance
index represents the biological value of the protein
being tested, when the amounts of nitrogen appar-
ently absorbed range from 25 to 160 mg/kg/day.

In Fig. 7, points C and D should be determined by
the slopes of the lines and their points of origin.
However, because the relation between nitrogen
retention and protein intake is not linear at very low
levels of protein intake, and possibly also because of

1 See footnote to Table 7.
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biological variation in endogenous N excretion, these
points vary from the predicted values if the origins
of the regression lines are at the points A or B,
which correspond to the average levels of endoge-
nous nitrogen excretion. Although this variation of
the points C and D limits their value, it is felt that
point C, defined as the amount of nitrogen intake
required to attain nitrogen equilibrium (N reten-
tion=0), has some practical meaning. This value,
when expressed in relative terms, can give an idea of
the quality of the protein preparation. As point D is
an index of the quality only of the absorbed protein
it has less practical value.

Points E and F are those at which the efficiency of
nitrogen utilization in the child changes from
maximum to suboptimum. We suggest that, at these
points, both nitrogen and essential amino acid re-

quirements have been fulfilled. Point E corresponds
to an intake of whole egg protein of 1.25 g/kg/day.
The results of these studies are in close agreement

with those of other studies to determine the protein
requirements ofyoung children, also using whole egg

protein but employing different methods and other
clinical and biochemical criteria as indicators of
protein metabolism.
Our studies showed protein M to be of a lower

quality than whole egg protein because (a) the nitro-
gen balance curves are less steep (see Fig. 7 and 8)
and (b) points C1 and D1 represent higher nitrogen
values than do points C and D (see Fig. 7). Points
corresponding to points E and F for whole egg
protein could not be calculated for protein M, for
the following practical reasons: (a) it would have
necessitated tests using at least 3 values of nitrogen
intake above 240 mg/kg/day, and this would have
prolonged the study; (b) the amount of vegetable
protein that can be tolerated is often limited by the
bulky nature of diets containing vegetable proteins;
and (c) points E and F cannot always be sharply
defined particularly with low-quality proteins.
The nitrogen balance index method can be of great

practical value if strictly applied. Table 4, which
shows departures from a linear regression and the
corresponding correlation coefficients for the various
protein sources, clearly indicates that experimental
variation lay within tolerable limits. Moreover, the
extremely high values of the correlation coefficients
suggest that the linear approximation is adequate.

Fig. 10, 11, and 12 show the changes in weight
and in total serum protein and serum albumin con-
centrations of children during nitrogen balance stu-
dies for various proteins, and also during studies to

Table 4. Standard deviation of the nitrogen balance
index, based on regression equations and their correla-

tion coefficients

Standard deviation (mg/kg/day)
for different levels of nitrogen intake

Protein Correlation
mixture Nitrogen intake (mg/kg/day) coefficient

50 100 150 200

CSM a 3.7 2.5 1.9 2.3 0.935

ARLb 3.5 2.1 1.7 2.1 0.944

TRL b 3.0 2.0 1.5 2.0 0.956

IRL b 4.6 3.0 2.2 3.0 0.932

Standard deviation (mg/kg/day)
for different levels of nitrogen absorbed

Protein Correlation
mixture Nitrogen absorbed (mg/kg/day) coefficient

50 100 150 200

CSM a 2.9 1.9 2.1 3.2 0.940

ARL b 2.2 1.4 2.0 3.3 0.960

TRL b 1.5 1.0 1.4 2.2 0.981

IRL b 3.2 2.1 3.0 4.8 0.939

a Mixture developed in the USA for donation programmes.
b Mixture developed jointly by FAO, WHO, and UNICEF.

determine nitrogen requirements. The data indicate
that, under the prevailing conditions, neither the
weight change nor total protein and albumin was
discriminatory for protein quality or quantity.

Results of testing various protein sources

Table 5 shows the composition of the formulated
protein mixtures tested. Table 6 shows the " chemi-
cal score ", based on the percentage value of the
first limiting amino acid (underlined in Table 6),
as compared with whole egg and human milk as
reference proteins (Orr & Watt, 1957). In Table 7
are shown the apparent and true digestibility, the
regression coefficients between nitrogen retention
and nitrogen intake or nitrogen absorbed, and the
nitrogen intake necessary to attain nitrogen equili-
brium for each of the sources tested. For reference,
whole milk and whole egg proteins were used; two
values are shown for the latter, corresponding to
two different experiments. Because we had acquired
more experience using the whole egg (B) method,
this was used as reference for the evaluation of
the other protein sources.
The data in Table 8 show that, using either the

regression coefficient or nitrogen equilibrium as the
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Fig. 10. Weight changes in children consuming different protein materials at progressively lower levelswhile-calorie
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Fig. 12. Total serum proteins and albumin in four children fed egg protein at varying levels while calorie intake was
maintained constant (solid circles indicate individual values; crosses indicate the means for all children).

Table 5. Percentage of protein containing constituents in the mixtures tested *

Constituents

Mixture Skimmed Torula Wheat Corn Chick- Split- Lentil Soy Cotton-
milk yeast flour meal. pea pea flour flour fsleoeur

CSM 5 - - 68 - - - 25 -

ARL 10 - 28 - 38 1 9 - -

TRL 12 - 37 _ 19 - - 199

IRL 10 - 28 - 28 24 _ - -

INCAP vegetable mixture 9 - 3 - 58 - - - 38

INCAP vegetable mixture 14 - 3 - 58 _ 38 -

INCAP vegetable mixture 15 - 3 | 58 - - - 19 19

* All the mixtures have added minerals and vitamins, not listed here.
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Table 6. Limiting amino acids in the mixtures tested (chemical score), using whole egg and human milk as reference
proteins

Reference protein = egg Reference protein = human milk

Limiting INCAP vegetable INCAP vegetable
amino acid CSM ARL TRL IRL mixtures CSM ARL TRL IRL mixtures

99114 1 15 9 14 15

isoleucine _ | - 86 - 94 - - - - 80 - 88

lysine - - - - 82 - 92 - - - - 82 - 92

cystine 78 74 88 78 83 82 82 78 74 88 78 83 82 82

methionine 56 56 60 59 57 52 54 79 79 85 83 80 72 76

total sulfur-con-
taining amino
acids 66 64 72 67 68 64 66 79 76 86 80 81 77 79

valine - - - - - 94 96 - - - - - 94 96

Table 7. Results of nitrogen balance studies using various protein sources (expressed
as absolute values)

Digestbility Regression coefficient Nitrogen equilibrium|Digestibility (%)| between nitrogen attained withretained and

Protein source nitrogen nitrogen nitrogen Nitrogen

a intake absorbed intake absorbedApparent True (mg/kg/ (mg/kg/ (mg/kg/ (mg/kg/
day) day) day) day)

whole milk 82 92 0.64 0.73 84 56

whole egg (A) b 79 98 0.58 0.69 90 70

whole egg (B) b, c 71 91 0.59 0.80 94 65

CSM 77 94 0.37 0.41 115 82

ARL 70 86 0.40 0.51 88 55

TRL 71 88 0.47 0.58 80 48

IRL 68 85 0.48 0.58 90 53

INCAP vegetable mixture 9 68 84 0.35 0.49 100 60

INCAP vegetable mixture 14 74 91 0.59 0.62 92 60

INCAP vegetable mixture 15 74 92 0.43 0.47 113 78

a Obtained by subtracting average faecal endogenous nitrogen (= 25 mg/kg/day).
b Results of two experiments with whole egg protein. Experiment A: Nitrogen intakes ranging from

25 to 420 mg/kg/day were calculated from segment 2 of the nitrogen balance index. Experiment B: Data
obtained from nitrogen intakes ranging from 40 to 400 mg/kg/day were calculated only from the data of
nitrogen balances when the amount of nitrogen absorbed was < 160 mg/kg/day.

c Calculated with nitrogen absorbed 6 160 mg/kg/day.
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Table 8. Results of nitrogen balance studies using various protein sources (relative values expressed as % of milk
and eggs)

Regression coefficient between nitrogen Nitrogen equilibrium attained with
retained and

Protein source nitrogen intake, with nitrogen absorbed, with nitrogen intake, with nitrogen absorbed, with
reference to reference to reference to reference to

milk egg (B) milk T egg (B) milk egg (B) milk j egg (B)

whole milk 100 108 100 91 100 112 100 116

whole egg (A) 91 98 94 86 93 104 80 93

whole egg (B) 92 100 110 100 89 100 86 100

INCAP vegetable mixture 9 55 59 67 61 84 94 93 108

INCAP vegetable mixture 14 92 100 85 78 91 102 93 108

INCAP vegetable mixture 15 67 73 64 59 74 83 72 83

CSM 58 63 56 51 73 82 68 79

ARL 62 68 70 64 95 107 102 118

TRL 73 80 79 72 105 117 117 135

IRL 75 81 79 72 93 104 106 123

criterion, the values for INCAP vegetable mixture 14,
ARL, TRL, and IRL are more than 60% of those
for milk or whole egg. On the other hand, the values
for INCAP vegetable mixtures 9 and 15 and for CSM
are less than 60% of those for the reference proteins
according to at least one criterion. It is also evident
that the relative values according to each criterion
vary according to the choice of reference protein.
The primary data on which calculations are made

for each protein are nitrogen intake and faecal and
urinary nitrogen at each level of intake. These values
are used in calculating the regression coefficients
between the nitrogen retention and either the nitro-
gen intake or the nitrogen absorbed. The measure-
ment of nitrogen intake is subject to less error than
is that of nitrogen absorption (= nitrogen intake
minus faecal nitrogen), which in turn is subject to
less error than is the measurement of nitrogen
retention (= nitrogen absorption minus faecal and
urinary nitrogen). Even if these errors are small
(<5 Y.), they have a greater effect on the results the
lower the protein intake. Such errors are minimized
by using 4 levels of intake and obtaining a linear
regression. In terms of protein evaluation, the best
criterion should be the coefficient of regression be-
tween nitrogen absorbed and nitrogen retained (simi-
lar to the biological value), followed closely by the
coefficient of regression between nitrogen intake and

nitrogen retained (similar to the NPU, or net protein
utilization). The latter regression coefficient is sub-
ject to slightly less error; it helps to determine the
level of intake at which there is nitrogen equilibrium.
This level is also influenced by the age and general
metabolic condition of the subjects, including basal
energy expenditure and nitrogen economy (anabolic-
catabolic balance); the latter, in turn, is influenced
by protein quality and intake level. From these con-
siderations, and recognizing the limitations of each
individual score, a compound score, which is the
average of the three values discussed above, has been
calculated for each protein (Table 9).

Tolerance. Vegetable mixtures containing legumi-
nous-seed flours, particularly of the split-pea, lentil,
and chick-pea type, produced some flatulence when
first administered, but with TRL and IRL this
rapidly subsided. In the case of ARL, flavouring
and pretreatment with amylase improved the accept-
ability and tolerance in all cases.

CONCLUSIONS

Although the quality of proteins is of the same
general order whether measured by chemical score
or by biological assays in animals, human testing
is indispensable since, as shown in Table 10, the
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Table 9. Compound score, based on regression coefficients between nitrogen retained
and nitrogen intake and absorbed, and on nitrogen intake needed to attain nitrogen

equilibrium as calculated from the regression equations

Tcrebae on Score based
Protein source nitrogen intake Protein source | on nitrogen

intake ~~~~~~~absorbed

whole milk 100 whole egg 100

whole egg 97 whole milk 104

INCAP vegetable mixture 9 69 INCAP vegetable mixture 9 71

INCAP vegetable mixture 14 89 INCAP vegetable mixture 14 93

INCAP vegetable mixture 15 68 INCAP vegetable mixture 15 72

CSM 62 CSM 65

ARL 76 ARL 80

TRL 86 TRL 90

IRL 82 IRL 86

relative quality of different proteins determined in
children by the nitrogen balance index method differs
from the relative PER of the same proteins. The
maximum correlation coefficient was obtained be-
tween the PER and the regression coefficient between
nitrogen absorbed and nitrogen retained (r=0.705),
suggesting that specific amino acid requirements,

total nitrogen metabolism, and other factors greatly
influence the relative quality of a protein when
tested in different species under given physiological
conditions.
Although the relative protein quality of the mix-

tures so far tested is in general satisfactory, it could
probably be improved by specific amino acid sup-

Table 10. Comparison of amino acid score and biological assays in rats and children

Relative results (% of reference protein)
% deficiency from nitrogen balance index in children
of limiting PER(%)- ___-____
amino acid; taking Regression

Protein source reference PER of coefficient between Nitrogen Averageprotein casein nitrogen retained intake age-
__________as 100% and needed com-dfor equi- PonHuman nitrogen nitrogen librium score
Egg milk intake absorbed

whole egg - 65 101 95 98 96 96

whole milk 71 - 89 104 95 106 102

CSM 56 79 78 60 54 78 64

ARL 56 76 93 65 67 101 78

TRL 60 85 83 76 76 111 88

IRL 59 80 85 78 76 98 84

INCAP vegetable mixture 9 57 80 67 57 64 89 70

INCAP vegetable mixture 14 52 72 78 96 82 96 91

INCAP vegetable mixture 15 54 76 76 70 62 78 70
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plementation. The addition of lysine to INCAP
vegetable mixture 9 resulted in a 28% increase in
the PER, which should lead to an improvement in
the quality of the product for human consumption.
By chemical score, most of the mixtures tested appear

to have a low content of sulfur-containing amino
acids. The effects of adding synthetic methionine or
a protein rich in sulfur-containing amino acids, e.g.,
sesame or sunflower protein, should therefore be
studied.

R1,SUMI

VALEUR DE NOUVELLES SOURCES DE PROTEINES ET POSSIBILITE DE LES UTILISER
DANS L'ALIMENTATION DES NOURRISSONS EN SEVRAGE ET DES JEUNES ENFANTS

Les auteurs de la pr6sente etude dcrivent la methodo-
logie employee pour evaluer, chez des enfants d'age
pr6scolaire, la valeur biologique de proteines provenant
de differentes sources et exposent les resultats obtenus
lors de 1'essai d'une serie de concentres proteiniques
destines a la consommation humaine. Les recherches ont
ete effectuees a l'Institut de la Nutrition de l'Amerique
centrale et du Panama (INCAP) a Guatemala (Guate-
mala).
Le premier stade des essais comporte la determination

chez le rat du coefficient d'efficacite prot6ique (gain de
poids corporel divise par le poids des prot6ines consom-
m&es) et de l'indice de croissance azotee (pente de la
partie droite de la courbe exprimant le rapport entre le
gain de poids corporel et la ration azotee). Si cette
experimentation donne des resultats satisfaisants, on
passe au stade des essais sur 1'homme.
Dans le cas pr6sent, on a choisi des enfants d'age

pr6scolaire admis a la clinique de l'INCAP pour malnu-
trition proteino-calorique grave, et ayant recouvre,
grace au traitement, un parfait 6tat de nutrition. Aucun
de ces enfants n'a souffert d'une affection quelconque
pendant la duree de l'essai.
La valeur biologique des melanges de proteines a et6

mesuree en determinant l'indice du bilan azote apres
administration de chacun d'eux a l'exclusion de toute
autre source d'apport prot6inique. Leur tol6rance a ete
evalu6e en maintenant les enfants sous surveillance

clinique stricte. Chaque m6lange a ete essay6 pendant
40 jours chez 5 enfants. Les sujets recevaient un r6gime
assurant un apport constant et suffisant de tous les
nutriments autres que les prot6ines, celles-ci etant donn6es
en quantites decroissantes par periodes de 10 jours:
1,5 g, 1,0 g, 0,75 g et 0,5 g/kg/jour. Chaque periode a
comport6 4 jours d'adaptation 'a chaque niveau d'apport
proteique puis 2 fois 3 jours pendant lesquels on a etabli
les bilans azotes.

Trois criteres ont et6 retenus pour 1'evaluation de
chaque proteine: a) le coefficient de regression lin6aire
entre I'azote ingere et I'azote retenu dans l'organisme;
b) le coefficient de regression lineaire entre I'azote
absorb6 et I'azote retenu dans l'organisme; et c) la quan-
tit6 d'azote a ingerer pour obtenir 1'6quilibre azot6
(retention azot6e: 0).

Jusqu'L present, neuf types diff6rents de proteines ont
ete etudies suivant cette methodologie: deux prot6ines
de reference (lait complet, ceuf complet), et 7 melanges
proteiniques (CSM, ARL, TRL, IRL, melanges vegetaux
Nos 9, 14 et 15 de 1'INCAP).

D'apres les resultats, la valeur biologique des divers
melanges etudies correspondait 'a 62 a 89% de celle du
lait et a 65 aL 93% de celle de l'kuf. L'analyse chimique a
montr6 que la plupart d'entre eux n'avaient qu'une faible
teneur en amino-acides renfermant du soufre. Les effets
d'un enrichissement en principes actifs de ce genre,
naturels ou synthetiques, meritent d'etre etudies.
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