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ANTIBIOTICS AS ANIMAL-GROWTH STIMULANTS
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Antibiotic agents have recently been found to exercise not only thera-
peutic but also growth-stimulating action. The growth-rates of animals
such as poultry and swine have been observed to increase through the
feeding of low concentrations of antibiotics such as terramycin, penicillin,
aureomycin, and bacitracin. Feed supplements containing one or other
of these antibiotics are now being produced commercially and are widely
used in the poultry- and swine-raising industries.

HISTORICAL

Some of the early work which preceded this development was concerned
with the role of intestinal flora in the nutrition of animals. Considerable
interest was focused on this problem with the advent of the preparation
of sulfaguanidine by Marshall and co-workers 6 and the description of
its effectiveness as a bacteriostatic agent for intestinal micro-organisms.
This compound afforded the nutritionist a means whereby these micro-
organisms might be inhibited. It was then possible to investigate the
nutritional role played by the intestinal microflora. Probably the first
work done in this vein was that by Black, McKibbin & Elvehjem.' It was
found in this study that when sulfaguanidine was fed at a level of 0.5%
in a synthetic diet the drug greatly reduced the growth-rate of young rats;
it was observed that liver extract and p-aminobenzoic acid antagonized
this effect.

Some time later Moore and co-workers 8 extended their studies on
the intestinal synthesis of nutritional factors to include succinylsulfathiazole
and the antibiotics streptothricin and streptomycin. These drugs were
tried singly and in combination; some of the findings are summarized
in table I.

In this work some rather unexpected results were obtained, in that
with adequate folic-acid levels, streptomycin stimulated the growth-rate
of the chicks under test.

* Assistant Director, Biochemical Research and Development
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TABLE I. RESPONSE OF CHICKS TO VARIOUS SUBSTANCES ADDED
TO DIET FOR FOUR WEEKS

Substance added per 100 g of basal ration

Group - _____ ______ verage
number Deaths body-weight

folic acid streptothricin streptomysin fathazuole (g)
(/pg) (units) (units)cn ftizl

(g)

1 - ---1 155*

4 500 _- 0 220

5 - 5,000 _ - 0 150

10 500 - - 1 0 280

11 500 _ 10,000* - 0 280

12 500 - 50,000 _ 0 300

13 500 10,000* 1 0 240

* Based on 24 chicks
** A concentrate containing 300 units/mg

Similarly, chicks fed 1 g of succinylsulfathiazole per 100 g of basal
ration and adequate folic acid exhibited a considerable increase in growth
over the folic-acid controls. The addition of streptothricin to the ration
had no significant effect on the growth-rate. Feeding a combination of
succinylsulfathiazole and streptomycin resulted in growth-rates slightly
lower than those given by either when used alone, but still greater, however,
than in the folic-acid controls.

It was suggested that the stimulation of growth obtained with these
drugs was caused by the inhibition of intestinal bacteria which either
produce toxic material or render certain vitamins in the diet no longer
available to the animal. It is interesting to note that in this experiment
the sulfa drugs and streptomycin failed to sterilize the intestinal tract.
As a matter of fact, there was no significant change in the total count of
intestinal bacteria.

No immediate practical use was made of these observations and several
years passed before the problem was reinvestigated from a different
approach. Many workers in the field of poultry nutrition had indicated
that for optimum growth-rates a source of unidentified stimulant, called
the animal protein factor, had to be included in any all-vegetable ration.
The work of Ott, Rickes & Wood 9 indicated that vitamin B12 was effective
in promoting the growth of chicks maintained on an all-vegetable diet,
free from the animal protein factor. Their results have been confirmed
by several workers.

Following the report by Rickes and co-workers1' that vitamin B12
was produced in culture broths of several Streptomyces species and that
it could be isolated in crystalline form from the streptomycin fermentation
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broth, other antibiotic fermentations were investigated. It was found by
Stokstad et al.13 that when the dried Streptomyces aureofaciens broth
was used as a source of vitamin B12, greater growth stimulation was
obtained than could be accounted for by its vitamin content. Subsequent
work by McGinnis 7 on terramycin, aureomycin, and streptomycin revealed
the residual antibiotic content of the fermentation broth to be responsible
for the added growth stimulation. It was soon shown that probably all

FIG. 1. RELATIVE GROWTH-STIMULATING ACTIVITY OF VARIOUS
ANTIBIOTICS IN TURKEYS, CHICKENS, AND HOGS

antibiotics can act as animal-growth stimulants but with varying
degrees of efficacy (see fig. 1). It has been found that the antibiotics
probably vary in their effectiveness in different animals; that is, in
chickens, turkeys, and swine.

EXPERIMENTAL

Growth Response to Terramycin

Terramycin can be taken as an example of an antibiotic which has
been found to be particularly active as an animal-growth stimulant.

Chickens
In the case of chickens the experimental data given in table II are

typical of the results obtained when this antibiotic is incorporated in a
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TABLE II. RESPONSE OF CHICKENS * TO 9 g PER TON (9 mg/kg) TERRAMYCIN
IN DIET

Body-weight (g)

control given
terramyci n

136 157

365 400

524 636

890 1,020

con

1(

1C

1C

1(

Growth index Mortality (%)

given givenItrol terramycin control terramycin

)0 116

)0 110

)0 121

)0 115 7 2

* Hatchery-run New Hampshire, 25 males, 25 females

ration adequate in protein (23.8 %) and in all known growth factors,
including vitamin B12. The diet was composed as follows:

% Weight (g) per 100 lb. of ration

Yellow corn 42.0 Manganese sulfate, hydrated 9.0
Ground oats 8.0 Choline chloride 25% 272.4
Wheat middlings 5.0 Thiamine hydrochloride 0.09
Alfalfa leaf meal 3.0 Riboflavine 0.16
Soybean oil meal 20.0 Calcium pantothenate 0.50
Corn gluten meal 6.0 Niacin 0.80
Fish meal 7.0 Pyridoxine hydrochloride 0.16
Meat scraps 4.0
Calcium carbonate 1.5
Dicalcium phosphate 1.0
Iodized salt 0.5
Dried whey 1.0
Dry vitamin A (4,000 units/g)
and D (1,000 units/g) 1.0

Following the addition of 9 g of terramycin per ton of basic ration
(9 mg/kg), increases in weight and growth index were observed, as well
as a diminution in the mortality-rate. It is of interest that even at 15 days
there is good evidence that terramycin is exercising a positive influence
on the growth-rate; at 57 days the antibiotic-treated birds show an overall
15% gain over the control group. The reduction of percentage mortality
is significant, and of great practical importance.

Turkeys
The response of a group of 125 turkeys to 10 mg of terramycin per

kg of basic ration is shown in table III. From these results it can be seen

that the growth response in turkeys is as high as 20% in 35 days when the
low level of 10 mg of terramycin per kg of ration is used. Apart from
the growth response, the lower mortality-rate of the antibiotic-fed group
should be considered. This effect is particularly significant in the case
of turkeys, which normally have quite a high rate of mortality.

Day

15

31

43

57
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TABLE 1II. RESPONSE OF TURKEYS* TO 10 mg/kg TERRAMYCIN IN DIET

Body-weight

Day control terr

I_

0

10

24

35

52

93

lb

0.28

0.78

1.47

3.18

8.23

kg

0.13

0.35

0.67

1.44

3.73

Growth index

given
amycin

lb kg

_ _

0.31 0.14

0.91 0.41

1.61 0.73

3.57 1.62

8.72 3.96

control

100

100

100

100

100

given
terramyci n

110

117

123

112

106

Livability index

control giventerramycin

125 125

117 124

114 124

114

114

112

120

120

120

* Hatchery-run Beltsville White, 125 birds per group

Hogs
The growth response of hogs to terramycin is even more dramatic.

Brinegar & Warner2 3 found that when the low level of 10 mg/kg of terra-
mycin is added to an adequate ration, a daily average gain of 190% is
realized in the growing period between 40 lb (18 kg) and 200 lb (91 kg).
An average increase of 31 % in the daily rate of gain occurs during the fast
growth-rate period between 40 lb (18 kg) and 125 lb (57 kg). In the slower
growth-rate period, between 125 lb (57 kg) and 200 lb (91 kg), the increase
in growth-rate is 5 %. The total average gain in weight produced by
terramycin is 35 lb (16 kg), 60 lb (27 kg), and 14 lb (6 kg) respectively for
these three periods.

Growth Response to Other Antibiotics

It was indicated previously that all antibiotics will probably elicit
some additional growth response in animals, but with varying degrees of
efficacy. Experiments were set up to test the action of different antibiotics
on various animals.

Chickens
Groups of 20 chickens, fed with

ration, gave results as follows:
Antibiotic added

(Control group)
Terramycin hydrochloride
Streptomycin sulfate
Penicillin potassium
Bacitracin
Aureomycin

25 mg of antibiotic per kg of basic

Body-weight at four weeks
(g)
329
371
328
342
323
358

153



E. M. WEBER, H. G. LUTHER & W. M. REYNOLDS

Turkeys

The differences in growth response in turkeys, shown in table IV, are

worthy of note; also the significant reduction in percentage mortality of
the birds when low levels of antibiotics are added to the ration.

TABLE IV. RESPONSE OF TURKEYS * TO DIFFERENT ANTIBIOTICS IN DIET

* 20 birds per group

Hogs

Table V shows growth indices for hogs based on 16-week data and
indicating the advantages of incorporating in the diet low levels of anti-
biotics.

TABLE V. RESPONSE OF HOGS TO DIFFERENT ANTIBIOTICS IN DIET

Average weight-gain at week

Antibiotic Growth
(8 mg/kg) 4 10 16 index at

week 16

,lb kg lb kg lb kg

_ 24 10.9 68 30.8 120 54.4 100

Terramycin 27 12.2 70 31.7 136 61.7 112

Streptomycin 27 12.2 69 31.3 132 59.9 109

Penicillin 22 10.0 64 29.0 120 54.4 99

Aureomycin 28 12.7 29 13,1 136 61.7 112

Growth Response to Mixed Antibiotics

One of the questions naturally asked is " What type of response is
obtained if a mixture of antibiotics is used ?" As appears from table VI,
no combination of antibiotics was found to exert a significant synergistic
growth-stimulating effect. In other words, antibiotics were no more effective

Antibiotic Body-weight (g) at day
(16.5 mg/kg)

35 63 93

640 2,070 3,760

Terramycin 740 2,470 3,930

Penicillin 800 2,340 4,005

Streptomycin 715 2,135 3,840

Aureomycin 745 2,490 3,885
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when used in combination than when used singly. This is of interest, since
if antibiotics function through control of the intestinal flora, one would
naturally feel that antibiotics having such different antibacterial spectra
as penicillin and streptomycin should show increased activity when used
in combination.

TABLE VI. RESPONSE OF CHICKENS * TO MIXTURES OF ANTIBIOTICS
IN DIET

procaine
penicillin

5

10

2.5

2.5

5

* 20 birds per group

streptomyci n

2.5

2.5

Antibiotic (mg/kg)
Average

body-weight
(g) at 4 weeks

302

345

356

351

339

361

347

325

335

Growth
index

100

114

118

116

112

119

115

107

1t1

terramyci n

2.5

5

2.5

5

10

Withdrawal of Antibiotics

From the economic point of view it was interesting to determine how
long antibiotic supplementation must be maintained or, in other words,
to find out whether it would be possible to maintain birds on antibiotics
for only a few weeks and then withdraw the treatment and still obtain
effective growth stimulation.

The need for continual supplementation during the active growth phase
of the bird is indicated by the data in table VII. *A comparison of the
" duration " group results at both the 5 and 10 mg/kg levels with those
for periods of only four, six, and eight weeks, shows that a fall in growth-
rate follows immediately upon the withdrawal of the antibiotic.

Animal growth-rates are found to depend on the interrelationship of
antibiotics, vitamin B12, and the protein level of the ration used. It was
recognized very early in the work on antibiotics as growth stimulants that
in order to obtain the maximum growth response it was essential that
adequate vitamin B12 be supplied in the diet.
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TABLE VIl. EFFECT ON GROWTH OF CHICKENS * OF WITHDRAWING
TERRAMYCIN SUPPLEMENT FROM DIET

10 Duration of exr

10 4 week

10 6 week

10 8 weeh

* 50 birds per group
** 12 weeks

Vitamin B12 Sparing Activity

It has been found that there exists in antibiotics a degree of vitamin B12
sparing activity. In other words, where antibiotics are incorporated in the
diet, the maximum growth-rate can be obtained on lower levels of vitamin B12
(see fig. 2). It should be pointed out that the mere addition of antibiotics
is not sufficient to make a good ration out of a poor one. Adequate protein,
as well as salts and vitamins, must be present in order to induce the maximum
growth response.

DISCUSSION

What possible mechanism or mechanisms can be responsible for the
pronounced growth stimulation in animals by antibiotic agents ? Many
theories have been proposed but the experimental evidence to support
them is extremely meagre. Many workers in the field naturally attribute
the effectiveness of antibiotics to their antibacterial action. Sieburth et al.12
postulate the formation of toxins produced by anaerobes, namely, the
clostridia. In a similar vein Groschke 5 and others have suggested that the
activity is due to the non-specific elimination from the intestinal tract of
undesirable bacteria. Still another mechanism is possible, that of the
elimination of intestinal bacteria which normally compete with the animal
for nutrients. Some small evidence for this is the vitamin B12 sparing action
of antibiotics. It is also felt by many workers that growth is stimulated
because the antibiotics control many possible subclinical diseases. In this
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FIG. 2. EFFECT OF TERRAMYCIN ON RESPONSE OF CHICKS TO VITAMIN B,1
340 r 1 r

Vitcnin 0,, C^ugAk9)

A - 10 parts per million (approximately 10 g/ton or I 9/100 kg) terramycin
B = No terramycin

way the overall disease level is held down and the animal derives fuller
benefit from its food because it is able to make more thrifty and efficient
use of it.

When the problem of controlling intestinal flora and their role in
animal nutrition is considered, the work with germ-free chicks by Reyniers
and co-workers 10 should be reviewed. It was found by Reyniers that
completely germ-free chicks reared for periods of four to eight weeks on
experimental diets grew and developed as well as control chicks fed the
same diet. The addition of sources of unidentified growth-factors and
vitamins did not significantly increase the growth-rates of germ-free chicks.
A very interesting observation made was that large quantities of vitamins
were found in the coecal contents of germ-free as well as control chicks,
showing that these vitamins are not necessarily of bacterial origin.

Since the bacteriological study of possible intestinal microflora changes,
following the use of antibiotics, has not yielded what are believed to be
significant data, the problem was attacked from a different angle in our
laboratories. If the matter of flora control were quite specific, and if the
general antimicrobial spectrum were taken into consideration, it might be
possible to determine what general types of micro-organism are affected.
For this reason a new antibiotic, rimocidin, was fed to chicks to deter-
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mine what growth responses might result (see table VIII). The anti-
microbial activity of this antibiotic is limited almost exclusively to the
fungi, both pathogenic and saprophytic; no antibacterial activity was found
against an extremely wide range of micro-organisms in concentrations
even as high as 500 ,ug/ml. In other words, rimocidin is essentially anti-
fungal in activity.

TABLE Vill. RESPONSE OF CHICKS * TO RIMOCIDIN
AND TERRAMYCIN IN DIET

Body-weight at 4 weeks (g)
Antibiotic Dosage Survivors Growth(mg/kg) index

average net gain

_ - 19 215 176 100

Rimocidin 10 14 260 221 126

25 17 241 202 115

50 18 231 191 108

100 13 217 178 101

Terramycin 10 18 264 226 129

* Hatchery-run New Hampshire, 20 birds per group

However, table VIII indicates considerable growth stimulation in
chicks by rimocidin. It should be recalled that growth-stimulating anti-
biotics such as penicillin and terramycin show little or no antifungal acti-
vity, their action being directed wholly against the bacteria at the low
concentrations used.

The wide differences in the antimicrobial spectrum of terramycin and of
rimocidin suggested that a combination of the two antibiotics might show
enhanced activity. It was found, however, that when these substances
were mixed in different preparations with a total antibiotic level at 10 mg/kg,
there was no evidence of synergism. The weight response was comparable
to that induced by a single antibiotic.

From these results, and within the limitations of the experiments, it
is difficult to see how antibiotics in general can function as animal-growth
stimulants by specific control of intestinal microbial flora. It is felt that the
mechanism is considerably more complex in nature, therefore, than an
activity simply involving intestinal flora.

One very interesting observation made by Card 4 was that hogs fed
with an antibiotic supplement consumed, on an average, twice as much
water as a control group. We have made a carefully controlled check on
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the water consumption of chicks maintained on different antibiotics, as
compared with control groups, and our observations parallel those of
Card very closely.

A summary of data accumulated over a four-week period on chickens
in groups of 20 reveals that the water-intake of terramycin-treated birds
is 1.91 times that of an untreated group. The total average water-intake
per bird is as follows:

Week

1st.
2nd
3rd .
4th.
Total for 4 weeks.

Water-intake (g)
terramycin-treated controls

149.1 53.2
397.6 260.4
324.2 133.7
315.0 172.9
1185.9 620.2

Unquestionably this increased rate of water consumption reflects some
physiological change in the animal body.

It is quite possible that low concentrations of antibiotics increase
intestinal protein imbibition. The proteins forming the intestinal wall
would then take up increasing amounts of water from the intestinal tract,
together with the various crystalloids which normally pass from the digestive
tract to the blood-stream and from the blood-stream to the various cells
and tissues of the body. It is quite possible, therefore, that increased
growth-rate in animals is the result ofan increased rate of nutrient absorption
from the intestinal tract, favoured, of course, also by a possible lower
general level of disease.

SUMMARY RESUMJ2

The recent discovery of the animal-
growth stimulating action of antibiotics is
already being widely applied in the
poultry- and swine-raising industries.

Earlier studies which paved the way for
research in this field were concerned with
the inhibiting effect of sulfonamides on
the intestinal flora, the antagonism of
liver extract and p-aminobenzoic acid
to these drugs, and the nutritional role
of vitamin B12' which was found to promote
growth in chickens fed an all-vegetable
diet. Interest in antibiotic-producing
fermentations was increased by the finding
that culture broths of several Streptomyces
species contained this vitamin, which
could be isolated in crystalline form. It
was soon established that the growth-

L'action stimulante des antibiotiques sur
la croissance des animaux, recemment
demontree, a trouve deja une vaste appli-
cation pratique dans l'Flevage industriel
de la volaille et des porcs.

Cette decouverte fut precedee de plu-
sieurs autres: on peut citer, par exemple,
l'effet inhibiteur des sulfamides sur la flore
intestinale, I'action antagoniste de l'extrait
de foie et de l'acide para-aminobenzolque,
le r6le de la vitamine B12 qui, ajoutee a
des aliments exclusivement vegetaux, a
permis la croissance des poulets. Le fait que
les liquides de culture de divers Strepto-
myces contenaient de la vitamine B12 que
l'on pouvait isoler sous forme cristallis6e
des milieux renfermant la streptomycine
augmenta l'interet pour les fermentations
productrices d'antibiotiques. I1 s'avera
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stimulating action of these cultures was a
property not only of vitamin B12 but of
the antibiotic itself.

The experiments described in this paper
showed that the addition of 9 mg of
terramycin per kg of diet produced a
15% increase in the weight of chickens
after eight weeks, while 10 mg/kg produced
a 20% increase in the weight of turkeys,
together with an appreciable decrease in
mortality-rate. Swine fed to market weight
and given 10 mg/kg terramycin showed an
average daily increase in weight of 190%.
No synergistic effect was produced by any
combination of antibiotic supplements.

The rate of animal-growth appears to
depend on the combined action of anti-
biotics, vitamin B12, and the protein level
of the diet fed.

Various explanations of the, mechanism
of this growth-stimulation have been put
forward: it may result from the action
of antibiotics on intestinal microflora, and
the inhibition of the development of
bacteria which produce toxins or which
compete with the animal for nutrients; or
it may be that, by preventing the develop-
ment of subclinical diseases, antibiotics
create conditions favourable to the growth
of the animal. It has, however, been shown
that germ-free chicks reared for eight
weeks on experimental diets developed as
well as normal chicks kept under identical
conditions, and the fact that comparable
quantities of vitamins were found in the
coecal contents of both groups indicates
that these vitamins were not necessarily
of bacterial origin.

Approaching the problem from another
standpoint, the author examines those
antibiotics, such as rimocidin, which is
essentially antifungal, showing little or
no antimicrobial activity. Its growth-
stimulating properties proved to be com-
parable to those of bacteriostatic anti-

bient6t que l'action stimulante sur la
croissance exercee par les liquides de cul-
ture n'etait pas due seulement a la vita-
mine B12, mais a l'antibiotique lui-meme.

Les resultats experimentaux reunis dans
cet article montrent que l'addition de 9 mg
de terramycine par kg d'aliments provo-
qua une augmentation de poids de 15%
chez des poulets, au bout de huit semaines;
celle de 10 mg/kg determina une augmenta-
tion de 20% du poids des dindons et une
baisse appreciable du taux de mortalite.
Avec 10 mg/kg on a obtenu, chez les porcs
A l'engrais, une augmentation du poids
quotidien moyen de 19%. Aucun effet
synergique n'a e observe A la suite de
l'addition de melanges d'antibiotiques A la
ration alimentaire. Le taux de croissance
s'abaisse a son niveau initial sitot que
l'on supprime l'antibiotique.
Le taux de croissance des animaux est

le resultat de l'action combinee de plusieurs
facteurs parmi lesquels les antibiotiques,
la vitamine B12 et le niveau proteinique
des aliments.
On a voulu expliquer le mecanisme de

cette stimulation par I'action des antibio-
tiques sur la flore bacterienne intestinale
et l'inhibition du developpement de bac-
teries produisant des toxines ou entrant
en competition avec l'organisme animal
pour l'utilisation des substances nutritives.
D'autre part, on a pense que les antibio-
tiques empechaient l'evolution de maladies
sub-cliniques, ce qui favoriserait le deve-
loppement des animaux. Toutefois, l'ele-
vage durant huit semaines, sous regime
controle, de poulets bacteriologiquement
aseptiques a montre qu'ils se developpaient
aussi bien que des poulets normaux, toutes
autres conditions d'elevage 6t4nt pareilles.
La teneur en vitamines du contenu caecal
etait la meme pour les deux groupes, ce
qui prouve que les vitamines considerees
ne sont pas necessairement d'origine
bacterienne.

L'auteur a aborde le probleme par
une autre voie, en recourant a des anti-
biotiques essentiellement fongistatiques,
tels que la rimocidine, qui n'ont pas ou
peu d'action sur les bacteries. La sti-
mulation de la croissance a ete du meme
ordre que celle que provoquent les bacte-

160



ANTIBIOTICS AS ANIMAL-GROWTH STIMULANTS 161

biotics. It thus appears that a mechan-
ism considerably more complex than the
simple antagonism of antibiotics to
microbial flora is involved. Since the
water-intake of chickens and swine fed
antibiotics in small quantities is almost
double that of controls, some physiological
change is indicated. The high level of
water-consumption points to a correspond-
ing rise in the protein-imbibition rate, and
it may well be that the cell walls take up
more water and salts, thus increasing the
body-weight. The general improvement
in health associated with antibiotic action
is an important factor which undoubtedly
contributes to the animal's gain in weight
and to the fuller benefit it derives from its
food.

riostatiques. II semble donc qu'il faille
faire appel a un mecanisme plus complexe
que la seule action des antibiotiques sur
la flore microbienne. Des observations sur
des poulets et des porcs ont montre que
les animaux recevant de petites quantites
d'antibiotiques consommaient environ
deux fois plus d'eau que les animaux
temoins, ce qui indique une modification
physiologique chez l'animal. On peut
admettre que l'imbibition des proteines
est augmentee, que les parois cellulaires
absorbent davantage d'eau et de sels, ce
qui provoquerait l'augmentation de poids
observee. Le meilleur etat de sante des
animaux dfi A l'action des antibiotiques
est un facteur important lui aussi, qui
contribue certainement au gain de poids
et A l'utilisation integrale des ressources
alimentaires.
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