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growth increase from the additions of antibiotics. ILimited
trails with pheasants showed "a larger increase in weight
then with chickens,"31 while ducks "showed & smaller gain"32
as & result of antibiotic feeding. In general, it is the
consensus of experience that, in applying antibiotics to
broiler and turkey raising, the drug should be included in
the ration throughout the entire growing period. If the
antibiotics ere fed for only & part of the growth period,
there is negligible carry-over of growth effect and before
long a regression to the nonsupplemented rate,?

Swine. Extensive feeding tesis have demonstrated that
antibiotics improve the growth rate of apparently healthy
pigs 10 to 20%. The growth-promoting effect is most marked
in younger pigs and decreases 2s they get older. TFeed ef-
ficiency is also improved up to 10%. In unthrifty and "runt”

pigs, the growth rate has been improved as much as 100 to
200%. 4

3lGustave Frederick Heuser, From a talk given at the
Cornell Nutrition Conference, cited in: Proceedings of
Cornell Nutrition Conference (Ithaca, New Yorks: éornell
University Press, 19 s Pe 29

321pi4.

53¢, ante, pe 30.

43, Braude, Harold Dean Wallace, and Tony J. Cunha,
"Phe Value of ‘ntibiotics in the Nutrition of Swine: A

Review," Antibiotics and Chemotherapy, 33271-272, February,
1953.
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A study of the literature up to 1955, with careful
effort to utilize only data of experiments without complice~
ting factors of wide diversities in rations and disease level
and with attention to equivalence of levels of supplementa-~
tion, shows the relative growthepromoting efficiencies given
in Table IX.

TABLE 1X
COMPARATIVE GROWTH=~PROMOTING EFFECT OF ANTIBIOTICS®

Chlortetracycline 116.5
Penicillin 11l.4
Oxytetracycline 1167

CBesed on 95 literature reports, 166 observationsj;
Chas Pfizer & Company, Inc., Agricultural Technical Bulletin,
Hoe 23. Octs 1955, pre 1 et 8qq.

*Growth of controls = 100,

A comparative review of antibiotics in swine nutrition
illustrates the necessity for attention to vafiable such as
basal ration,; health of animals, and level of supplementation
in eveluating studies.’? In this review, which covers litera-
ture from the inception of antibiotic feeding up to gbout the
end of 1952, the heterogenity of the data is recognized and

351bide, Pe 278
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the figures are divided into three groups as shown iu
Table X One group constitutes data of the Florida Agricul-
tural Experiment Station where in many experiments there was
used a corn-peanut meal ration found to be nutritionally
inadequate for growing pigs without antibiotie supplementa-
tion. Another group is comprisedi meinly of trials from the
Hormel Institute. In these the control animels suffered

severe digestive disorders. ®

TABLE X

COMPARATI VE GROVWTH-PROMOTING EFFECT OF ANTIBIOTICSY

Chlortetracyeline 179 161 115
Oxytetracycline 190 152 118
Streptomycin 128 257 109
Peniecillin 97 143 110
Baeitracin 100 1 ok 111
Chloramphenicol 106 117 98
Gain of Controls, lb./day 0.62 0462 1.27
% 25 Gm, antibiotic/ton 15 55 86

lnased on date from Braude et al.d7

301bides pPpe 279=284.

T1n1a,
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The data in the first two columns show enormous advantages
from several of the entibiotics, but these, in view of the
factors pointed out, are more truly a reflection of a thera-
peutic effect than of practical value as a nutritional supple-
ment. From this data, it is possible to compute that the
control enimals in these two groups gained at a rate of only
+62 pound per day. In contrast is a third group, designated
as "others," in which the rate of gein of the controls was
1.27 pounds per day. Noreover, in the Florida group, only
15% of the animals received & nutritional level of less than
25 gme of antiblotic per ton of feed, and in the Hormel group
55% received less than this level, whereas, in the "others,"
86% received less than 25 gm. per ton. In other words, the
"others" represent more nearly typical conditions of health
and well-being of pigs and a more typically "nutritional”
level of feeding, and hence present more suitable conditions
for comparison of antibiotics. The growth index figures
under "others" show that chlortetracycline and oxytetracycline
are about equal and emhance growth of swine to a distinetly
greater degree than streptomycin, penieillin, or bacitracin.

It is the general practive to continue antibiotie
feeding throughout the entire growing-fattening periocd.
The data presented in Table XI illustrate that most efficient
growth does not result if antibiotics are discontinued before



34
market weight is attained.

TABLE XI

RESULTS OPF ANTIBIOTIC WITHDRAWAL DURING THE
GROVWING-PATTRENING PERIOD (SWINR)e

Fo. animals 5 15 15 15 14
Days on feed 111 97 94 102 94
Initial ight

SUIL WA a7 sess 49.5 5045 51,7
Final weight,

1b. 228.3 225.2 2275 225.9 225,2
Dﬁily g&iﬂ, lbe 1461 1.80 | 1+89 1.72 l.84

Lb, :teed/lbn gain3,70 3653 3456 356 3043

b b ot e e . 8- e P81 A<t 7 o A AT A A R R A o e AP e | o PN

©Based on & report by Wilson.

The figures for "days on feed" demonstrate that earlier
marketing is possible with antibiotic supplementation is
swine ration--in contrast to marketing date of steers due
to deithylstilbestrol supplementation.

Carcass Quality. The effect of antibiotic feeding
upon carcass quality has received close attention in connec-
tion with the feeding of swine., Considerable study has been
given to this, both in the United States and abroad.

58g, r. Wilson, "Comparing Hations," South Dakota
Farm and Home Research, 3:14-20, Fall, 1952,
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In Denmark, the extensive observations of Clausen

have shown no effect from antibioctics under conditions of
restricted feeding as practiced in Denmark. Physical separa-
tions and chemical analyses also were conducted and results
indicate no chenge in couposition of carcasa,39 s0 that,
under these conditions, antibiotic supplementation brings
about a true enhancement of meat production.

in swine fed according to appetite, the literature
is somewhat confusing concerning effects of antibiotiecs omn
carcass quality, but there appears to be a preponderance
of studiesy in the American literature at least, showing

no decrease in carcass quality. (See Table XII).

TABLE XII

EFFECT OF ANTIBIOTIC Fﬁﬂglﬂﬁ ON CARCASS QUALITY
OF SWINE

Control Antiblotic-fed

Growth
Average daily gain, 1lb. 1.40 1.52
Increase, per cent 9
Carcass data
Dressing per cent 157 7549
Depth backfat, inches 1.73 1.78
Carcass length, inches 29.04 29430
Humber of observations 186 269

W
Based on date in the literature.%V

27H, Clausen, From a talk tiven at the International
gymposium on /‘ntiblotics in Agriculture, cited in International
o

sium on Antib%otics in Agriculture (Weshington, DeCe:
Emt%onal Research Council, October, 1955)s Pe 23

4oBraude, antibiotics and Chemolberany, Op.citey PPe275=277.
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The economic benefits of supplementing swine rations
with antibiotics have been computed by the Iowa Agricultural
Experiment Station from 31 experiments comprising 1814 pigs.
Averages ore expressed as for a 20 sow herd. The manpower
saving per litter raised is equivalent to six & hour days;
the feed saving is 6240 pounds and the new dollar seving,
allowing for cost of antibiotic, ies $156, equivalent to
$120 more profit per pig¢41

Ruminantss IEffect of Antibiotic Feeding on Rumen
Function. In connection with the feeding of antibioties to
cattle and sheep, attention has focused on possible effects
of these agenis upon the microbial fermentation processes
that are so essential to the nuirition of ruminant animals,.
This interest was stimulated especially by reports of Bell
and assoclates,%2 and Colby and co-workers®> that feeding
gertain antiblotics to cattle and sheep depressed feed intake
and brought other adverse effeets. Subsequently, many reports
on antibiotic feeding trials with ruminants have appeared and

41Anon., "Prom Iowa Agricultural Experiment Station,"
Jourpel of Agriculture and Food Chemistry, 1:1096, lay, 1953.

42yorvin Carl Bell, Charles K. Whitehair, and Willis
D. Gallup,; "The Effect of Aureonmycin in Steers," Journal
of Animal Seience, 9:647~651, April, 1950; "The Effect of

Zrecmycin on Digestion,” Proceedings of the Sceiety for
Experimental Biology and IEM icine, 6?'2"8”4—29'7'——_;‘, Jdenuary, 1951.

43nobert 7. Colby, Fe 's Rau, and James C. Miller,
“The Effect of Various Antibiotics on Fattening Lambs,"
Journal of Animel Science, 9:652-664, April, 1950.
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in nearly a score of these attention has been given to the
effect of these treatments on digestion, cellulolytic power
of the rumen, composition of rumen microflora, and other
possible indexes to the effeect of antibiotics on rumen
function. To illustrate these effects, there may be cited
the extensive series of experiments by Hardie and assoclates
who compared the actions of eight antibioties upon cellulose
digestion by steers using the artificial rumen technique.
They also traced the time relationships of changes in cellu-
loytic power as affected by feeding oxytetracycline.44 It
will be seen from Table XIII (next page) that polymyxin B
sulfate and chloramphenicol had little effect on cellulolytic
activity. Bacitracin and dehydrostreptomycin showed some
inhibition of cellulose utilization, which increased as con-
centration of the antibiotic increased. At 36 hours incuba=-
tion no significant inhibition was seen with either chlorte-
tracyecline or oxytetracycline. By the methods employed,
carbomycin and penicillin showed marded inhibition of cellu-
lose digestion. An indication of the effect of time lapse
is shown in & more detailed study of xytetracycline included
in the seme report. (See Table XV on page 40). Here again

44#. B, Hardiey et al, "Antibiotics in Ruminants,”

in Antibiotics £§%%%% 1953-1 (New York: Medical 1i‘ncy-»

010pem ay INCaey Pe J(23 W. B, Hardie, et al., "Anti-
bioties in Ruminants," __gggg; of Animal Science, 13:993,

Hovember, 1954.




TABLE X111

PERCENT CELLULOSE DIGESTED OF THE AMOUNT PRESENT AT THE BEGINNIKG OF 24 ARD %6 HOUR INCUBATION
PERIODS BY RUMEN BACTERIA IN VITRO AS INFLUENCED BY EIGHT ARTIBIOTICS=--ARTIFICIAL RUKENE

Dihydro- Polymy-
Antibiotie Penicillin strepto~ =xin B Chloram- Oxytetra- Chlortetra-

/‘g. per ml, G sodiunm gxcin %gate phenicol ¢cline Bacitracin cicline % %§
hre hr.  hre hr,

hr- br. hr, hr. hre ur, hr, hre hr, hre hr- hre

0 47 91 47 91 47 91 47 91 47 91 == 91 == Q1 47 -
35466 2 38 77 44 88 51 90 41 91 - 90 -~ 88 8 o
7433 4 0 31 79 48 81 50 94 39 92 - 84 -~ 86 G

14,66 5 10 21 62 45 90 47 8 30 87 -- 61 = 90 2 e
29,32 o 2 o= A2 w22 e A e am we e ee - -

gBased on report by Hardle et al.43

455&1‘&19, Antibioties Annual 1222-&5&, BPe c;tc' PPe 375=381,
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TABLE XIV

PERCENT DIGESTION OF CELLULOSE BY OXYTUTRACYCLINE=~TREATED COWS DETERMINED BY THE ARTIFICIAL
RUMEN TECHNIQURR

Day of Treatmen Davs after treatment
1%3?“?55”1&&?“%%5?‘ IE%”?%EY"TﬁﬁﬁL“E¥H‘“ﬁ?ﬁ?‘”““

Animal d day, day, = day, day, day, day, da
No. Oxytetracycline Pretest period,® QY! %y, %’ %?' % & %" g’ ﬁy’

i None | 66 69 72 60 58 == 47 e e 56 54 -
2 50 ppm in feed 50 44 68 99 44 -- 54 e 51 64 e
3 200 ppm in feed 64 58 68 25 49 - 89 — 51 63 -
4 2,5 Gme daily 62 60 66 26 34 48 e 56 == men - &7
- 5 Gm. daily 49 41 42 15 11 24 - 54 57 — e 52

Bposed on report by Hardie et 21,46

461414,

6<
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TABLE XV
PER CENT CELLULOSE DIGESTED OF THE AMOUNT PRESENT AT THE

BEGINNING OF 24 AND 48 HOUR INCUBATION PERIODS BY
RUMEN BACTERIA IN VITRO AS INFLUENCED BY

OXYTETRACYCLINEL
—"'—-‘—W
equivalent
Oxytetracycline, dosage, 24 hours' 48 hours®
8e PEr ml. ppm of feed 1nc;bation, incu;ation,
None 0 68 89
Te33 50 27 93
14.66 100 10 84
36.66 250 8 44
73.32 500 2 38

:
Based on a report by Hardie et al.47

the degree of depression was proportional to the concentration
of antibiotic, but within 48 hours the cellulolytic activity
of all but the two highest levels of oxytetracycline was
equivalent to that of the flask containing no antibiotics.

In this table is given a2lso 2 column showing concentrations
used in terms of equivalent concentrations per ton of complete
feed for a theoretical bovine. This study was extended to

include a feeding trial with 5 mature lactating cows of whiéh

4T1pia.



