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THE EFFECT OF ANTIBIOTIC GROVH STIMULANTS 
ON BLOOD AND CARCASS CO\STITUENTS IN SThE 

IN TRODUCTIO 

The use of antibiotics in animal diets has been 

hailed by Welch and Tennison (75, p. 191) as "perhaps the 

moat significant advance In the science of nutrition of 

this century". Among those animals to which antibiotics 
are normally fed, swine are prominent in their response 

to addition of "nutritional" levels (5 to 15 milligrams 

per pound of ration). The practical importance of supple- 

menting swine rations with antibiotics is evident in that 

about 64 cents worth of antibiotic (6.19 grams) is adequate 

to meet the requirements of an average pig growing from 35 

to 200 pounds. This pig grows about 12 per cent faster on 

5 per cent less feed enabling hi: to be marketed 12 days 

earlier than his nonantibiotic-supplemerited litter mate. 

The saving from feed and labor alone is apparent. In ad- 

dition, pigs Led antibiotics are noticeably more uniform 

in appearance and therefore command higher prices. Even 

the "runt" pig is eliminated. This is illustrated by an 

experiment carried out by Catron and Cuff (18, p. 120) 

with four groups, each contaIning 8 runt pigs averaging 

20 pounds at 76 days. The control group made average 

daily gains of 0.46 pounds during the 62 day feeding 



period, the second croup supplemented with skim milk 

gained 0.60 pounds per day, the third supplemented with B 

vitamins made ain of 0.70 pounds per day, and the fourth 

group supplemented with both B vitamins and an additive 

contairWg aureomycin gained 1.16 pounds per day. This is 
typical of the magnitude of response noted in other ex- 

periments of this type. Another widely observed and ex- 

tremely important practical result is the reduction of 

scours in swine which accompanies antibiotic feeding. 

Turning now from what is relatively well known, the 

practical effects of antibiotics on animal production, one 

encounters that which is not so well known, the mechanism 

of antibiotic action. This is a problem still to receive 

a wholly satisfactory explanation. The aim of the present 

investigation, employing three antibacterial agents: 

penicillin, a narrow spectrum antibiotic; aureornycin, a 

broad spectrum antibiotic; arid 3-nitro, 4-hydroxy 

phenylarsonic acid, a tbchemobiotic, was to make a 

slightly different approach to the problem--that of 

determining how the growth response effected by these 

compounds influenced certain blood and carcass coristitu- 
enta in the animal--thus reflecting the effect of this 

growth response on the fat, protein, carbohydrate, and 

mineral metabolism of the body. A change noted in any 



of these might easily offer a clue needed to clarify sorne 

phase of antibiotic action. 



REVIEW OF LITERATURE 

Mechard.sm of Antibiotic Growth Stimulation 
It has been widely demonstrated and is now generally 

accepted that various substances possessing antibacterial 

activity are capable of causing a stimulation in the 

growth of swine as well as the majority of other domestic 

animals. In swine this stimulus to growth rate appears 
to be fairly consistent in occurrence but is quite variable 

in magnitude. It has been shown that some of Uie more im- 

portant factors accounting for this variability are: kind 

of antibacterial supplement, composition of diet, animal 

health, degree of sanitation, animal age, level of supple- 

mentation, breed, sex, and so forth. Evidence that anti- 

biotics are effective growth stimulants for swine is 

presented by Braude et al. (3, p. 272-275) who have awn- 

marized the majority of research accomplished prior to 

1953. Tho data given below, extracted from their review, 

are index values from 245 growth comparisons, showin an. 

advtage of from 9 to 17 por cent for the antibiotics 

listed. 

Antibiotic 

Aure omycin 
Penicillin 
Strep tomyc in 
Terramycin 
Baci trac in 

Growth Index 
Unsupplemented : 

115.1 
110.4 
109.0 
117.6 
110 9 
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These data represent fairly typical conditions and do not 

include results of investigators whose data show either 

severe digestive disorders of coì.trol animals or a nutri- 

tionally inadequate control ration. 

The means by which antibiotics accomplish this growth 

increase has received much attention and many experiments 

have been carried out designed to clarify their mechanism 

of action. Indeed, some works have cast cons5nerable 

light in this direction, but still, in general there is 

no singlo simple explanation of antibiotic action which 

holds true for all conditions and it seems probable that 
they can act in several diferent ways depending on 

environmental conditions. 

Moore et al. (5e, p. 438-440), the first experimenters 

recording a growth response due to antibiotics (1946, in 

chicks fed a purified diet supplemented with suif asuxidine 

and streptomycin), suested that these agents could be 

inhibiting intestinal bacteria that were either producing 

toxic substances or that were competing with the animal 

for certain dietary vitamins, or they could be acting 

systemically. The latter suggestion, that antibiotics may 

have a vitamin-like catalytic effect, is still recopizod 

as a possibility, but as antibiotics difer so widely in 

chemical structure and because they have been shown to 



spare a nuxrber of unrelated nutrients, this exp1iation is 

not considered a probable one. Another group of investi- 
gators, Harned et al. (36, p. 193), in 1948 working with 

antibiotics attributed the growth response to aureomycin 

seen in chicks to the elimination of an infection. Num- 

erous investigators have since attacked the problem and 

have obtained much information which directly supports 

these original suggestions. 

Most of the evidence indicates that the effect of 

antibiotics is ori the intestinal inicroflora, and because 

antibacterial action is the only property all antibiotics 

possess in common this is deemed a probable explanation. 

Their growth promoting powers in general seem to be 

directly related to the degree of their antibacterial 

potency; thus the wide spectruiî antibiotics, aureomyciri 

(chlortetracycline) and terramycin (oxytetracycline), seem 

to be more effective in eliciting growth responses than 

the narrow spectrum antibiotics, such as penicillin and 

bacitracin. It is recognized that the possible effects 

of antibiotics on intestinal microflora are: (1) suppres- 

sion of harmful organisms, including known pathogens and 

those which produce toxins causing subclinical infections, 

(2) suppression of organisms competing with the host for 

nutrients, or (3) enhancement of the growth of organisms 
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which sjnthes1zo various essential nutrients. In stroig 
support of items (1) nd (2) are observaton that chicks 

hatched and grown under aseptic conditions, thus having 

no intestinal microflora, were found to approach weicht 

gains made b antibiotic-supplemented chicks, and did not 

make further gains when supplemented with antibiot1c (47, 

p. 10-11). Along tIlls same line, Coates (23, p. 44-47) 

has reported that antibiotics have no adúiti3nal effect 
when g.ven to chicks reared in new, previously uncontam- 

mated quarters or in old quarters thoroughly cleaned and 

disirifected. But when birds from the regularly used 

poultry houses were mixed with birds in the nW houses a 

growth depression was ap:arent. From these observations 
they postulated that bacteria which have ar LrLhibitory 

effect or arimal growth are normally present in the in- 
testiral tract and that chicks raised under conditions 
free from these bacteria grow at a maximal rate. In 1949 

before aureomjcin had been identified as a growth stimu- 

lant in hog rations, Catron (16, p. 217) advanced the cori- 

cept that growth differences in similar pigs u:ader similar 
feeding and manaemerit conditions were due to differences 
in disease level. Later in 1950, after Jukes 43, p. 324- 

325) and Carpenter (14, p. 469-470) reported weight gain 

increases in swine supplemented with aureomycin, 
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group (64, p. 452-453) reported that In their experiment 

with healthy swine they had ioted no growth benefit from 

aureomycin supplementation arid suggested that healthy, 
previously well-fed pis may not respond to aureomcin 

feeding as would unthrifty pigs in unsanitary surround- 
ings. Jukes and Williams (42, p. 386) have sbo that 
baby pigs gro'm ii: tew quarters with or without aureomycin 
weighed 21 kilograms at 8 weeks of age. Thereafter in 
these same quarters the control pigs reached only a weit 

of about 16 kilograms in the course of time it took 

aureomycin-fed pigs to reach 21 kilograms. The observa- 

tion mafle .y may workers that antibiotics are effective 

in alleviating or reducing the severity of SCOUrS ir pigs 
is evidence of the therapeutic action of antibiotics. 
This action is thought to differ only in degree from anti- 

biotic action in promoting growth in apparently healthy 

animals. 

Changes in the microbial population in the gut were 

thought a profitable line of approach to obtain direct 
evidence that the antibiotic growth effect was due to 

antibacterial action. Results from this type of investi- 
gation revealed that changes in numbers and types of 

micro-or,anisms were small and results of different labor- 

atories were generally inconsistent. It is possible that 



although presence ad morphology remain largely unchanged, 

bacterial metabolism has undergone alteration which is 
ordy evident from nutritional studies. Much of the ex- 

perimentation carried out in this regard has been sunmiar- 

ized by Jukes and 'Vil1iams (42, p. 381-420). 

Adminis trat! on of antiblo tics parenterally should 
produce no growth reaction if antibiotics act solely on 

the micro-organisms of the digestive tract. It has been 

reported, however, that increased growth rates have oc- 

curred both in swine (4, p. 262-263; 55, p. 772) and 

chicks (29, p. 834-835) inJected with antibiotics. As an 

explanation to this one finds cited the findings ol' Larson 
and Carpenter (45, p. 240) who recovered aureomycin in the 
feces of swine, and suggested that injected aureomycin is 
secreted ixto the intestine by ay of the bile. Recently, 
in 1957, Dick and Johansson (26, o. 350-357) have compared 

the effects of oral versus injected antibiotics in rats. 
Penicillin and aureomycin were equally effective i iro- 
moting growth when administered either orally or parenter- 
ally, yet the intestinal concentration of aureomycin given 

parenterally was only 10 por cent of the amount found when 

it was given ora1ly. i3acitracin only stimulated growth 

when injected, however, there were rio detectable quantities 
of it found in the intestinal contents. These results 



indicate no correlation between antibiotic growth effect 
and intestinal concentration. Others have observed a 

growth response In chicks when bacitracin wa: red (49, p. 

8) but not when it was implanted subcutaneou1y (7, p. 
1097-1098), After exam1rat1on of material from several 
hundreds of pigs, Gordon et al. (33, p. 747) reported that 

aureomycin and penicillin are riot confined tc the diges- 

tive tract even when fed at the low levels of 4 parts per 

million, but are excreted in sinificant amounts in the 

urine. 

Another possible means of accounting for the anti- 
biotic growth effect la to suppose that antibiotics stimu- 

late the appetite In some manner. Thus it ha been re- 
ported by several workers (11, p. 380-382; 46k, p. 46-47; 

56, p. 311-312; 71, p. 6) that antibiotic-supplemented 

animale consume significantly larger amounts of feed than 

control animals. This increased feed consumption may be 

a direct result of the antibiotic supplementation, or one 

of the manifestations of a resulting improved state of 

health, or yet merely the consequence of the auima1 grow- 

ing larger so that its capacity for food is larger. A 

good evidence that antibiotics directly cause an increase 
i feed consumption by virtue of increasing ral;ion 

palatability is shown by Tomliri et al. (70, p. 44-46) who 

state that the aureomycin-suppleniented ration was much 
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preferred by swine to the basal ration or any of three 

other antibiotics tested. Notwithstanding it has been 

shown earlier by Brown (11, p. 380-382) and more recently 
by Wallace (74, p. 1101) that the antibiotic growth effect 
le dependent in the healthy pig on an increase in feed 

i n t ak e. 

gordon (32, p. 11) has shown that the weights of the 

small intestine of either penicillin-fed or "germ-free" 

chicks was siiiflcarìtly lower than those of control 
chicks. Taylor and Harrington (68, p. 643) have extended 

this observation to hogs and found the weight of the small 

intestine to be very significantly (P < .001) lower than 

that of the controls. Coates et al. (22, p. 1334) have 

shown that the gut of chicks receiving peniciLliri or 

aureomycin is distinctly lighter in weight than untreated 
controls due to a thinner wall. They (24, p. 149) also 
noted that body weight was increased arid liver stores of 

vitamin A, both in untreated birds reared in sterile con- 

ditions and in penicillin-treated birds reared under 

ordinary conditions, were hier than in controls reared 
under ordinary conditious. These observations suggest 
that either antibiotic supplementation or "germ-free" con- 

ditions may enhance intestinal absorption of nutrients by 

the elimination of an Infection which theoretically attacl 
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the intestine directly, causing a thickened intestine and 

a resultLg decrease in intestinal efficiency. 

Antibiotics and Nutrient Requirements 

In addition to their established effects on nutri- 
tionally adeauate diets, there are many reports that ant.- 
biotics have the ability to spare certain of the B 

vitamins--an evidence of the probabiliti of t;heir multiple 
mode of action. Snthes1s by intestinal micro-oranisms 
is the only property tImt these vitamins, which are struc- 
turally different and .hich possess varied biochemical 
function, hold in conunon. Just how antibiotics are able 
to spare these vitamins is not knoi, but it has been 

hypothesized that (1) antibiotics may favor certain organ- 
isms which synthesize an abundance of these vitamins, 
possibly by suppression of other organisms, ox' that 
(2) the intestinal absorption is improved by decreasing 
a supposed bacteri8l infection. One of the fairly con- 

sistent results of antibiotic feeding is the improvement 

in efficiency of feed utilization which on the average 
amounts to 3 to 5 oer cent in hogs depending on the type 
of antibiotic used (8, p. 273, 276). This may be directly 
attributable to an increased intestinal absorption and 

hence an increased utilization of available feed. 
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io sparing action on vitamin B12 has been attributed 

to aureomycin in swine rations by Catron and co-workers 

(19, p. 35-40). An excerpt of their data shows that 

aureomycin additi gave a consistent 16 per cent increase 

in growth rate, whether or not vitamin b12 was added to 

the ration. 

VP i- o 4- 

N one 

Rate of gain 
(lbs/day) 

1.35 

Auroomycin (20 mg/lb ration) 1.57 

Vitamin E12 (10 mg/lb ration) 1.53 

Auroomycin plus Vitamin B12 1.77 

on the other hand when Sheffy et al. (61, p. 99-101) sup- 

plied either aureomycin alone or in combination with vita- 
mi.n B12 to baby pigs, they obtained equal growth response 
on a ration shovn to respond to '12 addition. They implied 

that aureomycin was able to spare vitamin B12. These dis- 
cordant results are in keeping with the majority of the 

experimena1 observations on vitamin replacement and in 

general there sens to be no consistent effect of anti- 
biotics on the requirements for any of the known vitamins. 

The great majority of research in this regard has been 

carried out with chicks and Is well summarized in the 

monograph, Antibiotics inIutrition, by Jukes (41, p. 44- 

49) or in the review article by Stokstad (65, p. 31-37). 
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The effects of antibiotics on vitamin A arid carotene 

have been somewhat more reproducible than those with B 

vitamins. Increased liver storage of vitamin A during the 

administration of antibiotics has been shown in rats (38, 

p. 437), chicks (24, p. 149), and swine (3, p. 713). 

Type of protein concentrate has been studied by 

various investigators as it affects the growth response 

produced by antiòiotics. orkers (58, p. 450-453) in the 

British Isles showed that addition of penicillin to a 

vegetable protein diet caused pigs to bain 16 per cent 

faster, while addition of penicillin to an animal protein 

(fishmeal) diet resulted only ii a 9 per cent increase in 

gains. Even though this indicates that penicillin maj 

have some sparing action on protein quality, maximal gains 
were only obtained on the latter ration. In his review 

article, Brande (8, p. 278) lists the average response of 

pigs fed a mixed vegetable protein ration supplemented 

with aureomycin as 26 per cent and the response to a mixed 

animal-vegetable protein ration at 14 per cent. Likewise 

the avera&e response of aureomycin-supplemented pigs re- 
ceiving a fishmeal containing ration was 3 per cent while 

average resporise to a soybean oil meal containing ration 
was 14 per cent. Some workers (10, p. 650) have reported 
no growth response to antibiotic additions when pigs were 
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fed very high quality ratons containhrLg such ingredients 

as fishmeal, meat scraps, livermeal, fish solubles, tank- 

ace, and whey. In contrast Briggs arid co-workers (9, p. 

1041) obtained a better growth response to the antibiotic 

supplementation of a moat scraps coitainiri ration than to 

a similar ration containing only vegetable protein. 

Catron 2! ..i (17, p. 1043) studied the effects of aureo- 

mycin on growth of swine fed corn-eoybean oil meal rations 

at four protein levels (14, 16, 18, and 20 per cent). 

Those pigs receivin the aureomycin showed no significant 

difference in rates of gain due to level of protein as 

compared to a marked variation in unsupplemented pigs on 

different protein levels. These results are similar to 

those obta.ned by Sewefl and Keen (60, p. 354-356). In 

two experiments involving 288 pigs, Jensen et al. (39, p. 

80) summarized the effects of both au.reomycin and terra- 

inycin on swine growth rate in response to protein levels 

varying from 10 to 20 per cent. In general, averae daily 

gains reached a maximum in unsupplemented hogs at 16 and 

18 per cent protein levels, whereas antibiotic-supplemented 

pigs made maximum daily gains at 14 per cent protein (a 

nonsignificant difference). Meade (52, p. 3O4O5) con- 

cluded that aureomycin exerted no sparing effect on pro- 

tein requ!rement in swJne, but suggested the possibility 



that ari antibiotic may spare protein indirectly by increae- 

ing the feed consumption of pigs fed diets containing lier 
protein levels. 

Evidence is available that antibiotics may have a 

positive or neeative effect on requirements for certain 

essential amino acids. Jones and Combs (40, p. 920) re- 

ported a sparing effect of aureomycin on the trptophar 
requirement but not on the lys5xìe requirement in chicks. 

In ract, 3liner et al. (62, p. 353-354) observed that the 

lysine requirement of turkeys was increased by feeding 

either aureomycin or penicillir as indicated by the in- 

creased incidence o' wìi.te feathers; lysin.e deficiency in 

poultry is manifest in an achrornotrichia of the feathers. 

Curiha .! (25, p. 617) believed auroomycin to spare 

methionine in swine on corn-peanut meal rations. However, 

Hale (34, p. 88) usine a barley-peanut meal ration showed 

no sparing effect of penIcillin on methionine In sWine, 

and this finding has been recently confirmed by others 

(60, p. 555-356). 

Carcass Composition as Affected Antibiotics 

An important facet of the action of antibiotics is 
the controversy caused from numerous conflicting observa- 

tions as to their effect on carcass fat deposition. 

Concern has been indicated by some workers who have 
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recorded fatter, hence less desirable carcasses, produced 

b feeding antibiotics. Additional weight increases con- 

sistirg primarily of extra fat would surely be of limited 

value in view of the present depressed market for lard. 

Among those reporting additional fat is Vestal (71, p. 8) 

who In 1950 reported 10 per cent thicker backfat in hogs 

fed on alfalfa pasture plus corn and soybean oil meal end 

supplemented with nima1 Protein Factor (a product of 

Lederle Laboratories containing both vitamin B12 and 

aureomycin) as compared to hogs ot so supplemented. The 

supplemented hogs also gained faster ani ate more than the 

control hogs. His later work (72, p. 2-3) indicated that 

pigs removed at 125 pounds from 1312-antibiotic supplemented 

rations showed only slightly increased dorsal fat when 

slaughtered at market weight, but If continued on the 

supplement until market weight the carcass fat depth was 

greatly increased. 

Bowland et al. (6, p. 635) supplementing small grain 

rations for Yorkshire swine with Animal Protein Factor 

Including residual aureomycin stated that there was a 

statistically nonsignificant trend toward increased dress- 
ing percentage and lower(d carcass grades in conjunction 

with increased fat deposition end. decreased carcass 

lengths in these hogs. He suggested that the deleterious 



effect of A.P.F. aiid aurootnycin on carcass composition may 

be due to the very rapid gains made during fattening (24 

per cent faster than controls). In contrast to this 
V1ilzon (78, p. 295) has presented data from 96 pigs demon- 

strating that fat deposition was riot increased evers though 

the addition of vitamin B12 d aureomycin siificant1y 
accelerated weight gains (P < .01). In a like mariner 

levels of streptomycin, varying from 10 to 40 mg. per 

pound of feed, produced no significant difference in 

thickness of hackfat although they did increase weight 

gains sinificant1y (11 to 19 per cent greater than con- 

trois) as reported by Terrili et al. (69, p. 833-835). 

An instance where 200 mg. aureomycin per pound of ration 
did not improve rate of gain at any of three protein 
levels, but did increase backfat thickness of hogs on both 

low and high levels of protein is reported in the work of 

Wallace (73, p. 179-182). 

Catron et al. (20, p. 52-60) using Durocs and 

Landrace-Duroc crossbred pigs, set up an experiment in- 
volving a mixture of antibiotics (aureomycin, terramycin, 

streptomycin and penicill±n at 10 mg. each per pound). 

Antibiotic-fed pigs gained 0.25 pounds per day more than 

nonantiblotic-fed pigs. Averages of four measures of 

backfat (taken at ist, 7th, last rib and last lumbar 
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vertebra) in Durocs were 1.92 arid 1.82 inches for anti- 

biotic and nonantibiotic-supplemented hogs respectively. 

Landrace-Duroc crossbreds showed slightly more backfat 

when not antibiotic supplemented. Neither difference was 

statistically significant. 

In two experiments involving 102 carcasses from pigs 

fed corn-soybean oil meal rations, Ashton and co-workers 

(1, p. 88-92) found no indication of important alterations 

in carcass quality due to inclusion of antibiotics (5 mg, 

of either aureomycin or terramycin per pound ration) as 

evidenced from measurement of backfat depth directly and 

by "live probing", percentage lean cuts, or weight of 

leaf fat. Others (2, p. 309-310, 313) had previously 

come to similar conclusions after measuring carcass lengths 

and fat depth at inner and outer shoulder, and determining 

percentage of water, per cent fat, fat free residue, and 

iodir.e values of fat from 5 depots on pigs fed plant 

protein-supplemented rations containing aureomycin and 

penicillin as compared to controls. These pigs did make 

significant (P < .05) increases in daily gains over those 

of the controls and were more efficient in utilization 

of feed. 

In contrast, Perry et al. (56, p. 311-314) present 

data showing that aureomycin-supplemented croe sbred pigs 



gained h11y ziiificant1y faster (1.60 pounds per day as 

compared to 1.30 pounds per day) s1ig1t1y less efficiently 
(3.84 as to 3.44 pounds feed per pound gain), but ate 

siificarit1y more (G.15 pounds feed as to 4.51 pounds 

feed) and had highly siiicart1y more backfat (61.9 mm 

as to 54.1 mm) than basal-fed pigs. Chemical aìalysis of 
the carcasses verified that the aureomycin ¿roup was 

deuiite1y the fatter group containing more total fat, 
less protein, and less water. Another group determining 
carcass composition chemically was that of Hanson (35, 

p. 37-41), which in a comprehensive experiment involving 
77 swire, reported no significant differences in carcass 
moisture, crude protein, or total carcass fat between cori- 

trola and pigs supplemented with either aureomycin, terra- 
mycin, or penicillin to either 125 or 200 pounds. The 

aureomycin group fed to 200 pounds showed . trend towards 

greater depth of backfat; however, chemical aa1ysis of s 

representative sample taken from hair of the ¿roud car- 
cass revealed them to have actually lees fat than the 

unsupplemerited pigs. They conclude that antibiotics 
per se do not affect carcass quality, but that the trend 
toward additional subcutaneous fat noted in aureomycin 

supplemented swine was a result of increased rates of gn. 
ie of the most recent studies concerning aureomycin 
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effects or) fat quality and quantity an.d blood fat levels 
in relation to fat metabolism is that of Kelly et al. (44, 

p. 79-83). Carcass data were co]2ected or! hoes slaughtered 
at differL;g predetermined wei;hts (85, 125, 165, and 205 

pounds). o significant differencesdue to aureomycin were 

noted on dressing perceniages, carcass length, or per cent 
lean cuts. An interesting point in this study was a sig- 
nificant difference of backfat depositior ard average 

daily weight gains recorded between males and females fed 
aureomycin supplenients. It would appear that aureomycin 

exerts a more stimulatory effect on males, as barrows 
gained significantly faster (P < .05) and laid down a 

significantly greater amount (P .05) of backfat than 

aureomycin-supp1emerted female s. 

It is evident from the incoristercy of the data 
reviewed that numerous factors, such as breed differences, 
stage of maturity, sex, type of raiorI, state of arima1 
health, and nany others, play some role in determining 
whether an antibiotic supplement will cause a fatter swine 

carcass. It is .r:ot unreasoable to asauaie as various in- 
vestigators have pointed out, that vhen antibiotic- 
supplement ed swi ne are dri ven to consume 1arer quanti ties 
of feed and make rapid weight gains, this excess nutrition 

is metabolized and deposited in the form of carcass fat. 
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EXPERIME TAL 

Experiment I 

By fax' the majority of swine feedthg trlal$ involving 

antibiotic supplementation have included corn as the main 

nutrient source. To t'riis reviewer's knowledge, Bowlend 

2. ! (6, p. 630-631) are the o1y workers using fibrous 

grain, that is, barley arid oat, type rations for anti- 

biotic experimentation. As barley and oats are the chief 
enor:y sources (because of availability and economy) in 

Oregon SWI:ie rations, it was desirable to further test the 

efL'ects of antibiotics on growth, feed efficiency, arid 

certain carcass and blood elements using this type ration. 
In 1953 when this work was started, and eveii riow, the 

mechanism by which antibiotics stimulate growth rate has 
not been clearly demonstrated. When listing possible 
modes of action, the possibility that antibiotics nay 

stimulate the appetite In some manner, is often overlooked. 

Brown (12, p. 1042) suggests that increased feed consump- 

tion is the primary effect of dietary aureoniyciri in the 

healthy pig. In 201 comparisons compiled by Braude et al. 

(8, p. 274) from the majority of data published before 

1953, efficiency of feed use was not improved in 45 cases 

or about 22.5 per cent, sub, esting that the advantage of 

antibiotics in producing increased rate of gain is not 
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universally accompanied by increased feed efficiency. To 

exaxnire t.i s question further, individual feec.in&; methods 

were employed to eliminate many of the inaccuracies in- 

volved with measurenent of feed intake of group fed hogs. 

Dinusson (27, p. 327-328) reported that beef heifers 

gaining rriore rapidly than controls showed a siiificantly 

higher per cent of blood lipids. Since blood lipid con- 

tent represents fat in transport, and hence may indicate 
an increased rate of fat metabolism, it was deemed possible 

to form an idea of type of rowth belog produced in anti- 

bitic supplemented hogs by measuring blood lipid levels. 

Several organic arsenic containing compounds, notably 

3-nitro, 4-hydroxy phenylarsonic acid, nave been implicated 

iii )roducing rapid weight gains in chickens and swioo. In 

an earlier experiment by Oldfleld (54, p. 5) at Oregon 

State College, the supplying of 3-nitro, 4-hydroxy 
phenylarsonic acid to swIne fed a nutritionally adequate 
diet resulted in slightly higher but statistically non- 

siilficant growth rates as compared to the control groups. 

In view of this slight but positive tendency further 

investigation was warranted. 

Methods and Materials. 

Eight feeder barrows and elht feeder gUts, of 

reasonably equal weights and ranging in age from 97 to 108 
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days, were selected from three litters of purebred 

:erkshire swine from the Oregon State College herd. Ani- 

mais were further stratified into heavy and light pigs, 

one heavy and one light pig of each sex were randomly 

assigned to the following treatments: 

Lot i Basal Ration (Control) 

Lot 2 Basal Ration plus Penicillin 

Lot 3 Basal Ration plus Aureomycin 

Lot 4 Basal Ration plus 3-nitro, 4-hydroxy 

phenylarsonic acid 

Pens allowing approximately twenty square feet of 

concrete floor space were constructed for individual pen- 

ning and feeding. Table i lists the rations Lhat were fed 

twice daily; these were carefully compounded, thoroughly 

mixed, and then pelieted by a commercial feed concern. 

Sufficient feed to last throughout the experimental period 

was propared arid stored in multi-thickness paper bags. 

Samples of these pelieted feeds were sent to Lederle 

Laboratories Division, American Cyanamid Company, Pearl 
River, ew York, for assay of antibiotic potency. ater 

was supplied ad libitum, one water trough supplying two 

pigs on the same treatment. 

Daily feed consumption was restricted to the amount 

the pig ate readily; any feed remaining resulted in a 

lowering of the amount given. However, as quickly as the 
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pig Indicated reaIness for more feed, it was made avail- 

able. By riot allowing excess feed, wastage was kept to a 

minimum. Amounts given at each feeding were recorded. 

Pigs were weihed Ir.dividually at exact weekly inter- 
vals through the 76-äaj feeding period. These weits 

were recorded as were the final and carcass weights at the 

time of slaughter. Blood for hemoglobin c1eermInatIons 

and lipid phosphorus levels was collected by cardiac 

puncture nine days after the pigs were put test, agath 

in 28 days, and finally at slaughter. Samples of 10 cc. 

were drawn into tubes containi;g a solution of saturated 

sodium citrate to prevent clotting. Grams hemoglobin per 

loo ml. of blood were determined by reading the hemolyzed 

blood in a Spencer liomoglobinometer (American Optical 

Compary). Blood phospholipid was determined by the method 

of Youngberg as modified by Hawk, Oser, and Sunerson (37, 

p. 541-542). 

Weight gain, feed consumption, efficiency of feed 

utilization, and dressing percentage data were analyzed 

statistically as a 4 x 2 factorial experiment, enabling 

the extraction of treatment effects, sex effects, and a 

treatment-sex Interaction effect. í3lood data, namely, 

hemoglobin and lipid phosphorus levels, wore treated sta- 
tistically as a 4 x 2 x 3 factorial experiment with a 
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TABLE i 

Composition of rations used In Experiment I 

Lot i Basal Ration 

Ground Barley 1100 lbs. 
Ground Oats 550 
Ground Alfalfa (sun cured) 100 
Peanut Oil ?4eai 150 
Tarikage 75 
Oyster Shell Flour 10 

Steamed Bonemeal 10 

Iodized Salt 5 

2000 lbs. 

Lot 2 Basal Ration e 10 mg. Procaine Penicillin 
G per pound total food. 

Lot 3 Basal Ration 10 mg. Aureomycin per pound 
total feed. 

Lot 4 Basal Ration 0.00375 per cent 3-nitro, 
4-hydroxy phenylarsonic acid. 

B Vitamin Supplement (added to all rations) 

Riboflavin 0.8 mg./1 lb. 

Calcium Pantothenate 4.5 ing./i ib. 
Niacin 5.0 mg./1 lb. 

Choline Chloride 0.1 per cent 
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split plot desii, treatment and sex being main effects, 

period a sub-effect (63, p. 309-313). All analyses are 

located iii Appendix A. 

Results 

Individual feed and performance records of the six- 

teen pigs are presented in Table 2. 

1feight gain data revealed some rather unexpected re- 

suits in certain respects. Pigs receiving the control 

diet had an avera:e daily gain of 1.54 pounäs; those 

receiving the arsonic acid supplemented ration, closely 

approached this rate of gain (1.53 pounds per day). Ani- 

mais on either antibiotic supplemented ration exceeded the 

controls. The penicillin-fed lot exhibited a very slight 

3 per cent increase; aureomycin supplemented pigs, how- 

ever, gained 14 per cent more than did the controls. This 

result with aureomycin was not unexpected, but the rela- 

tively small increase from the penicillin supplemented 

ration was entirely unforeseen in the liht of the 

literature review. 

Antibiotic assa' revealed, however, that the pelleted, 

penicillin-containing ration had lost 95 per cent of the 

original potency of 10 mg. penicillin per pound, probably 

accounting for the only very slight advantage of the peni- 

cillin over the basal. Aureomycin potency was also 



TABLE 2 

Intv11ua1 Feet! aM Performance 1ecor'ß of Swine Fe Fatioø Sp1etnefltec with Antibiotioß tini 

1hent1p1$Ot)ic .Aci3 (meriment IL 
- ---- - - 

kverago Total 
Tiily Feel Co13 

Initial 7mal eight Je1ght Ciaump- Feedl Garcae 
Jt. '* 

n1mai e1ght Wdght C'a1n iaio tion Etfic- . 

Lot ?;uDlber %mb S*x (th1) (I-bB.) (Lbs.) (Lbs.) (the.) ency jLb) T:ezenta. 

i 112 Farrow 77 212 135 l.7P4 472 349 14? 69.3 

(B8al) 138 i'crrow 71 l3 112 1.47 h29 3i3 136 74.3 

109 (1t 73 193 120 1.3 434 361 137 71.0 

144 'i1t 1.32 12 70.9 

IJot_Average 71 1$ 117 1.56 41t 358 13/+ 71.4 

2 115 

____ 

Barrow 79 203 l2L 1.63 .493 397 145 71.4 

(Penicillin) 3-40 Barrow 66 190 124 1.63 433 349 137 71.4 

105 Gilt 80 209 129 1.70 468 363 149 71.3 

L46 Gilt 7Q fl! Qt 1.13 3 70.9 

Lot Average 74 94 1.58 441 367 139 71.2 

3 116 3arrow 85 226 139 1.83 523 376 19 71,0 

(Au?eOlVcin) U.? I3arrow 67 237 170 2.24 60? 357 17]. 72.2 

1oE cat 86 212 126 1.& h45 353 159 75.0 

149 Gilt Q2 laÀ:i .IZZ Z 31Z 'iLl 

Average 73 209 136 i .79 488 3& 152 72.4 

,±__ 

4 137 &rrov 73 194 121 1,59 427 353 140 72.2 

(rheny1eroxiic 114 Barrow 67 183 116 1.52 379 32a 
404 

130 
143 

70.7 
71.1 

Jei4) 1:u3 Giltt 87 201 1)4 1.50 141 

:i.io Gilt 72. 1.5]. ¡ 73.0 

$,t ATex'ige 72 19 116 1.53 ¿5 __27 13E 71.7 

i as pounds 4M per 100 pouiio weight gain. 
2 ut aa col raveIht (The en weight was takers imnei1ate1y prior to s1auhter sn1 is not 

' g necessarily equal to final "off test" weight. 
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reduced, to a lesser extent, showing a 6 mg. per pound 

activity, a 40 per cent loss. 

An observation made on pig number 117 (pen lo) of the 

aureomycin-fed group was of rLerest. This pig was the 

smallest (birth weight 2.]. pounds) of a litter of seven 

(average birth weight of the other six was 2.8 pounds) and 

remained the runt of the litter until the time he was 

placed on the experiment. Almost immediately he began to 
consume large quantities of feed and make rapid gains and 

at the finish had made the fastest gains and was the 

heaviest pig on the experiment. 

As all hogs were on the experiment for an equal time 

period, total weight gains were used for statistical 

analysis. In a preliminary covariance analysis, the ef- 

fect due to initial weight was extracted; it was noted 

that initial weight had no apparent effect on total weight 

gain, so the data were set up as a factorial design, 

separating the effects of treatment, sex, and their 

interaction. 
There was no s ignific ant difference of weight gains 

among rations when tested by the F test. The specific 

hypothesis, that the aureomyciri-fed hogs gained faster 

than the control group approached, but did not reach 

statistical significance at the 5 per cent level. J3arrows 
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on all rations 6ained average of 1.71 pounds per day as 

compared to 1.51 pounds per day for ¿lits; this is a 13.2 

per cent difference and Is statistically sii1ficarit 
(P < .05). IndIviduals in the aureornyein croup were pri- 
manly responsible for this variation L-! gain due to sex. 

The difference between sexes in this group, although not 

statistically significant at the 5% level of' significance, 

was approximately 18O greater than differences between 

sexes in any other ration group. Results such as this 

would lead one to suspect that perhaps aureomycin supple- 

mentation exerted a greater stimulus on males. Growth 

curves (Figure 1), plotted on the basis of average weekly 

group weights, illustrate a srriall but steady advsx:ce Of 

the aureomycin group over the control group durirlL: the 

first two weeks on experiment. However, the largest 
rowth increase over the control group is noted during the 

fifth and sixth weeks of feeding when animals weighed be- 

tween 130 and 160 pous. 
All ration groups were quite similar with regard to 

feed efficiency, the over-all average being approximately 

3.6 pounds feed per pound gain. Braude et al. (8, p. 274) 

report that in 109 comparisons of hogs fed aureomycin 

versus those fed a control ration, the average feed utili- 

zation index for aureomycin was aoproximately 5 per cent 
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less than the basal, and in 19 comparisons of aureomycin 

to the basal where a mixed animal-vegetable protein was 

used, the feed utilization was 96.6 per cent. This Ldi- 
cates that 1f an efficienc' of feed utilization is to be 

expected, the maiitude will probably be less than 5 per 

cent. 

As individual feed records were kept and wastage kept 

to a minimum, quite a accurate determination of actual 

feed consumption was possible. Average daily feed intake 

of the basal group was 5.5 pounds per day. The penicillin- 

fed group consumed 5.13 pounds per day, a 5.5 per cent 

increase over the control; the aureomycin lot showed a 

16.3 per cent increase over the control group (6.4 pounds 

feed per day) ; and t.ae arsonic acid supplemented hogs ate 

i per cent less Leed than did the coi.tro1 lot. Castrate 

males in general ate 14.6 per cent more feed than females. 

The magnitude of these dlfferncea, both ration and sex, 

seemsquite lare but individual variation rendered them 

nonslgnific'nt statistically. 
Dressing percentaes were very close together, with 

the aureomycin group dressing out on the average i per 

cent greater than the other three groups. Analysis showed 

no statistical difference due to ration, sex, or ration- 

sex interaction. 
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Average hemoglobin values for ration groups are as 

follows: Basal Ration, 11.65 grams per 100 mis. blood; 

Penicillin supplemented ration, 11.48 grams; Aureomycin 

supplemented ration, 11.25 grams; and Arsonic Acid supple- 

mented ratì, 11.63 grams. It is evident that ration had 

no ,reat effect on hemoglobin levels. The effect of sex 

was even more negliib1e, whereas the effect due to period 

when the pigs were sampled had quite a siificant effect 

(P ç .005). Hemog1ob. levels increased throughout the 

feeding period from an average of 10.19 grams per 100 mis. 

initially to 11.69 grams at mid-trial to 12.62 grams at 

the trial end. Table 3 contains individual blood data. 

Lipid phosphorus content of the pigs' blood did not 

vary as a result of supplementing the ration with anti- 

biOtics, as a result of sex, or as a result of the inter- 

action of ration and sex. Statistically significant 

(P < .025) only was the effect of time of blood withdrawaL 

These values showed no defiuite trend, but went from an 

initial average concen.traion of 11.22 mg. per cent to 

v.77 mg. per cent at mid-trial, then up to 10.99 mg. per 

cent at slaughter. These observaiors would not seem 

consistent with the expected trend during the growing- 

fattening period. 



TABLE 3 
Individual hemoglobin and blood lipid phosphorus values ol swiie fed ratios supenited with antibiotics and phenylarsonic acid (Experiment 

Hemoglobin gms./lOO ml. Blood Lipid Phosphorus 
Blood mg./lOO ml. plasma Initial Mid-trial Final Initial Mid-trial Final 

Animal Concen- Concen- Conceri- Concen- Coricen- Concen- Lot Humber umber tration tration tration trati3rL trttn tration 
1 112 10.9 10.5 12.6 12.15 9.03 10.59 (Basal) 138 11.2 13.9 13.0 12.1 12.41 9.53 

109 8.5 10.6 12.2 10.62 10.56 9.41 
144 10.7 12.5 13.2 10.20 7.78 10.55 

Lot Average 10.3 11.9 12.8 11.28 9.95 10.02 
2 115 11.6 11.2 12.5 11.30 10.32 12.70 (Penicillin) 140 11.4 11.0 12.3 10.88 10.18 11.26 

105 10.0 11.& 12.7 11.48 10.56 12.37 
146 9.5 11.4 12.3 12.08 9.72 10.71 

Lot Average 10.6 11.4 12.5 11.44 10.20 11.76 
3 116 9.5 10.0 12.1 9.85 8.47 12.30 

(Aureomycin) 117 9.0 11.0 13.1 12.08 6.94 13.78 
106 9.7 12.5 13.9 l2.3 10.56 10.92 
149 10.3 11.6 12.3 10.95 11.39 10.79 

Lot Averae 9.6 11.3 12.9 11.30 .34 11.95 
4 137 11.7 12.4 13.3 10.88 10.00 12.76 (Pheny1arsoio 114 1O. 11.0 11.9 10.70 7.82 8.29 Acid) ib 10.0 13.5 13.1 12.75 10.93 11.65 

110 8.7 12.2 11.4 9.08 9.60 8.16 
Lot Average 10.2 12.3 12.4 10.85 9.59 10.22 
Period Averae 10.2 11.7 12.6 11.22 9.87 10.99 
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Discussion 

Ir five feed trials listed by Braude et al. (8, p. 

275) whore the average daily weight gain of the basal 

groups was 1.5 pouds, pericilTLì-supplornented pies gained 

an avera,e of C per cent more thar basal-fed pigs. Con- 

trois in the experiment reported heroin gained 1.54 pounds 

por day and the penicillin-red group only 3 per cent more 

than this. This lack of respose to penicillin may be due 

to the almost total destruction of the pen1cil1ix. as seen 

by potency assay. It is quite possible that the reduction 

11i activity occurred due to the combined effects of poi- 
letin and storage. illiams aiid Esposito (77, p. 2) have 

shown that procaine penicillin , though in 1953 the most 

stable of the penicillin salts, urLdergoes an average de- 

struction of 50 por cert when feedsare pelleted and 70 per 
cent destruction after storae at about 00 degrees F. No 

doubt the susceptibility of this penicillin salt to de- 

struction in reed pelleting and storage modifies its use- 
fulnoss as a growth stimulant in animal rations. 

In 118 comparisons of average daily gain between 

basal and aureomycin-fed pigs, the modal increase due to 

aureomycin feeding was 11 to 20 per cent, as reported by 

Braude and co-workers (8, p. 274). Therefore, the local 
results of 14 per cent increase in the aureomycin-fed 
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group is representative or the bulk of previous work. 

Scrutiny of this over-all cain reveals that the actual 

response of individual sexes has been obscured by the 

average, and that the Increase is due largely to the maies. 

Earrows on the control ration have gaIned 12 per cent more 
than control guts, whereas aureomycin-fed barrows gained 

31 per cent more than guts on the same ration. It appears 

that ration and se; are not exerting their effects iride- 

pendently. Kelly, Bray, arid Phillips (44, p. 77-79) have 

observed this same phenomenon and suggest that castration 

and the accompanying alteration of hormone balance may 

make barrows respond differently to antibiotic treatment 

than guts. A me important factor, lt would seem, Is 

the gross sex difference nd the greater potential of the 
male to respond to a growth stimulus. 

The correlation between feed consumption end average 

daily gains is apparent from FIgure 2, indicating that 

daily gains were proportional to daily feed consumption 
end not associated with greater feed efficiency. This ob- 

servation closely parallels those reported by certain 
other workers. Brown et al. (12, . 1042), using indi- 

vidual feeding methods arid by restricting the feed intake 

of an aureomycin supplemented lot to that of the control, 

report that there was no statistically significant differ- 
ence in rate of gain or feed efficiency due to aureomycin 
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FIGURE 2 

Relation between Rate of Gain 
and Feed Consumption 

(Experiment i) 
Average Daily Weight Gains Average Daily Feed Intake 

LOT NUMBER LOT NUMBER 

2Penicillin Supplemented 

3-Aureomycin Supplemented 

4-Phenylarsonic Acid 
Supple me nf ed 



supp1emertation, but when uireomycin-fed hogs wore full 
fed they gained .35 pounds per day more than the controls 

and ato 1.28 pounds more feed per day, which led them to 

the coLciision that the predominant influence of dietary 
aureoinycin i:: the healthy p1 is mediated through an In- 

creased feed consumption. Lasley et al. (46, p, 46-47) 

lIkewIse report Increases jT feed consumption accompanying 

iucreases in rate of :;ain of hogs suprlemerted with aureo- 

niycin or penicillin. However, they su:est that although 

the antibiotic has seemingly ircreaed the pigs appetite, 

this increased feed consumption mai: be a direct result of 

the pig growing larer and thus increasing his capacity 

to consume more feed. In one experiment they compared 

aureomycin-supplemented hogs to hogs fed the basal ration 
end found that on the sanie weIght basis aureomycin- 

supplemented hogs actually consumed less feed per 10 

pounds increase in body weight. Â third possible explena- 

tian of greater feed intake by antibiotic-fed hoes is 
based ori the disease level concept of antibiotic action. 
Accordig to this, antibiotic-fed hos are elevated to en 

improved level of health which is accompanied by an 

appetite increase. 

3rowth improvement in chickens has been recorded by 

Bird et al. (5, p. 223-225) as a result of supplementing 

with .005 per cent 3-nitro, 4-hydroxy phenylarsonic acid. 
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Carpenter (15, p. 651), hav1n conducted three testa with 

weaned pigs, reported that inclusion of phery1arsonic acid 

at either 0.005, 0.01, or 0.02 per cent levels produced 

growth stimuli. In contrast, .00375 per cent 3-nitro, 
4-hydroxy phenylarsonic acid had: absolutely no effect on 

growth rate, feed consumption, feed efficiency, dressing 
percentage, hemoglobin levels, or blood lipid phosphorus 

levels, under the conditions imposed by the experiment 

reported here. In fact, this ration approximated the con- 

trol ration more closely than any other treatment for all 
quantities measured. 

Bowland et al. (6, p. 633-634), using small grain 

rations, have reported a 24 per cent improvement in growth 

rate of pigs supplemented with PE and residual au.reomycin. 

While results obtained with antibiotic supplements in this 

experiment are not as convincing as those of Bowland, they 

indicate that rations of barley and oats are useful in 

promoting antibiotic growth effects. 
Observations or hemoglobin formation were similar to 

those obtai.ed by Erown (11, p. 380-381), who reported no 

significant difference due to antibiotic supolementation. 
Erratic results in hemoglobin formation aue to added 

aureornqcin, however, were listed by Burnside et al. (13, 
p. 192-192) using rations with three protein levels. Figs 
on medium protein rations supplemented with aureomycin 
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showed slbnlficantly higher (P < .05) hemoglobin levels 

than controls; pigs on high protein rations showed no dif- 

ference from controls; and pigs on low protein rations had 

significantly lower (I < .05) hemoglobin levels than con- 

trois. In the experiment reported herein the mean hemoglo- 

bin value increased approxImately 24 per cent as pigs aged 

from 100 to 176 days. That this is the usual condition 

for hogs grown in confinement Is shown by Schwarte (59, p. 

301), who presents data on 82 individuals from 10 litters. 

Hemoglobin levels of the blood increased 23 per cent in 

these pigs during the period from 100 to 168 days of age. 

Recently, Kelly and co-workers (44, p. 77) using the 

method of Allen found that absorptive blood fat levels of 

swine were apparently lowered, however, not sinificant1y, 

when they were fed rations supplemented with aureomycin. 

Conversely, Perry et al. (56, p. 312-313) comparing blood 

lipid content of basal-fed pigs and antibiotic-fed pigs 

observed a higher, although nonsignificant, increase in 

the latter group. B1od lipid phosphorus levels, an irk- 

direct measure of the blood lipid content, were used in 

this experiment. 1dthlle this method of measurement Is not 

strictly comparable with the above, observations sowed 

the penicillin-fed group to have about 7 per cent (non- 

siIficant at P = 0.05) more lipids in blood and the 
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aureomycin-f ed group to have 4 per cent higher blood lipid 
levels than the basal-fed group. These results suggest 

that faster gaining groups (aureoniycin arid penicillin sup- 

plemented) may have slightly higher lipid phosphorus 

levels than more slowly gaining animals. This relation- 
ship ceases to exist, however, when extended to the corn- 

parisor1 between the penicillin and aureornycin groups. 

Experiment II 
It has been widely established that certain anti- 

biotics are capable of stimulating growth rate of swine 

on presumably nutritionally complete rations. hy this 
occurs Is not entirely clear and much research has beer. 

devoted recently to elucidation of the mode of antibiotic 
action. The additional growth resulting from antibiotic 
supplementation may affect all tissues more or less india- 
criminately or may be largely of one type such as fat, 
protein, or mineral. As an indication of an altered 
metabolism of any of these, blood analyses in this second 

experiment were extended to include levels of glucose, 

amino acid nitrogen, inorganic calcium arAd phosphorus in 

addition to lipid phosphorus and hemoglobin levels previ- 
ously determined. As a further indication of fat 
metabolism, backfat measurements were made on the 

carcasses. 
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Moorehouse' has shown .00375 per cent to be the opti- 

mal level for supplementing with 3-nitro, 4-hydroxy 

phenylarsoric acid. Others (15, p. 651; 5, p. 223-225) 

have irdicated higher levels (.005 per cent) to be very 

effective in promoting growth increases. As .00375 per 

cent 3-nitro, 4-hydroxy phenylarsonic acid was Ineffective 

in stimulating growth in Experiment I, the level was 

raised to .005 per cent in this experiment. 

Another incentive for a second experiment was to test 

the observatioi of Experiment I, that antibiotic- 

supplemented swine consumed larger quantities of feed and 

that the amount of feed was In almost direct re1atic to 

gains made. 

Methods arid Materials 

Sixteen purebred Berkshire swine from three litters 

were allotted to four treatments in a manner similar to 

Experiment I. The over-all average ton test" weight was 

60 pounds, about 12 pounds lighter than the average 

initial weight of pigs on the previous experiment. Treat- 

merits also were similar to those of Experiment I, namely: 

Lot i Basal Ration (Control) 

I,ot 2 Basal Ration + Penicillin 

1 CommunIcation with Dr. James E. Oldfield. 



43 

Lot 3 Basal Ration + Aureomycin 

Lot 4 Basal Ration 3-nitro, 4-hydroxy 

Phenylarsonic Acid 

Pigs were individually penned and management prac- 

tices adopted in Experiment I were continued. Rations 

used varied somewhat arid are listed in Table 4, together 

with proximate analyses. Main differences include substi- 

tution of soybean oil meal for peanut oil meal as a plant 

protein source and exclusion of steamed bone meal from all 

rations. 

Daily feed records were kept and weekly weights taken. 

To insure that comparisis of weight and blood data were 

made at equal stages of rowth, pigs were removed from 

experiment as they reached 190 pounds, taken to a commer- 

cial packing plant and slauhtered. The cold carcass was 

weighed and the depth of back fat measured at the first 

rib, tenth rib, and last lumbar vertebrae. 

Blood samples were taken twice durii.g the experiment 

by the technique of cardiac puncture. The first sample of 

25 ml.was taken seven days after the hogs were placed on 

the experiment, the mid-trial sampling, 20 ml., was 43 

days thereafter, and the final sampling, 40 ml., was taken 

at the time of slaughter. Blood was drawn into tubes con- 

tairiing .0125 ml. of saturated sodium citrate per ml. of 
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TABLE 4 

Composition and proximate analysis of rations used in 
Experiment II 

Lot i Basal Ration 

Ground Barley 
Ground Oats 
Alfalfa Meal 
Soybean 011 Meal 
Tank age 
Oyster Shell Flour 
Iodized Salt 

1100 lbs. 
555 lbs. 
150 lbs. 
100 lbs. 
75 lbs. 
10 lbs. 
10 lbs. 

Total 2000 lbs. 

Lot 2 Basal Ration + 10 mg. ±roca1ne Penicillin 
per pound total leed. 

Lot 3 Basal Ration 10 mg. Aureomycin per pound 
total feed. 

Lot 4 Basal Ration 0.005 per cent 3-nitro, 
4-hydroxy Phenylarsonic Acid. 

B Vitamin Supplement (added to all rations) 

Riboflavin 0.8 riig./1 lb. 
Calcium Pantothenate 4.5 mg./l lb. 
Niacin 5.0 mg./l lb. 

Choline Chloride 0.1 per cent 

Lot Per Cent Per Cent Per Cent Per Cent 
No. Crude Protein Fat Crude Fiber Ash 

i 14.10 3.50 7.22 3.88 
2 14.07 3.66 7.38 3.98 
3 14.10 3.61 7.37 3.62 
4 13.33 3.64 7.68 3.89 
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blood as an anticoagulant. Blood withdrawals were made 

about midway between daily feeding perIods to minimize 

effects of feed. 

The following blood determinations were made: 

Hemoglobin 

0.5 ml. of well mixed blood was placed in a spot 

plate, hemolyzed with saponin and read with a Spencer 

Hemoglobinome ter. 

Blood Calcium 

As an indication of the relative metabolism of a 

major mineral, serum calcium was determined by the Clark- 

Collip modification of the Kramer-Tisdall method (21, p. 

462-464). 

Blood Inorganic Phosphate 

Another criterion of mineral metabolism, inorganic 

phosphate was determined by the method of Fiske and 

Subbarow (30, p. 375-400). 

Blood Glucose 

As an indication of carbohydrate metabolism, glucose 

levels were determined by the Sunderman arid Fuller modifi- 

cation of the Benedict Method (67, p. 1077-1084; 66, p. 

103-195). 

Blood Lipid khosphorus 

As phospholipids have been implicated in fat trans- 

port, these were ud as a relative measure of fat metabolism. 
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Youngberg's method, as modified, listed in Hawk, Oser and 

Sunixierson (37, p. 541-542), was used for determination. 

Blood Amino Acid itrogen 

Indicative of protein metabolism, total amino 

nitrogen was run br the method of Folin as modified by 

Danielson; Sahyun; and Frame, Russell, and Wilhelmi (37, 

p. 517-519). 

Average daily gains, feed consumption, feed effia'icy, 

and dressing percentage data were analyzed as a 4 x 2 

factorial design considering ration as one variable and 

sex as the other. As in Experiment I, all blood data and 

carcass fat data were analyzed as a 4 x 2 x 3 factorial 
experiment with a split plot desii (63, p. 309-313). 

Ration and sex were the two main effects; a further 

division was into three subclasses, periods for blood, 

and location for fat depths. 

Results 

Table 5 contains individual feed and performance 

records of swine ori the second experiment. 'ihose on the 

control ration made average daily gains of 1.48 pounds, 

which is remarkably close to gains made by the control 

group of Experiment I, even thou these groups are not 

strictly comparable. Average daily gains for Lot 2 (sup- 

plemented with 10 mg. penicillin per pound of feed) wore 



TABLE 5 
InrUvi!ua1 fe&! a& çerforance recor of swine f e rations spp1eiiente' 

- witb thenvlariciiie ani! (eriaent III _______________ 
Lot i±er '8 - 

Av.r teilj CO1 flresa-' Back Ft 
IlLitiol F4n1 Weight 4o. Uy Feet Fee4l Gareaas Ing ( Inc 

Ani9ml eight eight Gain of ain Cons. Effi- Weight Fer ist 10th Lut 
Ìb (Lb) (Lbs.) !ye.(Lbs.) (Lbs.) ciea (the.) Cent Pib Rib Ti' _(!bs.) 

i (Bitsa].) 

10]. Jarrow E 194 126 84 1.O 5,53 373 13 69.6 1.8 1.0 1.1. 

112 Brrow 47 179 132 84 ].57 5,23 333 126 70.1 1.6 0.7 13 
96 Gilt 6, 1'7t. 10? 84 1.27 5.19 407 117 1.6 0.8 1.2 

108 Gilt U3 5' .02 67.2 .2 

Lot Averag. 61 185 12L 84 i.m 5.51 375 128 68.9 1.7 0.9 1.3 

2 (Penicillin) 
95 Barro'14 79 189 110 56 1.96 8.50 432 141 74.6 1.0 0,9 2.3 

u3 barrow 41 149 108 34 3.29 4.29 333 115 77.2 l.1 0.8 1.3 
109 Gilt 60 IO 130 77 1.69 5.& 33 132 69.5 1.1 0.9 2.3 
110 Gilt 7.7, 1.77 6.21 70.2 Q 

Lot Average 61 152 121 74 1.8 6.15 362 132 72.9 1.2 0.9 1.9 

3 (Aureomycin) 
93 i3srrow 72 188 116 56 2.07 7.96 385 145 77.1 1.3 1.0 2.4 

103 Barrow 59 194 135 63 2,34 .21 383 13 70.9 1.3 1.0 2.1 

10? Gilt 64 194 130 63 2.06 8.35 405 135 69.6 1.3 1.0 2.0 

11 Gilt h1 1Z 1.hle 1.21 5.85 22 68.7 J., 

Lot Avu'g.z 60 191 131 67 2.00 7.59 378 137 71.6 1.4 1.0 2.0 

4 (1 henylarsonic Âoi) 
102 Earl-ow 5$ 175 117 84 1.39 5.55 399 1123. 69.]. 2.0 O.3 1.3 
lO Earrov Ei 190 129 84 1.51. 5.69 371 137 72.1 2.0 1.1 1. 
99 flut 66 190 12/, 34 1.I 532 360 13? 71.8 1.E 0.9 1.4 
116 1t 1.57 5.18 Q ____ Qs. 

Lot verae 60 185 126 4 1.49 5.44 365 132 71.2 1. 0.9 1.4k. 
r proaaed as pouns feed per 100 pounia weight gain. 2 Òalculatei a CQ]4 qC4SP Ji2ht 

£lnaJ. weign 
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1.68 pounds. This is a l.5 per cent increase over the 

control group and a corsiderable increase over the peni- 

cillin group results of the first experiment. This inì- 

crease, however, was not statistically significant. 

Unfortunately, antibiotic assay data are not available on 

the pelleted feeds used in Experiment II. 

The average number of days to s1auter for pigs on 

aureomycin was 66 as compared to 84 days for the basal 

group. This represents a very highly significant differ- 

ence (P ç .005) in rate of gain over the controls. This 

group averaged a daily weight gain of 2.00 pounds per day, 

an advanta:,e of 0.52 ounds per day over the basal. Within 

this average gain there was a nonsignificant difference of 

11 per cent between barrows and guts of the group. 

Even at a higher level (.005 per cent) 3-nitro, 

4-hydroxy phenylarsonie acid supplemented hogs exhibited 

an average daily gain of oiy 1.49 pounds per cay. For 

the second year this supplement showed no tendencies 

toward increasing the rate of nain in growing-fattening 

swine. 

Contrary to results of the previous year the effects 

of sex on rate of gain were not significant, in fact, 

there was good uniformity noticed. Average feed effici- 

encies of the four groups were as follows: 



FIGURE 3 

Average Weekly Weights of Animals 
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Hation Pounds Feed/Pound Gain 

Lot i Basal 3.75 

Lot 2 Basal s Penicillin 3.62 

Lot 3 Basal s Aureomycin 3.78 

Lot 4 Basal s Pheriylarsonic Acid 3.64 

These values showed the penicillin-fed lot to have a 3.4 

per cent, nonsignificant trend toward greater efficiency 

than the basal lot. The phenylarsonic acid-fed group 

showed similar tendencies, whereas aureornycin-fed pigs 

were i por cent less efficient than those on the basal 

ration. These results are in direct agreement with re- 

suits of the previous experiment. Over-all sex differ- 

erices in feed efficiency were considerably less than 

difference due to individual variation. 

A marked variability in feed intake was evident as 

the auroomycin-fed group far exceeded the basal-fed group 

by consuming 37.8 per cent (2.08 pounds) more feed per 

day, which is significant at the 2.5 per cent probability 

level. The penicillin-fed group likewise showed an in- 

crease over the basal-fed group, amounting to 11.1 per 

cent. There was no stimulation in feed intake due to 

addition of phenylarsonic acid to the ration. It is 

extremely interesting to note that the weigb.t gain data 
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vary irnost directly with the feed intake data. This 

point Is illustrated in Figure 4. 

Average dressing percentage data are as indicated: 

Average Percentage 
Dressing of 

Ration Per Cent Basal 

Lot i Basal 

Lot 2 Basal 4 Penicillin 

Lot 3 Basal ' Aureomycin 

Lot 4 Basai ' Phenylarsonic 
Acid 

68.9 100 

72.9 105.9 

71.6 103.8 

71.2 103.2 

As all three antibacterial treatments exceeded the 

control ration in dressing percentae, the specific 

hypothesis that they were significantly higher than the 

controls was tested. This showed that there was a sig- 

nificant difference (P < .10) In this respect. There was 

also a significant difference (P < .05) in carcass dress- 

ing percentage due to the effect of sex, barrows dressing 

out 4,2 per cent more then guts. 

The results of this experiment indicate that anti- 

biotic supplementation had a rather important effect on 

carcass fatness. The data analyzed as a factorial, split 

plot desii, showed a statistically significant difference 
(P c. .05) In the amount of back fat between the basal and 
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Relation between Rate of Gain 
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aureomycin-fed groups. As compared to the control group 

the aureomycin group had 14 per cent more backf at, the 

penicillin group 2 per cent more, and the arsonic acid 

group 5 per cent nere. 

Also interesting was the relationship between ratiai 

and locaticxi of fat deposition; which proved to be very 

highly significant (P c .005). Thus it appears that 

ration influenced not only depth but also location of fat 

deposits. It will be shown that this is probably an in- 

direct result arising through a greater growth stimulus. 

Average fat depths (in inches) with regard to ration and 

location are listed below: 

Basal Penicillin Aureomycin Arsonic Acid 

First Rib 1.7 1.2 1.4 1.8 

Q Tenth Rib .9 .9 1.0 

Last Lumbar 1.3 1.9 2.0 1.4 

Both antibiotic-fed groups have lowered fat deposits over 

the shoulders as compared with the basal and arsonic acid- 

fed groups, and increased fat over the loin area. Fat 

deposition in the arsonic acid-fed group is very similar 

to the basal group. 

Individual concentrations of the several blood con- 

stituents measured are tabulated in Tables 6 and 7. 



TA3LE 6 
Iitiviva1 hnog1obin, bloci calcium, n.ì b1oo- inorganic phosphorus level8 i ii ñne pt1ezìetite1 with 
___________________ ntibiotics an hen1ar3onic aci creriiuentLi) 

'eog1obin, B1oo3 Iciuii, Inorganic Phosphorus, 
7i48/OO ml. bIoot me/lOO rl. tla _/lOO plaa 

Initial 1414-trial Final Initial 1414-trial Final Initial Mt-Trial Fine.l 
nifra1 Cono en- Concen- Concen- Coticen- Conoen- Gonceo- Coticen- Cono en- Coticen- 

Lt Nubor mbar trUon trtioJration trtion tration trtici trnti,n tration trtion 

i 101 12.0 12.2 326 Lfl o.40 ll.6 3.21. 7.5 
(ta1) 112 11.4 11.7 12.1 10.18 9.03 12.49 5.59 7.22 10.78 

96 12.3 12.0 12.5 9.& 7.77 11.65 7.22 8.02 1OJ.L 
1013 12.2 7.77 7.% 1L65 3.2L 7.32 82 

Lot Average :12.0 12.3 12.1 9.08 L30 11.36 4.82 7.60 9.Y7 
2. 12.6 13.4 6.30 6.93 11.14 3.64 8.21 3.78 

(ifliCiUuii) 113 10.0 11.9 12.2 10.18 5.98 10.50 6.69 7.15 8.5l 
109 11.5 12.]. 12.0 9.66 7.56 11.65 6.53 .39 9.93 
110 11.7 iLl 1L.2 9.2L 6.2 11.13 6_5 8.13 10.5? 

Lot Average 11.1 12.4 13.0 .L5 6.82 [1.18 5a93 7.97 945 
3 93 12.4 133 14.2 7.40 8.&2 l.l8 3.29 6.52 3.43 

(íure1Wcin) 103 10.2 13.2 13.2 10.39 7.98 11.02 5.4 7.74 8.64 
107 10.8 12.2 12. &o2 7.45 11.2.3 4.71 7.42 8.90 
115 10.8 U,3 127 9.13 8.08 11.70 529 7.53 8.87 

Lot Avr;e 11.1 12.5 13.2 8.94 8.08 11.53 4.69 6.05 c.71 

4 102 11.7 13.5 13.5 9.87 7.L> 11.70 (.85 7.29 ¿L54 
(Phenylarsonic 105 11.2 11.7 l2M 10.29 7.lI 11.A&4 .io 7.95 8.27 

frci) 99 11.5 12.6 13.2 9.34 .92 11.02 7.13 8.02 .35 
116 U.? l2.5 10.50 6.51 11.91 7E5 7.22 9.56 

Lot Average ll. L.6 13.0 10.00 7.51 11.53 7.01 7.62 8.68 

Perio4 Aerag. 11.h. 12.4 13.1 9.22 7.68 11.53 5.1 7.31 9.10 



TJJ3LE 7 
IxikLvi3ua1 b1o& glucose, blood lipid phosphorus, anc bloorl amino aciì nitrogen levei$ in awina supp]iitei 

'4th atijjp &henylronio acid (Fxperintent II) - 
Blooc Glucosa, Lipid Phosphorus, Amino 

/ioo 
Acid Nitrogen, 

__/loo 
Thitial 

in] plasma mg/i 
Initial 

ml. plaE1a 
Fina]. Initial 

in]. o1an. 
Z'd-Tria1 Final Nici-Tria]. Mid-Trial Final 

Anirnl Conoen- Concen- Concen- Concen- Goncen- Concen- Concen- Concen.- Concen- 
Lot NT Number trpti2nrati.on t'at,ion tratiori tratipr tration tration tration 

i 10]. 126.90 61.25 41.70 7.75 11.41 14.70 8.9e 12.29 9.54 
(Basal) 112 101.77 77.85 72.97 6.02 9.09 26.40 8.87 12.24 9.39 

96 70.96 54.22 55.8? 8.75 9.59 24.20 .67 11.47 9.76 
108 _Çp190 58.27 41.47 9.33 11.50 23.50 9.69 11S2 9.12 

Lot Average 90.13 62.90 53.00 7.96 10.40 22.20 9.05 11.82 9.50 
2 95 64.65 0.00 83.'77 9.07 12.86 14.95 9.40 U.cY7 9.27 

(Penicillin) U3 76.12 56.32 65.17 9.86 11.50 29.91 8.34 13.44. 9.02 
109 72.90 55.34 39.90 9.07 11.00 24.40 9.64 10.81 9.12 
110 .oj; 39.37 9.33 11.18 20.82 $.BO 

Lot Average 70.42 56.73 57.05 9.33 11.64 22.52 9.1'? 11.93 '1.14 

:3 93 74.85 38.63 77.02 9.6 11.34 16.76 9.99 15.46 8.60 
(AureoVcin) 103 6l57 42.22 69.67 11.45 13.87 17.10 9.2 12.52 9.17 

107 65.25 43.05 48.22 9.40 11.43. 14.05 9.72 12.20 9.17 
115 86.70 LO75 6L.65 966 12.36 23./5 1O.OL 1137 ___ 

Lot AveragG 72.09 41.16 64.89 10.09 12.25 1/.84 12.89 

4 102 53.40 53.20 60.82 9.40 10.84 27.25 7.85 11.30 10.56 
(plìenylarsonic 105 88.57 38.17 50.32 9.94 12.60 28.10 9.05 11.56 9.76 

Ac!cl) 99 54.60 h2.60 62,02 9.07 12.60 24.70 8.67 11.28 9.50 
116 67.80 33.5 72.97 9.33 9.09 21.92 8.80 

Lot Average 66.09 43.l 61.53 9.44 11.28 25.49 .59 11.54 1(J.36 

Period average 74.68 50.98 59.12 9.21 11.39 22.01 9.14 12.05 9.48 

'J' 
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Hemoglobin levels due to differences in ration and sex 

were not significantly different, the over-all level being 

12.3 grams hemoglobin per 100 ml. blood, a slightly higher 

figure than that (11.05) lIsted by Dukes (28, p. 36). The 

sex by treatment interaction term was significant (P < 

.025), as barrows fed aureomycin had 1.1 grams hemoglobin 

more than gUts of the saine ratior, whereas, in the basal 

and penicillin rations the reverse situation was true, 

gilts havirg on the average 0.7 grams more hemoglobin than 

barrows. There was a highly significant (P < .005) dif- 

ference in hemoglobin levels due to the time they were 

taken. Initially the over-all concentrations were 11.4 

grams hemoglobin per 100 mis. blood, mid-trial concentra- 

tions were 12.4 grams, arid final samples were 13.1 grams 

hemogi obin. 

Calcium levels of blood plasma showed no significant 

trends due to antibiotic sup plementation. Values, averag- 

ing 9.46, were within the range of 9-15 mg. per cent in 

serum as listed by Dukes (28, p. 49). Again, period aif- 

ferenceawere hig1ily significant (P < .005); the mid-trial 

concentration of 7.68 mg. calcium per 100 ml. plasma was 

lower than either the initial concentration of 9,22 mg. 

per 100 ml. or the final concentration of 11.53 mg. per 

100 mi. The xes were essentially equal in this respect. 
Over-all blood phosphorus levels fell well within the 
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normal range listed by Dukes (28, p. 49), although certain 

individua]. animals either exceeded or fell below this 

range. Treatment groups were quite similar with the ex- 

ception of the aureomycin-fed group, which had a lower 

average blood phosphorus level than did the controls. 

This difference approaches but does not reach a statisti- 

cal significance at the 5 per cent level of significance. 

Sampling period differences were again hi ly significant 

and show a steady increase from weaning to slaughter. 

Generally, gUts had a higher blood phosphorus level (7.54) 

than did barrows (7.15) on this experiment. This differ- 

ence is not a significant one. 

formal blood glucose levels of swine are listed as 

ranging fron 45.75 mg. per 100 ml. whole blood (28, p. 49). 

Glycentic levels for the four treatments were: Basal, 

68.68 mg. per cent; Penicillin, 61.40 mg. per cent; 

Aureomycin, 59.38 mg. per cent; and Arsonic Acid, 56.92 

mg. per cent. The basal group has a higher blood glucose 

level than any one of the antibacterial additives, however, 

this observation is not statistically significant. By 

period, average glucose levels were: PerIod I, 74.68 mg. 

per cent; Period II, 50.98 mg. per cent; Period III, 59.12 

mg. per cent, reflecting a highly significant variability. 

A noticeable but nonsignificant difference was between 

barrows (average 66.75 mg. per loo ml.) and guts (average 



56.44 mg. per 100 ml.). 

Plasma lipid phosphorus levels are plotted against 

weight at time of blood sampling in Figure 5. Aureomycin- 

fed pigs which reached slaughter weight earlier show lower 

lipid phosphorus levels, however this difference is not 

significant statistically. Differences due to periods 

were quite variable and were highly s1iificant (P < .005). 

Initially, sampling values were lower although not greatly 
diverse from the mid-trial samples. Final samples were 

139 per cent higher than initial samples and 104 per cent 

higher than mid-trial concentrations. The sex effect and 

various interaction effects were not significant. 
Levels of blood amino acid nitrogen are i11utrated 

in Figure 5, showing milligrams per cent amino acid nitro- 
gen as related to the average ration group weight at the 

time of blood withdrawal. Overall values are approximately 

2 mg. per cent higher than the "normal" value, 8 mg. per 

cent, listed by Dukes (28, p. 49). A statistically highly 
significant difference (P < .005) is the high levels ob- 

served at mid-trial as compared with the two other sampling 

periods. iO statistically significant difference was cvi- 
deced due to the ration fed. Correlations between 

average rate of gain and the final amino acid nitrogen 

concentration showed a nons1ificant trend toward lower 

values for faster gaining hogs (-42.15). 
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FIGURE 5 

Blood Metabolite Levels in Relation to 

Weight at Time of Sampling 
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Discussion 

Iii this second trial both penicillin and aureomycin 

stimulated a greater ¿rowth response over the basal diet 

than was evident in the previous experiment. A probable 

explanation of this is the relatively lighter weight at 

which pigs on this experiment were started. Growth indices 

compounded from 215 experiments demonstrate that the 

lighter the animal at the beginning of the test, the 

greater the response elicited from antibiotic supplementa- 

tion (8, p. 280). Another possibility is that the anti- 

biotic growth response in Experiment I may have been 

lessened by the fact that the pigs were in newly-constructed 

pens. This agrees with Coates' observation (23, p. 44-47) 

that chicks in newly cleaned and disinfected quarters 

showed no response to antibiotics, whereas chicks reared 

in these same pens after the rearing of several groups 

showed an antibiotic growth response. The 13.5 per cent 

increase in daily weight gain by penicillin-fed pigs over 

the basal-fed group was 5.5 per cent higher than the 

average response obtained in 5 other trials where basal- 

fed hogs gained 1.5 pounds daily (8, p. 275). The average 

daily :ath of 2.0 pounds made by aureomycin-supplementod 

swine was exceptional. Braude (8, p. 275) lists 11 per 

cent as an average response to aureomycin over a basal 

group gaining 1.5 pounds per day. The obvious sex 



61 

djfferer!ces in rate of weigit sain present in the aureo- 

mycin roup of Experiment I (males 31 per cent higher than 

females) has been reduced to a less obvious but still ap- 

parent 11 per cent, still suggesting a greater male potenlial. 

Even moro striking in this second experiment than in 

the previous one is the extreme oarallelism between feed 

consumption and rate of gain. This relationship necessi- 

tates that feed efficiency values be similar; however, 

comparisons of efficiency of feed utilization perhaps 

cannot be directly made as the aureomycin-fed animals were 

shown to have siiificantly more backfat thaii the basal- 

fed animals. In the course of ,rowing to equal weights, 

the animal laying down more fat is penalized as equally 

efficient, since energywise the cost of fat deposition is 

relatively more expensive. A gross stimulation of 

appetite amouneing to an intake of 38 per cent more feed 

was evident in the aureomycin lot. Stimulation of the 

appetite control mechanism as a possible mode of action 

for antibiotics cannot be ignored, as based on the two 

experiments presented as well as many others, some of 

which have been reviewed. Yet as shown in the discussion 

of Experiment I, it cannot be assumed that appetite stimu- 

lation is positively a direct effect of antibiotic supple- 

mentation as the possibility also exists that it may be 

an indirect effect apparent n1y because of increased 
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growth. 

In this study, depth of backfat was sinificant1y In- 

creased In aureomycin-supplemented swine, confirming simi- 

lar reports by Bowland et al. (6, p. 635), Vestal (71, p. 

8), aid Ferry et al. (56, p. 311-313), previously reviewed. 

Interestirg to note, these experimeters also reported 

c.reatly Increased daily weight gains and feed consumption. 

The results listed herein are in exact agreement. Kelly 

L. 2! (44, p. 81-82) report a statistically significant 

(J) < .05) increase in backîat in aureomycin-suppleinented 

barrows, accompanying a significantly increased (P < .01) 

weight gain. Guts ori the sanie ration neither gained more 

nor had greater backfat than did the control group. 

Hanson end co-workers (35, p. 40) state that in most re- 

search in which increased fat deposition has been reported 

due to the feeding of an antibiotic there has been in- 

creased feed consumption and increased rate of gain asso- 

elated with fatter carcasses. They present data showing 

that vitamin B12 nd aureomycin supplements when fed to 

pigs to 200 pounds produced 14 per cent more backfat which 

was associated with 12 per cent reater daily weight gain 

than pigs supplemented with vitamii 12 alone. Chemical 

determination of total carcass fat, however, revealed the 

latter group actually to oe fatter. All of this Informa- 

tion suggests rather strongly that aureomycin-supplemented 
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hogs which are stimulated to greater feed consumption and 

therefore a higher nutritional p1ae quartitatIve1y, have 

in general a greater deposition of subcutaneous fat over 

the dorsal area. Thls follows MceekaiYs reasor.ing (50, 

p. 335-336) that fat deposition is dependent on the sur- 

plus nutrition available after prior claim by the more 

active tissues and is only restricted by feed consumption, 

and that subcutaneous fat is influenced to a greater deee 

than is intramuscular fat. 

That rate of gain apparently influences site of fat 

deposit is shown by correlating the former with subcutan- 

eous fat depth at the shoulder region and again at the 

loin region. Highly si&ificant correlation coefficients 

(P < .01) obtained show that as rate of gain increases, 

anterior subcutaneous fat deposition is forfeited 

(r : -.67) and development of posterior subcutaneous fat 

is greatly favored (r .84). Therefore, as both peni- 

cillin and aureornycin-fed pigs were better gainers than 

control and phenylarsonic acid-fed pigs, location of 

greatest fat depth was shifted. in short, the effect of 

antibiotics on fat deposition pattern in this stud was 

probably an indirect one mediated through greater rowth 

ratos. It is possible that the antibiotic-fed hog, re- 

ceiving an early growth stimulation, quickly passes 

through the initial anterior developmental period 
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(resulting in lowered subcutaneous fat thickness anter- 

iorly) and therefore reaches earlier the developmental 

stage favoring posterior development, hence greater fat 

depth posteriorly. 1his of course hinges on McIeek&i's 

growth gradient theory of differential rates of growth in 

body parts at different times (50, p. 342-344). 

Pigs receiving: any cie of the antibacterial supple- 

ments showed higher dressing percentages than pigs on the 

control ration. Others (6, p. 635; 56, p. 313-314; 35, 

p. 38; 44, p. 82-83) have reported a trend toward in- 

creased dressing percentage associated with higher daily 

gaiis &ìd deeper backf at in swine fed aureomycin. Fatter 

carcasses are generally associated with higher dressing 

percentages by those in the meat trade. 

The interpretation of the blood analysis data from 

this study has beenì hampered by the dearth of information 

on the subject available in the literature. In most of 

the various blood constituents examined there were no sig- 

nificart differences recorded duo to the effect of anti- 
biotic supplementation. This was due in a few instances 

to rather large individual variation rendering ration 

deviations unimportant, but mainly because individual 

uniformity was maintained throughout all experimental 

groups. 

Hemoglobin content of the blood was similar to that 
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noted during the previous experiment. There was ari inter- 

action of sex and treatner,t, m1es in the aureomycin group 

having higher hemoglobin levels than females, whereas in 

guts on other groups the reverse situation vas true. o 

defiite conclusion can be drawn from these relationships, 

however, since they were not consistent in the two experi- 

merits. The overall averae hemoglobin value increased 15 

per cent during this experiment. This was a statistically 
significant gain, although somewhat lower than the 24 p 

cent gain recorded in Experiment I. 

Plasma calcium levels reflect only minor variation 

arid display no apparent trends, indicating that metabolism 

of this mineral is not altered due to the growth stimulus 

produced by aureomycin. These findings substantiate the 

statement of hite, Handler, Smith, and Stetter (76, p. 

816) that plasma calcium levels are under the control of 

a rigorous homeostatic mechanism. Gabuten and Shaffner 

(31, p. 52), however, noted that the blood calcium levels 

of chicks increased with increasing concentration of 

supplemented penicillin. 
Inorganic phosphorus, likewise subject to homeostatic 

regulation, was riot apparently altered by antibiotic sup- 

plementation nor growth increases. This suggests that 

growth stimulation is manifested in the soft tissues 

rather than in deposition of inorganic phosphates in the 
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Average blood glucose levels of the three supplemented 

groups were noticeably lower then the average of the con- 

trol group. Individual variation was marked and caused 

ration differences to be nonsignificant. Accounting for 

a portion of the Individual variation In blood glucose 

levels would be the pig's reaction to the bleeding process. 

The release of epirephrine in those pigs that were hhly 

excited wou'd produce a prompt hyperglycemia, consequently 

affect:ing the results. As blood glucose levels have bei 

implicated In the past as exerting some effect on appetite 

regulation, lt was interesting to note that both groups 

exhibiting increased feed consumption and therefore in- 

creased appetites had lower blood glucose levels th did 

the control ,roup. However the phenylarsonic acid- 

supplemented group had the lowest blood glucose level and 

ate slightly less than the control group. 

Analysis of variance of lipid phosphorus data re- 

vealed no significant differences due to ration groups, 

though when values for the final period were correlated 

with average daily rate of gain a highly significant 

(P ( .01) negative correlation was demonstrated (r -74.8). 

This relationship signifies that fester gaining hogs had 

lower plasma lipid phosphorus levels. White, Handler, 
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Smith yd Stetten (76, p. 650) state that concentrations 

of various components of blood plasma represent at any 

:iven time a resultant of a number of physiological pro- 

cesses and that the nature and amount of a particular blood 

constituent is deterrnired by (1) the rate at which the 

substance is being synthesized at its site of production, 

(2) the rate at which addition of the component to the 

blood takes place, and (3) the rate of utilization or 

removal of the substance from the blood by various tissues. 

It has been shoì previously that faster gairng hogs con- 

sumed more feed than more slowly gaining animals. This 

greater feed consumption would allow for a more rapid ad- 

dition of lipids to the blood stream and consequently 

higher blood levels. However, as blood phospholipid velues 

were actually lower it trust be assumed that removal of 

lipids from the blood Is taking place at an even faster 

rate, indicating a greater rate of fat deposition. It 

will be noted that these observations are not in good 

agreement with the lipid phosphorus data of Experiment I, 
where the trend, although not s1iificant, is towards 

higher blood phospholipid levels in faster gaining groups. 

Nor is it in accord with Dinusson (27, p. 327-328) who has 

reported higher blood lipid levels in faster gaining beef 

heifers. The extremely large average increase in blood 



lipid phosphorus levels at the final samplig period (139 

por cent higher than initially) would appear to illustrate 
a point made by McMeekan (51, p. 548), namely that fatten- 
ing occurs only after the nutrient demands by other tis- 
sues, e.g., bone and muscle, have been satisfied and ther 
fore is a later occurring phenomenon. 

Richardson et al. (57, p. 375) determined total nitro- 
gen in the blood of male pigs weighing 75 pounds and found 

no difference due to supplementation with antibiotics, 
which is in good accord with observations of the experi- 

ment presented here. MacDonald (48, p. 111-112) reported 
that inore slowly gaining beef cattle had higher blood 

amino acid nitrogen levels than faster gaining animals at 
either 500 or 800 pound weights. In the swine experiment 

reported herein, a correlation of average daily gain with 

final concentration of blood amino acid nitrogen resulted 
in a trend in this same direction, which was statistically 
nonsignificìt. When rate of gain was correlated with nd- 
trial amino acid nitrogen concentrations the reverse situ- 

ation was noted, Why this relationship should exist is 
not readily apparent. 



SUMMARY 

1, The effect of supplementing nutritionally adequate 

small grain rations with the proclaimed antibacterial 

growth stimulants: aureomycin, penicillin, and 3-nitro, 

4-hydroxy phery1arsonic acid on growth, feed consumption, 

feed conversion, carcass mEasurements, and blood constitu- 

enta has been investigated in two experiments involving 

32 swine. 

2. Growth rates of ration groups as measured by 

average daily ain (pounds) were as follows: 

Phenylarsonic 
Basal Penicillin Aureomycin Acid 

Experiment I 1.54 1.58 1.79 1.53 

Experiment II 1.48 1.68 2.00* 1.49 

statistica11y significant at P < .005 

A similar trend, although much more marked in Experiment 

II, Is manifest in both oxperimens. 

3. The greatest increase in rate of gain by the 

aureomycin-fed group over the basal-fed group occurred 

during the fourth week after the be;innIng of the experi- 

ment as based on growth curves. 

4. Barrows gained siificantly more than did guts 

on Experiment I, a difference due largely to the 
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aureomycin-fed group (31 per cent difference). In Experi- 

ment II aureornycin-supplemented barrows exceeded gUts in 

rate of gain by 11 per cent, a nonsignificant difference. 

5. Destruction of the added penici11iï by pelleting 

and storage was 95 per cent and of the added aureomycin 40 

per cent in Experiment I. 

6. Efficiency of feed utilization was similar for 

all groups during both trials. Faster gaining groups cor- 

sumed greater amounts of feed in direct proportion to 

their weight gain increases. 

7. Backfat as measured at three locations showed 

aureomycin-fed hogs to have 14 per cent more backfat 

(statistically significant, P < .05) than basal-fed hogs. 

8. Faster gaining groups (aureomyciri and penicillin 

groups) showed highly statistically significartly(P < .005) 

less fat over the shoulder region and more fat over the 

loin region than animals on the control ration. 

9. Dressing percentage values of all groups showed 

no statistically significant differeïces; however in 

Experiment II, barrows dressed out siiificant1y higher 

(P < .05) than did guts. 
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10. Groups supplemented with 3-nitro, 4-hydroxy 

pherylarsonic acid at either .00375 or .005 per cent 

levels very closely approximated the control group and 

did not deviate significantly in any of the observations 

made. 

11. Hemoglobin levels were not affected by ration 

supplements nor sex, but increased consistently throughout 

the experimental period. 

12. o differences were recorded in blood lipid 

phosphorus levels due to antibiotic supp1ementatii, how- 

ever in Experiment II correlations with rate of gain 

indicated faster gaining hogs had lower lipid phosphorus 

levels (r 74.8, highly si&ìlficant P < .05) as opposed 

to seemingly contrary observations in h:xperiment i. 

13. Blood calcium did not vary as a result of any 

antibacterial supplementation to the ration. 

14. A linear increasa was noted in blood inorganic 

phosphorus levels during the course of the experiment for 

all hogs. Ration and sex differences were statistically 
nons ignifi cant. 

15. Groups supplemented with the three antibacterial 

agents exhibited lower (statistically nonsignificant) 
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blood glucose levels than the couitrol group. 

16. Correlations of blood levels of amino acid 

nitrogen and rate of bain showed a nonsiiificant trend 

towards lower values Cor faster gaining hogs. Differences 

due to ration groups vere not siiificant statistically. 
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APPFDD( A 
Experiment I 

Analysis of variance of performance and carcass data 
Mean Squares 

Degrees Total Total 
of eight Feed Feed Dressing 

Source of Variation Freedom Gain Consumption Efìiciency Percentage 
Ration 3 341.08 4,550.8 84.01 1.0189 

Basal vs. Penicillin i 22.78 1,069.5 164.27 .4651 
Basal vs. Aureomycin 1 731.53 9,800.0 1.07 1.9306 
Basal vs. Phenylarsonic Acid I .41 18.0 1.07 .2592 

Sex i 973,44* 14,370.0 52.36 .2966 

Ration-Sex Interaction 3 223.88 5,364.1 591.70 1.2111 

Experimental irror 8 179.83 2,710.2 562.99 2.8509 

Total 15 --- --- 
Adjusted Error' 11 191.84 3,433.99 570.82 2.4037 

Error adjusted by pooling with nonsi&uificant interaction term. 
* Siificant at I .05. 



APiENDIX A 
Experiment I 

Analysis of variance (split-plot design) of blood data 
I)erees Mean. Squares 

of Lipid Source of Variation Freedom Hemoglobin Phosphorus 
Ration 3 .405 2.069 

Sex i .l65 .031 

Ratio-Sex Interaction' 3 1.582 1.680 

Period 2 24.094 9.7I6 
Ration-Period Interaction 6 .683 1.414 

Sex-Period Interaction 2 2.835 2.473 

Ration-Sex-Period Interaction 6 .444 2.373 

Experimental Error 24 1.252 1.920 

Total 47 --- 
Adjusted Error2 30 1.090 2.010 

Used as error term for testing significance of Ration and Sex. 
2 Error adjusted by pooling 1th nonsignificant 3-way interaction term. 
* Significant at P .025 

Significant at P .005 
co 



APPENDIX B 
Experiment II 

Analysis of variance of performance and carcass data 
Mean SQuare. 

Average Average 
Degrees Daily Daily Feed Dressing 

of Weight Feed ficiency Percentage 

Source of Variation Freedom Gain Intake 

Ration 3 .23420** 3.9976 238.3 10.807 

Basal vs. Penicillin i .07980 .8134 

Basal vs. Aureomycin i .54392 8.6882** 

Basal vs. Phenylarsoxiic acid 1 .00063 .0099 

Sex i .00774 .6848 575.4 33.931 

Ration-Sex Interaction 3 .02264 .0112 1,590.3 10.276 

Experimental Error 8 .04432 1.6661 1,128.1 3.647 

Total 15 --- --- 

Adjusted Error1 11 .03841 1.2147 1,254.1 5.455 

1 Error adjusted by pooling with nonsignificant interaction term. 
* Significant at P .05 

** Significant at P .025 
** Significant at P .005 



ÄPPEN!)IX B 

Elxperi3nont II 
Ânalysis of variance (srit-p1ot esin) of carcass an' b1oo' 'tata 

Mean Squares 
Source flegrees Back E1oo11 AiIfliflO 

of of Fat B1oo Inorganic B1oo LipiA Aciri 
1Tarlatlon e&oIu tenth Hemoglobin Calcium Phosihorug Glucose Phosphorus Nitrogen 

Ration 13 .0791 .226 1.57]. /.458 307.9 10.60 .423 
Basal va. 

Aureonìycin i .2017* 4.327 --- --- .810 

Sex i .0602 .110 .001 1.02 1,274.1 .11 .369 

tion-Sex 
.Lnternction' 3 .0147 1.118 1.400 316.3 7.45 .474 

Ferïo (Location 
for Fackfat 1)epth)2 2.5431* 1]..145*** .085*** 48,766** 2,321.3** 751.0& 4O.200* 

Rat jon-Per io4 
(Location) 6 349** 

.331 .806 2.036 346.9 17.37 1.775*. 

Sex-Per io 
(Location) 2 .0152 .214 .038 1.921 -- .78 1.518* 

Ration-Sex-Period 
Interaction 6 .0838 .1è$ .134 .480 363.? 3,01 .281 

Experiinant.a1 1i'ror 24 .0660 .617 .934 1.622 121.4 10.66 .592 
Total 47 -- --- - -- -- --- 
Atjusted rror2 30 .0E96 .531 .774 1.394 169.9 9.13 .529 

1used as error terni for testing significance of Ration an' Sex. * 
Significant at P = .05 

2 Error adjusted by pooling with nonsignificant 3-way interaction term.. 3*** = 


