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Factors Affecting Growth, Feed 
Efficiency and Carcass In Swine 

L F. TRIBBLE, W. H . PfANDER, ). F. lAsLEY, 
S. E. Z08Rl$K Y AND D. E. BRADY 

IN TRO D UCTIO N 

Forbes (1909) was one of the first investigators (0 recognize thac nu
tr ition had an import.ant effect on t he composition of the hog carcass. 
McMeekan (1940) showed how large differences in feed intake affected 
the composition of the carcasses of an inbred line. 

T he importance of protein for rapid and dficienc g:l ins is wdl recog
nized, but information is needed on the effects of protein It'vel on the 
carcass. The liSt' of antibiotics has raised the guestion of their effect on 
carcass desirability. The effect of level of feed intake on production COStS 
as well as carcass composition is another problem. 

This study is concerned with the g rowth, feed efficiency and carcass 
desirability of swine 1$ affected by level of protein, the addition of chlor
tetracycline to the ration and the level of feed intake. The effects of these 
treatments on reproduCtion were also studied. 

REVIEW O F LIT ERAT UR E 

Dietary Facto rs I nfluencing Ra te and Econo my o f Gain 
and Carcass Desirabil..ity 

Protein 

Since the importance of protein in swine nutrition has been recog
nized for rIWly years, a large amount of experimental work has been done 
on thi s subject. A review of the papers perrinenr to this investigation 
foHows. 

Mitchell and Hamilton ( 1935) found a higher nitrogen retention in 
pigs weighing about 100 pounds as the percent of protein in the ration 
increased from 9 to 20 or 25 percent. At heavier weights, 15 percent of 
protein was as good as 18 percent for nitrogen retention. They further 
st2ted that for pigs weighing 40 to 100 pounds, more than 17 percent 
crude protein is required for maximum growth, while 15 p.:rcent total 
protein seems :tdequate or somewhat more th:tn :tdequate at heavier 
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weights. The digestibility of the protein fraction was not affected by the 
protein leveL 

Rations containing 12.4, 1'5.4 and 18.9 percent crude protein were 
fed to pigs at the rate of 3 percent of body weight from 65 to 200 pounds 
by Ellis and Hankins ( 1935). As the content of prouin increased in the 
rarion, the rate of gains of (he pigs increased. Feed efficiency was poor 
on the lower level but only a small difference existed between the cwo 
higher levels. The efficiency of feed utilization increased with increases in 
weight for pigs on the two lower levels of protein, but decreased at the 
higher level. Pigs on the medium level of protein had the least back fat 
and smallest percentage of fae curs. The pigs on the lowest level of pro
rein had the most fat and least lean. 

Carroll and Burroughs (1935) studied the protein requirements for 
pigs of different weights from 50 to 200 pounds. Their results showed 
chat a ration for 50-pound pigs should contain 18 to 20 percent crude 
protein, or perhaps slightly more, and from 7:5 to 100 pounds there was 
no advantage to feeding more chan 15 percent protein. From 100 to 150 
pounds, considerable variation exisced, and the optimum level appeared 
to be between 14 and! 7 percent. From 150 to 200 pounds, about 12 per
cent protein was required. 

Pigs weighing 40 to 70 pounds in dry lot on rations containing 17, 
22, and 27 percent protein made satisfactory gains (Keith and Miller, 
1939). The growth response was nOt satisfactory on a 12 percent protein 
ration. Pigs on rape paSture made satisfactOry gains on rations containing 
9, 12, 15 , and 18 percent protein. The maximum and the most efficient 
gains were made by pigs on the highest levels of protein. 

Rations with crude protein levels varying from 9 to 51 percent were 
fed to weanling pigs by Robison (1940). Rations with more than 26 per
cent pro.tein caused scouring and each increment of protein above 26 per
cent decreased the race and effici ency of gains. Pigs fed 9 percent protein 
produced excessively far carcasses. However, the ration containing 51 per
cent crude protein did not produce more than the normal amount of lean. 

Robison et al. (1952) reponed an increase in the yield of lean CutS 

from 46.5 to 56 percent as the protein in the ration increased from 10 co 
20 percent. 

Terrill (1952) fed a 42 percent protein ration to pigs weighing 129 
pounds initially and observed no outward evidence of disease or toxicity. 
T he high protein ration was very laxative, and was less palatable than 
13.6 percent protein ration. Pigs on the low protein ration gained twice 
as fast and required 19 percenc less feed per unit of gain. 

No difference in growth or feed efficiency was obtained between pigs 
fed 12 and 16 percenc proteins (Robison, 1952). Pigs on 16 percent pro-
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rein produced leaner C2tasses rhan rhose on 12. Also, pigs hand fed made 
slower but more efficient gains than pigs self fed. The hand fed pigs con
sumed 5 pounds of feed per head per day, while those which were self 
fed consumed an average of 6 pounds. Thus, the lower level of feed in
tllke resulted in more efficient gains. 

Becker et al. (1954) and Lassiter t , at. (1955) determined the protein 
requirements for pigs in dry lot from 40 to 100 pounds to be between 14 
and 16 percent. From 100 to 200 pou nds, rheir requirement was 12 per
cent protein. The rarions fed in these experiments were well supplemented 
with vitamins and antibiotics. 

T he National Research Council (1953) liStS the following crude pro
rein requirements for the V2rious weights of growing-fareening swine: 25 
pounds, 18 percent; 50 pounds, 16 percent; 100 pounds, 14 percent; 150 
pounds, l3 percent; and 200 pounds, 12 percent. 

Antibioticj 

Following the initial report by J ukes tt at. (1950) thac ancibiotics 
incre:lsed the gai ns of swine, a large amounc of work has been published 
on the value of antibiotics for growing-fattening swine. Excellent reviews 
by Buude tt ai. (1953), Mickelsen (1953), Jukes and W illiams (1953), 
and Lasley tt at. (19 H ) cover most of the significant findings on anti
biotics. In general, chlortetracycline (Aureomycin) has resulted in 15 to 
20 percent faster gains and 5 to 10 percent less fed required per unit of 
gain for growing-f:lu ening swine. 

The effect of antibiOtics on protein requirements is of particular in
terest. Most of this work has ~n done since the reviews mentioned were 
made. 

Hoefer tt al. (1952) :ldded Terramycin to rations containing 18 and 
15 percent crude protein, and reduced these amounts to 15 and 12 per
cent, respectively, when the pigs reached 100 pounds. Terra mycin was 
added to rhe ration at the rate of 5 mg. per pound of feed in one half of 
the JOts. There was no difference between the pigs fcd the various protein 
levels regardless of antibiotic suppiement:ltion, which suggests thar pres
ent recommended allowances for protein arc tOO high when ruions arc 
well supplememed with B-vitamins. T he addition of Terramycin signif
ic:lndy increased the r:lte of gain and improved feed effiCiency on both 
levels of protein. 

In the absence of an antibiotic. rations containing 16 percent protein 
from weaning to 75 pounds, 13 percent from 75 to 150 pounds, and 10 
percent from 150 pounds to market weight supplied the pigs' needs (Cat
ron tt al .. (1953). In the presence of 10 mg. of Aureomyci n per pound 
of ration, protein levc1~ of 14, 11 , and 8 percent for the respective weight 
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groups were satisfactOry. They suggested a protein sparing effect of anti
biotics for the pigs. They also reponed that neither protein level nor 
presence of antibiotics affected back fae thickness, length 'of body or per
cem lean as measured on 24 representative carcasses. 

No prot(:in sparing effect from antibiotics was noted by Robison 
et al (1953). Pigs that received 12.5 percent protein until they weighed 
120 pounds, chen 10.5 percent, made gains as fast and efficient with or 
without an antibiotic, as pigs on 15.5 and 18.5 percent protein. 

Very little difference in cace and efficiency of gains among pigs fed 
different protdn levels of 18-14, 16-12, and 14-10 percent was noted by 
Wahlstrom (1954). The addition of Penicillin to the ration significantly 
increased the rate of gain on all protein levels. Leaner carcasses were pro
duced by pigs on the twO higher levels of protein as meausred by the 
loin muscle area (length x width). 

Wallace tt at. (1954) fed pigs initial rations containing 20.9, 17.6, 
and 14.3 percent protein, and reduced these amounts to 17.9, 14.6, and 
11.3 percent, respeCtively, when the pigs weighed 100 pounds, An anti
biotic was fed to one group on each level of ptotein. There was no signif
icant difference in rate of gain among protein levels or from the addition 
of the antibiotic. Pigs on the highest level of protein had significantly 
lower dressing percentages than pigs on lower levels of protein, and pigs 
that received an antibiotic had more back far. The best carcasses were 
produced by the pigs on the ration with the highest level of protein 
without an antibiotic. 

J ensen it ai. (1955) fed rations containing from 10 co 20 percent 
crude protein by 2 percent intervals with and without the antibiotic Aureo
mycin or Terramycin. They reported that the average daily gains of the 
pigs fed no antibiotics increased as the level of protein increased to be
tween 16 and 18 percenc. With an antibiotic, a ration comaining 14 per
cent protein was as satisfactory as higher levels. Feed efficiency results 
showed no difference in the first experiment, but in the second experi
ment faster gains were more efficient. Ashton It at. (1955) reponed on 
the carcass data obtained from these experiments and stated that an ami
biotic had no effect on the carcass. A greater proportion of lean was ob
tained as the level of protein increased from 10 to 20 percent. The in
crease in lean for each 2 percent increase in protein was of small magnitude. 

In summary, the data on the effects of antibiotics on protein require
mentS of growing-fattening pigs are not consistent. Some experiments 
show no relationship of anribiotics to protein requirements, while Others 
indicate a possible protein sparing effect from antibiotics. 

The present theory that antibiotics function by destroying harmful 
bacteria does not indicate a protein sparing effect. However, it seems pos-
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sible th:n some bacterial infections might increue the requiremen t for 
protein and an antibiotic would destroy these organisms, which would 
result in an apparent protein sparing effect. 

Another theory is t hat antibiotics stimulate nutrient absorption. 
Welsh and Tennison (1954) reported thac actual gut studies in 1Iivo have 
shown enhanced protein, calc~um, phos~hoIus.' and magne~ium abso~ 
rion. T hey also reported that m recem mals wuh young swme the addi
tion of Aureomycin reduced the size of the small intestine as compared 
to non-antibiotic fed controls. W eight gains and feed efficiency were also 
significantly enh2nced over the controls. They concluded that this w-as 
substantial e:vidence: of incre:ase:d absorption efficiency arising from anti· 
biotic fe:e:ding. The solution to this probJe:m cannot be obtained until 
more knowledge of the fu nctions of antibiotics is determined. 

Conside:rable work has been done on antibiotic-protein relationships 
with the nt, and since the nutri tional requirements of the r2t arc very 
similar to those: of the pig, some of chis work is included. 

Black and BrHzler (195 1) found that nitrogen utilization was not 
affected by streptomycin and that ratS fed streptomycin were faner than 
the controls. Knoebel and Black (1952) obtained similar results and fur
the:r stated that the utilization of energy producing nutrients absorbed. 
from the digestive tract was shown to be improved by the presence of 
B'2 and antibioncs in the dice. 

HartSook and J ohnson (1953) found that diets with maIginalleveis 
of methionine md cystine supple mented with antibiotics incteascd the 
gains of r:1.tS b:lt the gains were largely fat. When adequate or excess 
methionine and cystine we:re prese:nt, t he efficiency of dietary nitroge:n 
was increased and carcass fat deposition did not increase as &St as in a 
diet borderin,!! on inadequacy. 

Pecor2 (1953) obt2.ine:d similu re:sults with rats on a rice diet which 
was supplem:nted with lysine and threonine and contained a nitrogen 
equivalent to 6.17 percent protein. The addition of Penicillin and Aureo
mycin to thi> diet produced a growth response approximately equal to 
the growth obtained with diets containing 15 percent casein. The: protein 
effi ciency m io of rats receiving the antibiotic supplemented dict was 
much...beccet than thar of r2 tS receivi ng the same diet without an ami
biotic. ....... 

Forbes (\954) fed a scmi.purifie:d diet that connined 12 percent crude 
protein from -oybean oil meal. Methionine andl or ch loromycetin and 
streptomycin '9.ere added to this diet. No significant interactions were 
found between Str,lplements. The effects of the antibiotic with or without 
me:thionine were {~increase nitrogen balance 7.5 percent, apparent digest
ibility of protein 2.2 ~rcent, true digestibility of protein 1.4 perce:m, and 
to decrease endogenou~ nitrogen excret ion 16.8 percent. 
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Plant o[ Nutrition 

A classical experiment on limited feeding was conducted by Me
Meekan (1940, 1941) who studied the effects of different levels of nutri· 
tion on the growth and development of the pig;. The first stage of the 
experiment W2S from birth to 16 weeks of age, with onc group being on 
a high plane on nutrieion and the other on a low plane. Represem:ative 
pigs were slaughtered and a detailed examination by anatomiC21 dissection 
was made. 

From 16 weeks of age until the pigs weighed 200 pounds, part of 
the pigs on the high plane were continued on this treatment, while the 
others were phced on a restricted ration. Some animals from the low 
plane were placed on the high plane and the remainder wece Ide on the 
low plane. The groups which were changed over fran one plane of num
tion co {he other at 16 we<:ks of age were fed so as to reach 200 pounds 
at the s:l.me age. 

Marked differences in the growth and development of the pigs were 
observed on the different levels of nutrition. At 16 weeks of age the pigs 
on the high pbne averaged 113 pounds, while those on the low pbne 
:l.veraged only 37 pounds. At this stage, pigs on the low pbne were rel
:l.tively better developed in the fore pan s than in the hind P:l.rtS, while 
the pigs on the high plane were well b:l.bnced among t~.e various pares of 
the body. Limited feeding pen alized the early developing partS, head, 
neck, and legs relatively less eh:l.n the later developing pam, body depth, 
loin and hindqu2!ters. In body composition, the developnent of the bone 
h:l.d been :l.ffecced least, muscle next, :l.nd fn most by reltIicted feeding. 
In the high plane pigs, bone :l.nd muscle had been stimubted but nOt !I.S 

gready !I.S f:l.t. The ratio of muscle to bone was much grater in the high 
pbne anim21s despite the lower percentage of muscle :1.1 compared to 
those on the low pbne. 

The pigs on a continuous high pbne of nutrition rcachtd 200 pounds 
at an avenge of 165 d:l.Ys, while those which were changed from low to 
high and high to low reached 200 pounds at an average :l.gr of 211 days. 
The limited fed pigs required 327 days to reach 200 poun~s. Carcasses 
with the most bone and muscle and least fat were produced by the limit
ed fed pigs. The low-high rre:l.tment produced cnC:l.sses with the most 
fat and least muscle and bone. The cwo other [ratments were- inter me
dine with those on the high-low tcotment, resembling chost on the con
tinuous low plane. and chose on the high level througholi= had a carcass 
composition simibr to chose on the low-high treatment. 

High correlations were obtained between the bont, muscle, and fat 
in sample joints such as the loin and leg and these."lme tissues in the 
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whole carcass, A coefficient of correlation of 0.79 was obtained between 
the length of the hind leg and the total weight of the bone in the car
cass. The product of the length and depth measurementS of the loin eye 
muscle gave a coefficient of correlation of 0.84 with the total weight of 
muscle in the carcass. Mean back fat measurementS gave the best measure 
of fat in the carcass with a coefficient of correlation of 0.95. 

Many investigators and farmers are of the opinion that the fastest 
gains made by pigs are always the most efficient. Miller (1952) stated that 
the results of many experiments show that the fastest and mOSt econom
ical gains are made by hogs which are fuB fed thtoughout the fattening 
period. 

More efficient gains in hogs that were full fed as compared to those 
limited to one-half of a full feed were reported by Ferrin and McCarey 
(1928). Similar results were obtained by Freeman (1935) when pigs were 
limited to 2 or 3 percent of rheir body weight, but slightly more efficient 
gains were obtained when the pigs received 3 Y.! percent of cheir body 
weight as compared to pigs that wete full fed. 

Saint-Pierre et at. (1934) reponed that three-fourths of a fu ll feed 
resulted in more efficient gains than a full feed for fattening hogs, but 
that one-half of a full feed resulted in very inefficient gains. 

Restricting the feed allowance of gro wing pigs to approximately 
three-fourths to one-half of a full feed generally decteased the quantity of 
feed required co produce a unit of gain accordi ng to Ellis and Zeller 
(1934). Cummings and Winters (1951) also ocbained more efficient gains 
when pigs were fed at the rate of 3 percenc of body weight as compared 
to full feeding. Gregory and Dickerson (1952) reporred chat limited fed 
pigs which consumed 87 percent as much feed per unit of weight as full 
fed pigs, required 28 pounds less feed per 100 pounds gain and gained 
0.1 pound less pet head per day. 

Merkel et at. (1953) limited the energy intake of growing-fattening 
swine by including large amountS of fi ber in the ration. Significandy lean
er carcasses were produced on the restricted levels and with the exception 
of the low TDN level (62 percent) the carcasses graded fum. lengTh was 
significantly increased bur chere was no difference in the areas of the ham 
butt or loin eye. 

Protein 

Dietary Factors Influencing R eproduCtion 
in Swine 

Although protein is recognized as a very imporcant nutrient for re
production, relatively litcle experimental work has been done on the pro-
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rein fe<1uiremenrs for reproduction or on the effeCt of the level of protein 
fed during the pregestation period on subsequent performance. 

W eaver (1929) reponed that a ration consisting largely of corn would 
resulc in small liccers of undersized, weak, or even dead pigs and con
cluded that the brood sow's ration should contain large amounts of pro
rein, calcium, and phosphorus in addition to corn. 

Davidson (1930) found no difference between rations with nutritive 
ratios of approximately 1:6 and 1:4 in foetal atrophy when the animals 
were cominued on the same racions for successive generations. There was 
also no difference in the number of pigs farrowed or in the birth weights. 
Blood meal was used as the main source of protein. 

Mitchell et al. (1931) fed gilts a ration containing 10.9 percent crude 
protein and the gilts maintained a positive nitrogen balance throughout 
the gestation p¢riod. They found that only 31 percent of the nitrogen 
stored by these gilts was used in the process of reproduction. 

Vestal (1936) compared the reproduction of sows that were fat at 
farrowing with those in medium condition on three different rations. The 
rations were corn alone, corn twO pans and oats one pare, and the com 
and oats ration plus 5 percent of tankage. On corn alone, the fat sows 
farrowed smaller liners of pigs that were smaller and weaker than did 
sows in medium condition. The differences in farrOWing resulrs between 
the two groups of sows were much smaller when they were fed corn and 
oats. When 5 percent of tankage was added to the ration there was still 
less influence from condition. The litters farrowed by the sow fed com, 
oats, and tankage were superior to those fed corn and oats, and those fed 
corn and oatS had about the same advantage over those on corn alone. 

Antibiotics 

DePape et at. (1953) studied the effect of the addition of an APF 
supplement containing Aureomycin to the ration of brood sows during 
pre-gestation, gestation, and lactation. They concluded that the addition 
of the antibiotic resulted in no significant improvement in number of pigs 
farrowed, numbt":r of pigs farrowed alive, average birth weights, and num
ber of pigs weaned. per sow. 

Carpenter and Larson (1953) reporeed that feeding aureomycin to 
swine from weaning through twO gestation and lactation periods had no 
harmful or beneficial effects on reproduction. 

Fowler and Robt":nson (1954) obtained no significant effect on repro
ductive performance from feeding chloromycetin from three months of 
age. H owever, a greater percent of normal embryos was presen t in the 
gilts receiving the antibiotics. They suggest that antibiotics may have an 
effect on embryonic survival. 
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Davey tl aI. (W~ ~ ) fed 100 mg. of aureomycin pet pound of feed to 
pregnant sows and gilts and reported no adverse effects from feeding high 
levels of antibiotics. 

Plane of Nutrition 

Christian :,md Nofziger ( 19~2 ) maintained pigs through four genera
tions, one group on a high plane of nutricion and one group on a low 
plane (70 percent of the high plane). G ilts on the low pl:lne of nutrition 
reached puberty at a sl ightly younger age than g ilts on the high plane. 
The ovulation rate was in favor of the gilts on the high plane of nutri
tion , but the number of live pigs farrowed was in favor of the gilts on 
the low plane. Therefore, the gilts on the high plane of nutrition had a 
higher embryonic mortality. 

Hanson t l al. (1953) full fed one group of gilts until they were bred 
and compared them with another group which was limited fed beginning 
at 120 pounds. The feeding of both groups was controlled during the 
gestation period with the limited fed group receiving a smaller amount 
of feed. so that at farrowing the limited fed gilts weighed an average of 
304 pounds as comp:a.red to 429 pounds for the more liberally fed gilts. 
The gilts that received the more liberal feeding farrowed more pigs, which 
were heavier at birth and at 56 days of age than did the limited fed gilts. 
In another trial, Hanson tl al. (195~), the feed imake of gilts from 130 
pounds co farrowing was limited by adding ground corn cobs to the ta
cion. The results of this test showed that the reproductive performance of 
the limited fed gilts was equal to or superior to those in the more highly 
fed group. However, the birth weights of the pigs were heavier from the 
giltS fed a more liberal m ion. 

Ovulation rates and embryonic survival in gilts which were full fed 
and limited to two--thirds of a full feed during v:a.rious periods from 70 
days of age to slaughter were studied by Self tl al. (1955). T he limited 
fed giltS reach puberty about three weeks eadier than the full fed gilts. 
Full fed gilts had a higher ovulation rate than the limited fed giltS. Gilts 
which were limited fed to puberty and then full fed for 21 days had an 
ovulation rate which was approximately equal [ 0 those in the fu ll fed 
group. The limited fed gilts had a larger number of embryos present at 
2~ days than did the full fc:d gilrs. However, the djfference was not sig
nificant. The percent of embryos surviving in [he limited fed gilts was 
significantly higher than those in the full fed gilts. Full feeding the limited 
fed gilts for 21 days, between the first and second heat periods and then 
lim ited feeding to the 25th day when [hey were slaughtered, produced 
the greatest number of normal embryos of any of the treatments. 

Squires tl ai. (19~2) studied ovulation rates and embryonic survival 
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by slaughtering gilts on the 25th day of gestation. Sixty-five percent of 
the ova were represented by normal embryos at the twenty-fifth day of 
gestation. They also reponed chat for each ten days increase in age at 
conception, 0.35 more ova weco:: shed and 0.5 more embryos were present 
at 25 days. Weights at 154 days were positively correlated with higher 
ovulation rates and lower embryonic mortality. 

Measures of Carcass D esirability 

Carcass cut Out values based on the percent of the various whole
sale cutS such as loin, ham. picnic, butt, belly, jowl, and trimmings are 
widely used as a measure of the desirability of the hog carcass. Certain 
characteristics of the live hog and of the carcass which are relatively easy 
to measure have been found to be highly correlated with the cut Out value 
and in some cases to the proportions fat and lean as determined by physi
cal separation and chemical analysis. 

Hankins and Ellis (1934) reporred a positive coefficient of correla
tion of 0.84 between the carcass back far and the percenc of fae in the 
edible porrion of the carcass. The depth of the carcass was also highly 
correlated with the percent of fat in the edible poreion of the carcass. 

Reynolds and Kiehl (1952) in a study to determine objective car
cass grade standards for slaughter hogs found that the average carcass 
back fat thickness was superior to other measures for predicting carcass 
merit. The percent of the four lean cutS, ham, loin, picnic, and butt, was 
chosen as the basic criterion of carcass merit. A simple coefficient of cor
relation between the average back fat thickness and the percentage of the 
four lean cutS was -0.84. 

Hazel and Kline (1952) developed a technique for measuring the 
back fat on the live hog. A small cut was made through the skin and a 
metal ruler was inserted until it reached the muscle. The thickness of 
the fat was then read from the depth the ruler was inserted. They found 
that poims JUSt behind the shoulder and over the loin about one and one· 
half inches off the midline of the back were the best sites to measure. An 
average of these measurements was a more accurate indication of the lean
ness and carcass value than the average of the carcass back fat measure
ments. In continuing the work on the back fat probe, Hazel and Kline 
(1953) found that probes taken behind the shoulder over the loin and at 
the cop of the ham have che greatest accuracy in predicting carcass value. 

DePape and Whatley (1954) used chis technique and obtained high 
negative correlations with the percent of lean cuts. They probed hogs at 
less chan 140 days of age and found that these probes were of little value 
in predicting carcass value at the usual slaughter weights. 
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Whiteman and Whatley (1953) found that a cross section (width x 
depth) of the loin eye muscle taken at the laSt rib was as good a measure 
as a planimeter read ing of the tracing of the loin eye muscle when cor
related with various other carcass measurements and weightS. 

Zobrisky et al. (1954) stared that a reasonably accurate estimate of 
the live hog's value could be derermined from live hog back fat probes or 
carcass back f:1.t measurements. Yield of fat is more easily and accurately 
determined th:an the yield of le2n. IOIernal carcass measurements such as 
the cross-section of the loin eye gave the highest positive correlations 
with the yield of lean curs. 

MATERIALS AND METHODS 

Design of m e Experiment 

A replicated 2 x 2 x 2 factoral design was used to study (A.) the 
main effects of 16 percent vs. 12 percent protein, (B.) full feeding as com· 
pared to limited feeding, and (C.) the addition of an antibiotic, chlorte· 
tracycline, vs. no antibiotic, on the growth rate, feed efficiency, and car· 
cass desirability of swine. It was also possible to study the nature of any 
inteClctions among the various treatment combinations. 

An outline of the experimental design follows: 

Eight pigs were placed in each lot and twO trials were conducted 
during the same season with pigs of the same breeding. Four barrows 
from each lot were slaughtered for carcass dan. Two gilts from each lot 
were bred and slaughtered approximately 25 days later to obtain informa
tion on the effects of the various rre2tments on reproduction. 

The experiment was conducted in the fall and wimer of 1953-54 at 
the University of Missouri's swine breeding f.um. 

~ Experimental Animals 

Two purebred Landrace and six Duroc x Landrace-Poland crossbred 
pigs were placed in each pen when weaned at 56 days of age. The pigs 
were exceptionally thrifty and had average weaning weights of about 48 
pounds. The weaning dates for the pigs made it possible to com plete 
e2ch series of eigh t lots within a few days. Most of the litters coocained 
eight pigs or more so that it was possible to place one pig from the litter 
in each lot. However, a few smaller litters were combined to fill out the 
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lotS. The 10(5 were baLanced as closely as possible according co weight, 
sex, and litter. The second repliC2te was 5(:[ up in the same manner using 
pigs about twO weeks younger. 

RaJions 

The basal rations used are shown in Table 1. The rations were made 
up of commonly used feed stuffs and the tWO protein levels are bQ[h 

011 mean 44% 5 
60% 7 U 

shorts 3 1.5 
Salt 0.5 0.5 
Ll.mutone 0.25 0.6 
Vitamin A " D supp.l 0.25 0.25 
B_Vltamllls2 + • 

IVltamln A and 0 supple ment contalnlng 22 50 1.U. of vitamin A IlDd 400 I .U. per 
gram. 

2S_vLtamlns: The following c rystalline B-vitamln. were added In mg. pel' poWlds 
of ntlon: Riboflavin I, pantothenic acid 4.5, nicotinic acid 5, and vitamin 812 
.006. 

within the r2nge of protein levels normall y fed co growing-fattening 
swine. The chlortemcydine was added at a higher level than is normally 
recommended by Ihe Missouri Experiment Station, but an excess was 
added to insure an effect from the antibiotic if it was a fatcor affecting 
the items studied. The com was ground in a hammer mill and all of the 
ingredients were mixed together in [On batches in a mechanical feed mix
er. The vitamins and antibiotics were pre-mixed with a guantity of SOy
bon oil meal before they were added to the mixer. Crystalline vitamins 
were used to insure adeguate levels of riboflavin, pantothenic acid, nic
Otinic acid, and vitamin Bu. 

Quarters 

T he pigs were housed in a shed that was open on the south. T he 
pens had concrete floo rs and were 10 by 19 feet, which allowed very little 
room for exercise. The weather conditions during the course of the experi
mem were aoom ideal for growing-fattening pigs when maintained in 
such qu2.tte[$. 

Method of Feedin~ 

The full fed pigs were fed from a four-hole self feeder. T he empty 
weight of the feeder was determined prior to the start of rhe experiment 
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BOOT WEIGHT POUNDS 

f igure 1. Nationa.l Research Council's Estimated feed Consumption wbtn full 
Fed and 8~ % of Estimated Consumption Expressed as a Percent of Body 
Wei~bt . 

and the feed and fceder were weighed each week to determine the weekly 
feed consumption of the full fed pigs. 

The feed consu mption of the limited fed pigs was regulated by giv
ing them a daily ration determined by their body weight and the charr 
shown in Figure 1. For example, on December 11 pigs in lot 7 weighed 
an average of 105 pounds. Based on their gains during the past wttk, it 
was estimated that they would gain 10 pounds per head during the next 
week. Therefore, their 2verage weight would be 110 pounds. The ItO 
pounds intersects the 85 percent of full feed line in Figure 1 at 4.35 per
cent of body weight. This percent (4.35 }times weighr (110) gives the 
dai ly feed allowance of 4.8 pounds per head per day for the next week. 

The dara in Figure 1 were plotted from 85 percent of the National 
Research Council's Re<:ommended Nutrient Allowances for Swine (I9~m 
for the various weights. 
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The daily allowance of the limited fed pigs was divided into tWO 
equal feedings. Sufficient trough space was provided to insure all of the 
pigs an equal opportunity at (he feed. All pigs were watered twice daily 
from a trough. 

Weekly weights of th,= pigs were obtained and, in addition, wetkly 
fed consumption was recorded. The pigs were removed from the experi
ment on the weight day that they first exceeded 200 pounds. 

Live H og Measurements 

Various measurementS were taken on rhe barrows that were to be 
slaughtered. These measurements were obtained at weights of 150 and 
200 pounds. Live hog back fat probes were t:aken according to the meth· 
od of Hazel and Kline ( 1951) . Three probes were made on e2ch pig at 
the following sites: just behind the shoulder, over the middle of the loin, 
and on the rump about half way betwetn the loin measurement and the 
taiL The meuurements were made about 1 \-7 inches off the midline of 
(he back. 

Body length was measured from a point between the ears, even with 
the base of rhe ear, to the base of the tail along the topline of the pig
Circumference of the body at the heart girch and flan k was measured. All 
measurementS were recorded in millimeters. Figure 2 illustrates the sires 
on the pig where the various measurement were t:aken. 

Live H og Scores 

At the same rime the live hog measurements were obtained, the bar
rows were scored for finish, conformation, quality, meatiness, and length. 
Scores from one to nine were given the pigs for t:2.ch point considered. 
Highest scores being given to those animals which appeared to have the 
mOSt fat, desirable conformation, quality, muscle, and length. 

Slaughter Procedure 

When removed from the feeding trial, the barrows to be slaughtered 
were fas ted fo r 24 hours with access to water. W eights of the pigs were 
obtained JUSt prior to delivery to the slaughter house (shrunk weight). 
All pigs were dressed packer style, head off, leaf fat attached, but hams 
unfaced. The amount of fill was determined at the time of slaughter and 
the shrunk weight of the pigs was adjusted to a three-pound fill. The Cat

casses were chilled for 24 hours at 32 to 35 0 F. The chilled carcass weight 
and the adjusted live weight were used in calculating the dressing percent. 

Carcass Data and Me2surementS 

The carcass data and measurementS were obtained by the Meats Sec
tion of the Animal Husbandry Department. 
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Figure 2. Illustration of Live Hog Mtl.5U temenu. 
~ . Back Fat Probes. b • Body Leol:"'h. c • Heart Girth. d • Flank Gitth. 

'-
\, 

) 

Figure 3. I1lu~tracion of Ham Muscle aod Loin Muscle Mtl.suremeou. 
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The carcasses were graded according (0 U.S.D.A. standards existing 
in 1953. Carcass measurements included depth of back fat, length, width, 
depth, and leg length (Figure 4). Back fat measurements were taken op
posite the first rib, the lase rib, and the last lumbar vertebra. Length was 
measured from (he ancerior edge of the aitch bone to the anterior edge 
of the firSt rib near the vertebra. Width was a total of twO measuremencs, 
one on each side of the carcass, of the distance from the split surface of 
the main body of the seventh thoracic vertebra to the outside surface of 
the carcass. Depth was a measure of the total depth of the carcass across 
the first thoracic vertebra. Leg length was measured from the anterior 
edge of the aitch bone to the hoof head of the hind leg. 

One worker broke down the carcass into the various wholesale cutS 
and trimmed each CUt as outlined in the Proceedings of the 1952 Recip
rocal Meat Conference. A co-worker took the necessary measurementS and 
weights, while a third co-worker separated the fat from the lean in tbe 
trimmings. All of tbe cutting and trimming was done by the same person. 

Weights of the ham, loin, picnic, and butt were obtained and when 
added together made up the four lean cuts. Lean trim added to the four 
lean cutS to give toralIean. Weights were also obtained on the belly and 
jowl, which were analyzed separately. The back fa t, leaf fat, and fat trim
mings were added tOgether to make up the far cuts. T he feet, tail, kid
neys, spare ribs, and neck bones were combined and are referred to as reo 
sidual. 

T he width and depth of the loin eye muscle (longissimus dorsi) at 
the last rib were obtained and the product of these tWO measurements 
gives an approximate area of the loin muscle (Figure 3). The cross-section 
area of the butt of the ham was obtained in a similar manner by meas
uring the width and depth of the muscle in the bun end of the ham 
(Figure 3). Zobrisky et at. (1954) present more details with regard to the 
manner in which the carcass data and measurementS were secured. 

Reproduction Data 

Two crossbred gilts from each lot were bred when first observed in 
heat and slaughtered approximately ewently-five days later. The gilts were 
continued on their respe<tive rations after being weighed off of the fced
ing uial, but all gilts were restricted to 6 pounds of feed per head per 
day. T he gilts were slaughtered at a local packing plant and the entire 
reproductive tract was obtained from each gilt at the rime of slaughter. 
The tracts were examined for the number of corpora lutea and embryos. 

Statistical Anal ysis 

Results of the experiment were analyzed by the analysis of variance 
as described by Snedl":cor (1946). The diffl":rencl":s between thl": three maio 
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Figure 4. Illustration of urcass Meuucemenu. 
a,Back Fat. b . Leg Length. c . Carcass Length. d • Depth. e • Width. 
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treatments of protein level, presence or absence of antibiotic and level of 
feed intake were tested for significance on the various items srudied. The 
relationship of various carcass and live hog measurements to the percent 
of lean and far curs and rate of gain was shown by simple correlarions. 

RESULTS AND DISCUSSION 

The performance of all pigs throughout the experiment was consider
ed satisfactory, as they remained healthy and thrifty. The mean average 
daily gains for the 128 pigs involved in the experiment was 1.53 and the 
feed required per 100 pounds gain was 358. 

A preliminary analysis of the data showed no differences in the rates 
of gain or feed efficiency between replio.res for the various treatments. 
Therefore, the data for the twO replicates were grouped for the analysis. 

The analysis of the data for fate and efficiency of gains was divided 
into twO phases: from weaning to 100 pounds and from 100 to 200 pounds. 
One hundred pounds was used as the division point to separate the period 
of rapid growth from the period of rapid fattening. Alrhough the basis 
for this division may be subject to criticism, it proved satisfactory for this 
set of data as pigs on some treatments performed quite differently after 
attaining a weight of approximately 100 pounds (Figure 5). 

Factors Affecting Growth, Feed Efficiency, 
Carcass Desirability 

Protein Level 

The effects of protein level on rate and efficiency of gains are shown 
in Table 2. There was no difference betwttn protein levels for rate and 
efficiency of gains made by the pigs over the entire fttding period from 
weaning ro 200 pounds. Pigs fed 16 percent protein gained an average of 
1.54 pounds per head per day and required 363 pounds of feed per 100 
pounds gain, while pigs on 12 percent protein gained at the fate of 152 
pounds per head per day and required 352 pounds of feed per 100 pounds 
gain. However, when rhe performance of rhe pigs for the periods from 
weaning to 100 pounds and from 100 to 200 pounds was considered, 
significant differences in both rate and efficiency of gains were obtained. 

During the period from weaning to 100 pounds, the 12 percent pro
rein rarion was inadequate for the pigs; rhey gained an average of 0.15 
pounds per head per day slower (P < .01 ) and required 25 pounds more 
feed per 100 pounds of gain (P < .m ) than those on 16 percent. Bur 
from 100 to 200 pounds, pigs on 12 percenr protein made significandy 
faster and more efficient gains (P < .01) than rhose on 16 percent. Gains 
during this period were 0.11 pounds per head per day faster for the pigs 
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TABLE 1 -- EFFECT OF LEVEL OF PROTEIN 01< RATE AND EFFICIENCY OF 

1.33 1.18 0.15" 0.7396 0.043 1/114 

1.68 1.79 -0 .11·' 0.3774 0.0'08 1/124 

1.54 1.52 o.oa 0.1)101 0.025& 1/124 

295 320 .25' m" 424.7 1/12 

,go 37" 28" 28" 256.58 lIn 

percent 

-" 

___ I"u.ll r~ 18' PrOUID _ y. I.US. O.ootb 

- . _ T"U FecI In. Protein _ Y • 0.18 .O.OOTx 

___ U",ltod TN 12\ Protei .. _ Y . 0 .:18 • a.OOb 

•• 

.. ' 0 10 IKI 100 lIO 120 130 l40 150 1110 110 180 I 

BODY WIlClHT POUNDS 

Figure 5. Avera1l:c Da.i\y G1il1S from 50 to 200 Pounds for Pigs Fed 1691'> and 
12% Protein Full Fed :Uld 85% Full Fed. 
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Filolure 6. Feed Required per 100 Pounds Gain for Full aDd Limited Fed Pigs 
on 16% and 12% Protein. 

on,12 percenc procein and 26 pounds less feed was re<juired per 100 pounds 
gain. 

Regression lines for average daily gains, fed efficiency, and feed con
sumption on weight are shown in Figures 5, 6, and 7, respectively. The 
data in these figures are presented for the two procein levels by limited 
and fulJ fed groups. . 

A similar pattern is shown for the farc of gain of [he pigs on the 
twO levels of protein, regardless of whether ' p'igs weu r~strict~d to the 
same feed imak~ per unit of body weigrH or full f~d from a self feeder. 
Th~ superior rate of gain of the pigs on 12 percenr protein after r~aching 
approximately 100 pounds can not be explained on the basis of feed in
take; although the full fed pigs on 12 percent protein consumed more 
feed than chose on 16 percent as they neared 200 pounds (Figure 7). 

The reason for [he superior performance of the pigs on 12 percent 
protein over those on 16 percent after reaching a weight of approximatelv 
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Figure 7. Feed Col)$umption oi Pigs on 16% and 12 96 Protein. Full and limited 
Fed, Expres,ed as a Percent of Body Weight. 

100 pounds is not readily apparent. It is assumed that excess protein is 
deaminized and the remainder of the protein molecule is utilized for en
ergy with litde loss in efficiency. Maynard (1951 ) states chat there is 
ample evidence that the body can metabolize rather high levels of protein 
in complete diets fat long periods of time without deleterious e!1e<:ts on 
production or on the body itself. 

The data obtained in this experimenc indicated that after the pigs 
reached a weight of 100 pounds. 12 percent protein met their reguire
ments for protein and the excess protein was detrimental for weight gains 
and feed efficiency. 

Robinson (1940) reported that, as the protein level was increased 
above 26 percent, the rate and efficiency of gains decreased as compared to 
lower levels. Terrill (1952) also reported·faster gains and greater feed effi-
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ciency from pigs fed B.~ percent protein. comp:uccl to pigs fed a r1tion 
containing 42 percent protein. 

The faster and more efficient gains of the pigs from 100 to 200 pounds 
on 12 percent protein compared to th ose on 16 percenr may be explained 
in pare by the d ifference in specific dynamic aCtion of the twO rations. 
The ingestion of excess protein results in the production of considerable 
heat which must be eliminated and waseca unless the animal needs it to 
keep his body warm. T he 12 percent protein rarion was apJnrendy ade
quate and a greater percen~ge of its protein was stored, compared to the 
protein in the 16 percent protein r:uion. 

Brody (194:5) states that stored nutrients, as such. have no specific 
dynamic etft=(t. T he more efficient gains of the pigs on 12 percent protein 
support the findings of Lasley tl al. (1954). They reported that pigs on 
12 percent protein made more efficient gains after aeu.ining a weight of 
approximately 110 pounds as compared co pigs fed 18 percent. 

Pigs limited fed on 12 percent protein were very inefficient in feed 
utilintion in relation ro the ocher groups until they attained a weight 
of approximately 135 pounds and then they were the mOSt efficient group 
( Figure 6), It is interesting to nOte that these pigs required about the 
same amount of feed per unit of gain throughout the experimental period, 
while/igs receiving the other treatments required more feed as they in· 
crease in weights. This is similar to resulrs reported by Ellis and H ankins 
(1935 ). Their pigs on a 12.4 percent protein ration improved in feed effi· 
ciency as they became heavier, compared to pigs on an 18.9 percent pro
tein cation that decreased in feed efficiency with each 25-pound increase 
in body weight. 

Carcass data obtained from the pigs on the twO levels of protein are 
In Table 3. There were no Significant differences between protein levels 

76.65 76.01 0.64 6.602 3.796 

Cut s1 48.69 47.91 0.78 9.797 4. 594 
21.08 22 .04 - 0.96 14.659 5.762 

Belly 15.10 15.39 -0.29 1.392 0.890 
Jowl 3.90 3.98 -0.03 0.083 0.176 
0lllen3 8. 1 7.79 0.31 · 10488 0.324 
T otal Lean4 51.38 50.55 1.17 11.090 5.493 

i;!,:,:~:!;~~:; the carcass 
2 P er cent of !;;,;;;~ : i: fat tri mming In the carcass. 
3 P er cent of feet, neck r ibs, and kidneys in the careass. 
4 Per cent of four lean cut s lean trimming. In the carcass. 
5 16 percent protein minus percent pr otein. 
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fo r the various pans of che carcass with [he exception of [he residual. Pigs 
on 16 percent protein had signific.mtly more residual (feet, tail, ribs, neck 
bones, and kidneys) in the carcass than was obtained from pigs on 12 
percent protein. However, the pigs on 16 perce nt protein produced car
casses that contained 0.15 percent more of the four lean cucs and 1 per
cent less fat than pigs on 12 percent protein. 

The c.ucass and live hog measurements are shown in Tables 4 and 5, 
respectively. No significant differences between protein levels were ob
tained from the c.ucass measurements. H owever, the pigs which were fed 

TABLE 4-- CARCASS 

A,. Back Fat 39. 73 41.92 -2.19 76 .499 19.429 
Carea" Leflilh '" '" - I 25 .. , 
Loin Area ( .. x d) 3847 3873 -20 10175 481131 
Leg Length 530.4 534.5 ' .9 555.3 222.5 
Width of Body 251.9 257.6 -5. 7 517.56 243.45 
Depth of Body 338.6 342.0 - 3.4 182.25 122.07 
Ham MlIlCle Ar ea 7674 7564 110 193820 682368 

TABLE 5 --

Body @200 
lbs. 1040 1053 -13 50' 1002.98 

H .. rt 200 lbs. 1015 1019 - , 2" 674.43 
Flallle Girth 200 Ibs. 1027 1021 • 506 2617 
Body Lenath 150 Ibs. ,OJ 910 - 7 816.6 8055 
Heart Girth 150 lbs. ." ". - , 362.9 487.74 
Flank Girth 150 lbs. 932 ." - 13 2744 994.45 
Av. Ba.ek Fat Thickness 

200 lbs. 38.68 40.29 - 1.61 41 .12 18 .711 
Av. Ba.ek Fat Th1ekness 

150 lba. 29.88 - 2.54'" 103.53 25.428 

16 percent protein had less back fat, width and depth of carcass, more 
length of leg, and a greater area of the ham muscle than pigs on 12 pec
cent procein. The measurements on the live hog followed a similar pac
tern to chose obtained on the carcass. The back fat probes were less at 150 
pounds for the pigs fed 16 percent protein chan those fed 12 percent pro
tein.(P < .01). The difference in back fa r thickness had partially disap-
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peared by the time {he pigs reached 200 pounds, but these dan. indicate 
thar the pigs on 12 percent protein had laid down more fat culier in life 
than had the pigs on 16 percent protein. This tends to support the growth 
data which showed that 12 percent protein was inade9uate during the 
period up co 100 pounds. 

The C2.fcass cut-out values and the carcass and live hog measurements 
all indicate chat more fat was produced by the pigs on 12 percent protein 
t2tions. However, most of tbe differences were not large enough to be 
statisticilly significant. These data are similar co those reported by Robison 
II ai, (1952), Robison ( 1953), W allace eta/, (1954) and Ashton eta!. 
(1955), 

A ntibiQtics 

Table 6 shows the effects of an antibiotic, chlorcetracycline, on rate 
and effiCiency of gUns of pigs compared to those not receiving an antibi
otic. Pigs fed an antibiotic m:ade 9 percent f:as ter gains (P< .01) and re
quitro 7 p=rcem less f~ per unit of g2in (P < .0:5 ) than pigs not fed an 
antibiotic from we:a.ning to 100 pounds. During the period from 100 to 
200 pounds, the pigs gained at :approxim2cely the sa.me rate with or with
out an 2ntibiotic and there W2S no difference in feed required p=r unit of 
gain between the pigs on the two treatments. 

TABLE 6 •• EF'FECT 

No. Ol p!h 
Av. IntUal Welgbt 
A v. Final Weight 
Av. DatIy Gain to 

100 Ib8. 
Av. DatIy Gain 100 

to 200 lbs. 
Av. Daily Galn 50 

to 200 1M. 
Feed/IOO lbs. Gain 

to 100 Ibs. 
Fe8d/100 Ib8. Gain 

100 to 200 Ib8. 
Feed/IOO Ibl. Gain 

biotic 

" 48.2 
208.8 

1.31 

1.78 

1.56 

'96 

381 

biotiC 
64 
48.7 

207.9 

1.20 

1.'15 

1.49 

'" 

Dlft.t 

0.11" 

0.01 

0.0'1' 

-4 

50 to 200 Ib8. 352 364 -12 
• S\g1I.if{Cant at 5 percent level Of prObability 

•• Stcnlflcant at 1 percent level of pr obability 
t AntibiotIc mlul.Is no antibiotic. 

ON RATE 

Mean SQ. DF 

0.411 0.043 1/124 

0.0736 0.0308 1/124 

0. 1711 0.0259 1/ 124 

2256 424.'1 1/12 .. 256.58 1/12 

'" 151.75 1/12 

Rate of gain was incre2sed (P < .0:5) by feeding an ami biotic from 
weaning to 200 pounds. However, mOSt of the effect occurred before the 
pigs reached 100 pounds or during the early part of the feeding tri2L 
These dat:a are in 2greement with previous work done at this st2tion 
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(Lasley et at., 1954) and reports from other stations as summarized by 
Braude (1953). 

T he carcass data in Table 7 showed no significant effects of an anti
biotic on the desirability of the carcass as measured by the yield of the 

TABLE 1 -- EFFECT OF AN ANTIBIOTIC, CHLORTETRACYCLINE, ON 
CARCASS YIELD 

Antl - No Ailti-
biotic biotic 

No. Of prgs 32 32 
Dressing Percentage 
Percent of: 

16.63 78.02 

Four Lean Cut s l 48.19 
Fat2 21.38 
Belly 15.22 
J owl 3 4 .01 
Other 8.08 
Total Lean4 50.91 

48.41 
21.78 
15.27 
3.88 
7.6 

51.02 

Mean 
Dilf.5 

0.81 

-0.22 
-0.40 
- 0.05 
0.13 
0.28 

-0.11 
Degrees of Freedom 1 and 80. 
1 Percent of the ham, lOin, picniC , and butt In the carcass. 

Mea n 
Square 

5.868 

0.798 
2.612 
0.039 
0.266 
1.243 
0.177 

2 Percent of fat back, lea! fat, and fat trimming in the carcass. 
3 Percent of feet , tail, neck Dones, ribs, and kidneys in the carcass . 
4 P ercent of four lean cuts plus the lean trimmings In the carcass. 
5 Antibiotic minus nn antibiotic. 

Wtthin 
Mea n Sq. 

3.798 

4.594 
5.782 
0.890 
0.176 
0.324 
5.493 

various CUts. However, measurementS obtained from the carcass as shown 
in Table 8 indicate that pigs fed an antibiotic had carcasses with more 
length of body and leg (P < .05), compared to pigs !lot fed an antibiotic. 
It is doubtful if these differences are the results of the treatment. They 

TABLE 8 -- ON VARIOUS 

bioUc biotic Dill. • • Square Mean Sq. 
No. Of Hogs 32 32 
Av . Carcass Back Fat 40.61 41.03 -0.42 2.805 19 .429 

"'''''' 740 736 12' 2257 405 
Area (w x d) 3893 4027 -334 1775223 481131 

531.2 523.7 7.5 ' 900.1 222.5 
254 .8 254.7 0.1 0.25 243.448 

340.2 0.2 0.56 122.Q7 

"<4 -SO 39800 882368 

cannOt be explained in view of present knowledge of the functions of 
antibiotics, Mickelsen (1953), Braude (1953), and Jukes and Williams 
(19'3). 

Measurements taken on the live hog are shown in Table 9. No sig
nificant differences were obtained for the various characteristics studied, 
but the difference in body length at 200 pounds tends co substantiate the 
carcass length for the pigs fed an antibiotic. 



These data show [hu, although the addition of an antibiotic signifi
candy increaed the rate of gain, it had no significant effect on carcass 
desirability_ This is in agreement with data reported by Catron tt a£ 
(19:53), Ashton (19:5:5 ), Meade tt al. (19:53), and Hanson tl al. ( 19:5:5 ). 
However. reports to the contrary have been made by Bowland It ai. (19:51), 
Perry et aJ. (19:53). and Wallace et al. (19S4). 

LnJLl of Fetd Intake 

Table 10 shows the effects of the level of feed intake on the rate and 
efficiency of gains. Pigs that were full fed made fas ter gains (P< .01) 
throughout the experimental period than those limited to 8:5 percent of a 
full f~d. These results would be expected, as the more feed an animal 
consumes the more it has available above maintenance fo r body weight 
gains. The greatest difference in rate of g:lin was during the early parr of 
the trial or until the pigs reached a weight of approximately 100 pounds. 
A regression of gains and f~d inuke of the pigs on weight is shown in 
Figures :5 and 7, respectively. T he feeding level of the limited fed pigs 
was based on 8:5 percent of the National Research Council's predicted 
consumption for pigs of various weighes. However, Figure 7 shows that 
the full fed pigs ate more than the predicted level, especially during the 
early stages of the experiment. T his would expl:lin the wide difference 
in the race of gain between the twO levels of feed intake up co 100 pounds. 
During this period the pigs were actually limited to less than 8S percent 
of:l full feed as compared to the full fed pigs. 
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TABLE 10 -- EFFECT OF LEVEL OF F EEO INTAKE ON RATE AND EFFICIENCY 

M . . ,. 
AY. Da.lly " l Oa Ibs. 1.48 1.03 0.~5" 8.2.'1 0.043 l!U4 .,. 100 

'" 1.87 1.60 0.2.1 " 2..379 0.0308 I /U4 

". 50 

" 1.'11 1.35 0.38-- 4 .2.12 0.0259 I /U4 

"'" " 303 '" -. 30' 424.7 1/ 12 

399 367 32" 3875 256.58 1/12 

There was no djfference in feed efficiency during the period up (0 

100 pounds, but after the pigs weighed 100 pounds, chose limited to 8' 
percent of a full fo=d made more efficient gains (P < .01). Although the 
limited fed pigs made more efficient gains (P< .05) for the entire feed
ing period, this was due to the difference that developed between the twO 

levels of feeding after the pigs reached 100 pounds. Figure 6 shows that 
the full fed pigs were more efficient in their gains than the limited fed 
pigs up to a weight of approximately 120 pounds. Thereafter, the effi
ciency of gains was in favor of ehe limited fed pigs. T hese data suppon 
the conclusions of Ellis and aller (1934), Cummings and Winters (19'1), 
and Gregory and Dickerson (19'2). Fenin and McCany (1928) and Fm:
man (193') presented reports to the Contrary. 

The carcass dna are presented in Table 11. Restricting the feed in
ake produced pigs whose carcasses contained a greater percentage of the 
four lean cutS as compared to fulJ feeding (P < .0'). Pigs fed 8' percent 
of a full feed produced carcasses that contained 49 percent of the four 
lean cutS, compared to 47.6 percent of the carcasses from full fed pigs. 
The percent of fat cues and belly in the carcasses of the full~gs was 
greater than that obtained from limited fed pigs (P <.O,). 

These data definitely indicate chat the proportions of fat to lean in 
the carcass can be modified by limiting the fo=d intake without reducing 
the efficiency of feed utilization. The difference in composition between 
the cwo feeding levels can be explained in part by the length of the grow
ing period. The limited fed pigs were fed for an additional 12 days to 
reach 200 pounds. T he full fed pigs had more feed left above mainten-
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Dressing 76.84 76.00 0.78 4.452 
Percent : 

Fou:f Lean Cutsl 47.62 48.98 -1.36~ 29.894 
F>t 22.21 20.90 1.31· 2'1.366 
Belly 15.50 14.99 0.51- 4.101 
Jowl 3 3.89 3.99 -0. 10 0.171 
Other 7.90 7.99 - 0.09 0.127 
Total Lean4 50.13 51.80 -1.67"* 44.69 

~~~,~,~t;:1 the loin, picnic, butt the carcass. 
2 Percent of fat back, leaf fat, and fat trimming in the carcass. 
3 Percent of feet, tail, neck bones, ribs, and kidneys in the carcass. 
4 Percent of four lean cuts plus the lean trlmlngs In the ca.r<::ass. 
5 Fllll fed minus limited fed. 

3.798 

4.594 
5.762 
0.89 
0.176 
0.324 
5.493 

a?ce and growth requirements to ~ stored as fat than the limited fed 
pigs. 

Therefore, pan of the increased efficiency of gains of the limited fed 
pigs may be explained by the difference in the nature of the gains made 
by the pigs on the cwo levels of fttding. The greatest difference in feed 
efficiency occurred during the period from approximately 100 pounds to 
200 pounds when the full fed pigs were making gains which contained 
more fae than the gains made by the limited fed pigs. More energy was 
being stored in each pound of gain made by the fuJI fed pigs than was 
the case with the limited fed pigs. 

Smith (1952) states that the nature of the gains and greater diges
tion of the feed by limited fed pigs are the main reasons for the increased 
efficiency of limited feeding. However, Gregory and Dickerson (1953) 
reponed no difference in the digestibility of the nutrients between pigs 
full fed and chose consuming 87 percent of a full feed. Thus, it would 
appear that the nature of the gains made by the limited fed pigs would 
be largely rt':sponsible for the difference in feed efficiency between pigs 
full fed and those limited co 85 percent of a full feed. 

Another factor affecting feed efficiency would be the difference in 
specific dynamic effect between the tWO levels of feeding; according to 
Brody (1945) the greatest increase in energy loss with increasing plane of 
nutrition appears to be due to the specific dynamic effect. 

The limited fed pigs had significantly longer legs, and a larger ham 
muscle area than full fed pigs (P< .01) as shown in Table 12. No sig
nificant differences were found between the cwo levels of feeding for any 
of the ocher measurements. The limited fed pigs had approximately 2 
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TAB L E 12 0 . EFFECT 

No. Of P!i. 
M. CUc .... Back Fat 
Av. Cucas. Lensth 
Loin Area (w J[ d) 

F", 
32 
4;1.79 

14' 
3877 

520. 4; 
340.7 

F .. 
32 
39 .86 

'" 3843 
534.5 
339.9 

.. Signif icant at 1 per cent level 01 pr obability. 

DU( . • 

1.93 ., 
" 

TABLE 13 00 EFFECT OF LEVEL OF FEED.IN'rAl<~ 

- a t 200 
Ibs. (Top) 1049 "" 

, 
Heart Girth at 200 lb •. 1021 1013 8 
Flank Girth at 200 lbs. 1028 1021 7 
Body Lenilli at 200 

lbs. 984 970 8 
Hea rt Girth at 150 

tbe. 939 '" 14' 
Flank Girth a t 150 

I bll. 943 935 8 
Back Fat Thickness a t 

200 lbe. 41.11 n." 3.25" 
Back Fat Thickness :a.t 

150 lb •. 28. 15 0.93 

fed mln l1S I::~':.:' 

Square 

59.775 
64 

18257 
3164 .1 

420.25 

CARCASS 

Mean Sq. 

19.429 .. , 
481131 

222.5 
243.45 

VARIOUS UVE Hoo 

2890 1002.98 
900 674.43 

'" 2617.32 

49. 8055.94 

3266 487.74 

910 994.45 

168.03 18.71 

13.88 25.43 

milli meters less back fat than full fed pigs, bu t this difference was nOt 
signifi cant. 

The live hog measurements (Table 13) showed a highly signi fi cant 
difference between tbe cwo levels of feeding in back f:u thickness at 200 
pounds with the limited fed pigs having ~. 25 millimeters less back fat 
chan the full fed pigs (P< .01) . There were no differences in back h.C 
thickness between the twO groups at 150 pounds, which indicates that 
most of the effects of limited feeding were expressed during the period 
from 150 to 200 pounds. The pigs normally would be storing more fat 
during this period than at lighter weights, Hopn tt ai. (1925 ), Atkinson 
and Klein (1946) . Therefore, the greatest effect on tbe composition of 
the pig due to limi ted feeding would be expected to take place during 
this period. 
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Figure 8. Represenntive Pig and C;l.rClSS from PiSts Full Fed 16% Protein Radon. 
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\ 

! 
Fi~re 9. Representative Pig and Carcass fcom Pigs Full Fed 12% Protein Ration. 
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, 
, 

j 

Fig\;l!e 10. Rq>rescDt2tive Pig 2.nd Carcass from Pigs Limited Fed 16% Procein 
Rauoo. 
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Figure 11. Representative Pig :md C2rcus from Pi!, Limited Fed 12'if> Pro[eltt 
Ration. 
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Some Factors Affecting: Reproduction 

Two gilts from each of the 16 lots were bred when first observed in 
heat after being weighed off of the feeding trial at approximately 200 
pounds. They were slaughtered 22 (0 28 days later and the reproductive 
tracts obtained and examined for the number of corpora lurea and em· 
bryos. A few of the gilts were bred shortly before they were removed 
from the feeding trial. No record was kept of the first estrus and it is not 
known if all of these gilts were bred during the first escrus. 

Ten of the 32 gilts were not pregnant when slaughtered and were 
discarded from the data. There was little difference in the number of non
pregnant gilts berween the various treatments so numbers remained about 
equal. Two more gilts were pregnant in the group receiving an antibiotic 
than in the group not fed an antibiotic, but numbers were equal for the 
other twO comparisons. 

Protein Level 
Gilts fed 16 percent protein had an average of 11.6 corpora lutea as 

compared to 10.9 for those fed on 12 percent protein, Table 14. However, 
the percent of corpora present as embryos was higher for the gilts on 12 
percent protein and as a result there was no difference between the gilts 
on the twO protein levels in number of embryos present at 21 to 28 days 
after breeding. None of these differences were statistically significant. 

Of Corpora 0 .7 2.91 
of Embryos -0.1 0.046 

2.844 
2.527 

~;,;':~f Corpora as 

:: Ti'tl~;;;r:-....:89~.~2 ___ .~'~. ':.. __ ~2~4~3 ___ ....:'~"~.~2~8_ 

Davidson (1930) fed pigs on rhe same ration for successive genera
tions and reponed that the level of protein was not a factor in foetal 
atrophy. Very little other work has been reported on the effects of protein 
level during the growing-fattening period on reproduction. From these 
dara it appears that 12 percent protein was adequate to initiate the re
productive process and to carry the embroys through the most critical 
period, as Squires et al. (19n) reported that most of rhe embryonic mor
tality occurs during the first 2, days after breeding. From the work of 
Mitchell eI ai. (1931), the 12 percent prOtein ration might be considered 
adequate throughout the entire gestation period as he reported the amount 
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of nitrogen retained by pregnant gilts remained about the same through. 
out the gestation period even though the greatest development of the 
fetuses took place during the laSt third of the period. No specularion is 
advanced as to the adequacy of the 12 percenc protein ration for the sub· 
sequent lactation. 

Antibiotics 
The results of feeding an antibiotic, chlortetracycline, to gilts from 

weaning to 22 to 28 days after breeding as compared to those nor fed an 
antibiotic are shown in Table D. Gilts fed an amibiotic had 10.9 corpora 

of Corpora 
of Embryos 

Percent of Corpora as 
80.8 

-0.8 
O.S 

' .2 

3.35 
1.55 

410 

2.844 
2.527 

153.28 

lutea compared to 11.7 for those nOt fed an antibiotic. However, 90 per
cent of the corpora were represented by embryos in the gilts fed an anti
biotic, compared to 80.8 percent for the gilts not fed antibiotics. This 
difference was nOt significant but followed the ttend of the data reported 
by Fowler and Robemon (1954) who suggested that antibiotics may have 
an effect on embryonic survival. Total number of embryos was in favor of 
gilts fed an antibiotic by an average of 0.5 embryos per gilt. 

Level of Feed Intake 

The results of limiting the feed intake to 85 percent of a fu ll feed 
from weaning to approximately 200 pounds on reproduction as compared 
to full feeding are shown in Table 16. All of the gilts in both groups 
were fed 6 pounds per head daily after reaching 200 pounds. 

TABLE 16 -- INTAKE ON 

'" '" Dim Square Mean Sq. 
No. Of Gilts 11 11 
Av. No. of Corpora 10.6 11.9 -1.3 8.91 2.844 
Ao. . of Embryos '.9 10.3 -1.4 10.23 2.527 

of Corpora as 
86.2 -0.7 3.0 153 .28 
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Gihs restricted co 85 percent of a full feed had more corpora lutea 
and embryos at 22 to 28 days after beeding than similar gilts full fed 
during the growing· fattening period. These differences were not signif
icant, bur the difference in the number of embryos closely approached 
significance at (he' percent level of probability_ T here was little differ
ence in the percent of corpora represented by embryos between the two 
groups. Therefore, the main effect of limited feeding appears to have been 
in increasing the number of eggs ovuhted. This is not in agreement with 
(he work of Christian and Nofziger (1951) and Self (1955) who reported 
that gilts on a high plane of nutrition or full fed had higher ovulation rates 
than limited fed gilts, but that the embryonic mortality was also higher 
in the full fed gilts. However, the presence of a larger number of embryos 
in the limited fed gilts as compared to those in the full fed gilts is in 
agreement with their findings . 

T he R elationship of Various Carcass and live Hog 
Measurements and live H og Scores to Carcass 

Desirability and Rates of Gain 

Various carcass and live hog measurements and live hog scores were 
correlated with the percent of the four lean CUtS and fat cuts in the car· 
cass and the average daily gains of the pigs as shown in Table 17. 

TABLE 17 - - CORRELATION BE1WEEN VARIOUS MEASUREMENTS OF THE 
CARCASS OR LIVE HOG AND THE YIELD OF FOUR LEAN AND FAT CUTS 

AND RATE OF GAIN. N · 64 
Percent Percent Av. Dil. Ga in 

Four Lean '" Weaning to 

Live Hog Back Fat at 200 Ibs. -0.70" 0.73" 0.42· · 
Live Hog Back Fat a.t 150 Ibs. -0.41** 0.47~ · -0.0095 
Carcass Length 0.18 _0.27* -0.003 
LQ1n Eye Area (w :0; d) 0.098 0.05 -0.201 
Ca.rcass Depth -0.25 · 0.24 0.28' 
Carcass Width _0 .49n 0.54 u 0.26 ' 
Heart Girth at 200 Ibs. -0.46· · 0.55'" 0.27' 
Leg Length 0.31 ' -0.38'" -0.33" 
Rate of GUn -0.480. 0.41" 
Body Length at 150 Ibs . 0.31 · -0.39 ·· -0.36·' 
Body Length at 200 Ibs. 0 .045 -0.18 0.046 
Heart Girth at 150 lbs . -0.26· 0.35·' 0.36· · 
Ham MUSCle Area (w lC d) 0.48· · -0. 42'- -0.304· 
Live Hog SCores at 200 lbs. 

Conformation 0.14 -0.42** -0.25" 
Meatiness 0.41** -0.32- -0.19 
Finish -0.24 0.29- 0.24 

0.23 -0.32 - -0.07 

•• '" level of 
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Highly positive correlarions were obtained berween carC2SS back fae 
measurements, and the percent of far cutS in the carC2SS. A coefficient of 
correlation of 0.79 was obtained between average carcass back far and the 
percent of fat CUts. Average carcass back fat was the beSt indication of the 
percent of fat cutS in the carcass. This is in agreement with many other 
workers, including Hankins and Ellis ( 1934), McMeekan ( 1941), and 
Zobrisky tJ al. (1954 ). Average back fat probes at 200 pounds were al· 
mOst as good an indication of far in the carcass as the carcass back fat 
measurements. A coefficient of correlation of 0.73 was obtained between 
the live hog back fat probes and the percent of fat cutS in the carcass. An 
average of the back fat probes:1.t 150 pounds was also significantly cor
related (P < .01) with the percent of far cutS, but the coefficient of cor
relatiOn of 0.47 was considerably smaller than those obtained with the 
C2rcass back fat or probe measurements. 

All of the back far measurements were negatively correlated (P <.01) 
with rhe percent of lean CUtS in the C2tC2SS. The live hog back fat probes 
gave a higher negative correlation than the other back fat measurements, 
which is in agreement with the work of Hazel and Kline (1952). 

Carcass back fat and live hog back fat probes at 200 pounds were 
signifiC2ndy correlated (P <.01) wirh the rates of gain of the pigs, but 
no significant correlation was obtained between live hog back fat probes 
at 150 pounds and the avenge daily gains of the pigs. 

The average dail y gains of the pigs were positively correlated with 
the percent of fat CUtS and negatively correlated with the percent of the 
four lean cutS in the carcass (P < .01). T he coefficients of correlation 
were of the order of 0.41 and -0.48, respectively, for the percent of fat 
cutS and the four lean CUts. 

No significant correlation was obtained between the cross-section area 
of rhe loin eye muscle and the percent of the fou r lean CUtS or the per
cent of the fa t cuts. The reason for this is nOt apparent, as the measure· 
ments of the ham muscle area gave a coefficient of correlation of 0.48 
with the percent of the four lean cutS and -0.42 with the percent of fat 
CUtS (P < .01) . The measurements were obtained in the same manner as 
those reported by Zobrisky tt al. (1954), who obtained a highly positive 
correlation between the loin eye measurementS and the percent of the 
four lean Cuts. Ocher workers have 21so reported that the me2suremenr 
of the loin eye muscle was highly correl2ted with (he yield of lean , Mc· 
Meehn (1941) and Whiteman and Whatley (1953 ). 

u rcass width and heart girth of the live hog at 200 pounds ga.ve a 
coefficient of correlation of 0.55 with the percent of fat CUtS and slightly 
smaller negative correlations with the percent of the four lean CUtS. Car· 
ass depth, heart girth at DO pounds and the live hog scores for finish 
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were also positively correlated with the percent of far CU t S in the a.tcass 
in the order of 0.24, 0.35, and 0.29, respectively. 

l ive hog scores for meatiness gave a coefficient of correlation of 0.41 
(P < .01) with the percent of the four lean Cuts. Ocher significant pos
itive corre1:uions (P < .05) were obtained between leg length or body 
length :I.e 150 pounds and the percent of the four lean CUt s. Carcass length, 
and scores fo r conformation and length were also positively correlated 
with the four lean eU[s, but the codficiems of correlations were: small and 
nO[ significant. 

The measurementS that were positively correlated with the percent of 
fa t CUtS were also positively correlated with the average daily gains of the 
pigs. These correlations indicate that those measurements which wete the 
best indicators of fatness were also associated with rapid gains. 

SUMMARY 

A total of 128 crossbred and purebred Landrace pigs, weighing 48 
pounds initia1ly at we~ing, were used in a 2 x 2 x 2 replioted factorially 
designed experiment to study growth, feed efficiency, and carcass desir
l bility of swine as affected by level of protein, lntibiotics or no antibiotics 
and level of feed intake. T he effects of these treatments on reproduction 
were also noted. 

Simple correlations between various carcass or Jive hog measurements 
or Jive hog scores lOd the percent of the four lean and far CUts and avec-
1ge &.ily gains of the pigs were computed. 

A summary of the combined data for all of che treatments suggests 
chat, for optimum race of gain, a ration containing 16 percent protein 
wich an antibiotic should be full fed fro m weaning to approximately 100 
pounds. 

From 100 to 200 pounds a ration full fed and containing 12 percent 
protein would produce faster gains. The addition of an antibiotic during 
chis period would be opdonal. 

The most efficient gains would be produced by (1) fu ll feeding the 
16 percent ration with the antibiotic up ro 100 pounds, (2) full feeding a 12 
percent ration up to 1 3~ pounds, then (3) limiting the 12 percent protein 
ration to approximately 8~ percent of a full feed from 13~ to 200 pound 
weights. This feeding program wou ld also be expected co produce desir
able carcasses similar to those produced by pigs chat were limited fed 
from woning co 200 pounds. 

A summary of the effects of the various main effects of level of pro
tein, antibiotic vs. no antibiotics and level of feed intake is discussed sep
arately in the followi ng paragraphs. 
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There were no differences in rate of gain md feed efficiency between 
pigs fed 16 percent protein :tnd those fed 12 percent for the entire feeding 
period. 

Pigs fed 16 percent protein from weaning to 100 pounds gained 0.15 
pound (P < .01) per head per day fas ter and required 25 pounds 
(P < .05) less feed per 100 pounds gain than those fed 12 percent. 

From 100 to 200 pounds, pigs fed 12 percent protein gained 0.11 
pound (P<.Ol) per head per day faster and required 25 pounds (P<.Ol) 
less feed per 100 pounds gain than those fed 16 percent. 

Pigs on 16 percent protein produced slightly leaner carcasses as indi
cated by the greater yield of the four lean CUtS and the lower yield of fat 
cutS and belly than those fed 12 percent, bur none of these differences 
were significant. 

There were no significant differences between protein levels for any 
of the carcass measurements. 

Pigs fed 16 percent protein had n4 millimeters (P < .01) Jess back 
fat at 150 pounds than those o n 12 percen t as measured by the probe 
technique. None of the other Jive hog measurements were significantly 
different between protein levels. 

Feeding an an dbiotic, chlortetracycl ine, to pigs resulted in faster 
gains from weaning to 100 pounds (P < .01) and fro m weaning to 200 
pounds (P < .05), but did not affect the gains from 100 to 200 pounds, 
compared to pigs fed no antibiotic. 

Twenty-three pounds less feed per 100 pounds gain was required for 
pigs fed an antibiotic than for those not fed an antibiotic from weaning 
to 100 pounds (P < .05). 

Antibiotics had no effects on carcass desirability as measured by the 
yield of the various cutS and carcass or live hog measurements. However, 
pigs fed an antibiocic had longer carcasses and hind Jegs (P < .05), com
pared to those not fed an antibiotic. 

ReStricting the feed intake of pigs to approximately 85 percent of a 
full feed resulted in slower gains throughout the entire feeding period, 
compared to full fed pigs (P < .01). 

Limited feeding had no effect on feed efficiency from weaning to 100 
pounds, but from 100 to 200 pounds, 32 pounds (P < .01) and from 
weaning (0 200 pounds, 18 pounds (P < .05) less feed was required per 
100 pounds gain by the limited fed pigs as compared to full fed pigs. 

Limited fed pigs produced carcasses wirh a greater percentage of the 
fou r lean CUtS (P < .05) and a smaller percentage of fat cutS and belly 
(P < .05 ) as compared to full fed pigs. 

Pigs limiced fed had a g reater area of ham muscle (P < .01), but 
chere were no rufferences in loin muscle area as compared co full fed pigs. 
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Back fat probes at 200 pounds were less (P < .01) for the limited 
fed pigs than for those full fed. There were no differences in average back 
f:u at 1:50 pounds between the twO levels of feeding, which indicates most 
of the effects of limited feeding on fat deposition occurred after ehe pigs 
reached 1~0 pounds. Carcass back fat was less for the limited fed pigs 
chan for those full fed, bur the differences were not significant. 

Average carcass back fae measurements Vve a h igher coefficient of 
correlation with the percent of fat CUts than any of the other measure
ments. Back fat probes at 200 pounds gave nearly as high a coefficient of 
correlation with the yield of fat cutS and a slightly higher negonive coef· 
ficient of correlation with the percent of lean CUts. Of the measurements 
taken, back ftc at 200 pounds, measured either on the live hog or C2CCasS 
was the best indicatot of fat or lean CUtS in the C2rC2SS. Back fat measure· 
ments were also highly positively correlated with rate of gain. 

Back fatfrobes at 150 pounds were also significantly correlated with 
the percent 0 ht CUtS, but carC2S5 width and heart girth measurements at 
200 pounds were better indiC2tors of fat. 

Ham muscle area gave the highest positive coefficient of correlation 
with the percent of four lean Cuts. No significant correlation was obtained . 
between the loin muscle area and the percent of four lean cuts. T he rea
son for this lack of correlation was not apparent. 

Scores for meatiness, leg length, lIld body length at 1~0 pounds were 
all significantly, positively correlated with the percen t of the fou r lean 
cuts. 

Average daily ~in from weaning to 200 pounds was significantly 
correlated with the percent of fat curs and negatively correlated with the 
percent of Jean curs. 

Level of protein, antibiotic or no antibiotic, and level of feed intake 
had no signifi cant effectS on reproduction, as measured on representative 
gilts slaughtered at approximately 2:5 days after breeding. 

A larger percentage of the corpora was represented by embryos for 
the gilts fed an antibiotic as compared to those not fed an antibiotic, 
which suggests a possible beneficial effect from the antibiotic on repro· 
duction. 

A larger number of corpora and embryos were present in limited fed 
gilts than in those full fed, which indica tes that limited feeding may be 
beneficial to reproduction. 
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