
REPRODUCTION, LACTATION, AND GROWTH SWDIES 

WITH SWINE 

By 

A. Al.LEN HEIDEBRECHT ,, 

Bachelor of Science 
Oklahoma Agricultural and Mechanical College 

Stillwater, Oklahoma 
1941 

Master of Science 
Colorado Agricultural and Mechanical College 

Ft. Collins, Colorado 
1943 

Submitted to the faculty of the Graduate School of 
the Oklahoma Agricultural and Mechanical College 

in partial fulfillment of the requirements 
for the degree of 

DOCTOR OF PHILOSOPHY 
May, 1955 



REPRODUCTION, LACTATION, 

Thesis Approved: 

' Dean of the Graduate School 

349773 

ii 



ACKNOWLEDGEMENT 

The writer wishes to express his appreciation to 

Doctor o. B. Ross for his advice and assistance in in

itiating these investigations. He also wishes to thank 

Doctors C. K. Whitehair and A. E. Darlow for their val

uable suggestions, and Doctor Robert Macvicar of the 

Department of Agricultural Chemistry Research for 

Assistance with the chemical and biological analyses 

and for his many suggestions. 

iii 



TABLE OF CONTENTS 

Page 

INTROOUCTIC>N • • • • . • • • • o • • o o • • o o o • 1 

REVIEW CF LITERATURE • • • • • • • • • • • • . • • • 
Reproduction and Lactation Studies with Swine. 

2 
2 
8 

PART 

Antibiotics ••••••••••••••••• 
Composition of Swine Milk. I. Major Constituents 

and Carotene 0 Vitamin A and Vitamin C •••••• 
Composition of Swine Milk. II. Thiamin 0 Riboflavin . 

Niacin. and Pantothenic Acid •••••••••.• 

I REPRCDUCTION AND LACTATION ffiRFORMANCE OF savs 
FED CORN=SOYBEAN MEAL RATIONS • . . . . . . 

A. The Value of Supplementation of Vitamins. 
Minerals 0 Antibiotics. and Crude Sourtes 
of Unknown Factol'S. . . . 0 . 
Experimental • . . . . . . . . . 
Results and Discussion. 
SuD1T1ary . . 0 . . . . . . . . 

B. The Toxicity and Nutritional Adequacy of Milk 
from Sows Suckling Pigs Showing Symptoms 

. 

. 

. . 

. 0 0 

. . . 

. . . . . . 

28 

35 

9 

9 
9 

12 
22 

of Baby Pig Disease • • • • • 25 
Observations • • • • • • • • • 25 
Experimental. • • • • • • • • • • • 26 
Results and Discussion. • • • • • 26 
SuD1T1ary • • • • • • • • • • • • • 28 

PART II A STUDY CF THE CHEMICAL C~POSITION CF SWINE 

A. 

MILK o • o • • • • • • • o o o • • • • • • 

Introduction ••••••••••••••• 

Major Constituents and Carotene. Vitamin A 
and Vitamin C • • • • • • ••• 
Experimental ••••••• 
Results and ,Discussion ••• 
SuDITl~ry •••••••••• 

. . 
0 0 0 0 0 

B. Thiamine. Riboflavin . Niacin 0 and Pantothenic 
Acid •••••••••• 
Experimental •••••••• 
Results and Discussion. 
SuD1Dary ••••••• 

iv 

0 0 0 0 0 0 0 0 0 0 0 0 . . . 

29 
29 

29 
30 
31 
36 

37 
37 
38 
46 



Page 

PART III THE VALUE <F ANl'IBIOI'ICS FOR GROWING= 
F ATI'ENING PIGS • • • • • • • • • • • • • . . . . . . 47 

A. The Effect of Antibiotics 0 Combination of 
Antibiotics and Vitamin B12 and Sulfa-
thaladine on Onthrifty Pigs • • • • • • • • • 47 
Observations. • • • • • • • • • • • • • • • • • • 47 
Experimental • • • • • • • • • • • • • • • • • • • 47 
Results and Discussion • • • • • • • • 49 
SuD111ary • • • o o • • • • o • • • • • • • • • " o 51 

B. The Effect of Various Levels of Penicillin 
Upon Growth of Pigs • • • • ••• 
Observations •••••••••••••• 
Experimental ••••• 
Results and Discussion. . . . . . 
SuD1J1ary • • o • • • • • o • • • . . . . . 

. . 52 
52 
52 
54 
56 

C. The Value of Adding Aureomycin to a Good 
Ration for Growing Pigs • • • • • • • • 57 
Experimental. • • • • • • • • • • • • • • • • • • 57 
Results and Discussion • • • • • • • • • • • • • • 58 
Sunnary • . • • • • • • • • • . . • • . • • . 59 

General Discussion ...... 0 0 0 0 0 0 . . 60 

62 

66 

91 

92 

LITERATUBE CITED • 

APff:NDIX • 

VITA • . . 

. . . 

. . . 
TYPIST PAGE 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 . . 

0 0 0 0 . . . . . . 

V 



INTRODUCTION 

A major problem confronting the swine industry jn the United States 

is the continuing high annual mortality of new born pi'gs. It is report= 

ed by Smith (1937) that more than 34 percent of all pigs farrowed in 

the United States die before reaching weaning weight. While our knowl

edge of the factors affecting reproduction and lactation in swine has 

been greatly increased through research 0 a thorough evaluation of nu

trient requirements of swine for optimum :reproduction and lactation is 

needed. A considerable amount of research has been conducted which dem

onstrates that many of the conunon swine rations, particula~ly rations 

high in corn and soybean meal, when fed to gilts or sows in drylot oir 

fed under conditions approximating drylot, fail to supply the nutrients 

essential for normal reproduction and lactation. Corn has long been one 

of the chief constituents of swine rations. Of recent years, soybean 

and various other crops producing by-products high in protein have been 

used to supplement corn. The desirability of feeding milk products, 

packing house and fish by-products as supplements to co~m has been dem

onstrated by many different experiment stations. 

The major portion of these studies involved a detert'IIlination of the 

effect of adding various known and unknown nutritional factors to corn

soybean meal type rations in an attempt to improve reproduction and 

lactation performance of sows. Also, these studies included an inves

tigation of the chemical composition of swine milk as related to feed 

fed1 breed. pig performance, etc. The scope of these studies was broad

ened to include some aspects of growth of weanling pigs because of concur

rent discoveries in the field of swine nutrition. 

1 



REVIEW OF LITERATURE 

Reproduction and Lactation Studies with Swine 

A voluminous amount of published literature pertaining to repro

duction and lactation studies in swine is available. This :review con

tains only literature directly pertinent to this investigation. 

Rossv et al. (1942-44) and Cunha, et al. (1943) presented reviews 

of li teYature with respect to gestat io!1', a21d bittatioin problems iin swhe. 

These workers in a series of experiments with swine and ~ats fed a basal 

ration of 76.35 percent ground yellow corn, 17.5 percent soybean meal, 

5. 0 percent alf alf ~ meal, o. 5 percent iodized salt, and o. 65 perce?1t 

calcium carbonate. They conc luded that the ration was i nadequate for 

normal reproduction and lactatiom in swine and in rats. Gilts raised 

in drylot on this ration failed to suckle their litters adequately to 

promote normal growth. Many pigs died before weaniv.g while others be~ 

came emaciated. Normal reproduction and lactation were obtained wi t h 

both swine and rats upon addition of 10 percent alfalfa meal to the bas

al ration. Wheat bran, middlings, tankage, yeast, and certai n B vi ta

mins added to the basal ration 10 days prior to parturition and for 20 

days following parturition did not coll'rect the embryological abnormal

ities nor stimulate lactation suffiit i ently to raise pigs to weaning. 

Cunha, et al. 0.944) c~mtimued U1:e experd.meillt s hd tia,ted by Ross o 

et al. to determine if certain vitamins or commercial preparations would 

supplement an dl~pla!'lt basal ratio!!'l . These workers we!'e arnable to show 

any supplement other thairn 10 percert11t. alfalfa meal added to the basal 

ration which would permit nomal reproduction and lactation of sw:ii. llle 

2 
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and rats fed the all-plant ration. 

Fairbanks, et al. Cl 945) fed gilts a basal ration of corn, soybealt 

meal, fish meal, tankage, limestone, steamed bone meal, salt and cod 

liver oil. The addition of either 6 percent dried corn distillers' sol

ubles, or 10 percent alfalfa meal, or all known B vitamins to the basal 

ration improved breeding efficiency, fertility and vitality of pigs far

rowed. These workers found that the basal ration was inadequate for 

normal gestation and lactation under drylot conditions. They concluded 

that nutrient requirements of a sow were most critical during the gesta

tion period and the residual effect of the ration received during gesta

tion was later manifested during lactation. 

Spitzer and Phillips (1946) reported a high incidence of sterility, 

resorption and toxemia among rats fed corn, soybean meal, 5 percent al

falfa meal, Halibut oil, and minerals. Supplementation of additional 

alfalfa meal, 1:20 liver powder, a combination of casein (crude or acid 

washed) plus choline or fish meal improved reproduction and lactation. 

Brewers' yeast, fish press water, and soybean lecithin were variable in 

their supplemental effects. Wheat bran, wheat middlings, dehydrated 

oat grass, wheat germ oil and wheat germ meal were ineffective. 

Spitzer (1947), using rats, supplemented a basal ration composed 

largely of corn and soybean meal with minerals, fatty acids, and all 

known vitamins. When the fortified basal ration was fed, normal re

production resulted; however, these females failed to lactate. The 

addition of beef liver, lyophilized pork liver or casein to the forti

fied ration resulted in marked improvement in lactation. Normal sur

vival rates of the young were not attained when the mothers were fed 

the fortified basal ration plus lactogenic hormone. 

Krider and co-workers (1946a) found that a basal ration containing 
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17 percent crude protein composed of yellow corn, expeller soybean meal, 

5 percent dehydrated alfalfa meal, fortified cod liver oil, and minerals 

was nutritionally inadequate for gestation and lactation under drylot con

ditions. Only 26 percent of the pigs, averaging 17.1 pound~ were weaned 

on this ration. The addition of either 3 or 6 percent "sardine condensed 

fish solubles to the basal ration corrected the deficiency or deficiencies. 

Survival rates at weaning time were 92 and 71 percent with average weights 

of 31.l and 33.7 pounds, respectively. Fall-seeded rye pasture also cor

rected the inadequacy of the basal ration. Gilts on rye pasture weaned 

.74 percent of their pigs with a weaning weight of 31.9 pounds each. A 

residual effect was manifested among gilts on rye pasture during gestation 

but not during lactation. 

Krider, et al. (1946b), using gilts which had been on pasture, cor

rected the deficie~cies of an all-plant ration by supplementing with rye 
I 
I 

pasture., 1 percent alfalfa meal, and either 2 or 4 percent condensed fish 

solubles. 

Krider, et al. (1946c), using 100 pound gilts that had been fed 

continuously in dry lot, fed a basal ration composed of 72.5 percent of 

ground yellow corn, 25 percent expeller soybean meal, 0.5 percent forti

fied cod liver oil, and 2 percent of a complex mineral mixture plus the 

following amounts of crystalline vitamins per pound of feed: 1.5 mg. thia

mine: 1.5 mg. riboflavin; 5.0 mg. niacin; 6.0 mg. pantothenic acid; 2.5 mg. 

pyridoxine; and 1.5 mg. choline chloride. The supplements fed with the 

percentages of pigs weaned and average weaning weight per pig in the six 

lots were as follows: Cl) basal ration, 69 percent~ 29.0 pounds; (2) 

basal ration plus 1.25 mg. pyracin, 136.0 mg. para-amino-benzoic a~id, 

454 mg. inositol, 0.2 mg. biotin, 2.8 mg. alpha-tocopherol, and 0.4 mg. 

of vitamin K per pound of diet, 32 percent, 24.4 pounds; (3) basal ration 
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plus 10 percent dehydrated alfalfa meal, 97 percent, 32.4 pounds; (4) 

basal ration plus 1.5 percent AB liver extract, 82 percent, 34.3 pounds; 

(5) basal ration plus folic acid concentrate to supply 0.24 mg. of folic 

acid per pound of diet, 84 percent, 29.l pounds; and (6) basal ration 

plus 5 percent "cerogras," 41 percent, 32.2 pounds. 

Ensminger, : et al. (1947) in feeding· a purified ration to sows found 

that the deletion from the ration of any one of the three 8-.c.omple:x vi-

tamins, i.e., thiamin, riboflavin, or choline resulted in unsatisfact ory 

reproduction and lactation. Gilts receiving no t hiamin lost t hei r appe-

tites, farrowed prematurely , and a high mo~tality of th&i r pigs resul ted 

at birth. When riboflavin was omitted from the ration all pigs we~e 

either dead at birth or died within 48 hours theFeafter. Abnormalities 

present were enlarged front legs, gener alized edema a,1d hairlessness. 

Gilts fed the same ration containing no choline far rowed pigs that weze 

weak, had muscular incoordination, fatty livers, and a high incidence 

of mortality. Cases of hernia, kinked tail, enlarged forelegs, liver 

and kidney abnormalities occurred in pigs fa?rowed by sows from the var

ious lots receiving the purified rations. 

Cunha, et al. (1948) found that a ration composed of ground yellow 

corn, expeller soybean meal, tankage, 5 percent dehydrated alfalfa meal, 

vitamin A and Doil and minerals was nutritionally inadequate for year-

ling sows and for gilts fed in drylot during gestation and lactation. 

Only 37 and 9 percent of the pigs were weaned, respectively, by the 

yearling sows and gilts fed this ration. The addition of either 0.5, 

l, or 2 percent of dried fermentation solubles did not correct the de-

ficiency of the basal ration, although a slight improvement was noted. 

One per~ent of sardine condensed fish solubles supplied the nutrients 
' "'" } 



needed to correct the first limiting deficiency of the basal ration. 

In one of four experiments reported by these workerso almost complete 

lactation failure was observed. These workers reported abnormalities 

as previously reported by Ross (1944) and Cunha (1944). 

6 

Catron, Culbertson, and Shearer (1948) investigated the nutrition

al adequacy of an all-plant-protein basal ration with swine and rats. 

The gestation and lactation performance was not improved significantly 

by the addition of 10 percent high-quality dehydrated alfalfa meal. The 

addition of animal protein to the basal ration fed the sows during ges

tation and lactation failed to increase pig livability and growth sig

nificantly. Data on blood hemoglobin of pigs failed to reveal any sig

nificant differences that might be attributed to rations fed. Chemical 

analyses of carcasses of pigs from sows fed various rations did not show 

consistent differences. No definite relationship could be established 

between the vitamin content of the sows' milk and the livability and 

growth of pigs. The determination of the ganuna globulin content of 

blood from sows and litters did not reveal differences attributable to 

treatment. 

Cary and Hartman (1946) reported that a few milligiams of concen

trated anti-pernicious anemia liver extract was effective in promoting 

growth of rats on a purified diet containing alcohol-extracted casein 

and yeast. These workers designated the growth-promoting factor as 

"F~ctor X." 

Ross, Swank, Ohmen, and Macvicar (1948) studied the reproduction 

and lactation performance of female rats fed a practical swine ration 

composed of corn, soybean meal, 5 percent alfalfa meal and all known 

B-complex vitamins, cod liver oil and minerals. Supplements tested 
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included Wilson's 1:20 liver concentrate powder, alcohol fractions of 

this liver powder, injectable liver extract (Lederle), alfalfa leaf 

meal, alcohol fractions of alfalfa meal, vitamin-free test casein, fish 

solubles and anthranilic acid. The active factor needed for optimum 

reproduction and lactation was found to be present in Wilson's 1:20 

liver powder and in fish solubles. Vitamin-test casein was found to 

support normal reproduction but was inadequate for la~tation. 

The work of Cary and Hartman (1946)0 and Ross et al. (1948) as 

well as other similar investigations in various laboratories indicated 

that the rat-nutrition factor in liver, Factor 00X" 0 was possibly x-elat

ed to the animal protein factor necessary for poultYy and swine, and 

the antipernicious anemia liver facto~ essential for human patients. 

In the spring of 1948, Rickes et al. (1948), in the United States 

and E. L. Smith and co-workers (1948) in England announced, independ

ently, that small quantities of a red crystalline compound-vitamin a12 

or crystalline antipernicious anemia factor had been isolated from 

liver extract. 



ANTIBIOTICS 

Cunha and ·co-workers · ·(1949), ·using a corn-peanut: meal ration·~· dem

onstrated a difference in the response of growing swine to vitamin a12 

concentrates, and concluded that the concentrate prepared by Lederle 

Laboratories from a Streptomyces aureofaciens fermentation contained 

vitamin a12 plus some other factor or factors. 

Jukes, et al. (1950) reported that the antibiotic aureomycin was 

a constituent of the Lederle APF supplement and that in pure fo:rm au

reomycin would produce a growth response in pigs. 

Since the announcement by Jukes and eo-\\r6rkers ·t.hat ,, a.ureomycin sup

plementation resulted in a growth response in pigs, research in this 

field has been extensive. 

Braude, Wallace, and Cunha (1953) have thoroughly summarized re

search on the use of antibiotics in swine rations. 

8 



PART I 

REPRODUCTION AND LACTATION PERFORMANCE OF SOWS 
FED CORN=SOYBEAN MEAL RATIONS 

A. The value of supplementatioRl with vitamilr1s 9 mineirals 8 antibiotic s 

and crude sou~ces of unknowm factors . 

Expe:rimellltal 

Five expeir.imiaillts invohrirng a total :of 136 gHU a!l'ld sows all1d 608 

weaned pigs are iriapoirted. The basal r atimns fed duirh1g gies tatiol!l aind 

lactation in each of the experiments are shown in Tabl e 1. Supplements 

added to the :rations a:re shown illl Tabllc'S 20 3o 4 0 5 0 a:nd 6. Live·!' and 

lung meal and fish solubles were added to the experimental :rations at 

the expense of the soybean meal on the basis of nitlt'\Ogen equiv:ale-Me. 

All othel' supplements we.1!:'ie added at the e:,(l)ai:rne of the el!lti:te ratiorJ. 

All gilts were confined to concirete pens from time of weaning and fed 

a ration simila~ in composition to those snowin in Table 1 but adjusted 

for increased protein ire.quilt'emeint. Firom bireedh1g th:rough laictation 0 

all e:icperimental animals "Weit'~ fed the val'ioudy supp].,em®illted :rations 

and were confined to rcolllcl!'etie p.ans ulll:h~ss otheirwise indfoated. A:nimah 

an~e. 

Gilts amd sows weire hand- fed duirimg ge$tation and fo~ tem days fol-

lowing falI'rowing u but duiri!llg the 1·1::maimdeir of ihe sutkling peirfod0 all 

sows and li tteirs were aUo~d Mice-ss to self fesdeirs. A small portion 

of cleam soil was kept befol!'e the sucklh1g pigs at all times as an 
/ 

I 

anemia,-preventi 'lfe measuire. The pigs wa:re wac(Cinated for cholera (double 

9 
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immunization) at four weeks of age; castrated at six weeks of age; and 

weaned and weighed at 56 days of age. Sows and litters were sprayed 

periodically with benzene hexachloride for the control of lice and mange. 

The data were subjected to an analysis of variance (Snedecor, 1946). 

TABLE 1 

Basal Rations Fed During Gestation and Lactation Periods 

Ingredients 

Ground yellow corn 
Expeller soybean meal (Staley) 
Alfalfa meal, 17% dehydrated 
Ground limestone 
Steamed bone meal 
Salt 
Iodized salt1 2 
Crude carotene concentrate 

Expt. 1 
Percent 

82.85 
11.00 
5.00 
0.65 

0.50 

Expt. 2 
Percent 

82.85 
11.00 
5.00 
0.65 

Expts. 3, 4, & 5 
Per~ent 

82.00 
11.00 
5.00 

1.50 
0.50 

o.so 
6000 I.U. per lb. 

!Potassium iodide was mixed with salt to supply 0.014 percent 
iodine in the salt. 

2The crude carotene concentrate was supplied by Valley Vitamins, 
Inc., McAllen, Texas, and contained 17v500,000 I.U. of carotene per lb. 
of material. 

Experiment 1 (Spring, 1948) 

Twenty Hampshire weanling gilts which had suckled sows allowed ac-

cess to pasture were used in this experiment • . The gilts· were bred to 

either a Poland China or Chester White boar. 

Experiment 2 (Fall, 1948) 

Thirteen Duroc and five Chester White gilts which had suckled sows 

allowed access to pasture were used. At weaning they were confined to 

concrete pens and used in a growing-fattening experiment in which a corn 

ration supplemented with either soybean meal, tankage, or meat and bone 

scraps was fed. In addition, six yearling Hampshire sows from Experjmentl 
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that had produced one previous litter and had been fed corn-soybean meal 

rations since weaning were divided into lots of three sows each. All 

gilts and sows were fed the basal ration for 60 days prior to breeding. 

They were bred to a Poland China boar. 

Experiment 3 (Spring, 1949) 

Four Duroc gilts and at least one crossbred gilt were placed in 

each of Lots 1, 2, and 3. The Duroc gilts had suckled sows allowed ac

cess to pasture but at weaning time were confined to concrete pens and 

used in a growing-fattening experiment and fed corn rations supplement ed 

with either soybean meal, tankage, or meat and bone scraps. The dams 

of the crossbred gilts had been confined to concrete pens and had been 

fed a corn-soybean meal ration during gestation and lactation. The cross

bred gilts were fed a corn-soybean meal r ation during g~owth. Sixteen 

sows from Experiment 2 were retained for Lots 4, 5o 6, and 7 of Exper i

ment 3. All experimental animals were fed the basal ration for 45 days 

prior to breeding. The test rations were fed at the beginning of the 

breeding season and continued until the pigs were weaned. All gilts 

and sows were bred to a Duroc boar. 

Experiment 4 (Fall, 1949) 

Nineteen crossbred (Poland China x Duroc) gilts produced by the 

Duroc gilts in Experiment 2 and confined to concrete pens during their 

entire life were used in this trial. The gilts had been fed a ration 

of the same components, but in different propor tions, as the basal 

during growth. In addition, nine sows from Lots 1, 2, and 3 of Exper i ~ 

ment 3 were retained for this test. All gilts and sows were bred to a 

Duroc boar. The concrete pens of Lot 2 were washed daily in o~der to 

keep·~.coprophagy to a minimum. The other pens were washed twice weekly. 
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Experiment 5 (Spring, 1950) 

Twenty-four gilts produced by the Duroc gilts in Experiment 3 and 

confined to concrete pens since birth were used in this trial. The gilts 

had been fed a ration composed of the same ingredients as the basal ra

tion during growth. In addition, eight crossbred sows from Experiment 4 

were used in this test. The concrete pens of each lot were washed daily. 

Results and Discussion 

Experiment 1 

The data of Experiment 1 are shown in Table 2. An extremely high 

percentage of deaths occurred in most litters. Practically all of the 

pigs exhibited vomiting and diarrhea. Within a few hours the pigs became 

weak, emaciated, dehydrated, and developed a rough hair coat. The pigs 

generally nursed until they became too weak to stand, then went into 

coma, and died. The most consistent autopsy findings were gastroenter

itis, congested mesenteric blood vessels, yellowish curd in the stomach, 

and urate deposits in the kidneys. A typical litter is shown in Figure 

1. The percentage of pigs weaned of those born alive was not satisfac

tory in any lot, although 66.7 percent of the pigs born alive of those 

gilts fed alfalfa silage (Lot 2) were weaned. The pigs that survived 

had rough hair coats, rough skins, and appeared unthrifty. The exact 

cause of high mortality on all rations was not established although it 

was assumed to be an infectious type of enteritis. High incidence of 

mortality was observed by Ross et al. (1942, 1944) and Krider and others 

(1946a) when sows were fed corn- soybean meal rations. However, similar 

symptoms and high death losses have been attributed to other causes by 

Doyle and Hutchings (1946). 



Fig . 1-A typical affected litter. These pigs were 3 days old when the picture was taken . Of th, 
litter of 9, 2 d ied before the picture was taken and all of the othe rs died the following day. 

13 
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The sows of Lot 2 fed alfalfa silage ~~aned a !lllCh higher percent-

age of the pigs that were born alive; and in addition, the pigs were 

considerably heavier at weaning than those of Lot l, whose dams were 

fed the basal ration. However, one sow in Lot 2 farrowed twelve dead 

pigs. Stillbirths and resorptions were observed in all lots. 

Lot 

1 

2 

3 

4 

5 

6 

TABLE 2 

Experiment 1, Spring, 1948, Rations and Results 

No. 
Sows 

Ration per 
Lot 

Basal 5 

Basal./, Alfalfa 4 
silage ad lib. 

Basal./, buttermilk,~ 4 
gal. per gilt per day 

Basal~ 3% liver and 4 
lung meal 

Basal ./, liver extract1 2 

Basal .f.2cut green rye 1 
forage 

No. 
Sows 
Far-
rowed 

3 

3 

3 

4 

2 

1 

Percent 
Weaned of 
Pigs Born 

Alive 

16.7 

66.7 

27.3 

0.0 

38.9 

16.7 

No. 
Pigs 

Weaned 
Per Sow 

1.0 

3.3 

2.0 

0.0 

3.5 

1.0 

Average 
Weaning 
Weight, 
Pounds 

19.8 

26.6 

21.5 

23.7 

7.5 

1 Two cc. (30 U.S.P. injectable units) of Lederle's antipernicious 
anemia liver extract solution were injected intramuscularly per week into 
each gilt in Lot 5. 

2 
The freshly cut green rye forage was fed ad lib. 14 days before far-

rowing and during lactation. 

Experiment 2. 

The data of Experiment 2 are shown in Table 3. Iodine and carot,ene 

were added to the basal ration because the incidence of stillbir ths and 

resorptions observed in Experiment 1 suggested that the ration might 
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be deficient in these nutrients. Gilts (Lot 1) and sows (Lot 7) confin

ed to concrete pens and fed the basal ration weaned 84. 6 and 81. 5 per

cent, respectively, of the pigs born alive. These livability figures 

~re in direct contrast to those obtained in Experiment 1. Gilts con

fined to a dirt p.en (Lot 5) and fed the basal ration weaned more pigs 

than those confined to a concrete peno Gilts (Lot 2) and sows (Lot 8) 

fed the basal ration supplemented with fish solubles weaned 96.9 and 

93.3 percent, respecti·v-ely, of the pigs born alive. Gilts fed the bas

al ration supplemented with 10 percent alfalfa meal (Lot 3) or injected 

with liver extract (Lot 4) weaned a lower percentage of the pigs born 

alive; but, because larger Ii tters were farrowed, they weaned more pigs 

per litter than gilts fed the basal ration (Lot 1). 

The weaning weights of the pigs in all lots were considered sub

optimal. The use of liver extract (Lederle) or fortification of the 

basal ration with either 4 percent fish solubles, 10 percent alfalfa 

meal, or 0.5 percent B12 supplement No. 1 (Merck) did not significantly 

increase the weaning weights of ,the pigs from gilts. Differences in 

weaning weights among lots were not statistically significant. How

ever, the average weaning weights of pigs suckling sows fed fish sol

ubles were greater than those suckling sows fed the basal ration. 

Many of the gilts and sows of this experiment were lame. One 

gilt in Lot 5 died. Fracture of the vertebrae was found upon post

mortem examination, suggesting a possible calcium and/or phosphorus de

ficiency. 



Lot 

Gilts 

1 

2 

3 

4 

5 

6 

7 

8 

TABLE 3 

Experiment 2, Fall, 1948, Rations and Results 

Ration 

Basal 

Basal I- 4J fish 
solubles 

Basal I- 10% 
alfalfa meal 

Basal I- inject~ble 
liver extract 

Basal3 (in dirt 
lot) 

Basal I- 0.5% Merck's 
s12 supplement4 

Basal 

Basal I- 4% fish 
solubles 

No. 
Sows 

per 
Lot 

4 

4 

4 

3 

2 

l 

3 

3 

No. 
Sows 
Far
rowed 

3 

4 

2 

2 

2 

l 

3 

2 

Percent 
Weaned of 
Pigs Born 

Alive 

84.6 

96.9 

72. 7 

75.0 

100.0 

100.0 

81.5 

93.3 

No. 
Pigs 

Weaned 
Per Sow 

7.3 

7.8 

8.0 

7.5 

8.0 

7.0 

7.3 

7.0 

16 

Average 
Weaning 
Weight, 
Pounds 

19.8 

22.8 

20.9 

20.2 

21.2 

22.1 

21.5 

26.0 

1 Fish solubles were obtained from James H. Seley and Co., Los 
Angeles, California. 

2 Two cc. of Lederle's antipernicious anemia liver extract solution 
were injected intramuscularly per week into each gilt in Lot 4. 

3 One gilt died due to fracture of vertebrae. Pigs were removed from 
gilt 7 days prior to weaning date. 

4 Merck's B Supplement No. 1 was a mixture of crude B concentrate , 
charcoal and soybian flour which, according to the manufactul~r, had a 
812 activity of about four times that of fish solubles. 
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Experiment 3 

The good survival rates obtained in all lots of Experiment 2 con

trasted with those of Experiment 1 suggested the possibility that in 

Experiment 2 the addition of iodine or the crude carotene concentrate 

in the basal ration might have been beneficial. One phase of Experi

ment 3 was designed to study specifically the supplemental effects of 

iodine and vitamin A. A surmnary of results is given in Table 4. The 

addition of iodine, or iodine plus vitamin A, to the basal ration 

failed to improve the reproduction and lactation performance of gilts. 

In this experiment, the survival rates were excellent but the weaning 

weights were suboptimum. No appreciable differences were observed in 

the weaning weights or survival rates among the pigs suckling sows in 

Lots 4, 5, 6, and 7. Differences in weaning weights among lots were 

not statistically significant. 

The addition of 1.5 percent steamed bone meal to the rations result

ed in less lameness than was observed in Experiment 2. This suggests 

that the basal ration fed in Experiments 1 and 2 may have been sub

optimal in calcium and/or phosphorus. 

Experiment 4 

The data of Experiment 4 are presented in Table 5. In this experi

ment the sows and gilts of the lot fed the basal ration raised more 

than 80 percent of the pigs given them to suckle. The performance 

of the gilts and sows fed an identical ration but confined to pens 

which were washed daily 0...ot 2) was definitely inferior to the per

formance of those confined to pens washed twice weekly. Since it was 

observed in all experiments that the confined animals occasionally 

consumed a portion of their droppings, it may be that coprophagy is 
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TABLE 4 

Experiment 3, Spring, 1949, Rations and Results 

No. No. Percent No. Average 
Sows Sows Weaned of Pigs Weaning 

Lot Ration per Far- Those Given Weaned Weight, 
Lot rowed To Raisel per Sow Pounds 

Gilts 

l 

2 

3 

~ 

4 

5 

6 

7 

Basal 

Basal ~ iodine 

Basal~ iodine 
vitamin A 

Basal~ iodine 
vitamin A 

Basal~ iodine 
crude carotene 

~ 

~ 

~ 

6 

5 

5 

4 

4 

Basal~ iodine~ vita- 4 
min A~ 4% fish solubles 

Basal~ iodine~ vita- 4 
min A~ Merck's B12 
Supp. No's. 1 and 2 

5 

3 

5 

4 

4 

4 

92.5 

95.5 

92.1 

96.9 

87.5 

95.83 

100.0 

7.4 

7.0 

7.0 

7.8 

7.0 

7.7 

7.0 

22.2 

21.2 

21.6 

23.4 

26.9 

24.9 

23.1 

The supplements indicated were fed as follows: Iodine - Potassium 
iodide was mixed with salt to supply 0.014 percent iodine in the salt. 
Vitamin A·- supplied in form of halibut liver oil secured from Thompson 
Hayward Chemical Co., added to the feed to supply 6000 I.U. of vitamin A 
per pound of feed. Crude carotene concentrate= added to the feed to sup
ply 6000 I.U. of carotene per pound of feed. Merck's B12 concentrate No. 
1 - fed at a rate of 0.5 percent. No. 2 was fed at a rate of 1.25 percent. 
No. 2 was used because an insufficient supply of No. 1 was available to 
complete the trial. No. 2 was a Fuller's earth adsorbate containing soy
bean meal as a diluent which, according to the manufacturer 0 had an activ
ity of 1.7 ganuna of B12 per gram of material. 

1 This refers to the number of pigs actually charged the sow to raise . 
All litters were decreased to 8 pigs at 5 days of age. Example: if a sow 
farrowed 10 live pigs, the number of pigs was reduced to 8 and she was 
charged with raising 8 pigs. If a sow farrowed 6 live pigs and one died 
2 days after farrowing, the sow was charged with raising 6 pigs. 

2 One sow died of unknown causes. All pigs in this litter died. 
3 Based on number of sows that completed the experiment. 
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a factor of major importance in such studies. It has been reported that 

a factor(s) is present, under favorable environmental conditions, in the 

feces of certain species of animals which will increase growth of rats 

and chicks, and increase 1hatchability of the eggs from the hens fed a 

corn-soybean meal ration. The climate of Oklahoma is such that micro-

bial growth could continue in the feces for considerable period of 

time after defecation. Such an environment may not exist in more north-

erly states during the early spring and late fall farrowing seasons. 

TABLE 5 

Experiment 4, Fall, 1949, Rations and Results 

Lot Ration 

1 Basal - pens washed 
twice weekly 

2 Basal - pens washed 
daily 

3 Basal~ 4% fish 
solubles 

4 Basal~ 0.5% Merck's 
B12 supplement 32 

No. 
Sows 

per 
Lot 

8 

7 

7 

6 

No. Percent 
Sows Weaned of 
Far- Those Givin 
rowed To Raise 

6 82.6 

7 59.2 

5 94.7 

4 96.2 

No. Average 
Pigs Weaning 

Weaned Weight, 
per Sow Pounds 

6.3 24.4 

4.1 21.9 

7.2 19.2 

6.3 28.8 

1 This refers to the number of pigs actually charged the sow to raise. 
All litters were decreased to 8 pigs at 5 days of age. Example: if a sow 
farrowed 10 live pigs, the number of pigs was reduced to 8 and she was 
charged with raising 8 pigs. If a sow farrowed 6 live pigs and one died 
2 days after farrowing, the sow was charged with raising 6 pigs. 

2 A Fuller's earth adsorbate which, according to the manufacturer, 
had an activity of 12.5 mg. of vitamin B12 per pound. 

There were highly significant differences in weaning weights among 

the four lots. The gilts and sows fed fish solubles (Lot 3) raised more 
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pigs than gilts and sows fed the basal ration (Lot 1). Contrary to the 

results obtained in Experiments 2 and 30 the weaning weights of pigs 

suckling gilts and sows fed fish solubles were lower than those of pigs 

suckling gilts and sows fed the basal rations. This difference may 

have been due to the larger number of pigs suckled by the gilts and 

sows fed fish solubles. 

The sows fed Merck's B12 Supplement No. 3 (Lot 4) weaned a higher 

percentage of pigs than those fed the basal ration. The pigs were also 

heavier at 56 days of age. These results are in agreement with those 

reported by Van Poucke 1 et al. (1950) and by Anderson and Hogan (1950). 

The pooled average survival rate of 78 percent obtained on the bas

al rations in Experiments 20 30 and 4 was considerably higher than those 

reported by Ross et al. (1944) 0 Cunha et al. (1944) 0 and Krider et al. 

{1946a). They employed basal rations that were similar to those fed 

in these experiments. No logical explanation is available for these 

differences. The previously mentioned climatic conditions at this ex

periment station might have favored synthesis of a missing factor in 

the droppings. 

Experiment 5 

DuTing this experiment an infectious type of digestive disturbance 

was encountered. Diarrhea was evident in sows and pigs in all lots. 

The diarrhea was less severe in sows and pigs fed the basal ration 

plus B-vitamins (Lot 2) and the AfF supplement containing vitamin B12 

and aureomycin (Lot 4) than in the other lots. 

The lactation performance of gilts and sows was unsatisfactory in 

all lots. Mortality was extremely high among pigs suckling sows fed 

the basal ration 0..ot 1) and basal ration supplemented with riboflavin, 
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niacin, calcium pantothenate and vitamin s12 {Lot 3). The infectious 

type of digestive disturbance was considered the primary cause of ex

cessive death losses rather than inadequate nutrition of the sows and 

pigs. Although the gilts and sows fed the basal ration plus B-vitamins 

{Lot 2) weaned about as many pigs as those of Lot 4, the average wean-

ing weight was 8.5 pounds less than that of the pigs raised by the sows 

of Lot 4. In addition, many of the pigs in Lot 2 died shortly after 

weaning. The results of Experiment 5 are given in Table 6. 

TABLE 6 

Experiment 5, Spring, 1950 , Rations and Results 

No. No. Percent No. Average 
Sows Sows Weaned of Pigs Weaning 

Lot Ration per Far•0 Those Givin Weaned Weight, 
Lot rowed to Raise per sow Pounds 

1 Basal 8 7 39.2 2.9 17.9 

2 Basal f B-Vitamins2 8 6 73.8 5.2 18.9 

3 Basal~ V-Bitam!ns ~ 8 5 34.6 1.8 23.1 
s12 supplement 

4 Basal~ B-Vitamins f 
B12 and aureomycin4 

8 8 73.4 5.9 27.4 

1 This refers to the number of pigs actually charged the sow to raise 
All litters were decreased to 8 pigs at 5 days of age. Example: If a sow 
farrowed 10 live pigs, then the number of pigs was decreased to 8 and she 
was charged with raising 8 pigs. If a sow farrowed 6 live pigs and one 
died 2 days after farrowing, the sow was charged with raising 6 pigs. 

2 Supplements were added as follows: Riboflavin, 2.5 mg. per lb. of 
feed; nicotinic acid, 15 mg., and calcium pantothenate, 10 mg. 

3 Fed at the rate of 0.5 percent of the ration as a source of s12• 

4 Fed at the rate of 1.0 percent of the ration as a source of s12 and 
aureomycin. 
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The weaning weights of the suckling pigs in all lots were suboptimum. 

Pigs suckling sows fed the ration containing aureomycin (Lot 4) were heav

ier at 56 days of age and were thriftier and sleeker in appearance than 

pigs from the sows of the other lots. 

The occurrence of the digestive disturbance makes interpretation of 

the data difficult from the standpoint of nutritional adequacy of the ra

tions. It would appear that feeding sows a corn-soybean meal ration plus 

a-vitamins and a supplement containing vitamin a12 and aureomycin provid

ed considerable protection for the sows and their pigs against this dis

order. Suckling pigs were allowed access to the self-feeders, and it was 

observed that the pigs consumed some of the feed fed the sows of the re

spective lots. It is possible that the better appearance and heavier 

weight of the pigs of Lot 4 might have been due to the consumption of feed 

containing aureomycin. It has been demonstrated by Maddock et al. (1952) 

however, that sows fed aureomycin secrete some of this antibiotic in the 

milk, which in this trial might have afforded some protection against di

gestive disturbances. 

Summary 

Data are presented concerning the adequacy of a corn-soybean meal 

ration, as well as the value of several supplements, for reproduction 

and lactation of the sow. The livability of pigs from sows of all lots 

fed corn-soybean meal rations in the spring of 1948 was very low; this 

was attributed to a severe digestive disturbance in the suckling pigs. 

Sows in the three subsequent experiments fed basal rations composed 

of ground yellow corn, expeller soybean meal, alfalfa meal, salt, and 

minerals weaned an average of 78 percent of their pigs. The weaning 

weights were considered suboptimal. 



Fortification of the basal rations with fish solubles increased 

survival rates of the young in all experiments and increased weaning 

weights in two out of three experiments. 
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The performance of gilts and sows fed the basal rations during re

production and lactation was as good as that of gilts and sows fed 

basal rations fortified with either 10 percent alfalfa meal~ iodine 9 

vitamin A, or B12 supplements No. 1 and 2 (Merck) or injected with liv

er extract (Lederle). 

Gil ts and sows fed a cor:n,.~soybean meal ration supplemented with 

B12 Supplement No. 3 (Merck) raised a higheir peli'centags of pigs than 

the sows fed the basal ration, and the pigs weighed slightly mo1re at 

weaning. 

Sows fed a corn=soybean meal ration and confined to pens which 

were washed daily. raised fewer pigs than sows fed the same ration but 

confined to pens which were washed twice per week. Slightly lower wean

ing weights were also obtained. Sows confined to a di:rt pen durL:ig the 

experimental period raised a higher percentage of pigs than sows con= 

fined to a concrete pen. These differences may have been due to the 

sows obtaining a factor(s) from the d:roppings necessa.ry for no:rmal re

production and lactation. 

Lameness of the gilts and sows was less prevalent when l. 5 percent 

steamed bone meal replaced O. 65 pei!'cent ground limestone ht the basal 

ration. 

The addition of aureomycin to the basal ration illl Expe::riment No. 5 

was beneficial in increasing su::r'lli val rates and Wl!'Ja;:1ing weights of t:iH? 

young. The beneficial effect of aureomycin supplementation might have 

been due to its therapeutic effe~t on an outbTeak of an infectious 
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type of digestive disturbance among the sows and pigs in Experiment 5. 

Of the 136 gilts and sows inyolved in the five experiments, 23 

failed to conceive or show signs of estrus. 



PART I 

B. The toxicity and nutritional adequacy of milk from sows suckling 

pigs showing symptoms of baby pig disease. 

Observations 

During recent years a high percentage of the death losses of pre

weaning swine have been attributed to the malady 19baby pig disease." 

Symptoms of pigs reported having the so-called 00baby pig disease0 are 

varied but, in general, have followed a rather definite pattern. It 

has been suggested that a toxic substance was present in the milk of 

sows nursing pigs having the disease. It had been also suggested that 

a deficiency of some nutrient or nutrients may occur in the milk of 

some sows, under certain conditions, causing the symptoms of the dis

ease. The object of this study was to investigate the possibility of 

the presence of a toxic substance or the lack of some dietary essential 

in the milk of sows nursing pigs having the disease by rat bioassay. 

In the spring of 1948, (Experiment 1, previously described), vir

tually all pigs from 16 gilts fed experimental corn-soybean oil meal 

rations developed symptoms sometime during the suckling pe?iod similar 

to those described by R. Graham et al. U 941) ; J. Sampson et al. Cl 942) ; 

L. L. Madsen et al. (1944); L. P. Doyle et al. (1946); G. A. Young, Jr. 

et. al. 0948). A high percentage of deaths occurred in most litters. 

The first noticeable symptoms were vomiting and diarrhea. Within a few 

hours, the pigs became weak, emaciated, dehydrated, and developed a 

rough hair coat. The pigs generally nursed until they became too weak 

to stand, then went into coma and died. The most consistent autopsy 

25 
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findings were gastroenteritis, congested mesenteric blood vessels, yel

lowish curd. in the stomach, and urate deposits in the kidneys, 

Experimental Procedure 

Milk samples were obtained from the lactating gilts by the intra

venous injection of 1 to 2 cc. of pitocin (Parke, Davis & Co.) as 

described by Whitehair et al. (1948), and Braude et al. (1947). Milk 

was collected during the period in which the most severe symptoms were 

noted in the baby pigs. 

Milk samples were frozen immediately in sealed containers. To 

test the milk for toxicity or for a deficiency of a nutrient or nutri

ents, the milk, supplemented with iron, copper, and manganese, was fed 

ad libitum to weanling rats. No water or food other than the milk was 

supplied to the rats. Milk was also obtained from a sow in a separate 

herd free of disease and was fed to a second group of rats; this sow 

raised 10 healthy pigs to an average weaning weight of 38 pounds. For 

purposes of comparison, a third group of rats was fed milk from a Jer

sey cow. Growth and physical appearance of the rats were used as a 

measure of toxicity and adequacy. 

Results and Discussion 

Tables 7 and 8 summarize the death loss data of the pigs from the 

16 sows. 

None of the rats (Table 9) exhibited any apparent toxic effects 

from the milk of sows nursing diseased pigs. Significant growth dif

ferences among the lots were not observed. Similar results were re

ported by Whitehair et al. (1948). The growth rates given in Table 9 

suggest that the supplemented milk from the experimental sows was 



nutritionally adequate for the rats. 

TABLE 7 

Mo:rtali ty 

Number of sows 

Number of litters boTn 

Number of pigs alive at birth 

Number of pigs that d:ie:d from bi:rth t.o weani~g 

Per{,;ent of pigs that died from bi:rth to wea:ni!i!g 

TABLE 8 

Age Death Occu~~e.d 

16 

16 

104 

78 

75 

Days from 
Birth until Death 

-rfu~· 
of Pigs 

·reru.ntage,_._ 
De8.th Loss 

1 - 5 

5 - 10 

11 -· 15 

16 - 30 

31 - 56 

Total 

44 

16 

10 

7 

l 

78 

56.4 

20.5 

12.8 

9.0 

1.3 

100.0 

--------------·-----.,_.~-=--~.--.:rm-:-~-=· 
TABLE 9 

Effect of Milk Fed Ad Lib:itum 1 
Suppl~mented with Izono Copper, and Mangan~se 

Source of Milk 
~:r--Weeks ... on° Pe:e~eila'u7' 

of Rats Expel!"iment Death Loss 

Jersey cow 

Control sow (raised 10 healthy pigs) 

Experimental sows suckling affected 

4 

3 

10 

4 

4 

4 

~__.P~i~9_s~------~--~--~ . .,_.--~---·w--~-----~----lr.~ -- -

30.3 

28.5 

30.7 
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Sununary 

A severe digestive disturbance occurred in suckling pigs from 16 

experimental sows. Symptoms observed were diarrhea, vomiting, emacia

tion, dehydration, rough hair, coma, and death. 

Seventy-five percent of the suckling pigs died before reaching 

weaning age and 56 percent of that number died at 5 days of age or 

younger. 

Toxic substances or nutritional deficiencies could not be demon

strated in the milk of sows nursing gvdiseased0c pigs 0 when the milk was 

fed to rats for a period of four weeks. 



PART II 

A STUDY <F TIE CIEMICAL C<lt!POSITIOO <F SWINE MILK 

Introduction 

Knowledge of the nutritive properties of sow' s milk is limited. 

It is necessary that we know more about the relationship between baby 

pig losses and properties of the damvs milk. Information is needed on 

the effects of ration, season, breed, and age on the nutrient content 

of sow's milk. Such information would be very valuable for compound

ing formulas for artificial rearing of pigs or for providing supple

ments for suckling pigs. 

This portion of the thesis was previously published in the form 

of t~o journal articles in the Journal of Nutrition. These articles 

are reproduced here verbatim. 

A. Major constituents and carotene. vitamin A and vitamin C 

Because milk is the principal source of nutrients to the young 

during the lactation period, its major constituents have been deter

mined for many species of animals. Until recently it has not been pos

sible to obtain satisfactory milk samples from sows for chemical analy

sis. The stimulatory effect of injections of the oxytocic principle 

of the pituitary. however, has provided a means whereby representa

tive samples of tbe whole milk can be readily obtained. Using such a 

technique, Braude et al. ('47) were able to obtain samples adequate for 

analysis, and the results of their investigations constitute the first 

reliable information on the composition of the milk of this species 

29 
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following a complete milking. More recently 9 Bowland and others ('49a, b) 

have studied the effect of the plane of nutrition on the composition of 

swine colostrum and milk. 

In the course of an investigation at this station on the relation 

of nutrition to the reproduction and lactation perfonnances of swine, 

samples of milk were collected to determine its chemical composition 

and nutritive value. It was found by Heidebrecht~. (0 50a) that 

rats made excellent growth on milk from sows that failed to raise a 

satisfactory number of pigs to weaning. 

This paper reports the percentages of maj 01· cons ti tuerits and. the 

levels of vitamins A and C in milk from sows of several breeds fed a 

variety of rations. 

Expe:dmental 

Matei:ials 

An experiment designed to study the reproduction and !.ac tat:io111 

performances of sows confined to ieoncrete pens and fod val'ious rations 

has been reported by Heidebrecht ~l. al. {0 50b). For the pTe$ent work 

the milk was collected from the sows in experiments l. 2, and 3 of this 

study. 

Colostrum and milk samples were obtained for chemical analysis in 

the spring of 1948 (experiment .l) f1·om 15 Hampshire giJtE p!'oduciijg 

their first litters and ons Duroc sow producing he:r third litte!'. I:n 

the fall of 1948 (experiment 2) milk S3111p l e s were collected f r om 9 

Durocs, 5 Chester Whites. and 5 Hampshires producing thei~ fi rst or 

second 1i tters. In experiment 3, the effect of vitamin A at1d ca'.!ote!n\'S 

supplementation of the :ration upon the vitamin A ccmtent of the mil!< 

was studied. Milk samples were obtained on the 5th and 25th days of 
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lactation fron1 10 Duroc and three ct·ossb:red gilts, and 4 Hampshi!'e, 3 

Chester White and 8 Duroc sows. A detailed a.ccount of the methods of 

management, rations fed, and :reproduction and lactation performances 

of the sows in each experiment has been given by Heidebrecht et al. 

(' 50b) • 

Colostrum was obtained during parturition by manual expression of 

the udder. Milk samples were obtained on the 5th, 15th, and 55th days 

of lactation by manual expression following intravenous injection of 

1 to 2 ml of pi tocin. 2 The sows we:re ~~epa!'ated f :rom the pigs fo :r a 

period of approximately two hou~rs p·do:r to milki:ag. The samples iv-::n·e 

obtained by complete ly milkh1g the e!ltire udder. Carotene, vitamin A, 

and ascorbic acid determinations wera made as soor1 as possible after 

sampling. The remai ning port.ion of the sample was quick- f:roze in in seal~ 

ed containers and analyzed later for total solids, solids- not-fat, fat, 

protein, ash, thiamine v r5.boflavi rt, niacin, and pa;;i. tothe:.li :c acid. Col-

ostrum samples were not analyzed for maj o:r co:nsti tue in ts. The B-·vi tami :-i 

content of the colostrum antl milk will be :.repo·.rted in a sub~equent pa .. 

per. 

The following analytical methods we:re emp1oyed in this stud.y: tC',~ 

tal solids, solids-not-fat, an.d ash were dete:rmined by the A.O.A.C. 

methods i fat by the Moj onnier extraction procedut'e ; pr:>tein by the 

Kjeldahl method 1 the valu~ for nit!'oge n being mu h ip1ied by !he. .fac t()!' 

6. 38i carotene and vitamin A by a s light modifi cation of the method 

of Boyer et al. (t44) ; a nd aseo:rbiv:: a11:: id by ti t. :r.:. t io ,1 cf a p:-otef.1, 0 , 

free filtrate with a 2~ 6 dichloro--·phenol···indophenol solutic 1i1. 

Results and Distuss ion 

The average values obtained .for tota l soJJds v fats. solids,:·ttot 
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fat, crude protein, ash, carotene, vitamin A, and ascorbic acid are 

given in Table 1. 

TABLE 1 

Composition of Swine Milkl 

Colostrum 5th Da;:r: 15th Da;:r: 55th Da.I,.._. 
Component Mean St.Dev. Mean St.Dev. Mean St.Dev. Mean St.Dev. 

Solids 20 2.0 19 1.9 20 2.2 
(%) 

Solids-not-fat 11 0.7 11 1. 4 13 2.0 
(%) 

Fat (%) 9 1. 7 8 1.5 7 0.9 

Crude protein 6 0.8 5 0.6 7 0.9 
(%) 

Ash (%) 0.9 0.09 0.9 0,09 1.3 0.05 

Vitamin A 132 70. 7 33 19.l 22 6.2 19 6.6 
(mcg/100 ml) 
Vitamin C 19 7.0 13 4.0 11 2.0 11 2.6 

(mg/100 ml) 

1 A minimum of 22 observations was used in computing the mean 
values and standard deviations in the above table. 

Major Constituents 

In comparing the total solid conte!llt of the samples collected on 

the 5th, 15th, and 55th day postpartum, the 15th day sample contained 

the lowest percentage of total solids, protein, and carbohydrate. The 

fat content decreased throughout lact at i on, while the ash inc~eased 

from 0.9% on the 5th to 1.3% on the 55th day. The composition of the 

milk compared closely with that reported by Braude £1.J!.L.. ('47). The 

protein values were slightly lowe:r than those repo1ct ed by Bowland .IU 

ll• ( '49b) • 

The mean fat values of the milk were slightly higher than the 

values reported by Bowland et al. ('49a) and Hughes and Har t ('35). 



The values reported by the latter workers were based on the Minnesota 

Babcock method of analysis, whereas the Mojonnier fat extraction meth

od was used in this study. Bowland et al. ('49a) reported that the 

Mojonnier method resulted in slightly higher fat values than the Bab

cock method of analysis. 

Carotene 

Carotene analyses were made only during Experiment 1. 1948. The 

quantity of ether-soluble yellow pigment (as S..ca~oteme) varied from 

0 to 8. 9 meg. per 100 ml. In a majo:ri ty of mUk samples 110 measurable 

amount of pigment was present. 

Vitamin A 

The vitamin A content of the sows' colostrum was high; a ma~ked 

decrease occurred, however, by the 5th day of lactation and a gradual 

decrease was noted from the 5th to the 55th days of lactation. The 

vitamin A value for colostrum from sows in the spring (Experiment 1). 

117 mcg.per 100 ml, was lower than during the fall (experiment 2)o 145 

mcg. per 100 ml. This is of interest because the sows im the fall 

(experiment 2) received a crude carotene concentrate at the level of 

6,000 I.U. per pound of feed. However, for the milk, the values found 

in the spring and fall were not consistently different. 

The vitamin A content of colostrum and milk found by us was simi

lar to that reported by Braude et al. ('46, '47) and by Bowland et al. 

('49a,c). 

Supplementation of the basal ration with carotene concentrates 

and vitamin A during Experiment 3 afforded an opportunity to study the 

effect of such supplementation on the vitamin A content of colostrum 

and milk. The animals were fed, in addition to the carotene in the 
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basal ration, 6,000 I.U. of either vitamin A (high0 •pote?!CY fish live!' 

oil) or carotene (crude carotene concentrate prepared from alfalfa) per 

pound of feed. The results of the analyses are presented in Table 2. 

Supplementation with either carotene or vitamin A was without effect 

on survival or weaning weights of young from th<;se sows. 

TABLE 2 

The Effect of Carotene and Vitamin A Supplementation of the Ration 
on the Vitamin A Content of Sow's Milk _____ , _________________ :...---..~. 

Vitamin A 
Ration Lot 

No. 
No. of 

Samples 
5th day =- 25th da,y . 

Mean St.Dev. Mean St.Dev. 

Gilts--lst lactation 

1 Basal 

2 Basal .J. iodine 

3 Basal >L iodine 
.J. Vitamin A 

5 

3 

5 

Sows--2nd and 3rd lactations 

4 Basal .J. iodine 4 
/. Vitamin A 

5 Basal .J. iodine 4 
/. carotene 

6 Basal .J. iodine 3 
t Vitamin A~ fish 
solubles 

7 Basal .J. iodine ·~ 4 
Vitamin A ,!. Merck's 
APF' supplements l 
and 2 

Average for all gilts and sows 

No Vitamin A supple,~ 8 
mentation 

Vitamin A supple- 16 
men ta ti on 

Carotene supple- 4 
mentation 

19 

15 

43 

58 

30 

37 

60 

18 

50 

30 

mcg/100 ml 

4.7 

2. 7 

8.0 

20.7 

7.1 

5.1 

15.3 

4.6 

15.7 

7.1 

13 

14 

30 

28 

20 

35 

34 

13 

31 

20 

0.9 

2.6 

7.1 

8. 2 

6. 2 

9. 7 

8.3 

1. 7 

7.7 

6.2 
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Milk from gilts and sows fed additional ·1ritamin A was approximat

ely three times higher in vitamin A on the 5th day, and twice as high 

on the 25th day, than milk from sows fed the unsupplmented rations. 

Milk from sows fed carotene was higher in vitamin A than milk from sows 

fed only a basal ration but lower than that of sows fed the pYeformed 

vitamin. Bowland et al. ( 049c) reported that sows on pasture produc

ed milk higher in vitamin A than sows in dry lot. Schofield et al. 

('42)reported that the feeding of massive doses of vitamin A to sows 

late in pregnancy increased the vitamin A comtent of the colostrum. 

Ascor bi~ Add 

Swine colostrum was found to contain very large quantities of 

ascorbic acid, 19 mg/100 ml. The vitamin C content had declined by 

the 5th day of lactation to 13 and was stabilized at U in subsequent 

collections. These conicentrations are greatly in excess of those found 

in the colostrum or milk of other domestic animals. They are . howeve~. 

in close agreement with the values reported by Braude et al. (047). 

Effect of Ration, Breed. and Age 

It was not possible to demomstrate any correlation between the ra

tions fed and the total solids, solids-not-fat. fat, protein. ash or 

ascorbic acid content of the milk. Considerable individual variation 

existed between animals within a given treatment, howevero and this 

may have obscured succh effects. Supplemellltation with ~i the?' vi tam.ht A 

or carotene increased the vitamin A content of both colostrum and mflk. 

No consistent differences in composition with respect to breed were 

found; but again, considerable individual variation within a given 

breed was noted. 



Gilts and sows of one and two years of age we re used in t he se 

studies. Examination of the data failed to reveal any cor re l ation 

between the composition of the milk and age or number of previous 

lactations. 

Summary 
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Samples of swine colostrum and mi lk were collected and analyzed 

for total solid, solids=not=fa t , pr otein, ash, carotene 0 vitamin A,fat o 

and ascorbic acid content . The mean values f o:r t he p.r i.nci pal con= 

stituents on the 5t h, 15th, and 55th days of h.c t aticn , re spectively , 

were, in pe r centage figures: tptal solid s, 20, 19, 20; solids=not= 

fat, 11, 11, 13; fat, 9, 8, 7; pr otein, 6, 5, 7; ash, 0.9 0 0.9, 1.3. 

The mean vitamin A content was, in micr ograms per 100 ml : colostrnm, 

132; milk 5th day, 33; 15th day, 22; and 55t h day, 19. Swine colos= 

trum and milk contained essentially no carotene. The mean ascorbic 

acid content was, in milligrams per 100 ml: colostrum, 190 milk 5th 

day, 13; 15th day, 11; and 55th day, 11. 

No correlation between the composition of milk and b1·eed o:r age 

was found. Supplementation of the rat .ion with mat erials presumably 

containing unknown factors was without ef'fec t . Addition of vitami n A 

or carotene, however, produced an increase in the vitamin A content 

of colostrum and milk . 



PART II 

B. Thiamine, riboflavin, niacin and pantothenic acid content. 

Recent studies of the composition of milk have p~ovided informa= 

tion concerning the B=complex vitamin content. of the colostrum and milk 

of dairy cattle Q.awrence, Herrington and Maynard 0 '46; Pearson and 

Darne 11, '46), goats (Holmes .e..t al. 0 '45) 0 sheep (Pea:r son and Dame 11 0 

'46) and humans (Coryell et Q.l., '45~ Roderuck0 Williams and Macy . '450 

and Roderuck, Coryell. Williams and Macy. '45). Only fragmentary data. 

concerning the composition of swine milk were available prio:r to t he 

extensive investigations of Braude ~. ('47). 

In the course of investigations in progress at this station 

(Heidebrecht il a! •• '50) samples of colostrum and milk from sows and 

gilts were collected. Advantage was taken of this opportunity to de= 

termine the thiamine, riboflavin, niacin and pa~tot henic acid content 

of swine milk. A summary of the principal results of these analyses 

for two successive lactations (spring and fall) is presented in the 

present paper. 

Experimental 

Materials 

The methods of management and feeding of the experimental animals 

have been previously described (Heidebrecht et al •• '51b) . The methods 

of collecting the samples of colostrum and milk were t 'hose described 

in the previous paper of this series (Heidebrecht e t a.l., '51a). A 

portion of each milking was frozen and maintained at =14°G. until 

analyzed. 
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Methods 

Total thiamine was determined essentially as described by Hod son 

('45). A 10 ml sample of milk was digested with takadiastase at pH 

4. 5 for three hours at 50°c., clarified with trichloroacetic acid and 

filtered. The thiamine was oxidized to thiochrome. ext racted with 

isobutanol and fluorescence measured with a Coleman photofluorometer 

using an internal standard. Riboflavin was determined mic r obiologic= 

ally by the method of Snell and Strong (9 39) 0 with mino:r modifi cations 

in the composition of the basal medium. The sampl-=.! s were not subjected 

to acidic or enzymatic hydrolysis since 0 in our expe:rience 0 no mate:da.l 

increase in the riboflavin content is observed following such treat= 

ment. Nicotinic acid was determined on whole milk by the mic,robiolog= 

ical procedures of Snell and Wright ('41). Pantothenic acid determina

tions were made by the methods of Bax·ton°·Wl'i.ght (0 45). In accord with 

the findings of Lawrence, Herrington and Maynard ('46.) with cow's milk, 

enzymatic hydrolysis of samples of swine milk did not result in con,~ 

sistently higher values, indicating that only a small portion of the 

pantothenic acid is unavailable to ~.acillus £,,c1,se.i. 

Results and Discussion 

The average thiamine, riboflavin, niacin and pantothenic acid 

content of colostrum and 5- 0 15= and 55- day milk is presented in f ig

ures 1 through 4, respectively. In the interpretation of these results, 

the limitations of microbiological assay proceduz·es should be kept in 

mind. In such determinations the error is usually assumed t o be as 

high as lO'fo. In our experience with milk. the deviation between repli~ 

cate analyses of the same sample assayed at different levels was usual~ 

ly less than this figure for riboflavin and niacin. The photofluorometric 
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analysis for thiamine was also more accurate than 10%, but this will 

provide a conservative basis for comparison of the values presented. 

Thiamine 

The thiamine content of colostrum in the spring experiment was 

higher than that of the subsequent milk; this trend was similar to 

that observed by Braude et al. ('47) but the values obtained by these 

workers were considerably higher for both colostrum and milk. In the 

fall experiment, the 1-ever se was true. No explanat i on is presently 

available for this anomolous observation~ ration composition and man= 

agement practices were essentially the same in both instances. Re= 

peated checks were made in an attempt to rule out procedural analyt i= 

cal errors, with no change in results. Variations in the thiamine con= 

tent of colostrum of a similar though less extreme nature were not ed 

by Braude et al. ('47), who likewise were unable ·to account for such 

changes. In our observations, most of the values fall into the lower 

range, or below that of 0.52 to 1.01 mcg per milliliter observed by 

Leucke, Duncan and Ely ('47). The ration fed by these workers, how= 

ever, was definitely superior to the basal ration used in our studies, 

and the animals were . allowed access ,to rye ,pasture prior to farrowing. 

The thiamine in the milk showed no marked change after the 5th 

~ay, the following content, in micrograms per milliliter , being 

found: 5th day, 0.6 'F 0.28; 15th day, 0.6 't, 0.28; and 55th day, 

0.7 ~ 0.33. The values obtained in the fall experiment are comparable 

to those reported as total thiamine by Braude ~t al. {Q47). The 

thiamine content of the fall milk was definitely superior- to that 

observed in the previous experiment; again we are unable to present 

any reason for such a wide difference in composition. It is of 
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interest, however, that these low thiamine and, as will be discussed 

later, low niacin values were associated with an outbreak of a severe 

gastroenteritis of unknown etiology which affected the suckling young. 

No explanation can be advanced for these observations; changes in the 

vitamin content of the ration were minimized by the fact that all in~ 

gredients came from a common lot in the spring and fall. 

Riboflavin 

The riboflavin content of swine colostrum was higher than that 

of the subsequent milk in both lactations 0 averaging 5.0 t 2.7 mcg 

per milliliter as compared with values of from 2 to 3 mcg per milli= 

liter for milk. In this respect the sow resembles the cow and the 

ewe (Pearson and Darne 11, '46) 0 whose colo.strum c-ontains apprecia~· 

bly more riboflavin than does the subsequent milk. The values ob

served in this study are simila1· to that (4.00 mcg per milliliter) 

reported by Leucke and co-workers (' 47) but much higher than those 

reported by the English group. 

Subsequent to the first few days of lactation 0 the :riboflavin 

content of milk appears to beeome stabilized and then ris&s somewhat 

throughout the remainder of the lactation period. Aver age values for 

all samples were, in micrograms per milliliter 0 as follows: 5th day, 

2.1 i 0.9: 15th day, 2.2 t 0.9: 55th day. 3.1 ¢ 0.7. Again 0 these 

values are much greater than those reported by the gr oup at Reading. 

In an attempt to resolve this obvious conflict in results 0 collabora

tion between the two groups of workers was undertaken. The results 

of these cooperative studies have been previously presented (Davis 

et al., '50) and require only brief comment here. It appears that 

riboflavin exists in swine milk in a somewhat different form than in 



cow's milk. Extraction procedu:res which removed dboflavin from 

cow's milk failed to effect more than a partial extraction from 
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swine milk. Following incubation of the milk with proteolytic en

zymes (clarase and takadiastase) 0 however. determination of the ribo,.., 

flavin in 10 representative samples of milk by a modification of the 

Conner and Straub ('41) procedure gave an average of 2.2 mcg per 

milliliter. compared with a value of 2.6 by microbiological assay. 

Enzymatic treatment of a sample of cow's milk 9 however . did not re= 

sult in any material increase in the apparent quantity of riboflavin . 

as evidenced by little change in the intensity of fluorescence. 

Niacin 

The niacin content of colostrum was 1.7 i 0.5 mcg per milliliter. 

This value was dis t inctly less than that of milk at any subsequent 

period during lactation. In this respect the sow resembles the ewe . 

the milk of which was found by Pearson and Darnell {'46) to contain 

about twice as much niacin as the colostrum. The only available data 

on the niacin content of swine milk is t hat of Leucke et al. ('47) 0 

who analyzed the colostrum of 6 sows and found a range of 1.14 to 

1.85 mcg per milliliter. with an average of 1.43. 

The niacin content of milk was found to increase rapidly during 

the first few days. Values toward the end of lactation were only 

slightly higher than those for the 15=day milk. The following nfacin 

content, in micrograms per milliliter. was found : 5t h day. 4.3 t 2. 6; 

15th day, 7.0 t 3,9; 55th day. 8.0 t 4.3. The content of t his vitamin 

in the fall milk was nearly twice as high as that obser ved i n the pre= 

vious spring, although essentially the same basal !'ation and the same 

management practices were being used. In t he fall farrowing 9 however. 
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the enteYic disturbance in the pigs which prevailed in the spring 

was not observed. In order to obtain additional data on the possible 

relationship between the niacin content of the milk and the growth of 

the young, samples of milk were collected dulr'ing the spring farrow

ing, 194~. on the 5th and 25th day postpartum, from 15 sows and 13 

gilts, and analyzed for this vitamin. The following results, in mi

crograms per milliliter , were obtained: 5th day, sows, 4~4 i 1.9; 

gilts, 2.7; 1.9; 25th day, sows, 6.9 t. 2.9; gilts, 6.7 i 2.9. It 

will thus be seen that milk collected during the spring farrowing of 

1949 resembled that of the preceding fall with respect to niacin con= 

tent. During this spring season the herd was again 1·elatively free 

of the enteric iafection that had persisted throughout the farrowing 

period th~ preceding spring. Whether the lower niacin and thiamine 

content of the milk during this earlier lactation contributed in any 

way to the incidence of enteritis in the young pigs is unknown. 

Pantothenic acid 

Examination of the data presented in figure 4 shows that swine 

colostrum contained only a small amount of pantothenic acid, averag= 

ing 0.7 i 0.49 mcg per milliliter. This was slightly less than the 

1. 05 (0. 60 to 1. 70) found by Leucke et al. cv 47). Swine colostrum 

was found to be lower in this nutrient than the values reported for. 

either bovine or sbeep colostrum. 

There was a steady increase in the content of this vitamin 

throughout the whole period, so that near the terminat ion of lacta

tion swine milk contained more pantothenic acid than has been re

ported in cow's milk. The values observed were, in micrograms per 

milliliter: 5th day, 1.9 i 0.79 0 15th day, 2.9 t 1.80; and 55th 
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day, 5.4't3.04. 

Effect of ration 

Since these studies were conducted incident to the more general 

problem of unknown nutritive requirements for reproduction and lacta-

tion in swine O the l>asal rations employed were presumably adequate 

with respect to known Yitamins but deficient in some unknown factor 

or factors. Supplements were added primarily as a source of this fac-

:tor, . al though they doubtlessly supplied limited amounts of the mem·= 

hers of B- complex for which analyses were made. Careful scrutiny of 

the data failed to reveal any correlation between the various supple

me·nts fed and milk composition. This should not be construed as sug-

gesting .that the vitamin content of swine milk is unaffected by ration 0 

but rather that the particular supplements used in these experiments 

had so little effect that it was obscured by the rather great varia-

bility within treatments. 

Effect of Breed 

Sows and gilts of Duroc 0 Chester White 0 Hampshi re and crossbred 

breeding were used in these studies. Examination of the data failed 

to reveal any obvious correlations between breed and the vitamin com-

position of colostrum and milk with respect to any of the 4 &,complex 

vitamins studied. Only a limited number of animals of each breed 

was available for study, however 0 and more extensive investigation 

will be necessary to eliminate the possibility of minor breed differ= 

ences. 

J 
Effect of Age 

Both gilts and sows (from one to two years of age) were used in 
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this study. Careful scrutiny of the raw data failed to reveal any 

consistent differences in the colostrum or mi.lk of gilts or sows. 

Again, however, the number of animals was limited and small differ

ences may actually exist. 

Surrunary 

Colostrum and milk were obtained during two succe ssive farrow= 

ing seasons from a total of 35 sows and gilts 0 and analyzed for 

thiamine. riboflavin, niacin and pant ot henic acid. The average val

ues from all samples of colostrum, in micrograms per milliliter , 

were: thiamine, 0.6 0 riboflavin, 5.00 niacin, 1.70 and pantothenic 

acid, 0.7. The average values for milk at the 5th, 15th and 55th days 

post partum, respectively, in micrograms per milliliter, were : thi.am 

mine, 0.6, 0.6 and 0.70 riboflavin, 2.1, 2.2 and 3.20 niacin, 4.3, 7.0 

and 8.0; pantothenic acid 0 1.90 2.9 and 5.4. It was not possible to 

correlate the composition of colostrum o:r milk with respect to these 

vitamins and such factors as age, breed or supplementation of an all= 

vegetable ration with various materials presumably containing still 

unknown factors. 



PART III 

THE VAUJE OF ANTIBIOTICS FOR GROWINc;..,FATTENING PIGS 

A. The effect of antibiotics. combinations of antibioticss and vitamin 

B12 and sulfathalidine on unthrifty pigs. 

Observations 

In experiments in progress 0 du:ring the spring of 1950. it was olr~ 

served that pigs allowed access to feed to which was added 1 pe1!:'cent of 

a supplement containing vitamin s12 and au:reomy.n in werei much th:riftie it 

and healthier in appearance than pigs fed th~ unsupplemented i·ation. 

It was thought that aureomycin in the supplement was beneficial in pre= 

venting the oei.eurrenice of a non=speicific type of ented tis. Cunha • .il 

.!!!· (1949) suggested that Lederle APF supplememt ©ontained some growth 

factor or factol's other than vitamin B12 whi <i:: h :resulted in a mat·ked 

growth response in young pigs fed a corn-peanut meal basal ration. La= 

ter. Jukes et al. (1950) reported data indicating that the antibiotic 

aureomycin was a constituent of Lederle APF supplement. and that crystal

line aureomycin would produce a growth response in pigs. Because of 

these reports and our observations. an experiment was designed in 1950 

to determine the value of feeding certain amtibioti i::::s, combinations of 

antibiotics, and vitamin s12 and sulfathalidin~ to unthrifty pigs. 

Experimental 

Forty-two unthrifty. weaning spring pigs weighing from 15 to 50 

pounds were used in this experiment. They had a persistent type of 

diarrhea. rough hair coat. and lacked vigor. They Y1re?re divided into 
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seven lots with respect to weightv agev and physical condition. All were 

treated with benzene hexachloride for control of lice and mange. All 

pigs were kept on concrete floors which were washed daily. They were 

self-fed the various rations shown in Table 1 and had access to automat-

ic waterers. The animals were observed closely throughout the experimen-

tal period of 56 days. Only those animals surviving throughout the ex-

perimental period were used in calculating the average daily gains. 

Mortality during the experiment and average daily gains of the survivor s 

are also presented in Table 1. 

TABLE 1 

Experimental Rations Fed and Results 

Lot . 
No. 

1 
2 

3 

4 

5 

6 

7 

Rations 

Basal (Control) 
Basalt 2.5 gms. aureomycin per 

100 lbs. feed 
Basalt 2.5 gms. streptomycin 

per 100 lbs. feed 
Basal /.. 1. 25 gms. procaine peni-· 

cillin G per 100 lbs. feed 
Basal/.. 0.75 gms. procaine peni-

cillin G per 100 lbs. feed/., 
0.625 mg. vitamin B12 per 100 
lbs feed 

_Basal /.. 1.4% Lederle's APF No. 5 
containing vitamin B12 and 
aureomycin 

Basal/.. 0.2% sulfathalidine 

BASAL RATION_ 
Ground yellow corn 
Expeller soybean meal 
Tankage· (60% protein) 
Fish meal 
Cottonseed meal 

No. Pigs 
per Lot 

6 
6 

6 

6 

6 

6 

6 

Alfalfa meal (lT'fo dehydrated) 
Txace mine~alized salt (Barton's) 
Steamed bone meal 

Mor tality 

5 
3 

1 

2 

3 

, 1 

3 

Percent 
69.5 
7.0 

10.0 
2.0 
5.0 
5.0 
0.5 
1.0 

100.0 

Av. Daily 
Gain Pigs 
Completing 

Exp. (56 da.) 
Lbs. 

0.54 
0.87 

1.25 

1.37 

1.06 

l..23 

0.91 
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Results and Discussion 

It is apparent from the number of pigs living at the end of the 

experiment that the addition of each of the drugs used was helpful in 

promoting survival. Although the number of animals in each lot is in= 

sufficient to draw definite conclusions as to the relative merits of 

any one of the drugsv differences were observed. Most of the deaths 

in the lots fed the antibiotics or sulfathalidine occurred very early 

in the experimental period 0 in many cases within a few days after feed~· 

ing was begun. It was thought that many of these deaths occuned be= 

fore the drugs afforded any protection. It would appear desirable to 

initiate treatment of such unthrifty pigs by administering the drugs in 

such a manner that the animals would be assured of receiving an adequate 

dosage until such time as they began to consume the supplemented ration 

in adequate amounts. 

All pigs fed the basal ration had a chronic diarrhea during the 

entire course of the expel'imenq many became weak and emaciated and 

finally died. Pigs that regularly consumed feed containing the various 

supplements recovered from the enteritis and responded with a marked in= 

crease in rate of gain and vigor. Hair coat and general appear ance also 

improved. Pigs fed rations containing antibiotics or sulfathalidine 

that failed to eat continued to have a chronic diarrhea 0 became weakv 

emaciated, and finally died. On the basis of thh tri.al, it would ap, .. 

pear that any agent capable of controlling the infection will be help= 

ful in improving weight gains 0 livability 0 and general health and vigor. 

These data were substantiated later by nume:rous wo!'ke:rs as :reviewed 



Fig . 1. Tl)i s g roup of p ig• all had a chronic type of di a rrhea. The y o re typiwi of experimental 
pig, in lots 1 and 7. Nete the humped boc k, gauntn ess, droopy ears , and dry, rough ho ircoo t. 

The ir appet ite wo• poo r. 

Fig 2. Grou p of pigs typical of t ho•e fed anti b iot ic drng s. These pig s were th€ some age a • the 
p ig• shown in f ig . 1. Note th e healthy hoircool and k,n. 
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by Brau de et al. (1953) • 

Summa:cy 

Aureomycin, streptomycin, penicillin , and sulfathalidine had a 

beneficial effect in the treatment of digestive disturbances in un~ 

thrifty pigs. Growth rate increased and the general appearance of 

the pigs improved. 
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PART III 

B. The effect of va·rious levels of penicillin upon growth of pigs. 

Observations 

Since it was observed in a previous experiment that procaine peni,a 

cillin G, when included in a well- balanced ration at levels of 0.75 and . 
1.25 grams per 100 pounds of ration. afforded some protection against 

intestinal disturbances in pigs , an expe~iment was designed to measu~e 

the effect of adding various le'!J'els of penitillir1 to a icorn=soybean meal 

ration on growth and efficiency of feed utilization of pigs. 

Experimental 

E?ffi~riment l 

This experiment involved 32 wea1nling Hampshi re- pi gs farrow·ed !ate 

in the spring of 1950. The pigs we:r.,;1 obta.i:ned f:rcm a he:rd wi th 110 p:re~, 

vious history of digestive distu:rba11,ce or bfectious disease . AH pigs 

were wormed with sod.i um fluol'ide and t:r.aated with bf!11zeri.e he:x:a.l\n :J.o:ride 

to control lice and mange befoire they weire plaiced on tl'ist. The pigs 

were divided into foul' equal lo ts. Each pig l'iaS pla.,r:ed in a ~::maH :tr.~, 

di vidual eonc!'et~ pen a1nd self,~fed. The feeding pe:d.od we.s th,:., 56 days 

following weaning; Table 2 ghres the expe:rimental :ratiollls . 

Experiment 2 

Twenty Duroc barrows weigh fr1g an a·lferage of 80 p0unds wffir1~ cbtaiL,ed 

from a healthy het·d for this expet'imf:nt. The pigs wet'\t:l dhided illltO fou :r 

equal groups. Each pig was plat ed in an bdividual pe~, amd seJf ,, .fed the 

rations as indicated in Table 3 . Each pig :ren,iai:inE:d on tes:t ,.mtil a ~~aight 

of about 225 pounds was 1·~ached; the animal was the n slaughte:r;:id a.t the 
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college meat laboratory to determine effects of penic ill in supplementation 

on dressing percentage and quality of carcass. 

TABLE 2 

Rations Fed in Experiment No. 1 

Lot No. Rations 

1 Basal ration 
2 Basal~ 0.125 gms. procaine penicillin G per 100 lbs. ration 
3 Basal ,I. 0.250 gms. procaine pe:nicillin G per 100 lbs. ration 
4 Basal.;.. 0.500 gms. procaine penicillin G per 100 lbs. ration 

Lot No. 

!n£l!edients 

Grour1d yellow ~orn 

BASAL RATION 

Soybean meal (expeller type) 
Dehydrated alfalfa meal (17% protein) 
Steamed bone meal 
Trace mineralized salt (Barton's) 
Cod li ve:r oil 

TABLE 3 

Rations Fed in Experiment No. 2 

Rations 

1 Basal ration 

70. l 
23.0 
5.0 
1.2 
0.5 
0.2 

2 Basal .;.. O. 25 gms. procaine penfoillin G pe!' WO l bs. iratioln 
3 Basal J 0.75 gms. procaine penicillin G per 100 l bs. ration 
4 Basalt 1.25 gms. procaine penic i lli~ G p~r 100 l bs. ration 

Ingredients 

Ground yellow corn 
Soybean meal (ex.pel ler type) 
Dehydrated alfaJfa meal 

BASAL RATION 
80 to 150 ·tb. Hogs 

Pe:rcent 
"77.3 

150 to 225 lb. Hogs 
Peirce:nt -~ .. ~·-:3~--~ 

16.0 10.0 
5.0 5.0 
1.2 1.2 Steamed bone meal 

Trace mineralized salt 
Delsterol (vitamin D3) 

(Barton's) o. 5 o. 5 
9 gl'arrtS per 100 lbs. :r~tfon to all lots 
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Results and Discussion 

Experiment 1 

A mild chronic type of diarrhea was obsez·ved among pigs of all lots; 

however, it was less severe in pigs fed the higher levels of penicillin. 

All pigs continued to eat ar.1d appeared thrifty regardless of the digestive 

disturbance. 

Pigs fed the basal ration supplemented with 0.125, 0.25. and 0.50 

grams of procaine penicillin G gained faster. consumed more feed. and re= 

quired less feed per unit of gain than pigs fed the basal iration. Pig::: 

fed the highest level C0.5 grams of penieillin pez 100 pounds of f s e:d) 

made slightly more efficient and faster gains than the pigs fed the low 

and medium levels of penicillin. 

TABLE .4 

Results of Experi me11t No. J. 

Factor 

Penicillin. gms./100 lbs. feed 
Pigs per lot 
Av. No. days on test 
Av. initial wt., lbs. 
Av. final wt., lbs. 
Av. daily gain, lbs.I 
Av. daily feed per pig, lbs. I 
F~ed reiuired per cwt. gaiin, 

lbs. 

l 

0 
8 

56 
36.2 
89.1 
o.94 
3.29 

358.00 

Lot Numbe:r 

0. 125 
8 

56 
36. 4 

100.8 
1. 15 
3. 74 

316.00 

o. 25 
8 

56 
~6.4 

101.2 
1.16 
3.62 

313.00 
w .._ rznnxp: c m::w.•www 

o.so 
8 

56 
36.0 

107.1 
1.27 
:3.88 

306.00 

1 The differ~rnces among l ots with r aspe~t to i:c·~te of gain, f ,:'i·~d 
consumption . and feed 1·1equired pet· un:i t of gain were not st atisti,i.: a]J.y 
significant at the 5 pe~ce1t l evel of pr ob&bility. 

Experiment 2 

A diat 'r hea was noted among som~ o.f t hf:l pi gs fod t hi!;j ba~:a:l 1·at fo,:1 

CLot 1) and the pigs fed the low l evel of penfoillim (Lot 2) . Two pigs 
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in Lot 1 and one pig in Lot 2 went 00off=f eed00 and were subsequently treat

ed by oral administration of one gram of streptomycin peir pig (one treat= 

ment). No digestive disturbances were observed in pigs fed the basal re,~ 

tion supplemented with ei the:r O. 75 or 1. 25 grams of penicillin per 100 

pounds of ration (Lots 3 and 4v respectively). 

No appreciable difference was noted in the rate of gain between pigs 

fed the basal ration (Lot l) and pigs fed the basal ration supplemented 

with 0.25 grams of penicillin per 100 pounds of feed (Lot 2). This is 

contrary to the !'esults obtained in Expe:timell1t 1 with the same level of 

penicillin supplementatioll1. Pigs fod the basal rathrn i:n Expe ll'.' ime.nt 2, 

supplemented with o. 75 g:rams of penitillin per 100 pounds of feed (Lot 

3) o gained approximately O. 25 pounds mo!'e pe:r day thall1 pigs fed the un

supplemented ration (Lot 1). Further increase in the lewel of penicillin 

supplementation to l. 25 g:rams per 100 pounds in Lot 4 did :not result i!r1 

any furthe!' increase in the rate of gainv although the efficiency of feed 

utilization continued to improve. 

The amount of feed required peX' unit of gain was declt'eased as the 

level of penicillin supplementation was increased. The economic value 

. of penicillin sµpplementation in this experim~nt could not be estimated 

because commericial penicillin p:dtees we:re 1not availabl e at the time. 

There were no noticeable differences amo:ag pigs from the fou:r lots 

with respeiet to ca:r.cass yield a111d ca:rieass quaHty. AH tarca~ses we:re 

of choice quality. 



TABLE 5 

R.esul ts of Exp~rim,ent No. 2 

Factor 

Penicillin, gms./100 lbs. feed 
Pigs per lot 
Av. No. days on test 
Av. initial wt., lbs. 
Av. final wt., lbs. 1 
Av. daily gain, lbs. 
Av. daily feed per pig, lbs .2 
Feed required per cwt. gains . 

lbs. 
Dressing percentage 

1 

0 
5 

79 
80.9 

221.6 
l. 79 
7.20 

402. 00 
74.00 

Lot Numbe:r 
2 =- 3 

0.25 
5 

84 
80.0 

224.2 
l. 72 
6.50 

381.00 
73.00 

o. 75 
5 

71 
80. 7 

224.8 
2.03 
7. 60 

.376.00 
T..i. 40 

56 

4 

1.25 
5 

70 
80.9 

224.2 
2.05 
7.30 

358.00 
73.20 

1 The differences among lots were statistically significant at the 
one percent level of probability. 

2 The diffsren¢,ss among lot .s with !respect t o daily consumption and 
feed required per unit of gain ·w~'Jt'e !tot statistiea1ly sig:nifi1~ant. 

Summary 

Procaine peniceillin G added to ~ ration composed of g:routid ye:U.ow 

corn. expe1le1r soybean meal. alfalfa me:1:1.1 0 t:race mineralized salt ,. steam·= 

ed bone meal, and a vi.tmr.in D suppl0mernt t ie:ndc:d. to in~:t''-"a£e the !'ate of' 

growth and the effici ency of feed utilizat ion under the conditions of 

this experimer1t. The optima.I. level of peniciJlin for g:r.owth appr:'Hl;teid 

to be approximately o. 75 grams per 100 pounds of a co:rin,~soybea:i meal ra~, 

tion when fed to pigs. 
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PART III 

C. The value of adding aureomycin to a good ration for growing pi[§_. 

Considerable concern had been expressed by swine producers as to 

the practicability of adding antibiotics to well-balanced swine :rations 

fed to healthy growing pigs. The objectives of this study we:re: (l) to 

determine the value of adding aureomycin to a good 't.'atioin for 10-week-,old 

pigs fed to market weight of 225 pounds, ami (2) to de-tE::rmine the effect 

of removal of aureomycin from a good rati1rn to whi ,ch it had been added 

until the pigs reached an avt:rage: weight of 125 pounds. 

Experimental 

For this experiment, 18 Duroc ba:rrows . about 10 weeks of age and 

weighing an average of approximately 50 pounds . W6l'c obtained f1:om a herd 

that had no previous history of digestive distu:rbarnces. The pigs were 

divided into three lo.ts. Each pig was self-.fe<l in an iridhidua.l conrcre te 

pen. Table 6 shows the basal rations fod and the supplements are indi-

cated in Table 7. 

Ingredients 

Ground yellow corn 
Tank age 
Expeller soybean meal 
Cottonseed meal 
Fish meal 
Dried skim milk 
Dehydrated alfalfa meal 
Brewer's yeast 
Trace mineralized salt 
Steamed bone meal 
Delsterol (vitamin D3 ) 

TABLE 6 

Basal Rations 

50-100 
Weight of Hogs ·~ Lbs. 

100-150 l50-,22g 
PerMnt 

73.25 78.25 
5.00 3. 75 
5.00 3.75 
5.00 3.?5 
3.00 2.25 
2.00 1.50 
5.00 s.oo 
0.25 0.25 
o.5o o.so 
1.00 1.00 

9 grams 1)er 100 lbs. 

Pe:rc~illt 

83.25 
2.50 
2.50 
2.50 
1.50 
1.00 
5.00 
0.25 
o.so 
1.00 

of feed 
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Each pig remained in the experiment until a weight of about 225 

pounds was reached. The pig was then slaughtered to determine effects 

of aureomycin supplementation on dressing percentage and carcass quality. 

Results and Discussion 

The results of this study are given in Table 7. 

TABLE 7 

Summary of Results 

Lot Number 
1 2 3 

Basal .f. Basal 'f Aureo-
Factors Basal Aureo- mycin until Pigs1 

mycin Weighed 125 lbs. 

No. pigs per lot 6 6 6 
Av. days on test 91 95 89 
Av. initial wt., lbs. 53.1 52.8 53.4 
Av. final wt., lbs 224.7 226.2 226.5 
Av. daily gain to 125 lbs. 1.64 1.52 I. 70 
Av. daily gain from 125 

lbs. to end of exp. 2.13 2.52 2.17 
Av. daily gain. entire exp. 2 1.89 1.83 1.94 
Av. daily feed cons., lbs.2 6.50 6.50 6.60 
Feed required ~er cwt. 

345.00 359.00 342.00 gain, lbs. 
Dressing percentage2 74.20 75.00 74.20 

1 Basal ration for the remainder of the experiment. 

2 The differences between lots with respect to rate of gain, feed 
consumption, feed required per unit of gain, and dressing percentage 
was not statistically significant. 

Excellent performance was observed in all lots. No appreciable 
.: ... , . 

differences were obtained with respect to daily consumption, feed re-

quired per unit of gain, rate of gain, carcass grade, and carcass 

quality. There were no noticeable differences between lots with respect 

to vigor or genaral appearance. These results are contrary to those 
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obtained previously when antibiotics we:re fed to unthrifty pi gs with 

digestive disturbances. According to a :review p:r.esented by Braude ll 

&· (1953), numerous expe:riment stations have obta ined similar :results. 

Antibiotics have also been shown to impr ove gr owt h of healthy pigs fed 

an all-plant ration. It is suggested, therefore, t hat t he response of 

pigs to antibiotics depends upon the health of t he animal and t he ade= 

quacy of the ration with respect to various nutl'ients . 

SulllT!ary 

The add it ion of O. 75 grams of a.u:re omycin pe:r 100 pounds of an ade-~ 

quate ration for healthy pigs during growt h to 125 pounds, or during 

growth and fattening to 225 pounds, did not significantly improve 

performance. 



PART III 

GENERAL DISCUSSION 

Since 1949, when it was fi:r.st re ported that products deli.ived from 

antibiotic fermentation promoted gr owth of pi gs, antibiotics have been 

used extensively in swine :rations. Ther.e seems to be unifo:rm agree-= 

ment that antibiotics a:re of value as demonst~tat ed by a 10 to 20 per= 

cent increase in grelwth and a 2 to 5 pe:rcent increase in feei effi= 

ciency. These effects are not so marked when fed to st:rictly healthy 

swine. Antibiotics have been especially effective under str~ss condi= 

tions, such as infectious diseases, especially digestive disor ders 0 

and inadequate rations. On the othe:r hand, Thompson et aJ. (1952 ) 

found that pigs taken by Cae sarian operation, raised and maihtained 

in an environment entirely isolated from ot her swine=icaising opera= 

tions, did not benefit from aureomycin feeding. Limited studies have 

indicated that antibiotics are ineffective in the r ation of chicks 

raised under germ-free conditions. These :recent findings explain a.nd 

corroborate the results obtained in the experiments involving the study 

of antibiotics reported herein. The discrepancy in results found in 

these experiments is undoubtedly due to the 'tdisease level" in the 

pigs and the type rations fed. Most of the evidence at pres~nt indi= 

cates antibiotics function in the control of miscellaneous infectious 

diseases. Whether these substances are true ng:rowth·=promotingn factors 

or whether they allow "normal=growth 0' by suppressing the growth of 

pathogenic agents is a question for further study. 

Braude et al. (1953), in reviewing the literature on the use of 

60 
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antibiotics, reported that aureomycinv penitillin. 0 streptomy1; in, te:rra= 

mycin, and bacitracin are effective as growth promoting supplements in 

swine rations. Under similar conditions aureomycin and terramycin are 

approximately 30 percent more effective on the average than penicillinv 

streptomycin, and bacitracin. Antibiotics such as neomycin 0 subtilin 0 

riniocidin, polymyxin. and chlo:romycetin have been tested with gene!= 

ally negative results. 

A level of 5 to 10 milligrams of antibiotic pe :r. pound of total 

ration is the recormnended amount unde :!' ave:rage swlne .raising condit ions. 

This level may vary widely depending on the degree of infection exist·~

ing in the herd and the type of :ration fed. 
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Lot Sow 
No. No. Breed 

1 76 Hampshire 
90 Hampshire 
82 Hampshire 
80 Hampshire 
94 Hampshire 

2 83 Hampshire 
77 Hampshire 
93 Hampshire 
78 Hampshire 

3 81 Hampshire 
88 Hampshire 
91 Hampshire 
84 Hampshire 

4 89 Hampshire 
80 Hampshire 
87 Hampshi:re 
85 Hampshire 

5 92 Hampshire 
95 Hampshire 

6 96 Hampshire 

TABLE 1 

Reproduction and Lactation Performance of Individual Sows 
Experiment 1, Spring, 1948 

Average No. Percent 
No. Pigs No. Pigs Birth Pigs Pigs Weaned 

Born Alive Born Dead Wt. <Lbs.) Weaned Born Alive 

9 0 2.8 3 33.3 
6 0 2.4 0 o.o 
3 0 2.7 0 0.0 
Failed to conceive 
Failed to conceive 
t 0 2.9 7 100.0 
1 12 2.6 l 100.0 
7 1 2.5 2 28.6 
Failed to conceive 

11 0 2.9 2 18.2 
7 0 2.9 0 o.o 
4 0 3.1 4 100.0 
Failed to conceive 
8 4 ~ 0 o.o 
8 0 2.6 0 o.o 

10 0 2.6 0 o.o 
5 0 3.2 0 0.0 
7 1 2.7 5 71.4 

11 0 2.5 2 18.2 
6 0 3.2 1 16.7 

Average 
Weaning 

Wt. 0..bs.) 

19.8 

24.1 
41.5 
28.0 

16.0 

24.2 

20.6 
31.5 
7.5 

0-
-1 



TABLE 2 

Reproduction and Lactation Performance of Individual Sows 
Experiment 2, Fall, 1948 

Average No. Percent Average 
Lot Sow No. Pigs No. Pigs Birth Pigs Pigs Weaned Weaning 
No. No. Breed Born Alive Born Dead Wt. (Lbs.) Weaned Born Alive Wt. <Lbs.) 
Gilts 
1 1 Ch. White 6 0 2.3 3 50.0 30.7 

14 Duroc 10 0 2.5 10 100.0 17.9 
24 Duroc 10 0 2.6 9 90.0 18.3 
12 Duroc Failed to conceive 

2 22 Ch. White 9 3 2.5 9 100.0 21. 7 
70 Duroc 7· 0 2.7 7 100.0 26.3 
21 Du roe 9 0 1. 7 8 88.9 21.1 
11 Duroc 7 0 3.0 7 100.0 22.9 

3 20 Ch. White 11 0 2.6 8 72.7 22.0 
10 Duroc 11 0 2.2 8 72.7 19.8 
13 Duroc Failed to conceive 
25 Duroc Failed to conceive 

4 21 Ch. White 11 1 2.6 6 54.5 18.6 
23 Duroc 9 0 2.3 9 100.0 21.2 
151 Duroc Failed to conceive 

al 5 55 Ch. White 8 1 2.7 100.0 20.0 
2 Duroc 8 1 2.6 8 100.0 22.4 

6 32 Duroc 7 0 2.8 7 100.0 22.1 
Sows --:;- 90 Hampshire 9 0 2.7 5 55.6 22.4 

93 Hampshire 11 0 2.8 10 90.9 19.0 
76 Hampshire 7 0 2.7 7 100.0 24.5 

8 95 Hampshire 6 0 3.2 5 83.3 31.4 
91 Hampshire 9 0 2.8 9 100.0 22.9 
82 ~amp shire Failed to conceive 

1 Died due to injury of ver tebrae. Pigs removed from gilt 7 days pr ior to weaning date. g; 



TABLE 3 

Reproduction and Lactation Performance of Individual Sows 
Experiment 3v Spring, 1949 

Average No. Percent Average 
Lot Sow No. Pigs No. Pigs Birth Pigs Pigs Weaned Weaning 
No. No. Breed Born Alive Born Dead Wt. CLbs.) Weaned Born Alive Wt. (Lbs.) 

Gilts 
1 124 Ch. White x Hamp. 9 0 2.5 7 87.5 25.2 

52 Ch. White X Hamp. 11 0 2.7 7 87.5 23.6 
17 Du roe 12 0 2.2 8 100.0 18.9 
60 Duroc 12 0 2.7 7,, 87.5 20.5 
79 Duroc 13 0 2.4 8 100.0 23.3 
51 Du roe Failed to conceive 

2 125 Ch. White x Hamp. Failed to conceive 
90 Du roe 9 3 2.3 8 100."0 16.5 

305 Du roe 6 0 2.4 5 83.3 25.6 
63 Duroc 10 0 2.7 8 100.0 23.3 
64 Duroc Failed to conceive 

3 147 Ch. White x Hamp. 6 0 2.6 5 83.3 24.4 
11 Duroc 11 0 2.6 8 100.0 21.3 
10 Du roe 8 0 2.6 7 87.5 19.7 
55 Du roe 9 0 2.5 8 100.0 19.6 
80 Duroc 9 2 2.3 7 87.5 24.5 

Sows 
\ i'. 4 76 Hampshire 9 3 3.0 8 100.0 27.2 

21 Du roe 10 1 2.2 8 100.0 23.0 
10 Du roe 13 0 2.8 8 100.0 16.1 
22 Chester White 9 0 2.8 7 87.5 27.7 

$ 



Table 3, Cont'd. 

Average No. Percent Average 
Lot Sow No. Pigs No. Pigs Birth Pigs Pigs Weaned Weaning 
No. No. Breed Born Alive Born Dead Wt. (Lbs.) Weaned Born Alive Wt. (Lbs.) 

Sows 
-g- 95 Hampshire 9 0 3.3 7 87.5 30.6 

23 Du roe 11 1 2.3 7 87.5 21.9 
24 Du roe 9 0 3.1 7 87.5 29.0 

1 Chester White 13 0 2.5 7 87.5 26.1 
6 93 Hampshire 8 0 3.4 a 100.0 22.9 

2 Du roe 11 0 2.3 8 100.0 21.9 
70 Du roe 10 1 2.7 7 87.5 30.6 
21 Chester White 12 2 2.5 Sow died 4th day after farrowing. 

Pigs died. 
7 91 Hampshire 8 0 3.0 8 100.0 25.1 

32 Du roe 6 1 3.3 6 100.0 28.7 
11 Du roe 10 0 3.1 8 100.0 22.2 
20 Chester White 6 0 2.9 6 100.0 16.2 

a 



TABLE 4 

Reproduction and Lactation Performance of Individual Sows 
Experiment 4, Fall, 1949 

Average No. Percent Average 
Lot Sow No. Pigs No. Pigs Birth Pigs Pigs Weaned Weaning 
No. No. Breed Born Alive Born Dead Wt. (Lbs.) Weaned Born Alive Wt. (Lbs.) 

1 10 Duroc Failed to conceive 
52 Ch. White X Hamp. 10 O 2.9 8 100.0 21.8 

147 Ch. White X Hamp. Failed to conceive 
56 Pol. China x Duroc 6 0 2.5 5 83.3 19.2 
98 Pol. China x Duroc 11 0 2.6 8 100.0 28.5 
64 Pol. China x Duroc 9 0 2.0 6 75.0 24.3 

106 Pol. China x Duroc 8 1 2.8 6 75.0 24.5 
92 Pof. China x Duroc 9 1 2.4 5 62.5 26.4 

2 80 Duroc 6 1 3.3 4 66.7 23.3 
124 Ch. White x Hamp. 5 0 3.3 4 80.0 27.0 
115 Pol. China x Duroc 10 1 2.3 8 100.0 18.8 
33 Pol. China x Duroc 8 1 2.9 5 62.5 19.4 

117 Pol. China x Duroc 7 0 2.6 0 o.o 
112 Pol. China x Duroc 7 0 2.7 5 71.4 29.2 
175 Pol. China x Duroc 8 l 2.7 3 37.5 13.7 

3 79 Du roe Failed to conceive 
305 Du roe Failed to conceive 

65 Pol. China x Duroc i2 0 2.1 8 100.0 26.l 
62 Pol. China x Duroc 6 0 3.3 5 83.3 23.4 

104 Pol. China x Duroc 8 0 2.8 7 87.5 22.3 
14 Pol. China x Duroc 9 0 2.4 8 100.0 13.l 
32 Pol. China x Duroc 9 0 2.4 8 100.0 13.1 

4 17 Duroc No estrus obser ved 
55 Du roe No estrus observed 

lC3 Pol. China x Duroc 4 0 3.1 3 75.0 31. 7 
38 Pol. China x Duroc 9 0 3.2 8 100.0 23.9 
95 Pol . China x Duroc 6 0 1.8 6 100.0 33.3 

168 Pol. China x Duroc 8 0 2.6 8 100.0 29.0 
-I .... 



Lot Sow 
No. No. 

l 56 
52 

114 
52 

16i 
11 
~{5 
83 

2 104 
33 

115 
44 
86 
28 

168 

TABLE 5 

Reproduction and Lactation Performances of Individual Sows 
Experiment 5, Spring, 1950 

Average No. Percent 
No. Pigs No. Pigs Birth Pigs Weaned of Pigs 

Breed Born Alive Born Dead Wt. (Lbs.) Weaned Given to Raise 

Pol. China x Duroc 6 0 2.5 0 0 
Ch. White X Hamp. 11 2 3.0 l 12.5 
Du roe 10 0 1. 5 3 37.5 
Duroc 11 0 2.2 0 0 
Duroc 5 0 2.2 4 5C. O 
Du:coc 9 0 .2. 5 4 50.0 
Du roe 9 l 2.9 8 100.0 
Du roe No e8trus observed 
Pol. China x Duroc 7 0 3.0 7 100.0 
Pol. China x Duroc 7 0 3.1 6 85.7 
Duroc 8 0 2.4 3 37.5 
Du roe 6 0 2.5 5 83.3 
Duroc 6 l 2.8 5 83.3 
Duroc 10 0 2.4 5 62.5 
Du roe No estrus observed 
Du roe Failed to conceive -

Average 
Weaning 
Wt. (Lbs.) 

21.5 
13.0 

~ o 7. 5 
18.8 
18.9 

22.3 
20.6 
13.7 
18.2 
J.7.2 
17.4 

_, 
N 



Table 5, Cont'd. 

Avei'age No. Percent Average 
Lot Sow No. Pigs No. Pigs Birth Pigs Weaned of Pigs Weaning 
No. No. Breed Born Alive Born Dead Wt. (Lbs.) Weaned Given to Raise Wt. (Lbs.) 

3 98 Polo China x Duroc 2 8 3o5 0 0 
106 Polo China x Duroc Failed to conceive 
88 Duroc 6 0 2o9 6 10000 27.5 
79 Dv;roc 15 0 2.4 1 12o~ 800 
18 Duroc 11 2 2o3 2 25.0 17.3 

512 Duroc 2 0 2ol 0 0 
287 Duroc No estrus observed 

12 Duroc Failed to conceive 
4 112 Polo China x Duroc 9 0 206 4 50o0 28.4 

32 Pol. China x Duroc 11 0 2o4 6 75.0 32.0 
17 Duroc 10 4 2o4 8 100.0 25.8 
91 Duroc 14 0 lo9 6 75o0 18o4 
73 Duroc 10 0 2.0 6 75.0 20.5 

276 Duroc 9 0 2.7 6 75o0 32.5 
65 Duroc 8 3 2.4 4 50.0 20.0 
92 Duroc 8 1 208 7 87.5 38.0 

c;! 



TABLE 6 

Major Constituents in Gilts' Milk 
5th Day of Lactation 

Experiment li Spring» 1948 

Solids 
Lot Gilt Solids Not Fat Fat Protein Ash 
Noo Noo Breed Percent Percent Percent Percent Perc.ent 

1 76 Hampshire 19060 llo46 8014 5o93 Oo83 
80 Hampshire 
82 Hampshire 
90 Hampshire 21050 -- -- 1o04 lo20 

2 78 Hampshire 
77 f{ampshire 18051 -- -~ 5o28 Oo84 
83 Hampshire 19000 11051 1o49 5o79 Oo81 
93 Hampshire 23 .. 53 13002 l0o5l 1o31 loOl 

3 81 Hampshire 19075 -- -- 6012 0088 
84 ~amp shire 
88 f{ampshire 26096 12007 14089 6063 0,.93 
91 f{ampshire 21068 12051 9o l 7 6094 Oo84 

4 86 Hampshire 20094 llo99 8095 1006 Oo95 
85 Hampshire 
89 f{aq;,shire 
87 f{ampshire 25021 13067 llo54 8038 lol2 

5 92 !"lampshire 18052 -- -~ 4066 Oo92 
95 !-fampshire 21035 12046 8089 6047 Oo94 

6 94 f{ampshire 
96 f{ampshire 18069 llo55 7o l 4 5o93 0086 

~ 



TABLE 7 

Major Constituents in Gilts' Milk 
15th Day of Lactat ion 

Experiment 19 Spring 9 1948 

Solids 
Lot Gilt Solids Not Fat FGl.t Protein Ash 
Noo Noo Breed Percent Per cent Percent Percent Percent 

l 76 Hampshire 20039 10083 9o56 6011 0~96 
80 Hampshire 
82 Hampshire 
90 Hampshire 

2 78 Hampshire 
77 Hampshire 
83 Hampshire 16095 -- -- 5o00 0.87 
93 Hampshire 19033 llo 75 7o58 5o75 0086 

3 81 Hampshire 
84 Hampshire 
88 Hampshire 
91 Hampshire 19038 =- -- 5o93 Oo91 

4 86 Hampshire 
85 fiampshire 
89 fiampshire 
87 fiampshire 

5 92 fiampshire 17053 llo47 6006 5ol2 0.98 
95 fiampshire 

6 94 fiampshire 
96 fiampshire 24006 12090 llol 6 6.80 lol4 

~ 



Let Gilt 
No. No. Breed 

l 76 Hampshire 
80 Hamp.shii·e 
82 ~hire 
90 ~shire 

2 78 !Iampshire 
71 ~shire 
83 ~shire 
93 Hampshire 

3 &l ~ampsldre 
84 Hampshire 
86 ~&hire 
91 Hampshire 

4 86 ~ampsbire 
85 ~ampshire 
89 !)amp-shire 
8-1 ~ampshire 

5 92 ~shire 
95 ~ampshire 

6 94 ~ampshire 
96 Hampshire 

TABLE 8 

Major Constituents in Gilts' Milk 
55th Day of Lactation 

Experime~t l v Springv. 1948 

Solids 
Solids Not Fat 

Percent Percent 

18.40 12.00 
~ .... 

19.80 12.30 
21.60 13.90 
19.50 12.07 

22.57 13.49 

17.70 10.57 

Fat Protein 
Percent Percent 

6.40 5.80 

7.50 6.58 
7.70 7.78 
7.43 6.66 

9.08 7.60 

7. 13 5.17 

Ash 
Percent 

1.09 

1.03 
1.30 
1.22 

1.25 

0.95 

--1 a-



Lot Gilt Riboflavin 
~o. No. Breed mo97mI 

l 76 B&111psh-ire 6.00 
80 Hampshire 
82 Hampshire 2.50 
90 Hampshire 5.20 

2 78 Hampshire == 

77 Hampshix-e 3.80 
83 Hampshire 10. 70 
93 ~amp shire =-

3 81 Hampshire 12.80 
84 Hampshire 
88 ~ampshi:re 5.40 
91 ~ampshix-e 6.60 

4 86 ~amp shire -= 

85 ~amp shire 5.40 
89 ~amp shire 
87 Hampshire 8.90 

5 92 Hampshire 
95 ~ampshix-e 4.00 

6 94 ~amp shire 
96 ~ampcshi Ye == 

TABLE 9 

Vitamin Content of Gilts' Colostrum 
Experiment 10 Sp-riJli~ 1948 

Nicotinic Panioth&nic 
Acid Acid Thiamin 

mcg7ml mcgi.'mr mo97mi""' 

1.00 1. 70 ~ 

1.50 2.10 o.75 
1.20 0.90 0.95 
- -- -= 

0.90 o.60 - = 
1.00 o. 70 ~ 

- - ~ 

1.60 0.70 0.75 

1.40 0.50 = 
1.80 0.80 0.60 
=- ~- == 

3.20 0.40 o.63 

~ 1.60 --
2.30 1.20 0.34 

1. 70 o.oo 0.62 

Ascorbic 
Acid 

mg/100 ml 

35.1 

17.8 
16.7 

27.7 
21.8 
10.0 
13.2 

20.0 
16.9 
19.8 
20.0 

6.8 

25.6 

22.6 

Vitamin A 
mcg/100 ml 

95 

93 
242 

154 
168 
83 
64 

67 
76 
68 

259 

110 

54 

Carotene 
mcg/100 ml 

1.4 

3.0 
2.2 

0.8 
1.4 
3.3 
3.6 

7.0 
8.9 
o.o 
o.o 

3.9 

o.o 

-I _, 



TABLE 10 

Vitamin Content of Gilts' Milk 
5th Day of Lactation 

Experiment l, Spring, 1948 

Nicotinic Pantothenic Ascorbic 
Lot Gilt Riboflavin Acid Acid Thiamiij Actd Vitamin A Carotene 
No. No. Breed mcg7ml mcg7ml mcg/ml mt g7ml mg7""oo mI mcg7Ioo mi mcg7Ioo mi 

l 76 Hampshire 2.10 1.30 1.10 0.21 16.4 16 3.7 
80 Hampshire 
82 Hampshire 
90 Hampshire 2.60 1.60 0.90 == 11. l 91 o.o 

2 78 ~shire 
77 ~amp shire 2.30 1.80 1.80 = = 11.4 22 7.5 
83 ~amps})ire 1.80 1.40 1.50 = 15.2 20 l .8 
93 ~sh-ire 3.20 2.00 2.80 0.16 16.5 43 5.1 

3 a1 ~ampshir.e 2.50 2.50 0.90 0.69 5.5 18 o.o 
84 ~ampshit>e 
88 Hampshire 3.60 1. 70 1.40 o.37 9.4 53 2.5 
91 ~amp shire 2.60 2.90 1.40 0.45 13.2 39 o.o 

4 66 ~ampshi:re 3.40 1.80 1.20 0.62 16.9 76 2.0 
85 ~amp~hire 3.30 4.30 2.10 0.34 8.7 52 o.o 
89 !Jampshire 
87 ~amp shire 5.6 1. 70 1.60 0.56 8.1 57 o.o 

5 92 ~amp shire 2.00 2.40 2.10 0. 45 12.3 15 2.4 
95 ~amp shire 1.10 1.10 2.30 0.39 6.6 22 0.6 

6 94 ~ampshi.re 
96 ~amp shire 2.80 2.10 3.20 == 20.0 21 5.6 

-

a! 



TABLE 11 

Vitamin Content of Gilts' Milk 
15th Day of Lactation 

Experiment lv Spring. 1948 

Nicotinic Pantothenic Ascorbic 
Lot Gilt Riboflavin Acid Acid Thiamin Acid Vitamin A Car otene 
No. - No. Breed mcg7ml mcg7ml mcg/ml --m~g/ml mg/100 ml mcg/100 ml mcg/100 ml. 

1 76 Hampshire 1.80 2.60 1.50 0.31 14.l 15 1.40 
80 Hampshire 
82 Hampshire 
90 Hampshix-e 

2 78 Hampshire 
77 Hampshire 2.40 5.30 L40 == 9. 7 21 1.2 
83 ~ampshire 2.60 2.00 1.60 0.05 10.3 19 L l 
93 Hampshire 3. 70 1.80 2.40 == 11. 7 18 4.0 

3 81 ~amp shire 2.80 3.00 3.20 , -,...:::, 8.5 31 o.o 
84 ~ampshi:re 
88 Hampshire 1.00 1.30 2.30 0.58 7.6 38 o.o 
91 ~amp shire 

4 86 ~amp shire 
85 Hampshire 2.10 6.80 3.00 = ~ 10.2 25 2.0 
89 Hampshire 
87 Hampshire 

5 92 ~ampshh'e 1.30 3.50 3.00 c..:.,.--,, 11.0 14 1.1 
95 Hampshire 2.60 1.10 4.20 0.51 11. 7 20 2.0 

6 94 Hampshire 
96 ~amp shire 2.40 4. 70 4.30 0.25 7.1 23 1. l 

~ 



TABLE 12 

Vitamin Content of Gilts' Milk 
55th Day of Lactation 

Experiment I. Spring , 1948 

Nicotinie Pantothenic Ascorbic 
Lot Gilt Riboflavin Acid Acid Thiamin Acid Vitamin A Carotene 
No. No. Breed mcg7ml mcg?ml meg7ml mcg7ml mgllOO ml 

, 
mcg/100 ml mcg/100 ml 

1 76 Hamp-shire 3.40 5.10 2.50 0.26 7.7 19 1.80 
80 Hampshire 
82 Hampshire 
90 Hampshire 

2 78 ~amp shire 
11 Hampshire 3.30 3.60 3.20 = 6.2 21 2.3 
83 Hampshire 3. 00 5.50 2.80 0.26 8.0 22 6.0 
93 Hampshire 2. 60 3.60 5.30 0.18 8.8 6 1.3 

3 81 Hampshire 4. 60 4.00 5.00 1.05 15c4 18 1. 7 
84 Hampshire 
80 Hampshire 
91 Hampshire 3.90 3.40 4. 70 0.42 11.5 14 1. 7 

4 86 Hampshii'e 
85 Hampshire 
89 Hampshire 
87 Hampshi:te 

5 92 Hampshire 
95 ~amp shire 2. 70 2.00 7.50 0.41 7.8 5 1.4 

6 94 Hampshi:re 
96 Hampshire 

-

~ 



Lot s~w 
No. No. 

Gilts 
r- 1 

24 
14 

2 22 
70 
2J 
H 

3 2C 
1r 

4 2,, .. 
23 

5 55 
") ~. 

6 3n 1,. 

Sows 
-r= 7() 

93 
90 

8 95 
91 

= 

TABLE. 13 

Major Constituents in Gilts' and Sows' :Milk 
5th Day of LaGtation 

Expe~i~nt 20 _Fall 0 1948 

Solids 
Solids Not Fat Fat 

Breed Pereent Percent Per&ent . 

Chester White 21.16 11.54 9.62 
Du.roe 18.65 11.47 7.18 
DU-l'OC 19.90 10.95 8.95 
Chester White 20.52 ll.8C 8. 72 
Du roe 20.62 12.26 8.36 
Duro~ 20.94 10.97 9.97 
Du1roc 17.51 11.53 5.98 
Che.stet" White 21.81 11.56 10.25 
DU!fOC 

Cheste1e White 21.20 10. 55 10.65 
[>fJlN)~ 23.04- 11.92 11.12 
Chestel!.' White 18.96 9.85 9.11 
0111r~c 19.18 H. 16 8.02 
DU'R'O Q3 20.72 11. 70 9.02 

Hamp~hire 21.75 U.07 10.68 
Hampshire !9.31 11.32 7.99 
~amp-shire 17.86 10.96 6.90 
~ampshil'e 21.34 B.85 9.49 
Hampshire 19.49 10.72 8.77 
~~ 

Protein Ash 
Percent Percent 

6.62 0.90 
5.47 0.85 
5.96 0.85 
6.27 0.79 
7.24 0.88 
6.14 o.86 
5.98 o. 79 
6.39 0.96 

6.05 0.89 
6.03 o.89 
5.50 0.93 
5.53 0.75 
5.68 0.84 

6.61 0.90 
6.21 0.88 
7.51 0.89 
6.36 0.93 
6.17 0. 79 

co .,_.., 



TABLE 14 

Major Constituents in Gilts' and -Sow's Milk 
16th Day of Lactation 

Experiment 20 Fall 0 1943 

Solids 
Lot Gilt Solids Not Fat Fat 
No. No. Breed Percent Percent PeX'Celllt 

Gilts ==--= 
l l Chester White 19.24 12.36- 6.88 

24 Du roe 
14 Du roe 18.72 11.32 7.40 

2 22 Ch&ste:r White 19. 68 11.06 8.62 
70 Du roe 17.21 10.32 6.89 
21 DuroG 19.24 6.98 10.26 
11 Duroc 17.70 10.45 7.25 

3 20 Chester White 19.81 11. 17 8.64 
10 Dut'O~ 23.05 15.61 7.44 

4 21 Che$ter Wh.ite 19.33 12.43 6.90 
23 Du.roe 20.52- 10.13 10.39 

5 55 Chesteir White 15.89 10.21 5. 68 
2 Du roe 18.36 10.49 7.87 

6 32 DttX'O~ 19.72 13.22 6.50 
Sows -r= 76 H~shi'k'e 20.22 12.47 7.75 

93 ~aq>shire 19.25 11.65 7.~ 
90 ~ampsldl'e 18.30 10.40 7.90 

8 95 H~shire 15.45 10.49 4.96 
'91 ~amps:td ire 18.90 11. 37 7.53 

Protein 
Percent 

5.90 

5.35 
5.08 
4.81 
5.13 
4.90 
4.76 
5.54 
5.28 
5.23 
4.06 
4.92 
5.32 

5. 72 
5.90 
5. ],9 
4.09 
5.25 

Ash 
Percent 

0.92 

0.92 
0.92 
0.75 
o.ao 
0.80 
0.93 
0.95 
0.86 
0.95 
0.88 
0.76 
0.82 

0.84 
o.89 
0.88 
0.80 
o. 78 

cc 
i'-' 



TABLE 15 

Maj o:r Constituents in Gil ts' and Sows' Milk 
55th Day of Laetation 

Experiment 2. Fall 0 1948 

Solicls 
Lot Sow Solids Not Fat Fat _ Protein Ash 
No. No. Breed Pereent Percent Peiroent Percent Percent 

Gilts ,-- l Chest&ir Wlti te 21.50 14.22 7.28 7.56 1.14 
24 Du roe 26.04 18~34 7.70 8.01 1.48 
14 Dul'OC 

2 22 Chesteir White 23.b3- 16.73 6.90 7. 70 1.37 
70 Dui'OC 22.48 14.97 7.51 7.62 1.36 
21 Duro~ 19.72 11.86 7.86 5.87 1.18 
11 DtlX'OO 19-. 97 13.76 6.21 7.60 1.32 

3 20 Chester White 22.24 16.00 6.24 6.70 1.41 
10 Duro© 

4 2.1 Chester White 19.00 11.22 7.86 5.32 l. 72 
23 Du-ro~ 18.95 12.38 6.57 6.b8 1.34 

5 !:5 Chester White 
2 Dlll'O@ 18. 26- 11.18 7.08 6.65 1.16 

6 32 Dnir«:i© 18.44 12.00 6.44 6.54 1.27 
Sows 
~ 16 Hamp$hire 21. n 14.20 7.51 7.61 1.20 

93 Hamprshiire- ..-~ ...::.-, == 7.58 8.19 
90 ~mDfYS'hi lI'e 19.44 12.70 7. 24 7.05 1.40 

a 95 ~ampshiX'e 17.98 10.89 7.09 5.89 1.20 
91 !-Jamp-shire 18.38 12.44. 5.94 == 1.25 

85 



TABIE 16 

Vitamin Content of Gilts' and Sows' Colostrum 
Experiment 2o Fall. 1948 

Nicotinic Pantothenic Ascorbic 
Lot Sow Riboflavin Acid Acid Thiamin Acid Vitamin A 
No. No. Breed mcg7ml mcg7ml mcg7ml mcgTmI mg7100 ml mcg/100 ml 

Gilts r- l Chester White 2.43 1.23 0.94 0.34 16. 7 44 
24 Du roe 1.89 1.87 0.44 0.16 21.3 154 
14 Du roe 2.13 --2.50 0.43 0.44 7.9 161 

2 22 Chester White 5.68 1.60 0.22 0.86 17.6 124 
70 Du roe 
21 Du roe == 1.40 = 1.31 24.7 202 
11 Du:roc 

3 20 Ch&ster White 
10- Du-roe 2.80 2.60 0.19 0.21 28.4 25 

4 21 Cheste!' White 4.98 1.54 0.46 0.59 14.8 85 
23 Duroc 

5 55 ChesteX' White 2.17 1.57 0.25 0. 29 13.7 
2 Duro~ 3.53 1.44 0.25 0.21 20.1 127 

6 32 Du roe 5c{)(). 1.90 0.13 0.60 14.8 245 
Sows 
-r=- 76 Hamp$M:ire 6-.13 1.20 o.52 0.32 30.8 189 

93 Hampsh.iire 6.75 1.38 0.41 == 13.l 285 
90 Hampsbi1re 3. 71 1. 71 0.35 = = 8.9 76 

8 95 Hampshi lt'e 3.81 l. 74 0.38 0.44 25.9 153 
91 :fl amp $ hi iie 3.09 2.37 0.62 0 ~ 24.7 167 
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TABLE 17 

Vitamin Content of Gilts' and Sows' Milk 
5th Day of Lactation 

Experiment 2. _Fall. 1948 

Nicotinic Pantotheni~---- Ascorbic 
Lot Sow Riboflavin Acid Acid Thiamin Acid Vitamin A 
No.- No. Breed mtg/ml mcg7mI mcg/ ml mcg?mI mg/100 ml m©g/100 ml 

G-ilts .,.,,_ 
l l Chester Wh i t e 2.35 3.12 2.80 o. 78 7.1 36 

24 Duro11; 2.00 7.85 4.88 0.42 18.8 18 
14 Du:ro\C 1. 16 6.66 o. 75 1.26 14.0 12 

2 22 Chester' Whit~ l .65 5.03 2.01 o.62 10.7 16 
70 Duro@ J.. 94 5.87 2.34 0.62 18.8 26 
21 Du:roQ; 1.12 7.26 2.26 1.10 18.4 24 
11 Duro<e 2.01 4.54 2.35 0.45 18.9 22 

3 20 Cheste:r White l.50 6.72 L81 o. 70 10.6 27 
10 Dmw© 1.47 7.98 1.48 0.89 14.7 22 

4 - 21 Chestreir White 1.54 6.05 l.88 0.79 16.9 62 
23 Duro~ 1.26 6.80 2.01 0.44 15.l 26 

5 55 Ches t ine White 1.19 4.60 1.82 o.56 9.0 30 
2 Du:ro© 1. 00 3.88 1.82 0. 53 14.0 20 

6 32 DUI'(!}© 1.30 4.83 2.01 1.00 11. l 11 
Sows 
~ 76 Hamp$hiX'® 1. 87 3.39 1.30 0.52 19.0 54 

93 flamp £ih i :re 1.86 3.01 1. 00 0.59 16.8 41 
90 ~ampshil'e l.24 5.46 l. 73 0.53 11. ! 20 

8 95 ~ampshh:e 1.41 8.04 1.30 1. 33 13.1 25 
91 ~amp,ihi !'~ l.58 4.82 2.30 0. 37 14.5 29 

- - co ~· 



Lot Sow-
NII). N1>. Breed 

Gilts r- l Chester White 
24 Duro«; 
14 Du roe 

2 22 Chester White 
70 OU-ro© 
21 DuroiB 
11 tiuro© 

~~ 20 Chaste:!' White 
10 Duro@ 

4 21 Chesteii' White 
23 Du:ro@ ,. 
55 Cheste1r White ;J 

2 Du1t'Q~ 
6 32 Duro«:; 

Sows 
= 

1 76 Hmnpshl:re 
93 ~9.mp:sh :hre 
90 ~mnp-s-hi ire 

8 95 Hamp§hfrrffi 
91 Hamp t hi1re 

TABLE 18 

Vitamin Content of Gilts 9 and Sow' Milk 
15th Day of Lactation 

Experiment 2. Fall, 1948 

Nicotinic Pantotheni ~ 
Riboflavin Acid Acid 

mcg/ml mcg/ml mcg,ml 

2.34 4.19 9.90 

1.00 12.60 1.16 
4.39 12.88 3.25 
0.83 7.77 2.05 
1.82 11.54 2.30 
l.72 8.41 2.08 
3.12 ll. 70 4.14 
2.13 10.09 0.52 
3. 70 9.82 3.21 
l.96 12.41 4.86 
3. 68 5.11 3. 71 
1.04 11.33 1.50 
1. 26 6.94 2.21 

1.37 3.41 1.10 
L 3-1 5.73 0.90 
2.66 9.01 2. a:, 
2.98 5.81 3.75 
2.72 8. 15 ~.03 

Ascorbic 
Thiamin Acid 
m©g/ml mg/100 ml 

1.20 8.5 

0.55 9.5 
0.74 9.8 
0.71 13.3 
1.00 12.8 
0.55 7.8 
o.90 13.0 
0.82 9.8 
0.69 13.5 
0.15 11. l 
0.57 8.4 
0.54 12.5 
l. 10 11. 6 

0.43 12.0 
0.49 11. 7 
0. 36 9.8 
0. 56 9.1 
0.40 10.7 

Vitamin A 
mcg/100 ml 

---

18 

14 
26 
18 
31 
23 
16 
24 
26 
14 
19 
19 
22 

29 
19 
14 
20 
17 

co 
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TABLE 19 

Vitmnhi Conttmt of Giltsc and Sows' Milk 
55th Day of La~tation 

Expe~iment 2c Fal l 0 1948 

Nieothli© Pa!lltotheraiq; Ascortilc 
Lot Sow Ri bofla'l!i ill Ad d Aeid Th.i mnilr1 Acid Vitamin A 
No. No. Breed m©g7ml = m@g7ml mcg7ml mcg/ml mg/loo ml mcg/100 ml 

Gilts - l Chsste:r White 2.17 5.05 2. H 0.82 5.9 24 d ... 
24 Du:ro<1; 3. 15 15.25 2.85 o.84 9.3 24 
14 Dut-o@ 

2 22 Chaste1t White 3. 6.:1 11.63 1.H 0.77 8.4 28 
70 Our~~ 2. 13 8.76 5.15 0.86 10.1 19 
21 0u1t'O© 4. 38 9.54 8. 71 1.05 12.3 22 
11 DUL'(()C 2.80 10.35 6.85 0.65 11.8 17 

3 20 Cheiteir Wh i t e 3.98 16.02 7.99 1. 02 10.8 16 
lO Dmro© 2.-38 7.85 1.41 == 11.4 17 

4 21 Chestet' Whi t ~ 3.00 1.67 0. 37 0.4J. 18.0 24 
2:1 lhl!'Oi::: 2.44 12.48 4.48 1.10 12.0 16 

5 55 Cheste11 White 
2 Du iroe; 3.05 a. 1'7 1. 61 1.25 12.0 23 

6 32 Dult'O© 3. 3X 7.14 5. 53 1. 20 11.0 26 
Sowl. -r 76 Hamp.shilr'® 2.53 4.11 3.28 0. 47 10.8 23 

93 ~mnp ~hi '.f~ 2.68 4. 37 3.10 1. :rn 10.9 19 
90 HanEpshit'a 3.10 15.00 H .97 o. 73 11.4 25 

8 95 ~a~ &fhiir<El 3.78 H .48 3. 88 0.61 8.8 11 
91 ~a1rip $hi ir~ 3.75 ].3.07 ].l. 5:J 0.61 12.3 21 

=-=====-==-===~- .=:x _;.;:.aa_ . ~ 
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GLts 

Lot Gilt 
No. No. Breed 

l 52 Rruttp. x. Ch. White 
124 ~amp. x Ch. White 

79 Du roe 
ti) burroc 
17 llu1ro~ 

2 90 0Ulr\O(C 

63 DllX\i>~ 
305 Duiro~ 

3 141 ~amp. x Ch . White 
55 Du~o@ 
10 :0Ult'O© 
00 Dult'o© 
H DUim~ 

·-

TABLE 20 

Vitamin A Contemt of Gilts~ and Sows ' Mi l k 
E~eri.ment 3 ~ Sprlng , 1949 

Sows 
Vitamin A 

Content Lot Sow 
m~g/100 mf No. No. Breed 

5th day 25th day 

19 13 4 76 Hampshir~ 
28 12 22 CheS.tek' Whi te 
16 12 lO Duro© 
19 13 21 DU!'O ti'.l 
16 14 5 95 Hrunp 5;hi1re 
12 17 1 Chest~li' White 
16 14 23 DU ll:'011'.; 
17 12 24 DUi'O<fJ 
.4,6 25 6 93 Hampshh:'(81 
45 41 70 Omro@ 
42 33 2 0ull:'O(t; 
53 23 1 91 Hampshir~ 
31 30 20 Chest~X' White 

11 DuJl."o~ 
~i2 Omro© 

Vitamin A 
Content 

mcg/lOO ml 
5th a:ay 25th day 

44 11 
89 32 
50 36 
50 28 
28 29 
34 17 
37 17 
21 16 
32 24 
42 43 
38 37 
39 32 
75 25 
61 32 
66 45 

CP 
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Lot 
No. 

Gilt 
No. 

TABLE 21 

Nicotini c Acid Content of Gilts ' and Sows ' Milk 
Experiment 3, Spring. 1949 

GiJt~ SOW$ 
ia tU°'ieotin:ic A~id Nicotinic Acid 

Breed 
Content 

=m©g/ml · 
5th day 25th day 

Lot 
No. 

Sow 
No. Br~~d 

Content 
mcg/m1 

5th day 25th day 

l 52 Hamp. x Ch. White 1.30 2.80 4 76 Hampshiz~ 2.30 5.40 
l24 Hamp. x Ch. White ~i . 30 6. 00 22 Che3t e.i:' White 3.10 12. 80 
79 D~ro~ 3.60 7.10 10 IJuroc 6.00 4.70 
60- Duro~ 2.20 4.60 21 Duroe 3.40 
l7 ~Ul'O© 2.40 13.40 5 95 Hampshi ire 2.50 3.80 

2 90 Duro© lo 50 5. 20 l Chestei· White 2. 50 8. 60 
63- Duro,r:; 6.00 7.30 23 Duroc 4.30 6.00 

305 Duroc 7.00 9. [-.0 24 Du;:oe; 5.80 10.80 
3 147 ~amp. x Ch. White 2.10 4.90 6 93 HampshiI"6 5. 80 5.10 

5fr Duro~ 3.50 10.00 70 Duroe 5.10 9.60 
10 Duro~ 1.50 3.90 2 bu~o~ 5.50 6.90 
80 ~uro© 3.20 6.50 7 91 Han~shire 2.50 2.70 
11 Duroc 2.00 o.50 20 Chester White 9.30 9.30 

11 buroe 4.30 5.80 
32 Du~o~ 3.50 4.90 

i::o ..c, 



Breed 

Du:rl(}~ 

Dray 

5 
15 
55 

Day 

5 
15 
55 

TABLE 22 

Composi tio~ of Milk f1rom Sow 
Which Raised 10 Healthy Pigs to Weani~g 

SpX'hlg o 1948 

Solids ·~ 
So l;lds Not Fat Fat 
-Pe1t©\H"lt 

18.89 
17.80 
16.80 

R~.boflinr:in 
= :mcg/ml 

:t. 90 
LIO 
3.00 

Per©ent 

N:i eothd@ 
Acid 

~me':;i7m1 ., 

12.3 
rn .2 
10.0 

11.20 
1L46 
11. 97 

Pantoth&ni© 
Add 

m~g/ml 

4.90 
9.00 

Pet'11Emt 

7.69 
6.34 
4.83 

Thiamin 
~ 

o. n 
0. 32 

P~otein 
Per~ent 

4.91 
4.96 
5.59 

AS©01<.0 bic 
A@id 

DP7Wo I g. - QL 

H.6 
13.8 
9.1 

A!!! 
Percent 

0.83 
0.82 
1.24 

Vitamin A 
'ioo°g/lOO mi 

44 
32 

8 

8 
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