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PART I. NUTRITIONAL STUDIES WITH DISEASE-FREE SWINE



INTRODUCTION

Swine production has been seriously hampered in recent years by
several insidious and costly disaaseso Many herds encountering these
diéorders contain‘va}uable breeding stoqk agd to_dispgserof the;etherqs
in an attempt to_eliminate these diseases would result in seveye“iogses
to the swine industry. It is also very difficult at times to replace
valuable breeding stock with any certainty of freedom‘frqm these dis-
©2898., Vériaus treatments have bsen used successfully in alleviating
symptoms in gfflicted animals, yet none have been proven to be effeciive
in completely eliminating the disease conditions in the herds. Tpese'
diseases have also seriously handicapped experimental studies in gwine
ﬁutrition and breeding. In many instances conclusions have been made on
what must be regarded as diseased rather than‘normal pigs.

ﬂ In 1950 an expgriment was started in which baby pigs were delivered
aseptically by Caésarian section and raised in an envir¢nment enﬁirely
isolated fromloﬁher swine—raising operatiqnsf Mlt wa;udegired in this ‘
study to evaluate the possibility of eliminating a digestive digturbance
in the young pigs that had existed in the parent stock, and also to study

the nutritive requirements of swine raised in this manner.



REVIEW OF LITERATURE

The published literature on this subject is so voluminous that no
attempt will be made to give a complete review. Only those reports which

are pertinent to this study will be considered.
Use of Purified Rations for Baby Pigs

Wintrobe (1939) employed a "synthetic! diet in studying the mutri-
tive requirements of young pigs. & fennd that a diet compossd of sssein,
9.5 grams; lard, 4.0; cod liver oil, 0.5; sucrose; 21.05 minerals, 2.2;
plus 3 grams of yeast per kilogram of body weight daily produced the most
rapid growth.

McRoberts and Hogaﬁ (1944) fed pigs, which had nursed the sow for
two days, a diet consisting of: acid-washed casgin; 30 percent; sucrose,
30; corn starch, 53 lard, 39;\m§neral mixture, 53 and all the thenfknown
vitamins. Of the initial 34 pigs, 15 died with pneumonis and pericardi-
tis; the remaining 19 failed to respond nbrmally and developed a severe
diarrhea., The pigs were glven either extracts of liver or yeast. The
ones receiving the liver extrsst vesovered from the diasrrhea and grew
in a normal manner.

inderson and Hogan (1947) reported the results from an experiment
in which baby pigs were allowed to nurse the sow for three days. The
pigs were then transferred to a synthetic diet containing all known nu-
trients but no crude carriers of unknown substances. At first they had
diarrhea but gained at nearly a normél rate and averaged 35.8 pounds at

56 days of age. One gilt was fed the synthetic diet through a reproductive
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¢ycle and farrowed elsven normal pigs, bub she became anemic, stopped
lactating, and died on the 55th déy after farrowing. Five pigs surviv-
ed and were ralised on a synthetic dist without any difficulty until 56
days of age.

After the isolation of By,, inderson and Hogan (1950) reported suc—
cessful reproductiqn in two gilts fed a purified ration supplemented
with this nutrient. Two reproductive cycies were completed. Other work-
ers, Johnson et al. (1948), Russell et al. (1948) , Lehrer, et al. (1949),
and Neuman et éla (1950) , have succéssfully raised baby pigs on a puri—
fied dietvafter the pigs nursed the sow for two days.

Attempts to ralse pigs from birth to eight_weeks‘of age on a puri-
fied diet Without access to cqlostrum have been less successful. Bustad
et 3;5‘(19h8) removed, pigs from the sow at birth and fed a purifiedwdiet
which cqntained all known nubtrients. The diet consisted of casein, 39.6
percent; sucrose or lactose, 25f53 lard? 28.7; and éalt mixture, 6.2.
Blood serum and plasma were used as colostrum substitutes. In this ex-
périment pigs remqved from the dam at birth failed to survive longer than
22 days. ,A‘severe diarrhes developed ip\allQpigs‘fed the synthetic'milk,
and the following therépeutic agents were of no benefit in prblonging
life: penicillin, sulfathalidizs, smiﬁamﬁthazine? and Kacpectate. These
workers concluded that the diet was inadequate even though crude cagein,
1-20 liver powder, and an anti-pernicious anemia liver extract were add-
ed to the experimental diet. |

Young and Underdahl (1951), however, reported raising baby pigs from
birthvtc 90 days without tﬁe pigs receiving colostrum. The diet consist-
ed of modified cow's milk containing a whole egg and S.ﬁl. of a salt mix-
ture per guart of homogenlzed milk°.<Hsalthy pigs were obtained hy placing

a sterile cloth bag against the buttocks of the sow and catehing the



new-born pig.
Value of Various Fats for Pre-Weanling Young

Gullickson et al. (1942) reported the value of the following oils
and fats from feeding trials with dairy calves: soybean oil, corn oil,
cottonseed oil, coconut oil, lard, beef tallow, and butter fat. These
fats and oils were added to skim milk at a level of 3.5 percent and were
emulsified with the milk by homogenization. The calves were fed on the
respective rations for a three-to four-month period, starting at approx-
imately seven to fourteen days of o c. They found that the calves re-
ceiving the vegetable_oila made average dally gains as follows: coconut
oil, 0.96 pounds; peanut oil, 0.80; corn oil, 0.40; cottonseed oil, 0.31;
gsoybean oil, 0.32; as compared to calves receiving whole milk, 1.43
pounds; butter fat, 1.22; lard, 1.17; tallow, 1l.24. The incidence of
diarrhea was more frequent in the calves receiving the vegetable oils
than the calves receiving the animal fats.

Jacobson et al. (1949) compared the nutritive value of butter fat,
crude soybean oil, and hydrogenated soybean oil in a dried milk ration
for dairy calves. These workers found that the calves receiving the
ration containing hydrogenated vyl esn oil gained as rapidly as the
calves receiving the ration containing butter fat. However, the calves
receiving the ration containing crude soybean oil scoured severely and
made slow gains.

Boutwell et al. (1943) reported no difference was found between the
nutritive value of vegetable oils and animal fats when fed to day-old

pigs.



(3jestation-Lactation Performarice oi swine Fed Natural Ratious

Hogan and Johnson (1940) reported that sows fed a ration consisting
of corn, linseed meal, alfalfa meal, tankage, minerals, and cod liver
oil failed to reproduce in a normal manner. The percentage of pigs wean-
ed was approximately 4O percent. If 2 percent buttermilk solids were
added to the basal rﬁtiun, T4 percent of the pigs born alive were weaned.
The addition of wheat bran, yeast, and liver to the basal ration also
improved the reproductive performance. Some of the symptoms observed
in the pigs were goose stepping, diarrhea, sudden collapse, skin lesions,
and scabs.

Ross et al. (1942) in a series of experiments with swine and rats
fed a basal ration of 76.35 percent of ground yellow corn, 17.5 percent
soybean meal, 5 percent alfalfa meal, 0.5 percent iodized salt, and 0.65
percent calcium carbonate. They concluded that the ration was inadequate
for normal reproduction and lactation. Gilts raised in dry lot on this
ration failed to suckle their litters to allow normal growth; many pigs
died before weaning while others became emaciated. These same findings
were also substantiated in the rat experiments. Normal reproduction and
lactation could be obtained with both swine and rats if 10 percent al-
falfa meal was added to the basal ration.

In a later report, Ross et al. (1944) found that the addition of
wheat bran, middlings, tankage, yeast, and certain B-vitamins to the
basal ration from ten days prior to parturition to twenty days following
parturition did not correct these embryological abnormalities or stimu-
late lactation sufficiently to raise the pigs to weaning.

Cunha et al. (1944) continued the experiments initiated by Ross
et al., to determine if certain vitamins or commercial preparations

would adequately supplement an all-plant basal ration. These workers



were unable to show any supplement or vitamin, other than 10 percent
alfalfa meal‘added to the basal ration, that would permit normal repro-
duction and lactation of swine and rats fed all-plant rations.

Fairbanks et §$01(1945) fgd gilts a basal ration of corn, soybean
meal; fish meal, tankagé,‘limestone,_steamed'bone meal, salt, and cod
liver oil. This basal ration‘was‘supplemented with either corn distill-
erg solubles, alfalfa meal, or all known B-vitamins. ‘Tﬁese workers
found that the basal ration was inadequate for normal gestation but was
adequate for lactation. If the different supplements were added to the
basal fatien, hormal geétation and lasstsbion could be obtained. Thsee
workers concluded that the nutrient requirements of a sow were most criti-
cal during the gestation period.

Heidebrecht et al. (i950) designed three experiments to determine
the adequacj of é‘corn~soybeén meal ration for reproductioﬁ and lactation
of sﬁine and to determine the sﬁpplementary effect of certain nutrients
when added to such a swine ration. Two basal rations were used in the
%Hree experiments. lBasal ration A was cqmposed‘of ground'yellow corn,
82.85 percent; expellernsoybgan meél, 11; alfalfa meal, 5; iodized salt,
0.5; ground limestone, 0.65; and 6000 I. U. of carotene per pound of
faed. Basalyration‘B'éonsiéted < grownd yellow corn, 82 percent; ex-
peller soybean meal, 11; alfalfa‘meal, 55 salt, 0.5; ang steamed bone
meal, 1.5. ‘Sgpplements added to ﬁhese basal rations inclﬁded‘fish solu~
bles, vitamin A, carctene, alfalfa meal, liver extract, APF, and iodine.
“These workers observed, with daﬁa collected from 70 sows‘dn 15 different
treatments, that reproduction performances of sows fed the basal rations
ﬁére essentially normal but that the weaning weights of the pigs were
subopﬁimal. Survival rates‘of‘pigs\from gilts or sows fed the basal ra-

tions fortified with fish solubles were greater than survival rates of
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pigs from sews feé.the basal réti@na In two experiments the additiom

of fish,é@lubles to-the‘basal rations increased the weaninglweights.of
the pigs. ‘Suppleﬁentation of the basal rations with alfalfa meal; liver
extract, iodine, or vitanin A was without effect‘on reproduction or lac-
tation. In;?xperimenﬁ 3, one lot of sows fed the basal ration and housed
in»éoncrete pené that were wgshed daily raised fewer pigs than those sows
fed the same ration but whose pens were washed twice weekly. Slightly

lowsr weaning welights were also obtained.
- Adreomycin in Rations for Swine

Cunha ¢t al. (1949)‘demonstrated that Lederle APF (aureomycin resi-
due) supplemént cbntainéd some growth factor or factoré other than vitamin
By, that gave a marked growth response’in young pigs on a corn-peanut
meal basal ration. Jukes et al. (l950)»reported dafa indicating that
the antibiotiec aureomycin was a constituent of Lederle AFF supplement,
and that in pure form aureomycin_woulq produce a growth response in swine.

Leucke et al. (1950) observed a growth response in.weanling pigs by
supplementing a corn-soybean meal basal ration with iO milligrams of
auréomycin per pound of feed. Terrill and Krider (1950) also observed
that weanling pigs in dry lot maze Taster gains when a corn-soybean meal.
basal ration was supplemented with AFF or aureomycin.

Heldebrecht st al. (1951) fed unthrifty pigs a basal ratien contain-
ing the following feeds: ground yellow corn, soybean meal, tankage, fish
meal, cottonseed meal, alfalfa leaf meal, trace mineralized salt; and
steamed Bone meal. This basal ration was supplemented with either aureo-
mycin; streptomycin, penicillin; or sulfathalidine. The pigs receiving
the basal ration supplemented with the antibiotiecs or sulfathalidine

gained at a faster rate than the pigs receiving the basal ration for a



56-day experimentsl period.

During the past three years there has been an enormous amount of
data collected at various experiment stations concerning the evaluation
of APF supplements and.antibiotics in swine rations. Some of the data
has shown that antibiotics when fed to unthrifty pigs stimuléte growth
as mueh as 100 percent. However, in the case of apparently healthy pigs
fed well~balanced rations the growth stimulatiom has resulted in either
no response or limited growth increases.

Heidebrecht et al. (1951) fed healthy pigs a basal ration composed
of vellow corn, 73.25 percent; tankass, ﬁaﬁ; expeller soyvean mesl, 5.0;
cottonseed meal, 5.0; fish meal, 3.0; dried skim milk, 2.0; alfalfa meal,
5.03 brewers yeast, 0.25; trace mineralized salt, 0.5; steamed bone meal,
1.0; and Delsterol, 9 grams per 100 pounds of feed. These healthy pigs
were divided into three lots, six pigs per lot. Lot 1 received the basal
ration. Lot 2 was fed the basal ration, plus 0.75 grams of aureomyqin
per 100 pounds of feed, and Lot 3 received the basal ration, plus 0.75
grams of aureomycin per 100 pounds of feed from the beginning of the ex-
periment until the pigs reached an average weight of 125 pounds. During
the remainder of the experiment the éigs in Lot 3 were fed the basal ra-
tion. These workers found that sueellsut growth was obtsined in ali lots,
The average dally gain and feed effi@iengy'were not in favor of the lots
receliving supplementations of aureomycin. It was suggested from these
data that the response of pigs to antibiotics depends upon the health of
the animal and the adequacy of the ration with respect to various nutri-
ents.

Speers et al. (1950) reported an experiment in which healthy pigs
were fed a corn-soybean meal basal ration, supplemented with either aureo-

mycin, liquid APF, or dry APF. The pigs receiving the APF supplement,



i

either liquid or dry, gained at a faster rate than the pigs receiving
the basal ration. Supplementation of the basal ration with either 5 or
10 milligrams of aureomycin per pound cf feed produced gains of the same

magnitude as those gains made by pigs receiving the basal ration.
B-Vitamins in Rations for Swine

Chick et al. (1938) reported the curative action of nicotinic acid
on pigs suffering from the effects of a diet consisting largely of corn.
Various extractions from yeast had been given the pigs, but they still
refused to eat. When 100 milligrams ¢f nicotinic acid were injected
intraﬁuscularly for three days and 60 milligrams given daily in the feed,
the results were striking. Appetité returned‘within 2. hours, and the
pigs gained 93vpounds in 90 days. Since then, Hughes (1940), Hughes
and Ittner (1942), Hughes and Squibb (1942) , and Hughes (1943) have
shown that nicotinic aeid, riboflavin, pyridexine, and pantothenic acid
are required in the ration of the growing pig.

During the past two years several reports have praised the growth
stimulation in swine caused by the addition of vitamins of the B- complex
group, Leucks et al. (1950)”showed that the addition of thiamine, ribo-
flavin, nicotinic aeid, pyridoxinsz, choeline, and pantothenic acid to an
all-plant basal ration ﬂnproved the rate of gain 100 percent over that
produced by the basal ration.

Briggs and Beeson (1950) studied the supplementafy value of ribofla-
vin; calcium pantothenate, and niacin in a practical mixed animal and
plant protein ration containing By, and aureomyein for weanling pigs in
dry lot. These workers found that the addition of riboflavin, niacin,
and pantothenic acid to the basal ration increased the average daily

gains of the pigs 0.17 pounds, as compared to the average daily gains
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of the pigs recelving the basal ration.

. Hillier and Whitehair (1952) found that the addition of B-vitamins
to a low protéin ration improved the rate of gain slightly; however, the
addition of these vitamins to a higher protein ration improved the rate

of gain 10 percent and the economy of gain 5 percent.



EXPERIMENTAL
Pre-Weanling Phase

General procedures. - Twenty-three purebred Chester White pigs
were delivered by Caesarian section from four selected gilts of the
Animal Husbandry Department swine herd. All of the gilts and two boars
from each litter were selected for this study. The baby pigs were de-
livered shortly after the gilts had let down their milk. Upon delivery
they were wrapped in sterile cheese cloth and transferred immediately
to clean individual metabolism pens located in a room maintained at a
constant temperature of 90° F. The pigs were fed an artificial milk
containing 20 percent solids, the composition of which is shown in
Ration 1, Table 1. The milk was prepared by dissolving lactose in warm
distilled water and homogenizing the mixture with melted butter by means
of a small mechanical homogenizer. The casein, salts, and vitamins
were then added and the mixture was suspended with the aid of a Waring
blender. The milk was refrigerated until used, at which time small
amounts were resuspended by warming and blending. One whole egg and
one-half pint of heifer colostrum were added per 800 ml. of milk and
fed to certain pigs for the first three days as a source of unidentified
nutrients. Each of the pigs received 10 ml, of Ration 1 shortly after
being placed in the metabolism pens. Thereafter the pigs were fed every
four hours starting at 7:00 A. M. and ending at 11:00 P. M. After six
days on this feeding schedule the 11:00 P. M. feeding was omitted.
Crocks from which the pigs ate were washed and sterilized after each

feeding. The pens were washed daily with warm soapy water. The

11
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temperature of the room was lowered five degrees each weesk until a con-—
stant temperatura of 78O F. was attained. The pigs were weighed at
two-day intervals.

Trial 1 - Two separate growth trials were conducted. In the first -
trial eight pigsvtwelve days of age from two‘litters were allotted on
the basis of weight, sex, and litter to Rations 1, 2, or 3 and fed for
the succeeding twentyhane days. The eésential difference between these
rations was in the fat constituent. These raticns were prepared by
mixing elther melted butter, Qorn‘oil;vor cottonseed oil with lactose,
caseln, saltsg and vitamins by means of a small feed mixer. A portion
of this mixture was weighed before each feeding and suspended ianarm
water with the aid of the blender. Fach pig‘was offered all the food
he could consume in fifteen minuteé;

Irial 2 - This trial was essentially a repetition of Trial 1. The
tfiél began with an adjustment period of approximately twelve days,
dufing which the pigs were fed Ration 1. Seven pigs were fed Ration 1
unsupplemented with whole egg or colostrum. The pigs were then allotted
on the basis of weight, seéx, and litter to Rations 1, 2 or 3 which were

prepared as described in Trial 1.



ot
L

Teble 1

Rationsg Used in Fat Studies¥

Ration Number

Ingredients 1 2 3
Vitamin free casein 60 gnms. 60 gms. 60 gms.
Butter 8L

Cottonseed oll 84

Corn oil 8l
Lactose L6 L6 L6
Saltgitk 10 1C 10

+# Vitamins added per 200 gms. of dry ration: thiamine 1.1 mg.;
riboflavin 1.8 mg.; niacin 10.1 mg.3 inositol 26.8 mg.; choline 26.0 mg.;
para~amino hengoic acid 5.0 mg,; folic acid 0,13 mg.; biotin 0.025 mg.;
rrridoxine 2.0 mg.; calcium pantothenate 7.l mg.; ascorbic acid 130 mg.;
vitamin By 10 meg.; vitamin A 900 I.U.; vitamin D 120 I.U.; menadione
0.29 mg.; alpha tocopherol acetate 1.5 mg.

%% Johnson, B. C. gt al., Jour. Ani. Sci. (1948) 7:486.

Table 2
Response of Young Pigs to Various Types of Fats

Trial 1 (Duration 21 Days)

Lot 1 Lot 2 Tot 3
Butter Corn 01l Cottonseed 0il
Number of pigs . 2 3 3
Average initial weight 3.3 lbs. 3.9 lbs. 4.0 1lbs.
Average final weight 14.8 15.3 16.2
Average gain 11.5 1.4 12.2
Average daily gain 0.55 0.54 0.58
Trial 2 (Duration 21 Days)
Lot 1 Lot 2 Lot 3
Butter Corn 0il Cottonseed 01l
~ Number of pigsl | I 1 3
. Average initial weight 3.8 lbs. L.7 lbs. 4.0 1bs.
. Average final weight 16.0 15.9 4.3
. Average gain 12.2 11.2 10.3
_ Average daily gain 0.58 53 49

1 Includes only pigs which completed the trial.



‘Results and Discussion

Seventeen.of the 23 baby pigs‘that were fed rations previously
described were successfully raised., Four of these were‘raised on diets
unsupplemented with a source of unidéntified growth factors. . An exam-
ination of the data in Téble 2 reveals no marked differences as deter-
mined by growth in the nutritive value of the three different fats,
although slightly faster growth was obtained with the pigs receiving
butter fat, yfhese findings are in agreement with Jacobson g&'ﬁl,‘(l9h9)
in which no differences were obtained with dairy calves wﬁén hydfbgen—
atzd soybean oil was substituged for butter fat. Also, in the report
of Boutwell gilé;.l(19h3)‘no difference was found betwéen the nﬁtritive
value of végéﬁéblé oils and animal fats when fed to day-old pigs.

In Trial 2, two pigs on the corn oil and one on the cottonseeqwqil
diet died before the trial was completed. These three‘pigs were fed
‘Ration 1 unsupplemented with whole egg and colostrum for the first

“ twelvevdays. MThese deaths apparently‘were not due to nutritional causes.
The individual performsnce of each pig.is presentéd in Table 1,ia§pendix.

. Post-Weanling Phase

Trisl l; Effect of aureomycin supplementation - When the eight pigs
in Trial 1, pre—weanling‘phase reached approximately five weeks of age,
the artificiél type of ration was gradgally replaced with one composed
of corn, soybean meal, alfalfa leaf meal, dried skim milk solids, brew-
ers yeast, steamed bone meal, énd‘salt.__At this time the pigs were
transferred to an isolated area that had not previously maintained any
swine. The equipment, such as feeders,vwaterérs, housgs, and fence, was

either new or had never been used in swine-raising operations.
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As soon as the pigs were accustomed to this type of ration they
were divided into two lots according to Weight; sex and litter. The
pigs in Lot 1 were‘self»fed the bagal ration; the piés in Lot 2 Qere
self—féd thé basal ration plus 10 mg. crystalline aureomyecin per pound
of feed. This trial was conducted for 23 days. Wéter‘was offered
ad libitum.

| Trial 2 - Trial 2 was a repetition of Trial 1. Nine pigs approxi-
mately five weeks of age were removed from Trial 2, pre-weanling phase
and transferred to the isolated area. They were divided into two lots
and received the same treatment as the pigs in Trial 1. This trial was
conducted for 32 days. At the conclusion of the experiment testing the
value of aureomycin, all pigs were continued on the basal ration with

slight modifications of the protein levels until breeding age.
Results and Discussion

The rations fed during the post-weanling phase are presented in
‘Table 3. A summary of each trial is presented in Table A.‘vAn examina-
‘tion of the data in Trial 1 shows that the pigs receiving the supple-
mentation of aureomycin made gains slightly faster than the pigs re-
ceiving the basal ration. In Trial 2 the situation is reversed, for
the pigs receiving the basal ration gained at a slightly faster rate.
While this experiment was of short duration and a rather limited number
of pigs were used, the weighted averages of both trials would indicate
that pigs raised in this manner did not benefit from the addition of
aureomycin to their ration. At no time was there any evidence in any
of these pigs of a digestive disturbance although such had existed in
the parent stock.

Some of the pigs became sick in Trial 1 after they had been on the
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experiment 23 days. This was thought t0 be due to spraying the lots
for fly control. As a result, the last ten days of the trial has been

omitted., The individual perfermance of each pig is shown in Table 2,

appendix.
le 3
Experimental Rations Used in Growth Studies

Tngredients Tot 1 Lot 2
Corn (ground yellow) 66.0 percent 66.0 percent
Soybean meal 25.0 R5.0
Alfalfa leaf meal 5.0 5.0
Uried skim milk sollds 2.0 2.0
Steamed bone meal 1.0 1.0
Dried brewers yeast 0.5 0.5
Salt (iodized) 0.5 0.5
Aureomycin HCL (mg/1b.) 10.0

- Table &

Summary of the Average Daily Gain and Feed Efficlency of Plgs Fed
a Basal Ratlon, and a Basal Hation Plus Aureomycin

Tot 1 Tot 2

Basal Basal Plus
B Aureomyc:.n

Trial 1
Days on experiment 23 23
Hamber of pigs per lot A 4
Average initial weight (1lbs.) 55 .8 5L.2
Average final weight (1bs.) 86.8 89.0
Average daily gain (1bs.) 1.43 1.51
Feed per 1b. gain (1lbs.) 2.88 2.88

Trial 2
Days on experiment 32 32
Number of pigs per lot 4 5
Average initial weight (1bs.)} 55 48
Average final weight (1bs.) 99,5 89.8
Average daily gain (lbs.) 1.39 1.31

Feed per 1lb. gain (1bs.) 2.88 : 2.72
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Gestation-lactation Phase

Ninewgilté from the above trials were moved to a ciean lot 75
feet wide and 200 feet long. The gilts were bred and divided into two
lots, The gilts in Lot 1 were handmfedva basal ration composed of
carn; soybsan meal, ground alfalfa hay, sbeamed bone meal, and salt.
Thavgilts in Lot 2 were hand-fed the same yation with the exception
that two percent skim milk solids replaced the soybean meal. The
gilts remained in these lots until approximately one week prior to far-
rowihg. They were then washed with warm scapy water and moved to a
alaan lob, Starting eight days after farrowing the sows were self-fed
their respective rations until the pigs were 56 days of age. At thisv
tinme they were moved to ¢lean soil, and the feed was restricted three
or four days until they had ceased lactating. The sows were then placed
on full feed for a three-week period and bredgi After conception the‘
sows were hand-fed furing the gestation period. Again; approximately
five days before farrowing the sows_wgre'washed with warm soapy water
and moved to clean farrowing quarters. Five days ﬁrior to farrowing
and five days after farrawing; 10 percent of ground alfalfa hay was edd-
red to each sow's ration replacing 10 psrzent of corm. Eight days after
farrowing the sows were self-fed thelr respective rations until the pigs

were 56 days of age. Water wﬁs,supplied ad libitum.
Results and Discussion

The rations fed are presented in Table 5. All of the nine gilts
bred during the fall of 1951 farrowed in the spring of 1952. Six of
the sows bred during the spring of 1952 weaned litters in the fall. A

summary of the reproductive performance for both spring and fall is



shown in Tabl%’ég The ihdividual periormance of each sow is presented
in Table 3, appendix.

No unusual disturbances were sncountered inbthe first gix gilts
ner in the 1aét gilt to farrow. However, two gilts which farrowed
the first of April had difficulty. WNumber 12, Lot 1, farrowed a 1it-
ter of eight normal pigs, but they all died of starvation two days
after farrowing. Number 5, Lot 2, farrowed ten pigs, seven of which
died of starvation the first week. The other three were removed from

the sow at 28 days of age so the sow could be rebred. It should be

noted that both experimental tisatments wers invelved. Two sows died
during the summer of 1952 from heat prostration.

Except for the two cases mentioned abowe, satisfactory reproduction
and lactation performances were obtained from the sows in both lots.
This is in agreement with the work of Haidgbrecht et al. (1950) and
contrary to the observations of Ross et al. (1942) and (1944). Sup-
plementation of the all-plant basal ration with dried skim milk solids
resulted in no change in weaning welghts nor the percentage of pigs

weaned, as comparsd to the sows on the basal ration.

ST ™
Takle 5

Rations Fed to Sows During Gestation~Lactation

‘Lot 1 Lot 2
Basal Basal Plus Skim
Milk Solids

Ground yellow corn 75.0 Percent 75.0 Percent
Soybean meal (41% expeller) 18.0 16.3
Ground alfalfa hay 5.0 5.0
Skim milk solids 2.0
Steamed bone meal 1.5 1.5
Salt (iodized) 0.5 0.5
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Table 6

Summary of the Reproductive Performance

Lot 1 Lot 2
‘ 1

Number of sows farrowsd 6 )
Humber of pigs farrowed L6 L2
Number of pigs dead at birth L I
Average. birth weight of pigs (1bs.) 2.4 2,6
Number of pigs weaned 35 32
Average weaning weight (1bs.) 28.9 29.1

Percent of pigs weaned 83.3 84.2

1 Inecludes only sows which completed two repreductive cycles.

Growth-Fattening Phase

Twentjueight weanling pigs averaging approximately 30 pounds were
divided into four lots on the basis of weight, sex, and litter. The
boar pigs had been castrated when five weeks of age. All pigs had ac-
¢ess before weaning to the self-feeder from which the sows ate. The
pigs in Lot 1 were self-fed a ration composed of corn, soybean meal,
alfalfa leaf méal, steamed bone mesl, and salta The pigs in Lot‘2.re~
celved the same ration plus 10 mg. of crystalline aureomycin per pound
of feed. The pigs in Lot 3 received ths basal ration plus seven of the
Becomplez vibamins, while those in Lot 4 received the basal plus aurec—
mycin plus B~vitaminsg., The basal ration contained approximately lB.é
percent protein and the amounts of corn and soybean meal were adjusted
so that the protein content was reduced to 15.2 percent when the pigs
reached 120 pounds. The pigs remained on their respective ratlons until
they weighed approximately 200 pounds.

The second growth trial was essentially a repetition of the first

trial. Twenty-four weanling pigs weighing approximately 30 pounds were



equalized into four lots according to weight, sex, and litter, then al~
lotted at random to individual pens in the Animal Husbandry experimental
barn. The pigs were self-fed the same type of ration as presented in
Trial 1. .All pigs were weighéd aﬁ Li=day iﬁiervals, lwater'was offered
ad 1ibitua. | o
}The‘results_wgre‘agalyzed by analysis of variance according to
Snedecor (1946) .

Results and Discussion

i

The chemical composition of the fseds is shown in Tebls 7. %ﬁe
percentage composition of the rations fed is given“in:Table 8._’The
summary of the average daily gains and feed éfficiency of the ﬁigs in
~Trial 1 is given in‘Tablé 9 and the individual data are shown in Ta-
ble 17, appendix. Statistical analysis (Table 10) of the average
daily gain of the ﬁigs over the entire trial shows that diffepe@ce
among treatments approached Significance at the 5 percent level. Orthcg-
onal comparisons revealed that this difference was due to the gains
madé‘by the pigs receiving Bvitamins as compared to the gains made by
the pigs which recsived no additional vitamin supply. Practically no
difference 1s noted in feed efiizicnwy,

The summary of the average daily galns and feed efficiency of the
pigs in Trial 2 is given ipiTable 1l and the individual data are shown
in:Table 17, appendix. Statiétidal enalysis (Table 12) of the'average
daily gain of the pigs over & 70-day pericd shows that significant dife
ferences were‘preséntuz Orthogonal cémparisons‘fevealed that the oﬁly
significant differénee‘was between the plgs receiving B<vitamins as
compared to the pige unsupplemented with B-vitamins. Statistical anal-
yels (Table 13) of the feed efficlency for the pigs in Trial 2 shows



that significant differences were not present,

These data confirm the findings of Heidebrecht et al. (1951) and
Speers et al. (1950) in which no added growbth response was obtained
when erystalline aureomycin was added to the ration of growing swine.
These data also confirmed the findings of Leucke et al. (1950), Briggs
and Beeson (1951), and Hillier and Whitehair (1952) in which these
workers showed that the addition of B-vitamins to the ration of grow-
ing ewine increased the daily gains when compared to the daily gains
made by swine receiving a basal ration composed mainly of corn and soy-
besn meal unfortified with B-vitamins.

In Trial 1, representative pizs were gubjected to post-mortem
examination and there was no evidence of gross paﬁhology of any kind
except the presence of a few leisons in the liver presumably due to
Ascaris. A few viable roundworms were also found in the intestinal
tracﬁ. It is possible that these pigs could have become infected by
feed or other means. Herrick (1952) states that plgs can bgcome ine-
fected when ig.gigggg. The'wonmsvare reported by him tovmigrate into
the liver of the foetuses and remain there until the pigs are bornm,
then continus thelr migration, returning to the intestine in about pwo
wesks.

Table 7

Percentage Chemical Composition of the Ration Used in Growth Studiles

Hy0 Proteim Fat Fiber W.F.B.  Ash _ Ca. P.

Corn (yellow) 12.21 9.76 3.23 2.08 71.06  1.66 0.05 0.282
Soybean (sol- '
~ vent ex~

tracted) 8.93 44.18 0.53 6.66 33,51 6,19 0,36 0.476
Alfelfa

" meal 5,61 18.22 2,31 . 22.24 40.66 ‘ 10.96 1.37 0.195

Bone ’ o

meal 1.34 64.96 27,70 9.1




_Rations»Used in Growth Studies = 30-120 Pounds

Table &

' (gms/100 1b. feed)**

Lot 1 - Lot 2 Lot 3 Lot 4
Gorn (ground
yeliow) (%) 68.0 68.0 68.0 68.0
Boybsan neal (sol-
vent extracted) (%) 25.0 25.0 25,0 25,0
41falfe meal (de~
hydrated) (%) 5.0 5,0 5,0 5.0
8teamed bone
meal (%) 1.5 1.5 1.5 1.5
Salt (stock) (%) 0.5 0.5 0.5 0.5
Aureomycin "
. /1b.) 10 i0
Bovitaming® + +
Lelaterel
{gms/100 1b, feed)** 8 ) 8 8
Rations Used in Growth Studies -~ 120-200 Pounds
Lot 1 Lot 2 Lot 3 Lot 4
Corn  (ground
vellow) (%) 78.0 78.0 78.0 78.0
Soybean meal (sol-
vent extracted) (%) 15.0 15.0 15.0 15.0
Alfalfs meal (de~
hydrated) (%) 5.0 5.0 5,0 5,0
Steamed bone
meal (%) 1.5 1.5 1.5 1.5
Salt (StOCk) (%) 035 Ons 0.5 005
Aureomycin
~ {mg/1b.) 10 0
B-vitamins + *
Delaterol
8 8 8 8

# pdded B-vitaming - thiamine, 0,55 riboflavin, 1.5; niacin, 6;
calcium pantothenate, 4; pyridoxine, 0.6; choline, 200 mg. per pound
of ration. Vitamin Bjz,; 9 meg. per pound of ration.

%% pdded only for pigs at the experimental baru.

]
e
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Feed required per 100 1b. gain

Table 9
Sumary of the Growth Performance
” Summer 1952
Lot 1 1ot 2 Lot 3 Lot 4
Ne. of pigs per lot 7 T 7
Average initial weight (1bs.) 30.8 30,6 30. 30.6
Average final weight (1bs.) 197.0  196.0 20 208.0
Average daily gain (1bs.) 1.32 1.31 1.44
Feed required per 100 1b. gain 350.0 343.0 34 348.0
# One pig removed 120 pounds = injury.
Table 10
Analysis of Variance of Average Daily Gain of Pigs
. ' ’ Summ_er 1952
Bource of Variation T d.f. Sum of - Mean
o Squares Square
Total 26 0.3527
Treatment 3 0.0813 0.0271
" Lots 1 and 3 vs. Lots 2 and 4 (1) 0.0078
Lots 1 and 2 vs. Lots 3 and 4 (1) 0.0591 0.0591
Lobs 1 and 4 vs. Lots 2 and 3 (1 0.0144
Error o " 23 0,2714 0.0118
Table 11
Swumary of the Growth Performance
/ 7 Winter 1952-53
Tot 1 Lot 2 lot 3 Lot 4
Ho of pigs per lot 6 6 6
Aversge initial weight (1bs.) 31.0 31.1 3 31.3
Average final weight (1bs.) 111.0 17.0 12 136.0
Average daily gains (1bs.) 1.14 1.23 1.53
' 319.0  311.0  309.0  275.0




Analysis of Variance

3
-

Table 12

of Average Daily Gain of Pigs

Winter 1952-<53

Source of Variation d.f. Sun of Mesdn
Squares Square
Total 23 1.0832
Treatment '3 00,5120 0.1707%
Iots 1 and 3 vs. Lots 2 and 4 (1) 0,1120
Lots 1 and 2 vs. Lots 3 and 4 (1) 0.3850 0.3850%%
Iots 1 and 4 vs. Lots 2 and 3 (1) 0.0150
Rows ) 5 0.0733 0.0147
Error 18 0.497S 0.0%319

* Shtatistically significant at 5 percent level.

%% Statistically significant at 1 percent level.

Analysis of Var

Table 13

iance of Feed Efficiency

Winter 1952f53

Sum of

Souree of Variation a. £ Mean
' Squares Square
Total 23 25,764,.0
Treatment 3 6,960.0 2,320.0

Lots 1 snd 3 ve. Lots 2 and 4 (1) 2,710.0

Lote 1 and 2 vs. Lots 3 and 4 (1) 3,197.0

‘Lots 1 and 4 vs. Lots 2 and 3 (1) 1,053.0 ,
Rows ' 5 7,850.0 1,570.0
Error 15 10,954.0

730.0




SUMMARY

Baby pigs delivered by Caesarian section were raised to five weeks
of age on an artificial-type ration without receiving the sow's colostrum.
Four plgs were raiged on the artificial-type ration unsupplemented with
sources of unidentified growth factors. Two growth trials were conducted
with baby pigs to test the nutritive value of butterfat, corn oil, and
cettongeed oil when fed to twelve-day-old baby pigs. When the fats were
Ted under the same sxperimental conditions, no difference was obtained
ag determined by the gains made of the pigs for a twenty-one day exper-
imental period,

Two growth trials were conducted to determine the effect of crystal-
line aureomycin on the average daily gain and feed efficiency of growing
pigs raised in an isolated area. ‘When ten milligrams of crystalline
awreomyein was added per pound of feed to an all-plant type of basal
ration, no increase in average dally gain was obtained during an a&erage
of a twenty-elght day experimental period.

Gilts which were raised on an artificial-type ration to five weeks
of age then transferred to an all-plant basal ration repréduced and lag-
tated in a normsl manner. The addition of two percent dried skim milk
solids to the basal ration was without effect on weaning weight or per-
centage survival to weaning.

Two growth trials were conducted with offspring from the sows to
determine the effect of crystalline aureomycin and seven of the B-vitamins
on the average daily gain of pigs féd an all=plant ration. ”The addition

of B-vitamins to the basal ration resulted in a significant increase in

25
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the average daily gain of pigs when compared to the deily gain of pigs
receiving the basal ration unfortifised with B-vitamins. Aureomycin did
not significantly increase the average daily gain of pigs as compared

to the averege daily gain of pigs unsupplemented with aureomycin. At

no time was there evidence of a digestive disturbance in any of the

pigs raised at the isolated area, ‘Repreaentative pige were subjected

to post-mortem examination and there was no evidence of gross pathélogy
of any kind except the presence of a few lesions in the liver presumably
due to ascarid infection. Viable roundworms were also found in the in-

tesbinal trach.



LITERATURE CITED

Anderson, G. (. and 4. G, Hogan. "The Adequacy of Synthetlc Rationg for
Swine," Jour. #ni. Sci. (1947}, 62482,

Anderson, G. C. and A, H. Hogan. "Adequauy of Synthetic Diets for Re~
production of Sw1ne," Soc. Exp. Biol. Med. (1950), 75:288-290.

Boutwell, R. K., R. P. Geyer, C. A Elvehgem and E, B, Hart, "Further
udles on the Growth-Promoting Value of Butterfat," Jour. Dairy
Sei. (1943), 26:429-437. o

Briggs, J. M, and W, M. Beeson. "The Supplumentary Value of ﬁib)il&Vln,
Calcium Pantothenate and Nisein in & Practical Mixed Animel and
Plent Protein Ration Containing B.. and Aureomyein for Weaning Pigs
in Dry Lot,;" Jowe. Ani. Sel. (199%% 10:813-827.

Bﬁstad L. X., W, B, Ham end T, J. Cunha. ¥Preliminary Observations on
Using a Synthetic Milk for Raising Pigs from Birth," Arch. Biochem.
(1948), 17:249-260.

Chick; Harriette, T. F. Macrae, A. J. P. Martin, and C. J. Martin.
"Curative Action of Nicotinic Acid on Pigs Suffering from the Ef-
fects of a Diet Consisting Largely of Maize," Jour. Bilochem.,
(1938), 32:10-12.

Cunha, T. J., J. B. Burnside, D. M. Buschmsn, R. 8. Glasscock, A. M.
Pearson, and A. L. Shealy. "Effect of Vitamin Bjp, APF, and Soil
on Pig Gz}-owth,"‘Arch. Biochem. (1949), 231324~326.

Cunha, T. J., C. B. Ross, P. H, Phillips and G. Bohstedt. "Further Ob~
servations on the Dietary Insufficiency of a Corn-Soybean Ration
for Reproduction of Swine.m Jour, And. Sci. (1944), 33415m421°

Fairbanks, B. W., J. L. Krider and W, E. Carroll. "Effect of Diet on
~ Gestation-Lactation Performence of Sows," Jour. fni. Sci. (1945},
4:410‘419u

Gullickson, T, W., F. C. Fountaine and J. B, Fitech. "Various Oils and
Fats as Substitutes for Butter Fat in the Ration of Young Calves,"
Jour. Dairy Seci. (1942), 25:117-128,

Heidebreeht, A. A.; 0. B. Ross, R, W. MacVicar, and C. K. Whitehalr.
UThe Effect of Rations from Plant Sources on Reproduction and lac~
tation Performence of Sows,” Feedera! Day Report. Oklahoma Agri.
BExp. Sta, Misc, Publ. MP-17., i1950), Pp. 35-41. ‘

27



Heldebresht, A. 4., O. B. Roas, C. K, Whitehair, R, W, MacViear, and
W. M. Smith. "“The Effect of Antibiotics, Combinations of Antibi-
otics apd Vitamin Bip, and Sulfethalidine oo Unthrifty Pigs,™
Feederg' Day Report. Oklshome Agri, Exp. Sta. Misc. Publ. MP-22.
(1951), pp. 77-79.

Heidebrecht, A, A., 0. B. Ross, C. K. Whitehair, and R, W, MacVicar.
"The Value of Adding Aureomycin to a Good Ration for Growing Pigs,"
Feeders'! Day Report. Oklahoma Agri. Exp. Sta. Misc. Pub. MP~22
(1951), pp. 79-81.

Herrick, C. A. Personal Letter to C. K. Whitehair. March 6, 1952.

Hillier, J. C. and C. K. Whitehair. %The Effscts of Adding Soybean Meal,
B-vitaming, and Alfalfa Meal to a Corn, Mineral, and Antibiotic Diet
for Young Pigs," Feeders' Day Report. Oklahoma Agri. Exp. Sta.
Misc. Publ., MP-27. (1952), pp. 38-42.

» A. G, and 8. R, Johnson. Adsquacy of the Concentrstes Commonly
Used in Swine Feeding, Missouwri Agr. Exp. Sta., Research Bul.
1:1~20, (1940).

3

Hughes, E. H, ."The Minimum Requirement of Ribovlavin for the Growing
Pig," Jour. Nutr. (1940), 20:233-237.

Hughes, E. H, "The Minimum Requirement of Nicotinic Acid for the Grow-
ing Pig," Jour. Ani. Sci. (1943), 2:23=26.

Hughes, E. H. and N. R, Ittner. "The Minimun Requirement of Pantothenic
Acid for the Growing Pig," Jour. Ani. Sci. (1942), 1:116-119,

Hughes, E. H. and R. L. Squibb., "Vitamin Bé (Pyridoxine) in the Nutri-
tion of the Pig," Jour. Ani. Sci. (1942), 1:320-325.

Jacobgon, N, L., C. Y. Cannon and B. H. Thowas. "Filled Milks for Dairy
Calves. I. Soybean 0il Versus Milk Fat." Jour. Dairy Sci. (1949),
321429=43L.

Johnson, B. C.; M, P. James, and J. L. Erider., "Ralsing Newborn FPigs
to hb&¢1h hge on a Synthetie Diet with an Attempt to Produce a
Pterolyglutemic Acid Deficiency," Jour. Ani. Sci. (1948), 7:486-493.

Jukes, T. H., B. L. R, Stoksted, R, I, Taylor, T. J, Cunha, H. M. Edwards,
and G. B, Meadows. "Growth Promoting Effect of Aureomycin on Pigs,"
Arch. Biochem. (1950), 26:324~325,

Lehrer, W, P., P. R. Moore, C. A. Wiese and 0. F. Pahnish. "A Synthetic
Milk Ration for Baby Pigs," Jour. Ani., Sci. (1949), 8:107-111.

Luecke, R. W., W. N. MeMillen and F. Thorpe, Jr, "Further Studies of
Pantothenic Acid Deficiency in Weanling Figs," Jour. Ani. 8ci. (1950),
9:78-82.




s

Leucks, B. Wy W. N, McMillen, and F. Thorpe, Jr. "The Effect of Vita-
mln Biz, Animal Protein Fadtor, and Streptomycin on the Growth of
Young Pigs," Arch, Blochemo (1950), 2612326327,

MeRoberts, V. F. andvAj G. Hogan, "Adeguacy of Simplified Diets for |
' the Pig," Jour. Nutr. (19&&) 2835165-17k.

Newman, A. L., J. B. Thiersch, J. L. Krider, M F, James and B, C.
Johnson., "Requlrement of thé Baby Pig for Vitamin B2 Fed as a
‘Concentrate," Jour. Ani. Sci. (1950}, 9:82-89,

Ross, 0. B., P. H. Phillips and G, Bohstedt, "The Effect of a Simpli-
fied Diet upon Reproduction and lLactation in Swine and in Rats,"
(Abstract), Jour. Ani. Sei. (1942}, 1:86.

Ross, 0. B.,.P. H. Phillips, G. Bohstedt and T. J. Cunha. "Congenital
Malformations, Syndactylism, Talipes, and Paralysis Agitans of
Nutritional\@rigin in Swine," Jeur. Ani. Sci. (l94h}y 3 e 0B=1 0.

Trseell, ¥W. €., A. ¥ Teeni and K. Unna. "Growth and Reproduction of
Swins on & Purified D1uﬁ,” Jaurq Nutro (19&8) 35:321-332,

Snedecor, G. W. Statistical Methods, hth Bd., The Iowa State College
Press, (1946) .

Speers, V. C.y R. L. Vohs, D. V. Catron, H. ¥, Maddock, and C. C.
'Culbértson. ‘WBffect of Aursomycin and Animal - Protein Factor on
Healthy Pigs," Arch. Biochgm (1950), 29:4,52-453.

Terrill, S. W. and J. L. Krider. "A Comparison of Solvent Soybean 0il

' Meals and the Effect of Adding Aureomycln, Dried Whey Products
'with Whey Fermentation Solubles, and APF in Dry-lot Rations of
Weanling Plgs," (Abstract), Jour, Anl;v Sei. (1950), 9: 670

MWlntrobe, M. M. "Nutritive Requlrements of Young Plgs,"lAmer. Jour.

thsml (1939), 126:375-387,

- Young, G. A. and N. R. Underdahl., - "A Dlet and Technique for Startnng
‘Pigs Without Golostrum," Arrho “im*n@mg (1951), 32 ik 9=450




APPENDIX

30



31

Table 14
Response of Baby Plfo to Different Fats
. (Pounds) ‘
Trial 1  Duration 21 Days
. - e N . -Average Hemoglobin
Pig No. Initial Final "Gain Qaily;Gainf gm/lOO ml blood
Lot No. 1
1 3.8 16.8 13.0 62 13.3
6 2.8 12.7 9.9 N 12.1
lot No. 2
23 4.2 16.2 2.0 <57 12.5
4 3.9 "15.9 12.0 57 12.8
8 3.6 13.9 10.3 49 12,3
Lot No. 3
3 5.1 20.1 15.0 .71 1.0
5 3.3 13.8 10.5 50 12.3
9 3.7 1.6 10.9 .52 1.7
Trial 2 Duretion 21 Days
Lot No., 1 .
10 5.4 21,0 15.6 T4 12.3
14 2.6 13.5 10.9 .50 11.6
16 3.6 15.0 11.4 54 12.4
19 3.8 14.7 10.9 .50 12.0
Lot No. 2
11 '407 1509 1192 053 12-2
13 2,0 6.5 beb R0 12.2
171 3.3
202 3.6
12 4,0 13.7 9,2 oAdy 11.9
15 4.0 15.2 11.2 .53 13.4
183 3.3
21 4.0 13.9 9.9 A 11.9

1 Pig number 17 died.

2

Pig number 20 died.

3 Pig number 18 died.

Hemorrage of lungs and kidneys.

Uremic poisoning - injury.

Pneumonia and pericarditis.
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_Table 15

Response of Pigs to Aureomycin
(Pounds)

Trial 1 Duration 23 Days

Average
Pig No. Initial Final Gain Daily Gain
Lot No. 1
21 58 92 34 1.48
3l 63 9., 31 1.35
5 48 Y& 29 1.26
8 46 84 38 1.65
Lot No. 2
11 51 90 39 1,70
41 59 89 30 1.30
- 6 47 76 29 1.26
9 60 101 41 1.78
Trial 2 Durstion 32 Days
Lot No. 1 o '
o 57 104 47 1.47
12 48 83 40 1.25
15 66 114 48 1.50
19 49 92 43 1.34
Lot No, 2
10 71 113 42 Le3L
13 25 &2 37 1.1%
L, 41 79 38 1.19
16 60 105 45 1.41
21 43 90 47 1.47

l_Died from heat prostration, 7-21-51.



Table 16

Reproductive Performance of Individual Sows
Spring 1952

Average : Percent
Sow Pigs Birth Dead Humber Average Pigs Born
No, Far- Weight or Abe- Waaned Weaning ~ Alive
rowed (1bs.) normal : Weight Weaned
Lot No. 1
6 7 1.9 3 3 27.8 75.0
10 7 2.3 0 5 32,0 71.4
121 8 0
A5 9 2.0 1 6 18.3 5.0
Lot No, 2
52 10 2.8 0
113 6 3.3 0
13 7 2.9 0 7 30.9 100.0
1 7 2.3 0 5 26.9 71.4
164 8 2.5 3 4 28.4 80.0
Fall 1952
Lot No. 1
6 8 2.8 0 7 3R.4 . 87.5
10 6 2.8 0 5 32.4 83.3
15 9 2.5 0 9 30.1 100.0
Lot No. 2
: 5 7 3.2 0 7 30.1 100.0
13 5 2.7 0 A 31.0 80.0
14 '8 2,1 1

5 26.4 71.4

1 fnst all pigs at 36 hours of age. Sow became crippled and did
not breed in spring.

2 Lost 7 pigs first week., Raised 3 until 28 days of age. They
were weaned so sow could be rebred.

3 Raised 5 pigs wtil 14 days of age. Pigs weaned so sow could be
rebred, Sow died 5-14-52. Heat prostration dve to fighting.

4 gow died 6-2-52. Acute cardiac congestion.



Table 17

Growth Performance of Pigs Fed an All-Flant Retlon

(Pounds)  Summer 1952

Pig Sex .Initial 70 Day Final Gain Average
No. Weight Weight Wedght Daily

: : Gain
Lot No. 1
1=/ M £40.0 143.0 200.0 160.0 1.43
2=b F 37.0 138.0 208.0 171.0 1.44
3e=d, F 32.0 133.0 202.0 170.0 1.43
Jyes F 20.5 9R.U 1650 147.5 1.11
4~ M 19.0 108,06 208.0 189.0 1.42
Geedy M 27.0 116.0 198.0 171.0 1.28
6=5 M 40.0 112.0 188.0 158.0 1.19
Lot No. 2
1-2 M 30,0 121.0 210.0 180.0 1.35
2=1 M 39.5 144,.0 202,0 162.5 1.45
2-41 F 32.0 120.0 88,0 1.26
3=1 M 39.0 141.0 204,,0 165.0 1.39
Li=b F 19.5 101.0 178.0 158.5 1,19
6=1 F 25.5 108.0 153.0 167.5 1.26
6=/, M 29.0 114.0 190.0 161.0 1.21
Lot No. 3
1=3 M 24,0 105.0 196,0 172.0 1.29
1=5 F 17.0 95.0 185.0 168.0 1.26
2=3 F 34.5 129.0 194.0 159.5 1.34
3=3 F 41.0 143.0 204.0 163.0 1.46
3wb M 32.0 146.0 216.0 184.0 L1.55
b5 F 29.0 119.0 208,0 179.0 1.35
5= B 36.5 138.0 199.0 162.5 1.37
Lot No. 4
1-1 M 38,5 158.0 212.0 173.5 1.64
2=2 M 37.0 136.0 198.0 161.0 1.40
3=2 M 35.5 138.0 201.0 165.5 1.44
3~6 r 29,0 111.0 R14.0 185.0 1.39
4=2 F R25.5 119.0 R10.0 184..5 1.39
b=, M 16.5 104.0 208.0 181.5 1.44
Sl M 32.0 136,0 200.0 168,0 1.6



Table 17 - conbinued
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Growth Performance of Pigs Fed an All-Plant Ration
(Pounds) Winter 1952-53

Initial 70 Day Average Feed Re-
Pig Sex Weight  Weight rain Daily quired Per
No., Gain 100 Pound
Gain
Lot No, 1
11=-2 M 35.0 105.0 0.0 1.00 344.0
12=2 F 34.0 126.0 92,0 1.31 306.0
10=6 F 32.0 119.0 87.0 1.24 351.0
10~7 F 28,0 119.0 91.0 1.30 279,0
133 M 31.0 91.0 60,0 .86 336.0
11=4 F 26.0 105.0 79.0 1.13 299,0
Lot No. 2
13=2 M 34.0 102.0 69.0 .98 338.0
11-1 F 35.0 119.0 84.0 1.20 270.0
12-/, P 34.0 127.0 93.0 1.33 280.0
12=1 F 29,0 129,0 100.0 1.43 303.0
10-4 M 30.0 115.0 85,0 1.21 324.0
11-3 F 25.0 110.0 85.0 1.21 352.0
Lot No. 3
10-5 M 34.0 134.0 100.0 1:43 331.0
11-4, F 36.0 134.0 938.0 1,40 291.0
12="7 F 31.0 131.0 100,0 1.43 348.0
10-8 F 31.0 133.0 102,0 1.46 317.0
12~3 M 30.0 116.0 86,0 1.23 305.0
13=/, F 22,0 100.0 78.0 1.11 264,..0
LOt No ° lp.
10-9 M 32,0 154.0 1272,0 1.74 284.0
13-1 F 37.0 124.0 87.0 1.24 228.0
126 F 33.0 132.0 99.0 1.41 280.0
11-5 F 30.0 132.0 102.0 1.46 283.0
10-2, M 30.0 152.0 122.,0 1.74 321.0
1252 M 26.0 120,0 94,0 1.59 253.0

1 Removed weighing 120 pounds = injury.

2 Placed on experiment 1l=5=52.



PART II. UTILIZATION OF D-AMINO ACIDS BY SWINE
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INTRODUCT IOW

The ability of various animals to use the umnatural isomer of amino
aelds is of practical as weli as theoretical importance. Commercial
production of DlL-methionine is a recent sccomplishment, and several other
amino acids aré currently being produced on pilot plant and semi-works
scale. The efficiency with which the animel uses the D-igomer is an im-
portent economic concern and may well determine the practicability of
supplementing natural feeds with synthetic amino acids.

It is well recognized that there is wide variation in the degree of
use of the unnatural isomer of different amino acids in some species and
also in the use of the samé amino acid by various species (Albaﬁese,
1947). Various methods have been employed to determine the quantitative
and qualitative use of the D-isomer of anbamino acid. From a practical
point of view in animal feeding, it would appear that téchniques involv—-
ing the ability of the unnatural form to promote nitrogen retention and
growth would be preferable, Such techniques have been used to measure
the utilization of D-tryptophan and D-methionine in humen beings, chicks,
rats, and mice.

In order to determine qualitatively whether or not the D-form of
trypﬁophan and methionine is utilized, studies were made with "baby pigs"
fed prepared milks of known composition. The milks were supplemented
with different amounts of either L- or DL=£ryptophan or either L~ or
D—methioﬁineo Growth and nitrogeﬁ retention were used as criteria to

estimate the utilization of the D- form as compared to the natural isomer.
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REVIEW OF LITERATURE

Tryptophan

DuVigneaud, Sealock, and Van Etten (1932) fed weanling rats a ra-
tion cdnéisting of: aciduhydrélyzed casein, 14.7 percent; cystine, 0.3;
starch, 40; sucrose, 15; Crisco, 195 cod liver oil; 5; salt mixture, 4;
and agar, 2. They found that the addition of 10 milligrams of either
D~ or L~tryptophan per rat daily %o this diet was equally effective in
promoting growth, When either D~ or L-tryptophan was removed the rats
lost weight.

Berg (1934), using the same type of basal ration as duVigneaud,
et el., fed four pairs of litter-mate rats for eighty days. Each pair
recelved either 0.1 or 0.2 percent D~ or L=tryptophan the first forty
days; the second forty days the Dalénd L~ feedings were reversed. Berg
found that for growth the rat uséd either isomer of tryptophan equally
well.

More recently Oesterling and Rose (1952) found that the L~tryptophan
fequiremant of male"weanling rats was 0.15 percent of the tetal ration,
A tendency toward better growth was obtained on 0,20 percent L-tryptophan,
ﬁowevera Having established the I=tryptophan requirement for the rat,
the next step was to determine the effectiveness of D~ and DI~tryptephan.
For this, comparisons were made of gains induced by adding levels of
0.15 and 0,20 percent DL—tryptophan° A level of 0,20 percent DI~
tryptophan was as effective as 0,20 pefcﬁnt I~tryptophan. At the 0.15
percent level the natural form permitted sliéhtly better growth than the

racemic mixture, OComparisons of the D- and the L-isomers directly gave
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differences of even greater megnituds. At the 0.20 percent level, the
data suggested a superiority of the L-isomer, a difference of 7.1 grams,

vhich was not significant, At the 0.15 percent level, however, the L~
form was decidedly better than the D-form, At this level of intake
there was a difference of 34.9 grams in average body weight at the end
of 28 days. Oesterling and Rose concluded from these studies that about
75 percent of D-tryptophan is inverted biologically by the rat.

Totter and Berg (1939) fed mice a tryptophan deficient diet composed
ofs éaaein hydrolysa£e, 1£n7: cystine, 0.33 agar, 2; salt mixture, 8;
gugsr, 15; starch, 36; cod liver ¢il, 5; and Crisco, 19 percehtn Thisg
diet was supplemented with either 0.2 percent L-~, 0.1 percent L- or 0.2
percent D-tryptophan. During a forty=day experimental period,‘OOZ pef—
ceht D-isomer supported growth but the growth rate was less than that
obtained with 0.1 percent L~tryptophan.

Rose (1949) reportedufhe essential amino acid requirement of man
for maintenance., He fed mele graduate students a diet which furnished
6.7 to 10 grams of nitrogen daily. The diet was composed of corn starch,
sucrose, butterfat, corn oil, inorganic salts, end vitamins, supplemented
with pure amino acids many of which were racemic mixtures. Az a resulb
of these sbtudies it was concluded thet eight amino acids were requirsed
by man for nitrogen equilibrium. It was necessary, in determining quan-
titative requirements, to determine the value in the human orgenisms of
the D-form of the eight eésential amino acidg. He foumd thaf elther
D= or l-methionine was equally effective in maintenance of nitrogen
equilibrium in man. D-phenylalanine was partially utilized; D-tryptophan
was not utilized for maintenance of nitrogen equilibriumm. The D~ modi~-

fications of lysine, valine, leucine, isoleucine, and threonine sppeared
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not to be utilized at all in hwman subjeets.

-Wilkening and Sehweigert (1947} fed chicks a diet consisting of
oxidiged casein, 12; gelatin, 10; mimeral mixbure, 53 corm oil, 5; fish
gsolubles, 2 (dry basis); L-cystine, 0.5; Dmeethibnine, 1; fortified
cod liver oil, 0.75; ﬁﬁd enough corn starch to make a totel of 100 per-
cent. The water soluble and other fat soluble vitamins plus I~ or DI~
tryptophan supplementation were added at the expense of the sﬁarch.”‘
Different levels of L~ and DL~ tryptophan were added tc the basal ration.
Por each level of DLQtryptophan added, the apparent activity of the D~
lzomar wag aal@ulaﬁed from the growth date cobtained with chicks receiyv-
ing different levels of L~tryptophen for a fourteen-day experimental
period. These workers found that from 17 to ACQ percent of the D-isomer
was utilized by the chick. Chicks fad the bagal ration éontaining 0.008
percent L-tryptophan lost an.aVerage of 18 greams in fourteen days whereas
chicks receiving an optimum level of 0,30 percent_DLmtryptophan gained
an average of 144 grams in fourteen days. :

Reber, Whitehair, and MecVicar (1951} fed beby pigs a "synthetic
milk" ration consisting of iein, 17.5; gelatin, 17.5; lard; 41.5; lac-
tose, 10.0; mixed salts, 5; Dl-lysine, 1.0; DL-methionine, 0.2 percent,
supplemented with either 0.0é‘par@@nt.Lm or 0.1 percent DI=tryptophan
for two successive eight-day collection perieds. Pigs receiving the DI-
tryptophan had a better appetite and made somewhat greater welght gains,
NitiOgen retention was egsentially the same for each type of supplemen-
taﬁibn, averaging + 1.1 grams per day for the Dl-form and + l.O‘gram for
the L-isomer. Growth, however, favored the DI~mixture. A sscond serles
of twé trials followed using O.1 percent I~ and 0,2 percent DI-tryptophan.

Again, the nitrogen retention was nearly the same for both groups, + 1.69



grams of nitrogen and + 1.8, grams reteinsd per day for DL~ and L-trypto-
phan, respectively° ‘Weight gains again favored the Dmeixtureo t
Shelton, Beeson and Mertz (1951} studied the quentitative DL-
tryptéphan requirement of the weanling pig by feeding a zain-gelatin
ration which was deficient in tryptophan. The basal ration contained
0.01 percent tryptophen and 24.5 percent protein. Ten weanling pigs
were divided into five lots: Lot 1 received the baéal ration; Lot 2
recelved the basal ration plus 0.1 percent Dl-tryptophan; Lot 3 received
the basal ration plus 0.2 pércent DI~tryptophan; Lot 4 recéived the basg-
gl ration supplemented with 0.3 percent Di=tryptophan; Lot 5 received
the basal ration plus 0./ percent supplementation of Dl~tryptophan.
Employing growth and feed efficlency as a eriteria for establishing the
tryptophan réquirement they reported that the pigs receiving the basal
ration supplemented with 0.2 percent DI=tryptophan gained as rapidly and
utilized feed.as efficiently as pigs receiving higher 1évels of DL~

tryptophan.
Methionine

lJackson and Black (1938) fed young male albino rats a cystine-

methionine deficient diet composed of whole milk powder, 12 percent;
gelatin, 3; sslt mixture, 1.5; sodium chloride, 1.0; tryptophan, 0.02;
Lloydfs reagent adsorbate of vitamin "B"; 0.6; lard, 25. Supplements
of D- or meethionine were added at the level of 149 and 298 milligrams
per one-hundred grams of diet., They found that elther D- or L-methionine
was equally effective in supporting rate of growth in weanling rats.

Bennett (1939) fed young rats a diet deficient in methionine in

which the principal protein constituent was arachin. Twenty-five male



rats from five litters Qere divided into five groups, using one rat from
each litter per group. After eight days on the methionine deficient,
diet the various groups.df rats were supplemented daily with 6 or 12
milligrams of either L~ or Dl-methionine, Weight gain and food utiliza-
tien were used as criteria tb meagure the utilization of DI~ and L
methionine for a fourteen~day period. The two groups of.rats redeiving
l~methionine at the level of 6 and 12 milligrams daily gained 11,2 and
13,1 grams, as compared to 8.1 and 12./ grams for the rats receiving
Di-~methionine supplementation at the same levels, The food consumed

for the two leavals of L-methionine was 88,6 and 85.8 grams as compared
to 81.0 and 95.4 grams for Dmeethioninea Bennett concluded from this
date that the I~form was more efficiently wutilized than thevDmeorm.

Bauer and Berg (1943)'fed a diet containing amino acids as a source
of nltrogen to determine the amino acid requirements of mice and the
utilization of their optical isemers. They found that both forms of
methionine and phenylalanine were utilized, but thet only the natural
form of valine, leucine, isoleucine, and threonine could be utilized by
the mouse for growth.

Grau and Almquist (1943) fed chicks a ration composed of soybean
vrotein, 233 giucose, 52.8; cellulose, 53 calcium gluconate, 8; mineral
mixture, 4.24; cottonseed oi1l, 5 percent. This ration was supplemented
with either 0.25 percent I- or 0,25 percent Dme.ethioninen During a six-
“day experiméntal period the data obtained showed that the tw6 isomers
were equally effective in promoting growths in chicks.

Bell et al. (1950) reported the effect of methionine supplementa-
tion of a soybean meal—purified ration for growing pigs. Two groups of

4 litter-mate Yorkshire barrows were allotted to the four rations and
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studied in a 4 x 4 Latin squars design. The rations fed contained 1.68
percent nitrogen. :The nitrogen for each ration was supplied by either
whole egg containing 0.27 percent methionine; soybean meal containing
0.07 percent methionine; soybean meal plus egg plus methiénine, to make
a total of 0.27 percent methionine; soybean meal plug methionine to mske
& total of 0,27 percent methionine., Nitrogen balance studies were used
as the primery measure of the relative value of the proteins fed. Bell
et g;; found that the pigs receiving soybesan meal without methionine
éupplementation retained a significantly lower percéntage of the apparent
ehzorbed nitrogen than the pigs receiving any one of the other three
rations. It was concluded from this data that the methionine requirement
for growing swine was between 0,07 and 0,27 percent of the diet, when
the diet contained 10 percent protein.

Shelton, Beeson, and Mertz (1951) fed weanliné pigs a ration con-
siatiﬁg of oxidized caseln, 12; éelatin, 10; dextrosé; 39.84; dextrin,
25; mineral mix, 5.2; lard, 5; celluflour, 2,0; liver extract; 0.5; APF
supplement, 0.16; pL—tryptophan, 0.3 percent. The ration was suppleﬁénted
with fat and water soluble vitamins. This basal ration contained 0.1
percent methionine, 0,01 percent cystine, and 21 percent protein. Nine
pigs were divided into five lots, The pigs in Lot 1 received the basal‘
ration; Lot 2, basal plus 0,6 percent cystine; Lot 3, basal plus 0.5
methionine; Lot 4, basal plus 0.2 methionine plﬁs 0.3 cystine; Lot 5,
basal plus O;E'methionine plus 0.6 cystine. Weight gains and feed effi-
ciency were used to measure the methionine requirement for a 28-day period.
The pigs receiving the basal ration supplemented with 0.5 percent methionine,
or 0.2 percent methionine plus 0,3 percent cystine, or 0,5 percent me-

thionine plus 0.6 cystine made the most rapid gains and utilized their
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feed most efficiently. It was concluded on the basis of this data that
the methionine requiremeﬁt was U.3 percent in the presence of 0,31 per-
cent cystine or Qoé percent methionine of the total ration for growing
swine.,

More recently, Curtin et al. (1952) fed a ration in which the
protein consisted of isolated soybean protein and found that the meth-~
ionine requirement of weanling pigs was not more than 0.45 percent of

the ration when the ration contains 0.27 percent cystine.



EXPERIMENTAL

Studies on D-Tryptophen Utilization

Ten litter-mate purebred Duroc-Jersey pigs (8 females and 2 males)
were allowed to nurse the sow for two deys, then transferred to individ-
ual pens equipped with raised floor of one-half-inch screen mesh which
pernitted esgsentially quantitative collection of wurine and feces. The

peng were located in the small animal room of the Animal Husbandry build-

&

ing where a constant temperature of 75" ¥. was maintained. The pigs
vere f@& artificial *milks" of lmown composition containing 20 percent
golids. These milks were)prepared by dissolving elther lactose or cere-
loSe"and gelatin in warm water and homogenizing the mixture with melted
lard by mesns of a medium-size mechanical homogenizer. The other protein
component, salts, amino acids (other than tryptophan), and vitaming were
then added and the mixture was suspended with a Waring blender. The

milk was refrigerated until used at which time emall amounts were re-
suspended by warming and blending. The baby pigs were fed Ration 1

~ (Table 1) until they had become acoustomed to the new environment and

to eating from crocks.

Ration 2 was fed during the experimental perlods. It was prepared
aé sbove and a solutlion containing either Ie or DLutryptéphan wag dig~
pended into a measured quantity of the milk st the time of reblending
prior to feeding. Ration 2 was deslgned to be extremely deficient in
tryptophan, By caleulation it contained less thaen 0,02 percent trypto-
phen and this was confirmed by microbiologicel mesey of the ration come
ponents, A lysine defieiency (Brinegar ef al., 1950) and a possible

methlonine deficiency (Shelton et al., 1951) were corrected by the
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addition of 1.0 percent Di-lysine-HCI and 0,2 percent Dl-methionine.

During collection periods quantitative collections of urine and feces
were ﬁade for successive two-day periods. Any rejected food, tqgether
with the food wasted, was combined with the feces and analyzed. The
wine was collected in a bottle containing an amount of HCL to render it
distinetly acid, then quantitatively transferred to a volumetrie flask
of convenient size and made to volume. From this an aliquot was taken
for nitrogen snalysis. Feed constituents weré likewise analyzed for
total nitrogen to determine the smount of nitrogen offered. Nitrogen
retention vas aa}culated by the following formula: Nitrogen retention
= (Nitrogen offered) - (Witrogen of refused feed and feces) - (Urinary

nitrogen). The pigs were weighed at two~day intervals.

Table 1

Rations Used in DI~Tryptophan Utilization Study*

Percentage Composition

Ingredients Ration 1 Ration 2 Ration 3
Orude casein 35

Zein 17 .5 175
Gelatin 17.5 17.5
Taved LL5 L1l.5 4L1.5
Lactose 20,5 19.0

Oeralose 19.0
Saltgh*. 5.0 5.0 5.0
DL-LysinesHC1 1. g 1.2

Dl-Methionine

‘ % The following vitaming wers added to & liter of milk: thiamine

1.1 mg.; riboflavin 1.8 ng.; niscin 10.1 mg,; inositol 26.8 mg.;

sholine 260 mg.; para~amino benzoic acid 5.0 mg.; folic acid 0.13 mg.;
biotin 0.025 mg.; pyridoxine 2.0 mg.; calciumm pantothenate 7.1 mg.;
gscorbic acid 130 mg.; vitemin B-12 10 meg.; vitamin 4 900 I.U.; Vitamin D
120 I. U.} menadione 0.29 mg.; alpha tocopherol acetate 1.5 mg. ‘

#% Johnson, B. C. gt al., Jour. Ani. Sei. (1948), 7:486.



The experiment consisted of en adjustment pericd followed by a
depletion periocd and finally by a series of fouwr eight-day collections
during which each pig received each of the treatments. During the first
four days of the adjustment period the plgs were fed Ration 1. They were
gradually shifted from Ration 1 to Ration 2 during the next six days.
The following six days>constituted a depletion period during which the
pigs were fed Ration 2 without any tryptophan supplementation. Quanti-
tative collections of urine and feces ware bepun at this time. The
response of the pigs to this tryptophan-deficient ration is shown in
Table 2.

Following this depletion peried the pigs were kept on this same ra-
tion, but four pigs in each of two groups wsre supplemented with either
0.05 percent L- or 0.1 percent DI~tryptophen. Two pigs served as a
positive control and received 0,3 percent Dlmtrygtophan; two were used
as negative controls without any tryptophan supplementation. Equal
amounts of food were offered, and the quantity was kept sufficiently
small to assure that nitrogen intake was relatively coastant for ail pigs.
Four successive two=-day collection periods (18 to 25 days of age) con-
stituted Trisl 1. During the next eight days (Trial 2) those plgs which
had recsived e su;plement of 0,05 p@ré@n@ I=tryptophan were fed the same
ration with 0,1 pereent Dl~tryptophan and vice versa. The results of
these two trials asre summarized in Table 3.

4 third trial ﬁas then conducted (3/~41 days) in which Ration 3
replaéed RBation 2, The essential difference between these two raltions
was in the carbohydrate constituent, The data obtained in this trial
are also presented in Table 3. The individual data for all pigs are

shown in Table 9, appendix,



Table 2

Response of Young Pigs to Tryptophan-Deficient Ration

12~17 Days

Pig Number

2 . 3 4

°

10

" _Weight Change
{em.)

N offered
{gms.)

N retained
(gms.)

N retained per

day {gms.}

48]

-130 -105 +25
26.3 26.3 26.3
.6 6.4 5.3
3,10 1.07 0.89

=50

26.3

6.1

1.01

‘T



Table 3

Response of Young Swine to Supplmentation of Tryptophan-

Deficlent Ration with L~ and DI-Tryptophan

Trial 1

Level of supplementation 0.05% L
Yumber of pigs 4
Age (days) 18-25
Height change (gm.) 280
Kitrogen offered (gm.) 36,8
Nitrogen retained (gm.) .6
Witrogen retained per day (gm.) 1.08
Trial 2

Level of supplementation 0,05% L

Number of pigs 4
Age (days) 26=33
Weight change (gm.) 234
Nitrogen offered (gm.) 39.5
Nitrogen retained (gm.) 7.4,

Nitrogen retained per day (gm.) .92

Trial 3
Level of supplementation 0.05% L~
Number of pigs A
Age (days) =41
Welght change (gm.) 116
Nitrogen offersd (gm.) 38.5
Nitrogen retained %Zm.) £.9
Nitrogen revained per day (gm.) 1.10

0.1% DL~
& ‘
18-25

322

36.8
11.6
1.44

0.1% DL=

4
26-33
309
39.6
8.9
1.11

0.1% DL-
4
3b=41
202
38.5
10.8
1.35

0.3% DL-
18-2

320

37.0

14
1.80

0.3% DL~
26-33
480
39.8
12.2
1.52

0.3% DIL-

3h=41
332
38.7
15.9
1.99




Results and Diseussion

No particular difficulties of a technical nature were encountered
in preparing the milk rations or in trainiung the baby pigs to eat them.
The pigs readily consumed Ratlon 1 containing casein, but on being
transferred to the tryptophanmdeficient fation 2 they sometimes refused
feed and vomited. When tryptophan wes added, a distinctive improvement
in appetite and othér subjective signs ware noted. No particular dif-
ference was noted in the response of the pigs when cerelose.in Ration 3
was subsgtituted for lactose in Ration 2,

Maintenance of nitrogen eguililwium has long been accepted as &
major eriterion of the degree of essentizlity of an amino acid. In
view of the demonstrated essentiality of tryptophan for maintenance of
nitrogen equilibrium or growth in a number of higher animals, the fail-
ure to observe prompt negative nitrogen balances when baby pigs were
transgferred from a ration containing casein, which promoted significant
nitrogen retention, to one deficient in tryptophan was unexpected.
Examination of the data obtained, however, showed that while the pigs
did not gain weight, they were at most in only slight negative balance.
However, certain qualifications must be kept in mind in interpreting
gsuch data. In common with all such studies, any loss of urine, or feces,
or wasted feed resulted in an over-estimation of nitrogen retention.
Although every precaution was taken to minimize losses, it is recognized
that some logs cannot be avoided. This is particularly true when the
pigs are young, when they do not have a good appetite, and when feed
wastage is high. 411 of these conditions occeurred during the depletion

period on the low-=tryptophan ration., BEven when such factors are taken



inte account, these data strongly suggest that the young pig has a lower
preformed dietary requirement for tryptophan for maintenance of nitreogen
equilibriun than do most other animals fur which quantitative require-
ments have heen estimated. Examination of the data on pigs 11 and 12 Ta-
ble 9, appendix, which were maintained on this low=tryptophan ration

fér a three-week period, support this view., Further evidence of a low
maintenance requirement for tryptophan is fownd in the okservations of

Shelton, Beeson, and Mertz, (1951) who fed & diet somewhat similar in

composition to Ration 2 to post-weenling pigs. They reported that dur-

*

ing a Eéedéy peried on this ration plge weighing about 35 pounds initially
lost an average of 2.5 to 3.0 pounds. Maintenance of body weight within
such narrow limits would be unlikely, were & severe nitrogen deficit
existing.

8ince the purpose of this experiment vag to determine whether or
not D;tryptcphan was utilized for nitrogen retention, both L- and DL~
lsomers were fed at levels below that reported by Shelton, Beeson, and
Mertz (1951) as necessary for maximum growth of older pigs consuming
a gimilar ration. Limiting the supply of tryptophan in this manner
would tend to permit maximum differsnces betwesn two groups fed equal
emounts of Ie~tryptophan as the natuwral iesomer and the racemic mixture.
Addition of either 0.05 percent L~ or 0.1 percent DI-tryptophan resulted
in marked improvement in appetite l1ln the plgs which had been receiving
the unsupplemented Ration 2. The pigs receiving the higher level of
total tryptophan showed the more marked subjective improvement; they
consumned their food more promptly and with an occasional exception ate
all that was offered them. The pigs reseiving 0,05 percent L-tryptophan,

however, ate with greater reluctancs and more frequently rejected a



portion of the feeding. Objective differences were less obvious. The
weighted averéges of gains and nitrogen retention for the three triéls
arg: 26,2, 1.0, grams for 0,05 percent L-tryptophan; 34.8 and 1.30 for
O.l'percent DL-tryptophan. It will be mét@d that the weighted averages
favor the hiéher level of trjptophan intake in the form of the Dl-
mixture. The combined subjective observaiions and objective daﬁa
strongly indicate utilization of the D-isomer. Whether this utilization
is relatively high (as in the rat) or low (as in the chick) awaits‘the
availability of the D~form in suffiei@mt aquantity to compare it with

the natursl isomer.,

Sunmeary

The degree of utilization of D-tryptophan by swine was studied
using "baby pigs" fed rations deficient in tryptophan and supplemented
with either L- of Di~form of this amino acid. Growth and nitrogen re-
tention were the princlpal criteria employed to estimate the efficlency
of use of the unnatural isomer. Pigs maintained on a ration extremely
deficient in tryptophan lost weight, bubt, at most, showed only a slight
negative nitrogen belance. When thls ration was supplemented with Q.05
pércent 1=, 0.1 percent DL-, or 0.3 pevcsnt DI-tryptophan, the pigs
consumed the ration more readily, growth improved, and definitive pos-
itive nitrogen retention was found. Averages for every trial favored
the pigs receiving DL—tryptophan, but differences were not sufficiently
great to show statiéﬁical gignificance. Thess combined data support

the view that partial utilization of D<tyyptophsn was effected.



Studies on N-Methionine Utilization

Two separate nitrogen balance experiments were conducted. Nine
litter-mate purebred Duroc~Jderseys were used In the first experiment,
end eight purebred Poland Chinas in the seaond. In both experiments
the pigs were allowed to nurse the sow sz at least two days. They

were then transferred to individual pens in the small animal room in

srdmental procedure was

£

the Animal Husbandry building. The =

employed in these experiments as in the previous nitrogen balance study.
Experiment 1

This experiment consisted of an adjusbtuent period on Ration 1
(Table 4) for a six-day period, followed ty an eight-day depletion
period on Ration 2. Quantitative collections of urine and feces were
made the last six days of the depletion peried. The response of the
pigs to this low-methionine ration is showe in Table 5.

Following this depletion periocd, the pigs were kept on this same
ration, supplemented with elther 0.05 percent L~ or 0,05 percent D=
methionine., BEqual amounts of food were offered, and the quantity”was
kept sufficlently small to asgure that ths nitrogen inbeke was rels-
tively constant for all pigs. Three swecessive two~day collection
periods constituted Trial 1.

| During the next six days (Trial 2) these pilgs which had received
a supﬁlement of 0.05 percent L{methimniww were fed the same ration with
0.05 percent D-methionine andmvice veras. Following these trisls, a
four-day triai was conducted, using supplenentation levels of none,

0.1 percent L- and 0.1 percent Demsthicnine. The results of all three



trisls are summerized in Tebie 6. Whe data for each plg are shown in

Table 10, appendix.

Table 4

Rations Used in D~ and I-Methionine Utilization Study*

Percentuage Composition

Ingredients npbion Honber
1 . 3 4

Jrude casein 30.0
Sorbean #odiwg

mroteingte 20.0 20,0 20.0
lard 45.0 450 LR.5 35,0
Lactose 30.0 30.0 R23.0 40.0
:SaltgH* 5.0 5.0 5.0 5.0
l=eyatine 0.14 0. LA 0.14
Dl~methionine 0.14

Aureomyein Mg/Kg 100 100

% The following vitamins were added to & liter of milk: thiamine
1.1 nmg.; riboflevin 1.8 mg.; niacin 10.1 wg.; inositol 26.8 mg.;
choline 260 mg.; pera-amino benzoic zcid 5.0 mg.; folic acid 0.13 mg.;
biotin 0,025 mg.; pyridoxine 2.0 mg.; calciun pantothenate 7.1 mg.;
agcorble mecdd 130 mg.; vitamin B~12 10 meg.; vitamin A 900 I.U.;
vitamin D 120 I.U.; menadione 0.29 mg.; alphe tocopherol acetate 1.5
mg.

#% Johnson, B, C. et al. Jour. Ani. Sgi. (1948), 7:486.



Table 5

Easponse of Young Plgs to a Low Methionine Ration

0.90

Experiment 1 Duratlon 6 Days
ﬂ,?ig Rﬁmber S I -2 3:,.;J.ﬂ“,4 5. 6 7T 8 . 9
"_Welght gain
C (em.) 130 100 155 200 150 140 120 85 65
K offered ) K , ‘ , , - |
{em.) 7.50 7.50 7.50 5.39 7.50 7.50 7.50 7.50 7.50
N retalned : : , : : B
(@) 5.0 4.9 4.8 3.6 4.1 4.8 4.3 4.3 3.8
N retained per ) , : '
0.82 0.80 0.68 0.30 0.72 0.72 0.63

5
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Table &

Responge of Young Pits to Supplémentation of a Low Methionine

Ration Supplemented with L- and D-Methienine

Experiment 1

Tri&l 1

Level of supplementation
Kumber of pigs

Length of trial (days)

Woinhh chengs (gm.)

“itraﬁer sffered (gm.)
Ninrcgen retained (gm.)
Nitrogen retained per day (gm.)

Trisl 2

Level of supplementation
Number of pigs

Length of trial (days)

‘Weight chenge (gm.)

Nitrogen offered (gm.)
Nitrogen retained (gm.)
Nitrogen retained per day (gm.)

Trial 3

Level of supplementation None
Number of pigs 3
Length of trial (days) 4
Waight change {gm.) - 332
Nitrogen offered {gm.) 10.4,
Nitrogen retained ?gm‘) ' 6.4
Nitrogen retained per day (gm.) 1.61

5

0.05% L~

Obl% IF

R93
10.4
6.6
1.6

0.05% D~

et
ARy
O\R:OWG\{-\

O &~ -
= Uy

0.05% D=

24T
11.0
6.3
1.05

O'l% D"

273
10.4
6.5
1. 63




Table 7

R_espoﬁse of Young ,Pigé to a Low-Methionine Ratlon
I Experiment 2 Duration 4 Days .

Pig Number .. . 1 .. 2 3 - 4 5¢ . 6 -7 8-
Weight Gain : ' ' '

(gm.) 310 270 370 225 _ 340 335 275 125
¥ offered — . : : :

(gm.) 12.7 - 12.7 12.7 12.7 12.7 i2.7 2.7 12.7
N retained - ' ' §
o (gml) 5.3 3.1 6.3 4.5 5.0 4e2 2.6
N retained ) o o o )

- per day -
{gm.) 1.32 0.78 1.58 1.12 1.25 1.05 1.65

¥ Lbst col‘lerction'.r |

LS
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Experiment 2

This experiment was essentially a repetiti&n of Experiment 1. The
experiment began with en adjustment period of twelve days during which
the pigs were accustomed to the methods of feeding and gradually changed
from Ration 3 to Ration L. They were fed Ration 4 without any methionine
supplementation for a five-day period. The response of the pigs to this
ration is shown in Table 7.

This depletion period was followed by an eight-day collection pe~
riod, The feeding design of this peri.d and results oblained wers as

shown in Table 8.

Table 8

The Experimental Design and Results of Pigs Fed a Low-Methionine
Ration Supplemented with L~ or D-Methionine

Experiment 2

Supplement None 0,05% L~ 0.05% D~
Quantity fed (gm.) y .
Pair 1 : 1680 1680
Triad 2 2160 2160 2160
Triad 3 1875 1875 1875
Average 2018 1905 1905
Weight gain (gm.)

Palr 1 ‘ 1,40 1480
Triad 2 1695 1750 1925
Triad 3 1175 1410 1590
Average 1435 1533 165/,
Feed efficiency (gm.)

Pair 1 1,17 1.14
Triad 2 1.27 1.23 1.12
Triaed 3 1.60 1.33 1.18
Average 1.44 1.24 1.15
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Results and Discussion

An examination of the data in Experiment 1, Trial 3, reveals no
diffefenee between the pigs receiviﬁg no methionine supplementation
when compared to either 0.1 percent D= or l-methionine supplementation
in weight gain or nitrogen retention. BEy calculation the basal ration
contained 0.16 percent methionine and was assumed to contain an equal
amount of cystine, since the methionine and cystine content of soybean
meal are practically the same. Supplementing the basal ration with
0,14 percent cystine, the total eystinz content was 0,30 percent, whish
is the opbimum requirement reported by Shelton, Beeson, and Mertz (1951)
for maximum growth of weanling pigs. Therefore, the basal ration cén»
tained about one-half the methionine requirement in the presence of
adequate cystine. In Experiment 2, the pigs receiving supplementation
of D- or L-methionine gained slightly faster than the pigs receiving
the basal ration, All during this latter experiment a persistent
gastrointestinal disturbance exigted, and after fourteen days the ex-
periment was terminated. Fecal colleetions were rendered so difficult
that the nitrogen balance data obtained was irregular and it has been

omitted.
Summary

The degree of utilization of D-methionine by swine was studied using
"baby pigs" fed rations low in methionine and supplemented with either L~
or D-form of methionine. Growth and nitrogen retention were employed to
estimate the efficiency of utilization. Pigs fed a ration containing
0.16 percent methionine gained slmost ag rapidly and had nitrogen retention
values ags high as pigs receiving this ration supplemented with either 0,05

percent D= or L- or 0.1 percent D- or L-methionine, respectively.
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Table G

Response of Pigs to Supplementation of Tryptophan-Deficient
Ration with L~ and DL=Tryptophan

Hitrogen
Level of Weight Nitrogen Nitrogen Retalned
Supple~- Change Offered Retained Per Day
mentation (gm.) (gm.) (gm.) (gm.)
Trial 1: 18-25 Days
Pig To.
1 0.05% L~ 250 36.8 11.1 1.39
2 0.05% L~ 275 36.8 8.5 1.06
6 0.05% L- 275 36.8 7.8 0.98
9 0.05% L~ 320 36.8 7.1 0.99
4 0.1% DL~ 310 56.4 12.0 1.50
5 0,1% Nle 315 36,8 13.2 1.65
7 0.1% DL= 335 36.8 9.0 1.12
10 0.1% DL~ 330 36.8 11.8 1.47
3 0.3% DL~ 320 37.0 1.7 1.84
8 0.3% DL- 320 37.0 14.1 1.76
Trial 2: 26=33 Days
4 0.05% L~ 310 39.5 7.8 0.98
5 0.05% L~ 290 39.5 10.7 1.34
7 0.05% IL~- 160 39.5 5.4 0.68
10 0.05% L~ 175 39.5 5.5 0.69
1 0.1% DL~ 230 39.6 11.1 1.39
2 0.1% DL- 315 39.6 7.9 0.99
6 0.1% DL- 375 39.6 8.1 1.01
9 0.1% DLu 315 39.6 8.4 1.05
3 0.3% DL~ 525 39.8 10.1 1.26
& 0.3% DL~ 435 39.8 14.3 1.79
Trial 3¢ 3/~41 Days
1 0.05% L= 210 38.5 11.1 1.39
5 0.05% Le~ 20 33.5 8.1 1.01
7 0.05% L~ 130 38.5 8.2 1.02
° 0.05% L- 105 38.5 8.0 1.00
2 0.1% DL~ 145 33.5 11.4 1.42
4 0.1% DL~ 180 38.5 12.3 1.54
6 0.1% DL- 220 33.5 “11.2 1.40
10 ~ 0.1% DL~ 265 38.5 8.4 1.05



P

Table {continued)
. Nitrogen
Level of Weight Nitrogen Nitrogen Retained
Supple- Change Offered Retained Per Day
mentation (gm.) (gm.) (gm.) (gm.)
3 0.3% DL~ 400 38.7 17.6 2.20
8 0.3% DL~ 265 38,7 14.2 1.78
16=23 Days
11 None 65 3hohs 9.1 1.13
12 NOI].G ""’65 34‘04 8 © 3 lo 04
Trial 4
3t 0.3% DL~ 325 39,8 21.5 3.59
82 0.3% DL~ 390 89,0 4547 3.26
115 None =125 T1.4 20.2 1.44
123 -85 T1.4 18.7 1.34

1 No. 3 on trial 42-47 days of age.

2 No. & on trial 42-55 days of age.

3 No. 11 and 12 on trial 2/4-37 days of age.



Table 10

Response of Pigs to oupplementatlon of Low-Methionine

‘Ration with L- and DmMethlonlne

Nitrogen

0.1% L-

Level of  Weight  Nitrogen  Nitrogen  Retained

Supple-— Change Offered Hetained ' Per Day

mentation (gm ) (gm.) (gm.) . (gm.)

: Trial l' Duration 6. Days '
Plg No, S
1 0,05% D~ 185 9.5 6.0 1.0
2 0.05% D- 190 9.5 5.9 0,98
L 0.05% D~ 80 9.0 Lol 0.73
7 0.05¢ D- - 150 9.5 5.5 0.92
3 0.05% - 210 9.5 5.6 0.93
5 0.05% - 175 9.5 5.4 0.90
/ 5.05% L 145 9.5 5.2 0.87
g 0,05% L 160 9.0 5.1 0.68
9 0 05%‘L- - 200 9.5 4.7 0.78
Trial 2: Duration 6 Days |
3 0.05% D 545 11.0 6.9 1.15
5 0.05% D- - 275 11.0 6.4 1.06
6 0.05% D- 300 11.0 6.4 1.06
8 0.05%. D~ 270 11.0 5.7 0.95
9 0.,05% D— 145 11.0 6.3 1.05
1 0.05% L- 295 11.0 7.2 1.20
L 0.05% L~ 310 11.0 6.2 1,03
7 0.05% L- 310 11.0 6.6 1.10
Trial 3: Duration 4 Days

1 ‘None 335 10.4 6.8 1.70
5 None 370 10,4 6.2 1.55
6 None 290 10.4 6.3 1.58
3 0.1% D- 330 10.4 7.7 1.92
8 0.1% D- 250 10.4 6.2 1.55
9 0.1% D- 240 10,4 5,7 1.42
2 0.1% L- 335 10.4 7.0 1.75
Z{» Ool% L"‘ 275 lOoLF 607 l-68
b 270 10.4 6.0

1.50
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