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INTRODUCTION 

During recent years many research workers have been interested 

in factors causing high mortality in baby pigs . The reaulta of many 

experiments in which both adult and young swine were f'ed rations 

containing only materials of plant origin have suggested that this 

high mortality might bo due, at lea.at in part, to dietary £'actors . 

The recent discovery that vi trunin 9i2 ia one of t he factors 

present in certain .materials of animal origin whic wo ld increase 

the growth of microor ism.a, laboratory animals, and c}~icks s:timu

l ated much intensive invoetigation regarding the effect of this 

vi tam.in in improving the perfo nuance of swine fed an all-plant 

ration . 

It has been established that t he nutritional requirement o.:r 

t he rat closely parallels that of auine . Bee.a.use of t ,e ehorter 

reprod ctive cycle of rate and the rapi d growth of t heir young, 

t he rat ho.a been ueed extensively a.a a l aboratory animo.l in otudy

ing t he nutri tione.1 deficiencea of' swine rations. 

I-n t he studies reported in thia t hesis, t e r a t waa used as 

t he pilot laboratol."'J animal. The informati on res lting from t hese 

studies will be useful in designing studies with awine rela~ive 

to t .e nutritional adequacy of all- plant rations . To simplify t he 

pr-eaentation of t he findings ot: t be different experiments, t his 

thesis has been divided into four parts . Part I oonta.ins the data 

of the reproduction and l actation performnnce of rate fed all- plant 

rations . Part II presents t ,e results of depletion-repletion stu ... 

dies of adult rate £ad all- plant rations supplemented with 

various nutrientc . The grow-th studies of young :re.ts fed en all-
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plant ration are presented in Pe.rt III . Part lV contains data. 

relative to the levela of certain constituents in the blood of young 

pigs f'ed suc h rations hut exposed to an infectious ge..otroenteri tis 

agent. 
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REPRODUCTION STUDI ES . IT': R.! TS 

l ITRCDUOTION 

Extcneivo studies during recent yea.rs ho.vo repeatedly demon

strated that rations composed wholly or principall y of' corn and soy

bean meal supplemented with minerals and known vito.mins were d f'ieient 

for normal reproduotion and lactation of rats . Ross ~ !l ( 1942), 

Van Landingham and Lyon (1947), Zucker 2! al (19 ), have all 

reported va.rying dogreeo of failure on aueh diets . Cary and Hartman 

(194;5-1947) have found a partially p rif'iod ration containing highly 

extracted casein to be inadequate f'or normal reproduction. Recently 

they have stated that the suppl entation of t hese dicta with vitamin 

B12 permits essentially normal performance.. In contra.st to t hese 

etudiee, Schultze ( 1950) hao recently reported t hat he obtained 

essentially normal gro 1th of young from rats fed purified rations 

containing isolated aoybea.n protein pplemented wit a.11 known 

vitamins except vitamin B12• Roae, ~ !!, (19 ) and ~!a.tts, ~ al 

(1949) have reported essentially normal reproduction an lact..a.tion 

of rats fed rations containing com and soy meal supplemented 

with miner alc and all known vi ta?nins except vi ta.min B12 • Gestation 

f'n.iluroa and high mortality of young have not been consistently 

observed whe rations of this type 1rer-e employed. 

©CPERIMBN TAL 

A. ~eaay Teo niques: 

emale rats of' t be Sprague-Dawley otrain were used d ring the 



entire investigation . The re.ta · ere housed in large screen- bottom 

cages . 'at.er and the various rations wer e aupplied !!!, libi tum. 

t time of breeding, the males were placed i1ith the f'omales e.nd 

rotated daily to .reduc e tho eff'ect of poss ible male ste1·ility. A-t 

parturition t.he females 1ere placed in individual oagee provided with 

sugar cane bagasee as litter. Frequent observations permitted a 

fai rly accurate asaesomont of the number born . Ho rtali ty data in

cluded both those born dead and tb_os-e dying during the first 46 

hours . Aft.er tbe first 48 hours, litters having more than six young 

wer~ reduced to six, i' a.lee bcine selected preferentially.. The 

young were weaned at 21 days of ago . \!eanling rats were eeleeted 

for bsequent reproduction studies on t.1-10 bo.sis of res.ning eight, 

litter, a.nd ration . The young rats · ere fed the various oxperi-

mental ratio similar to thoso supplied the mother during gest.ation 
.. 

and lactation, and wore brad e.t o.pproximatl3ly 90 c.ayo of age, when 

they eig}led about 200 grams . In some instances rats were maintained 

for three sueeeseive generations on t ho no.me ration. 

The rations usod in this study appear in Table l • Supplements 

when added were at the expense of the entire rati·on . 'lhe eoybe 
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meal (Staley) usod during tho entire etudy was a high quality expeller 

product w 1'ha casein was the alcohol extracted product of General Bio

chemicals, lnc . The Si2 Supplement 1 (Morck) was a mixture of crude 

vitamin B12 cone _trate, charcoal, and soybean flour, which, accord""' 

ing to t.hc manufacturer, had an a.ctivi ty roughly four times that of 

fish solubles . The B12 Supplement; (Merck) wao a Fulleri s earth 

abeorbate, which, according to the manufa.cturer, had a.n activity of 

12. 5 milligrams of' vitamin B12 per pound by the LLD aosay . The APF 
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Supplement (Ledcrle) as ab product or the manufacture of aureomycin. 

The anti- pernicious anemia liver extract solution (Lederle) contained, 

by :ca.nufacturer1 a aaoay, 15 USP injectible unitD por ml . 

B. Fractionation Techniques : 

Repeated extraction of' 1: 20 liver po ,der ('lilson) ith 70 percent 

et.ha.nol yielded t10 i"ractiono, the 70 percent ethanol ool ble fraction 

and the reside . The Illaterio.l soluble in 70 percent ethanol was ~on

ce tr t, d L vacuo to a thick syrup nnd repeate l.,r e."ttraet d , i th 95 

percent ethanol yielding a soluble fraction !ltld nn 1 aolv lo frao

t.ion . .. actions of a. high qua.li ty nlfo..lfa leo.:f' meal \ ero prepared in 

e sentia1 l}r the same er a.o liver . The 95 percent ethanol soluble 

and inaoluble :fra.ct~one of tho mtltoria.l rhich ~,as aol ble in 70 per-

c t alcohol iter tested . 

RESUL.1. M;D DISCUSSION 

In the early phases of thie study various natural products a.~d 

fractions ~1ere 'tested fur activity in improving reproduction and lac

tation on corn-soybe meal rations .. The ren lte of one typical ex

periment are presontod in Table II . Thero were no roeorptione ai.--id 

toxe.mi a obacrvod, such as ho.d boen noted by nooa £.!!_ !l ( 1942) .• 

Ration 2 permitted the poorest performance during the f'iret reproduc

tive cycle in the number of viable young nt 48 hours, number o:f young 

;eaned, and ,eaning weight . Various fi'actions of liver, APA liver ex

tract (Lederlo), and fish solubles re all eas tially equally active 

in suppl -enting the ration . Ane.lyois of va.rianc (Srte ecor, 1946) 

of the data howed that t he dU':f'orencea in 1eaning ,eight:. observed 



TABLE I 

CO U'OSITION OF RATI ~ S USED !'. STUDI ON 
EPROWOTION OF RATS m GRO TH OF YOtmo 

w 1/E 111 r.io 

Ration Compon t tion 2 Ration ' Ration 

Ground yellow corn $ .85 7}•5 8,5 .. 0 

Expoller oybean oil moal 25.00 25 .0 

Vite!nin teat casein 15.0 

Alfalfa le f meal 5.00 

Ne.01 0.65 

OaOO; 0.50 

Salt mixture* 2 .0 2 .0 

dl .iethionine 0 . 2 0 . 2 

Vi tam.in mixt.ur ** 

* Heested, J . Bio l . Chem. 1'8:45() (19 1) 

6 

4 tion 5 

5., .o 

45 .0 

2 .0 

0 . 2 

** Basal rations were mippl ented t;ith a water soluble vitamin mix-

ture thich supplied in crystalline form t he fbllo ,,ing amounts of 

the various vitamins per kilogram of rations : iarnin IiOl 4 mg. , 

riboflavin 6 mg ., pyridoxine ROl 3 mg . , calcium pantothenato 20 mg . , 

niacin 20 mg. , choli.no chloride 1 gm . , folio acid l mg . , inositol 

20 mg . , p- inobenzoic acid 20 mg . Two drops of a mixture of alpha 

tocopherol and haliver oil were administered weekly. 



TABLE I I 

EFFJ.:!CT OF VARIOUS FRACTIONS OF ls 20 LIVER P0 1iDER ( W!LSO/ ), APA 
LIVER EXTRACT ( LEDERLE) m OTFlli:R SUPPLi.:.I,iEN1'S ON REPRODUOTIDrt 

OF RA:t. AHD THE GROWTH OF THE YOUNG 
TO ·!E/i;t ING 

7 

Young wcanod verage 
Number Livability of thoae given 1teaning 

Experi
ment Ration 

of at 48 hrs . to rnioe ieight 
Litters* 

per-cent percent gr a 

Fi.rat eproductivo Oycle 

1 Ration 2 

Ration 2 I 2% 1:20 
li ve1· powder 

Ration 2 f Ethanol 
insoluble fraction 
= 2% 

t.ion 2 f Ethane 1 
solubl e Il'action 
= 2% 

tion 2 ./ APA Liver 
~tract = o.4 mls 
per week 

2 Ration 2 f 2% Fish 
so,l~b.los 

Second 

lA Ration 2 

Ration 2 f 2% l t 20 
Liver powder 

tion 2 I Et h ol in-
soluble fraction = 2% 

Ration 2 t Ethanol -so-
lub le ftaction : 27Q 

tion 2 I APA Liver 

6 68 

7 97 

7 ' 8.7 

6 72 

7 

5 86 -,7.8 

Reproductive Cycle 

5 88 78 :;4 .9 

5 82 96 38 . l 

6 94 100 "59 .7 

2 100 100 -,7 .0 

extract = 0 .4 ml/ k: .. 4 88 91 ;7 .8 
* Number of litters denotes the number of the females t hat actually 

produced 1i tter s and doea not inc lude those that failed to br ed . 
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were all highly aignificant when compared to the basal fed lot. Al

though the females were maintained on the same ration for the a-0cond 

reproductive cycle, the differences were ~eas striking. Stntiatical 

ai ificanoe waa not attained, although, in general, there was e. 

tendency forte results to be in the same direction . 

Since it has repeatedly been e ggested that alfalfa. contained a 

material which was beneficial for pregnant and lactating eows, studies 

were made Ji th rate to test a.lf,a.lfa leaf meal and fractions t erefrom. 

Beea so ration 2 contained alfalfa., another ration (ration;) was used 

in this atudy . Thia ration permitted normal gestation, good l iva.bi

li ty of' young to 48 hours, and weaning of a high percentage of t.hoae 

given to raise (Tab l e III) . The addition of alfalfa leaf meal t1aa 

definitely dotrimental in tonne of' weaning weight . Fractions of: 

alfalfa had no effect on weaning ,,,eight, wheres.a, as previously ob

served, 1: 20 liver powder gave a significant. response . 

The fuilure to experience high early mortali ty .in t he young l·ata 

in t e previous experiment made it seem desirable to use a ration com

pounded o f' materiala of more definite eoropoei tion . Aa a reeul t, 

ration 4 was formu l ated using vi tamin-tcat .casein a.e the source of 

protein. e results of two replications in whic various suppl ants 

to thia baeal ration were tested appear in Table IV . Th animals 

used in · perinent 6 were r ate from the local stock colony maintained 

since eaning on the respective ration s . The re.ta used in Exp,eriment 7 

ere young from · periment 6 fed fr-om weaning the .aame rations fed their 

mot.hers . gain 1i vabi li ty of young to 48 hou ra ,,a.a eood in a.11 lots 

and a high perce ta.go of those · ven to raise we.a wea.n.:.d . Li var powder 

( . ilson) a.'"l.d B12 Supplement 1 (Mer-ck) significantly improved -the wean

ing weight.a of the young on these rations over t.hoae of the lot :fed 
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TABLE IlI 

l? ..2.C"' OF ARIOUS 1 , OT'IOUS O · ALF L? LEA.:. ME L or,i· REPRODUCTION 
OF RA'l'S TD THE GRO'JTH OF' THE YOUN'G 'ro E nm 

Numbe1· Li VO.bill ty Young '1'eaned vero.ge 
of at 48 hrs . of thone . eaning 

Litters* given ''!eig 1t 
Ration to raise 

Percent Percent grame 

Ration; 6 94 80 37.0 

Ration ; f 15% 1:f'alfa 
leaf' meal 4 90 95 27. 1 

Ration 5 I 95% Ethanol 
i naoluble fraction of 
tho 70% ethanol soluble 
fraction equivalent to 
15% alfalfa. l oaf' meal 4 91 82 ;9.4 

Ration; f 95% Ethanol 
soluble fraction of 

I 70% ethanol soluble 
fraction equivalent to 
15% alfal fa leaf meal ; 97 89 :;a.1 

rus.tion; I 2% 1:20 Liver 
powder 6 100 100 42,9 -

• N ber of litters denotes the number of the females tat actually 

produced li ttcre and does not include t _os tho.t f ailed to breed. 



TABL r1 

EFFECT OF V RIOUS SUPPLE!,: il ffl ON THE RE RODUOTION 0 
.RA S m TI< GRO' H OF THE YOUNG ·'ID "1EAI:UNG 

10 

Number Livability Young weaned Avera o 
of at 48 hrs . of thos.e eaning 

peri- Litters• given eight 
ment Ration to raiso 

Percent Peroent grSlllS 
6,7 Ration 4 12 92 100 '4 .; 

Ration 4 r 0.5% Merck ' s 
Bi2 Suppl ement 1 12 91 9; 42.0 

Rat.ion 4 f 2 .0% tilaon• e 
1:20 liver po .,dcr 15 97 4.? . 2 

tion 4 r Alfalfa caro-
teno concentrate 8 96 96 ;s.o 

8,9 tion; 15 95 95 ;e.5 
Ration ; r 0 . 5~1, .ero ' s 
n12 Supplement 5 14 9; 99 41 .0 

ntion ; f 2.0% .. Uson ' s 
1:20 liver powder 18 95 97 40 .4 

10 , 11 tion; 11 (x3 91 ;7.; 
Ration; f 0 . 5% Merck ' s 
13i2 Supplement; 10 71 97 40 .4 

12 Ration; 7 85 94 ;7.0 

Ration; f 0.5% Lederle1 s 
APF Supplement 6 100 44 .0 

Ration; "f " ppm cry-
etalline B12 7 92 100 ;8 .0 

Ration; f 0.5% Ledarle ' e 
A t 50 ppm crystalline 
Bl2 5 92 100 42. 0 

1, ,14 Ration 5 12 75 95 35.0 

tion 5 t 0 •. 5% l-1ere 's 
B12supplet:1ent; 7 86 100 40 .2 

• Number of li ttcrs denotes the nUlllber of females t hat actually produoed 
litters and does no t include t hose that failed to breed . 



the basal ration . The lack of reproductive failures in these t10 

experiments may have be due to the presence of an unidentified 

:factor in the incompletely extracted casein ( Cary et al 1945-1947) . 

11 

Since numerous workera have suggested that casein conts.ined the 

unknown factor and that plant materialo such as aoybee.n meal were not 

active in this respect, further -exp.erimenta ere -conducted using 

ration ?, . Tabl e IV summarizes the reoults of the dif'ferent experi

ments using this ration.. The animals uoed i n Experiment 8 rere the 

young from Experiment 7 that had been maintained on t he experimental 

rations since weaning . The rats used in · periment 9 were young 

:from Experiment 8 and received t ho es.m e ration as their mothers . 

The results of perim .ta 8 and 9 aho ·ed that no differences existed 

among the lota as to viabi 1i ty of the youn3 up to 48 o rs or numb or 

eanod of' thoae given to raise. As had been noted previously, the 

rats £ d 1:20 liver powder ( ·ileon) or B12 Supplement j (~.erck) 

weaned slightly heavier young th did those on the basal ration . 

These di:f'ferencee did not prove to be statistically significant . 

periments 10 and 11 re further replication s of two of' the 

rations used in Experiments 8 and 9. The rate used in periment 10 

wer& the young f:ro~ perirnent 9 and repros tad the third aueceeeive 

generation on their reopective r ations . The rats used in p.eriment 

11 were young from the stock colony which had been placed on the 

experimental rations at weaning . The reaul ts of theae two experimeuts 

are essentially the same ae those ot: Experiment.a 8 and 9 . The higher 

morte.li ty prior to 48 houre in Experiments 10 and 11 wae tr ought. to be 

e ua-ed, at. least in part, by a. high incidence of: r.eopiratocy- infection 

among the mother rato during these experiments . No differences were 
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fO'l..'tld to exist bet~·!een the supplement fed lots and t.he basal, and t he 

hi gher early mortality wa.a not considered to bo due to ration . In the 

:f'our experiments in . hich s12 S pplement ;5 was fed, t ho f'e::nales re

ceiving this supplement weaned young that averaged 2 . 1 gr am.a heavier 

t han those from t he basal fed lots. Thie differ ence wae not l ar ge 

enough for significance when teated by analysis of variance 

( Snedecor, 1946) . 

A etudy of the result& of Experinent 12 s hows t_ at t.he live.bi- · 

li ty up to lJe hours and number r iaed to weaning did not differ greatly 

among tho lots . The s ppl emente..ti on of' the baoal diet 11th crystal

line B12 produced. only olig tly heavier weanling rata . Whon ~ r F 

Suppl ent ( Leder le) waa added to t he baoal 'iet., oignifi.cant · mprove

ment in weaning l'reighte was noted. T e a.ddition of botl c st lline 

B12 e.nd t ho APF Suppl ement to the basal ration d. d 11.ot ioprove t he 

wean ing weight s over t i'JOse of t he basal ration supp l emented i t h only 

t he APF supplement. 

Since l evel of protein has been r ·elated to vi ts.min B12 r equir 

ment, ration 5 was f ormulated and used i n two experiments .. The reaulte 

of Experiments 1.? and lL~ nre f oun d in Table IV . T e early zoorta.lity 

was slightl y highor in t .e basal fed lots but t .e number weo.nod w s 

eaaontially t h e same . The addition of Bi2 S pplement , to the basal 

r ation significantly improved t .e weaning •oi r: t of t Le young when 

t eae were compared to t he basal :fed lots . 

li.t no time llruring t.1e courae of t.hia entife investigation has it 

been possible to demonotr ate a hi gh mortnli ty of young during t he 

first 48 hours o r pr l.or to weaning . These reaults are a.t variance 

1i t h those o-f numerous workers, (Roos, 1942) , ( Zucker, 1948) , 

(Hartman, 1949) . Schultze (1950) as recently reported that he could 



secure satisfactory weigh t gains f'rom t h e first generation of rate 

fed purified rations containing eoybeo.n protein . However, somewhat 

s~aller go.ins· ore experienced when the oecond gen ration 10.e fed 

these rations . 

It haa been o r oxperience that t ho wea 1ins weight of young from 

females f'ed rations presu.."Dably 1011 in ntmi.mnl protein factor 11 ie con

sistel'1tly less than t at observed w, on t he ration is fortified i t.h 

cer in natural and f'e entation by- product cone trates . 

1Ju."lleroue explanations have boen a.dvanc cl in an att empt to 

rationalize t.~e differences observed by a during the last three 

years d thooe found by Rosa (1942} previously and by other -o:rk ers. 

'fhere are certs.in tacts that may account f'or at _oaat some of the 

differences First, during theae st dies generous euppl entation 

with all known dietary nutriento (including choline a.'td folic acid) 

wao pr oticed . The resul to of previous studies n1 y have been influenced 

by a la.ck of some then- unkno m factor . It haa recently been shown by 

Seh efe:r and othoro (1950) that the dietary :requirements or vita.min 

B12, choline, and folic acid are interrelated and hat one may not be 

established without considering the ooneentr tion of e ch or tho others . 

Seoondl:' , c re as used in all theoe studies to employ only a high

quality expeller-type soybean meal :f'rom a single souree (Staley and Oo . , 

Decatur, Illinois} . The variation that is kno rn to occur in natural 

feeds ith r espect to other nutrients probably exto.,ds to th facto r 

that is necessary for co.essful reproduction and lactation . It may 

be that l arger ounts of this :factor were consictently proeent in the 

hi quality meals uaed in this study . Tho fact tha.t inteatinal 

eyntbeeie might, under certain condition , supply c.dcqua.te amounts of 

the tac.tor must be recognized. Har and his aceociateo (1949) have 
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proposed t hat tho factor is synt,.eaized in adequate amounts when ex

cessively high l evels of ribofl avin are fe • 

SUMMARY 

'nle repro uc tion and l acta.tion ·performanco of rats fed diete 

compos.ed principally of co _ and soybean mea.l nupplemented with kno1-m 

minerals and vitrunino except vitamin B12 has been essentially normal . 

Reaorpti-ons, tox ie.. deaths, or excosaivo mortality during t he first 

48 hours aft.er birth, during the nursin or after weaning have not 

been consist tly observed . The rea.ning weights of young from "'ema lea 

fed supplements of natural and fermentation by- product eonc~atrateo 

containing vi tam.in B12 an perhaps other unknown factors }, s been 

consistently euperior to t hose of young from fe · alee fed· unsupple

mented rations " Liver powder ( Wilson 1 a ls 20) , oonoen tra tea of vi ta:min 

B12 (Merck No.. l and ;} 1 a. fermentation by--produot ( Leder le APF Supple

ment) and an injectable anti- pernicioun anemia extract have all been 

found to otimulate t he 0 rowth of nursing 1·ate . The f'aetor involved 

in t his stimulation appears to b soluble i n 70 percent eth ol and 

loss soluble in 95 poroent ethanol . 



15 

BIBLlOGRA HY 

~:ry, o. . and A. 1.:. Hartman . 194:,-1947. Unidentified nutrients . 
u.s.n.A . Yearbook of' griculturc, Science in Farming. Pag 779. 

Hartman, • M., L. P . Dryden and o. A. Cary .. 1949 The role and 
oources of' vitamin B12, Jour • .. • Diot.. sen. 25 :929 . 

Roes,O . B. , P. a . Phillips and G. Bohotedt . 1942 . Ibe effect of a 
simplified diet upon the reproduction and laetation in a line and 
in the rat . Jour. Animal Science 1:86. 

Ross, O. B., • E. Swank, Ray J . Ohman o.nd R. w. :t.:a.cVicar . 1948 . 
'iho effect of certain eupplemonta upon reproduction and lactation 
performance of rats fed natural and partially purified rations. 
Jour. Animal Sci . 7:5; 1. 

Schaefer, • ., w. D. Salmon, D. R. St,r rth, and D. n. Oopela.nd . 
1950., Interrelationship of folacin, vitamin B12, a.~d choline. 
E "feet of' hemorrhe.gio kidney syndrome in the rat a.nd on growt h 
of the chick. Jo r . nutrition 40 :95 . 

Schultz , 1. o. 1950. Nutritional value 0£ pl ant materials I. Growth 
of rate on purified rationa containing soybean protein . Submitted 
to Jour . of Tutrition.. In Presa . 

Snedeeor, G. ·v. 1946. Statistical methodo applied to experiraento in 
agricul tur.e and biology . Ameo : The Ioua State Collage f rees . 

Van Lsnc.ingham, • • H. and P . B. Lyon. 1947. Inadequacy of diets 
containing whole grain cereals supplemented with ooybean oil meal 
for lactation and growth of young rat.a . rch . Biochem . 1;,475. 

iatta, A. B. , o. B. oss, R. ·• ~cVicar and O. 1 . • . :!li tehair . 1949 . 
The effect of · certain supplemente upon growth, r production and 
lactation 0£ ra~s fed partially purified swine rations . Jour . 
Animal Sci . 8:633 . 

Zucker, L. M. and T. F. Zucker. 1948 . Zoopherin; nutritional 
factor for rats aeeoci tcd ri th animal protein oourccs . Areh . 
Bio chem. 16: 115. 



PART II 

DEPLETION- REPLETION S'lUDIES 'IT .. RATS 

I NTRO DUO TION 

16 

ith the isolation and crystallization of vitamin B12 and ita 

subsequent identification ae part of the I animal protein factor ' eo 

plex, many investigators i ni tie.ted experiment.a to study the phyeiolo

gieal !\motion of this vitamin ... 'lbe early obeervatio a of Hc Ginnio 

(1948) that chioke maintained on a diet deficient in this vi ta.min had 

high non-protein nitrogen blood levels euggeetcd that this vi ta.min 

might be functioning in the motaboli e:m o f protein .. Zuc er (1948) 

a.leo observed that rats maintaine· ,on a. diet oontaining isolated 

plant proteins showed high blood urea. values whereas t he rate fed 

t .o eame diet oupplomonted wi tl a source of vi ta.min B12 had conaidera

b ly lower vnluee . Oharkey ,ti !l (1950) in studying the amino acid 

motaboliam of chicks on vitamin B12-doficiont diets found tha..t the 

a.1'.!lino ac id levels of the deficient chieka wore higher than thooo o~ 

chicks fed the vitamin .. '.lheae workers concluded that vitamin B12 

a.pp-eared to function in metabolism by enhancing the utilization of 

cir¢ulating amino acido for building fixed tiasuea. 

Studies with rations containing variouo levela of protein have 

indicated that tho vitamin B12 requirement of an animal may be related 

to the amount of protein in the ration . The results obtained by 

Har-tma.n and his associated (1949) in studies of' tho reproductive 

perform ee of' rato fed increasingly high levels of protein ould 

in icate tho.t, as t he level oi' protein ia increased, the need f or o. 

faotor, which we.a lat.er identified ao vitamin B12, increased. '!he 
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level of protein 
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Ration l ( depletion} and ra.tion 2 (repletion) fed during thia 
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Tl,B • I 

RATIONS .,D llf DEP T.'l':.'IO.:!'- REFLETIO~l STUDIES 

Ration l Rat·ou 2 
Inr:redient 

( Depletion ration) (Repletion ration) 

Putif-io<i wood pul p 
Carrots ( fres ;round} 
Co oil 
Minernl mixture* 
Vitamin mixture** 
Starch 
Soybean meal 
Gr ound yel lou corn 
dl- rcethionine 

percent 

5.0 
,o.o 
,4 .0 
4.0 
I 

44.0 

* The mineral oixture ua.e that of Hegstad _21 a l ( 19 l) • 

percent 

25.0 
7'; .o 
0 . 2 

** Each k.ilo;::ram of ration ,ao suppl omcntcd with the i'ollo ting 
W'.!:Ounts of' each of the \JU tor soluble vi to.nine: .ri in • 01 4 mg., 
riboflavin 6 m; . , niacin ·20 mg. -, pyridoxine HOl 3 rig . , ea.l.cium 
pantothenate 20 me., choline chloride 1 . , folic acid l mz_. , 
inoaitol 20 mz. , p- inobenzoic a cid 20 mr.- . In nddi tion the rats 
received 2 drops woo l y of a. mixture o he.liver oil and mixed 
tocopherole . 



Illinoio, 

ti(JYl ,, h,,~·; ~,,,, .,r; 
,,··,.- .. ,,. 

• 

• 

th.e 
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Th/0 rcsul ts of the growth of' tho depleted J."S;ts :hi I!::it:r;}Ot'ilrJeltt l 

are preser1ted in tabulax- form in '!'(ltblfl lI and gre.phiQt'll.llJr in. .Figt1re 1. 

lt t'fill bo noted that 't.llG rats fed ;ra1~ion 2. eupplemetr'tea. with s12 

l;iupplerne:'at ? and. w1 th t,he livei? e.cm.eErutr&tlJ powd~r ragainsd 

sttp:ple.1'.ilen·t.ed ra.t,lcm .g" These ,lifterenc.es v:el'o not atatiai:rieally signi .... 

i'ie&"lt w11en subje~tetl t.o t~he amll;/ais of cova.rience of Sned(;oox· (1946). 

It would appea:r from these .data that th.e a\lpplemerita,t:ion: of ration 2 

wi. th sources .o.f the ai."lime.l protein f'aoto1~ oorrrp1ex oi~ with vitmain 

B12 di.d not sig,n::tfioa:n:1'.ily inoreai:;e the l's.ta a:t which the depleted 

rat-a :regained their lost weight.., 

<Jeyetalline vitwn.in, ll3.2 waa available ~,:hen lSxperiment 2 waa 

2. It. w:i.11 be observed that tho supplemer:d:;ation of' ration 2 witl1 

crystnll:11:i.:e vitamin :a12 failed ti.) inrprovo ·the rate the rate 

:regained tl:10:tr lost weight.. 1"t.lG;i ~tlditio:tl .of Led(}rl~1 "3 APF Supp1em.ent 

5, t.J,e eombina.tJ..<;in of Letlii3rle' s .ll?F SupJllement ; and vitrunin B12 J; and 

D12 Suppler!le.nt 3 to l"Ation. 2 improved the :i:'ate at, which the ria,t,a .Fe,-. 

gained t .. he lost h~eight+ Respiz<ato:r;t di.so1·d§lJ~s ttore tihserved in the 

group fed th0 combination oi"" n:12 Supplement 3 and vitamin a12 which 

w·aa · oensidered re11rpo11nible f'or the poor perf'0Tma11..ee of' ti:'!tie gro'ls1p. 



Sup:plf' .. men.t to 
ration 2 

OF 

2 .. 0J{ M.ver .cc.mcen,.. 
trate poud-er · 
(tJilscn} 

lil't~wber 
of rata 

6 

5 

6 

AveJtao:G .r~ Average 
initi~l depleted 
woight weight 

grams ~ama 

247 170 

250 11, 

Perce,1t of leas regain.ad 
0;t 

6 day er 8 days. 10 days. 

~6 74 a, 

61 91 101 
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TABLE III 

A S'O 1/\RY OF THE GRO iffR RESULTS OF EXPERIME~T 2 

Supplement to Number Average verage Per.cent. of loea regained 
ration 2 of rats init.ia depleted at 

1eight ,.,eight , days 5 days 7 days 

g:rame grams. 

None 5 204 154 5() 72 92 

Vitamin 2 (25 mcgme 
per kilo r tion) 4 Z)7 140 48 70 87 

1% F Supplement 5 
(Ledorle) 5 216 15, 5.; 79 98 

1,, F Supplement 5 
(Lederle) and 
vitamin B12 (25 mcgms 
per kilo ration) 5 209 147 52 T, 102 

0 . 5~ B12 Supplement 
145 106 ; (}.erck) 5 199 59 81 

0.5% B1r uppl-0!:lent' 
()erck and Vitamin 
Bl~ (25 mcgmo por 
ki o ration) 4 212 155 47 72 81 
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The. ~~i.i).te1 o:f' tJie.blooli 1µ1,&.l;;,•ae.a are g:tveii i;l f~ble, ur. 'l'he plasma. 

p:ttitoina of' an groupe_ .inoreatied abcn..rt 4 .. 0. fTaltl. 1e1"6¢t1t durinr, the re

pletion pe:rioc but appr0einbJe d.i_f:f·era1ces in .tb,,'il. ie\t~l :of ?iaiuria pro

teins e.Illrin.3i ~the groll!HJ was not -observeo, ... The hemoglobin val~ee incr~,sed 
,; . -

slie.htl:y auring the. repletion period £Qr a,11 groups b~t dif"terence$ 

vitnmin B12 o:r aoureos of this factor d_id not materially aff'oot the 

been rea:po-usible ~1· fa:Uure C>f the re.ta iti thia utudy. to responrj to 

Vitamin 812• Schaefer eY. £. (19,0) ha.V(;) recently fiOinte-d ovt that ell. 

mttriet1.ts m1:d Vit,ru:nhl 1312• It is possible that ratioti, 2 c.ontained 

methionine, eloolin.e a..~d :eo.l~o ac.id in aueh amot.mta that tho r-equire-

men-<t. of vi toJnin t12 wa-a too ~11 ·t;o be .detected by the exnen.menta.1 

pNeedur.e employe<l. It _io a}mo po~sibl,e tha.,t vitS>1ni:i:1 ~12.il!.l not 

;ree.en-t work: of' Chow and .Barrows ( 1950) has shown ·t}1a t yi t.a:@in R:12 

did not improve the. efficiency of utilization of S()ybeon p-2>0'.t;~ina by 

vitamin B12-d~ficient nte i1hen it w~e incorporated into ra~ona. of 

rlif':ferent cnloric values. these t:"l"kero concluded th~t vitamin .B12 

did :t»t ~ance the 'biological valuo of' soybean prot,eia hut. that it 



~uppler:lmt to ra~ion· 2 - ?lao!,11.). proteins lie:ooglob;~ . ·-- Urea 
Initial• Final** Initial* Final·~* Final-**(1) 

gram. .. percent 

None 6.6 10.,; 

Vii:.a:min Bt2 (25 Il'.lCBJllB pe.r 
61 10.4 kilo rat. on} . --· .. •· 

.. 
i 

1% APF Supplement 5 
{Leder le) .. 6 .. 2 10.0 

·, 

1% tiPF Suppl~erd~ 5 
( Letler 1-e) and vitamin 
B*_-(25 mQ~11e1 per kilo 
ra ion)·· ._ ,., . 10.0 

.. :·_. .·t.-=· 

Ow5% Ii1 $upplemont ' (l,ie~c,kf : 
.. " 6. .• 8. 10 .. 1 .. ~. 

o.5Jt B-,2 SupplemQnt 5 _ 
(Jiel'eltJ end vit®dn: B12 
{25 l?1¢'~S per kilo -. . . 
l'.aticn) 6:.7 

12 .. 4 l;h.6 27.,1 

,12.6 1,.a 2,., 

12.2 1;.a 72.8 

. _-12., lj..0 29 .... ; 

12.2 1;.7 28~;$ 

26 •. , 

* · Initial valt.H)G- d~termined on blood $B.mples taket.1 ut the end of 
the dop'l,et,,ion period. 

** Final values determined on blood sam-pleo taken. nt · the en.d of seven 
daya On· the repletiOJl rations.- . . 

(l)Initici values for urea i.rerc detorrAn.ed on blood samples :fl"{)m 
one-ha,lP of tho re.ts end avtarag~d 21.l m3,lligl'Btl p~,:cent. 



may play an important role in earbollydr.ate or fat :metabolism-~ It. 

ahou,ld be mentioned,- however,. that tl-10, -rate a:t which the d:epleted 

rate regained lost weigrrt in the etudy reporte,d herein we.a not. 

affected by supplementation wit.h vitaniin l\2 wh~eas Ohow and; Jano-w 

did observe more rapid. gai1;1,s with, 11uch eupplementat.io,n-~ 

Addi,tiono.l evidonoe that Vitamin 1\2; may not be involved in the 

utilization 'and W<,;nthesie of protein lu1ta been pre:eentiad by t.,he wol."k of 

Vara and hi,o aaeoeiatea ( 19,0}~ Uei}:'ig, a tf)cl)nique ,w.hic:h ,. inv9lyed tb,e 
. . ·. 

70 per~ent. hep,atootOl'.lly of rats and a wbsequent. stl.ldy of the 1:iv:e:r pro-

tein rege-ae,;-ation, th.ene wrk~?"s found no Qif'fe.renoes between the 

vit-amin $u-defl.eient rats ,a:nd :thofH~ fed the vitandn ,in re$pec:t to 

ni tt"Ogen balance, 1:bod int.ake, weight reatq,ration,. ari.d 11~r pJ"Otei'A 

1'6generation.. :t'heee reaul ts would tend to substantiate .the results 

o-£ the depletion-repletion trie.ls preaente-d here. !t. t>JOUld appear 

t.ha:t. vitrunin B:i2 ia not involved in the utiliza:t,ion of protein by 

the rat. 

The effect of v-it•n s,_2 and pceeibly ot.hor fa4tor:-e of the . 

'animal :pTOtoin tactot• 0om,plex on t.he nlte at. wbi-ch ma:ture f~l:e 

depleted rats regained lost we:i.ght. haa b~eu .~tudied. .. i'he depletion 

t.echnique involved t.lie feeding ot a lt,w ;protein ration to :matµi."e 

fenl~le rats tmti.l ~ey had l.oe;t ab<:>ut ,0 pet-Qi!int .of 'tf,air body weight. 

The euppl,ament:ation of an all-plant rat.ion with either C'l'!fn,talline 

vitamin 112,, antibiotic :tenn.entatioa by-prQduct.a, er eomhina:ti:Ons of 

th~ material.a ~:ffect.ed no signU'i~ant dift',er~es in th& rate at whieb 

the depleted rat.s. ~&ained lost woi.ght. There wer,e .no ffl!lU'ked dif'fe'P"' 

ences in the bl.QQ,d hemog;lob:tn:, uroo., and plaama. protein 'falues of any of the 



groups at the end of the repletion period. It would appear t hat the 

apparent function of this vitrunin is not concerned ith the utilization 

or synthesis of protein by tho rat . 
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PART III 

GRO, H TUDIES ,HT! .. RATS 

Section A. Growth Studies with Female .eanling Rats 

It has been established by numerous investigators that rationo 

composed primar ly o~ corn and plant proteins supplemented ,ith minerals 

o.nd e.11 kna\l!l vitrunins xcept vit n 12 · o l d not support maximum 

growth of chicks . iihen rations of t hiiJ typo ere suppl moatod ,11th 

materials of animal origin, considerably bett.er grouth could be ob-

tained . cellent revieus of' t ho work t· at led to the identification 

of vitaoin B12 and studies o::' otJ er new nutrients hav been prepa red 

by ',bode (1911-8, 1949) . Schweigert (1949) has rcvie o tho r::eny factoro 

that have been proposed ns m bers of t ho 11a:nima.l pro ein fo.ctortt co 

plex and t.~eir pooaiblc rclntion to vitLWlin B12• rom th many studies 

that have been conducted it would seem t at vit ·n n12 io necosee.ry 

f'or optimu growth o f chick s fed rations oompo ed onl y of' feeds of 

plant oriein • 

Tho otudias o:f' Jaffe and Elvehjem {1948) ;ould indico.te that the 

rat requires eso tially the same nutrients as tho chic for maximum 

gro,th . o basal rat.ion fed by theoe worl:ore con tained 45 percent 

soybean meal and £ractiona prepared from liver pro ote e reater growth 

th did t o basal rati,on nlone . Rubin and Di1•d (19 9 ) found that 

chick s fod ratione containin.:; 70 pcrcont soy can r.iea.l had a gre ter 

requirement for th "cow manure factor" t han those fe 1 lo er levolo. of 

soyb an m 1 . '.these wor·e:rs (1949) later found t.10.t the 11 co\ manure 

fu~tor 0 wae identical 1i t vi ta.min B12• Hartman and h i a aeeoc iatcs 

(1949} found t hat purified rations containing high l evels o~ exha s~ 





T BLE I 

RATIOH·s ... D I N GROWTH S ~ DIES ·rr1 I i l WG FE .ALE RA 'I'S 

Ingredient Rat.ion Ration Ration P.ation . Ration Ration 
l 2 4 2 6 

p-ercent percent pereen percent pero-ent percent 

Soybean meal 25 25 ;5 45 

Vi ta.min-teat casein 15 .. 
Heat and bone ecra.pa 2, 
Ground yellow corn 68 7-0 75 83 6; 6_; 

Alfalfa leaf meal 5 5 ... 

Mineral oixture* 2 2 2 2 2 2 

Vitamin mixture•• f f f -I· .f .;. 

dl- methionine 0 . 2 0 .2 0 •. 2 0 . 2 0 . 2 0 ..,2 

• Mineral mixture was t hat of Hegated ll !1_ (1941} 

** '!he we.tor soluble Vitamin mixture supplied p-er ldlogram of' ration the 
following amounts of" the variot1s vi tam:i..na: Thie.min H-01 4 g . , ribo
flavin 6 mg . , pyridoxine HOl ; mg •. , calcium pa.ntothonate 20 mg .. , 
niacin 20 mg . , choline chlo-rido 1 gm . , folio acid 1 mg , , inositol 2) 

mg . , and p-a:minobenzoic acid 20 mg . Two drops of a mixture of alpha. 
tocopherol and cod liver oil ,ere administered weekly. 



.. · ' . . . . . " . ;'' ·. '.': . 

. tt$~Q.~ - Just. .pri.ol'- to t·Hui the sample, ws.~::allowed:,tc>•-~~.,, at room teial~~~ 

t,~e, and,:~.ed~,a~ly mixed- with,th,-r~st, c.f'-~1~.$i%;~~--

Thci ,gro,:.ith _ia-tudieo. were '9f r'ive :W~~~G dµ~ti.011 iu~µi.ft ,1hi9h udivi-. . . . . ,. . ' .. 

.. .. . . 

~OOLTS '.&{D D:t$00SS10r'! --_ -

: A, .~al'f -t)f the l"eeultc of' the growth trfaMii.eiS: ii pr~eented -in -

~J;e,. n... Weanling r-e:i.s. :foil. -:ratipn.1-- and -r-ati.on -2 -su.pplexaen:ted with 

l'W1l.en. -content.a uew: ol.$.gl1tly .fa$ter than those f'ed _th~ un~pplemen:ted 

rati~n;.- but.-the ditterene~ wa~·nQt ,.a-tatiof4.!)-al,_J;y ei~:tf:$.oe.:llt, ... - Ra~~ .... 

tion_ of -chick gi-Qwth has been roported by lficl-wl a11d his .aisaqeia:tee. --

( 1949) when. aeoe.yin;g dt:ied nmcr.1-.,conte.."lts fo;l.' t'h,e p.rea.en<u;,· ,g,,f vl~n -

B12... Howevert t.he&e workel,"$ ~~Ii ~t. or1~ .Qf the atmiple-a' it.~e:ted -~n

tained sam-o vi.~n B3.a -.e.ct.ivity -,~d -t~1;ey ooneluded the.ti- ~en- e-ont~ta 

weN v_ariable -.:aou~"C-OS- ot tb.11!·-v'itamin..r-: 

:'lu- further reftne, the e:tpe-nm011ta:l- ratio~ ~lfalf"a leaf m•l ~ 

o.mttted from rat.ion :5• . _A rathq.t- extet'J;&-ive- et.udy hae ~led i;,o Gho-~t 

that ,w.pplem.en:tary sou~s ot vitmnin a12 ~r ~ther faoto:r.s preeont in 

lt20 livfn' eo:no.entn:te po-wd~ :i~.l"Baaed growth f;>f' f~le .. weanli.n:g rata 

fed ration ,-.. -_ Cry-$-t.a.lline Yi ta:miu. '1,2 wh~1 ~dd~ to ration , pt'Od.u&ed 

sl/ightly greater ga,iru1 thau did the u_noopplw.rented. ta:tJ;on ,,. This· 

diff'eren$e- wa~ not ,eta:tis1',,ically eizttifiQaJ!}.t..... :f;he_l.Jan1-l!ation 1r,1xy 

mtVil:~e-~ a<leq:uate tor .gmwt.11--0.- 'the _young max have had ad~a-t& sw-
1c,! Vittamin ti12 \t:bffi ,tla<:eq ® ~p~.rime~1;~ · ~11®0:r, tho~e t~d :ration J 

were pr<>~Je~d by :ret.m:tl-e, rote- .that had -bee-,1. muntain$d fbJ· ~$ l0-4g al); 
. ·,,,_.! . ' ,.· .· . 

-thir~ suQeO~ive :gent)ro;f..ipn~. on the a;\l""'plant. ~a.ti.en, .. : I\ l~ poHih).e 

that 1,he aynt~eaia of_ the f'®tor ~ 1 raicrroo~g£llliaa .:in the iut-E}stine 



$lliVJ!JIA.ftY 01' ffiE aESULTS OF GROW'ffi STUDIES WIT'd Fm~1l.tE ima:NLING aATS 

PED ALtr-PL\rfT RA TIOlfS 

!Uperi,m.eiit Ratic:in Su.ppleme;t to -:ration 

l 

, _ fed ___ , 

l :None _ __ _ < .. : .. _ _ ; 
l 4 p-ercent rt~en ,ontent& 

2 
2 

' ' ' 
' ' ' ' 
4 
4 
4 
4 

4 
4 
4 

' ' ' ' 6 
6 

lion:e 
4 perca.at rumen contents 

None 
0.,5% :e12.supplement, 
2 .. ~ lJ~ µ.yer J>O'!'~~r 
llone 
0.5% 1112 Supplemen:t ?i ___ _ 
Yi tar~n a12 (25 roogms./kilQ) 
o.,% IJ.2-Supplement :5 and .-•. _ 
vitamin ui2 (25 !'B,e~s./ltilo) 

None 
2 ... ~% Liver powder 
0,..5% »12 tlu,pplemont 1 
4410" Runlen content,& 

None 
a .• oi 1,20 .lA'tT.er powder 
o.5;4J12 Supplement 1 

lfone 
o~,% Jli2 Supplement ; 
None: 
0 •"' »12 Supplement 3 
Rone 
0 •5% B12 Suppl-0ment. _:, . 

Numbel' _ 0£ ; weeks· 
- Ht$ P;!in 

7 
7 

_.,;,id 
:, :6 

1, 
1; 
14 
10 
.lO 

.-.\':~0-

.. 'to 

1 
8 
8 

," 1 

··10 
10 
10 

10 
10 
10 
lO 
10 
10 

61 
9' 

91 
96 

10, 
lOl 
104 

'lOl 
101 
111 

10, 

ioo 
'104 
104 
g) 

109 
10, 
104 

101 
as 
68 
92 
$ 
97 



was. suffleien~ to mee:t the requirero.ents of the ;rowing rat~,·· lta.7tman 

and b:iu aa.eo,eiQtea (1949) 'batte po$tttlated that '1,lch .-.eynth:e-aie i<>es- take 

p~ especially i1h.en high levels ,of. ri.bo.tl.avin are ~"• . ~r,,e. ami:,unt P.f . 

r-ibofla.vin te-d in these at.udir.la was .a(lcqu.td:,~ _but not e,te-ei:;$i:ve ...... -Oopro""r 

phagy might. also . hfiVG been a · fae'f;.o l' .ll'l. thq,ae tti.als, deop'i;ta thlll), wire,,. · 

bott.oraed cages- 'llaed to houee tine ~to~ Soha.ef-er and. llte _asso.ciat~ 

(1950) have propo$ed that .an 1n1ier.relat.tonsh1p ~ie·t~· bei.we~ the .r·equire--. 

ment-&f- the J>a:t- fQ:r q~line1· 0 :tblic aei-a, :md.rhioni:ne,. ·1ll:ll.d-1/"1.tamin ~-. 

Ration ;j contained cholin~i. :folic acif;i, and n10-tJ1:i.otJ.in9 in tU:1ounte con• 

rd.dered a.dequate by moat workers. f.heee nutrfen~ 1µay hav'.e· .reduo:ed t.he 

r~.quirement of the @rowing :rat tbr vitamin i.12 to thfiJ ex~t that tbie 

aQaay procedu;re was not, eut:1:"1.-c.,iently s·oi:uiitive to ~w a ne-~d. tor the 

vitamin. 0-Ae ~f)t tb1:1t. !l'a.y l,l!lrtti.ally .explain th~ -appe.~t laQk o'f a 

need. for vitamin ~- in th<.t$e' atu.dies ·le, the fact tJ1nt:. a11··ot1 t.."1$$& 

growth trl.$1:S were oonducoted · with f'S!'t!Ale r.ato and their reqUirem~nt 

·· ~'tion 4; containing vitamin ... test aueil1 a.a· tho source of·$U.pJ;'ll~ 

m~utary prot.ein., was, f-ed during other ti~;i.alt1.-. ijuppl~enta.:tim,1, o? :Mtiion 

4 1:n th $OcUl''1ea o~ \d tamin a12 aid not i;n,e;.1.;~~f;;!. ~e 1~at~. p;f> grow.t.h., , ~, 

gNW'th ra.tee of ,t..he rat.ft feet bf?th ratJ.<>n 4 tand the v.i~n 1312 aupple

m~ito.d ra:t;Lo.n were iden:t.ical w.i th thoi:u~ of '!;;ho l'~:to t~ n:\ion 3,. 

Hartman ~ . .!!, (l949)have, su~~stri that •casein. and even v1t.~in ... ~ot 

Ol!l!.J'3li!.in, -eontµina ,sign:ificau:t- a.n,q_un:ta. of vitw~in, '12•; . _ 1'111s mq :explain 

wbf thee !'at.is grftw a:t no fas:t.$r rate when spu.rooa. ~i ~1$ vi't.-smi.n w~:re 

added '.to t'Gi.tion 4... In view -crf the fa-c.t that the. l"$:'(.o gr:~, n,e ~-$t.~I" 

when ~d ration 4 thlln when fed ration ,5, it would t1p1,4ear that ~ti~, 



In 

the n12 

thoae 

i.s 



·.'9 

{1950) and Vars ,e. ~ {1950} that "i'it.ti!..tnin B12 iD not functioning 

direetl7. in the 11.tili:tis.tion of protein., · Iii· i,a i,eeethle that ~tiQne ·. 

containing· high levele of soybean rm),a.1 have amino. ac,lds in improper: 

rat.ion for~. growth.,, Alwqcdat (1949) hn.e .aemonetra:t,ed thEl:.t. .the 

rs:tio of oom<l of the. essential 8l'llino acids. to ®ll:ti other is. i.I!!portent 

:for optU14wa g~·i,th performance, of o:hick:1:h It. ini:ifl.· be 'that Q imbala..'\e.~ 

of alniUO acid$ increa.oea the J'Oqui.remont for, Vitamin i)l!ia' 8ino-G the 

methionine r.iiqui.nmoot i.e. rttlated to t.he pl"$senee of .·vitamin J:J:12 in 

the rat.ton, Jt. mq be- that . the reqw.r0meut. for vitamin •u: l.llf incEe.aaQd 

when t:he levol of methionine ·in·. the ration le incr,oased . .i • It; wo.uld &.eem 

t~t reasonably adequate evidene~ i:e ave.ilable that vitamin s.1:2 is 

fwi<rt.ioning in ~.nsmetbylation ·:re~,0tione {Schae.:ter. !! !!,· -1950) and 

.m&thi>Onine ,i.e. one souree in the body of 1 labile raotnyl .groups.~ (teller 

;!1 !!, 1949),• It l'lli~t b:e ~ggGGt.(!d that the 1ncreaae4 reqµiremeni 

for vi tein 11,2 with th$ higher l.wela ot protoin ia due to th~ :tn

erea.eed a.momt of methio:ni-ne in the .l"ation and the pr-op·er--utilizatiQn 

of this m&tbi.onine above a C;E;l"ta.in d;ie,w.~y -level io: conting-ent. on tho 

preeeno.e 9:f' increaaEid amount.a o:f v11;.amin. 3ia. If t;he. T~uir.em«it. :fol' 

vitamin B1:t ·i.nc·reaaes. with ·in~r~.eing levela of .Pro,te,in .ol" sf' any ()ne 

o.f. th~ essential ~l\'O ae,i<iBt ,it is possible that 'tbe level of ·e,ither 

or theoe :fs°'tors in ration ji. is auch that the r-equi~t. ~t th,e 

vitamin i e td.ru.mal ... 

mented. 1d'th :eo.uroe• qf vi.ts.min Jlu· indieated that the addition; tlf· t.b$..ll 

Vi ta.min to tneae rati~Ul was of' no value in il/ap;roviI),g the gro~rl',h ·~ate._ 

Rumen eo:n.tents, whel:l fed a:t the 4 pere:eu-t. level i:,1 th i,, @·m-~ybean 



-0f aoy'bean. RieAl in the rat.ion :re-sulted in d001•eased 

fed···tHJoe rationa". 
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Section 1).- !ho Effect of Oo.ai;.ration of Male and ~ale a.._t,s on The1~ 

Response to Vitamin »12 

O'e:rts.in ob.a~at.iono on t..l:te grotrth -of -rat.a . fe.il purified rations 

eugseat_tMt there J'fS.:.S a. difference ·he.tween the tt~:p.onse ,of male -and female 

rat.a to 'lritamin i 12• · Unpuhlish-0d result.a- of ~Vicar- and Bol-erw(l.950) 

indi:tiua.ted. that t...~e add.itl_on of v1ta.mia a12;,to a pun.tied: J"at.i~n eff-eeted 

a. greater growth in JW1lie than in° female rat.a., . The_ e.dditi.:en of liver 

to t.b-is puX>ified ration pro1i'.l0t.ed a growth 1"4aponoe w1th both Gexes. 

These di:r.~anees were -0b&erv~d when ra·~ wet-~ tod -·a ratiQa -containing 

007'bean l)l'0-1:,.ein with or w1 tho--ut, t.he addi 'tion .o.f ~1 ~t.t1 o:t pro:ta .... 

llJl)ne .. _- O:arri.Qk (1948-) observed a ,dift'El'r:enee bett,re&n· the tea--p.on'1e: of: -

male ai'l.d female -chioka ~r.hea fod- a. -ration l!)~tain.ing -c:-c,ndQD.s-ed fl.sh. 

solubles.. .Malo ~hicks g.t&t1 at: a. fust.-er _i--ate: wh$\ tJ:i!ll _ bael ration 

was :suppl~te-d with f..t~h solubles while £oms.le ohicka did not ahow· 

.any im.p:ro..vem.ent. in rat.e of gain -irhe-.a fod ,th.eoe n:tio:c.$~ ilrs.hoff' 

{1949) 1-~ported that female :rat.& :tea maa,sive doe€:$ -Cff deeai.ca,ted t;.~-. 

roi.d failed to show any ,if4prove;nent 1n -rat.a- of -grewth wben vitaJDi11 

Sit wae a.ddod to tbe r~ti-on..- -Th~ ~<idi ti.on of liver CQnocmtrate to 

the ration -overcame- the growt.rJ :d-e$1reruaing; eff'ee-t.s -of the t.b._yrold wb• 

irt,rmoo. U:i.s lat.er ·t-lOrk s-howed that the g?"Qwth depr$:,,a1ng ~f:tect of' 

thyroid su,bs.tanoe could be ;partially overcQme ~Y t.he- inoJu:Bi.on of 

o:er'tain ve-g~tablc fa-ta in the ration (1949a) and_ QCmplet<ely- O'V~o~ 

by the adT;1inciotl•ation et ohorio~e gonat1otropin (l-95'1}.. Jl$lc$ntly 

YJ::raho.ff {19,0a) :has_ ;ftru.nd :tka.t ·male :rats reai}ond9d --~-- v1t~in &12 

oupp-lementation in th(;) :a~ rnannw Q:$ -f4d, th~ female~·- Und.w t:lie'

eondi tiona o-f the- .exp.&:r1m$te .r<.;p0rted. by bahotf', ,v1 \~in 131.i did . 

not eot.il;p:l~tely (J'!!&reom~ t.he growth d.epreaaing effects of d:e-Qaieated 



thyroid while li'V,$l''. ~one:ent,re,t,~a completel~ ~t~,r,aeted this; C(n'lditiOtl,i,· 

R,egister ~ :!!, (1949) have .'W;[-gEiete4 an- :improve4 assay procedure 

for the de~el'fld.~,O..t.ion of .the gro.wt,h fact.or Pl'-eBGnt •1n·_liV·<U'·G-:S:tracts 
. . 

wh~<!h_ makes us• of the growth d:~ree&ing ef'f'eet.a of -p'.l'Qtoroone- ad.minis-
. -· . . ' . ,_ . . .. 

, t.:ration ~nd . t'tl$ e..bility of vitamin Bi2 · to overcome th!& growth d~ 
1 . . • . ' •. . . ~ 

·· pr~iie.i.c;,n"; , 1'efil4el and Lardy ( ).949) :found. tha't th~, growth d.epresS'ing 

e~eew ~r.:· pm·tozoon~.:couldbe.· ~er~me b:, t.he a,dmintQtra..tion .(ltf . 

either vitami-n l:312 -or li;vttr conc-entira:t.ell, .·· '.lh~e wot2.:'*'~,e. po-stu1a.ted. 

th.at. vit~ -1'].2. i~ the ~¢:to:r neeessary fqr Pl!'OPCr gl'.(})ilth ot re.ts 

:t-ed. pn)tomone. 

: ·· A rat growth aseay ~-:r vitamin 1312 we.a. propo~_ed by ho~t--.!1.!!: 

(1949) which not orll:V ·contained ~tolllQno aa a nietaboli~ st.,imulan-t, 

but $.lso- n.uli'~ariidine-a.a- &n··.itu~ibi.tol"'J agent of bae-:tel;"ial -synthe-
. . 

th~se -studtea- £m4 -found no . aigntficrui.t. diffE1renoe -bef.wben th~ r~, 

a:pone.e ef' the males. and the femalet.1,., · ·They ooneluded. that ptrecau,,,, 

· ~ions othcw than, · f)qual p~riug as . to sex did_ µot appeal' w be . . . . 

n.eoefieary or desirable.,. 

. . '1'he$e qonflict1ng results _ 'v/Ould £ream to- ·win.rr,ant. f'tu:·ther in...., 

voot,:tgattotls oµ se~ hocmonal effccta a:tl;d vita.mill ~ 2 adminittt.:ra~ 

tion. '!,:fith thin in. mind tpe si,udie~ -~- be- :reportw l'}e:re ~re ini

titd,ed .. , ln theeo sttu:lies rats. of wth oexes_,. castl'atod and un,,,, 

eaat:rate4* l',rE)l"e fed a fUrified l'n.tipn, -deficient in Vi~ 112 

~i' ten ®J;:Jt;, and tll¢,ln fed ,r~tiena_ that ®t1taj.ned. ~11 amount.a ot 

protomo-ne in addit:ton to the various supplement~l!i 



t.u1•p with co~on ao.lt 

. . 

The results o:£ ·bhie i,t..u.dy are .su:mm!lel"i~ed :hi Table IY. Uncaai.rated 



Ra:t.iorJ P,.i,,tion .. ,?¢1.t.j.on .. ··. 
1 t -· - ' 

, . ,basal) .- , ,. 
percent. . pe,:e.eint .. per¢.('ffl.t 

Corn 1Jtaii'oh , 68.60 tlSS.oo 6'$-80 

Sod.it~ p.rot.idnate 21 .. 75 · 21,.75 ·19 •1' 

Obrn oil 5.00 . 5 .• 00 . · ,.oo 

dl-methionil'.ls · 0,20 0 .• 20 O,raG 

Vitamin :mixture*' · . .J . r · · 't 

:Pro-1.oUK>ne 0 .• 25 0 .. 25 o.,~ 

,_ -'·,.';·,. ·:····,'· · •.. , ·. · .. ·. 

** .'!'he-vitnm5.n ·mixtu.:r.cq i-1&0.-",f,e.d.,tG:i;m.,pp.l'y. t,11{:l·,t"oll:9-wL"lg aroot.m.ta.o:f 
tl<;e wat~r::soluble vit~11,.;p,~::·Jd.~~,-.$f.:ntionb .1biem1n ROl 
6. ~~ ribof'la:¢i.n_ .12 .. :'ll'J.£;• ,,,: ~acin .:4Q. ,~ ... ·._ ctal~i:ta.n, p~nt;oth,e~at.e 00 
lilf&.•;. pyridoxin~ UOl 6 llli·•;,c "Ptt~4':m b-1:C -.eid 100 mg •• i't>lie 
~ei d 5-... 0. t4.; •• · bt~ ai ~l 1-,:?P·•- ··· cbol:inft · .e;'l:lol"'ide: 2. :tp• .. During the 
a:tan®.J:d:lJ~atica. perio4 ,ot'll-y .ot1,,e...hnl:t, -o;- th:& .abovo.~mti, o:f t,hflt 
va.rioue v:t.tamin.s were f~ ..... · .. in. e.dfiit5.,m. ·.to· tho i::m'.t'or · soluble 
Vitamill.i th'e rats reeeivf/ld t.1.ace -weeiiY 2 dl'OP~.J,f'.a fAdxt~re of 
ood livi;:t·,o:tl and a!l?ha. toQQpherol,,( " · · '·. ··-· · · · 



Fm-'tAt,E RATS ro R.4:ll:ON~l l1fF!Oie;:n; U! VIT.AWlllI B12 
. . . ~. ' . .' ::.- ... , . 

Ba:M.on 2 ( :ration 1 plµ.s 

Jhleaatrated 
· . mi,.lei, 
··uame 

46'..7 c"10) l 

41\,o: 1,;reoko ¢n .. ;. , · 
Oa~r~te4- . · -Unqaer\rated 

.. 1~1 ea females . 
Oaetra.:ted 
·rem.a.la 

25 m:egms- vitamin · ·, 
B... 2 po_r-_. kilo of 
;fiion} . 57.7 (10)** © • .o (lO)*• 65~0 {10)**' t$4 .• 4 {6)** 

&.tion :, (ration. l plu.e 
·"l'·" 1•20 1· ·v"""" ~fll .. ' · l. . ·Wk. 

con.cent.rate 
-powder) 

.. . . . 

$.2 (10)**if 6lh2 (lO)** &.-2 (10)** '71.;S (6)** 

** Indicate.a the.t the gaina were highly signifiem1t e.tatisticQ.11.y 
wl~en eompa,re.d to thc:ee of the rat& i'ed the ho.aal l\"ation. 

fl Tho ,ditt~;reuoe· betw~ ,~ g~ins o:f the oocaat:rated ma.lea fed 
rat.ion ; and ~oso .of the unc.iiu:,tratGd ma.lea iod :ration 2 waa 
,rta:tie"r.ically _signUica11t~ . ·. · 



, . . . 

ae. that :of the unca~tmt.cd :mo.lea f'.e~ correl:lpondj.ng :rations •. 

Uneastra;ted female rats f'-ed the baeal ratiou eupplemented with 

either: Vitamin s12 ( ration 2) or liver oonoer1t,;ate powdol" ( ration 

;) made grea.t~r ga.in.O thm, thO$el fed the basal ration (ration 1) • 

_powder aupplem.m1ted rat.ion did not aupport grea:ter gsain.& that.1 the ra

tian. aopplem-ei.-.:rted t1i th vi t.amin n,.2 as wee the ease w:.i th the males. 

'!'he)"o. ttas no d..if'ference in the reepo11ee of' the castrate f'elllale:e and. 

uncastrat.ed .females to vitmnin a12 eupplemontation... T'ne eas-tra:te fe.

males, .. howwer, fed the bEW,al raticm supp11imented with liver eo,neeu-

-trate'fema.l~ fed the ba.ae.1 :ratioo supplemented with vitamin Biz· The 

.castrate female$ a.nd. the unoe.st.ro.t.ed. male, fed tl1e basal ration eu.pple

wented t41.th liv-er oonc.entrate powder gained at ease-atially th~ .eam" rate .. 

tion gained fast.er than thoae fed :tho ration eo.11:taining v,i~1n a12,. 

It would appear from thie data "r,,'hat the male ao.x oormone might 

aot eynergi.atically wi.th aome :f.\1.ct-0:r present in liver canpentrate 



hut th~ groirth .l"~i\lpO;'lse of; the :w.1ca:0t:1tated females 'i'1&e not identical 

wi,th the :i:'!esulta rErported by thii wo:r-l'.;or fl949) •. The rewlta o:f" the 

:study r·eport~d in. thitJ pa.pe1~ are not \"Jt10 lly in ae;reem:ent tli th those of 

fen,ale ·;rats.., V:1'.bamin B12 and. l;tvcr eo1leen't.rate p-OW"" 

der stimulated gl'Orrth of mJ:i.le and female (castra:ted at1d uncastratod) 

female ··rats"' T'ae addition 01; vitar.Din B12 to, tl1e ration. fe.d to o:as

t1•at,o males re1d to tw:i.oastrated fe.malGs s.o.(jme<l t® be aa fJ:f".feetive in. 



response of rate fed t he liver concentrate powder ration .. The aynet

gistio effect of the male hormone and the antagonistic ef'f'ect of t he 

f ale hormone i th a factor( s) preeont in liver concentrate po der 

and not, idontical with vitamin B12 is suggested. 
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PART IV 

:dlrected to t.he fa.etora causing exoe-ssive losses of baby pigs., f!!&'+Y . 
_,. r 

invest.iga.tore have auggene-d that. theae l:0eae11J ~r<ii. due to impn,per 
. . >~ 

nutri tiCin ffllti espeoinlly .relat.~d to t,.~,e 1·at1on of thif pre~t. and 

laetatiag sow •. Soille evidl:'!llce it;l. al.a~ ava.U.able to ili.dieate that ii'l~ 

·; ~• 
fectioue microorganisma arei involved, but ~.ff'ol'tn to isolate 1:rd'ec-

tious agents' :have :not been tot1 fiuit:ful .• 

Nada.en. ~d hie associates (1944) reported a disturbance i~ .baby 

pigs that reeult.ed in h:lgl., w.o.rial:tty ~nd suggested that it aight b,e of 

dietary orin;1n. T'ne affee.ted pigs developed -symptome :soon e.:rter birth 

a-eid preeipi ta.te. Oha.nges in the hlood of' the attee.ted pigs: 1i'1er~ 

eharao,teri.zed by greatly elevated u.rea-ni trog.en :and vrie aoid l~vela-. 

Hypoglycemia was also pre$Gnt but net a conei~tent :iaymptom of the diw,-· 

· .A nattu•ally oceuirr:!ng d1.J,J~aae in pige eharaoterized ll'.tainly by a 

hypoglyo.emia waa reported by Mol'rill in Illinois (1946).. Thi.a wcrker 

. . . . 

!i.>ecurri,1g Q:!le 'by fast,:tng the baby pigs.. Althol;l.gh br90glycenua was r:e-



the blood of the: cl:inice.1 eases of the di9'eaee ,an-d th! futed pige' 

were geat.q .&1€l'.1ated.. A eonci1 tion of similar ·natur, baa been o.b ... · 

eiiiltved by Qlreen. ~ !! { 1949) • These workers fed on~w~ek-o ld pi.g,"S 

reconstituted fat-bee eki~lk dietn suppleme-o.te.d wtth l'Jtlne:ralo and 

Vite.min :A~ Those diets appeared to he toxic· te the piga .•. The toxic 

effec.t,a. were m1;1;ni:test&d by high morluli'ty ~1th toth g;roas ~'l:d micro-
. . ~ . 

sec>pic evidooces .of degenerat~ve ohan,ges in. t.h\$ kidn~y, l1Vi·er:, and 

adrenal glands. The. :er.i.a.raotet'ietie 01',a.nge in tb() blooa .of: the e.tte.oted 

t-ein. The injecU.on o:£' vitamin 13i2 into, ·the n~iiborn rat.ti p!"e1tent•d 

the oeourron.Qe of thi.s syndrom~ rdlioh this 110rker d~aignated eui t1aQ,11t& 

' ' 

condition etir~blishcd .!n. v:tero .. ,. Tho studioe 0£ t1°iii i;otrter L"'ld.i~l,l:ted 

that vitami!J. 1312-dortc:ient ratio~a 1,,er !S. t2o nevi:. uoceseal"ily cauae t,})Q 

aeut.e uremi!'i• Z1;4cker .£:1 Al (194&) f'otm.d that re.ta f'.ed purified diets, 



'' 
a sour-ee cf tho animal protein faotor. 

lDyle ~nd Iiu:tohin~ c;946)· i&Qla:ted an inf!eot,ioua agant t.1au:s:i:ng 

oli:ni~al and. paiJlo) .. ~gi,oal :F•:tu:rea o.Z gastrp"1;1.:teri tia whic.11 re,su lted 
. - ... ,;,··:··· •-···· . . . - : . . 

in heuvy death lCtssea in be.~y piga... It was found ·t.ci a.ttect older 

etd.ne, but J.~as isevert~1y than b~by pigs.. The dicttn:'~~noe devoloped 

promptly i'ollo~riiig pen ~poe'Ure, and also followi.n,g por os a.dmini~· 

'tmtion o:t the triwrated ge.13tro1n:teatinal traot and ¢ontent.a of the 

cf:f'Ollted pig.t:t,.. hpo~,ed pigs ehqwed eymptot:ls 0£ the disease· w-1 thin · 

Bloocl paniplee were obtained from. pigs one, t,,:o and three weeks: 

of age pi-om,:i~od by eaw·t:1 t.he:t wer.e 'fed trn a.11-pla.."lt rnti.on.. Oxalate w.~e 

.z..,· · d "' 'I,;\ 1 · · ~ ,,. ("· · l ,r.47) me 1µ10 . ox: ,.-p. · lt1· anc. 11U ,:8,1,,~f:• .t.;1. . .. · ·If 

~bnilar to th.oz.a 01)1;10zyed. i11 pigs with .artifieally j.ni'h.ie~ ~~stro~ ... 

teritii1- The pigs were about tom~ w~oka old ~hen, the first $Jllilpt..o.ms 

of: ·ioo tlis.ep.Re 11ero w,too.. ~1e blood sauiplca were obtained fiv~ d~ 

le:ter .. 
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I m .t,,, 

One (4)* 

Tuo (4) 

ur,ea. 
nitrogeii 

6.9 

15 .. 5 

I;!,on-pro t,ein 
nit,:roi;en 

:i::1 t"i .... 4.,, 
52., 

l+;.9' 

mg;':J ... ,./ .~ 

109 

128 

108 

rr1! lf' 
<.'> 11'1 

10.7 

1~1 

5.8. 

,,_. 

Wt 

20. 

~.·.t:J;;.,' ;>..,, 

* Ilumb&r in pareuthet11ea incl.icatea the n:umber of :VRlixes from whieh the 
ave1•age value. was calculated. 

Age of' tho pig$ 
at ex.poau.re 

·:£, {7)* 

na;va ~f''te:r 
·e::i.osure 

5 

BLOOD 

Ur.ea Ylo.11-:pro t.ein 
nitr'Qg;e1.1 nitrogen. · 

* m.miber in pi.rent,t;,enes il1dic.e:t.e!1l the :nu:mba1~ of val'v~e bom tihich 
the a:1te.rag;e eal.oulated~ 



The 1'.lr~ n-1 trogc:n ~nd the non.-
.. . .. ' ' '. 

" 

week-old piga. 'l\,o o.f the moat seve:r1'ly affoot.ed pigs m.td blood 

su.e."a.r values of ,2 al:ld 75 milligram p.ereent 1·eapootl;vely. T'n& sowa 

in this hez-:d o.f e.f'fe"Cted. pig.a were beiag fed a gq:od <,omroereial ratiQn,. 

ru1;d it, wauld uo~ soern likely- that thie: ;ration was dett\C:ient in fae'"'"· 

C::1e lit.ter waa e:xp(;aed at fiye days of age by oro.l admini.i!tt!'ation <4 

t1lo !b_yle preparatio11 ~n.d t,he .other titter w~~ ~llowed to run with. 

them., . Since both li ttere el1ot1e¢t SJtmptomc of t1Je di~ee.aa. in 48 hou~. 

the. i'igt,rrea in 't'ablo IU are t..vu~- averages of all the_ pige :Of' 1x>th 

litt.OI"Eh, Rectal. temp.eratu:r-ee failed to soow the preeei1,¢e (jf fever at. 

any time durin.fi; the <lOttrse of f,he disturbance,.. lt wi}.1 bf;) noted tbitt 

the diewrbonce wae 'ehare),ct.eti;zcd by an immediette rioe, in blood t.1-r:ea: 

ni trogan eiid non-protein n1 tro ge'tl.. Thero waa. no U'.atE;ed tlbange in the 

blood a-ugar valuea, although thet-(} '13;-S a tendei:1.o;y f'o:r the values to 



fl.ge of tho pige: 
at ex.posm.~e 

D~yi, .aft.er 
0-'.lt:p0'$Ul"B 

(l8)* 

' (18) 

7 (1:5) 

8 ( 7) 

0 (10) 

' (10) 

' ( 9) 

7 ( ' 1, 

57 

Uroo. Non-protei'!;'l. 
tii t.:ro gen nitrogen 

m.gj;) 
,. .. ,i.'f 

mg_~~4; mg;'1 

6.7 46 .. 4 1.;i1 28 

;f-1.2 7Ji .. 3 ll;i 24 

41,0 116 .. ;5 116 2; 
2; .. ,5 67 ... 4 106 21 

12.8 J;:; .. 4 127 

,1.e 64 .. 1 155 

51,.6 46 ... 7 114, 

2,.1 47 .. 2 111 

* l~rn:uber :in parent.hesea ind:loe.tea the numbe~ of values n·on1 which the 
a:v¢rage was calculated .• 
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1rne levels -0f urea ni.trog-en1 non-protein 11.ittogen, sug;ar in 

the 'blood of piga trotn sowa i'ed nll-plan:t n.tions ht1ve be-en determined, •. 

bt.1.t 
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