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1. 

It lon be Imo t t th growth r.t ~ t pi i dire tq depell-

de u on the nutrients ted. 

r r•producti<m and la ta io 

te di certain fee s. Rap.roductio 

ntl it as n de on that t 

ce or t o can e eorre t b7 

d lact tlon ti 1lure continue o a 

_ Jor pro le t e wine i uatr,. is proble n at ied xten ive

h&a been 9J)Ontib1 for the l n h o th reproduction 07c\e ot th 

t alow 01:1rea • in deteraining thee e1f1e nutrient(•) cont in iu 

o ieh will or et t poor roduct1 ce. 

Fortun tely, the p rror oft a d to clo :i, el 

ti t or ••in , hie a provid laboratoey- 1Nl whi 1• usehl ln at d7-

1ng t _ 1 proble • 

l.n the 

tor(,) !t a en dlftic::ult to prove t t the unident1t,t te.~tor{1) req.&ir 

tor opt m growth is identical tot faot.or(a) required for noraal repr :uc-

ticn ctat1o. ropertiea ot t he unid•ntifiecl r ctor(e) ired b)' t • 

rat au at 'that it be the at tactor{a) r oE 

icka and tchability or• s. 

N t.iv pote:o- y tor no 1 wt n or 

no 1 growt, rep .oduction ad lac t.1on ot awi e. th t . Thia • 

ther ban a 1n 1 eated th re mq be a hf.nation of t etor 

factor. 

o the early work w 

t t ins o t 

re :uctlo laotat1o 

oft e knoe requir 

1'ound in equate tor owt and r productio 

p• rted this aubjeet • hown 

for no 1 ero 

ta 

l ct.atlon. T • he.a 

and pti

tiona 

gaated 



that all of tha nutrient requirem.ants a~e not known and h~ve not been isolated 

in a purified state.,. The unidenti.fied factor{s) required hf.i.;;1 beer, a~\soeiid,ltd 

with animal J."l'°Otein sources although reeent work han ln.:licated tlult it may 

oc®r in limited am.aunts in plar.:t produeta. ''.rile 11urpose of tbis work was to 

dotermi~ tne s:~ecif"ic :nutrient or nutrients required. hy th~ rat f:o-r· norr,,al 

growth, reproduction Grid lactation when fed o.of:.Wi® swine rations. 



For ma.tty years, a ratiQll or oorn suppl ent.ed with anim 1 b7•produot•, 

principally~. wac conaid« atandard niu ration in ost ,ae4ti01Ut 

or the United States. Th& ah~ ot theN ani l bf•products CUld the in

ctreased acnage o. st.t1bGane grown primarily tor their oll content heAS llade 

available lar.g• quantit7 of eoybeau oil al which baa l.'Nun uaed ext naive

ly h awine ratciGme.. A com-ao7bea11 oil al ratio ha• been fcund lnade• 

quat. tor eptimwa reproductlcm aJ1d lactation of the eu wbel!l confi!ltd to dJ7 

lot 'bJ y work~s and &tteapta haft bean de to 18olate the taeto:r(s) which 

would improve auoh a ration. .B&N (19424) demonatn.ted th t the reproduction 

and lactation perf01"ffl&Jlae of ats t.ed a oorn•aoybeen oil meal I" t1on close.l)t 

par llela that ot ·•in• and that the rat could be uaed in pilot experiment 

to study this pJ"ohlem of s111ne nutrition. fh arl.7 work on this au'bjeot· ha · 

been~.« by Rose (1942a) and Olmha (1944a). 

During the past nTffal yee.re oonside~ ble d&t have been p.,bliahed 

:au e ting th&t an unidentified ractor(s) 1 required tor optimum growth, re

produot!on and laotat1011 of tu rat. lt baa been roumd 1n some natural feeds 

and nvaral by-products. 

I.J.ver and liver ext.racte ban been ·consi t.entl7 aboa by 1&811)' work.era to 

contahl an urd4ant..if1ed. factor 111e•••ar:r for opti.mul growth, reproduction and 

lactation in the rat. In 11an7 caRs u attgpt, hu been made to isolate the 

tactor(•} in 11v l' anci to determine its propertiea. Ros.a (19'2a) showed that 

mpplementin a basal ratlon. eo1tpoaed of corn 76.)Sl, aoybean oil meal 17 .• 50:C, 

alfalfa zeal ;.~ •. eal.o!um carbot.1ate o •. 651', and salt o.~ with 2.()($ ot 

Wilaoa•a 1120 liver concentrate p,owder would give o~imwa growth aud. n01"Dlal 

reproductin e.nd lactation. Cunha (194'&) obtained similar N.$1llt with tha 

linr powder. 



4. 

ctn ire, et al (1943) oun t ta rio rowt 

t tio diet cot ini riou 

• ' t. lned qn

th 

11 r extr et. They eu at t t t 11 1r 

owt et latin bat 

tav able cond1t1 l flora which •:,ntheai 

tbos t • t ia act.ore auc 

work alao 

• effect a 

ated that p-aaino so1c acid 

ll er extract. 

iv 

ino itol 

J t, • (l 46} tau t t, al olic extract or 
1 iet. rn, et l 

tic 1n 1 • , co 

I 4.0 ppl th 1n., iacin, 

t 

liver UC 

tot nic 

a.ci , folio acid, biotin, oline, uinobensoio c1d and amine 

D,obta itio of 1.00 or 
1120 liffr wd•r• ll'ein tbia ti , t, •1 ta1n a all tlJ 

11118d 11¥ r (Squibb). A aim1lar ter growt r-eapon 

al o obtain ddit.1 ot o. 50 or 
liver ail7 to au 

added Yit ins, o tained owth ree •• with • 1. ot 1120 

liver po er ].yo ili 11¥ :r. ac t·e growt te 

which "0 ta! tho 

aynthetio diet,. t ae xperi ents t,ur,-·u the r roductio and 

la ta io , li 1 ob 1n incre&N 1n t 

the ad ition oft 0.50 ot 11¥ r per d 1 t.o t 

the an but not 

th rat! • u al o 

to itable •• 

eat t t the th t ctor was produe d within 

ount du.rin t firet f • 

t t n tu 1 rat1 a ould 

procedures. 

ks 



oashardt, t. al (1,46) un t .. 1 • 1:20 liv r po rand a butyl 

•xtraet ot ti e liv r er c ta1-n r ct.or or .factors t t inerea• 

the owth rte an · al o the growt utilisati o dietary protein 111 rat. 

Sp1tser (1947) found that uppl ting b s l r tion co po ot corn 

7 .J~, aoy oil el 17.5~, alfalfa 1 5. , adneral 1.151 t • 

known COI\Pl x vitamins it.b ditio al alfalt'a. 

tiO?l, • COil 1 at.ion or casein nd choline or ti h 

and lactation. tJsin ly tb 

r sterile. ny of th ,..oung 

atanati • TM.a er also at 

35.0 o t: t le 

live at birth ppe. ntly died t 

t und r cert 1n di tll1'7 

there appear 

nd lact ti 

to be ator e or dietary eN• ti needed ror pr uction 

i t is or t t • factor• ceasary 

to lllll!Mnll!i.bU pple nt ba l r t1on a1ly dest7oyed du in • 

ator or t 

11 ~r, lyopb.1 111 

lyop liaed pork li r. 

wit out effect. A la.cto ic 

th t cto or t ctor. 

po 1 

ctiv t otor e co tan 1n 

r the alco ol 1n oluble fr c ion of 

with ad-ditio 1 oy o1l a 

variable as a upple nt 1 •ore ot 

ngru!lll and Lyo (1947) ou t t tu 1 ration cont inin 20. 

oybe 

th 

2 . 

2. 00 1 sin de te £or ood lactation in 

o h of h r roun • :i di was ad te if suppl nt with 

's liTer not ad q_uate if ppl ted with ditional 

5.00 lf l.ra l or 5. bre rt y at. Thi • ould eon irm t e r -

lt by other 

X r 

rat h e n cloa l p rall led wi h 0 (1942&) h. 

with 

rls the 

e rly work which haa been done o 

oCart ( _.43) ib rved rcrowth b o 

hi subject. iller, ith, Tho 

U.ti$e ot weanU.n pi e a yell corn, 



low-protein te.nkage, alf lta n lt tion. T pi 11 t t 

pt N UDt!lXDl in d 

80, diti or oarote e 

a au pl 

yuat. 

tis-

1th 

, a 

c bin tio ot pu.ri id vitamin B factors wa• virt l,y inetf•otive. 

Krider, ~ ir-,.,._a com-eOT • 1-wh t 

n r iddlln s it s to swina,obtain i creaa 

vra•t.c1 with t add1tio of u in• 

11 r 011 

sol blea 

ap ar 

di till.era ried 

rfo 0 t • 

are o· t. 

ted t t the 11 lant ratio was de.ti 1 nt in r1 tl-av1n. 

rroll (1~) tee ing a r ion or r•llo om, • t 

. al, t ka l, min rals a fortified 

tio with di.still ra 

the rt of hlpr th 

pi • Dr1 corn 1at1ller oluble a per1or to corn 

Utj)rOTed with aol bl e ,but both or these t 

It 1 t be 0 ed t t bot or t • 
ita s. 

• 

11lip and ohat t (194.3a) ound t t. t C -s07bean 

wit 1rrad1at y t 11 er oU r Ued to 

117. ee oft gave 

bi t. a Ye poor 11 tr. eal rat.1 wit 017at 11 

nt t t. ~ 15i ltalta eal 

r SU ted 

sal rati 

eti • •, et al (1941.), rkin , with ilar 

t ther e d t, ctive re 

t a 1 diet of th ioue aupple 

ction a 

ly oor. 

, incl 1n liver extract 

of pi ga or pro 



1. 

t rat o h. Tb additi or l t the 1 r ti 

w ich ontain d S% alte.11' 1, 

to ow butt r tion still did no I 

• o el d t t lfalta a ls Y ied atly in t all" potenc f t . 

factor. o ••rve b1 

o t t t r ti ot the 

ow uring t 

laot ti 

a a dir ot int'lu c upon hr ·pr 

al durin 

riod ve irtb to acre o l litter• and r sulted in 

in g ei aim aowa not fed 15. altalta dur-

in the ow period. irbanke and C .rroll (1944&) a.lao ob rved 

t i a reaidual effect ot t. e r tio of ao prior o ing the 

perf'o ce or the pi alter we 1n • 

One ot th oat ext• aive tract1onat1ona ot t e owth-atiaul.ating factor 

in iv•r was don by Jar£ • d lvehJ•• (1947) . Th ir aa.aay a 

up of' rains oth r cru • produots n u u 

on we t1ons t on pw-ified r 1 • · 

• pl"'e tin an ext ct or treah 11¥ :r; 

alcoholic ext.re.at or liver could be adaor 

h •• taster 

bra tor 

alao r t t t e factor 1n 

and elut from orit. It 

• 1 soluble in ethanol but not in t.anol tin boilin 

ter th for t n inut • Tb ti- . rnicious a 11 er 

extract an . ound that thy oont h aubatance . 1sh 

preae tar al oat owth in ra e in ner eWl r tot t obaernd 

i t e rat reo6ivin liv • 

lrider and co- orkera (1946) using a corn- aoybean eal ti.on auppleunted 

with all t e own re 1r B-v1t ine obt 1n d 1gnificant17 iaproved gesta-

tion. l ct tion results with win with th dit1o or al.talf aeal or liYer 

xtract to the r tion. The add1tio ot t olie cid cOl'loentrate id not gi~ a 



s. 

si 1ticant incre s in the nin~ 1 hts, ut the pi• tr t tows re• 

ceivin th folio acid appeared more thrift an vi orou.a t 

the son the baa tio. Cunha, et al (1946) uain 

tho pi from 

1fied ration ob-

t !ned no a1gnlticant incr e 1 owth of pi a with t additio ot tolic 

cid. r ported, ho 'V r, th t th folic e1 . y ve hel lig tl,y wit 

he o lobin for wok rs reported (1947) that t itio or 
tolic a id to ural tio cont nitl t of 

growth durin !rat f'our week 

an an have b er ppetit•s at the d of e r en 1 riod". They 

.f'urth r M at d th t tbie 1 • t t event ough olic acid d not 

help owt with . riti d ration, it y un er c rtai ondit ons r te 

tur l r in tio .ff 

cker and ZUck I' (1948) Y t nt tively oo herintt to 

the unknown factor( s) nee asary- or reproduction a e d fici ncy 

which they h :Y reported differs ew t t t ob rved. bf oth r veati • 

tor in thnt the hi hat mortalit after t 2 day. 

,-oung, which they we on t 2Sth d 1, re a out. 15 lo no 1 in 

ht. At about 30-31 days or , Tery high mort obserY • Th 

nig tor rats which nrYi on the eticient di t nre 4 below no l t 

20 we Ka ot &'11'. Th re wa at ency for th 11tt rs to i er all v• 

or all die inai ti ditt, ren 

ot th ctor. 7 conclud ee of 

in thi :f'undic portion o t to oh. ll of 

tine re very thin and blood ahowed hi urea va ues. ki naya 

t t w t r co t t found 1 the lddn•y: a no l. he liv rs 

but no t t y liv r , In their pre ntativ 

studi , he t ht t f ctor p nt in cru ca , 

ilaon' 1,20 liver po er n tish oluble. It a not preeent bl puriti 



ca in or in ri 

tac or, h ,y c nel 

t r d t 1 hr. 

a r 

iorio ao1. 

Other orke . 

1n a iet or 

• pr sent 

li r extra.a a and le 

st. inc t t id ot C in t. 

ot ic a 

very olubl• 1n t r, dilute c 

soluble 1n 9;· ale hol a in oluble in trol 

tact or cou1d 

aic 1 d 

t IS 

quit• t, li t, air, 

cti 11 n 

d co-workers (1946) 

l!at a 

a ti acid or 

ia pr ent 

t it 

• 

• lt - te, e ri r w ol.e w ea nour 1n 

red, t, 

we r 

1 

l, 

thia n1de t 

int kee 

ent th• mnahlll 

ci t a io 

o lend, n r 

s or "1 st ore whit • 

trie t a tac or • 

t y t ntal 

e ct of biotin, soio o1d, oaitol, folic c , 95 ale ol 

bl liv r cti , 15 to 

?b!amin•, ri tlavin, o oline, pyridoxine, pantothenic acid, niacin 

, C, A, D lp tocoph rol add t t l tion. 

ra l ote1n con t k pt co etant 

in part oft 

ion. 

altal-

delet

t 



e .. _ ense o t .. · suoros i n e · a .l ration . j~ f::,unc th· t the cl 11 tion f 

tha ll r fr..: c on t the 1. 00 B-co:: :p l".X • • t ,.mi!ls ha ' no 

suu....,l ,ntal offe t on gro ·t.h is.rd thi t the of folic a ci 1 lone 

pre '. !:.d t uA ro1:.' 01 .. ean.tin. . t • Th ee 

h va b n due to a vi t'-· . · Le a<lition o the 15. 

,ore tho do -, l e, , rat~ of gro ;th., in y &.lro follll.C th t th 3daition cf the 

4 B-c01 p .... ex v ,un r ';ilf :.lf· ~ e l lnere .. · the rate of conception •.. t th:--t 

th liv r p te or follc "·Ci ' J:L no !f c ·• All ,. 

c:m.U y h l pf'ul. in in ruc.si .. g ev the 

and rt:: help i.n :rovin ~ he ty of th~ f .-1 - to 16.C t h 

aition of alf.al l!le .1 to the t,.- tl rition wr..a found to giv beE . ., r 

ti 1 ctation -wa l°'se:rv':ri 

up~)le. ent . Ho -lver, the la.c t1011 re ul s 

obt i ned r.Lt tie alf t1.lf meti we a s till not opti 1 . 'I'h 

a p;. l ed an unkno f!.1.ctor . ut n t in ar·;e enough t'Ut:ll i .;,u 

for o:;,ti um ~ "C , io. in ·e 

ovr 

• II . 

p rlf : ~ tio eon · L n xtr .ct..ed 

~!·cin end ill the .Imo ;n vi lllin· ;.r. g not tief,,,eto for r .: t rm, n . He·~ r, 

thy ·1.1 , ·l e to ob , " i n r.. Dignific n inen ... e in wth i th distilie eo l 

dri 

ktili.. 

n t O 0.... ~ [,t bl .() h t, eid .d al-

olu e in etl r, 

It ~as l ,o recipi ~eu 7 pho~pho un sti al ad t'3 . It ':.i no 

ds-or d on full r ' e rth or arco but wa ~ ::,orb d fro1 i noi-" .:o t i f 

l'"lorl l , Lloyd • rer gt.:nt, ori.t c. ve also .. ce tly these s ,. 

{1948 ) h::. , 1~01 "ted this · e ? u-1 d ate • 

. -1"t ._.ent in · rie polishin cone n re.te Md 

liv r ...,-tract. Th · foun,: . tht t 2 cro· l"U" of this .,.ub. t uld 



ll. 

1ft a etinit .,.,...., .... n .tl at1 w Ue l 

a it1 , it 

tr all t. 

-·-,-·- to po t~ 

aw • • , ider roll (1945&) 

tt.enin ork with di t1llen ' by-products 

Of :,,, .ruunu. yell If C J W 8 .rlOlll' 111.ddl 

iatUl rat aol bl a 

r 11 f 

re&HC1 t 

, -·~••fl meal, ti 

t of" 6. 

, 
d 1 

COJ11va:re<1 to pi aolubl a . the 1 t1 

hiamine hydroch o de, ri ofle:rln, i otinic acid, 

decrease th d t loa 

ti W'1 10. ~ alt lf 

feet. le •, 

th ot r lot • 

y we bl to 1nc 

31 o pe 

1c1 

se the 

the 

or 
8 

st et pl.et 17 ot any ot 

1n this t at. a so ad• of" t t ct t oae 

a n th d 1ed 1 tillers' aolubles du pi 8 ed 

o.tion period 

pigs oae d s 

1 r death rat during th t t 

d le ott ti or 
1 a. 

o- or 

l ration alone. 

upo t· lat r 

(1945b) te in 

t 1n their h exper ro t t t iti of 41"1 

aol le d ltalta al, ei r al • o 1n c binatio:n or err• 

pl 1aproved tb breeding eff'ici oy, fertility t 

8 t 1 

d1 till rs• 



t p1 th• v lu• or th dried ol le 

1 r t1on tot 1r 

ne1'ic11 etrocta whi 

Pr'e8ffl9nt wit t e t1nd 

ce ill vit in 0 0WS 

12. 

Cunha su ted that t • • been duo to a rlt in lan I h er. 

In 1r second e t, Pair (1945 ) GK«iu.u 

t reaid l rrect of the tio or he pe upc:,n 

t nc or th pi a. OH lta 

Al ti 

av or S2. 5% or th ir e tho th l r tion during 

th ntire riod an only 1J ot th ir pi • •'¥ al O tound. t. t t'..tu•

l'l h ~ lline vit ina wer-e t • ot u at a residual et ct 

• en he vltaain carrier wer t, • 

eithe or the known tactora o a hi r co 

t. t 1• ica 

t.ration t 

unknown t otors int• nat •1 riere. 

tin a corn•aoy oil l 

ti wit itber hre or of ti aolu iea 

(treah ala) uction and lact tion pertot11an for 81fine 

deylot. hon • • r cent f h olu l s wanea 9~ t 

t eir p a wit n aYerage a h1le tho 

perc.nt t1ah solubles ned 7lj •it tot 33.7 poanda. e 

pi a 1n both lo ppea no 1 b.ealtq. Only 2 ot pi ta ed 

a t al ration surviv eve thought al b.ealth7 

1ng a-..er 

wre 11 tle 

2 an S d ::,sot e. e, t a pi 

t t end of th lt nan t1 , ho" 

17 pound• per he re e oiat.d, rough lrcoata, 

•t dy it • Autop ry or th pi s uled t t 



13. 

cha were 

• ratty•liu and 

11 of a1lk, th 1r live 

kidne 

ti t. fi h 

• a1dual et e tion or duri ... 
t tio riod o t 1r l"JllilJl~ ~Lu•-. .t. . .ug lact ti e In 

c otlon, rrin (194) •t pple nt 

r r, 

oil 

a cor 

2 or 

pp 

.trN~*"' Oil 

na:rirnll (19460), t 1r wor: w1 

t eticiencies o 

it wit 'l:'¥f' paa 

( ah 

t 

' 1 

1 

aa th 

ltalt 

•sen ti 

eit r 

xper 

in 

of repo previ sl 

rider, et al (1947} using a o aoybe -aeat • ap l 

ha rt or 

ion 

de-tound tb a 

ere a 1 • add1t1 of el hr to 

or four soluble to h r t1on pr 

lts a id 10.C al a e 1. A .f'u.rther e 

od re

ct uaina 

do k, 

r 

cull pea,, 

tteni 

bet 5 

011 al ratio t.o comnAPA .f'1ah aol ble. 

t. ad it1 1- olid 

of e 1•so11d or ti h ol ble 

in al1 tly. resul with rio 

Bart (194 ) orld wit lfin Cv-.. oa.o.·,,... 

t al nd an oil eal as a prot in uppl 

t, in dry lo. Th lt lr e tent of 

15~. that th cull 

cwin 

wer Tari d 

t vorably 



u. 

with t!t~ $iie-~t meal mid ~o;,bun C'ii! mea.l a~ a -;.:,rot•ln · at-lpplomen.t ff# er.wth 

'but that 'the ~,J.ns lU/t.o b:, pig;G in all lot:s nceivin& 1,i altslte. !ni~ fJt 

S~ &lt&lf~ 11~ l.o«!Ju."• J.t tb~ ~nr1 !).I: the .growth ~bent, repre.aontat1v• 

gllte WN t~kcn tr~ the $tt'feral lot, ~:! carried tJu~~.t::,-:b lJ1l) l"lit~uctiion 

•i lalltaticm aperb: . .t. W'~ oi,.13' ~· ,alratra •& i':'ielude:l 1n thet n.tion• tho 

gilt& tock mueh l®f;,,r to oon¢tdv•, some of the rllt1. wre stf)rila tcr.d a va17 

eull p&rcent.a~, or thi.t r:,!ge ware nui.ett. ~uen 15' alt's.lt~ •aa illalUA'!e(l in 

tl~ rritUon., there mt$ ·~o atei-ll1tr, the iq,Jorit1 of tb4' J,";i:tt~ eonee1vei.i at ·the 

fir~t bent i,,.rioo and ,!_, high pereenta~"e of tho ;rits on: WEJa"Pili.. Thes;e ?'e$~lts 

ln~i~t.;::tt., f'!'hat th;.; ration fei ~1.lta diirlnt growth h&u a ·\?'e:17" imp-Orl~~t ho~ 

ir:.~: on roeults obt&111ffl ll!i:t11t?" durlnz ~ontMipt1on, 1'$:J:>:r«iuction and le.etstiort,. 

Thi& aie~~ that prospe,ctiv.e h•rd gilt.e rle&ii to ~ tad »zach ~t:t.,r ntioat • 

••pecially Mp&v in altur11 :lurlni! $!"'<>•th thMt anil!fals bai'l:!t; !'att.en.e.-J out 

fol' ~};et. K 

l, a~a\ s1ml11.i.r .f~lA<>r ia 1DVQlvi!>d lr. !1·rowt,h or ohiOk$ ani hatchahil.it,' 

ot ege9 tram berur red corn ... arr/lle1u1. me!!l tt,1l,t.fo~•• V.ar! ous ~wf«tr.a. have r&ported 

·the. oacurranoe of an Ul'lldantifiil!d ~~hick e,rc,,,th factor·(•) in ~Ade ~hI, liver 

th1• f~or, ·Cc~s:, Uaiuier ftn'i Norri, (l.948} ftt,1 ~h:teka ~ b$:s,.l ration eootdl,;1~ 

aoyba•n oil .meal &11 the ch11tt #.0\U"ce or proteifi und onEJ in wh1ch ~ wh1~ t.leh aal 

as ed:ded. they are •ble to get e Ml"~ ino1·.,-.so in a~ottt.h ®.nd e:tfic~cy ot 

gun up to ·ei,tht weka ot •P when the bttu.l r£tion •• $.lpplemented with fi•h Mal .. 

Both of tJaeu ntio.t\e t«Jre then ~pl~telr •~17:ztid I:cr ~J;l tiiG known B-compJ..u: 

a.11 t.~ vito:b;;S \1iM1 t;.J1e except!® ~ cliolir,a but tm.\t t'he !nor.dGd pin &lid 

teed utill~ation ®tain-1 wlth ~ fish .al rat.ton ~culd not have bean due t~ 
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t,he ,gholi.nb content of t.he ~:r.t1o.r, ~111.~:;h:tly. Ad~rJu~te t1rootmt~ of the e5se:ntie.1 

e.mino r..e.itl$ vmrt: foun:1 L"l ·tt\e bt,.srd rttt.ion wlZ.J1 the e:x:eeiption or cyst.ins a'nd 

ecthton1t1e and porh~pni arginine.. 1'h(1 ad.d.itio:t. or th'c; fish ,11.0,il to -t·1s bttsitl 

ration, increaseti the U£in1ne and methionine :eont.ont o.:f ths ra:t.ion slightly 

but deareaaed the l*ivel ,or cystine. The fish menl .r~tion S1.1{1:pliad sli$k:i:tly 

lesa than tha estim~t.ed requirements of bot:h cystino r-m.d roet.b.ionine. ?'hey 

.f\11"thor wppler;i.~nt~, tho basal rn.ti.on with rm addit:i.onal 1q1 aoyber.i:n oil meal 

am thie :i.nereaueJ th.~ con_t.snt o! met!-11.onine cm<-1 ar.;inine to th';li estk.tited re ... 

quirellent lt..1.t the rLtlon was td;.111 sooewllat.; 10'.f in cystine. Tue growth of 

chiw receiving this ra:tior. wa.3 lower th.an those obae-rved on the li-assl m:ti,on. 

ho.m thi.s work they ooncluderl thr:t fish te~l eontair~e a growth .raet.or(a) whieh 

is r:iot ident.icftl with £.:r.y of the known B-c01B.plex vitamins or amiuo acids re

quired iv the chick. 

ltoblee, et al (19~-8} workinrf 'i\'.ith condensed fit:..t .. aolublia,& .have at.tempted 

to determine aome of the ;properticys -or ·th~ unid.ent.U.'.ied chick growtl1 tac·tor .. 

~y found t.he fie.of.or to be soluble in ~ater, 70-Z methyl alaollol, 7o:' ethyl 

alcohol, somewhat sol11bl£J 1n abaolu't,(i methyl alcohol 11nfl ver:,r slijatly sol:ubl~, 

1n '$511 ethyl slcol'.!.ol., !t waa insoluble in ether and ueotone.. rt w~ts dicyzabl~-1 

th.rough ti cellophane membmna and no 1, ,-ss in a.ctlvity ·was rrc .. J,ucsd hy en~ymatic 

d:1;?,estion. It was ~].so heat•stable (lOOQ f"or 2 hours) over a ranee of' p;l 3 ·t.o 

9 ·tut was destroy,e,1 'by au:toela:v,ini:r with one ter,th nornml bydroc.11loric fi·~1'"J or 

on,l t,,,r,,t~ not·rt·1;il sodium hydroxid,a.. These- vroperti1t1:i, di f'fetr somewh1,~t f'rom thi, 

{Wi.Gn) ~ '!'hoy f'oun,l t;J1~1t tutl f'a.etor is stabl~ to heat i...11 · t;~~l dry state at 100° 

tor 1 h01 .. u• and to autoolavine: :.bl solution :for fifteen ldnu.tes. Th~y also :found 

tht'l:t it ~ould not dialyse through. a cellophane membrane. Their factor wa.s only 

moderately soluble in •na.ter ,, 50j; ethyl eJ.oohol and 95:t ethyl alcohol and waa 

insoluble 1n ehloro.t'orm and et.;.her. They also found t.lutt t!it, ft:i.cto.r could be 
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S, v!:tt>..minf\ B10 or :a11 , synthetic tol:ic acid. Oi" pyraoin .le.etone .. 

ll&usar-~ Morr-is, Lu®s and Combs (191,.6) 1:n eo.mpllr!ng soybea."1 maals .round. 

opinion that there is .a posidble eyntheaia or the unknown r~ctor by t,:tie hell or 

by microor~tams. Th~)' also obtaitt:eil fl growth response lroilt 2-Ji fi3h me~,l, 

condensed f'i.sh aoluhle::., livmr poste, lJv~..:r meal, choline and £olie a.eid .. 

Kennard a;nd Ohambe:rlin (194E:) u.shg a aorn-sotoean oil meal ratiorx found 

thc.t built-up fioor lit·t9r served e.s a potent aource of the nu:tri'tional fac·tors, 

1nolu.d.ing tbe unident:U'ie,'l a.nu.nil pt•otei.n or vlte.min r.~otor(s) 11hich was ne ... 

tJ40in.1'1s, et .s.l. (lS47) h~d r,revi.ously- shl)Ym tb~t the synthesis o:C the irortth 

raotor oaeur.red after vc.ddir,g of' the .fee&& S.!;':d not~ to any extent in the diges-

tiv;e trt1et.. They round th-~:t troze:n f"eoes contained little or none of the tac-
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bean due to the less .fe-von;i,ble environmental conditions for bacterL-u s.)'l'lihesia 

during this period. 

Birtl, Rubin, GN,sehke {194f) have turthsr identified some of the vropertin 

of' the growth factor in eow manur0. They round tnat it was soluble in water at 

a p!i. 3.0 1t the protein had 1)Z'i3vioual.y beem removed. It waa soluble in eo_: au

tone and. ep11ld be extracted to a sli,r:;ht extont by neutral eth&nol end oompl*faily 

by unntm!acsl ethanol~ It ns stable when autoela:v-e.d for 2 hour.a in a neutral 

solution but easily destroyed when autoclaved for l haur with 2N· b.ydrochlorio 

acid,. It appeered tba;t the factor w&s d4Jatroyed when allow&d to stt1.nd in a 

.el!ghtly alkaline solution or whcm the &olu.t1on. was dri~d .• 

There is aou di:seg?'Nment 1n the litere.ture a.a to whether a speo1f"ic tac

tor is required £or- lactation but not requ1"4 tor growt.b. or- repro:luet1on. Rel• 

eon and Evens (1947b) httve stated that additional dietary· subat~...nees are rc

quir~ ror lt;\Ct~tion a.rer cm.cl above t.he re;quireme.nt for groNth or repro{f:.uetio11., 

i:loff"ler, th~ d,qt;rvgtiona nade by Siae, and Cerecedo (1948) have lead th.era '"to 
believe tx:uid:, :raproduction ha$ dietary requinmenta aa grea.t qualitativelf as 

hok.ti<m and that there are no &pe:ciric dietary tactora required for laota•· 

tiott only.it Th•y also tonnd that «re€Qrdlesfl of the diet, the survivri.l o.f ne1'""' 

born rat~ is ~t. largely upon their weight at birth.ff They fed a puri• 

tle4 ration npplemeted with tbiamlna, riboth.Tir., p;yridoxin.&, calcium pan\o

tbenate, alpha tocopherol, ohol1no and vitamins A e.nd D. Other expi.U."'ilnental 

tliets fed: contained web: supplements as folie acid, biotin, :mnthopter1n tmd 

i':illk. Th$ir obaern.ti<ms were b~sed cm 117 litters div1,loo it(ito two groups.. 

Orou-p I \lfflS co.m.posea of the young in th& surviving litters and Group I! 0£ tu 
young ttm.t tailed to survive. Tney found that the aviaratre bir-th weigltt ot" the 

surv1vin,e ~p ns 16. ).Ctt higher than that o.f the n-on ... sm:-viv:hlg group. fhey 

also noted that tbe critieal birth weight seamed to bA betREm ; .• o i.md 5.,4 

grams.. seventy-four per cent of the sul"'!lfving young nigbed over 5.4 ~&.while 



tm impurity or a ne.w ee~ential amino acid* with protain or good cpiality. 

Sur~ (194.3) demotH!tr~ted tha.t p-aminobenaoic tt('id had u. ta.vor&hle in.flu ... 

tol, hOflver, seemed te have s. pl"Qnouneed injuriou.a erreet when fed with hi.s 

rations wnich was eount..eractad by the p-l!!minobenzoie a.oid. Inos1:to1 likewise 

showed no :r,esponze in growth atudias .. 

that these congen.itr..l .m~lfori1at.ions could be prevented ty the addition of 

live.r to tlllt tli&t. 1!em,e<ly and Palmer (1945) foune thnt biotin ws.s, OS$0ntial 

thd, supplfiieutstion or a pu.ri.fied d.iet with low levels of ;folic. acid d1d not:. 

produoG beneficial ef'fecta on b.etfltion. 



l e 
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combine \'tith r1icotinio :!i.airJ. or i."1 coir·.c.. 'Iii~ mttk:e it unavailable. 

,Sr.itl~or.t {1947) praaented &V".idcnce ~11li::h ,las in uioo#~mant with ti~ut of 

wvl tho nieutini.c acid requiremer)t ror weanling pigs. YUum the ratio.n contt':l.ined 

26.li crude easei.n and supplt1mented with thiamine, ribofio:vin, pyr:tdoxine, 

cholhte ~ pantothenic acid,- awl without niootin1e acid:, no nutritional de .. 

fioiency v.e.s ne't.ad exeept e slightly lower rota of: zain. lfot,ever, ·ghen t.he 

ration an!y ec.mt-sined 10· .. 0;' crude aassin, th~ omission of nicotinic acid re

sulted in alo,~r growth, rough hair coat, diarrhea, poor appetite ~rti.i severw 



Powiok, Ellis, ~sen and Dale (194 7) uaing e.: purified baAl diet contain

ing as.Cd ••in st1pplem,mted with a·ccesaoey fact.ore other thtm nicotinio acid 

o~ a highl.7 aignitica.nt depreesion of ~i11 c.onapieu.oua impairment o£ 

appet.ite, a high incl.denea or diarrhea, high mortality and a hii;h incidence of 

necrotie lead.ms ot the colon and cecum. The addition of n1cotin1e acid seemed 

to correct these ~. They found tlmt a level b&t-.n o.6 anti 1 .. 0 mg. of 

niootinic aeid pie:- kilogram o£ live wight per day appt.tared to gitTa optimal 

growth tor ~hg pit.:s between three Mil ~ine 'WNka of ~"e. 

lurtl,er st'tltlaa on tbe nicotinic u.cid requi~eent of' pita haw b.een nwie by 

Lften, et al (1946). Thq u-1 s eorn-s~an aU mu.l ration plus es.um, 
m!.rl.$ral.a, and liberal amounts or thiandne, riboflavin, pantothenic acid and 

nrtdoxille tor •anlinfJ pigs.. fhe detioieney a,-ptoms of r,icotinie acid de-

, velopd 1n f'Olll" weeks. BJ reeding d,l•t1'Jl)topb.ane to tllf!lae pigl!1· eood growth 

n._ited. !he dd.itbm of nicot.1n1o acid to these pigs naulted in a smaller 

1n#Na49 ~ gain and a less hul:ihy appearance than when supplemented nth 

tmtophane.. ?heir etmclu4ed from their results that both teyptophane &ld 

·n.:lcot!nic aci4 are·needed 1n the ration. which was used and that trypt.ophsne !s 

the m,are er1tieal matrient or the two .. 

Powick, Ellia lffld Dale (1948) uair1g a modU"ied ;iur1fieil ~liErt conta:i.nin.rr, 

corn mid oaaein or gelatin RN able t-o cornet tile ~•ptau or a niootinic 

uid Wic1.ent diet b1' the addition ot c~talline nicotcinia a<dd. A sim1l.at

d1et bat ot a lower ~e content produced cletioiency •111,pt.<11n1 not entire

ly corrected ~ n:1cotin1a acid. Their results suggeated that in general trypto,,., 

phane would Mt as a aubat.i.:t.ut.e tor nico\.inle acid but that nicot.inie acid waa 

not complete~ etfeetlve as a abat.itute .tor tryptophane. 

Otbar workers baV<t alao anow.n \-he need for vitamins or the B-complex wha 

tee41ng natural ntif;:,1u1. Cunha, et •1 ('194'.3h) tount that. eu.pplaenting a. 

natural ration with htos1to:1 gave a growth NIJPOIUl9 and also cured and pn-



phytin prGse.nt in their retion was aitt.,,r iruldequtit-e to supply the Nquired 

inoeltol or that :lt mta ur..available. 

light g:r"/1:\f diseoloration of the .kidneys. Those 11igs l"Efceiving the highest · 

supplement of ribofla.v1n daily, 3.96 mg. par 100 poun<ls live wi3trt., were the 

sumption per pound of oiiri;. These results indicated tlint ri.boflavin ia .assoeiated 

'With ·the utilisation of' f,sed for growth.. Perrin (1S46) found that the addi-
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There,f'orc, t>1e.N have O(f)ftt'l rather recent attempts at raislnic-; _pizs on a s,n

thetic am d.1•t hlmeiUatoly «rt.er f~rro"l'Jirtg. The results have biJen. s0Jllewt1at 

variable. Bustad, Ham ancl Ounha (1~7) placed pigs on e. s,nthet1c mill diet 

observed a. $&Vere diurrhee.., an unthr:U·t1 oor.d.lti,:,n r,.nii thG presence of a (tal'"k 

exudate around the eyes of the pi;::;a. Suf1J)lelllimtinc the re.tion wi u, erud.e ~isain, 

la-.Jtoae, 1:20 liwr powder or anti•pe'micious anemia liver "xtn..ct gave no 

apparent rem..1lt.s. Anderson and Hogan .(1947) honvQr, we.r-e ablt! 'to obt.n.hi; good 



tho:n weaned on tha twenty•firet day after parturition .. The criteri~ whieh they 

uaed to deterr,d.ne tlt.e adequacy of' the .retion l!M1"6:: (l) av1,1u•age weight of ymm1; 

at wamii.~; ttmi (2) wfili:'i.r!ht o?.uangc · of lactatin;: 1r.others during the twenty-one day 

period, inelmlint only t.ilose temalooi W&!i,JJ.ing ti v-& or s-b:: young. They found 

tlmt the detieitmo.i-ea observed using the short-term procedure w~rc al.T.ost a.a 

MON neentl)', !ttoke;s, et. tll (1941!) hs.ve isoln:l;g,l ti eryat,tlline compout1ii 

tn;mi, liver wM.eD. thef have de&ignnte-d. as vltamin z12.. St°'lorb {l<;J~t) has shown 

thtrt this vitamin E12 is eithsr wholly ox- part.itiilly responsil.u.e tor t±1~ ttO 

(tactobaeillus 18.eti.s Domer) growth act.iv.ity observe.:1 i'ron th.e liver. extrAats-... 

ni:rh& tW tactor activity occurs 1n fairly high pounts, 1n 
appr~ilt!a.tely ,rlecrenslng ord.er• 1n a papa.in digest or acid pre~ipi• 
ti1.te fro-~ cow manure-, th.e acid. preai;pitate f'rom cOlJ manure, fish 
mw, pancreatin, papa.in, egg vl\it,e,. e,m yolk,, and in lower amounts 
in alcoholi1.:? extn.ct of whey, potassiutA perm.anganate-oxidise11 alco-
holic extt-aet of whey, soybean 011 meal, gelatin, aein and Mylase 
P. enzyme. ?he TJ ractor activltr is also fcY.md,, in approximately 
decree.sing Qrder,. in the pa.pain diGest of' acid precipitate from cow 
manurt.3 1 the acid precipitate of cow ~re, ee;z yolk, papa.in, and 
pan.ere.a.tin, but in much lower a1nounto in !'ish mru. al<,oholic ex-
tract of' ~ehey, aoybefm oil meal, crude ca.1Min, eg;; white, zein, ~,:i,ylue 
i" .. $ll~_yme, ;potassium. permanganato-ondized e.lcoholi~ ex.tract of whey, 
antl g~la.tin. Tl1e distrihut.ion of the tr.D and fJ ra.etor aetivlties in 
thes.1) materials :;,uegest;,1 t,hitt they may be involvad in chicken rroliriti.on .. u 



fo d.etenba the apeoit1c nutrient or nutrients needed by the rat to pro

due f1Grmal. growth, Npr~uot1on nd laot t1on .en t c on swine rat.tons. 



Ground 7&llow oom 
k.peller procesa aeybean oil meal 
Alf'ttlfa leaf meal 
Oalciwrci ®rl:ionate 
Iod.i.Hd salt 

6B.SSj 
25.00 
s.oo 
o.65 
0 .. 50 

E:aeb f~ms.le received two drops of cod-liver oil plus th• e.qu1va• 

lent. of l mg. of al.rJia toeopherol dEtily fed weekly by droppe.r. Each 

Lot :ilo. 
1.. tla•t\l ft2. 
2., 11-sal l!2 J l :20 liver powrl~r residue (li'raetion l). 
3.. h3&.l 112 -,. l:2() liver JlOir,de;r insoluble in 95I' :ethyl aleehol 

{J:raotion 2) .. 
4. nasal !i2 f l :20 li've:r pondar soluble in 95\t ethyl alcohol 

(Fraction ;). 



f'e:n-.ale ·~ civon a @.2 oc. int.ramuaculn;r :tnj<,;ction twiee neltly t:>f a aomf".ar,.. 

c:tul ,mti•pernic!oue nemitt liver &xtraet (Ledel"le) .. Tb.is extract contained 

1.5 ll.:S.,P. injectable 1m,it1 per oe. It mts injected ,on the lnsid:e fleshy por

tion o,f th.e tbie;h witb & 1 ec.- ·tuberculin eyr:inge. tot 8 f~mal1;1a, •re fed 

the basal ration pl:tta 2.~ l:20 l1V$l" pomier,. All supplements ft!'e. added at 

the e,xpenffl!t o,f tliu w:t1ole r~t:ion. 

were plae~d on t:h*l dH·t&~nt. r~ti,,na.. Th$ mnltls we~ rotatoo. a.•1u;1ni-; the tU.f':fer ... 

•nt lot~ eveey rwr days •o as to l"educe tl},j f;;,dluro of eoneeption ::hie to poss.i

ble ster1U:ty tJf th{l malt.'ta. They mal~s m,~ left with th~ i"emalea £or two 

liver... The liver fntetioo4!l we.re pr~pnred e,s follow:tt fiv,e kilfli;trams; of 'the 

llvrffr ~er were di.~solve.i .in appN>xim~:~el;y eix liters or cold. 7f1:l ethyl alco

hol. 'l!:lie mixture we.1: heated on. a st.ta.'11 'tiatll to s temp,,ratux~ of 50-600 c. the 

111aterial not f"ully dissolved me ,PUt 'through a fine w.i.l"e Msb screen until it 

•• hoaoganaous. Th~ •tei-141 we.a tilt-fu•ad wlth: ,WQtion and the precipitate 

was repeatedly ctmot&d wi'th 70:; ethyl alcohol at 5o-60° C. 1'he extraotirin 

was npeated tour times tuiine three liters of $1.loohol for .each extraction. 

1lhia gave a totel vol:u:tS ot soluble mal.er:ial of between sixteen fmd eighteen 





2a. 

1:20 Liver Powder ., 
... ;··~~~:,,;. ·, -~:: .· . 

7($. Ethyl Alcohol 

Filtrate Concentrated 
and f..:xtracted wi\h 9S)t 
Ethyl Alcohol 

· racticm Insoluble 
in 953' !'th;. f 1 Alcohol 

(2) 

I 
Sor.it F.iltrate {4) 

Fraction Soluble 
h 95.; Et~l 
Alcohol (3} 

Norit 
M•o:rbate 

F..luteit 

norit ElMte (S) 

The temdea were weighed week.JJ" md in addition., they fl11!'$ nighed lt'.med

iately art.er part.urition an:1 at the time of" wean.1.ttij the youn,~ This was done 

in. ;oriler to o:btt1in the ga.tn or lose in weight durint the ltu.,te.t1on period. 

At least ·t-,;o d1Jt7s prior to parttu"ition• the te.realea were placed in indivi-

inc# t~ serve u l;ittor.. The· feed: tUld water we.a supplied ml 1!9i\s 1n imlivi

dmll separate glaGs container:;. As soon after parturition .~s practicable, a. 

md.nirifl. n.11s ¢:otmt 'wa-;;:l,tl :r.,ot 't,,.,:; correct in &11 02}.sf'JS a1ri:(:e it was observed that 

ao~ ot ~ yQmig 'fi'hiah wore dead at birtb w&r&. eaten by tho fl'IO:th.G..- bafoN th$J 



lil/tere having more than six live your-.;r were not :inelude-l in the nm1'be:r ;;;1-ven 

tho female to :raise, providing ·the number remain:tn1.{ was six or more. Por o~ 

dual wire bott(ffll es.geo.. Food ar..d 'm'lter continued to be supplierl !!\i l!J:49 

in intliv:iduel co:nt~.ineu"s. 

data werei a:nal~"ZOO statist.:i ,,~lly liy the analysis o!" varia.nee method of Snedeaor 

(l!tt/;).. 'l'hora were no resorption or toxemia. deaths enc:omrt.eJ,•ed in this exr..eri ... 



ment. S~ sterility was encou.nt.$r~d 1n each lot but t;.here \'ffl.S oo signifieant 

d.ifterenoe between lots in th.1$ reih--ard.. Lot 6, r-ec:eivine the Nor-it, ~luate, 

had the smallettt litters at birth and ~leo we1!u1e1:l the fewest number of lit.ten. 

Let 7, receiving th.e injectable liver extra.et, ue.d the highest perc&ntag~ of 

dead young nt birth. but weaned the largest percen~~ o!' youn~. The basal ra ... 

tion bad the higheat mortality of yen.me during the flrs.t forty•ei[iht hours 

u:nd alao weaned the Slli&ll&at l)er'Qente.ge or young ... :;any o.f the young whieh 

died had milk 1n their atomachs ind1ootintJ toot m.1lk as availl.1blti. The 

young from this lot wro 1:tghter 1n weight at wer.nir.t thr..n tho a~r~ze of the 

rest of the lots 1n the eXJYN'":lmont a.r.11.."i tlrl.$ difference ~s s~7,d..ficant at, the 

l;'t probability level. Lot S, reeeivine Wilson's l:.2G liver ooneentrate powder, 

and tot ) J r6CtdVinC :Fraction 2, hei:~ t:Oe hieic..JSt average W&ntd:n.~; we:tghts .. 

There m:uJ no s1gn1ficant differenee betfflum the weanln,; 7reiehts ot the ::'OU ... ~ 

in tots ·1 and e. 
In CQmpti.rh!g t1::e weanit'.;;~ wei~5ht$ of' thr'J lot fed the fraction. insoluble 

in ~5:;1; ethyl &leohol (t,o,e, J) with the one :rad the fract.1or, sal'a'ble in 95;it 

aleohol (Lot 4), it was f"cimd tiurt th~ weru>.i:ng weights of ti~ i 1oung- of' .tot. 3 

WN higher w1ttt significance et the 1i level,. Thia would sug5est that tile 

acti'Y* re.et.or or tue liver po?der waa ~1.ily soluble in 70;g ethyl alcohol, 

but liJss soluble in 95:h etchyl alaoh.ol. The let fed the Nor!t. eluate (tot 6) 

pl'odn:ced heavier rats at wenfrf than iliJ th1;1 lot receiving the :forit i'iltrato 

(toi ;). f'ais dif.ference was slgni!*icant e.t the l;~ lnvel.. ilowever, only 56.6;; 

o-f the fO'lm:;: giva-n the fielfl'llas to raise were weaned in the Norit elue.te lot, 

•here(:ut,. ?{J,.2..,; or the yO'ims:: wer'~ weaned. 1n the lot reeeiv'inc the 1~,ori·~ :fil ... 

tl"ats. ho or the litters born of' tho~e reoe:!vi'r1J t.h-e Worit elut,1.te had ooly 

one young each and they f~iled to survive until we8ning. 



.-1 

"" WABLE J:. 

txperiment I Reproci!:uetd,ett e.tt,li t,u,tatiori »~t• 

1 
j 9 e:., 

i ~ I ·1s • f! t )ii. :,.+ 

8 3 • ti& .;Ii) 

= 1 ,1 4H +t "" ~ :l :t :l.e :~ I l1 fl fM -a -si '; I ii.. s 0 

0 
.. • • ·• 

tot ., 0 0~ o..:, 
~ ,~it. ,-., ~ z • ifd· tll ~ .. 

1!<?, 1\1.llszna · •••· t ~-- lJilllbJUP. _NR : 1111! 11. oL J #4 

l. n&sal 112 · e 1;.o 0 6 4 .39 ' 2. Baaal #2 I 1,20 t.P. Rteidue 
(traction 1)- 1 100.0 0 7 s 56 ' .J. Basal 112 ,I 1,20 t.P,, Ins. 1n 
91' Etoll (Ft'action 2) 8 87.5 0 7 6 SB 4 

4. Ba.eal 1/2. / lt20 t.P. Sol.in 
95~ ETOff (Fra~tion 3) 7 8$ .. 7 0 6 s 46 2 ,. :aan112 I ncrit Vilt,~te 
{Fraction 4) s 87., 0 7 ' ,o 3 

6, B&aal 1/2 I Morit Eluat• 
(Fraction;) 8 ,s.o 0 6 ' 30 2 

7., Baal 12 .,t ,cone. tnj" t:lv$1" 
Extract 8 37~, 0 7 ' 43 9 

S,. Sanl #2 t :;~ l :20 t. P,. a S7.J 0 7 6 '' l 

II J a 
)· I! I ~ t4 .... 
·~-.t M' 
11~ .13 
'"11.-..m :t."'I tO 

-SJ~ ~i . ~ . &A :i 
16 34 

7 40 

' J.;. 

' 32 

6 37 

8 ,o 
a ,0 
a 39 

-
"a: IJ .t 1= s . r! 

13 ~ 'a 0 'w;e . i ~ -r1 
u: fi 'tj :11 0 ...c 
~ • I) ~'.! (1,1 a C;) i,~ I! .ti .:i ~ tE• 
>i S Mt'? ,~ 
"" C! t1 I 01 • 8 !l:: ft I) ~ 

• J:l ..... ;... "' • 
0 i "" ~'a '"'~.,,~o _......;; <. ~ 

--
19 s,.es 21.47 

28 10.00 31.46 

)5 e.,.:,3 ,;6.63 

23 71.88 32.96 

i6 10.2121 .. os 

17 56.67 34.53 

JO 100.00 34.23 
33 84.62 ;36.46 

\Ii.) .... • 



P.t'"oCedm"S; 

The· te;nales 1,.ae-A in t.."<peX"ittent IA were t.he .sart.e ,?;JS those of hXJJOrit:.erit I'!' 

These- te~alea we:r.·,c continued on t:i.e m"'i:,e ra.t1.or:.$ ~;1,s t;.tose use:1 i~ Vx:perim1;1:1'& I .. 

Thon which wll"e s~rile in ·th~ i'b~st exper,imcnt, were rlestroyed.. AlfW, those 

whi.oh ileveloped arq ,:mtJ..u'"'.'iftiness or ritS'JJll"ator~· disorders ~vere :r.s,noved :f'rom 

the e:xperi1ri.ent.. This necounts for. the reduced num.ltt'rr of re~l,t..)s. in the seec::md 

trial.. These females were mated at tibo<J.t is week!\!: oz u.ge to mo.lea rrom the 

stock colony, in th.a mtme ma.."'lner as in ~rilnent I. 

Th~ feI~es we.re weichf..•d weekl;:.r ru1d in £,dclition• 'i.,hiJ: weittfat ot the terr.ale 

was tc~ktm int1.edhtely ~£'!.er 1~1;.rition ru::1,t t,t t.Jl.e t~~ or wean.inc U1e your:.g,, 

The procedure wt.doh 'llffl.$ follm;atl :at th~ tir:1a o:f.' }ml"turit.ion an;: ciu.i"ing the 

lactation period. wu the awr..e as that i'ollowed in hxperimeut I. 

The y011ng we.re weaned when tilay n:r-t~ 21 days of age. In addition to the 

l.itter weieht• in::.ivir.hial weaning wei.,ghta of the yet.mg nr,c ootidned.. Af'ter 

the ,nung were wean$d, the re.males weN destroyed •. · Dua t.;; tile h1gh ino:ldence 

of eoldec and respiratory disorders encountered in the second trlal, this wa& 

the only experiui.ant in. which the femftle~ were carried throogb a second repro

duction Mld lactation period.. It was diteid.ad ehrrt. each experiment shattld be 

conducted with a ne~ group of' f'emiles, thus r.;;akin;-:- tM experiment::, more ;r;c'~'0.1"l:_r 

oOl'itpiu:•able as ·to age and previoi.;i.s history oi'" ·the experimeiitnl anh:;::;J.$. 

iesults: 

!'ne results ot Ex.perir.ien'l:, 'It); are ,all!l'l11ar:bed in 1'a.blo II.. These: d&t$. were 

an1tlyzed statistically by t!1e Malysis of v~r!ru,.ce method of' Sne~lecor (l946). 

also weened the lowest J'lle:.re~mtn{;$ of you·nc. However, due to ttw small nu.moor 

of females :in many of tile lots and somewhat rtore unifonn. wesninu ·weights, no 



atatistical]J' sig:nif!ca:at dif:t"er~no,:)_., b~tween the \YO$J.ning wei.ght& of Lot l and 
. . 

!here as no sign1f1unt ditfercnee betYeen tb~ t:e:>1t:.ing welghts of I.ots 7 and 

S,. Lot e had t.he hi:heat. number of yount; dead at hlrth. l'he young from tot 

3, were heavier f!lt we.a.nine time than thoee :from tot. 2. Thia p?>ovlded addition• 

4 was not statiatiaall)r a1ent ficant .. 

One strikinll; difference between this. experiment a.nd the previous ones was 

the ditteritnae betnc the lots recaiving the Norit filtrs.te od the Norit 

eluate. Those young froni the lot receiving the Uorit filtrate were mch 

heavier st weaning tium Hre tbose ~eceiving the Morit eluate .. Thi& differ

ence nt signiticant at the 1% level. These result$ were in direct ccmtradic

tion to thoJe observed in Experimet I. Only two litters were wea.nea., however, 

from the temnlea neeiving the- Nor1t eluate-. ?ha p.a.reente.ei+e of· yoi..mg weaned ot 

tho~& give tl1& femal1?.s to m.iae 1tf!$ s.pproxb:ately the se.iM1 in both. of these. 

lots. It. appears trom, these data that more ex:pet"iment.s necil to bpj conifaotud 

betoro d•i'inits coneluaions Cd be dram as 'to tne beh~vior tJf the active 

factor when treat•d with Norit. With the ex.eept1on. ot Lot 1·,. trut percatage 

or you.n,g weanad or these- g1wn the females to raise :lnol'et\sed in :Experiment. 



TA.SW II 

il:tper111111.\nt IA H.eprcdz;.otion and Lactation. Data -' t a) 

~ 

~c:1 t.,,f 0 ' 0~ .i~ 
f? I Ii ltl -B ~} ~. ti; +)_f 16 

t,J i.,;'i ~h 
~ 41 l;t} i ¢ 

s::;'.....t 
~o ..... w. :··~·· § C ~·,pt;· q ,~, ii;l 'f1 too "d i ~ (,J 

,;,•I i!ll ~ ~· ~ ..... "d ~ tlJ ~ ti '".;°.) orl ~:~ .. ~ ~-~·~· I> r{ 

8 5i ~ 14 ~,,.. ?I t .~ \1:.-:;,t~ IQ .a i~-: N 
O':i 

!)) Cl ,,~ -· ·~ ''< r " ~ ~ .~ , ~ ... 
~.~ E~ 03 ..... t.J ,I,) i:i.l 4f't ~- 4;) I ~l ~ ? i t,.i .,. i t, ill} t-1· ,g, OQ ~ ~ :.i~q f.. 

' :.. li:: ..,. ~ m .... ' A~ ~ .. "' ""· :,..4" ,.... ""' 1.) A to.ii ·S • i.,, {i.;; 44 !-i ('"I 1'.! r~ ;i\~ {I} ei t;~):~ :a .0 e ~ ~. ~ ... 1~;. ~· 
~ ti ' . 0 r.? c, .. ,0 >ri 0 t: 14 (J r"i 0 i,D $ t~ ·~r~ _() 

• fl ~'f:4 ~t} ;n 0 • Ei !It t4 {lj ' P"I tJ· Q • • • • •...:>~ • 9""" >i > • 
I.ot 

Q l!:) 0 Q n o~:1 0~ 0 i! j 0 {/,; o, .... ~ .,4 ~t ~ ...... ~ ~£ ... I~ tr~ }Z C :;~ i:tJ '"~•l!"· .d ;.:~~ :;;:~~ ~;. . ~u 1"·~ 

£i0.1, 11gtiwa -- •. 2* /1!111i1.:S t -, .Iii 111 .... ....... -
1. :Basal /;2 6 &3.33 0 ; 4 33 6 9· 2.7 ;21 7"/,. ?S )/hSr; 
"!> !as.,,l f/2 f 1120 L.t}. Residue ,,., 

(Froction l) ., 100.00 0 3 3 22 0 1 14 14 100 .. 00 34,.60 ,. Basal tt:. /. l:20 t.r. Ins. in 
cir.:~ ""'TO'i {fr'r t·· 2) 6 100.00 0 6 6 34 2 0 26 26 l.uO~DO 'lC. ;\ .'.' , )/; t, · i • ltzJ ,iOfl ,,,, Ii ~"t-t~i 

1. .• £11u1nl t,-::. ,f 1120 I.,.}'. Jol. in 
ri5:1. t'i:0:i (~nti:cm ~) 6u .. 67 2 12 12 l}.)Q.(!0 ::n.oo 3 () ·".'I 21 0 n . 

f-'<'!! 

:;. l:1~;.;l {2 I Nori1; 1•"1lt;e,~e 
( 1').•action 4) 1 g5.71 0 6 It' .39 :, 2 ,'.32 'i:.1 $4 3r~ 3:$.56 0 . ~, 

6. Uaaa.1 J'2 ,t. :c:orit Lliiate 
(Fraction;) 3 100.00 0 3 2 113 l 0 14, 12 a;.n 28~25 

'l. ·oasal il2. /., Oonc.. Inj. f.,'.tver 
Extract 5 so.oo 0 4 4 32 l '*· 22 20 90.91 37.75 ' 

~ ... . l ''~i } "'~ 1 . '1·''• T :p 6 83 • .33 0 $ 4 45 10 0 21+ i:, 95.83 38.l.3 (;>., ~asa f/J;, . ,., · t.;v ~1.. • . 

~ 
" 



.Procedures 

As as brought cr.:J.t in the .Review of Lit.emtu:r>r.), there ls some disagreement 

as to whether there is a tac:tor reqt1ired for rey:..rod··iction anti l.ilctation 1n 

addition to that required for growth oi' the rat. This exp.erim.ent was desi_gned 

to tawt whet-her two factors existed e:n:l to demonstrate possible differences, 

if any, between them. 

Fer.ale weanling rats or tJ1e Sprague•De:wl&y Strain weighini.,; between 50-60 

gr31!1s were eq-..mlly allotted acoi,rtling to we:tatr.t end r,laearl on th-t?. eXF:-erimantttl 

ration, shown h ?e.ble III. There we~ nine rats in e&ch oi"' the first six 

lots and eight mts in the otho:r t.hr,ee lots.. They .-re 1~ed in wil"a cag~s, t,wo 

rats per cage. nua to a respiretot"y disorder• one mt had to t.e removed rrom 

es.eh or tots 2, 4 :e.r.:~1 ::!i. T'tte feed an-ii mi.ter ws$ supplied !l! 4ib!t\m n?;..i no 

attempt imf;l r·,rrdo. t-0 i1ee.su.i~ t.he •1'J!lnt.ity ot feo.:1 e~ten {i~!lr. All the rnts 

received two drops or c:od.•11vor oil plm~ sn equivalent of· l mg. ot alp.l:ia tooo

pherol dally f<td w-eekl,y by dro}?11e.r.. The rat1011s ot Lots 4 e.ntl 5 were supple• · 

mented with crystalline Q ... eomplex vit,SJnins :as shown in Table III. ?he ration 

or tot 9 was supple:11;:,,ntoo with the torit eluate ot that fraction of Wilson •a 

1:20 liver p,owd.er soluble 1n S5J ethyl alcohol (Fraction 5). Tll.is wat. fed at 

a level equivalent tc ~ 1:.20 liver conoontrate powder in the ration. 

The females on this growth experiment were weighed weekly for a period of 

five weeks. An attempt was :nade to weigh them under as nearly the Stw"n!! condi• 

t:tons ns posa1hle each week. !n evllry ease they were weit;hed 1mr:.,.Jdic.-tely u'ter 

feeding and. the weights recorded. 

At the completion ot' the five week groflth. period, these f(!!males were 

placed on reproduction an.:1 lactation Experimen.t II.· Those te.Jt.ales in Lots 1, 

2,. .3 !\~d 4 were .fad tho basal .rat.ion #Z used in Experimerdi I .:i....-1d IA. The I.at 

5 te~,.r;.les wer~ eilimit1~ted fl"O!tt the exp--~riment. Lot 6 was !)laced .or.. bt.sa.l ra• 



t-ot 7 

Ground yellow eom 78. g5:.; 
Vi.ta.min test. case!n(GBI}l;.oo 
Alfalfa lea! ItWal 5~fJO 
Calcfun ~bonate O .. b5 
lod.lzetl se.lt 0~50 

tot 8 

Ground yall.o~ com 
Expr~ller yiro~ee:J soy-

ooar, oil. rr.aa.l 
't•t .. 1 ·i-,1 ,.,. l \ i .\8'.·1 so U,} es\_;:'fn"<1fifn1 
Alfalf~. 1aa1' ;;1,eal 
Caloln;:; CiiThOt"!t, tt) 

!ootze.d salt 

l) .. 50 
l&.Cfl 
5.00 
f} •. 6; 
4"'.'o, ftl,l, .• ,~ 

.;,.:;;,v 

Lot '9 was provided basal rotion {/2 pltrs Fre.:ction 5 .red in the ;~NVi"'.lU@ c~peri

ments.. l\ll of' these rations wet~e ,iupplfflllented wHh the same · f:iddE!d v5.h.alil.i:ns as 

in Experiments I a.nd IA .. 

l ··~ ~- 3 4;;,,¥, 5*~ 6 
» Saal 

i/2 

{,r. Jellow eom 
Soybear~ 011 ~ 
Alfa.lf'~ ~eal 

16.3; it.s; 6:;.as 63.s; 6:3.85 76.;5 Ert.10 1b.J5 '16.35 
r,.;o 25 .. 00 25.00 25.Gt} 2,;.CO 15.50 13.:;0 17.50 
; .. oo 5.00 5.00 5 .. 00 5.00 s.cn 5,.rn) ,.no s.oo 

Canin. (Vita.min f-ree) 
lt20 tiver Powder 
11.sh solubl,e,s 
Calciurn earbonate 
IodiMd aalt 

.65 
z:.r, 

-~v 

5 .. 00 5.CG 5 .. Dn 7.75 

.. 65 

.50 

2_.00 2.00 

.. 65 .. ,o 
4.00 

.. 65 .6; 

.. 50 .50 

~Lot$ 4 tUKi ; we~ r,,,tt.pplemented '~it .. !t c:cyst,e.J_li:!1~ !J vitamins ;1a,x kilo
~tru of' feed ns tollows.t 

'l'M.n1rJ.ne, 4 me.-; ,ribo:f'lavin, 6 mg.;- pryidoxine, ) mg.; 
Ga pantothenat;.;:, 2£ D£~ .. ; niootinie acid, 20 mtr•; oc.olin1:j 
llhlor:lde, 1 Ef"• ; f'olic acid, 1 mz. } in,ositol, 20 m,~ .. ; 
anl pal~\ aminohen~oic n.cid, 2D ~g • 

..... ~tot 9 •~ tiuppleman:tod w,ith I!ori't &luate troM 1:20 liver poM!fl'r td; 
the equivalent ra:ta of 2% 0:r l :20 1 tver ;powder in the r.at ion .. 

.65 

.. ;o 



,1. 

At 17 wee:lui ot ti£;e, those f1Jru:1.las tetl llMtal ration /i'Z, tota~ 11 2, 3 and 

41 were redivided into three lo&s Jll'ld g:i't1en the mtions all.on bel.<nr. The 

tot Nth. 

1... Basal £;a* 
i. ku.l ;;:2 / Norit filtrate of 1120 liv·er 11owdar insoluble h 

9~ ethyl ll\':Obol (Fraction 6). 
:;·. ~1 f2 l Norit eluate of 1;20 liver powder in&0luble in, 

9;;t etn,:l alcohol (1'.rae\icm 7 .. ). 
4. !ual 1212% ltZO liver powder. 
5. $a.me as liot. 7 above •. 
6.. Saw.$ as. tot 8 a;bove. 
7.. .Sasal #2 I Norlt eluate o.t 1,20 live;r, r,owder $0ltt'bl• J.n 

9~ eth)"l alcohol. (Frn.etion 5). 

All li"ver tractions ·•re added at an equ!ruent rate of '2.•l/2$ 1:20 liver pmer. 

Shee bett'I).?" results had been ob~ained in ~r1m.ent I cd Il 'with ·Ule 

liver r.re.ction aoluble in 70$ •tbyl alcohol ·but insoluble in 95.ii alcohol an 

a:tt6Jtpt wa,a em.de to fl1rther test the properties of· this motion. A portion 

of' tbis fl."tMlt1on Wt:$ 4l1aolwd 1n 7f'l/, ethyl alcohol and the pl at!Jtu,ted to-

2.; ltlth eMCentn!t.ed HOl.- It as ext.noted five t1.m.ea with 15 ~m portions 

o.f .Norit, A .&'.d t&.e carbml: reaidu~s ·were saved attu each utn,,~tton.. '!:he vol-

1.lr.le of' t.h& lorit tlltrat.e fflUf reduced to BOO cc. ru1d thia was red as ~c'tion 6. 

All the carbon ,residues wen cOI!'..hined aa before a,nd elu~d eh: tir.1.ea 1.l(ith 

.2.;t cc. pari.i«1tl gt ;.; 1ia4w in 95,i ethyl alcohol. The eluate was s~t dark• 

er t.hM tbfJi · eluate from the s;; aleohol soluble b'U:t.1.on. This was ,Fraction 7. 

These ten!ales wre 11ated at 17 weeks -l')f aze: to t;ales tr~ tlle stock 

e=l~y vihich had. 'bMll. ncei:•ing the stock nt1on. The m.el€!a were rotated be• 

twen l.be ditten1nt lot.s in t® eal'!W: ma.v.ner e.a in :Experiment• t and: :U.. !ho 

ftlliS.l~sc w•r& 1,e,ighotl waekl:,, :isu;:edia.tely att(tr ~&ion and ~t tho t1:mfl ot 
:! 



~pori!\'ltM'.!t:;;,. ,Ul thP. younz: 'lfi}:.:re wean~d o.t 21 d~ys of' ~::,; s.rul t:;;:e indivi-

duru. m:t':nirig 11Nd.zh;ta t,tke11 .. 

Rewlt.s t bro-wt.h 

!he resulte or the growth period are 1,;hlen in Table IV. These data mu"• 

analyzed at-atbJ,ieall,."" by th~ 1.melysis of var!anee met?lod. of. Snsdecor (1946). 

There was no statltJt1oe.1ly aJgni:!"icant d.i!"ference in &~owth rates or the re
male:s .amone the different 1ot1'>.. In r:eneral, all the lotti< l'l'.ade the s;reatest 

gain din~ing the se-cond t--eek, then tho gains deoreaeed quite rapidly. 'l'ha 

lo•st ga:lna \\'(H'e ~id.e d11r:lng the f,1urlh w~ek. '!'hi$ ~, followed b:r a 

sli3ht ir;ere~se in Gt'>:ln durinc the fift.h e.nd final week.. !{m113 of t,he fe-mt\les 

developed en:, e.bno:rmaliti~s dl:.i.rin:; t,he ootu'.'a~, of tho &xperim:~nt, '.i:'hoae lots 

~h:t.ll,'!h received [filson •a 1:20 liver powder had a .mar~ healthy appearance and 

af!l:4')0t.h.ar halrcoi\:ts but, this wss not; reflected in the rate of ge.1n.. tote 

4 5 11hich rnceiv.ed the vit.amitl auppler,;fmt made a sliahtly highor rate of 

;;;ain tJ:iari dP ot11~t- lots but this mllS not a scatisti1::aUy .signlfioant 

ditro:ren\?e., Thlg range :in dit'rerenoes in :~in 1n the lndivvlual lots .ms 

about th:, .same aritl ·was apparently due to the incividual differences that 

existed among the females., :F'rom th$ :refffll.ts obtained 1n trds experiment, 

the eorn ... so!rbean oil meal rations prod.o.eed a fsir rate ot grolfth but none of' 

the growth rate6 ol,ta:tnt!;;J wit,h th:etse femles woulli he considered opti.mum tor 

tb.i.s pel:"tieulnr ~t~,ee ln thP-lr developmEtnt. 

fiiesults i Ueprcduction and Laotetion 

Th(;\' su~2:n•y of the result~ of' the Npro::h:::otit>n and lactation period of 

I::x}'trt·lmo:nt Il i~ eiven in Table V. Thea.a re1,,,'11lts were !inalyzed in th.-, samo 



tot 

1. 
i. 
3. 
4. 
s. 
6. 

7. 

s. 

9. 

No. l " 3 4, .5 ... 
Er.sal T\"'l>, 

f',1' ... 1 .. 5,1 s •. o •. M. 1 ,,..~ .......... ? 
-4~>.J 3"' ') .,.";> ..... 22 ... l u ti •·J 1:i ·") .... .... 

i!las.i:i.l 1/2 29.2 36.0 24 .. 7 10.6 18.2 
&.sal ~r2 .I ;t Casein;: JL.o 34.l ""1 3 u--,, 15 .. 0 " .. .... 4'> 

Basal 112 I 5% Caaein2 j B vituln )5.4 )A.7 2J .. ; 16 .. ; 1s .. 2 
Basal ii2/ 5it Otumin2 z~t 1,20 

t,.P.3 · B vitamin 37.6 34,.4 2.0.1 16.6 115.0 
basal 1/2. -1.si s .. o .. ~ .. 1 /. ~ l:20 

t .S., J 27.5 34 C 29"6 13,.7 12.9 ..... i· .. • ,1: 

BaKl 112. ... .. 17.25% s.o.hl.4, f 7 .. ?;j 
Ca.setnS 2a., 34.2 24 •. 2 1) .. 1 11.1 

Basal :/12 - 7.5:J s .. o.~.1 I 4 .. 0$ 
· Fish. aolubles6 26 .. 7 ,34.6 23 .. 7 16 .. 9 1).0 
~l 112 ·• 1.,1, s.o .. M.1 I liorit 

eluat~ of lt2.0 L.P. aoluhlo in 
951' ET On (Fnu,tion 5) 29 .. ; 3;.5 27.l 12 .. 1 17.6 

!Corn replaced the 7. 5,ii aoyl;iean oil meal. 
~Casein a.dd.ed s.t til~ exr:.ense of corn" .. 
31 :20 liver powd:or added at the expense of' soybec.J1 oil 1:1eal. 
4aorn replaced th~ 17 .. z;i S-0".fbean oil r.1eal .. 
Scasein added at the expen.se or s-oyb,11m oil meal,.. 
61"iru1 solubles 6d:l.ad ot ti1:) wcpe:nse or scwb~an oil rna&.1 .. 

I.Pl .. 

:<..:?; 
2).7 
ZJ.4 
z; .. a 
2; .. 3 

2).7 

22 .. ) 

23.4 

.24.5 



fully developed 1oun,. Advance,rJ post mortan chanee$ had oceurr,ecl prior to 

en.ad.~.e.tion, maldng it difficult ·to recognize any distinct abnorw.itlos.. The 

female in tot 8 ·whi,ch dielt l»d t.en fully dev&loped young.. I~, t(ilis e~se there 

ns tt t:onsider~hl0 hemorrhage in tlH,~ uterus as .shown by blooo in the vs.gitta, 

anti :si,rae i:nfla:iimuition o:t U1e lungs. ?here also ar?pe!trad t0c na sor,:a tatty 

de~nemtion of: tht.:1 li:ve:1r·. ln l:oth or the lat't:.or c1.tsas.,. n.o ah11ormslities 

eould detected in tlul yotin:; and there were .no i:i:d.i,e~.tions o-1: resorption 

of th.e, young. 

In this experiment1 ther. was ~ high:~r degr1&e o.f eterllity or t,l!e r~m;1les 

.ted biuml r1ition #2 than in the previous e:x:periment,s but ther.e 1Jas tt.. m".icll 

lower mortality or th.a young d.urm,: t,hs fir~t. .rorty-ei;)it tonrs and itlso a 

hii;her perce:nt~{['i.'J oZ ruiavifu;, young we1u1e,d. i1i!Ul;}, of tho yt1unzr ;vh:teu diad wer~ 

tound to hr,ive ¥to milk in their stom~chs e.nd apr,mx-eutly diad. of starvation .. 

the ration w!:lfoh $&em~d to be lesat t\dequate for l('('P.ctstion was tha.:t ration in 

whioli vitamin teat casein nJ substituted for the soybean. oil Xfl~a.1. these fe

malc16 harl lf.t'tJ.e vigorous U:t.ters but a vary 'high percentage of th{1\ young tail

ed to $\U"V'iv.e the first forty-eight houN.. Only 20.St.;t of' the YO\l.llff t:riven t.be 

tGntales to raise surv1v:ri until wea1a!ng tirae. Ttlis suggested that the aetive 

fact.or($) nece~y .tor optlfflU.ffl laete.tion ms :not present in !J1ll'ified eaaein, 

t:tt.id th~t substitutui.g purified eAstd!l. for soyh~an oil meal aggra:va:tmd til* 

tleEioi&ne:r .. 

In this exparirr,ent. ·tl1oae famal,es rtJeeiv1ng fiah e1.1l~.1b.les weanoo young 

. liU1,vin£t the highs&t waandng ,~ight of 8flY or the lots. The young of this lot 

ware muori her,viet< at ft"eaninG than tiu>s• in Mui lots receiving .the livl3r powder 

and t,ho liver powda~ f'raetions.. Thia dit.terenoe w&s .significant at the 1}1 

level. On~ strU::inrJ f'flnture of th1. s experiment as the failure .or t.hu lot re• 

live:r porrler 'ho perform as well as in th,J provious experiraQ:nts •. 

~rfer11Jt:'!'tei:: oft those feme.l~is fed basal ration #i was superior to the lot 
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l. Ba.nl ,f/2 
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fad liver powder. Also., those fe.rcal,;s l .. eceiv:J.nL:; li:~·et' fractions 6 and 7. !.ot.s 

2 .i:m::1 ;; . ., we&ned ycm,n.g whirih were heavier than wero those of femalrls: in tot 4 

reeaivirtG 1:20 liver p.owdi·u·. Thiti, difference w&s .signi.f'ieatlt, i:.ct t,ite ~rt 

level.. :In r.,ompriring_ the pe:r:fcn:rnsnees o.f those lota reaefvtng th,~ lforit £11 ... 

trate, :~ra.etion. 61 the Norit elu.:a.te, Frn.otit:m 7, lt wai found. tludi the 

performtJ.nce ot' the lot receivi:ntr the Norif) filtrat,e was mu.eh auper.1or.. Thia 

lot had l,ese aterilit.y, larger littva, ,a. hiZ;;h~r percentage of live young at 

birth, great.l)r survi:va.1 of young during the fh~rrt. forty•eigh.t hottrs, ~ higher 

percentage of yotmt: weaned a.nd heavier )"Otmf ~·t wea:rti.ng.. l'tie difterenc.e in 

naninz weights was s1gnlfioont at the 5;:, l•ir;el of p.robnbili't,y.. i'hia itJO:!:ll::1 

su&1est that the acti'V& flictor was r:iat l"'n,dily Eirlsorbed .on No:rit 1111:cler the 

partioular condi't.ions employed. 



rat receiv.h1tr eorn;..soybe~. oil ttett.l r,::d;,:tons eloself i'8-~llels t.tmt o.f awinia 

and C'u.!L.\a, · et &1 (l,48) t!!Ml oth~rs hfSV~ shown that a ration contai.~:lnc 15~ 

alfalfa lent rnoal will give satisf~.otory .reproduction and lactation perto~.nce 

l. ~-l /t;;. 
2. :e,u~e.1 :tfi3 I 15:i al.!'all~a leaf ,neal. 
J. r~sal if) f al:talra rraeticm insoluble in 95;; ethyl alt)ohol .. 
4. Basal ii"J f. al.falftt .tt'acti.on soluble !n 95% ethyl alooa.ol. 
;. 3as.u.l P'J f 2!'> 1120 liver po\tlder .• 
6. 13as~l /,'2 I anthrar.1lic e.oifi., 

oil manl. The soybenn oil mea1 WtHi& Ndueed slightly to provide a level ot 

Ground yello,1 corn 
Expeller process io7 ... 

beru-1 oil ual 
S..'\lt mixture: 

2,.00 
1 .. 50 

Lot 2 

Gromd yrillow eorn 61 .. :asi 
ls*ller pro\'less t:H)yberu.1 

oil meal 22.25 
Alfalta len.t meal 15.0C 
Stilt. mixt:uro l,.$0 
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!he salts mi."CtUN was t!ult o~ Hegsted J' et al (l'!t,l) an(! htii the followini£ 

composition: Oaco3 600,, t 21wo4 645, Catn>o4.2x-~o 150, UtS04.1.r1zo 204, UaCl 335, 

Fe(Ct~0)2.61i;a0 55, ?I 1.6, Ml'..304.4}~0 10, zr~C12 o.s, CuS04.5:J;a;O o.6 .. 

All or the re.tioa3 'Ne.re su:pplementod wit,h tha st::\!l'ie er-yata.lline vitaminsi 

cod-liver oil and _alpha tocopll&rol a.a in thG precedlnf; experiments. the: al

falf'n tractions fed tot.s 3 ~nd I. n·rQ> added. to th(:) brusal ntion i3 e.t a rete 

of 1;i equ!vale?l,t of altalft'.t leaf liieal.. tot 5 v.u .1;iven too ba-sa:l ration 1/'J 

plus 2;'.;. 1:20 liver powder.. Tho liver- po~ttle1,. n• inelttded eo u to give ., 

p:o.siti:ve control. tot 6 was fii,d baaal nt.ion li2 plus mtbranilic ae1d at the 

rate of 40 nig. per kilogram of ratlon. This us uaed at th• auasestion or 

Greef.l, (1947) who supplied in.forir.ation to ~h:e erreett that it had proven par

tie.lly succe'sstul in stimulating htunan lactati.cm. 

the- alralta leaf :aeal tracti.ons wer:e prepiared gs .follows: .1200 ,grams of 

alf"alt& leaf •al (Valdo Deb;rdrated) were ntn.ct.Qd with m •th,Jl alcohol. 

The f'ixat ext1"6ction 1ms: time with S700 cc. or ueohol and the aecond with 

2400 oo. ot u.lcohol. The rcaterinl was then tilte;r~ a_~plet~ly by suction and 

1tatertal as a thio}: SFUP• 2100 ee. of' e.haoluta alcohol -~ addetl t:md. the 

in.1.xt.ura 3t1rred repeatedly. It ea thoo allom tQ atane overl':',igl1t i.n. t-; iv:,.* 

was a thick material. simila in. appelU"ance and e:mrnietenq of that. obe,en.i 

r-rom the liver extraction in the previous axperimenta.. 500 cc. of ablSOlut.e 

aleohcl was addfh'l Md tt~ waa allo'ftt\d to at.and overnieht in a retrigerat,or.. It. 

aa \hen extraeted repeatedlJ" with 500 oc.. portions oE 95:ii; etwh~tl alcohol. Om,-



w:i.th 

:retion or tot i. • 

.rrtor;k colony were pl11.cJ1?d 

as ifl Experiment$ I, IA and II,, exceitt U1.nt cane pemaee: W$,S substituted i'or 

wood shavings for Htt(rfr .. 

The yonn.::r, were wean1zd at 21 dtt;:·s of: age ec.nd 'the :irid:lvidu~J: weaning wei;gb.ts 

pt'Hcedine: ~xpe1~imer.ts. One notic~t .. hl,% :f~ntu.re, bm,r

of lit.tars bor,~, t,hm."a 1,,i_ras on ot:;:ual 

birth to 
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rate of eterilit,t in the 

that oothran:llie 

no 
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insol. frnction 
Batt~l fl3 /. 15% equiv .. alf. 

sol. fraction 
nasal #'J I 2;t l 120 L. l'. 
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the addition of' anthranilie acid .. 



oil manl :rHtion Md the 1m,,wn vitamir;1z,, conl'.:t:r:,, in i;c-net\!tl, tht::: ot.if!•:>rv.r:ti.,1:v: 

oth"''t' tJOl"~sr~:1. In :Fd'::per:h:.ent, I, t.her;;"' v:r?ft e. hi;,_~il 11ortf'Mt;y 

wtrii11,,,t.hs,,, TlaG 1resnin15: veight:s v.e:r<.!' a~o subno:r'rr~l.. These -wt,:!lld 

co11fim the 11,"'0r.k: Spitter: (194'1) ~mi others. In &1q,er:tmant II, the liveBJrl.lit,;y 

in l!'..;.tpt:l'1~lt!i~t ! , 

ing,. Th:t,;; 

,H:bition, 

me!sl 

,YOUI.lg of .fe:.ae:J.fis ;f'tjd s';J.® ~~ mt.ion ¥11!Jra lii;§;he,r the.ti 

:re·t!ln1::1 co!ltiiining eoro-soy

re:~ult":! ,::;f ;:.~ny ~§J:,pl51-1e:1t tiddeil. 

70,!. (:,,th;yl !ll<!eht).l but 1neol:able in 

·th~ '!r:.:B 



datl'.t indiootf.ld thet only ~. small 

the liver fraot:t.on ~luble in 

oil 

of 

reoelv1nf,;; th& unsupplf:~er,ted eorn-•$oyMt-ttt oil m;~al 'osul rt,.tion. This would 

oonfinn the w·orlt of: Zuceke:r and Zl1cker (1948) ,m;l ethers. 

wh•n red ca coru~soybean oil meal ration or tb:at casein inhibit& tbe avallibil• 

1:t.y o.Jt the faetor.. Sb.orb (194S) round t~t. soybean oil meal con'.tained a01fle 



Sl. 

JJ12 which ffia1 be involved in ehiek~n nutrition. 

In txperiant III, the addition ot 1!'>~ ~Uultl\ .ir~oal to a co.rn•soyoo.ian 011 

meal basal t'f.tiao depret1Md the weanin.£' nteh.ts ot the young' anli. pftr4entar,e eon• 

ception. of' the fenmles but increased th€t liveab111:ty of t!w yotmg.- There ftS 

v-0:ry little diffe~nee in th~ weanini; weights ~nd liveability cf the you.ni 

fro::1 fewd~r;. tcd tn~ b~sal ,'l."a.tion ~nd. those in which th.~ ale-ohn1ie fnl.ctions: 

of c.lfalA m-,al wr~ added. Bonver, there was a hi;;-rher parcent. of sterile t ...... 

ales in the lot !'ecaiving the alfalf:a traction soluble in 95:i etbll alcoliol .. 

The hcreaud liveabllit,1 or thG yOUDg obaerved with th& additi® ot 155' al• 

talta meal to ta basal n.tion would confirm th$ ruulta of Bowl.am, et al 

(1948). Tb.$ higil incidence of aterilit7 would be in diract diaagr•eJtent. with 

the reW:lts obtained b7 then 8iU'le worker&. ~ other workers have Nported 

de~ eter:tllt;r and improved ~epro.duction and laetatioo with alralta meal 

at 'this a~ lanl in bath mrine and rate. !his .failure may ha.ft been dut to 

the qualit7 ot the altalts. mml, but from all outmu't!i appearances, it ns of 

the h~alleat quality. Part of the cause far the depre1i;tdnr. et:fect of ~lfalfa 

meal on weaning nisbt ot young from f'emalGa ted this m1pplem.ent may !1ave l.le;m. 

due to a loor caloric intake than in the basal oorn-aoybean oil~ ration .. 

Since t~at naulta disagreed with so much of thtl previous work that he.a been 

reported, both wi.<tJt swine and rats, it ahould be repe1:tttd Uffl!et> th'9ae sama 

ecnditions by u~1 a larger nW11ber or te•lea" 

111.ere as no ccm#iai,.ent t::&in or lou of weight b)i' t.he :females du~ing th" 

laetat:ion period in ~~ of 't,h& lot.~ m any or tl~ exp0riments. ?here _. as 

r.meh vukt1on within lots u thfJro •• SJUQng lot3. 'rhe. results imi_ice.-ted 

that the gail:t. or lou in weitl,it of the lactating temale is not. a good -..sure 

ot the ability or a ration to support normal la.otation au, reportfld by Nehon 

and E-vane (1947b). 



pomer Rl'\l noted:. It 1s ~ol~ble in nt•r beea.u.se the orit1nal u.:v~r powder 

1• a water iclublt 11.1&t,r-ial,., Xt we.a $table to irnr;;ting at a temp&rature of' 

$~• C. It wu elso at~ble to mild acid ~,nd alblitte notir11tiorui. It 'ff'd 

stable to ad.datum ·whtm exposed tr:. air. The~ properties are th~ Rm9 as 

th0$e ra1,orte!i bf Novak ~ll\i ~ (19M';;a), Zueksr and Zt:tckar (19.48) and Ja.tte* 

and Elveh.ja (1947).. fhttse properti~e ar~ al~o in a.f:.TMm.1*rit. with the proper

ties o.f the ('.".hlek f,'l"owth factor .trom fish aolublea. repo™« by· 11ob1w, et. .al, 

(1948) 'but are eome'1hat dU.ferent ~ the r,rqpe·riJ:~s o!' the ciliek ~b fao,.

t.or in eOi,f r".nrmr,"l ~:;, l"f;;port~d. t,:r Iblb!r.. anrl lUrcl {!.94bc). This su:~e3t;) t.ha.t 

the~.,.~ ~ n greup i:,:f rolaud factors i-~,ther th.a;n OM $Ingle f'f:1,,etor~ 



l. A Mal ration COll;pOsed of cround yell.ow cam 68.,S,J, soy~ oil 

meal .2;.oo;-;, alfr .. lfe mlffll $.O~, 0aco3 C .65:i tf.nd. iodim salt 0~50$ suppl._nt ... 

~ \iii.th coo-liver oil, alpha toeopberol and all the tnmm n--complex vi~ins 

te.U.ed to :support normal r.productiot1 and l~tion in the mt 1n :Experiment 

I ~ the perfo.rm1.nce of fen.talel5 f'Gd this mti~ was imprar<td 1n hperlaent .. 

u ard. n. 
2. 1'1- addition: or 2% 1•20 liver powder to a eont ... 8GJbe&n o1l Mal raU.on 

t'&aulted in a.ppaN.mtl7 not'llal nproduction and. ls.atation :1n all experimellts. 

,. Ot the alooh~lic traot!ons ot lt20 liver powder which were teated. it 

appears that thu ~ rs.ctor .is read11J aoluble in. 70$ ethyl alcohol., l•• 

Nluble 1n 95~ etbrl alcohol and is ~ot eeplet.ly ad4ef'bed an 19l'it. 

4., Add:ltior.a.1 prqpertioa of the s.ct1ft t"~or 1n livat" powder are that it

ta soluble 1n water, .tablflr to aoden.te u.ating (50,-600 o.) • stable to. f!dld acid 

and alkaline conditi.cma and stable to oxldatio:n when exposed to a1r .. 

s. fhe injection of' l:tvv u:traet (tederle) increa.aed thti livu.billtJ and 

waning wi~ts or the young tn. females M a eorr'"'°soybe:an oU meal baal ft* 

t1<1l. 

6. .SUbatit.ut.ui v!tamln ~a ta,.;gt ®sein to:.r ao,ibea.n oU .meal in the 

haul ration au;pph."tlented with cod.-l1ver oU, alpha tocopherol and ti.11 tru1 knmm 

!J-compl.x v.ttamiM r•sult.ed in elmotit. complet~ l6ctation failure. This rat1~ 

My be a raai-e w1table assay r.ation tor studying thie problem than a. eom

a07ben oil aeal :ni.tion .. 

7. SublJtitut-Sng flsh aolubl-es tor part, or trm z.oybean oil meal in th.a 

basal ration n.sulted in illproved lactation pertor1rianee ae evidenceii by 1n ... 

~ti weaning weights or the young. 

8. Tue addition -of 15$ alfalfa Jl.1.{ral ·to a ba:.Mi.l r!!;1on ao1.1poaed of' gr~..rn.d 



I 

10.. 1h3 data trcm the,1e experiments in1:U,~ate truit. the weight change ot 

,1 · 
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