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I MTRODUCTimr 

For several years resea rch worker$ have b eon studyL~ e 

heretofore unident 1f1ed growth t'actor for o.h1oks and r ~tts , the 

presenoe nr which has been n:ited. in :fi!Jh prepar f\t i ons , liver. 

distillers ' dri~d solubles ,. and certain by- products .of the 

eenni ng and pae kinrr, lndustri~s. ti1!Jlen those pr.::x:1uota were 1.'1-

cor-porated in.to certo in rations . a mar ked a cce l ere.tion in ;~owth 

rate took :pl ace , which was npparent~ly unre l a t e to t he -::,r ote.in 

cnntsnt of' the prod.ttet.s . 

This project was und0rtr1k<:m to study further t ho e rowth pro

moting act ivity or two of' t he known nouroas of this -raotor ., fish 

solubles and liver . Previous work hRd been done a t this station 

on t ho sopo.r etlo.n o'f t,hc active materia l in t'1sh s olubles . end 

t his study pr ene'1ts .rennlt13 of cont inued fra ctionnJ.:.icn o:f this 

pr oduct a nd of liver. 

l 



Wilgus and l~der (30) tountl that soybomn oil meal used ,as 

the sole source of protein supplement 1n an all-veRf}table ration 

did not proc.uoe satisfaetory gr°'tth 1.'l oh1olrn . .Addin(! na little 
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as 1. 2;~ ot msat and bon~ sorap as a sn:r,plement to the ration 1m

prove'1 1;rowth , ant1l 2. 5ft _ rod.uoed optimu.'n ?"'ates o-f gain. Liktrw1$$ ,_ 

Berry ~ !! ( 1) repo1'.°te"1 that rations eont~inin~ 32~ <£:Joybea.n oil 

·r.;.eal produeod e. deororJttled rate of r,,rowth when com.pared w1th rations 

containing 2~ soyboo.n oil m0a1 . l ~-~ eorn gluten meal , and 3% mee.t 

and bone scrap . They also obta ined hir.;hly signif'ioant chiok 

growth inoreaaes when 21·i or 4~; f'ia.11 nrass water was added to an 

a ll-ve~etnble r a tion.. 3rant nnd Oorver ( 5)- re-oorted tha:t when 

soybean 011 meal was the sole -protein nouree in the ration. chicks 

showed, s lower i:a1ns in ·,1.re _i fo:ht , and the eff1o1enoy of ration ut111• 

zet ion ~as l&se th.an 'tihen f iah m@a.l or bone ~crap vmn ado.ea. to the 

ration . Those dU't'ereucea were not nbserved d11r1n,:,: the developing 

and l nyi n; , period.a. He.mmonl1 and T1tus (10) tound that when soy• 

bonn oil nenl woe U3t:.m at a JS7' level as the protein eupJ)lement 

in t ho diet , supplementation with vita..inina an(! mine,ra.ls was required 

1n order to seoure rapid gt"O\Vtb in olt1.oks. Addition of s a.rdine 

IDeal a t a 2~ lovol to this soyb~an oil mer.1 diet produced ~~ins in 

growth_ superior t,o a diet oontninirtR meat aorap end dried skim 

m1lk. ll•.1ser (11) reported ts.hat aoyb.enn oil .meal ru1 th¢ only 

sur;plementa ry protein 1n ,u1 t'\ll-vegetablo rat 1on prooueed beavler 

Ch ioks nt eight. ireokS th~n JHJsnut oil rnee. l or ,·,.hoat u.orm meal, 

which in turn were better titan oottonsei~d oil r·i~c.l a.!ld eorn ~l11ten 

0:enl. . I nclusion or ) 5, :tish meal inorees~d resi,onse 1n every case. 



Tbe workers oonoluned t htJt the effaot pt tho anL."'k~l prof;e1n wee 

not duo l)rim~.rils' to the add&d ar:i!no acid.a . 

A great deal or controversy has tnk:cn pl ece 0:onoernin1s the 

possibility of oorreot inD: ~'le def ioiene1es or the all• Vll;!getable 

r ati on by addition of the !.nown f'i1otors of th.ta vitamin n com:plex. 

Pntton et al (22) supported by :mo.n;r other workers . found that on --
a diet com:pooe'<'.1 lar _-ely of t';l"Ound eorn, soybean oil me-al ,. .miner a l s , 

and \'!Jell supplied \Vith t..h.o lmown v1t8l"iins ,. ch leks ne-eded an animal 

protein suppler1ent for me.x i~"':'l "o·wth. Mi s hler ~ !l, (18 ) rm,;orted 

that a 55!• oorn ~n.d 40,; soybean 011 fleal ration co.nt e lned ade

quate a::ounts of biotin. inositol , para-a;.'l ino bcnZ,oic a cid, and 

vitaBins E and x. supplementing a d!.ttt with riboflnv1n, -pantn-

thenio a oicl , nicotin!c a.aid. 1tvri,1oxinc. , v1tar1i ..r1s A a nrl D, a."'ld 

.minere.13, p.rodneed . ,ood grou-th. Thl.3y oono luded • therefore , that 

growth. Marvel ct ~l (16) nhowed tha t addition of d.ist1llers ' --
dried sol ubles to a vegetable protein r ation. suor,l emented with 

minern.1~ and v1tf-!.r:? ins produced {l".l"owth equal t o t!:lat of a ration 

olud.ed tnnt animal proteins in t he:nselveo-we:re not ermential for 

Novak et a l ( 21 ) ~eported that cUst!llers• dried st>lubles _ ._..... .... 

and eon.d.en.se-d tint ttol ubl os bot h oonta 1ned an unkncnin Rrowth 

f actor or :ro.otors neoeosnr,J ror a:ro ~tb of ch iokc . Cravens et ;ft.l ( 6 ) 

f ound t .hot a d1at eoriposed. ot yellow eorn, whef-1 t by- produetn, vieat 

s craps , noybga n oil r:iea l , min.erol a • riboflavin, end f1:ih. o il YJ'tlS 

unsnt1mt a otory ~s a d iet i'"or gr owing chicks. Addition o:f 5~ 
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a l fal fa, leaf meel feilod to ~1ve Sir4li1"1oant P.rowth imp:rover.n,nt . 

A slip.ht hlprove:rmmt was noted with t he addit ion of 5~; dried skim. 

milk. Condensed fish r,res;s vJa tar or ground f 1ah visce r a was 

hi~hly effective L"l produein.,,, growth ge.1ns ; a c ombimrt1on 0 ,r dried 

&kin milk nn<l fi @t~ pres£\ water rae11l t -ed in the ?re~Jtest ~owt h 

stimulus. ( <!'I, nrau o ) reported , 1n .reed in~ exper iJ!l.1:,nts us 1n :. f 1st1 

solubles at a si level inn diet of soybean oil menl and nlf'a lfa. 

suppl emented with minera l s and vitarilns , that the grou.rth or chicks 

waa greatly stimuls.'ted,. The 1)rotein content; or t he fisl1 sc>lublea. 

he fe l t , was not respons!ble for tho stinmJ.atory aet1on.. !,iis.hler 

et y (17 ) obta ined be-St gr ovrth uainr: fish solubles at a 1 . 5,; 

l evel in a r a t 1~n oontnini ~ J6i soybean 011 meal ,. 58% eo.rn, nnd 

mineral and v1ta 1111n supplements.. Lassen and .Bnoon (13 ) round 

that condensed tioh solubles c ~u.ld be 1ncor norP-ted into youltry 

rations i n tilllounts &'3 hi~h ns 13%. Abovo th!a e-...r:1ount t he hi~h 

mineral content couz:rto1-aot-ed the grorth pronot 1on . Bird _!! Jal (4) 

and Ee.thke et al ( 2 ) showed tht.'- t sarf.!ine f i sh. ma~l ~,nd c ondensed --
1"i£Jh solPbl os lno-reae.ed he.tohab111ty . ".f.lhey s ~gested t hat the 

t!;r'Owt.h factor Vf"aO trf;:1ns1n1tted. from t.J'm- hen. t hrou~h t .he e~-'t to the 

ehiok . In eonr!rk~tlon. or this v1e,, Mc<iinni s and llnrver (14) 

reported that t he not-,d for the factor 1.ri tlle chiok was markedly 

influeno-eJ by the d iet f'e<l Ute hen. H1gh .morta lity was obse..rved 

in ch1olm from h0m1 fed soyboa.n o-11 mea l sup-pl t1mell'ted by 1 . 7% 

f :l.sh meal . v-h ile ehicks from breeder hcnn on <!.iets oontP.. in.ing 4 . 5~ 

fish meal st:owe,d m.aximlifil gr~wth and 11ve.b111ty. 

Emerson ( 7) using 5~ and 66:!:i elcohol 1'rnct1o.ns of fish solu• 

blee at a 31,; l evel i n the feed ,. r ound the act ivity to be in the 

eleohol i nsol uble fractions. l'Iie.hol et al ( 19 ) ronort&d a __ ...... .. 
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sign1tioant ,;-,.,rowth responoe 1n chick rations oonta 1n1n.~ rm ethanol 

insoluble fr.i-1otion of fish n.olublos eoc1 ed to the tm:ml rt:ttio.n e t 

a ievel equivalent to 3~ of the fish sol uble.s . Ret1eulo1".en. an 

e.nt1- pornicious anemi a factor injected e.t a level o~ 0 .,05 cc. , 

produced a !~O\'fth stimulation equal to that of the ration oontain-

1n~ 'fish solubles . In stu~ 1os with purified r~ti.ons1 these \1ori:oro 

(23) r eported a a i m.ilar .,.,r o-wt h r onpmu.1e . 'rhey- :found the uniden.t1f1e<l 

growth faetor in fish solubloa t o he in.soluble 1n 95% et •. hnnol , nee

-tone , ~nd et.tter • and aol ubl€ in ~~at.er and 70~{ meth·)nnl . stotin~ 

t hat the higher t he eoooen1;r at.1on of nlcmhol , the less n.oluble the 

factor was . 

Hammond (9 ) and ~ 1tnon et. al (29 ) f ound t hat om~ manure pro-- -
duced a growth stimulus when added. to o. r at i on supplemented by 

vitami ns and minerals , e...nd Whitson further :re'!-)erted t hnt. t he £!.rowth 

~r0ft!o"1~ factor WfH-; not one o-f t he 'known v itrun1nn,. Hubin and 131:rd 

( 25) obsorve.d that the g.ro t h f'aotor in cow manure waa not 1dent1ce.1 

with the :provi~)usl y det:tcribed r,;rowth taators. Th-0y i,repared nn 

ethnnol sol uble extract trom tne manure that was e ffective 1n pro

moting ohiok gro~i·th .. Bi.rd .!! a l () ) l ater ro1>orted thin growth 

f actor 1n oow manure to be soluble in water at- pH 3.,0 if the J)ro

tein v;era r emoved. aol ubl G i n eo~t; tHl"i t one , st-able to ~utoclaving 

r o:r t wo hours at a. noutrel -,H. b,.1.t r ead 1ly destroyed by autoclav-

1ng 1t one hour at ru1 a old pH. some deat.ruct i on of this growth 

f'a-otor took place when the manure was dried or W6S allov;:ed to 

stand in ~J sli0 htly a l kaline solut~1on . Th~1 workers devGloued a 1- 2 

week a.asay procedure using chicks , 1>revio.usly :f'od a diet det'1oient 

1n the essential growth fa<.rtor,. 
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Ru.bin ~ & ( 26) found that a chio.k t'U"owth :f1:rntor wiu:1 alno 

r,resent in urine free hen dro'l.'}p1n~s. !l.nd ac>.nolud.ed that the ~rov.tth 

substance l'm.lst hav·e been synthesized by the hen s inee 1 t l\'1:Hl not 

1n the h~n• s diet·. I.t \Vas not t"ound 1n t110 dr-npn in~s of ~1ng 

ohiclr...s three to st.x wEutks old., 

~roG1nn1e ~ sl (15 ) reJXJ,rtad an un.identU'ied: ~m1th :ract-or 

in liver. 'l'be erowtb promotiog factor tl"es found in an ethanol 

soluble :fraotion. They f'ound that th1.s factor wes unin:flH'i'mced 

by the type or :prot.o i.tt in the diet·. Methi onin"·• for iru,tancEr, 

didI1 ' t replace tlw teato:r. bi1t gave additional ~·~".i th respo-.ttflle·. 

The fact.pr v.ao _ dti$troye.d b:, oxidation , ~es n:,t nbzorbed by lifll"Co 

at a, pH of 5, 4 , J . ,,r 2 . and was i nsoluble i n see-tone'. - The 

active .fraction was di.nlyzable t hrou)1 a ¢ llophane mem.brat1&". 

Optinwn ftl'O--.,jth ,1as r,;bte1ned i.'1 f"fra 1n ratl-nnn us1rv~ ns litt,J.~ as 

t-hree t'fi ill ie.,ri1mn o-t d iffer~nt eoneentre. toft per 100 P-;'ra'i'Jil o:r :t"&ed·. 

Johnson ..!!. a.l ( 12) r0l)oru.-d a f actor -pr-e~ent ln cn,s:ein <1no 11V$.l" 

r.ctea l ezs-eutiel for ,Jhiok P;rtiwth·. I t \?Jaa disttri.et f'rcm vit;-,rdn A 

and the la.town :menbers at the vi t\11:;-nin B eotl'lDltrx . . lt tva.s soluble 

i r.1 atl er end in etht.:.n.ol , and was t-hermostablf;.. Z.ucker t11.nc1 2Alcker 

( 31 ) in atudies ~i'th :ra-ta. 1"ouud an unidenti.t'iod fl'J."Owth faotor , 

which they nru::1ed ttzoor,,.herin" preeent in l t 20 liv-er powder • t1nh 

solubles , a.n-d orut1e casein raap&otlv01y.. :l'hey reported tha f'e c

tor to be s.oluble 1n water, d ilute acid ,, alkr-:.11, moderately sol u

ble in 951;'; ale.ohol , and insoluble in ether . It wa s stable to 

heat ~ lig-Jlt • and air. 11ovak and Hemge ( 20 ) lH~w.ise reported a 

growth f'aotor for rats , t-th1oh they called vitamin B13 ., obtained 

fro:i1 d ist1J.lers • dried soluble-a. rioe polishtn-1~~ OMHlsntr~te• 
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and liver extrat)t in a hir~ly :purH'ied state. lO"t !Jt' this sub

stance produced r!laXi.eu.m growtl1 in thf: ro.ts• while 2 "f ga"(O det

l.n:2.te growth stimulation.,. It \\'t'HS $table to bent , noid , and alke.111 

and soluble in water,. a cetone . chlor~)rorm, ethanol. ethyl ether. 

and benzene. It was 11ree1pitet.ed by phosphotungs-tie aeid and 

lead seat.eta. an<1 Aboorbed. from aoid ~olut1on on ll''lor1s11 .- Lloyd• s 

reagent , norit , and neoal~o.. The solu.bUity o.f' the subst,anoe in 

ohlor:,forr,,. and at?ter indloated that it as not identic~l with 

1~1thin the pant few months • Riot.es !i al ( 24) have re:por-ted 

the tsolation. in crystalline f'o.r:m or a com-pou.n,.d ,m·:ob they oell 

vitamin B12 • This oomp.mina . 1sol€lt-ed :from liver,. has: pror1uoed 

positive hm1r1tol og1m1l ret1ponm.?A et dosee of' e. few miero~rams 1n 

cases of Addisoninn p.ern1oious e.11e1.r,ia. (West• 28} It stmms 

llbly that vitwtln D12 t~ay oo in part ~t least , re.sponsible -ror 

the c.lliok growth pror:1otir,...g r:rntivity or the hlt!,hly J)Otent ·anti

pernioioua nner::ia (APA} prejJara.tiomJ.. V1tom1n B12 ar,:;peara to be 

the growth factor reqi.:d.red by tactooooillus l aetis Dorner (LW 

taotor). Shorb (27 ) found that "Vite:1".,in B1 .-, when assayed tor 

LW activity i1Jns found to be wholly or po.rtially ret:qxma'.ible 

t'"or tho rsrowth aetivit:; ..... " The LLD i'actor aotivity oeours in 

:fairly hlr,.'1 5:r~ounts 1n C1:lW. J.ri.8:mu"'e , f:tsh mee..l , pencreat .in. pa1)8.ln, 

&;:...g .bite ai.11d e gr!: yolk• and 1ll le rmer eirounts in aleohol1c ex-



1!'.Xl»RRn1t~l!'WAL 

C>Ollffal. 

In all or· these ,$tud1es d~Y• Old mlo eh1ok:s ~Gere uaed. 14 

Chieko i1ere in.olud.ed 1n eueh lot in tr~l 1,. and 1n all au.bseque.nt 

t.rialo 12 chick.a t e.re uSsed 1.11 each lot• ,,1th 0110 ezcept1:m 1n 

trisl 1..,. Chicks were- a itl1xttnro or fJh1te Plymot:tb l:locks1 N~w 

H&~"'MJll iref.l , and !}'.:,r:.1inant. W"h1te oros-ses. They wer~ w1n~- ban4e4 

and distri~.:1.tei! et random. i .nrour,h the lots . Trials ~e carr"ied 

tor a period or tou:r wea!rs each. 

The cl:i.c1t'n were h;:;:used 1n e. ther~staticm.lly controlled. 

eleotr.ioally h.eet$d ba:t.te.:ry brc<>der , ma1nta:1.'l&d et su1ttnble 

t,eo.pere:tu.re throuH,bout the e .. ,r"rimente.. Food ~..nd ,1.ater wer~ -pro

v ided. ad lib., and too chicks •re uetf>thed at \!ff)&k!S" 1ntervn.ls. 

~&11Y,lt record:s tor ttie 1rutividuel elitclm \ll&rc kept. oot tbe 

vmight$ recorded in th1s paper were the avera~ weokly gain ob-, 

t a1ne~ ror each ontire lot. 

IJl a previ....--.us stndy on chick ~owth made at this cx-perbreat 

station (7) -, 1t. wr~il concluded that cbioka f'ed en all- vegetable 

ret1on sul,\pler:1ent.od "Qlltb sya~be,tlc n.ooml)l.ex v1tenins ehowe<J ac 

~at a gain in ~eight. d:ur1ng 4 and 6 woeke ipertods ~e d14 eh1.eb 

f'e-d n praet1oal l)OUlt.rs re.t1on conta-!ning tll.lllr,lt l protein. , .. 

stwi1 at tbe edd:1t1on :of' the B-oomplex viti-=ntns she.wed ::un:Jmum 

growth o.nl1 w.ben all th~ Yit ar±.1:'lS wero inoluc.acl in tho r a tion. 

The most s1gn1r 1.ennt di"'OP .1:n tWOWth was no~ t<'lhen. choline t.vao 



cnn1ttea .. When the all- vegetable ration wai~ supl)lemented with 

the B-oom:plex vitrunins and )% :f'ioh solubles , growth reten ot t-bl 

ohioks grea.tly increased.. Chern1oAcl fre.ationa.t1on of the :fl.sh 

solubles using 50'% and 66~ a.laohol concentrations. ohowed the 

growth activity to be in the f'ra.et1on soluble 1n 66i and insol

uble in 95'£ aloohol. 

'l'he fish solublea used in these eX!)et-iments we.s what is 

commonly known as f1sh l)ress watar. ecr:ui istlnrs of the· body m.o1s

turo., gastric, juices. tissue r,a.rtioles • eto. removed h'o.m freshly 

pressed se...rd1ne fish oll. This meiterial was then reduced to a 

5oi solids conaisten.cy through a s-eries of vaou.um evuporetirm.a . · 

The protein content of' the fish so.lubles used was approxi.>na tely 

) ) ~ .. 
Ohe-21ioa l t'ract1ouat1on of the growth aotiv.e material in the 

fi-8.h solubles was be,i!tin,, · us ing various eonoentrat1ons or ale<t

hol . _ t .heo pr.eoin!t.atint,, ~~entei . · 

Since growth activity to~ chicks has also been noted using 

va.rlous l i ver pre~nrnt1ons it we.a t tmught adv1aable to o.ompare 

the 6 rotrt.h obttJ ined u::d..rt~i liver :rrnotioruJ with that of the f ish 

soluble fract i.on • . Cert-O L"l liver fractions ,mioh had been pre

pared :t'rom a c,:mnnere.i al 1 ; 20 liver powder (¥J1lson) were avail able 

int.he labor at or y. Methods .of t'ractionation for the liver were 

similar to thnse o~ comparable fish soluble tractions , the r>rep

arati.on of' which 1dll oo discussed in ,1etail. 

The t:raot1ons were tes ted for ~rowth promotin~ activity by 

adding then to a corn and soybean oil meal ration, su-ppl ttr1ented 
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vtl'th , -eota-pl~x '\Tltaminti and minerals., Co~oll1tit>n n'f the brum.1 

rntion ~nd t,!1e !'-~0,":1~lr;x vitamin su~le~nt~ 1s sbaffll 1n 1'r!ble 1 .

.In ell oases :t1!ih soluJJle.&. ae $Ueh. iw.t1::re added to the ration at 

a 3%, lsve:1. whiltl a.ll :f!'?"oet1o~s rr.ad<t rr~i th!~ 1}rod.1et •re ad4e4 

t,o the rotlon at a level of' 45'f. or th-e $r·!.~1nal ~t~rtal• 1~ ootag 

allowed tor l&a;rie:s durinq, pl"oee.ssi:t\ft• lt20 liver ;1owdor Nl4 

liver rmot!ons 'fie-1"'ll· add&-4 at levels a.ffl 4-es!~atea., 

It wee telt desire.blc to .r1rst 'try to auplic:ate the nsult.a 

obt&tned 1n t.he previous s·tut1:V with th~ tie1'1 salubl rraetion

at1tHl:, t!l:Bn to o:t~'lf!iic to oarey- the t'n·ot-1oniat1oo throu~.b 1'n"ther 

atagEis or pur1.f1eat1on • 

.tote 1., 2. and 4 s1.l.t"ffd aa cont.rol.s... Lot l \fflS red. the 

basal ration. 1ot 2 th~ basal rntion U'i'l~1'Jll~.sn'tea with B v1tam1ns, 

and lot. 4 t l1e basal ration .SUT';>lem,~nt,,oo ¥11Wit.h. 13 v1t*'~lm1 f:l!ld fish 

solo.bl.es. Sineo 1t bad be0-!l nnto·d prev1onaly that om1seioo of 

choline .f:rot:i the vi"tftmin B-em.1.t;1lex m1p, .1Gcent,,s 1 roeu-eoo t he most 

serious rtHluet.lon. in o-bicit; 6;..!'0~ t.11. it oo,e er:M 1d:«u"ec1 i:;t:,rthtit.!le 

to df)t.orm1ne whether. cih.ol1ne alone wo:1ld ndscyuntely· muppl~nt 

'tbt) rnti®• 'rberefoi-e, in lot ) clt3l.1ue wau tho only vitev:itn 

aui,~lment. 

Fish soluble :f'reotion.s wo:re 1,r1.i1>~roo 1n tJ:1-e .. ollov1n~ m11u·mer: 

2000 ~ . or f'hm solubles nnd. j)J.;0 co . !'.>t 95~:: e lo!)hol were mixed 

toget her, m!d.n;t ei 66% a lcohol ooneentrfit!on. Thlfl t.'l\rture m s 

st~d un.t ll h."l:IDOl~nooua 'Cl:.lin/4 tt maeh-i}.J11oa l $tl rre:r, than {,11:awed 



ln€;red1ent 

o round yellow C01'1'l 
Soybean oil meal 
C6.le 1UH1 carbona:t,e 
,;,temied bonemeal 
Salt 

TOTAL 

TABa I •. 

BASAL '.RATlON 

Per Cent 

;1.0 
39. 0 
1. 0 
2. 0 
1. 0 

The ration ua sul)plemented w1t.b tihe follow• 
1ng vitamins n-er 100 'f'OUttde or :reed: Vitamin A 
and D reed .oil, 115 p,s.; '!'h1am1ae, 90 iug.; 
Inositol. l ·~ • t Pa.n- am1no . ~nzo1o ec1.a1 500 mg.; 
Fantothenlo eeid,. 500 mg.; Pyridoxine,. 100 mg.; 
Choline, 70 gma.; R1botlev1n, 3 gms.; liflootinlo 
Acid• 800 mg.; Fol.le s cld• 4.5 mg. 

u 
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to stand until t.he·r~ wart a a.epa,r a t1on 1n the ru.xtttre. The super-

natcnt liquid• a clear dark brown 1n color , was poured off, and 

th0 rem.ain1.ng -port1cn re.mixed and e...mtrif'Ub"'19d.. The .supornate-nt 

solution \YrlS at;ain ramove-d . Itxtraotion of th~ r @si duo vmt1 con. 

t1nued usine: S&i'~llt:Jr por't1ons ot 661t alcohol Wtt11 the 1mper

n,etent tml ution after oantrif.~ing wnt? prnotieally colorless. A 

fa.tty l ayer rort~d on to!} of the liquid afte:r oontcrit"UPtln~. In 

an effort to re~ove 1t, 100 ral . Qf EJthel" were added to t .be l1qu14, 

but this did not prevent sel)arati on_. '?he fay l ayer wrcu.; t hen a l 

lm,,~d t.o go into t..~e l iquid port.ion, nnd 'NRf> l ater ro,moved by 

plpet! ng t he liqui d out f'rom un4&r t .he tat l ayer . 

Tb.e 6~ aloohol 1n.sol ubl.o port.ion ot the fish · solubles was 

apread. out in a porcelo 1n tray to dry on a hot. p l o te. From time 

t o time t be pi eces were broken up and turned to taoilitate dry

ing. Aft er dry1nt! • the material wa.s grmu1d to pa,1der in c r:-1111. 

and was add.ad to the basal r t-t lon in lot 5-. 

The aupe!'"nat .. en.t 11qui d was filtered with auot ion to rer:rove 

any traces of' insoluble motar itJ l . By mean$ or vacuum distillation 

1t we.a t hen reduced i n vol.ame to that point at which the viscous 

residue 0(~.11ld Just bG 1·eI,oved f'r-om t .ho flaek. Sl nee t h~s na.ter

ial still rcte.i ned. a 8£:'ja ll a.'ti.ou..."lt or , t~t~r , i t was dtth7t!r:3.ted by 

t he a4d1tion ot 2.000 :m.l . ot' abS-?l ute a l cohol end st 1tt1 '1~ . 'fb1s 

p.roaesa wan repeated wit.h several S<FA!.ler portio-ns of absolute 

a lcohol._ The dehydrated residue ~s t hen re~entedly extr&e"tetl 

with avi)i-~x1rnately 250 ml. portions or 95i aloobol until t he 

n.loohol extr~ots beoaroo light yel low in color. All the alcohol 

soluble f'ra.eti,ins were -eor;fb1ned and reduced in. . volumo by vacuum 
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distillation. Thia r~otion wao deHig:rmted the 95:t ale::>hol solu

ble froction o.nd VtifHJ add&d t.o the .ration of lot 6 . Th·e 951 

a lcohol insoluble residue tms dissolved in wotor, 1n wh ich it was 

rt.?ad 11y !JOlubl,e , s.w.d e,dde<i to the r e t ion of lot '7. 

338 1~ • • ot the 95f, a lcohol irrnoluble traotion.1 re-nrnnent.-

ing 10<, of the :t1ah solubles ,. w~re than dim:mlied in 500 ,1. of 

water fo1~ further f!"3et1o:natlon. Baslo letul neo.ta1;e wa~ d 1saolved 

in w·at1;;r , boiled, filtered • 1.md ad.t'ie<l to t.hts t'reotinn in :Juffio-

1ent e.t2ounts to pre-oipi.tate e portion of tho pr-ote 1ntloeoua mate~-

1als in the solution. fie oor:raet ru:.,ount waa determined by cen

trifu~in~ s 1mll port.ions , then a(kUne the acetate sol ution until 

n.o further nreainit~tion oticmrred . The riupernate.nt liquid was 

then dec~1:1t~d and f'ittered. The r,reei!)itate w,tlS re:pe,~tedly Ett·

tracted with h:.it ¥mter. then oentri~ed, and the ltqtdd ad'1ed to 

tho filtrate. Leed wus ?"4!lmoved ns the sulf'ide• which wns then 

eentrifu ~e<.1 r.n.d t he prea:tpitnte thormJ.ghly we.nhed with hot wat€r 

to extl"'a1.,t any fib:Jorbeid nnteria.l . Both the lea.d filtrate and tho 

precipitate were oleor brown solutions. The lead 1:'1ltrate was 

add:e<'! to the r ut ion in l.ot s •.. and tJ1e J.e t1d prf.m1;,1tate in lot 9. 

1:20 11vor poimer \'ltiS i ncluded 1n ~ho lot 10 rat ion nt e 

31; level . and a 95·% alcohol i n soluble liver '.fraction re-presenting 

4% or the 1: 20 liver 1)0\'lder wa~ tested in lot. 11. 

To study t .he ef'foct or fish solubles \Vi'thout the B-complex 

vitamin suppl eme.t1t 1 :fish solubles were . addet'l to t he bo.s?. l ration 

in lot 12. 
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For c.o-z.11parison r,,i:.:.rporrna n pre.oti.onl oh1ek Btarter ration. 

oontnini.ng a.t"lin1al proteint V;c1s included to dete.rmi..rw relative 

Lrowth b{1ttteen this ration a.11(1 the otoorE. c ontaini ng princi

P.<:tlly vegetable :protein. (Lot 13) Composition of this r ation is 

given i n Table II. 

Trial£ 

Serving as oonta,.ols 1n t h.is study vrere lot 14.. t"ed the basal 

ration, lot 15. ted t he banal ration mi-pr,lem<mted with !3-on!ill}lex 

v:1'tt'illt1ns, end lot 16 , f'ed tlm baae l r at ion :supl)l eme_!ted with 

B-eon{J')l ex vitar:i ns and fish sol ubles . 

A o6i a.lc~hol soluble fl-tiction of fish solubles wa~ -pre

pared by r1b :1n~ eom:paroble amounts or the 951; a loohol i nsolubl e 

:fraction a.nd the 95'b nloohol s'Oluble frtMJt1on J)repared tor trial 

l . The resulting ~ra.ot1on was added t.o the r et1on 1n lot 17. 

The other f h1ll soluble fractions v,ere -preparod in a mAn.n.er 

a1ra.ilar to t.tione i n the f:trst trial. To 2000 w:is . o:f :tish solu

bles, ;oo ml. o'f water v."$re sdded . a.nd the t wo n t x-ed and A.llowed 

t-o stand. overn1Rht in an unzuceessf'Ul iattempt to remove the fat . 

Then 5300 co., or 95% aleo:hol wer e added, t1:t1ki n,~ e 6rti a lcchol 

oonoent1""aticn.. ~Phis swl ut.1.on. was t.r~eted as prHv1cnHJly desor1b&d 

L1. t.r1e l l ,, centr1Sugin~~ and ra-e:r:tr.a oting wit h 66"}, a lcohol un

til a ll t he a loohol sol ubl e f raot ion was ran oY.tM'.L, This time , 

however , t he vol ume o:r t ?le 66,7; olcolwl solublo f r a;ot1on. wee not 

r e,duo'3d ~s much as b•1:for€i , the 1 i quid beln,, lett 1n ~ fairly 

t h in fluid s~s~e. A, t'"urther ef~ort was r:tflde to Sfft)arate th:e f at, 



*1' ABLE ·II• 

PRACT!CAL CHICK STAR'rlm RATION 

Ingredient 

Gr ound Kar 1r 
\\heat Shorts 
~-'!heat BrBll 
l:1Ulver1zed Barley 
Al:talf'a tear Beal 
Soybean Oil Meal 
Meat and Bone scra-p 
Pried Buttermilk 
calcium. Oerbonate 
Salt 

T\)TAL 

· Per Cent 

:;o .• o 
10 .• 0 
10. 0 
10. 0 
10. 0 
10. 0 
10 .• 0 

B. O 
1.0 
1. 0 

100. 0 

· The ration was sul)r>l Qment ed wi th bei ateroI, o.025~ 
.a..."ld carotene Prem1x1 O. l!• 

15 
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first by refrigeration,. an/l then with petrol~um ether with litth! 

&1ocess 1 so the pipette l!tethod wcu1 11qain uoed. 

The lead l)ree1p1ta.t1o.n was eo.rr i~d. out es bef'ore • exeerit 

t.hat the entire trnct.it,n sol uble i n 66:t, a1oohol l-vas u.sed . The 

lead filtrate \\.'as 1•educed u.n1.er 't}resr.n.1.t"e to a voltJJ'J_e of' .l~S8 than 

t wa liters . 

A nrercury preoip1tat1on was oorr·1ed out in the following 

teHt ,ed w1tb litmus. Mercuric acetate v;as dissolved in llot vnJter 

and r;idded to t.ha :f1ltrnte, aodium ca..rbr:maw beino; addttd at the 

sar,1e time to me inta.1.n. the neutr-slit:r or the solution. A ri.ch , 

creamy aolort'?d so.luti.on was the· re5ul t . .c,!ereur1c aotlltate was 

a<"ldnd until there waa uo t'urthcr prec1}'}1ta:rtion Wdut n01rtin!l.a were 

ec~nt.rif'uft'.ed one t n.e 8-aetiste adde·d. Then the solution was a,~aH:1 

tr:J.:lde neutral to lit~s. It wns stirred t1.stn.1,; the meohani.ol!Jl 

t1ltrf\te G-"'"J.d the nrocipitate .. T·he filtrate was oloudy, but 

further tUterLu; usiru: filter eel ·nrovee 1ln:'j-n.eoess:fu.l iu romovL'l~ 

t11e c l oudlness,., ~hot}~er t h-e nolution were brlsio. or acidio. or ev-en 

when nore alcohol had been at.!cled and it had. btJen refr1p:er·5ted 

before f iltertng •. 

.Aft er adjust.in?. t he sol ut i ons to a pH between b. and 5; i1s1ng 

litmus and oon;:,;o red as 1nd 1eators, th.e roe:reury a.ncl loa.d were 

rem.oved fro.':'! th~ ~ereur:1 :t"il trat.e S..i"'.1{1 nreoi'oltrllte a!'ld f"rom the 

af'ter being ra:.::· ov&d :fror, the sol utions by centrifu~t.n1r;, t?!eri 

wi\shin~ as J)reviously described . &!nee t :ie volu.-n.e!:1 of both the 
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mercury preoipitats and f iltrnt e w~re .so l err::,'.1. , they we.re raduoed~ 

usin,r, vacuum d i s ttlln1~1on. ()lantities of l arge white crystals 

separated , e;rp!trentl y t,he t:11nlts rem1.ltin1 from r encmted add 1ti~a 

of' acids an,1 b-nses. 'l,ie$6 v,ere f il ter~,1 o'f:f t washed , and d 1searded.-

The lea,1 preoip1ta.te was adr1ed t o th1-1 lot l . r tian. The 

mercury prec.1pitate. n pale yell ow sol ution, und 'the ntel"e".iry 

filtrate , a ole~r or r:m.;:::e ~oluticm .• were added to the r a tion in 

lots 19 and 20 , respectively. 

S1nce t he liver 1)r~rm~at. i ons in t~rial 1 had prN1u-oed Oi'lti

:::num ohiok grov..,-t ll , it was deeided to st~udy the eff eot of decrees

i n :, the am::n.lllt of liver powder in t .he rntion. 'Therefo:rs . the 

equivalent .of 2i of' the liver f)owder vms uoed in all lots . l ; 20 

liver powder we.a used in lot 21 . a nu. the 95~ alochol insoluble 

liver fraction i n lot 2:2. A Morit.e filtrate a.nd a ;iorite eluate 

ot t he 95-;: alcohol i n::ioluble liver fraction were ussd t n lots 

23 and 24., r espectively. The r,repnration o.f, t be-so rrm.etions was 

similar t-o t hat of f1sh soluble frtwt1ons '<thioh will be deocribed 

i n trial ) . 

In lot. 25 ohie . s wer-e fed the btH:101 ration plus D vitamin 

supnl o;~ents • and. were i.n.jeoted wtth a conoentreted solution of 

APA liver axtra ot n t a l ove.l of 0 . 2 cc., per eh.1.ok per \'Jetlk• 

·Them:, end al l other i njeot 1::.no w~:re made t wiee eaoh week, be• 

es i nniaf: when tho ch1oks ~1En·e one week ol.d,. 

D1.noo s~ author s have r eported growth t:!Otivit.y in a lral f'n 

let"f meal • am! a 901 alcollnl 1.rwol ub1e frnct1on of a lfa lfa leaf 

was available in the l aboratory , it wa.n incorpor ated into the 



r ation or lot 26 at a 10~ level. 

Tr.i al. l 

In this tr1el at:: befoJ:"$ the f"irst thr&e lots , 2?, 28 , and 

29 were the basal ration, t :he basal 1·at1on su::trt1l e!l'tented Vlith B 

vitai'1i ns , ond the ba..se l r etion SJ.;rpnl~r:~n.tee tdth a v·i't!lr.:1 ins and 

:f1!',h solubl oa .• 
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Fish Go1ubl5 frn.ot ions used \'fflr e the foll owi r.Ps : 'P11e mercury 

filtrate fraction prepared f:)r trial 2 was ~d.de-d to the rtlt1on 

1n lot 30. 

11-he r et!'..ni ndt.H' or tbe n:i!ireury filtrate , 1160 n l ,.,. was reduced 

in volune under pressure t o 40 .ral . liOO ml .. of water wer e added , 

and the sol ution mixe.cl thoroug.hly.. Then 1/4 or this n.ixture , 

110 ml., representin~1 18;{ o:r the or iP.in&l fish rolublea, we.a 

dilut.od to ahout JOO ::il . with W:3ter , nnd t!ie pH aajuotetl to oe

t wo<tn 4 m1d 5,, usintt aoetio neld,, anlt t.eatiat : with lit.nus o.nd 

oon;o red indicators . A 10 p,m. portion or Nnrito 1-.. .,as added. 

and t he solution mixed. t horout;hly, us ins; a ~lass stirring rod .. 

It Wtlt'I then heatod: 1 stirred v1ftorously, ana f'il tared . This pro

eeaure t'i'BS re .eat.ad seven times , until no :further color o?ulnge 

was apparent. This solution vJas n pale,, clea r ~rellow 1n color. 

It will be 1d.Emtif1ed as the 1ior1te filtrate . This fra~tion was 

added t :::, t he r ~t ion of· lot J l . 

An:ioni a oa l 70';( a lcohol ,,an ruido by add i:1 .... 2 n l . of conean

trn~ed ru:1r10niu.."'?l h;rdrox1<.!e rier 100 ril . of ?Of· oloohol . 200 :,l . 

l)ortions o:r thin alcohol were added to the Horita eluate , using 
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the above procedure" stirri!lg, heetin0 , and !"ll tcrin_~. '!'he 

t.fo:rite v1as re'liweslied with t he rur.rnoniaerd e:leohol until tho a.leohol 

washin~:s !.:ere clear ~ntl colorless . This sol ut i on ,. the 1'-forite 

eltu.rte , wt;.s IPi l no pale yell ow. It was a<lded to t he ri,t1on ~f lot 

J2 . 

rrhreo other f:tsh sol uble fra ot1nna were i,roprtrod , us:i.n~ 

alo.ohol ooneen.trnt. iona for extraction oot proviou:Jly te~tcd. To 

4000 PJ:lS • of f:lsh solubles 1000 nl. of 70~? altlorml were added , 

fu"ld mixed t horou.flhly. i'he rosultinc r.;olut i on was refri ,eretod 

ovorrd. .ht . 500 Fll . 01'" 95, , alcohol were t!d-ded to tho sol ution , 

umki ng nn alcohol conoentratio-n of" trpproxinet~ly 751::,. After mix

i nt~ thoi•i;ughly t1.m1 letting t he no-lut i o.n s tirn.d a 1-:;hort while , the 

uupornntont liquid wue de.cantecr1. ·:the re~.,,a ininr,; :portion w~ t:J re

mixect unc. rofrigorated... Tbe foll.ow in;:: c.ay the aol tlt i~n we.s f i l 

t ared i n nn nttempt to r ei1;U>va crystal s whleh hed. forned . 0 inoe 

this was uns uccessful , the soluti on v,~s oontrif'uged , thus separ 

ating t he orynta ls t1 .. om the 75% a lcohol soluble fraction. The 

crynt-a l s were vmsb.e d in 30'.:. e lcc.hol r epeatedly• than oentritu~ed ,. 

separating the oryst ;!lls an liqu id. 'I11e liquid was adlled to the 

75<, alcohol sol uble· .fraction . ·rtien 500 m.1 . or 95·~[; a lcohol were 

rurnod t n the :rrnctlon an.d rni :(ett, bringin"i the oonoentr at l on of 

t he trcctinn to sor, a lcohol. It was t hen ref':rir;ernted overn1.~ht •. 

Gi nce t.he ery,i:rt a.l e seperttted. out f'ro..-r. the 751), a loohol trac

t ions nppeur od t o be largely !!'.J'l<le un of inorr~.anio s ul ta , ;: sam:ple 

wao dr i e · in the !'.>V<Hl• then ~shed in n :r.'.luttl e furnace . The 28%

loao in V,'eir...bt and t1 ponitive chloride tent ur-: i n,~ silver nitr a te 

prond the fniotion to be l ~r gely inorganic matter. Therefore 
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After retrigerat1qin , the So~.:. alc()hol soluble ~nd innoluhle 

:fractions wera ·· sem1ra~d. by oentr.U'ugi.l'l~ and f'ilteriN;. T.he 

the soluble "'' fr'notio~ , . a. ratty la:rar , and tho 3.nsolubl~ trae.t 1on. 

The irisolublt:i .f'taetlon weu; ' ,~ti.s.h.ed cevo.ral time.g in :~5 :; t>1lcn.nol , 
1/ , t - /. 

end the w~.tiir1ng~l adde<l t.c, the 80';'.. aleohol solu'hle fraetir;n . The 

so,~ al:t'f.61101' i..~oluble :rra-et1-on was f~uoked dry• 1.r~dn-, .. n ~ructtnn 

filt'ef . and. ,.~,s .added t~ t .h~ ration (lot );). The soluble f'rao-
. ' 

'i'.t1e ;·tat l ayer l\~s .re-extracted twice with so,:; ri.lcohol, ttnd 

t lie w.41f'$fiings added to th.a .SO;', a lcohol soluble 1~.rnction , before 

t,..hfi!i· ta~: was diocarded . Suf"fic1ent 95(1, f'tl.Cohol was t.he.n ,1'3ddad 
. ,• 
to th'I"!! ~olubl e fraction to brinft the aloohol oonoentration from 

tri ~1!'.f;-t l.Hg t oen:t:r1.fu,;:-, in.e . W~Hi-hin.~ , 8:J.-d f'i. lter1,n~, to Sf'H"ltll"'it& 

t he 8p/ nloohol soluble and insoluble fraet1ons. The 85;~ alcohol 

1nsolhble fraction W1\S inclttde<i in the rr:1tion: of' l ot 3Ls.,. ~nd. the 
I 

l e.ting ef'footu of the injected liver oo:.tcentre.te . 'l'o deter-r'!ine 

tha .extract , two lot~ \\"ere injected. In lot 36 the chicko re

ceived injections of 0 .1 cc. par week, whlle L."l lot 37, of 0. 04 

,co. 
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tr-ial thun be.fore. 1 : 20 liver powdor ~atHl 1ncor!}orated at a 

level 01' 3'%. ill lot 38, and t he ·io:rite alua to or the liv:er powder 

vms u. ed. at J!J:. 1n lot 39. 

Thi~ l ost tr1.a l rN-as run as a re- cheak on sons of' the most 

a.ctive . fioh soluble and liver i'raetio:is. 

Lot 40 "ms fed the b8."":.t~l ration, lot 41 th~ bmwl r ation 

suppl enentcd with t.he i-J-eomt,lt'l'!x: vitA:"'.' ins, e!ld lot 4'.?. the basal 

~1.1 pr epare a ~tori te aluat.e of the mar,our7 1."iltrate or the · 

f iah solubleB, 110 :11 . or t.h.e f iltr.-tto were diluted to JOO ml •. , 

aoidif ied a.net treated L.ii. the manner previously descr1be<1 . Arter 

obt:>:. ininR the Nor1te elmite , it 'fu1s divided into two -portions, 
t 

one added to the feed in lot 44, ana the other· raa.uoed in vol-

ume using vacuum d.iotillation to a volwne cA9a.ble of ooi.ng in

jected into sb: baby ch icks. "t'he i njeotions were mac1e in lot 

45 at a levei of 0 . 25 oo. 1)01' vteok. 

The Horite elu~te or liver a t n 3% level •,as included- tn 

the lot 46 r nt ion. ~rhe lot 47 r a t-lon w~a suppl ementei:1 with 

APA. liver enroct in coted a t e C. l ml . level EHtoh week. 

All ~ractio'!S r A . • . ~ . ounu f1ctiv-e v-ere sampled end th . · ..- ... e ner ocnt 
or c.ry we 1. :ht an<l ash dGterm ined .. btr 

~ oven dry 1nP: ~.nd by ~1 sh~ in 
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(I 

a muffle furnace at 550 c. Results of t hese determinations are 

shovm in Table VI. 

A suc-illlary of the 9roct~dures in the fracti:>nntion ot tis.h solu

bles is :;>r<Hscntcd in chart forr..1 in Fir;ure l. 
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Suaaary ot Qhe111oal baot1onat1on ot Ptah Soluble• 

eooo #!, "1 "lvlH M4 HH ... 911, r.l•!HIIA !1411 on• oen\tttnai, 

··~ al oohol eolubl• trao\loa ,,, aloono1 ln1oluble trao\1gn 
"'•••4 an« eata,aoie4 wltb 
!.l!.41r11e.1 

ti! alophfl soluble tr1ot19g tl!C aloohol insoluble traot.len ppec1pl
k\e4 wllh lead aoe,a'8 r---.. r 

Ltt4 P£!flp1t,a\e · Lead t1lt.rale s>reo1p1tat.e4 
wt.\b UNUPlO aoela_l• 

.. 
M~outx r11tra~ trea\s4 w!~ Norlte 

lorlte t11,•ate l or1,e elua,e 

Mer~ury pree1pitate 

I\) 
~ 



RESULTS 

Results ~f trial l , renorted in t t1balor torr.1 in Tnble III an.d 

srmwn graphicnlly in tho aecoi-,pany1n _ f.';rowth curves i .n Figures 2 , ) . 

and 4 , 1ndio~ted tha t µ:ro•;;th nromntin;.,: n.etivity equal to t hat of tbe 

oricine. l fish solubles wno found 1n tho 951 alcohol inznluble frac

tion. T.he 951/, al.eohol soluble frtiOt1on oarried oon e uotivity • while 

alnoGt :irme wus f oUJ."ld 1n the 661f. a lcohol insoluble fr~ction. frhe 

lead preci ~)1t a'te nnd filtrate both sh.owed u. liJ::.dted anount of.~ ac

tivity, but it "":ras so evenly divided that a. lead prec i pita tion 

ne t hod io or doubt:!'ul value 1n oonce.ntrating t he ,1rowth active fac

tor . It tms evident :rr.ouJ lots 4 and 12 thnt f 1~tt solubles , an suoh, 

Cl:'..rriod suffioieh t a ctivity tha t the B- crrnplex v1tar.; in supplements 

gave ve ry little boos t t o t t.ie rmtion. 

;.:ppe.roatly lhrn:r· -preparat ions had a ppr o:~~nut c ly t he s::-Jr!-o ttro\\lth 

potency as fish aolubles , f or the 1 : 20 liver powder a n<.l its ?5:-1 

alcol:ol i :111olublo fr~ot i on nr-od~,teed ,~e.in.s i n wai:~ht only sli~htly 

lesn t han t honc- obte.inod usin~ fish solubles • 

.Extre~ely 10 .. v ,srowth of e hlc lrn in lot 3 in.~1 icn ted that a eup!)le

r:icnt of' choline nlou-0 woul(, not curipo.rt aceque..te uh ick ~:rowt?: , 

showing olet,;rlJ t he inter- r 0l at i onshiP .of t ho B-contplox vitc.r:i i n s . 

1."be r esult s of 1':mertron ( 7) were confir:~1ed 1n ti.tot ve~~otable 't.'.\rote!.n 

rntions supple!:1en'te<l with t'inh solubles far m1rp:.urned Lr:1 ~rnwth 

prom0 tion th.at of the pr a ctical cbick sturter r ntion conta ining 

1:1n 1no.l protein. 

Jn trial 2 furthor efforts at ocinoentr~.tirn~ th(? ~rowth "'.iro

::1ot:t i1P: 1·uctc1r i 11 fish nolublcs \l;ere rillide , u5in,1 n n.ercury 1rocipi

t ~t 1on me t hod . nesult r.:; (Table nr end lt .. i r-:ureo 5 and 6 ) shot';ed very 



'l'ABLlt III. 

Mal 1. Averaae Weight Gai.u ot Oh1tka on Var1ou S11ppl•eata 
,o an All•Vegetable Rat1o.n Durit:lg • ft Week Per1o4 

TltU 
Lot a. ,1oa Oala 1n Weight 1n Gl'UI ,er Week Oaia la 

. Week l Week I . •••t I •••k • OftAI: 
1 Bial D II 18 u · 11~ 

I Basal, B Tit. 31 81 57 ea 191 

3 Ba••l, B vi, •• Choline a, a, 31 47 1a1 

' Bal81 1 D Vlt. • 71•• Soluble• 86 e1 130 87 304 

I Baeal, B 'fit., td Aloohol Inaol. • a, 25 10ft '16 238 

a Ba.aal, I Tit., , • .Alcohol Sol.• 31 18 96 ae "' ,, 1&1a1, B Tit., t~ Aloohol Inao1.• 115 ,a lit 69 301 

e Da1a1, B Tit., Lea4 '.filtrate• 18 ,, •• 18 ltl 

9 Basel t B V!t. I Lead PrecipS.tat•* " 4B ,, '10 a1a 
10 Basal, B V1t., l :20 Liver Powder 20 " llZ 87 21M. 

11 Baaal, B V1t,:., ,. Aloohol Inael.** 20 e, 95 UI 295 

11 111a1, 11ah Solubles aa 1'1 '18 lM 291 

~, . 91,stei,l'tf sur,s 1 1 . , .. , n .11 . ,., M , ,, 11s 
la ea •• • o •• prepaN r• Ila • ub •• 

" 6d&ft191 01811W B8 DUf £lP 1fll ilTali !fflll : . . 
N 
\J'I 









T.AILI IV. 

Tr1al a. A••ra&• Weip.t O.iu. ot Ohiok• on Varioua Sq .. Jl ... nla 
to an All•V•1•table Ration Dvina a, W••k PeJlliol 

--- ---~---------~--~---------·- ----- - --------,-~~--- ~Ok]. 

Lot Batton O.lo. 1n Weigbt in Gl'Ua ;er W.•k Gab 1a 
,ti •,ya •••ft••·;&• '·P 1, lint . I 'f - . , . 1 

11 1a .. 1 • .1 .,,,. a, a, ,1 e, au 
16 •••l• B Tit., :riah Solu'bl•• 40 ,o 10ft a, IOl 

1, l:111181, I Tit., ,,_ Aloohol soi.• 8' d8 101 111 Sl.ft 

18 B11Nl, ! •1t. • Lead heo1p1tate * H IO 81 ,, a,a 
lt Baaal • .B Tit.• Menu.ry hecipi,ate• u II 116 ., ao1 

80 Ba1a1 1 B Tit., llerovy 11ltnt• • JO 70 ,a 108 a,, 
21 Basal., B Tit., la ao Liver Powta k ,. 79 ti a,, 
aa Baaal, a T1t. • 9• .Alcohol Inao1.•• 81 M 84 101 an 
ai Basal, B vit., liorit• .Filtrate ** 38 '8 7.f. CS4 "" 
1, 1a,a1. B v1t., !lorlte nuate •• n 11 a, 08 aae 
II ••l, B Tit., InJeotec1 APA lxtraot s, ,o 9& llO sot 

II 111•~ e B '}' I e II A1,t:t:ht9ff1•fJflt'• I it ' . ft %% . !I 19 n 1• tea • o\ o.u pre . - · • 10 u • •• 
. •• 121,e,,e cnaa&e• a1•11nt iDl 1Ul2 11t•r aass 

~ 
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hirh , but ncnrl y c~::rrrn·;•.ble -::-:f• ins in the :.1ercury :irecinit1!. t c a.nd 

a leoh~l i n.sol uble liver :frnction paralleled tJ1.ose. of the fi.rnt 

trial .. 

}·:xtrene ly h l c h aetivi ty wns noted wit h the use o:t.' t he 1.'U.1A 

liver i:'l,joction.a . The Nor.1.tc elun.t <! nnd f1ltrntn 01" liver , how-

over, an well as the 90•,;', alc ohol 1.nsoluble r.J.fe.lft1 f r act 1:-m. 

Deter::1! r1a.t,i'1ns :made ::,n the r:.ost aot'ive frnetions for the per 

cent. of dry wei 7 ht m1d ash {Table V ) shov...ed th~t e conce ntret.ion 

a ohiovi:~d in. the Nor1te eluate of t he ;;,:erem•y f'ilt,re,to . H~sulta. 

or tria l 3 (Tt.ble Vl and Fi guren 7 an~ 8 ) i nd 1.c~~ ted. tha t this 

fra ct,ion nrocuced rrovrth f::<'l int, ne e- rly e qllP~l to t i. ,1t of t . e fish 

sol uble n . 'i'h.e g5,,, ::, lcnhal r.oluble frRction end the e1ercury~ fil-

Reducin,'.': A:PA. live r :inject ions fron 0 . 2 c.o . to 0 . 1 cc . Der week 



Fraction 

85;t Alcohol 
Soluble 

l1eroury 
Filtrate 

Norite 
Eluate 

Norite 
Filtrate 

Ori;,driai ifx:;: i1i. J:r &nt Ash ltt't . l'er vent vonoen-
Sam.ple Wt. in of' in of' trat1on 
i n Grams Grams Dry Wt . Grams Ash T i mes 

5.416 
5. ,13$ 

5. 546 
5,. 940 

4.411" 
, ; .. tB) 

6.?0J 
5.,459 

0,.868 
0. 845 

2. ,037 
2. 206 

0 . 069 
0.102 

0 .. 730 
0 . 592 

16.1 
16.J 

37. 0 
37. 2 

u,.o 
11. 0 

0 .074 
0 . 132 

0.476 
0 . 512 

0 . 022 
0 . 026 

C. 268 
0 .. 161 

10. 0 
9.0 

lt. . O 
5.0 



ifAILI Vl• 

Trials. AYeNC• 0.1u ln ••Sc.lit ot Chlota on V&r1••• IQfl ... au 
t.o an All-Veaetable lation DUl'ina •, •••k Pa1o4 

-Yo tar 
Ln Rat1oa O..h 1n Weiah\ 1n Oaaa per •••t Gain ill 
rr · a .. 1 "ii Ji 1111,1 · •••11• · 11918' · · · 11ffl 
88 laftl 1 I Tit. 18 18 ' '" ., 11, 

-
29 Bilaalt B Yit. • Flaa SOlubl•• 14 71 to l~ se,: 

30 Baal, B v1,., X.NuJ rutrate* ID 60 .. l:JO aeo 
11 Ba•l, B 11.t., Norite J'Utnt•• 81 '' II II ltt 

sa ••1, B •1t., Monte nu.at•• aa 61 ti ,, ... 
31 Baeal, B 'fit.~~ Aloo.b.ol lllaol.* a, 63 a, •• 161 

M Ba,al, B Tit.,• Aloohol. ln•o1.• 21 IO '' 61 199 

31 11.-1, I Tit., • Aloob.ol soi.• 12 ,, to 101 , 2M 

se Baaal., B Yit•, lnJeoted APA Ext,eot, o.leo.20 es ea lG:)' 8'71 
,.I, 3, ladl, B •it., hjeote4 APA Extrao:t o,04oo.l.Z SI '' lfll ' .,. 

38 Basal, B v1t,, ltlO Liver Powder l'l 61 91 N i&l 

It !f!l · a Ji:• ·· as,11 &891•• . . . . -di . i' 1a W Ml • lneaCe, ~.t1on1 prepai . Pi• II& aol•~•• · -
•• la41oatea mottoy n1a1•I trma 1120 11TU 1ow4•r _ ·----- __ _ \A) 

~ 
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rosultod in no apparent reduction of r:rowth. fa)rn.ewhnt smaller 

gains were p.r.":>tluce<1 , however, Y1hen t he 1n.1ao-t ions were ent to 

0 . 04 oc., a lthDugh t ! ey t":ere st,ill corm;,a.r?1blo to those obt ained 

uaL'1g 1:20 111.rer nowder., 'l'he No:rite eluate of liver. a~n 1n showed 

littlo nctivit:,. Th is variation fro. the activity of f1eh s~l u

blos sea:!s S:')f HJwh11t unusual ,. s inoe other cnii;mr e.hli::.t f1 sh r·oluole 

and liver frac tions have nho~¥n ni~n.ilar ,:. !1'!.~untn of ,1c t ivi ty. 

Tria l l~,,. wh'iob v,as run ar; a r e- chock on ~one of t he ::1ost 

a cti\~e t'r&ctio!lS of .liver ond finh sol ubl es , oimr,ly eonfirr·ied re

s ults o:r yrevini..i.s t osts ( Table VII nn.a 11'1.gures 9 end 10) . !njeot-

1ng t he W.>rite eluate of t he mercury riltrato resulted in somew.h1-1t , 

m:1oll<~r r;eino in vmi ~bt thnn when e qul\~1lent e.:-rountn of t!le fr~c

tion Vue1~u ac:cled t :) the r ati()n . 



t.&BLI ffl. 

f•lal •· •••raa• lelshl Galne ot Chiok1 on Varloue Supplement• 
,o aa A11-Veae,a-le .Ration During a, Week ~ePlod 

- · · - - · - - · - - - 1vtta1. 

Lot Ra\loa Galn tn Wel&bt 1n Graae per Week Gain la 
- W••t t ••." a Je!k a 1·••1 , 9£Mt io la•al i . 11 I i 110 

41 Baaal, I Ylt. 11 31 30 ll 118 

,. Baaal, a v1,,, Piab Soluble• 11 II '' II a,, 
41 Baaal, •• ,,., MePOUPY Pllira"8• 11 34 18 •• .101 

" Baaal, I Y1 t. , lor11.e Jllua\e• 18 •• . ., 81 ltt 

'' Baul, I y!t.., lorlte lluate, lnJeoHd• 11 •• 18 II 181 

,e !a•al, JJ Yi t. , 1'or1 te Blua ta•• 1'1 31 40 '11 111 ,., Baaal, B v1\., InJeot.ecl AlA b\raet. 14 H ,a 104 aa1 
• 1n4loat.•• traot.lona ;prepar&4 tro• t11a aolut,lea 

•• ln41oat•• trao\1ona p•epared fl"oa 1:10 11Yer pow4er 

\.t,1 
Ol 







,.;011CLUSIO?rs 

Results obtained f~om these triAls of fe~d~n~ youn~ ohioks 

an e.11- veP,eta.bl~ ration supplome.nted with variou~ f1oh ooluble. 

and liver f'ractim1s enable one to drew certain eo:::ielus ions con

cerning t he ohar:1ianl and -physio 1 prop~rt1es or the p,rowth pr-o.s--not-

1ng factor. In the f 1sh solubles. this g,,..""'Owtt~ ;nr01.noting aot1v1t .. , 

was f'ound 111 the 66;::, so,t;. end 85% aloorwl f'ra.ction~. Deereaged 

act1v1t.y has been oonsiatentl;f fou .. ':ld in the 95% el<H'.>hol soluble 

traction. The decreased solubility of the Rl"'Owt · pro,"loting faotor 

i n higher aleohol oonoentrat1ons was also o.bserved d,trin~ the trae ... 

t1onntion of liver. 

Addition of bae1e lead aoeta.te to the 661,, a leohol soluble 

f ish soluble t'r:11otion t,roduced a len.d fi ltrt:tte oontainiru,. a ra1rly 

high degnc of aettvity. S1noe a ehare of the activity was eleo 

.foun<l in the load -vreo1pit.,te , lt is 1mr>oas1ble, without further 

iavi~s ti .. ~:it1z:m , to determine whether the leae preoinitnted some ot' 

the active factor • or whether it ma1• hnva been ooeluded by the 

ouantities of floooulent matter which was curried d -!'l~Tl unon the 
~ - , . -
addition of lead . lu MY avant , a lnr~ ar:iount ot inert materi.al 

was re1noved from the le11d 1."1ltrate by this procedure. 

\lben !'urther r,ne i pitation of the l ead f1ltrmte we.s carried 

out using merour1o acetate, .Bt..."'l.1lar results were obt.{:1 inea. . Activ

ity was f nund in the mercury filtrate in fe1rly hi~h amnunts , but 

wae noted to ta m:a1~1ced ext•nt also in the marour"" 1~recinttete. 

Once a.gain the aotion of the :neroury u i on the o.otive raotor is 1n 

question. Hogardleas of whether or not prcoi pitation of th~ 



growth ~1ror.r..ot L'1(t f!.ietor wns brougtit about by t.he n~raucy however, 

tho re$ulti:ng me:r.oury tilt .. r at~ Wt\$ found -to bti tren ocr &Dr,ro:rimately 

9~ of the inort :.wterial found 1n tho or1g1nal. fish solu .. les. 

It 001 be GO-On theretore t.trnt e hi€~ l)Gl"C&ntage of purtficntion 

had been brot~~ht about by these ;?ntc1!)1tat1on niethodn. 

T'.raetment or the mc~oury tiltr,~te w1-th t'iorite produced a 

:t1ltri:rto cont ,.inL"lir: but little acti•it.y nnd an eluate tb.at was 

b1f:'ill1 aetivc ., Thu& tt 1s apptU'lent t.hat ?for1te hes en ~dsoroine: 

effect. on the growt.h l}roootf.ne tao1or.. Jlowever• it 1a -possible 
• .) A 

that t,b1s e..ot1on _ s tneof::rr, let.o, sin.ca tho ~e11!1s brou~llt about by 

th1s nor1te eluate t1ie.1·e nnt equal to tbose of tiah s-0lu.blee ,. en4 

s inoe the ~orite f'1lt.rate alotJ oontninod a mnall em.aunt of ~ctiY• 

tho ao:Jt erteotive ~ all met.boos u:S-O~ .• tor 1t prnduC'ed a hi~hl y 

o.oneentre.ted active t"raot1on , e®tt~ini.nrt only 1. 5~, or dry matter • . 

or a. 60 fr>ld oonoent:rr;1tion 01'" t.he orieinal r1sn solubles. A 

b1f,her tler:,I'ee or potency wen obs~rved ivben the r·forite eluate 

w~s ad.minittterea ornlly than when it. wan injected .. 

!J:'h<l li:v~r prer,,..tte.t1ontl t~1:rted T.Vel"t.l based on a 111,t!-,hly act1y.e 

95% eloohol lntloluble traction aade from Wilson' s 1:20 liver 

powder. Tho rre.ot1on.."it1one were ~de 1n a rmthna ~1.':!!1lar to 

thone of oor-'lpar~bl..e fish soluble ~ctiona ~ose pre'i:lnrnt on 

have boen µrev iousl:r d 1sousooo . In genera.l. the. r:r0Trtl1 t~~otor 

i n botl' .. fi~b oolubl~a end 11vor sh::>WfM'! s.1m11,~r properties and! 

et'!"ec'ta . H'owever. in t.?le 95'.% e.loohol inaolublo lhn1r t"rnotion , 

the active ta.o~or was ap?ar')nt.ly not adsorbed on Norite to en:7 

-.rked extent, sinoe severnl trials unitlf; tho rosult1n~ Nor1te 
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eluate s!u,wed onnnlst~ntly low love l s cf activity . This variation 

fron t he results nbtn1ned uai.nr, n Horita eluaU; of fish sol ubl en 

.may well b~ due to a difference in tho cxtr f1ne::;us :'.;l.at eri~.lo present 

i n t he t wc s~l uti::m.G .. whieh o=>uld eneil~; be reo":1rms 1.blo ~01· d it"

ferinr~ react i8n.s , rather th~n to n d iff€;irance in the raotor it

self. 

Injec t ion er t he t:1.J1t 1- per.n ici:nrn aner1i liver e:xtrnet tJltoived 

it to be ·~ 1;~Dly e:f!'ecti,,o in prn .. :::oti ~ P:r outh. r;rms it noons ex-

trenely likely that the n.rm vit.nn:irt B1:~ ~ !aoloted f"ro~ liver and: 

so efft! Ctive i n tra0.t r1ont of Addisonir:.m parnicimrn ane~lia , 1::1.ay 

also be thf-! :..1m•:o t. i ?t!dy potent f.',.roNtb f nct::lI' wh ich t~s been unC.er 

Growth a ctivity in f'll falfa lenf has berm rer,nrt,ea by ~ot:G.e 

autt·ors , but the ref'ul t s of th+1 lot tcstot1 in tria l 2 . us in~ a 

dehycratcd a l:t'n1!°'fl lm1:f' trt'!ct1on, ~wro c tY",J)letely nE;"'.ative .. t"he 

1~ ' level o:!' the lo.nf 0quivtt. lent Ut'..?Ad for e,::oeoded the peroontn~e 

1nclm::.ed :ln tho r nt ion of othe r sources of th.fl active -..,rino i µl e ._ 

so thene resultn sott!.!1 o::>:rnlu~ivo. 7hey confirri the worl~ of 

Emerson (7 } ·who found tbet e lfnl:fe. lo'1f meiBl ml.:ted to the r et:i(H:l 

resulted in n.o f7::>-\•ith st:.i.;;m!us . 



SUMMA.HY 

The e-i;rowth prrnnctin~ oct1v1 t y of ftst. sol ubles nnd l iver 

preparat i ons f'o r chiok ~:rowth on al.1- v1'lgeta.ble r a tions !mn been 

1nvestif:ated . 

Che .. nicnl fract i onat i on o:f t.he act ive subatnnoe has resulted 

in part ial sop.."lr2,t ion . Results indica te t llat the r-;reatest degroe 

of oonoentrnt ion or activity tf6.s atea ined in t he lorite eluate or 
the oe:roury filtrate of the 66f., a lcoht)l soluble traction. The 

concentra tion of' t his fraction was nearly 60 t1.'11es t hat of the 

origina l fish oolubles . . Injeot1on of this fraction in t he ohloks 

-pr oduced gro"Wth P,a 1.IUJ sl16r,htly lower tht1n th~se produced by adding 

it to t he ration. 

L1ve.r preparations showed ar,nroximately the same r-:r owth 

pr:}!'.!Oting aot1vity a.s f in.h solubl As . Of those t e;:,·ted , injeot 1on 

or the APA extra ct produced the 1rret1t est ,..,,•o 1Rht ,<:a. ins •. 

It seel:'...s probable that. the a ct :lvity f or growth -promotion 

noted 1n t ,he fish solubl es and liver tractions bears some relat.ion 

to t he newly mu.iounced v1t.ar.il in 1112 ieols ted rrom liver , althou~h 

furthe.r research will be necessary 1n confirming this asnumpt1on . 
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