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one of t.ne s-e1·ious economic hinch'an~s to the large

scale production of castor seeds 1.u O.a.Lihma is the L:..ct that 

lY 

the toxicity ot the residual meal ~fter extraction o.t' oil 

prevents its use as a high-protein su.,pls·uient :for livestock 

feeding. This toxicity is such that no use cm be m~.1e ot 

the material e1cept. ~s a rert111ier, thus ftiitei;rially reducing 
.. 

the value of the croi"• Since the to11e constituents a.re 

known to be a.lbuminous prot~ins, it was thought thblt a 

thorough investigation of methods .lmowD to de11.iit.ure arid 

coagulate such proteins. aught disclose a means of deto1iea-

tion. A ~rojeet to 1nvestitate such detctlcia.tion vroceuurea 

was therefore institutea and the vreli~inary 1·esults of these 

studies are prese.nted in this report. 
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1 

'n» cu\oP plmt,, l&GJIII A9PRIRIIII, was well Imowa 

\o the mclent.e and 1a etdd to have origt.nated 1n IDU.a. 

It is now eul.Uvated widely 1n nearly allot t.be ~.nte 

Cid tropical parts ot t.hlt world •. It. 1• ralaed alaoat • ._. 

cl.usiftly tor it.a Gil, which le enenalfll.7 Wllld for me-

41olnal amt tnduatri&l P'tll'POGe9. 

The high Pl"Oteln oonWitt, ot t.he outor been and. U. 

preaenoe or an 8lt't.Nmel.y tod.o eubat.anoe. long beUt!JY84 'lo 

1'e lnt.lmatel,J aaaoolale.4 vlt.h t,m prowtn. bu atlmti1.ate4 

an unuaual. tnt.ereat 1n the prote1ns or th1e aea4.. That. 

t.td.a ~t still ex1ata la 1n41oated by a :reeemt rw1ft 

o~ techn1oe.l papere and 1nfc,rmat1oa on the proteins or ti,,, 

out.or bean b7 ». BNeee Jenn (1). 

Among the ... 17 WOJ'keN on castor bean ~1.na. Rttl

hawleD 1n. 1882 (2), (3) WU the f!.Nt "° O\Tla.1.Jl ~ e88tor 

bean globulin 1D. ar,atalllne toa. Bot.h hit tmd. Vlm11 (4) 

~tJ.7 atw.U.Gd o~ prot.eb. ;traot1ona ot t.be cutor 

bean, bat,. beeauae of t.be at.ate ot Jmowledge ot protelta ~ 

1av:, at that tlme, JNm1 of t.be!r na.U.nga are oon-t-ra41ctor,-. 

Tbft. name, rloln, na gl"len 1n 1889 by St.111.man ( 5) w 
the h1e;bly toxic eu.batanee lfhteh be ezt.raoted from~ 

beana 'UDCSer ICobff't. • ·~ guidance. He believed tbe materlal. to 

be a sJJn,.tllD. Among 8\lbtlOquent 1nveat1ga\ors,. Jacoby (6) 

1a paptJ.«ilar bas queaUOD!td. tlw protein nature of' t.be pol• 

-.n. Jaooby•s e,tperimental. ta11ure to desti-oy fthe tone 

pro~1es of his :r1c1n solution& by d1gest.1on td.th tz-ypaln 

gave rise to t.he vJ.ew tbat. the toxin ot' the eaato:r bean wu 



a 1d.gh17 comp.lex oompound. but not a true pro'81n. 

Dtxaon (7) tO\Uld ~bat a more acUve prepera.Uon. ot 
rlola oould be obta1Md by J)'NOip1tat1on "1th aloohol t.han 

by mutr-al1z1ng a ~ohlorlc &014 ext.re.ct. "1th l5041.ta 

CU'bonate. St1lllta'Nlt (8) Alfpro&ohed 1.he problem by..,.. 

tractlng out.or Heda with a 10 per cent aollum chl.0%"148 

solution and. aaltlng out with bo\h megDta!.ura am sodium 

euaawe. The preo1p1tat.e was eeparated and the aelta ti.n 

NllOY84 by d1alya1a., 

0ualm1' ( 9) next. 1lweat1gat.al tld..a problem, ·41reet1ng 

hl• atten.Uon p~1cularl.7 to the 1solat1on of: the r1o11'1 

and the 4etantnatloa ot 1 ta -Oh,lml.oal oout1:tut1on. 

areat 1ntereat, 1n neu waa ~884 by the atu41es of 

~11oh 1n 1891 (10), who aueo:e.a:ea. ln eatabllah1 ng a high 

degree ot 1•un1:t.7 to ·the ouwr eee4 tox1ll e.n4 1n 49JIOJMltNk&-

1ng \be proc!uot..lon or au ant1toxlo aubalanoe. antl:r.letn. 11:1. 

the blood of lmmunizetl G.1:male. Bub~ly ftoin has been 

edenalvely employe« 1a a"141n of 2DlmU!llt7. OOft18T1a (11) 

obt.alned a vaodne b7 beat.Sag u aqueous solution of rlo1a 

at loo" tor t:wo llouftt. When th1a TMolne wu 1n,Jected U1'lder 

t» IIJd.n, vcrl.ous 4.omeatio &Td.Dlala were 1nmmrd.Hd agdnat 

t.be eubaeqtlfJmt 81Jadn1 atrat1on of rleln.. Tvc doeea ot vaeclne 

edmSn.ta\ered at~ lat.ezwve.la _,.. auf'ttctlent to 1mr.lnm--

1se ptga. 

Baquet, (12) awau.a\ed. r!.otn b7 ~ peroX1cte 1a 

U. i,reeenee ot traoee of copper an4 thus PS'04u-4 a eu.1t.able 

ltlcln 1a one of t.be most tono substances lmo'Wn. For 



' exampl.e• Ehrlich (10) produced. cteath (uaually 24 to 36 hom-8) 

'4th o.o, mg. per k1lo o'f bo47 weight.. Ottamv (9) obtatm4 

speedy letbal erteota 1n rabbits with o.04 mg .• ~ (U) 

aat Jacoby (6) produoed ct.eath 1D. Nbblta w1th1n ,0 houPa 

with 0.5 to OJ mg. o~ Merok1a r1o1n O'Z' t.helr o,m purtt1.e4 

rtcrln.· artegei- (1.\) prod.uoe4 4eat.h 1n rabbits wlth 0.01 mg. 

"r kilo wt.th a patl7 purl.t1e4 prep.rat.ton. ~ the lmMm. 

~- appi-oaohlng r!oln 1n ~elt.7. the snake "ND:88 

and botul tna are oonapietoua. 

!lie extena1Te 1Jwe.at1gat1ons ot Osborne arld -lat.ea 

· (15). oonduoted on.- a period of ten years or more. Ji•l.614 

\ motJt o:t the aatlable iftf'ormat1on on the oblltld.eal propert1e•, 

quant1Uea, and oompoa1t1oa or the 41.tterent proteins o~ V. 

oaator beaa .. Out.or beans oont.at.n a cone14•rable quant1"7 

ot cryst.alllzable globulin• • mtleh mul.lAlr ~ of coag

ulable albumin. and proteo••• !he phydologlaal pflJPerti•• 

aael'lbed to the aubatanoe lm.oWn u J1.o1D RN asaoo1&te4 ld.th 

the ooGglllabl• albtmdn or the oaator ...i. 

!be- 8'1JHNUlOe ot aympt.oms aocompa.uytng rio1n 1at.oxloa

t.ton 1a oomparat1wly alov, wen when large a.ose1 are .ams.a-. 
1atered.. The antaala ref'ttse t.o nt .rte,:- a tew boul"s. in. 

Oill'1t't ~ 89'MNt aymptcme, t.hough delayed, 1s alwaya euddea. 

Oomulalons and op1atbotoms are followed by ext.reme rela

.U.on -4 agatn by a re'Wftl o:t -t:ba oomula1ve ettecte. There 

are u ~PU.ly speoUlc symptoms~ be noted. and the in

fluence of variation 1n dosage 1a exh1b1~ pr1m.a:rily 1Jl 

the ehorter.dng or pX'Olongatton of the latent period be~Ol'l!t 

the appearance of ap::>reo!.able symptoms. In no 1nstanee doea 



death eneue sooner than ntteen to e1ghtetm hoT.11-a after 

t.be n'botttwowl aclndmatratlon ot the polaon. 

Among \he groaa pathologloal ohang&a Mted, pu.netlroa 

~a 1n the perltoneal o:avlt.y aeat~ over the 

OIIMmtus. tm4. alm:ag the aeroua OO'f'ffl.ng ot the 1nteat1ne *" 
moat hequently o'baened. ~ a1mll.ar eeollymoaea are 

o:.rten noted. Pe,er•a patches an4 the Nt.l'opeP1toaeal lJJQb. 

glda _. usually fotmd ·~ S'tfOU. and marke4l.7 OO'JII* 

pated or ~o. Bot intrequentl7 the J)9Ktoneal 

o«l'!.ty oontelna a large exoeaa ot aomewbat opaque .tlu14 .. 

Aeute ulcerations of t.he 1ateat.1ne are not, tound... FleXDllll' . . 

(16) bas pom'led. out that the to:d.n. ot the eaator bee 

-..r\a lta d.eletet'S.owa action upon cells and tlaime, muoh 

llllce the baoter1al polaone. '?.be d•atruct1Ye efteete arre 

ffldent both at the :point of ent.ranee ot the toxin 1n the 

8tlbotttaneoua tt1ume end at the place ot extt.. u along tht 

nomaoh and 1ntaatlxl•l val.l. The ellmt.:nat1oa ot tlW polaon 

by \be gut baa been o~ by aeveral. irff'eatigat.ora. The 

pauage or tho poison through the va.11 ot the 1nt.eat1m.1. 

traot. uatoubte411 AOOOm'lt.a tor \he local blat.o1oe;10&1 leatou 

~64 there. At 1al& a1te ot 1njeot,1one, a re4denlng ot 

the aubouuneoua ti.awe, vh1ch not 1nf'Nquentl7 preaents a 

41at1a.o\ bmorrhe.g!.o 8P?etuW109, 1a found. A notJ.oee.ble 

meroela ta not obtalaet1.. 'fheae appearanoea are all mtadag 

when non-\oxto _prote1ne .a,i-e inJ•ot.84 aulteutaneoualy. 

t.t.., cblaractenst.1c ln:tluenoe of rioin prepai-atlona oa 

extra-vuaular blood or suspensions ot corpuscles 1e ex

h1b1ta! ill t,he aggl.utlnat.1011 ot t,he erythrocytes folloved 



by the ~n\at1on or tloclq maaaea upon tho bot.tom ot 

the rettd.nblg vessel. A el.ear, pract1call7 oolorless ._.., 

18 th\la obtained. The blood.a of var1ous •peo1ea fJhoW· c.U.tt• 

.-eat 44!lgees of Hnait1Tlt.y a1.tn11ar to that ob•rvecl wt\h 

bacterial lyalna. tlt$ actlnty or notn 1n agg1u't1natbg 

mammal.lea blood oorpuaol•s la VflrJ great• 0.001 'Ptr cen" 

eutt1o1ng t.io aed.iment 41.lute blood suepenaJ.ons. In oontr-", 

lto1:NJrt (17) vaa unable to •ttect an agglut1nat.1on of the oor

puaol•• o'E ~WIMiUI• a genws of elongate 07lln4r1cal. m.ar!lte 

v.orma, w1 th rloln and. oonolude4 that their stroma must. Tflll"I 

1n eompoa1t4on from that of vertebrates. 

&weral wr1tera ba'N uaumed. tbat the toxic, agglutia

a1J:n, au! hembr.rhagic propert.ies u. 41atinet and separable. 

Fuoha and Falkenasmmer (18) and X~r, .u Jll• (19) b&ve 

&lhoa 1n their •x;perimenta that the arsgluUnatlng prlno1ple 

ot r1o1n 1s 1llaot1vate4 fairly easily undo,. oond!:t.ionB o~ 

PN'8o1Tt1o 41geatlon, Vh1le the todo pr1n.e1plea are SON 

reatatant. Ret4 (20) :round that wben the cells of 4og1 a 

bralu WN walled. 11'1\h pb.Ys1olog1cal salt solution an4. 

agglu\,ln&\ed by ~ a eolut1on of ricln.,, \he rio1n vu 

extra.W troa the l)l"ICt(dp1 tate by very 41.lute hy'droohl.orlo 

aotd. 1'he cl.em- ut.raot was t'OtlDd to promptly agglu\1.nate 

a auapenaian ot oat •e red. blood oorpuaoleat this shmred 

tdlat not only ti. toxin but. alao the agglut1n1n was un1te4 

with u. bN\ln oelle. 1.hua 1nd1oat,!Dg that the two etteota 

were due to a a1ngl.e substance. A 4Ut"ez-ent-1at1on ot rlcdn 

into a tox1n and aa eggl.utin1n 1a not Just1t1ed. 

With1n t.he lat, tew years ~1'ff s'tudiea on riol!l 



have been carr1e4 on by Kabe.t. ti Jtl• (21). H'1e;hly tox1o 

hemoagglutlnatlng preparations or r1c1n can be obtained by 

traot1one.l precip1 tat1on with sodium. sultate. These pro4~ 

WN eleotrophoretioa.117. ultraoentrltugally, and Liu..."'l'Ull0-

ob$m1cally homogeneous and 1dent.1eal in the" nepee1:.s 11'1-th 

orystallim r1c1n. but were only two-thirda as tone. '1'he 

toxic and non-tone rorms can be separated by cryatalllzatiou. 

Immunoehemical and tox1ctty UJ:UiJ'll ot oru4e extracts or 

castor bt!J.s.wa indicate that these contained both forms ot 

r1e1n. R1c1n waa found to hffe an 1aoeleetr1e point o:f 5.2 

\o 5. 5 a.."'ld a m.ol.eeular weight by sedimanta~ion and d.1.t'f'uslon 

ot 1'T ,000 to 85.0QO tor Rn USU."ll8d partial specific Volume 

or 0.75. 

Only 11. te-s1 cases are recorded. or the use of castor cake 

or x1omaee as a pr,:::ite1n O(.:inoent.rate for u.aa in the :reeding 

ot farm animal.a. A prel1m1ttar'Y heat treatment or the ou

t.or beans 4&stroyed the toxicity aocording t.o ea:rly work by 

Stil.lmarck. Osborne, 1,!endel a:n4 Ha.rris 1n 1905 (15) obseft'ed 

that. bea:ttng aft 60 to 800 coagul.a.te-s r1 c1n. 

H. '?. Atltinaon (1918) (22) concludes b1s experience ldth 

cast.or seed meal aa a poultry :feed w1 th the st.atementi 

In view of the danger that would ermue 1:f' ea.ator 
meal was uaed u one of' the eonst1tuents rd a mind meal. 
it. would be edv1aabla tor all poult;ry-~s to malt$ 
sure tha:t ncna vu included 1n \he meal purob&ae4 by 
\hem a.na. 002'\D. merohanta should rigorously exol.ude it 
from -87 mixture they- m1.ght be selling, as there 1• no 
doubt 1ts inclusion would be a source at g119at danger 
to the blrds f'eed1:ng on 1t and a oonsequent. loss tot.he 
poultry..lENper. 

Botttmlite (23) and Wcoldrldge (24) reported oases or 
0:astor · . ...a. po1sonl.ng 1n horses. Two deaths were noted 1n 



' t.be t1rat ~t 8ll(!. :five 1n t..he latter, and the ""1oea 

ot the ot.Jlmt' hones were lost tor several wee-ks. 

Ko:reschl (25) found the seeds po1SGnoua tor ca.rnlvoNa 

u well u herbiwrea. 

DU'ferent methoda to detoxify \che r1c1n have been trled. 

S.V.Nl. 1nvest1ga'tors be.Te attemptGd to rem,,ve the to:do 

ma.~nal by ext.r•etJ.on procedures emplo71ng water and. Ta:a:1.oua 

8'ganio solvents. Rudolph (1942) (26), (27), (28) bas 

pate-nted a prooe-as tor detox1oa\ing eaator :pomw tor an2mal 

O!" lmmm conaumpt1on. The method oona1ats of heat-1nt3 V. 

pom.aoe to 09'9r so• c. to 1naot1va.te the r1etn. and the use 

ot ~o eol.veate such aa eth.11 alcohol, me\hy'1 alcohol, 

ohloro:rorm. acetone, et.o. tor ex\ractlag the rlotm•, t1Mt 

bmlunologl.oall.7 actlve traction. Petrosyan and Ponom...,. 

(1934) (29) aucCHded 1n ~ t.be \ox1o1t7 :ror pigs 

b7 cooking the pomaoe tor one to two hours, vblle Tang]. {]O) 

uec1 the method ot heatlng re 60 to 90 minutes at. 11td'. 
But,a and Bot.tger (31) uaed a 25 Pff eet. castor pou.oe 

mixture tor dairy eowa.. Ho aent.1.on vu made ot ~ method 

utl8d to 4etoxit7 the ou\ort pomaoo. 

lald.. (32) 1-Nated cut.or patiiaee with et.am to cleatl'oJ' 

\be toxlo subatence• and l"8JllO'ft4 the exoeaa moutt.ire by 

Y&OUUJI 41.st.lllaUcm. v-.sart (33) ext.raot.ed t:t. r1oJn1.ne 

with alkali hallcte. and hy(tN:x14ea, al'l4 aubaeqm,ntly treat

ed. th& cake wlt.h at.&m in an. •utoolave. 



f'OXlOOLOOICAL .AND DETOXIOAfiON STUDIES OB CASTOR POMAOE 

T.be rtnt obJect1Te ot this probl.a waa to determine 

the· oral tox1c1ty o'f oastor pomaoea produced. by various 

commeroial and laboratory prooeasea. Wlth a h1e;.h order of 

toxicity eat.PU-.a, the etteots ot TIJrlous treatments of 

the pomaee on 1ts oral tox1e1t7 were tlwn st.uMed. Treat

ments were •?lOJed wb1oh ld.ght be ~ct.ad to alter t.he 

phyeleal and ehemical state ot the toxic albwatn and tlme 

destroy the toxtdt.y. 

~.tmd!l.l\9011 
Moet of the trials ta determine tho t.ox1o1ty of var!OWJ 

poaaoee wre mad• ualng rat.a~ A few v1als wre &l•o made 

with ohtcka. 

8 

Rats of the Sprague-Dawley at.raln, varying 1n we1gb.t ~ 

45 to 250 BP&~•• 1li'Cm!t uaett.. Tbe7 were kept 1n 1nd1.T1dua.l oases 

e:na. ted the :toll.owlng rat1011 (Bual Rat1oa in): 

~le 1. Bual Rat1on 111 

GPOU'Dd yeUov oon 

Soybean oU mea.l 

Whole-milk pov4er 

Altalt& Mal 

Dr1ed brewer's 19aat 

Sodium cb.lor14e (1o41-4) 

Oalo1um oarbona.te 

Cod 11ver oil 

--~ 
20 .• 00 

20.00 

2.00 

1.00 

0 .. 50 

0.50 
o.so 



' 
'.?reated am untreated oaatoi- pomw wre ed4e4 at. T~ 

JAmtla at tb8 .___. or the whole rat.lon.. 1'Md em, nter 

"" aba1lab1• Jll 1-lMD• 
A aw1muu17 ot repreaentattff Neults Gn the oral toxld.Ues 

or Ya'rloua aampl•• ot _.tor ~ s.. st•n 1n Table 2. It 

wtll 'be not.4 that. the expen~ :,omw (Ba.er OUtaP 

Oil Comp-,,) was ftt4 \e Nk at. lffel.B u h1gh u 50 pw -.a.tr 

wi\'bout a,mptome ot tox1olt7. In oonvaat.. aolwnt-n:traot4oa 

pomace, elti.t- or 00111eN1al (~Vlll1ama CODlPIIJQ') • 

laboratory orlgln, was ~ly todo. :Death oo8Uft'91. 1ll 

all am.ma.ls oo~ a rat1oa 0011\ahdng , per eent ·~ ti. 

at.ei-1al. Mal.e rat.a y.r71ng 1n ·weigh\ troll 40 to ,, gPema 

4184 w1'1d.n 4 4af8• It was ob881•te4, 1D. g«tJMtr.al, tba~ the 

~. more mature anlmala '1fttN IION rea1a\an.t-. As •• 

t1me u ten dqa. vu ocoald.onal 11' requ1.N4 an4 1n a tw oaae•· 

U. a.tma.1• &ppSND;tl.J 4eYelopM an im'md.t.7 to the tox:s.n. 

A t9W boUMJ Uter teell1Dg n.ta the t.odo ration, tJwJ' 

appeared 'Yf!IJ!,y ~ an4 c114 not •at. '?be :rats uS'Ull!Mt4 a 

oreu~ pofd.Uon atd baoame ·"11!7 1nactt.w. !lie an:lmel.a lon 

wight pP1notpe.U.7 bee_. Gt ref'Wla1 of' f'ood. Dl~a -. 

ael4a noted. am. 4ehyllraU.on 414 not oc~. Ot.ber 8JIIP'1,u 

were mt. noted until 3tS to 12 hours 1n moat •aeea• At th1a 

tlme t.be eon41t1oa or the ammala 4egenen'84 rap141.7. Their 

weatld.ng became rapid and sball.ow. NetTOua a,aptoma. lncluA-

1.ng oooaa1$D&l CODYUla1ona 1 1119N mt..s.. Death enauM w1 \hi.a 

a f'w hours a:'ter the onset. ~ 01:#lowl Dll"VOWI lnvol'f'--.t.. 

appa-ent17 ·t,;,,om Napil:"a'tory :tailure • 

The e;roaa pa.tbolOQ wu not. flll!1 ape,o1f1o and Tu-1414 



Table a. 'l'oxlolty ot Caetor Po.oe 

----·-i,eor------- --- i.nr·-··· -------AiiliiX-- ___ lfiiiiber 
Trial · ter1•1 A4ainlatere4 aa4 S1ze ot Aalmllle Beapona• 

· _ Ii y te•4! 

l Espeller-ex~etioa a aa, ' Oae 41e4, oauee lllllaaowa; 
(Baker Oaetor 011 Co.) (10-,a ,.> reat aU'T1ve4; no •flllP'OIII 

ot toxio 1 tr. 
I ti ti 6 Bat e All au't1:n4; ao eyapto• 

(ao-,a a.> ot tox1e1,,. 

a " " 11 Rat 
(&0-71 g.) • All auvlved; no ayaptoaa 

ot toxleity. 

" " ti 150 lat 
<ea-1,0 ,.> ' All eu.rvlnct; ao ayaptoaa 

ot toxlol'7. 

I S0lveat-extrao,1oa I Bat " Dle4 la, 4ayal typical 
(Sherwla-W1111 ... Co.) <se-ea a.> •111r~' .... atl°:A 1••-era latla ... tloa e edeaa 

ot the t•• trotla teatln•l 
traet w ,h pan.ot1tora hea-
onhage; llveJ' hyperea101 
kidney ooageate4; ooa'9nta 
ot aaall lateat1ae liqald. 

I " " 5 let One aUTlved. 'l'hN• 41•4 1n 
<aeo a.> 3,71 aa4 8 daya reapeotivelx 

t7p o•l ayaptou. 

' 
.. " s Rat D1e4 wlthia 4 ctaye; typical 

(.0-50 g.) aymptou. 



Te ble 2. Coa tinuet 

Trial 
Tjje or · - '4tieI -~- ·· .laUilll_.. !hider 

Material Adaia1ateret aad Size ot Animals Reapon•• 

8 S0lYent-extrao,1on 
(S~erwln-WlllllUIS Co. 

t " " 

t, ... 

e 

I 

10 SolYent-extraetioa I 
(Laboratory preparation) 

11 ff " 

11 Bolyeat~extrao,loa 
(~berwla..Wllllaaa Co.) 

13 " .. 
1, " " 

I 

I 

s 

50 

.Bat 
(ll0-180 g.) 

Bat 
(170-1.0 g.) 

a.t 
(110-1,0 g.) 

Rat 
(150 g.) 

Oh1ot 
(40-60 •• ) 

Chiok 
(40•00 g.) 

. Ohio.t 
(l '15 •• ) 

1, 

11 

s 

a 

10 

10 

,, 

Died la.a 4a7s; tJpioal 
ayaptou. 

, 41•4 la, 4a,a. s 1n 8 
4•1• encl I w.l. thin 10 4e,a; 
t1ploal a:,aptOll8. 

D1e4 wltbln I daye; typioal .,.,, .... 
l>le4 w:l•b.ln 10 days; typioal 
ayaptOIII·. 

a 41e4 in I ••1•. 8 died la 
a to 10 4•1•; t7ploal aymp
wu. 
Died la 8 to 10 days; tJp1-
oal s111ptoaa • 

One 8urY1Ye4; othera died in 
& daya; t1ploel a111ptOlt8. 



uoordtas to the lnel of caator :pomaoe ted. and the age~ 

the' .Smals. On autopay • the t'ol.lovS.ng groaa patbologloal. 

~ were not.a.t emaota\1011 ot 'the bod,7. pml0\1.tora 

~· ot the lnhat1na1 ~t. ~ 1ntlammatJ.oa 

ant .a.a 0£ the t.lauea tm4 ~. ~a or t.be 

11'9'9r• «mg8at.1on ot the- k14l1.eys,, anl aometlllee a aert.we 

thl14 la the bo41' om. '1••· '!'at · oonten.ta of the amall !a-

tenlaa __.. llqu.14 1n ...... Blood n.s ~7 fOllllll 

1n \he petr-o,.~ tn.n. 

in ~ to pPOft ti. preae:ne.e ot rieta 1n 't'beee aanaplea 

t/4 aat;or, poaaoe, 1t ,.. ctr&OW r.e.. we ou:tor-bean ...ia 

of 41tt..-.t -Ol"!.g2.na- 1n. a tOftl su1 'table tor ~ toneal 

1nJ•cUona. om me\hod ot extraot1on. fol.lowed vu the J8'0il' 

...... ct Osborne11 Jllal• (15) •. bro J»mb'e4 tnn\J'-ftff __. 

ot • ooa.nerolal oaator pomaoe vu exv&o\ed. nth 500 ec. ot 

10 :,.- ceat aollm Oblor149 sol.nt1on, th9 extra.et- ftlt.ered, 

and the tlltrate 41.alysed 1D. ~ tap vat. tor 48 hours. 

f.b.e_ conald.-..ble pno1p1tate vhleh f'Ol'llle4 WU f"lltered frGII 

'tcbe cU.alJ"ate. 'l'bt 41al.J9&te vu ... w wi\h ••:mS.• 
eultate and th.ii Nll\ll.Ung preelp1te'be NMTGd_bJ' ~Uon. 

'Jhta we dlaaolved 1a 10 _,... oent eodlua ohlorl4• eolut.ion.. 

"111 again repNcd.pltaW by aaturatloa wllh ammontm su.11"aw. 

file- preo1p1t.ate was \akea up ta a ama1l qwmU:ty or vat.er. 

Rt.eta was al.ao extraoteA rrom a laborato17-Prep&Pft4 oaator-

be-an meal. enen't1.ally aa deeor1be4 by am.la (21l. ~ 

graa or e~t.84 -~ meal PNP..a ta 11» 

laboratory wre ezvaoted w1 th water at- pH ;.8J t.be rteia 1fU 

prec1p1tat.a4 by sat.wat1on with sodium. aulf"ate. fl» el."t1tle 



pro4uet waa them diaeolftd 1n a small quantlt.y of water. 

1'1w preparation.a were 1nJectG4 tn~ra:perl tomally 1n n\a 

at. the 4oaage given 1n fab1e 3. Each m11U11tar ot r1e1n 

extraot repreaentcs two grua o~ o:rlg1Ml ma'Lerlal. 

ta.t l· .lttm st tat•»• m.1&11 .11.t:rMf:1 a •• 
lmDMII Psl8 ~~ iffBY UMI 
No. l 1.0 ml 

Bo. l 2.0 ml 

No. 2 0.5 ml 

'No. 2 1.0 ml. 

No. 2 (1:10 0.25 ml 
411ut1on) 

No. 2 (ltlO 0,.5 ml 
dilution) 

...,.... Buff1fl4 

2 D1e4 ta nw a.a,a 
4 '.D1ed W1 \ldn 20 bour8 

4 mea 1f1 thln 20 ho1sra 

1 

2 

m..ct In 48 hours 

One 4194 Sa 24 houre 
One auPn'ftd 

1'he cbaraoterlatic pa:tholog1eal cl'ulmgea obsei•,.a 1D 

am.ma.la reoelving rloln prepapaUons intraperi toneall.7 WN 

quS. te similar to \bo88 •~ 1n anht&la po!e.01194 by in

gestion ot pomaee. The auboutwous Uaaue and 'tUlial'lytng 

Jffl18olea at the B1te ot 1?>Jeot.1on were ~hagio. ~'" 

eoobymoaea a the omentum and outer layer of' the..._ &DI 

lqperemla ot the 1nteat1nal and meaenttwto veaaela weNt note&. 

'?o ob•M'O the b1atol.og1cal c~a that WN oeour:tt.ng, 

ttasue •ot.1.one of l1ve19 and intestine ...., mad.e.1 n_... 
aooplo eumt:natlon of the aectlona. ot the J•JU!Ull porUn or 
tbe sma11 lnteati. abawe4 bffe..-,.a and e4ema ot the au'b

muoou w1 th 4Hquamat1on o't the ep1 thellum. A muoo-t1bl"lnoua 

em.date cotttatm.ns aome blood was obser'f'ed 1n the lt11141a or t'b.1t 

1'rhe· author wiahea to aolmOWledge Wlth thanlta the- aaaiataaoe 
o't :t-11aa l>ol'Ot!Q' Berth 1n the prepaat,ion o~ t.ne 11114•• anl. 
DP. H. w. ·orr· 1a 'lbair ~reu.t1on. 



lni.eetlat ow1Dg t.o t.be v1111 behlg detm.ded. of ep1thlllum. 

'fhe mentbNme propr1a was 1nt1l~ate4 with~ leuoooy-tea. 

Liver aec·t1ona ap~ hyperemic and edematous; sou oo:cluaion 

ot the bile 4uots waa obtlel'Y84. Th& aeot1ons aho1M4 no merke4 

4egenera.t1Gn ar 11Yer oella. It appears trom the abew ob

am:wtatlcma t.h&t. the tox1c1t7 o~ rtc-1!1 ls a dlreet ebemlcal 

e1"tect. Acb. Q t.ba\ pro4uce! bJ' a l.N8l UP1 tat. The: trr1ta

U. ls •NM •D.O'tl6h to oauae slougbJ.ng ot the c,p1 tJ»Uum. 

It first se\s uµ a ~1,a and edema aymp'toms of ~. 

tion. Upon ~· ..Uon. an exudate appears as the epl• 

thellum 1s alougbea 8'fll.3"•· 

A at,udf o-r the toxic aot1on 1n young ehieka was also 

.a.. Day-ol.d cbioka reoe1v1ng a hle-)lly tox1c ea.&'toP-bnn 

poiaaee· a'\ 'the S,-per oent, level dlf/14 within 6 to 10 4aya. 

Ia & tw .tnatancea the chiob deyeloped an immunity an4. 

auntved. In COlltr'ut to nte. the b!rda ate the ration. 

They ate.adj.].7 lost Wight.. bO'weV8r. and became PN~•a1wlT 

l••• aot1ve. 

Detore death tbe7 beeame n,ere17 aaolated and debydr&W •. 

The taoe was pal•f the plUJJlage wu l'Utf"le4 and ~tty.in 

appearance. Groae pstb.ology 011 e.ut.opay was not. neen\lall.J' 

41aatm11ara from t.hat obtlfJl"'t'ed 1n the rat.. '!he 11V'el- vu dSl:'k 

aat. 001'189•w4J the ld.dneJ'll were swollen an4. ~•

Hemorrhage and. edema was o'baerTable 1n the en\ire gasta:-o-

1.nteatinal tract 1.noludlng the g!ssard. Vhieb showed oooaa1onal 

t.nt1ammatol'J' pat.Ghe•·· 



Ptl9Jitl:Y.S1l srasa,. 
A h1gl:t ~ ot tox1e1 ty in both aolwnt.-enra.otect 

oommvclal and laboratory prepa&Uona ba'f'lng been demonatr&te4, 

etud1e,s weN tnat.1 tutea t.o ~ the etteua ot .....i 

t,reatmenta on the t.odc1 t7 'at the pomaoe .• 

!he following treatment.a ·were etteotea, ReatJ.ns bl & 

IJ:1:7 at,a.te to 14'1* o. ta a~ oven, t.o 12tf> a. ·(20 potm4a 

preNU.N) ta an autoolaft, M41ng a quanUtt:r ~ vater atM1. · 

autoelm.Dg at 12S- o. and bo11:Sng 1n an 8W&8 ot water. . 
T.tutae vn.tmen:ta, it was hlt., ottered the greatest ohanoe 

of' developing a pl"Ot1table ~o1al Pf.'00888 tor 4eu,u. 

ca:t1on. v1 th the mS.JdJaum ot t1me, equtpma.t. and damage to 

\ll8 l.lllrt,r1 t.in quall \7 of' tbe protein 1n 'the pomace. The· 

treated Pom&oe WU drled, :f'1Daly gPOUIIA• and. added to tbs 

'?be ef'tect oE keeptng tlw eaator pomao• •~ room ~ 

ature 1n the preaen.oe ot· &X09Ss f'Ne acid or base waa st.u41ed. 

?be dry pomaoe we tborough].y mixed 1n a 0.2 N aolutioa or 
ac1d or bue and t.11....-4 to atan4 Oftrnight. The el.Urry we 

then .neutral.lze4. and mixed ¥1th the ration. 

M1l4 oxidation with ~gen peroX1de was tried an4 its 

etteot, on :r1o1n. told.et t:, vaa delermined. The dry pomaoe ,raa 

Dd.zed 1f1 th a :, .P9P otm.t ao1uUon of ~ perc,xla and 

allGIMd to stand tor 2lf. bouPe. B7 this time the peroXS.de,,.. 

apent. and the treated pomaoe was mlact with the ration. 

The etteota ot "tarioua treaim.nts upon 'I.he tox1oit7 or 
cuto:r p~ ... aummarlzed 1n Table 4. Exam1nat1on or the 

data abowa that. atttoolaTtng caato:r pom.a.oe at 125° O· (20 PQUD4a 
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pressure) tor 10 minutes or more resulted 1n essentl.ally 

com;plete 4etold.os.t1on o1: the pcmMe. In only one ln.sta.noe 

(frtal. 2) 41.d death oeour 1n rats or ohieks f'ed such treawct 

pomaee. Even steamtng (4 pou:rJda presiJU1:'8) tor :,0 mlnutes 

was 4tf"feot1n 1n 4eatroy1.ttg the tox1c1 ty •. Dry heatirlg 

(1!r1al. 16) at 14.CP a.for one-balt-~ and ou-ho\tr penods 

did not destroy the tox1.e1ty aa1. all am.•&le reee1T1.ng pomace 

ac _...at.d 4184 1n 10 daJ'8. Heating a suapens1on of the 

poaaee at er/# a. (Trial 17) was el.ea 1mtteot1n. Treating 

the oast.or povu.ioe with 0.2 N aoluUons or either Its.OH or Ital 

and later neutralizing the aolut1on removed the toxic etfeot.s. 

M114 old.dat1on (Trial 15) w1th :, per eent b.Tctrog•n peroxide 

was also eat1stsotor,- tor det.oxleat1on. 



Table •• The :srteota ot Varl•a 'lreataeata apoa th• Tonolv ot Oaator Po&uoe 

Type ot Leftl Buber 
Trlel Material '.l'reataent Aclllinla\ere4 Anillal ot Anillala l.eaponae 

l lzpeller-exuaotion 4. lba. •••• 
(Baker Oaator 011 Oo.) tor 10 alaatea 

I " 

s " 

" 
.. 

ao l'ba. ateaa 
tor 11 llinatea 

10 lba. ateaa 
tor 1 hov 

4 Solveat-ex\raotlon I lba. ••••• 

5 

6 

'I 

8 

t 

(LabontOX'J prepara- tor 15 alaatea 
tioa) 

" • 

" " 

tt .. 

" " 

" .. 

10 lba. ateaa 
tor I lliaatea 

10 1, ....... 
to, 10 alnutea 

ao l'ba. at••• 
tor ao alnat•• 

10 lba. ateaa 
tor so 1wu1tea 

10 lba. ateaa 
tor 1 hour 

,, 1a teed.) 

5 

s 

I 

5 

I 

5 

I 

5 

I 

lat 

Rat 

Rat 

Rat 

lat 

lat 

Rat 

Rat 

Bat 

4 All auni.Te4. 

I • • 

s " " 

' " " 

I Two 41e4 ln 10 
4•1•; l aun1v .... 
ed. 

I 141e41a 18 
4e7a; reat 81ll'
T1Ye4 • 

I All a\U"Y1Te4. 

• " " 

3 • " 



Table•• Ooa\1aae4 

-- -,.,,. if ·- ·--1.inl •u••r 
Trial Ma1;er1a1 Tr•aU1911t Acl111a1a\ere4 Aa1 .. 1 or .laillala leapOJ.lee 

(! y. feet) 

10 Sol1'8a\-ea\l'l&OliOA 11.1 •• POllll08 PlllS 
(Sberwia-Willl•• Co.) , al H2 o aa4 80 ll••. 

a leaa rOI' 115 ala• tea 

I 

11 

11 

13 

14 

11 

l& 

1, 

18 

19 

&O 

11 

.. 

" 

" 

.. 

" .. 

" 

" 

" 

" 

" 

.. 

" 

" 

" 

" 
" 
.. 
.. 

" 

" 
• 

11.0 I• PCNIIIOe plu I 
ao .Ill. w.o and 10 lba. 
aleaa tlr 1 hOU 

11.1 g. , ..... plu.a I 
ao ill s1o ent 10 lb•. 
a,eaa tor 1 hour 

o.a • HCl OTeraigb.l, 10 
thea aeatral1se4 

0.1 BBU!tfferalght, 10 
th.ea aeuvel1sa4 

d lfa0a OY9J.'Jligh t 10 

DJ7 h••• ., 14,00 c. 10 
tor IO aiautea 

Ks•••• s.o a, eoo o. 10 
te 10 Jdau.tea 

:lzo••• B,a O at ao° C. 10 
tor·l hour 

10 lbe. ateaa tor 10 10 
aln.atea 

10 lba. ateaa tor 10 10 
ala•te• 
ao lbe. ateaa tor l hDlO 

aa, 

a., 

.. , 
Rat ., 
lat 

Bet 

Bat 

Bet 

Cblok 

Oblok 

Chlok 

14t All BtU"'YiY84. 

s 

I 

8 

a 

s 

" 
" 
• 

10 

10 

10 

" " 

" .. 

" " 

" " 

" .. 
All 41•4 ln 
10 ,.,.. 

a 41e4 la a••• 
othera 1nna.,a 
All 8V'f1N4. 

" " 
" " 
ft " 
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PART II 

BIOLOGICAL VALUE OF CASTOR BEAR PROTEIJT 

S1noe nearly oomplete detox1oat.1on of castor pomaoe had. 

been accom.pllahed by aut.oelav1Dth 4etend.na"1on o't b1olog1oal 

·'f'8l.ue ot \be prote1na o~ the 8Nd beoame 4-~le. Blologloal 

tea'ta weN t.heret'ore JUde wa!.ng both the rat and the Gbiok 

as expel"lment,al em.male. S"1loe t.b8 b1olog1oal value ot a 

prote1D. 1s al.most liholly 4epeDdent. upoa 1\8 amino aetcl oom

poa1t1on. detend.natlea ot the eeaent1a1~1d oontent, ~ 

the total protein ot t.i. bean vu a1ao DMdect. 

U9JrUIAll 111rW J&t 2Mllr ltd fJ:11118. llZ .BU !Jrtnll ldW 
~ the .......-al metho«a of det.erm1n1.Dg the b1olog1eal 'h.h1e 

o't a protein. thoae baaed upon the ab111ty of the protein to 

auppox-t growth ot young am.male a. moat "1del7 used. Ill 

t.mae atu41••• t.be abillt.y of graded 811lOU1lta of out.or pomaoe 

t.o support growth of rata was determ1l:&ed whim. thte material 

vu substituted oa the bads or m.tNgea equ1.-a1enoe 'tO'II' oa•tn, 

a protein of high qua.11\7. 

lletlall\l ,l J5lll ,a. In tmae experiment.a two 42.tterenti 

oommeroial eastor pomaoe prepera:t1ona ..,_.. ooapaNd. tor gowt,h., 

promothtg abll1ty. one (bl,lel'imen:t, 1) was an ..,.ll.ei'-t.ype 

...:1 (13aker Caetor 011 Company) oontalutng JT.S per oeat. 

protetna this pomace oontalne4 tbe entire cortex of the ....s. 

11114, hence, was high 1n orude fiber. The other (Experiment 2) 

•• a part1all.7 deoort1ca.t.e4, sol'ff?lt-extraeted meal {Shttrw!.D

wtlllama CompanJ') 1dt.h a prot.eln oonten.t of 57.-5 ~ cent. 

The approximate analysla of theae two prepapat.1one is given 



1n. Table 5• 

'&11111 .5• 6PP£91'11M M@ll1l1 Jlt 9111K l9Mt 
J>eeorUea'94 t1a1800J!'\1oate4 

(So1ven:t-nt.racte4) (Expell .... t.7") 

Jifola-tu:N 6.l.81' 4.52 ~ 

Pl'OMia ST .,o 31.ao 
Fat. 2.95 1.03 

N.F.E. 1,.12 19.12 

Cru4e P'tbet- 9.68 29.23 

A8h 10;.57 a.,o 
S1noe teat.a bad shmm the axpeller,.prooeas Mal to be 

relat1wl.y non-toxle, 1 t. wu uaed w1 t.bout rurther treatment. 

to replace casein at. the 25 per cent lnel 1n a pur1t1ed 

rat.I.on. S1n• castor~ waa attbst.1\uted on the basis ot 

n1t.rogen eqo.ttva.J.en.oe. those 41•14 low 1n oastor pomaoe were 

higher 1n energy eon\ent. ow1ng to \he t1ber added. by the pomaee. 

!he eompoe1t.1on ot the 'hri.oua rations 1a ah.own 1n. Table 6 

together 111\h tl'19 gatn made b7 the Tarl.oue lot.a 4ur1ng a au
welta p.-tod. 

!,abl.! ~ ComPOftta':' Dlet.1 Ym an4 fesul~ 
_:_ t _:_J!!l !D !l!P•r1meBt l • ·· 

,Lpl I Lot!! Lot III Lot IV Lot V 

oa.stor .Pomo.ce 0!"00% 16.so:t 33.105' 4?.60% 66~10% 

Oase1n 26.:,0 19.70 13.10 6.60 o.oo 

Corne te .. cch 64.70 54.80 44.80 J4.8o 24.90 

Fa.t 5.00 5.00 :;.co 5.00 5.00 

Sa1t.s 2 4.oo 4.oo 4.oo 4.00 4,CQ 

Total 1co.oo 100.00 100.00 100 .. 00 100.00 

Per cent ?rote1n 
supplied by 
1::!aator ?oms.ce 0.00% 6.25% 12.~~ 18.75% 25.00% 



Tot.al ~a1n.1n 
tietght, -tor 
S1x Weeks 

17 

177 gm. 148 gm. 136 gm. 110 gm. 62 gm. 

l Each d!eft was supplemented w1 th the following Ti temhla per 
kilogram ot teedt t.h1am1ne ohlor1de, 3 mg.J l"ibotlan.n, 6 mg.; 
n1cotln1c ao1d. 20 mg.; pyrldox1ne b.ydroohlQr14e,:, mg.J oal
o1um pant.othenate, :,0 mg.J oholine chloride, 2 3•J""s>ara-alno
beru:o1c acid, 5.":l mg.; 1noa1tol, l g.f rol1c ae1d, 2.5 Elg. In 
a441t1on, each rat reoe1Te4 weekly t.wo drops of cod.-11ver 011 
containing 1 mg. ot alpbe.-tocopherol. 

2 Salt mixture was oompound.ed according to Hegst.ed .!l Al• t,•>. 
Weanling rats of' the Spra~e-Daw1e7 strain were equally 

allotted acoordlng \o weight an4 •x an4 pl.aced 1n·· 1n41 vi.dual 

ca~es, five rat.ape!" lot. Fnd and. water were 1!JU.?pl1e4.II 

l.1l?l-fc!R. 1'hAt nt.s were weighed weekly under aa nearly the 

aame con41t.1one as possible. 

·!'b9 reaulta or Experiment 1 are presented graph1call7 1n 

n~ 1. E:nmd:na.t1on. ~ the data U41.oatllte that the protetn 

1n aaae1n '11&8 def1n1 tely superior tn grovt,h-p:romoting value to 

the protein 1n autor seeds. The rat.e rece1v1ng cualn as t• 
sole prowln souroe grew at a norme.l rate (:,o grams per week). 

As outor pomaoe replaced caaein. they e;rew at a slower rate. 

On the ration containing castor pomaoe as the sole aouree o:r 

pro'te1n,the rats grew ate. co:npare.t1vely slow rate (10 grante 

per week). 

Th$ growth exper1mentwaa re-:,ee.te4 uaing a aolflnt-extrao

t1on produot (Exparlment 2). Since tb1s product had been shown 

to be b1ghly toxic, 1t we.a detox1t194 by autocleT1ng :tor twent.7 

mt.nut.ea at 125° CJ (20 ?()UDde pressure) as r,Nrrl.ously described. 

Weanl.1n.g male rats or the Sprague-Dawley stre.in were divided. 

into tour lots of' eight, ra'ts each and treated as 1n Exr>er1ntent 1. 

The oomnoslt1on ot the rations ls shown 1n Table 1. Each diet;, 
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Figure I 
E:F'FSCT ON G?OWTH or qzpLACWG CASiW 

WITH CASTOR POMACE IN TL~ DlLT OF RATS 

260..-------------------------------------------------. 

22Q: 

180 

160 

140 

120 

100 

Lo+ I 
Lot II 
Lot_ 111 
Lot IV 
Lot V 

1 

C.:) f 
16.'; 
3J.1 
49.6 
66.1 

2 

C~stor Pom~c~ 
Cri.sto:r i-'om<1c~ 
C<1stor JJom,'.lce 
C9.stor i;or:i".C~ 
C~stor l'Om'ice 

3 4 
TIME rn Vi::::EKS 

Lot I 

II 

5 6 
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contained. a 20 per oent level of ::,rote1n and was :fed for tive 

~AbJJ! L. ComDOf1tign at Dle~§ ~ ~ 3!m;ltg 
Obftl&atf. JJl ftlPSJ:WUr:!'t .2 • 

r.o:a 1 
Castor i'omace 0 .. 00% 

Caaein 20.00 

aornate.roh 11.00 

Fat.. 5.00 

Salt.s ~-00 

Totftl 100.00 

Per oent Protein 
Supplied by 
,Jutor Pam.ace o.oo~ 
Total Gain in 
Weight tor Five-
Week Period 167 ;. 

iQl II 

11.60:( 

1,.,, 
66.07 

5.00 

,4aQQ 

100.00 

169 g .• 

Lgt III ,!:QS: IV, 

2:,.20,; 34.80% 

6.67 o.oo 
61.13 52 .. 20 

5.00 5.00 

't,92 4100 

100.00 100.00 

137 g. 

The ett'eet on e;rowth ot re-placing eaae1n w1th oas-t,or pom

ace 1n t.h1a expe:rtment is shown graph1ce.lly 1n F1gure 2. I~-&1n

or the data shows t.hat 1n this experiment, substitution or one

third of the casein by eastoi- pome.oe did not mater1al.l.y rectuce 
the rate of growth. Reduc~ion ot 28 per oen't at. t.wo-thirda 

substitution, and 69 per e&nt at. complete re:,la0$m&nt was :round.. 

The dit:re:rences 1n response 1n this experiment may be due to the 

lower fiber oontent or thes.e d1ets &$ compared with those in 

Experiment 1. 

Ex~riment l• In the growth e,cper1ments in which food wu 

available ,!!l JJ.oit.m, the rats with aaoeas to rations contaln.

ing only casein as protein oonsumed more ration during the growth 

period trum t.hose on diets having the easein partially or coa

!)letely replaced by castor pome.oe. Consequently, paired feeding 
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experiments were oatTied out .1n order to compare the growth 

rates when equal. quant1:t1ea ot rat1on were consumed .. '!heae 

~ oar.r1ed ouii as tollowa: four pairs of male rats were 

ura.w1 1n each experiment. Litter mates ot 1n1t1a1 weight 

Y1tb1.a 2 srame were used; initial wei.gh:t. var184 between 86 

and 108 gr:maa. OM animal ntoe1ved a purif1e4 diet conta1n-

1ng casein as the protein source (Loi 1, Table 6). The otbar 

was feel an 1dent.1o.a.J. ,:aat1on except that pat"t1e.lly 4eeort1eate4 

east.or µomaoe ( 57 .51' crude protein) had rO"pl.e.oed, on the bu.la 

of nttrogen equivalence, the casein and tt portion ot the corn

ataroh. (Lot 'IV, Table 6) • The foOd. consumpt1on of t-be eaaetn

f'M anlmala w:aa :reatrlct.ed. to ths:t ot the pomaoe-ted. The 

a,d;vnlla wen weighed. flffry otho:r a.a,-. T.be feed consumed atl4 

tote.l. gl"Owth tor the four palra are given 1n Table 8. ~ data 

'tar a representat..1ff pair are prennte4 graph1celly 1n F1guN :,. 

Dietl 
' ' . ( 2Mtlit:tt4l 

Food intake Gain 1n 2 days 
g. g. ..• . .. 

Daya 

1 13.5 
2 5.0 1.0 

i 6.0 
5.5 6.5 

5 7.0 
6 10.5 9.0 
7 10.5 
8 11.5 u.5 
9 9.0 

10 10.5 8.0 
11 7.5 
12 7.5 -s.o 
1:, 7.5 
14 11.0 15.5 
15 8.5 
16 ,~~ 12r. g. lfflsO ~ .5 g. 

Diet IV 
(PomMl::(d) 

Food intake Gain 1n 2 dqa 
g. g. 

a.o 
8.0 .. 2.0 
6.5 a.o 5.5 

10.5 
10.5 :,.o 
11.5 
9.0 :,.5 

10.0 
7.5 :,.o 
7.5 
7.5 :,.5 

ll.O 
s.5 5 •. o 
9.5 
215 !a2 

143.0 g. 26.5 g. 
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The s,Verase total :rood intake of rats on Diet I and IV 

wae 141.5 and 14J.O grams reaµeotively. The averas:e gain ot 

rata on Diet I was ab:,ut twice that of Diet IV. being 48.5 

and 25. 5 grams. 

The two-week assay period. is rels,t1 vely short for an 

animal iuiuaay. 'l'h1s uaay is uset'ul 1n a preliminary- rating 

ot pr~r,e1ns. It 1a 1ntereat1ng to note that whereas oaeein

f'ed rats on the same ration 1n Experiment. l and 2 w1 th .!51 

J.iW.tum toed1ng tripled thetr '"eight when compared to oast,,,r

pome.ce-f'ed. rnts, they only doubled !n we1e-;llt 1n this pa.1l"'Gd

reed.1ng experiment. Thus it would appear that the caae1n. 

ration was m.ore petlatable tha..·r1 castor pomace-oonta.1n1ng ration. 

The higher energy oont.ent of tbs oe.se1n ration might al.so par

tially s.eoount for these differences. 

B&2lUiSUM VaJ,1Je it 2162£ ~ ~::t9:t:t1n ll Qhlg1£-Gron!l Mltcmsl 

In these stud.lea the ability or castor pomaoe when substi

tuted on a n1 trogen equivalence basis ror cmse1n to support 

growth of' chicks waa determined. 

A pe,rt1ally deoortleated. solvent-extracted me&l with a 

protein content ot 'S7.5 per cent was detoxit1ed by autoclaving 

f'or twenty minutes at 125° C ( 20 pounds pressure) • The· treated 

pomaoe waa fed to ch1okls at vmrlous lnels as ahown 1n Table 9. 



Tab.le 9. Composition of Diets Fed to Ob.1cka1 

oa.ator pomaoe 

Ouelll 

Oorm'tcNh 

Gelatin 

Oot.toueed. oil 

Salts2 

Flsh aolublea 

To'ttal 

P·er oent ot 
prote'in su.pp11e4 
'by ClalJt.ar pomaoe 

Lot I 

o.oo 
20.00 

6:,.50 

5.00 

5.00 

5.00 

61·'11 
100.00 

Lot II Lot III 

a.10 17.40 

15.00 10.00 

59.80 ,S.10 

5.00 5 ... 00 

5.00 5.00 
s.oo 5.00 

1s5f.2 ••51 
100.00 100.00 

10.00 

Lot IV 

:,4.80 

·(0.00 

48.TO 

5.00 

5.00 

5.00 ,.,, 
100.00 

total gala 1a 
weight 'tor t.bre8 waks 79 gm. 10, p. 15 gm. 45 P• 

1 ~ nt1on was aupplemanted w1 th the· tollowiJ:16 vitamins Pf>I" 
poum. of teed.: v1tam1n A and. D teed 011. 1.15 g.J th1am1ne, 
0.,9 mg. f imlld.~1. 10 mg.; p_....,..Snobenzolc acl4, 5.0 mg. J 
paatotb.eniG ac:1dt S.O mg.; pyrldos:111$. 1.6 mg.J choline, TOO mg.; 
ribotlavin, ,o.o mg.J m.cot1n1c &eld, 8.o mg.J NJ4. f'o11c acid 
o.45 mg. 

2 Salta were compounded according to Hegated.. ti J!l.• (35). 

nay...old oh1cks ot crossed Bew Bampahtre and Brow Leghorn 

strains se1eetad at random without :regard to s.ex ware used. 

The7 were kept 1n thermostat1cally-oontrolled eleotrlcallyi

heated battery brooders. The ch1cks wre Wing-banded and 

we1ghtl,d at weekl.y 1ntenals. Food and water WeN providAtd 

a UW.U• Aver~ weekly weights tor a t.hree-wek period 

are presented graphioa.lly 1n P1gure 1V and the total gain 1n 

w1gtn. for 'the three-wek per1.od presented 1n Table 9. Rather 

heavy loaaes tram Newcastle virus ooourred during the tourth 

week. Although the pattern of results 414 not change• lt waa 
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oomlqNd expedtent to d1eoarc:t the growth data tor the tOlD"lh 

welt. 

lt will be - .t:rom the data t.hat replaotng 25 per oen\ 

or 1;ll8 oaee1n by cu-tor pomace lncreued the rate of srowth1 

theN vu a 881n or 19 g. tor- th& tbre...,..lt ve1o4 111 th ....sa 
and. 103 6• '4th a 15 ,-. ...-t. OBN1.Dwl5 pep Cilat cu\or pomaoe 

nt1on. Jillll1a,t1all.7 the sw rate at growu,. ooourN4 c a 
ftt.1.oa eonta1n1ng oue1n u the pr1n.olpal r,i-otain souree .. a 

rauon eonta1m.ng 50 per oent. cuetn alJl4 ,o pe ~ ~ 

·~ ~. 1441\loml pomaoe 1n the rat.lo.a 1n pl..- ot oaaela 

Naultecl. 1a cU.tdnteblic1 rates o~ galn.. ~ w1Ul U. .-. 

,u. ehtelt appe-.. to be better able to uttlllse cmator pomaoe. 

·· 1!d.e may be tn pat 4tl8 to the &bill ty ot t.h8 .,_ck to bet.t,q. 

ut.111• a re:t1on oon\all'dng gi-eater ~':8 Gt ~ 11.ber. 

As baa alre'att.J' been abolm• t.hia G1ma'1 la also _,,.. ~-~ 

lo the tox1e prl.nelple ot o.u'8r poma•• Specd.•e 41tt_..... 

1n •1_.MU ":<l~~ JDaJ' 6\lao p1q SOiie par\ 1D deter-

ldnlng the apparenUJ' aon etttn•~ utJ.llnts.on or -~ 
~ b7 ·~be cht.ot..· Another factor, tJD'E"e1ate4 to .mtir1t1YG 

valu. or prowtn, ls the palata'bUlty ot t1le ration. 



Tim AMINO ACID 00?-!:20SITIO?t OF OAS?OR POMAOE 

!he· reeult.a of the paire4-teeting and .IA UJd,:..-teecl!:og 

growt.h ~ta 1DA1oated that. the proteil1 ot cuter- pomaee 

wa tnoomplete. It was deemed 4ea1rabl•• tbeftt'ore. to det.erld.ne 

1.he c,ompoa1Uon ot tmt out.or bean protein 1a terms ot the 

eaaentlal .amtno aoUa. 

Ollall1cal •thod.a tor \he quant.1tat1n M'ttmllnaUon or amino 

MMe are. t1me-ooneum1t:tg and aubjeot, to 1ll8Q1' J)l'OoedUNl. errot'a. 

~ reoent ytt.-s the uae o't 111.~ams to detemlu 

fll"'ioua material.a, 1D.olud.1ng maim ae1da., :required tor ~ 

growth of bacteria baa bMn 1114ely aooeptect. The m1orob1olog1•, 

oa.l 4eteNtna"1on ot md.no ao1da gtvea data oompa:rtng tavoral:Jly 

wlth the beat eblm.loal metho4a. 1'tlls teehrd.que was. theretore • 

.-plo,-t .. 1be apeo1fto prooe4uree u..« wre thoae of He~ 

Md. Snell (35) ll0d1tled. 'to be more applicable to our oon41t1ona. 

A ~t.at1n aample or aolve:t,-exvactecl deoort1oate4 

oaa'\ozt pc,maoe was br4rol7zed bf Nrlux1ng a ~ sample vlt.b 

150 ml ot 6 :I RCl ~- 24 houN. Moat. ot the ~me ao14 

vu reman4 b7 41at411at1cm at. .redueed pree,auN. Tbe ~i,u.te 

vu tm,n neut.ral.1zed 1d.1ih 5 1f llaOH• 41.lute4 to one Uter an4 

t11teNl4. to ,1'8110ft hull.1n. All am1m a014a RCMJpt tryptophane 

were 4eterm1-4 on thla brdrol.Jut.e. l'or tb1s lat.wr amlno utd, 

al.kal.1m ~lya1s vaa oarrle4 out. as tollow1u a 0.5 gn. aa.ple 

wa ~ 1n 20 al ot 5 B BaOR 81¥1 autoolaftd at. 15 pO'dl'.ll18 

pres.sure tor eight ho'm:ta. 'fhe hy4:rolyaate waa t.hen nauvallsed 

With 6 I' BOl, 41.lut.ed to one ui.,.., and t1lt.eN4 to NmOV'llt huad.n. 

'fhla mmtr'lll. b;r4ro1J'8llt& was used tor the aasa, of 1.rypt.ophaat., 



fhe orgam.sme used were as follows: Lutob&t3,P-u m&l

&IIUlllb tor glu~amic ao14. l.uctne. phenylalanine. TalSne end. 

t.ryptopbWJ lirtRHMSM t.a.al&.t, for~. h1at141De, 

. metb.tonlnet and tbNonirJeJ and. lGemlltl. --~ P-dea 

tor upet,1o atd.4, 1ydn.e, proll.De. tpostne. an4 1soleuclne. 

Cul t.uNta .~ the orgad.Blle ._.. malll\dned aa a\aba 1n a 

complete ~ meUt11. The same medium with agar om1tte4 was 

employe& tor culturing t.he 1.nooula. Inocula were prepared troa 

tib.e agar a tab stock oul tures and e,-on .mtrtdght at Yt° o. 
T.be oella were oeat.r1tuged and reauapen4e4 1n. a vo1ume ot aterlle 

0.9 par cant. aodtum Oh1or1de aolutioll t1ve ttmes greater 1a 

ft1me than that or the medlum 111 Vhie:h they were e;x-own. One· 

drop ot euspens1oa wu uN4 tor each &&tJ&7 tuba. 

!be oompod t1on or the bNal ...U.a was easentlal.17 the 

aam• aa -that at Henderson end. Snall (35) w1 th the except.I.on ot 

the buttv salts. For tha idll\Rl!&&J.Jal lalllPN1111 and la.
...._ .,..ftRsd..Au Md.is., 10.0 grama of ~04 wu 4ecrwaed. 

to 1.0 gram. 2.0 grams ot ao41ua aoetate (anb;rdroua) waa lnoNa8ed 

to 1*0 .. o griama. 1t0.o g•s or aod.lum 01 ti-ate was om11.ted.. and 

1.0 grm ot ~o4 waa a44ed per 11 ter of mecl1ta,. For Ul:'Glt-
111111 bttar\lf• 2.0 graD.S or ao41t.m acetate (~) WU 

lnoreaaed. to 6 .. o grama, 10.0 grams o't 12HP04 was cleoreued to 

1.0 sr•, .-o.o gNm1S of .8041m o1trate was om1t.te4. and 1.0 

gru o~ D2P011, and 20.0 gram.a of euectn1o ao14 a44e4 per liter. 

1'hltae changes were made 1n oNter to permit t.1tftmet.r1c measure

ment.a ot ao14 }U"Oduo"lon bJ v1aual1ndlcator Mthoda. 

1or each uaay 1irb8 apJ)1"0pr1at..e medium 4e:t1o1ent. 1n a eingle 

amino ac1d was prepared at twice 1t.a t1.nal concentrat1on. 
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Qu&nt1Ues of pure amino aelda were added to a •r-1ea of unitOl'IB 

teat tubea 1n •ounta suitable f'or p:roduclng gradations bet.ween 

•1nSul an4 maximal growth. Contents of' all tubea were 41luW. 

w1 th nter te 5 ml an.1. an equal volume of med1um was added .• 

Th87, were ater1.liza4 and. 1.noculated w1th a prnioualy waab84 

ausl)e'nelon ot oella o.f the proper organ1am. The tubes 119N 

the.a 1mubat.ed 1n an alr 1.D.oubator · at '51° c. tor 60 to T2 ~. 

The ac1d production of' the atanc1.arde an4 teat. samples was the 

cleterm.imd by Utration of \be ao1d pro4.uoe4 vltih 0.2 II Ba.OB 

wd.Jl8 bromUVmol~lue 1n41oator. n. · •-es• ac14 pro4uoUoa 

tor Noh lmo1l'n lft'el of' amino ac14 va then plotted. g1"1Jg a 

ata.n4ar4 oune. The amount of 8J!llno. ac1d present in t-he teat 

sample at the va1ous levels was then determined b7 , 1na~ct1Glt 

tl'Om tb1B Standard O\Jrft • The Val.ues obtad ned at, t.b& 88ftre.l 

levels wre inapected to determine whether "4ri.ttu bad ooC\tt'Tl84. 

U tbe vaJ.u.ea at widely ditferlng conoentrat1ons 'N1"'9- closely 

111mua:r. U1e ~ vaa taken. All 4eterm1na'.t1ons wre re

pea\84 tmtil sa't1stactory duplicate values were ob1ra1Ded. 

The reaul ts of' the m1erob1olog1oal aasaya oaa be 1'otm4 la 

Table 10. 



Results calculated to 16 per oent Non an Nh-and moisture
tree baais. 

!m.tM. Adi 
~ 

Aspa:rt1c acid 

Glutanic acid 

M1st1dinit 

Isoleuctne 

Leuc1ne 

Lysine 

Ysth1on1ne 

Phenylalanine 

Proll:ae 

:fhreonlne 

Tyrostne 

Vallae 

T:r-yptophmle 

Total 

l Values 1n literature. 

gwS,Al 

4.J 
6.1 

2.1 

6.3 

9,,.7 

1.6 
:,.4 

5.0 

8.0 

,.a 
6.1 

6.5 

,.2 
94.0 

Qut9£ P9MAt· 

11.0 

4.6 

1a.o 
2.5 

5.3 

7.2 
, •. l 

1.5 

4.2 

3.9 

:,.6 

,.2 
6.6 

2.§2. 
75+32 

Exam1.nat1on of the mdno-acid oompoa1t1on of castor bean 

protein shows it to be deficient in~ at the ssMnt1al 

amino acids. For comparison, the acoeptod values tor th.e amino

acid oom.pos1t1on of cueln, a relatively high quality protein. 

are a.lao presented.. It can be readily seen that the protein 

of the pomace is pm;-t,1cul.arly deficient 1n tryptopr...ane and low 

1n •th1on1ne. When it 1s recalled that casein 1s rel.at.1vel7 

low 1n the aultur-oonta1n1ng amino acids. the castor protein 



appeera wan more defeot1va vtth respect t,o meth1on1l'le. 

S1n.oe b1olog1oal teat,s had shown that castor protein was 

1nadet\Ua:li• to p%'0'9'14e for good growth 1n the rat. 1 t was or 

interest to calculate the percent.age ot am1no ac1ds required 

by the rat as determ1ne4 by Rose and oo-worke~ ('6) tha:t 

would be p:ro'V14ed by castor p:rowln at the 25 per eent level. 

These oompui.at.1ons are preaen~ 1n Table 11. T.b.ey llkewi• 

show the p:rote1n to be ser1ouely deficient. 1n tryptophane 

(42.5 per cent normal reqw.remf1at) and methionine (50 per cent. 

mrmal requ1J!'$lllent). Lysine 1e also a1gr:d.f1oam:tly .below the 

required level tor maximum growth. Further studies to determble 

the etf'ect of supplementing oastor prote1n with try-ptophane and 

methionine. 11eparatel7 and together, appear 1n Ol"der. 
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haul.ta ealoulated Ol1 a 25 per oen\ protein level. 

M&I! Hl4 20:IR l:dt!IJ.. gyW lRJDMI 

~ o •• ,.J.2% 
Aape,1c ac14 0 .• 20 1.20 

Glutamto ao1d 1.00 , .• 78 

m.at141ne 0.10 0.66 

Iaoleuolne o.80 1.,a 
Leue1m 1.20 1.92 

Lysine 1.20 o.e, 
Methionine o.so o .• «) 

Phenylal.an1ne 1 .. 20 1.10 

ProlS.ne o.ao 1.01 

'lbreon1na 0.10 o.94 
f7,roa1ne o.so o.82 
Valine 1.00 J..16 

~top ham o,.40 0.11 



D1S0USSIOH 

It baa been ahovn that the oral actm1n1stre:t1.on ot aolven'lr 

extrao\ed ca•tor been meal.a reeult• 1n ae,ere 1J711Ptoma ot toz-

1e1'1 an4 death 1n rats a..'114 Ohloka. A aemple of expeller

proceaa meal 414 not. have a high order ot toxS.clty. I\ mq 

be \bat the h1gh8Jt tem-gera~a emplo)'e4 1n expell..-\Jl)e 

__.act.le oauM a 4enaturat1on ot tbe toxlo album.1n. fhe 

oommeroi&l trend toward aolTent ertrao\lon. ~. v1U 

J)l'04uoe 1noreas1ng amounts ot a h1r;;hly toxlo prot.e1n conoen

trate. '?ha· partial 4eoortioat1on of the seed preoedlng es-

traoU.. whloh 1.s at present. being teated on. a p1lot.-plant. 

aoale, Will pZ"OTide a meal o:t ver7 high protein oont.ent. A 

8U1 t.able method ot detodoat.1.on voul.d provide a bet.wr market, 

:ror this b7-Pt904uot. t.tma 1mprcv1Dg the eoonom1o teu1b111ty 

ot produetng cuter beana 1n the ~tea. Stat.ea. 

'l'heae atu41N ole•ly 4ammatrat.e t-bat tNafaent ot the 

meal by D10iat. heat, tor periou of t1netm ndmt.ea eauae saua

f'~ Nduots.on 1n tox1o1ty •. Autoclaving tor thls length ot 

time at 125° a. proc1ueed a meal. ot h1gh palatab111ty 'to nta 

and old.eke wtd.oh was non-toxic when fed at t.he :f'c>rt1 per cent, 

1 ... 1. TM pr.eU.oa1/4ll\y of this tJPG o~ pneeaalng on a 

pla:at aeale 111 'beJ'l>ftd the aoope of tabis af.udy. %\ aaaa Ubl7 • 

~. tbat some mod1t1cat1on ot '119 "toaat.Sng" pro•••~ 

to lm.pNve the mttrit1w qua.llty ot soybean meal .S.ght be -

ployed w1 th oaator pomaoe. ~r inTeaUgatlona along tbeae 

llnea will be ~n. 

In oonnon w1 th the protein or moat. IIMda, caa\or bea Pl'Otela 



1a mt ot h1gb. qaa.llt.7. Both 'b1olog1oal test. With rats 881. 

oh1ota and a:nal.ya1a ot am1ao-ao14 eompoa1 t.lon abow the pro·te1li. 

to be of low biological value. F&TOl'abl.e re.tea ot gain....

obtd!:ned w!»D. a mall pOJJUoa ot the total prot.ein Nqniremen\ 

vaa auppll4kt b7 castor pomace; u t.he lnels were 1noreaaed, 

growt,h became PJ'O!l'8••1vely poorer. Under the oon41t1om ue4, 

oaator pcru.oe g&Y9 ~t, b$t.ter growth reapoue with old.ob 

thaa 1d. \h rata. lflWtatr t.hla 1s d.:d to an 1tal)%"0fld palatablll \7 

of the ration 4ue to the 1nOOl'POnt1on ot the oaator pomaoe • to 

the h1gh(tr 1.fnel o'f total protein 1n the oh1clt ration, or to a 

d1tteNnoe 1n the am1.no ao14 requirements or the two an1.'dl.a 

HqUJ.Na tur~ •"'141• 
Analyela or •lno-aold oompoaltlon oft.be whole protea 

ot tbe seed showed that the t,ryptophan.e an4 methionine oont.enta 

wre l01ntr than those requlred tor optSJaum ~h 1n. Ute rat ... 

Lysine was also present at a marg1nal lewl. While this 1a or 

1mport.anee 1n tM ut111zat.1on of tbla meal as the sole source 

ot protein tor a ua-rum1naat.. it 4oea no\ 1mPldr 1ts vaJ..ue. u 

a prot.91n a'QPPlemeat la a Dl1Xllld ration. HoNarer • protein 

qual.1 t.y t.ppem'tS to bet ot leaa !mportanae 1D teeda tor rumiDau\a 

beoauee ot the reoozl8tltu\1on et the ud.no a.olds b7 \he~ 

m1cro-r1ora. The detoxin.84 meal should prove en aeceptable 

ld~t.1n teed tor eattle and atwep. Further 1:rmu1t1gatloa 

Sa \'bla regard will be neoeam-7. bowwer. 1n orl.er t.o 4eteJ'Jlll.ae 

V. m\rltlw val.ue of the 4etoxt.nA4 -1 tor~ «mm&l.e. 

Bueh atualM are 4epenlant. on I.he 4eNlopment of' a methl4 or 
4etoxioat1on on a'I. least. a p11ot.-plant. scale. It 1s hoped t.ba'l 

~nt.a oan be aad.e to oont1Due t.b.eae a.Uea 1:.brougb. 



oo-open.t1on wit.h th* Northern Regioru1l Laboratory o't the 

Un1 tea It-a.tea Department ot Agr1cul tUN. 

In aonolua1on, 1t should.be no\ed that the pro4u.otio.n or 

a ld.gb-prote:1n supplement from cutoP bean ...i has been 

aob!ff84 on a laboratory soale b7 methods wbioh appear to 

otter commercial poss1b1l1 ties. The extentdon o~ these 1"1nd-

1ngs should provlde a more·econoad.cal use or eutor pomace 

14th reaul t.ug be'n.ef"1 t to the :r......,pro4uoer and a uw aouroe 

01" h1gh-prote1n :teed :tor the r~. 



SUMMA.RY 

A tonoologloal. at.\147 ot east.or pomaoe sbow4 that 1\ 

eontas.884 a b1gbly' toxic m-atertal, aa preYloualy report.ed .. 

Tbla toxio1 ty was 4ue to tbe presence 1a the untreated. pomace 

of an albumimtta proteb,, r1o1n. The symptoms of tox1e1 t7 

and the· goes a?ld. 1110l'0800p1o patbologioal les1ons were s1tl11W 

to 'lboae oba&i•"4 lJy pxaeYS.ous 1nvestigatonl,. In the rat the 

oral adldnlatraUon ot the toxic pomace pro&ucec! 1nan1tloa. 

emac1at1on, ner,,oua 1Jl9'0lirentent., oo:mula1ons, and 4eath lq 

respiratory te.llure. Poa~ examlnatton .fibolfed a general 

lntlammetion eat ·edma ot t.be gaatro-lnt.esUnal tract., w1 trb 

ocoaal.onal puaot.1f'erm h81lorrbage. ft.Mt contents of the anall 

1nteet.1u...,. usual.l.7 11qu14 and blood was 80M't1mes found. 

A avous tlu14 vu oooaa1onally noted ln the body' om.ty. 1'he 

11..,. ·vu byperem1o anti. ~ ld4n.ep ..._ congested. UNatea 

were nt>ted. 1n the ~. lttoroHCpio eeet1om ot small tateaU. 

an&11; llvei" con.firmed these 6,l"OH patbologlcal f1n4inga. S1m.11ar 

lesions wre alao f'ound. in the oh1ek. although S:t e.ppea:rs tba\ 

tbis &n.1mal 1s aom.evbat more resist.ant to the tox1o protein. 

Yerlous t,reatment,e were investigated to 4eterm1ne tbt1J" 

etteot on the t.ox1e1 ty of the pomace. Moist heat (autoolfl'l'bg 

for, a m1n1mum or 15 ml.mi.a at 125° a. aa1. 20 pounc1a PNt•aurel 

wae ettect..1w 111 destroying the toxicity of' the meal.. bot.h Sa 

tbe :preaence and abaence ot added water. Treattng with el~ 

0.2 If llCl or 0.2 Jf BaaI a1so produced nearly complete dea'tl'uo

t1ou of' the toxin. M114 ox1dat1on w1 th three per cent hydrogea 

peroxide was likewise etteot!.vc. Heat,1ng a &11.lft7 of~ Sa 



aoeu water at 600 o. tor one-ba.J.1> hour and dry heaUng at 

1Jf00 a. nre 1mtfect1n in remov1ng the toxiotty. 

!he ld.oloe;1oal value o:t oastor pomace protein was 1D.Yea\1-

gate4 wlt.h rate and oh.1.oks. ·flle protein 1n castor aeeds does 

not. oompare :tavorably in growth-promot1ng value tor the rat. 

¥1th -...tn. OM'lor bean proteln appea;n to be of ll1.gher 

blologloal value tor the ch1ok 'than tor the rat.. 

The pr'tno1pal amino aolda were determined 1n oaator 'bCran 

pl'Ote1n ua1ng m1orob1ologloal asaa,a. Meth1on1ne and part1-

oularly trypt.ophane WN found to be low. 1'h1a acoounts tor 

the poor quality ot \be protein :totm4 by b1olog1cal teata. 
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