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with commercial  nickel catalysts. Under  suitable 
conditions the acid is reduced predominant ly  to 
monounsatura ted  acids with only a slight increase 
in sa tura ted  acids. An  alkali-conjugation reaction 
mixture may be hydrogenated without isolating the 
conjugated acids. One set of conditions found suit- 
able for hydrogenation is as follows: I0 g. of con- 
jugated linoleic acid, 7 g. of sodium hydroxide, 250 
ml. Gf water, and 0.05 g. of nickel placed under 40 
p.s.i, hydrogen pressure and heated at 140~ for 1 
hour. Acids prepared front this reaction mixture 
have an iodine value of about 90. Oxidation and 
chromatographic analyses of the resultant dibasic 
acids indicate that  with alkali-conjugated linoleie 
acid, 1,2, 1,4, and 3,4 addition of hydrogen take place 
with equal ease. The reduced acids contain 66% 
trans acids. Wi th  trans,trans conjugated linoleic acid, 
1,4 addit ion takes place to a greater  extent that  1,2 
and 3,4 addition, and the reduced acids are all trans. 
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Isolation of Ricin, Ricinine, and the Allergenic Fraction from 
Castor Seed Pomace from Two Different Sources 1 
GEORGE R. WALLER, Biochemistry Department, Oklahoma State University, Stillwater, Oklahoma, and 
S. S. NEGI, Indian Veterinary Research Institute, Mukteshwar-Kumaun, V. P., India 

I 
N INVESTIGATIONS involving poisonous materials,  it 

is necessary to curtai l  the handl ing as much as 
possible to avoid the associated hazards. Precau-  

tion is necessary with castor seeds because in han- 
dling them one is exposed not only to the extremely 
toxic protein ricin but  also to the possibility of ac- 
quiring sensitivity to the allergenic f ract ion which 
has been described as a protein-polysaccharide com- 
plex. Besides ricin and the allergenic fraction, there 
is a mildly toxic alkaloid, rieinine. Methods for  the 
individual  isolation of one or the other of these fac- 
tors in castor seeds or pomace have appeared  in the 
l i terature  (3, 4, 7, 10, 16). The classical work on the 
isolation of ricin is tha t  of Osborne, Mendel, and 
Har r i s  (15). More recent works on the isolation and 
purification of ricin are those of Kaba t  et al. (7) and 
Kuni tz  and McDonald (10). In  spite of the fact  
that  crystalline prepara t ions  of ricin have been re- 
ported to be homogenous, there is evidence tha t  riein 
may be a mixture  of more than one component  (2, 7). 

The procedure used in the prepara t ion  and purifi- 
cation of riein in this repor t  is pa t te rned  a f te r  one 
used by  Corwin of Johns  Hopkins  Univers i ty  as 
reported by  Kaba t  et al. (7). The method of isolation 
of the allergenic fract ion in castor seeds has been 
developed by Spies and Coulson (16). Their  pro- 
cedure was followed in this work. The principle 
used in the isolation of the alkaloid ricinine was 
essentially tha t  of Evans  (3). 

Here  an a t tempt  has been made to develop a 
method for  simultaneous extraction of these three 
fractions f rom one lot of the material .  P re l iminary  
steps in the isolation of any  of these factors  are to 
shell, grind, remove the oil, and in some cases decorti- 
cate the castor seeds. Two samples of castor seed 
pomace, one a commercially p repared  sample and the 
other p repared  in the laboratory,  were subjected to 
the following procedure. 

1 Published with approval of the director of the Oklahoma Agricul- 
tural  E x p e r i m e n t  Stat ion as Journa l  Article No. 400. 

Experimental Procedure 

Extraction and Isolation. The general plan fol- 
lowed in this work is shown in F igure  1. The differ- 
ent steps involved are as follows. 

Extraction of Oil from Castor Seeds. The shelled 
castor seeds were ground, pressed, and extracted with 
ethyl ether. This was done only on the laboratory-  
p repared  pomace. 

Extract ion af Castor Seed Pomace. The oil-free 
pomace was extracted with five volumes of water  
acidified with HC1 to a p H  of 3.8. This was effeeted 
by shaking the contents in a large, wide-mouthed 
bottle dur ing  a 24-hr. period. The contents were 
allowed to settle and then were filtered through linen 
cloth (about 45 threads per  square inch).  The resi- 
due was t rea ted  with 3 volumes of distilled water,  
shaken for  2-4 hrs. and filtered through the same 
cloth. A second t rea tment  with water  was given to 
the pomace. 

The three filtrates were combined to give filtrate I. 
The remaining  residue was termed insoluble residue I. 

Filtrate I. This filtrate contains all the ricin a n d  
portions of rieinine and allergenic fractions that  are 
soluble in cold, dilute HC1. I t  was evaporated to a 
small voIume by vacuum distillation below 40~ 
Riein I was obtainea by  sa tura t ing  the filtrate with 
NaC1 and was then separated by  filtration. The fil- 
t ra te  af ter  separat ion of ricin I is termed filtrate I I .  

Filtrate I I .  A precipi tate  of ricin I I  was obtained by 
saturat ion of this filtrate with sodium sulfate. The fil- 

~trate af ter  separat ion of ricin I I  is termed filtrate I I I .  
Insaluble Residue I. The residue of castor seed 

pomace left  a f te r  the extraction of ricin was t reated 
with five volumes of water  between 70~176 thor- 
oughly shaken for  1-2 hrs., allowed to settle, and 
filtered through linen cloth. The residue was washed 
twice more with hot water  and filtered through the 
same cloth. The combined filtrate and washings gave 
filtrate IV. The residue is termed insoluble residue I L  
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Insoluble Residue II. This castor pomaee is free of 
the toxins and allergens that  are removed by the aque- 
ous and acidified extracts. 

Filtrates I I I  and IV. Fi l t ra te  I V  contained ricinine 
and the allergenic fraction. Fi l t ra te  I I I  also con- 
tained dilute HCI  soluble fract ions of these constitu- 
ents along with excessive amounts  of sodium chloride 
and sodium sulfate. These filtrates were combined 
and evapora ted  to dryness on a steam hot plate. 

The d ry  mass was extracted three times with hot 
95% ethyl alcohol. The extract  contained rieinine. 
The remaining insoluble mater ia l  was termed insolu- 
ble residue I I I .  

Insoluble Resiclue III .  This residue was extracted 
twice with 25% ethyl alcohol. This extract  contained 
the allergenic fract ion contaminated with excessive 
amounts  of sodium chloride and sodium sulfate. The 
remaining insoluble mater ia l  whieh contained consid- 
erable amounts  of NaC1 and Na2S04 as well as non- 
extractable mater ial  f rom the castor pomaee was 
discarded. 

Purification of Ricin. The preparat ions,  Ricin I and 
l~iein I I ,  were dissob~ed in water  and reprecipi ta ted by 
saturat ion with sodium sulfate at p H  8. Af te r  repre-  
cipitation twice more with the same salt they were 
dissolved in water  and dialyzed against  t ap  water  
for  48 hrs. and distilled water  for  12 hrs. to remove 
salts. In  both cases a soluble and an insoluble protein 
were observed in the collodion bag. The water-insolu- 
ble proteins were filtered on a sintered glass crucible 
(iV[). Both fract ions were dried separately  in an oven 
below 40~ and finally in a desiccator over phos- 
phorus pentoxide at room temperature .  The dry, 
water-insoluble proteins were brown, and the dry, 
water-soluble proteins were whitish grey. Crystal-  
line proteins were observed in each preparat ion.  

CASTOR BEANS [ 

[ Ether extracth,n ] 
'1 ('astm' bean p,)mace ] 

b 
1 Extracted with dil HCI I 

and filtered 
t tx 

Insol. Residue I I Filtrate I I (Riein and parts of ricinine 
l ] and allergens) 

�89 
I Concentrated aed saturated with 

Extracted with hot water I Na('l.-precipitate filtered 
and filtered , I 

Pomaee (Rieinine and allergens) (Riein not precipitated 
Insol. Regidue II by NaCl and parts of 

ricinine and allergens) 
? 

[ Satumited with Na~S04- 
Precipitate I filtered 

(Parts of ricinine and 
allergens with excess I 
of NaCI and Na,SO,} ] 

Combined filtrates evaporated ~ 1 
to dryness and extracted with 
absolute alcohol 

lnsoL Residue IlI 
(Allergen with excess [ 
of NaCI and Na~SOo) l 

1 
[ Extracted with 25% Alcohol I 

I 
1 4 

I Residue ~ ] [ Allergenic fraeti~ + 
| contaminated with ex* NaCI + Na~SO, / cessive Na~S(), / 

:FIG. 1. 

Purification of Ricini~,e. The riciaine extract  was 
evaporated to dryness  on a water  bath. I t  was 
purified by repeated crystallization f rom hot water  
and toluene. White  prismatic crystals were obtained 
which had a melt ing point of 193-197~ at atmos- 
pheric pressure. Evans  (3) repor ted  the melt ing 
point  of ricinine a t  193~ 

Purification of Allergen. This procedure was based 
on the propert ies of the allergen as observed by Spies, 
Coulson, et at. (16, 17): i t  was a) water-soluble, 
b) stable to boiling water, e) not precipitable by 
basic lead acetate, d) soluble in 25% ethanol, and 

T A B L E  I 

Yields of Riein,  Rieinine,  and  Al lergenic  F rac t ion  f rom 
3 kg. of Ai r -Dr ied  Castor  Seed Pomaee  

(Mois ture-f ree  basis)  

Commerc ia l  Labo ra to ry  
I)onlace pomaee  

Quan t i ty  of pomace ............................... 
tgicin I ( f r om sa t 'd  NaCI pp tn . )  

Water- insoluMe ................................. 
Water-soluble  .................................... 

Ir I I  ( f rom sa t ' d  Na2SO,~ pptn . )  
W ~ter-insoluble ................................. 
W'ater-soluble .................................... 

Total  r ie in  ............................................. 
Pe r cen t age  of ricin ................................ 

lr  ................................................ 
Percentag 'e  r ic inine .............................. 

Al lergenic  f ract ion : 
Before  dialysis .................................. 
Af te r  dialysis .................................... 

P e r c e n t a g e  of dialyzed a l le rgen ............ 

g. 
2751 

0.75 (A)  
2 . 1 4 ( B )  

Combined wi th  A 
Combined wi th  B 

2.89 
0.105 

0.60 
0.02 

13.28(P) 
2 . 1 6 ( Q )  
0.08 

g. 
2850 

1.29 (C) 
1 . 4 4 ( D )  

1 . 1 4 ( E )  
24.22 (F )  
28.09 

0.99 

3.00 
0.10 

28.27 (1~) 
6.22 (S)  
0.22 

e) insoluble in 75% ethanol. F ina l  purification of 
the allergen was by dialysis. In  the process of dialy- 
sis the allergen loses its carbohydrate  moiety. The 
protein retains the allergenic p rope r ty  since the loss 
of the carbohydrate  moiety which presumably  acts as 
a hapten  does not result  in a decrease in allergenic 
potency (1, 17). 

Results. The yields of the different fractions f rom 
3 kg. of air-dried castor seed pomaee are recorded in 
Table I. The different riciu f ract ions are termed A 
to F and the allergenic fractions P to S. The nitrogen 
content of the riein preparat ions  were: A = 16.82%; 
B = 17.23%; C = 15.86%; D = 15.18% ; E = 16.27%, 
and F = 16.77%, with an average ni t rogen content of 
16.52%. The ni t rogen content of the undialyzed aller- 
genic fractious were P = 13.81%, R = 13.90% and 
for the dialyzed allergenic fractious, Q = 17.01% and 
R = 16.61%. These nitrogen values are expressed on 
an ash-free and moisture-free basis. 

When dissolved in 1N NaCI solution, all of the 
riein prepara t ions  lef t  behind a small insoluble resi- 
due. Nevertheless in qualitative in vitro tests all the 
fract ious were observed to have a s t rong hemagglu- 
t ina t ing  activi ty towards  a suspension of rabbi t  
erythroeytes.  The strong toxicity of these prepara-  
tions was quant i ta t ively  confirmed by intraperi toneal  
injections in rats. The details of these tests are given 
in Table I[ .  

The allergenic prepara t ions  were completely sol- 
uble in the distilled water  and in 1N NaC1 solution. 
Three of the allergenic prepara t ions  were tested in 
guinea pigs. In  pre l iminary  studies each of the three 
prepara t ions  (Q, R, and S) were used to sensitize 
two guinea pigs (of an  average weight of 392 g.) by 
subcutaneous filjeetion of the allergen. Two weeks 
a f t e r  sensitization they  were administered a shocking 
dose by  cardiac puncture.  In  this series of tests it 
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TABLE I I  

Tox ic i ty  of R i e i n  to R a t s  

Toxic  level  of r i c i n  
R i e i n  f r a c t i on  ( g a m m a  r i c i n /  

100  g. body wt . )  

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 .5  
B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 .4  
C .............................................................................. 9.5 
D a ............................................................................ 

E .............................................................................. 17.6 
F .............................................................................. 21.4 

a This  sample  acc iden ta l ly  got ove rhea ted  and  as a r e su l t  was  p a r -  
t i a l ly  detoxified. 37  g a m m a  fa i led  to k i l l  r a t s  in  seven days,  h u t  a n  
add i t iona l  dose of 509  g a m m a  ki l led  them in  48 hrs .  

was ascertained that  an approximate  level of 100-150 
gamma of allergen nitrogen per  ki logram of body 
weight would be required to produce death by  ana- 
phylaetic shock. Af te r  this pre l iminary  s tudy it was 
desired to test  the allergeuicity of these prepara t ions  
in a more elaborate manner .  Thir ty-six guinea pigs 
of an average weight of 368 g. were divided into three 
main groups with three subgroups of four  each. The 
animals were sensitized subcutaneously by graded 
doses of the allergens in 0.1N NaC1 solution. Three 
weeks af ter  sensitization they were administered a 
shocking dose by  cardiac puncture.  The results are 
shown in Table I I I .  

TABLE IIl 

C o m p a r a t i v e  Toxic i ty  in  Gu inea  P i g s  of Gai t -Conta in ing  and  
Sa l t -F ree  Castor  A l l e rgens  

Sensi t iz-  Shock ing  
Sub- i n g  dose dose 

g a m m a  g a m m a  Resu l t s  
Group  g roup  N / k g .  N / k g .  

body wt .  body wt .  

Al le rgen ic  F r a c t i o n  Q 

A 80 80 lV[oderate s h o c k - - n o  dea th  
B 160 160 3 an ima l s  died in  3 ra in .  

I 1 a n i m a l  died in  96  hrs .  
C1 2 4 0  160 2 an ima l s  died in  5 - 1 0  nfin.  
C~ 240  240  2 an ima l s  died in  3 ra in .  

Al le rgen ic  F r a c t i o n  R 

A 60 60 ~fodera te  s h o c k - - n o  dea th  
120  90 l a n i m a l  died in  5 ra in .  

II I a n i m a l  died in  24  h r s .  
B~ 120  120 1 a n i m a l  d ied in  5 ra in .  

1 a n i m a l  d ied in  2 hrs .  
C 180  180  2 an ima l s  died in  2 4  hrs .  

2 a n i m a l s  died in  48 h r s .  

Allergenic Fraction S 

A 80  80 2 a n i m a l s - - m o d e r a t e  shock 
1 a n i m a l  died in  96  hrs .  

Ill 1 a n i m a l  d ied in  20  rnin.  
160  160  Died  in  2 - 1 5  ra in .  
240  240  1 a n i m a l  died in  40  rain.  

3 an ima l s  d ied in  24  h r s .  

Evaluation of the Toxicity of Extracted Castor 
Pomace. The protein of castor pomace has been 
found to be deficient in t r yp tophan  and low in methi- 
onine and lysine. Biological tests by  Kodras  et al. (9) 
have shown tha t  castor p ro t e i n  did not suppor t  ade- 
quate growth in the ra t  when used as the sole source 
of protein. 

Samples of the two different castor ponmces before 
and af ter  extract ion were fed to groups of ra ts  to 
determine their  relative toxicities. A qualitative in 
vitro test  showed no hemagglu t ina t ing  act ivi ty of the 
pomaces towards a suspension of rabbi t  erythrocytes.  
The unextracted pomaees were fa ta l  to a group of 
white rats  while no deaths resulted f rom feeding the 
extracted pomaees. The ra ts  fed the extracted pore- 
aces showed no weight loss over a period of eight 
weeks. The pomaces were fed at two levels: (1) a 
1:1 mixture,  and (2) a 2:1 mixture  (castor pomace: 
Rockland Rat  Die t - -Comple te ) .  

Since the toxin-free pomace was nontoxic to rats  
and appeared  to have some value as a feed for  rats,  
some measure of its nutr i t ive value was needed. 
Proximate  and minera l  analyses of the castor pore- 
ace samples before and af ter  extraction of the toxic 
and allergenic principles are shown in Table u  

[n general, these results follow the expected t rend 
with respect to change in composition a f te r  removal  
of the toxic and allergenic principles. The pomaee 
retains a sufficiently high protein value to be con- 
sidered as a supplementa l  feed for  livestock. The 
Brain problem encountered with the extracted castor 
pomaee is one of palatabil i ty.  ~a t s  overcame their  
objection to the pomace in two to four  days  and 
thereaf ter  ate the blended pomaee as readi ly  as the 
control ra ts  ate the control labora tory  feed. 

Amino Acid Content of Ricin. Some pre l iminary  
observations of the amino acid content of r iein have 
been made. Microbiological procedures were employed 
for these determinations.  They were essentially those 
of Henderson and Snell (5). 

The values are compared with some of the more 
recent values repor ted in the l i terature.  The amino 
acid analysis of the castor pomaee is also shown for 
comparison. The amino acids are typical  of those 
found in plant  materials  al though there have been 
some recent repor ts  (13, 14) tha t  some less comnmn 
and possibly unknown amino acids may  exist in the 
ricin. 

T A B L E  V 

Amino  Ac id  Content  of R i c i n  

Amino  acid  

Glycine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V~l ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L e u c i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I so l euc ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h e n y l a l a n i n e  . . . . . . . . . . . . . . . . . . . . . .  
T r y p t o p h a n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h r e o n i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cyst ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
lYlethionine .. . . . . . . . . . . . . . . . . . . . . . . . . . .  
A r g i n i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
lKis t id ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lys ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A s p a r t i c  acid  . . . . . . . . . . . . . . . . . . . . . . . .  
G lu tamic  acid  . . . . . . . . . . . . . . . . . . . . . . .  
Ser ine .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Castor  
ponlace  
K o d r a s  

e t  a l .  
( 1 9 )  

6.6 
7.2 
5.3 
4.2 
0,6 
3.6 

1.5 
11 .0  

2.5 
3.1 
4 .6  

18 .0  

F r a c t i o n  
C 

2.0 
2,9 
3,8 
3 .6  
2.3 
0.8 
2.3 
1 .6  
0.9 

12 .7  
0.9 
1.5 

10 .3  
6.8 
8.2 

R i e i a  

~ o n l o  
(13) 

7.6 

2.7 

3.0 
0.6 
8.8 
1.7 
4 .0  

Va lue s  r e p o r t e d  a re  g . / 1 6  g. N. 

TABLE IV 

P r o x i m a t e  and  M i n e r a l  Ana lys i s  of Cas tor  Pomaces  Befo re  and  A f t e r  E x t r a c t i o n  
( P e r c e n t a g e :  ~ [o i s tu re -Free  Bas i s )  

D r y  m a t t e r  
Sample  desc r ip t ion  ( A i r - d r i e d )  Ash P r o t e i n  F a t  ~ i b e r  Ca P 

Conun ercial-pom ace 
Befo re  ex t rac t ion  . . . . . . . . . . . . . . . . . . . . . . . .  9 3 . 2 4  7 .17  4 1 . 5 6  1 .27  3 4 . 2 2  .615 ,842 
Af te r  ex t rac t ion  .. . . . . . . . . . . . . . . . . . . . . . . . . .  9 7 . 2 6  4 ,30  4 1 . 0 7  1 , 3 4  37 .49  ,350  .429 

L a b o r a t o r y  pomace  
Be fo re  ext rac t ion  . . . . . . . . . . . . . . . . . . . . . . . .  9 5 . 2 5  7,11 4 6 . 7 2  6 ,92 2 5 . 7 1  ,765  1 . 1 0 7  
Af te r  ex t rac t ion  .. . . . . . . . . . . . . . . . . . . . . . . . . .  9 7 . 2 9  3 ,56  39 .71  1 1 . 1 3  34 .81  .582 .465  
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Discussion 
A repeatedly purified riein preparation used by 

Kabat et al. (7) proved fatal to a rat  within 24 hrs. 
in a dose of 7.8 g a m m a / l O 0  g. They prepared ricin 
by saturation of the dilute HC1 extract of castor 
beans with sodium chloride and purified the precipi- 
tate by repeated dissolution in water and repeated 
precipitation with sodium sulfate. Thus their prepara- 
tion corresponded to the ricin (C) fraction obtained 
in this investigation. This particular preparation also 
appears to be highly toxic in our studies with the low- 
est tested dose of 9.5 g a m m a  killing a 100-g. rat in 48 
hrs. Ricin (B) is slightly more toxic. From the ob- 
servations presented here it will appear that consid- 
erable ricin activity is present in other fractions as 
well. All of the riein fractions strongly exhibited 
erythroeyte hemagglutinating activity and ~ere toxic 
to rats. Delphaut (2) has separated electrophoreti- 
eally at least five components in the globulin fraction 
of castor pomaee, which were extremely toxic to mice. 

The quantity of ricin isolated from the commer- 
cially processed pomace is much less than that from 
the pomace prepared in the laboratory. Though the 
source of castor beans in the two cases is not the 
same, it appears that a considerable portion of the ricin 
has been detoxified during factory processing. The 
quantity of crude riein as determined in the labora- 
tory prepared castor bean pomaee is approximately 
1% of the fat-free Material. Different values for the 
ricin content have been reported by different authors 
depending on the source of the castor beans, the 
particular fraction isolated, and the purity of the 
sample. According to Osborne et al., (15) ricin com- 
prises about 1.5% of the oil-free meal. Funck (4) 
reports 2.8-3.0% ricin in seeds of Ric inus  communis .  
Moriyama (11) records an average yield of only 
0.5%. The nitrogen content of the ricin prepara- 
tions averaged 16.52% and compared favorably with 
16.56% reported by Jones (6, 8, 9) and 16.32% by 
Moule (12). Since Moule's (12) pure riein was pre- 
pared differently from those reported in this work, 
it is not surprising to find some difference in amino 
acid values. Recently Mourgue (13) found agmatine 
and two unidentified compounds containing guani- 
dino radicals in a crude toxic protein preparation 
from castor pomace. Certainly more information 
would be desirable to help elucidate the composition 
of this highly toxic protein. 

The comparative data for the yield of allergens 
from the two pomace samples are also indicative of 
the effectiveness of industrial processing in reducing 
the potency of the allergen. The yields of the aller- 
gens are somewhat lower than those reported by 
Spies, Conlson, et al. (1, 16, 17). These authors 
report a yield of dialyzed allergen of 0.74% from 
domestic castor pomace. A similar comparison would 
give a yield of 0.18% for Brazilian castor pomace. 
The figures for the purified allergens obtained from 
the commercial and laboratory samples are 0.08% 
and 0.22%, respectively. Coulson and Spies (1) 
found a nitrogen value of 18.9% on the dialyzed 
allergen, which may be compared with our value of 
16.8%. 

The allergenieity tests in Table I I I  do not show 
any significant difference in effectiveness between the 
dialyzed allergen and the salt containing allergen 
which agrees with an earlier report (1). All were 
found to be strong antigens, capable of producing 
death from anaphylactic shock. Death occurred in all 
eases when a concentration of at least 160 g a m m a  

Mlergen nitrogen per kilogram of guinea pig weight 
was administered. 

The extraction of the riein, ricinine, and the aller- 
gen leaves a nontoxic product which may have con- 
siderable value as a source of animal feed. At the 
present price of castor pomace (about $30 per ton) 
it offers a low-cost source of protein. There would be 
an additional cost of extraction of the toxic and 
allergenic principles, but it is not believed that this 
would increase the cost to more than $60 per ton. At 
this cost nontoxic castor ponlace might compete with 
current sources of feed, such as soybean meal and 
cottonseed meal. At present castor pomaee is used 
solely as a fertilizer. 

Summary 
A scheme of separation is described for the extrac- 

tion of ricin, ricinine, and the allergenic fractions 
f rom the same lot of castor seeds, thereby consider- 
ably curtailing the hazard associated with the han- 
dling of the material. 

The yield of riein from the commercially pre- 
pared pomace was only one-tenth of that from the 
laboratory-prepared pomaee, which contained ap- 
proximately 1% of this toxic protein. Likewise the 
amount of dialyzed allergenic fraction present hi 
commercial pomaee is only about one-third of that 
present in the laboratory sample, which contained 
0.22% of this constituent. The laboratory pomace 
contained five times as much (0.10%) of the alkaloid 
ricinine as did the commercial pomaee. It  appears 
that commercial processing of the pomace is effective 
in destroying a considerable portion of the toxic and 
allergenic activity in castor seeds. The pomaee re- 
maining from the extraction is nontoxic and may be 
used to provide a source of protein for feeding stuffs. 
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