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ABSTRACT 
Castor oil is a useful chemical raw material, but the 

pomace remaining after its extraction is potentially 
toxic and allergenic. Improving the economic value of 
castor pomace will provide considerable incentive for 
increased production of castor seed in the United 
States. Processes for detoxifying and deallergenating 
castor meal have been developed along with means 
for evaluating these processes. Castor meal may be 
used as a feed supplement for both ruminant and 
nonruminant  animals. 

allergens (protein polysaccharides) (4) and an alkaloid, 
ricinine (5). Because of the potential danger of these 
components, castor meal has been sold largely for use as a 
fertilizer in areas where slow nitrogen release is desired. 
Even this use is limited to situations where human exposure 
is minimal because of the allergic reactions of sensitized 
individuals. Detoxification and destruction of allergens 
could raise the value of castor pomace from ca. $32/ton (its 
fertilizer value) to a considerably higher figure, based on its 
protein value in animal rations. The goal for use of castor 
pomace is animal feeds rather than human foods. 

Castor plants have long been cultivated and harvested for 
production of oil. Castor oil is unique in that ricinoleic acid 
comprises roughly 90% of its fatty acids; thus, castor oil 
can be considered as a technical grade of triricinolein, in 
which the hydroxyl groups of ricinoteic acid give the oil its 
properties of high viscosity and unusual chemical reactivity. 
The oil is an important industrial raw material, being used 
in lubricating oils, paints and coatings, cosmetics, plastics 
and other products of commerce (1). Perhaps its most well 
known use, now a minor one, is its employment as a 
cathartic. 

Almost 170 million pounds of castor oil are now used 
annually in the United States, most of which is imported. 
World production of castor seed in 1968 was over 980,000 
tons with a slight decline in 1969 (2) and, probably a rise in 
production again in 1970. Oil content of the castor seed is 
between 40% and 55% (1). Where it is grown commercially 
in the United States, dwarf varieties of castor plants allow it 
to be machine harvested; in the wild state, castor plants 
may grow to become small trees. 

Although castor oil has been an item of commerce for 
many years, the pomace which remains after oil extraction 
has presented many problems. It contains 32-36% protein, 
but is also contains a toxic albumin, ricin (3), some potent 

1One of 21 papers presented at the  Sympos ium,  "Oilseed 
Processors Challenged by World Protein Need," ISF-AOCS World 
Congress, Chicago, September 1970. 

2W. Utiliz. Res. Dev. Div., ARS, USDA. 

DETOXi FICATI ON-DEALLERGENATION 

Ricin is the most potent of the deleterious materials in 
castor seed, but it is also the most easily detoxified. Very 
small amounts of ricin are lethal to nonruminant  animals. 
Effects of ingestion may not appear until  10 to 15 hr 
afterward. Originally it was reported that ricin caused 
agglutination of red blood cells and had a proteolytic 
activity. Ishiguro et al. (6) and Waldschmidt-Leitz and 
Keller (7) reported separation of the toxic principle from 
proteins causing the other reported effects, although Waller 
et al. (8) indicate all effects may exist in the same protein. 
Pure ricin showed a minimum lethal dose for mice in 48 hr 
of 0.001 /ag of ricin nitrogen per gram of body weight. 
Fortunately,  toxic effects, hemagglutinating activity and 
proteolytic properties are all destroyed by heat and 
moisture in combination. Although ricin is not readily 
detoxified when dry, it is made innocuous by heating with 
steam (9). Introduction of ca. 20% moisture during 
desolventer toasting has produced detoxified meal at a 
castor extraction facility in Texas. The extent of detoxifica- 
tion can readily be measured by a mouse assay (6). Since 
hemaggtutination normally accompanies toxicity, deactiva- 
tion of ricin may also be followed using guihea pig red 
blood cells in vitro (10). 

Many people who live near facilities where castor 
pomace is handled become sensitized to the dust to such an 
extent that they show severe respiratory effects. Thus, it is 
highly desirable to destroy the antigens in castor as soon as 
the oil is extracted. Work at the Western Regional Labora- 

TABLE I 

Essential A m i n o  Acid 1,2 Composit ion of  
Castor Pomace,  Grains of Amino Acid per 16 g N 

Untreated Ammonia-  Lime- Steam- Soybean 
A m i n o  acid control  treated 3 treated 4 treated 5 meal 

Lysine 2 .80  2.27 1.91 2 .56  5.8 
Histidine 2.05 2.02 1.71 1.92 2.5 
Atginine 11.34 10.34 7.59 9.71 6.9 
Threonine  3.54 3.32 2 .06  3 .36  3.8 
Glycine 4.21 4 .05  4.61 4 .05  4 .0  
Valine 6 .00  5 .54  5.59 5.72 5.0 
"Total sulfurs" 4.11 2 .58  2 .09  3 .50  2.9 
Isoleucine 4.91 4 .68  4 .52  4 . 6 4  4.8 
Leueine 6 .38  6 .13  6.05 5 .98  7.3 
"Total  aromatics" 6.52 6 .18  5.27 5 .60  7.8 

1 Required for chick growth.  
2Tryptophan essential, but  not  
36N ammonia ,  80 C, 45 rain. 
44% lime, 100 C, 15 min. 
510 psig, 60  min. 

measured. 
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TABLE II 

Incorporation of Hydroxy Fatty Acids 
Into Eggs and Body Fat of Chickens 

FULLER ET AL: CASTOR MEAL 

TABLE llI 

Effect of Synthetic Ricinine on Broiler Chicks 

Per cent hydroxy acids in fat of 

Ration, 
% castor oil Eggs a Body tissue b 

0 0.13 0.13 
1.0 0.26 0.17 
5.0 0.42 2.3 

aAverage values after 16 weeks feeding. 
bAverage values for three birds at 20 weeks. 

tory  has led to  pilot  plant processes for deal lergenation by 
steam, l ime and ammonia  (9,11 and A.C. Mottola ,  private 
communica t ion) .  Evaluat ion of  these processes was carred 
out  using a guinea pig assay for ant igen content  (12). In this 
assay guinea pigs are sensitized toward castor by inject ion 
o f  serum f rom sensitized rabbits.  Af te r  a blue dye.  is 
injected into  the guinea pigs, the animal  is challenged by 
in t radermal  in jec t ion  of  an extract  of  the pomace being 
tested.  A blue spot appears on the skin, the size o f  which is 
related to the amoun t  of  ant igen present in the extract .  A 
series o f  di lut ions are used to  de termine  the po tency  of  the 
extract .  

One of  a number  of  effect ive procedures for lime 
deallergenation consisted of  heat ing castor pomace  with  
three t imes its weight  of  water  and 4% of  l ime at 100 C for 
15 min. The meal was then  acidif ied to pH=5 wi th  
phosphor ic  acid and dried. Steam deallergenation may be 
accomplished at 10 psig for  1 hr wi th  a liquid-solid ratio of  
1:2 (13), while good ammonia  deact ivat ion may be done 
during 3/4 hr wi th  0.25 l iquid-solid rat io of  6N ammonia  at 
80 C. Deatlergenizat ion is effect ive in all three cases, but  
one must  also take into  account  the nutri t ive value of  the 
product .  Amino  acid analysis of  castor protein f rom various 
t rea tments  is compared  to that  of  soybean meal  in Table I. 
In castor  seed cake lysine is severely l imit ing nut r i t ional ly  
and meth ion ine  plus cystine are also at tow levels. Lime 
t r ea tment  appears to deplete these amino acids somewhat  
more than steam and ammonia  t rea tments .  

The last mater ial  of  potent ia l  tox ic i ty  is the alkaloid, 
ricinine. Japanese workers  have indicated that  r icinine 
inhibits  the growth  of  chicks when  castor meal is fed in 
large amounts  (14).  Our first task was to find a chemical  
assay for  ricinine. The me thod  developed was based on the 
f luorescence of  ricinine when i t  is exci ted  by  uv light of  
308 n ~ .  Based on intensi ty  o f  its f luorescence at 363 rnv,  
ricinine may  be de termined  quant i ta t ive ly  in amount s  o f  
less than 1/2 ppm, if  interfer ing substances are no t  present 
(15). We have observed castor pomace  wi th  as high as 0.4% 
ricinine conten t ,  though 0.3% is a more c o m m o n  value. I t  is 
no t  significantly deple ted  by steam or  l ime t rea tment .  Our 
recent  work  shows that  ricinine is conver ted  to several 
compounds  which fluoresce at wave lengths close to 
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Ration, Average weight gain Average 
% ricinine at four weeks, g liver weight, g 

o.0 474 a 11.43 
0.01 444ab 11.03 
0.025 456ab 11.25 
0.05 424b 10.46 
0.0751 331c 9.07 

1Two chicks died on this ration after three days. 
Statistical significance in gains at a = 0.05 is denoted by differ- 

ent letters. 

r icinine, so that  quant i ta t ive  analysis procedure  is affected.  
It appears that  ammonia  t rea tment  lowers r icinine content ,  
but  we do not  yet  know how toxic  the react ion products  
are. 

FEEDING 
After  demonst ra t ing  that  pilot plant scale processes can 

be used to deallergenate castor meal,  it remained  to 
ascertain whether  it  can be used as a feed componen t .  
Crit ical  quest ions  were whether  the  residual oil and ricinine 
in de toxi f ied  and dealtergenated meat affect  animal  growth 
and whe the r  there is incorpora t ion  of  allergenic material ,  
hyd roxy  fa t ty  acids and ricinine into  the  body  tissues of  
animats fed castor pomace.  

Ricinoleic acid has been shown to  be nonca thar t i c  when 
the oil  is mixed  with  food  (16). Absorp t ion ,  assimilat ion 
and metabol ism of r icinoleic acid and o the r  h y d r o x y  fa t ty  
acids have been repor ted  by Watson et al. (17)  and by 
Binder et al. (18). To conf i rm these reports ,  laying hens 
were fed a cont ro l  rat ion and two  rat ions in wh ich  1% and 
5% castor  oil were added.  Eggs were col lected at two  week 
intervals and tested for fert i l i ty,  and hatchabi l i ty .  On 
al ternate  weeks the con ten t  of  fa t ty  acids containing 
h y d r o x y l  funct ions  in the  eggs was de te rmined  as per cent  
o f  to ta l  fa t ty  acids. At the  end o f  the  exper iments  some o f  
the chickens were sacrificed and h y d r o x y  fa t ty  acid con ten t  
o f  their  body  lipids was measured.  Results are shown in 
Table II. Mean egg produc t ion  per hen was no t  significantly 
different  at any level. Fer t i l i ty  was significantly decreased 
at the  5% level, but  hatchabi l i ty  o f  eggs was unaf fec ted  by 
castor oil;  only traces of  h y d r o x y  fat ty  acids were 
incorpora ted  into  the eggs. There was a significant increase 
of  h y d r o x y  acids in body fat of  the  chickens fed  the  diet 
highest in castor  oil.  The concent ra t ions  o f  oil fed  are far 
higher than wou ld  occur  normal ly  f rom feeding cas tor  meal  
wi th  residual castor  oil. It is in teres t ing to note  that  large 
amounts  of  castor oil have been consumed by humans  when 
cooking oils were adul tera ted  with  castor  oil  in India  during 
t imes  o f  oil  shortage (19). 

Invest igators at Kyushu Universi ty have indicated that  
r icinine has adverse effects  on the growth  o f  young  

TABLE IV 

Weight Gain and Feed Efficiencyffor 
Chicks Fed Ammonia-Treated Castor Meal and Ricinine 

Ration Per cent Chick weight Feed efficiency 
No. Supplement lysine added gain, g gain/feed 

1 Corn-soy control  -- 687a 0.679a 
2 0.01% ricinine -- 666a 0.68 la 
3 0.02% rieinine -- 673a 0.680a 
4 0.04% ricinine --  674a 0.665ab 
5 0.08% ricinine - -  626b 0.683a 
6 5% castor meal 0.09 0.09 662a 0.654b 
7 10% castor meal 0.18 678a 0.651b 
8 20% castor meal 0.35 657ab 0.624c 
9 41.85% castor meal 0.74 575c 0.524d 

Statistical significance at a = 0.05 is denoted by different letters. 
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TABLE V 

Lysine Dose Response in Chicks Receiving Castor Rations 

VOL. 48 

Castor meal, Soybean meal, Lysine added, Chick weight Feed efficiency 
% % % Total lysine gain, g- gain/feed 

0 33.70 0 1.22 585a 0.706a 
18.5 22.81 0 1.05 456c 0.551e 
18.5 22.81 0.1 1.15 485bc 0.570be 
18.5 22.81 0.2 1.25 505b 0.595b 

1Four.week data. 

ch ickens  (15) .  At  t he  Univers i ty  of  Cal i forn ia ,  Davis, pure  
s y n t h e t i c  r ic in ine  was fed to  bro i le r  chicks s ta r t ing  at  one  
day o f  age and  c o n t i n u i n g  un t i l  t h e y  were four  weeks  old.  
Ten  chicks  were fed,  ad l ib.  a con t ro l  corn-soy diet  and  t he  
same diet  con t a in ing  d i f f e ren t  c o n c e n t r a t i o n s  of  s y n t h e t i c  
r ic in ine  p repa red  accord ing  to  the  m e t h o d  of  Schroe te r  et  
al. (20) .  Resul ts  (Table  I I I )  show t h a t  r ic in ine  does  r e t a rd  
ch ick  g r o w t h  at h igher  levels. Pa thologica l  e x a m i n a t i o n  o f  
the  ch ick  livers s h o w e d  n o  abnorma l i t i e s ,  b u t  a f luo rescen t  
mater ia l ,  p r o b a b l y  a m e t abo l i t e ,  behav ing  s imilar ly  to  
r ic in ine  was present  in  the  livers of  chicks on  the  diets  
h ighes t  in  r ic inine .  A more  ex tens ive  e x p e r i m e n t  s ta r t ing  
w i t h  th ree -day-o ld  chicks is shown  in Table  IV. F o u r  pens  
of  seven chicks  each  were fed the  diets  s h o w n  for  a 
four -week  per iod.  Ric in ine  was a d d e d  at four  levels to  a 
basal  corn-soy r a t i on  c o n t a i n i n g  24 .2% p ro t e in  and  1450 
kcal  me tabo l i zab le  energy  per  p o u n d ,  s u p p l e m e n t e d  w i th  
m e t h i o n i n e .  In  t he  last  four  diets ,  lysine-  and  m e t h i o n i n e -  
s u p p l e m e n t e d  a m m o n i a - t r e a t e d  cas tor  p o m a c e  rep laced  an  
equa l  we igh t  of  the  s o y b e a n  meal  m a i n t a i n i ng  a c o n s t a n t  
r a t i o n  p ro t e in  c o n t e n t  of  24.2%. In these  i son i t rogenous  
cas tor  ra t ions ,  t o t a l  me tabo l i zab le  energy  was decreased 
due  to  the  d i f ference  in energy  b e t w e e n  cas tor  a n d  soybean  
meal .  The  s o y b e a n  meal  c o n t a i n e d  47 .5% p ro t e in  and  1050  
kcal  me tabo l i zab le  energy  per  pound .  A m m o n i a - t r e a t e d  
cas to r  meal  was par t ia l ly  decor t i ca t ed  so t h a t  i t  c o n t a i n e d  
47 .5% p r o t e i n ;  i ts  r ic in ine  c o n t e n t  was 0.29%. Chick  we igh t  
gain or  feed ef f ic iency values,  no t  shar ing  the  same 
pos t sc r ip t  le t te rs ,  are s igni f icant ly  d i f fe ren t  at  the  95% 
conf idence  level. In  the  equica lor ic  r a t i ons  more  t h a n  .04% 
r ic in ine  was n e e d e d  to  depress  weight  gain,  b u t  at  any  o f  
the  levels fed  the  feed ef f ic iency  was no t  a f fec ted .  The  
me tabo l i zab le  energy of  cas tor  meal  seems to  be apprecia-  
b ly  lower  t h a n  t h a t  of  s o y b e a n  meal  since the  we igh t  gain 
per  un i t  of  feed  is decreased  in all t h e  cas to r  diets .  
However ,  t he  adverse e f fec t  of  the  r ic in ine  in  cas to r  occurs  
on ly  at  h igh  castor  levels. Cas to r  meal  shou ld  t hus  be  l imi ted  
in t he  diet  of  ch ickens  to  a b o u t  10-15% of  t he  t o t a l  r a t ion .  
P r o b a b l y  i ts  best  use is in  ra t ions  for  laying hens .  

The  ef fec t  of  lysine s u p p l e m e n t a t i o n  on  u n t r e a t e d  cas tor  
meal  is s h o w n  in Table  V. Here ,  cas to r  has  rep laced  s o y b e a n  
and  corn  meal  to  m a i n t a i n  equa l  p r o t e i n  levels,  b u t  n o t  
calories.  Thus ,  even  w h e n  lysine is b r o u g h t  b a c k  to  t h e  
s o y b e a n - c o r n  r a t i on  level,  feed ef f ic iency  is s o m e w h a t  
lower  because  o f  the  energy  d i f ference .  The  l ower  g r o w t h  
ra te  o n  cas tor  is p r o b a b l y  due to  ef fec ts  o f  r ic in ine .  

A n u m b e r  of  bee f  ca t t le - feeding  tes ts  w i th  de tox i f i ed  
cas tor  p o m a c e  have b e e n  s u m m a r i z e d  r ecen t ly  (21) .  The  
resul t s  ind ica te  the  fo l lowing:  the re  is a n e t  energy  
d i f fe rence  b e t w e e n  c o t t o n s e e d  meal  and  cas tor  seed meal ;  
res idual  cas tor  oil in  the  meal  can  m a k e  up  t h e  energy  
d i f f e rence ;  t he re  were n o t  tox ic  ef fec ts  of  cas tor  ev iden t  in  
t he  carcasses of  over  300  an imals  fed  in a n u m b e r  of  
e x p e r i m e n t s  at d i f fe ren t  loca t ions ;  t he re  is even  some 
ev idence  t h a t  the  bac te r ia l  f lora of  r u m i n a n t  an imals  may  
de tox i fy  raw cas tor  p o m a c e  c o n t a i n i n g  r i c i n i n e ; c a t t l e  
s h o w e d  good  weight  gains even w h e n  i n c o m p l e t e l y  de toxi -  
fied mea l  was fed,  as long  as t h e y  were a c c u s t o m e d  to  t he  
cas to r  p o m a c e  gradual ly ;  scour ing  was obse rved  i f  a level o f  
0.9 k g / d a y  of  castor  p o m a c e  was fed  w i t h o u t  an  a d a p t a t i o n  

per iod ;  c a n e s  were  able to  a c c u s t o m  themse lves  to  raw 
cas tor  seeds w h e n  the  dose was gradual ly  increased.  No 
extens ive  e x p e r i m e n t s  in  th is  c o u n t r y  w i t h  dairy ca t t le  fed 
cas tor  have b e e n  r epo r t ed .  Some  are cu r ren t ly  in  progress. 

Cas tor  meal  will con t i nue  to  be p r o d u c e d  as long as 
cas tor  oil is a valuable  chemica l  raw mater ia l .  E n h a n c e m e n t  
of  the  value  of  cas tor  pomace ,  t h e n ,  is a desirable object ive.  
This p o m a c e  can be de tox i f i ed  and  dea l le rgenated .  It  can be  
safely fed to  pou l t r y  and  ca t t le ,  bu t  for  p o u l t r y ,  a t  least,  
t he  a m o u n t  s h o u l d  be l imi ted.  Similar r es t r i c t ions  app ly  to  
cer ta in  feed  ingred ien t s  such  as c o t t o n s e e d  and  rapeseed  
meals ,  f ea the r  meal  and  pou l t r y  b y - p r o d u c t  meal.  For  
n o n r u m i n a n t  an imals  cas tor  pomace  shou ld  be  supple-  
m e n t e d  w i t h  lysine and  m e t h i o n i n e .  The me tabo l i zab le  
energy  o f  cas to r  p o m a c e  for  chicks  is lower  t h a n  t h a t  o f  
soybean  meal  and  digestible energy  for  s teers  is lower  t h a n  
t h a t  of  c o t t o n s e e d  meal .  Cons ider ing  these  res t r ic t ions ,  
castor  r e m a i n s  as an  inexpens ive  source  of  p ro t e in .  I ts  use 
in  feed will be  d e t e r m i n e d  b y  its price relat ive to o the r  
p ro t e in  sources.  
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