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mulls of the isolated nonionics, fa t ty  alcohols from 
hydrolyzed alkyl sulfates, and alkylaryl sulfonates. 

Discussion 
Table VI lists data (in duplicate) for quantitative 

analysis of the aetives. It  is evident that the method 
has given good results compared to theory for neutral 
oils, nonionics, sodium dodecylbenzene sulfonate, and 
sodium xylene sulfonate contents found. Neutral oils 
from Detergents B and D were contaminated with 
fat ty  amides and therefore were saponified with alco- 
holic NaOH. The purified neutral oils were recovered, 
following petroleum ether extraction. Detergent C 
neutral oil was contaminated with fat ty aleohol-EO 
condensate. In this ease the purified neutral oils 
were extracted with petrolenm ether, following pre- 
cipitation of the nonionic with phosphotungstic acid. 
Anlounts of contaminants removed from the neutral 
oils were added to the nonionics recovered from the 
ion exchange effluent. 

Although good wflues were obtained for nonionic 
contents, in some cases the residue from the ion ex- 
change effluent appeared to be slightly contaminated 
with resin. Dissolving tile effluent residue in iso~)ropyl 
alcohol, filtering, and evaporating the alcohol appeared 
to correct this error. Alkyl sulfate content was deter- 
mined by difference: total anionics less the sum of 
alkylaryl sulfonate and hydrotrope. Good results are 
shown for the alkyl sulfate in Detergent B, but values 
for Detergent D are high. lit is possible that the sam- 
ple may have been contaminated with ion exchange 
resin at this point. Calculating the alkyl sulfate con- 
tent by loss of anionic weight before and directly 
after hydrolysis may have provided better results. 
No significant amounts of carboxylates ( fa t ty  acids) 
were found. 

Fa t ty  alcohols from the hydrolysis were analyzed 
for total active hydrogen content. They are in agree- 
ment within limits of test precision with vahles for 
alcohols from the original samples. Low recovery for 
fa t ty  alcohol from Detergent B may result from vola- 
tilization during drying of the extract. 

Combining weights of the sodium dodeeylbenzene 
sulfonates recovered are in good agreement with 
theory except those for Detergent C, which are a 
little low. 

Infrared absorption spectra of the nonionies, so- 
dium dodecylbenzene sulfonates, and fat ty  alcohols 
from hydrolysis of alkyl sulfates were generally com- 
parable to spectra for the original samples of actives. 

The scheme presented will provide suitable com- 
mercial analytical data for active ingredients from 

detergent compositions. Actives composed of mixed 
anionics and nonionies can be quantitatively analyzed. 
In case a mixture of fat ty alkanolamide and ether type 
nonionic are recovered in the ion exchange effluent, 
they can be separated following saponification of the 
amide and extraction of the fat ty acid. On the other 
hand, two ether type nonionies would be difficult to 
separate. Fa t ty  isethionate, for example, would not 
be recovered intact by this scheme since it is reported 
to hydrolyze during elution from the anion exchange 
resin (3). Soaps however could be analyzed by this 
method. 

The total elapsed time for analysis of a surfaetant 
mixture by this scheme is about 40-60 working hours. 
For certain products this amount of time can be 
justified to obtain a complete active characterization. 
Once this is done, analysis of the anionic portion of 
similar samples could be run by cationic titration 
before and after acid hydrolysis to check for sul- 
fonate and sulfate contents. Running this on the 
original samples of built detergents saves a consider- 
able amount of time. The active would need to be 
extracted with isopropyl alcohol only for subsequent 
nonionic analysis by ion exchange. 

Summary 
A scheme has been presented for the separation of 

active ingredients from built detergent cmnpositions 
and subsequent analysis of active components. A(;- 
tive components investigated are those commonly en- 
countered in practice. Data obtained are in good 
agreement with expected values. The main difficulty 
encountered was the characterization of a fat ty al- 
cohol-EO sulfate which gave higher than expected 
vahles for its analyzed content, i t  was also difficult 
completely to charac ter ize  this f a t t y  alcohol-EO 
sulfate. 
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Detoxification and Deallergenization of Castor Beans 1 
H. K. GARDNER, JR., E. L. D'AQUIN, S. P. KOLTUN,  E. ]. McCOURTNEY, H. L. E. VIX, and 
E. A. GASTROCK, Southern Regional Research Laboratory, 2 New Orleans, Louisiana 

D 
U R I N G  T H E  PAST F O U R  Y E A R S  acreage planted to 
castor beans has increased almost five-fold, from 
5.1 to 24.0 thousand acres, and the annual do- 

mestic production has increased almost fifteen-fold, 

1 Presented  a t  the fall meeting, Amer ican  Oil Chemists '  Society, Los 
Angeles, Calif., September 28-30 ,  1959.  

One of the laboratories  of the Southern  Utilization Research  and  
Development  Division, Agr icu l tu ra l  Research  Service, U. S. Depar tmen t  
of Agr icul ture ,  New Orleans, Louis iana .  

from 3.4 to 49.9 million pounds (1). This is attributed 
to the development of high-yielding bean varieties and 
improved harvesting machines. These improvements 
have made production of this crop more attractive to 
farmers as a replacement for crops in surplus supply 
or with acreage restrictions. 

A very important economic factor affecting the 
further  development of castor beans is that the meal 
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or pomace, produced by present  commercial  extrac- 
t ion processes, has value only as a fertilizer. I t  can 
be used neither as animal  feed nor in the p repara t ion  
of industr ial  products.  The pomaee contains three 
undesirable constituents (12):  a violently poisonous 
heat-labile protein called riein;  a toxic alkaloid com- 
ponent  called r icinine;  and a powerful  and ve ry  
stable allergen, known as CB-1A (11). The ricin, 
which is present  in relat ively large amounts,  can be 
detoxified in normal  practice by t rea t ing  or cooking 
the beans or pomaee with s team (2, 3). The rieinine 
is present  in small amounts  and, because it is not 
seriously toxic, it is not considered par t icu lar ly  det- 
r imenta l  (3).  The allergen, a powerful,  nontoxic, 
protein polysaccharidic fraction, is the most trouble- 
some constituent. CB-1A represents  about 12.5% of 
the weight of the pomace, as determined by the anti- 
gen-dilution preeipi t in  test. 

Wi th  the ant ic ipated increase in castor product ion 
and the appearance  of larger  amounts  of the pomace 
in the ferti l izer market ,  growers, handlers,  processors, 
and public health officials have expressed deep concern 
over the risk tha t  fa rmers  and f a r m  stock m a y  be- 
come seriously sensitized to the potent  castor bean 
allergen. This also applies to opera t ing  personnel in 
castor bean-extract ion plants and to residents in the 
vicini ty of such installat ions (2).  

I t  is the consensus among castor bean processors 
tha t  the indus t ry  needs a pract ical  and inexpensive 
method for detoxifying the ricin and completely de- 
s t roying or inact ivat ing the allergenic factor  without  
affecting the qual i ty  of the oil p roduct  and, if possible, 
without  seriously degrading the meal product  for in- 
dustr ia l  nses. 

In  work at this laboratory  which demonstra ted tha t  
castor beans can be direct ly solvent-extracted suc- 
cessfully on a bench-scale by the fi l trat ion-extraction 
process (4), the addit ion of sodium hydroxide in the 
moist cooking of flaked castor bean meats had been 
explored as a possible means of improving the color 
and reducing the f a t t y  acid content of the oil prod- 
uet. Assays of the pomaces so produced indicated 
tha t  the riein could be completely detoxified and tha t  
the allergen content could be reduced by  as much as 
98% as a direct  result  of the the alkali t rea tment .  
I t  was on the basis of these promising results tha t  
the present  research was undertaken.  

This paper  will repor t  the results of probing ex- 
per iments  in which were investigated a number  of 
types  of t rea tments  for the detoxification and deal- 
lergenization of castor beans and / o r  pomaces, with 
the ant icipat ion that one or more selected conditions 
would point  up potent ial  avenues for fu r the r  research. 
The t rea tments  were mainly  of the pract ical  type,  
which could be readi ly  integrated or combined with 
conventional processes of solvent extraction. They 
included cooking of the castor bean meats  and pore- 
aces under  various conditions of moisture and temper-  
a tu re ;  dry-heat  t rea tment  at elevated t empera tu res ;  
t rea tments  with chemicals such as sodium hydroxide,  
hydrochloric acid, anhydrous  ammonia,  sodium hy- 
pochlorite, sodium ehloride, ammonium sulfate, po- 
t a s s i u m  p e r m a n g a n a t e ,  f o r m a l d e h y d e ,  u rea ,  a n d  
combinations of the above; and biological t reatments ,  
including aerobic fermenta t ion and enzymatic diges- 
tion. The results indicate that  all of the t rea tments  
were effective in destroying or inact ivat ing the aller- 
genic factor  to vary ing  degrees. Some yielded pom- 

aces of pract ical ly  zero al lergen content, as measured 
by the assay procedures  described herein for  the de- 
te rminat ion  of allergen content. 

Raw Materials and Equipment 
The castor beans used in this invest igat ion were 

obtained f rom commercial  processors and were rep- 
resentat ive of current  oil mill receipts. Of the four  
lots of beans, three were domestically produced,  and 
one was of Brazi l ian origin. Varietal  in format ion  was 
not obtainable. Each lot had been thoroughly  cleaned 
and par t ia l ly  decorticated. Each was well mixed to 
insure un i fo rmi ty  and stored under  re f r igera t ion  at  
40~ while await ing processing. Per t inen t  da ta  on 
the lots of beans are tabula ted  below: 

I.rot No ................................ 

Source  ................................ 
Moisture, % ....................... 
Hul l ,  coat, % ...................... 

. . . .  D o : e s t i c  :For: ign 
4.4 I 4.8 
5 I 8 

Domes t ic  
14 .4  

D 

Domest ic  
4.5 
2 

Flak ing  was carr ied out with a set of 12-in.-in-diam., 
one-pair-high smooth rolls. Fo r  cooking the p repared  
flakes, the following bench- or pi lot-plant  uni ts  were 
employed: a 15-1b. capaci ty  vessel (5) equipped with 
agitator,  reflux condenser, and spray  injector  for  ad- 
dition of steam, water,  or chemical solutions; a l-lb. 
capaci ty  vessel (6), s imilar ly equipped;  and a 12-qt. 
household type of pressure cooker. The ammoniat ion 
experiments  were conducted in an electrically-heated 
pilot-plant-size pressure reactor.  Fo r  hea t - t rea tment  
studies a fo rced-dra f t ,  e lectr ical ly-heated cabinet 
d ryer  was used. The mixing and s lur ry ing  operations 
were conducted with a War ing  Blendor or a 3-speed 
Hobar t  mixer  equipped with a s team-jacketed bowl. 

Solvent extraction of the treated mater ia ls  was car- 
ried out with the 51/t-in.-in-diam. (500-g. capaci ty)  
bench-scale filter test uni t  used for evaluat ion of oil- 
bearing mater ia ls  for  fi l tration-extraction, previously 
described (7 ) ;  or with a 17,-in.-in-diam. (120-g. ca- 
paci ty)  unit.  

Experimental Treatments 

The t rea tments  repor ted  have been classified into 
Groups I th rough  I V  and are itemized in Tables I 
through IV, respectively. Groups I and I V  comprised 
chemical and biochemical t rea tments  of flaked castor 
bean meats  a n d / o r  pomaces;  Group I I ,  t rea tments  
of pomaces with ammonia  at elevated pressures;  
and Group I I I ,  heat t r ea tment  of pomaces at elevated 
temperatures .  

In  order to facil i tate efficient extract ion of the oil 
and to insure thorough detoxification of the riein, it 
was decided at  the outset to employ as a s tandard  
procedure,  in most of the experiments,  the initial 
steps, as described below, of moist-cooking the flaked 
raw meats, followed by hexane-extraet ion to recover 
the pomaee. 

The moist-cooking operat ion comprised the follow- 
ing sequence of steps: preheat ing the flaked castor 
bean meats, of 0.010-in. thickness, to about  170~ 
ad jus tment  of moisture content to about  16% by  the 
addition of water  with or without  chemicals;  heat- 
ing to 212-215~ main ta in ing  this t empera tu re  by 
continuous heat ing under  reflux conditions over a 
12- to 15-rain. per iod;  and d ry ing  the cooked flakes 
to 7 - 9 %  moisture content  in 10-20 rain. 

Solvent-extraction of the cooked flaked meats was 
carr ied out with the s tandard  bench-scale filter test 
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T A B L E  I 
Al te rg ' eu  I,~educt~on by A l k a l i n e  a n d  N o n a / k a l i n e  T r e a l m ( ' n t s  of  ( ) a s t o r  B e a n  b l e a t s  a n d  P o m a c e s  

E x p e r i m e n t  G r o u p  I 

E x p .  No.  

l a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

:~a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

]))(~an 

C 
C 
(~ 
C 
C 
C 

I; 
B 

A 
A 

l)  
I) 
D 

1) 
I) 

M o i s t  
( ' o o k i n z  

No  
Yes  
No 
Y('s 
Y e s  
Y e s  

Yes  
Yes  

Y e s  
Y e s  

Wos 
Y('s 
Yos 

Yt'S 
Yes 

Meats 

S o l v e n t -  
e x t r a c t i o n  

Po~la( ' e ,  R i n g  

A l k a l i  

% 
No 
No 
No  
IN'() 
N a O H ( 1 % )  
N a O H ( I % )  :' 

No 
N a O t t ( 1 % )  

No  
N a n . ( l % )  

No 
No  
N a O H ( 2 % )  d 

K n i t  ( 2 % )  '~ 
Ca ( O H ) , ~ ( 2 % )  a 

I s o p r o p y l  a l c o h o l  
I s o p r o p y l  a l c o h o l  
t I e x a n e  

T r e a t m e n t  

a l k a l i  

No 
No 
No 

t e s t  

% 
1 2 . 5  
1 2 , 5  
1 2 . 5  

C B - 1 A  in  P o m a e e s  

P r e c i p i t l n  

t I e x a n e  
H e x a n e  
] i e x a n e  

I-lax a n e  
I - l e x a n e  

H e •  
H e x a n e  

I { e x a n e  
t I e x a n e  
t I e x a n e  

l-Iexane 
~exa~a~  

No 
No 

N() 

No 
No 

N a O l f  ( 2 ~ ,  ) t' 
N a O H  (2  % )"  
No  

No 
No 

6 ,3  
0 . 0 5  
0 . 0 5  

1 ,6  
0 . 0 9 5  

3 . I  
0 . 0 5  

0 . 0  
1 .6  
0 .0  
0.0~' 
0 .8  
0 .4  

t e s t  

% 
5 2 . 5  

6 .3  
1 2 . 5  

3.1 
0 . 4  
0 .4  

6 ,3  
0 .2  

S c h u l t z -  
D a l e  
+,est 

% 

3 . 1  . . . . . .  

0 . 4  . . . . . .  

1 , 6  . . . . . .  
6 .3  . . . . . .  
0 .0  
0 . 0  " . . . . . .  r 
3 .1  . . . . . .  
6 .3  . . . . . .  

a E x t e n d e d  c o o k i n g  p e r i o d  ( 6 0  r a i n . ) .  ~' So lv( ,n t  d a m p  p o m a e e  m o i s t e n e d  to 2 0 %  t t 2 0  a n d  a u t o c l a v e d  w i t h  N a O t I  a t  2 0  p s i g .  ~ S o l v e n t - d a m p  pore-  
a v e  m o i s t t ! n e d  to 205~, H~O a n d  he~lt.vd ~xith N a O l t  n t  0 ps i~ .  (~ M e a t s  a u t o c l a v e d  at, 2 0  p s i g .  " 1 ) lH) l i ca t ed  a s s a y  by A l l e r g e n s  L a b o r a t o r y .  J Nol  
d ( ' t e r m i n s h l e ,  l )o sos  ) . ( ,act ive w i l h  sonsi t ,  ized t i s s u e  w e r e  o f  t,tie s ~ m e  o r d e r  a s  ( loses w i t h  t h e  n ~ n s ( , n s i t i ~ e d  t i s s u e .  

llnit, using hot hexane (13()~ washes, and a sol- 
vent-nlcats ratio of 2:1 unless otherwise specified. 
The solvent-dantp extraeh'd ponla(,e was then air- 
desolventized. 

In the treatments of raw meats the (.hen)i('.als were 
added dur ing the cooking operation. 12l other experi- 
, lcnts the polnaees so pro(lu(,ed were stlbjected to 
various fur ther  treatnlenis. In all oa~(,s the extent 
of detoxification and dealh,rgeniza(ion a<'hieved was 
determined by assay of tile final I)olnaees by the test 
methods desc.ribed herein for 1)(,r(:entago of riein and 
llere, entage of allergen (CB-1 A). 

The various experinlental lreatmenls are described 
below and ill Tables l through IV. 

GROUP I. ALKALINE AND NONALKALINE TREAT- 
MENTS OF CASTOR MEATS AND POMACES 

Table I gives the conditions for alkaline treatments 
employing NaOH, KOH, or Ca(()II)~ ill the moist- 
cooking operation and for heat treatmel~ts of the 
pomace with Nat) i t .  Alkaline and nonalkaline (con- 
trol) treatments of flaked meats from four different 
lots of beans were studied. 

GROUP II. AMMONIATION OF POMACES PRODUCED BY 
H E X A N E - E X T R A C T I O N  OF A L K A L I - C 0 0 K E D  CASTOR 
MEATS 

Pomaces were ammoniated in the pressure reactor 
in a series of eight tests, based on statistical design 
(Lat in  Square technique) .  The experiments were con- 
ducted by using two selected conditions for each of 
the important  variables, i.e., moisture content, tem- 
p e r a t u r e ,  a m m o n i a  p r e s s u r e ,  and  t r e a t m e n t  t i m e  
(Table 1I). 

GROUP III. HEAT TREATMENT OF POMACES PRODUCED 
BY HEXANE-EXTRACTION OF ALKALI- AND NONALKA- 
LI-COOKED CASTOR MEATS 

Table I H  gives the condit ions for the heat treat- 
merit of pomaees prepared by both nonalkal ine and 
alkaline treatments  of flaked meats from two lots of 
beans. For  the second lot (D)  the effect of time- 
temperature  for the heat treatments  was studied. The 
pomaces were placed in covered a luminum contain- 
ers equipped with thermocouples  and were heated 
in a dryer capable of developing temperatures up 
to 500~ 

T A B L E  I [  

Al le r~ 'en  R e d u c t i o n  hy A m m o n i a t i o n  of  P o m a e e  
U e x a n v  E x t r a c t i o n  of A l k a l i - C o o k e d  C a s t o r  

E x p e r i m e n t  G r o u p  I I  

J ) rod  u(,vd by 
MPli ts  a 

]~xpPri-  

No. 

]a b 

b 
(. 

d 

e 
f 
g 

h 
i 

g e a ~  

B 
B 

B 
B 
B 

Treatment 

Mois-  T e m p .  A ~ i m ~  T i i m a  

t u ' e  ~  / p r e s s u r e  
I " m | l l  

1 6 . 9  9 0  100  ! 5 
1 6 . 9  1 7 5  I 0 0  4 5  

1 6 . 9  1 7 5  4 0  15 
6 . 4  9 0  1 0 0  4 5  
6 .4  9 0  4 0  15  

6 . 4  1 7 5  4 0  4 5  
6 . 4  1 7 5  1 0 0  1 5  

(~B-IA in  P o m a e e  

t~in K 
t , s t  

% 
O.4 

0 . 0 5  
0 , 0 2 5  
0 . 0 5  ' 
0.1 
0.O5 
(}.05 
0 . 1 0  ' 
0 . 0 5  
0 .2  

P r e -  
<. ipi t in  

t e s t  

% 
0 .8  
0 . 8  
0 .8  
1 . 6  
0 .2  e 
1 .6  
0 .8  
O.g 
0.4~ '  
0 .8  
1 .6  

B 
B 

" F l a k e d  m e a t s  m o i s t - c o o k e d  w i t h  1 %  N a O H .  b C o n t r o h  S a m p l e  
r e t e s t e d  a f t e r  11~ m o n t h s '  s ; o r a g e  w i t h  r e s i d u a l  a m m o n i a  in  a s e a l e d  
c o n t a i n e r .  

GROUP IV. CHEMICAL AND BIOLOGICAL TREATMENTS 
OF CASTOR MEATS AND POMACES 

Table IV  lists the conditions for these exploratory 
treatments.  Pert inent  data not included ill the table 
are as follows. 

Expt. la (NaOC1). Flaked meats were agitated in 
a Hobart  mixer at 170~ with 16.7% by weight of a 
5.25% solution of NaOC13 for 15 rain. This caused 
oil flow and agglomeration of the mixture (pH 6.3) 
into small  ball-like nlasses. Af ter  pressure-cooking 
the mixture  was washed with hexane, pulverized, and 
extracted with hexane. 

Expt. lb (NaOCl). Pomace was agitated in the 
Hobart  mixer at 170~ with 21% by weight of a 
5.25% solution of NaOC1 for 15 rain. Treated mix- 
ture was brought to dryness on a steam bath. 

Expt. lc (NaOCl). Same as lb  except that the 
flaked meats had been cooked with 1% added NaOH.  

Expt. 2a (NaOH, HCHO). Flaked meats were pre- 
heated to 170~ in the small  laboratory cooker with  
1% by weight  of  N a O H  dissolved in 10% by weight  
of water. After  mixing for 2 rain., 8% by weight  of 
formalin (37.4% H C H O ,  12.3% methanol ,  and 50.3% 
HeO) was added, and mixing  was continued for 2 rain. 

Expt. 2b (HC1, HCHO). Same procedure ms 2a 

C l o r o x  is  m a n u f a c t u r e d  b y  t h e  C lo rox  C o m p a n y ,  O a k l a n d ,  Ca l i f .  
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T A B L E  I I I  
A l l e r g e n  t ~ e d u c t i o n  by  t t ea t  Trea tment  of Pomaces  Produced  by t t e x a n e -  

E x t r a c t i o n  of A l k a l i -  a n d  N o n a l k a t i - C o o k e d  C a s t o r  B e a n  Meats  
E x p e r i m e n t  Group I I I  

l a  
b 

2 a  
b 

3 a  
b 

e 
d 
e 

4 a  
b 

e 

Extr~e~ti'~ B e  n Meats,  
No. a N a O t I  

B 1 .0  
B 1 .0  

B 0 
B 0 

D 1 .0  
D 1.0 
D . I .0 
D 1.0  
D 1 .0  

D 0 
D 0 
D 0 
D 0 
D 0 

P i n n a c e  C B - I A  in  P o m a e e  

T e m p .  T i m e  R i n  P r e r  "pl S c h n l t z -  
c a c h e d ,  e l a p s e d .  I tiJ D a l e  

oF. n l l n .  : tes  �9 te~ test 

% ~ % 
Control C o n t r o l  0.0', 0 ,2  ~ .. . .  

4 0 1  b 9 5  0 . 0  0 ,5  ~6 0 

Control Control I 1 .6  6 , 2  
4 0 1  b 9 5  0 . 0  0 ,0  ,6 "0" 

Control Control 0 . 4  1 , 6  . . . .  
2 5 7  5 2  0 . 4  1 .6  . . . .  
3 0 7  58  0.0', 0 .8  . . . .  
3 4 9  a 8 5  0.01 0 ,8  . . . .  
4 0 5  b 1.13 0 . 0  0 .0  . . . .  

Control Control 3.1  6 .2  .. . .  
2 6 4  5 2  1 . 6  6 .2  .... 
3 0 2  5 8  3 .1  6 .2  .. . .  
3 4 7  a 9 0  1 .6  3 .1  .. . .  
4 0 5  b 1 2 5  0 .0  0 . 0  . . . .  

,~ Pomaces  had l ight-brown,  scorched appearance ,  b F ina l  pomaees  
b a d  dark-brown,  charred appearance .  

except that 2.5% hydrochloric acid (36.9% HC1) was 
used in place of NaOH.  

Expt. 2c (NaOH, HCHO). The alkaline pomaee 
was agitated in the Hobart  mixer for 15 rain. at 
170~ with 27% by weight  of formalin and 25% 
by weight <>f additional water. This mixture was dried 
to 6-8%. 

Expt. 2d (NaOH, HCHO, NaOC1). The alkaline 
pomace was agitated in the Hobart  mixer at 170~ 
with 27% by weight of formal in  for 5 min. Then 
28.4% by weight of a 5.25% solution of Na()CI was 
added, and lnixing was continued for 10 rain. Mix- 
ture was drie<l to 6-8% on steam bath. 

Expt. 4 (l;rea). Pomace was mixed in a Hobart  
nfixer at 1700F. for 15 rain. with 5% by weight  of 
urea dissolw~d in 180% by weight  of water. Treated 
mixture was dried on a hot plate to 8-10% lnoistm'e. 

Expt. 5 (KMnO,,). Ponmce was mixed in a Hobart  
mixer for 45 nlin. with 10% by weight  of t)otassium 
i)ernlallgamtte dissolved in 370% by weight of water. 
Slurry was heated to 175~ to accelerate oxidation 
and was agitated at maximum mixer speed for 3 hrs. 
After standing over-night ,  the partial ly oxidized 
p(imace (black in eoh)r) was dried on a hot plate 
to 5-6% moisture content. 

Ea:pt. 6 (Aerobic Fermcntatiort). l )omace w a s  

mixed with 200% of tap water and allowed to stand 
uncovered for 72 hrs. at approximate ly  80~ Then 
the s lurry was incubated at 98.6~ for 100 hrs. Con- 
siderable mold formation was observed along with a 
strong, sweetish odor. Pomaee  was recovered by 
dry ing  (hot plate) to 5-6% moisture content. 

Expt. 7 (Trypsin). Pomace (pII 8.3) was agitated 
in a Hobart  mixer at 100~ with 50'% by weight  of 
water and 6% by weight of trypsin,  an amount  equiv- 
alent to about 10% by weight  of  the protein in the 
pornace. The mixture was stirred vigorously,  allowed 
to stand for 60 rain. at an adjusted pH of 8.3, and 
incubated at 98.6~ for 90 miu. Then it was oven- 
heated at 2120F. for 90 min. to arrest enzymatic  di- 
gestion and further dried to 5-6% moi:4ure eolltent. 

Analyt ical  Test Procedures 

The product pomaces, obtained from the wLrious 
physical,  chemical, and biochemical treatments  <>f the 
castor beans and pomaces, were assayed for allergen 
( C B d A )  contm~t by a qualitative antigen-dilution 
precipit in method with modifications suggested by 
E. J. Coulson of the Allergens Laboratory, Ca'stern 
Uti l izat ion Research and Deve lopment  Divis ion (9) ,  
and by the Schultz-Dale test (10) .  Some of the pore- 
aces were assayed for colnparative field content by a 
blood corpuscle agglutination test recomnleude(l by 
the Baker Castor ()il ()onlpany (8) .  Brief  dps('rip- 
tie,is of the test procedures are as follows. 

BLOOD CORPUSCLE AGGLUTINATION TEST FOR RICIN 

The red blood corpuscle sohltion was prepared by 
removing the plasma fronl citrate(1 wh(>le tlumall 
blood (citrated gt,iuea pig bl<l<)d may be substituted) 
by centrifugation and pil)eiting , washing the corl>us- 
des  three tinles wilh a physioh/gical saline s(dution 
(0.85% sodium ebb)ride il~ delnim'ralized water),  and 
then di luting them to 10 t imes their vohtme with 
saline solution. 1)ornate |o be tested is pla<'ed in solu- 
tion by mixing a ground 0.5-g. sample in 4.<t.5 g. of 
physiological saline sohllion, a l lowing it to stand l 
hr. and filtering. It is lh(ql store(I under refriger- 
ation until used. 

The test procedure is as follows. Test tubes arc 
p]aced in a rack, and (/.9 ml. of sitlitm soluti(m is 
pipetted into the first tube and 0.5 ml. ill each of 

T A B L E  I V  

A l l e r g e n  [~edu(..tion by  MoisbCooki I~ .g  of Castor Bean  Meats  w i th  C h e m i c a l s  a n d  by C h e m i c a l  a m l  B i o e h e m i ( ' a I  T r e a t l a e n l s  of  Pomac ( , s  
E x p e r i n ~ e n t  G r o u p  .I V 

I ~ ] x p e r i m e n t  N o .  

I a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
c. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B e a n  

D 
D 
D 

D 
D 
D 
D 

D 
D 

D 

D 

D 

D 

Meats,  a c h e m i c a l  

% 
N a O C l ( 0 . 9 % )  n 
No 
N a O H ( I % )  

N a O H ( I % ) ,  I I C H O ( 3 % )  
H C I ( 0 . 9 % ) , H C H O ( 3 % )  
E A C H ( 2 % )  
N a O H  ( 2 % )  

N a C l  ( 4 % )  
( N H. , )  .=,SOt ( 3 % )  

No  

No 

No 

N a O H  (0 .7c /~)  

T r e a t m e n t  

P o n l a c e ,  ehemi( .a ]  o r  
b iocb . emica l  

% 
No 
N a O C I ( ~ % )  
N a O C ] ( l % )  

No  
No  
t t C H O  ( 1 0 % )  
H C H O ( 1 0 % ) ,  NaOCI(1 .5+ /}  ) 

No 
No 

Urea ( 5(/~ ) 

K M n O 4  ( 1 0 %  ) 

A erol>ie fermentat ion 

Tryps in  ( 6 % )  

B - 1 A  in  Pomnc,~ 

I ) re  - S c h u l l z -  
Ring c i p i l i n  l ) M e  
(,,'st 

% 
6 .3  
6 . 3  
0 .8  

0 . 0  
0 . 0  
0 . 0  
0 . 0  

1 .6  
6 .3  

1 . 6  

1 . 6  

] . 6  

0 . 0  

test U,st 

% 
6.3  
6 .3  
0 .8  

0 ,0  
0 . 0  
0 . 0  
0 .1  

6 .3  
6 .3  

5 .3  

6 .3  

3 . l  

0 . 0 5  

e/c 

0 . 0 3  
0 . 0 0 3  

< 0 . 0 0 3  

0.15 

a A ] l  t, reated meats  defatted by hexane-extract ion.  ~Autoc laved at 2 0  p s i g .  p r e s s u r e .  
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the remaining tubes. To the first tube 0.1 ml. of the 
pomace solution is added and mixed, using a small 
glass rod. One-half  or 0.5 nil. of this solution is 
t rans fe r red  to the second tube and mixed;  a like 
amount  is t r ans fe r red  to the th i rd  tube, etc., down 
to tube No. 10. Then, to each tube, 0.5 ml. of red 
blood corpuscle solution is added and thoroughly  
mixed. Thus the dilutions of the pomace solutions 
in the 10 tubes are 1:10, 1:20, 1:40, etc., and 1:5120, 
respectively. Af t e r  s tanding for  5 rain., the tubes 
are centr i fuged exact ly 2 rain. Observations are then 
made relative to the appearance  and characterist ics 
of the red blood agglutination.  The tubes are then 
shaken gently to redisperse the corpuscles, and the 
following rat ings are made:  

4+  complete agglut inat ion with no dispersion upon 
shaking 

3+ complete agglut inat ion with some breaking up  
of blood upon shaking 

2+ agglutination,  but  complete breaking u p  of 
blood in the agglut inated particles 

1+ agglutimttion, easily dispersed to visible agglu- 
t inated part icles 

-+- upon redispersion, a magni fy ing  glass is re- 
quired to see the agglut inated particles 

The highest final dilution showing a 1+  is called 
the titre. The t i tre values are in direct propor t ion to 
the amounts  of ricin contained in the pomace sample. 

ANTIGEN-DILUTION TEST FOR CASTOR BEAN ALLER- 
GEN (CB-1A) 

Chemical and Biological Reagents 

Buffered Saline Solution. 0.50 g. NaH2PO4"H20,  
2.60 g. Na2tIP04.12II . ,O,  8.8 g. NaC1 (biological),  
and 0.1 g. merthiolate  are dissolved in distilled water  
and diluted to one liter. This solution is then stored 
at re f r igera tor  tempera ture .  

Anti-CB-1A and Normal Rabbit Sera. These sera 
are stored at  - 4 ~  Before use they are thawed and 
centr i fuged clear at 36 -41~  They are not to be 
refrozen. The thawed sera are stable for  4-6 weeks 
at re f r igera tor  tempera ture .  Both were furnished and 
shipped under  d r y  ice by the Allergens Labora tory .  

CB-1A Stock Solution. To 5 mg. of powdered CB- 
1A ( furnished by the Allergens Labora to ry)  were 
added 6.40 ml. of buffered saline. This is a 1:1280 
dilution o.f CB-1A, equivalent  to No. 8 serial  solution. 

Preparation of Extracts. The pomace samples to 
be tested are ground to pass a 40-mesh sieve. Ex t rac t s  
of the samples are p repa red  in the propor t ion of 
2.0 g. of sample to 20 ml. of buffered saline (1:10 
dilution).  The extract ion period is three days in a 
re f r igera tor  at  43~ with f requent  shaking of the 
suspension. The suspension is then centr i fuged in a 
re f r igera ted  centr i fuge at  36-41~ The superna-  
tan t  solution is clarified by  fil tration th rough  a No. 
50 W h a t m a n  filter paper .  On storage in the refr ig-  
erator  some of the castor extracts  become cloudy. 
These should be clarified before use, by  recentr i fu-  
gation at 36-41~ 

Preparation of 2-Fold Serial Dilutions. Buffered 
saline is used for  p repa r ing  the 2-fold serial dilutions 
of the extracts.  Fo r  convenience the dilutions are 
designated by  number .  Fo r  example, the original  1:10 
extract  is placed in a 20-ml. tube labelled No. 1. F o r  
p repara t ion  of Dilut ion No. 2, 2 ml. of Dilut ion No. 1 
are t r ans fe r r ed  into Tube No. 2, containing 2 ml. of 
buffered saline, giving a dilution of 1:20, etc. 

Fo r  setting up the CB-1A reference s tandard,  serial 
Dilutions Nos. 11 to 18, inclusive, should be prepared.  
I t  is not necessary to use the normal  rabbi t  serum 
control with the CB-1A dilutions. 

Fo r  raw castor meal and regular-cook castor meal, 
Dilutions Nos. 5 through 16 should be p repared  for  
use with the antiserum. Dilutions Nos. 5 through 8 
usually suffice for control tests with normal  rabbi t  
serum. Dilutions required for t rea ted  castor meal 
should include Dilutions Nos. 1 th rough  12. Reading 
of the " r i n g "  test (see below) will indicate whether  
or not higher dilutions are needed. Control tests 
should be set up with normal  rabbi t  serum in Dilu- 
tions Nos. 1 through 5. 

Procedure. A series of new 45 mm. • 5 mm. pre- 
eipitin tubes, each containing 0.15 ml. of CB-1A ant i-  
serum, is set up in a precipi tat ion-tube rack. The 
required number  of precipi t in  tubes containing 0.15 
ml. of normal  rabbi t  serum for  control tests are also 
set up. Beginning with the highest dilution, 0.15 
ml. of the castor extract  and of the CB-1A stock solu- 
tion are then careful ly  layered over the ant iserum and 
the appropr ia te  control serum, respectively. The tubes 
are then incubated 30 rain. at 98.6~ The reaction 
( " r i n g "  test) at  the interface of the two liquids in 
each tube is then observed and recorded. ( I f  the 
" r i n g "  test with the highest dilution of extract  is 
marked ly  positive, addit ional  dilutions of an t i sermn 
may  be set up at  this time.) The contents of each tube 
are then mixed with a small s t i r r ing rod, beginning 
with the most dilute and ending with the most con- 
centrated.  The tubes are again incubated 30-60 rain., 
then stored in the re f r igera tor  for 48 hrs. The pre- 
cipitates formed are then observed and recorded. 

Estimation of CB-1A Content in Pomace. To estimate 
the CB-1A content of a pomace by the " r i n g "  or the 
" p r e c i p i t i u "  test, the tube containing the highest 
dilution of extract  tha t  yields a barely  perceptible 
precipi ta te  is compared with the highest dilution of 
stock Cb-IA solution tha t  yields a bare ly  perceptible 
precipitate.  To illustrate,  if the stock CB-1A solution 
yielded a perceptible precipi tate  with the an t i se rum 
with dilution No. 16 (equivalent  to 0.00305 rag. CB- 
1A) and if the sample castor ext rac t  yielded a per- 
ceptible precipi ta te  with Dilution No. 8 (equivalent  
to 0.781 rag. CB-1A),  it can be calculated tha t  the 
pomace would contain 0.00305/0.781 times 100 or 
0.39% of CB-1A. The method has been found to give 
reproducible results, par t i cu la r ly  in the range of low 
contents of CB-1A. However  it  must  be pointed out 
tha t  because it utilizes serial dilutions, an error  of one 
tube in a reading is equivalent to a 100% error.  

SCHULTZ-DALE TEST 

The Schultz-Dale technique (10) for  determinat ion 
of percentage of castor bean allergen (CB-1A) con- 
sists of measur ing  the degree of contraction of uter ine  
muscles of a sensitized virgin  female guinea pig im- 
mersed in a ba th  of oxygenated tyrode solution. The 
Schultz-Dale procedure  was employed in this s tudy  
for  f u r t he r  assay (by the Allergens Labora to ry)  of 
certain of the t reated pomace products  which tested 
exceptionally low in CB-1A content by  the precipi t in  
test. No final tests were made on na tu ra l ly  sensitive 
human  subjects. 

Discussions of Results  
Tables I th rough I V  list for  each of the experi- 

ments  in Groups I th rough IV, respectively, the esti- 
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mated percentages by weight of castor bean allergen 
(CB-1A) contained in the resulting pomaces, as de- 
termined by the modified antigen-dilution screening 
test and by the semiquantitative anaphylactic method 
(Schultz-Dale technique).  

The over-all results indicate, in general, that  the 
different treatments of meats and /o r  pomace were 
effective in reducing the content of allergen to vary-  
ing degrees f rom 0 to 100% as discussed below. 

Group I. Alkaline Treatments. Table I shows that  
for the three lots of beans, A, B, and C, moist-cooking 
with 1% added NaOH (Expts.  le, 2b, and 3b) was 
effective in reducing the CB-1A content to 0.2-0.4%, 
a reduction of 97 to 98.4%, compared to only 50 to 
75% for  the controls (Expts.  ld,  2a, and 3a). In  
Expt .  4c cooking with 2% NaOH at 20 psig. pressure 
yielded a completely deallergenized pomace, as meas- 
ured by the preeipi t in test. However, when assayed 
by  the Schultz-Dale method, the zero reading was 
not determinable, i.e., it was difficult to conclude 
that  the sample had absolutely no CB-1A since a 
limiting value for CB-1A could not be established 
because sample doses reacting with sensitized tissue 
were of the same order as doses reacting with non- 
sensitized tissue. Expts.  4d and 4e demonstrated that  
the use of K 0 H  or Ca (OH)s  in moist-cooking at 20 
psig. pressure was less effective than NaOIt  (Expt .  
4c) in reducing allergen content. 

In carrying out the antigen-dilution tests, it  was 
observed that, in general, extracts of all of the pom- 
aces produced by alkaline or other chemical treat-  
ments gave atypical  or aberrant  precipi t in reactions 
and were characterized by large differences in the 
results of thc " r i n g "  test and the " p r e c i p i t i n "  test. 
I t  may be postulated that  such meals contain rela- 
tively large proportions of part ial ly altered allergens. 

Ext rac ts  of the pomaces prepared by simple sol- 
vent extraction of raw castor bean flakes ( la ,  lc)  and 
of flakes cookcd without added chemicals gave typi- 
cal precipit in reactions. All contained high concen- 
trations of CB-1A. Preparat ions  l a  and lc  produced 
copious precipitates with normal rabbit  serum, which 
is typical  of raw uncooked castor meal and can be 
a t t r ibuted to the fact that  ricin precipitates serum 
protein. However typical  prccipit in reactions occurred 
with the antiserum in the range where no precipitates 
were produced with normal serum. Extrac ts  of pore- 
aces f rom all other t reatments  in this study, where 
moist-cooking without added chemicals was employed, 
did not yield any precipitates in the normal serum, 
regardless of CB-1A content. Cooking apparent ly  
inactivates the ricin components. 

Treatments  4a, 4b, and 4c show that  when castor 
bean pomaee prepared  from moist-cooked flakes was 
cooked at atmospheric or at 20 psig. pressure with 
2% NaOH in the presence of added moisture, the 
CB-]A content was not reduced as completely as by  
autoclaving the raw flakes at 20 psig. with NaOH and 
added moisture. 

In  experiments not listed ia  the table, acid treat- 
ments were tried, in which flaked raw meats were in- 
t imately mixed for 20 rain. at 160~ with 2.0% of 
hydrochloric acid and aqueous acetone, followed by 
acetone-extraction. The resul tant  pomaces (pH 3.9) 
showed practical ly no reduction in allergen content. 

Group II. Ammoniation Treatments. Table I I  lists 
the results of the precipi t iu tests made on the eight 
samples of pomace which had been subjected to am- 

moniation under  the various conditions of moisture, 
temperature,  ammonia pressure, and t rea tment  time. 
The purpose was to explore the use of ammonia as a 
means of fu r the r  reducing the CB-1A content of pom- 
ace which had already been part ia l ly  dcallergenized 
to about 0.8% CB-1A content by alkali-cooking of 
raw flakes, followed by hexane-extraction. Data show 
no apparent  reduction over control ;  however a previ- 
ous experiment had shown that  the allergen content of 
ammoniated pomace decreases with extended storage. 
Accordingly the least and the most severely t reated 
pomaces f rom Expts.  l d  and lg,  respectively, were 
hermetically stored and were retested af ter  45 days 
to ascertain the effect of prolonged contact with resid- 
ual ammonia. The results indicated reductions down 
to 0.2% CB-1A, a result  which was sufficiently prom- 
ising to war ran t  additional storage. However,  upon 
retesting af ter  150 days, no fu r the r  reductions were 
noted. 

Group III. Heat Treatment. Results in Table I I I  
indicate that  par t ia l ly  deailergenized pomaces pro- 
duced from Beans B and D by hexane-extraction of 
alkali- or nonalkali-cooked flakes were completely dc- 
allergenized by simple heating to about 405~ in an 
elapsed period of about 125 rain. However the re- 
sulting meals had a dark brown, charred appearance,  
indicative of considerable heat damage. The meals 
produced f rom Bean B (Expts .  lb, 2b) tested 0% 
CB-1A by both the precipi t in and the Schultz-Dale 
methods. I t  is significant to note in the data  for  
Bean D that  temperatures  of heating up to 347~ 
were ineffective in reducing the CB-1A content to 
very  low levcls. It can be postulated that  tempera- 
tures higher than 347~ are necessary to destroy or 
inactivate the allergen by the combined effects of 
accelerated oxidation and chemical breakdown. 

Group IV. Chemical and Biochemical Treatments. 
In  this series (Tat)le IV) the best results were ob- 
tained by the treatments with formaldehyde (Expt .  
2) and by t rypsin  digestion of the pomace (Expt .  7). 

In  the formahlchyde t reatments  the pomaces pro- 
duced in Expts.  2a, 2b, and 2c tested 0% CB-1A by 
the precipit in method and practically 0% by the 
Schultz-Dale method;  that  produced from Expt .  2d 
tested 0.1% CB-1A. Thc treatments differed from 
each other as shown in Table 1V. All employed moist- 
cooking of flaked meats with different chemicals as 
noted, followed by h cxane-extraction to produce the 
pomaees. In Expt .  2a, NaOiI  and formaldehyde were 
used; in 2b, tICI and formaldehyde;  and in 2c and 2d, 
N a 0 H  only. Iu  the latter two experiments the alka- 
line pomaees t)roduced were treated with formalde- 
hyde without and with added NaOC1, respectively. 
The results demonstrate tha t  formaldehyde definitely 
reacts with the allergenic component in some unex- 
plained way (possibly by polymerization or reduction) 
to render  it undetectable by  both test methods. 

In  Expt .  7 dcallcrgenization to 0.2% CB-1A (98.4% 
reduction) was achieved by t rypsin  digestion in an 
aqueous alkaline medium of par t ia l ly  deallergenized 
pomaee that  had been prepared from alkali-cooked 
flaked meats. 

In  Expts.  la  and lb  moist-cooking of castor bean 
flakes with NaOCI and t reatment  with NaOC1 of pore- 
ace prepared from moist-cooked flakes yielded reduc- 
tions in CB-1A content of only 50%. In  Expt .  lc  
t reatment  of alkaline pomace with NaOC1 did not  
fu r the r  reduce the allergen content. 
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All of the other treatments listed in Table IV were 
essentially ineffective in reducing the contents of 
CB-1A by more than 50 to 75%, which may be consid- 
ered negligible. 

Summary 
Results are reported of a series of experitnental 

t reatments of flaked castor bean meats and poInaces 
directed toward total detoxifieation of the ricin and 
total destruction <lr inactivation (if the allergenic 
proper ty .  

The treatments con~prised cooking of the flaked 
raw meats or ponlaees till(tar various eon<litions of 
moisture and temperature,  with chemicals such as so- 
dium hydroxide,  hydrochh)rie acid, sodium bypo- 
chlorite, formaldehyde,  ammonia, ammonium sulfate, 
ilotassium permanganate,  and urea, mid with selected 
combimttions of these. Also tried were aerobic fer- 
mentatioll, enzynmtic digestion, and simple }leating 
of I)(>lnaces at elevalelt teml)eratnres. 

The five most pr(lnlising deallergelfizati(ln treat- 
meals and the (.orr'espol~ding pereel~tage red/u'tions 
in allergen eontt, l~t as measured by the pre(.ipitin test 
were as follows: (h'y heating of polnace to 401~ 
100%; moist-cooking of flaked meats with 2% NaOH 
and 10% HCHO,  possibly 100%; moist-col)king with 
0.9% HCI and 3% IICIIO, possibly 100'~ ; moist- 
cooking with 2% Na()H at 20 psig. l)ressure, possibly 
100% ; moist-cooking with 1% NaOH, !)8.4(~. For the 
first four t reatments  the Schultz-l)ale test in(tieated 
possible reductillnS of 100, 99.!), 99.9, and 100!/ ,  re- 
spectively, While the latter method is gt, uerally con- 
sidered to be reasonably ac('uratc, filial tests would 
have to be conducted with nalural ly  sensilive human 
subjects. 

The data also showed thai the riein <'omplment can 
be completely detoxified by a nlihl in<list-clicking of 
the flaked meats, either with or withollt a(tde<t alkali. 
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The Formation of Polarographically Reducible Substances m 

Autoxidizing Lard 
E. ]. KUTA o and F. W. QUACKENBUSH, Department of Biochemistry, Purdue University, Lafayette, Indiana 

T 
il E [~IIr A I'PLICATION Of polarography to autoxi- 
dizing fat by Lewis and Quaekenbush (7) served 
to demonstrate that more than one type of "per- 

(lxide" is included in the iodimetrie determination of 
peroxide value. Subsequent studies by Swern et al. 
(12) were made with hydroperoxides and related 
compounds thought  to occur in autoxidizing fats, and 
a method was presented by Willits et al. (13) and 
Rieciuti et al. (9) for  the quanti tat ive determinat ion 
of hydroperoxides  in oleate and linoleate. E~ridenee 
for  distinct nonhydroperoxide type compounds has 
been found by Swern et al. (10) in methyl oleate and 
by Kalbag et al. (4) in soybean oil. In our laboratory 
it was observed that  the addition of ethyl cellulose to 
the solvent great ly  improved polarographie differenti- 
ation of the peroxidic compounds in a fat. 

The present paper  extends the investigation of te- 

l Journal  Paper  No. 1260 of the Purdue University Agricultural Ex- 
periment Station. 

2 P r e s e n t  a d d r e s s :  Genera l  Foods Corporation, Tarrytown,  N. Y. 

ducible atltoxidation products  iu lard and the effects 
of temperature,  pro-oxidants, and antioxidants on 
their  formation. 

Experimental 
Appara tus .  A Sargent  Model X X I  recording po- 

larograph was used with a water-jacketed cell (30 • 
0.2~ which had an internal  inereury pool anode 
with the approximate surface area of 6.6 sq. eIn. The 
capil lary in the solvent system with open circuit 
had a drop time t of 3.80 seconds. The value M was 
1.85 reg./second; therefore m =/a t 1/6 (5) was 1.88 
n l g , 2 / 3  s e e . - 1 / 2 .  

For  the autoxidizing apparatus  a bottomless Erlen- 
meyer flask (1 liter) was ground to fit t ight ly  to a 
heavy glass plate. The sample was placed in a 100-ram. 
Petr i  dish on the plate and a Py rex  gas dispersion 
tube with coarse f r i t ted disc (30 ram. in diameter) 
stoppered into the neck just  above the sample. This 
a p p a r a t u s  was p l a c e d  in a f o r c e d - a i r  oven wi th  


