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TABLE X I I I  

S u m m a r y  of Resu l t s  

P r o p e r t i e s  

W a t e r  absorp t ion  ..................... 
I c i n g  vo lume ............................ 
W h i t e  cake  score  ...................... 
Whi t e  cake  vo lume ................... 
Yellow cake  score .................... 
Yellow cake  vo lume ................. 
Dev i l ' s  food score  ..................... 
Dev i l ' s  food vo lume  .................. 

Exper i -  
m e n t  

~verage 

628 
140.5 

89 
1901 

94 
2465 

90 
2182  

S ign i f i can t  
f ac to r s  

Level  of addi t ion,  t e m p ' g  
Level  of add i t ion  
None  
None 
Level  of add i t i on  
None  
l~ono content ,  t e m p e r i n g  
None  

Confi- 
deuce 
l imi t s  
(95%) 

4-99 
~ 3 . 9  
--+-3.5 
--+109 
4-3.9 
4-88 
4-3.6 
4-91 

on the icing volume in a negative way. There was no 
interact ion of factors, a~d the factors, alpha mono 
content of emuIsifier, I.V. of emulsifier, and temper-  
ing showed no significant effects. 

I t  is well known that  max imum icing-volume is 
obtained with min imum or no monoglyceride added 
to the shortening stock. However,  in order  to obtain 
desirable icing characteristics, such as moisture reten- 
tion, creaminess, and nonweeping, the use of some 
mono and diglycerides is indicated, but  these prop- 
erties are obtained with some reduction in icing 
volume. 

In  the ranges  examined for the five factors, we 
were unable to show any  significant effect on either 
the volume or over-all cake score of the 130% white 
cake, which is commonly used to evaluate shorten- 
ings and emulsifiers. In  the case of the yellow cake 
the graphical  decision method does indicate that  the 

level of use of the monoglyceride in the shortening 
is significant. However,  con t ra ry  to what  might  be 
expected in going f rom the low level, where 1.75% 
alpha mono is added to the shortening,  to the higher 
level, where 2.5% alpha mono is added to the short- 
ening, the sign of the effect is negative. 

Again it  is fa i r ly  well accepted by those in the 
p repared  mix indus t ry  tha t  as the level of monoglye- 
eride in cake mix shortening is increased, there are 
two peaks. The first m a x i m u m  in volume occurs 
somewhere a round 2 � 8 9  alpha mono, and the second 
slightly higher max imum at  about  4 to 41~% alpha 
mono. Since we added sufficient emulsifier to give 
2 � 8 9  mono added, the shortening would analyze 
about  2.9 to 3% alpha mono. A p p a r e n t l y  the levels of 
use were on either side of the init ial  maximum,  which 
is quite peaked as compared to the second maximum.  
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The Allergen Content of Castor Beans and Castor Pomacc 

E. J. COULSON, JOSEPH R. SPIES, and HENRY STEVENS, Allergens Laboratory, ~ 

Washington, District of Columbia 

The allergen content of 10 varieties of deeortieated, de- 
fa t ted castor beans, as determined by a serological method, 
ranged from 6.1 to 9.0%. This range of allergen content 
probably does not offer an cneournging prospect for the de 
velopment of an allergen-free castor bean by p lan t  breeding. 

The allergen content of samplcs af commercial castor pomace 
ranged from 0.092 to 4.2%. I t  is "~pparent f rom these results 
tlmt some current  commercial milling practices are capable 
of reducing significantly the allergen content of easter pomaee. 

T 
HE CASTOR ~EAN AI,LERGE~r is a nontoxic, unusu- 
al ly stable prote in  (1-5)  tha t  exhibits an ex- 
t r ao rd ina ry  capaci ty  to sensitize individuals 

exposed to small concentrat ions of the dust f rom 
castor beans or castor pomaee (6-10) .  Allergic dis- 
eases caused by sensit ivi ty to easter beans or easter  
bean by-products  appear  likely to become an increas- 
ingly serious problem as the growing, t ransporta t ion,  
and processing of the beans become more widespread 
in this count ry  (11,12). 

Maximal  util ization of castor pomaee as a source 
of industr ial  proteins depends largely on tlle develop- 
ment of a feasible method for  inactivation or elimi- 
nation of the castor bean allerR'en. Previous endeav- 

1 Th i s  is a l abo ra to r y  of the  E a s t e r n  Ut i l iza t ion R e s e a r e h  and  
Deve lopmen t  Div i s ion ,  A g r i c u l t u r a l  R e s e a r c h  Service ,  U.  S. D e pa r t -  
men~ of Agr i cu l t u r e .  

ors (13,14) to inactivate the allergen by chenlical 
and physical  methods indicate that  reactions drasti(, 
enough to destroy the allergen also destroy the useful  
proteins. Selective plant-breeding has been proposed 
(15) as a possible means of diminishing and ulti- 
nlately el iminating the undesirable Mlergenic com- 
ponent  f rom castor beans. The feasibi l i ty of such a 
p rogram would depend upon the demonstrat ion of 
a na tura l  var ia t ion in coneentrai iou of the allergenic 
component  in different varieties of castor beans. The 
Inlrpose of the present  s tudy was to investigate tile 
range of allergen concentrat ion in different vari-  
eties of castor beans in order to supply  this informa- 
tion. Also the allergen content of a few samples of 
commercial  easter  pomaee was invest igated to deter- 
mine the effect on the allergenic components of dif- 
ferent,  cur rent  castor-bean mill ing practices. 

The quant i ta t ive  precipi t in  method developed by  
Heidelberger  and Kendal l  (16) was used for deter- 
mining the allergen content  of castor beans. This 
method utilizes the normal  immunological  protect ive 
reaction of a live rabbi t  to an invasion of its tissues 
by a foreign protein. Inject ion of the foreign protein, 
called antigen, st imulates the product ion of some 
newly formed blood proteins, called antibodies. Anti-  
bodies exhibit the unique p rope r ty  of react ing spe- 
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cifieally, in vivo or in vitro, with the antigenic pro- 
tein used to generate them. Blood serum, separated 
front blood cells, which contain these antibodies is 
tile ant iserum to the injected antigen. When  the 
antigen is mixed in suitable proport ions with its anti- 
serum, tile antigen and ant ibody combine with tile 
formation of a precipi tate.  This preeipi t in  reaction 
has been adapted  to the quant i ta t ive  measurement  
of either ant igen or ant ibody (cf, 17). Owing to the 
sensit ivity and specificity inherent  in serological reac- 
tions, the preeipi t in  method compares favorably  with 
chemical methods for  measurement  of proteins.  In  
contrast  to conventional analyt ical  methods which 
differentiate proteins by  their  chemical and physical  
properties,  serological: methods depend upon the 
uniqueness of s t ruc ture  of individual  proteins. 

Experimental 
Castor Bean Allergen I'r~parations. The pr incipal  

allergen of the, castor bean has hecn segregated into 
a polysa ,ehar idie-prote in  fract ion that  has been des- 
igmtted by the symbol CB- IA  (1,3). CB-1A was 
separated f rom defat ted raw castor-bean meal on the 
basis of five observed propert ies  of the castor bean 
al lergen:  it was a) watcr-sotuhle, b) stable to boiling 
water, c) not preeipi table  by basic lead acetate, d) 
solulfle in 25% ethanol, aml e) insoluble in 75% 
ethanol. CB-1A eomained 17.0% nitrogen on an air- 
d ry  basis (3).  

Frac t ion  CB-13E represents  a fu r the r  step in tile 
purification of the allergenic protein in CB-1A. Some 
un impor t an t  polysaccharide and sortie, de.natured pro- 
tein were eliminated f rom CB- IA  by precipi ta t ion of 
the active {,omponent with picrie acid and removal  
of the picrie acid f rom the precipitate.  The protein 
was then dialyzed to remove smaller  molecules which 
passed through the membrane.  Details of the prep-  
arat ion of CB-13E are the same as those described 
for p repara t ion  of the corresponding allergenic frac-  
tion CS- l aE  f rom cottonseed (18). CB-13E contained 
16.5% ni t rogen and 2.28% polysaeeharidic carbo- 
hydra te  on an a i r -dry  basis. CB-1A and CB-13E 
have been characterized as mixtures  of relat ively 
low-molecular-weight proteins and polysaeeharidic 
proteins, which were classified as na tu ra l  proteoses 
(1,19). 

Fract ions  CB-JA and CB-13E possess potent  aller- 
genic activity.  Positive skirt reactions in pat ients  
allergic to castor beans were obtained with dilutions 
up to 1:106 of either fraction. In  a normal  subject,  
whose skin was passively sensitized with the serum 
f rom a castor-bean-sensitive patient ,  positive skin 
reactions were produced by  the injection of 1 x 10 -1~ 
g, of CB-1A (1). 

These fract ions are also potent  antigens. They 
produce anaphylac t ie  sensitization and shock in guinea 
pigs (5) and st imulate  product ion of prec ip i ta t ing  
ant isera in rabbi ts  (4). The allergenic and antigenic 
speeificities of CB-1A are a t t r ibu ted  to the prote in  
component.  This makes it possible to use serlogical 
methods for  the identification and quant i ta t ive  de- 
terminat ion of the al lergen in castor beans and easter  
pomaee or when it  occurs as a contaminate  in other 
products  (20). 

Castor Bean Samples. The castor bean samples 
were provided for  our  use by L. M. Pultz,  Oilseed 
and Indus t r i a l  Crops Branch,  Uni ted States Depar t -  

ment  of Agriculture.  The samples included both 
established varieties and commercial ly- imported lots 
i(tentitied only by coun t ry  of origin. 

Castor I'omace Samples. Three of tile easter pomace 
samples were obtained direct ly f rom two domestic 
firms tha t  process most of tile castor beans in this 
country.  Three samples were obtained f rom imports  
through the eom'tesy of W. Clark Cooper, Occupa- 
tional IIeal th Program,  U. S. Public I Iea l th  Service. 

l)rcparatio~ of ~qamples. Castor beans in a 75-g. 
portion of each were deeortieated by hand, macerated 
Io a pasle by mor ta r  and pestle, and then extracted 
with elher ill a Soxhlet extractor  for 24 hrs. Tbe air- 
dried, defat ted sanlples were then ground in a small 
Wiley mill to pass a 40-mesh stew,. The (,,astor pomaee 
samples were gr'onn(l to pass a 40-mesh sieve without  
any pre l iminary  t realment .  

l!'or analysis 1 :20  extracts  were prepared  by ex- 
t ract ing 1 g. of castor bean flour or pomace with 20 
ml. of huffe, red saline ( p H  7.0) containing, as pre- 
serw~tives, 0.01% Merthiolate and sa tura t ion with 
chloroform. The extract ing period was three days 
a~ 5~ with f requent  shaking of the suspension. The 
extract  was clarified by  eentr i fugat ion and filtration. 

Rabbit Antiserum. Fract ion CB-13E was used for 
the i)roduetion of ant iserum because it was the pures t  
allergen fract ion available in quanti t ies sufficient for  
that  purpose. Fo r  product ion of castor bean allergen 
antiserum, rabbi ts  were immunize<l by a series of 
inoculations with CB-13E as described in detail in 
a preceding publicat ion f rom this labora tory  (13). 
The animals were th<,n bled, the blood was allowed to 
~'lIIt ~l~ rool/l ~/el l /perature ,  and the serum was sepa- 
rated t'rom Ill(, clot by centrifugation.  The serum 
was ~reserved with 0.01% Merthiolate and stored in 
30-ml. vials at - 2 0 ~  This an t i se rum gaw~ typical 
preeipi t in  curves with the allergen prepara t ions  and 
with unfrac t ionated  castor-bean extracts. In  studies 
of the stabil i ty of the castor bean allergen to heat  
and chemical reagents, a relat ively close correlation 
was observed between the loss of l~reeipitating ae- 
t ivi ty  with this an t i serum and the loss of allergenic 
act ivi ty as determined by passive t r ans fe r  tests in 
human subjects (13) .  

Precipitin Determi, atio,ns. The quant i ta t ive  pre- 
eipitin determinat ions were conducted as described 
by Kaba t  and Mayer  (17). The analyses were car- 
ried out by adding 1 ml. of an t i serum to each of a 
series of tubes containing increasing amounts  of anti-  
gen in 1 ml. of buffered saline solution ( p H  7.0). The 
eontents were immediate ly  mixed and stored 1 hr. 
at 37~ and then 5 days at 5~ The precipi tates  
were centr i fuged in a ref r igera ted  centr i fuge at 2~ 
and the superna tants  were careful ly  poured off. The 
precipi tates  were washed twice with cold saline and 
then t ransfer red  to micro-Kjeldahl  flasks for deter- 
ruination of nitrogen. 

Aliquots of castor bean extracts  represent ing a 
range of f rom 0.75 to 1.4 my. of the deferred meal 
were used in each analysis. I n  control tests with 
normal  rabbi t  serum, nonspeeifie precipitates,  prob- 
ably  due to ricin (21),  began to appea r  when ali- 
quots with more than  3.0 my. of castor bean meal 
were used. Hence the range of concentrations used 
in the oreeipi t in  determinat ions of the allergen was 
well below the concentrations that  gave measurable  
nonspeeifie precipitat ion.  Heated  castor-bean extracts  



DECE2~IBER, 1 9 6 0  C O U L S O N  ET A L . :  A L L E R G E N  C O N T E N T  6 5 9  

and extracts  f rom commercial  castor pomace did not 
precipi ta te  normal  rabbi t  serum. 

In  order to s impl i fy  the calculation of the allergen 
contents of castor beans, the precipi t in  curves for 
the purified allergen prepara t ions  were plot ted on 
the solid basis, assuming that  the water-, ash-, and 
carbohydrate-f ree  allergen contained 19.0% nitrogen 
(2). Fo r  determinat ion of the allergen content  of 
castor beans, the ni t rogen precipi ta ted  with the anti- 
serum by an aIiquot of the ext rac t  was re fe r red  to 
the s tandard  preeipi t in  curve, and the amount  of 
allergen contained in the aliquot was read f rom the 
graph. The percentage of allergen in the sample 
was determined f rom the average der ived f rom a 
minimum of 4 different, appropr ia te ly-spaced  a l l  
quots of the extracts. 

Results  

The preeipi t in  curves for  the allergenic fract ions 
CB-13E and CB-1A (F igure  1) are typical  of those 

NITROGEN PRECIPITATED 

0 . 3 0  
X 

Maximal  total  ni t rogen prec ip i ta ted  by  extracts  
f rom ]1 different samples of castor beans ranged 
f rom 0.24 rag. to 0.29 rag. Thus the prec ip i ta t ing  
characterist ics of the castor bean extracts  more near ly  
resembled those of CB-1A ra the r  than  CB-13E. ") Ac- 
cordingly the CB-1A preeipi t in  curve was selected 
as the s tandard  for  calculation of the al lergen content  
of castor bean extracts.  The points super imposed on 
the CB-1A curve in F igure  1 record the results ob- 
tained when the calculated CB-1A contents of the 
various aliquots of two different castor bean extracts  
were plot ted against  the ni t rogen prec ip i ta ted  with 
the antiserum. These results show tha t  there was 
good agreement  between the CB- IA  s tandard  pre- 
cipitin curve and the calculated results of the 2 castor 
bean samples. 

The maximal  fiitrogen prec ip i ta ted  by  extracts  
f rom the nine remain ing  castor bean samples lay be- 
tween the extremes of the two samples shown in 
F igure  1. 

Effect of Heat on the Allergen Contempt of Castor 
Beans. Five ml. of a 1 :20-ext rac t  of castor beans 
was sealed in a glass tube and heated at 100~ for  
] hr. The copious white eoagulum tha t  resul ted was 
centr i fuged off. The nitrogen contents of the heated 
extract,  SL-24H, and unheated extract,  SL-24, were 
1.24 and 1.89 rag. per  ml., respectively. F igure  2 

• " NITROGEN PRECIPITATED ( m g . ) ~  t 

0.25 - o I / , /  " " " 0 . 2 0  

0 .20  -- -_ 

O, 15 /// ~, ,~ -_ 

o,o  F 
/ ) *  

o , o  = o I 
/ /  S L - 2 4 H  ~ I 

0.05 ~ SL--24 �9 , _ 
/ S L - 3 0  x x 

0 

0 ~ 
0 0 . 0 5  0 . 1 0  0 .15  

ALLERGEN ADDED (mg.) 
:FIG. 1. T h e  precipitin Curves  f o r  c a s t o r - b e a n  ~ d l e r g e n i c  

f r a c t i o n s  ( C B - 1 3 E  a n d  C B - 1 A )  a n d  c a s t o r  b e a n  e x t r a c t s  
( S L - 2 ~  a n d  S L - 3 0 )  w i t h  C B - 1 3 E  a n t i s e r u m .  

of other ant igen-ant ibody systems. The CB-13E curve 
rose sharply  to a max imum of 0.34 mg. of ni t rogen 
precipi ta ted per  ml. of an t i serum at about 0.1.8 rag. 
of CB-13E. Addit ion of more than this optional 
amount  of CB-13E yielded progressively less pre- 
cipi tated ni t rogen because of the format ion  of the 
soluble compounds. Frac t ion  CB-1A precipi ta ted  a 
max imum of 0.27 rag. of ni t rogen when about  0.13 
rag. of CB-1A was added. 

0 O.5 1.0 1.5 2 . 0  
CASTOR MEAL ADDED (rag.) 

Fl t l .  2. P r e c i p i t i n  c u r v e s  f o r  u l l h e a t e d  ( 8 L - 2 4 )  all(] heated 
( S L - 2 4 H )  c a s t o r  b e a n  e x t r a c t .  

compares the preeipi t in  curves with the two extracts. 
The precipi t in  curve with the heated ext rac t  indi- 
cates slight loss of act ivi ty  or d isappearance  of pa r t  
of the reactants.  I t  is probable tha t  some of the 
allergen may  have been adsorbed and carr ied down 
with the coagulated proteins. These results  show tha t  

'-' The p.'reater prec ip i ta t ing  capaci ty  of CB-13E is tentatively attr ib- 
uted to removaI, du r ing  diab'sis,  of small but  specific f rac t ions  of the 
allergenic protein tha t  tend to inhibit  format ion of the immune pre- 
cipitate.  CB-1A, which represents  the first ma jo r  f ract ion in the 
separa t ion  of allergen from the more usual  type of protein,  probably  
contains  these smaller f ract ions  in about  the same propor t ions  as they 
appear  in the seed. 
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the antiserum reacts little, if at all, with heat-eoag- 
ulable proteins. 

Allergen Content of Castor Beans. Table ] records 
the nitrogen and the allergen contents of I I  samples, 
representi t lg J0 different varieties of castor beans as 
determined l/y tlle preeipi t in  method. The results 
are a r ranged  in ascending order of the allergen cell- 

TABLE I 
The AIlergen Content of Deeortieated, 1)efatted Caster Beans 

wllich both ant igen and ant ibody could be detected 
ill the superl la tant  solutions f rom the precipi t in  de- 
terminations.  I tenee the assays of the allergen con- 
tent  of the cast(it t/eal~ samples cannot  lie considered 
quant i ta t ively  exa(d. However  the results were rea- 
sonal/h~ ill nlagnitudc and  revealed var ietal  differ- 
limes in easter  l)eans tllat probably  could not be shown 
by any  otller eur reut ly  available method. 

Sample 
No. 

SL-27 

SL-26 
SL-32 
SL-34 
SL-24 

NL-:13 
,'4L-28 
SL-~9 
SL-30 
SL-25 

SL-31 

:Description 

Dawn, Breeders'  seed, 
California, 1957 

Variety N-145-4 ~, California, 1956 
Vrom ]ran,  1956 
l~rom Australia, 1956 
(bmmaron, an inbred variety, 

(lklaln)ml~, ] 952 
I,'rom Argentina, 1938 
415 ]lybrid, California, 1957 
Cimnmron, California, 19.57 
Baker 296, California, 1957 
Variety U .S .  ',~;/384-8-(i-b, 

(};tlifornia, 1956 
Prom B~hia, Brazil, t93,~ 

I Nitrogen Allergen 
('eaten] content a 

% % 
10.56 6. I 

10.94 7,1) 
1 1 . 2 8  7.',1 
I 0.93 7.5 
11 .:10 %6 

1 1 . 6 7  7 .7  
I ( ) .~6 7 .7  
I 1 , 5 6  7 .8  
11.115 7.9 
10.6~4 8.6 

t 0.99 9.0 

a The alh~rg'en content is reportl!d en tlm solid basis, a.~suming that 
the ash-, water-, e 'b yd �9 ~te-f'te ~dlcrgen contains 19.0% nitrogen 
(2). 

tent. The total nitrogen in the sanlph,s rangcd f rom 
10.56 to 11.67~.  The allergen Cell]eat ranged f rom 
6.1 to 9.0% with an average of 7.7%. The allergen 
ni t rogen aeeonnled for 11 to I(V/, of the total nitro- 
gen i:n the dcfal ted seed and 27 to 40% (if the nitro- 
gen in the 1 :20  extracts. There was Im correlation 
between total nitrogen and allergen (,(latent or be- 
tween extractal)le nitrogen an(l allergen conte, rlt in 
these, sanll)lcs. 

To dl~termine the reprodllCillilily of the nlethod, 
the analysis for alh, rgen was repeated f rom the be- 
g inning on four  samples, represent ing two low and 
two high levels of allergen. The results agreed within 
I to 4% of the originally determined values. 

Allergen Content of Castor Pomaee. Table II pre- 

TABLE I I  
The Allergen Content of Commercial Castor Pomaee 

Sample 
No. 

SL 36b 
SL-36a 
SL-37 
S t -35  
SL-39 
SL-38 

Source 

U.S.A.,  Sample C, 1958 
U.S.A., Sample A, 1955 
England, 1959 
U.S.A., Sample 13, 1958 
Brazil, 1959 
Brazil, 1959 

T.N. 
patent 
f 1 : 2 0  
Ktracts 

lg,/ml. 
0.24 
0.20 
0.31 
0.39 
0.72 
0.83 

Nitrogen 
content 

% 
6.45 
6.19 
6.01 
5.40 
7.30 
7.31 

!Allergen 
content a 

% 
0.092 
0.12 
1.3 
2.0 
4.1 
4.2 

a See footnote, Table I.  

sents the nitrogen and allergen contents  of  six sam- 
ples of  commercial  easter pomaee. These analyses 
were carried out in the same way as for the raw beans. 
The estimated allergen content ranged from 0.092 
to 4.2%. The nitrogen content  of the 1 : 2 0  extracts 
of  the pomaces ranged from 0.20 rag. to 0.83 rag. per 
nil. There was a direct correlation between the ex- 
tractable nitrogen and the allergen content of the 
pomaee.  

Heterogeneity of CB-1A and CB-13E. Evidence 
of the heterogeneity  of the antigenic components  of 
C B - I A  and CB-13E was observed in the range in 

Discussion 

A nlethod was required for  specific, quant i ta t ive  
Iteternfinat ion of the easter  bean allergen to determine 
varietal  differences in tile allergen eontcnt  of castor 
1leans and to follow progressive loss of antigenic 
propert ies  of the allergen following pllysilal  and 
ehcnlical t reannents .  The antigenic propert ies  of 
thc easter tlean allergen (4,5) as represented by  
CB-IA and its sulffraetions offered tim imssibility of 
deveh/I)nmnt of an ant iserum for  quant i ta t ive  meas- 
llremellt.  All honlogcneous prepara t ion  of allergen 
was not availalflc for the development of the anti- 
serum, l Iowever  the system selected, nlakiug use of 
fraelilnlated allergen prepara t ions  for p repara t ion  
of ral)bit antiserlun and for  construction of a stalld- 
ard llrecipilin curve, presented a nleflmd that  gave 
reprodlwitlh~ rcsul |s  with raw castor meal and with 
castor |lonlace. 

The allergen corltent of 10 different varieties of 
decorticated, defat ted castor beans ranged f rom 6.1 
to 9.0%. This range of allergen content prot)ably 
d(les i1111 offer an eneouragiflg prospect  for breeding 
out the Mh,r~ell. 

The allcxgen con~eut of six sanll)h,s of (,(inunereial 
(:astor ponlacc frolu foreign and donlestic SOllrces 
ranged fronl 0.092 to 4.2%. This range is equivalent 
to about 1 to 55% of the allergen eo:ntent (if solverlt- 
extracted raw beans and reflects differences in the 
mill ing practices of different processors. It is ap- 
parent therefore that  some current  mill ing processes 
are capable of reducing the allergen content of easter 
pomaee in a degree significant to the occurrence of 
easter  bean allergy. 

Results of a s tudy of the effect of heat  and hydro- 
gen ion concentration on the preeipitin reaction and 
reagin neutral izat ion capacity of  the castor bean 
allergen, CB-]A,  has been reported elsewhere (131. 

l .  Spies, J. R., and Coulson, E. J., J. Am. Chem. See., 65, 1.720- 
1725 (1943) .  

2. Spies, J. R., Coulson, E. J ,  Chambers, D. O., Bernton, If. S., 
and Stevens, If., J. Am. Chem. Soc., 66, 748-753 119441. 

3. Spies, J. R., Coulson, E. J., and Stevens, YI., J. Am. Chem. See., 
66, 1798-1799 ( ]9 4 4 ) .  

4. Ooulson, E. J., Spies, J. R., Jansen, E. F., and Stevens, If., 
J. ImmunoL, 52, 259-266 119461. 

5. Conlson, E. J ,  Spies, J.  R., Stevens, If.,  and Shimp, J. I-L, 
J. Allergy, 21, 34-44 11950). 

6. AlilMre, E., Ann. Inst.  Pa.stenr, 28, 605-607 119141. 
7. Bernton, YcL S., Am. J. Ned. Sei., 165, 196-202 (1923) .  
8. Figley, K. 11., and Elrod, I%. H ,  J.  Am. Med. Assoc., 90, 79-82 

(1928).  
9. Figley, K. 11., and /~awlings, ]P. F. A., J. Allergy, 21, 545-553 

(1950),  
10. Ordman, 11,, Int .  Areh. Allergy and Applied Immanol. ,  7, 10-24 

(1955).  
11. Small, W, S., 3-. Allergy, 93, 406-415 (1952) .  
12. Small, W. S., Calif. Med., 78, 117 (1953),  
13. Spies, 5. R., Coulson, E. J., Bern]on, If .  S., Stevens, tzs and 

Strauss, A. A., Ann. Allergy, 18, 393-400 119601. 
14. Gardner,  If.  K. Jr.,  D'Aguin, E, L., Vix, If. L. E., and 

Gas]rock, E. A., J.  Am. Oil Chemists' See., 87, 142-148 119601. 
15. Bolley, I). S., and 1)oming'o, W. E., persenal communication. 
16. I~Ieidelberger, M., and Kendall, F. E., J. Exp. Med., 61, 563-  

591 11935), ibid., 62, 467-483, 697-720 (19351. 
17. Kabat,  E. A., and Mayer, M. M., "Experimental  Immunoehem- 

istry," 1st ed., p. 59, CharLes C. Thomus, SDringfield, 1948. 
18. Spies, J. P~., Chambers, D. 0., Ooulson, E. J., Bern]on, If. S., 

and Stevens, }I., J.  Allergy, 24, 483-491 119531. 



DECEI~{BER, 1960  COULBON ET AL.: ALLERGEN CONTENT 661 

19. Spies, J. I{., Coalson, E. g., Chumbers, D. C., Bernton, H. S., 
Stevens, }I., and Shimp, J. /t., J. Am. Chem. Soc., 73, 3995-4001 
(1951). 

20. Ooutson, E. J., Spies, J. I%., and Stevens, H., J. Allergy, 21, 
554-558 (1950). 

21. Kabat, E. A., IIeidelberger, M., and ]3ezer, A. E., J. Biel. 
Chem., 168, 629-639 (1947). 

[Received Apri l  14, 1960] 

Branched Carboxylic Acids from Long-Chain 
Compounds and Carbon Monoxide at 
Atmospheric Pressure I 

Unsaturated 

E D W A R D  T .  R O E  a n d  D A N I E L  S W E R N ,  E a s t e r n  R e g i o n a l  R e s e a r c h  La b o r a to r y ,  2 P h i l a d e l p h i a ,  P e n n s y l v a n i a  

Carbon monoxide at  atmospheric  pressure  adds readily to the 
double bonds of certain long-chain unsa tu ra ted  compounds in 
concentrated sulfuric acid to produce branched earboxylie adds .  
Unsa tu ra ted  compounds studied were oleie acid, 16-hendecenoic 
acid, oleyl alcohol, methyl  rieinoleate, and linoleic acid. A 
m a j o r  component front the reactions of the last  two compounds 
is the same. 

I n f r a r e d  .spectrophotmnetry and gas-liquid chromatography 
have been the ma jo r  tools employed in determining composition 
and s t ructure  of the. products  in addit ion to the usual chemical 
and physical determinations.  

Both the eonemltration and q,mnti ty  of sulfuric acid are 
critically hnpor t an t  w, riablcs in determining the yields. Wate r  
is an essential reactant  :,Is() nnd must  be available th roughout  
the reaction. 

Carbon monoxide has been I}repared and utilized in s i tu  by a 
medifi{,ation of K o c h ' s  ( l )  method in which the unsa tura ted  
compound mixed with formic acid is added to concentrated 
sulfur ic  acid er carb(m monoxide f rom a cylinder is passed 
through sulfuri{ t acid to which the unsa tu ra ted  compound is 
added. A method for  prepar ing  methyl and butyl  esters of 
carboxyl groups which are difficult to ester ify is described. 

I{eaction mechanisms involving intermediate  carbonium and 
oxocarbonium ions are l}ropesed to account for  the I}roduets. 

D 
ICAI~BOXYIAC AC1DS are important  intermediates 
in the I)rcl)aration of polymers, plastieizcrs, 
htbricants, aud other functional fluids. At  the 

present time the only commercial methods of prepa- 
ration of dicarboxylic acids from fat  sources arc 
cleaw~ge methods. The most important  of these are 
ozonolysis and alkaline fusion although in the recent 
past ehronfic acid oxidation has also been emi)loyed. 

One of the inherent drawbacks to a cleavage method 
is that  it ]nay not be sufficiently selective in its point 
of attack, thereby producing not just two but many 
products. Aside from the obvious difficulties in cleanly 
separating complex mixtures on a commercial scale, 
there is the ever-present problem that all of the cleav- 
age products are not equally valuable and are salable 
only at unprofitable price levels, if at all. This is self- 
defeating from the fat-utilization standpoint  inasmneh 
as diearboxylie acids front nonfat  sources are rela- 
tively low-priced substances and those prepared from 
fats must also be low cost to compete effectively. 

1 Presented at the annual meeting, American Oil Chemists' Society. 
Dallas, Tex., April 4-6, 1960. 

S Eastern Utilization Re,Parch and Development Division, Agricul- 
tural i{esearch Service, U. S. Department of Agriculture. 

cg : , -  (CHD; - c g  = CH - ((:H:) ;C()o~ + co  + tL, O 

An approach to which we have been giving consid- 
erable thought  and attention is one in which the entire 
fa t ty  molecule is employed. This demands that a) a 
group be introduced which is readily converted to the 
earboxyl group (the nitrile group is one example), 
or b) a direct carboxylation technique be utilized. 

I t  has been known for some time that  carbon *non- 
oxide under high pressure i n  the presence of the Lewis 
type of catalysts can be used for the direct carboxyla- 
tion of alkencs aml unsaturated fa t ty  materials. The 
necessity for the use of high pressure and the rela- 
tively modest yh;hls are discouraging features to such 
work. Our interest in earboxylation with carbon mon- 
oxide was revive(1 })y the i,,t(,.l'esting r(~l)orts of Ko(,h 
and I I aa f  (1), who showed that a wide variety of 
unsaturate<l compounds eOlfl(1 be directly earboxyl- 
ated with earbou mon<)xide and water at atmospheric 
or only moderate |)I'I~SSUI'CS in the  presence of eou- 
eentrated sulfuri(; at,ill, as solvent and reaction me- 
dium, a system with wllieh we had worked exten- 
sively (2). Although l(o(,.h studied numerous alkenes, 
only two long-chain unsaturated fa t ty  compounds were 
reported, namely, undeeyhmic and oleic acids. Wi th  
the former, carboxylation was reported to give two 
C~2 dicarboxylic acids, and limited characterizing data 
were supplied. With ohde add,  no characteristies of 
the products were givcn. The only statement c(mcern- 
ing the reaction of olcic acid with carbon monoxide aml 
water in the prescnl'e of eom.entrated sulfm'ie acid 
was that  a (],t diearboxylic acid was formed in good 
yield. , s 

In  this paper is described the direct carboxylation 
at atmostlherie pressure of some unsaturated fa t ty  
acids, esters, and alcohols in concentrated sulfuric 
acid with either gaseous (cylinder) carbon mom)xide 
or by an in situ method which is a modification of that 
described by Koch, in which formic acid is decmn- 
posed to carbon monoxide and water by the coneen- 
trated sulfuric acid while the unsaturated compommt 
is being added. As shown later in the experimental 
part, to obtain high earboxylation yMds  it is neees- 
s a w  to employ ratios of formic acid and sulfuric acid 
to double bond which are considerably different from 
those recommended (1). In  a formal sense, as illus- 
t rated with oleic acid, the molecules of carbon mon- 
oxide and water add across a double bond to intro- 
duce a carboxy] group as a bPanch in the chain: 

H.~SO, 
) OH: , -  ( c g ~ ) ~  - OH -- (OH._,), - COOH (x + y = 15) 

1 
COOIt 


