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3. In  survival  studies 14 out of 18 rats  fed 20% MCT 
were alive af ter  2 years ;  of their controls fed 20% 
lard, 10 out of 19 survived. 

4. Reproduct ion studies in females gave equally poor 
results on unsupp]emented low fat,  MCT, and LCT 
diets regarding- implantat ion,  bir th weight, and 
survival  rate. The weaning weights of the young 
on /VfCT were however the highest. With  2% LA 
weaning weights were equally high with LCT and 
MCT but  lower with low-fat diet. 

5. In  animals fed low-fat diets not supplemented with 
LA, low serum cholesterol was associated with high 
liver cholesterol. With  MCT, serum values were 
higher and l iver values were significantly lower. 
With unsuppleniented LCT, serum and liver values 
were high. When the three diets were supple- 
mented with 2% ]~A, there were no longer any  
differences in the serum levels and in the liver 
levels. Whether  or not the presence of some oleate 
in the MCT and LCT influenced the cholesterol 
results is not certain. 

6. The differences in the effects of MCT and LCT 
are discussed. 
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Glyceride Structure of Vegetable Oils 
Distribution. IV. Cocoa Butter 12 

by Countercurrent 

C. R. SCHOLFIELD and H. J. DUTTON, Northern Regional Research Laboratory, 3 Peoria, Illinois 

C OCOA BUTTER is a fa t  of unusual  physical prop- 
erties. I t  melts completely at 33~ or slightly 
below body t empera tu re ;  it is a hard  brit t le 

solid at normal  room temperatures,. Cocoa but ter  is 
used in confectionery products  largely because its 
physical propert ies  contribute to glossy coatings, ab- 
sence of stickiness, and favorable volume changes in 
the molding operation. Because of the demand for  
the propert ies  cocoa but ter  imparts ,  large quantit ies 
of the bean are imported even when domestic fats  
are in plent iful  supply.  

The unique melt ing eharacteristies of cocoa but ter  
are a eonsequenee of the a r rangement  of the f a t t y  
acids in its glyeerides. This fact  is i l lustrated by eom- 
parison of cocoa but ter  with mut ton tallow, which is 
similar to it in f a t ty  acid composition but  different 
in physical propert ies  and unsuitable for use as a 

1 Presented at Pittsburgh Conference on Analytical Chemistry and 
Applied Spectroscopy, Exposition of :Modern LaboraWry Equipment, 
Pittsburgh, Pa., March 3, 1958. 

2This paper reports research undertaken in cooperation with the 
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QM Research and Engineering Command, U. S. Army, and has been 
assigned number 991 in the series of papers approved for publieas 
The views or conclusions contained in this report are those of the 
authors. They are not to be construed as necessarily reflecting tile 
views or indorsement of the Department  of Defense. 

a This is a laboratory of the Northern Utilization Research and Devel- 
opinent Division, Agricultural Research Service, U. S. Department  of 
AgTicultnre. 

confectionery fat. Recent work has shown tha t  o]eic 
acid is predonlinately in the 2 position in cocoa but- 
ter  (3, 11, 12, 15) and that  palmito-oleo-stearin is the 
main glyceride. 

The glyceride composition of cocoa but ter  has been 
investigated by Hilditeh and Stainsby (8) and by 
Meara (13), using fract ional  crystall ization tech- 
niques. Recently countercurrent  distr ibution has been 
shown to be an effective technique for the fraetiona- 
tion of glyceride oils (5, 16, 17). Exper imenta l  results 
obtained with this technique and described and dis- 
cussed in this. paper,  are in general agreement  with 
previous data of Hildi tch (8) and of Meara (13). 

:Experimental 

Iodine vahles were determined by the ~Vijs pro- 
cedure (1), which was sealed down to allow for the 
small samples available. Linoleic acid was: determined 
by the 45-rain. alkali isomerization method of Brice 
et al. (2) .  Oleic acid content was calculated f rom the 
iodine value and the linoleic acid content, mid satu- 
rated acids are reported as the difference between the 
sum of the unsa tura ted  acids and 100%. Stearie  acid 
was determined by a modification of the Ni jkamp 
chromatographic  procedure (1~). Palmit ic  acid was 



326 T H E  JOURNAL OF THE AMERICAN OIL CHEMISTS'  SOCIETY Void. 36 

taken as the difference between total saturated acids 
and stearic acid. 

The cocoa but te r  used in these experiments  is typi-  
cal of cocoa but ter  generally (7). It had an iodine 
vMue of 37.6. F a t t y  acids derived f rom it were com- 
posed of 3.6% linoleic acid, 35.5%, oleic acid, and 
60..9% total sa turated acids (made up of 34.654 ste- 
aric acid and 26.3% palmitic acid). 

Countereurrent  distr ibution was carried out in an 
automatic 200-tube appara tus  in a manner  similar 
to the procedure used to fract ionate linseed, soybean, 
and safflower oils (5, 16, 17). The solvent system con- 
sisted of 3.8 liters of fu r fu ra l  and 3.8 liters of nitro- 
ethane equilibrated with 10 liters of pentane-hexane. 
Each tube of the appara tus  required 40 ml. of the 
lower n i t roe thane-fur fura l  phase. The pump was ad- 
justed to deliver 6 ml. of upper  phase to tube O at 
each decantation stage. 

Cocoa but ter  was prepared  for introduction in the 
appara tus  by dissolving 15 g. in 5 ml. of the upper  
phase. Because of the changes in interface position 
result ing f rom tile use of so large a sample, two trans- 
fer stages and two equilibrations were carried out in 
graduated  separa tory  fmmels,  using 6-ml. portions of 
upper  phase and adjust ing the lower layers each time 
to 40 nil. by adding the appropr ia te  solvent layer.  
The solutions were then t ransfer red  to the first three 
tubes of the apparatus ,  and distr ibution was continued 
automatically.  Minor shifts  in the interface contim~ed 
for several more stages;  these were corrected by re- 
moving lower phase and adding upper  phase ahead 
of the samples as previously described (5, 16, 17). 

Because cocoa but ter  glycerides are separated with 
greater  difficulty than  linseed or soybean glycerides, 
it was necessary to app ly  a greater  number  of trans- 
fers. This was possible by using recycling procedures 
(4). P re l iminary  distributions had shown that  750 
t ransfers  could be applied before the more rapidly  
moving components would overtake and mix with the 
more slowly moving components. Accordingly 750 
t ransfers  were applied, using the recyeling procedure, 
and then 400 more t ransfers  were applied to remove 
effluent fractions in the automatic  fract ion collector. 

Selected fract ions were washed three times with 
equal volmnes of 75~ ethanol to remove small amounts 
of nonvolatile solvents and then t ransfer red  to tared 
flasks. Volatile hydrocarbon solvent was removed 
under  vacuum at room temperature .  The weight of 
the fractions is plotted v e r s u s  t ransfer  number  in 
F igure  1. 

Results and Discussion 

The weight curve for cocoa but ter  does not show a 
clear-cut separat ion into glyeeride groups containino~ 
the same number  of double bonds as was achieved 
with linseed and soybean oils. This results par t ly  
f rom the closeness of part i t ion coefficients of cocoa 
but ter  glycerides and par t ly  f rom complications aris- 
ing out of the large amount  of palmitic acid present. 
Palmito-glyeerides move through the eountereurrent  
distr ibution appara tus  less rapidly  than do stearo- 
glycerides, h i  this respect palmitie acid resembles 
oleic acid so that  the observed fractionation results 
f rom both differences in unsatura t ion and chain 
length. Even though it is not readi ly  apparen t  f rom 
the weight curve, fract ionat ion has taken place, as 
shown by the variat ion in the composition of the 
fractions. 
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]~Ifi. 1. Co un te reur ren t  fraetiona.tion of  cocoa bu t t e r  glyeerides 
with a pentane-hexane,  fur fura l ,  n i t roethane solvent system. 

The weight curve in F igure  1 is composed of two 
par t ia l ly  separated major  peaks ; the long shoulder on 
the r ight  is indicative of incomplete separation of 
several minor components. Large fract ions in the 
center, which make up most of the weight, have 
iodine values near  the 28.5 to 30.5 values of stearo- 
and pahnitomono-oleins, respectively. However  iodine 
values of smaller fractions range f rom 25.2 on the left  
side of the graph  to 64.6 on the right.  The low iodine 
value indicates a small amount  of t r i sa tura tes  in the 
less polar glyeerides on the lef t ;  the high iodine value 
indicates glycerides containing at least three dmlble 
bonds on the r ight  port iou o.f the curve. Stearie acid 
is concentrated at the left  of the curve in the first 
fractions which emerge f rom the instrument,  whereas 
the highest values for palmit ie  acid are found in the 
shoulder on the r ight  of the weight curve. The high- 
est value observed for stearic acid iv 70.5~.  I f  the 
saturated acids above 67% in the small fract ions at 
the left  are assigned to tristearin,  it amounts  to only 
about 0.16% of the total cocoa but ter  glyeerides. All 
fraet ions containing stearie acid in excess of 33% 
must  contain oleodistearin. This figure may  be cal- 
culated f rom the excess stearie acid, tha t  is, the 
amount  not a t t r ibuted  to tristearin.  I f  the remainder  
of the stearic acid above 33%; is assigned to oleodi- 
stearin, a value of 22% is obtained. 

In the same way palmitic acid values above 33% 
may be assigned to oleodipalmitin and linoleodipal- 
mitin. However, since the linoleie aeid content is 
small in these fractions, the l inoleodipalmitin has 
been neglected. Then the oleodipalmitin calculated 
front the palmitic acid is equivalent to 12%. 

The area of the curve between the port ions assigned 
to oleodistearin and oleodipalmitin is equivalent to 
51% of the glycerides. This area centers around the 
largest fractions in the weight eurve near  t ransfer  
845. The equimolar portions of stearic, palmitic, and 
oleic acids indicate tha t  these fract ions must  be 
mainly  oleopalmitostearin. I f  a correction for two- 
double-bond glycerides is made, based on iodine value, 
there is left  a value of 41% for oleopalmitostearin. 
The fraet ionat ion obtained was not adequate to per- 
mit  an estimation of other glycerides. However  iodine 
value and f a t ty  acid composition of the fractions indi- 
cate that  monounsatura ted  glycerides containing lin- 
oleie acid as well as d iunsatura ted  glycerides must  be 
present. 

The cocoa but ter  samples analyzed by Hilditeh and 
Stainsby and by Meara have f a t ty  acid compositions 
quite similar to our sample. A comparison of our 
data on glyeeride composition with their  results as 
summarized by Meara is shown in Tables I and H.  
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T A B L E  1 

C o m p a r i s o n  of  C o c o a  B u t t e r  S a m p l e s  

H i l d i t c h  a n d  S t a i n s b y  I 
. . . .  [ P r e s e n t  

1 9 2 7  ] 1 9 3 5  M e a t s  w o r k  

S a m p l e  / S a m p l e  I - - 1  

I o d i n e  v a l u e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 3 7 . 1  [ 3 6 . 7  ] 3 6 . 7  [ 3 7 . 6  
S t e a r i c  ac id ,  ~veight  % . . . . . . . . . . .  / 3 4 . 5  [ 3 5 . 4  [ 3 5 . 4  ~ 3 4 . 6  
P a h n i t i c  a c i d ,  w e i g h t  % . . . . . . . . .  I 2 4 . 4  [ 2 4 . 4  / 2 4 . 4  [ 2 6 . 3  
( ) l e f t  a c i d ,  w e i g h t  c A . . . . . . . . . . . . . . .  ] 3 9  1 3 8 . 1  3 8  1 3 5 . 5  
L i n o l e i c  ac id ,  w e i g h t  % . . . . . . . . .  I 2 . 0  / 2 .1  / 2 . 1  [ 3 . 6  

T A B L E  I I  

G l y c e r i d e  C o m p o s i t i o n  o f  C o c o a  B u t t e r  ( % )  

S S S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . .  
T r i s a t u r a t e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S S O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P P O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S O B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S O 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 
P O O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

t t i l d i t e h  
a n d  

S t a . i n s b y  

2 .5  
1 8 . 4  

6 .5  
5 1 . 9  
1 2 . 0  

8 . 4  

M e a r a  

2 2 . 0  
3 . 7  

5 7 . 0  
5 .8  
7 . 4  
1 .1  

Present 
w o r k  

0 . 1 6  

2 2 . 0  
1 2 . 0  
4 1 . 0  

The chief difference seems to be the somewhat larger  
oleodipalmitin and lower oleopalmitostearin contents 
found in our work. 

A number  of pa t terns  have been proposed to de- 
scribe the glyeeride composition of fats, and it is Gf 
interest  to compare the values shown in Table I1 with 
the composition predicted by some of the proposals. 
Table I I I  elaborates the glyceride composition of our 

T A B L E  III 

G l y c e r i d e  C o m p o s i t i o n  of  C o c o a  B u t t e r  C a l c u l a t e d  f o r  R a n d o m ,  E v e n ,  
a n d  K a r t h a  D i s t r i b u t i o n  a n d  C o m p a r e d  w i t h  E x p e r i m e n t a l  R e s u l t s  

j E x p e r i -  
G l y e e r i d e  R a n d o m  E v e n  K a r t h a  m e n t a l  

l t s  

s s s  ........ ~ ............... ~ g 7 - . ~ 4  -- __....-7-_ / - N 7 7 ~  0 . 1 6  
S P S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 . 4 4  . . . . . .  / 1 . 0 1  . . . . . .  
S S O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 . 7 5  [ 0 .6  [ 2 1 . 9 7  2 2 . 0  
S P P  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 . 1 8  . . . . . .  0 . 8 2  [ . . . . . .  
S O B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 1 9 . 3 8  [ 8 4 , 5  3 6 . 2 5  4 1 . 0  
S S L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 2 9  / . . . . . .  1 . 8 9  . . . . . .  
S O 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 . 0 8  4 . 0  7 . 3 5  
s P a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P P P  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P P O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P O 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S O L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P P L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P O L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S L L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O O L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P L L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O L L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L L L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 , 9 7  
1 . 8 2  
7 . 3 7  
9 . 9 4  
4 . 4 7  
2.65 
0 . 7 5  
2 . 0 2  
0 , 1 3  
1 . 3 6  
0 . 1 0  
0.3[4 
0.005 

. . . . . .  3 . 7 9  

. . . . . .  0 . 2 3  

. . . . . .  1 4 . 9 2  

. . . . . .  5 . 9 6  
0 . 4 6  

1 0 . 9  1 . 5 2  
. . . . . .  1 . 8 2  
. . . . . .  1 . 2 4  
. . . . . .  O . l l  
. . . . . .  0 . 1 4  
. . . . . .  0 . 0 9  
. . . . . .  0 . 0 2  
. . . . . .  0 . 0 0 1  

1 2 . 0  

sample of cocoa but ter  calculated for a random, strict  
even, and K a r t h a  par t ia l  random distribution, and 
compares these values with our experimental  results. 
F rom these data  it is clearly evident tha t  cocoa but ter  
does not f o ] l o w a  random pa t t e rn ;  such a pa t t e rn  
would require almost 10 times as much t r i sa tura ted  
glycerides as have been reported by  Hi]ditch. 

The rule of even distr ibution is regarded by Hil- 
ditch (9) as a generalization "wh ich  covers the gen- 
eral t rend of the observed facts more or less ade- 
qua te ly . "  However,  in order to make quant i ta t ive 
comparisons with other systems and with the experi- 
mental  data, it is necessary to adhere to a " s t r i c t "  
even distr ibution even though, as indicated, con- 
formanee to a r igidly quant i ta t ive pa t t e rn  was not 
proposed by the or iginator  of the pat tern .  

Since cocoa but ter  contains more than  33 mole per- 
centage of both stearie and oleic acids, each glyceride 
must  contain both stearic and oleic acid under  a strict  

even distribution. Then only the four  constitution- 
ally different glycerides listed in Table I I I  are per- 
mitred. Six simultaneous equations involving f a t ty  
acid composition, iodine value, and the sum of the 
tr iglyeerides can be wri t ten in a way similar to that  
described fro" soybean oil (6). The values obtained 
for  the glycerides will differ slightly depending upou 
which four  equations are chosen for the calculation. 
The values listed in Table I l I  are based upon the four  
equations involving f a t t y  acid composition. 

Hildi tch (8) noted signs of something more than 
mere even distribution. Meara (13) points out that  
the values found for  stearopalmito-olean are much 
smaller than expected under  an even distribution. He 
suggests a modified even distribution in which only 
two-thirds of the oleie acid forms stearopalmito-olein, 
and the remainder  occurs as oleodistearin and oleo- 
dipalmitin.  

Recently K a r t h a  (10) has proposed a modified 
random distr ibution pa t t e rn  in which an upper  limit 
is placed upon the amount  of t r i sa tura ted  glycerides 
that  may  be present.  He considers, the remaining 
f a t t y  acids to be randomly  distributed. 

Assuming 2.5% trisaturates,  a calculation by the 
m e t h o d  of K a r t h a  i n d i c a t e s  80.6% d i s a t u r a t e d  
monounsatura ted  gtycerides. This figure differs only 
slightly f rom the value of 84.5% calculated for a 
strict  even distribution. However  the method of cal- 
culation outlined by K a r t h a  m a y  be extended to the 
individual  glycerides. When  this is done as shown 
in Table I I I ,  great  differences between the even and 
K a r t h a  distr ibutions become apparen t  in oleopahnito- 
stearin and oleodistearin contents. The experimental  
compositions seem to be consistent with the K a r th a  
pat tern.  In format ion  on the amounts of the constitu- 
t ionally different glycerides of cocoa but ter  is still 
too incomplete to decide definitely whether  they do or 
do not fit such a distribution. The predonlinanee of 
oleie acid in the 2 position of the glyeerides (3, 11, 
12, 15) implies the presence of some direct ing force, 
e.g., enzymatic, in addit ion to random esterification. 
However,  as Vander  Wal  (18) has pointed out, the 
presence of this directing force is not inconsistent 
with a "modif ied r a n d o m "  distr ibution since K a r t h a ' s  
theory makes no a t tempt  to show how aeyl groups 
are distr ibuted within the tr iglyceride molecule. 

Summary 
Cocoa but te r  has been fract ionated by countereur- 

rent  distr ibution between pentane-hexane and fur-  
fural-ni t roethane solvent phases with the application 
of 1,100 t ransfer  stages. Except  for  a small percent- 
age of t r i sa tura tes  and linoleic acid-containing tri- 
glycerides, oleic acid occurs at least once in each 
glyeeride molecule. Cocoa but te r  is composed prin-  
cipally of mono-oleins: oleodistearin, 22%;  oleopal- 
mitostearin,  41%;  and oleodipalmitin, 12%. Whereas 
the la t ter  g]yceride is not permit ted  under  a pure  
even pat tern,  the low t r i sa tura te  content is not con- 
sistent with a random pat tern .  Cocoa but te r  follows 
neither a random nor an even pa t t e rn  of glyceride 
structure.  
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Recovery of Gossypol from Cottonseed Gums l 
WALTER A. PONS JR., JOSEPH POMINSKI, W. H. KING, ]AMES A. HARRIS, and T. H. HOPPER, 
Southern Regional Research Laboratory,-' New Orleans, Louisiana 

C ONSIDERABLE attention has been given to methods 
for the isolation of gossypol f rom cottonseed 
(1). These procedures all involve a pre l iminary  

solvent extraction of gossypol f rom defat ted meats, 
or isolated pigment  glands, by use of solvents such as 
diethyl ether or acetone. While sat isfactory for small- 
scale preparat ions,  the excessive costs of solvent ex- 
t ract ion systems for the removal of a constituent 
present  to the extent of about 1% in the cottonseed 
kernel mit igate against large scale use of such systems. 

Cottonseed gums, obtained as a by-product,  on 
water-washing of crude cottonseed oil processed f rom 
the seed by direct extraction, contain considerable 
quanti t ies of gossypol and phosphatides (2, 3, 4) and 
offer a practical  source of gossypol. The relat ively 
mild conditions enlployed in the commercial degum- 
nling process (2) should minimize the oxidative deg- 
radat ion of the gossypol in the gums. I t  has been 
estimated that  at one solvent-extraction plant,  these 
gmns are present ly produced at an annual  rate  of 
about 2,000 tons, represent ing a potential  source of 
some 200,000 lbs. of gossypol. I t  has also been re- 
ported that  considerable amounts of gossypol can be 
removed f rom conventional screw-pressed and pre- 
pressed oils by a degumming process similar to that  
employed for solvent-extracted crude oils (5). 

The present  investigation was under taken with the 
view of developing a pract ical  process for the isola- 
tion of gossypol f rom this by-product  of cottonseed 
processing and to make available sufficient amounts of 
gossypol to explore potential  uses of this unique and 
reactive compound. 

Basic Investigations 
The proximate  composition of cottonseed gums as 

produced by a commercial degmnming process (2) is 
recorded in Table I. Analysis of the acetone insoluble 
fract ion disclosed that  about 70% of the total gossy- 
pol in the gums is segregated in this fraction, f rom 
which it cannot be removed by repeated acetone ex- 
tractions. This suggested that  most of the gossypol 
in gums is present  in a "bound" form, presumably  in 
chemical combination with phoshatides. Other ex- 
p lora tory  experinlents indicated that  it would be 

1 Presented a~ the 50th Annum 5leering os the American Oil Chem- 
ists' Society, New Orleans, La., April 20-22, 1959. 

e One of the laboratories of the Southern Utilization Re.search and 
Development Division of the Agricultural Research Service of the U. S. 
Department of Agriculture, 

TABLE I 

P r o x i m a t e  Composition of Cottonseed Gums 

Range 
Constituent (4 samples )  

5~oisture (6) ........................................................... 
Neutral oil (6) ......................................................... 
Total phosphorus (7) .............................................. 
Phosphatides (P X 25) .......................................... 
Acetone solubles (6) ............................................... 
Acetone  insolubles (6) ............................................ 
Total gosswpol (8) ................................................... 

% 
41.0 -44.9 
12.4 -16.4 

1 .16-  1.26 
29.0 -31.5 
17.2 -20.9 
37.1 -40.3 

4 .33-  5.46 

necessary to cleave this gossypol combination prod- 
uct and to separate gossypol f rom the considerable 
amounts of surface-active phosphatides pr ior  to its 
isolation. 

By use of mild acid hydrolysis in methyl  ethyl 
ketone ( M E K ) ,  in which both water  and phospha- 
tides have limited solubility, a fa i r ly  simple pro- 
cedure was devised for  cleaving the gossypol and 
separat ing it f rom phosphatides. ]n  the process the 
gums are refluxed with M E K  that  contained either 
oxalic or phosphoric acids, using a gums-to-solvent 
ratio of about 1:1.  Upon cooling, the mixture  sep- 
arates into a superna tan t  M E K  phase which contains 
most of the gossypol and a lower phosphat ide-water  
phase. The lower phase is then washed with M E K  to 
remove pract ical ly all of the gossypol. Af te r  concen- 
t ra t ion of the combined M E K  decantate and wash- 
ings by distillation, addition of glacial acetic acid to 
the concentrate allows isolation of gossypol as the 
crystalline acetic-acid addition compound. The crude 
gossypol acetic acid is purified by two recrystalli-  
zations. Relat ively pure  crystalline gossypol is ob- 
tained f rom the pure  gossypol-acetie acid complex 
by dispersing the complex in dilute aqueous sodimn 
carbonate, then acidifying with a mineral  acid. 

Processing Variables. Opt imum conditions of t ime 
and acid concentration for hydrolysis and for pre- 
cipitation and purification of gossypol were estab- 
lished. Cottonseed gums, 500 g., were refluxed with 
500 ml. of M E N  containing the desired acid concen- 
t ra t ion and cooled to 50~ Af te r  removal of the 
M E K  superna tan t  the lower phase was washed by 
vigorous mixing' with four  successive 100-ml. portions 
of solvent. Combined deeantates and washings, usu- 
al ly 800 ml., were concentrated by  distillation to 
about 300 ml., and gossypol-acetic acid was isolated 


