
Preparation of Gossypol From Cottonseed Pigment Glands 1 
L. E. CASTILLON, C. M. HALL, and C. H. BOATNER, Southern Regional Research Laboratory, 2 
New Orleans 19, Louisiana 

G O S S Y P O L  is recognized (1-6) as an excellent 
antioxidant, and its polyphenolic nature sug- 
gests (7) many applications of this compound. 

More recent investigations (8) have indicated pos- 
sible pharmaceutical uses for this product of cot- 
tonseed. However, interest in the practical uses for 
gossypol has been limited because of the difficulty 
of obtaining the pigment in pure form. Attempts 
(9, 10) to synthesize gossypol or closely related deriv- 
atives have not yet been successful; consequently it 
can only be obtained by isolation from cottonseed or 
its derived products. 

Gossypol was first prepared (11, 12) from cold- 
pressed cottonseed oil, but the isolation of gossypol 
from this source is difficult, and cold-pressing of 
cottonseed has largely been abandoned, particularly 
in the United States. Hydraulic- and screw-pressed 
cottonseed oils, prepared by pre-cooking the seed, 
contain so little gossypol (3, 13, 14, 15) that they do 
not represent a satisfactory source of this pigment. 
Direct extraction of gossypol from cottonseed or from 
defatted cottonseed meal (5, 14-29) is not practical 
for the production of gossypol on a large scale. 

Cottonseed pigment glands are obtained as a by- 
product of oil and meal by the recently developed 
gland flotation process (30, 31). The gland flotation 
method is also applicable for the separation of pig- 
ment glands from solvent-extracted cottonseed meals 
when solvents such as hydrocarbons and chlorinated 
hydrocarbons of low moisture content have been used 
for extraction of the oil (30-34). 

The content of pigment glands in seed of different 
species of cotton has been reported (35) to vary 
over a wide range and to be a characteristic of each 
species. Seed of different varieties of upland cotton, 
G. hirsutum, is intermediate between that of differ- 
ent varieties of G. herbaceum, which have a lower 
content of pigment glands, and that of different vari- 
eties of G. barbadense, which have a higher content 
of pigment glands. Seed of the four varieties of 
G. hirsutum most commonly grown in this country 
were found (34) to contain pigment glands varying 
in amount from 2 to 5% of the weight of the kernels. 

During semi-pilot plant development (31) of the 
gland flotation process (30), 75 to 83% of the theo- 
retical yields of pigment glands (7) were recovered 
in a relatively pure state. Gossypol was found (34) 
to constitute from 35 to 50% and gossypurpurin from 
1 to 3% of the weight of the separated glands. Com- 
mercial application of the gland flotation process will 
make available relatively large quantities of cotton- 
seed pigment glands containing most of the cotton- 
seed pigments. For example, if the 3.2 million tons 
of cottonseed processed in the United States in 1945 
by expression methods (36) had all been processed 
by the gland flotation method, there would have 
been produced approximately 65,000 tons of pigment 
glands containing approximately 25,000 tons of gos- 
sypol and 1,000 tons of gossypurpurin. 

1 Presented a~ the Fall Meeting of the American Oil Chemists' Soci- 
ety, October 20-22, 1947. 

2 One of tho laboratories of the Bureau of Agricultural and Industr ial  
Chemistry, Agricultural Research Administration, U. S. Department  of 
Agriculture. 

233 

Laboratory Preparation of Gossypol from 
Cottonseed Pigment Glands 

The investigation being reported here was under- 
taken with the object of developing practical methods 
for extraction of gossypol from cottonseed pigment 
glands, and for isolation of gossypol from pigment 
gland extracts. For this purpose two lots of pigment 
glands produced during semi-pilot plant development 
(31) of the gland flotation process (30) were used. 
The pigment glands used in all of the experiments 
summarized in Table 1 were obtained by process- 
ing flaked cottonseed meats. These glands contained 
34.9% of extractable gossypol as determined by the 
antimony trichloride-spectrophotometric method (37) 
using chloroform extracts or chloroform solutions of 
aqueous ethanol extracts (33, 34) of the pigment 
glands. The data listed in Table 2 present the results 
of independent preparations of gossypol from two lots 
of cottonseed pigment glands. It was found, as shown 
in Table 2, that the absorption spectrum of the anti- 
mony trichloride reaction product (37) furnished as 
reliable a criterion of the purity of various gossypol 
preparations as elementary analysis (7, 29). Conse- 
quently, the more readily applicable antimony tri- 
chloride reaction product was adopted in preference 
to elementary analysis as the criterion of purity for 
gossypol. The purity of the gossypol obtained by 
different procedures was calculated on the basis of 
the specific extinction coefficient of its reaction prod- 
uct with antimony trichloride (28, 37). 

The various procedures which were applied for the 
extraction of gossypol from the pigment glands were 
based on the previously reported (30, 32, 33, 34) 
properties of the gland wails. Preliminary experi- 
ments were carried out with each solvent and each 
extraction method investigated in order to determine 
the minimum period of contact of the solvent with 
the pigment glands and the minimum ratio of sol- 
vent to pigment glands which could be used for 
complete extraction of gossypol from the glands. The 
solvents investigated comprised the following: meth- 
anol, ethanol, isopropanol, 1,4-dioxane, acetone, and 
diethyl ether. Preliminary wetting of the glands and 
violent agitation of the suspensions of glands in sol- 
vent were used for accelerating the rate of extraction. 

Gossypol was isolated from each of the pigment 
gland extracts by means of one or more of the fol- 
lowing procedures : 

1. An organic solvent in which gossypol is only 
slightly soluble was added directly to the extracts 
for fractional precipitation of gossypol. 

2. Water was added to extracts obtained with 
water-miscible solvents, and the precipitates of crude 
gossypol thus obtained were treated with organic 
solvents in which gossypol is only slightly soluble. 

3. Acetic acid was added to the extracts to pre- 
cipitate the gossypol acetic acid complex which was 
then hydrolyzed by suspending it in hot water for 
one hour as recommended by Murty, Murty, and 
Seshadri (38). 

The results shown in Table 1 can be summarized 
as follows: gossypol separates from alcoholic extracts 
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of pigment glands in very poor yields, even though 
methanol, ethanol, and isopropanol have been shown 
(33, 34) to be effective for rapid rupture of the pig- 
ment gland walls. With the use of 1,4-dioxane for 
extracting gossypol from pigment glands, impure 
gossypol is obtained, and no method of purification 
has been found which does not result in poor yields. 
Pure gossypol is readily obtained in good yields from 
extracts of pigment glands made with diethyl ether 
or acetone. 

The use of diethyl ether results in complete extrac- 
tion of gossypol from pigment glands, and it may be 
applied in several ways. Contact for 24 hours is 
required for complete extraction of gossypol when 
the glands are suspended in diethyl ether without 
preliminary rupture of the gland wails or agitation 
of the ethereal suspension. The rate of extraction of 
gossypol by diethyl ether is accelerated by wetting 
the glands to rupture the walls followed by drying 
the glands and g~inding them to a fine powder. IIow- 
ever, it was found that the powdered glands con- 
tained considerably less gossypol extractable with 
diethyl ether than did the original glands. Violent 
agitat ion in a War ing  Blender  of an ethereal sus- 
pension of p igment  glands and deeolorizing carbon 
resulted in complete extract ion of gossypol within 
five minutes. The Blender  was cooled periodically 
during the extraction in order to reduce both evapora- 

tion of ether and decomposition of extracted gossypol. 
It was found that pure gossypol could be sepa- 

rated in good yields from ethereal extracts of pig- 
ment glands prepared in a Waring Blender by 
adding four volumes of light petroleum naphtha 3 
to the filtered extract and allowing tile mixture to 
stand at 3.3~176 for 48 hours. 

The use of acetone gave complete extraction of 
gossypol when applied in two ways. Suspension of 
the glands in acetone without agitation yielded com- 
plete extraction of gossypol within two hours whereas 
violent agitation in a Waring Blender of a suspension 
of pigment glands and deeolorizing carbon in acetone 
yielded complete extraction within five minutes. 

Precipitation of the gossypol acetic acid complex 
by addition of one-fourth volume of acetic acid to the 
filtered acetone extract was found to be the best 
method for separating gossypol from acetone extracts 
of pigment glands. Precipitation of gossypol acetic 
acid was essentially complete when the acetone-acetic 
acid mixture was allowed to stand over night at 
3.3~176 Good yields of pure gossypol were 
obtained by first washing the precipitated gossypol 
aeetie acid with light petrolemn naph tha  a and  then 
suspending it in the form of an aqueous s lur ry  in 
hot water  for  one hour to hydrolyze the gossypol 
acetic acid complex. 

a Pentane-hexane  mixture,  bo i l ing  range  95~  to I 3 0 ~  

T A B L E  1 

�9 Data  P e r t a i n i n g  to the I so la t ion  of Gossypol 

Condi t ions  of extract ion 1 Condi t ions  of recovery Gossypol obta ined 

Prep .  
No. K i n d  of 

so lvent  

1 Methanol  

2 E thano l  

3 I sopropanol  

4 1,4-Dioxane 
5 Die thyl  ether  

6 n i e t h y l  ether 

7 Die thyl  ether  

8 n i e t h y l  ether 
9 Acetone 

10 Acetone 
Ii Acetone 

12 Acetone 

13 Acetone 

14 Acetone 

15 Acetone 

16 Acetone 

:Method 

B lende r  

B lende r  

Blendor  

Equi l ib ra ted  
Blendor  

Blendor  

Equ i l ib ra t ed  

Equ i l ib ra t ed  
Equ i l ib ra t ed  
Equ i l ib ra t ed  
B le nde r  

Blender  

Blendor  

Blendor  

Blendor  

Blendor  

Time, " Temper-ature 

rain. I control 

5 None 

5 None 

5 None 

120 None 
5 Cooling 

5 Cooling 

30 None 

30 None 
120 None 
120 None 

5 Cooling 

5 Cooling 

5 Cooling 

5 C o o l i n g  

5 Cooling 

5 Cooling 

Precipi-  
t a n t  

added 

Wate r  

Wate r  

Wate r  

W a t e r  
Pe t ro leum 

naph tha  5 

Pet ro leum 
naph tha  ~ 

Pe t ro leum 
naph tha  5 

None 
Wate r  
Wate r  
AcetiC acid 

Acetic acid 

Acetic acid 

Acetic acid 

Acetic acid 

Acetic acid 

Rat!o:  
precipi- 
t an t  to 

extract,  
ml . /ml .  

25/10t~ 

25 /10~  

25 / lOl /  

4 o / 4 9  
100/256 

4 0 0 / 1 0 0 -  

16o/40-- 

lOO/10o_ 
25/10o 

12 .5 /50  

- - -  1 7 / 5 0 - -  

52.5/50- 

- 1 7 / 5 0 - -  

- 1 2 . 5 / 5 o - -  

- - -  1 7 / 5 0 - -  

Trea tment  I Trea tment  
of [ of mother  

m ix tu r e  ] l iquor  

Heated a t  105~ / None 
20 m i n )  

~ J  None 
20 min2  ~, 

H C l a d d e d ,  heated N(me 
20 rain. 4 

Heated  20 rain. 
Cooled to 3.3~ 

48 hrs.  

Nm~e 
R e s i d u e '  in  E t 2 0 -  

Pet .  naphtha ,  48 
hrs., a t  3.3~ 

Cooled to 3.3~ Res idue  ~ in  E tuO-  
48 hrs. Pet .  naphtha ,  48 

hrs., a t  3.3~ 
Cooled to 3.3~ None 

48 hrs.  
Evapora t ed  7, ~o None 
Heated 5 r a in?  ~ None 
Heated  15 ra in?  ~ None 
Room temp., 30 Cooled 24 hrs. ,  

r a in?  1 3.3 ~ C. it 
Room temp.,30 Cooled 24 hrs., 

rain.'1 3 ,~1 ~ C.11 
Room temp., Cooled 24 hrs., 

1 hr./~ 3.3~ u 
Room temp., Cooled 24 h r s ,  

1 h r )  1 3.~~ n 
Cooled to 3.3~ Room temp., 72 

17 hrs./1 hrs.  ~ 
Cooled to 3.3~ 

17 h r s ?  x 
Room temp., 72 

hrs. ~ 

Yield, 2 
% of 

theory 

14 - - - -  

10 

5.2 

68 
60s 

55 s 

32 

42 
63 
65 
738 

58a 

59 s 

65~ 

59 

65 

P u r i t y  3 
% 

92 

97 

94 

82 
100 

100 

100 

100 
100 

97 
100 

100 

100 

100 

96 

94 

1 D u r i n g  r a p i d  extract ions,  decolorizing carbon was added to the p igm en t  g lands  (4g . /25g .  p i g m e n t  g lands )  before extract ion ; for slow extraction,  
carbon was added to the extract  af ter  removal  of the g land  res idue  and  before prec ip i ta t ion  of gossypol or gossypol acetic acid. 

Yields were calculated on the basis of the o r ig ina l  content  of gossypol in the p igment  glands,  39.4%, as de termined by appl ica t ion  of the anti-  
mony t r ichlor ide-spectrophotometr ic  method to chloroform solut ions of aqueous ethanol  extracts  of the p igmen t  glands.  

a P u r i t y  based on specific ext inct ion coefficient at  520 m/~ of the an t imony t r ichlor ide  react ion product .  
4 The p roduc t  was  pur i f ied  by w a s h i n g  i t  wi th  pentane-hexane,  mixture .  ~ 

Pentane-hexane  mixture ,  bo i l ing  r a n g e  95~  ~. to 130~ 
The combined extract  a nd  wash solut ions  were evapora ted  at  room tempera ture  unde r  v a c u u m  to the vo lume indicated.  
The  ~olvent~ were reruoved by evapora t ion  a t  room t empera tu re  u n d e r  vacuum.  

s Combined products  obta ined from t r ea tmen t  of or ig ina l  ext rac t  and mother  l iquor.  
9 P i g m e n t  g lands  were first  wet ted in  order  to r u p t u r e  g land  wal l s ;  then dried and g round  to a fine powder.  
lo The p roduc t  was pur i f ied  by three diges t ions  wi th  toluene, 10 ml. per  g. of product .  
xt P rec ip i t a t ed  gossypol acetic acid was  thoroughly  washed with l igh t  petroleum naph tha  and  lhen hyd,'olyzed by suspend ing  it in boi l ing  wa te r  

for one hour .  
0 n l y  a ve ry  small add i t iona l  amount  of gossypol acetic acid prec ip i ta ted  from the supe rna t an t .  
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TABLE 2 

Preparat ion of 
gossypol sample 1 

P r e p a r a t i o n  as in No. 5 

P r e p a r a t i o n  as in No. 6 

P r e p a r a t i o n  as in No. 8,then 
recrystal l ized from diethyl  
e ther  and  l igh t  pe t ro leum 
n ap h tha  

P r e p a r a t i o n  as in  No. 15 

P r e p a r a t i o n  as in  No. 15 

P r e p a r a t i o n  as in  No. 9, then 
recrystal l ized f rom a mix tu re  
of diethyl  ether  and  l igh t  
pet roleum naph tha  

P r e p a r a t i o n  as in No. 16 

Above precip i ta te  of gossypol 
reerystal l ized f rom diethyl  
ether and l igh t  pet roleum 
naph tha  

Composition 2 

C t t  
% % 

69.01 6,08 
69.03 6,02 
68.96 5,82 
69.10 5.86 
66.57 6,08 
66.72 6.13 

67.01 6.02 
66.82 6.16 
66.82 5.84 
66.99 6.05 
68.54 6.06 
68.62 6.17 

66.91 5.98 
67.10 6,08 

Antimony triehloride 
reaction Jroduct 

1% 

at 520 m/z % 
(average Pur i ty  
values) 

67.7 100 

68.3 100 

66.5 100 

62.8 95.9 

64.4 98.3 

65.9 - -  10O 

62.1 94.9 

10o 

t T h e  numbers refer lo the methods of preparation described in Table 1. 
Calculated for  (~aon~._,o~ : (2, 67.16;  H, 5.,(17. See reference 29. 

,1% 
a The value of l~'l..,e"- t~.at 520 mbr for  pure gossvpo], has been shown C:~7 ) 

to he 65.5 _+_ 1.9. 

Since both the diethyl ether-petrolemn naphtha and 
acetone-acetic acid methods produced equally good 
yields of pure  gossypol, these methods were applied 
for  extraction of gossypol frmn a second lot of pig- 
merit glands in order to test the general applicabil- 
i ty of both methods. The second lot of pigment 
glands was prepared  by  application of the gland 
flotation method to hexane-extraeted cottonseed meal 
which had been desolventized in a vacuum oven at a 
temperature  not exceeding 210~ following extrac- 
tion of the oil with commercial hexane. The gossypol 
content of the separated glands was found to be 
45.6% (33, 3< 37). 

Product ion of gossypol f rom these glands by  the 
diethyl ether-petroleum naphtha method was carried 
out according to the same procedure used with the 
first lot of pigment glands. A suspension of 25 g. 
of pigment glands and 4 g. of deeolorizing carbon in 
100 ml. of commercial grade diethyl ether was agi- 
tated for five minutes in a Waring Blender,  with 
periodic cooling in an ice bath in order to minimize 
both evaporation of ether and decomposition of ex- 
t racted gossypol. The residue of gland walls and 
carbon was removed by  filtration and was washed 
with small volumes of diethyl ether unti l  the cmn- 
bined volume of the extract  and wash solutions was 
100 ml. Four  hundred  ml. of light petroleum naph- 
tha a was added to the extract,  and the mixture  was 
allowed to stand at 3.3~176 for 48 hours. The 
precipitate of crystalline gossypol which was depos- 
ited was washed by decantation with light petroleum 
naphtha a unti l  the wash solution became colorless. 
Pure  gossypol was obtained by  this procedure, but  
the yield was only 28% of the theoretically calcu- 
lated amount. 

Application of the acetone-acetic acid method to 
the second lot of pigment glands resulted in yields 
of pure gossypol comparable to those obtained ~ with 
the first lot of glands. An acetone extract  of the pig- 
ment glands was prepared by  suspending 25 g. of 
pigment glands and 4 g. of decolorizing carbon in 

100 nd. of aeetone. The suspension was agitated for  
five minutes in a Waring Blender  and was then 
cooled in an ice bath. The residual gland walls and 
carbon were separated and washed with sueeessive 
small portions of acetone unti l  the volume of the 
combined extract  and wash solutions was 100 ml. 
Af ter  addition of 25 ml. or one-fourth volume of 
glacial acetic acid to the extract  the mixture  was 
allowed to stand 17 hours at 3.3~176 The crys- 
talline gossypol acetic acid which precipi tated was 
washed with light petroleum naphtha a and made into 
a s lurry with a small volume of distilled water. The 
s lurry was then suspended in 400 ml. of hot distilled 
water on a steam bath for  one hour to hydrolyze the 
gossypol acetic acid complex. A yield of 6 g. of gossy- 
pol (52% of the theoretical) of 98% pur i ty  was ob- 
tained. By allowing the supernatant  acetone-acetic 
acid mixture to stand for  72 hours at 3.3~176 
an additional precipitate of gossypol acetic acid was 
obtained which upon hydrolysis yielded 1 g. of gossy- 
pol (8% of tile theoretical yield) of 93% puri ty.  In  
a duplicate l)reparation from a ,second sample of the 
same pigment glands a yield of 6 g. of gossypol (52% 
of the theoretical) of 97~  pur i ty  was obtained from 
the first precipitate of gossypol acetic aeid, and an 
additiolml 0.9 g. of gossypol (7% of the theoretical 
yield) of 9a'~ pur i ty  was obtained from the precipi- 
late formed in the acetone-acetic acid supernatant .  

Large Scale Preparation of Gossypol from 
Cottonseed Pigment Glands 

On the basis of the good yields of gossypol pro- 
duced by  the acetone-acetic acid method from both 
lots of pigment glands, it was concluded that  this 
method is applicable to pigment glands obtained 
f rom either non-defa t ted  or defat ted c o t t o n s e e d ,  
whereas the diethyl ether-petroleum naphtha method 
is applicable only to glands obtained from non-defat- 
ted cottonseed. Since the acetone-acetic acid method 
is rapid and employs inexpensive and easily handled 
reagents, it is readily adaptable to production of 
gossypol on a large scale. 

Large scale operation involves relatively little mod- 
ification of the laboratory procedure. However, a 
reduction in the ratio of decolorizing carbon and 
acetone to pigment glands may be possible. Treat- 
ment of the original extract  with carbon improves 
both the yield and pur i ty  of the gossypol produced. 
By mixing the carbon with the pigment glands prior  
to extraction of gossypol, both extraction of gossypol 
and the adsorption of impurities are accomplished 
simultaneously, thereby reducing the time of expo- 
sure of gossypol to the action of acetone. I f  it is 
desirable to use less vigorous agitation than that 
which occurs in the Waring  Blender,  the period of 
contact of the glands with acetone can be prolonged. 

Certain precautions must be observed in order to 
obtain high yields of gossypol. For  example, gossy- 
pol should be held in solution only for the shortest 
possible period, and these solutions should be pro- 
tected from light and maintained at as low tem- 
peratures  as are practical. The pigment glands and 
reagents should be pre-eooled, and all operations 
should be carried out as rapidly and at as low tem- 
peratures  as possible. Since gossypol acetic acid is 
quite unstable, it  should be hydrolyzed to gossypol 
as rapidly as possible, and gossypol should be imme- 
diately washed free of acid. 
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When further purification of gossypol obtained by 
hydrolysis of gossypol acetic acid is desirable, the two 
following procedures can be employed either alterna- 
tively or successively: 

1. In most cases, gossypol can be freed of impurities 
merely by washing it with light petroleum naphtha 
or toluene. 

2. Gossypol of highest purity can be obtained by 
recrystallizing it from a mixture of diethyl ether and 
light petroleum naphtha, but considerable loss occurs 
by this procedure. Purification can be effected by the 
latter method by dissolving the gossypol in the mini- 
mum volume of diethyl ether: Decolorizing carbon 
is added to the ethereal solution, and, after a short 
period of contact, is removed. Four volumes of light 
petroleum naphtha are added to the ethereal solution, 
and the mixture is allowed to stand at a low tempera- 
ture until precipitation of gossypol is complete. This 
occurs in 48 hours when the temperature is main- 
tained at 3.3~176 The precipitated gossypol, 
which usually deposits in the form of clusters of large 
dog-toothed prisms, is freed of solvent by decantation 
and washing with light petroleum naphtha. Further 
quantities of relatively pure gossypol can be obtained 
by evaporating the supernatant solution and recrys- 
tallizing the residue from diethyl ether-light petro- 
leum naphtha. 

Gossypol has been found to deteriorate rapidly 
upon storage at room temperature when no special 
precautions are taken to exclude air. Therefore until 
more specific information has been obtained concern- 
ing the best method for its preservation, it should be 
stored for as short a time as possible and under con- 
ditions which tend to minimize decomposition of nor- 
mally unstable organic compounds, for example, in 
an inert atmosphere or a vacuum, at low tempera- 
tures, and in the absence of light. 

Summary 
Cottonseed pigment glands, produced from whole 

cottonseed meal and defatted cottonseed meal by the 
gland flotation process, have been investigated as a 
raw material for the production of gossypol. 

Methods based on the previously reported proper- 
ties of gossypol and cottonseed pigment glands have 
been developed for the relatively rapid isolation of 
gossypol from pigment glands. 

Extraction of gossypol from pigment glands with 
acetone followed by precipitation of gossypol acetic 
acid from the extract was found to be the preferable 
method for obtaining pure gossypol in good yields. 

The precautions which must be applied in order to 
produce gossypol on a large sgale by the acetone-acetic 
acid method are discussed together with methods for 
the purification and preservation of gossypo]. 

The solubility of pure gossypol in diethyl ether is about 10 g./lO0 
ml., but the solubility of crude gossypol is usually greater than this 
value and depends on the nature and amount of impurities present. 
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