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terial processed if heptane solvent is used. Higher 
maximum costs may be expected from the chlorin- 
ated solvents. However the actual solvent loss will 
vary appreciably with the solvent used, design of 
equipment and of solvent recovery unit, and care in 
maintenance and operation of the plant. In normal 
operations this solvent cost should be appreciably 
lower than the maximum costs indicated. 

As a further adjustment in the evaluation of the 
two rendering methods, the additional fat yield of 
about 2 pounds per 100 pounds raw material should 
be credited to the azeotropie process in comparing 
with costs for dry rendering and pressing without 
subsequent solvent extraction. 

For continuous plant operations, worthwhile sav- 
ings can be obtained over batch operations. The total 

labor costs for a high capacity continuous plant will 
be no more than for a small batch plant, the steam 
and power will be more efficiently used, and the sol- 
vent loss will be less than one-third per unit of raw 
material processed. 
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Reactions of Some GossypoI-Like Pigments With 
Aniline and p-Anisidine 
CATHERINE HALL POMINSKI and PATRICIA VON DER HAAR, Southern Regional 
Research Laboratory, 1 New Orleans, Louisiana 

G OSSYPOL,  the yellow pigment of cottonseed, 
reacts with aniline to give a stable, relatively 
insoluble product with a characteristic absorp- 

tion spectrum (5, 8, 10). This product, known as 
dianilinogossypol, has been used as the basis of nu- 
merous methods for determining gossypol in cotton- 
seed and cottonseed products (1). 

Recently there was described (12) a new method 
for the determination of gossypol in cottonseed and 
cottonseed products in which p-anisidine was used in 
place of aniline. This method is simple and rapid and 
yields readily duplieable results. The authors (12) 
stated that pigments other than gossypol are simul- 
taneously measured by the method but gave no fur- 
ther details concerning the nature or extent of the 
concomitant reactions. The following report deals 
with the reactions of other gossypol-like pigments 
with aniline and with p-anisidinc. 

I n  addition to gossypol, cottonseed contains a dark 
purple pigment which has been named gossypurpurin 
(2) and which has been assigned the empirical for- 
mula, C3oII3207N, on the basis of some of its reactions 
and its elementary composition (11). Gossypurpurin 
has also been isolated from cottonseed pigment glands 
and has been prepared in the laboratory from diami- 
nogossypol by a procedure involving the treatment of 
gossypol, C~Hjo08, with gaseous ammonia to form 
diaminogossypol, C~oH34OTN2, which is then converted 
to gossypurpurin. It has been postulated that diami- 
nogossypol also exists in cottonseed, particularly in 
seed which has been stored for long periods of time 
(7). I t  was found that the absorption spectra of non- 
alkali-extractable portions of chloroform extracts of 
stored cottonseed and that of diaminogossypol are 
quite similar. Their antimony trichloride reaction 
products also possess similar absorption spectra. On 
the basis of these similarities it was postulated that 

1 One  of the laboratories of the B u r e a u  of Agr icu l tura l  and  Indus t r i a l  
Chemistry, Agr icu l tura l  Research Administrat ion,  U. S. Depar tment  of 
Agricul ture . .  

diaminogossypol occurs in cottonseed and is formed 
by the influence of metabolic changes on gossypol in 
the living seed. 

These pigments, gossypurpurin and diaminogossy- 
pol, are known to be closely related to gossypol lout 
are separate and distinct compounds. Gossypol, when 
treated with antimony trichloride in chloroform, has 
been shown to give a bright red reaction product with 
a characteristic absorption spectrum (3, 9). By con- 
trast, the reaction product of diaminogossypol with 
antimony trichloride is yellow and that of gossypur- 
purin is blue-green ~(11). However both of these reac- 
tion products are unstable, and,  if allowed to stand 
for prolonged periods of time, are converted to the 
characteristic red reaction product of gossypol and 
antimony trichloride. 

The apparent close structural relationship of diami- 
nogossypol and gossypurpurin to gossypol is sufficient 
evidence to justify application of the term "gossypol- 
like" pigments to these two pigments. The reactions 
of these two "gossypol-like" pigments with aniline 
and p-anisidine have been investigated with the re- 
sults reported herein. 

Experimental 
Gossypol was isolated from cottonseed pigment 

glands by the method described by Castillon et al. 
(6). Its chemical and physical properties agreed with 
those previously reported for this product. The prep- 
aration of diaminogossypol from gossypol using gas- 
eous ammonia and of gossypurpurin from diamino- 
gossypol was carried out by the method of Pominski 
et al. (11). These reaction products agreed in melting 
point, absorption spectra in chloroform, antimony tri- 
chloride reaction product, and elementary composition 
with those previously reported for diaminogossypol 
and gossypurpurin. 

Treatment  with Aniline. A 0.3-g. sample of diami- 
nogossypol was dissolved in 18 ml. diethyl ether, and 
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T A B L E  I 

Extinction Coefficients at Points of Characteristic Absorption for the 
Reaction Products of Gossypol and Gossypol-like Pigments 

with Aniline and p-Anisidine 

Points of characteristic absorption Specific extinction coefficients a 

m/.t 

4 4 7  ( m a x i m u m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 6 2 - 4 6 4  ( m i n i m u m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 6 8  ( m a x i m u m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 4 0  ( m a x i m u m )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 5 6 - 4 6 2  ( s h o u l d e r )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Gossy- Diamino- Gossypur- 
pol gossypol purin 

p-Anisidine reaction product b 

8 1 6  e 7 2 1  7 6 8  
7 3 3  e 6 4 2  6 4 5  d 
7 6 8  e 6 8 9  6 9 1  a 

Aniline reaction product 
I 

6 3 4 . 4  I 6 3 6  6 3 4 . 4  
5 5 5  ] 5 5 2  5 5 2 . 2  

• ~ Expressed as E 1% 1 cm, 

bSpecific extinction coefficients were calculated on the basis of the 
weight of the pigments before reaction with p-anisidine. The reaction 
products with p-anisidine were not isolated. 

e See reference 3. 
aSee reference 11 .  
e Specific extinction coefficients were calculated on the basis of the 

weight of the isolated reaction product disso:ved in chloroform. 

18 ml. freshly distilled aniline was added. The mix- 
ture was heated about 10 minutes on the steam bath 
and was then cooled overnight at about 3°C. The 
orange-colored crystalline precipitate which was ob- 
tained was recrystallized four times from chloroform, 
and the orange-colored plates thus obtained melted 
at 298-300°C. The absorption spectrum of the prod- 
uct in chloroform solution was identical with that of 
dianilinogossypol as seen from the data in Table I. 
The absorption spectrum of its reaction product with 
antimony trichloride was also identical with that of 
dianilinogossypol. The product gave on analysis: car- 
bon, 74.7%; hydrogen, 6.09%; nitrogen, 4.10%. As 
may be seen from Table II, these values agree with 
those calculated and found for dianilinogossypol. 

Gossypurpurin has been shown previously to react 
with aniline to give a product which is identical with 
dianilinogossypol (11) .  

Treatment with p-Anisidine. A solution of diamino- 
gossypol in 70% aqueous acetone was treated in the 
same manner as the gossypol solution used as a stand- 
ard in the p-anisidine method for determining gossy- 
pol (12).  The absorption spectrum, in the visible and 
near ultraviolet region, of the reaction product of di- 
aminogossypol with p-anisidine was determined spec- 
trophotometrically and was found to be identical with 
that of gossypol and p-anisidine as far as positions of 
absorption maxima and minima are concerned, as may 
be seen in Figure 1. Specific extinction coefficients 
at points of characteristic absorption are shown in 
Table I. 

Treatment of a solution of gossypurpurin in 70% 
aqueous acetone with p-anisidine in the same manner 
gave a reaction product which was also identical with 
that of gossypol and p-anisidine in the positions of 
the absorption maxima and minima. The specific ex- 
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FIG. l .  Absorption spectra of reaction products with 

p-anisidine of (A) gossypol, (B) diaminogossypol, and 
(C) gossypurpurin. 

tinetion coefficients at points of characteristic absorp- 
tion are also recorded in Table I. 

Discussion 
Diaminogossypol and gossypurpurin have both been 

shown to react with aniline to give a product which 
is identical with d ian i l inogossypo l .  The reaction 
products of these gossypol-like pigments with p-an- 
isidine have absorption spectra which are identical 
in positions of absorption maxima and minima with 
that of gossypol and p-anisidine. 

These observat ions  indicate that any analytical 
method for the determination of gossypol, using 
either aniline or p-anisidine, will include an)" diami- 
nogossypol or gossypurpurin which is present in ad- 
dition to gossypol. 

Consequently the rapid p-anisidine method may be 
used with adequacy for determining the gossypol and 
gossypol-like pigments in cottonseed and cottonseed 
products. If however it is desired to determine un- 
modified gossypol only, a reagent which is specific 
for gossypol must be used. 

T A B L E  I I  

Composition of Gossypol-like Pigments and Their Reaction Products with Aniline 

Calculated F o u n d  
C c m l m u n d  

GossYl)ol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I)iaminogossypol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gossypurpnrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dianilinogossypol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 
Dianilinogossypol from diaminogossypoL...I 
Dianilinogossypol from gossypurpurin . . . . . . .  I 

Empirical 
formula 

CaoH3o0s  
C a o H ~ 0 7 N ~  
C ~ o t t a ~ 0 : N  
C42H4o0sN_o 
C, , ,H~o0aN..  
C4~H~oOsN2 

C 
% 

6 9 . 5  
6 7 . 4  
6 9 . 6  
7 5 . 4  
7 5 . 4  
7 5 . 4  

H 
% 

5 . 7 9  
6 . 3 7  
6 . 2 8  
6 . 0 3  
6 . 0 3  
6 . 0 3  

N 
% 

5 . 2 4  
2 . 7 0  
4 . 1 9  
4 . 1 9  
4 . 1 9  

C 
% 

6 9 . 4 6  
6 7 . 3  
7 0 . 0  
7 5 . 2 6  
7 4 . 7  
7 4  8 

H 
% 

6 . 0 8  
6 . 3 7  
5 . 9 7  
6 . 0 8  
6 . 0 9  
6 . 1 2  

N 
% 

5 . 0 2  
2 . 3 4  
4 . 1 2  
4 . 1 0  
4 . 4 2  
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Summary 

The gossypol-like pigments, gossypurpurin and di- 
aminogossypol, have been shown to react with aniline 
to give the same reaction product as does gossypol. 
These pigments also react with p-anisidine to give 
products whose absorption spectra exhibit maxima in 
the same positions as that of the reaction product of 
gossypol and p-anisidine. 
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con ten t  of  whole milk was not  af fected by  hea t i ng  to 100 ° or  
by ul t ra-violet  i r rad ia t ion .  Acidif icat ion of  whole milk before  
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