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Incorporation of Gossypol Into Eggs of Hens Fed 
Gossypol Schiff Bases 
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" ~ T  H A S  B E E N  R E P O R T E D  ( 4 )  t h a t  gossypol f e d  t o  

| laying hens is deposited in the yolks as gassy- 
-'- pol-cephalin and as gossypol-protein complexes. 
The amount  of gossypol present  in the yolk is re- 
ported to be a sensitive measure of d ie ta ry  gossypol 
that  is available to the hen, and it forms the basis 
for a useful  definition of available gossypol units 
(AGU) : 
AGUe- - -  (Abs4~176  d i e t  e g g -  (Abs4~--Abs~4~)  p r e - d i e t  e g g  X 100  

% o f  m a t e r i a l  t e s t e d  i n  d i e t  

W h e r e  Abs4~o = A b s o r b a n c e  a t  4 0 0  mt~ o f  a c r u d e  c e p h a l i n  
s o l u t i o n  ( s e e  E x p e r i m e n t a l )  

Abs4,~ = A b s o r b a n c e  o f  s o l u t i o n  a t  4 4 5  mt~. 

This definition of available gossypol was proposed 
by Grau and coworkers (1) in their  studies of the 
distinctive yolk component  of eggs f rom hens fed 
gossypol. The gossypol was administered in cotton- 
seed meal and also as gossypol added to purified diets. 

Eggs with absorbance differences of less than 
0.03 ( that  is, diet egg absorbances minus pre-diet 
egg absorbances) have been found not to discolor 
either on exposure to an ammonia atmosphere or 
dur ing storage. 2 

There are two promising approaches to the gassy- 
pal-in-egg problem. These are either destruction of 
gossypol in the cottonseed meal, or its binding through 
nondigestible linkages. Cooking and screw-pressing 
the cottonseed reduce the available gossypol, but  usu- 
al ly these operations are not sufficiently effective in 
reducing the gossypol to the point where significant 
amounts of processed meal may  be fed to laying hens. 
Phloroglucinol can be used to destroy the gossypol in 
cottonseed meal, but  the t rea tment  may  reduce the 
nut r i t ive  value of the meal (2).  P re l imina ry  experi- 
ments  show that  aniline does not bind the gossypol in 
cottonseed meals t ight ly  enough to prevent  some in- 
corporat ion into the yolk. 

In  the present  s tudy gossypol Schiff bases pre- 
pared f rom aromatic  and aliphatic amines were fed 
to laying hens at 0.1-0.5% equivalent d ie tary  gassy- 
pal levels, and the eggs were examined by  spectra- 
photometry  for gossypol-cephalin content. Some of 
these compounds are apparen t ly  stable enough to 
preclude gossypol incorporat ion and subsequent dis- 
coloration of the eggs. 

1 One  of t he  l abora to r ies  of the  Sou the rn  Ut i l i za t ion  R e s e a r c h  and  
D e v e l o p m e n t  Div is 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 p a r t m e n t  
of Agr icu l tu re .  

2 Th i s  specif ica t ion appl ied  only to cot tonseed mea l s  a n d  to gossypol  
der iva t ives ,  no t  to apogossypo l  a n d  its ox idat ion  product s ,  

Experimental  

The examination of the eggs used in this s tudy was 
restricted to the determinat ion of the available gassy- 
pal units as defined above. 

The crude cephalin solution was obtained by ex- 
t ract ing 10 ml. of yolk exhaustively with acetone, 
then extract ing the residue once with hexane-acetone 
(3:1) ,  and br inging the volume to 15 ml. The ab- 
sorbanee of this solution was determined with a Beck- 
man 3 Model B Speetrophotometer  (1). 

Each hen was its own control in that  eggs were 
taken for comparison before the gossypol-eontaining 
diet was fed. These were the predict  eggs. T h e  birds 
were then fed the gossypol-containing diet for at 
least 10 days before a " d i e t  e g g "  was taken and 
examined for the presence of the gossypol-cephalin 
complex. 

AGU values for  a series of gossypol Schiff bases 
are recorded in Table I. Some of the gossypol Schiff 
bases listed in Table I have not been previously re- 
ported and are described in Table I I .  These com- 
pounds were prepared  by heat ing for a few minutes 
under  reflux an isopropyl alcohol solution containing 
one mole of gossypol and two and one-half moles of 
the amine (3). The reaction mixture  was chilled in 
the ice-box over-night, and the precipi tated base was 
collected, washed thoroughly with cold solvent, and 
air-dried. Some of the products  were reerystallized 
f rom the appropr ia te  solvent before analysis. 

a I t  is no t  the  policy of the D e p a r t m e n t  to r e c o m m e n d  the  p roduc t s  of 
one company  over  those of any  o thers  e n g a g e d  in tile s a m e  bus iness .  

T A B L E  I 

Avai lable  Gossypol  in  E g g s  f rom H e n s  Fed  Gossypol Schiff  Bases  

Mill imoles % of the  
Gossypol Schiff  base  equ iva len t  diet  as  A G U  

gossypol  e gossypol  

B i s  (pheny l imino)  gossypol  ..... 
(Dian i l inogossypo l )  

B i s  (p -ca rboxypheny l imino)  .... 
B i s  (benzyl imino)  
B i s  ( f u r  f u r y l i m i n o )  a ............... 
B i s  ( cyelohexyl imino ) a ............ 
B i s  ( n-o c ty l imino)  a ................. 
B i s  (n-decyl imino)  
B i s  ( n-dodecyl imino ) 
B i s  (n - te t radecy l imino)  
B i s  (n-oc tadecyl imino)  
Bis  (dehydroab ie ty l imino)  a ..... 
B i s  (oleyl imino)  a ...................... 

38.6 
12.9 
11.2 
12.4 
12.4 
38.6 
38.6 
38.6 
38.6 
38.6 
38.6 
38.6 

6.2 

0.5 
0.17 
0.15 
0.16 
0.16 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.08 

10.3 
4.0 

35.5 u 
b 

4.2 
0.0 
0.0 
0.0 
0.0 
0.2 

26.2--34.7 
b 

a New compounds  no t  p rev ious ly  r epo r t ed  and  descr ibed  in Table I I .  
b D i e t a r y  gossypol  level was  goo low to p e r m i t  a rel iable  m e a s u r e  of 

the  gossypol-cephal in  conten t  of the  egg.  
c A m o u n t  inges t ed  pe r  hen  pe r  test  per iod .  
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TABLE II 
Gossypol Schiff Bases 

Recrystallized 
from 

~ . P .  
(dec.) 

Analyses a 

Sehiff base Yield Carbon Hydrogen Nitrogen 

Calc'd Found Calc'd Found Calc'd Found 

% oe. % % % % % % 
;is (furfurylimino) gossypol 100 264-265 70.99 70.94 5.96 5.98 4.14 4.19 
ds ( cyclohexylimino ) gossypol 100 3 1 4 - 3 1 5  74.09 73.55 7.70 7.76 4.12 4.05 
ds (oleylimino) gossypol 97 Propanol-2 106-109 77.91 77.63 9.91 9.78 2.75 2.75 
ds (n-oetylimino) gossypol. 93 196-198 74.56 74.72 8.71 8.57 3.78 3.80 
is ( dehydroabietylimino ) gossypol ......... 95 Abs. ethanol 212-214 79.81 79.34 8.42 8.60 2.66 2.62 

a Analyses calculated on basis of two moles of amine condensing with one mole of gossypol and with the elimination of two moles of water. 

Results and Discussion 
From Table I it can be seen that aniline and 

p-aminobenzoic acid do not bind gossypol tightly 
enough to prevent its incorporation into the yolk. 
The bis (p-carboxyphenylimino) gossypol is alkali-sol- 
uble, which may account for the high AGU value 
found for eggs from hens fed this substance; this 
value (35.5) is about nine times as great as that 
obtained with bis(phenylimino)gossypol, which is not 
alkali-soluble. 

Dehydroabietylamine and cyclohexylamine were also 
not effective in preventing egg discoloration when their 
gossypol Schiff bases were fed at the 0.5% equivalent 
gossypol level. It is unlikely that benzylamine, or 
furfurylamine, would be worthwhile studying at the 
0.5% level since the aromatic group in the Schiff base 
is isolated from the azomethine linkage by a methylene 
group, and this would not be expected to change the 
stability of the linkage very greatly. In other words, 
these compounds would be expected to be similar to 
aniline with regard to the ease of hydrolysis of the 
Sehiff base and the liberation of gossypol. 

Some of the gossypol Schiff bases derived from the 
n-alkylamines of varying chain lengths, C8 to C18, 
were chosen for study at the higher level when it 
was found that little or no available gossypol was pro- 
duced when these compounds were fed at the 0.2% 
level, n-Octyl-, n-decyl-, n-dodecyl-, n-tetradecyl-, and 
n-oetadecylamine were particularly effective in reduc- 
ing gossypol availability when their gossypol Schiff 
bases were fed at the 0.5% level (see Table I).  Eggs 
from birds fed these compounds were indistinguish- 
able from normal eggs with respect to color and 
structure, and no discoloration was observed in the 
ammonia test. 

Since some of the long-chain aliphatic amines show 
promise as gossypol binders, extended feeding-studies 
with selected members of the series are being carried 
out. Also preliminary experiments with n-octadecyl- 
amine-treated cottonseed meal have given indication 
of sufficient gossypol binding capacity to permit feed- 
ing such meal to laying hens in unlimited amounts. 

Summary 
Eggs from hens fed gossypol Schiff bases derived 

from various aromatic and aliphatic amines were ex- 
amined spectrophotometrically for gossypol-cephalin. 

Aniline, p-aminobenzoic acid, dehydroabietylamine, 
and cyclohexylamine were not effective gossypol bind- 
ers when the Schiff base was fed at the 0.5% equivalent 
gossypol level in the diet whereas the long chain ali- 
phatic amines were very effective. Hens produced 
normal eggs when fed the 0.5% level of gossypol 
Schiff bases derived from these amines. 
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