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L E N G T H  OF S T O R A G E  ( ' D A Y S )  
Fro .  7. E f f e c t  of  l e n g t h  o f  s t o r a g e  a t  c o n s t a n t  r e l a t i v e  hu-  

m i d i t y  and temperature on the moisture content of freshly dug 
Spanish peanuts. 

No. 2 No. 5 No. 8 
- - - 25~ 22.5% R.tI.  53.3% R . H .  86.4% R.H. 
- - - - 3 5 ~  2 1 % R . H .  50 .7%R.H.  85.8% R.H. 

r ium moisture content at 35 ~ is lower than that  at 
25 ~ . The slight differences are probably the result 
of the slightly lower relative humidi ty  at 35~ 

Summary and Conclusions 
The hygroscopic equilibria and rates of at tainment 

of hygroscopic equilibrium of freshly dug, natural ly  
cured, and artificially cured peanuts have been deter- 
mined over the range of 11-93% relative humidi ty  at 
25~ The hygroscopic equilibrium does not appear  
to be dependent on the method of curing. At  a con- 
stant relative humidity,  the moisture content is dis- 
t r ibuted  so that  the moisture content of the skins is 
twice that  of the meats and in general the moisture 
content is lowest in the meats, and is increasingly 
greater  in hearts, shells, and skins, respectively. 

At  25 ~ and 35~ the relative humidi ty  is of 
greater  importance than the absolute humidity.  Cir- 
culation of the air over the samples greatly increases 
the rate of at tainment of hygroscopic equilibrium. At 
the higher temperature,  the rate of at ta inment  of 
hygroscopic equilibrium ~s fur ther  increased because 
of the increased rate of diffusion of moisture in the 
seed. 

Inasmuch as the hygroscopic equilibrium is tile 
same at both 25 ~ and 35~ it is more advantageous 
when speed of drying is important  to use the higher 
temperature  because equilibrium is attained more 
rapidly.  
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Gossypol and Gossypurpurin in Cottonseed of Different Varieties 
of G. barbadense and G. hirsutum, and Variation of the 
Pigments During Storage of the Seed 
CHARLOTTE H. BOATNER, LEAH E. CASTILLON, C. M. HALL, Southern Regional Research Laboratory, ~ 
New Orleans, Louisiana, and J. WINSTON NEELY, U. S. Cotton Field Station and 
D e l t a  E x p e r i m e n t  S t a t i o n ,  ~ S t o n e v i l l e ,  M i s s i s s i p p i  

Summary 
Selected varieties of cottonseed comprising three 

Sea Island cottons, four  Egypt ian  cottons, and 10 
upland cottons providing two or more varieties having 
the following characteristics : short, intermediate, and 
long staple; low, intermediate, and high content of 
lipids; and low, intermediate,  and high content of 
protein, were planted and grown under  as nearly 
identical conditions as possible. 

The initial contents of moisture, ]ipids, nitrogen, 
gossypol, and gossypurpurin of the harvested seed 
were determined, af ter  which samples of all of the 
seed were stored for a year  under  identical condi- 
tions and analyzed periodically for  gossypol and 
gossypurpurin.  

A definite relation was found between the species 
of the seed and their  content of gossypol and gossy- 
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purpurin .  Sea Island and Egypt ian  seed of the 
species G. barbadense contained more gossypol and 
very  much more gossypurpnrin than seed of the 
species G. hirsutum. Within the species G. barba- 
de~se Sea Island seed contained more gossypol and 
less gossypurpurin than Egypt ian  seed. 

Gossypurpur in  increased during storage of all of 
the seed whereas gossypol varied in a number  of dif- 
ferent  ways, increasing in some, decreasing in others, 
and remaining relatively constant in a few samples 
of stored seed. 

A discussion is presented of the theoretical and 
practical implications of these observations. 

Introduction 

B ECA U S E of the ecmlomic importance of cotton 
and cottonseed, the effect of genetic and environ- 
mental  factors on the properties of the lint and 

the composition of the seed has been the subject of 
extensive investigations (28) although relati~,ely few 
have dealt with the content of pigments in cottonseed 
from different varieties of cotton grown in different 
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environments. Most investigations of cottonseed pig- 
ments have been limited to the determination of 
gossypol, long recognized as the principal  pigment 
occurring in cottonseed, but  now known to be accom- 
panied by other pigments of closely related s tructure 
(1, 2, 4, 6, 7, 9) as well as small amount of caro- 
tenoids (23, 26). 

Investigations (6, 33) of the colors of hydraulic- 
pressed cottonseed oils produced under  similar proc- 
essing conditions from two commercial sanlples of 
prime cottonseed before and af ter  storage of the seed 
revealed the fact that  the colors of the oils produced 
from one lot of seed were initially greater and in- 
creased more rapidly  during storage of the seed than 
did that  produced from the other seed. I t  is evident 
f rom this work that  the content of pigments in dif- 
ferent  cottonseeds and their  variation during storage 
are of practical importance as well as theoretical 
interest. 

The first investigation (30) of the gossypol content 
of different varieties of cottonseed was carried out 
with a large number  of samples of commercial seed 
collected f rom oil mills throughout  the cotton belt of 
the United States. The gossypol content of the indi- 
vidual samples of seed varied as much as 300% and 
that  of seed of the same var ie ty  grown in the same 
location varied as much as 200% in two consecutive 
years. A general correlation was noted between the 
eontents of gossypol and oil in the seed and the area 
of product ion;  seeds from the Southwest had low 
contents of oil and gossypol; seed produced in the 
Southeast section had contents of oil and gossypol 
of intermediate value; and seed produced in the 
Pacific Coast region were highest in contents of both 
oil and gossypol. No indication was found of the 
influence of var ie ty  on the contents of either gossypol 
or oil. 

Gallup (15) determined the gossypol and oil con- 
tents of seed of the same variety, Oklahoma Tr iumph 
44, obtained from plants grown during successive 
seasons on experimental  plots in several adjacent 
counties. The effect of various fertilizers was also 
investigated. Approximately  parallel variations in 
the contents of oil and gossypol were noted. Gallup 
concluded that  the contents of gossypol and oil are 
influenced only slightly by  increased supplies of 
plant nutr ients  bu t  that  they are influenced mark- 
edly by  climatic conditions prevailing during growth. 
High rainfall  during the growing season appeared to 
cause an increase in the amount of gossypol and oil 
in the seed. 

More recently, an investigation (31) was made of 
the contents of moisture, lipids, nitrogen, and gossy- 
pol in a large number  of samples of cottonseed 
obtained from plants grown successive years in ex- 
perimental  plantings at two places in Russia where 
it was stated that  growing conditions differed widely 
from each other. I t  was found that  the gossypol 
content of a given var ie ty  of seed was affected by  
both location and year  of growth, but  no data were 
given concerning the climatic conditions which might 
have caused the observed variations in composition 
of the seed. I t  was also observed that  the average 
gossypol content of all varieties of seed of a given 
species was characteristic of the species even though 
seed of different varieties of the same species con- 
tained widely varying amounts of gossypol. The 
average content of gossypol was least in the ease of 

different varieties of G. herbaceum, intermediate in 
varieties of G. hirsutum, and highest in varieties of 
G. barbadense. These results indicated to Smirnova 
(31) that both environmental  and genetic factors in- 
dependently affect the gossypol content of cottonseed. 

Podolskaya (26) reported that  the concentration of 
the carotenoid pigment which she had previously de- 
tected in cottonseed and cottonseed oil (23) was a 
characteristic of the species. The content of the pig- 
ment in seed of three varieties of G. hirsutum, 114, 
Navrotski, and 8517, was 0.096, 0.093, and 0.077%, 
respectively, whereas that  of seed of two varieties of 
G. barbadense was 0.114 and 0.193~,, respectively. 
The seed which were examined were of different 
agronomic origin, and no investigation has been re- 
ported of the effect of conditions of growth on the 
content of the carotenoid pigment in cottonseed. 

Podolskaya (24, 25) also made several qualitative 
observations concerning the occurrence of " r e d  gos- 
sypo l"  (21, 22) and of the yellow and orange pig- 
ments of immature cottonseed (24, 25) in different 
kinds of cottonseed. She noted that  the relative con- 
centrations of all of these pigments were initially 
higher and increased more rapidly during storage of 
Egypt ian  cottonseed, G. barbadense, than of Ameri- 
can seed, G. hirsuhtm. Since " r e d  gossypol" has 
been shown (1, 2) to be a mixture of gossypol and 
goss3"purpurin, and the relative concentrations of 
" r e d  gossypol" were estimated on the basis of the ab- 
sorption band at 570 m~ which is the location of the 
principal absorption band of gossypurpurin (1, 6), 
observations concerning " r e d  gossypol"  can be inter- 
preted direct ly in terms of gossypurpurin.  

No systematic investigations have been reported of 
the variation of pigments during storage of cotton- 
seed. As noted above, Podolskaya reported an increase 
in the amount  of gossypurpurin during storage of 
several samples of cottonseed. She also reported (25) 
that  during storage of a sample of variety 114 of 
G. hirsutum the gossypol content decreased from an 
initial value of 1.15% of the dry  weight of the ker- 
nels to 0.75% after  storage of the seed for four  
months. 

In the present investigation there were examined 
different varieties of G. barbadense and G. hirsutum 
which were grown during one season under  as nearly 
identical conditions as possible in order to determine 
the influence of genetic factors on the content of 
pigments in the kernels. The seed examined were 
representative of the types of cotton most widely 
grown in the United States. They comprised a 
number of varieties of upland seed (G. hirsutum) 
having different varietal characteristics with respect 
to length of fiber and contents of lipids and nitrogen 
as well as several varieties of Egypt ian  and Sea 
Island seed. The pigmentation of the seed was deter- 
mined shortly af ter  harvesting af ter  which all of the 
samples of seed were stored at an average temperature  
of 80~ and subsequent periodic determinations of 
content of pigments were made. 

Materials 

Selection of Yaricties. The following series of seed 
was selected for the pigment investigation reported 
here. Three varieties of Sea Island, 12B2, Seaberry,  
and TZRV, from Florence, South Carolina; four  
varieties of Egypt ian,  Pima, Earlipima, SXP, and 
Amsak, from Sacaton, Arizona ; and 10 varieties of 
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G. hirsutum, Delfos 651, Bobdel, Deltapine 14 (833), 
Stoneville 2B (8275), Coker 100-7, Coker 4 in 1 
Strain 7, Wilds 17, Hal f  and Half,  McNamara 
Naked seed, and Cook Naked seed, f rom planting 
stock assembled at Stoneville, Mississippi, for  yield 
trials and genetics studies (20). A planting of Hopi, 
an Arizona Indian cotton (sample No. 23), failed 
to germinate. The first six varieties of G. hirsutum 
were selected for  their  characteristic low or high 
contents of oil and nitrogen. Wilds 17 and Hal f  and 
Half  were selected because of their  long and short 
staples, respectively. The two varieties of Naked seed 
were selected because of the possible correlation be- 
tween the absence of fuzz fibers and the presence and 
variation of the pigments in these varieties. 

Conditions of Growth and Storage. All of the 
varieties were grown during the same season (1945) 
in neighboring experimental  plots at the U. S. Cotton 
Field Station at Stoneville, Mississippi (20). The soil 
is a Sarpy  sandy loam which was t reated with 200 
lbs. of sodium nitrate  per acre pr ior  to planting. 

Growing conditions were not identical for  all of the 
seed because of the long season required for matur ing 
the Egypt ian  and Sea Island varieties. Two plantings 
were made of the Sea Island and Egypt ian  varieties, 
a normal early planting on May 14 and a second later  
planting on May 31 corresponding to the planting of 
the upland varieties. 

The upland varieties were harvested on November 
7, and the Sea Island and Egypt ian  varieties on No- 
vember 18. All of the seed from the upland varieties 
and that  f rom the early (normal) plantings of Sea 
Island and Egypt ian  varieties were mature  when har- 
vested, but  only about 75% of the bolls f rom the late 
plantings were open. Only the seed from mature 
bolls was analyzed. 

All plants were grown under  extremely wet con- 
ditions (20), and the open bolls were exposed to 
considerable rainfall.  Infestations of weevils were 
held down on the upland and early plantings of 
the Sea Island and Egyp t i an  varieties, bu t  consider- 
able damage occurred in the late plantings of Sea 
Island and Egypt ian  varieties (16). 

The seed was shipped to New Orleans, Louisiana, 
immediately af ter  harvesting. Samples of the seed 
were stored at 38~ in sealed containers and deter- 
minations of the composition and initial contents of 
pigments were carried out as soon as possible af ter  
receipt of the seed. For  determination of the varia- 
tion of pigments during storage, samples of the seed 
were stored in closed glass containers protected from 
direct light and at an average temperature  of 80~ 
which occasionally varied _+ 5~ from the average. 

Methods 
All samples were analyzed for moisture, lipids, and 

nitrogen using the Official Methods of the American 
Oil Chemists'  Society (19). 

The pigments were determined by  spectrophoto- 
metric analysis of chloroform extracts of the seed 
kernels. For  this purpose extracts were prepared 
by  equilibrating weighed samples of kernels (0.5 to 
1.0 g.), ground to pass a U. S. No. 50 sieve, with 
U.S.P.  chloroform (25 ml.) in low actinic flasks for  
24 hours. This procedure has been shown (3, 6) to 
yield complete extraction of gossypol, gossypurpurin,  
and gossyfulvin from cottonseed. The cold chloro- 
form extracts were filtered through folded Whatman 

No. 2 filter paper  into prc-coolcd low-actinic flasks. 
The filtered extracts were maintained at 38~ and 
were analyzed within a period of 48 hours. 

The absorption spectra measurements were made 
with a Coleman monochromator spcctrophotometer. 
Examinat ion of the absorption spectra of the chloro- 
form extracts throughout  the region from 360 to 
650 mt~ indicated the presence of significant amounts 
of gossypol and gossypurpurin and no detectable 
amounts of gossyfulvin or the carotenoid pigment. 

The concentration of gossypurpurin in the seed was 
calculated on the basis of the specific extinction coeffi- 
cients at 570 mt~ of the chloroform extracts compared 
with that  of pure gossypurpurin at the same wave- 
length (1, 6). The antimony trichloride-speetropho- 
tometric method (3) was applied to the chloroform 
extracts for  the determination of the concentration 
of gossypol in the kernels. 

The specific extinction coefficients at 360 to 370 m~ 
for  gossypol in the extracts calculated on the basis 
of the antimony triehloride method were compared 
with the specific extinction coefficients of the un- 
t reated chloroform extracts in the same region. This 
procedure failed to reveal the presence of any appre- 
ciable amounts of the yellow extraglandular  pigment 
(7) recently detected in cottonseed. The chloroform 
extracts were shaken with a few drops of concentrated 
hydrochloric acid prior  to t reatment  with ant imony 
trichloride for  comparison with the ant imony trichlo- 
ride reaction product  of the nonacidified extracts (1, 
2, 4, 9). but  no appreciable amounts of gossyfulvin 
could be detected in any of the seed by this procedure. 

Results 

C o m p o s i t i o n  a~d Initial Contend of PigmeMs. 
Table 1 shows the contents of lipids, nitrogen, mois- 
ture, gossypol, and gossypurpurin of different vari- 
eties of Sea Island and Egypt ian  seed, G. barbade~sc, 
including those obtained from seed planted at the 
same time as the faster  matur ing seed of G. hirsutum. 
The seed in each group are arranged in the order of 
decreasing content of lipids. The contents of ]ipids 
and nitrogen appear  to be roughly inversely propor- 
tional to each other. There does not appear  to be any 
general relation between the content of either gossy- 
pol or gossypurpurin and lipids, nitrogen, or moisture. 
The composition of Sea Island and Egypt ian  seed ob- 
tained from the late planting differs in many respects 
f rom that  of the corresponding seed obtained from 
the normal planting, but  the late planting does not 
appear  to have exerted any consistent influence on 
the composition of the seed except for a somewhat 
reduced content of moisture in all but  one sample of 
the seed obtained from the late planting as compared 
with the corresponding seed obtained from the normal 
planting. 

The composition of seed of different varieties of 
G. hirsutum is shown in Table 2 in which the seed 
arc arranged in order of decreasing content of lipids. 
A general tendency can be noted toward increase in 
nitrogen with decrease in lipids. IIowcver, the actual 
contents of lipids and nitrogen of the different vari- 
eties of seed are not consistent with the reported 
varietal characteristics of the seed with respect to 
these two components. With the exception of a very 
rough inverse relationship between the contents of 
lipids and nitrogen, no correlation can be observed 
between the relative amounts of any of the seed corn- 
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T A B L E  1 

Composi t ion and  I n i t i a l  Content  of Gossypol and  G o s s y p u r p u r i n  in Cottonseed of 
D i f f e ren t  V a r i e t i e s  of G. barbadense 

Sample  
No. 

Norma l  
P l a n t i n g  ~ 

3 
1 
2 

5 
7 
4 
6 

L a t e  
P l a n t i n g  4 

8 
9 

10 

11 
14 
12 
13 

Sub-species  and  v a r i e t y  

Sea I s l a n d  12Be . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Se~ I s l a n d  Seabe r ry  . . . . . . . . . . . . . . . . . . . .  
Sea I s l a n d  T Z R V  .. . . . . . . . . . . . . . . . . . . . . . . .  

E g y p t i a n  E a r l i p i m a  .. . . . . . . . . . . . . . . . . . . .  
E g y p t i a n  S X P  .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E g y p t i a n  A m s a k  . . . . . . . . . . . . . . . . . . . . . . . . . .  
E g y p t i a n  P i m a  .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sea I s l a n d  S e a b e r r y  .. . . . . . . . . . . . . . . . . . .  
Sea I s l a n d  TZI%V ... . . . . . . . . . . . . . . . . . . . . . .  
Sea I s l a n d  12B2 .. . . . . . . . . . . . . . . . . . . . . . . . . .  

E g y p t i a n  A m s a k  . . . . . . . . . . . . . . . . . . . . . . . . . .  
E g y p t i a n  S X P  .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E g y p t i a n  E a r l i p i m a  .. . . . . . . . . . . . . . . . . . . .  
E g y p t i a n  P i m a  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L ip ids  ~ 

% 
4 1 . 3 5  
4 0 . 7 5  
39 .41  

4 1 . 5 6  
40 .62  
4 0 . 2 3  
38.64 

4 0 . 3 2  
39 .33  
35 .14  

4 0 . 5 7  
38 .88  
37 .07  
33 .35  

Composi t ion of seed 

Ke rne l s  

N i t rogen  1 H~O 

% 

6.60  
6 .67  
6 ,30  

7 .08  
6 .90  
7 .09  
7.56 

6.77 
6 .74  
3.12 

6 .74  
6 .52 
3 .84  
5 .30 

Del in ted  seed 

H 2 0  

% 
10 .79  
10 .88  
11 .18  

9 .99  
9 .94  
9 .93  
9 .90  

I n i t i a l  p igmen t  
con ten t  

Gossypol 2 

% 
2 .54  
3 .35  
2 .80  

2 .30  
1 .94  
1 .92 
2 . 5 6  

% 

4.78 
4 .86  
5 .18 

5 .09  
5 .53 
5 .32 
5 .18 

4 .85  
5 .30  
5 .46  

4 .85  
5 .36 
5.23 
5 .35  

10 .33  
10 .72  
10 .04  

1 0 . 5 7  
9 .48 
9 .83 
9 .51  

3 .04  
2 .75  
1 .94  

2.78 
2.02  
2 .26  
2 . 5 4  

Gossypur-  
p u r i n  ~ 

% 
0 . 0 1 8 4  
0 . 0 2 5 4  
0 . 0 2 4 4  

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

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

0 .0173  
0 . 0 2 4 5  
0 . 0 2 0 5  
0 .0262  

1 Ca lcu la ted  on a moi s tu re - f r ee  basis .  
Ca lcu la ted  on bas is  of we igh t  of ke rne l s .  

3 P l a n t e d  May  14 and  h a r v e s t e d  November  18 ;  m a t u r e  seed. 
4 p l a n t e d  May 31 and  h a r v e s t e d  November  18 ;  about  75 per  cent  of bolls open.  

ponents in these varieties of upland cottonseed. The 
relationship between content of lipids and gossypol 
observed in previous investigations (15, 30) was not 
detected in these seed. Neither does there appear to 
be any relation between the reported characteristic 
staple length of the lint of the different varieties and 
the content of either gossypol or gossypurpurin in 
the kernels. 

In Table 3 are shown the average and the lowest 
and highest initial concentrations of gossypol and 
gossypurpurin found in different varieties of the spe- 
cies, G. Mrsutum, and different varieties of Egyptian 
and Sea Island seed of the species, G. barbadense. 
As S]lOWn by these values, the average content of 
gossypol is less, and the average content of gossypur- 
purin is markedly less in seed of different varieties 
of G. hirsutum than in Egyptian or Sea Island seed. 
Egyptian seed obtained from the normal planting 
contained less gossypol and more gossypurpurin than 
Sea Island seed grown under the same conditions. 

The differences in conditions of growth resulting 
from the normal and late planting of seed of different 
varieties of G. barbadense caused changes in their con- 
tent of gossypol and gossypurpurin, but the changes 
in the Sea Island seed were the opposite of those in 
the Egyptian seed. All varieties of Sea Island seed 

obtained f rom the late plant ing contained less gossy- 
pol and two varieties contained more gossypurpur in  
than the corresponding varieties obtained f rom the 
normal  p lant ing  whereas the Egyp t i an  seed obtained 
iron1 the late p lant ing  contained about  the same or 
somewhat more gossypol and less gossypurpur in  than  
the corresponding varieties obtained f rom the normal  
planting.  

Variations in Content of Gossypol a~d Gossypur- 
purb~ D~ring Storage of Cottonseed. The curves in 
F igure  I show the var ia t ion of gossypol dur ing stor- 
age of the seed. The numbers  of the curves corre- 
spond to the sample nunlbers listed in Table 1 and 
2, and the curves are grouped as follows: curves 1 
through 7 on the left  are for  Sea Is land and Egyp-  
t ian seed obtained f rom the normal  planting,  curves 
8 through 14 are for  the corresponding seed obtained 
f rom the late planting,  and curves 15 through 22, 24, 
and 25 are for  seed of different varieties of G. hir- 
s~tUnl. The time of storage was calculated as the 
number  of days elapsed between harvest ing of a 
given sample of seed and the determinat ion of its 
content of gossypol. 

The concentration of gossypol in the three varieties 
of Sea Is land seed obtained f rom the normal  plant ing 
(Figure  1, Curves 1 to 3) was init ially high and 

T A B L E  2 

Composi t ion of Seed of D i f f e ren t  V a r i e t i e s  of G. h i r su tuma  

Composit ion of seed I n i t i a l  p igmen t  con ten t  

Sample  

15 
16 
25 
20 
21 
19 
18 
24 
17 
22 

V a r i e t a l  eharac-  
V a r i e t y  t e r i s t i e s  

Delfos  651  . . . . . . . . . . . . . . . . . . . . . . . . . .  n i g h  oil, h igh  n i t r o g e n  
Bobdel  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H i g h  oil, h igh  n i t r ogen  
Cook N a k e d  Seed .. . . . . . . . . . . . . .  N a k e d  
Coker  4 in  1 ( 7 )  . . . . . . . . . . . . . . . .  H i g h  oil, low n i t r ogen  
Wi lds  17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Coker  100-7  .. . . . . . . . . . . . . . . . . . . . . . .  Low oil, h igh  n i t r o g e n  
Stonevi l le  2B  ... . . . . . . . . . . . . . . . . . . .  n i g h  oil, low n i t r o g e n  
M o N a m a r a  . . . . . . . . . . . . . . . . . . . . . . . . .  N a k e d  
D e l t a p i n e  14  ( 8 3 3 )  .. . . . . . . . . .  L o w  oil, h igh  n i t r ogen  
H a l f  and  n a i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S taple  
l eng th  

L o n g  
L o n g  
Shor t  
L o n g  
L o n g  
Long  
I n t e r m e d .  

: Shor t  
I n t e r m e d .  
Shor t  

L ip id s  2 

% 
4 2 . 1 2  
41 71 
40:71 
4 0 . 5 3  
4 0 . 3 0  
39 .91  
39 .87  
39 .10  
38 .57  
38 .18  

K e r n e l s  

N i t rogen  2 :H20 

4 .61  7.01 
4 .87  6 .78 
4 . 8 4  5 .86 
4 .84  6 .50 
5 .08 6 .12 
5 .15 7 .14  
4 .72  6 .76 
5 .42  6.10 
4 .97  6 .99 
5 .39 6 .58 

De l i n t ed  
seed 

H._,O 

% 

9 .66  
9 .28  
9 .78  
9 .02 
9 .59 

1 0 . 0 7  
9 .28  
9 .95  
9 .34  
9 .66  

Gossyp( 

% 
1.89 
1 .38 
1 .57 
1 .89 
1 .67 
2 .09  
1 . 9 4  
2.12  
1 .87 
1.98 

Gossypur-  
p u r i n  3 

% 
0 . 0 0 4 6 2  
0 . 0 0 5 9 2  
0 . 0 0 6 6 5  
0 . 0 0 6 2 2  
0 . 0 0 5 4 7  
0 . 0 0 7 7 8  
0 . 0 0 6 7 1  
0 . 0 0 8 2 6  
0 . 0 0 6 7 0  
0 . 0 0 8 1 0  

1 P l a n t e d  l~][ay 31 a n d  h a r v e s t e d  November  7 ;  m a t u r e  seed. 
2 Ca lcu la ted  on mo i s tu r e - f r ee  bas is .  
3 Ca lcu la ted  on basis  of w e i g h t  of ke rne l s .  
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TABLE 3 

Initial Content of Gossypol and Gossypurpurin in Seed of the Species, G. hirsutum and G. barbadense 

23 

Species 

G. h i ) ' s u t u m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G. b a r b a d e n ~ e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G. b a r b a d e n s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G. b a r b a d e n s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G. b a r b a d e n s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sub- 
species 

Egyptian 

Sea Island 

Egyptian 

Sea Island 

Number of 
varieties 
examined 

Ten 

Four  

Three 

Four 

Three 

1 Figures in parentheses give maximum and minimum values for varieties 
~-Planted /~ay 31 and harvested November 7; maturity complete. 
3 Planted May 14 and harvested November 18; maturity complete. 
* Planted May 31 and harvested November 18; about 75 per cent of bolls 

Time of 
planting 

Normal 2 

Normal ~ 

Normal ~ 

Late 4 

Late 4 

Average initial conten~ 
of pigments in kernels 1 

Gossypol 

% 

1.84 
(1.38-2.z2) 

2.18 
(1.92-2.56) 

2.90 
(2.54-3,35) 

2.40 
(2.02~2.78) 

2.56 
(1.94-3.04) 

Gossypurpurin 

% 
0.00664 

(0.00462-0.00826) 

0.0378 
(0.0299 0.0485) 

0.0227 
(0.0184-0.0254) 

0.0221 
(0.0173-0.0262) 

0.0332 
(0.0189 0.0538) 

within each group. 

open. 

increased rapidly during the first two months of stor- 
age, after which it remained unchanged or decreased 
slightly during subsequent storage of the seed. In 
the case of the Egyptian seed obtained from the 
normal planting, the amount of gossypol in Amsak, 
Pima, and SXP cottonseed (Figure 1, Curves 4, 6, 
and 7) changed very little during storage whereas 
the amount of gossypol in Earlipima cottonseed (Fig- 
ure 1, Curve 5) increased rapidly throughout the 
period of storage. 

The variation of gossypol during storage of Sea 
Island cottonseed obtained from the late planting 
followed a different course in each variety. Gossypol 
increased rapidly over a period of seven months in 
TZRV (Curve 9); it increased rapidly during the 
first two months and less rapidly thereafter in Sea- 
berry (Curve 8); and it increased slightly and then 
decreased to its initial value in 12B~_ (Curve 10). 
The concentration of gossypol in three varieties of 
Egyptian seed obtained from the late planting in- 
creased rapidly during the first two months of stor- 
age, after which it increased less rapidly in Earlipima 

and SXP (Curves 12 and 14), and decreased in 
Amsak (Curve 11). The concentration of gossypol 
changed very little during storage of Pima seed 
(Curve 13), increasing slightly during the initial 
storage period and then decreasing slightly. 

There does not appear to be any relation between 
the variation of gossypol during storage of the seed 
obtained from the late planting and that of the eor- 
responding seed obtained from the normal planting. 

The variation of gossypol during storage of seed of 
different varieties of G. hirsutum (Figure 1, Curves 
15 through 25) does not appear to follow any con- 
sistent pattern. There was relatively little change in 
the content of gossypol during storage of Del~os, 
Stoneville 2B, and Cook Naked seed (Curves 15, 18, 
and 25) ; the concentration of gossypol increased dur- 
ing storage of Bobdel, Deltapine, and McNamara 
seed (Curves 16, 17, and 24); and it decreased dur- 
ing storage of Coker 100-7. Coker 4 in 1, Wilds 17, 
and Half and Half seed (Curves 19, 20, 21, and 22). 
No relatio~n is apparent between the initial content 
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FzG, 1. V a r i a t i o n  i n  c o n t e n t  o f  g o s s y p o l  d u r i n g  s t o r a g e  o f  co t tonseed  of  d i f f erent  v a r i e t i e s  o f  G. b a r b a d e ~ s e  and  G .  h i r s u t ~ m .  

Curves  1 t h r o u g h  7 are  f o r  d i f f erent  v a r i e t i e s  o f  S e a  I s l a n d  and  E ; y p t i a n  seed o b t a i n e d  f r o m  a n o r m a l  p l a n t i n g ;  curves  8 t h r o u g h  
14 are  f o r  the  c o r r e s p o n d i n g  seed o b t a i n e d  f r o m  a la ter  p l a n t i n g ;  and curves  15 t h r o u g h  22, 24, a n d  25 are f o r  seed of  d i f f erent  
v a r i e t i e s  of  G. h i r s u t u m .  
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FIG. 2. Variation in the content of gossypurpurin during stor ~ge of cottonseed of different varieties of G. barbadense and G. 
hh';~ttum. Curves 1 through 7 are for different varieties of Sea I !and and Egyptian seed obtained from a normal planting; curves 
�9 through 14 are for the corresponding seed obtained from a la te  planting; and curves 15 through 22, 24, and 25 are for seed of 
di~]!erent varieties of G. hirsutum. 

of gossypol and the rate of its format ion  or disap- 
pearance dur ing storage of the seed. 

The curves in F igure  2 show the variat ion of gossy- 
pu rpu r in  dur ing storage of the seed. The numbers  
of the curves correspond to the sample numbers  
listed in Tables 1 and 2, and  the curves are a r ranged  
as in F igure  1. The time of storage is taken as the 
number  of days between harvest ing of a given 
sample of seed and determinat ion of its content of 
gossypurpur in .  

In all of the samples of seed examined the content 
of gossypurpur in  increased dur ing storage. The in- 
crease was very  rapid  dur ing the first two months 
of storage, but  dur ing more prolonged storage gossy- 
pu rpu r in  formed very  much more slowly in most 
eases and remained relat ively unchanged in the ease 
of Sea Is land TZRV from the normal  planting,  Egyp-  
t ian Amsak f rom the late planting,  and Bobdel (Fig- 
ure 2, Curves 2, 11, and 16, respectively).  

The content of gossypurpur in  was initially much 
higher and increased more rap id ly  dur ing storage of 
Sea Is land and Egyp t i an  seed (Figure  2, Curves 1 
through 14) than  tha t  of seed of different varieties 
of G. h irsu tum.  However,  for  different varieties of 
the same species there does not appear  to be any  rela- 
tion between the initial content of gossypurpur in  and 
its format ion dur ing storage of the seed. 

Discussion 
Seed of different varieties of Sea Is land and Egyp-  

t ian cotton of the species G. barbadense were found 
to contain more gossypol and very  much more gossy- 
p u r p u r i n  than  seed of different varieties of G. hir- 
sv~tum. These observations are consistent with those 
reported for  gossypol (31) and gossypurpur in  (25) 
in cottonseed of Russian production. The conclu- 
sions of Smirnova (31) that  the content of gossypol 
is a species characterist ic has been confirmed and the 
generalization can be extended to include gossypur- 
purin,  which has been shown (7) to constitute the 
other in t rag landular  p igment  of cottonseed. 

Within  the species G. barbadense Sea Is land seed 
obtained f rom the normal  plant ing contained more 
gossypol and less gossypurpur in  than Egyp t ian  seed 
obtained f rom the same planting,  thus indicating tha t  
the content of these pigments  might  be a sub-species 
characteristic.  However,  the relat ively large and in- 
consistent changes in content of these pigments  in 
seed obtained f rom the late p lant ing  demonstrates 
that  gossypol and gossypurpur in  are independent ly  
affected by  conditions of growth and matur i ty .  These 
observations stress the necessity for  fu r the r  investi- 
gations to determine the relative importance of the 
influence of environmental  and genetic factors on the 
content of these pigments.  

No pigments  other than  gossypol and gossypur- 
pur in  were detected in the seed. I towever,  the meth- 
ods used were not sufficiently sensitive for  detecting 
traces of pigments  other than gossypol and gossy- 
pu rpu r in  so tha t  the possibility of the occurrence of 
small amounts  of other pigments  is not precluded. 

P o d o l s k a y a  (25) has suggested that  gossypol, 
which has been found (11, 13, 14, 29) to form dur ing 
the ear ly stages of development of the seed, is the 
precursor  of red gossypol, which she detected (24, 
25) in ma tu re  and stored cottonseed but  failed to 
recognize as a mixture  of gossypol and gossypurpurin.  
Gossypurpur in  has been shown (1, 6) to be a deriva- 
tive of gossypol which can be p repared  in vi tro b y  
reaction of gossypol with amnIonium hydroxide,  and 
it increases continuously during storage of cottonseed, 
hut  this increase is not accompanied by  a parallel  
decrease in gossypol, and the concentration of gossy- 
pol is ahvays very much greater  than that  of gossy- 
purpur in .  Thus it appears  that  al though the varia-  
tion of gossypol and gossypnrpur in  dur ing storage of 
cottonseed furnishes evidence in suppor t  of the hy- 
pothesis (10) that  the in t rag landular  pigments  par-  
t ieipate in the metabolism of the seed, fu r the r  in- 
vestigations are needed in order to determine the 
nature  of their  interaction. 
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The observation that gossypurpurin occurs in high- 
est concentration in Sea Island and Egyptian seed 
and increases during storage of all kinds of cottonseed 
suggests that gossypurpurin, or a decomposition prod- 
uct of this pigment, is responsible for the dark colors 
Of oils produced from Sea Island and Egyptian seed 
as well as those produced fronl stored cottonseed. 

The failure to detect any direct relation between 
the content of gossypol and gossypurpurin and other 
varietal and species characteristics of cottonseed sug- 
gests the possibility of breeding cottonseed for opti- 
mum content of these pigments without adversely 
affecting other desirable characteristics of the seed 
such as content of lipids and protein and quality of 
lint. Whether seed should be chosen for high or low 
content of the intraglandular pigments will depend 
upon the method chosen for processing cottonseed. In 
processing cottonseed by the conventional hydraulic 
and screw-press methods, as well as by recently intro- 
duced solvent extraction methods, the pigments have 
only a nuisance value, and control of color constitutes 
an important processing problem (2, 6, 8, 17, 18, 33). 
Consequently, if cottonseed are to be processed by 
any of the aforementioned methods, efforts of geneti- 
Gists should be directed toward the development of 
varieties having a low content of pigments. On the 
other hand, by application of the recently developed 
gland flotation process for the mechanical fraetiona- 
tion of cottonseed (5, 32), intact pigment glands are 
obtained as a by-product of lightly colored oil and 
meal. The pigment glands have been shown (7) to 
constitute from three to five per cent of the weight 
of the kernel, and to contain all of the gossypol and 
gossypurpurin of the seed. Gossypol, the principal 
component of the glands, constitutes from 35 to 50 
per cent, and gossypurpurin from one to three per 
cent of the weight of the separated glands. It has 
been found (12) that gossypol can readily be pre- 
pared from the glands in good yields. Titus, if 
practical uses tan be developed for gossypol and its 
derived products, it would be desirable to use the 
gland flotation process for cottonseed, and to develop 
strains of c o t t o n s e e d  having a high content of 
pigments. 

Summary 
A selection of cottonseed for planting was made 

which comprised seed of three varieties of Sea Island 
cotton, four varieties of Egyptian cotton, and 10 vari- 
eties of upland cotton providing two or more varieties 
having the following characteristics: short, interme- 
diate, and long staple; low, intermediate and high 
content of nitrogen. The seed analyzed were obtained 
from plants grown under identical conditions. 

The initial contents of moisture, lipids, nitrogen, 
gossypol, and gossypurpurin were determined, after 
which the samples of seed were stored under identical 
conditions and analyzed for gossypol and gossypur- 
purin at fixed intervals over a period of a year. Seed 
of the species G. barbadense contained more gossypol 
and very much more gossypurpurin than seed of the 
species G. hirsutum. Within the species G. barba- 
dense Sea Island seed contained more gossypol and 
less gossypurpurin than Egyptian seed. 

The content of gossypurpurin increased during 
storage of all of the seed, whereas that of gossypol 
varied in a number of different ways, increasing in 
some, decreasing in others, and remaining relatively 
constant in a few samples. 
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