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~/~ O I S T U R E  plays an impor tan t  role in the curing 
and storage of peanuts.  I f  the peanuts  remain 
at a high moisture level too long af ter  harvest,  

they may  heat, sprout,  or mildew. I f  they are dried 
too rapidly,  the skins may  become loosened and the 
kernels may  become damaged. Consequently both the 
actual moisture content of peanuts  at any  stage of 
handl ing and storage and rate of change of moisture 
content dur ing curing are of considerable importance.  

An investigation of the hygroscopic equil ibrium 
and rate of a t ta inment  of hygroscopic equil ibrium of 
whole peanuts  and the component shells, skins, ker- 
nels, and hearts  has been carr ied out over the range 
of 11-93% relative humidi ty  at  a t empera tu re  of 
25~ Freshly  dug, na tura l ly  cured, and artificially 
cured peanuts  of both the Runner  and Spanish type  
were investigated. 

Materials and Methods 
The procedure used to obtain the desired atmos- 

pheric relative humidi ty  in contact with the peanuts  
and derived products  was the same as that  previously 
described ( ] ) .  The salts used in the prepara t ion  of 
the required sa tura ted  solutions and their  relative 
humidities (2) at 25~ are shown in Table I. 

nuts, they were considered to be at equil ibrium and 
their  moisture contents were determined. 

The na tura l ly  cured peanuts  (sample No. 263) 
were manual ly  separated into shells and kernels and 
the lat ter  were fu r the r  separated into skins, meats, 
and hearts. The hygroscopic equil ibrium of each com- 
ponent  was determined in the same manner  as tha t  
of the whole peanuts.  The weight distr ibution of the 
components was 74.8~'~ kernels and 25.2% shells on a 

T A B L E  1I 

Analys is  of P e a n u t s  Used in Hygroscop ic  E q u i l i b r i u m  Dete  ' re]nat ions  

Sample  No. 

227  
228  .. . . . . . . . . . . . . . .  
261  ....... 
262  ...... 
263 .. . . . . . . . . . . . . . .  i 
280 . .  

2 2 7 - - S  
2 2 8 - - S "  

Sound  O r i g i n a l  
Shells  ke rne l s  mo i s tu r e  L ip ids  Ni t rogen  F . F . A .  

% % % % % % 

20 .6  95.5  6 .91 4 4 . 3 6  4 .85  0 .28 
21 .1  97.5  5 .96  4 5 . 5 8  4 .67  0 .99  
26 .8  95.0  6 .80 4 4 . 6 2  4 .97  0 .72 
24 .9  98 .5  6 .63 4 4 . 9 8  4 .87  0 .38 
24 .8  99.7  6 .21 4 4 . 8 2  4 .95  0 .37  
30.8 98 .4  29 .93  34 42 3 .50 (}.67 

*anish f a r m e r s '  s tock p e a n u t s  well  cured .  
*anish p e a n u t s  f rom 3[oul t r ie .  Georg ia .  

\Vt. of 
100  

kerne ls  

32.2 g 
32 .7  g 
37.0  g 
39 .0  g 
39.2 g. 
41.1 

2 6 1 - - R u n n e r  p e a n u t s  n a t u r a l l y  d r ied  to 3 1 . 8 %  moi s tu r e ;  ar t i f i -  
c ia l ly  d r ied  to 7 . 7 %  mois tu re .  

2 6 2 - - R u n n e r  p e a n u t s  n a t u r a l l y  d r ied  to 21.5c~ nmis tu re ;  ar t i f i -  
c ial ly d r i e d  to 7 . 4 %  mois tu re .  

2 6 3 - - R u n n e r  p e a n u t s  n a t u r a l l y  cured .  
2 8 0 - - F r e s h l y  dug  Span i sh  peanu t s .  

T A B L E  I 

Re la t ive  H u m i d i t y  of Atmosphere  in  Contact  wi th  S a t u r a t e d  
Solut ions  of V a r i o u s  Sal t s  at  25~  

Re l a t i ve  
Sa l t  humid i t y  

1. L i t h i u m  chlor ide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. P o t a s s i u m  ace ta te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3. M a g n e s i u m  chlor ide  h e x a h y d r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4. P o t a s s i u m  ca rbona te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5. Sodium d i c h r o m a t e  d i h y d r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6. Sod ium n i t r i t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7. Sod ium chlor ide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8. P o t a s s i u m  ch romate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9. Ammoniura  d ihydrogen  phospha te  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% 

11.1 
22 .5  
:12.5 
.13.7 
53.3  
64 .4  
75 .4  
86 .4  
92 .5  

The peanuts  used in this investigation comprised 
different lots of Spanish and Runner  varieties ob- 
tained f rom commercial shellers in Georgia and Flor- 
ida and the Agr icul tura l  Engineer ing Depar tment  of 
Alabama Polytechnic Inst i tute.  Each sample of pea- 
nuts was thoroughly cleaned of sticks, stems, broken 
kernels, stones, and other t rash pr ior  to analysis, the 
results of which are given in Table I I .  

Experimental 
Duplicate portions of each sample of peanuts  were 

weighed into wire baskets (2" in diameter  and 1~/~" 
high) which were stored at 25~ in humidi fy ing  
chambers consisting of large desiccators containing 
wire mats  suspended over mixtures  of sa tura ted  salt 
solutions and excess salts. At  regular  intervals  the 
baskets and contents were removed f rom the desicca- 
tor, placed in closed moisture dishes, and weighed on 
the analyt ical  balance. When three successive weigh- 
ings over a period of not less than a week indicated 
not more than  0.05% change in weight of the pea- 

1 One of the  l abo ra to r i e s  of the B u r e a u  of A g r i c u l t u r a l  and  Indus -  
t r i a l  Chemis t ry ,  A g r i c u l t u r a l  Resea r ch  Admin i s t r a t i on ,  U n i t e d  Sta tes  
D e p a r t m e n t  of A g r i c u l t u r e .  

as received basis. The weight distr ibution of the 
whole kernel was 94.44% meats, 3.02% skins, and 
2.54% hearts. 

An investigation of the method for  the determina- 
tion of moisture in peanuts  by  Hoffpauir  (3) indi- 
cated that  the opt imum conditions for  the dry ing  of 
peanut  kernels were heating at 130~ in a forced- 
draf t  oven for  a period of five hours. Most of the 
work reported in this investigation was on unshelled 
peanuts,  which behave differently on drying than  do 
shelled peanuts.  I t  was therefore necessary to devise 
a method for determining moisture in unshelled pea- 
nuts which would be analogous to that  applicable for  
shelled peanuts.  

In  an effort to develop an applicable method large 
samples of peanuts  were divided into three portions, 
one of which was unshelled, another  had the shells 
cracked bu t  not removed, and the th i rd  was quanti-  
tat ively separated into shells and kernels. Each sam- 
ple was then dried at 130 ~ in a forced-draf t  oven. I t  
was assumed that  cracking the shells would expose 
tile kernels to the same external  environment  as were 
the kernels investigated by  Hoffpauir  (3). If ,  there- 
fore, drying occurred to the same extent in five hours, 
as in the case of shelled kernels Hof fpau i r ' s  method 
could be applied without modification. Actual ly  the 
results obtained on unshelled peanuts  and peanuts  
with cracked shells indicated that  a f ter  6 hours a t  
130~ in the forced-draf t  oven the former  at ta ined 
the same moisture content as the lat ter  did in 5 hours 
under  the same conditions. Therefore  all moisture 
determinations reported in this investigation on pea- 
nuts were made by drying the mater ial  for 6 hours 
at 130~ in a forced-draf t  oven and arc reported on 
a wet basis. 

16 
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R e s u l t s  

The effect of the length of storage under conditions 
of constant relative humidity at 25~ on the mois- 
ture content of freshly dug and naturally cured 
peanuts is shown in Figures 1 and 2, respectively. 
In the case of the naturally cured peanuts it can be 
seen that the rate of sorption or desorption of water 
depends on the difference between the actual mois- 
ture content of the peanut and the moisture content 
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Fro. 1. Effect of length of storage at constant relative hu- 
midity on the moisture content of freshly dug whole Spanish 
peanuts. Numbers refer to relative humidities given in Table 1. 

at which equilibrium is finally attained for any given 
relative humidity. All samples attained equilibrium 
within 10 days. In the case of freshly dug peanuts 
the rate of attainment of hygroscopic equilibrium 
was found to depend almost entirely on the relative 
humidity of the air surrounding the sample. Al- 
though samples which were maintained at low rela- 
tive humidity attained equilibrium in about 10 days, 
those kept at 92.5% or 86.4% relative h u m i d i t y  
required approximately 30 days to attain equilibrium. 
The final equilibrium moisture contents of the natu- 
rally dried peanuts obtained from the data in Figure 
2 are plotted as a function of relative humidity in 
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FIG. 2. Effect of length of storage at constant relative hu- 
midity on the moisture content of naturally cured whole Itunner 
peanuts. Numbers refer to relative humidities given in Table 1. 
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Fia. 3. Hygroscopic equilibrium of naturally cured whole 

Runner peanuts. 

Figure 3. Similar curves to that of Figure 3 were 
obtained with freshly dug peanuts and all other sam- 
ples investigated. The data for the hygroscopic equi- 
librium of the components of peanut kernels (meats, 
hearts and skins are given in Figure 4. 
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FIG. 4. Hygroscopic equilibrium of components of the ker- 
nels of naturally cured Runner peanuts. 

A sample of naturally cured Runner peanuts was 
divided into two equal portions, one of which was 
further dried under vacuum at room temperature to 
a moisture content of 1.5%. Moisture was added to 
the other portion by exposing it to an atmosphere of 
100% relative humidity at 3-5~ until a moisture 
content of 14.5% was attained. Duplicate samples of 
each portion were placed in each conditioning cham- 
ber and the moisture content determined when equi- 
librium was attained. The difference in moisture 
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content between the two samples at any constant 
relative humidi ty  provides a measure of the hysteresis 
loop resulting from successive drying and rewetting. 
The results of this experiment and the hygroscopic 
equilibrium of peanut  shells and kernels are shown 
in Figure  5. All of the results on hygroscopic equilib- 
r ium are given in Table I I I .  
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FIG.  5�9 H y g r o s c o p i c  e q u i l i b r i u m  o f  w h o l e  p e a n u t s ,  s h e l l s ,  a n d  
k e r n e l s  o f  n a t u r a l l y  c u r e d  R u n n e r  p e a n u t s .  

The hygroscopic equilibrium curve for whole pea- 
nuts is similar to that  of cottonseed (4). All samples 
investigated, regardless of whether they were of Run- 
ner or Spanish type or of the manner  in which they 
were dried, exhibited very  similar results. In the 
whole peanut, the shells contained more moisture than 
the kernels, however, the kernels contained a large 
percentage of oil which is responsible for  some of the 
observed differences in moisture content�9 In the pea- 
nut  kernel the skins contained the greatest percentage 
of moisture at constant relative hnmidi ty  but  in this 
ease the presence of oil cannot account for the ob- 
served difference. 

The data in Table 3 indicate that  var ie ty  and 
method of curing do not play an important  role in 
the moisture content of peanuts maintained at  any 
given relative humidity.  Rewetting the peanut  af ter  
it has been dried affects the moisture content in 
equilibrium with any given constant relative humid- 
ity. In  the whole peanut at a constant relative humid- 
i ty the maximum moisture content was found in the 
skins, and, in order  of decreasing moisture content, 
in the shells, hearts, and meats, respectively�9 

In order to determine whether the moisture content 
of peanuts is a function of the relative or absolute 
humidi ty  an investigation was made of the rate of 
at ta inment  of hygroscopic equilibrium of freshly dug, 
natura l ly  cured, and artificially cured peanuts at ap- 
proximately 22, 53, and 86% relative humidi ty  and 
at temperatures  of 25 and 35~ In these experi- 
ments the air over the peanuts was circulated by  
means of syncronous motor driven paddies. The 
results for  natura l ly  dried peanuts are shown in 
Figure  6. 
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FIG�9  6. E f f e c t  o f  l e n g t h  o f  s t o r a g e  o n  c o n s t a n t  r e l a t i v e  h u  
m i d i t y  a n d  t e m p e r a t u r e  o n  t h e  m o i s t u r e  c o n t e n t  o f  n a t u r a l l y  
c u r e d  R u n n e r  p e a n u t s .  

No. 2 No. 5 No. 8 
- - -  25~ 22 .5% R.H.  53.3% R.I-I. 86 .4% R.H.  
- - - -  35~ 2 1 %  R.H.  50 ,7% R.H.  85 .8% R.H.  

The same results were obtained for artificially 
cured peanuts. The experimental  results for  the 
freshly dug peanuts are shown in Figure  7. I t  can 
be seen from Figure  7 that  at high humidities, the 
peanuts at 35~ dry  more rapidly�9 A comparison of 
Figures 2 and 7 indicates an acceleration in dry- 
ing which can be effeeted by  the use of circulating 
air. In  these figures it is observed that  the equilib- 

T A B L E  I I I  

Pe rcen tage  of E q u i l i b r i u m  ~foisture of Whole Peanu t s  and  Components  3 Ia in ta ined  at  Constan~ Rela t ive  H u m i d i t y  

Sample No. and P roduc t  

2 2 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

228 .............................................................................. 
261 ............................................................................. 
262 ............................................................................. 
263 .............................................................................. 
280 .............................................................................. 
2 6 3 - - D r i e d  ................................................................ 
2 6 3 - - W e t  ................................................................... 
2 6 3 - - S h e l l s  ................................................................ 
2 6 3 - - K e r n e l s  .............................................................. 
2 6 3 - - M e a t s  ................................................................ 
2 6 3 - - H e a r t s  ................................................................ 
2 6 3 - - S k i n s  ................................................................. 

E q u i l i b r i u m  mois ture  conter, t 

Rela t ive  h u m i d i t y  of condi t ion ing  atmosphere 

11.1 c/~ 22.5% 32.5% 43.7% 53.3% 64.4% 75.4% 86.4% 92.5% 

Moisture  Content  (Wet  Bas is )  

3.60 4.47 5.53 6.30 7.22 8.02 10.12 12.87 21.0 
3.65 4.68 5.45 6.35 7.17 8.34 10.27 13.15 21.5 
3.64 4.64 5.63 6.47 7.34 8.24 10.23 14.24 19.0 
3.55 4.66 5.47 6.33 7.2~ 8.46 10.54 13.57 ] 9.6 
3.49 4.85 5.59 6.53 7.72 ~.78 10.91 13.70 19.4 
3.51 4.6] 5.57 6.32 7 . ]4  8.20 10.42 13.21 ]8.2 
2.93 4.38 4.96 5.81 6.$6 8.11 10.27 12.26 19.0 
3.61 4.80 5.88 6.00 7.40 9.07 11.08 12.75 19.3 
4.73 6.58 8.10 9.64 11.48 12.36 14.53 16.49 20.6 
3.19 4.15 4.75 5.24 5.91 7.04 8.85 11.14 17.2 
3.08 3.94 4.5o 5.11 5.74 6.81 8.64 11.68 18.6 
3.72 4.60 5.26 5.98 6.76 8.25 10.70 17.2(1 25.9 
7.24 11.15 11.80 13.90 14.29 15.05 17.85 19.91 25.8 
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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- 

* Presented at 39th Annual  Meeting of the American Oil Chemists' 
Society in New Orleans, May 4-6, 1948. 

1 One of the laboratories of the Bureau of Agricultural and Indus- 
trial Chemistry, Agricultural Research Administration, U. S. Depart- 
ment of Agriculture. 

=Bureau of Plant  Industry,  Soils, and Agricultural Engineering, 
Agricultural Research Administration, U. S. Depar tment  of 2~gviculturc. 

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 


