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T O aid in obtaining the highest Possible re tu rn  
f rom cottonseed products,  at tention is being 
directed not only to increasing the efficiency of 

processing but  also to modifications in processing 
conditions to yield both meal and oil of highest 
qual i ty (1, 5, 6, 7, 15, 16). Previously repor ted re- 
search (1, 9) indicated tha t  screw-pressed meals pre- 
pared  f rom low tempera ture  dry-cooked meats  (6) 
gave much higher growth rates, when fed to poul t ry  
and swine, than did those f rom high tempera ture  
wet-cooked meats. The fo rmer  had a low free-gossypol 
content (the port ion of the gossypol soluble in 70% 
acetone) and had suffered little protein damage. I t  
is generally considered that  for cottonseed meals to 
be suitable for  unrestr ic ted feeding to growing poul- 
t r y  and swine they must  have the following two 
characteristics : 

1. Low free-gossypol content (below 0.03%) 
2. Minimum heat damage to protein 

The free-gossypol content can be reduced dur ing proc- 
essing by  destruction through chemical reaction, bind- 
ing on the meal or extraction with the oil. In  wet- 
cooking procedures near ly  all of the pigment  glands 
containing gossypol are broken dur ing the cooking 
(3, 4) and most of the gossypol is bound to the meal, 
while in low tempera ture  dry-cooking relat ively few 
of the glands are broken in cooking and essentially all 
of those remaining are rup tu red  in the screw press 
(3). These conditions of low t e m p e r a t u r e  dry-cook- 
ing result in meals with ra ther  low total gossypol 
content (6), which may be one of the factors influ- 
encing their  nutr i t ive value. Several investigators 
have pointed out the influence of processing condi- 
tions on the gossypol-like pigments in cottonseed. 
Thus the amount  of water  added to the meats dur ing 
cooking has a pronounced effect on the gossypo]-]ike 
pigments in screw-pressed meal and oil (4) and is also 
related to the tendency toward bleach-color reversion 
in the crude oils upon storage (17). A survey of 
commercial cotton oil mills, while indicating consider- 
able var iabi l i ty  in the chemical propert ies  of screw- 
press meals and oils ( I1 ) ,  indicated that  variat ions 
in cooking conditions can influence the distribution 
of the gossypol pigments  between the meal and oil. 

Many oil mill operators prefer  moist high tempera-  
ta re  cooking because of the somewhat greater  press 
throughput ,  decreased fines, and improved oil quality. 
These conditions do not generally result  in meals of 
opt imum nutr i t ive  value. I t  should be possible to find 
a set of processing conditions acceptable to mill op- 
erators that  will yield both meal and oil of highest 
quality. 

The four  mill scale studies repor ted in this paper  
were under taken  to produce quantities of low tem- 
perature  dry-cooked meals to confirm the results oh- 

1 Prese~ted at 44th Annual Meeting of the American Oil Ohemists' 
Society, New ()rl~ans, La., May 4-6, 1953. 

2 One of the laboratories of the Bureau  o.f Agricultural and Indus- 
trial Chemistry, Agricultural Research Service, U. S. Department  of 
Agriculture. 

tained in previous studies (6) and to obtain informa- 
tion tha t  may  aid in developing processing conditions 
which will retain certain desirable features  of both 
low tempera ture  dry-cooking and  high tempera ture  
moist-cooking. 

Chemical propert ies  of the meals and oils were de- 
termined at the Southern Regional Research Labora-  
tory. Nutr i t ional  studies on the meals were made by  
cooperating nutr i t ional  laboratories and are being re- 
ported separately  by  these laboratories (8, 9). 

Experimental 
The experimental  work for  this investigation was 

conducted in two commercial cotton oil mills, both of 
which employed similar types of water-cooled screw- 
presses equipped with the vert ical  type of cookers 
mounted above each press. F o u r  separate series of 
experiments  were under taken ;  these are designated 
as Series 5, 12, 14, and 15, respectively. Each series 
included several test  runs, which consisted of selected 
variat ions in cooking and screw-pressing conditions. 
Fo r  each test  a cooker-screw-press unit, operat ing 
under  mill conditions, was gradual ly  changed over 
to the experimental  conditions. The collection of meals 
and oils was not s tar ted unti l  the unit  was operat ing 
satisfactori ly under  the experimental  conditions for  
at  least 1-2 hours. 

The seed used in the four  series were low in free 
f a t ty  acid content (0.6-1.9%) but  varied somewhat in 
moisture content. Seed used for  Series 5 had 7% 
moisture;  for  Series 12, 6%;  for  Series 14, 9 % ;  and 
12% for Series 13. 

At  both mills the seed was delintered and hulled;  
the hull content was adjusted to yield final meals of 
approximate ly  41% protein. In  Series 5, 12, and  14 
(with the exception of test 3 in Series 14) the meats 
were cracked in a disc-type of huller pr ior  to cooking. 
In  Series 14, test 3, and for all tests in Series 15, meats 
were flaked to approximate ly  0.012 in. by  use of con- 
ventional rolls. 

The major  processing differences were in the cook- 
ing procedures used. The variables  investigated are 
grouped in three general classifications: 

a) Normal mill practice--Series 12, test 1; Series 14, test 1, 
and Series 15, test 1. Prepared meats were cooked under the 
usual conditions employed at each mill, where moisture con- 
tents ranged from 6.6 to 11.4%, cooking temperatures from 
239 to 254°F., and time from 30 to 75 minutes. 

b) Low temperature dry eoo]~ing--Series 5, tests 5-17; Se- 
ries 12, tests 2, 3, and 4; Series 14, test 2, and Series 15, test 2. 
Meats with moisture content of approximately 7% were cooked 
at temperatures from 160-200°F., to a final moisture content 
of 4-5%. Cooking time varied from 22 to 45 rain. As no water 
was added in the cooker, the operation was essentially one 
of drying rather than cooking in the generally accepted 
terminology. 

c) Wet low temperature cooking followed by evaporative 
cooling--Series 14, test 3; and Series 15, test 3. Meats ad- 
justed to moisture contents of 12-18% were cooked at tempera- 
tures from 216-228°F. to a final moisture content of about 6%. 
Cooking times varied from 45 to 65 min. The cooked meats 
were cooled to 140°F, and fed to a conditioner, where the 
temperature was raised to 175°F. Air was drawn through the 
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Series 5. Process ing  Condi t ions  and Ohemical Proper t ies  of Meats and Press  Cake 

a l l  II .N,'O. 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 ................................................................... 
3 .................................................................. 
4 ................................................................... 
5 .................................................................. 
6 .................................................................. 
7 ................................................................... 
9 ................................................................... 

]0  .................................................................. 
]2  .................................................................. 
13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
]4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
]6  .................................................................. 
]7  ................................................................... 

Cooking condit ions 

Max imum ' I ' v e  

° F .  I M i n u t e s  

E n e r g y  
i n p u t  

. to p r e s s  

a m p s .  [ 

Mois ture  Oil 

Chemical Proper t ies  

Gossypol Ni t rogen 

Free 

% % % 

Meats before cooking 

.... I .... I .... [ 6,80 I 28.4 1 0 . 6 4 7  0.688 1 5 5 . 8  ] 4 . 7 3  

Total  Solubi l i ty  Total 

% % , % 

Press  cake 

230 
230 
230 
230 
200 
200 
200 
180 
180 
180 
2OO 
20O 
160 
185 

35 
36 
35 
31 
22 

22-26 
22-26 
22-26 
22-26 
22-26 
22-26 
22-26 

38 
33 

60 
55 
51 
60 
51 

5G8 
55 
50 
60 
6O 
50 
58 
57 

6.54 
6.75 
6.83 
7.34 
6.42 
7.24 
7.19 
6.37 
6.26 
6.69 
5.90 
6.25 
6,57 
6.44 

3.5 
4.2 
4.1 
3.5 
3.3 
4.1 
3.7 
3.9 
3.4 
3.8 
3.8 
4.4 
3.5 
4.5 

0.026 
0.032 
0.034 
0.034 
0.038 
0.028 
0.028 
0.018 
O,05O 
0.032 
0.026 
0.043 
0.019 
0.042 

0.615 

0.619 

0.530 
0.575 
0.485 
0.555 
0.520 

15.3 
23.7 
30.6 
16,9 
37.9 
37.2 
30.0 
31.7 
41.4 
23.0 
26.5 
42.2 
35.0 
45.0 

6.62 
6.84 
6.72 
6.79 
6.80 
6.76 
6.83 
6.40 
6.12 
6.25 
6.10 
6.14 
6.03 
6.00 

m e a t s  i n  t h e  c o n d i t i o n e r  to  r e d u c e  t h e  m o i s t u r e  c o n t e n t  t o  a b o u t  
4 - 5 % ,  t o t a l  c o n d i t i o n i n g  t i m e  b e i n g  10 r a in .  

As far  as possible, pressing conditions were selected 
to conform with accepted commercial practice wi th  
respect to t h r o u g h p u t .  While in some cases the 
throughput  had to be reduced, in all cases press per- 
formance was adequate. 

Samples  and Methods of A n a l y s i s  

Samples of the prodncts at  each stage of processing 
were taken at intervals throughout  the durat ion of the 
test runs, composited, and mixed before analysis. 
Meats, cooked meats, and meals were analyzed for 
moisture, oil, and total nitrogen by use of the Ameri- 
can Oil Chemists' Society official methods (2), and 
for free gossypol (12), total gossypol (13), and nitro- 
gen solubility in 0.5 molar sodium chloride (10) by  
published procedures. Crude oils were analyzed for 
free f a t ty  acids, refining loss, and refined color and 
bleach color by  application of official methods (2) 
and for total gossypol (14). 

Results  and Discuss ion  

Earl ier  investigations (6) had indicated that  vari- 
ations in cooking temperatures and in energy input  
to the press (amperage applied to press motor at 
constant voltage) resulted in the production of meals 

having marked differences in chemical and nutri t ional  
properties. Accordingly the 14 meals in Series 5 were 
prepared in order  to ver i fy  the results previously ob- 
tained. No at tempt was made to collect or evaluate 
oil samples. Processing information and analytical 
data are given in Table I. Normal operating condi- 
tions were used in producing meals 1 and 4. The 
energy input  to the press was lowered .in obtaining 
meals 2 and 3. Both cooking time and energy input  
were lowered in obtaining meals 5 through 17, inclu- 
sive. While all the meals were low in free gossypol 
content (Table I ) ,  considerable variations are noted 
in nitrogen solubility. F o r  meats cooked at 230°F., 
reduction of energy input  to the press from 60 to 
about 51 amperes resulted in an increase in nitrogen 
solubility f rom 15 to 31%. By lowering cooking tem- 
peratures  to 200°F. and below and vary ing  cooking 
time and energy input, meals ranging from 23 to 45% 
in nitrogen solubility were obtained. Results f rom 
chick feeding studies with these meals. (9) indicated 
that  variations in either cooking or pressing of cotton- 
seed meats may  have a profound effect on the nutri-  
tive value of the meal. The most important  variable 
seemed to be the maximum temperature  of cooking, 
the best meals being those cooked at 200°F. or below. 

Having demonstrated that  superior screw-pressed 
cottonseed meals could be produced by low tempera- 

ture dry  cooking, three series of experiments (Series 

T A B L E  I I  

Effect of Cooking Condi t ions  on Chemical  Proper t ies  of Cooked Meats 

Cooking Condi t ions  Chemical  Proper t ies  of Cooked Meats 

Free gossypol Ni t rogen solubi l i ty  
Series  

and  test  
no. 

Meats 
prepara  

t ion  

Descr ipt ion of 
cooking condi t ions  

12 -T1  Cracked Normal  mil l  conditSons 
12 -T2  Cracked Dry, low- tempera ture  
12 -T3  Cracked Dry, low-temperature  
1 2 - T 4  Cracked Dry, low-temperature  

14-T1  Cracked Normal  mill  condi t ions  
14-T2  Cracked Dry, low-temperature  
14-T3 Fla  ked ¢ Wet, low-temperature  d 

15-T1  Flaked  e Normal  mill  condi t ions  
15-T2  Flaked  e Dry, low-temperature  
15-T3  Flaked e Wet, low- tempera ture  d 

Mois ture  content  
meats  in cooker 

I n i t i a l  F i n a l  

% % 
6.6 2.7 
7.0 4.5 
6.6 4.7 
7.0 4.1 

6.9 3,1 
7.7 4.0 

12.0 6.0 

11.4 2.9 
9.9 4.9 

18.2 6.6 

Maximum 
cooking 

temp. 

243 
162 
179 
200 

239 
198 
228 

254 
197 
216 

Total 

Percen tage  
Amoun t  reduct ion  

% %~ 
0.53 27,9 
0.67 10,8 
0.66 !2 .9  
0.63 19.8 

0,52 32.8 
0.58 15.8 
0.07 91.0 

0.16 81.8 
0.53 46.1 
0.09 89.7 

Amount  

% 
59.0 
63.0 
65.0 
65.0 

40.1 
53.3 
37.6 

25.6 
47.4 
37.8 

cooking 
t ime 

m i n u t e s  

36 
30 
3O 
3O 

45 
45 
65 

75 
45 
45 

Percentage  
reduct ion  

%b 
20.3 
14.9 
12.2 
12.2 

22.4 
18.5 
41.0 

59.4 
22.4 
28.7 

a Percen tage  of free gossypol in  prepared  meats  which was bound in  cooking'. 
bCalcula ted  from ni t rogen  solubi l i ty  of meats  before and  af ter  cooking.  
e 0.008-O.Ol0". 
d E v a p o r a t i v e  cooling. 
e 0 .012".  
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Effec t  of P r o c e s s i n g  Condi t ions  on Chemica l  P r ope r t i e s  .of P r e s s  Cake 

Series  
and  
tes t  
no. 

1 2 - T 1  
1 2 - T 2  
1 2 - T 3  
12 - T 4  

1 4 - T 1  
1 4 - T 2  
1 4 - T 3  

1 5 - T 1  
1 5 - T 2  
1 5 - T 3  

Temp.  
m e a t s  

to  
press  

241 
160 
180 
20O 

24O 
2O0 
175 

254 
195 
176 

E n e r g y  
i n p u t  a 

55.2 
50.5 
49.5 
52.0 

53.9 
51.4 
50.0 

103.0 
113.0 
115.0 

P r e s s i n g  Condi t ions  Chemical  P r o p e r t i e s - - P r e s s  Cake  

I Temp .  
p ress  
cake  

248 
196 
204  
22O 

252 
221 
195 

Thick-  
ness  

p ress  
cake 

inches 
0.20 
0.17 
0.19 
0.22 

0.17 
0.08 
0.08 

0.23 
0.16 
0,19 

Yield 
p r e s s  
cake  

# 15 rain. 
61.5 
62.5 
62.5 
64.0 

61.0 
50.0 
51,0 

55.0 
50.0 
50.0 

~ o i s -  
ture 

% 
2.90 
6.60 
6.82 
6.04 

2,73 
4,32 
4.60 

3.07 
4.21 
5.55 

Oil 

% 
3.90 
5.21 
5.03 
4.40 

3.80 
3.73 
4.23 

4.72 
3.80 
5.23 

Ni t rogen  
solubil- 

i ty  

% 
23.3 
53.1 
53.6 
40.7 

16.1 
21.7 
18.6 

10.5 
16.5 
18.4 

Gossypol 

P r e e  

% 
0.028 
0 .054 
0.035 
0.028 

0.043 
0.029 
0.030 

0.046 
0.031 
0.043 

252 
218 
200 

aS e r i e s  12 a n d  14, a t  440 V.  Ser ies  15 a t  220 V.  
b p e r c e n t a g e  of t he  f r ee  gossypnl  in  the  origii~al mea t s  bound  in the  pTess. 
ePe rcen ta ,ge  dec rease  in  n i t r o g e n  solubil i ty d u r i n g  p re s s ing ,  r e f e r r e d  to n i t r o g e n  solubil i ty of the  original mea t s .  

Tota l  

% 
0.80 
0.63 
0.62 
0.65 

0.87 
0.84 
0.95 

1.11 
0.94 
1.10 

Reduc t ion  in  p r e s s i n g  

Gossy- t N i t r o g e n  
pol b solubilitye 

% % 
45.7 48.2 
40.2 13.4 
37.2 15.4 
38.0 32.8 

41.8 46 .4  
41.2 59.5 

0.0 22.6 

6.5 24.0 
28.6 50.6 

3.7 36.6 

12, 14, and 15) were undertaken to determine the 
effect of modified processing procedures on the qua]ity 
of both meal and oil. 

The influence of the selected variations in prepar- 
ing, cooking, and screw-pressing the meats on the 
properties of meal and oil in Series 12, 14, and 15 is 
shown by the data summarized in Tables II  through 
V. Consideration of these individual operations serves 
to emphasize the importance of the variables studied. 

Meats Prepc~ration. Use of a "disc-huller" for 
cracking meats in Series 12 and Series 14, T-1 and 
T-2, resulted in the binding of 9-18% of the gossypol 
in the meats (Table V). The amount bound varied 
directly with the closeness of the settings. The use of 
rolls for flaking the meats in Series 14, T-3 (0.008- 
0.010 in.) caused some 21% of the gossypol to be 
bound while flaking for Series 15 (0.012-0.014 in.) 
bound little if any gossypol. 

Cooking. Variations in moisture content, tempera- 
ture, and time during cooking have a pronounced 
effect on the chemical properties of the cooked meats 
(Table I I ) .  Cooking dry, cracked meats (7% mois- 
ture) at temperatures in the range of 160-240°F. 
resulted in very little gossypol binding (12.2-18.5%). 
While low, the level of gossypol binding in Series 12 
and Series 14, T-1 and T-2, varies directly with the 
cooking tenlperature. When flaked meats were cooked 
at moisture levels of over 12%, considerable gossypol 
reduction took place. In particular, wet low tempera- 
turc cooking followed by evaporative cooling (Series 
14, T-3, and Series 15, T-3) resulted in the binding of 
approximately 90% of the gossypol. This level com- 
pares favorably with those attained in the cooking 
operations for hydraulic pressing (11) That high 
temperatures are not required for gossypol reduction 
in cooking is shown by the results for Series 15, T-1 
and T-3. Cooking for 45 rain. at 216°F. and at 18% 
moisture-bound approximately 90% of the free gossy- 
pol (Series 15, T-3) while cooking at 254°F. at 12% 
moisture for 75 minutes resulted in 82% of the gossy- 
pol being bound (Series 15, T-l) .  

Lacking specific analytical methods, the percentage 
of the total nitrogen soluble in 0.5 molar sodium 
chloride was used as an approximate measure of the 
damage to the protein during processing. Cooking 
reduces tile amount of soluble nitrogen in the protein, 
and, in general, the reduction is much less in dry 
cooking at a given temperature than in wet cooking. 
Increases in temperature also reduce the amount of 

soluble nitrogen, and the effect is more pronounced at 
high moisture levels. 

Pressin.g. The effect of pressing conditions on the 
properties of the press cake and crude oil are shown 
in Tables I I I  and IV. Normal mill operations (Series 
12, T-l, Series 14, %1, and Series 15, T-l) yielded 
meals with low free gossypol content but at the ex- 
pense of considerable protein damage. The tempera- 
ture of the meats entering the press is apparently 
related to the loss in soluble nitrogen during pressing. 
Thus in Series 12 minimum loss (13.4-15.~%) oc- 
curred when meats entered the press at 160-180°F., 
somewhat more (32.8%) at 200 °F., and the largest 
amount (48.2%) at 241°F. In Series 14, T-2, and 
Series 15, T-2, where it was necessary to reduce both 
cake thickness and throughput to achieve low free 
gossypol in the cake, the loss in soluble nitrogen was 
high (51-60%). I t  would seem that as far as loss in 
soluble nitrogen is concerned, the screw-pressing is 
the critical operation as the loss generally exceeded 
that during cooking. 

Low free gossypol contents were obtained in all of 
the press cakes. Considerable binding of gossypol 
occurred during passage of the meats through the 
press when the free gossypol content of the meats 
entering the press was about 0.5%. When this level 
dropped to 0.07-0.16%, very little binding occurred 
in the press, indicating that the rate of reaction was 
considerably reduced. 

The gossypol content of the crude oils varied con- 
siderably (Table IV),  ranging from 0.12% to 1.14%. 
These differences are a direct result of the cooking 
procedures employed and are emphasized by the gossy- 
pol distribution tabu]atcd in Table V. 

Gossypol Distribution. The experimental process- 
ing conditions resulted in a striking difference in the 
distribution of the gossypol between the products, 
meal, and oil (Table V). A rather constant propor- 
tion (2.4-5%) of the original gossypol appeared in 
the meal as free gossypol. The data show that the 
total gossypol content of the press cake and the gossy- 
pot concentration in the crude oil is largely governed 
by the amount of gossypol bound in cooking. For dry 
low-temperature cooking very little binding occurred 
during cooking, as a result of which a considerable 
proportion of the gossypol was expressed in the crude 
oil (23-38%) and the press cakes were lowest in total 
gossypol content (Table I I I ) .  Normal mill practice 
resulted in a slightly higher level of binding during 
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TABLE I V  

Analys i s  of C r u d e  Oils Be fo re  a n d  A f t e r  S to rage  at  E leva ted  T e m p e r a t u r e s  

Ser ies  and  tes t  no. 
F . F . A .  

% 
I2--T] 1,0 
1 2 - T 2  1.8 
12 -T3  ....... 1.8 
1 2 - T 4  .......................................................................... 1.8 , 

1 4 - T 1  1.7 
1 4 - T 2  .................... 2.0 
1 4 - T 3  .......................................................................... 1.3 

5 - T 1  1.4 
1 5 - T 2  ...................... 1.9 
15--T3 .......................................................................... 1~9 

O r i g i n a l  C rude  0 i l s  

Gossypol  
conten t  

% 
0.395 
1.07 
1.14 
0.975 

0.478 
0.756 
0.132 

0.273 
0.793 
0.116 

C~'ude Oils S tored  40 D a y s  a t 95-100~F. 

Ref in ing  
loss 

% 
6.5 
5.6 
5.6 
5.6 

7.3 
6.2 
5.9 

7.6 
7.5 
8.0 

Lov ibond  color 

l~efined Bleached  

5.7 2.5 
5.4 2.3 
6.2 1.9 
6.0 2.6 

6.6 2.7 
7.4 2.7 
5.3 2.3 

6.6 1.7 
6.4 1.7 
6.6 1.7 

Gossypol  
conten t  

% 
0.254  
0.790 
0 .835 
0.692 

0.290 
0 .606 
0 .086 

0.235 
0.653 
0.090 

Re f in ing  
loss 

% 
4.8 
5.5 
5.4 
5.5 

6.7 
6.6 
6.0 

7.5 
8.9 
8.0 

Lov ibond  color 

Re~ned  Bleached  

10.2 5.2 
22.9 12.0 
23.8 11.7 
32.8 14.7 

16.7 7.9 
14.6 9.2 

8.3 3.2 

10.2 I 4.5 23.5 8.6 
8.8 2.6 

cooking (24-82%), with a resul tant  meal higher in 
total gossypol and oil lower in gossypol content. Wet  
low-temperature  cooking, where most of the gossypol 
was bound dur ing cooking (70-90%), gave meals 
highest in total gossypol content (Table I I I )  and 
crude oils containing very  little gossypol. While the 
screw-press can b ind  a considerable port ion of the 
gossypol, in no case was more than  5'4% of the free 
gossypol present  in cooked meats bound dur ing pas- 
sage through the press (Table I I I ) .  This suggests 
the critical effect of the cooking conditions, selection 
of which allows wide variations in the distr ibution of 
the gossypol between meal and oil. 

Oil Quality. The propert ies  of the crude oils, listed 
in Table IV, indicate tha t  both dry  low: tempera tu re  
and wet low-temperature  cooking produced oils which 
were initially equal or superior to those obtained f rom 
the normal  mill practice. T h e  outstanding difference 
in the oils was the amount  of gossypol-like pigments; 
which var ied f rom 0.12 to 1.1%. Upon storage for  40 
days at 95-100°F., considerable color reversion oc- 
curred in many  of the oils. Exper iments  conducted 
at 37°F. and 70°F. indicated that  the rate of color 
reversion was reduced mater ia l ly  at these tempera-  
tures. The extent of this color reversion is apparen t ly  
directly related to the gossypol content of the oil be- 
fore storage. While gossypol content decreases on 
storage (Table IV) ,  the color reversion is not related 
to the percentage decrease in gossypol. Both refined 
and bleach color increase on storage. However  it is 
the increase in bleach color  which is more directly 
related to the gossypol content. This increase in 
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INITIAL CONTENT OF GOSSYPOL PIGMENTS- PERCENT 

F I G .  1. I n c r e a s e  i n  L o v l b o n d  b ]ea ,eh  c o l o r  v s .  e o n t e n t  o f  g o s -  
s y p o l  p i g m e n t s  i n  c r u d e  o i l s  s t o r e d  40  d a y s  a t  9 5 - 1 0 0 ° F .  

bleach color on storage of crucle screw-pressed oils at 
elevated tempera tures  has previously been noted 
(17, 18) although no direct relation was found be- 
tween processing variables and the amounts of gossy- 
pol found in the crude oils, or between the amount  of 
gossypol in screw-pressed oils and their  bleach color 
before and  af ter  storage (18). These investigators 
(17, 18) a t tempted  to estimate the amount  of un- 
changed or native gossypol in the meals and oils. I t  

T A B L E  V 

Di s t r i bu t i on  of Gossypol in P r o c e s s i n g  

Desc r ip t ion  

Normal screw-press ............................ 
Normal sc rew-press  ............................ 
Normal screw-press ............................ 

Dry, low-temp, screw-press ............... 
:Dry, low-temp, screw-press ................ 
Dry, Io,w-temp. screw-press ................ 

Dry ,  low-temp, s c rew-pres s  ................ 
Dry ,  low-temp, s c rew-pres s  ................ 

Wet ,  low-temp.,  cooked, cooled 
sc rew-pres s  .................................... 

Wet,  low-temp.,  cooked, cooled 
screw-press .................................... 

Series  
a n d  tes t  

no. 

12-TI 
14-T1 
15-TI 

1 2 - T 4  
1 4 - T 2  
1 5 - T 2  

I2--T3 
1 2 - T 2  

1 4 - T 3  

1 5 - T 3  

Meats, 
p r e p a r a -  

t ion 

Cracked  mea t s  
Cracked  mea t s  
F l a k e d  m e a t s  

( .012 ~) 

Crackod m e a t s  
C racked  mea t s  
F l a k e d  m e a t s  

( .012 rt) 
C racked  m~ats 
Cracked meats 

Flaked  mea t s  
( . 008" - . 010" )  

F l aked  m e a t s  
( . 012" )  

C o o k i n g - - C e n d i t i o n i n g  D i s t r i bu t i on  of Gossypol Conta ined  in 
Raw ]Yfeats During l:'ro.cessing a 

Maxi- Time , press Re- 
Mois tu re  B o u n d  B o n n d  B o u n d  m o v e d  

t ~ m  ] total  of m e a t s  in mea t s  in _ _  _ _  p.repara- cook- in in 
1)nP~J h l i t i a !  I F i n a l  t ion i n g  c rude  _ _  _ _  _ oil  

°F .  I ~w:n. % % % % 45.%7 % 
240 ] 30 6.6 ] 2.7 14.0 24.0 14.0 
2 4 0 1 4 5  6.9 3.1 8.7 29.9 1 4 1 . 8  15.8 
2 5 0 ] 7 5  11.4 I 2 . 9 ,  0.0 81.8 6.5 7.9 

2 0 0 ~  I 80 7.0 4.1 10.1 17.8 %~8.0 31.8 
200 I 45 7.7 4.0 17.6 14.5 41.2 24.4 
200 I 45 9.9 4,9 0.0 46.1 2 8 . 6  23.3 

45 101 116 I - 38° 1 6 0 1 3 0  7.0 9.0 9.8 _  7 40.2 36.1 

2 2 8 , 8 0  12.0 3.8 21.2 71.7 0 . 0 |  4.4 
2 1 6 1 6 0  18.2 4.9 0.0 89.  3 . 7 . 3 . 4  

Left in 
m6al 

as  f ree  
gossy- 

pol 

% 
2.4 
3.6 
3.3 

2.4 
2.4 
2,2 

3.1 
5.0 

3.0 

3.2 

a M o i s t u r e  and  oil f r e e  basis .  
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seems that the closely related gossypol-like pigments 
present in crude screw-pressed oils and included in 
the values determined for total gossypol (14) in the 
present investigation are responsible for the increase 
in bleach color of the crude oils on  storage. This re- 
lationship is illustrated by the data shown in Figure 
1, where the initial content of total gossypol pigments 
in the crude oils is plotted against the increase in 
bleach color after storage of the crude oils for 40 days 
at 95-I00°F. 

Summary 
Processing conditions, particularly cooking proce- 

dures, have a marked influence on the chemical prop- 
erties of screw-pressed meal and oil. Cooking prepared 
meats at 240-250°F., as in normal mill practice, pro- 
duced meals with low free gossypol content but at the 
expense of considerable protein damage. The resultant 
crude oils showed some color reversion upon storage 
at 95°F . Dry cooking (7% moisture) at temperatures 
not exceeding 200°F. gave meals of improved chemi- 
cal properties, but the crude oils exhibited consider- 
able color reversion on storage. 

Wet low-temperature cooking' (200-210°F.), fol- 
lowed by evaporative cooling, yielded a meal inter- 
mediate in quality between that for normal mill 
practice and dry low-temperature cooking. The crude 
oils, which corresponded to hydraulic-pressed oil, did 
not exhibit any appreciable color reversion upon stor- 
age at elevated temperatures. 

The selection of processing conditions, notably 
cooking, enables wide variations in the distribution of 
gossypol between meal and oil. 

The increase in the bleach color of crude oils stored 
at 95-100°F. was found to be directly related to the 
initial gossypol content of the crude oils. 
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Aqueous Vapor Pressure of Soybean Meal and Its Fractions I 
P. A. BELTER, C. R. LANCASTER/ and A. K. SMITH, Northern Utilization 
Research Branch/ Peoria, Illinois 

W I - H E  role of water in the maturing and storage of 
soybeans and its effects on the changes in the 
proteins, carbohydrates, and other constituents 

of the bean have never been adequately evaluated. 
These water-colloid relationships are of primary im- 
portance in understanding processing operations in- 
volving desolventizing, toasting, and dehydration of 
soybean products as well as changes that occur during 
storage of the beans or meal. 

Beckel, Bull, and Hopper (1) have published data 
showing' the progressive denaturation of protein in 
soybean meal by the a p p l i c a t i o n  of increasing 
amounts of moisture and heat. The moisture condi- 
tions imposed on tile meals were defined in terms of 
the relative humidity maintained in the system during 
heating and as such cannot be directly translated into 
moisture content. Data have been reported on the 
hygroseopieity of soybeans and soybean oil meals by 
Ramstad and Geddes (11) and by Larmour, Sallans, 

1 Presented  a t  falI meeting of American Oil Ohemists' Society, No- 
vember 2-4, 1953, in 13hicago, Ill. 

2 Former ly  with the Nor thern  Utilization Research Branch,  
One of the branches  of the Agricultural Research Service, U. S. 

Depar tment  of Agricul ture.  

and Craig (6). IIowever in each ease the information 
was obtained by equilibrating the samples in a series 
of desiccators, each containing a solution of constant 
humidity, maintaining the temperature at 25°C., and 
subsequently determining moisture contents. Such 
information is adequate for low temperature investi- 
gations. However processing conditions are seldom 
at this temperature level, and in the present investi- 
gations it was deemed necessary to include tempera- 
ture as a variable. It  is interesting to note that be- 
cause of the empirical nature of the results obtained 
by existing procedures for determining moisture of 
biological materials, it has been advocated by Ma- 
kower and Myers (8) that aqueous vapor pressure 
replace the moisture determination as an indication 
of the extent of hydration. 

The present investigation was undertaken to estab- 
lish the moisture adsorbing capacity of soybean oil 
meal and its fractions at various temperatures by a 
manometric method. Such data will be applicable to 
many practical soybean production problems as well 
as to the storage of these materials. 


