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However even in the presence of a large concentra- 
tion of radicals, such as pyrolysis would produce, the 
chain could propagate further. 

In summary, it would appear that the polymeriza- 
tion of fl-tung oil might be considered as the limiting 
case in thermal polymerization. With non-conjugated 
oils this basic reaction seems to be accompanied b y  
other reactions: some necessary, such as conjugation; 
and others, purely satellite. The basic reaction has 
many of the characteristics of a Diels-Alder reaction, 
and Clingman's recent proof of the presence of six- 
membered rings in the reaction products (5) is addi- 
tional supporting evidence for this hypothesis. Of 
the alternative reactions, only those involving radicals 
are likely to occur in the absence of deliberate cataly- 
sis and then only at relatively high tentperatures, The 
high activation energy of the reaction involving non- 
conjugated acyl groups might be considered to be the 
sum of the energy of conjugation and the energy of 
polymerization. However no rate equation describing 
these conditions has yet been developed. 
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Prepress-Solvent Extraction of Cottonseed, Processing 
Conditions and Characteristics of Products I 
WALTER A. PONS JR., F. H. THURBER, and CARROLL L. HOFFPAUIR, Southern Regional 
Research Laboratory, ~ New Orleans, Louisiana 

~[-~HE use of screw-pressing prior to solvent-extrac- 
_ [  tion is a growing develop~nent in the cottonseed 

processing indus t ry .  This process, commonly 
termed prepress-solvent extraction, comprised some 
12% of the crush in 1951-1952 (6) and probably 20- 
25% at the present time. Since this indicates wide- 
spread availability of prepress-solvent extracted cot- 
tonseed meals and oils, the quality of these relatively 
new products is of considerable interest in current 
research on improving the value of cottonseed prod- 
ucts (1, 2, 3, 9, 10). Accordingly a survey of this 
process was undertaken with the cooperation of 11 
mills located throughout the cottonseed processing 
area. The survey was designed to yield information 
concerning the influence of processing conditions 
normally used by the cooperating mills both on the 
chemical properties of meals and oils and on the 
nutritive value of the meals. 

Samples and Methods of Analysis 
Samples, representative of the materials at various 

stages of processing, were obtained by appropriately 
compositing individual samples taken at regular in- 
tervals during a period of eight hours of normal 
operation by each mill. Where possible three complete 
sets of samples, taken at intervals of about six weeks, 

1 Presented a t  t he  45th  Annua l  Meeting of the .t~neriean Oil Ohemists' 
Society, April  11-14, 1954, San  Antonio, Tex. 

One of the laboratories of .the Southern Utilization Research Branch ,  
Agr icu l tu ra l  Research Service, U .  S. DeparVment of Agricul ture.  

were obtained for each mill. Data on processing con- 
ditions are summarized in Tables I and II. 

Moisture, oil, total nitrogen, free fa t ty  acids, and 
free gossypol were determined by use of Official 
Methods of the American Oil Chemists' Society (4). 
Methods proposed by Pens et al. (14, 15) were em- 
ployed for the determination of total gossypol in 
meats and meals and in crude oils. Nitrogen solubility 
was determined by dispersion in 0.5 M sodium chlo- 
ride as proposed by Olcott and Fontaine (13), and in 
0.02 N sodium hydroxide as suggested by Lyman et al. 
(11). 

The crude oils were refined in accordance with 
Official Method Ca 9a-52 of the American Oil Chem- 
ists' Society; prepressed oils were treated as directed 
for expeller oils and solvent-extracted oil as indicated 
for hydraulic oils. These procedures were employed 
since no official refining methods are available for pre- 
pressed oils and for solvent-extracted oils from pre- 
pressed cake. The refined oils were bleached as di- 
rected by Official Method Ce 8a-52, and oil color was 
determined by use of the photometric method Cc 13e- 
50 of the American Oil Chemists' Society (4). The 
values reported for refining loss and oil color were 
selected in accordance with the settlement rules of the 
National Cottonseed Products Association (12). 

Discussion o,f Results 
I t  is generally recognized that, during the process- 

ing of cottonseed, the pigment glands which are dis- 
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T A B L E  I 

Processing Conditions, Meats Preparation and Cooking 

Mill 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Type 
of 

rolls 

5-high 
5 - h i g h  
3 - h i g h  
3-high 
5-high 
2-high 
5-high 
5-high 
5 - h i g h  
5 - h i g h  
3 -high 

Meats preparation 

F l a k e  
thick- 
ness 

Inches  
0 . 0 1 3  
0 . 0 2 0  
0 . 0 3 0  
0 . 0 3 0  
0 . 0 2 2  
0 . 0 3 8  
0 . 0 ] 6  
0 . 0 1 4  
0 . 0 1 0  
0 . 0 3 4  
0 . 0 2 8  

Moisture 
content, 

flaked 
meats 

% 
8.1  
6 .2  
8 .5  
8 . 5  
8 . 9  
9 . 7  

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

Cooking conditions 

Moisture content of 
meats in cooker 

Initial Final 

% % 
1 1 . 9  1 1 . 2  
1 2 . 1  7 .0  
1 1 . 3  7 .2  
1 1 . 1  9 . 7  
1 2 . 3  1 2 . 3  
1 3 . 3  9 . 5  
1.2.7 7 .0  
1 0 . 8  1 0 . 3  
1 0 . 2  6 .5  

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

Temperature of 
meats in cooker 

Minimum M a x i m u m  

~  ~  
1 5 5  2 2 4  
1 7 7  2 2 9  
1 9 5  2 4 0  
J 8 0  2 1 0  
1 7 5  1 9 0  
1 7 0  2 3 3  
2 0 6  2 2 4  
1 8 8  2 2 0  
2 1 7  2 2 7  
1 6 0  1 9 0  
1 9 7  2 3 3  

Total 
cooking 

time 

Min. 
6O 
4 5  
3 0  
2 4  
3 0  
2 5  
6O 
4 5  
3O 
2 5  
2 5  

T A B L E  I I  

Processing Conditions, Pressing and Solvent-Extraction 

Pressing I Solvent-Extraction 

Moisture Material to 
content ~ . T e m p e r a -  e x t r a c t o r  M a x i m u  

Mill 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

J 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M e a t s  
to Press 

press c a k e  

5 % a 9 , 7  
7 . 0  6 . 4  
7 .2  7 .5  
7 .2  ~ 8 .9  
8 .7  a 1 0 . 7  
7 . 1  a 8 .8  
7 .0  7 .7  
8 .7  " 9 . 5  
6 .5  7 .3  
7 .5  a 7 .6  
4 .7  5 .9  

Press C a k e  
T e m p e r a -  I 

ture of I 
Pr le  ~s ~pacit 

,s./h~ 

2 9 0 0  
4 2 0 0  
4 2 0 0  
3 5 0 0  
2 1 2 7  
2 8 2 0  
4 1 0 0  
2 8 3 0  
3 2 0 0  
4 1 5 0  

thick 

I n .  
0 . 4 6  
0 . 3 8  
0 . 1 9  
0 . 5 0  
0 . 3 0  
0 . 1 3  

0 . 3 8  
0 . 1 9  
0 , 4 4  
0 . 1 5  

~  

1 9 9  
1 9 4  
2 4 0  
2 3 0  
2 1 2  
2OO 

2O8 

2 2 7  
2 1 7  

T y p e  Moisture 
content 

% 
F l a k e  b 1 0 . 8  
G r a n .  e 5 .8  
G r a n .  c 7 .5  
F l a k e  b 1 2 . 5  
F l a k e  b 1 0 . 2  
F l a k e  b 1 0 . 7  
F l a k e  b 8 .9  
G r a n .  c 9 . 8  
G r a n .  ~ 6 .6  
F l a k e  b 1 0 . 1  
( ; r a n .  r 5 .9  

Solvent 
extraction 
tempera- 

ture 

1 2 5  
1 5 4  
1 3 0  
1 3 0  
1 2 0  

1 3 4  
1 2 2  
1 5 0  
1 2 5  
1 3 0  

Mt  un 
tempera- 

ture i n  
evapora- 

tor 

1 5 5  
1 7 5  
2 2 5  
2 1 0  
1 5 8  
1 6 4  
2 3 0  
2 0 5  
1 5 9  
2OO 
1 9 0  

] ~ i ~ i l m  ] M a x i m u m  tempera- 
ture in 

meal 
dryer 

~  r -  ~  

2 2 5  2 4 0  
2 2 1  
2 0 5  2 2 5  
2 0 5  2 3 0  
2 0 0  2 2 0  
2 4 2  2 0 9  
2 3 8  
2 0 5  2 3 0  
2 2 2  1 8 8  
2 0 8  2 2 5  
2 3 0  2 1 2  

a Cooked meats conditioned before pressing. 
b P r e s s  c a k e  g r o u n d  a n d  reformed into flakes prior to extraction. 
c P r e s s  c a k e  lmlve~'ized prior to extraction. 

tributed throughout the kernel must be ruptured in 
order to allow the gossypol pigments to be bound to 
the meal components. This serves the two-fold pur- 
pose of reducing the free gossypol content of the meal 
and preventing excessive pigmentation in the crude 
oil. To realize the maximum value of the meal, the re- 
duction of free gossypol should be accomplished with 
a minimum damage to the protein. Work reported by 
previous investigators (8, 16, 18, 20, 21) has empha- 
sized that varying the conditions employed during 
processing influences all three quality factors, the free 
gossypol content of the meal, the pigmentation of the 
0il, and the protein value of the meal. 

The findings of the present investigation are pre- 
sented to illustrate the changes which occur in certain 
chemical characteristics of the meats and crude oils 

Mill 

T A B L E  I I I  

Oil Contents and Recover of Oil 

Oil content Removal of oil 
(a.s r e c e i v e d  b a s i s )  dur in~"  processing 

Solvent 
P r e -  P r e s s  ex- 

p a r e d  cake tracted 
meats  c a k e  

% % % 

I n  
I n  solvent 

press- extrac- T o t a l  
ing tion 

% % % 

1 
2 
3 
4 
5 
6 .... 
7 
8 
9 

1 0  
1 1  

M e a n  

2 5 . 8  
3 1 . 4  
2 9 . 6  
2 9 . 6  
2 6 . 2  
2 9 . 8  
2 6 . 2  
3 2 . 1  
2 7 . 2  
2 9 . 8  
26. .6 

2 8 . 6  

9 . 7  
9 . 2  

1 1 . 3  
1 1 . 1  

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

8 . 8  
1 1 . 5  

1 0 . 6  

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

0 . 7 4  

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

7 0 . 6  

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

2 7 . 4  

9 8 . 5  
9 7 . 8  
9 6 . 1  
9 8 . 9  
9 8 . 6  
9 8 . 4  
9 7 . 2  
9 8 . 2  
9 9 . 2  
9 8 . 0  
9 8 . 3  

9 8 . 0  

during processing. Both processing data and chemi- 
cal properties have been averaged for each mill since 
examination of the data showed little variation for a 
given mill. Such averages reflect the over-all influence 
of processing conditions on the quality of meals and 
oils. 

Oil Recovery. The data on the reduction of oil con- 
tent during processing and the  recovery of total oil 
are recorded in Table IV. The oil content of the pre- 
pressed cake was of course higher than normal screw- 
pressed cake. Less work was done on the meats in 
prepressing as compared to normal screw-pressing. 
The through-put ranged from 2,127 to 4,200 !bs. per 
hr. (Table II) which is fhr greater than 650 to 750 
lbs. per hr. reported for normal screw-pressing (18). 
A high average oil recovery, 98%, was attained by the 

T A B L E  I V  

Free Gossypol Contents of Materials During Processing 

Free gossypol Gossypol content, 
(moisture and oil-free basis) crude oils 

Mill Sol- 

1 . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . .  

1O . . . . . . . . . . . . . . . . . . .  
11  . . . . . . . . . . . . . . . . .  

P r e -  
p a r e d  
meats 

% 
0 . 9 6  
1 . 4 2  
1 . 2 4  
1 . 2 4  
0 . 9 4  
1 . 0 1  
1 . 0 1  
1 . 5 1  
1 . 0 5  
l . O l  
1 . 0 4  

~ooked P r e -  Vent  ex  
meats [ press tracted 

c a k e  c a k e  

% % % 
0 . 0 7 5  0 . 0 5 8  0 . 0 3 8  
0 . 2 0  0 . 0 6 4  0 . 0 5 7  
0 . 3 0  0 . 1 1 2  0 . 0 6 8  
0 . 4 8  0 . 1 0 7  0 . 0 3 9  
0 . 2 0  0 . 0 5 1  0 . 0 3 3  
0 . 2 9  0 . 0 7 2  0 . 0 3 4  
0 . 2 1  0 . 1 0 1  0 . 0 4 6  
0 . 3 8  0 . 0 9 6  0 . 0 5 6  
0 . 3 4  0 . 0 9 2  0 . 0 6 3  
0 . 4 9  0 . 0 5 6  0 . 0 2 8  
0 . 4 2  0 . 1 1 0  0 . 0 6 3  

Sol-  
P r e s s e d  vent ex- 

o i i  tracted 
oi1 

% % 
0 . 0 5 0  O .032  
0 . 2 0  0 . 1 1  
0 . 3 8  0 . 2 3  
0 . 6 0  0 . 2 0  
0 . 3 3  0 , 1 1  
0 . 2 5  0 . 0 8 6  
6 . 1 9  0 . 1 8  
0 . 5 5  0 . 2 3  

�9 0 . 3 3  0 . 2 2  
0 . 6 6  0 . 0 9 8  
0 . 4 0  0 . 2 0  
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mills; 70.6% was recovered in pressing and 27.4% by 
solvent extraction. 

Gossypol Reduction. Changes which the gossypol 
pigments undergo during processing are indicated in 
Tables IV, V, and VI. In general, very little free 

T A B L E  Y 

To ta l  Gossypol Content  of Meats ,  Cake,  and  Meal  

Mil l  

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

10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

To ta l  gossypol, 
(mois tu re -  and  oil-free bas is )  

P r e p a r e d  
mea ts  

% 
1.05  
1 .46  
1 .22 
1 .22 
1 .00 
1 .03  
1 .29  
1 .65 
1 .13 
1 .06  
1 .05 

P r e  press  
cake 

% 
1.03 
1 .11 
1 .03 
0 .94  
0 .83 
0 .94  
1 .17  
1 .35  
0 .95  
0 .76  
0 .80 

Solvent  
ex t r ac t ed  

mea l  

% 
1.00  
1 .09  
0 .99 
0 .92  
0 .82  
0 .92  
1 .10  
1 .25  
0 .89 
0 .73  
0 .75  

T A B L E  V I  

B i n d i n g  a n d  D i s t r i b u t i o n  of Gossypol 

D i s t r i b u t i o n  of gossypol eon ta ine : l  in  the o r i g ina l  p r e p a r e d  meats  

Mi l l  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 

M e a n  

B o u n d  
in  

mea ts  
p r e p a r a -  

t ion 

% 
8.6 
2.9 
0.0 
0.0 
6.9 
7.0 

22 .8  
8.9 
6.7 
6.4 
1.7 

6.5 

B o u n d  
in  

cooking  

% 
83.8  
84.5  
76.2  
61 .3  
72 .6  
67 .4  
61 .6  
67 .7  
65 .0  
48 .8  
58 .9  

68 .0  

B o u n d  
in  

p r e s s ing  

% 
0.0 
0.1 
4.5 
9.2 
4.5 
8.3 
2.1 
2 .4  
8.6 

13.3  
12.2  

5.9 

B o u n d  
in  

solvent  
ext rac-  

t ion  

% 
0.0 
0.0 
0.5 
3.9 
0.7 
1.4 
0.1 
0.0 
0.0 
0.2 
1.8 

0.8 

I n  meal  
as free 

gossypol 

4~2 
5.1 
3.3 
3.5 
3.2 
3.7 
3.5 
5.8 
2.7 
6.4 

4.1 

Removed 
in  

p ressed  
oil  

% 
2.8 
5.3 

10 .8  
17 .0  

9.3 
7.9 
4.2 

13 .6  
9.1 

23 .6  
11 .4  

10 .5  

Removed 
in  

solvent  
extra, , tec 

oil 

% 

0,3 
0.8 
2,1 
2 .4  
1.4 
1.1 
2.1 
1.6 
2 .4  
0.9 
2.6 

1.6 

gossypol reduction occurred during preparation of 
the meats for cooking. With the exception of Mill 
No. 7, all mills rolled meats with moisture contents in 
the range of 6.2 to 9.7% to flake thicknesses varying 
from 0.010 to 0.038 in. (Table I) .  Under these con- 
ditions only 0 to 8.9% of the gossypol eontained in 
the meats was bound. These conditions were by no 
means optimum, as work reported by Reuther et al. 
(17) demonstrates that thorough rolling of meats con- 
taining 11-14% moisture to flake thicknesses of 0.005 
in. can result in considerable free gossypol reduction. 
In aeeord with these observations, it is noted that the 
highest reduction, 22.8%, was attained by Mill No. 7 
which rolled meats containing 12.5% moisture. 

Cooking eonditions were responsible for the major 
reduction in the free gossypol, the average for all 
mills being 68% (Table VI).  Moisture content, tem- 
perature, and duration of cooking were all significant 
variables which influenced free gossypol reduction. 
It  is note-worthy that 30-min. cooking at a constant 
moisture level of 12% and at relatively low tempera- 
tare (190~ was quite effective in lowering free 
gossypol content (Mill No. 5). When meats eontain- 
ing less moisture were progressively dried during 
eooking to below 7% moisture (Mills Nos. 9 and 11), 
less gossypol was bound even though higher tempera- 
tures were employed. The least reduction occurred 
when meats containing about 9% moisture were 
cooked at 190~ for 25 rain. (Mill No. 10). Cooking 

for longer periods of time (45-60 rain.) at higher tem- 
peratures (224-229~ resulted in still greater reduc- 
tions in free gossypol (Mills Nos. 1, 2, apd 7). Al- 
though some mills conditioned the meats after cook- 
ing, mainly to reduce the moisture content, little if 
any gossypol reduction was achieved during this 
operation. 

Reduction in free gossypol occurred durina' pre- 
pressing (Table IV) due in part to reaetion with the 
meats to form " b o u n d "  gossypol and in part to re- 
moval by solution in the pressed oil. The amount 
removed in the pressed oil, 10.5%, was greater than 
that bound to the meal, 5.9% (Table IV). As a con- 
sequence of the milder pressing conditions, far less 
gossypol was bound to the meats in prepressing than 
has previously been reported for normal serew-press- 
ing conditions (16, 18). As a result the gossypol con- 
tents of some of the pressed oils were higher than 
those reported (16) for normal screw-pressed oils. 
The amounts of gossypol in the pressed oil were 
largely governed by the amount of free gossypol re- 
maining in the meats after cooking (Table VI).  

Free gossypol eontent of the cake was also lowered 
during' solvent extraetion (Table IV), but in most 
eases this was accomplished by solution in the solvent- 
extracted oil. The gossypol distribution data in Table 
VI show that very little gossypol was bound during 
solvent extraction. I t  is probably significant that the 
six mills which produced meals of the lowest free 
gossypol content all ground and reflaked the press 
cake prior to solvent extraction (Table II) .  It  is 
possible that the process of grinding and reflaking 
press eake served to rupture some of the intact pig- 
ment glands remaining after cooking and pressing, 
allowing the gossypol to be dissolved in  the solvent- 
extraeted oil. Moisture added during grinding and 
reflaking eould also have been a contributing factor. 
It  is noted (Table IV) that the gossypol contents of 
the solvent-extracted oils in several eases were as high 
at 0.20-0.23%. This is due to the fact that the solvent- 
extracted oil represented only an average of 27.4% of 
the total oil in the original meats (Table IV), and the 
seemingly small proportions of gossypol removed in 
solvent extraction (Table IV) were contained in a 
smaller amount of oil. 

Nitrogen Solubility. Changes in the solubility ehar- 
aeteristies of the protein during processing as meas- 
ured by nitrogen solubility in 0.5 Msodinm chloride 
and in 0.02 N sodium hydroxide are given in Tables 
VII and VIII.  From these data the reductions in 
nitrogen solubility during proeessing were calculated. 

Several investigators (8, 13, 16, 18) have used nitro- 
gen solubility in 0.5 M sodium chloride as a measure 
of the denaturation which cottonseed protein under- 
goes during processing. The greatest reduction in 
nitrogen solubility in 0.5 M sodium chloride occurred 
during cooking (Table VII) ,  considerably less reduc- 
tion occurring during prepressing and solvent- extrac- 
tion. The reductions during cooking ranged from 13.0 
to 34.4% and tended to eorrelate with both maximum 
temperature and time of cooking. Mills which cooked 
at the lowest temperatures (Mills Nos. 5 and 10) pro- 
dueed minimum reductions while those whieh cooked 
at higher temperatures (Mills Nos. 3, 4, 9, and 11) or 
for longer periods of time (Mills Nos. 1, 2, and 7) 
attained somewhat greater reduetions in nitrogen 
solubility in 0.5 M sodium chloride. The reductions 
occurring during prepressing, ranging from 3.0 to 
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Nitrogen Solubility in 0.5 Molar Sodium Chloride 
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Mill 

i ............................................... 

2 ............................................... 

3 ............................................... 

4 ............................................... 

5 ............................................... 

6 ............................................... 
7 ............................................... 

8 ............................................... 

9 ............................................... 

10 ............................................... 

11 ............................................... 

Mean . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Prepared 
meats 

% 
7 4 . 4  
6 4 . 3  
6 4 . 2  
6 4 . 2  
6 0 . 4  
7 1 . 3  
6 4 . 5  
6 1 . 3  
6 6 . 7  
6 9 . 1  
5 7 , 5  

6 5 . 3  

Nitrogen solubility 0 .5  M N a C 1  

Cooked Press 
lneats cake 

% % 
4 8 . 8  3 9 . 2  
4 3 . 1  3 5 . 6  
4 6 . 7  
50.3 4s 
5 2 . 7  4 9 . 1  
4 9 . 3  4 5 . 7  
4 3 . 5  4 1 . 6  
4 4 . 6  4 0 . 3  
4 8 , 4  4 2 . 0  
5 5 . 7  5 0 . 5  
4 0 . 3  3 6 , 5  

4 7 . 6  4 2 . 5  

Solvent During 
extracted 

cake cooking 

% 
3 7 . 0  
3 6 . 2  
4 2 . 7  
4 3 . 1  
4 7 , 2  
4 0 . 8  
3 8 . 0  
3 8 . 0  
4 3 . 1  
4 7 , 5  
3 2 . 6  

4 0 . 6  

% 
3 4 . 4  
3 2 . 9  
2 7 . 3  
2 1 . 7  
1 3 , 0  
3 0 . 9  
3 2 . 5  
2 7 . 2  
2 7 . 5  
1 9 . 2  
2 9 , 8  

2 6 . 9  

Reduction in nitrogen solubility in 
0 .5  M N a C 1  

During During 
solvent 

pressing extraction 

% % 
1 2 . 9  3 . 0  
11.8  0 . 0  

5 . 7  3 .5  
5 . 7  6 .9  
3 . 0  5 . 5  
7 .1  4 . 6  
7 .0  0 . 6  
7 . 6  4 . 4  
7 . 7  6 .3  

7 .8  3 . 7  

Over-all 

% 
5 0 . 3  
4 4 . 7  
3 3 . 5  
3 2 . 9  
2 2 . 2  
4 3 . 5  
4 1 . 0  
3 8 . 9  
3 5 . 3  
3 1 . 2  
4 3 . 3  

3 7 . 8  

12.9%, were far less than those which have been re- 
ported for normal high temperature screw pressing 
(13),  where reductions of as high as 59% were found 
to occur. 

Nitrogen solubility in 0.02 N sodium hydroxide has 
been proposed by Lyman and associates (11) as a 
ehenlical measure which is superior to solubility in 
0.5 M sodium chloride for estimating the protein value 
of cottonseed meal. Recent studies (9) on the influ- 
ence of heating on the nutritive value of cottonseed 
meal tend to support this suggestion. These investi- 
gators (9) demonstrated that heating cottonseed meal 
produced a gradual reduction in nitrogen solubility 
in 0.02 N sodium hydroxide and, further, that the re- 
ductions in nitrogen solubility are related to changes 
in the nutritive value of the meal. 

Data for nitrogen solubility in 0.02 N sodium hy- 
droxide (Table VIII )  indicate that cooking was re- 
sponsible for the major reduction in nitrogen solubil- 
ity. In general, greater reductions were observed for 
mills cooking at higher temperatures or for longer 
periods of time. These reductions however, did not 
parallel those found for solubility in 0.5 M sodimn 
chloride (Table VII)  as cooking conditions which 
eaused considerable reductions in sodium chloride 
solubility (Mills Nos. 6, 9, and 11) did not produce 
comparably high reductions in sodium hydroxide solu- 
bility. In agreement with the salt solubility data, low 
temperature cooking (Mills Nos. 5 and 10) resulted in 
minimunl reduction in nitrogen solubility in 0.02 N 
sodium hydroxide. The data would seem if) indicate 
that, of the various cooking procedures used, those 
employed by Mills Nos. 5, 6, 9, 10 and 11 caused 

minimum reductions in nitrogen solubility, and pre- 
sumably minimum protein damage. 

Since less oil was removed from the meats in pre- 
pressing as contrasted to normal screw-pressing, less 
work was done on the meats and they were subjeeted 
to lower temperatures and pressures. These condi- 
tions apparently caused very little protein dantage as 
judged by the small average reduetion of 1.3% in the 
nitrogen solubility in 0.02 N sodimn hydroxide (Table 
VIII ) .  The conditions employed during solvent-ex- 
traction and meal drying caused a further reduction 
in nitrogen solubility ranging" from 0.9 to 8.7% 
(Table VIII ) .  The average reduction during solvent 
extraction, 5.7%, was sonlewhat higher than that 
found during" prepressing. 

Oil Quality. Laboratory refining data for the pre- 
pressed and solvent-extracted oils are tabulated in 
Tables IX  and X, respectively. 

Prepressed oils (Table IX)  generally refined to a 
prime color and were bleachable. After storage of the 
erude oil for 30 days at 100~ all of the oils had 
higher bleach colors. This phenomenon, which has 
been termed bleach color reversion, has been reported 
to occur in certain screw-pressed otis (18, 20, 21). The 
extent of color reversion in these screw-pressed oils 
has been found to be related to the gossypol content 
of the crude oils (18).  From the data given in Table 
IX  i t  is apparent, for the prepressed oils, that the 
bleach color reversion was not strictly proportional 
to the gossypol content of the crude oil. 

The solvent-extraeted oils (Table X ) ,  without ex- 
ception, were higher in both refined and bleaehed 
color than were the prepressed oils. The initial bleach 
color of the solvent-extracted oils did not seem to be 

T A B L E  ~rIII 

Nitrogen Solubility in 0.02 Normal Sodium Hydroxide 

Nitrogen solubility 0 . 0 2  N N a O H  Reduction in nitrogen solubility in 
0 . 0 2  N N a O H  

~IilI 

Over-all 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Moan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Prepared / 
moats 

% 
9 4 . 5  
9 4 . 2  
9 9 . 0  
9 9 . 0  
9 3 . 1  
9 5 . 4  
8 7 . 1  
9 0 . 0  
9 3 . 7  
9 4 . 6  
9 0 . 3  

9 3 . 7  

Cooked Press 
meats cake 

% % 
7 3 . 4  7 1 . 6  
7 0 . 2  6 7 . 2  
7 3 . 7  
7 3 . 1  7 3 . 5  
7 6 . 1  7 9 . 5  
7 6 . 2  7 5 . 9  
7 1 . 0  7 1 . 6  
7 0 . 2  6 8 . 9  
8 0 . 8  7 4 . 9  
8 0 . 3  8 1 . 0  
7 3 . 6  7 2 . 9  

7 4 . 4  7 3 . 7  

Solvent- 
extracted 

cake 

% 
6 8 . 2  
6 6 . 4  
6 6 . 7  
6 5 . 0  
7 4 . 6  
7 1 . 6  
6 4 . 8  
6 5 . 3  
7 3 . 6  
7 2 . 7  
6 6 . 4  

6 8 . 7  

During 
cooking 

% 
2 2 . 3  
2 5 . 4  
2 5 . 6  
2 6 . 2  
1 8 . 3  
2 0 . 0  
2 4 , 2  
2 1 . 9  
1 3 . 8  
1 5 . 1  
1 8 . 5  

2 1 . 0  

During During' 
solvent 

pressing extraction 

% % 
1 .9  3 . 6  
3 .2  0 .9  

57 i:~ 
0 . 0  5 . 4  
1 .7  4 . 5  
1 . 0  7 .8  
1 . 4  4 . 1  
3 . 0  4 . 7  
0 .3  8 . 7  
0 ,8  8 . 2  

1 . 3  5 . 7  

% 
2 7 . 8  
2 9 . 5  
3 2 . 6  
3 4 . 8  
2 3 . 7  
2 6 . 2  
2 6 . 9  
2 7 . 4  
2 1 . 5  
2 4 . 1  
2 7 . 5  

2 8 . 0  
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TABLE IX 
Ref in ing  D a t a ,  P r e p r e s s e d  Oils 

VOL. 32 

~[ill 

1 _ ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 . . . . . . . . . . . . . . . . . . . . . . . . .  I 

F r e e  fatty 
acids  

% 
3.3 
1.0 
1.5 
1.9 
2.1 
0.7 
0.8 
1.4 
1.0 
2.2 
1.6 

O r i g i n a l  p r e p r e s s e d  oils :Prepressed  oils s tored 30 days  a t  100~  

T o t a l  
gossypol 

% 
0 . 0 5 0  
0 ,20  
0 .38  
0 .60  
0 .33  
0 .25  
0 .19  
0 .55 
0 .33 
0 .66  
0 . 4 0  

Ref in ing  
loss 

% 
12 .6  

8 .4  
10.3  

9.8 
9.3 
4 .6  
5.4 
8.1 
6.4 
8,0 
8.8 

Oil color a 

Ref ined  B l e a c h e d  

9 .8  2.3 
6.8 2,2 
6.9 2.5 
7.1 2.8 
6.2 1.4 
4 .4  0.8 
4 .7  1.2 
5.2 1.5 
5.2 1.6 
5.1 1.5 
8.5 4 .4  

To ta l  Re f in ing  
gossypol loss 

% % 
0 , 0 4 6  12 .9  
0 .15  8.2 
0 .30 10 .1  
0 .50  9 .7  
0 .27  10 .2  
0 .23 4.3 
0 .14  5.1 
0 .45  7.6 
0 .27  7.0 
0 .55 8.6 
0 ,34  9 .5  

Oil  color 

Ref ined  Bleached  

8 .7  2.8 
7,4 3.0 
7.3 3.2 
9 .2  4 .0  

12 .7  3.4 
7.9 1.3 
5.7 1.7 
8.9 3.9 
7.6 2.8 
8.0 3.7 

10 .4  5,3 

a Spec t ropho tomet r i e  color. 

related to the cooking procedures employed at the 
mills although the oils from Mills 5 and 10, which 
employed low temperature cooking, compare favor- 
ably with those from other mills. It  can be noted 
from the data in Table I I  that the temperatures em- 
ployed in solvent evaporation and stripping were 
generally above 150~ Previous information on the 
heating of cottonseed oil miscellas (5, 19) indicates 
that color fixation occurs within the temperature 
range of 150 to 180~ and increases rapidly above 
180~ Such color fixation occurs in oil extracted 
from both cooked and uncooked cottonseed meats (5) 
and very probably involves the gossypol pigments 
present in the oil. On storage of the crude solvent- 
extracted oils at elevated temperatures (Table X),  
the bleach color increased. The average increase was 
1.8 units. This was somewhat higher than the average 
increase for the prepressed oils, 1.0 units. Thus while 
containing considerably less gossypol the solvent-ex- 
tracted oils had a slightly greater tendency toward 
bleach color reversion. 

In the present investigation the prepressed and 
solvent-extracted oils were refined separately whereas 
in practice these oils are usually combined and refined 
as preprcss-solvent oil. It should be emphasized that 
the data presented here are indicative of the quality 
of the two types of oils but not necessarily of the 
reconstituted oils. 

Meal Quality. Summary data for the chemical 
properties of the 26 prepress-solvent extracted meals 
are given in Table XI. All of these meals have been 
submitted to nutritional laboratories for evaluation. 

Free gossypol content, which ranged from 0.024 to 
0.063%, was fairly constant for meals from a given 
mill. Five mills produced meals with free gossypol 
in the range of 0.025 to 0.040% while meals from the 
other six mills ranged from 0.040 to 0.063%. 

Total gossypol content varied from 0.66 to 1.28% 
as a result of variations in the gossypol content of the 
meats (Table V) and of processing conditions which 
altered its distribution between meal and oil (Table 
VI). 

Nitrogen solubility in 0.5 M sodium chloride (Table 
X[) ,  which ranged from 25.5 to 47.8%, was consider- 
ably higher than the values which have been reported 
for normal high temperature screw-pressed meals, 
8.5 to 20.1% (16). This would indicate that as far 
as protein denaturation is concerned, conditions em- 
ployed in preprcss-solvent extraction are somewhat 
milder than those for normal screw pressing. 

Values for nitrogen solubility in 0.02 N sodium hy- 
droxide ranged from 65.4 to 83.4% with many of the 
values being in excess of 70. The chemical indexes 
of protein quality suggested by Lyman and associates 
(11) which involves nitrogen solubility in 0.02 N so- 
dium hydroxide divided by the total gossypol content 
are also reported in the table. These indexes ranged 
from 53.7 to 98.1 and in many instances compared 
favorably with those previously reported by Lyman 
and others (11) for meals of excellent protein value. 

Summary 
A study has been made of the relation between 

processing conditions and the chemical characteristics 
of cottonseed meals and oils produced by prepressing- 
solvent extraction. Twenty-six complete sets of mill 
samples of known processing history and representa- 
tive of the production at 11 mills were used in the 
investigation. 

Cooking conditions were the major factor influenc- 
ing the distribution of the gossypol between the meal 
and oil. Reduction in free gossypol during cooking 
was due to binding with meal components while that 
occurring during prepressing and solvent extraction 

T A B L E  X 
Ref in ing  : D a t a - - S o l v e n t  E x t r a c t e d  Oils  

O r i g i n a l  solvent  ex t r ac t ed  oils Solvent  ex t r ac t ed  otis s tored 30 days  at  100~  

:iV[ill Oil color a Oil color a 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F r e e  fatty 
ac ids  

% 
5.2 
1.3 
1.7 
1.9 
2.7 
0.8 
0.9 
1.4 
1.1 
2.2 
1.8 

T o t a l  
gossypol 

% 
0 .032  
0,11 
0 .23  
0 .20  
0 .11  
0 . 0 8 6  
0 .18  
0 .23 
0 .22  
0 . 0 9 8  
0 .20  

Ref in ing  
loss 

% 
16.2  

8.6 
9 .3  

10.3  
11 .6  

5.0 
7.2 
7.8 
8.2 
9 .6  
9.9 

Ref ined  B l e a c h e d  

16 .7  6.2 
10 .2  4 .4  

8.5 3.3 
16 .0  9 .6  

8.9 3.2 
5 .7  1.3 

10 ,3  6.0 
12 .5  6.6 
10 .9  4 .6  

7.1 2 .7  
9,0 4 .6  

To ta l  Re f in ing  
gossypol loss 

% % 
0 .039  19 .5  
0 , 0 9 5  12 .2  
0 .19  9 .8  
0 .17  9.9 
0 .11  12 .9  
0 .073  5.8 
0 .15  7.3 
0 .20  9 .3  
0 .19 8.0 
0 .075  10 ,4  
0 .17  10.1  

Ref ined B leached  

19 .2  6.6 
12.1  5.5 

8.7 4 .2  
18 .9  11.7  
13 .0  4.8 

5.8 1.7 
13 .2  7.6 
16 .7  10.2  
17.2  9.2 

9.6 3.9 
11 .5  6.3 

a ~pec t ropho tomet r i c  color.  
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TABLE XI 

Summary of Properties of 26 Prepress-Solvent Extracted 
Meals from 11 Mills 

Chemical Properties 
(as received basis) Range [ Average 

Oil content ................................................. 
Free gossypol ............................................. 
Total gossypol .................................. : ......... 
Total nitrogen ............................................ 
Nitrogen solubility-0.5 M NaCl ................ 
Nitrogen solubility-0.02N NaOH .............. 
Chemical index .......................................... 

% 
0.14 -- 2.34 
0.024-- 0.063 
0.66 -- 1.28 
6.35 -- 7.32 

25.5 --47.8 
65.4 --83.4 
53.7 --98.1 

% 
0.91 
0.044 
0.93 
6.72 

38.0 
72.2 
76.9 

resulted mainly from removal of gossypol in the pre- 
pressed and solvent-extracted oils. 

Nitrogen solubility data, which have been suggested 
a s  a measure of protein damage, indicated that the 
major change or reduction in nitrogen solubility oc- 
curred during cooking. Very little reduction was 
noted for prepressing or solvent extraction. The re- 
duction in nitrogen solubility during prepressing is 
much smaller than that previously reported for nor- 
real screw-pressing operations. 

Prepressed oils gave lower refining losses and lower 
refined and bleached color than did the solvent-ex- 
tracted oils. Bleach color reversion, after storage of 
crude oils for 30 days at ]00~ was greater for 
solvent-extracted than for prepressed oils. 

A number of meals exhibited the desirable charac- 
teristics of low free gossypol content and high nitro- 
gen solubility. Values calculated for chemical indexes 
of protein quality, as suggested by Lyman and associ- 
ates (11), indicate that many of the meals should 
have good protein quality. 
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T HE purpose of this papeT is to report the results 
of a coordinated study of the nutritional value 
of prepress-solvent cottonseed meals. The feeding 

trials were conducted in four separate laboratories. 
No attempt was made to standardize on a single type 
of test, and each investigator used a method of his 
choice. The report of each laboratory constitutes a 
section of this paper. 

Meals produced in commercial mills under varied 
but carefully controlled conditions were used. They 
were manufactured during a study of prepress-solvent 
mill operation by Pens, Thurber, and Hoffpauir (1),  
and the effects of processing conditions on the physi- 
cal and chemical characteristics of the samples have 
bc,m described by these authors. 

It is also the purpose of th i s  paper to evaluate 
further the relationship of the chemical and physical 
characteristics of cottonseed meals to the nutritional 
value of the protein. The free gossypol content of all 
meals used in this investigation (0.024-0.063%) was 
much lower than the minimum level which will result 
in gossypol toxicity in chicks (2). The types of nu- 

trit ional  tests conducted by the different laboratories 
varied considerably, but all were designed to measure 
protein quality. 

If it can be established that certain physical and 
chemical characteristics of cottonseed meal are closely 
related to the nutritional value of the product, then 
analyses of the meals for these characteristics become 
extremely useful guides in the production of superior 


