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T A B L E  V 

850 g'. a lkal i  re f ined fish oil ( L V .  189 .4)  C h a r g e - -  150 g. dehyd ra t ed  cas tor  oil f a t t y  ac ids  
Po lymer iza t ion  ............................... 1 hr,  a t  275°C,  
S t eam dis t i l la t ion .......................... 6 hrs .  a t  275°C.  

Dist i l la te  a c i d s - - 1 3 8  g. 
A .N  .............................................................. 202 
I . V  ........................................ : ...................... 79.7 

% S a t u r a t e d  acids  (Earle-]~nlner)  . . . . . . . . . . . . . .  38 .1% 
( % S a t u r a t e d  acids  in  o r ig ina l  oil . . . . . . . . . . . . . . . . . .  23 .4% ) 

Res idua l  oil 
Viscosity ........................................... Z:~ 
Color ................................................. 8 - 9  G a r d n e r  
A .V ................................................... ~ 8  
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Effect of pH During the Cooking of Cottonseed on the 
Properties of Meals and Oils 
W. H. KING, L. T. WOLFORD, F. H. THURBER, and A. M. ALTSCHUL, Southern Regional Research 
Laboratory, ~ New Orleans, and A. B. WATTS, C. W. POPE, and JEAN CONLY, 
Louisiana State University, Baton Rouge 

I 
N E A R L I E R  P A P E R S  results w e r e  presented, demon- 

strat ing that  variations in time, temperature,  and 
moisture in the cooking of cottonseed greatly in- 

fluenced the chemical properties of the extracted oil 
and both the chemical propert ies and nutr i t ive values 
of the meals (4, 7). In  a screw press plant, meals 
prepared from cottonseed meats cooked at a tow tem- 
perature  and a low moisture content were far  supe- 
rior to those cooked at  a high temperature  and high 
moisture content. In these papers it was also pointed 
out that  different processing procedures arc required 
for cottonseed than for other oil seeds because cotton- 
seed contains pigment glands. The chief component 
of these glands is gossypol, which makes up from 30 
to 50% of the weight of the glands and about 0.4 to 
1.7% of the weight of the d ry  meats. Gossypol and 
perhaps other unidentified pigments associated with 
it interfere with the growth of swine and poul t ry  and 
are responsible for  color reversion in cottonseed oils 
(11). Based on these results, it would appear  that  
the objective in processing cottonseed should be to 
produce a good oil and at the same time either to re- 
move or inactivate gossypol without lowering the nu- 
tri t ive value of the protein by excessive heating or 
any other means. 

One approach is to use successive solvent extrac- 
tions to produce superior meals and oil. Solvents 
suitable for extracting gossypol f rom cottonseed were 
investigated, and butanone was selected (3, 8). Ex- 
perimental  lots of meal were prepared with a very  
low gossypol content by  first extract ing the oil with 
hexane, followed by the extraction of gossypol with 
butanone. The protein efficiency of this meal (grams 
gain in weight per gram of protein consumed) deter- 
mined from chick-feeding studies was exceptionally 
high. For  that  reason the meal is being used as a 
standard in determining the nutr i t ive value of other 
cottonseed meals. I t  is assigned an a rb i t ra ry  index 
value of 100, and other meals are rated above or be- 
low this figure. On this scale commercial meals that  
have been evaluated rate from as low as 30 to as high 
as 90. 

1 One-of  the l abora to r ies  of the  Sou the rn  Ut i l i za t ion  l~esearch B r a n c h ,  
Agrieu-l tural  R e s e a r c h  Service,  U.  S. D e p a r t m e n t  of Agr i cu l tu re .  

The extraction of gossypol with butanone was time- 
eonsunfing and probably would not be commercially 
feasible unless valuable products  coald be made from 
it to defray at least a par t  of the extraction costs. 

Another  approach im'olves at tempts to inactivate 
ra ther  than to remove gossypol without using high 
temperature  cooking or other procedures which would 
lower nutr i t ive values. In  the experiments reported 
in this paper the effect upon meal and oil of varia- 
tions in moisture d u r i n g  the cooking procedure and 
of addition of acid and alkali were determined. 

Materials, Methods, and Equipment 

Three lots of cottonseed were used in the experi- 
ments: one lot f rom the 1951 crop raised in the vicin- 
i ty of Gree~iwood, Miss. ; another  f rom the 1952 crop 
from the Hill  County, Tax., area, and the th i rd  f rom 
the 1953 crop from the same area. 

Af te r  some prel iminary trials in which high and 
low moistures with and without st irr ing were used, 
it was found that  vigorous st irr ing was essential. Fo r  
that  reason a planetary type of mechanical mixing 
machine with a 3-speed stirrer,  manufac tured  by the 
Hobar t  Manufac tur ing  Company, 2 w a s  used as a 
cooker. The bowl was fitted with ribs to increase agi- 
tation and with a thermocouple well for temperature  
control. A gas burner  served as the main source of 
heat, and warm air, supplied by fans with heating 
coils attached, aided in the rapid removal of mois- 
ture. With this type of cooker it  was found that  the 
experiments could be divided into two groups, i.e., 
those in which the moisture was below about 22% 
and those in which it was above this amount. At  
moisture contents above 22% the flakes become plas- 
tic, and the pigment glands are broken by the mois- 
ture and beating action produced by the stirrer.  (The 
flakes were produced by carefully rolling the meats 
in a pair  of pilot plant  smooth rolls to a thickness 
of 0.01 in. I f  not comminuted to at least this extent, 
difficulty in obtaining a homogeneous plastic mass 
resulted in incomplete gland breakage.) Below 22% 
moisture the flakes do not become plastic, and it is 
difficult to break the pigment glands without high 
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temperature cooking or the use of extremely high 
shearing forces, such as those obtained in a screw 
press. Both of these procedures damage the protein 
to some extent, as shown by a decrease in soluble ni- 
trogen content. 

The pH of the material in the cooker was varied 
at intervals from 4 to 9.5 by the addition of either 
orthophosphorie acid or sodium hydroxide dissolved 
in the added water. A glass-calomel electrode system 
was used in determining pH values, and all readings 
were made on finished meal slurries prepared by 
agitating 10 g. of meal and 100 ml. of water for 2 
rain. with a Waring Blendor2 After several differ- 
ent cooks had been made, it was found that the pH 
of the finished meal and the percentages of acid or 
base could be plotted and curves constructed as shown 
in Figure 1. From these curves the amount of acid 
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Fro. 1. Effect of addit ion of H~PO4 or N a O H  before cooking 
on p H  of  extracted meal. 

or sodium hydroxide required to produce meals of 
any required pH can be determined. The curves were 
essentially identical for seeds containing a moderate 
amount of free fa t ty  acid obtained from two different 
localities but may not be accurate for all types of 
seed. 

A run at p i t  8.2 typical of the procedures used at 
all pH levels is described below. Thirty-five hundred 
grams of flakes (7.0% moisture) containing a suffi- 
cient amount of hulls to produce approximately 50% 
protein meal were stirred with 1,500 ml. of water 
containing 25 g. of sodium hydroxide (35% total 
inoisture). The temperature rose to 110°F. during a 
prestirring period of 30 rain. with application of a 
current of warm air. It  was then raised to 170 ° in 
10 rain. and to 212 ° in an additional 20 rain. Total 
time of cooking was 30 rain. (Figure 2 shows typical 
temperature-moisture-time relationships. The purpose 
of this type of cook is to remove the moisture evapo- 
ratively at low temperatures as rapidly as possible 
after it has served its purpose in breaking the glands 
and as a reaction medium between the chemical agents 
and the components of the cottonseed. Higher tem- 
peratures than were used have a detrimental effect on 
the protein quality of the meal.) The stirrer was op- 
erated at high speed in the early stages of the prep- 
aration to insure breakage of the pigment glands and 

Company and trade  names have been used only for the purpose 
of identifying equipment or materials  actually used in conducting the  
work ,  and  such use does  not  imply endorsement  or recommendation by 
the U. S. Department of Agriculture over other firms or shnilar prod- 
ucts not mentioTJed. 
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Pro. 2. l~elationship between moisture content  and tempera- 
ture dur ing cooking. 

in later stages was reduced to medium or low speed. 
After about 10 min. oil begins to separate, and in 
about 20 rain. the moisture content is reduced to. a 
point at which the plastic mass becomes granular. At 
the close of the heating period the moisture content 
varies from about 7 to 10%. The cooked flakes were  
cooled and extracted with hexane in a laboratory-type 
solvent extraction apparatus. 

Moisture, oil, total nitrogen, and free gossypol were 
determined by official methods of the American Oil 
Chemists' Society (1) ; total gossypol by methods pro- 
posed by Pous et al. (9) ; nitrogen solubility in 0.02 N 
sodium hydroxide by the procedure of Lyman et al. 
(6) ; and oils were refined by official methods Ca-9a- 
52 of the American Oil Chemists' Society. The re- 
fined oils were bleached in accordance with official 
method Cc-8a-52 and oil color determined by use of 
the photometric method Cc-13c-50 of the American 
Oil Chemists' Society (1). Nutritive values were ob- 
tained from chick-feeding studies conducted at Louisi- 
ana State University. In making these evaluations, 
day-old chicks are placed on a depletion diet for 10 
days and then supplied with the diet to be evaluated 
(protein level 12%, 6% from a standard corn meal, 
and 6% from cottonseed meal) for an additional 14 
days. Except for minor modifications the method 
used was that of Heiman et al. (5). Grains gain in 
weight per gram of protein consumed, or protein effi- 
ciencies are determined and compared with the pro- 
tein efficiencies obtained in feeding a standard meal 
(2, 5). 

Resul t s  

In the low temperature cooks of the type described 
the amount of gossypol extracted with the oil varies 
with pH. In acid cooks there may be as much as 1% 
of gossypol in the oil, and the amount decreases with 
increase in pH. At about pH 8 there are only traces 
of gossypol remaining in the oil. Conversely, bound 
gossypol in the meal increases with increase in pH. 
Gossypol is soluble in alkaline solutions, and when 
the pigment glands break, the gossypol is evidently 
taken up in the alkaline solution and then becomes 
bound to other components of the meal, leaving the 
oil essentially free from gossypol and a meal with a 
high bound gossypol and low free gossypol content. 
In the meals that have been prepared the free gossy- 
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pol of the alkaline cooked meals varies f rom about 
0.02 to 0.05% and the acid cooks f rom about 0.03 to 
0.08%. Total  go~sypol content var ied  f rom a low of 
0.4% for the acid cooks to 1.2% for  the alkali cooks. 

The s o l u b l e - n i t r o g e n  content of raw cottonseed 
meats  varies f rom 87 to 99% (10). Typical  soluble 
ni trogen values for the experimental  meals are shown 
in F igure  3. The base line 80 in F igure  3 represents  
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FI~. 3. Influence of pH during cooking on soluble nitrogen 
content of cottonseed meal. 

the amount  of soluble-nitrogen in butanone-extracted 
meal, and the circles show values of a series of meals 
made up  at p H  levels va ry ing  f rom 4 to 9. I t  is iu- 
terest ing to note that  most of these points with the 
exception of those of the very high and very  low p H  
meals are higher than  the s tandard  meal. The solu- 
bilities of the meals p repared  at p H  5.1 and p H  8.2 
are exceptionally high. I t  may  be that  some hydroly-  
sis takes place at these points that  produces an in- 
crease in ni t rogen solubility. The range of values for  
a series of prepress-solvent-extracted meals are shown 
below the base line. They  range in value f rom about 
65 to 80 and range in p H  f rom 6.0 to 6.3 (10). 
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FIO. 4. Influence of pH during cooking on nutritive value of 
cottonseed meal. 

Var ia t ion in nutr i t ive  value with p H  of the meals 
is shown in F igures  4, 5, and 6. The circles are aver- 
ages of the number  of values obtained at  each of the 
indicated ranges shown at  the top of the figures. 
There were some variat ions in some of the individual  

results used to obtain the average values for  the dif- 
ferent  p H  levels. 

F igure  4 i l lustrates graphical ly  the effect of cook- 
ing at the p H  levels indicated, and Figures  5 and 6 
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FIG. 5. Nutritive value o f  cottonseed meals prepared by 
stirring raw cottonseed meats at room temperature and at 
va~3dng pH lcvels followed by neutralization before cooking. 

i l lustrate the effect on mlt r i t ive  value of ad jus t ing  
the p H  to approximate ly  5.6 before and  a f te r  cook- 
ing. I n  the cooks represented in F igure  5 the flaked 
meats  were st i rred at  room tempera tu re  (80-110°F.)  
for  approximate ly  15 rain. at h igh  moisture levels 
and at the p H  levels indicated, followed by the ad- 
dition of phosphoric acid or sodium hydroxide to 
obtain a p H  of approximate ly  5.6, s t i r r ing for  an ad- 
ditional 15 milJ., and cooking as previously described. 
F igure  6 i l lustrates the effect of cooking at the p I I  
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Fm. 6. Nutritive value of cottonseed meals cooked at vary- 
ing pH levels followed by neutralization after oil extraction. 

levels indicated, followed by  extract ion of the oil and 
neutral izat ion of the extracted meal to approx imate ly  
p H  5.6 with either H~PO4 or NaOH.  

Nut r i t ive  values obtained with the meals produced 
were unexpected in tha t  m~ny of the meals were 
higher in nutr i t ive  value than  the butanone-extracted 
meal, which was assigned a value of 100. 

In  F igure  4 the averages show high nutr i t ive  lev- 
els at  a p H  of about 4.5 to 5.5, a dip near  the neutra l  
point, and another  high h, vcl at abduct p i t  6.5 to 8.5. 
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Effect  of p H  in  Cooking  Cottonseed Meats  on P r o p e r t i e s  of the  E x t r a c t e d  Oil 

Sample  NO, 

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

l 0  ............................................ 
11 ............................................ 

Type  of cooking  

Acid cooked ( B . S . )  a 
Acid cooked ( B . S . )  
Acid  cooked ( B . S . )  
Acid cooked (A.S . )  b 
Alkal i  cooked ( B.S.  ) 
Alkal i  cooked ( B.S.  ) 
Alkal i  cooked (B .S . )  
Alkal i  cooked (B .S . )  
Alkal i  cooked (A. S. ) 
W a t e r  cooked (B .S . )  
W a t e r  cooked (A.S . )  

[ 
p H o f  I Gos. in  
cook ~l o i l , %  

5.1 
5.1 
5.1 
8.2 
8.2 
8.2 
8.2 
8.2 
6.3 
6.3 

t . 0  
1.o 
1.o 
1.0 
o.o13 
o.o13 
0.o13 
0.013 
0.013 
0.80 
0.80 

% 
F F A  

1.6 
1.6 
1,6 
1,7 
0.3 
0.3 
0.3 
0,3 
0.3 
1,1 
1.0 

l%efining e 
p r o c e d u r e  

H y d r a u l i c  
Expel le r  
Slow b r e a k  
Slow b r e a k  
Stow b r e a k  
Slow b r e a k  
Slow b r e a k  
Ce n t r i f uge  
Slow b r e a k  
Slow b r e a k  
Slow b r e a k  

N a O H  added  

i G m s . ( d r y )  
B~ p e r  100 

gins.  Oil 

I 12 I 0.85 
20 ] 0.91 
16 I 1.44 
16 ! 1.44 
12 0.60 
12 0.30 
12 0.32 
12 0.30 
12 0.50 
14 0.60 
14 0.59 

Re2~ in~  Ref ined 
loss " color a 

' 4 - - T L ~ - -  4.0 I 7.a / 
4.7 ] 5.o t 
5.6 7.0 
9.4 4.0 ! 
4.5 t 6.0 
4,5 5,8 
3.7 3.9 
7,7 / 5.0 
6.2 7.1 
5.5 / lO.O 

Bleached  
color a 

2.7 
2.5 
1.0 
2.9 
0.9 
1.2 
0.8 
1.1 
1.1 
2.6 
3.9 

B.S.  ---- before  s torage ,  bA.S.  : a f t e r  s to rage  for  30 days  a t  100°F.  c Official Methods of A m e r i c a n  Oil Chemis t s '  Society ( 1 ) .  ,i Spectrophoto-  
met r i c  Red.  

The type of cooking i l lustrated in F igures  5 and 6 
lowers the nutr i t ive  values on the acid side and shifts 
the points of highest nutr i t ive  value to higher p H  
levels. These pre l iminary  results indicate tha t  vari-  
ations in p H  dur ing  cooking at  high moisture  levels, 
can have a pronounced influence on the chemical con> 
position and nutr i t ive  values of cottonseed meals. 

Oil Recovery and 0il Quality 
While this s tudy was chiefly concerned with the 

establishment of the qual i ty  of the meal under  vary-  
ing processing conditions, the yield and quali ty of the 
oil are also of importance.  At  the high moisture lev- 
els used in these tests (30 to 40%) some of the oil 
separates dur ing  the early stages of cooking and is lost 
due to spillage f rom the open cooker. For  this rea- 
son accurate  da ta  on oil yields could not be obtained 
with the equipment  available. Some interest ing re- 
sults were obtained on the quali ty of the oils pro- 
duced f rom the high moisture cooks. 

I n  an earlier paper  (11) it was pointed out tha t  
color reversion in cottonseed oils is a serious problem 
in some areas and that  color reversion does not occur 
in oils f rom which gossypol and related pigments  have 
been removed. In  these studies oils f rom the acid 
cooks were high in gossypol, those f rom the neutra l  
cooks somewhat lower, and those f rom the alkali cooks 
were essentially free f rom gossypol. Oils of these 
three types were refined and bleached immediately 
af ter  extraction, and identical samples were stored 
for  30 days at 100°F., then refined and bleached. 

As m a y  be seen f rom the results in Table I, those 
oils which contained gossypol tended to rever t  in color 
and were more difficult to refine a f te r  storage. When 
the max imum amount  of lye recommended for  oils 
f rom the alkali cooks (0.6 g. per  100 g. oil) was used, 
an unexpectedly high refining loss (9.4%) and a color 
of 0.9 were obtained. When  half  this amount  of lye 
was used (No. 6), the loss was reduced to 4.5% and 
the color was 1.2. Tha t  is, 0.3 g. of lye gave about  the 
same results as 1.44 g. of lye with the acid cook. The 
foots f rom the acid-cooked oils were hard  and con- 
tained less than  3% of neutra l  oil. Those from the 
alkali cooks were granular  and soft and contained 
over 30% of neut ra l  oil. H a r d  foots and consequently 
a lower refining loSs were obtained when the oils were 
refined by a centr i fugal  method (No. 8) supplied by  
the DeLaval  Separa tor  Company.  2 The method wa~s 
designed to give results which correlate closely with 
those obtained in commercial operations. These re- 

sults suggest tha t  oils with a low refining loss and a 
low bleached color can be obtained by the high mois- 
tu re  alkaline cooking procedure. 

Conclusions 
The cooking of cottonseed meats in the laboratory  

at vary ing  p H  levels, low temperatures ,  and high 
nmistures resulted in improvement  in t he  quali ty of 
both the meals and oils. The meals were high in 
soluble nitrogen, and at opt imum p H  levels their  
mlt r i t ive  value as measured by  the growth rates  of 
chickens in short- term tests was superior  to that  of 
a butanone-extracted meal. 0i ls  f rom meats  cooked 
at low p H  levels were high in gossypol and were 
subject  to color reversion dur ing  storage while those 
f rom meats  cooked at high p H  levels had a low re- 
fining loss, were low in gossypol, and were not sub- 
ject to color reversion dur ing storage. Both types  of 
oils could be refined sat isfactori ly immediately  a f t e r  
extraction. 

Parallelisnl between the curves showing the rela- 
tionship between p H  and ni t rogen solubility and p H  
and nutr i t ive  value was marked.  

Acknowledgment 
The authors  are pleased to acknowledge the assist- 

ance of J.  C. Kuek, who made the determinat ions on 
the propert ies  of extracted oils, and tha t  of Roslyn 
Kupperman ,  who made m a n y  of the soluble ni trogen 
and gossypol determinations. 

P ~ E F E R E N C E S  

1. A m e r i c a n  Oil Chemis t s '  Society, "Official  and  T e n t a t i v e  Methods  
of Ana lys i s , "  ed. 2, rev .  to 1953, Chicago,  1 9 4 6 - 5 3 .  

2. Condon, M a r j o r i e  Z., J en sen ,  E d i t h  A., W a t t s ,  A. B., and  Pope ,  
C. W.,  "Ef fec t  of Au toc l av ing  in P r e s e n c e  and  Absence  of Gossypol  
on a So lven t -Ex t rac ted  Cot tonseed Meal"  ( in  m a n u s c r i p t ) .  

3. Dechary ,  J .  M., K u p p e r m a n ,  R.  P. ,  T h u r b e r ,  F. H. ,  a n d  AltschuI,  
A. M., J .  Am.  Oil Chemis t s '  Soe., 29, 3 3 9 - 3 4 1  ( 1 9 5 2 ) .  

4. H a d d o n ,  R., Schwar tz ,  A. K.,  Wi l l i ams ,  P .  A., T h u r b e r ,  F.  H. ,  
Ka ron ,  M. L., Dechary ,  J . ,  Guice,  W.,  K u p p e r m a n ,  R., O 'Connor ,  R.  T,, 
and  Altsehul,  A. M., Cotton G i n  a n d  Oil Mill P re s s ,  51 ( 9 ) ;  1 8 - 2 0  
( 1 9 5 0 ) .  

5. I~Ieiman, V ,  Ca r ve r ,  J .  S., and  Cook, J .  W.,  P o u l t r y  Set., 18, 
4 6 4 - 4 7 4  ( 1 9 3 9 ) .  

6. L y m a n ,  C. M., Chang ,  ~V. Y., and  Couch, J .  R.,  J .  Nut r i t ion ,  49, 
6 7 9 - 6 9 0  ( 1 9 5 3 ) .  

7. Mil l igan,  J .  L., and  Bi rd ,  H.  R., P o u l t r y  ScL, 30, 6 5 1 - 6 5 7  ( 1 9 5 1 ) .  
8. P o m i n s k i ,  J . ,  Molaison, L. J . ,  Crovetto,  A. g.,  Wes tbrook ,  R. D., 

IYAquin ,  E .  L.,  and  Gui lbeau ,  ~V. F.,  0 i l  Mill Gaz., 51 ( 1 2 ) ,  3 3 - 3 9  
( 1 9 4 7 ) .  

9. Pons ,  ~V. A. J r . ,  Hof fpau i r ,  C. L., and  O 'Connor ,  R. T., J .  Am.  
0 i l  Chemis t s '  Soc., 28, 8 - 1 2  ( 1 9 5 1 ) .  

10. Pens ,  V¢. A. J r . ,  Thu rbe r ,  F. H.,  and  H of f pa u i r ,  C. L.,  J .  Am.  
Oil Chemis t s '  Soc., .?,2, 9 8 - 1 0 3  ( 1 9 5 5 ) .  

11. Thu rbe r ,  F. H.,  V i x ,  H .  L.  E.,  Pons ,  W.  A. J r . ,  Crovetto,  A. J . ,  
and  Knoepf ier ,  N. B., J .  Am.  Oil Chemis t s '  Soc., 31, 3 8 4 - 3 8 8  ( 1 9 5 4 ) .  

[Received July 18, 1955] 


