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O F the controllable variables influencing the yield 
and the qualities of the products in the solvent 
extraction of oilseeds the nature  of the solvent 

is probably the most important  (1). Although the 
l i terature contains numerous accounts of extraction 
of cottonseed with different solvents (2, 3, 4, 5) as 
well as studies of the effect of various solvents on 
cottonseed pigment glands (6), so far  as is known to 
the authors the effect of different solvents on the yield 
and the qualities of the products has not previously 
been explored on a comparative basis in which the 
solvent was the only significant variable. 

I t  is the purpose of this paper  to present data which 
were obtained in comparative testing of five different 
commercial oil solvents as extractants for  cottonseed 
by  pilot-plant-scale batch extraction, showing the ef- 
fect of each solvent on the yield, composition, and 
qualities of the products. 

Experimental Conditions 
MATERIALS 

Solvents. The solvents tested were hexane (which 
was included as a control since it is practically the 
s tandard for  the indus t ry) ,  benzene, ethyl-ether, ace- 
tone, and butanone (e thyl-methyl-ketone) .  The sol- 
vents were of commercial grade, were obtained in 
drum lots through regular  trade channels, and were 
employed as received. The properties of the solvents 
are shown in Table I. 

Cottonseed and flakes. The cottonseed were prime 
quality, Louisiana-grown seed which had received no 
t reatment  of any kind. A supply of seed for use in 
the experiments was thoroughly mixed and stored in 
sealed drums in a cold storage locker maintained at 
32 ~ to 34~ conditions which have been reported 
(8, 9) to minimize changes in stored seed. The seed 
were removed from storage as required for each of 
the extractions. 

Whole meats, containing only a small amount of 
broken meats and 2% or less of hull material, were 
prepared from the seed in conventional small-scale 
oil mill equipment. The meats were flaked by  a single 
pass between one-high corrugated rolls followed by 
a single pass between one-high, spring-loaded smooth 
rolls. The flakes produced ranged in thickness from 
.008 to .010 inch. 

The freshly prepared flakes had a moisture content 
of 6.8 to 7.2%. To prevent  dilution of the water-mis- 
cible solvents their moisture content was reduced to 
4 • 1% by  drying for  3 hours at 120~ in a circu- 
lating-air, steam-heated t ray  dryer.  

Both meats and flakes were produced immediately 
prior  to extraction. The part ial ly dried flakes were 
loaded into the extractor  and covered with solvent 
while still warm. Approximately 125 pounds of flakes, 
equivalent to about 120 pounds on a moisture-free 
basis, were charged to the extractor  cell for  extrae- 
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tion with each solvent. The five batches of flakes were 
practically identical in composition when charged to 
the extractor  (Table I I I ) .  

t )ROCEDURE 

Equipment. The extractions were made in an all- 
iron, pilot-plant batch extractor  unit  which was de- 
scribed in a previous publication (10). A diagram- 
matic sketch of the assembly is shown in Figure  1. 
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FIG. 1. Portable batch solvent extraction plant 
1. Cold Water  Container 4. Extractor 
2. Vacuum Dis~illa.te Tank 5. Evaporator  
3. Solvent Storage Tank 6. Condenser 

7. Sight Glass 
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The unit  is so designed and constructed as to enable 
control of solvent rate, solvent temperature,  and ex- 
t ractor  temperature.  The evaporator is of the pot- 
type and is equipped with a totally immersed steam 
coil and has provisions for thermostatic control and 
for vacuum operation. 

Extraction. To determine the maximum effect of 
the different solvents on the yields, composition, and 
qualities of the meals and crude oils, the extractions 
were exhaustive; a solvent-to-flake ratio of approxi- 
mately 3.3 gallons of solvent per pound of flakes 
(moisture-free basis) was used. The heated solvent 
was pumped through the flakes at a rate of about 
30 gallons per hour with frequent  soaking periods 
in the early stage of extraction. When the discharge 
from the extractor  became colorless, the rate was in- 
creased and pumping continued unti l  the predeter- 
mined gallonage (approximately 400 gals.) had been 
passed through the flakes. Owing to varying lengths 
of time required to obtain a colorless discharge with 
the different solvents there was some variation in the 
extraction times (Table I I ) .  

Meal desolventization. The meals were desolventized 
by  spreading them on open trays and aerating unti l  
they appeared dry. They were then heated for 4 hours 
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T A B L E  I 

Proper t ies  and  Character is t ics  of Solvents  

Ethyl- Buta-  
Solvent  Hexane  Benzene Acetone ether  none a 

Dis t i l la t ion  I 152-160 ~ 172-230 I 131-135 I ........ I 172 183 
Range,  ~ s . . . . . . . . . . . . . . . . .  

�9 �9 �9 . o b ........ B m h n g ]  rant, F ............ ] ........ [ ........ [ ........ / 94 .1  ] 
D e n s i t y ( 2 5 ~  ............. ] 0 .6852b] 0.8668 / 0.7849 I 0 .71831  0.8000 
Ref rac t ive  Index  ............ 1.385 ~ 1.495 1.3741 1.3515 1.3566 
Evapora: : ion [ [ [ [ [ 

R e s i d u e , %  ................. ] 0.0002 l 0.003 ] 0.006 ] 0.007 [ 0.014 
W c ater,% ....................... [ ........ t 0.06 I 0.43 1 0.56 [ 0,10 

a Ethyl-methyl-ketone.  
bF rom specifications of manufac tu re r .  
eB:~ the Kar l  F ischer  method (7) .  

at 120~ in a circulating-air,  steam-heated t r ay  dryer  
to remove the last traces of solvent. In  none of the 
meals could the odor of the solvent be detected af ter  
this t reatment .  

Crude oil desolventization. The miscella f rom each 
of the extractions was fed directly f rom the extractor  
to the evaporator  where it was continuously concen- 
t ra ted  under  vacuum. The concentrated miscella was 
filtered ( through filter paper )  and then reintroduced 
into the cleaned evaporator  and fu r the r  concentrated 
at the same conditions. The max imum tempera ture  to 
which each of the miscellas was heated dur ing the 
two-stage concentration is included in the data shown 
in Table I I .  Heat ing  of the miscellas was controlled 
a t  or below 140~ to eliminate insofar  as possible 
any  tendency to fixation of color in the oils ( l l ,  14). 
The time of heating at the max imum tempera ture  was 
in every case of very  short dura t ion .  The miscellas 
were protected f rom contact with air  and froni expo- 
sure to light as much as possible during extraction 
and concentration. 

The concentrated miseellas, as they were produced, 
were sealed in glass containers and stored in a light- 
proof cabinet unti l  all had been accumulated. Days 
of storage of the various solvent miscellas pr ior  to 
s t r ipping were as follows: hexane, 35; benzene, 40; 
ethyl-ether, 56; acetone, 90; and butanone,  12. 

F inal  desolventization was accomplished by  strip- 
p ing with ni trogen in glass labora tory  appara tus  un- 

T A B L E  I I  

Extract !on Data and Mater ia ls  Balance 

Solvent  ' Uexane  

Ext rac t ion  Condi t ions  I 
Ratio,  so lvent / f lakes  a ........... ' 3.52 
Time-extracted, hrs  . . . . . . . . . . . . . . .  14.7 
Temperature ,  ~ Av . . . . . . . . . . . . .  ! 119  

Maximum ........................... 131 
Desolvent iz ing Temp., 
~ Max. 

Meal ...................................... 12(1 
Crude  oil ............................... 135 

Mater ia ls  Balance  I 
Flakes  to extractor  lb. ! 

As charged to I 
ext ractor  ........................ I 125.1 

Moisture-free basis . . . . . .  ] 120,0 
Meal yield, lb. ! 

As removed I 
f rom dryer  ....................... ! 80.3 

Mois tu re - f reebas i s  ............. 4 76,5 
Corrected for loss b .............. 77A 
Percen tage  of flakes c .......... 64,25 

Crude  oil yield, lb. i 
Volatiles-free ...................... 42,0 
Corrected for loss b .............. 4 2 9  
Percen tage  of flakes e ......... 35,75 

,IBenz e : Ethvl-  I . n e  ~ h e r  Aeetom 

3.34 I 3.35 3.32 
12.8 15.2 17.5 

115 ] 93 112 
125 105 130 

120 1120 120 
124 130 128 

124.0 124.8 127.0 
119.8 119.8 120,7 

80.1 79,5 80.6 
75.7 73.8 75,4 
76.0 76,2 76.3 
63 44 63,61 63.21 

41.0 42,4 4 1 6  
43.8 43~6 44.4 
36.56 36.39 36.79 

But*-  
none 

3.36 
19.4 

114 
124 

120 
140 

125.0 
118.8 

78.7 
73.2 
74.3 
62.54 

43.1 
44.5 
37.46 

*Gal lons  of solvent  per  pound of moisture-free flakes. 
bCorrected for mechanical  loss on basis of analys is  of flakes, meal, 

and oil. 
eCalcula ted on corrected yield. 

der a vacuum of approximate ly  28 inches mercury  
with the tempera ture  of the oils controlled at 131~ 
Nitrogen was used in preference to steam to prevent  
precipi tat ion of phospholipid mater ial  and to avoid 
any possibility of other physical or chemical changes 
in the minor oil components result ing f rom contact 
with wet steam. The oils were s t r ipped immediately 
pr ior  to refining and bleaching. 

Analytical methods. The analytical  methods used 
were, where applicable, those recommended in the 
Official and Tentat ive Methods of the American Oil 
Chemis ts 'Soc ie ty  (12). Li tera ture  references to other 
methods employed are cited in the appropr ia te  place. 

Protein preparatiom A 200-g. portion of each of 
the meals was ground to pass a 60-mesh screen and 
extracted with sodium hydroxide at room tempera-  
ture (78~ with vigorous st irr ing throughout.  A 
water-to-meal ratio of 15 to 1 was used, and the mix- 

T A B L E  I I I  

Analysis  a of Cottonseed, Flakes, Meal, and Crude Oi l s  

Thia- 
~ a t e r i a l  min  t 

Solvent  

Seed 

Hexane  Flakes  
:Meal 
Crude 0 i l  

Ben2ene 

Aeeione 

Flakes  
Meal 
Crude Oil 

Flakes 
:Meal 
Orude Oil 

Ethyl-ether  Flakes  
Meal 
Crude 0 i l  

Bu tanone  Flakes  
Meal 
Crude Oil 

:Mois- 
t u r e  & 
vola- 
tiles 

% 

F.F.A.  Nitro- 
Oil c in 

Oil gen 
i 

% % 
t8 18.66 0.35 3.34 

12 35.2 0.60 6.19 38.66 . . . . . . . .  
78 0,54 9,63 60.19 69.5 
13 ...... 0.87 . . . . . . . . . . . . . . . . . . . . . .  

~0 35.3 0.52 6.22 38.88 . . . . . . . .  
,)3 0.83 9.89 61.81 72.5 
30 ; ...... ~ 1.10 . . . . . . . . . . . . . . . . . . . . . .  

)0 35.0 0.68 6.21 38.84 
~1 040 978 61.11 4~i:~ 
16 ~ ...... ~ 1.76 . . . . . . . . . . . . . . . . . . . . . .  

l0  35.2 0.54 6.24 39.02 [ ...... 
17 0 18 ...... 9 76 60 99 78.1 
34 [ 2 52 

94 [ 351 I 0 .58  6 2 0  38.72 ...... i 
02 0.15 [ ...... 9.83 [ 61.45 I 77.2 ] 
15 ...... 2.37 . . . . . . . . . . . . . . . . . .  

Nitro- I Pro- gen Phos- g Freeg  Total h 
te in d solubil- Ash phorus  Su ars  f gossy- gossy- 

i ty ~ pol pet 

% % % % % % % 

5.33 1.17 
8.26 1.77 
0.06 0.032 

5.33 ~ . 1 6  
8.32 1.76 
0.09 0.043 

5.31 1.15 
8.33 1.78 
0.17 0.049 

5.34 1.16 
8.35 1.76 
0.15 0.053 

5.31 1.15 
8.45 1.78 
0.15 0.075 

p . p . m .  

7.6 1.00 
12.0 1.10 

7.8 0.98 
13.0 0.63 

7,1 1.00 
11.0 0.07 

7.8 0.99 
13.0 0.12 

L ;;; 
I 2:0 1~176 [ 

0.91 
1,23 33.41 
0.09 . . . . . . .  

0.94 
0.87 34.95 
0,14 . . . . . . .  

1.00 
0.15 33.31 
t .42" 

0.98 
0.21 34.34 
1.&3 

1 . 0 2  

0.11 33.89 
1,25 

aAnalyses on molsture-free  and volati les-free basis  except for  va lues  in column 3. 
b Ni t rogen s t r ipped.  
e B y  A.O.C.S. method Ba  3-38 wi th  pet roleum ether (12) .  
aNi t rogen  X 6.25. 
ePe rcen tage  soluble in  .5N NaC1 solution (15) .  
f D e t e r m i n e d  as total  sugars  i nc lud ing  raffinose and  repor ted  as i nve r t  sugars  (21) .  
gDe te rmined  by method of Pens  and Gu th r i e  (16) .  
hDetormined  by method of Pens,  I-Ioffpauir, and O'Connor  fo r  total  gossypol in meal (17)  and oil (18) .  
tDotermined by the modified method developed by the Analyt ical  Div i s ion  of S .R.R.L.  f rom two publ ished methods (19, 20) .  
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T A B L E  I V  

Efficiency of the  Solvents  for  E x t r a c t i n g  Oil a 

] Oil I Y i e l d o f  ] Oil I Tota l  ) Tota l  
Solvent  in  c rude  oil in  ] oil in  [ oil ex- 
_ _  f lakes  ex t r ac t  b mea l  meal  e t r ac t ed  e 

Ylexane .......................... a5.2 35.75 [ 0 .54 0.99 / 99.01 
Ben zene  ........................ / 35.3 [ 36.56 [ 0.83 ] 1.49 [ 98.51 
Ethyl -e ther  .................... J 35.2 ] 36.39 ] 0.18 ) 0.33 I 99.67 
Acetone ......................... 35.0 36.77 ] 0.40 0.73 ] 99.27 
B u t a n o n e  ...................... I 35.1 t 37.44 L 0.15 ] 0.26 ~ 99.74 

a B y  A.O.C.S.  me thod  B a  3-38, "o i l "  r e f e r r i n g  to the  m a t e r i a l  deter-  
m i n e d  by th is  method .  

b P e u n d s  of volat i les-f ree  c rude  oil d iv ided  by p o u n d s  of mois tu re -  
f ree  f lakes.  

e Calcula ted  f r o m  da ta  in  Tables  I I  a n d  I I I .  

T A B L E  V 

D i s t r i b u t i o n  of t he  Gossypol  of the Or ig ina l  F l a k e s  Be tween  the  
Meal  and  Oil as Effec ted  by the  Solvent  

Gossypol of the o r ig ina l  f lakes 

E x t r a c t i o n  F o u n d  in the  meal  as : } t round in Ac- Not ac- 
so lvent  the c rude  counted  counted  

Tota l  a :Free a B o u n d  ~ i oil a :[or for  

% % % % % % 
H e x a n e  79.26 70.65 8.61 3.18 82.44 17.56 
Benzene  ' 56.06 40.46 15.60 5.17 61.23 38.77 
Acetone  9.52 4.30 5.22 52.07 61.59 38.41 
Ethyl -e ther  13.54 7.53 6.01 52.71 66.24 33.76 
B u t a n o n e  6.77 3.71 3.06 45.87 52.64 47 .36  

Calcula ted  f rom da ta  in Tables  1I  and  I I I .  
b By  d i f fe rence :  Tota l  gossypol  less f r ee  gossypol.  

ture was maintained at a p H  of 10.0 for  the 30-minute 
extraction period. The extract  was separa ted  from the 
bulk of the spent meal residue by  screening and then 
clarified by  centrifuging. The spent meal residue was 
not washed. The protein was precipi tated from the 
clarified liquor by  adjust ing the pH  of the liquor to 
4.0 with gaseous sulphur dioxide and the coagulated 
protein reclaimed by  centrifuging. The wet curd was 
dried, without pr ior  washing, in a forced-air draf t  
oven at 120 ~ F.  

Determination of protein color. The dried solid pro- 
teins were ground to pass a 20-mesh screen and their  
order of pigmentation (Table VI)  was estimated by 
visual examination. 

Clear dispersions of the different proteins were pre- 
pared by  dissolving 0.40 g. of each in 100 ml. of 0.02 
N sodium hydroxide solution and filtering through 
analytical-grade filter paper. The Lovibond red color 
of the dispersions was determined by  readings in the 
Lovibond colorimeter using a 1-in. tube depth (see 
Table -gI). 

Spectrophotometrie data on clear protein disper- 
sions, prepared  i d e n t i c a l l y  to those used for  the 
Lovibond readings, were obtained and the tristimulus 
values for  the dispersions calculated. The tristimuhls 
coefficients were calculated and the psyehophysieal 
values, luminous transmission or brightness, domi- 
nant  wave length, and pur i ty  were determined by 
the method and from the I .C.I .  tables given in the 
" H a n d b o o k  of Color imetry"  (13). 

Refining tests. The crude oils were subjected to re- 
fining tests by  two established and one non-standard 
method. The methods and the lye concentrations used 
were : 

a )  The method of the American 0il  Chemists' So- 
ciety for  hydraulic-pressed cottonseed oil (Ca 9a-41). 
Lyes used were 12 ~ 14 ~ and 16 ~ B6. 

b) The method of the American Oil Chemists'  So- 
ciety for slow-break cottonseed oil (Ca 9a-41). Lyes 
used were 14 ~ 16 ~ and 20 ~ B4. 

c) The method of the American Oil Chemists' Soci- 
ety for  hydraulic-pressed cottonseed oil but  modified 
to require a 90-minute cold stir (14). Lyes used were 
14 ~ , 16 ~ and 20 ~ B4. 

Colors of the refined oils were determined in accord- 
anee with prescribed American Oil Chemists' Society 
methods (Co 13b-45). 

Bleaching tests. One 200-g. portion of each of the 
refined oils was bleached with 6% of A.O.C.S. Official 
Natural  Bleaching Ear th  and one 200-g. portion with 
4% of Bennett-Clark clay a and 1% of activated car- 
bon. The temperatures,  st irring rates, and times were 
as prescribed by tile American Oil Chemists' Society 
(Co 8a-49). 

Y i e l d s  o f  P r o d u c t s  

Materials balance. The materials balance from ex- 
traction with each solvent is shown in Table II .  The 
weighed yields were corrected for the unavoidable 
loss of material inherent in any such pilot-plant-scale 
experiment by the use of simultaneous equations. 
Calculations were based on the analyses and weights 
of the flakes, meals, and crude oils. All calculations 
were based on the eorreeted yield figures; and the 
corrected values are used throughout  the discussion. 

Meal yields. Meal yields from extraction with hex- 
ane are normally dependent on the percentage of oil 
present in the unprocessed seed and the degree of oil 
extraction and are not substantially affected by  ex- 
tract ion of the relatively small amount  of non-oil 
material soluble in hexane. In  the extractions with 
benzene, ethyl-ether, acetone, and butanone the per- 
centage of flakes yielded as meal, shown in Table II ,  

aThe  men t ion  of t r ade  p roduc t s  does no t  imply  that  they  a re  eu- 
dorsed  by the  D e p a r t m e n t  of A g r i c u l t u r e  over  s imi l a r  p roduc t s  no t  
ment ioned .  

Meal  Total  
gossy- 

pol 

t l exane -ex t r ac t ed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Benzene-ex t rac ted  ............................................... 
E thy l -e ther -ex t rac ted  .......................................... 
Acetone-ext rac ted  ................................................ 
B u t a n o n e - e x t r a e t e d  ............................................. 

Meal 
weigh t  
bas i s  

% 
44.0 
40.9 
41.9 
44.0 
46.7 

Ana lyses  a 

Meal  Nitro-  
p ro t e in  gen  

bas i s  

% % 
73.1 14.78 
66.2 15.09 
68.6 14.57 
72.1 14.79 
75.9 14.80 

O r d e r  of Lov ibond  
d a r k n e s s  red  c o l o r  
of solid of disper-  

p ro te ins  b s ions r 

, o.20 } 3 
0.12 4 
0.12 I 4 

T A B L E  V I  

D a t a  on I so la ted  P r o t e i n  f r o m  the Meals  

Yield a P i g m e n t a t i o n  

6.0 
4.5 
3.1 
2.3 
2.4 

P s y c h o p h y s i c a l  va lues  of 
d i spers ions  d 

L u m i n o u s  I D o m i n a n t  
w a v e  t r ansmi t -  I P u r i t y  

t a n e e  / l ength  

% m~ ] % 
41.6 578.5 ! 72.~ 
51.6 i 577.4 [ 57.8 
66.7 577.3 ': 27.2 
72.5 576.4 i 26.8 
72.1 576.2 I 25.7 

a Mois tu re - f ree  bas is .  
b A r r a n g e d  in the  o rde r  of d e c r e a s i n g  d a r k n e s s  by v i sua l  compar i son .  
e D e t e r m i n e d  on c lear  d i spers ions  of 0.40 g. p ro te in  p e r  100 ml. of  0.02 N sod ium hydrox ide .  
a P s y e h o p h y s l c a l  va lues  found  f r o m  t r i c h r o m a t i c  coefficients of d i spe r s ions  ident ical  to those for  Lov ibond  color r ead ings .  
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T A B L E  V I I  

Correla t ion of Solvent  Proper t ies  wi th  the Crude Oil Character is t ics  

91 

Ext rac t ion  Solvent  

Hexanc ..................................... ~ ........ . ........ 
Benzene ...................................................... 
Ethyl-e~her .................................................. 
Bu tanone  .................................................... 
Acetone ....................................................... 

Solvent  P roper t i e s  

Solubi l i ty  Dielectr ic  
of water  a constant  b 

0 ~ - -  1.87 
0.155 2.28 
1.5 4.33 

i1 .1  I 18.45 
21.40 

Density,  

0.9172 
0.9187 
0.9238 
0.9246 
0.9247 

F a t t y  
acid 

mater ia l  c 

% 
1.12 
1.60 
1.93 
1.33 
1.73 

Crude Oil Character is t ics  

Neut ra l  Non-oil 
oil c mater ia l  e 

% % 
96.98 1.90 
95.56 2.84 
94.68 3.39 
93.65 5.12 
92.63 5.64 

Gossypol- Order  
der ived of 

mater ia l  a darkness  o 

% 
0,56 
1.17 
2.36 
2,53 
2,47 

Ref in ing  
loss t 

% 
3.5 
5.3 
6.8 
7.3 
7.4 

a F r o m  I n t e r n a t i o n a l  Cri t ical  Tables, expressed as weight  percentage of water  soluble in solvent at  extract ion temperature .  
bF rom data  of G r i m m  and P a t r i c k  (35)  and  H i l d e b r a n d  (36 ) .  
e B y  method of Wesson (37) .  
dCaleula ted  f rom data  in  Tables I I ,  I I I ,  and V, P o u n d s  gossypol in oil plus pounds  gossypol not  accounted for d iv ided  by pounds  of crude oil. 
eArranged  in  inc reas ing  order  of darkness  by reference to extinction curves of the crude oils. 
fAverage  obtained by 9 ref in ings  of each oil. 

was measurably lower than for hexane because of the 
relatively large amount of non-oil material they ex- 
tracted. There was however no detectable lo~s of 
nitrogen by  extraction with any of the solvents and 
consequently no diminution in the total protein con- 
tent of the meals. 

Crude oil yields. The yield of crude oil with every 
one of the solvents actually exceeded the amount of 
oil 4 determined in the original flakes (Tables I I I  
and IV) .  This, together with the fact that some oil 
remained in all of the meals, as shown by the meal 
analyses, makes it evident that all of the solvents 
extracted materials other than oil. Hexane extracted 
comparatively little non-oil  material and gave the 
smallest yield of crude oil while some of the sol- 
vents, notably acetone and butanone, extracted sub- 
stantial amounts of such material and gave appre- 
ciably greater yields of crude oil. 

A t rue estimate of the efficiency of the different 
solvents as oil extraetants could be arrived at only 
by  calculating on a weight basis the percentage of 
the total oil in the flake charge remaining in the meals 
af ter  extraction with each solvent and determining 
by  difference the percentage of the total oil extracted. 
These data are shown in Table IV, columns 5 and 6, 
and indicate that  the solvents giving most complete 
oil extraction under  the conditions used were buta- 
none and ethyl-ether, in that  order, followed by  ace- 
tone, hexane, and benzene. 

Composition of Products 
Distribution of flake components. The composition 

of the flakes used for extraction by  each of the dif- 
ferent  solvents and the composition of the respective 

~For  the purposes  of this  discussion the mate r ia l  extracted from 
cottonseed by the  A.O.C.S. method Ba 3-38 u s i n g  the pet roleum ether  
solvent  specified ( H  2-41) by the method will  be mean t  when the  te rm 
"oi l"  is used.  

meals and crude oils are shown iu Table I I I .  The 
only important  differences in composition between the 
meals extracted by the different solvents was in their  
content of free and total gossypol and in their  ni- 
trogen solubility. The differences in sugar content, 
determined as total sugars, including raffinose (21), 
and calculated as invert  sugars, show that  the meals 
extracted with acetone and butanone contained less 
sugar than did the other meals. 

Of the minor constituents known to be present in 
cottonseed meals (22, 23, 24) only thiamine was de- 
termined. The high thiamine content of all five meals, 
ranging from 33.5 to 35.0 p.p.m, is of interest since 
the thiamine content of most commercial meals is 
well below this value. I t  has been reported recently 
that the thiamine content of a meal parallels its bio- 
logical value (25). 

The nKrogen-stripped crude oils differed in their  
contents of free fa t ty  acid, gossypol, and phosphorus. 
Although the original flakes all had oil of substan- 
tially the same free fa t ty  acid content, the free f a t ty  
acid values of the extracted crude oils, as determined 
by A. O. C.S. method Ca 5a-40, ranged from 0.87% to 
2.52~.  Since gossypol reacts as acid on t i trat ion with 
sodium hydroxide, the higher free fa t ty  acid values 
for  the oils containing greater  percentages of gossypol 
is in par t  a t t r ibuted to this component. In addition, 
some of the oils, as indicated by their phosphorous 
content, were relatively high in phospholipides ma- 
terial, which also reacts as acid and which contr ibuted 
to the apparent  high free fa t ty  acid content of some 
of the oils. 

Gossypol is a component of cottonseed which con- 
tr ibutes heavily to the problems concerning oil and 
meal quality encountered in processing cottonseed 
(26, 27, 28). Since this was the flake component most 
markedly affected by the different solvents, the dis- 
t r ibut ion of gossypol by  each of the solvents was 

T A B L E  V I I I  

Ref in ing  and  Bleach ing  Methods and Resul t s  

Bleached color b 
Refined color b 

a A.O.C.S. ear th  I B.C. clay & Nuchar  Crude oil 

Hexane-extracted ........................................... 
Benzene-extracted .......................................... 
Ethyl-ether-extracted ..................................... 
Acetone-extracted . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Butanone-ext rac ted  ........................................ 

Ref in ing  
method 

Modified 
hydrau l i c  c 
Hydrau l i c  
Slow break 
Hydrau l i c  
Hydrau l i c  

Lye 
B@. ~ 

16 
16 
16 
16 
16 

F.F.A.  
of eli 

% 
0.87 
1.10 
2.52 
1.76 
2.37 

Type of 
loots 

F i r m  
Soft 
F i r m  
F i r m  
F i r m  

u R 

35 4.2 
35 11.2 
35 17.4 
35 4.5 
35 9.2 

y F Y ! R 

35 
7O 

1.9 15 1.3 
8.8 35 8.3 

16.6 35 13.9 
2.3 I 35 2.7 
8.6 [ 70 7.3 

a Ni t rogen s t r ipped.  
bCelors read  on 1-inch tube except for  those of hexane-extracted oil, which were read on 5.25,inch tube. 
eA.O.C.S, method for hydraul ic-pressed  cottonseed oil modified to employ a 90-minute  c o l d  stir. 
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determined from the data contained in Tables I I  and 
I I I  and is shown in Table V. 

The known instability of gossypol (29) accounts 
for  the discrepancies shown in Table I I I  between the 
free and total gossypol values for the flakes used for 
extraction with hexane, benzene, ethyl-ether, and ace- 
tone. The flakes had been analyzed for free gossypol 
soon af ter  their  preparation,  but  the samples were 
stored at room temperature  for some time prior  to 
analysis for total gossypol. Minor changes no doubt 
occurred during this storage period, which resulted 
in diminishing the total amount of gossypol in the 
samples. For  this reason the total amount of gossy- 
pol in the batches of flakes used for extraction with 
these four  solvents was calculated from the deter- 
mined percentage of free gossypol. On the other hand, 
calculation of the total amount of gossypol in the 
flakes used for extraction with butanone was based 
on the total gossypol determination since both free 
and total gossypol had been determined in these flakes 
without prior storage. 

As can be seen from the data in Table V, the sol- 
vents differed greatly in their effect on the gossypol 
content of the flakes. The more strongly polar solvents 
extracted most of the gossypol f rom the flakes along 
with the oil, leaving the meal relatively low in gossy- 
pol while the non-polar solvents extracted very little. 
I t  is thought that the gossypol extracted by  hexane 
was only that  which had been made accessible by 
mechanical rupture  of the pigment glands during 
preparat ion of the flakes. The large percentage of 
the gossypol originally in the flakes which could not 
be accounted for in the meals and oils had evi- 
dently been broken down or degraded into" materials 
no longer reacting as gossypol. I t  appears that  the 
degree of gossypol breakdown can probably be at- 
t r ibuted to  the relative stability of gossypol in the 
different extraction solvents. 

Meal Qualities 
Nutritional aspects. Although conclusive evaluation 

of a specific cottonseed meal for  nutri t ional  purposes 
is impossible without feeding test data, some infer- 
ences as to its suitability for  feed can be drawn from 
its composition as shown by analysis. The composition 
of the five solvent-extracted meals (Table I I I )  shows 
that  they differed from standard commercial meals 
only in the relative amounts of their  components 
and in having higher protein solubility. They should 
therefore be as satisfactory protein supplement feeds 
as commercial meals for  the types of livestock to 
which such meals are principally fed. 

Since all of the meals were similarly produced ex- 
cept for  the solvent used and none were heated at 
any t i m e  above 131~ the variation shown in their  
protein solubilities (Table I I I )  is of interest. The 
meals extracted with the solvents of most pronounced 
polar characteristics, ethyl-ether, butanone, and ace- 
tone, had the higher protein solubilities and were also 
lowest in both free and total gossypol. 

The percentage of free gossypol and gossypol-like 
compounds in a cottonseed meal, par t icular ly  if pres- 
ent in unrup tu red  pigment glands, has been shown to 
be of decisive importance in determining the amount 
of the meal which can be included in the diet of non- 
ruminant  farm and experimental animals (30, 31, 32). 
Two of these meals, the one extracted with acetone 
and that extracted with butanone, were low in free 

gossypol, having 0.07% and 0.06%, respectively. The 
finding in recent work by  Eagle, Hall, et al. (33) 
that  acetone-extracted pigment glands containing as 
much as 5.0% of free gossypol were non-toxic to rats 
when administered orally in massive dosage, together 
with the finding of Ambrose and Robbins (34) that  
some cottonseed meals containing from .07% to .09% 
free gossypol were not toxic to rats, indicates that the 
two ketone-extracted meals may be non-toxic. 

Industrial potentialities. One potential  utilization 
of cottonseed meal is as a source of protein for indus- 
trial use. Among the factors determining the suitabil- 
i ty of an oilseed meal as a source of industrial  protein 
are the yields and the color of the protein obtainable. 
The data on protein yield given in Table VI, which 
were obtained at strictly comparable conditions al- 
though not representing the maximum yield of pro- 
tein obtainable, indicate the relative value of the 
meals as sources for  industrial  proteins. 

The order of darkness determined by  visual exami- 
nation of the solid proteins is given in Table VI. The 
air-dried proteins prepared from the meals extracted 
with hexane and benzene were a very  dark brownish 
red. That  from the ethyl-ether extracted meal was not 
quite so dark and was reddish purple.  The proteins 
f rom the meals extracted with acetone and butanone 
were very  much lighter than the others and were of a 
light brownish amber color. 

Determinations of the color of dispersions of the 
proteins in sodium hydroxide solution by  Lovibond 
eolorimeter readings and speetrophotometric means 
enabled a precise comparison of the pigmentation of 
the proteins. The data obtained (Table VI)  show tha t  
the order of pigmentation of cottonseed proteins par- 
allels their total gossypol content. They show that  the 
visual order of darkness of the solid proteins, the 
Lovibond red color, and the luminous transmission of 
their  dispersions are related to the percentage of to- 
tal gossypol in the proteins, which in tu rn  is propor- 
tional to the percentage of total gossypol (Table I I I )  
in the source meal. 

A plot of the percentage of total gossypol in the 
proteins versus the Lovibond red color of their  disper- 
sions in sodium hydroxide solution showed a straight 
line relationship while a similar plot of total gossypol 
versus luminous transmittance showed a similar but  
inverse relationship. I t  was observed that  the domi- 
nant  wavelength of the transmit ted light shifted to- 
wards the longer wave-length range of the spectrum, 
and its pur i ty  with respect to the dominant wave- 
length tended to increase as the percentage of total 
gossypol in the protein increased. 

Oil Qualities 
Pigmentation of crude oils. All the crude oils, with 

the exception of that extracted with hexane, were ab- 
normally dark in color. The hexane-extracted crude, 
while dark, was not abnormally so and was of a red- 
dish tint. The crude oils extracted with benzene and 
ethyl-ether were very  dark and of a deep red color. 
The butanone-extracted crude was so dark as to ap- 
pear  practically black while that  extracted by  ace- 
tone, though equally dark, had a perceptibly greenish 
hue. Because of their darkness, only by reference to 
their  extinction curves (not shown in this paper) .  
could the crude oils be arranged in the order of 
their  increasing pigmentation. This order was obvi- 
ously determined by their content of non-oil mate- 
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rials (Table VII,  coumn 7) among which are the 
extracted gossypol and gossypol-like compounds as 
well as the deeply colored degradation products of 
gossypol (38). The presence of gossypol degradation 
products in the crude oils cannot be demonstrated by 
direct analytical evidence since their nature and 
composition are largely unknown (38, 39, 40) but  
must be logically inferred on the basis of the data in 
Table V. The high percentage of the original gossy- 
pol in each batch of flakes, which was shown (Table 
V) to be unaccountable, evidently had degraded or 
altered into a form which no longer reacted as gos- 
sypol on analysis. This alteration of gossypol, which 
has been reported to result in the formation of very 
dark pigment materials (25), could have occurred 
only af ter  extraction from the protective glands in 
which gossypol occurs (41) and while in solution in 
the miscella, and become a component of the crude 
oil. The maximum amount of non-oil material in each 
of the different solvent-extracted crude oils attrib- 
utable to gossypol, gossypol-like compounds, and gos- 
sypol degradation products  is shown in Table VII ,  
column 8. 

I t  is apparent  that  the total non-oil material in 
the various crudes had a definite relation to two prop- 
erties of the different solvents with which they were 
extracted;  their  degree of polarity, as measured by  
their  dielectric constants, and the solubility of water 
in each. I t  appears that  the percentage of non-oil 
materials in the crudes was proportional  to the mag- 
nitude of the two solvent propert ies;  i.e., as the val- 
ues for  the dielectric constants and the solubility of 
water  in the different solvents increased, the non-oil 
content of the respective crude oils increased. 

Also shown in Table VII  is the correlation between 
several physical properties of the crudes, their order 
of pigmentation, their  average refining losses, and 
their  non-oil contents. 

Refining and bleaching characteristics. The refining 
data in Table VIII ,  which show only the refinings 
giving the lightest colored oils, show clearly that the 
hexane-extracted crude was the only one of the oils 
that  refined to an acceptably low color. This crude 
oil yielded refined oil of prime color or better  by  
all of the methods used and had the lowest refining 
losses. 

The refining characteristics of the crude oils ex- 
t racted with the four  other solvents were such that  
the refined oils were all much darker  than that  from 
the hexane-extracted crude, in fact, their colors could 
be read only on a 1-in. tube basis. The refining losses 
of these oils were also higher than for the hexane- 
extracted oil and followed the order of their  non-oil 
content. 

The refined oils, except for  the hexane-extracted, 
did not follow the order of pigmentation of crudes. 
The acetone- and butanone-extrac ted  crudes, which 
were those most heavily loaded with non-oil mate- 
rial, gave refined oils both of which were lighter in 
color than those from the benzene- and ethyl-ether- 
extracted crudes. The acetone-extracted refined oil 
was the l ighter of the two. The ethyl-ether- and ben- 
zene-extracted crude oils both yielded very red re- 
fined oils. That  from the ethyl-ether was the darkest 
refined oil obtained. 

The hexane-extracted refined oil was the only one 
which bleached satisfactorily. While bleaching did 
reduce the colors of the other refined oils (Table 

V I I I ) ,  the reductions were not great enough to ren- 
der the oils suitable for  the customary uses of vege- 
table oils. The bleached oil colors followed the order 
of the refined oil colors. 

The fact that the amount of pigmentation in the 
crude did not determine the amount of pigmentation 
in the refined oils suggests that  the pigments in the 
refined oils resulted from the relative stability of gos- 
sypol in the extraction solvents. The pigments in the 
refined oils were evidently non-acidic and could not 
be removed by  refining with alkali; in addition they 
were of the oil-soluble, non-polar types which are not 
adsorbed strongly enough to be removed by  custom- 
ary percentages of s tandard bleaching media. 

Summary 
Five different oil solvents of commercial grade were 

tested as extractants for  cottonseed by  making com- 
parable pilot-plant-scale batch extractions with each. 
The flakes were prepared by  replicate procedures 
f rom the same lot of prime seed, and the only varia- 
ble between the different extractions was the solvent 
employed. The solvents hexane, benzene, ethyl-ether, 
acetone, and butanone--were  compared as to their  
effect on the yield, composition, properties, and proc- 
essing characteristics of the meals and the crude oils 
produced. 

The yields and qualities of the crude oils and meals 
were cI~iefly determined by the amount and nature of 
the non-oil materials extracted by the respective sol- 
vents. The solvents which were more polar and in 
which water was more soluble yielded crude oils which 
were correspondingly higher in non-oil content and in 
gossypol and gossypol-degradation products and were 
more deeply pigmented and had higher refining losses. 

The color of the refined and of the refined and 
bleached oils was not proportional  to the non-oil con- 
tent  and extent of pigmentation of the crudes, except 
for the hexane-cxtracted oil. which had the lowest 
non-oil content. The other refined and bleached oils 
all had exceptionally dark colors, owing to the fact 
that  some of the non-oil material, which included 
gossypol and gossypol-derived products, could not 
be removed by the refining and bleaching methods 
employed. 

The solvents which yielded the more heavily pig- 
mented crude oils yielded meals which were all lower 
in free gossypol content than the meal extracted with 
hexane. These same meals were of higher protein 
solubility and yielded l ighter-colored proteins. The 
latter characteristic is apparent ly  due to their  lower 
total gossypol content. 

Acetone and butanone yielded the darkest crude 
oils, but  next  to hexane the lightest refined and re- 
fined and bleached oils, although the refined and the 
refined and bleached oils were still very  dark. These 
two solvents were excellent oil extractants and the 
meals obtained by their use were very  low in free 
gossypol, high in protein solubility, and yielded pro- 
teins of exceptionally light color for cottonseed pro- 
tein. Application of these two solvents for  processing 
cottonseed would appear  to depend on the develop- 
ment of more effective methods of decolorizing the 
oils. 

~ince an)" improvements in meal quali ty with the 
experimental solvents were achieved at the expense 
of oil quali ty and the differences in yields of oil were 
not such as to offset this loss in quality, it may be 
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concluded, on the basis of the data on this lot of 
prime cottonseed, that  none of the experimental  sol- 
vents compare favorably with hexane as cxtraetants 
for  cottonseed. 
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Melting Points and Solubilities of Ternary Mixtures 
'Containing Oleic Acid 
ERNEST SCHLENKER, 1 Research Laboratory, Fournier-Ferrier, Marseille, France 

• I - • t t E  l i terature contains very few references to the 
melting or setting points of t e rnary  mixtures of 
the natura l ly  occurring fa t ty  acids. Heintz (4) 

almost 100 years ago prepared a few of them and 
determined their melting points. His data appear  to 
be in good agreement with the facts. Recently Paquot  
(5) has reopened the subject. Shriner et al. (8) have 
studied the behavior of a t e rnary  mixture containing 
a component margaric acid, which is not found in 
f a t ty  oils. 

I t  may be concluded from the few publications 
cited above that  the melting-point behavior of fa t ty  
acid mixtures is complicated and unpredictable.  This 
is not surprising inasmuch as irregularities due to 
euteetics are to be expected. This circumstance is of 
still greater  importance in this case than in that  affect- 
ing b inary  mixtures. I t  is well known (1, 3, 7) that,  in 
the latter case, characteristic depressions appear  in 
the respective curves bu t  that  their  positions are not 
a mat ter  of prediction. There is one exception how- 
ever, and that  pertains to b inary  mixtures containing 
oleic acid. In  this case the irregularit ies are confined 
to the extremities of the curves probably because of 
the fact that  oleic acid has a low melting point. The 
curve is therefore on the whole regular, and values 
obtained by  interpolation agree well with those de- 
termined experimentally. The general character of 

1Present address: St. Barnab~-Marseines (France) .  

such a curve up to about 50% oleic content is illus- 
t ra ted by the line for mixtures of palmitic-oleie acid, 
designated "0% s tear ic"  in Figure  1. The eutectie 
existing for very  low contents of oleic acid (9) has 
been neglected as being of no importance for  our 
purposes. 

Parallel  to the curve marked "0% stearie acid ,"  
there have been plotted others for  various mixtures 
of this acid with pahnitic acid, using as start ing 
points the melting points of b inary  mixtures of these 
two. I t  can be seen that  this procedure leads to a 
very complete presentation of the melting points of 
the te rnary  system pahuitie-stearic-oleic acids. They 
are accurate within the range where the oleic acid 
content is of commercial importance, or 10 to 5 0 % .  

Each line therein (Fig. 1) refers to a well defined 
p a l m i t i c - s t e a r i c  acid mixture containing increasing 
quantities of oleic acid, the amount of which is re~ 
vealed on the abscissa of the graph. F o r  example, 
the melting point of a t e rna ry  mixture  of 27 parts  
stearic acid, 63 parts  pahnitic acids, and 10 parts  
oleic acid can be determined by  assuming that  the 
saturated par t  of the mixture  contains 30% stearic 
acid. I n t h a t  case the reference curve bearing this 
name will furnish the needed information. 

The data of Carl infanti  and L e v i - M a l v a n o  (1) 
were found valuable in checking the accuracy of our 
graphic method (Fig. 1). The authors reported the 


