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Abstract 
Soybean flakes were extracted in glass extrac- 

tion appara tus  with four  hydrocarbon solvents: 
hexane, isohexane, pentane, and isopentane. The 
amount  of extracted oil was determined at 10 
rain intervals for 60 min. The extraction rates 
of the solvents increased in the following order:  
isopentane, pentane, isohexane, and hexane. Qual- 
i ty and f a t t y  acid composition of the oils ex- 
t racted by  the four  solvents showed no significant 
differences. 

Introduction 

W HILE V A R I O U S  S O L V E N T S  have been studied 
and used commercially for  the extraction of 

vegetable oils, the one most eomnlonly used in the 
United States is the petroleum fraction, hexane. I t  
varies in n-hexane content f rom 60-88%. A previous 
s tudy in this labora tory  (2) compared pure,  " h i g h  
p u r i t y "  and "commerciM" hexane with benzene as 
solvents for soybean and cottonseed oil. In  the pres- 
ent investigation soybeans were extracted by hexane, 
pentane, isohexane, and isopentane to determine the 
extract ion rates  and the qual i ty  and f a t ty  acid com- 
position of the extracted otis. 

Experimental 
Cracked soybeans containing 7 -8% moisture were 

heated to 100F and rolled into flakes with an average 
thickness of 11 mils. The extractions were carried out 
in appara tus  similar to that  used in previous studies 
(3), except somewhat larger. The extraction ehanlber 
was 12 in. high by 2 in. in diameter  allowing the use 
of 100g samples. The extraction chanlber and the 
incoming solvent were heated to an average of 122F 
for  the hexanes and 77F for the pentanes. The sol- 
vent passed through the flakes at a rate  producing 
10 ml of miseella per  min. Samples were taken at 
10 rain intervals.  The solvent was evaporated f rom 
each f ract ion under  vacuum and the oil weighed. The 
residual oil content of each sample was determined 
in Soxhlet apparatus .  The results are shown in 
Table I. 

Composites of the oil aliquots f rom each complete 
extraction were examined for qual i ty  with the re- 

T A B L E  I 

E x t r a c t i o n  of Soybean  Oil by F o u r  Solvents  

Extraction 1%esidual extractable oil, percent of o r ig ina l  ~ 

time, rain 15exane I s o h e x a n e  P e n t a n e  I s o p e n t a n e  

10 74,6 73,2 77.1 77.4 
20 54,0 53.1 60.3 59.5 
30 37,3 38.2 46,1 46 ,4  
40 24,4 26,9 34.4 36.0 
50 15,5 18.1 26,5 28.0 
60 9.7 16.7 20.1 21.9 

a Or ig ina l  oil conten t  of the  f lakes,  1 9 . 0 8 %  ( d r y  ba s i s ) .  

T A B L E  II 
Qual i ty  of Oil E x t r a c t e d  by  F o u r  Solvents  

Free N I 1 ISap~  I o d i n e  Solvent  ~ ++ o 1 eu t ra l  P1 ospho- cation 
, a , , y  ~o or  ' l  '~ l i~id ~ ,v I used  acid, % ot, vc y ~, vc va lue  I va lue  

t I e x a u e  0.5 [ 6.1 96.3 / 3.5 192.0 137.0 
I sohexa~e  0.4 / 4.9 / 96.4 } 3.2 / 191.5 / 136.8 
Pentane 0.4 / 5.6 ~ 95.4 [ 4.4 I 191.5 / 137,1 
~sopen tane  / 0.4 / 3.8 [ 95.3 1 4.0 / 191.0 / 138.5 

sults sununarized in Table I I .  F ree  f a t t y  acid con- 
tent  was determined by the AOCS Official Method. 
Color was determined by the AOCS tentat ive pho- 
tometric method, saponification value and I.V. by 
AOCS method (1), and neutral  oil and phospholipid 
content by the method of Choudhury  and Arnold (4).  

The f a t ty  acid compositions of the oils were de- 
termined by gas liquid par t i t ion chromatography  of 
the methyl  esters. Each oil sample was saponified 
with a 4~/( solution of alcoholic sodimn hydroxide,  
and the unsaponifiables were extracted with petro- 
leum ether. F a t t y  acids were l iberated by dilute 
sulfuric acid (1 pa r t  concentrated acid to 3 par ts  
water ) .  The f a t ty  acids were then extracted with 
ethyl ether and dried over anhydrous  sodium sulfate. 
The ether was evaporated off under  vaeumn. The 
f a t t y  acids were esterified with methanol containing 
3 ~  by weight of hydrogen chloride. The esters were 
removed f rom the nlixture with ethyl ether and 
analyzed by  gas liquid chromatography.  Results are 
shown in Table I I L  

T A B L E  I I I  
Fatty Acid Composi t ion  of Soybean Oil E x t r a c t e d  wi th  F o u r  Solvents  

I P e r  cen t  f a t ty  acid composi t ion  

Solvent  / 5lvris- I Pal -  ] P a h n i t - }  Ste- I Oleie ] L in-  
1 tic mi t ie  oleie a r ic  oleie 

I s o h e x a n e  : : : : : 55.2 
Pentane 56.0 
~so~entane i 0:4 i 15:5 L 0:3 i ~i0 / 20:9 ! 54.9 

Lino- 
lenie 

8.0 
8.5 

10.0 
9.5 

Conclusions 
The data (Table I)  indicate that  over the time 

intervals studied the hexane extracted the flakes to 
a lower residual than the other solvents. The resid- 
u a l - - 9 . 7 ~  of the original oil (1.8% of the m e a l ) -  
is higher than  when secured by good commercial oper- 
ation probably  because of thicker flakes and lower 
extract ion temperatures .  I t  compares well with the 
8.7% residual secured under  otherwise identical con- 
ditions except an extraction tempera ture  of 131F (2).  
The poorer extraction by pentane and isopentane may, 
ill par t ,  have resulted f rom the lower extraction tem- 
perature.  The quali ty of the oils extracted by the 
various solvents was not significantly different except 
possibly the phospholipid content. I t  might  be ex- 
pected that  extraction by pentane and isopentane 
which resulted ill higher oil residuals than that  by 
hexane might  produce oils with less phospholipids. 
However  such was not the ease. The f a t ty  acid 
Colnposition of tile various oils did not show much 
variation. 
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