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Solvent Extraction of Lipids from Soybeans with Acidic Hexane 

T.P. HENSARLING and T.J. JACKS, Southern Regional Research Center, 1 P.O. Box 
19687, New Orleans, I_A 70179 

ABSTRACT 

Hexane and hexane containing 5% acetic acid (v/v) were used to 
extract lipids from soybean at room temperature and at 60 C. 
Hexane/acetic acid extractions yielded ca. 11% more total lipids 
and ca. 6-10% more neutral oil than did hexane extractions. Hexane/ 
acetic acid extraction at room temperature yielded the same or 
slightly more neutral oil than did hexane at 60 C. Thirty-five times 
more phosphorus was extracted with hexane/acetic acid than with 
hexane; this phosphorus represented ca. 46% of the phospholipid 
phosphorus of soybeaia. Also, when hexane/acetic acid was used as 
the solvent, the separation of miscella from marc by filtration was 
about twice as rapid as the separation when hexane alone was the 
solvent. 

INTRODUCTION 

Storage oils ofoil seeds are contained in intracellular packets 
called spherosomes (1,2). Physiochemical characterizations 
(2) and electron microscopical observations (3) proved that 
the limiting, half-unit membrane (4) of these organelles are 
acid labile. In a previous communication, we showed that 
this acid lability could be exploited to acheive thorough 
extraction of lipids from cottonseed (5). Addition of 2- 
25% (v/v) acetic acid to hexane resulted in the extraction of 
up to 9.8% more total lipids, up to 4.4% more neutral oil, 
and up to 10-fold more phosphorous than that extracted 
by hexane alone. Since soybeans are the most important 
cash crop in the USA, it was of interest to determine whe- 
ther solvent extraction with acidic hexane offered similar 
advantages over hexane for lipid removal from soybeans 
as it did for cottonseed. 

EXPERIMENTAL PROCEDURES 

Extracting solvents were industrial hexane (Skellysolve 
B) and industrial hexane containing 5% (v/v) glacial acetic 
acid. Soybean meats (Forrest, 1978) were dry-milled in an 
Alpine American Contraplex (impact stud mill). The 
resultant comminuted meats were stored over silica gel in 
vacuo. Samples of the dried comminuted meats were 
extracted in fritted glass Buchner funnels of medium 
porosity (6 mL solvent/2 g meats), 5 min contact with 
constant stirring) and resultant miscellae were collected 
by filtration with reduced pressure for 2 min (6). In the 
cases where extractions were made at 60 C, the first extrac- 
tion was made in a beaker in a mineral oil-in-sand heat 
sink. Subsequent extractions were made in the funnel using 
60 C solvents. Each marc was extracted twice more with 
fresh solvent and the three miscellae from each sample were 
combined. Wt of the extracted lipids (total lipids) were 

1 ARS, USDA. 

determined after solvents were removed in vacuo. 
Amounts of neutral oil in the miscellae were determined 

by methods reported previously (6,7). 
Phosphorus was determined spectrophotometrically (8) 

after digestion of materials as described previously (6). 
Filtration rates of miscellae through marcs were deter- 

mined by extracting comminuted meats with solvent (18 
mL .solvent/6 g meats, 2 min contact with constant stirring) 
in fritted glass Buchner funnels with matched solvent void 

times, allowing to settle 5 sec, filtering with reduced pres- 
sure, and recording void time of miscellae from funnels. 

RESULTS 

Extraction of lipoidal materials from soybeans by hexane 
and hexane/acetic acid (5%, v/v) were compared. Extrac- 
tions were performed at room temperature and at 60 C. 
Total lipids, neutral oil, and phosphorus contents of the 
miscellae were determined. Table I shows that acidic 
hexane, at room temperature and at 60 C, extracted signi- 
ficantly more total lipids (10.9% and 10.3%, respectively) 
and more neutral oil (9.5% and 6.0%, respectively) than did 
hexane alone at each temperature. Furthermore, acidic 
hexane at room temperature extracted an approximately 
equal amount of neutral lipid as did heated (60 C) hexane. 
Amounts of phosphorus extracted by acidic hexane were 
from 16- to 35-fold greater than amounts of phosphorus 
extraced by hexane alone (Table I). 

Table 11 shows that the filtration rate of miscella through 
marc was approximately twice as fast when acidic hexane 
was used as the extraction solvent compared to hexane 
alone. 

DISCUSSION 

Beans were dehulled and comminuted at ambient moisture 
contents but  were rendered bone-dry for extraction. This 
resulted in lowered phosphorus contents of the crude oils 
extracted by hexane (Table I). The phosphorus contents 
do not account for losses in purifying neutral oils from 
total lipids. For instance, apparent phospholipid content 
(P X 32) and "refining loss" (total lipid minus neutral oil) 
was 0.32 mg/g of meats and 23 mg/g of meats, respectively, 
for hexane extraction at room temperature and 10.34 mg/g 
of meats and 28 mg/g of meats, respectively, for acidic 
hexane at room temperature. Since free fatty acid amounts 
are constant, regardless of solvent acidity (5), then extrac- 
tion of an additional, "strongly bound" neutral oil was 
accompanied by a disproportionate amount  of phospho- 
lipid. This would happen if neutral and polar lipids of 
membranes were extracted. Indeed, earlier we found that 
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T A B L E  I 

Components of Miscella a 

T.P. HENSARLING AND T.J. JACKS 

Condition of extraction Total lipids b Neutral oil 
% HOAc in as % of lipids as % of oil Phosphorus 

Temperature hexane (v/v) mg/g of meats from 0% HOAc mg/g of meats from 0% HOAc mg/g of meats mg/g of oil 

Room c 0 192 -+ 0.5 100.0 169 + 1.3 100.0 0.01 0.05 
Room c 5 213 + 2.3 110.9 185 • 7.4 109.5 0.32 1.52 
60 C 0 195 • 2.6 100.0 184 • 0.8 100.0 0.02 0.10 
60C 5 215 • 3.8 110.3 195 • 4.3 106.0 0.35 1.59 

avalues represent means • standard deviations from the means. No standard deviations are given where deviations were so small as to be 
essentially O. 

bTotal lipid is all materials in miscella after evaporation of solvent (crude oil). 
CCa. 25 C. 

TABLE II 

Filtration ra te  a 

Percent of HOAc Void time Time 
in hexane of funnel b 1st pass 2nd pass 3rd pass Mean 

0 6 .3 •  15.3•  20 .7•  20 .0 •  18 .7•  
5 7 .0 •  10 .0•  10 .0•  10.3•  10.1•  

a6 g of comminuted soy meats extracted with 18 mL of solvent for 2 rain and filtered 
through a 30 mL Buchner funnel of medium porosity with reduced pressure. 

bValues in sec represent means • standard deviation. 

t h o r o u g h  ex t r ac t i ons  wi th  h e x a n e / a c e t o n e / w a t e r ,  ch loro-  
f o r m / m e t h a n o l / w a t e r  and  hexane / ace t i c  acid were accom- 
pan ied  by  d i s in tegra t ion  of  in t race l lu lar  m e m b r a n e  s t ruc tu re  
(9,10).  

The  advantage  of p r o d u c i n g  6% more  neu t ra l  oil (Table  
I) when  acidic h e x a n e  is used at no rmal  oil mill e x t r a c t i o n  
t e m p e r a t u r e s  (60  C) is obvious.  A 2 0 0 0  t o n / d a y  p lan t  cou ld  
diver t  ca. 20  t o n / d a y  of  neut ra l  oil f r om the  meal  f r ac t ion  
to the  oil f r ac t ion  wi th  acidic hexane .  Also, i t  is obvious  
t h a t  the re  is a po t en t i a l  for  energy savings, by p roduc ing  
as m u c h  oil wi th  hexane / ace t i c  acid e x t r a c t i o n  at r oom 
t e m p e r a t u r e  as could  be  p r o d u c e d  by  h e x a n e  e x t r a c t i o n  at  
60  C. And,  by  doub l ing  the  f i l t r a t ion  rate  o f  miscella f rom 
marc  (Table  II), it m igh t  be possible s ignif icant ly  to increase 
p lan t  capaci ty  a n d / o r  reduce  energy c o n s u m p t i o n .  

The  poss ibi l i ty  also exists  t ha t  a more  desirable meal  

would  be  p r o d u c e d  wi th  acidic hexane .  Lipoidal  mater ia l ,  
especially phospho l ip ids  and  t h a t  mater ia l  more  soluble  in 
po la r  t han  in n o n p o l a r  organic solvents,  c o n t r i b u t e  to  off- 
f lavors (e.g., b i t ter ,  grassy, beany)  of  soybean  and  o the r  
legumes (11 -14 ) .  Oxid ized  phospha t idy lcho l ines ,  speci- 
fically, cause some  of  the  b i t t e r  taste  (13).  Hexane /ace t i c  
acid ex t rac t s  ca. 15- to 30-fold more  l ipoidal  p h o s p h o r u s  
t h a n  does h e x a n e  a lone  (Table  I). This  represents  ca. 46% 
of  the  phospho l ip ids  of s oybean  (13).  Some  of  these  l ipids 
p robab ly  c o n t r i b u t e  to  soybean  off-flavors and  the i r  
r emoval  would  p roduce  a more  desirable food  produc t .  

P rob lems  t h a t  m a y  be  an t i c ipa t ed  in the  use of h e x a n e /  
acetic acid fo r  oil e x t r a c t i o n  are: the  corrosive na tu re  of  the  
acid, recovery  of  the  solvent ,  ref in ing of  the  oil, residual 
acet ic  acid odo r  of  the  meal,  and  nu t r i t i ona l  p roper t i es  of 
the  meal.  However,  acetic acid in h e x a n e  is less corrosive 
t h a n  may  be  expec ted .  A t  room t empera tu re ,  i t  did no t  
a f fec t  stainless steel, Tef lon ,  or p o l y e t h y l e n e  af te r  28 days 
con tac t ,  e x c e p t  for  a s l ight  swell ing of the  plastics (6). 
Also, h e x a n e / a c e t i c  acid can be recovered  as a low boi l ing  

a z e o t r o p e  (15 ,16) .  And,  obse rva t ions  of  t he  ref ined soy- 
bean  oil color  (visual and  p h o t o m e t r i c ,  A ~ 0 )  showed  
h e x a n e / a c e t i c  ac id -ex t rac ted  oil and h e x a n e - e x t r a c t e d  oil 
to  be equal ly  ref ineable .  The  ef fec ts  of  h e x a n e / a c e t i c  acid 
on  the  nu t r i t i ona l  p roper t i e s  and  the  deodo r i za t i on  of  meal  
have been  e x a m i n e d  recen t ly  (17).  
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