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Oxidative s tabi l i t ies  o f  crude soybean otis obta ined  by 
di f ferent  extract ion so lvents  such as  hexane ,  water  
and Folch's  so lvent  (mixture  o f  two vo lumes  o f  chloro- 
form and one  volume of  methano l )  were determined  by 
gas chromatographic  analyses  o f  headspace  and 
peroxide  value o f  oil  samples .  For the  determinat ion  
o f  ox idat ive  stabi l i ty  o f o i l  samples ,  total  volat i le  com- 
p ou n ds  formation,  molecular  oxygen  d i sappearance  in 
the  headspace  and perox ide  value o f  oil  samples  were 
measured.  Iodine value (133-136) ,  saponi f icat ion  
value (195-198) ,  unsaponi f iab le  matters  (0.3-0.4%), 
iron (0 .6  ppm) ,  s terols  content  (2,400-2,590 ppm),  to- 
copherols  content  (1,250-1,520 ppm)  and fatty acid 
compos i t ion  of  crude oils  obta ined by di f ferent  sol- 
vent  extract ion  were  not  s igni f icant ly  dif ferent .  Acid 
value o f  Folch-extracted oil  was  the  h ighes t  as 1.3, 
whereas  those  of  hexane-  and aqueous-extracted  oi ls  
were 0.5 and 0.4, respectively.  Crude soybean oil  ex- 
tracted by Folch's  method  was  found to contain  the  
most  phosphorus ,  whi le  hexane-  and aqueous-  
extracted oi ls  conta ined  s imilar amounts  o f  phosphor-  
ous.  Crude soybean  oil  obta ined  by Folch extract ion 
was  most  stable  in oil  oxidat ion,  and oxidat ive  stabil- 
i t ies  o f  oi ls  obta ined by h e x a n e  and aqueous  extrac- 
t ion,  which  were s igni f icant ly  much less  s table  than 
Folch-extracted oil, were  not  s igni f icant ly  d i f ferent  
during ten  weeks  storage.  

Most vegetable oils conventionally have been obtained 
from oilseeds by either pressing or organic solvent extrac-  
tion methods.  Since the conventional  organic solvent 
ext rac t ion method is a high energy-consuming process, 
al ternative ext rac t ion methods  have been extensively 
studied (1,2). One of the al ternative extract ion methods  
is aqueous extraction.  The aqueous extract ion method 
has been successfully applied to soybean (3), sunflower 
seed (4), peanu t  (5) and coconut  oils (6). 

Oxidative stability, which is one of the most  impor tan t  
keeping qualities of oil, is known to be greatly influenced 
by minor components  present  in oils such as phospholip-  
ids, tocopherols,  fa t ty  acids and t race  metals  (7,8). It  is 
repor ted  tha t  the type and content  of minor  componen t s  
in crude oils are pr imari ly  dependent  upon extract ion 
solvents, ex t rac t ion  t empera tu re ,  p r e t r e a t m e n t  of off- 
seeds, etc. (8,9). 

The objectives of  this s tudy  were (i) to determine the 
contents  of  minor components ,  and (ii) to measure  the 
oxidative stability of oils obtained by different extract ion 
solvents such as hexane,  wa te r  and a mixture  of chloro- 
form and methanol.  

MATERIALS AND METHODS 

Materials. Full-fat soybean flour (100-120 mesh)  was 
purchased  f rom a local marke t  in Korea. Protease of 
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Aspergillus oryzae (3.7 un i t /mg solid) was obtained f rom 
Sigma Chemical Co. (St. Louis, MO). All reagents  used 
were of analytical grade unless otherwise specified. 

Preparation of oil samples. To prepare  aqueous- 
ex t rac ted  crude soybean oil, one par t  soybean flour was 
dispersed in six par ts  distilled wa te r  at 40~ by continu- 
ous stirring with a magnetic stirrer, and then 0.2% (wt 
enzyme/wt  soybean)  of p ro tease  was added to enhance  
extract ion of oil. The pH of the dispersion was adjusted to 
8.0 with 1 N NaOH solution. After 1 hr stirring, the disper- 
sion was centrifuged (Beckman J2-21M) at 10,000 g for 15 
min, and the dispersion was separa ted  into four layers of  
solid, water,  emulsion and oil. To separa te  the oil f rom the 
emulsion layer, acetone was added and the miscella rec- 
overed was evapora ted  at  50~ under  vacuum. Crude soy- 
bean oil was also obtained by conventional hexane  
extract ion and Folch's extract ion method using solvent 
mixture  of two volumes of chloroform and one volume of 
methanol  (10). Crude soybean oils obtained were s t eam 
distilled under  vacuum to remove residual ext rac t ion sol- 
vents with 1% (wt w a t e r / w t  oil) s team for 10 min. Pres- 
sure  and t empera tu re  of the s t eam distillation process 
were 1 torr  and 150~ respectively. 

Analytical methods. Acid value, iodine value, saponifi- 
cation value, unsaponifiable mat ter ,  phosphorous,  perox-  
ide value and fa t ty  acid composition were determined by 
AOCS methods  Cd 3a-63, Cd 1-25, Cd 3-25, Ca 6a-40, 
Ca 12-55, Cd 8-53 and Ce 1-62, respectively (11). Phos- 
pholipids content  in oil was  calculated by multiplying 
phosphorus  content  by a conversion factor  of  30 [(11), 
Ca 12-55]. Iron was measured  using a Perkin-Elmer 360 
atomic absorpt ion spec t ropho tomete r  (Perkin-Elmer, 
Norwalk, CT) according to AOAC methods  2.109-2.112 
(12). Sterols and tocopherols  were determined by gas 
chromatographic  analyses, respectively (13,14). 

Oxidative stability measurement. To determine oxida- 
tive stability of  oils, oil samples  obtained were stored at  
60~ in a dark, forced-draf t  air-oven for ten weeks. 

The oxidative stability of oils was de termined by a com- 
bination of volatile compounds  format ion and molecular  
oxygen d i sappearance  in the headspace  of oils in air- 
tight, sealed bottles and peroxide value of oil samples. 
Fifteen grams of exper imenta l  samples  were  t ransfer red  
into a 50 ml se rum bottle and sealed air-tight with a 
Teflon-lined rubber  sep tum and an a luminum cap. The 
gas ch romatograph  used for volatile compounds  and oxy- 
gen content  measuremen t s  was a Hewlet t-Packard 5890. 
For determinat ion of volatile compounds  in the heads-  
pace, 1 ml of headspace  gas was directly injected into the 
gas chromatograph.  Column used for volatile compounds  
measu remen t  was a stainless steel column (10' X ~" OD) 
packed with 80/100 mesh Tenax GC coated  with 10% 
polymetaphenoxylene.  Tempera tu res  of column, injector 
and flame ionization detector  were 120~ 200~ and 
250~ respectively. Flow rate  of  helium carr ier  gas was 20 
ml/min.  

For the determinat ion of oxygen content  in headspace,  
a thermal  conductivity detector  was used. The oxygen 
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content  in the headspace was determined using a stain- 
less steel column (10' X 1A" OD) packed with Molecular 
Sieve 5A, and column temperature  was 60~ Tempera- 
ture of thermal conductivity detector was 210~ and flow 
rate of argon carrier gas was 20 ml/min. GC peaks were 
quantified by electronic counter  and expressed in elec- 
tronic counts. The methods are essentially the same as 
described in Yoon et al. (15). 

Statistical analysis. The qualitative and quanitative 
effects of extraction solvents and storage time on oxida- 
tive stability of oils were analyzed by Duncan's Multiple 
Range Test (16). 

RESULTS AND DISCUSSION 

Characteristics ofoil  samples. Acid value, iodine value, 
saponification value, unsaponifiable matter, iron content, 
phosphorus and phospholipids contents, sterols, toco- 
pherols and fatty acid composition of crude soybean oils 
obtained by different extraction solvents are shown in 
Table 1. Iodine value, saponification value and unsaponif- 
iable mat ter  content  of crude soybean oils were found in 
their typical ranges, such as 133-136, 195-198 and 0.3- 
0.4%, respectively. The extraction solvent did not signifi- 
cantly affect iodine value, saponification value and unsa- 
ponifiable mat ter  content  in crude soybean oils. 

Acid value of Folch-extracted crude soybean oil was 
1.3, whereas those of hexane- and aqueous-extracted oils 
were 0.5 and 0.4, respectively. Free fatty acid content  in 
hexane-extracted oil, 0.25%, which was assumed as half 
of an acid value, implied that  the fulLfat soybean flour 
used as a raw material was not substantially deteriorated 
before the experiment. 

Iron contents in oils were measured as 0.6 ppm, which 
indicated the oils were not heavily contaminated. 

Phospholipids contents (which are calculated from 
phosphorus contents)  in hexane-, aqueous- and Folch- 
extracted crude soybean oils were 0.7%, 0.6% and 2.4%, 
respectively. In plant scale extraction, which uses hexane 
as extraction solvent, phospholipids content  in crude 
soybean oil generally ranges from 1.5-2.5% (17). In this 
study, however, phospholipids contents in bench scale 

hexane- and water-extracted soybean oils were shown to 
be less than that  from plant scale extraction. Phospholip- 
ids content  in Folch-extracted soybean oil (2.4%) was 
measured as more than three times higher than that  in 
hexane-extracted oil (0.7%). Folch's solvent, being more 
polar than hexane, was shown to be a better solvent for 
extracting phosphorus containing compounds  from soy- 
bean (18). 

Sterols and tocopherols contents in oils ranged from 
2,400-2,590 ppm, and from 1,250-1,520 ppm, respectively. 
It was found that  sterols in all three oil samples were 
mainly composed of campesterol, stigmasterol and 
/~-sitosterol in the approximate ratio of 1:1:2. 

Fat ty acid compositions of oil samples were not notably 
different, depending on the extraction solvents. 

Effect of extraction so l z~ t  on oxidative stability of soy- 
bean oil. To test the effect of extraction solvent on the 
oxidative stability of soybean oil, crude soybean oils 
obtained by hexane-, aqueous- and Folch-extraction fol- 
lowed by steam distillation were stored at 60~ for ten 
weeks. 

The major components  of volatile compounds  in the 
headspace of soybean oil were butane, pentane, propanol 
and hexanal as determined by mass spectra, and these 
compounds  are formed by lipid oxidation (19). Total vol- 
atile compounds  in the headspace of aqueous- and 
hexane-extracted soybean oils increased from an initial 
value of 65,000 to 6,075,000 and 4,951,000, respectively, 
after ten weeks storage, whereas that  of Folch-extracted 
oil increased from 65,000 to 650,000 during the same 
period (Fig. 1). 

It is well-known that  as the volatile compounds  in the 
soybean oil increase, the oxidative and flavor quality de- 
crease (20,21). 

The headspace oxygen of aqueous- and hexane- 
extracted soybean oils decreased from an initial oxygen 
content  of 21% in headspace air to 6.9% after six weeks 
storage, whereas the headspace oxygen of Folch- 

TABLE 1 

Characteristics of Soybean Oils Obtained by Hexane-, Aqueous- 
and Folch-Extraction 

Item Hexane Aqueous Folch 

Acid value 0.5 0.4 1.3 
Iodine value 136 133 135 
Saponification value 195 195 198 
Unsaponifiable matters, % 0.3 0.4 0.3 
Iron, ppm 0.6 0.6 0.6 
Phosphorus, ppm 240 210 790 
Phospholipids, % 0.7 0.6 2.4 
Sterols, ppm 2,490 2,400 2,590 
Tocopherols, ppm 1,250 1,300 1,520 

Fatty acid composition 
Palmitic acid 11.7 11.3 11.7 
Stearic acid 4.1 4.0 4.1 
Oleic acid 22.0 22.1 21.7 
Linoleic acid 54.0 54.4 54.1 
Linolenic acid 7.6 7.6 7.8 
Others 0.6 0.6 0.6 
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FIG. 1. Effec t  o f  storage t ime on the  total volatile compounds 
formation in headspace  of  crude soybean oil obtained by hexane- 
( �9  aqueous-(O)  and Folch-extraction (&). 
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FIG. 2. E f f e c t  o f  s t o r a g e  t i m e  o n  t h e  o x y g e n  c o n t e n t  in  head-  
s p a c e  o f  c r u d e  s o y b e a n  oi l .  L e g e n d s  are  t h e  s a m e  a s  in  F i g u r e  1. 

e x t r a c t e d  oil d e c r e a s e d  to  8.6% a f t e r  ten  weeks  s t o r a g e  
(Fig. 2), wh ich  s h o w e d  t h a t  oxygen  r e a c t e d  m o r e  r a p i d l y  
wi th  aqueous -  a n d  h e x a n e - e x t r a c t e d  oil t h a n  Fo lch-  ex-  
t r a c t e d  oil. 

Duncan ' s  Mul t ip le  Range  Tests  i n d i c a t e d  t h a t  t he  
a m o u n t s  of  vola t i le  c o m p o u n d s  a n d  oxygen  in t h e  heads -  
p a c e s  of  aqueous -  a n d  h e x a n e - e x t r a c t e d  oils we re  no t  
s ign i f ican t ly  d i f fe ren t  d e p e n d i n g  on t h e  e x t r a c t i o n  sol- 
v e n t  t h r o u g h o u t  s t o r a g e  (P < 0.05). However ,  vo la t i l e  
c o m p o u n d s  a n d  oxygen  c o n t e n t s  of  F o l c h - e x t r a c t e d  oil 
were  shown  to be s ign i f ican t ly  d i f fe ren t  f rom those  of  
aqueous -  a n d  h e x a n e - e x t r a c t e d  oils (P < 0.05) (Fig. 3). 
P e r o x i d e  va lues  of  aqueous -  a n d  h e x a n e - e x t r a c t e d  soy- 
bean  oils i n c r e a s e d  r a p i d l y  a n d  r e a c h e d  a m a x i m u m  of  22 
a f t e r  s ix weeks  s t o r age  a n d  d e c r e a s e d  t he r ea f t e r ,  whe re -  
as  p e r o x i d e  va lues  of  F o l c h - e x t r a c t e d  oil i n c r e a s e d  g rad -  
ua l ly  up  to  m a x i m u m  of  5.3 d u r i n g  t en  weeks  s torage .  

The c o m b i n e d  r e su l t s  of  c o n t e n t s  of  vola t i le  com-  
p o u n d s  a n d  oxygen  in t h e  h e a d s p a c e  a n d  p e r o x i d e  va lues  
of  oil s amples ,  i n d i c a t e d  t h a t  t he  ox ida t ive  s tab i l i ty  of  
s oybean  oil o b t a i n e d  by  F o l c h - e x t r a c t i o n  was  signifi- 
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c a n t l y  b e t t e r  t h a n  t h a t  of  soybe a n  oils o b t a i n e d  by  con-  
v e n t i o n a l  h e x a n e  e x t r a c t i o n  a n d  a que ous  e x t r a c t i o n  
(P < 0.05). 

I t  is r e p o r t e d  t h a t  t he  ox ida t i ve  s tab i l i ty  of  oil is affect-  
ed  by  such  p ro -  a n d  a n t i o x i d a n t  m a t e r i a l s  such  as  free 
f a t t y  acids,  iron, t o c o p h e r o l s  a n d  p h o s p h o l i p i d s  (22-24).  
A m o n g  the  ana ly t i ca l  r e su l t s  in th i s  s tudy ,  t he  c o n t e n t s  of  
i ron  a n d  t o c o p h e r o l s  w e r e  shown  to  be  s imi lar ,  w h e r e a s  
ac id  va lue  a n d  p h o s p h o l i p i d s  c o n t e n t  we re  s h o w n  to be 
s ign i f ican t ly  d i f ferent ,  d e p e n d i n g  on the  e x t r a c t i o n  sol- 
vents .  P h o s p h o l i p i d s  a r e  k n o w n  to posses s  p r o o x i d a n t  
ac t iv i ty  in t h e  a b s e n c e  of  i ron,  a n d  to  possess  a n t i o x i d a n t  
ac t iv i ty  in t he  p r e s e n c e  of  i ron  a t  1 p p m  level in pur i f i ed  
soybean  oil (23). The  b e t t e r  ox ida t i ve  s tab i l i ty  of  Folch-  
e x t r a c t e d  soybe a n  oil t h a n  t h a t  o f  aqueous -  a n d  h e x a n e -  
e x t r a c t e d  soybean  oils can  be e x p l a i n e d  p a r t l y  by  a com- 
b ina t i on  of  (i)  i n c r e a s e d  a n t i o x i d a n t  effect,  t h e  p h o s p h o -  
l ipid ac t s  as  a syne rg i s t  for  t h e  p r i m a r y  a n t i o x i d a n t  p re -  
s en t  in c r u d e  soybean  oil t ocophero l s ;  a n d  (ii) i n c r e a s e d  
m e t a l  che l a t i ng  effect  c a u s e d  by  the  h igher  p h o s p h o l i p i d s  
c o n t e n t  (23). These  a r e  obse rved  in sp i t e  of  t h e  h igher  
a m o u n t  of  free f a t t y  ac id  (0.65%) [which s h o w e d  p roox i -  
d a n t  ac t iv i ty  (22)]  p r e s e n t  in Folch-  e x t r a c t e d  oil t h a n  in 
h e x a n e -  a n d  a q u e o u s - e x t r a c t e d  oils, 0.25% a n d  0.,2%, 
respect ive ly .  
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FIG. 3. E f f e c t  o f  s t o r a g e  t i m e  o n  p e r o x i d e  v a l u e  o f  c r u d e  soy- [Received July 12, 1988; accepted November 9, 1989] 
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