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Solvent Extraction of Oil From Soybean Flour I--Extraction Rate, a 
Countercurrent Extraction System, and Oil Quality 
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Measurements  o f  rates  o f  oil  extract ion from either 
f ine  flour or soybean f lakes  in a co lumn showed  that  
oil  extract ion from flour was  d e p e n d e n t  on the  vo lume 
o f  solvent,  but oil  extract ion from f lakes  depended  on 
t ime o f  contact  rather than vo lume of  solvent.  We 
interpreted the  data to mean  that  oil  was  being w a s h e d  
out  o f  the  f ine  flour with little d i f fus ion involved, 
whereas  in f lakes,  the  l imit on rate wa s  di f fus ion o f  the  
so lvent  into and out o f  the  t i ssue.  

Fine full fat f lour worked  wel l  in a batchwise  
countercurrent  extract ion sys tem with mixing and 
centrifugal  separation.  Because  the  oil  d i sso lved  
immediate ly  and reached equil ibrium rapidly, the  
actual material  balance was  c lose  to calculated values.  
However,  due to the  large hold-up volume,  the  separa- 
t ion of  misce l la  from the meal  required several  mix ing  
and separat ion stages .  The oil  result ing from this  
countercurrent  extract ion sys tem had a superior qual- 
ity with 37 ppm phosphorus ,  0.08% free fatty acids, and 
a l ight color. 

KEY WORDS: Decreased  phosphol ip ids  in crude oil, 
improved crude oil  quality, rapid extract ion from f ine  
flour, soy oil extraction.  

Making thin flakes is a common procedure in commercial 
solvent extraction of soybean oil. The traditional and 
accepted method of soybean preparat ion before solvent 
extraction requires many steps - -  receiving and cleaning, 
drying, bean cracking, dehulling, bean conditioning and 
flaking. The purpose of all those prepara tory  steps is to 
obtain a flake for high extraction rates, high drainage 
rates, and easy desolventizing after extraction. Grinding 
into fine flour, however, is not a common preparat ion 
procedure in commercial solvent extraction of soybean 
oil. The conventional solvent extraction equipment is 
designed for use with flakes and cannot  handle fine 
particles. Grinding to a flour is used most commonly in 
the laboratory for analytical purposes. 

It is well recognized that  the rate of solvent extraction 
is controlled by the solid particle size (1). The reduction of 
particle size increases the surface area, decreases solvent 
penetration path  lengths, and results in significantly 
increased oil transfer rates into the miscella. 

Sheu (2) started the investigation of a new rapid 
equilibrium method for measuring total oil content in 
soybean seed using fine soybean flour. Further  develop- 
ment (3) indicated that  the particle size has an effect not 
only on the extraction rate, but it also increases the 
amount  of oil extracted. Maximum oil extraction is 
almost instantaneous from flour tha t  has particles 
smaller than 150 #m. Recent studies indicated that  98% of 
the extraction is completed in one min (4). The increment 
in amount  of oil extracted is thought  to be due to the 
increase in amount  of cell tissues tha t  were disrupted 
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since the intact soybean tissue is difficult to penetrate by 
hexane (5). 

Clark and Snyder (4) reported that  oil extracted from 
fine particles of flour by the analytical methods contains 
less phospholipids than the oil commercially extracted 
from flakes. However, grinding into flour does not guaran- 
tee a low phospholipid content. They also found that  a 
high extraction temperature  and a high moisture level of 
flour result in a high phospholipid content  for oil from 
flour. For beans preheated at 130~ even when ground 
into flour for extraction, the resulting oil has higher 
phospholipid content than the oil prepared without 
heating. The preheating of cracked beans and adjusting 
the moisture to a level of 10-11% are necessary steps for 
getting proper  pliability of soybean to be flaked, but not 
for beans to be ground into flour. These preparat ion steps 
and the high extraction temperature  in commercial 
extraction may increase the extractability of phospholip- 
ids in flakes and result in a crude oil of high phospholipid 
content. 

It is well known that  the presence of phospholipids is 
undesirable for processing crude oil to the final food 
grade vegetable oil, therefore, it is advantageous to 
reduce the level of these compounds  as much as possible 
during the oil extraction process. The extraction of oil 
from finely ground soybean flour under controlled condi- 
tions may be a better way to obtain high quality crude oil 
by leaving most of the phospholipids in the meal. 

Since soybeans are commercially extracted in the form 
of flakes, most studies on oil extraction rates have been 
conducted with flakes instead of flour. Particle size 
usually has been defined in terms of flake thickness (6,7). 
No study has been reported that  compared the extrac- 
tion rates of oil from flour and flake samples. The 
preparat ion methods of these two materials are different 
and so is the degree of cell destruction. Grinding the 
beans to a fine flour caused cellular content to be 
fractured to a greater extent than flaking (8). 

The objectives of this s tudy were to determine the 
extraction patterns of flakes and flour, the feasibility of 
solvent extraction from fine flour with a countercurrent  
system and the quality of resulting crude oil from such a 
system. 

MATERIALS AND METHODS 
Soybean flakes were obtained from a commercial source. 
The thickness of the flakes was about 0.25 mm. The flour 
was prepared from whole soybeans (if not specified it was 
from "Forrest" cultivar), ground in the UDY Cyclone 
Sample Mill (UDY Corp., Fort  Collins, CO) without a 
screen, and sifted through a 100-mesh sieve in the Alpine 
Air-jet Sieve (Alpine American Corp., Natick, MA). The 
particle size of flour samples was smaller than 150 #m in 
diameter based on collection throllgh the 100-mesh 
screen. The hexane used for oil extraction experiments 
was high performance liquid chromatography (HPLC) 
grade. 

Column extraction ofoil. Soybean flakes or flour were 
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e x t r a c t e d  in a glass l iquid c h r o m a t o g r a p h y  co lumn  (2.5 
cm ID). The  s a m p l e  ( a b o u t  0.5 g) was  p a c k e d  d r y  in to  t he  
co lumn  to p r o v i d e  a l ayer  1 m m  thick.  

Oil e x t r a c t i o n  was  a c c o m p l i s h e d  by  p u m p i n g  f resh  
so lvent  ( h e x a n e )  a t  s eve ra l  ra tes .  Miscel la  e lu t ing  f rom 
the  c o l u m n  was  f r ac t i ona l l y  co l lec ted  in a l u m i n u m  weigh-  
ing p a n s  a t  specif ic  t ime  in terva ls .  Af t e r  t he  so lvent  was  
e v a p o r a t e d ,  t he  we igh t s  of  oil co l lec ted  a t  d i f fe ren t  t imes  
we re  r e c o r d e d .  Timing was  s t a r t e d  w h e n  the  f irst  d r o p  of  
misce l la  c a m e  f rom the  co lumn.  

Rap id  equ i l ibr ium extraction. The r a p i d  equ i l ib r ium 
e x t r a c t i o n  d e v e l o p e d  by  S n y d e r  et al. (3)  was  u sed  to  
c o m p a r e  t h e  oil e x t r a c t i o n  f rom f lakes  a n d  flour. The 
s a m p l e  was  we ighed  (0.15-0.3 g) a n d  m i x e d  wi th  h e x a n e  
(25 mL)  in a flask. Af t e r  va ry ing  t ime,  t h e  misce l la  (10 
mL)  was  p u l l e d  t h r o u g h  a f i l ter  (Mil lex-PF m e m b r a n e  
filter, 0.8 #m, Mil l ipore Corp., Bedford ,  MA) using a 
syringe.  The  c o n c e n t r a t i o n s  of  t he  misce l las  were  mea-  
s u r e d  by  e v a p o r a t i n g  10 mL misce l la  in a l u m i n u m  weigh- 
ing pans ,  a n d  e x t r a c t i o n  curves  were  p l o t t e d  using 
a m o u n t s  o f  oil e x t r a c t e d  vs mix ing  t imes.  

The batchwise countercurrent extraction. A b a t c h w i s e  
c o u n t e r c u r r e n t  e x t r a c t i o n  was  c o n d u c t e d  wi th  mix ing  
a n d  s e p a r a t i o n  by  cen t r i fug ing  ( d i s p e r s e d - s o l i d  l each ing)  
to  s t u d y  t h e  p e r f o r m a n c e  of  fine f lour  in t he  c o u n t e r c u r -  
r en t  e x t r a c t i o n  system.  Before  s t a r t i n g  the  ex t r ac t i on ,  
t he  q u a n t i t a t i v e  p e r f o r m a n c e  of  th is  e x t r a c t i o n  sys t em 
was  ana lyzed  by  us ing a g r a p h i c a l  m e t h o d  wi th  an 
equ i l ib r ium line a n d  an  o p e r a t i n g  l ine (McCabe-Thie le  
Plot )  b a s e d  on m a t e r i a l  b a l a n c e  a t  each  s t age  to de te r -  
mine  the  n u m b e r  of  idea l  s t ages  (9).  

With  t he  i n f o r m a t i o n  on m a t e r i a l  ba lance ,  t he  o p e r a t -  
ing line a n d  equ i l ib r ium line of  t he  McCabe-Thiele  p lo t  
cou ld  eas i ly  be p lo t t ed ,  a n d  the  n u m b e r  of  idea l  s tages  
was  d e t e r m i n e d .  How close t he  a c t u a l  e x t r a c t i o n  was  to  
t he  q u a n t i t a t i v e  ana lys i s  i n d i c a t e d  the  eff iciency of  th is  
ex t r ac t i on .  

Establishment of the material  balance. The in fo rma-  
t ion  r e q u i r e d  to  e s t ab l i sh  t he  m a t e r i a l  b a l a n c e  i n c l u d e d  
the  oil c o n t e n t  of  t he  s t a r t i n g  flour,  the  c o n c e n t r a t i o n  of  
f inal  miscel la ,  the  r e s i d u a l  oil c o n t e n t  of  t he  d e f a t t e d  
meal ,  t he  a m o u n t  of  so lvent  u sed  a n d  the  ho ld -up  volume.  

The c o n c e n t r a t i o n  of  f inal  misce l l a  was  chosen  so t h a t  
a fa i r ly  c o n c e n t r a t e d  misce l la  cou ld  be o b t a i n e d  a f t e r  a 
r e a s o n a b l e  n u m b e r  of  s tages .  The r e s i d u a l  oil c o n t e n t  of  
d e f a t t e d  m e a l  was  set  a t  1% which  is the  c o m m o n  goal  for 
c o m m e r c i a l  ex t r ac t i on .  The  a m o u n t  of  so lvent  r e q u i r e d  
was  c a l c u l a t e d  b a s e d  on t h e  t o t a l  m a t e r i a l  b a l a n c e  t h a t  
was  d e t e r m i n e d  by  the  c o n c e n t r a t i o n  of  f inal  miscel la ,  t he  
a m o u n t  of  r e s i d u a l  oil a n d  the  oil c o n t e n t  of  t he  flour. 
However,  t h e  oil c o n t e n t  of  t he  s t a r t i n g  m a t e r i a l  a n d  the  
ho l d -up  v o l u m e  h a d  to be d e t e r m i n e d  by  e x p e r i m e n t .  

The  oil c o n t e n t  of  t he  f lour  was  d e t e r m i n e d  by  us ing the  
r a p i d  equ i l ib r ium m e t h o d  deve loped  by  S n y d e r  et al. (3). 
The h o l d - u p  vo lumes ,  i.e., t he  a m o u n t  of  misce l l a  he ld  by  
the  solid a f t e r  c e n t r i f u g a t i o n  (2500-3000  g) a t  d i f fe ren t  
misce l l a  c o n c e n t r a t i o n s  we re  d e t e r m i n e d  by  mix ing  dif- 
f e ren t  a m o u n t s  of  h e x a n e  o r  misce l la  wi th  flour. Af te r  
cen t r i fuga l  s e p a r a t i o n ,  t h e  we igh t s  of  misce l las  a n d  oils 
r e cove red  we re  used  to  ca l cu l a t e  t he  misce l l a  h o l d - u p  
volume.  

A McCabe-Thie le  p lo t  was  m a d e  f rom the  da ta ,  a n d  the  
n u m b e r  of  idea l  s t ages  was  d e t e r m i n e d .  The misce l la  
c o n c e n t r a t i o n s  in a n d  ou t  of  e ach  s t age  we re  also cal- 
cu la ted .  Miscel las  a t  t he  p r e p a r e d  c o n c e n t r a t i o n s  were  
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m a d e  wi th  c r u d e  oil a n d  hexane .  These  misce l las  were  
u sed  in t h e  fol lowing ex t r ac t i on .  

The oil extraction. Full  fa t  f lour  was  m i x e d  wi th  ha l f  
miscel la ,  wh ich  is t he  mos t  c o n c e n t r a t e d  misce l la  n e x t  to  
t h e  full miscel la ,  for  2 min  a n d  t h e n  cen t r i f uged  for  3 min  
to  s e p a r a t e  t h e  sol id  f rom t h e  full  miscel la .  The sol id- to-  
so lven t  r a t i o  used  was  1:1.4, b a s e d  on the  ca l cu la t ion  
f rom t h e  m a t e r i a l  ba lance .  The d e f a t t e d  mea l  was  t hen  
c o n t a c t e d  wi th  less c o n c e n t r a t e d  misce l las  wi th  mix ing  
a n d  cen t r i fug ing  a t  each  stage.  

The  c o n c e n t r a t i o n s  of  misce l las  ou t  of  e ach  s t age  a n d  
t h e  r e s i d u a l  oil c o n t e n t  of  t he  f inal  mea l  we re  m e a s u r e d  
a n d  c o m p a r e d  w i th  c a l c u l a t e d  va lues  f rom the  m a t e r i a l  
ba lance .  

Quality evaluation of  the extracted crude oil. An 
e x t r a c t i o n  of  500 g fine soybe a n  f lour  was  done  b a s e d  on 
t h e  ca l cu l a t i on  of  t he  f irst  e x t r a c t i o n .  The  c r u d e  oil u sed  
for  m a k i n g  up  the  misce l las  was  f rom a l a b o r a t o r y  
e x t r a c t i o n  of  t he  s a m e  k ind  of  soybe a n  flour. Af te r  t he  
e x t r a c t i o n ,  t he  misce l las  f rom all t he  s t ages  were  pooled ,  
f i l t e red  (Mil l ipore  FA filter,  p o r e  size, 1.0 #m)  a n d  
deso lvent ized .  The misce l la  was  deso lven t i zed  in a r o u n d -  
b o t t o m  dist i l l ing f lask h e a t e d  by  a hea t ing  mant le .  A 
w a t e r  a s p i r a t o r  was  used  for  v a c u u m  to he lp  t h e  dis t i i la-  
t ion.  The dis t i l l ing t e m p e r a t u r e  was  a b o u t  70~ a n d  the  
f inal  s t r i pp ing  t e m p e r a t u r e  was  a r o u n d  150~ for 1-2 
min.  The f inal  c r u d e  oil c o n t a i n e d  a b o u t  98% oil. The 
Lovibond  color,  f ree  f a t t y  ac id  a n d  p h o s p h o l i p i d  c o n t e n t  
of  t he  f inal  oil we re  m e a s u r e d  a n d  c o m p a r e d  wi th  
c o m m e r c i a l  c r u d e  oil. 

A k n o w n  a m o u n t  of  e x t r a c t e d  oil was  w e t - a s h e d ,  a n d  
p h o s p h o r u s  was  d e t e r m i n e d  us ing the  B a r t l e t t  (10)  
m e t h o d  of  ge ne ra t i ng  p h o s p h o m o l y b d a t e  for  p h o s p h o r u s  
analysis .  A b s o r b a n c e  was  m e a s u r e d  at  750 n m  on a 
d o u b l e - b e a m  s p e c t r o p h o t o m e t e r .  The free f a t t y  ac id  
ana lys i s  fo l lowed the  official AOCS m e t h o d  Ca 5a-40 (11). 

RESULTS AND DISCUSSION 

Column extraction ofoil. The co lumn  e x t r a c t i o n  of  100- 
m e s h  soybe a n  f lour  was  done  a t  t h r e e  d i f fe ren t  so lvent  
f low ra tes .  The  r e su l t s  a re  shown  in F igure  l a .  As flow r a t e  
i n c r e a s e d  the  a m o u n t  of  oil e x t r a c t e d  p e r  uni t  t ime  
inc reased .  In  o t h e r  words ,  t he  e x t r a c t i o n  was  d e p e n d e n t  
on  the  vo lume  of  solvent .  The oil s e e m e d  to d issolve  
i m m e d i a t e l y  a f t e r  c o n t a c t i n g  the  so lvent  a n d  was  w a s h e d  
o u t  by  the  solvent .  F lake  s a m p l e s  s h o w e d  a d i f fe ren t  
p a t t e r n  (Fig. l b ) .  No m a t t e r  w h a t  t h e  flow ra te ,  t h e  s a m e  
a m o u n t  of  oil w a s  e x t r a c t e d  in t he  s a m e  t ime  per iod .  The 
oil e x t r a c t i o n  f rom f lakes  was  m a i n l y  c on t ro l l e d  by  t ime.  
I t  s e e m e d  t h a t  d i f fus ion was  the  m a i n  m e c h a n i s m  of  t he  
ex t r ac t i on .  

Rap id  equi l ibr ium extraction. Mixing h e x a n e  a n d  
s a m p l e s  in a f lask  s imu la t e s  t he  ac t ion  of  c o l u m n  e x t r a c -  
t ion  a t  m a x i m u m  flow ra te ,  e x c e p t  t h a t  t h e  e x t r a c t i o n  
a f t e r  f i rs t  c o n t a c t  is done  by  misce l la  i n s t e a d  of  by  f resh  
solvent .  The r e su l t s  (Fig. 2) s h o w e d  t h a t  e x t r a c t i o n  of  
f lour  s a m p l e s  w a s  m u c h  fa s t e r  t h a n  for f lake samples ,  
wh ich  were  c o n t r o l l e d  by  diffusion.  I m m e d i a t e l y  a f te r  
c o n t a c t  w i th  solvent ,  a b o u t  95% of  t h e  t o t a l  oil in t he  f lour  
was  dissolved.  Only  10-15 s e c o n d s  were  n e e d e d  to  r e a c h  
the  equi l ibr ium.  If  s lowly d i sso lved  oil was  t h e  c a u s e  of  t he  
d e c r e a s e  in e x t r a c t i o n  r a t e  for  f lake samples ,  one  w o u l d  
e x p e c t  to  see  a s imi la r  p h e n o m e n o n  in f lour  samples .  
These  r e su l t s  c o n t r a d i c t  t he  "und isso lved  oil" c o n c e p t  of  
Coa ts  a n d  K a r n o f s k y  (6). Diffusion of  so lvent  a n d  mis-  
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oil f rom fine s o y b e a n  f lour  m a y  l ead  to  l a rge-sca le  com- 
m e r c i a l  e x t r a c t o r s  t h a t  w o u l d  be  m o r e  eff icient  t h a n  
p r e s e n t  equ ipmen t .  

The batchwise  countercurren t  extract ion.  Due to  the  
t e n d e n c y  of  so lvent  to  c h a n n e l  a n d  f lour  to  pack ,  the  
c o l u m n  e x t r a c t i o n  s e e m e d  i n c a p a b l e  of  h a n d l i n g  t h e  fine 
flour.  D i spe r sed - so l id  l each ing  was  sugges ted  to  h a n d l e  
th i s  k ind  of  m a t e r i a l  t h a t  f o r m e d  i m p e r m e a b l e  beds  
e i t he r  before  or  d u r i n g  leaching.  The sol ids  can  be t r e a t e d  
by  d i spe r s ing  t h e m  in so lvent  by  m e c h a n i c a l  ag i t a t i on  in a 
t a n k  o r  in a f low mixer .  The  l e a c h e d  r e s idue  is t hen  
s e p a r a t e d  f rom t h e  so lu t ion  by  se t t l ing  or  f i l t ra t ion  (9). 

A b a t c h w i s e  c o u n t e r c u r r e n t  e x t r a c t i o n  w a s  c o n d u c t e d  
w i th  mix ing  a n d  cen t r i fug ing  s e p a r a t i o n .  The bas ic  d a t a  
for  t he  m a t e r i a l  b a l a n c e  a n d  for  p lo t t i ng  the  McCabe- 
Thiele  p lo t  were  for  t h e  o p e r a t i n g  line: i) C o n c e n t r a t i o n  of  
f inal  miscella ,  25% (w/w) ;  ii) r e s i d u a l  oil of  the  d e f a t t e d  
meal ,  1%; iii) oil c o n t e n t  of  t h e  full fa t  f lour,  22.35%; a n d  iv) 
h o l d - u p  vo lume  ( c o n s t a n t  unde r f low) ,  100% of  the  defa t -  
t e d  mea l  (w /w) .  Those  for  t he  equ i l ib r ium line were  equa l  
c o n c e n t r a t i o n s  of  misce l la  ins ide  a n d  ou t s i de  t he  f lour  
pa r t i c l es .  

F r o m  the  plot ,  five was  the  n u m b e r  of  idea l  s t ages  
d e t e r m i n e d .  The c a l c u l a t e d  c o n c e n t r a t i o n s  of  misce l las  
a n d  the  so l id - to - so lven t  r a t io  a re  s h o w n  in Table 1. 

TABLE 1 

Calculated Concentrat ions  of Misce l las  In  and Out of Each 
Stage  a 

Concentration of miscella % (w/w) 

Stage In Out 

1 13.16 25.00 
2 6.70 13.16 
3 3.10 6.70 
4 1.13 3.10 
5 0.04 1.13 

a Solid to solvent ratio = 1:1.4. 

The r e su l t s  f rom the  s t age - to - s t age  c o u n t e r c u r r e n t  
e x t r a c t i o n  were  c lose  to w h a t  w a s  p r e d i c t e d  by  the  
McCabe-Thie le  plot .  The  c o n c e n t r a t i o n s  of  misce l las  in 
a n d  ou t  of  e ach  s t age  in the  a c t u a l  e x t r a c t i o n  a re  shown  
in Table 2. 

In  leaching,  equ i l ib r ium is a t t a i n e d  when  the  so lu te  is 
c o m p l e t e l y  d i s so lved  a n d  t h e  c o n c e n t r a t i o n  of  t he  solu-  
t ion  so f o r m e d  is un i fo rm  (9). Due to  t h e  r e a d y  e x t r a c t i o n  
o fo i l  f rom fine f lours ,  such  a c o n d i t i o n  was  o b t a i n e d  m o r e  
eas i ly  wi th  fine f lour  t h a n  wi th  flakes.  Since the  oil was  
d i s so lved  immed ia t e ly ,  the  s t age  eff ic iency was  high a n d  

TABLE 2 

The Actual  Concentrat ions  of Misce l las  In  and Out of Each 
Stage  in a Batch Countercurrent  Extract ion with 100-Mesh, 
Full-Fat Flour 

cena  in a n d  ou t  of  t he  f l aked  t i s sue  is st i l l  t he  bes t  
e x p l a n a t i o n  for  t he  s low e x t r a c t i o n  r a t e  in flakes.  

E x p e r i m e n t s  wi th  fine, ful l - fat  f lours  o f  s o y b e a n s  Stage 
s h o w e d  t h a t  oil was  r ead i l y  e x t r a c t e d  f rom f lour  wi th  1 
h e x a n e  a n d  t h a t  it  w a s  poss ib le  to  e x t r a c t  a t  r o o m  2 
t e m p e r a t u r e  i n s t e a d  of  a t  e l eva t ed  t e m p e r a t u r e s .  If  3 
m e t h o d s  can  be dev i sed  to  h a n d l e  t h e  f ine f lour  on a 4 5 
c o m m e r c i a l  scale,  t he  r a p i d  a n d  c o m p l e t e  e x t r a c t i o n  of  

Concentration of miscella % (w/w) 

In Out 

13.55 25.00 
6.67 13.56 
3.10 7.03 
1.15 3.30 
0.07 1.24 
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t he  a c t u a l  n u m b e r  of  s t ages  was  c lose  to  t he  n u m b e r  of  
idea l  s tages.  The  a c t u a l  c o n c e n t r a t i o n s  of  misce l las  in a n d  
ou t  of  each  s t age  in Table 2 were  c lose  to  t he  c a l c u l a t e d  
c o n c e n t r a t i o n s  in Table 1. 

The  mos t  i m p o r t a n t  m e t h o d  of  l each ing  is t h e  con t inu -  
ous  c o u n t e r c u r r e n t  m e t h o d  using s tages .  Even in t he  
b a t c h w i s e  c o u n t e r c u r r e n t  e x t r a c t i o n  sys tem,  t he  sol ids  
a r e  n o t  m o v e d  phys i ca l l y  f rom s tage- to - s tage .  The  so l ids  
in a n y  one s t age  a r e  t r e a t e d  by  a success ion  of  l iquids  of  
c o n s t a n t l y  d e c r e a s i n g  c o n c e n t r a t i o n  as  if t he  sol ids  w e r e  
being moved  f rom s t age - to - s t age  in a c o u n t e r c u r r e n t  
sy s t em (9). 

F o r  t he  c o u n t e r c u r r e n t  e x t r a c t i o n  sys t em wi th  s tages ,  
it  is wel l  k n o w n  t h a t  an  i nc rea se  in t h e  n u m b e r  of  s t ages  
will e i the r  i nc rea se  t h e  c o n c e n t r a t i o n  of  f inal  misce l l a  or  
r e d u c e  the  r e s i d u a l  oil c o n t e n t  in t h e  meal .  Most  of  t he  
t ime  it can  do both .  

The re  is a ques t ion  a b o u t  how high the  c o n c e n t r a t i o n  of  
f inal  misce l la  can  go. Is t h e r e  a l imit?  Since a h ighly  
c o n c e n t r a t e d  f inal  misce l l a  is p r e f e r r ed ,  as  high as  
poss ib le  is p re fe rab le .  To a n s w e r  th is  ques t ion  it was  
n e c e s s a r y  to  s t u d y  t h e  m a t e r i a l  b a l a n c e  of  t he  l each ing  
sys tem.  

The  c o n c e n t r a t i o n  of  f inal  misce l la  was  d e t e r m i n e d  by  
the  a m o u n t  of  so lven t  en t e r ing  the  sys tem,  t he  oil c o n t e n t  
of  t h e  s t a r t i n g  m a t e r i a l s  a n d  the  r e s i d u a l  oil c o n t e n t  in 
the  meal .  F o r  a l each ing  sys t em using d r y  f lour  as  s t a r t i n g  
ma te r i a l ,  t h e r e  was  a h o l d - u p  vo lume  t h a t  h a d  to  be t a k e n  
ca r e  of  a t  t he  f i rs t  s tage.  The  a m o u n t  of  so lven t  u sed  m u s t  
be enough  to o v e r c o m e  the  ho ld -up  v o l u m e  to get  f inal  
misce l la  ou t  of  t he  f i rs t  s tage.  This v o l u m e  p u t s  t he  u p p e r  
l imit  on c o n c e n t r a t i o n  of  f inal  miscel la .  

The s e c o n d  f ac to r  l imit ing the  c o n c e n t r a t i o n  was  t h e  
oil c o n t e n t  of  t he  flour.  The h igher  t he  oil con ten t ,  t he  
h igher  t he  c o n c e n t r a t i o n  of  f inal  misce l l a  cou ld  be. F o r  a 
f lour  con t a in ing  21% oil a n d  e x t r a c t e d  a t  1:1 d e f a t t e d  
so l i d / so lven t  ra t io ,  t he  c o n c e n t r a t i o n  of  f inal  mi sce l l a  
cou ld  go up  to  96% ( w / w ) ,  a n d  it t ook  m o r e  t h a n  80 s t ages  
to  c o m p l e t e  t h e  e x t r a c t i o n  wi th  1.0% r e s i d u a l  oil in t he  
meal .  This was  c a l c u l a t e d  a t  c o n s t a n t  u n d e r f l o w  basis.  I t  
w o u l d  be m o r e  c o m p l i c a t e d  in a c t u a l  e x t r a c t i o n ,  s ince  
t he  ho ld -up  v o l u m e  m a y v a r y  due  to  t h e  c h a n g e  o f  d e n s i t y  
of  misce l la  a n d  t h e r e  m a y  be ca r ry -ove r  of  sol ids  d u e  to  
b a d  s e p a r a t i o n .  

The  t h i r d  l imit  on the  c o n c e n t r a t i o n  of  f inal  misce l l a  
was  t h e  r e s i d u a l  oil c o n t e n t  of  t he  meal .  The lower  t he  
r e s i d u a l  oil, t he  h ighe r  t he  p o t e n t i a l  for  t h e  c o n c e n t r a t i o n  
of  f inal  miscella .  The  r e s i d u a l  oil u sua l ly  is se t  a t  1%. 
R e p o r t s  have  i n d i c a t e d  t h a t  when  the  r e s i d u a l  oil is too  
low, t he  ref ining loss b e c o m e s  a p r o b l e m  b e c a u s e  of  t h e  
i n c r e a s e d  p h o s p h o l i p i d s  a n d  p i g m e n t  e x t r a c t e d  (12). 

Due to t he  large  h o l d - u p  vo lume  by  t h e  f lour  ( a p p r o x -  
i m a t e l y  1:1 by  weight ) ,  t he  n u m b e r  of  s t ages  n e e d e d  to  
c o m p l e t e  a r e a s o n a b l e  e x t r a c t i o n  was  a d r a w b a c k .  I t  
w o u l d  be des i r ab l e  if t he  ho ld -up  vo lume  cou ld  be 
r educed .  

The  qua l i ty  of  t he  c r u d e  oil e x t r a c t e d  f rom the  c o u n t e r -  
c u r r e n t  sys t em is s h o w n  in Table 3. I t  w a s  obvious  t h a t  t h e  
l a b o r a t o r y - e x t r a c t e d  oil was  m u c h  b e t t e r  t h a n  the  aver-  
age c o m m e r c i a l  c r u d e  oil. The  c r u d e  oil f rom l a b o r a t o r y  
e x t r a c t i o n  of  fine f lour  was  l ight co lo r ed  a n d  c o n t a i n e d  

OIL FROM SOYBEAN FLOUR I 

TABLE 3 

Quality of Crude Oil from the Laboratory Countercurrent 
Extraction from Soybean Flour and Comparison with  the 
Average Commercial  Crude Oil 

249 

Sample oil Commercial crude 

Phosphorous (ppm) 37 500-1000 
FFA (%) 0.08 0.3-0.7 
Lovibond color 34Y 1.6R 20Y 2R a 

a The value given is the trading specification for fully refined soybean 
salad oil by USDA. 

l i t t le  p h o s p h o r o u s  a n d  free f a t t y  acids.  The p h o s p h o r o u s  
c o n t e n t  of  t he  c r u d e  oil was  even less t h a n  the  a l lowable  
p h o s p h o r o u s  c o n t e n t  for  c o m m e r c i a l  c r u d e  d e g u m m e d  
oil, wh ich  has  a t r a d i n g  spec i f i ca t ion  of  200 ppm.  

This r e su l t  sugges t ed  t h a t  t h e r e  is a w a y  of  e x t r a c t i n g  
oil f rom s o y b e a n s  t h a t  gives a m u c h  lower  p h o s p h o l i p i d  
c o n t e n t  ( a b o u t  1 /10  o r  less)  c o m p a r e d  to c o m m e r c i a l l y  
e x t r a c t e d  c r u d e  oil. I t  w o u l d  be poss ib le  wi th  th is  high 
qua l i ty  c r u d e  oil to  go t h r o u g h  a d e q u a t e  p r e t r e a t m e n t s  
a n d  phys i ca l  ref ining w i t h o u t  t he  cos t ly  a lka l i  ref ining 
s tep.  P e r h a p s  t he  savings  on ref in ing cos t s  wou ld  cover  
t he  e x t r a  w o r k  n e e d e d  to  p r e p a r e  the  f lour  a n d  to  
s e p a r a t e  by  centr i fuging.  

The high qua l i ty  of  c r u d e  oil f rom f lour  e x t r a c t i o n  
ra i ses  a new t h o u g h t  a b o u t  t he  soybean  oil so lvent  
ex t r ac t i on .  Since it is poss ib le  to min imize  t h e  e x t r a c t i o n  
of  the  phospho l ip id s ,  f ree f a t t y  ac ids  a n d  p igments ,  a n d  to  
ob ta in  a t h o r o u g h  e x t r a c t i o n  of  t r ig lycer ides  a t  t he  s a m e  
t ime,  it fol lows t h a t  t he se  c o m p o u n d s  a re  no t  m i x e d  wi th  
t r ig lyce r ides  in t he  l ipid bod ies  before  the  so lven t  e x t r a c -  
t ion.  The high p h o s p h o l i p i d  c o n t e n t  is no t  i n h e r e n t  in 
soybean  oil ex t r ac t i on .  Therefore ,  mod i f i ca t i on  of  t he  
soybe a n  p r e p a r a t i o n  p r o c e d u r e  m a y  be a key  to  p r o d u c -  
ing high qua l i ty  c r u d e  oil. 

REFERENCES 

1. Diosady, L.L., L.J. Rubin, N. Ting and O. Trass, J. Am. Oil Clwm. 
Soc. 60:1658 (1983). 

2. Sheu, G., Masters thesis, University of Arkansas, 1987. 
3. Snyder, H.E., G. Sheu, G.G. Brown, P. Clark and K.L. Wiese, J. Am. 

Oil Chem. Soc. 65:255 (1988). 
4. Clark, P.K., and H.E. Snyder, Ibid. 66:1316 (1989). 
5. Othmer, D.F., and J.C. Agarwal, Chem. Eng. Prog. 51:372 (1955). 
6. Coats, H.B., and G. Karnofsky, J. Am. Oil Ch~m. Soc. 27:51 

(1950). 
7. Coats, H.B., and M. R. Wingard, Ibid. 27.'93 (1950). 
8. Snyder, J.M., J.P. Friedrich and D,D. Christianson, Ibid. 61:1851 

(1984). 
9. McCabe, W.L., and J.C. Smith, Unit Operation of Chemical 

Engineering, 3rd edn., McGraw-Hill Inc., New York, 1976, pp. 
511-532. 

10. Bartlett, G.R., J. Biol. Chem. 234:466 (1959). 
11. Walker, R.G. (ed), Official and Tentative Methods of the 

American Oil Chemists' Society, (ed.) AOCS, Champaign, IL, 
1985, Method Ca 5a-40. 

12. Arnold, L.K., R.B.R. Choudhury and H. Chang, J. Am. Oil Chem. 
Soc. 38:336 (1961). 

[Received July 26, 1990; accepted January 23, 1991 ] 

JAOCS, Vol. 68, no. 4 (April 1991) 


