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Solvent Extraction of Oil From Soybean Flour II--Pilot Plant and 
Two-Solvent Extractions 
C.D. Nieh and H.E. Snyder* 

Department of Food Science, University of Arkansas, Fayetteville, AR 72703 

The process  o f  grinding soybeans  to a f ine flour and 
extract ing the  flour with hexane  was  studied on a pi lot  
plant  scale.  The crude oil  from the pilot plant s tudy 
had 15 ppm phosphorus  and was  suitable  for physical  
ref ining after a l ight acid pretreatment  and bleaching.  
The ref ined oil  showed  a Lovibond color o f  1.4 ye l low 
and 0.3 red. The pilot plant s tudy also showed  that 
grinding of  the  soybeans  and the  separat ion o f  sol id 
from misce l la  were  the  most  dif f icult  s teps  in so lvent  
extract ion with f ine  flour. 

A laboratory s tudy on separat ion of  misce l la  from 
meal  by aqueous  e thanol  reduced the  hold-up volume,  
but  it  did not  remove  all the  miscel la .  A tes t  with beta- 
carotene showed  that  only  the  misce l la  outs ide  the  
f lour particles  was  displaced.  

Aqueous  e thanol  so lut ions  used  as a second so lvent  
extracted addit ional  nontriglyceride materials  (pri- 
marily phospho l ip ids )  from the  meal.  Also,  the  free 
fatty acid content  o f  the  oil  was  increased with aque- 
ous  ethanol  so lut ion wash.  The quality o f  the  extracted  
crude oil was  lowered by using a second solvent,  but it 
had the advantage o f  needing  only one centrifugation 
to separate  misce l la  from meal.  

KEY WORDS: Improved crude oil  quality, pilot plant  
extract ion o f  soy  flour, phosphol ip ids  in crude soy  oil, 
use  o f  a second so lvent  to displace hexane.  

Ful l  fa t  soybean  f lour  is no t  c o m m o n l y  used  in t he  
c o m m e r c i a l  so lven t  e x t r a c t i o n  of  soybean  oil, a l t h o u g h  
t h e r e  a re  r e p o r t s  on m e t h o d s  to  e x t r a c t  oil f rom s o y b e a n  
f lour  (1,2). In  a p r ev ious  p a p e r  on  the  l a b o r a t o r y  e x t r a c -  
t ion  of  oil f rom fine flour,  t h e  r e su l t s  showed  t h a t  t h e  oil 
d i sso lved  immedia t e ly ,  b u t  it  t ook  five s t ages  to  s e p a r a t e  
t h e  oil f rom the  m e a l  in 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 ion  (3). The qua l i ty  of  e x t r a c t e d  oil was  excel len t .  The 
c r u d e  oil c o n t a i n e d  37 p p m  p h o s p h o r u s  a n d  0.08% free 
f a t t y  ac ids  a n d  w a s  ve ry  l ight  in color.  A p i lo t  p l a n t  
e x t r a c t i o n  was  n e e d e d  to  see  if f ine f lour  e x t r a c t i o n  on  a 
l a rge r  sca le  y ie lded  t h e  s a m e  s u p e r i o r  qua l i ty  of  c r u d e  oil. 
I t  was  also des i r ab l e  to  see  w h a t  k ind  of  p r o b l e m s  e x i s t e d  
in h a n d l i n g  the  f ine f lour  on a l a rge r  scale.  

Due to  t he  la rge  h o l d - u p  vo lume  of  the  fine f lour,  a 
b a t c h  c o u n t e r c u r r e n t  e x t r a c t i o n  r e q u i r e d  seve ra l  s t ages  
to c o m p l e t e  a n d  to  ob t a in  a c o n c e n t r a t e d  f inal  miscel la .  A 
s e c o n d  so lvent  was  t e s t e d  to  r e d u c e  t h e  n u m b e r  of  s tages ,  
to  i mprove  t h e  s e p a r a t i o n  of  misce l l a  f rom d e f a t t e d  f lour  
a n d  to  r e d u c e  t h e  h o l d - u p  of  h e x a n e  miscella .  

As a s e c o n d  solvent ,  a q u e o u s  e t h a n o l  so lu t ions  we re  
a d d e d  to  t h e  m i s c e l l a / m e a l  m i x t u r e  to  d i s p l a c e  t he  
h e x a n e  misce l l a  t h a t  w a s  he ld  u p  by  t h e  d e f a t t e d  meal .  
Af t e r  cent r i fuging,  t he  u p p e r  l ayer  was  t h e  h e x a n e  
miscel la ,  a n d  the  b o t t o m  layer  c o n t a i n e d  the  e t h a n o l  
so lu t ion  a n d  t h e  d e f a t t e d  m e a l  (Fig. 1). 

*To w h o m  cor respondence  should  be addressed.  
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FIG.  1. E x a m p l e  o f  d i s p l a c e m e n t  o f  h e x a n e  m i s c e l l a  wi th  
a q u e o u s  e t h a n o l  as  t h e  s e c o n d  so lvent .  D i a g r a m  s h o w s  t h e  re su l t  
a f t er  cen tr i fuga t i on .  

MATERIALS AND METHODS 

Pilot plant study. Soybeans  for  t h e  p i lo t  p l a n t  e x t r a c t i o n  
were  t h e  Ce n t e nn i a l  cul t ivar .  The h e x a n e  used  was  
c o m m e r c i a l  g r a d e  c o m m o n l y  u sed  in so lvent  e x t r a c t i o n  
p lan ts .  

Soybean preparation. The b e a n s  (100 kg) were  c r a c k e d  
a n d  d e h u l l e d  p r i o r  to  gr inding.  The c r a c k e d  beans  were  
g r o u n d  in a p in  mil l  (Alp ine  C o n t r a p l e x  Wide  C h a m b e r  
Mill, Type  A250 Alp ine  A m e r i c a n  Corp.,  Natick,  MA) 
w i t h o u t  f u r t h e r  s i f t ing a f t e r  gr inding.  A pa r t i c l e  size 
prof i le  was  done  on the  r e su l t ing  flour. 

Oil extraction. The m e t h o d  used  w a s  desc r ibed  by  
K a r n o f s k y  (4)  for  check ing  t h e  p e r f o r m a n c e  of  con t inu-  
ous  c o u n t e r c u r r e n t  e x t r a c t i o n .  The f i rs t  b a t c h  was  to  
p r e p a r e  t he  misce l las  for  the  s e c o n d  b a t c h  ex t rac t ion .  
Only f r e sh  h e x a n e  w a s  used  to  e x t r a c t  t h e  sample .  F igure  
2 shows  t h e  s t eps  for  t h e  f i rs t  b a t c h  ex t r ac t ion .  The  
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FIG.  2. F l o w s h e e t  for t h e  p r e p a r a t i o n  of  t h e  m i s c e l l a s  to  be  u s e d  
in  the  c o u n t e r c u r r e n t  ba tch  e x t r a c t i o n .  
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SOLVENT EXTRACTION OF OIL FROM SOYBEAN FLOUR II 
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F I G .  3.  Flowsheet  for the countercurrent batch extract ion w i t h  
prepared miscel las .  

so lven t - to - so l id  r a t i o  was  2:1 ( w / w ) .  The misce l l a s  we re  
co l lec ted  sepa ra t e ly ,  a n d  on ly  misce l las  2 -6  were  u sed  for  
t he  s econd  b a t c h  e x t r a c t i o n  (Fig. 3). 

F o r  the  s e c o n d  ba tch ,  f resh  f lour  was  e x t r a c t e d  f i rs t  
w i th  misce l la  2 t h e n  w a s h e d  wi th  misce l las  3-6.  The s ix th  
w a s h  was  done  wi th  f resh  solvent ,  a n d  so lven t - to -so l id  
r a t io s  were  2:1 (w /w) .  

F l o u r  a n d  so lven t  were  we ighed  a n d  m i x e d  in a mix ing  
t a n k  wi th  c o n t i n u o u s  s t i r r ing.  The m i x t u r e  was  t h e n  
p u m p e d  into  a D e c a n t e r  cen t r i fuge  (Bi rd  6" C o n t i n u o u s  
Bowl Centr i fuge,  Bird  Machine  Co., Saska toon ,  SK, Cana -  
d a )  to  s e p a r a t e  t he  sol ids  a n d  the  miscel la .  Cen t r i fug ing  
r e q u i r e d  a b o u t  15-25 rain d e p e n d i n g  on the  b a t c h  size 
a n d  p u m p i n g  ra te .  The p u m p i n g  r a t e  was  a d j u s t e d  so 
t h a t  t he  solid was  we t  enough  to f low ou t  of  t he  cen t r i fuge  
b u t  wou ld  c a r r y  a m i n i m u m  of  misce l l a  wi th  it. 

The r e s i d u a l  oil c o n t e n t  of  t he  m e a l  a n d  c o n c e n t r a t i o n  
of  misce l la  o u t  of  each  s t age  we re  m e a s u r e d .  The  full 
misce l la  was  a l lowed  to se t t le  ove rn igh t  to r e m o v e  res id-  
ua l  f lour  a n d  was  f i l t e red  before  desolvent iz ing.  

Physical refining. C r u d e  oil was  t r e a t e d  wi th  50% ci t r ic  
ac id  (500 p p m  of  t he  oil)  a t  45~ a n d  b l e a c h e d  wi th  1.25% 
b leach ing  e a r t h  (F i l t ro l  "Grade  160" Clay, F i l t ro l  Corp.,  
Los Angeles,  CA) before  being phys i ca l ly  ref ined.  The 
b l e a c h e d  oil was  d e a e r e a t e d  a n d  h e a t e d  f irst  a t  100~ 
u n d e r  vacuum.  S t e a m  was  t h e n  s p a r g e d  a t  a r a t e  of  3% 
w / w  p e r  h o u r  to  h e a t  t he  oil a t  240-250~ for one  hour .  

Quality evaluation of the resulting oil. C r u d e  oil, 
b l e a c h e d  oil a n d  re f ined  oil we re  e v a l u a t e d  by  t h e s e  
ana ly t i ca l  m e t h o d s :  F r ee  f a t t y  acids,  AOCS Ca 5a-40 (5); 
p e r o x i d e  value,  AOCS Cd 8-53 (6); P, Ca, Mg, Fe, Cu, ICP 
( induc t ive ly  c o u p l e d  p l a s m a )  emiss ion  spectroscopy; ,  col- 
or, Auto-Lovibond;  a n d  ch lorophyl l ,  Au to -Lov ibond .  

Extraction wi th  second solvent. The f lour  was  p r e p a r e d  
f rom whole  s o y b e a n s  f rom the  F o r r e s t  cul t ivar ,  g r o u n d  in 
a UDY Cyclone S a m p l e  Mill (UDY Corp.,  F o r t  Collins, CO) 
w i t h o u t  a screen ,  a n d  s i f ted t h r o u g h  a 100-mesh sieve in 
t h e  Alp ine  Ai r - je t  Sieve (Alp ine  A m e r i c a n  Corp.) .  The  
p a r t i c l e  size of  t he  f lour  s a m p l e  was  sma l l e r  t h a n  150 #m 
in d i ame te r .  The h e x a n e  used  in all t he  l a b o r a t o r y  
e x t r a c t i o n  e x p e r i m e n t s  was  high p e r f o r m a n c e  l iquid 
c h r o m a t o g r a p h y  (HPLC) grade .  Ana ly t i c a l  g r a d e  e t h a n o l  
(95% v /v )  was  u sed  for  t he  e t h a n o l  so lu t ions .  Disp lace-  

m e n t  of  h e x a n e  misce l l a  by  a que ous  e t h a n o l  was  done  by  
mix ing  full fa t  f lour  wi th  h e x a n e  (2:5, w / v )  for  one  min,  
a d d i n g  a q u e o u s  e t h a n o l  ( s a m e  vo lume  as  h e x a n e ) ,  a n d  
mix ing  for  a n o t h e r  30 seconds .  The m i x t u r e  was  cent r i f -  
uged  for  3 min  (2500-3000  g). The  u p p e r  l ayer  was  
co l lec ted  a n d  the  h e x a n e  was  e v a p o r a t e d  to  get  t he  oil 
sample .  Dif ferent  c o n c e n t r a t i o n s  of  a q u e o u s  e t h a n o l  
so lu t ions  we re  t e s t e d  to  e v a l u a t e  t he  ab i l i ty  to  r e cove r  t h e  
h e x a n e  miscel la .  The  oil c o n t e n t  o b t a i n e d  f rom r a p i d  
equ i l ib r ium e x t r a c t i o n  wi th  h e x a n e  d e s c r i b e d  by  S n y d e r  
et al. (7)  was  u sed  as  t he  t o t a l  oil. 

A dye, b e t a - c a r o t e n e  (S igma  Chemica l  Co., St. Louis,  
MO), w h i c h  does  n o t  d issolve  in e thano l ,  was  used  as  an  
i n d i c a t o r  to  f ind ou t  w h e r e  t h e  r e s i d u a l  h e x a n e  misce l l a  
was  a f t e r  a q u e o u s  e t h a n o l  wash.  The  dye was  f irst  
d i sso lved  in t he  h e x a n e  used  to  e x t r a c t  t h e  oil. Af t e r  t he  
h e x a n e  e x t r a c t i o n  (wi th  dye)  a n d  a q u e o u s  e t h a n o l  wash ,  
the  o r a n g e - r e d  co lor  of  b e t a - c a r o t e n e  will s h o w  the  
loca t ion  of  h e x a n e  miscel la .  

Quality evaluation of  extracted crude oil. The e x t r a c t -  
ed  c r u d e  oil s a m p l e  was  ana lyzed  for  p h o s p h o l i p i d  
c o n t e n t  us ing the  B a r t l e t t  (8)  m e t h o d  of  g e n e r a t i n g  
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  a t  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  
tome te r .  The t r ig lyce r ide  c o n t e n t s  were  c a l c u l a t e d  by  
s u b t r a c t i n g  the  p h o s p h o l i p i d  c o n t e n t  f rom t o t a l  oil 
e x t r a c t e d .  Five h u n d r e d  g r a m s  of  f lour  we re  e x t r a c t e d  to 
ob t a in  c r u d e  oil for  free f a t t y  ac id  analysis .  Two d i f fe ren t  
c o n c e n t r a t i o n s  of  e t h a n o l  we re  used  as  t he  s e c o n d  
solvent.  The free f a t t y  ac id  analys is  fo l lowed was  the  
official AOCS m e t h o d  Ca 5a-40 (5). An  e x t r a c t i o n  wi th  
h e x a n e  on ly  was  d o n e  on a 500-g ba tch .  The oil s a m p l e  
o b t a i n e d  was  c o m p a r e d  wi th  t h a t  f rom the  s econd  
so lvent  e x t r a c t i o n .  

RESULTS/,ND DISCUSSION 

Pilot p lan t  study. Tile p a r t i c l e  size prof i le  of  t he  f lour  
f rom p i lo t  p l a n t  p in  mil l ing is shown  in F igure  4. A b o u t  
97% of  t h e  f lour  p a r t i c l e s  we re  sma l l e r  t h a n  150 #m, 
wh ich  was  the  m a x i m u m  p a r t i c l e  size r e c o m m e n d e d  by  
Clark  a n d  Snyde r  (9).  The p in  mill  r e d u c e d  the  p a r t i c l e  
size effectively,  a n d  no f u r t h e r  s if t ing a n d  g r ind ing  we re  
needed .  

The  re su l t s  for  t he  misce l !a  oil c o n c e n t r a t i o n ,  r e s i d u a l  
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F I G .  4 .  The particle s ize profile of  the flour obtained from the 
pilot plant  pin m i l l .  
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oil con ten t ,  a n d  the  p e r c e n t  ho ld -up  of each stage f rom 
the  second  ba tch  e x t r a c t i o n  are shown  in Table 1. The 
pe r cen t  ho ld-up  of solvent  (wet  basis)  was  a r o u n d  25% 
for each stage. The res idua l  oil in the  mea l  a n d  miscel la  oil 
c o n c e n t r a t i o n s  changed  t r e m e n d o u s l y  f rom step one to 
s tep two. This was  caused  by inc reased  solvent- to-sol id 
ratio. The solvent- to-sol id ra t io  was  2:1 for the  first 
con t ac t  of d ry  flour, b u t  in the  following stages, solvent  
was  a d d e d  to the  wet  meal.  Though  solvent  was added  at  
a 2:1 ratio,  the  ac tua l  solvent- to-sol id ra t io  was  grea te r  
t h a n  2:1. 

fine f lour did no t  set t le  easily by gravity, especially when  
the  miscel la  c o n c e n t r a t i o n  was  high, a n d  the  Decan to r  
centr i fuge used  in this  s t udy  could  no t  s epa ra t e  the  f lour 
f rom miscel la  effectively. A bou t  90% of the  solids were 
removed  wi th  one pass. The miscel la  was  c loudy due to 
the  res idua l  fine flour, a n d  a second  cen t r i fuga t ion  or 
f i l t ra t ion is needed  to s epa ra t e  f lour f rom miscella. 

Extract ion  wi th  second solvent. Et ha no l  solut ions  of 
different  c o n c e n t r a t i o n s  were  used  as a second  solvent  to 
reduce  the  ho ld-up  vo lume of miscel la  in the  fine flour. 
The resul ts  are shown in Table 3. 

TABLE 1 TABLE 3 

The Oil Concentrations of  Miscellas,  the Residual  Oil 
Contents (Dry Bases ) ,  and the Percent Hold-Up of  the Meals 
from the Pilot Plant  Extraction 

The Concentrations of Total Oil, Triglyceride (TG),  
Phosphorus (P)  and Phosphol ipids  (PL) Recovered at 
Different  Ethanol-Water Concentrations 

Miscella Meal 

Stage Oil conc. % Oil content % Percent hold-up 

1 10.18 8.15 25.48 
2 2.90 2.24 26.98 
3 0.78 1.23 23.12 
4 0.24 0.57 24.98 
5 0.15 0.22 20.22 
6 0.06 0.15 25.38 

The qual i ty  of the  ex t r ac t ed  c rude  oil is shown in Table 
2. The p h o s p h o r u s  c o n t e n t  of the  c rude  oil was only  15 
ppm,  which  m a d e  it possible for physical  ref ining af ter  
acid p r e t r e a t m e n t  a n d  bleaching.  The acid p r e t r e a t m e n t  
a n d  the  b leaching  s teps  fu r the r  r e d u c e d  the  p h o s p h o r u s  
to 3.7 ppm,  which  was  below the  u p p e r  l imit (5 p p m )  
requ i red  for s t e am deodor iza t ion  (10). The free fa t ty  acid 
c o n t e n t  at  0.18% was a little higher  t h a n  the previous  
l a b o r a t o r y  e x t r a c t i o n  resul ts ,  which  were  a r o u n d  0.08% 
(3). The Lovibond color was  also higher  t h a n  the  previous  
resu l t  of 35 yellow a n d  1.6 red (3). The da rke r  color f rom 
the  pilot  p l a n t  e x t r a c t i o n  may  be caused  by b rown ing  of 
res idua l  f lour par t ic les  du r ing  desolvent izat ion.  The fil- 
t r a t i on  s tep before desolvent iz ing did no t  remove all the  
res idua l  f lour part icles.  

The pilot  p l a n t  e x p e r i m e n t  showed the re  were difficul- 
ties in s epa ra t i on  of the  fine f lour  f rom the  miscella. The 

Ethanol(%) Totaloil (%) TG (%)a P (ppm) PL (%)5 

Hexane c 21.49 21.48 9 0.03 
90 21.00 20.45 820 2.60 
85 20.36 20.12 370 1.17 
65 21.02 19.89 1700 5.39 
50 21.15 19.98 1740 5.52 

a Total oil (%) and TG (%) were based on the total weight of the 
flour. 

b p (ppm) and PL (%) were based on the weight of the extracted oil. 
c Data were from the rapid equilibrium method. 

F rom the  results,  it seemed  tha t  the  50% e thano l  
solut ion gave the  best  recovery  of to ta l  oil when  com- 
pa r e d  to h e x a n e  ex t rac t ion .  When the  a m o u n t s  of tri- 
glyceride ( e x t r a c t e d  oil co r rec ted  for phospho l ip id  con- 
t e n t )  were  compared ,  it revealed t h a t  90% aqueous  
e thano l  so lu t ion  gave a be t t e r  resul t  t h a n  50% solution. 
With 50% ethanol ,  a large a m o u n t  of phosphol ip id  was 
ex t r ac t ed  and,  therefore,  t h a t  ex t r ac t ion  resu l ted  in the 
largest  to ta l  a m o u n t  of oil. However, n o n e  of the e thano l  
so lu t ions  showed 100% recovery  of the  tr iglyceride com- 
pa r e d  to the  h e x a n e  ex t rac t ion .  Since the  flour was 
ex t r ac t ed  first with hexane ,  the  oil should  be dissolved 
before the  add i t ion  of the  second  solvent. Therefore,  there  
m u s t  be some h e x a n e  miscel la  lost in the  mixture .  

The resul t  o f h e x a n e  ex t r ac t i on  with be ta -ca ro tene  and  

TABLE 2 

The Quality and Mineral Content of  the  Pilot Plant Extracted Crude Oil 

Acid pretreated Deodorized 
Crude oil bleached oil oil 

PV a meq/kg 1.95 0.01 
FFA 5 % 0.18 0.0 
Color 70Y 2.7R c 1.4 Y 0.3R ~ 
Chlorophyll (ppm) A:0.19 A:0 B:0 

B:0 
P (ppm) 15.1 3.7 
Ca (ppm) 1.7 0.2 
Mg (ppm) 1.2 0.2 
Fe (ppm) 0.8 0.2 
Cu (ppm) 0.1 0.1 

a The peroxide value. 
b The free fatty acid. 
c 1" Cell. 
d 5.25" Cell. 
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the  second  solvent  wash ing  showed t h a t  t he re  was  a light, 
reddish  yellow color in the  defa t ted  meal. This ind ica ted  
t h a t  the  h e x a n e  miscel la  was t r a p p e d  in the  f lour 
par t ic les  a n d  could no t  be d isplaced by the  second  
solvent. 

A test  wi th  different  miscel la  c o n c e n t r a t i o n s  also gave 
an  ind i rec t  answer  as to the  locat ion of res idua l  h e x a n e  
miscella. Two grams  of f lour  were mixed  wi th  3, 5, 7 or 9 
mL hexane .  The the  second  solvent  was  added  to displace 
the  ho ld-up  volume.  The a m o u n t s  of oil recovered  are 
shown in Table 4. The c o n c e n t r a t i o n  of miscel la  affected 
the  a m o u n t  of oil recovered f rom the  mix ture .  With 
higher miscel la  c o n c e n t r a t i o n  (a  lower h e x a n e  to f lour 
rat io) ,  the  recovery  of oil f rom the  m i x t u r e  was  lower. If 
the f lour par t ic les  t r a p p e d  the  same  vo lume of miscel la  
after  the second  solvent  wash,  the  higher  the  concen t r a -  
t ion of the  miscella, the more  oil would  be t r apped ,  a nd  
the less oil would  be recovered.  The resul ts  s u p p o r t e d  the  
hypothesis  t ha t  h e x a n e  miscel la  r e m a i n e d  t r a p p e d  in 
par t ic les  a n d  was  no t  d isplaced by the  second  solvent.  

TABLE 4 

Amount of  Oil Extracted with Different Hexane to Flour 
Ratios ( v / w )  

Hexane/flour 3:2 5:2 7:2 9:2 

% Oil (~ 18.73 20.75 21.51 21.87 

(~ Based on the total weight of flour. 

Using aqueous  e thano l  solut ions  as a second  solvent  
ex t r ac t ed  add i t iona l  phosphol ip ids  a n d  free fa t ty  acids 
as c o m p a r e d  to h e x a n e  ex t r ac t ion  w i thou t  the  second  
solvent. Also, the  qual i ty  of the  c rude  oil was  lowered 
(Table 5). A n o t h e r  sho r t coming  was t h a t  the  second  
solvent  did no t  displace all of the  h e x a n e  miscel la  f rom 
fine flour. 

TABLE 5 

Free Fatty Acid (FFA), Phosphorus (P) and Phospholipid 
(PL) Content of Extracted Oil Samples 

Ethanol (%) P (ppm) PL (%) FFA (%) 

Hexane ,~ 39 0.12 0.14 
66,6% 1585 5.02 0.64 
33.3% 982 3.11 1.09 

aData were from the rapid equilibrium method. 
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Although the  aqueous  e thano l  so lu t ion  did no t  success- 
fully displace the  h e x a n e  miscella, it still m a y  be useful  to 
remove  the  phosphol ip ids  a n d  some o the r  mate r ia l s  
soluble in po la r  so lu t ion  to improve  the  qual i ty  of the  
defa t ted  meal. Since Sessa a n d  Rackis (11) have shown  
t h a t  oxidized phosphol ip ids  con t r i bu t e  to off-flavor of 
soybean  meal, the  remova l  of these  mate r ia l s  shou ld  
p r oduc e  a more  desirable  food produc t .  In  add i t ion  to 
remova l  of phosphol ip ids ,  the  aqueous  e t ha no l  so lu t ion  
shou ld  remove a large por t ion  of ol igosacchar ides  from 
the  meal  a n d  improve  the  meal  for food or feed. Soy 
p ro t e in  c o n c e n t r a t e  commerc ia l ly  can  be m a d e  by wash-  
ing the  defat ted,  desolvent ized soybean  flakes wi th  aque-  
ous alcohol. Hayes a n d  Simms (12) r epo r t ed  the  use of 
h e x a n e  a nd  alcohol  m ix tu re s  to remove the  res idua l  
l ipids f rom defa t t ed  soy flakes followed by an aqueous  
alcohol ex t r ac t ion  to remove the  water -so luble  mate r ia l s  
to make  soy concen t ra t e .  

With fine full fat  flour, af ter  several  s tages of coun te r -  
c u r r e n t  ex t r ac t i on  with hexane ,  add i t ion  of aqueous  
e t ha no l  to the  mea l  would  displace the  h e x a n e  a n d  would  
e x t r a c t  phosphol ip ids  a n d  ol igosacchar ides  f rom the  
defa t t ed  meal. Not only could a good qual i ty  c rude  oil 
wi th  very low phospho l ip id  c o n t e n t  be obta ined ,  bu t  
c o n c e n t r a t e d  phosphol ip ids  with little t r iglyceride con- 
t e n t  could be recovered,  a nd  an improved  defa t ted  meal  
would  resul t  f rom ol igosacchar ide  removal  in one addi-  
t iona l  step. 
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