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F l a k e d  s o y b e a n s  w e r e  e x t r a c t e d  b y  c o m m e r c i a l  h c x a n e  in a 
c o n t i n u o u s  e o u n t e r e u r r e n t  p i l o t - p l a n t  a n d  in  g l a s s  e x t r a c t i o n -  
r a t e  a p p a r a t u s .  T h e  q u a l i t y  of  the  oil e x t r a c t e d  a t  v a r i o u s  
s t a g e s  w a s  e v a l u a t e d  in  t e r m s  of  iod ine  va lue ,  s a p o n i f i c a t i o n  
va lue ,  r e f r a c t i v e  index ,  color,  r e f i n ing  loss, f r e e  f a t t y  ac ids ,  
p h o s p h o l i p i d s ,  a n d  n e u t r a l  oil. As  the  r e s i d u a l  oil c o n t e n t  of  
t he  m e a l  d e c r e a s e d ,  the  r e f i n ing  loss, p h o s p h o l i p i d  c o n t e n t ,  a n d  
color  o f  t h e  e x t r a c t e d  oil i n c r e a s e d .  T h e r e  wa s  no  s i gn i f i c an t  
c h a n g e  in  o t he r  p r o p e r t i e s .  T h e  m a x i m u m  a m o u n t  of  ref ined  
oil w a s  o b t a i n e d  w i t h  a m e a l  c o n t a i n i n g  a b o u t  1 %  r e s i d u a l  oil. 

I 
N THE SObV~N~ F~:r Of soybean oil it is com- 

monly assumed that  the max imum gross re tu rn  
is obtained with the highest yield of oil f rom a 

given batch of beans since the oil sells for  a higher 
price per  pound than the meal. The highest net re turn  
would have to take into account other factors, such 
as the amount  of solvent recovery (evaporat ion and 
condensation) required, solvent loss, and extraetion 
time. Another  consideration would be the quali ty of 
the products, par t icu lar ly  the oil. The selling price 
of the oil is dependent  pa r t ly  upon the refining loss 
and the refined oil eolor. 

The advantage of reducing the oil content of seeds, 
such as soybeans, to low levels, such as 1%, has been 
questioned (7). I t  has been suggested that  the lower 
selling-price of the oil result ing f rom the lower qual- 
i ty might  more than  balance the increase result ing 
f rom a greater  amount.  Bull  and Hoppe r  (9) have 
reported high phosphatide content in the last 1.1% 
of oil extracted. Ka rno f sky  (10) has reported a high 
refining loss in a similar fraction. 

In  the current  studies an a t t empt  has been made 
to determine the significant changes in oil qual i ty 
tha t  take place with an increasing degree of extrac- 
tion of the oil. As a cheek on the eountereurrent  
studies in the pilot plant,  glassware extraction stud- 
ies were also carried out. 

Pilot-Plant Studies 

The equipment  used for  the countercurrent  extrac- 
tion was a modified fo rm of tha t  used for various 
other extract ion studies in this labora tory  (4,5). The 
glass extraction section, forming the bottom run  of 
the equipment,  was replaced by a steel section. Cop- 
per tubing was wound spiral ly around this for  heat ing 
by steam or hot water.  The meal-desolventizing sec- 
tions were equipped with individual  steam-pressure 
controls. 

The operat ing procedure for each run  was as fol- 
lows. The proper  drive sprockets with connecting 
chain to produce the desired conveyor chain speed 
with its corresponding extraction time were installed 
and the conveyor chain was put  into operation. Flaked 
soybeans were fed continuously into the extractor.  
Solvent feed was adjusted to the desired solvent-feed 
ratio. This combination of extraction time and sol- 
vent-feed rat io determined the amount  of residual oil 
remaining in the meal. About  two hours were required 

to bring the unit  to a s teady rate of operation for each 
run, as evidenced by the constant t empera ture  and 
concentrat ion of the miscella flowing out. Dur ing  this 
t ime the flake feed-rate was checked by t iming weighed 
amounts  of flakes going into the extractor.  A sample 
of miseella sufficient for  analysis, usual ly f rom one 
to two gallons, was collected af ter  a steady state of 
operation was attained. A sample of the meal was 
taken at  such a t ime as to correspond to the miscella 
sample. Ext rac t ion  times were varied f rom 19 to 66 
rain. with corresponding solvent-feed ratios of 0.36 to 
2.28. Residual extraetables varied f rom 4.24 to 0.68% 
(Table I ) .  

TABLE I 

Pilot-Plant Operational Data 

Ex- Solvent- 
Run traction feed 
No- time ratio 

rain. lb./ lb.  
1 19 0.36 
2 19 0.50 
9 33 0.48 

10 33 0.94 
3 19 0.70 
8 48 1.95 
4 19 1.1O 
7 48 1.23 
5 66 1.83 
6 66 2.28 

Ex- 
traction 

te~lx~. 
(av.) 

155 
155 
140 
153 
133 
150 
150 
151 
150 

Flake 
moistxlre 

10.7 
9.3 
9.3 

14.2 
9.5 

13.2 
9.5 

12.8 
12.8 

l%esidual 
extract- 

ables 

% 
4.24 
3.21 
2.34 
1.82 
1.52 
1.40 
1.10 
0.94 
0.73 
0.68 

Miscella 
concen- 
tration 

c~o oil 
45.2 
42.5 
34.o 
28.2 
33.5 
14.o 
27.0 
17.5 
11.9 
lO.O 
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The soybeans used in the series of extraction runs 
were f rom a common batch. However, to avoid oxi- 
dative changes in the flaked beans each batch was 
flaked as needed af ter  being stored over-night with 
sufficient added water  to adjust  the moisture con- 
tent  to approximate ly  10%. Actual  moisture contents 
ranged f rom 9.3 to 14.2%. Average flake thickness 
was 0.011 in. The solvent was " h i g h - p u r i t y  normal  
h e x a n e " l  with an 8 8 ~  hexane content. 

The solvent was removed f rom the miscella sam- 
pie by distilling under  reduced pressure, followed 
by vacuum evaporation. The following were deter- 
mined on the crude oil by  official A.O.C.S. Methods 
(11):  iodine value, saponification value, free f a t ty  
acids, and ref ract ive  index. Refining loss was deter- 
mined by a modification of the official method devel- 
oped in this laboratory  (1) for use on 50-g. samples. 
This method uses a special refining cup, making it 
possible to obtain the a rb i t r a ry  evaporat ion losses 
necessary to check the official method. Weighings 
are made on an analytical  balance. The following 
were determined on refined oil f rom the refining loss 
determination,  using official methods: iodine value, 
saponification value, refract ive index, and color (spee- 
t rophotometr ic  method) .  The oil content of the flaked 
soybeans and the extracted meal was obtained by 
extraction with the solvent in a Soxhlet extractor  for 
three hours, followed by  gr inding and extract ing for  
another  hour. Moisture content was determined by 
the official method. Miseella concentrat ion was deter- 

1 Phillips Petroleum Company. 
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mined f rom specific gravi ty  data  that  were obtained 
by weighing in a specific g rav i ty  bottle. 

The proper t ies  of the crude oils f rom the various 
runs  are given in Table I I .  The relation between the 
refining losses and residual extractables in the meals 
is shown in F igure  1. Da ta  on the refined oil showed 
the following ranges: iodine value, 129.1 to 130.0; 
saponification value, 193.0 to 193.9; refract ive index, 
1.4731 to 1.4738; and color 6.0 to 8.2. 

Glassware Studies 
As a check on the pi lot-plant  work two series of 

studies were made by  extract ing the oil in glassware 
rate-extract ion appara tus  similar to but  somewhat 
larger  than  tha t  used in previous studies in this labo- 
ra to ry  (6).  The extract ion chamber was 12 in. high 
by  2 in. in diameter,  designed to use 100-g. samples. 
The extract ion chamber and the incoming solvent 
were heated to 131~ The solvent, the same as that  
used in the pi lot-plant  work, was passed through the 
sample continuously at 10 ml. /min.  

T A B L E  II 

C r u d e  Oil R e s u l t s  

Res idua l  
R u n  e x t r a c t -  
N o .  ables i n  

meal  

% 
1 4.24 
2 3.21 
9 2.34 

10 1.82 
3 1.52 
8 1.40 
4 1.10 
7 0.94 
5 0.73 
6 0.68 

:Free 
f a t t y  
ac id  

0.57 
0.54 
0.54 
0.59 
0 .54 
0.59 
0.54 
0.54 

Refin-  
i ng  
l o s s  

% 
5.12 
5.10 
5.28 
5.45 
5.45 
5 .54 
5.66 
5.92 
7.03 
7.46 

I o d i n e  
va lue  

( W i j s )  

127.3 
126.9 
126.7 
126.4 
125.7 
125.7 
125.5 
125.1 
125.0 
124.5 

Saponifi.  Non- 
ca t ion  saponi-  Ref rac -  
va lue  fiable t ive  index  m a t t e r  

192.4 O.~O 1.4739 
192.3 0.71 1.4736 
192.0 0.60 1.4731 
192.3 0.41 1.4729 
192.2 0.44 1.4728 
192.2 0.44 1.4730 
192.1 0.73 1.4729 
191.5 0.56 1.4730 
191.3 0.54 1.4723 
190.3 0.67 1.4719 

In  the first series, extract ions were made on sep- 
arate  lots of flakes f rom a common batch for times 
f rom 50 to 120 rain. All of the miscella f rom each 
extract ion was deso]ventized in the same manner  as 
the pilot p lant  samples. The oil content of the resid- 
ual meal was also determined. The following deter- 
minations were made on the oil using official A.O.C.S. 
Methods (11): free f a t t y  acids, iodine value, and 
color (spectrophotometr ic) .  The neutra l  oil and phos- 
pholipids were determined by the methods of Arnold 
and Choudhury  (2) (Table I I I ) .  The relations be- 
tween the residual extractables in the meal and the 
phospholipids and the neutra l  oil content are shown 
in F igure  2. 

In  the second series, samples of flakes were extracted 
for  120 rain. Samples of miscella were taken at the 
end of 50, 60, 70, 80, 100, and 120 min. Analyt ical  
results are given in Table I I I .  

Discussion 
The pi lot-plant  data  show an increase in refining 

loss with a decrease in the residual extraetables. Since 
the highest refining loss is well within the 12% maxi- 
m u m  for  commercial crude soybean oil, i t  might  be 
assumed tha t  f rom the pract ical  s tandpoint  there is 
little need to be concerned about  oil quality. The in- 
crease in refining loss of 5.12 to 7.46% does not appear  
great.  

I f  we check on the increase in the refining loss in 
relation to the increased oil extracted, we arr ive at 
somewhat different figures. For  example, when the 
residual extraetables drop f rom 1.40 to 1.10%, the 
apparen t  refining loss on the addit ional increment  of 
oil is 13.3%. Between 1.10 and 0.94 the refining loss 
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FIG.  1. R e f i n i n g  l o s s  o f  c r u d e  s o y b e a n  oi l .  

jumps  to 37.5%. F rom 0.94 to 0.73 the figures show 
114% with an increase to 180% for the 0.73 to 0.68 
increment.  

Obviously all of the refining loss a t t r ibuted to the 
last two inerenlents does not occur here, nor could it 
all result  f rom experimental  error. I t  was noted that  
with low residual oils the soap stocks tended to be 
soft, thus nlaking separat ion difficult with a tend- 
ency toward high results. I t  should be considered 
that,  since each run  was separate and made with 
an individual  combination of solvent-feed ratio and 
extraction time designed to produce a certain resid- 
ual extractable content, the increments as calculated 
above are not necessarily directly comparable.  The 
general t rends of the phospholipid and neutra l  oil 
percentages in the first glassware series (Table I I I )  
are similar to the refining loss trend. 

The phospholipid values appear  high, compared 
with those commonly repor ted for commercial oils 
that  are obtained with corresponding residuals in the 
meals. This may,  in part ,  be the result  of the ana- 
lytical method used. This was a modification by the 
a u t h o r s  (2) of the  c h r o m a t o g r a p h i c  m e t h o d  (8) 
widely used in biochemical work, which basically 
determines the mater ia l  soluble in methanol af ter  
the neutra l  oil has been removed by ether or chloro- 
form. On some oils this gives a higher result  than 
that  obtained by nlul t iplying the phosphorous con- 
tent  by  an average conversion factor. The amount  

TABLE III 

Soybean  Oils E x t r a c t e d  in  Glass  R a t e - E x t r a c t i o n  A p p a r a t u s  

t r a c t i o n  Phospho-  Ex-  Res idua l  F r e e  I o d i n e  N eu t r a l  l ip ids  
e x t r a c t -  C o l o r  f a t t y  va lue  o i l  

t i m e  a b l e s  a c i d s  

S e r i e s  1. Oils f r o m  I n d i v i d u a l  Samples  

rain. ~ % I % % 50 3 4 9.24 1.15 125.5 95.5 3.5 
60 2.63 9 .24 i.i0 125.4 95.0 4.2 
70 2.02 9.51 1.10 125.8 94.2 5.0 
80 1.01 9.29 1.12 127.5 93.0 5.9 

100 0.40 9.90 1.16 127.5 92.6 6.4 
120 0.20 9.95 1.15 127.1 91.4  7.5 

S e r i e s  2. Success ive  I n c r e m e n t s  f r o m  One  Sample  

0 - 5 0  [ 3.64 9.1 1.03 125.0 95.5 3.4 
5 0 - 6 0  I 2.63 9.5 1.61 126.0 94.0 4.3 
6 0 - 7 0  [ 2.02 11.2 1.67 126.0 93.3 5.1 
70--80 I 1.01 17.8 1.69 125.0 92.2 6.2 
80--100 0.40 18.1 1.87 127.1 91.2 7.0 

100--120 0.20 18.5 ] 2.30 127.1 87.0 11.0 
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Fro .  2. R e l a t i o n  b e t w e e n  r e s i d u a l  oi l  c o n t e n t  o f  m: ' a l  a n d  
p h o s p h o l i p i d  a n d  n e u t r a l  c o n t e n t  o f  c o r r e s p o n d i n g  oil.  

of phosphatides in the oil is also affected by the 
amount  of heat ing to which the seeds are subjected 
prior  to or dur ing extraction. Coagulation of the 
protein by the heat is said to bind the phosphatides 
and reduce their  solubility. Bull  and Hopper  (9) 
extract ing to a 0.43% residual with Skellysolve-B 
obtained 18.62% phosphatides in the last f ract ion 
compared with our value of 7.0%. These results were 
based on phosphorous data. Their  extraction tem- 
pera ture  was 104~ compared with our tempera ture  
of 131~ This comparison is valid only in a very 
general way since the var ia t ions in such factors as 
soybeans, flaking conditions, solvent, and detailed 
methods of operation between the two studies are 
not known. 

Neither  free f a t t y  acid percentages nor color values 
show any measurable  differences between the differ- 
ent fract ions f rom the pilot plant  and the first glass- 
ware studies. However  definite differences do appear  
in the second glassware series (Table I I I ) .  The color 
values and free f a t t y  acid percentages in the last 1% 
of oil extracted are twice those in the first 82%. How- 
ever if we calculate the average free fa t ty  acid con- 
tent  of the composite sample extracted in the second 
series in 120 min., it is 1.15%, or the same as the 
free f a t t y  acid content of the oil extracted over a 120- 
rain. interval  in the first series. In  the pilot p lant  
and first glassware series the highly-colored fract ions 
which appear  in the second series are mixed with a 
much larger  amount  of oil, which tends to make the 
color appear  less. 

The relative amounts  of neut ra l  oil, free f a t ty  
acids, and phospholipids in the complete oil sample 
extracted in the second glassware series are shown 
in F igure  3. The composition of the neut ra l  oil was 
not determined. Since the iodine values, saponifica- 
tion values, and refract ive  indices show little more 
var ia t ion than  probable exper imental  errors, it is 
believed tha t  there is no significant difference in the 
glyceride composition of the various fractions. This 
agrees with the results of previous work (3) on cot- 

tonseed extraction, in which it was shown that  there 
was pract ical ly  no difference in the f a t t y  acid com- 
positions of the glyceride portions of the oils extracted 
at  different residual levels. 

We can calmflate the amount  of refined oil produced 
in each pilot-plant  run  f rom the total oil extracted 
nfinus the refining loss. The corresponding figures 
for  nleal residues of 1.52, 1.40, 1.10, 0.94, 0.73, and 
0.68% are 18.31, 18.39, 18.60, 18.67, 18.61, and 18.56 
lbs. per 100 lbs. of moisture-free soybeans. This indi- 
cates the max imum amount  of refined oil was obtained 
with a meal residue of 0.94%. Since extraction and 
refining costs and prices of oil and refining loots vary,  
no a t tempt  has been made to determine the oil residual 
in the meal corresponding to the greatest  net return,  
I t  seems reasonable to assmne that  it will be approxi-  
mate ly  1.0%. 

Const i tuents ,  
percent  
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Fro .  3. R e l a t i v e  a m o u n t s  o f  v a r i o u s  c o n s t i t u e n t s .  

Conclusions 

The authors did not expect to obtain close cheeks 
between the results of the p i lo t -p lan t  studies in- 
volving eountereurrent  extract ion and the glassware 
studies involving continuous extraction with fresh 
solvent. The results do show good general agreement  
and would appear  to have some pract ical  value. 

While ill the pilot-plant operation the increase iu 
refining loss and color with decreased residual ex- 
tractables was not sufficient, even do~m to 0.68% 
residual, to produce an oil below the usual commer- 
cial s tandard,  the increase in refining loss was sig- 
nificant below about 1%. There is no evidence of 
any change in neutra l  oil composition with increased 
oil extraction. The point of greatest  net re tu rn  based 
on refined oil yield is about 1%. 
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