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Effect of Moisture on the Rate of Solvent Extraction of 
Soybeans and 'Cottonseed Meats 
LIONEL K. ARNOLD 1 and DAHYABHAI J. PATEL, ~ Department of Chemical Engineering, 
Iowa State College, Ames, Iowa 

T H E  effect of variat ion in the moisture content of 
oil-bearing seeds upon the rate a t  which oil is ex- 
t racted f rom them b y  solvents has not been well 

established. F a n ,  Morr i s ,  and W a k e h a m  (2) found  
in the extraction of peanuts  with a hexane fract ion 
(Skellysolve-B) tha t  an increase f rom 10 to 22% in 
the moisture content decreased the extract ion rate. 
Measamer (3), using trichloroethylene as a solvent, 
found ve ry  little difference in the extract ion ra te  
of soybean flakes containing zero moisture  and 10% 
moisture. Yates (6) repor ted  a decrease in the amount  
of oil extracted in a Sohxlet appara tus  f rom soybean 
flakes by  trichloroethylene with an increase in mois- 
ture content f rom 5.63 to 27.95%. Milner (4),  in a 
s tudy of the method for  the determinat ion of oil in 
soybeans, found tha t  the amount  of oil extracted with 
a mixture  of approximate ly  80% hexane and 20% 
pentane increased with an increase in the moisture 
content f rom 3 to 12%. The beans had  no heat  treat-  
ment.  Bull  (1) in a similar s tudy showed the amount  
of oil extracted f rom beans with moisture contents 
between 8.2 and 11.4% to be pract ical ly  constant  
with a slight increase between 11.4 and  23.4%. 

In  the present  s tudy two solvents were used:  ex- 
t ract ion grade of trichloroethylene and a " h e x a n e "  
fract ion (Skel lysolve-B) having a boiling point  of 
146 ~ to 157~ Two oil seeds were used:  dehulled 
cottonseed meats and soybeans. Cottonseed meats  and 
cracked soybeans containing 7 to 8% moisture were 
heated to 160~ in a steam-jacketed temper ing  screw 
and rolled into flakes in a set of labora tory  flaking 
rolls. Samples of flakes f rom a common batch were 
adjusted in moisture content by  adding distilled water  
and leaving for  two days in a closed container or by  
dry ing  in a desiccator. The exact moisture content 
was determined at  the t ime of extraction. The soy- 
bean  flakes had an average thickness of 0.011 in. and 
the cottonseed flakes an average thickness of 0.016 in. 
The equipment  used for  measur ing extraction rates  
was a jacketed glass extraction tube (Fig.  1) 1 in. in 
diameter  connected to a l l 0 ~  constant- temperature  
water  bath.  

The extraction procedure was as follows: The ex- 
tract ion tube was filled with a weighed quant i ty  of 
cottonseed (equivalent to 18.4 g. on d ry  basis) or 
soybean (14.4 g.) flakes. The solvent was run  into 
the bot tom of the tube a t  such a rate  that  10 milli- 
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liters per  minute  overflowed at  the top. The miscella 
produced dur ing  each 5-minute interval  was collected 
separately.  The oil content  of samples taken f rom 
these miscella increments was determined by  evapo- 
ra t ing the solvent and weighing the residue. The oil 
content, at  the end of the extract ion was determined 
by  Soxhlet extract ion using hexane (Skel lysolve-B) 
as a solvent. The sum of the amounts of oil in each 
of the miscella increments and  in the residual meal 
was taken as the total  oil content of the sample. The 
oil remaining in the flake sample a f te r  5 minutes, or 
a multiple of 5 minutes  as desired, was calculated by  
subtract ing the total oil extracted in the given time 
interval  f rom the total  original oil. This was con- 
ver ted into percentage b y  dividing by  the original oil 
content and mul t ip ly ing b y  100. 
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FI(L 1. Extraction rate apparatus. 
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Typical extraction curves showing the relation be- 
tween the logarithms of the percentages of the origi- 
nal oil remaining and the extraction time for  each of 
the four  combinations of seeds and solvents arc shown 
in Figure  2. The effect of the variation in the amount  
of moisture upon the percentage of the original oil 
remaining in the flakes at the end of the various time 
intervals is shown as a family of curves for  each sol- 
vent-seed combination in Figures 3 to 6. Both sets of 
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FTO. 2. Typical extraction rate curves. 

curves for  soybeans (Figures 3 and 4) are similar, 
showing maximum extraction at intermediate mois- 
ture contents. The lower extraction at high moisture 
in general agrees with the results of Fan,  Morris, and 
Wakeham (2) with peanuts, and Yates (6) with soy- 
beans, but  not with Milner (4) and Bull (1).  How- 
ever the lat ter  were using g r o u n d  ra ther  than flaked 
beans and were using a four -hour  extraction time 
ra ther  than a one-hour  maximum. 

I t  is possible that  at higher  moisture levels the pro- 
tein of the soybeans is swollen sufficiently to restr ict  
the size of the openings through which the diffusion 
of the solvent occurs. I f  this is true, the greater  effect 
of high moisture on the extract ion rate of hexane than 
on that  of trichloroethylene is probably due in pa r t  
at least to the higher viscosity of the former. Grind- 
ing and regrinding used in the analytical procedure 
together with longer extraction time may offset this. 

The lower extraction at the low moisture levels may 
result from lower amounts of phosphatides being re- 
moved with the oil. Over the range of usual practical 
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FIG. 3. Variat ion of residual oil Content with moisture. 
Soybeans extracted with hexane. 
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Fla. 4. Variat ion of residual oil content with moisture. 
Soybeans extracted with trichloroethylene. 
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FIG. 6. V a r i a t i o n  of  r e s i d u a l  oi l  c o n t e n t  w i t h  m o i s t u r e .  
C o t t o n s e e d  m e a t s  e x t r a c t e d  w i t h  t r i c h l o r o e t h y l e n e .  

plant  operat ing conditions the effect of moisture is 
small. Solvent extraction of soybeans is commonly 
carr ied out in the range of 8 to 12% moisture content. 
Over this range with hexane as a solvent the residual 
oil content varied about  1%, or on the basis of the 
beans, assunling 20% original oil, about  0.2%. With 
tr iehloroethylene as a solvent the var ia t ion is less. 

In  the extraction of eottonseed with hexane the 
best extraction occurred a t  the lowest moisture con- 
tent  used, 4.3%. With  trichloroethylene, on the other 
hand, it occurred at 7.4%. Opt imum moisture condi- 
tions for  flaking cottonseed meats for  extract ion have 
been repor ted by  Reuther,  Westbrook, Hoffman, Vix, 
and Gastrock (5) to be f rom 9 to 10%. Work  in this 
labora tory  indicates 7 to 10 % as optimum. The va- 
riation in the amount  of oil extracted by  either sol- 
vent  over either range was small. Some of the small 
variat ions with both soybeans and cottonseed may  be 
due to experimental  e r ror  such as unnoticed breakage 
of flakes dur ing  the handl ing incident to moisture ad- 
justnient  or to slight differences in the packing of the 
flakes in the extraction tube. 

S u m m a r y  

While col l t inuoUs extract ion by percolation of 
flaked soybeans and cottonseed meats of different 
moisture contents b y  hexane and by  triehloroethyl- 
ene showed variat ions a t  the end of 60 minutes  as 
great  as 5.47% residual oil, the variat ions over  the 
range of pract ical  p lant  operation conditions are too 
small to be a significant factor.  Moisture affects the 
ra te  of extraction of soybean flakes and cottonseed 
meat  flakes by  tr ichloroethylene less than  the rate of 
extraction by  hexane. 
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