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Flash Desolvendzing Defatted Soybean Meals Washed with 
Aqueous Alcohols to Yield a High-Protein Product 
O. C. MUSTAKAS, L. D. KIRK, and E. L. GRIFFIN, JR., Northern Regional 
Research Laboratory, 1 Peoria, Illinois 

Abstract  
A vapor-type desolventizer was developed pre- 

viously at this laboratory to recover hexane and 
concentrated alcohols front soybean mares. The 
work reported in this paper  extends the applica- 
tion of this unit  to the recovery of dilute alcohols. 
Soybean protein meals washed with aqueous alco- 
hols are debittered to yield a better flavored prod- 
uct with a significant increase in protein content. 
The protein of defat ted meal was increased from 
about 50 to 70 or 75% by washing with nletha- 
nol, ethanol, or isopropyl alcohol in a concentra- 
tion range of 50-70%. System modifications and 
critical variables were investigated so as to nfini- 
mize residual alcohol and to yield a free-flowing 
homogeneous product.  R.esiduat alcohol in the 
desolventized flakes was 0.25-1.0%. Faci l i ty  of 
removal followed the order--methanol ,  isopropyl 
alcohol, and ethanol. Two-stage flash desolventi- 
zation as well as the use of the more dilute alco- 
hols resulted in lower residual alcohol content 
of the desolventized product.  After  a minimum 
value for residual alcohol in the flakes is reached, 
fu r the r  removal is difficult. However, water con- 
tinues to be removed so that  the alcohol/water 
ratio becomes higher with an increased vapori- 
zation force as with increased temperature.  It  is 
postulated that the alcohol is held by adsorption 
or hydrogen bonding. The desolventized products  
analyzed: protein 72-77%;  Nitrogen Solubility 
Index 4-16; water absorption values 328-410%. 
The products  were light-colored, granular,  and 
free flowing. The soybean flakes extracted with 
methanol exhibited the best flavor. 

A GROW~NG ~NT~REST in vegetable protein concen- 
trates for  foods has also increased interest in 

new methods for producing these concentrates. One 
method of increasing the protein concentration of 
soybean meal is to extract  with dilute alcohols. This 
reduces the concentration of sugars and other alco- 
hol-soluble compounds of the meal, thereby raising 
the protein content. The alcohols also remove a sub- 
stantial amount of the beany flavor (1). Alcohol- 
water mixtures cannot be satisfactorily removed with 

1A labora tory  of the Nor thern  Utilization Research and  Development 
Division, U.S.D.A. 

conventional-type desolventizing equipment without 
adversely affecting the product.  Such equipment 
degrades ~lle protein through contact with hot metal 
surfaces during long retention periods. This produces 
such undesirable effects as moisture bailing, scorch- 
ing, denaturation, loss of bulkiness and poor moisture 
absorption properties which are undesirable in high- 
quality food products. A flash desolventizing unit,  
developed previously at this laboratory ( 2 4 ) ,  per- 
mils extremely short retention time of meals in con- 
tact with high-temperature vapors. 

This paper  reports pilot-plant investigations on the 
recovery of aqueous alcohols from extracted soybean 
flakes by flash desolventizing. System modifications 
and critical variables affecting the degree of desol- 
ventizatiou were evaluated, as well as changes in 
protein content, protein solubility, water absorption, 
and taste acceptance of the desolventized products. 

Materials and Methods 

Wet, defatted, soybean flakes extracted with meth- 
anol, ethanol, or isopropyl alcohol containing 30-50% 
water were furnished by a cooperating firm; but  
about half the runs were made on dry flakes rewetted 
with alcohol at the Northern Laboratory.  

Moisture in the spent flakes was determined by the 
Kar l  Fischer method. Alcohol content was taken as 
the difference between the % total volatile and the 
% moisture. Total volatile was determined by oven 
drying in a Brabender  moisture tester for 2 hr at 
120C. Also, alcohol values in the desolventized flakes 
above 2% were determined by this procedure. 

Small quantities of residual alcohol in the desol- 
ventized flakes were analyzed by a modified esterifi- 
cation procedure (5) for p r imary  alcohols. Residual 
alcohol was extracted front the flake sample by re- 
fluxing with acetone in a But t  extraction apparatus.  
The boiling flask contained acetone and also phthalic 
anhydride to esterify the extracted alcohol in a reac- 
tion medimn of pyridine. 

Nitrogen Solubility Index (NSI)  for the measure- 
ment of water-soluble protein was determined by a 
modified method of Smith and Circle (6) in which 
the water-solids mixture was agitated for 2 hr at 25C 
with flat-blade paddles at 125 rpm. NSI equals water 
soluble protein + total protein • 100. 
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Wate r  absorption of the desolventized flakes was 
measured by the amount  of water  absorbed at 190F 
by 100 g of flakes. Free  liquor was separated by 
centrifuging.  

Composition of the vapors  was determined by sam- 
piing the vapor  at the blower discharge, separa t ing 
the condensable components, and analyzing the non- 
eondensables by Orsat  gas analysis. 

E q u i p m e n t  a n d  P r o c e d u r e  

Rewett ing of d ry  soybean flakes was carried out 
in a Kennedy  continuous eountercurrent  horizontal 
extractor,  or batehwise in stainless-steel drums. The 
extraction unit  measured 10 in by 20 ft, with 20 
extraction cells or stages. 

F igure  1 por t rays  the flash desolventizer. The main 

Solvent vapor outlet 

Sul3erlleater .~. 
~ . - - - .  ~ . . . . .  " ~ - ~ - B l o w e r  

i r  
I ' ~ , Alternate extension leg U 

"' }' t l ' *  Wet flake inlet t i J i 

~ - ~ U - ~ , . , % ,  ,t~ I > [_i Solid-vapor 
i . i51, ~ �9 ~ 1 ~?- separator 
i ueso|ventizin~ zone ~ i 
i " ~ H o t  floke distharge 

J ~ 
Cool fluke discharge 4 - - -  . ~ " ~  
to cyclone caflector 

Air 
Fro. 1. F low diagram of flash desolventizer.  

element of the system consists of 3-in ID  galvanized 
steel tubing which forms a closed circuit with a super- 
heater, turboblower, and a cyclone collector. Duct  
work, blower, and  cyclone separator  are wrapped  with 
steam t racer  copper tubing and covered with mag- 
nesia insulation. The desolventizing zone is encircled 
by the dotted lines in F igure  1. This duetwork con- 
sists of a 45 ~ riser for  a distance of 3~/~ ft. followed 
by a horizontal run  of s t ra ight  3-in I D  insulated duet, 
approx imate ly  181~2 f t  long. Fo r  some runs, a 4-ft 
horizontal sec t ion .midway in the desolventizing zone 
was replaced with an extension leg consisting of a 
vertical  inverted U section, 10 f t  high with upflow 
and downflow legs on 27-in centers. The upflow leg 
was constructed f rom 4-in I D  duct ; whereas the down- 
flow leg was reduced to 3-in I D  duct. The extension 
leg added 4 elbows and doubled the overall length of 
the desolventizing zone to 37 ft. Vapors  wi thdrawn 
f rom the system passed through a dust filter and a 
shell and tube heat  exchanger for  condensation. A 
pneumatic  system consisting of a blower, 38 f t  of 
conveying duet, and a cyclone collector was designed 
to receive the hot flakes discharged at the cyclone 
base by a ro ta ry  valve. 

In  the first 6 runs,  a single-pass shell and tube 
superheater  with 1-in OD stainless-steel tubes and 
heat  t r ans fe r  area of 21 f t  2 was used with steam at 
115-120 psig. Fo r  the remaining runs, this uni t  was 
replaced by  a single-pass shell and tube superheater  
with ~ - i n  OD stainless-steel tubes and heat t r ans fe r  
area of 50 f t  2. S ta r t ing  with the 14th run, s team 
pressure to the larger  superheater  was increased to 

250 psig and continued throughout  the remaining 
runs. Concurrent ly  with this change, the vertical 
extension leg was also added to the system. 

In  a typical  run, where soybean flakes were rewetted 
at the laboratory,  the flakes were conveyed in the ex- 
t rac tor  eountereurrent  to the flow of soh,ent. Flakes 
leaving the last stage were drained on an inclined 
drag-l ink conveyor and were moved by a t ransverse 
screw conveyor with choke feed to the desolventizer. 
For  several runs, the soybean flakes were wetted batch- 
wise in stainless-steel drums, or were furnished a l ready 
wet by the cooperator. Fo r  these runs, the extractor  
was used merely as a feeder to the desolventizer. 

The alcohol-wet solids entered the desolventizer by 
grav i ty  and were rendered essentially free of solvent 
by being suspended in a vapor  steam which was super- 
heated by indirect s team to tempera tures  above the 
condensation point. The solid mater ial  was main- 
tained in suspension for only a few seconds dur ing 
which the desolvcntizing took place, and the fluidized 
solids were sinmltaneously conveyed to the cyclone 
for  separat ion of the solvent vapor.  The vapors  were 
bled out of the system at the blower discharge and 
passed through a cloth dust filter before eondensation 
and eollection. I Io t  flakes were discharged at the 
cyclone base by a ro ta ry  valve into the pneumatic  
air-cooling system. Air  drawn into this duet cooled 
the flakes to room temperature .  Carbon dioxide was 
used at the feed inlet to minimize condensation of 
hot reeireulat ing vapors on the feed flakes and also 
at the cyclone discharge vah 'e  to reduce air  leakage 
into the system. 

Tempera ture  and static pressures were measured 
at selected points of the desolventizer by thermo- 
couples and water  manometers,  respectively. Tem- 
pera ture  of the hot desolventized flakes was measured 
direet ly below the ro t a ry  discharge valve by collec- 
tion in an enclosed cup containing a thermocouple. 

Vapor  velocity measurements  in the desolventizer 
were made by Pitot  tube, located between the super- 
heater and solids inlet. 

Tempera ture ,  feed rate, choice of alcohol, alcohol 
eoneentration, and superheater  steam pressure were 
the variables studied in a series of 22 runs  and cor- 
related with residual alcohol content in the desol- 
ventized product.  

The effect of particle size of the feed solids on 
desolventizing was studied in one run. The feed was 
ground so tha t  8 3 ~  of the meal was of 60-100 mesh. 
Feed stock used in the remaining runs  was ground 
so that  88.5% of the mater ia l  was retained on a 40- 
mesh screen. 

Feed rate  to the desolventizer was controlled so 
that  products  of reasonably low residual alcohol con- 
tent could be obtained in a single pass. Feed rates of 
4-40 lb per  hr  (alcohol wet basis) were investigated. 

In  addition, 2-stage operation, moisture tempering,  
and steam injection were investigated. Two-stage 
desolventization experiments  were carried out by re- 
passing the desolventized flakes through the desol- 
ventizer. Moisture temper ing  consisted of adding 
water  to the single-stage desolventized flakes to a 
range of 15-20%, temper ing  for 2 hr, and then 
recyeling the tempered mater ia l  through a second 
desolventizing pass. Composition of the recycle vapor  
was modified by  the injection of live steam into the 
vapor  stream to s tudy this effect on residual alcohol. 
As a result, the noneondensable vapors  were largely 
displaced with superheated water  vapor.  

In  the desolventizer operations without  steam in- 
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jeetion, substantial quantities of air entry into the 
vapor stream was unavoidable since vapor seals at 
the .solids inlet and outlet of the desolventizer w e r e  

ineffective. Carbon dioxide was bled into the system 
at ~hese locations to eliminate explosion hazards, hn-  
proved vapor seals at the solids inlet and discharge 
I)l)int.s would be recommended to eliminate noneon- 
densables in the vapor system. 

Results and Discussion 
Tabh, I show.s detail process data for the alcohol 

.sy.stenls nlethalml, ethanol, and isopropyl alcohol, re- 
spectively, at 50 and 7 0 ~  concentrations. Operating 
(.(mditions. total volatiles, residual alcohol, and other 
llrl)duvt vharaeteristies are also shown. 

Increasing heat-transfer area and steam pressure, 
as well as using the extension leg, gave higher vapor 
and solids temperatures and lower volatile contents 
ill the de.solventized flakes. Recycle vapor temper- 
ature.s leaving the Sul)erheater were increased from 
apl)roxinlately :115 to 375F. Inserting the extension 
le~ ira.teased retention time in the desolventizing duct 
hoth by enlargill~ tbe cross-sectional duct area, and 
ahntlst doubling the overall length. Figure 2 shows 
the variation of residual product volatiles with the 
feed rate for the 50% methanol system using the 
modified desolventizer system. 

Fine grinding of the feed stock lowered the r e s i d -  

u a l  volatiles in the desolventized flakes, but not the 
residual a]eohot, as shower in Table 11 where 4 0 - 1 0 0  

mesh and 2 0 4 0  nlesh alcohol-washed meals were de- 
solventized. The finer mesh feed retained signifi- 
cantly nlore volatiles ill the spent flakes streant. 

TABLE I I  

Effect of Feed l)arti(-le Size on Res idua l  Volati les in the 
])esotventized F lakes  

Feed par t ic le  size 
r a n ~ e  a 

1".S. sieve ser ies  

Tota l  volati les R e s i d u a l  a lcohol  

S p e n t  H o t  deso lvent i zed  H o t  deso lvent i zed  
f lakes f lakes  f lakes 

% % % 
40 100  6 3 . 6  2 .0  1.1 
2 0 - 4 0  51 .9  4.4 0.9 

a Mesh size of app r ox ima te ly  9 0 %  of the m a t e r i a l  

.,~ 50% Methanol System ~ / 

/ f  = : 2  
I 

. m  

I I ~ e t h a n o l  
~D Q ~  ~ O ~ m ~ m O  

I I I I 
06 s !o 15 20 25 

Solids Feed Rate to Desolventizer, lb./hr. 
F](;. '2. Ef fect  o f  so]ills fee(l rate (a]eohol wet  basis) on to ta l  

v o h t t i l e s  aim r e s i d u a l  m e t h a n o l  i n  hot d e s o h ' e n t i z e d  f l a k e s .  
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Ease of alcohol removal  in the desolventizer fol- 
lowed the order: methanol, isopropyl  alcohol, and 
ethanol. Theoretically, the rate of removal would 
depend upon the relative (a) latent  heats (b) boiling 
points, (e) azeotrope compositions, and (d) other 
factors  such as adsorption. I f  each p roper ty  alone 
were controlling, the ease of removal for the alcohols 
would be expected, as follows: 

Latent  heat:  I sopropyl  alcohol, ethanol, methanol 
Boiling point  Methanol, ethanol, isopropyl alcohol 
Azeotrope composition: Ethanol,  isopropyl alcohol 
]XIethanol has the lowest boiling point, and since it 

forms no azeotrope, a simple distillation is followed. 
Our finding that  isopropyl  alcohol is removed more 
readi ly  than ethanol can be explained if it is assumed 
that  the lower latent  heat of isopropyl alcohol is more 
controll ing than  its boiling point. F igure  3 compares 
the relative degree of removal  of the three atcobols at 
concentrations of 50 and 70%;  also the effect of tem- 
perature,  alcohol concentration, and a second desol- 
ventization step on residual alcohol content. A s imi-  
lar  pa t te rn  of solvent removal was observed at both 
alcohol concentrations. 

Two-Stage Operation. Two-stage desolventization 
was found to be the most effective technique for re- 
ducing the volatiles to low amounts. In  general, the 
feed rate  to the second pass was reduced over that  of 
the first pass so that  the d ry  solids th roughput  re- 
mained essentially the same in both cycles. Recycling 
made possible a reduction of 30-70% in the residual 
alcohol content of the desolventized flakes as shown 
in Figures  3 and 4. Residual  alcohol in the flakes 
was reduced to 0.25-1.0% af ter  the second pass. All 
data  are based on residual alcohol in hot desolventized 
flakes since essentially no fu r the r  change in residual 
alcohol took place while air-cooling the flakes. Ap- 
proximate ly  1 -2% increase in solids moisture content 
occurred dur ing the cooling cycle because the hot 
flakes pick up some moisture f rom the air. 

Introduction of Mo4sture Into the System. The 
amount  of moisture in the system depends upon 
whether  water  is introduced by steam injection, tem- 
pering, or different alcohol concentrations. 

Live steam was injected into the superheater  inlet 
vapor  s t ream at rates of 6-25 lb per hr  dur ing  the 
second pass. F igure  4 shows the residual alcohol 
content of the flakes obtained f rom a first pass and 
a recycle of the first-pass flakes for  each wash system 
with and without  live s team injection, in  nil eases 
where s team injection was used, slightly lower resid- 
ual alcohols were obtained although total volatiles 

2 .0  
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Hot Flake Temperature, ~ 
Fro. 3. Effec t  of t empera tu re ,  wash  alcohol concent ra t ion ,  

~nd n u m b e r  of  desolvent iza t ion  passes  on res idual  alcohol con- 
;eat  of hot  desolventized flakes. 

Wash alcohol 
. . . .  70~ 

50~, 
Residual alcohol 

Q First pass 
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~ 70~ Methanol 70~ Ethanol 70% Isopropyl 

[ ]  First pass product, feed rate 20 lb.~hr, alcohol wet basis 
[ ]  Second pass product, feed rate 10 lb./hr. 

Second pass product with use of steam injection, feed rate 
10 lb./hr., steam flow 25 lb./hr. 

Fro. 4. }]fleet of  second pass  desoh-ent iza t ion with and  with- 
out  s t eam in jec t ion  on res idual  alcohol content  of hot  desol- 
r ea l i zed  flakes. ( H o t  flake t empe ra tu r e  was ~ot cons tan t  for  
the  da ta  g iven so tha t  relat ive volat i l i ty  be tween the  alcohols 
is no t  shown.)  

content of the product  was increased 3 0 4 0 % .  Mois- 
ture  content of the desolventizing vapor  s t ream was 
increased with steam injection to nearly 60% by 
weight, thereby significantly decreasing the concen- 
t ra t ion of noncondensables. 

Moisture temper ing before second-stage desolventiz- 
ing did not improve results significantly over those 
f rom simple recycling or recycling with steam injec- 
tion. The addit ional steps of moisture addition and 
blending do not appear  justified. 

Lower residual alcohols were obtained by desol- 
ventizing flakes washed with 50% ra ther  than 70% 
alcohols for the 3 alcohols used (Figure  3). Wate r  
content and total volatiles of spent  flakes washed with 
5 0 ~  alcohol averaged approximate ly  aa and 54%, 
respectively. Wi th  70% alcohol, the spent flakes an- 
alyzed 205~ water  and 49% total  volatiles. 

E~.'iele~ce of H Bondi~g. When the data for alcohol 
removal are correlated with hot flake temperature ,  
the curves show that  as t empera ture  is increased, 
water  is removed more rap id ly  than alcohol. This 
also occurred in previous work with 95 volume per  
cent ethanol. These data show that  a small amount  
of alcohol is quite s trongly bound within the soybean 
solid matrix.  This evidence supports  previous knowl- 
edge about the associated state of alcohol molecules 
leading to hydrogen bonding of alcohol to the protein 
molecule. Our data also indicate that  some alcohol is 
bonded in preference to water. This bonding is dem- 
onstrated bv a plot of the ratio of alcohol to water  
in the volatiles remaining in the product  against  tem- 
pera ture  of the desolventized product,  or versus total  
volatiles in the product,  as shown in F igure  5 for the 
50% methanol  wash system. A sharp  rise is noted 
at the 1% level in the curve for  total  volatiles. This 
point corresponds to a hot flake tempera ture  of ap- 
proximate ly  218F at which it is extremely difficult to 
remove the remaining alcohol. F igure  6 shows vari-  
ation of the residual alcohol and total  volatiles con- 
tent  of the product  versus hot flake temperature ,  
again i l lustrat ing the difficulty of removing the last  
traces of alcohol. 

Product Characteristics. The products  contained 
72 to 77% (m.f.b.) protein, and were highly dena- 
tured. Denatura t ion  would be expected f rom wash- 
ing in dilute alcohol. The differences in protein con- 
tent  of the final products  obtained with the various 
alcohols are not necessarily significant as the washing 
step was not a pa r t  of our study. N S I  values of the 
washed flakes were in the range of 13-24 and in 
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Fro. 5, Alcohol/water ratio in hot desolventized flake vola- 
tiles; 50% methanol system. 

desolventizing, the protein was fu r the r  denatured to 
an NSI  range of 7-16. 

The products obtained with the methanol-wash had 
a better  flavor than those washed with either ethanol 
or isopropyl alcohol. The lower level of taste accep- 
tance for these two alcohols was due par t ly  to some 
residual taste of solvent. Organoleptic evaluation 
detected the alcohol even though the chemical an- 
alysis for  it was relatively low. 

Water  absorption values of 328 to 410 were ob- 
tained for the desolventized products. Absorption 
values were significantly highest with the 50% metha- 
nol-wash. A wide variation in data was obtained for 
the remaining wash systems. Table I I I  shows the av- 

TABLE I I I  

Water  Absorption of Desolventized Flakes for Alcoholic Wash Systems 

Alcohol 

Methanol ................................................ 
Ethanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Isopropyl alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Methanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ethanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Isopropyl alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Alcohol 
conc,~ % 

T 
5O 
50 
70 
70 
70 

\Vater absorption 

95% 
AvV~u ra~e Confidence 

I l i m i t  

379 I 1~.3 
352 j 15.7 
341 I 10.3 
358 I 35.3 
341 6.7 
342 10.2 

a Bas i s - -g rams  water  absorbed per 100 g solids. 

erage absorption value obtained for each system with 
the 95% confidence limits calculated for all the sam- 
ples analyzed. 

Conclusions 
The flash vapor-type desolventizer can handle soy- 

bean flakes washed with aqueous alcohols of ra ther  
high water  content. Two-stage operation, as well as 
a less concentrated alcohol, is effective in minimizing 
residual alcohol in the end product.  Steam injection 
dur ing the second stage gives fu r the r  reduction in re- 
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Fro.  6. V a r i a t i o n  of  h o t  d e s o l v e n t i z e d  f lake  t o t a l  vo l a t i l e s  
a n d  a lcohol  c o n t e n t  w i t h  t e m p e r a t u r e ;  5 0 %  m e t h a n o l  s y s t e m .  

sidual alcohol. A snlall amount of alcohol is strongly 
bound to the solids and is difficult to remove even 
under conditions of high-temperature desolventizing. 

Impor tan t  advantages of the flash desolventizer 
are: 1) Low product  holdup, 2) high temperature  
with short retention time. 3) a system capable of 
rapid changes, and 4) a granular,  free flowing prod- 
uct with minimum color degradation and maximum 
water absorption. 
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A Comparison of Several Analytical Techniques for Prediction 
of Relative Stability of Fats and Oils to Oxidation 
W. D. P O H L E ,  R. L. GREGORY, and ]. R. TAYLOR,  Research Laboratories, Swift & Company, Chicago, Illinois 

Abstract  
Three analytical methods proposed by various 

workers for  predicting the relative stability of 

fats and oils to oxidation have been compared 
on a series of samples. The Eckey Oxygen Ab- 
sorption, the modification of the A.S.T.M. Oxy- 


