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I N processing soybeans, a l though the effect of the 
solvent on the pr incipal  products,  oil and meal, is 
of considerable importance,  i t  has received less 

systematic ,study than  commonly supposed. As a 
mat te r  of fact, the solvents "per so" probab ly  do not 
al ter  the oil or protein significantly yet  the effect of 
the solvent wilI appea r  because of dissolution of minor  
constituents which accompany the oi! or conversely 
are lef t  in the meal to in terfere  wi th  purification of 
the protein.  

The importance  of edible soybean oil has inspired 
numerous researches toward improving its organolep- 
tic and color properties.  On the contrary ,  the meal, 
having been originally developed for  livestock feed, 
has been slower to a t t rac t  this type of research. The 
recent great  demand for  protein foods, result ing f rom 
the war,  and the increasing demand for  industr ial  
proteins is now focusing at tent ion on the protein 
problem. A light-colored protein is essential for  im- 
por tan t  industr ial  applicat ions such as paper  coatings 
and textile fibers as well as for  many  food uses. 

E x p e r i e n c e  (4) has demonstra ted that  certain 
minor constituents of soybean meal are carr ied along 
with the protein in its isolation, especially when the 
industr ial  method of alkali extract ion and acid pre- 
cipitation is used. Some of these minor constituents 
are responsible for  the various shades of color of the 
isolated protein, ranging  f rom brown to yellow. 

The present  investigation was s tar ted  to survey the 
effects of various oil solvents on the color and taste of 
soybean meal and on the color of the isolated protein. 
I t  was deemed equally important ,  f rom the s tandpoint  
of pract ical  results, to compare the propert ies  of the 
crude oils obtained in the extraction. Any  deleterious 
effects on the oil, result ing f rom action of the solvent, 
would for  pract ical  purposes nul l i fy  improvements  
obtained in the meal and  isolated protein.  

The solvents used in this s tudy were carbon tetra-  
chloride, trichloroethylene, ethylene dichloride, iso- 
bu ty l  alcohol, isopropyl  alcohol, e thyl  alcohol, and 
hexane (b.p. range 30 ~ to 60~ 

Hexane,  its immediately  higher homologues, and the 
chlorinated hydrocarbons  are noted for  their  excel- 
lent oil-solvent properties.  The chlorinated solvents 
have the addit ional advantage  of nonflammabil i ty  and 
the disadvantage of corrosiveness. The alcohols are 
less favorable  as oil solvents and must  be used at 
elevated tempera tures  to be completely miscible with 
soybean oil. In  fact, methanol  is too low in oil-solvent 
proper t ies  to be of pract ical  interest  and, for  this 
reason, was not included in the study. The alcohols 
are in the intermediate  range  as hazardous solvents; 
al though they are flammable, their  vapor  pressures 
are low enough to forestall  dangerous concentrations 
in the atmosphere at  room tempera ture .  

The Japanese  (1) have repor ted  the use of ethanol 
as a solvent for  the batch extract ion of soybeans in 
a plant  at Darien,  Manchuria .  They have published 
data on the miscibili ty of soybean oil in various 

1 O n e  o f  t h e  l a b o r a t o r i e s  o f  t h e  B u r e a u  of  A~ricul tura l  and  Indus t r i a l  
Chemistry, Agr icu l tura l  Research Adminis t ra t ion,  U. S. Depar tment  of  
Agricul ture .  

e thanol -water  ratios. Their  data  for  99.52% and 
95.92% ethanol are shown graphica l ly  in F igure  1. 
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FIG. 1. 

These data show that  near  absolute ethanol (99.52%) 
is miscible in all proport ions  with soybean 0il above 
67.3~ At  the lower alcohol concentrat ion (95.92%) 
the oil solubility is great ly  reduced, and complete 
miscibil i ty is not a t ta ined at  the boiling point. How- 
ever, the solvent propert ies  of the 95% alcohol may be 
brought  into a pract ical  solvent range by  operat ing 
under  sufficient pressure to br ing  the t empera tu re  to 
90~ 

The miscibil i ty of the alcohols with water  compli- 
cates their  use as oil solvents. Pract ica l  methods for 
dealing with this problem will be present  in the next  
report .  In  the present  s tudy the alcohols were main- 
tained in the concentration range of 95.0% to 99.5% 
alcohol. 

Extract ion Procedure 
The cracked and dehulled soybeans were flaked to 

a thickness range of 0.005 to 0.010 inch on cold rolls 
at a moisture content of about  15%. The moisture 
was immediately  reduced to 6% to 8% at  room tem- 
perature ,  in a forced-draf t  oven. When a lower mois- 
ture value was required, the oven t empera tu re  was 
raised to about  50~ 

A labora tory-model  extractor ,  bui l t  for  counter- 
cur rent  and continuous operation,  was used in ex- 
t rac t ing  the flaked soybeans. The extractor  and its 
operat ion has been described in another  repor t  (2). 
With  the alcohols the extractions were carr ied out at  
their  boiling point and for  other solvents at room 
temperature .  

Fo r  the alcohols (essentially absolute) a solvent to 
flake ratio of 2.5 to 1.0 was used;  for the other sol- 



8 T I l E  , I ( U T R N A L  OF T I l E  A M E R I C A N  O I I ,  ( , I I E M I S ! ' S  S O C I E T Y ,  , J A N U A R Y ,  1 9 4 8  

vents, the ratio was 2 to 1 or slightly less. The 
ethanol-extracted flakes contailmd 37.5% I'fllallO1 I)ll a 
wet basis while the hexane-extraete(l flakes held 30% 
on the same basis. Data were not taken for tile llther 
solvents. All flakes were extracted to below 1% oil 
content. 

The oils were rel;overed from tile alcoholic miscella, 
after  cooling to room temperature, by  phase separa- 
tion. The heavier, Ol: "off  phase,"  contained 6% tl/ 
8% alcohol and was not fur ther  refilled while the 
lighter, or "alcohol phase,"  contained 1% to 4% oil 
as well as the phosphlllipi/ls, sugars, and much of the 
other aleohol-soh~bh; materials of the soybean. The 
oils were recoverelt fv(lm the nOll-ah,oh(llie solvents by 
vacuum evaporation of the solvent aml nitrogen strip- 
I)ing. It is apl)arent that  for the hydrocarbons and 
chlorinated solvents whatever is extracted from the 
flakes is left in the oil ; whereas for tilt; alcohol solvents 
the greater portion of the nonoil constituents //f the 
bean are in tile alcohol phase alid are partially re- 
moved from tile system in the solid phase when c/)ole/I 
or arc left with the solvent on the flakes. 

After  the flakes w(,ve extracted, a portion was 
used for isolating the I)l'otein by tile method of water 
extraction and al;i/l lll't~/;ipitation (5). Tim watel' 
extraction alnl l>rel'.il)itation m(,tho(I was used because 
it gave the most C/lllsistent results although a similar 
result can be ol)taine(l by alkali extraction. 

The effect i)f the solvent on the refleetanee Ilf the 
soybean meal and isolatell protein is given in Tahle 1. 
The reflectance ]ueasllrcnlel~ts were made on a l lunter  
reflectometer with a bllt/' filtel'. A porcelain plate 
furnished with tile instrument was used as a veflt,c- 
tauee standard. The rl,fleetalll;(, meas/tremelltS are /)n 
a comparative basis silw/; tile method of preparing the 
sample has a niarke(l influence I/ll the results. 

TAB Llq l 

Reflectance as Dete rmincd  on a l l u n t e r  llefle(.tometer of Soybean Flakes 
and  Iso la ted  Pro te in  Resu l t i ng  From Removal of the Oil 

With  Var ious  Solvents  

Solvent  

1. Carbon te t rach lor ide  ........................................... 
2. Tr ichloroethylene ................................................ 
3. Dichloroethylene ................................................. 
4. I sobu tano l  ........................................................... 
5. Isopropanol ......................................... : ............... 
6. Ethyl alcohol ....................................................... 
7. Ethyl alcohol ....................................................... 
8. Ethyl alcohol ........................................................ 
9. Casein ................................................................. 

10. Commercial  flakes (Hexane)  ............................. 

Reflectance 

Isobtted 
Meal ]?rotein 

8 4 . 4  7 I .l 
84.6 73.5 
85.6 73.3 
83.0 08.6 

75.0 
~i;/ 79o, 
87.4 79.1 z 
87.4 75.9 :l 

80.5 
8ii:8 72.4 

P ro te in  F rom Pi lo t  P l an t  Ol)eralion 

11. E t hano l  ext. flakes ) 79.6 
W a t e r  ext. p ro te in  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

12. E thano l  exL flakes, prote in  ext 'd  
wi th  0 .3% sulfite ............................................. 7!).1 

13. Commercial  hexane flakes ) 66.4 
W a t e r  ext. p ro te in  ~ ............................ 

14. Commercial  hexane: flakes, p lo t e in  
ext 'd  wi th  0.3% sulfi te .................................... 71.7 

1 W a t e r  ext 'd,  e Na2SOs ext 'd.  "~ 0 .05% NaOI-I ext 'd.  

The samples were prepared by grinding in a mor- 
tar, then screen grading for particle size. In  making 
up the sample discs, the material used was that  which 
passed through a 100-mesh but  was retained on a 
200-mesh screen. The samples were placed in a 
humidified room for 48 hours at 70~ and 50% 
relative humidi ty  to br ing all of thenl to an equal 
moisture level. The discs were formed at room tem- 
perature in an hydraul ic  press, using a hardened steel 
mold. The relatively low moisture content of the 

T A l l  I,t~] 2 

The ('oloi', Acid Natal)or, and Break Value of Soyt)can Oil 
Snmph,s Iqxlractcd \Vilh Various Solvents  

Solvent  

l) ichh,  roelhylene. ............................ 
Trich]oroethylene ............................ 
Carb(m h,t raehlor ide  ....................... 
I SOl}rol)y] alcohol ............................ 
Ethanol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E t h a n o l - - r e s i d u e  ........................... 
Hoxane (b.p. 30~176 ................ 

Lovibond Acid 
()eh)r Numl)e~' Break  

Y e l l o w  1 t e d  P e r  , , c , , t  I l ' e r  c e n t  

7t) 14.4 0.52 ...... 
7(1 10.3 ] .04 ] .00 
70 ] 0.3 .44 .06 
70 12.8 .95 .86 
70 2.9 .06 .00 
70 5.6 .24 .02 
70 7.0 I .50 I .50 

protein and low temperatlire of pressing forestalled 
plastic flow. The discs thus formed had only enough 
strength for careful ha nlllillg. For  nlaking tile re- 
flectance tests a disc was placed ill a hohlcr which 
exposed a surface 1~/~ inches ill diameter. Five read- 
ings w/'re taken with frequent rechecking of the 
instrlmlent against the s tandard l:cflectance disc. A 
series /If readings usually checked within _+0.2 units, 
with extreme variation of 0.4 units. Visual ohserva- 
tion was used to cheek the results of the instrument. 

difference of one unit between two salnph'~s is a 
definite visual eohlr /liffel'enee. 

The reslfits of the refh,etance tests (if the soybean 
meal cxtraetell with val'ious solvents show that the 
meal extracted with ethanol has the highest rl'flee- 
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tanee. The ethanol flakes have a reflectance of 87.4 
compared to 83.8 for commercial hexane flakes. Like- 
wise, the isolated protein from the ethanol-extracted 
flakes has the highest reflectance, 79.1 and 79.6, and it 
approaches very close to 80.5 for the light-colored 
casein. 

The constituents of the soybean responsible for the 
brown color of the protein isolated from the hexane- 
extracted flakes have not been identified. In  extract- 
ing with ethanol it was observed that the miscella was 
brown whereas the hexane miseella was a golden yel- 
low. In  a series of extractions with a Soxhlet extractor 
it was noted that  the presence of water, either in the 
flakes or in tile alcohol, hastened the extraction of the 
brown color. These results suggest the possibility that 
the improved color of the ethanol-extracted flakes is 
due in par t  to a removal of phosphatides. 

Fortunately,  the ethanol had another desirable 
effect on the flakes, namely, the extraction of the 
bitter principle and much of the beany flavor (3). 
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The taste of the ethanol-extracted flakes approaches 
very  close to blandness. Although it is not possible 
at this time to repor t  any systematic organoleptic 
tests on the above soybean meals, it has been the 
observation of many tasters, nevertheless, tha t  soy- 
bean flakes f rom ethanol extract ion have a more 
agreeable flavor than ordinary  steam debit tered soy- 
bean flakes. 

The effect of solvent on the nature  of the crude oil 
is as marked as its effect on the meal. The Lovibond 
color, acid number,  break, spectral  t ransmittance,  and 
solvent removal of the crude oils was examined on a 
comparative basis to obtain a preview of their  rela- 
tive condition at this stage of processing. Table 2 
shows the first three of these values and Figure  2 the 
spectral t ransmit tance curves for  wave lengths be- 
tween 550 and 720 millimicrons as determined in a 
Beckman spectrophotometer.  
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FIG. 3.  

The sanlple (tesignated "residue" was recovered 
f rom tile "alcohol  phase"  which contained about  4% 
oil at 25~ To recover the " res idua l  o i l "  the alco- 
holic phase was reduced to about one-fourth its origi- 
nal volume by  evaporation, thus concentrating the oil 
and obtaining a second phase separation. 

In  comparing the crude oils recovered f rom the 
various solvents, the oil f rom ethanol extractiorL is 
lowest in color, f a t t y  acids, and break. The low break 
value and other qualitative tests arc evidence that  the 
phosphatides, sugars, a considerable port ion of the 
coloring matter,  and perhaps other alcohol- soluble 
constituents of the soybean have remained in the 
alcohol phase. 

The spectral t ransmit tance values for  the oils show 
the two ethanol samples to have the highest percent- 
age of spectral transmittance.  The t ransmit tance val- 
ues confirm the color measurements made with the 
Lovibond colorimeter. 

The separation of a solvent f rom oil depends upon 
a number  of intermo]ecular forces, few of which are 
known for  the present  systems. Accordingly, compar- 

ative experiments were carried out on solvent removal, 
s tar t ing with equal par ts  by  weight of solvent and oil. 
The quanti tat ive loss of solvent was determined by  
successively heating the solvent-oil systems at atmos- 
pheric pressure to a convenient temperature ,  cooling 
the system and weighing it. This procedure was then 
repeated by  heating to a higher temperature .  The 
difference in weight represented the loss of solvent 
within the tempera ture  range under  consideration. 
The results are shown in Figures 3 and 4. F r o m  
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these results it is apparen t  that  ethanol can be re- 
moved from soybean oil at a lower tempera ture  than  
can the higher alcohols, hexane, or the chlorinated 
hydrocarbons.  

S u m m a r y  

Ethanol,  isopropanol, isobutanol, ethylene dichlo- 
ride, tr ichloroethylene, carbon tetrachloride,  and hex- 
ane (b.p. range 30 ~ to 60~ were used as solvents 
for  the extraction of soybean oil and the comparative 
effect of the solvent on the color and other propert ies  
of the oil, meal, and isolated protein was measured. 
Ethanol  extraction gave the best results with respect 
to the color of oil, meal, and protein,  and it  also 
served as a debi t ter ing agent for  the soybean meal. 
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