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Abstract

Soymilk residue was washed separately with acetone, ethanol, isopropyl alcohol and n-hexane, and then
dried at 45°C.The dried residues were evaluated for drying rate, color and chemical and functional properties.
Washing with acetone resulted in the shortest drying time ( 1hr) and the highest in protein content (48.8%) and
in Hunter “L” value. The dried residues after treatment with acetone and alcohols showed relatively high
values of 4.3-4.7g/g and 8.5-8.7g/g in oil and water absorption, respectively. Addition of the acetone treated
residue to wheat flour at a level of 10% affected little in Amylograph viscosity while those treated with other

solvents caused a significant decrease in the viscosity.

Introduction

Soybean production and its utilization for human
food have been steadly increased as a low-cost and high
protein source. Soymilk, one of the most promising soy-
bean products, has been greatly improved its commer-
cial acceptability with continuing efforts of many
workers.(1.2.3) As the result, utiliation of the soymilk
residue obtained as a by-product become to be major
concern for soymilk processors. The amino acid com-
position of soymilk residue protein showed that sulfur
containing amino acids are higher and available lysine is
lower than those of soymilk protein.4) They also found
that PER value of soymilk residue was considerably
higher than that of soymilk and was comparable to that
of milk casein.4.5 This most nutritious fraction of soy-
bean has difficulty in use for human food due to rapid
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spoilage during storage.

In an attempt to extend storage life, dehydration was
carried out by hot-air drying at atmospheric
pressure.®.7 They found, however, that the hot-air dry-
ing method is not proper because of surface hardening
on the residue particles which has a tendency to be
clustered. The resultant dried residue also developed
brown color and rancidity due to high temperature treat-
ment and required grinding before further use. Treat-
ment of alcohol on soybean meal was introduced by
Beckel et al. 89 and Belter et al.10 They reported that
alcohol treatment served as a debittering agent and
reduced flavor and color of the soybean meal. Eldridge
et al1) washed soybean protein isolate with alcohols
and found that alcohol washing removed phospholipid-
like material and improved color, flavor and foamstabili-

ty.
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Present study was conducted to investigate the ef-
fect of several solvents washing on drying rates of
soymilk residue. The chemical composition, color and
some physical properties of dried soymilk residue were
also studied.

Materials and Methods

Materials

Soymilk residue was obtained from Chung’s Foods
Co., Ltd. (Seoul, Korea) where it was prepared by soak-
ing mixed varieties of imported soybeans, dehulled by
crushing, blanching and grinding with boiling water and
centrifuged. The residue was stored at -20°C until sol-
vent washing. Commercial soyprotein concentrates of
Stapro and Procon (Staley MFG. Co. ILL.) were used for
comparison of oil and water absorption characteristics.
A commercial wheat flour having medium quality was
used to prepare the mixture with dried soymilk residue
for measurement of gelation properties.

Solvent Washings and Drying

All solvents used, acetone, isopropyl alcohol, ethanol
and n-hexane, were ACS grade. A 15 g of soymilk
residue containing 78.5% of moisture was mixed with 40
ml each of solvent and stirred with magnetic stirrer for
30 min. The mixture was filtered under reduced
pressure over Whatman filter paper No. 42. The residue
was removed into 100 m! beaker and washed two more
times with 40 m! of solvent with 2 min of stirring. The
filtl;ates of above were combined for absorbance
measurement. The residue after filtration was dried at
45°C and measured their weights at every hour.

Analytical Methods

Moisture, lipids and fiber were determined according
to the methods of AOAC.(12) Nitrogen was analyzed by
micro Kjeldahl method?) and a conversion factor of
6.25 was used for the estimation of protein. Nitrogen
free extract was calculated by substracting the sum of
other constituents assayed from 100. Color evaluation of
solvents washed and dried residues was made on the
values of the “L”, “a”, “b”, “‘yellow index” and “white
index” using a Hunter model D 25 A color difference
meter. The filtrate of each solvent after washing the
residue was measured for absorbances at 440 nm, 520
nm and 630 nm using a Bausch and Lomb Spectronic 20
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spectrophotometer.

Oil and Water Absorption

A method of oil and water absorption measurements
described by Beuchat(13) was employed. A 1 g of solvent
washed and dried residue was taken in 50 m! centrifuge
tube and added 10 m! of soybean oil or 10 m! of distilled
water. The tubes were stirred for 30 sec on a vortex stir-
rer and then allowed to stand at room temperature
(21°C) for 30 min followed by centrifugation at 10,000 x
G for 30 min. The supérnatant of water or oil were
carefully decanted and measured the volume. The dif-
ference between the amounts added and supernatant
were expressed as oil and water absorption on a dry
weight basis.

Pasting Properties

Effect of soymilk residue addition to wheat flour on
starch gelation properties were determined with a
Brabender Visco/Amylograph, Model VA-VE, equipped
with a 700 om-g cartridge operated at 75 rpm bowl
speed. The addition of the residue to wheat flour was
ranged from 0 to 40%. A 46 g (dry weight basis) of the
mixtrue of wheat flour and dried soymilk residue was
suspended in 350 m!/ of distilled water and mixed
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Fig.1. A typical drying curve of soymilk residue
at 45C after treatment with various sol-
vents
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thoroughly. The suspended mixture was transferred
quantitatively into the amylograph bowl with addition of
64 ml of distilled water. All of these processes were
done within 3—4 min. The temperature of this mixture
was raised from 25°C to 92.5°C at a rate of 1.5°C/min,
held at 92.5°C for 5 min and then allowed to cool to
30°C.

Results and Discussion

Drying and Analytical

Fig. 1 shows the drying rate of solvent washed and
filtered soymilk residue. The initial solid contents of
filtered residue were 28.7% for acetone, 27.8% for
ethanol, 30.5% for isopropyl alcohol and 16.4% for
n-hexane. After drying at 45°C for one hour, solid con-
tents increased to 91.2%, 54.8%, 46.0%, 18.9% for
acetone, ethanol, isopropyl alcohol and #-hexane,
respectively. The result indicate that acetone treatment
on the residue was most effective for drying while
ethanol and isopropyl alcohol washed samples required
2—3 hours. The slowest one in drying was n-hexane
washed residue which exhibited sticky colloidal form. It
is probably due to immiscibility between water and
n-hexane and water was retained in the residue. The
decreases of residue weights were mainly caused by sol-
vent evaporations. Use of the above first three solvents
for washings of the soymilk residue were very effective
for drying when it is compared to the result of Choi(?
which required 3 hrs at 80°C and 2.5 hrs at 100°C. The
chemical composition of dried soymilk residues are
shown in Table 1. Solvent washings with acetone,
ethanol and isopropyl alcohol on soymilk residue
resulted an increasein protein contents in total solids
and a substantial reduction in lipids as compared with
those values of unwashed residue as one could expected.

Table 1. Composition of dried soymilk residues
after treatments with various solvents

Analysis, % (moisture free basis!

Solvents

Yield Protein Lipids Fiber Ash NFE
Untreated
residue 100 43.1 19.9 1.1 4.2 217
Acetone 80.0 48.8 56 10.8 4.0 30.8
Ethanol 82.5 46.9 9.9 1001 3.6 2495
[sopropanol 87.3 46.3 111 94 3.8 29.4
n-Hexane 98.5 42.5 18.9 95 4.2 24.9
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Fig. 2. Changes in absorbances of filtrates at440
nm,520nm and 630nm

The ash contents for all solvents treated samples were
close to untreated one. It was noticeable that n-hexane
washed residue caused the least changes in composition.
The increase of protein content and the drying rate for
the other three solvents can be explained by the dif-
ferent solubility of lipids for the solvents used and their
polar characteristics.

Color Evaluation

The filtrates after washing the residue with the
solvents for 30 min were measured for their absorbances
at 440 nm, 520 nm and 630 nm. Absorbances of the
filtrates after first, second and third washings are shown
in Fig. 2. The changes of absorbances clearly indicate
that most of the color materials were removed by first
washing. The most of color substances removed was in
the region of violet, and red colored material was
minimum. The acetone washing was the most effective
to remove the color substances while #-hexane was the
least.

These results corresponded to the Hunter values of
dried soymilk residues (Table 2). The values of Hunter

Table 2. Hunter values of dried soymilk residues
after solvents washing for 30min

Hunter values

Solvents LT a" b “Yellow “White
-index” ~index”
Acetone 104.50 3.26 5 .27 11.59 77.34
Ethanol 102.11 1.79 6 .61 13.14 65.73
Isopropylalcohol  102.59 4.10 5 .41 12.59 73.56

90.01 2.51 15.40 32.29 1.84

n-Hexane
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Table 3. Comparison of oil and water absorption
characteristics of dried resndues

Oil absorption Water absorption

(g/g) (g /&)
Acetone 4.3 8.5
Ethanol 4.9 8.7
Isopropyl alcohol 4.7 8.6
n-Hexane 2.3 5.0
SPC-1* 1.4 3.1
SPC-2* 1.1 2.3

* Commercial soyprotein concentrates

“L” and “white-index” showed that acetone treated one
exhibited the highest among the solvents used. The low
values of Hunter “b” and “yellow-index’’ were found for
all solvents washing except m-hexane while ethanol
washed sample had the lowest in “a’’ value. From these
results, the overall color evaluation for the solvent wash-
ed residues, showed that acetone was superior in terms
of removing color substances to other solvents used in
this experiment. Ethanol and isopropyl alcohol washings
resulted a close Hunter values to that of acetone
washing while n-hexane had the least effect on color im-
provement of the residue.

Oil and Water Absorption

Results of the oil and water absorption are presented
in Table 3. It shows that solvent washed soymilk
residues had much higher values in water and oil absorp-
tions than commercial soyprotein concentrates. The sol-
vent washed samples except n-hexane exhibited
relatively high values in oil absorption, 4.3—4.9 g of oilig
residue. In water absorption of ethanol, isopropyl
alcohol and acetone washing also showed values of
8.5—8.7 g/g residue which were approximately 2—3
times of the value of commercial soyprotein concen-
trates. These results are also much higher than those
values of soybean flour and soybean concentrates
reported to have 2.4 and 3.6 g/g, respectively.(14)-

Higher oil and water absorption capacities of the
residues washed with acetone and alcohols over
n-hexane treated one was probably due to the ability to
remove the soluble materials along with color
substances. Similarly Eldridge ef al.(11) studied the effect
of various solvents treatments on the foam stability of
soybean protein and found that washing with methanol,
ethanol or isopropy] alcohol improve the stability greatly
and suggested the improvement of foam stability was
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Table 4. Amylogram data on the mixtures of wheat flour and solvents treated soymilk residues

(10% solid basis)

Solvents % SR Initial pasting Peak Peak Viscosity 5-Min
used temperature {C ) viscosity (B.U.) temperature at 92.5T Height
() (B.U.) (B.U.)

0 63.0 610 90.5 480 470

10 73.5 600 90. 5 495 490

Acetone 20 65. 0 500 90. 0 460 450

30 61.0 440 90.0 400 370

40 59.5 415 83.0 375 370

0 63.0 610 90. 5 480 470

10 63.0 545 90.0 490 495

Ethanol 20 62.0 455 88.0 385 390

30 60. 5 365 88.5 350 355

40 57.0 330 89.0 315 320

0 63.0 610 90.5 480 470

10 61.0 500 90. 0 430 420

Isopropanol 20 62. 0 440 90. 0 415 410

30 57.5 440 91.0 420 425

40 58.0 415 90. 0 390 390

0 63.0 610 90. 5 480 470

10 65.5 530 89.0 455 460

n-Hexane 20 68. 5 335 89.0 320 315

30 66. 0 300 90. 0 275 280

40 74.0 150 90.0 155 170

WF= wheat flour
SR =dried soymilk residue

contributed by removal of the impurities.

Pasting Properties

Typical amylograms of wheat flour and the mixture
of soymilk residue and wheat flour are illustrated in Fig.
3. As more soymilk residue was added to the wheat
flour, viscosities and initial pasting temperature were
shown to be decreased. Changes in amylogram data for
the mixture ranges of 0—40% of dried soymilk residue
added to the wheat flour is presented in Table 4. All of
the values were generally decreased as the mixing ratio
increased except initial pasting temperature of n-hexane
washed sample. For the acetone treated sample, it was
particularly noticeable of little change in peak viscosity
and .peak temperature at 10% level. Initial pasting
temperature, viscosity at 92.5°C and 5-min Height were
rather increased. A rapid decrease in peak viscosity of

610 B.U. was observed for acetone, ethanol, isopropyl

clcohol and n-hexane treated samples to 415 B.U., 330
B.U., 415 B.U. and 150 B.U., respectively, when they
were mixed up to 40%.

The results obtained from this study suggest that
solvents washing with acetone, ethanol and isopropyl
alcohol was very efficient in soymilk residue drying and
improvement of color. Oil and water absorption proper-
ties were considerably high and pasting properties was
hardly affected at 10% addition level. A further work
would be desirable for finding a proper mixing ratio of
solvent and wet residue, and addition of this residue as a
supplement of foodstuffs.
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