KOREAN J. FOOD SCI. TECHNOL.
Vol. 25, No. 1. pp. 1~8(1993)

LAE LYol <t

BTl ERHFEL

7 HMZ=SYol| olxl= FE

T AL -

4 -

ARz - 7

ADAHT) ARAFATE

Effects of Extrusion-Texturization on Defatted Soy Flour
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Abstract

Extruded defatted soy flour (DSF) with twin screw extruder was compared with steam treated
DSF for soy sauce fermentation. Independent variables of response surface methodology (RSM) for
extrusion were barrel temperature (145~165C ), feed moisture content (25~35%), and feed rate (20~
30 kg/hr). Extrusion conditions for production of the extrudates having highest water absorption capa-
city, lowest bulk density and highest expansion ratio were obtained by regression analysis of each
dependent variable. Electron photomicrographs revealed significant increase of porosity inside the
koji made from extruded DSF. Therefore, growth of fungi inside the koji made from extrudates of
DSF was accelerated to achieve higher activities of protease, a-amylase, and glucoamylase compared
to the koji made from steamed DSF. Although amino acid composition of soy sauces prepared from
two different DSF did not show any significant difference, the content of free amino acids in soluble
nitrogen compounds was higher (13%+ 2) in soy sauce made from extruded SDF. During the whole
period of fermentation color of soy sauce made from extrudates of DSF was darker. Sensory evaluation
did not reveal any serious off-odor and off-taste in the soy sauce fermented from extruded DSF.
Key words: soy sause, extrusion, detatted soy flour, response surface methodology, koji
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Table 1. Three-variables, three-level response surface

conditions for extrusion

Feed rate  Moisture
Level

content Barrel temp.

(kg/hr) () ©)

1 30 35 165

0 25 30 155
~1 20 25 145
Exp. No X1 X(2) X@®)
1 -1 1 -1
2 0 1 -1
3 1 0 -1
4 0 -1 -1
5 1 1 0
6 1 1 0
7 0 0 0
8 1 -1 0
9 1 -1 0
10 1 0 1
11 0 1 1
12 0 -1 1
13 1 0 1
14 1 0 0
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Table 2. Regression coefficients for response surface
methodology”

o Parameter estimate
Coefficients

Expansion Bulk Water
ratio density absorption
By 207.01 0.55 250.77
B, 3.77 —0.55 1.16
B, —18.20**+2 0.05 —25.94**
B; 7.22 —0.08**2 25.66**
By —18.17 0.13** —27.95
By —8.84 -0.06 —5.62
By, —27.25%* 0.11 —47.51**
By 18.32%* —0.09 14.18
Ba: 25.66*** -0.07 12.88
Bis —15.27 0.10** —7.95
R-SQ 0.96 0.96 0.94

”Response Y= B() + B]Xl + BzXz + B;;X‘; + B11X22 + 812X1X2
+ B2aXo? + BiaXi Xy + BaaXoXs + BuXy?
where, Y=Expansion Ratio, Bulk Density or Water Ab-
sorption
X1=coded value for feed rate
X2=coded value for feed moisture content

X3=coded value for barrel temperature
Ip<0.05 ***p<0.01
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Fig. 1. Effect of moisture content and temperature on
physical properties of extrudates at constant feed rate
(25 kg/hr)
(a) Expansion ratio, (b) Bulk density, (c) Water absorp-
tion
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Fig. 2. Effect of feed rate and temperature on physical
properties of extrudates at consiant moisture content
(30%)
(@) Expansion ratio, (b) Bulk density, (c) Water absorp-
tion
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Fig. 3. Effect of feed rate and moisture content on ph-
ysical properties of extrudates at constant barrel tem-
perature (155°C)

(a) Expansion ratio, (b) Bulk density, (¢) Water absorp-
tion
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Table 3. Optimum extrusion conditions for each physi-
cal characteristic

Physical characteristics

Extrusion Conditions

Expansion Bulk Water

ratio density  absorption
Feed rate (kg/hr) 26 27 28
Moisture content (%) 28 30 30
Barrel temperature (C) 156 161 176
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Fig. 4. Effect of extrusion conditions on the protease
activity during koji culture:

KER, Koji made with extruded DSF at the optimum
condition of expansion ratio; KBD, that of bulk density;
KWA, that of water absorption
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Fig. 5. Effect of extrusion conditions on the o-amylase
activity during koji culture.

Notations for KER, KBD, and KWA are the same as
those for Fig. 4
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Fig. 6. Effect of extrusion conditions on the glucoamy-
lase activity during koji culture.

Notations for KER, KBD, and KWA are the same as
those for Fig. 4

Table 4. Comparison of nitrogen utilization ratio of
various Koji autolysis

Contro] KER KBD KWA

NURY (%) 82 6 89.9 91.6 94.3

PN.U.R.: Nitrogen utilization ratio
Notations for KER, KBD, and KWA are the same as
those for Fig. 4
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Fig. 7. Scanning electron photomicrographs of cross-
sections of the koji made with steamed DSF for cont-
rol

(a) growth of Aspergillus oryzae at the surface of koji,
100%, (b) growth Aspergillus oryzae at the inside of koji
which was shown in Fig. 7(a) as square. 750x
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Fig. 8. Scanning electron photomicrographs of cross-
sections of the koji made with the DSF extruded at
an optimum condition for bulk density

(a) growth of Aspergillus oryzae at the surface of koji,
100x, (b) growth of Aspergillus orvzae at the in side of
koji which was shown in Fig. 8(a) as square, 750x
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Fig. 9. Changes in total nitrogen of soy sauce during
fermentation: SER, Soy sauce fermented from koji
made with extruded DSF at the optimum condition of
expansion ratio; SBD, that of bulk density; SWA, that
of water absorption
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Fig. 10. Changes in formol nitrogen of soy sauce during
fermentation.
Notations for SER, SBD, and SWA are the same as those

for Fig. 9
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Fig. 11. Changes in color of soy sauce measured at
450 nm during fermentation.

Notations for SER, SBD, and SWA are the same as those
for Fig. 9
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Table 5. Amino acid composition(%) of soy sauces"

Amino acid Control SER SBD SWA
Gly 0.10 0.12 0.13 0.13
ia 0.14 0.17 0.18 0.17
Thr 0.12 0.13 0.14 0.14
Ser 0.15 0.16 0.20 0.19
Val 0.15 0.18 0.20 0.20
Ile 0.15 0.18 0.19 0.19
Leu 0.23 0.27 0.28 0.28
Tyr 0.12 0.13 0.05 0.14
Phe 0.15 0.17 0.18 0.18
Cys 0.01 0.02 0.02 0.02
Met 0.05 0.06 0.06 0.06
Pro 0.16 0.17 0.18 0.18
His 0.08 0.08 0.09 0.08
Trp 0.04 0.04 0.04 0.05
Asp 0.24 0.29 0.32 0.29
Glu 0.58 0.62 0.67 0.67
Lys 0.23 0.23 0.24 0.23
Arg 0.17 0.12 0.13 0.05
Total amino
acid 2.85 3.14 3.29 3.25

DNotations for SER, SBD, and SWA are the same as those
for Fig. 9

Table 6. Sensory score" for odor and taste of soy sau-
ces

Control  SER SBD SWA F-value
odor 35 33 35 36 0.85 (N.S)?
taste 35 33 35 3.6 0.84 (N.S)

YMean score of 24 pannel members

2N.S: Non-significant difference between means in rows
(p>0.05)

Notations for SER, SBD, and SWA are the same as those
for Fig. 9
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