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Effect of Extrusion on Protein Solubility in Soy Sauce Residue
ZHANG Hai—jing, YANG Zhe ,ZHANG Min,CAO Yan—fei, JIANG Li—jun, LI Hong—jun"
(School of Agricultural Engineering and Food Science, Shandong University of Technology , Zibo 255049,
Shandong, China)
Abstract: This research focused on soy sauce residue. The effects of extrusion conditions on protein solubility in
soy sauce residue were studied. On the basis of single factor experiment, extrusion parameters that optimized re—
sponse surface were elucidated using protein solubility as a measurable index to determine best extrusion condi—
tions. The process parameters that obtained the highest protein solubility were as follows: 104 °C extrusion tem—
perature , 34% moisture content,and 96 r/min screw speed. Under these process parameters,soluble protein in

the soy sauce residue reached 55.43% ,which was 31.7% higher than that of the raw material before extrusion,

indicating that the extrusion method significantly affected protein solubility in the soy sauce residue.
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Table 1 Factors and levels of response surface tests for the
optimization of extrusion parameters in soy sauce residue

A ASHRREEC B K% C BT E/ (min)
-1.68 83.18 30.64 83.18
-1 90 32 90
0 100 34 100
1 110 36 110
1.68 116.82 37.36 116.82
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Fig.1 Effect of extrusion temperature on protein solubility of
extrudate
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Fig.2 Effect of the moisture on protein solubility of extrudate
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Fig.3 Effect of the screw speed on protein solubility of extrudate
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Table 2 Design and results of response surface tests for the
optimization of extrusion parameters in soy sauce residue

e A B c Y/%
1 0 0 0 55.3
2 0 -1.68 0 53.3
3 -1 -1 1 512
4 1 1 1 51.7
5 0 0 0 552
6 -1 -1 -1 51.8
7 0 0 0 55.5
8 0 0 0 55.4
9 0 1.68 0 50.7
10 0 0 -1.68 53.7
11 1 -1 -1 542
12 0 0 0 552
13 -1 1 -1 50.7
14 -1.68 0 0 50.1
15 -1 1 1 49.8
16 0 0 1.68 522
17 1 1 -1 53.6
18 0 0 0 55.3
19 1.68 0 0 53.5

20 1 -1 1 52.8
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Table 3 Variance analysis of regression model for protein
solubility of the extrudate

TR WM Al ¥y FE PH BENE

s 70.70 9 7.86 192.83 <0.000 1  **

A 15.43 1 1543 378.85 <0.000 1
B 5.38 1 538 132.09 <0.000 1
[ 3.93 1 393 96.38 <0.000 1
AB 0.080 1 0080 196 0.1914
AC 0.40 1 040 994 00103 =
BC 0.080 1 0.080 196 0.1914
A2 22.96 1 2296 563.49 <0.000 1
B 20.46 1 2046 502.12 <0.000 1
o 10.55 1 10.55 25892 <0.000 1  **
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aliiezs 0.068 5 0014
syl 71.11 19

o FRZEF B (P<0.05) 5% TR 222 3 (P<0.01).

) o ZE BFTA, AT LAGE] T E L AR il
W EE P )RR AR ) 5, REAS VA B0 20 A7 2% A
FXHE Y A A R

ARSI [T U= 77 R 22 Sl e 7 i 3 ], A 2 5 1
JE 5 K FIMR T %) 5% Hh ) B A S R
M 1o TR A5 R 2k A TR 4 BT 7R o

Hi&l 4Ca) rT LI, $F IR IR HERF AL, $F L)

56

55

R R %
?

5
2 o R

(a) &7k B R IRIE

55

54

ey Ik

53

52

51

Q

7
‘05 0
Q- 5
‘\‘\

7 ‘0

N 9
. > Q L o)
N 909 %, "%

IR b nin) A FEIERIEC
(b)) BRFFEERET L

IS,

by

&

&

G

K

B4t Vi)
() MR A A B K i
4 FERE.SKEEBHFEEZXEIERAMFHYERRRER

MR R S5 & 5%

Fig.4 Response surface plots and contour line of effects of
interaction between extrusion temperature, moisture and screw
speed on protein solubility of the extrudate
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