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Optimization of the Extrusion Processing Conditions of
Soymilk Residue and Corn Grits Mixture

Gyu-Hong Han and Byung-Yong Kim'

Dept. of Food Engineering, KyungHee University, Gyeonggi 449-701, Korea

Abstract

The extrusion conditions of the soymilk residue and corn grits mixtures were optimized. The experiment was
designed according to the D-optimal design of response surface methodology (RSM), which shows 18 experimental
points including 4 replicates for three independent variables (screw speed, water content and die temperature).
The responses variables such as bending force, expansion ratio, bulk density, water solubility index (WSI),
water absorption index (WAI), and color values (L*, a*, b*) were evaluated using response surface analysis.
Expansion ratio and WSI decreased with increasing water content, whereas bulk density tended to increase
with increasing water content. While greater screw speeds enhanced WSI and yellowness, higher moisture contents
decreased the expansion ratio and WSI value. However, die temperature did not influence upon the response
variables. The optimum extrusion conditions by numerical and graphical methods were similar: the screw speed,
water content, and die temperature were 250 rpm, 22.43% and 128.16°C by the numerical method; 250 rpm,

22.43%, and 128.02°C by graphical method.
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Table 1. Experimental design for the extrusion of soymilk
residue cereal

Screw speed Moisture content  Temperature
Run (rpm) (%) (°C)
Actual Coded Actual Coded Actual Coded

1 217 0.3 27 0.3 100 -1.0
2 150 -1.0 20 -1.0 150 1.0
3 150 -1.0 20 -1.0 100 -1.0
4 150 -1.0 20 -1.0 150 1.0
5 225 05 25 0.0 125 0.0
6 150 -1.0 20 -1.0 125 0.0
7 250 1.0 30 1.0 150 1.0
8 250 1.0 30 1.0 125 0.0
9 150 -1.0 30 1.0 100 -1.0
10 250 1.0 20 -1.0 100 ~-1.0
11 150 -1.0 30 1.0 100 -1.0
12 217 0.3 20 -1.0 133 0.3
13 200 0.0 30 1.0 150 1.0
14 217 0.3 20 ~-1.0 133 0.3
15 150 -1.0 30 1.0 133 0.3
16 150 -1.0 25 0.0 125 0.0
17 250 1.0 20 -1.0 100 -1.0
18 250 1.0 25 0.0 150 1.0
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Y =221A - 0.06B - 0.01C+1.11
= Aslo) M= 237 S5 (A), TETUB), L=
<c>oﬂ 77t Bl o2 g Hl% linear =9 (R*=0.9115)

A=Y Eo YslE (expansion ratio)
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Table 2. Quality characteristics of extruded soymilk residue cereals at various conditions by D-optimal design

Run Expansion Bulk dens1ty Bending force wsr1 WwAr? L* a* b*

ratio (g/em®) (kPa) (%) (g/g)

1 1.18 0.49 854.25 19.69 5.66 58.67 8.50 32.36

2 1.28 0.29 1241.07 28.67 6.74 60.65 9.23 3291

3 1.64 0.36 782.73 17.45 7.06 53.60 8.98 30.76

4 1.28 0.29 1242.82 28.68 6.74 60.65 9.23 3291

5 1.34 0.28 954,59 27.13 5.40 56.58 9.74 31.87

6 1.33 0.37 1661.78 27.32 5.85 60.62 9.17 31.98

7 0.81 0.48 1436.35 29.26 6.37 62.67 8.74 31.73

8 1.34 0.39 842.26 25.88 5.39 56.15 9.78 30.63

9 1.00 0.64 1778.59 14.03 6.96 59.97 9.12 29.59

10 1.39 0.28 960.11 28.78 6.13 58.87 9.58 31.47

11 1.00 0.63 1776.89 14.03 6.96 59.97 9.12 29.59

12 1.34 0.29 1070.16 31.44 6.10 61.02 952 32.24

13 1.11 0.28 1327.21 24.78 5.30 56.40 10.25 31.73

14 1.34 0.29 1072.24 31.43 6.11 61.02 9.52 32.24

15 1.19 0.46 1122.74 17.79 490 57.45 9.79 30.76

16 1.32 0.45 681.71 23.66 5.13 57.43 9.68 30.71

17 1.39 0.28 961.35 28.78 6.13 58.87 9.58 31.47

18 1.29 0.25 838.83 30.14 551 58.12 10.17 32.84
yWSII Water solubility index.

?WAIL: Water absorption index.

Table 3. Analysis of predicted model equation for the quality characteristics of extruded soymilk residue cereals
Response Predicted model equation Model F-value Prob.>F R’
Expansion ratio Y =221A" - 0.06B? - 0.01C*+1.11 Linear 5.74 0.0089 09115
Bulk density Y = - 0.05A+0.09B - 0.06C+0.39 Linear 18.01 <0.0001 0.9742
Bending force Y = - 65.67A+75.12B +40.67C - 1831 A*+428 80B>+ .

2 . . 7233

103.43C% - 56.96AB + 103.42AC - 147.20BC+750.73  “vadratic 213 017l 0
WSI Y = 3.61A - 3.66B+3.96C +24.91 Linear 71.85 <0.0001 0.9390
WAI Y =0.01A - 0.31B - 0.21C +0.07A%+0.70B%+0.70C*+ .

0.13AB+0.35AC - 0.37BC 4 4.95 Quadratic 15.24 0.0044 0.9133
L* Y =0.35A - 1.03B+0.42C +0.20A% +1.92B>+0.79C? - .

0.053AB +0.99AC - 0.97BC +56.86 Quadratic 492 0.2780 0.5597
a* Y =0.022A - 0.077B+0.36C - 0.032AB - 0.034AC+

0.16BC +9.43 2F1 1.83 0.1998 0.4623
b* Y =0.25A - 0.70B+0.95C + 31.39 Linear 5.87 <0.0001 0.9601
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Fig. 1. Response surface and trace plot for the effect of screw speed (A), moisture {(B), and temperature (C) on expansion

ratio of the soymilk residue extrudates.
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Fig. 2. Response surface and trace plot for the effect of screw speed (A), moisture (B), and temperature (C) on bulk density

of the soymilk residue extrudates.
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Fig. 3. Response surface and trace plot for the effect of screw speed (A), moisture (B), and temperature (C) on bending force

of the soymilk residue extrudates.
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Fig. 4. Response surface and trace plot for the effect of screw speed (A), moisture (B), and temperature (C) on WSI of the

soymilk residue extrudates.
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Fig. 5. Response surface and trace plot for the effect of screw speed (A), moisture (B), and temperature (C) on WAI of

the soymilk residue extrudates.

Table 4. Optimum processing values using two analytical methods

Numerical optimization

Graphical optimization

Constraints name Goal - Goal .
solution solution
Screw (rpm) is in range 245,00 is in range 245.00
Moisture (%) is in range 2243 is in range 2243
Temperature (°C) is in range 128.16 is in range 128.02
Expansion ratio maximize 1.316 maximize 1.316
WAI (g) minimize 2.365 minimize 35.350
b* maximize 32.115 maximize 32.159
2% SERch: $2g%3 £50) WAL B 9%e  23F 4% 2R 259 99Ul 33 (goal o2
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Fig. 6. Response surface and trace plot for the effect of screw speed (A), moisture (B), and temperature (C) on color (L*,
a*, b*) of the soymilk residue extrudates.
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