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Analysis of Optimal Mixture Ratio for Extrudate of
the Soymilk Residue and Corn Grits by Mixture Design

Gyu-Hong Han and Byung-Yong Kim*
Department of Food Science and Technology, KyungHee University

Experimental designs were applied to optimize the mixture ratio for the extrudate made by soymilk residue and
corn grits. Nine candidate points were examined for their significance on extrudate using the modified distance
design. Bending force, expansion ratio, bulk density, water solubility index (WSI), water absorption index (WAI)
and color (L*, a*, b*) were the significant factors improving the extruded cereal production, and these values
were applied to the mathematical models. Results showed that bending force, expansion ratio WSI, WAI and
color (L*, b*) increased with increasing the corn grits, whereas bulk density tended to decrease. The statistical
study showed that the fitted models were adequate to describe the contour plot and all responses. Optimum
mixture ratio allowing to maximize the two responses (expansion ratio and b*) and minimize the response (WAI)
were examined with a numerical optimization methods. The numerical optimization method was obtained as

53.18% : 46.19% (corn grits : soymilk residue).
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Table 1. Level and composition of the soymilk residue and corn
grits by mixture design

Level Soymilk  Corn grits
S Run 5 X7 residue (1) (%)
6 1 0500 0.500 55.00 45.00
§ 2 0500 0.500 55.00 45.00
2 3 1.000 0.000 80,00 20,00
4 4 0750 0.250 67.50 32.50
1 s 1.000 0.000 80.00 20.00
5. 6 0250 0.750 42.50 57.50
9 7 1.000 0.000 80.00 20.00
38 0000 1.000 30.00 70.00
79 0000 1.000 30.00 70.00

"X,: Soymilk residue.
PX,: Corn grits.
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Table 2. Quality characteristics of extrudated soymilk residue cereals by mixture design

Expansion Bulk density Bending force

Std Run D e (glem®) Pa) WSI" (%) WAP (g/g) L* a* b*
6 1 1.061 0.352 1542.70 34.29 5.245 65.37 3.05 3555
8 2 1.062 0.329 1461.01 32.68 5.347 66.08 3.26 3575
2 3 0.745 0.738 1166.78 23.63 4774 6337 393 3374
4 4 0.759 0.564 131521 28.07 5.076 62.08 5.26 34.19
1 5 0.745 0.668 1147.63 2423 4856 63.50 474 33.64
5 6 1.034 0.342 1713.25 21.07 6.001 66.92 402 37.07
9 7 0.745 0.719 1092.83 23.54 4871 62.66 5.04 33.68
3 8 2.056 0.131 257.37 38.50 6.890 68.48 3.78 36.55
7 9 2.086 0.119 286.15 38.87 7.102 69.38 3.66 3754

YWSI: Water solubility index.
IWAIL: Water absorption index.
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Fig. 2. Predicted model plot of WSI and WAI: The effect of
soymilk residue/corn grits and their mutual interaction on
extruded cereals.
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Table 3. Predicted model for characteristic properties data a formulation phase

Response Predicted equation Model F-value Prob. >F R?
Expansion ratio Y=0.76A"+2.01B?~1.76AB Quadratic 1375 0.0100 0.9379
Bulk density Y=0.70A+0.12B Linear 165.13 <0.0001 0.9593
Bending force Y=1084.22A+381.78B+3468.22AB Quadratic 20.98 0.0038 0.8246
WSI Y=24.69A+35.87B Linear 6.39 0.0393 04773
WAI Y=4.85A+7.03B-2.42AB Quadratic 9222 <0.0001 0.9937
L* Y=62.67A+68.63B Linear 5237 0.0002 0.8821
a* Y=4.55A+3.50B Linear 3.09 0.1221 0.3064
b* Y=33.69A+37.32B Linear 9491 <0.0001 0.9313

YA: Soymilk residue.
PB: Corn grits.
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Fig. 3. Predicted model plot of color(L*, a*, b*): The effect of
soymilk residue/corn grits on extruded cereals.
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Table 4. Optimum constraints values using numerical
analytical methods in the object goal

Constrains name Goal Nl.lm.e ngal
optimization
Soymilk residue Maximize 46.19
Corn grits Is in range 53.81
Expansion ratio Maximize 1.218
WAI Minimize 5.79
b* Maximize 36.14
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