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Response Surface Optimization of Saccharification Process for Liquefied Corn Starch by

Simultaneous Extrusion and Enzymatic Hydrolysis

CONG Chong, LU Chengyu, FAN Hongxiu, GUO Zhong, JIN Fengshi, ZHANG Yanrong>l<
(College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118, China)

Abstract: The liquefied corn starch produced by simultaneous extrusion and enzymatic hydrolysis was further saccharified
by the same procedure except using glucoamylase instead of a-amylase. The optimization of saccharification conditions for
improved dextrose equivalent (DE) was investigated by the combined use of single factor experiments and response surface
methodology. The results showed that when the saccharification was carried out by adding 140 U of glucoamylase per g of
dry matter, adjusting the concentration of the liquefied corn starch to 70% and performing extrusion at 85 “C, the maximum
DE value of 42.12% was obtained. The contents of glucose, maltose and maltotriose of the saccharified product with a DE
value of 38% were 26.17%, 25.29% and 14.86%, respectively, compared to 29.57%, 33.40%, and 17.23% for that with a
DE value of 42%, respectively, as determined by high performance liquid chromatogram (HPLC). In the infrared spectrum
of the extruded saccharified starch the characteristic peaks of oligosaccharides such as glucose were observed. The scanning
electron microscope images showed that the product formed a porous structure. The X-ray diffraction results showed
that new crystalline forms were generated. The curves from rapid viscosity analysis indicated that the product had a low
viscosity, which contained a large amount of small-molecule soluble sugar.
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Table1l Independent variables and their coded levels used in
Box-Behnken design for optimization of starch sacchrification
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Fig.1  Effect of extrusion temperature on DE value
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Table2 Box-Behnken design with experimental results
o e A Ty
1 80 120 70 37.62
2 90 120 70 34.53
3 80 160 70 38.21
4 90 160 70 37.12
5 80 140 65 39.28
6 90 140 65 36.16
7 80 140 75 33.26
8 90 140 75 32.74
9 85 140 65 39.64
10 85 120 65 40.84
11 85 160 75 34.26
12 85 120 75 34.92
13 85 160 70 41.72
14 85 140 70 41.86
15 85 140 70 41.28
16 85 140 70 41.61
17 85 140 70 40.95
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Table5 Regression equations with linear ranges and correlation
coefficients for glucose, maltose and maltotriose
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FERE y=6.063 06+ 1.412 29x 1.005~5.025 0.999 3
FHE=HE  y=5.97225+1.437 56x 2.155~10.775 0.998 5
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Fig.6 Chromatograms of mixed standards (A), inverted sugar syrup
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