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Abstract

The method of planetary ball mill was applied to produce granular-cold-water-soluble maize starch.
Based on the single-factor test, the technical conditions of the ball mill were optimized through Box-
Benhnken center composite design and response surface methodology. The properties of granular-cold-
water-soluble maize starch were analyzed using polarization microscopy, scanning electronic microscopy
and X-ray diffraction. The results showed that the optimum technical conditions are that the milling time
is 3. 24 h, the rotating speed is 555 r/min and the ratio of ball to material is 6.52: 1. At the optimum
conditions, the average cold water solubility of granular-cold-water-soluble maize starch is 57.95% . The
granular morphology of granular-cold-water-soluble maize starches became coarse instead of smooth and
Maltese crosses were disappeared, the crystalline structure of granular-cold-water-soluble maize starches
were changed from polycrystalline granules to non-crystalline granules gradually, the turbidity of granular-
cold-water-soluble maize starch decreased.
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Tab.1 Box-Behnken design test factors and levels
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Tab.2 Effects of concentration of starch solution on cold-water solubility

ek LT
W R /gomL ™!

0.1 0.2 0.3 0.4

0.5 0.6 0.7 0.8 0.9 1.0

WK/ %  9.33£0.64 14.93+0.78 20.55+0.21 25.120.73 30.47 £0.51 36.72£0.68 41.85£0.63 45.63 £0.58 50.95 £0.58 55.40 £0.49
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Fig.1 Effects of the ratio of ball to material and
filling rate on cold-water solubility
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on cold-water solubility
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Tab.3 Experimental design and results of response surface

A b s X, X, X, Y/%
1 -1 -1 0 45.056
2 -1 1 0 50. 595
3 1 -1 0 49. 685
4 1 1 0 57. 649
5 0 -1 -1 46. 055
6 0 -1 1 48. 477
7 0 1 -1 49.741
8 0 1 1 57.732
9 -1 0 -1 45.838
10 1 0 -1 49. 969
11 -1 0 1 48.975
12 1 0 1 52. 601
13 0 0 0 55. 823
14 0 0 0 56.281
15 0 0 0 55.392
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U5 5 R 1 T3 22 53 A S AU AT 5 B2 o3 B 45 2R L
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Tab.4 Variance analysis of regression equation

ii Q; -7 F oy FfE p(F>F")
X, 1 47.2392 47.2392  46.70407 0.001024""
X, 1 87.41064 87.41064 86.42045 0.000242" "
X 1 32.73214 32.73214 32.36135 0.00234""
X3 1 35.956 8 35.9568  35.54948 0.001899" "
XX, 1 1.470156 1.470156 1.453502 0.281903
X, X; 1 0.063756 0.063756 0.063 034 0.811 755
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X,X; 1 7.753 44 7.75344  7.665609 0.039427"
X3 1 41.82436 41.82436 41.35058 0.001 351"~
PR 9 257.3323  28.59247 28.26858 0.000915**
— T 3 167. 382 55.79399 55.16196 0.000297 **
T 3 80.66293  26.887 64  26.58306 0.001 686* *
AHI 3 9.287353  3.095784 3.060715 0. 129 888
REDT 5 5.057289 1.011458
K 3 4.662007 1.554002 7.862753 0.11492
a2z 2 0.395282  0.197 641
i 14 262.3896

Teow = 2R (p<0.01), = ZEREH(p<0.05),
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Tab.5 Confidence analysis of the regression equation model
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Fig.5 SEM of starch with different cold-water solubility
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