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Fig.1 Effect of different technological conditions on oil absorption rate of porous starch of proso millet starch
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Table 2 Response surface test design and results
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. w ) pH) B 1A ) Yo B B E) pH) B A ) Yo
) )
1 0 0 0 0 175.00 16 0 0 1 1 162.00
2 0 0 1 -1 154.00 17 0 1 0 1 159.25
3 -1 0 1 145.78 18 1 0 0 -1 167.54
4 0 -1 1 149.00 19 0 0 0 0 172.00
5 0 -1 -1 150.00 20 -1 0 0 -1 147.00
6 0 -1 0 -1 150.27 21 1 0 -1 0 158.00
7 0 0 0 175.00 22 0 -1 0 1 162.00
8 1 1 0 165.00 23 1 0 -1 165.00
9 0 0 -1 -1 156.86 24 -1 0 0 1 160.00
10 -1 1 0 0 147.00 25 1 0 0 1 169.00
11 0 1 1 0 156.95 26 0 0 0 0 172.35
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Table 3 Analysis of variance of regression model

7 E kR P 75 Fa B WL ¥ 7 F1a P1a B FH
B 2328.77 14 166.34 49.26 <0.0001 Ak
AL 6B RImE) 573.25 1 573.25 169.75 <0.0001 ok
B(® 453 )% ) 55.38 1 55.38 16.40 0.0012 oK
C(B;#% pH) 2.35 1 2.35 0.70 0.4182
D (B i B 1) ) 86.24 1 86.24 25.54 0.0002 o
AB 24.26 1 24.26 7.18 0.0179 *
AC 112.25 1 112.25 33.24 <0.0001 o
AD 33.29 1 33.29 9.86 0.0072 o
BC 8.85 1 8.85 2.62 0.1278
BD 76.39 1 76.39 22.62 0.0003 oK
CD 4.56 1 4.56 1.35 0.2647
A? 362.76 1 362.76 107.42 <0.0001 Ak
B? 778.57 1 778.57 230.56 <0.0001 oAk
c? 683.43 1 683.43 202.38 <0.0001 HAE
D? 152.24 1 152.24 45.08 <0.0001 oAk
2% 47.28 14 3.38
E UL 37.64 10 3.76 1.56 0.3541
Yk £ 9.64 4 241
¥ i 2 376.05 28
R*=0.9801 R?,;=0.9602 CV=1.15%

TR P<0.001, B B 3 0 P<0.01, B B 3 5% . P<0.05, B 3% .
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Fig.2 Surface and contour map of interactive effects of different factors
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Fig.3 Particle size distribution of proso millet starch

and porous starch
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Table 4 Particle size distribution of proso millet

starch and porous starch

XS R Ay % 3L b
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Fig4 X-ray diffraction pattern of proso millet starch

and porous starch
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Fig.5 Scanning electron micrographs of proso millet starch and porous starch
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Fig.6 FT-IR spectra of proso millet starch

and porous starch
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Fig.7 The nitrogen adsorption and desorption isotherms of proso millet starch and porous starch
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Table 5 Surface area and pore structure parameters for proso millet starch and porous starch
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Table 6 Pasting parameters of proso millet starch and porous starch
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Preparation, Structure and Physicochemical Properties of Proso Millet Porous Starch

by Combined—enzyme Method

Qin Zhixin, Zheng Mingzhu",

Lin Nan,

Pan Chu, Liu Jingsheng

(National Engineering Laboratory for Wheat and Corn Deep Processing, College of Food Science and Engineering,
Jilin Agricultural University, Changchun 130118)

Porous starch was prepared by combined —enzyme method (sqaccharaseanda—amylase) by using proso millet

starch as rawmaterial and oil absorption rate as index. On the basis of single factor experiment, the process parameters
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for the preparation of proso millet porous starch was optimized by Box—-Benhnken response surface methodology. The
structure of the original starch and proso millet porous starch were characterized. The results indicated that the optimal
process parameters for preparing proso millet porous starch by combined—enzyme method were combined—enzyme addition
of 1.2%, enzymatic reaction temperature of 56 °C, enzymatic reaction time of 14 h, enzymaticreaction pH of 4.5, com-
bined—enzyme ratio of 1:4. Under the optimized process condition, oil absorption rate of proso millet porous starch was
(174.00£2.00)%. The surface of porous starch granules had uneven distribution of holes, circular depressions, and the
internal structure was hollow by SEM. The particle size distribution test indicated that the particle size decreased slightly
and the distribution uniformity of starch particles increased. The enzyme hydrolysis did not change the A-type crystal
structure and basic chemical structure of proso millet starch by FT-IR and X-ray diffraction. The relative crystallinity and
infrared absorption peak of proso millet starch were significantly increased. The inner order degree of starch granules was
improved. Low temperature nitrogen adsorption results showed that the enzymatic digestion of the complex enzyme in
creased the specific surface area of proso millet starch from 13.9 m%g to 29.42 m*/g, the pore size from 4.143 nm
to 6.637 nm and the pore volume from 14.81x107 cm¥/g to 25.05x10~ cm*/g. The pasting property test indicated that the
peak viscosity and breakdown of porous starch were reduced. This study can provide reference frame for the development
and application of porous starch and the deep processing of proso millet.

Keywords proso millet starch; porous starch; oil absorption rate; saccharase; a—amylase



