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Table 1 Orthogonal experiment design

Factors A starch con- B ultrasound  C ultrasound
level centration/ %  power /W time / min

1 30 700 20

2 20 500 30

3 25 600 25

14 KIhEMZREEN &R

R A AL EL FOTE R T SO°CHET S, I 2.8%
ToKBRIREN 0.32% A E, BCHlE 40% M3k
L, AN 4% E N T =R, BETRIKE
F£57 30 min, ARG S IER RRS, BTN
W N ESH (BF M 2 min, [B]&K 15 min, L3
T N SN BEAS e TR 70°C ) 5 Bl
AFRINF ] 14 mino F D) 2653 il +E 60 80+ 100
120, 140 Wo JNE5H, M-, HERRE .

15 fRUEEE XA EIERH SR

TERY I 35% Ve Ry S, TR T Rk
100W, TR A 8. 104 12, 14, 16 min. X
AR faHET,  FFMHBARE .
1.6 EMIRENEZAEEMEIEHAR

R A AL B BT R, NN 2.8% TG /KR
FRAN . 0.32%5E AL, Behl 25% 30%- 35%-



51

ipr e P Vb8 7GR (R el - S S B vidtof i S o 27

40%- 45%- 50% PR, MAFREANEE 4%,
FHAEREIR L% 30 min, (EIRE B S TER 7801,
BT SO A, RN 14 min, ST
100Wo S5, BT I FEEUREE .

17 HEAKBAEMERELRFR

R 7 A (PR TS N 2.8% 6K i
TR 0.32%= A b, Mol 35%MIuER i, o
FIMAIREALE 2.4% 3.2% 4% 4.8%- 5.6%-
6.4%, FFAEFEIR 4% 30 min, [R5 IER %
IIRS), BT RNV AR, B Y 14 min, il
BeThE 100We VA5, HE-I AR

1.8 IEF3SEL8

16 BRI e i sEaE , T L9 (3Y) IF
ATy o T B WL 2.

Table 2 Orthogonal experiment design

Factors A Mi- B Mi- C Starch D Propyl-

level crowave crowave  concentra-  ene oxide
power/w time/min  tion/% amount /%

1 80 12 35 5.6

2 120 16 30 4.8

3 100 14 40 6.4
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Fig. 1 Relationship of ultrasound-treated starch viscosity and
starch concentration
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Fig. 2 Relationship of ultrasound-treated starch viscosity and
ultrasound power
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Fig. 3 Relationship of ultrasound-treated starch viscosity and
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Table 3 Orthogonal experiment results

Experiment number A% B/W C/min Error term Experiment results viscosity / mP - s
1 1 1 1 1 360.00
2 1 2 2 2 200.00
3 1 3 3 3 135.26
4 2 1 2 3 183.89
5 2 2 3 1 121.60
6 2 3 1 2 193.05
7 3 1 3 2 140.00
8 3 2 1 3 210.00
9 3 3 2 1 190.00
R1 231.753 227.963 254.350 223.867 -

R2 166.180 177.200 191.297 177.683 —

R3 180.000 172.770 132.287 176.383 —
Range 65.573 55.193 122.063 47.484 —
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Fig. 4 Corn starch (40 x)

Fig. 5 Ultrasound-treated starch (40 x)
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Fig. 6 Effect of microwave power on hydroxypropyl
starch’s MS
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Fig. 7 Effect of microwave time on hydroxypropyl
starch’s MS
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Fig.8 Effect of starch concentration on hydroxypropyl
starch’s MS
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Fig. 9 Effect of propylene oxide amount on hydroxypropyl
starch’s MS
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Table 4 Orthogonal experiment results

Experiment number Alw B/min Cl% D/% Experiment results MSx100
1 1 1 1 1 10.00
2 1 2 2 2 11.45
3 1 3 3 3 15.18
4 2 1 2 3 9.19
5 2 2 3 1 430
6 2 3 1 2 11.10
7 3 1 3 2 12.96
8 3 2 1 3 12.60
9 3 3 2 1 12.88
R1 12.21 10.71667 11.23333 9.06 —
R2 8.196667 9.45 11.17333 11.83667 —
R3 12.81333 13.05333 10.81333 12.32333 —
Range 4.616667 3.603333 0.42 3.263333 —
Table 5 Variance analysis
Factor Square of devi- Degree of Freedom F critical-values F critical-values Significant
ance Freedom ratio (a=0.01) (a=0.05)
Microwave power 37.854 2 120.554 99.000 19.000 *
Microwave time 20.128 2 64.102 99.000 19.000 *
Starch concentration  0.314 2 1.000 99.000 19.000 —
Propylene oxide 18.516 2 58.968 99.000 19.000 *
Amount range 0.31 2 — — — —

Table 6 Comparison of HPS prepared with different methods

Methods Ultrasound-microwave method Reference [7] Reference [8]
Raw material Corn starch Corn starch Corn starch
Reaction 6.4% propylene oxide, beginning tem- 4.8% propylene oxide, 3.2% propylene oxide, 0.6%
parameters perature 25°C. 0.32%NaOH. microwave reaction temperature 50°C, NaOH, reaction temperature 40°C,
power 100 W, microwave timel4min reaction time 9h reaction time 24 h
MS 0.200 0.040 0.044
3 g S

TR A BN AU AR TG A T B3R, Al
TERT ORI ASAHAA L, K T RS A e 5 B R R (1)
AR, AP AE A e S 2 N BB RURE P9
FEIR SR A ot B 5 3 e R RO S5 Ak b 7 R A S I
P TR PRI AR SN ],
I BE TN S5 A vt R R BUARE o BN T
AIERY IR LA RE N S AT, H 1 I 2 — e A
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Study on preparation of corn hydroxypropyl starch under ultrasound-microwave irradiation

HU Aijun"? QIN Zhiping® ZHENG Jie> YANG Fei' DONG Li'
Y(Tianjin Tianlong Agricultural Science & Technology Co., Ltd, Tianjin 300457, China)
?(Key Laboratory of Nutrition and Safety, Ministry of Education, Faculty of Food Engineering and Biotechnology,
Tianjin University of Science and Technology, Tianjin 300457, China)

ABSTRACT In this article, some factors, such as ultrasound time, ultrasound power and starch concentration, af-
fecting corn starch paste’s viscosity and morphology of starch particle are studied by use of ultrasound. The starch
treated by ultrasound is used to prepare corn hydroxypropyl starch (HPS) with propylene oxide under microwave.
Compared with conventional methods, ultrasonic-microwave method can improve HPS’s degree of molar substitution
(MS) and sharply shorten reaction time. It is found that ultrasound can destruct surface morphology of starch particle,
which can increase reaction efficiency as the particle becomes relax and easily to react with propylene oxide. HPS’s
MS increases along with the reaction time and concentration of propylene oxide. With the increment of starch con-
centration and microwave power, the HPS’s MS increases at beginning and then decreases. The optimal parameters
for HPS by use of ultrasonic-microwave irradiation are as followings: ultrasound power is 600 W, ultrasound-treated
time is 25 min, microwave power is 100 W, microwave-treated time is 14 min, starch concentration is 35% and con-
centration of propylene oxide is 6.4%.

KEYWORDS Ultrasound, Microwave, Corn hydroxypropyl starch(HPS), Degree of molar substitution (MS)
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