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Qingdao, Shandong 266000, China)

Abstract: Hydrogels prepared by hydroxypropyl starch have better tensile properties than ordinary starch,
but their mechanical properties are relatively poor. In this paper, effect of the heat-moisture treatment on the
physical, chemical and the gel properties of hydroxypropyl starch was studied. Compared with the control
group, the thermal stability of starch has been improved and the maintenance value decreased from 12.55 J/g
to 6.58 J/g. The XRD analysis showed that the crystallicity of the strength from 30.4% to 19.6%. The double

helix in strength was first destroyed by heat-moisture treatment. The peak viscosity of hydroxypropyl starch
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first rose to about 5 000 cp and then dropped to about 3 000 cp. The TPA and the rheological analysis showed

that the hardness of the starch increased after the heat treatment of 223.51 g to 463.50 g and the storage

elastic module increased, indicating that wet heat treatment improved the mechanical properties of the starch.

Key words: hydroxypropyl starch; heat-moisture treatment; Gel property
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Note: A: Photograph of hydroxypropyl starch (HPS) obtained without heat moisture treatment (HMT); B, C, D: the water content of
HPS 15%, 20%, 25% with HMT for 3 h, respectively; E, F, G: the water content of HPS 15%, 20%, 25% with HMT for 6 h, respectively.

Same as below.

B1 AREALEEZGTEREENNELERER

Fig.1 Polarized microscope images of hydroxypropyl starch under different moisture treatment conditions

B2 AERIEHALEZEGETERERBIMRLEH
Fig.2 Themicrostructure of hydroxypropyl starch under different moisture treatment conditions
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Tablel Effect of different heat moisture treatment conditions on thermal properties of hydroxypropyl starch

FE & To/°C Tp/°C Te/°C AH/()/g)

KA HPS 55.025 + 0.445° 61.360 + 0.579° 72.435 + 0.035° 12.550 + 0.537°
15%3h 57.530 + 0.141° 64.835 £ 0.091° 76.220 + 0.014%® 12.515 +0.134°
20%3h 56.510 + 1.725% 66.435 £ 0.502° 77.040 + 0.410° 10.215 £ 0.077°
25%3h 56.225+0.671® 68.015 + 0.360° 75310 + 0.707° 6.830 = 0.692¢
15%6h 55.065 = 0.106" 61.555 + 0.233% 72.485 + 0.346° 11.020 + 1.230°
20%6h 55.005 + 0.360° 62.470 + 0.5934 73.250 + 0.537° 9.970 + 0.254°
25%6h 54.690 + 0.424° 62.505 + 0.360¢ 76.045 + 0.459%° 6.580 + 0.282°

TE: RAPEIERS AT EARUER 2 (n=3 ), [F]—FA/NEG 30T RERR A il ) 8 E P22 57 (P<0.05 ),
Note: The data in the table are expressed as mean + standard deviation (n=3). Small and medium English letters in the same column
indicated significant differences between samples (P<0.05).

24 EMH X-GHELTHEE S U WA A 9 A T 5 TR 5 1 A

BT XS RT3 B, kA AR ERE A AT AR By . A AT L
AL B A T SR AE 17~ 1A S BIAs , th, B RE S 0K 5 A 1508 25%,
TE 22~24°40 5L HL I B (0 PR | SRR A LE ARBRESIRIAN 3 h B 6 h, YR AR X 2 i R

F LAY, Zoad TR A 3 ) TE R I TE 17~18°
REFIT 22~24°40 5L B A B A RRAE DG, 31X U B b

%, HESRR 30.4%F%3) 19.6%, XAlfie2h T
W RURL N K A TR BAE T, S8 FHEZ AR

FHO AT U R SRV I 2, (AT BRAOTR, RUBRBEMLAE ., WM Ma i BaRT

A B
— K4b¥ HPS —— FAb# HPS
4000} ——15%3h 4000 ——15%6h
——20%3h ——20%6h
——25%3h —25%6h

i 3 000 3 000
s =
B RC=30.4% = C=30.4%
2000 2000 RC=26.6%
RC=25.8%
RC=29.5% RC=23.9%
1000 RC=22.1% 1 000 RC=19.6%
. . (V]
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
st fh (20) gt (20)

e A RIBILIR G EPTRIER (HPS), KAERAFIA 15%. 20%. 25%MEPHEMEHAEIE 3 h; B: RIBHRUEIRN
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Note: A: hydroxypropyl starch (HPS) obtained without heat moisture treatment (HMT), and the water content of HPS 15%, 20%, 25%
with HMT for 3 h; B: hydroxypropyl starch (HPS) obtained without heat moisture treatment (HMT), and the water content of HPS 15%, 20%,

25% with HMT for 6 h, respectively. Same as below.
B3 AREEHALEEGENEREREY X-FHETHEIENZIN

Fig.3 Effect of different heat moisture treatment conditions on X-ray diffraction patterns of hydroxypropyl starch
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Fig.4 Effect of different heat moisture treatment conditions on gelatinization properties of hydroxypropyl starch

_—— RALFEHPS

A1 03
—20%3h
| 25%3h

1.00

075

BHH/Y%

0.50

0251

FEE/em™!

0 n 1 L 1 1 1 J
4000 3500 3000 2500 2000 1500 1000 500

B 12} — R4FHPS
15% 6 h
1.0F ——20%6h
25% 6 h
0.8}
N
506
R4l
% 04
0.2
0 -
02t . . . . . , .
4000 3500 3000 2500 2000 1500 1000 500
PeE/em™

B 5 ARIEMAGEZGINERERMLLIN LN
Fig.5 Effect of different heat moisture treatment conditionson FTIR spectra of hydroxypropyl! starch
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Table2 Theratiosof 1047/1022cm™in FTIR
spectra of hydroxypropyl starch under different
heat moisture treatment conditions

FE i IR ratio 1047/1022 cm’!
A AL B HPS 1.07
15%3h 1.27
20%3h 1.29
25%3h 1.30
15%6h 1.74
20%6h 1.56
25%6h 1.36
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2 3 NANTAIIR AL B A% A X 92 TR S R B

BERE TR REPERY SE R . AR AT DU ) 2 MR AR
AEFRZ S5, 5 N UE 9 R S %) Rl A 3 B Sy 4
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A th PRIt 22 05, UKL PN A T A
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Rzl AT —E MM EAER, e maEsE it
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(RSP | PN SR R B PR AR IR A B 2 I T IR
St U S B AR AR o TR DE R R I ) SR A 4 T
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FIOGh B S ) P I Y R A A 3 IR T =
PN
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A1t 76 T A A 3 3o A v 5 A RO L 1 AR 1k
AN TR A T XT38 TR0 5 U A R G 728 1 g 1) 5
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MR LUE Y, BERE ) G A G Rl 13 i
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A, RWFTARER AR AR . HMT
AEPRIE , TEREAS FAMRRIE N, FE A 5 X IR
() GEAR LI TCR R T, GERE A4 X
MRH, UEH HMT b3S EER At T s8] T
PE. BT 3 h ARRIK & R RE s i 22
SAh, HMT 403 6 h 915 0L T, FESL 4 GEFT G”
T —32, Jil HMT 4 BE 6 h KRRl K 25 5 Y
BERCPERE S TARE

®3 AREIBEALEZHNERERSER AT

Table3 Effect of different heat moisture treatment conditions on texture properties of hydroxypropyl starch hydrogels

ik

PR

PR

FE 5 il i
FA4b ¥ HPS 223.51 + 3.85°
15%3h 317.25 + 3.64¢
20%3h 371.90 +2.35°
25%3h 367.05 + 1.67°
15%6h 368.45 + 4.29°
20%6h 412.47 +2.74°
25%6h 463.50 £ 2.67°

0.863 £ 0.009 2°
0.871+0.002 1°
0.887 + 0.002 8°
0.852 + 0.002 1¢
0.867 + 0.002 8°
0.871 £ 0.001 4°
0.901 +0.015 8°

0.553 +0.005 6°
0.583 +0.002 §°
0.744 + 0.215 6°
0.572 + 0.004 9*
0.600 + 0.007 0*
0.612 +0.006 3*
0.547 £ 0.002 8*

0.125 + 0.004 9°
0.153 + 0.004 2°
0.171 £ 0.002 1°
0.136 + 0.002 8°
0.161 +0.001 2°
0.166 + 0.002 1**
0.123 £ 0.002 8°

T RPEERRR I EEAR R ZE (n=3 ), [F—F /NS TSP RSB b ) 2 & P22 5% (P<0.05 ),

Note: The data in the table are expressed as mean + standard deviation (n=3). Small and medium English letters in the same column

indicated significant differences between samples (P<0.05).
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