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Preparation and Properties of Double Esterified Glutinous Rice Starch Label Adhesive

YUAN Xiao-yun, YANG Bo, YANG Guang

(School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: The work aims to further improve the bonding property of esterified glutinous rice starch label adhesive
and meet the national standard. Maleic anhydride was used to esterify glutinous rice starch on the basis of succinic anhy-
dride. The optimal conditions were determined by single factor and response surface tests, and the structural characteris-
tics, bonding strength, peel strength and water-resistant time were measured. The optimal process conditions of maleic
anhydride secondary esterification of glutinous rice starch were as follows: the secondary esterification time was 77 min,
the esterification temperature was 45.3°C, and the esterification pH was 9.0. Under these conditions, the bonding strength
of glutinous rice starch label adhesive was 250.672 N/m, and the peel strength was 216.935 N/m. Compared with the
non-esterified adhesive, the adhesive strength was increased by 55.64% and the peel strength was increased by 122%.
Compared with the single esterification, the adhesive strength of the label was increased by 48.77% and the peel strength
was increased by 76.73%. And the water resistance of the label adhesive after double esterification was greatly improved.
Fourier infrared spectrum analysis showed that ester group characteristic peaks existed in the esterified starch molecule at
1730 cm™. And scanning electron microscope analysis showed that starch grains disintegrated after secondary esterifica-
tion. The surface was rough, depression and crack appeared. Thermodynamic properties showed that esterified starch had

lower gelatinization temperature. The bonding property and water resistance of glutinous rice starch label adhesive are
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greatly enhanced after the double esterification of succinic anhydride and maleic anhydride.

KEY WORDS: glutinous rice starch; succinic anhydride; maleic anhydride; esterification; physicochemical properties;

label adhesive; adhesive properties
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Tab.1 Factors and levels of single factor experiment of
secondary esterification modified glutinous rice starch
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R BRI

Imin oc ZKBRAE pH (H
30 30 7.5
45 35 8
60 40 8.5
75 45 9
90 50 9.5
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Tab.2 Factors and levels of response surface design
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Fig.1 Effect of ratio of succinic anhydride to

maleic anhydride on bonding properties of
glutinous rice starch label adhesive
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Fig.2 Effect of time of secondary esterification
on bonding properties of glutinous rice
starch label adhesive
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Fig.3 Effect of temperature of secondary
esterification on bonding properties of
glutinous rice starch label adhesive
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Tab.3 Response surface design and results

e TIREREET PR T — WPk pH BAmE (Nm') 55/ (Nom")
1 -1 1 0 230.495 160.513
2 0 1 -1 217.157 169.649
3 0 0 0 252.388 217.935
4 0 0 0 245.562 200.397
5 0 1 1 229.971 173.914
6 1 0 1 225.003 193.172
7 -1 0 -1 213.496 148.398
8 -1 -1 0 231.017 173.015
9 -1 0 1 221.08 178.898
10 1 -1 0 239.647 198.738
11 0 0 0 246.732 201.892
12 0 -1 -1 215.552 153.713
13 0 0 0 250.765 215332
14 0 -1 1 217.68 179.606
15 0 0 0 249.786 213.673
16 1 1 0 238.588 196.191
17 1 0 -1 227.356 182.928
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Tab.4 Analysis of variance of response surface of adhesive strength

J7 25K R -5 A FI B2 ¥175 F1{E Prob {H>F {4 2
fRERY 2 744.34 9 304.93 28.83 0.000 1 *o
RG] 148.83 1 148.83 14.07 0.007 2 o
ZIREEAIRE 18.96 1 18.96 1.79 0.2225
KR pH {H 50.87 1 50.87 4.81 0.064 4
AB 0.072 1 0.072 0.006 8 0.936 5
AC 24.69 1 24.69 2.33 0.170 4
BC 28.55 1 28.55 2.70 0.144 4
A? 163.58 1 163.58 15.47 0.005 7 o
B? 261.24 1 261.24 24.70 0.001 6 o
c? 1870.98 1 1870.98 176.90 <0.000 1 *ok
B 2= 74.03 7 10.58
4Pt 41.87 3 13.96 1.74 0.2975
AR 2= 32.16 4 8.04
SR 2818.38 16

TE: “Prob {H>F {H™/NT 0.05 FRE, LI*FKix; “Prob {H>F E”/NT 0.01 MiREZE, Ll &KR; “Prob (H>F (7K T 0.05 AW
F. R=0.9737, R4=0.940 0,
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Tab.5 Analysis of variance of response surface of peel strength
5 22K R A B ¥175 F 1A Prob {l>F fH i E
iR 6 834.64 9 759.40 14.12 0.001 0 *k
IR ] 1518.14 1 1518.14 28.22 0.001 1 o
ZIREEACIRE 2.89 1 2.89 0.054 0.823 5
ZKBE1E pH 628.39 1 628.39 11.68 0.0112 *
AB 24.78 1 24.78 0.46 0.519 1
AC 102.58 1 102.58 1.91 0.209 8
BC 116.94 1 116.94 2.17 0.183 9
A 468.78 1 468.78 8.71 0.0213 *
B’ 124275 1 124275 23.10 0.002 0 ok
c? 2314.45 1 2314.45 43.03 0.000 3 ok
Bk 2% 376.53 7 53.79
AN 113.81 3 37.94 0.58 0.659 9
afi iR 2z 262.72 4 65.68
SRatELS 7211.17 16

H: R=0.9478, R,=0.880 7.
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U] D abb ] U R o 5 6 45 SR a0 A7 ¢ Ay oA 114 73
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Fig.5 Effect of factors interaction on bonding strength and peel strength
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Tab.6 Water resistance time of label adhesive

T ffit 7K B[] /b
PR IR
0°C 24 °C
JRGE M 6 2.5
PATEE I 9.5 3.5
UG U 3 Mt 100.3 39.7
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Fig.6 SEM images of native and esterified glutinous rice starch
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Fig.7 FT-IR spectra of native and esterified
glutinous rice starch
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