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Abstract: To resolve the issueof starch retrogradation, the structure and retrogradation mechanism of maize starch-glyceryl monostearate
(GMS)complexes prepared by extrusion cooking were investigated in this work. The results showed that the retrogradation gel temperature and
gel enthalpy of maize starch-GMS complexes were lower than those of native maize starch. X-ray diffraction analysis indicated that maize
starch-GMS complexes showed weak V-type spectra, while native maize starch presented A-type spectra. Fourier transform infrared
spectroscopic analysis showed that the crystallinity of maize starch-GMS complexes was lower. The absorbance peak at 1735 cm™ confirmed
that transesterification occurred between maize starch and GMS to form the complexes, and GMS effectively inhibited the retrogradation of
maize starch. Therefore, maize starch-GMS complexes are high-quality, starch-based products with good application in resisting starch
retrogradation in the food industry.
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Table 1 Effect of GMS addition on esterification substitution
degree of maize starch

ST RMBEHERmE HRRRE  HREL
0 - XA EMmR
0.3% 0.00123 BaéEmR
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1.2% 0.00465 MEDR

1.5% 0.00500 FEmAR
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Fig.1 Effect of GMS addition on swelling of maize starch
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Fig.2 Effect of GMS addition on solubility of maize starch
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Fig.3 Effect of GMS addition on turbidity of maize starch

J£: ms-ns-native maize starch; ms-ext-maize starch extruded
without GMS; GMS1-maize starch extruded with 0.3% GMS;
GMS2-maize starch extruded with 0.6% GMS; GMS3-maize starch
extruded with 0.9% GMS; GMS4- maize starch extruded with
1.2% GMS; GMS5- maize starch extruded with 1.5% GMS.
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Table 2 Effect of GMS addition on thermal properties of maize starch

M5 Ty C T,/ C TJ/C AH/(J/g) Ty/C T,/ C T./C AH/()/g)

ms-ns 64.724036°  704+026°  83.47+034"  12.49+0.10°

ms-ext  4023£0.65° 52.75+0.55% 69.32+2.35%  8.15+0.73°
ms-GMS1  40.11+£0.06°  52.18+0.04°  67.10+0.05°  8.28+0.11°  88.98+0.15° 101.39+0.09° 110.95£0.19° 5.12+0.06°
ms-GMS2  40.37+0.03°  52.77+0.14%  68.36+026%  7.94+0.03° 90.34+0.14° 102.36£0.11° 111.76x0.07° 3.78+0.16°
ms-GMS3  41.31+0.16°  53.72+0.03°  69.19+0.10%  7.13£0.08°  91.22+0.05° 102.69+0.14° 112.57+0.12° 3.24+0.05°
ms-GMS4  4248+026° 5427+020° 70.43+0.16™  6.78+0.06° 93.70£0.15° 103.38+0.20° 113.74£0.17° 2.62:+0.03°
ms-GMS5  43.77+0.13°  55.71£0.16°  71.15£0.08°  6.03+0.06°  94.50+0.23" 104.56£0.07" 114.64+0.17° 1.63+0.05"

B —F F AR FHEA T EF B E(p<0.05).
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Fig.4 Effect of storage time on retrogradation enthalpy of maize
starch
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Fig.5 Effect of storage time on retrogradation gelation

temperature of maize starch
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Table 3 Effect of GMS on pasting properties of maize starch

s AE L /P BAERE /P FRAL/CP R /P = 4 {#/cP iR E/ C
ms-ns 1252.67+20.54°  1008.33+15.45°  24433+12.03"  1213.33+22.33" 205.00+7.37° 88.54+0.16
ms-ext 763.00+6.56° 533+10.54° 230+7.81° 706.67+4.51° 173.67+6.03% 89.04+0.16°
ms-GMS|1 296.33+4.482 270.00£5.00" 26.33+1.33° 571.67+5.15° 158.00+6.51° 89.39+0.2°
ms-GMS2 329.33+5.17F 294.67+2.85° 34.67+2.33% 528.67+6.17° 160.331.45% 91.34+0.17¢
ms-GMS3 372.67+4.33° 325.00+7.21¢ 47.67+3.18% 496.33+7.22° 171.33+2.19>¢ 92.80-+0.04°
ms-GMS4 402.00:£4.93¢ 346.33+2.96° 55.67+2.03™ 455.00+3.21° 182.33+3.38° 93.44+0.16"
ms-GMS5 446.67+7.84° 375.33+7.13° 71.33+1.20° 428.00£10.12° 196.33+2.85° 94.30+0.08"

E: Fl—3) ¥ RE FH AT £ 5T E(p<0.05).

2.7 A EIGMS ty 7 & 3 F K e 0 4 i 4 Al
Hy %

WMMWMVWMWM Jp OMBS
e st o TGHSE
T Lt L ORI vovcar A
WMM”W—A m's—E}NESl v
SN (TS
gy

0 5 10 15 20 25 30 35 40

st #ir (26)
El6 NESFAIBREESRMER EARTEMX-1THEIERIFT

Fig.6 Effects of GMS addition on crystalline structure of maize

starch complexes
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Fig.7 Effects of GMS addition on chemical structure of maize

starch

137



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.1

2.8 T [E GMSH A& Xt E K e L 4 A iy

P17 TR K SE A AN [] 20 25 VR EA H R AR I & 1)
AR o - e R ey AN I V2l e
BRI, REAEHNZERERS TEEY, EoTH
o TIIEAE K EYE R R R = gegb b a s>, 3@
TS0 TR KA L0 A6 1 B R 1) 2 M R, S (1
-OHMGRREN AR,  HBLFER 113600 cm '),
FKVE R -GMS & AW ek 55, 0B oK ek
-GMSE AW B H-OH D, BB iRt 54y
T H B P OB & A B A BN, AT D T
TRIEME AT ERN R 5EFKERIIas
WEEAEEL, 7E1377 e A11235 em™ AL R T -CH, (125
iR B S FI C-O-CAR AR IR BN IS I . 7E1735~1745
e Ab B T MR IRSIROE, B 2T 2
HESA IR, BUREERIN, FREEAFAER IS4
SREEARK, JEM O THEINT ZBEER, B BiE
FKIERM 50 F AR H R R A T RS R V. FEE
S F A HERR I E NG I, JE-GMSE A
BUREERE N, VEISE AL RGN, AZISE sk
PR b R R, SBERESE g R A B AR, ek
-GMSHE &4 i B AR

3 ZHig

¢ e 28 A 25 B TKVER -GMS E S P 45 4
KA RAN, G5, RHRESRERE(R, 72T
ZRIB P T T A R FORVER I B AR . BEE
TR HEE S BN, TOKIER-GMSE SV
FERZEFEAR, VEAKEEATA AR S ey, e
DLREARA S B FT-IRGE IR TR 7012808
RS TORTEMTES NN KA 1 B SC L, &
J T TKIER-GMSE 54, BEE 7178 T L H B
IR, FRIER-GMSE A VIATIZE T,
VRGN, SREPTE, BYRAE A RWOA R
Kk 4it, BEEGMSENINENEM, ToKRIEh 5
GMSEE TRV E AU, HAS AR AT
[ A A FH A 5% s 28 A GMSHE R4 F A 45

B Lk

138

(1]

LI L, Jiang H X, Campbell M, et al. Characterization of
maize amylose-extender(ae) mutant starches (Part I):
relationship between resistant starch contents and molecular
structures [J]. Carbohydrate Polymers, 2008, 74(3): 396-404
I RS MRS 55 JE LI AL AT FUE R[], 8 Rt
£2,2011,32(9):335-339
FENG lJian, LIU Wen-xiu, LIN Ya-ling, et al. Advance and
application prospect in starch anti-retrogradation [J]. Food
Science, 2011, 32(9): 335-339
M, B o B, T 5% IR A R T kL 73 i) AR AL
M) H R £4),2005,20:39-47
DU Shuang-kui, WEI Yi-min, ZHANG Bo. Changes of
material components during extrusion [J]. Journal of the
Chinese Cereals and Oils Association, 2005, 20: 39-47
BRI 31 250 O H BRARFE S Tl A [0, A [ R s
Jm7#1,2005,5:95-102
LIANG Zhen-ming. Characteristics and manufacture of
distilled monoglycerides [J]. China Food Additives, 2005, 5:
95-102
Ja e, 7 TEA, R R AT B FI AR ) I P AR ).
A SR TE,2003,4:42-44
ZHOU Ru-jin, NING Zheng-xiang, SONG Xian-liang. Brief
discussion on the application properties of the food-related
modified starches [J]. Cereal & Feed Industry, 2003, 4: 42-44
Singh J, Kaur L, Mccarthy O J. Factors influencing the
physico-chemical, morphological, thermal and rheological
properties of some chemically modified starches for food
applications-A review [J]. Food Hydrocolloids, 2007, 21(1):
1-22
Raguzzoni J C, Lopes Da, Silva J A, et al. Characterization of
the physicochemical and thermal properties of unexplored
starches with potential industrial uses from six Brazilian
maize landraces [J]. Starch-Stérke, 2013, 65(11-12): 938-946
Flanagan B M, Gidley M J, Warren F J. Rapid quantification
of starch molecular order through multivariate modelling of
13 C CP/MAS NMR spectra [J]. Chemical Communications,
2015, 51(80): 14856-14858
Miao M, Jiang B, Zhang T. Effect of pullulanase debranching
and recrystallization on structure and digestibility of waxy
maize starch [J]. Carbohydrate Polymers, 2009, 76(2): 214-
221

(T"%%5815871)



