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Fig. 1 Chemical structures and physical schematic representation of (a) amylose and (b) amylopectin
FiRIR 5L 1 7 B 22 5. Y A G5 RTHE A 2 6 B DA
LLT O HEEGER 4- T §8 i P A L T T, S 3 a-D-1, 6-
HEEVER AR RSO SR S B S EREA . SOBE T A LS 4 SR R
B AU — R P SUL A K B T o-D-1,4-0F  ARHCIREE I, 2 SCREFATHES , HL45 1 LU BB U 1)

B P T A, HEBE b A 1A 3 D s R
A AR S R, HEEOE R 5 2 (DP) 2 1500 ~
6000.

KAIR EBEVE R 70 7 52 B M iR e e IR, 45—
RS AT 6 A A W Bk B JE A o T A Al T A ER
WA w R ITh B 3 R AR A A, ol LU #%
B oI — 0, ol 3 — M0 S5 A P B8 AR S Y —
0] ] %% 5 9 —CH, 5 JAT T S0k 78 55 09 i 7K 4
fE. SEPr L 7RV WO H BLBETE B AR I — > B R AT
6 /™4 4 W HAL T B R E 2R 18], £kl PN R R i K
(4, e ) 2 2 K P 1 MR B PA 0] ) 55 i AT T
Bl TPAS SN W R A /N T A AR UK A A
Y. D BOE BEVE R 0 T RAT A, SR -
D-1,4-Wl i 55 004 4. (H S B R R TR I , °F
Y5 180 ~ 320 AHEFF LA A — A S8k, H AT A9 AT
25 R AR W] ELHE TR 75 B B A LA 3 Rl IR
Jie 74 i) b 3R e 25 A DG I ) AT
1.2 SCHEER

SCHEVEAD ST — Bl SCHYR Iy, I B

B, BA CyRI B S5 ERAE (| 2) , Bl — 4
TEEVEM A — KR (S EHE,C B A E
B DAFAEE AT B EE (B &) , B A S EE FiE T
REAA TR, B EA 1 ~2 4K
(B Biff,i=1,2,3--- n) A ImMIEE RN A 5, K
A EE . ASTR] R I8 0 TE Ry, H S HEVE R 1Y DP -3
BER (ARL) (NS S AN E ) 7 Y94 FE AN [
1.2 EMHMEREZN

FHE TAEE X TR Z RE » T4 WA &
I ARG B TSR B S5 R AR {H
TVEM ORL S5 M0 B B2 2% N TR B R A 454 &
ARG E ST RS B R E
(ECNNENR) 43 AN R 1Y J2 R AT A5 < Ok 45
(2510 pm) FEBEEH (91 ~10 pm) IR EE
(259 ~10 nm) S WHIRFELEHI (29 <9 nm) .

TE R URE F AT T I 45 i DX E I B T B IX.
(ARgh X)) Wk 4 2 B, &5 X RS 2 T2 X 0] G
WA B A Sk, AR AL T HE 0 IR R TR E N
100 ~400 nm 1 TCE JE 524 45 A K A 3B T8 ik

--' d 20 20 pm

Fig. 2 CLSM optical sections of corn starches with different amylose contents: (a) waxy, (b) maize, (¢) G50 and (d) G80 (Reprinted

from Ref. [17]; Copyright (2009), with permission from Elsevier)
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Fig. 3 X-ray diffraction patterns of corn starches with
different amylose contents (from top to bottom: waxy, normal
corn, G50, and G80)

The portion of the dashed line indicates the amorphous area.
(Reprint from Ref. [20] ; Copyright (2009) , with permission

from Elsevier)
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Fig. 4 Gelatinization of corn starch under shearless condition observed under CLSM ( Reprinted from Ref. [29 ] ; Copyright

(2011), with permission from Elsevier)
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Fig. 5 DSC endotherms of maize starch with different water

contents

(b)
65.3% , (¢) 51.8% , (d) 40% , (e) 29.9% , (f) 16.15%
and (g) 9% . (Reprinted from Ref. [ 27 ]; Copyright (2006 ) ,

The moisture content ( from top) is: (a) 74.57% ,

with permission from Elsevier)
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Fig. 6  Retrogradation enthalpy of amylopectin after initial
heating to 105, 125 and 155 °C ( Reprinted from Ref. [35];
Copyright (2007 ), with permission from Elsevier)
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from Ref. [40]; Copyright 2010 Wiley)

Liu 45 50 3o i FH R AN 5 A0 48 4 2 T 4 1A
WA Z R ] DSC 23 Hr £ AR, X 3E 43 78 B 1 26
B i ERAT O BEAT BIE T, e BT A A 1 PAT B 55
TR v ) 3R A 47 9 AN TR 7K 23 T i ekl 36 4
() JFR AT (P 8) . Ak, Lin 45 48 ih 7 3
oy AR i 1) DSC £k b, 38 7 A 2 A I i A 1
AN TR H B 2 ISR & 150 °C g X TR, Y B B
TR AR N 1 B B 5 i AE 230 ~ 240 C
DX [H] f4 8 R e DAy 36 A5y 1) 73 ik DR 24 i A ), JFG L
JEE BB A LB VA A 0 B 2 i e R X A% 3. i
TE R PR E 5 T 260 °C (141X ] 9 M B, % 0
FEARBI, V€ B3 701 v ) 26 0 A 1) I B0 i, G
HLF# A 7K 73 & 0 15 R 1) G X A% 3

3 EMEHVIATHEE
LA I B9 22 0, V8 1 6 09 U0 ) 48 1 T 5



%

& Eird 2014 4

768 = Zas
80 L a
b
= 60 c
g
E 40k d
o=
e s
50 100 150 200 250 300 350

Temperature (°C)

Fig. 8 DSC thermograms of corn starch with different moisture
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Fig. 9 A typical curve of viscosity during heating at different stages
and images collected at each stage ( Reprinted from Ref. [28];

Copyright (2007 ), with permission from Elsevier)
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Fig. 10 Typical curve of wheat starch gelatinization under shear
stress detected by Haake Rheometer ( Reprinted from Ref. [50 ] ;

Copyright (2008) , with permission from Elsevier)
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temperature: 130 °C) ( Reprinted from Ref. [51]; Copyright

(2009) , with permission from Elsevier)
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temperatures ( Reprinted from Ref. [ 51 ]; Copyright

(2009 ), with permission from Elsevier)
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Li-sha Liao', Hong-sheng Liu'* | Xing-xun Liu', Ling Chen', Long Yu''*" , Pei Chen’
(" Centre for Polymers from Renewable Resources, South China University of Technology, Guangshou 510640)
(*CSIRO, Materials Science and Engineering , Melbourne , Victoria 3169 , Australia)

(® College of Food Science, South China Agricultural University , Guangzhou 510640)

Abstract Starch,as a natural polymer, has unique microstructures and complex processing properties , which
involves multiple physical and chemical reactions, i. e. water diffusion, granule expansion, gelatinization,
melting , decomposition , recrystallization , etc. In this paper an attempt has been made to review the current state
of knowledge and development on the microstructures and the phase transitions of starch under shear and
shearless conditions. It reviews both fundamental science such as microstructures , phase transitions ( especially
for gelatinization , retrogradation and thermal stability ) and rheological properties of different kinds of starches
and various processing techniques which have specific influneces on the phase changes. This paper also covers
the general principles, capabilities , advantages and limitations of various techniques and methods available to
study microstructures and phases transitions of starch. Based on the knowledge that have received widespread
acceptance and those are still under debate, this comprehensive review aims at distinguishing the relationship
between the microstructure and phase transitions. In particular, using corn starch with different ratios of
amylose/amylopectin as model material, which provide a better understanding of the phase transitions and
microstructure of starches, to develop the approach for product design and processing control of thermal
procession of starch,and starch modification. The achievements in this area have increased our knowledge of
polymer science,in particular that of natural polymers.
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