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Physicochemical properties of high-amylose maize starch

L1 Zhi-wei'* ,ZHONG Yu-yue' , WU Quan-ming' , WANG Wen-bin'**,
GAO Jie"*,LIU Xiang-xiang' , KANG Hui-min',GUO Dong-wei'* ,XUE Ji-quan'**

(1 College of Agronomy , Northwest A& F University ,Yangling s Shaanxi 712100 ,China;2 Key Laboratory of Biology and

Genetic Improvement of Maize in Arid Area of Northwest Region ,Ministry of Agriculture ,Yangling ,Shaanxi 712100, China)

Abstract: [Objective] High-amylose maize starch is an important industrial raw material. This study
investigated its physicochemical properties to improve the cultivation of new varieties and industrial exploi-
tation. [Method]) Using thirteen high-amylose maize inbreds and one common inbred (Zheng 58), the
differences in phenotypic characteristics of starch granules, thermal properties, pasting properties,solubility
and expansion power of high-amylose maize starch and normal maize starch were investigated. [ Result]
The amylose content of common maize inbred starch was 27. 72%. The amylose content of high-amylose
maize inbred starch was 44. 22 % —78. 81% sand could be divided into four levels. According to scanning e-
lectron micrographs, A-type starch granules from common inbred were full and smooth spheres or polyhed-

rons with waxy luster but those from high-amylose maize inbred were shrunken irregular and dull polyhed-
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rons. There were also significant differences in B-type starch granules and full and smooth spheres gradual-

ly changed to dull ovals, even to distorted irregular shapes. With increase of amylose content, To, Tp, Tc

and To— Tc gradually increased but AH gradually reduced. The pasting properties (RVA) of common in-

bred starch showed typical “doublets” curve, while that of high-amylose maize inbred starch showed “S”

curve with the increase of amylose content. The melting curves and expansion curves of common inbred

starch and high-amylose maize inbred starch showed same trends, while starch solubility and swelling de-

gree decreased significantly with the increase of amylose content. [Conclusion) Compared to common corn

starch, high-amylose corn starch was different in the phenotypic characteristics of starch granules, thermal

properties, pasting properties,solubility and swelling power. The difference increased as the increase of am-

ylose content.

Key words: maize; high-amylose starch;thermal property;pasting properties;solubility; swelling power
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PUFF 13 A e ER A RRE NNV LV
VI G0 B o Ay e L U oy T Rt o4 8 7 4 4L
WK . Y EBETER & KT 5000 I KR TE By
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Table 1 Amylose content and total starch content of high-amylose maize starch

ETRE BHETER/ % BIER/ ETRE HEEVER/ % HIER/ %

N Amylose content Total starch No. Amylose content Total starch
1 27.72+1.58 1 75.36+£0.54 b 8 58.00+0.54 f 68.71+0.36 f
2 44,2240.98 k 73.41£0.24 ¢ 9 60.25+0.87 e 68.83+£0.57 f
3 45.67+1.27] 76.76+0.82 a 10 60.6740.24 e 70.264+1.02 e
4 52.6940.46 i 70.08+0.15 e 11 66.83+0.58 d 66.26+0.42 h
5 55.5340.84 h 69.06+0. 26 f 12 72.67+1.15 ¢ 70.09+0.27 e
6 57.0841.05 g 68.03+£1.58 g 13 73.86+0.68 b 71.10£0.36 d
7 57.86+0.26 f 69.19+0. 84 f 14 78.81+1.76 a 70.14+1.16 e

TE 13l FORPERY s 2~ 14 @ ELBE RORTERY . RSB )R AR A Rl /NG 78 3 R0 2 S e 35 (P<<0. 0D)

Note: 1. Common maize starch;2—14. High-amylose maize starch. Different lowercase letters in each column indicate extremely significant

difference (P<Z0.01).
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Fig. 1 Scanning electron micrographs of starch granules in high-amylose maize starch
a,b. Common maize starch;c.d. High-amylose maize starch of No. 5;e,{. High-amylose maize starch of No. 14
xR 2 FAERINEHEIEH DSC HHFLESH

Table 2 Characteristic parameters of differential scanning calorimetry for different amglose

E By G W6 i/ °C W (R /°C AR/ C A /°C JEAE/(J e g™
Starch levels To Tp Tc To—Tc AH

CK 65.754+0.15d 69.4040.10 e 76.434+0.83d 10.77£0.91 d 9.40+0.76 a

I\ 66.3740.15d 71.0840.16 d 78.1940.36 d 11.2740.23 d 7.56+0.69 b

Vv 67.45+0.31 ¢ 76.254+0.76 ¢ 86.28+0.33 ¢ 18.7240.54 ¢ 6.3240.07 ¢

Vi 68.2940.12 b 79.374+0.22 b 90.714+0.16 b 22.6140.34 b 4.66+£0.41d

M 70.1140.49 a 83.2740.16 a 96.2240.87 a 26.474+1.31 a 3.29£0.10 e

TE R PEE S 3 WE R BB LU B ARk 227 (n=3)Fom . RIIEHE 5 R A TR /NG 5 B 3% 38R 28 S i 3% (P<<0. 0D)

Note: The data in the table are “average= standard deviation” (n=3). Different lowercase letters in each column indicate extremely signifi-

cant difference (P<C0.01).
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Fig. 2 Differential scanning calorimetric curves of
high-amylose maize starch
1. Common maize starch; 2—14. High-amylose maize starch.
The following figures are same
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Fig.3 RVA pasting curves of high-amylose maize starch
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Table 3 Pasting properties of starch with different amylose levels

S op ) L i - ] N S T o
BRI e /cp RIBRE/P  RW/P  RARE/P BUE[/P BRI min O CRE/C
Starch . . . . Pasting
Peak 1 Trough 1 Breakdown Final viscosity Setback Peak time
levels temperature

CK  2912.00£2.00a 1588.00£1.73 a 1150.0042.65a 2 933.004+1.15a 1345.00£1.00a 3.67£0.21 ¢ 62.8540.27 b
I 1494.50£1.80 b 1408.00£1.25b 154.00£1.00b 1566.50£2.05b 187.004+0.55b 6.074+0.06b  62.8740.32 b
VvV 1065.204+1.31 ¢ 969.40£0.20 ¢ 130.2041.83 ¢ 1 020.0041.00 ¢ 61.6041.47 ¢ 6.8940.05 a 62.8440.16 b
il 664.331+2.02d 581.67£0.77d 103.6721.26d 608.6720.84 d 30.0040.92d 6.9340.09 a 63.72x0.13 a
I 475.33+£1.75 e 411.67£1.04 e 74.674+1.61 e 461.33+0.75 ¢ 12.67+0.57 e 7.00£0.02 a 63.9840.45 a

TE « R UL = U DR 2 — S FRORN 2 ol A = e RS B — Foe IR B2 . R b Ml S P 3 M £ AR HE 227 (n=3) . [al 9 B dE S A AN [l /N 7

HFRE ML (P<0.01),
Note: Breakdown=Peak 1— Though 1,Setback= Final viscosity— Though 1. The data in the table are “average=+ standard deviation” (n=

3). Different lowercase letters in each column indicate extremely significant difference (P<C0.01).
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Fig. 4 The solubility of high-amylose maize starch
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Fig.5 The swelling power of high-amylose maize starch
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