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Cross-linking Denaturation Reaction of Amaranth Starch and the
Physicochemical Properties of Its Products

WU Jingwen', GAO Yuanyuan'?, PENG Xingyun'*"

(1.College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China;
2.Beijing Key Laboratory of Plant Protein and Cereal Processing, Beijing 100083, China)

Abstract: To investigate the cross-linking denaturation reaction characteristics of very small granular starch and the
physicochemical properties of the products with different degrees of substitution, in this study, the effects of temperature
(45, 50, 55 °C), pH (9.0, 10.0, 11.0) and expansion inhibitor Na,SO, concentration (5%, 10%, 15%) on the process and
efficiency of the cross-linking reaction were investigated and physicochemical properties of the cross-linking products with
different degrees of substitution (DS) were compared using amaranth starch as raw material, sodium trimetaphosphate as
denaturant and waxy corn starch (WCS) as control. The results showed that the cross-linking reaction of AS was less
influenced by temperature compared to WCS, and it was difficult to increase the efficiency of the cross-linking reaction by
simply increasing the temperature. On the contrary, both pH and Na,SO, concentration promoted the cross-linking
denaturation reaction of AS and WCS, and higher pH levels (10.0~11.0) and Na,SO, concentrations (5%~15%) led to faster
rates of cross-linking reaction. The viscosity of low-substitution cross-linked AS (DS 0.1x107°~0.8x107) after pasting was
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greater than 50 cP with a stable thickening effect; high-substitution cross-linked AS (DS = 0.8x107%) exhibited a viscosity
below 50 cP after pasting, with a weak thickening ability and a fat-like appearance and texture. This study showed that pH

and the concentration of expansion inhibitor Na,SO, were effective means of regulating the reaction rate of amaranth

starch, and that cross-linked amaranth starch had a weak thickening ability but good viscosity stability and shear resistance,

which was potentially valuable in its application as a fat substitute.

Key words: amaranth starch; cross-linking modification; reaction characteristics; physicochemical properties of modified

starch
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Table 1 Experimental design of cross-linked starch preparation
A PR Na,S0,(%, d.b.) pH LR (C)
1 10 10.0 50
2 10 10.0 55
3 10 10.0 45
4 10 11.0 50
5 10 9.0 50
6 15 10.0 50
7 5 10.0 50
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Fig.1 Phosphorus substitution degree and phosphorus
substitution degree’s growth rate with time in waxy corn starch
and amaranth starch
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Fig.2 Comparison of limiting substitution and reaction
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Fig.4 Effects of pH on cross-linking reaction of waxy corn
starch (A) and amaranth starch (B)
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Fig.5 Effects of concentration of Na,SO, on cross-linking
reaction of waxy corn starch (A) and amaranth starch (B)
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Table 2 Comparison of the shear resistance of starch-dextruded
deposits with different degrees of cross-linking

BEBUNEE BYUTHIBRIZ SUUIRRAE R B

TERACIR (x107%) (Pa-s) (Pa‘s) (Pa-s) (%)
R EK 0.85  10.14+0.29® 17.09+0.30* 6.95 68.5
FPRLTE 0.82 4.94+0.05*  4.70+0.04% -0.24 -4.9

s AT R PR 2R B 2 A 25 57 0 3 (P<0.05) o
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