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Preparation of Rice Starch Malate and Its Improvement on the
Quality Characteristics of Noodles

XU Yue, MA Chunmin, FU Yao, YANG Yang, BIAN Xin, WANG Bing, WANG Yan, LIU Xiaofei,
ZHANG Guang, ZHANG Na’

(College of Food Engineering, Harbin University of Commerce, Harbin 150028, China)

Abstract: In order to investigate the effects of different degrees of substitution (DS) on physicochemical properties of rice
starch malate and on the quality of noodles, rice starch malate with different degrees of substitution (DS=0~0.603) was
prepared. The solubility, swelling, gelatinization and rheological properties of rice starch malate were investigated, as well
as its improvement effect on the cooking characteristics, texture characteristics and sensory characteristics of noodles. The
results indicated that a new absorption peak appeared at a spectral wavenumber of approximately 1720 cm™' on the infrared
spectrum curve of malic acid starch esters. After esterification, the solubility of starch significantly increased (P<0.05),
while the swelling property decreased. The results of gelatinization and rheological experiments showed that the addition of
low-substituted starch (DS=0.141~0.442) significantly reduced (P<0.05) the peak viscosity, decreased the storage modulus
G' and loss modulus G" of malic acid starch esters, while the addition of highly substituted starch (DS=0.603) was not
conducive to improving the gelatinization and rheological properties of malic acid starch esters. Correlation analysis was
used to comprehensively analyze the relationship between some physicochemical properties of malic acid starch esters
(solubility, swelling, and gelatinization characteristics) and the quality of noodles (cooking characteristics, texture

i R EA: 2023-08-10

HETH: BRaAMFLELEERA (32072258) ;#3H3F “+w 2" B R E EHL %] (2021.YFD2100902 ) ; ¥ L H3e75 R B (ZY2022B-HRB-12) .
EEBIT: &bt (1994-) %, H LA % A, AR5 @) & & fiAn T, E-mail: xuyuel22112@163.com.

*EIEIEE: Rm (1979-) , %, W4, 3%, IR 6 S5 5 R A ZH A A, E-mail: foodzhangna@163.com,


https://doi.org/10.13386/j.issn1002-0306.2023080076
https://doi.org/10.13386/j.issn1002-0306.2023080076
https://doi.org/10.13386/j.issn1002-0306.2023080076
mailto:xuyue122112@163.com
mailto:foodzhangna@163.com

%45 % 11 1) & DL, A SERIRIORTERTR B o S H T 2 SRR PR G <111 -

characteristics, and sensory characteristics). Rice starch malate could significantly enhance the overall quality of noodles. In

this experiment, the best noodle quality was obtained when the degree of substitution was 0.442 for wheat flour preparation.
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Infrared spectrum analysis of rice starch and malic acid
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Fig.2 Effects of different degrees of substitution on the
solubility of malic acid starch ester
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Table 2  Effects of different degrees of substitution on the gelatinization characteristics of malic acid starch ester
DS WA HEFE FAAHEL WAHE [\l A
(BU) (BU) (BU) (BU) (BU) c)

0 2704+17.68" 2343+19.80" 521.549.19° 3437.5+14.85° 1184.5+£19.09* 72.23+0.81¢
0.141 14379.90° 1117.543.54° 319.546.36 1567.5+16.26° 450+12.73° 92.45+0.57%
0.311 1726+1.41° 1428.5+5.86" 297.5+14.45° 1999.5+14.85° 571+41.01° 90.43+1.10™
0.442 1149+18.28° 817+3.94¢ 332+12.23° 1756.5+15.06° 432.5+18.59° 94.23+0.81*
0.603 1550+7.88° 1321.5+10.5° 228.5+14.65° 1249.5+34.65° 435+32.53¢ 89.58+1.17¢

T RIS [R5 B) R Bt 22 5 1 25 (P<0.05 )5 #3~3K51H].
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Table 3 Cooking characteristics of noodles

BB (%)

DS IRAZEER T (s) AR (%)

0 260+2.0° 1.67+0.33¢ 5.08+0.08"
0.141 250+1.0° 2.02+0.41¢ 4.10+0.15°
0.311 235+1.5° 3.31+0.20° 4.05+0.23"
0.442 220+2.0° 3.85+0.50° 3.52+0.10°
0.603 225+1.0¢ 2.94+0.12° 3.78+0.11°
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F=R 4 T, B U CBE RGN, TRT A% A0 R 1
SEVsINE GG, BN SR PR S Sk RS )N
AT BN Gk AR IR PR T 2 A6 T 1 2
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ZRBICH SR AN G SR i Bl A IO B A B R
(DS=0.603 I:}), HEA UL P 5 A7 PR PR UE R TG 1)
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G5k, Ry TR i BT
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Table 4 Texture characteristics of noodles

DS TRz (g) #tE(nm)  FHRHEN) [l 52 14
0 35624285.4" 0.55£0.05¢  0.51£0.03°  0.34+0.01°
0.141  3015+158.15°  0.65£0.02°  0.67+0.02°  0.30+0.02°
0.311 2803+118.5° 0.71£0.05" 0.65+0.05" 0.27+0.01°
0.442  2443£161.30°  0.85£0.01*  0.76£0.01°  0.22+0.01°
0.603  2876.5+136.6°  0.78+0.02° 0.60+0.01° 0.21£0.01°
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T GE A T ) TG 2508 B PR e U, T 2R R T G i A
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Table 5 Sensory evaluation results
DS (GRS FWARA I Tk Fitk Sk IR gy
0 8.45+0.02° 8.23+0.12° 17.00+0.05¢ 19.00+0.04° 19.50+0.01° 4.20+0.12° 4.10+0.02° 80.48+0.05¢
0.141 8.40+0.15° 8.38+0.05° 17.50+0.06™ 19.25+0.02* 20.75+0.02° 4.28+0.05° 4.08+0.01° 82.64+0.07°
0.311 8.55+0.01° 8.75+0.13° 17.50+0.01° 19.20+0.01* 20.50+0.05¢ 4.30+0.02° 4.25+0.02% 83.05+0.05"
0.442 8.80+0.01°* 8.95+0.02° 18.00+0.02* 19.25+0.02° 21.00+0.02° 4.33+0.02° 4.20+0.01° 84.53+0.02°
0.603 8.35+0.01¢ 8.30+0.12° 17.75+0.02% 19.20+0.02° 20.00+0.02¢ 4.30+0.01° 4.15+0.05° 82.05+0.06¢
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Fig.7 Correlation between some indexes of malic acid starch ester and noodle quality
TE: *P<0.05, **P<0.01.
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