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Abstract The effect of raw wheat flour on starch retrogradation retardation was investigated in a rice starch paste model.
Specifically, in terms of amylase activity present in the wheat flour, the retardation effect was investigated depending on
reaction temperature (40, 60, and 80°C), incubation time (0, 20, 40, and 60 min), and wheat flour addition levels (0-10%).
An increase in wheat flour concentration resulted in a rapid decrease in the elastic modulus (G") as the incubation time
increased. The G' changes of the rice starch pastes were furthermore fitted by the first order reaction for the reaction rate
estimation on the temperature basis. The experimental reaction rate of the paste sample incubated with 10% wheat flour
at 40°C exhibited good agreement with the predicted value. This result implied that the first order reaction kinetics could
be suitable to predict the changes in the G' as a function of incubation temperature and wheat flour concentration.
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Fig. 1. Changes in the elastic modulus (G') of 5% gelatinized rice

starch pastes as a function of incubation time ((A) incubation
temperature and (B) addition levels of wheat flour).
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Fig. 2. 3D graphical model to predict the reaction rate based on
the raw wheat flour concentration and reaction temperature.
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Table 1. First order reaction rates estimated from the G’ changes of rice starch pastes ((A) incubation temperature and time, (B)
addition levels of raw wheat flour and incubation time, and (C) experiment and prediction values at 10% raw wheat flour and 40°C
incubation temperature for the 3D graphical model validation)

(A)
Temperature (°C) Time (min) G' In (G/G") k (min™) Vi
0 16.353 0.000
0 20 9.695 -0.523 0.0315 0.99
40 4.335 -1.328 ' '
60 2.492 -1.881
0 16.353 0.000
20 5.766 -1.042
60 40 2383 1926 0.0415 0.94
60 1.739 -2.241
0 16.353 0.000
20 20 18.090 0.101 0,000 1.00
40 18.520 0.124 ’ ’
60 17.370 0.060
(B)
Wheat flour concentration (%) Time (min) G In (G/G") k (min™) R
0 17.973 0.000
0 20 20.070 0.110 0.000 1.00
40 19.040 0.058 ) ’
60 18.633 0.036
0 17.850 0.000
10 17.760 -0.005
2.5 20 11.487 -0.441 0.0266 0.92
40 7.758 -0.833
60 2.873 -1.827
0 16.353 0.000
5 20 5.766 -1.042 0.0415 0.94
40 2.383 -1.926 ’ ’
60 1.739 -2.241
13.943 0.000
5 13.875 -0.005
10 10 11.165 -0.222 0.061 0.65
15 8.754 -0.466
20 2.252 -1.823
©
Experiment Prediction
Time (min) G In (G'G") - -
k (min™) R k (min™)
0 14.210 0.000
20 3.269 -1.469 0,035 0.83 0,034
40 1.729 -2.106 ' . '
60 1.701 -2.123
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