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1. Fundamental
2. Empirical
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4. Slab
5. Principle of Superposition
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3. Isotropic
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Fig 1 Schematic representation for the geometry of analytical models a) slab b) cylinder
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Table 1 Mathematical models applied to the
rehydration curves

No Model Analytical Expression

1 Expoilenna MR = exp (_ kt)
Henderson _ =

2 & Pabis MR = Aexp(—kt)

3 Page MR = exp(—kt")
Modified ;

4 hage MR=exp(ki)

5 Two-term MR = 4, exp(~kt)+ 4 exp(—kit)
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6. Curve Fitting Toolbox™
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Fig 2 Kinetics of rice grain under different thermal
conditions (25-65°C) during the soaking of the rice.
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7. Simplex Optimization Method
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Fig 3 Comparison of numerical and analytical
predictions with experimental results at 3 different
temperatures (a= 25, b= 45 and c¢= 65 °C).

Table 2 Statistical results obtained for two analytical and numerical models

Temp (°C) 25 45 65
Model R? MSE R? MSE R? MSE
Numerical model 0.991 0.604 0.986 1.063 0.995 0.439
Analytical model (Slab) 0.998 0.953 0.984 1.337 0.993 0.720
Analytical model 0.990 1.13 0.986 1.398 0.994 0.815
(Cylindrical)
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Fig5 Contours of moisture content in the rice grains
at 5, 20 and 90 minutes after soaking.
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Table 3 Results of statistical analysis on the modeling of rehydration

Temp.

Model °C) Constant R? MSE
25 k=0.044 0.991 9.48E-04
Exponential 45 k=0.045 0.989 1.42E-03
60 k=0.050 0.999 1.03E-04
25 A=1.010k=0.044 0.990 9.35E-04
Henderson & Pabis 45 A=1.022 k= 0.046 0.988 1.36E-03
60 A=1.006 k=0.051 0.999 9.90E-05
25 k=0.035n=1.065 0.990 8.56E-04
Page 45 k=0.023 n=1.194 0.992 7.83E-04
60 k=0.043 n=1.047 0.999 9.90E-05
25 k=0.0437 n=1.065 0.989 1.09E-04
Modified Page 45 k=0.0433 n=1.192 0.980 2.49E-03
60 k=0.0503 n=1.047 0.998 1.69E-04
25 A=-9.207 k~0.061 A;=10.204 k,=0.059 0.991 8.34E-04
Two-term exponential 45 A=-9.424 k~0.075 A;=10.410 k,=0.070 0.993 7.21E-04
65 Ay=-12.609 ky=0.067 A;=13.609 k,=0.066 0.999 5.44E-05
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Fig 6 Comparison of moisture ratios determined by
experimentation and prediction using different
empirical models at three different temperatures (25,
45 and 65 °C)
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Fig 7 Predicted moisture content distribution during
soaking at 45°C
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ABSTRACT

ARTICLE INFO

In this study, water absorption characteristics of white rice during soaking at
25-65 °C was investigated. In the next step, the efficiency of fundamental and
empirical models to predict the moisture content of grain during soaking were
evaluated and compared. The fundamental models were developed by using
analytical and numerical solutions of Fick’s second law of diffusion based on
regular shapes (cube and cylinder) and the real geometry of the white rice,
respectively. Five empirical models (Henderson and Pabis model, exponential
model, Page model, modified Page model and two-term exponential model)
for explaining the soaking behavior of rice were also studied. The results of
the studied models indicate that the numerical model were substantially more
accurate than analytical model in describing the water absorption curves. The
higher accuracy of numerical model can be attributed to the fact that this
model selected appropriate shape to represent rice grains in the mathematical
model.The average value of the effective water diffusivity at 25-65 °C was
estimated to be in the order of 8.83x10"" m?s, by minimizing the error
between experimental and numerically predicted results. Among the empirical
models, the two-term exponential model was better than others in predicting
changes in sample moisture during soaking. Overall, although both modeling
approaches were able to predict the changes in moisture content of the sample
during soaking, the numerical model was found to be more appropriate
because it provided a more comprehensive understanding of the underlying
physics of the process and the model parameters were directly related to
measurable physical quantities.
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