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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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Fig 2 Kinetics of rice grain under different thermal
conditions (25-65°C) during the soaking of the rice.
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Fig 3 Comparison of numerical and analytical
predictions with experimental results at 3 different
temperatures (a= 25, b= 45 and ¢= 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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Table 3 Results of statistical analysis on the modeling of rehydration

Model T(eolg)p ) 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=1.010 k=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=0.035 n=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 ko=0.061 A;=10.204 k;=0.059 0.991 8.34E-04

Two-term exponential 45 Ag=-9.424 k,=0.075 A=10.410 k;=0.070 0.993 7.21E-04

65 Ag=-12.609 k¢=0.067 A;=13.609 k,;=0.066 0.999 5.44E-05
14 5 oke) Kl gl Jue 5o 35 0 m aelie
‘ b Oy o Jle posadn 5 ol sladde (2

08\
N o Exp Wbl & 3B Wsp Sl Ogpjsis b LSl (S 658
- - Modified Page . )
0.6 W\ Henderson_Pabis C»J_jja) N MKA o g u.pj& BEEE Jﬂ,bu
\ "‘g Two Term Exponential
A ——Exponential sl &ls gl Olp o 1y Jde ) b= e 53 K s Jseame
“\ ——Page

o W Cir s Al Ll s ol gl ol L oodle L
0 2 W s sladae Js ool o sl s e

100

Time (min)

08

0.6 —Modified Page

Page

Hendreson_Pabis
—Two_Term_Exponential
—Exponential

0.4
* Exp

0.2

0 20 40 60 30

Time (min)

100

Fig 6 Comparison of moisture ratios determined by
experimentation and prediction using different
empirical models at three different temperatures (25,
45 and 65 °C)

a¢

B ca\ﬂo‘}j& Loea enlail J;B U)A)Y 390 Ja;“‘f.:: S gl
WJbo s )l gz sladde O ool sls Jus
Sl etz 64,.5 o315 JJ_G Py Las e &l uilf’ L;MS

L8 5V 558 o b lasl oo el Je

0.8 e Exp
- -Page
é 06 ‘Modified page
E Two_Term_exponential
% 04 = =Henderson_Pabis
= = Exponetial
0.2
0
0 20 40 60 80
Time (min)

100



o O bl (g 5lud e

Olgasl (g 5ls o

SOl g glaesls b S5l o 2
03530 e sSme sy Sl eslizal b Jge 348 oy Olipe —8
)‘Ju;.n s QLZ.: b 63}&.& JJ}) Lo Jl._;.‘]ell.;j obﬁ Q)‘;"

) VBN e == VA0 XY =Y e gl 53 ot

W 3k s s 2l Dl e T SO

A dal g

cLA -0

[1] Shafaei, S. M., Nourmohamadi-Moghadami,
A., & Kamgar, S. (2016). Development of
artificial intelligence based systems for
prediction of hydration -characteristics of
wheat. Computers and Electronics in
Agriculture, 128, 34-45.

[2] Maskan, M. (2001). Effect of maturation and
processing on water uptake characteristics of
wheat. Journal of Food Engineering, 47(1),
51-57.

[3] Feng, W., Fan, D., Li, K., Wang, T., Zhang,
H., Zhou, X., Wan, J., & Wang, R. (2022).
Removal of cadmium from rice grains by acid
soaking and  quality  evaluation of
decontaminated rice. Food Chemistry, 371,
131099.

[4] Zhu, L., Cheng, L., Zhang, H., Wang, L.,
Qian, H., Qi, X., & Wu, G. (2019). Research
on migration path and structuring role of water

in rice grain during soaking. Food
Hydrocolloids, 92, 41-50.

[5] Maskan, M. (2002). Effect of processing on
hydration kinetics of three wheat products of
the same variety. Journal of Food
Engineering, 52(4), 337-341.

[6] Kalita, D., Jain, S., Srivastava, B., & Goud,
V. V. (2021). Sono-hydro priming process
(ultrasound modulated hydration): Modelling
hydration kinetic during paddy germination.
Ultrasonics Sonochemistry, 70, 105321.

[7] Kashaninejad, M., Dehghani, A. A, &
Kashiri, M. (2009). Modeling of wheat soaking
using two artificial neural networks (MLP and
RBF). Journal of Food Engineering, 91(4),

40

A8 5 0l Sl b Olsie g i Zasb Ol Dl iV IS
b Sl eslanal bdas e 0L i 4w D5 4 L) B
b Ol 4 g alsd a3 = Cosb ) Oliee Ol e Sl 5ed
OB L azds e sl &S sbOles s gad ame i &ils a3
S 3l da 5 s e LS il & sed Of der Ol Ols
sodle calas, iy 0dd ol byl i G 4y 4l 35 T

BlE w5l 58 g 55 0 4 5o O Dl s

Sor blo S I s i o ol Sl 4 s 5l
S O3 e Sl day 5 Sl o508 O G o e

Al oday ol S 4y 8L S

- 33.00

30.94

%3
=}

28.88
26.82
24.76
22.70
20.64
18.58

16.52

[ERIREENY AU AIMSION

14.46

12.40

=~

Fig 7 Predicted moisture content distribution during
soaking at 45°C

z -
Olse o gy als OF Gl dul b s & aalllas ol s
Ao 55 S sty egendes a5 W0-Y0 (gles 51 Al
O $le (e s @k) ledds Glp 505, 55 A
ta g Oleg g bz 5 (b Ol Capb) Ol ekl i
S sl Ol CL.; A el
Aas e LA A5l = &l
Ol Sy bl oS (gnde Jds (oolis sladde o 55 =Y
bb;»ﬂu‘dua:\)l{&m‘}@uw%dﬁaﬁkbjw
EAG3 ka5 4 Ll g5 O el Ol
JJlﬁ‘)LMLJ anbﬁm;)‘}obu;}ﬁl})}ﬁd.lﬁ;ﬁ]‘)és
S ek e3ls dnw g gl 3l K3l

L;‘A.l.a;.-ji ;;L‘“ Je cdj.ﬁ)“ Sy 90 J;’J Jae 0 L';:;_JJ—Y'



Ve Y Q’PJJJ'% AL 093 AYe b)l.&»*:

Journal of Cereal Science, 91, 102855.

[14] Yu, S., Ma, Y., Menager, L., & Sun, D.-W.
(2012). Physicochemical Properties of Starch
and Flour from Different Rice Cultivars. Food
and Bioprocess Technology, 5(2), 626-637.

[15]Dutta, H., Mahanta, C. L., Singh, V., Das,
B. B., & Rahman, N. (2016). Physical,
physicochemical and nutritional characteristics
of Bhoja chaul, a traditional ready-to-eat dry
heat parboiled rice product processed by an
improvised  soaking  technique.  Food
Chemistry, 191, 152-162.

[16] Roca, E., Broyart, B., Guillard, V.,
Guilbert, S., & Gontard, N. (2007). Controlling
moisture transport in a cereal porous product
by modification of structural or formulation
parameters. Food Research International,
40(4), 461-469.

[17] Takeuchi, S., Maeda, M., Gomi, Y.-i.,
Fukuoka, M., & Watanabe, H. (1997). The
change of moisture distribution in a rice grain
during boiling as observed by NMR imaging.
Journal of Food Engineering, 33(3), 281-297.

[18] Fan, D., Ma, S., Wang, L., Zhao, H., Zhao,
J., Zhang, H., & Chen, W. (2013). 1H NMR
studies of starch—water interactions during
microwave heating. Carbohydrate Polymers,
97(2), 406-412

a1

602-607.

[8]Kashaninejad, M., Maghsoudlou, Y., Rafiee,
S., & Khomeiri, M. (2007). Study of hydration
kinetics and density changes of rice (Tarom
Mahali) during hydrothermal processing.
Journal of Food Engineering, 79(4), 1383-
1390.

[9] Bakalis, S., Kyritsi, A., Karathanos, V. T., &
Yanniotis, S. (2009). Modeling of rice
hydration using finite elements. Journal of
Food Engineering, 94(3), 321-325.

[10] Prakash, B., & Pan, Z. (2012). Effect of
Geometry of Rice Kernels on Drying
Modeling Results. Drying Technology, 30(8),
801-807.

[11] Dalvi-Isfahan, M. (2020). A comparative
study on the efficiency of two modeling
approaches for predicting moisture content of
apple slice during drying. 43(11), e13527.

[12]Kashaninejad, M., Chabra, D., Rafiee, Sh.
Study of water absorption and physical
properties changes of rice varieties during
soaking  process. 2008.  Journal  of
Agriculture and Natural Resources Sciences.
15 (2). 163-175 [Persian].

[13] Gong, M., Zhou, Z., Jin, J., Yu, Y., Liu, S.,
Han, X., Zhong, F., & Mao, J. (2020). Effects
of soaking on physicochemical properties of
four kinds of rice used in Huangjiu brewing.



JEST No. 134, Vol. 20, May 2023

ABSTRACT

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran) 3

Scientific Research

Hydration Modeling of Rice (Oryza Sativa) by Empirical and

Diffusion Models

Dalvi Isfahan, M.

1. Assistant professor, Department of Food Science and Technology, Faculty of Agriculture, Jahrom University,

Jahrom, Iran.

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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