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Modeling of wheat soaking using two artificial neural networks (MLP and RBF)
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a b s t r a c t

In this study soaking characteristics of wheat kernel was studied at different temperatures (25, 35, 45, 55
and 65 �C) by measuring an increase in the mass of wheat kernels with respect to time. Artificial neural
network (ANN) is a technique with flexible mathematical structure which is capable of identifying com-
plex non-linear relationship between input and output data. A multi layer perceptron (MLP) neural net-
work and radial basis function (RBF) network were used to estimate the moisture ratio of wheat kernel
during soaking. ANNs were used to model wheat kernel soaking at different temperatures and a compar-
ison was also made with the results obtained from Page’s model. The soaking temperature and time were
used as input parameters and the moisture ratio was used as output parameter. The results were com-
pared with experimental data and it was found that the estimated moisture ratio by multi layer percep-
tron neural network is more accurate than radial basis function network and Page’s model. It was also
found that moisture ratio decreased with increasing of soaking time and increased with increasing of
soaking temperature.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Cereals and legumes are important sources of functional ingre-
dients which are potential components for many processed foods.
Processing of cereals and legumes often requires that the seeds be
hydrated first to facilitate operation such as cooking or canning.
Thus, adsorption of water into these materials is of both theoretical
and practical interest to processing industries (Hsu, 1983; Taiwo
et al., 1998). Wheat is one of the major staple foods in all over
the world because of its agronomical adaptability; ability of its
flour to be made into various food materials and ease of storage.
In the malting process, carefully selected barley is soaked in water
at around 17 �C until saturation before germination. Recently,
production of wheat malt or cereal mixture rather than barley
has begun in the world (Briggs, 1997). Adding water is also a pre-
treatment for the flour milling process (tempering). Tempering is a
moistening process that enhances milling efficiency of wheat ker-
nels. Control of this process may be improved with better knowl-
edge of moisture level within the wheat kernel. In tempering
process, temperature, variety, kernel size, and time of exposure
affect the rate at which moisture enters the wheat kernel. Among
these factors, temperature has been shown to have the greatest ef-
fect, with an increase in temperature resulting in an increase in the
rate of moisture adsorption.

From a processing and engineering point of view, one is inter-
ested not only in knowing how fast the adsorption of water can

be accomplished, how it will be affected by processing variables
(Verma and Prasad, 1999), but also how one can predict the soak-
ing time under given conditions. Thus, quantitative data on the ef-
fect of processing variables are necessary for practical applications
to optimize and characterise the soaking conditions, design food
processing equipment and predict water adsorption as a function
of time and temperature (Abu-Ghannam and McKenna, 1997;
Bhattacharya, 1995; Taiwo et al., 1998). Soaking is a slow process
that is controlled by the diffusion of water into the grain (Engels
et al., 1986). Thus, soaking at room temperature may provoke
microbial contamination, which affects quality attributes (such as
color, taste and smell) of the product (Bello et al., 2004). Soaking
in warm water is a common method to shorten the soaking time,
because higher temperature increases moisture diffusivity leading
to higher hydration rate. Some researchers have studied the soak-
ing of wheat kernels from different points of view. Moisture con-
tent distribution within a wheat kernel was predicted from a
finite element diffusion model, and moisture diffusion coefficients
for wheat kernel during isothermal moisture soaking were deter-
mined (Kang and Delwiche, 1999). Kang and Delwiche (2000) de-
scribed the relationship between moisture movement in the
wheat kernel and the shape and composition of the kernel with
an analytical solution of the diffusion equation. Tagawa et al.
(2003) determined the diffusion coefficients of water in wheat ker-
nel at various temperature levels ranging from 10–50 �C. They re-
ported that the water adsorption of wheat kernel occurred in the
second falling rate period.

Artificial neural networks (ANN) is a mathematical tool, which
tries to represent low-level intelligence in natural organisms and
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