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ABSTRACT

This study was undertaken to determine the thin layer dehydration characteristics of Taro (Colocasia esculenta)
slices in a convective cabinet dryer. The dehydration characteristics of the untreated taro slices were examined at air
temperatures of 50, 60 and 70°C, sample thickness of 4 and 8 mm and at air velocity of 1.2 m/s. The effects of air
temperature and sample thickness on the dehydration characteristics were determined. The experimental data
obtained were fitted to eight thin layer dehydration models which are Newton, Page, Modified page, Henderson and
Pabis, Logarithmic, Two terms, Wang and Singh, and the Two term exponential models. The regression was done
using Sigma plots 10 statistical software. The accuracies of the models were measured using four statistics namely the
coefficient of determination (R2), Reduced Chi-square (x2), Root mean square error (RMSE), and the Mean bias
error (MBE). All the drying models used, except the Modified Page's model, were able to describe the dehydration

characteristics of taro slices. However, the Logarithmic model proved to be the most précised for the description of

the dehydration of the taro slices in a convective cabinet dryer.

1. Introduction

Taro is known as a crop of tropical and sub-tropical climates
and grown mainly for its corms. It is an important staple food
cultivated in the south-eastern and south-western parts of Nigeria.

Cocoyam as a tuber crop contains a high percentage of their
fresh weight as water, accordingly they exhibit relatively high
metabolic activity compared to other plant derived foods such as seeds.
This metabolic activity continues after harvest thus making the crop
highly perishable. Drying is one of the simplest methods used to
improve the shelf life of agricultural products, by reducing their
moisture content to a level that will make the micro-organism inactive.
Traditionally, agricultural products are dried in the open air and
exposed to sunlight which usually takes several days. This is a common
practice yet with several draw backs: it is time consuming, prone to
contamination with dust, soil, sand particles and insects and being
weather dependent. Therefore using hot-air drying, which is more
rapid providing uniformity and hygiene and is viable for industrial
food drying process (Doymaz and Pala, 2002)

Drying is the oldest and a classical method of food preservation
and it is a difficult processing operation mainly due to undesirable

change in the qualities of drying product (Maskan, 2000).
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The basic objective of drying agricultural product is the
removal of water in the solid up to certain level at which microbial
spoilage and deterioration chemical reaction are greatly minimized
(Krokida and Marinos- Kouris, 2003)

The reduction in mass and volume improved the efficiency
of packaging. In thin layer drying of agricultural materials the entire
product is exposed to the drying air that flows through the product to
a depth of up 20 cm (Oyerinde et al., 2006). It normally forms the
basis of understanding the drying process since every material is
unique. These studies are fundamental to developing mathematical
and computer simulation models on for the drying of taro. The
objective of this study is to determine the thin layer dehydration
characteristics of taro (Colocasia esculenta) slices in a convective
cabinetdryer.

2. Materials and Method

The taro corms were purchased from a local market in Akure,
Ondo State, Nigeria. They were stored at an ambient temperature of
22 to 250C in an open shade until dehydration processing
commenced. Prior to the commencement of each experimental run,
the purchased cocoyam corms were washed to get rid of dirts and
debris using tap water. It was further hand peeled using a clean
stainless kitchen knife and then was cut into the required thickness of
either 4 mm or 6 mm using a metered board and a fixed knife so as
to minimize error. The taro corms in sliced-form was then weighed
using a weighing balance and then placed on the stainless mesh

basket (drying basket) of the hot air cabinet dryer.
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A locally fabricated hot air cabinet drier was used for the
drying experiment. The dryer was constructed from steel sheet as a
rectangular dryer of 1 m length, 0.9 m width and 1 m height. The dryer
is operated by electric current of 220 volts for hot air drying with a
motor power of 0.75 kW. The cabinet drier is made up of three
compartments namely: the drying chamber, the plenum chamber and
the heating chamber and a centrifugal fan attached to it. An electrical
control unit consisting of switches is attached to the external part of the
dryer using a wood and angle iron arrangement. The heating chamber
has heating element of power rating 3 kW. The drying chamber which
i 50 cm by 100 cm by 89 cm in dimension is separated from the drying
chamber by a perforated iron sheet which entirely forms the base for
the drying chamber. The sample baskets (four in number) are
suspended in the drying chamber and are made of stainless steel with
the dimensions: 30 cm by 30 cm by 6 cm. The fan is a centrifugal type
that is operated by an electric motor of capacity 0.75 kW and a
maximum speed of 1400 rev/min. The blades of the fan are such that it
sucks fresh air from the surrounding and blows it across the drying
element located just above it. The speed of the fan is regulated with an
electric voltage regulator
When the heater is switched on and the temperature controller preset
to the desired temperature, the blower which has already been
switched on will blow air at a pre-determined rate into the heating
chamber through the air duct. This air serves as a medium through
which the heat reaches the drying chamber. The exhaust escapes
through the vent at the top of the dryer.

2.1 Moisture Content Determination
The moisture content of the cocoyam corms was determined using the
vacuum oven method at 70°C for 24 hours (AOAC, 1990). This
experiment was done in triplicates. The average of the three replicates
were taken and used as the initial moisture content of the Cocoyam.
The moisture content of the cocoyam sample was expressed as:
M=(W, -W,)/ W,
1
on dry basis and ;
M, =(W,-W,) /W, 2

on wet basis.
where:

M, = moisture content of the sample,

W = Initial weight of the sample (g),

W,, = final weight of the sample (g)

In each drying run of the experiments 25 g of sliced cocoyam
was used. At the start of the experiment, the dryer was run idle for
about half an hour to reach thermal stability. After which the prepared
samples of cocoyam which were uniformly spread within the basket as
a single layer was suspended in the drying chamber of the dryer. The
drying experiments were carried out at a constant air velocity of 1.2
m/s, air temperature used were 50, 60 and 70°C. These conditions are
normally used for air drying of biological materials (Goyal et al.,
2007; Nguyen and Price, 2007). The thicknesses used were 4 mm and

8 mm. The sample mass was recorded at 30 minutes intervals using a

in mass was recorded for about 1 hour 30 minutes (Sacilic and
Unal,2005).

2.2 Modeling of the drying characteristics
Moisture ratio was determined in order to compare each set of

data. Therefore the dehydration data was converted to moisture ratio
using equation 3:

MR=M~M,)/(M,—M,) 3
which has been used and simplified by many researchers (Togrul and
Pehlivan, 2004) to equation4:

MR=M/M, 4
where

MR =moisture ratio,

M,=moisture content at any time, t,

Mo =1initial moisture content.

Me = equilibrium moisture content.

2.3 Modeling of Drying Process

In order to predict the drying behavior of cocoyam under
different drying conditions, it is necessary to model its drying
process. Mass transfer during this period is caused by liquid
diffusion or capillary flow. The former is commonly used to describe
drying behavior in the falling rate period of fruits and vegetables.
The rate of diffusion is governed by moisture concentration gradient
as the driving force. Many researchers have adopted empirical and
semi empirical thin layer drying models for simplicity and accuracy.
The simple type of drying models assumes that rate of exchange in
moisture content is proportional to the difference between moisture
content and equilibrium moisture content (EMC) of the material.
Eight thin layer drying models were adapted to this work (Table 1).
The experimental values for moisture content were converted to
moisture ratio (MR) using equation 4 (Togrul and Pehlivan, 2004).
The MR were fitted to the thin layer drying models (Table 1). The
correlation coefficient (R*) was the primary criterion for selecting the
best model to describe the drying characteristics. In addition to R2,
the reduced chi square ()’) the mean bias error (MBE) and the root
mean square error (RMSE) were used as the evaluation statistics.

The statistics were calculated as:

"~ (MR, - MR, ;) T" (MR, — MR..,;)

R =

5
J ?:I(MR,- e MRP;-E‘[')JZ;I:I(MRJ— - MRexp,i)
2 _ ?:1(MRexp.i - MRpre,!)z
- N-n 6
= 211/2
RMSE = [1/NZ‘_=1(MR",,,.- - MR,,.;) ] ,

Where MR,

exp*i

is the experimentally observed moisture ratio, MR,
the ith predicted moisture ratio, N the number of observation and n
the number of constants. (Kingsley et al., (2007)

The experimental dehydration data of cocoyam slices obtained were

fitted to the eight thin layer drying models. In order to select the best
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model the values for the MBE, 42 and RMSE were used as the criteria.
The Non-linear regression analysis was carried out using Sigma plots
10.0.

24 Validation of the established model
The established model was validated by plotting the moisture
ratio against time for the experimented and the predicted values of the

establish model for a particular experimental run.

3. Results and Discussion
3.1 Moisture content of cocoyam

The initial moisture content was found out to be 70 % (wet
basis). This value agreed well with reports from the literature about

untreated roots and tubers crops ( Oyerinde et al., 2006).

3.2 Effects of temperature on the drying characteristics

Taro slices were dried at 10°C intervals from 50°C to 70°C to
investigate the influence of temperature on their drying characteristics.
Higher temperature produced a higher drying rate and consequently the
drying time is reduced as evident on Figures 1a and 1b. Total drying
time was reduced with increasing temperature. This is due to the
increase of heat transfer between the air and the cocoyam slices and
acceleration of water migration inside them. The results were similar to
the earlier observations on the drying of garlic slices (Madamba et al.,
1996) and on onion slices (Sarsavadiaetal., 1999).

At constant temperature, a decreasing moisture ratio with
increasing drying time was observed and also the drying rate decreased
continuously with the decrease in moisture ratio and increase in drying
time as shown in Figure 2. All other experimental runs showed similar
trend. It further shows that most of the drying of taro in thin slices took
place in the falling rate period. This means that internal resistance
governed the mass transfer. The drying rate of cocoyam slices
decreased with increase in temperature. This has been observed by
earlier researchers (Ertekin and Yaldiz, 2004).

3.3 Effectof slice thickness on the drying characteristics

During most drying runs, as shown in Figures 3 a, b and ¢, 4 mm had
the shorter drying time. This was not surprising because the diffusion
model assumed that diffusion takes place in only one direction from
inside to the surface of the slabs. Side way diffusion was negligible.
This observation is in agreement with Falade et al. (2007) for yam

slices and Nguyen and Price (2007) for banana slabs.

3.4 Evaluation of the models

The best model describing the thin layer dehydration characteristics of
taro slices was chosen from Table 1 with R2 above 0.9 and the lowest of
the values of RMSE, MBE and y’. Generally all the models used for this
study can model the drying characteristics of taro slices because their
R2 are all in acceptable range except for Modified Page model whose
R’ was more often than not so low. Considering other statistics used
(RMSE, MBE and y’), Logarithmic model predicted the drying
behavior of Taro (Colocasia esculenta) with ¥’ range of 0.000119582 to
0.101106064, MBE within the range of -3.30E-08 to 0.120999 and
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RMSE of the range 0.010588 to 0.304435. Table 2 shows the
performances of the models on each treatment and the values of their
coefficients and constants. Olurin et al (2012) got similar result for

the drying of blanched field pumpkin (Cucurbita pepo L) slices.

3.5 Validation of the established model

Validation of the established model was made by comparing the
observed moisture ratio to the moisture ratio predicted by the
established model ( Logarithmic model) in any particular run as seen
on Figure 4. A good fit can be graphically observed. Ertekin and
Yaldiz (2004), Goyal et al. (2007) and Kingsly et al. (2007) obtained
similar results in the drying of egg plant, plum and organically

produced tomato respectively.

4. Conclusions

This study show that the drying of taro slices in a convective
cabinet dryer can be accurately predicted using the Newton, Page
,Henderson and Pabis, logarithmic, Wang &Singh, two term, two
term exponential models. Logarithmic model prove to be the model
with the best prediction for drying of taro slices in a convective
cabinet dryer. The modified page model proved to be the worst model
as the coefficient of determination (R’) was always zero. In other
word, it is not applicable to the drying of taro slices in thin layers in a
convective cabinet dryer. The drying of taro took place in the falling
rate period. Sideway diffusion was negligible as 4 mm dry faster than

8mm in all the experimental runs.
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Tablel: Some selected thin layer drying models.
Model Name Reference
MR= exp(-kt) Newton Liu andBakker Arkema(1997)
MR=exp(-kt") Page Zhang and Litchfield (1991)
MR=a exp(-(kt)") Modified Page Overhults et al;(1973)
MR=a exp (-kt) Handerson and Pabis Kingsley et al.,(2007)
MR=a exp(-kt)+c Logarithmic Yaldiz et al;(2001)
MR=a exp(-kot)+b exp(-k;t) Two term Rahman et al.,(1998)
MR=I+at+bt? Wangh and Sing Wang and Singh (1978)
MR=a exp (-kt)+H(1-a)exp(-kat) Two term exponential Sharaf-Eldeen et al.,(1980)
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