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Abstract

This article presents the thin-layer drying of macadamia nuts, which was conducted under
controlled conditions of temperature by using a convective air dryer. The 2,000 g of
macadamia nuts were dried for the temperature of 40, 50, and 60°C, with the air flow
velocity of 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 m s* until its final moisture content reach to 10%
(d.b.). Besides the effects of drying air temperature and velocity, seven different thin-layer
models were fitted to the experimental data of macadamia nuts. The Modified Handerson
and Pabis model were revealed to be the best. The value of R? of the Modified Handerson
and Pabis model was 0.9992-0.9986, indicating good fit and RMSE were also good (0.25-
0.70%). Moisture diffusivities of macadamia nuts have been determined experimentally
and moisture diffusivities were found to increase with the increasing in drying air
temperature.
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Introduction

The macadamia (Macadamia integrifolia) is Wales in Australia (Stephenson and Cull,
native to the coastal rain forest areas of 1986). In Thailand, macadamia was introduced
southern Queensland and northern New South  to grow in upland areas more than 55 years
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ago. Macadamia plantation areas are mainly
located in northern Thailand. A major problem
in production of macadamia is nut loss caused
by mold and germination during processing
and storage. Since freshly harvested
macadamia nuts have a moisture content of
about 33-37% dry basis (d.b.), hot air drying is
typically used to reduce the kernel moisture
content to 1.5% (d.b.) for long-term storage in
ambient environment.

Thin layer drying modeling is always
used in order to understand and estimate the
drying characteristics of agricultural products
(Hossain and Bala, 2002; Barrozo et al., 2004;
Ertckin and Yaldiz, 2004).

For proper understanding of transfer
processes during drying and production of
quality dried macadamia nuts, it is essential to
know the thin-layer drying characteristics and
the quality of the dried products. This study
aims to evaluate thin-layer drying characteristics
and moisture diffusivities of macadamia nuts
obtained from macadamia plantation in Loei
Agricultural Research and Development Loei
Province Thailand.

Materials and Methods

Experimental Setup

The macadamia nuts used in this
experiment come from Loei province in north
eastern Thailand. They had initial moisture
content about 35-37% (d.b.). The average
diameter of the macadamia nuts was 2.0 cm.
The sample was stored in the refrigerator at
temperature of 4°C until the experiments were
carried out. Before the experiments, the
samples were removed from the refrigerator
and allowed to reach room temperature (about
27°C). The macadamia nuts were placed on a
tray in a thin-layer in a laboratory dryer and
dried under controlled conditions of temperature.
The nuts were dried at the temperature of 40,
50, and 60°C with the air speed 0f 0.2, 0.4, 0.6,
0.8,1.0,and 1.2 ms™.

Drying Equipment
A schematic diagram of this laboratory
dryer is shown in Figure 1. It consists of

a blower, heaters, drying chamber, and
instruments for measurement. The airflow rate
was adjusted by the fan speed control. The
heating system consisted of an electric heater
placed inside the duct. The drying chamber
temperature was adjusted by the heater power
control. The homogeneity of air temperature
and air flow was checked by using thermocouples
and a hotwire anemometer. The moisture
content during drying was estimated from the
weight of the product samples and the
estimated dried solid mass of the samples. At
the end of the experimental drying, the exact
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Figure 1. Schematic diagram of the laboratory
dryer
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Table 1. Thin-layer mathematical drying models
Serial no Model equation Name of the model
1 MR = e(=kt) Newton
2 MR = e(-kt™) Page
3 MR = ae(“kt)+(1-a)g(-kta) Two-term exponential
4 MR = ae(-¥D Handerson and Pabis
5 MR = aeC-kt™ Logarithmic
6 MR = ae(=*0 + he(=98) 4 ce(-PD Modifile Handerson and Pabis
7 MR = 1 + at + bt? Wang and Singh

dry solid mass of the product samples was
determined by the oven method (103°C for 24
h, accuracy £0.5%). The macadamia nuts used
in this experiment from Loei Agricultural
Research and Development Loei Province
Thailand is shown in Figure 2.

Mathematical Modeling

Drying curves were fitted to the
experimental data using seven different
moisture ratio equations (Table 1). In these
models, MR represents the dimensionless
moisture ratio expressed as follow.

Where MR is the dimensionless moisture
content ratio; and M, My and M. are the
moisture content at any given time, the initial
moisture content and the equilibrium moisture
content, respectively. The values of M. are
relatively small compared with M; or M¢/Mo
for long drying time. Thus, moisture ratio can
be simplified to MR = M; /M,. The non-linear
least square regression analysis based on
STATISTICA version 13 was used to estimate
the parameters of the models by fitting the
model equations to experimental data. The
coefficient of determination (R?) is one of the
primary criteria in order to evaluate the fit
quality of selected models. In addition to R?
and root mean square error (RMSE) are used
to determine suitability of the fit. For the best
fit, the R? value should be high and RMSE
values should be low. RMSE and R? are
defined as:

Z}i] (MRpre,l'MRexp,i)z

n

RMSE= 1)

1-Residual sum of squares
R? = . )

™ Corrected total of squares

Results and Discussion

Drying Characteristics Of Macadamia Nuts

The changes in moisture contents with
time for different drying air temperatures are
shown in Figure 3. The final moisture content
of samples dried under different conditions
ranged from 4% to 10% (d.b.). The drying rate
is higher for higher air temperature. As a result,
the time taken to reach the final moisture
content is less. Therefore, the drying air
temperature has an important effect on the
drying of macadamia nuts.

The moisture content versus drying time
and the variation of drying rate with moisture
content at various air temperatures indicated
that moisture content decreased exponentially
with drying time. As a result, the time taken to
reach the final moisture content is less, as the
Modified Handerson and Pabis model was
found to be the best. The value of R? of the
Modified Handerson and Pabis model was
0.9992-0.9986, indicating good fit and RMSE
were also good (0.25-0.70%).

Effective Moisture Diffusivity

The effective moisture diffusivity can be
defined from Fick’s second law of diffusion
(Equation 3), which describes the movement
of moisture within the solid.

%:Deﬁvzm

(©)

where Dess is the effective moisture diffusivity
(m? s71) representing the conductive term of all
moisture transfer mechanisms, M is the
moisture content (dry basis), and t is time (s).
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Figure 3. Effect of drying air temperature and velocity on drying time

For the determination of moisture diffusivity,
macadamia nuts were considered as cylinder
geometry. The equation for moisture diffusivity
is expressed by.

MM, = 4 , Dyt
= exp(-(e
M,-M, nZ=:lr2(an)2 PCen)" =)

(4)

where Dess is effective moisture diffusion
coefficient (square meter per second), n is the
number of terms of the Fourier series and r is
the average radius of the macadamia nuts, on

is roots of the Bessel function of zero order,
n=1, 2, 3, ... and t is drying time (Hashemi
et al., 2009; Sadi and Meziane, 2015).

Diffusivities Of Macadamia Nuts

The diffusivities of macadamia nuts were
found to be dependent on temperatures can be
expressed as function of temperature by using
the Arrhenius-type equations as follows:

2525}

ks
D, =5.45x10 %" @ 5)
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The variations of moisture diffusivities of
macadamia nuts as functions of the reciprocal
of absolute drying air temperature is shown
in Figure 4. The value of diffusivities of
macadamia nuts in the range 1.42x107% to
0.83x1071 m2s71 found in this study.
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Figure 4. Variations of moisture diffusivity of
macadamia nuts as a function of the
reciprocal of absolute drying air
temperature (Tab)

Conclusions

Drying time decreased with increasing drying
air temperature to reach a certain level of
moisture content. The highest dehydration
ratio was obtained at a drying air temperature
of 60°C. The Modified Handerson and Pabis
model could be used to explain moisture
transfer in macadamia nuts which gave the
lowest value of RMSE and the highest value of
R2. This model can be used for drying air
temperatures between temperature of 40, 50,
and 60°C, the air speed 0f0.2,0.4,0.6,0.8, 1.0,
and 1.2 m s’ Moisture diffusivities of
macadamia nuts have been determined
experimentally and moisture diffusivities were
found to increase with the increase in drying
air temperature. Moisture diffusivities of
macadamia nuts can be explained using an
Arrhenius-type equation. The value of mean
diffusivities of macadamia nuts in the range
1.42x1071° to 0.83x10%° m? s found in this
study.
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