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An Experimental Study on Drying of Pistacia Terebinthus
in a Fixed Bed Dryer

A. Balbay1, H. Ülker2 and Ö. Şahin3

Abstract: In this study, drying behaviours of the outer shell peeled Bittim (Pista-
cia terebinthus) with initial moisture content of 42.2% (dry basis (d.b)) was investi-
gated in a novel fixed bed drying system. The drying experiments were performed
at different temperatures (40 ˚C, 60 ˚C and 80 oC), air velocities (0.5 m/s and 1
m/s) and weights (30 g and 40 g). A constant rate period was not observed in the
drying of bittims; all the drying process occurred in falling rate period. Three mod-
els in literature were selected to fit the experimental data. The fit quality of models
was evaluated using the coefficient of determination (R2), sum square error (SSE)
and root mean square error (RMSE). Balbay and Sahin model has a good agree-
ment with the experimental data and gave the best results for bittims in a fixed bed
system.
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Nomenclature

DR Drying rate, g water / g dry matter min.
MR moisture ratio(-)
MRei ith experimental moisture ratio(-)
Mt moisture content at time t, g water / g dry matter
M0 initial moisture content, g water / g dry matter
Me equilibrium moisture content, g water / g dry matter
MRpi ith predicted moisture ratio
Mt+dt Moisture content at t+dt, g water/g dry matter
N number of observations
RMSE root mean square error
SSE sum square error
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R2 coefficient of determination

1 Introduction

Bittim (Pistacia terebinthus) plant is known as terebinth and turpentine tree, which
is a species of Pistacia. It is grown in the western regions of Morocco, Portugal
and the Canary Islands and also in south, southeast Anatolian and Mediterranean
regions of Turkey. The nut looks like a small, globular (or spherical) drupe 5-12
mm long, red to black when it is ripe. All parts of the plant have a strong resinous
smell. The tree of bittim is growing approximately 10-11 m tall. Bittim nuts are
used as snack nut, pastry inner material, coffee material and soap material made
from its oil in Siirt, Turkey [Balbay (2012)].

Drying is a preservation method simply by depriving the water in foods. The water
spoils the food by the help of microorganisms and enzymes. Therefore, it is impor-
tant to reduce water activity in terms of improving long shelf life (flavor, texture,
color of food etc.). The applied energy for drying is important by means of energy
costs and quality products [Balbay et al. (2011);Syahrul et al. (2002)]. In order to
provide the heat of vaporization of moisture and remove it from the food surface,
adequate forced air is required [Kashaninejad and Tabil (2009)]. If the initial tem-
perature is too low, the drying food may spoil before it dries. If the temperature is
too high, the food surface may harden so that the interior dries much more slowly.

The objectives of this research were: (1) to determine drying conditions of Bittims
with respect to different air temperatures and velocities; (2) to determine drying be-
haviors of fixed bed drying system; and (3) to compare experimental measurements
with the different mathematical models available in the literature.

2 Experimental Set-up

The experimental set-up was designed and fabricated in the laboratory in order to
dry some fruits and vegetables. A three dimensional solid drawing of this drying
system is shown in Fig. 1. It consists of an air compressor, a steel frame, two air
filters, a flow meter, a thermometer & hygrometer, an electrical heater, a thermome-
ter, an insulated pipe, a drying cap, a glass tube, a digital scale, a heater controller,
and a notebook.

Air supplied from the compressor after filtered by inlet and outlet filters with re-
spectively was heated by electrical heater and fed to the drying cap. The tempera-
ture of the heating medium was controlled by using a PID process controller having
an accuracy of ±0.5 ˚C connected to the electrical heater. Air velocity was mea-
sured by using a calibrated flow meter. In order to keep the temperature constant,
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Figure 1: The schematic view of experimental set-up

the glass tube was insulated by rock wool.

Before performing the drying experiment, the initial moisture content of bittims
were determined by oven drying at a temperature of 130 ˚C for 6 h with respect
to standard method ASAE [ASAE (2005)]. To determine equilibrium moisture
content, the weight of 100 g of natural outer shell peeled bittims was put down in
the high-temperature oven at 130 ˚C and continued until no further changes in their
mass were observed. Therefore, the initial moisture content of bittims was obtained
as 42.2 %(d.b).

Bittim nuts used in the experiments were harvested in October in Siirt province,
Turkey. The appearance of bittim nuts are presented as harvested, unpeeled and
peeled in Fig. 2. Nuts were classified with respect to ripeness and separated from
outer shell. After this process, they were washed in order to obtain a clean surface
and left on clean surface about 20 minutes. The experiments were performed at
different air temperatures (40, 60 and 80 oC), air velocities (0.5 and 1 m/s) and
weights (30 and 40 g). Generally, a 30 g weight of samples was used in each ex-
periment. The thickness of the samples (30 g) was about 0.03 m in the drying cap.
Before starting each run the data acquisition system was switched on and air tem-
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peratures were then set to the experimental desired temperature value. The weight
of bittims was measured by a digital balance and recorded at 5 minutes interval for
all temperature range selected for the study. Moreover, ambient temperature, air
relative humidity, air velocities, and inlet-outlet temperature of inside the drying
chamber were recorded during the experiments. Drying tests were replicated two
times at each inlet air temperature and average values were reported.

    

a)                                          b) 
 

     
c)                                           d) 

 

Figure 2: The appearance of bittim a) Harvested; b) Natural outer shell unpeeled;
c) Peeled; d) Dried
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3 Analysis of Drying Behaviours

Moisture ratio (MR) is usually calculated using the following Eq.1. However,
MR was simplified to Mt /M0 since Me is relatively small compared to Mt and M0
[Midilli and Kucuk (2003)].

MR =
Mt −Me

M0 −Me
(1)

The variations of MR as a function of drying time at temperatures of 40, 60 and
80 oC are shown in Fig.3. High temperature drying accelerates moisture removal
compared to low temperature drying. The drying air temperatures have a significant
effect on the drying behaviors of bittims.

 
Figure 3: Variation of moisture ratio with drying time at different temperatures

The velocity of drying air does not have effect on the increase of MR as much as
temperature. Since, the capacity of air to remove moisture principally depends on
its operating temperature. The temperature of drying air affects the drying time of
bittims much more than air velocity. Increasing the temperature gradually increases
the MR of bittims for the same period of drying time and decreases the total drying
time since heat transfer is increased.

The drying rates of bittims were calculated by the following equation:

DR =
Mt+dt −Mt

dt
(2)

Fig. 4 presents drying rate versus drying time of bittims at the different temper-
atures. As can be seen in figure, during the period of decreasing drying rate, the
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Figure 4: Variation of drying rate with drying time at different temperatures

effect of moisture content continuously decreases. DR of bittims increases with the
increase in air temperature.

The effect of weight of 30 g and 40 g bittims at temperature of 60 oC and constant
air velocity of 0.5 m/s is presented in Fig. 5. The weight of 30 g bittims requires
shorter processing time than the weight of 40 g.

4 Mathematical Modeling of Drying Curves

The analysis for non-linear regression was performed by using MATLAB (version
2009a). In order to select a suitable drying curve, each model given in Tab. 1
was fitted to the experimental MR data. The values of R2, SSE and RMSE were
considered to select the best model.

R2 is one of the primary criterions to select the fit quality of these models [Midilli
and Kucuk (2003)], which has a range from 0 to 1. In addition to R2, RMSE are

Table 1: Mathematical models applied to drying curves in this work

No Model Name Model References
1 Page MR = exp(−ktn) [Page (1949)]
2 Wang and Singh MR = 1+ at+bt2 [Wang and Singh (1978)]
3 Balbay and Şahin MR = (1 - a)exp( - ktn)+b [Balbay and Şahin (2012)]
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Figure 5: Variation of moisture ratio with drying time at different weights

used to determine the quality of the fit too [Meziane (2011); Togrul and Pehlivan
(2003)]. The RMSE and SSE can be calculated as follows.

RMSE =

[
1
N

N

∑
i=1

(MRei −MRpi)2

]1 / 2

(3)

SSE =
1
N

N

∑
i=1

(MRei −MRpi)2 (4)

where, MRei is the ith experimental MR. MRpi is the ith predicted MR, N is the
number of observations and z is the number of constants in the model. The higher
R2 and the lower RMSE values, the better are goodness of fit [Doymaz (2008);Hii
et al. (2009);Akpinar and Bicer (2008)].

The data of MR obtained from the drying experiments were analyzed using MAT-
LAB software to the 3 mathematical models listed in Tab. 1. The models were
fitted to observed data, and compassion was performed using goodness-of statisti-
cal parameters. The values of R2, SSE and RMSE were determined by non-linear
regression analysis for different air temperatures (40 ˚C, 60 ˚C and 80 ˚C). The
calculated values were presented in Tab. 2. Balbay and Sahin model has a good
agreement with the experimental data and gave the best results for bittim. The R2,
SSE and RMSE values range from 0.9994 to 0.9996, 0.00001995 to 0.000725 and
0.003531 to 0.006731, respectively. Fig. 6 shows the graph of variation of experi-
mental and predicted moisture ratio by Balbay and Sahin model with drying time at
different temperatures and air velocity of 0.5 m/s. As can be seen in Fig. 6, Balbay
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and Sahin model have a good agreement with the experimental data for different
temperatures.

 
Figure 6: Variation of experimental and predicted moisture ratio with drying time
by Balbay and Sahin model at different temperatures and 0.5 m/s air flow rate

5 Conclusion

Drying behaviours of bittim with initial moisture content of 42.2% (d.b) was inves-
tigated as a function of drying conditions in a newly designed drying system. The
drying experiments in designed system were carried out at different temperatures
of drying air (40, 60 and 80 oC) and air velocities(0.5, and 1 m/s). A constant
rate period was not observed in the drying of bittims, all the drying rate process
was seen to occur in falling drying rate period. In order to select a suitable drying
curve, three models were fitted to the experimental MR data. Balbay and Sahin
model showed a good agreement with the experimental data. The R2, SSE and
RMSE values range from 0.9994 to 0.9996, 0.00001995 to 0.000725 and 0.003531
to 0.006731, respectively.
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