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Abstract — In this study, the drying behaviour of tarhana consumed in Cankir1 region was investigated with various
drying methods and optimum drying conditions were determined using experimental Taguchi design method. Solar,
conventional oven and microwave oven methods were used for drying purposes. Different temperatures and
microwave powers were used in the ovens and tarhana was also dried under sun light. The effective drying parameters
were examined concerning the tarhana in the thickness and varying drying period. The data obtained were subjected
to variance analysis. Statistical significance was determined in terms of strength, temperature, thickness and time
parameters. Conventional oven drying optimization was found to be more successful with the lower p value than 0.01.
After drying, tarhana was analysed from humidity, ash, protein and colour values. The results were evaluated for the
solar, oven or microwave dried samples.
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Tarhana was known from the ancient time of
Turks that migrated from Asia to Europe and during
the Ottoman empires, it was also eaten in many
countries such as Irag, Persia and neighbouring
countries and also Greece, Hungary and Finland
through the Rumeli route [2,3], One study found that
corn and kephir contributions were made to gluten-

I. INTRODUCTION

Many kinds of drying techniques can be used for
drying foods but sun can be employed from the
sustainability, renewability and cheapness points. It
has some disadvantages for example the mixing of
undesired materials like dust and soil or keeping the
samples in long drying periods due to the seasonal

variations. On the other hand, drying with hot air
has also some undesired effects such as the loss in
food nutrient, the high energy consumption and the
long drying periods. Microwave drying has more
advantageous and common method among them
due to the blocking away of undesired materials
mixing, the quickiest drying periods and the least
energy consumption [1].

sensitive people [4].

Tarhana is usually stocked and consumed under the
sun in Cankir1 region and its constituent may be
varied from the taste of spices [5, 6]. Some
references were also found in the literature as bran,
buckwheat, flour, [7,8].

Various drying techniques may be used for food
drying such as conventional, infrared, osmotic, freze
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and microwave drying[9] were studied the
advantages and disadvantages of solar drying, air
blown, microwave, vacuum and freeze dryings and
offered that the drying methods have ought to been
selected pertaining to the product types[10]. was
stated the advantages of microwave drying from the
point of homogeny heating and investigated the
product properties as chemical composition, sizes,
dryer medium and air speed variances[11]. Studied
the tarhana drying in various mediums like tunnel,
freeze, industrial, microwave and small scale dryers
[12].

Karaaslan and Sar1 et al. were studied the juicy
fruit drying via microwave oven and modelled their
results related to the oven power and temperature.
The increase in the oven temperature and
microwave power has positive effects on the
drying periods of the samples [13-14].

Isik et al. were mixed the residues of tomato paste
with tarhana and investigated the chemical
properties of the product such as total phenolic,
antioxidant activity, peroxide number and p-
anisidin values. Hayta et al and Daglioglu et al. were
studied the tarhana in microwave, industrial
microwave, small scale microwave, hot air ovens
and freeze dryer. They searched the humidity,
colour, protein values, water and oil retention
capacities, foaming capacity, bubbling stability,
viscosity and emulsion capacities and sensitive
characteristics[15-17].

TS was issued a standard concerning Tarhana (TS
2282). Tarhana is a highly nutrient food that is
produced and fermented from wheat flour,
semolina, yoghurt, salt, various vegetables, and
aromatics [18].

MODELLING STUDIES IN THE
LITERATURE
Karaaslan, Sar1 et al. have some papers

concerning the drying of vegetables and fruits via
microwave, hot air and conventional ovens. Midilli
and Kiigiik model was found the best one to
represent the drying behaviour of the samples

among the Newton, Page, Midilli-Kiigiik,
Henderson-Pabis,  logarithmic, =~ Wang-Singh,
logistic, two termed, Vema, two termed

exponential, diffusion, etc.[19, 13].

Taguchi method, the least experiment can give the
best and optimized results. The studies have used
taguchi method for drying the folic acid via spray

dryer in order to transfer folic acid easily [20,21].
EXPERIMENTAL METHOD
Humidity amount of tarhana

The following graph depicts the sun drying results
and the moisture amount decreased to 0.19 values
after passing the few days which is consistent to TS
2282 standard.
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Fig 1a. Humidity versus time graph for an 8 cm tarhana slice
under the sun.

Fig 2b. Depicts the hot air drying at three temperature levels
(75, 100 and 150 °C).

The drying times will be varied related to the less
drying times of samples. As seen from the Figure 1.a.
and Figure 2.b. The long drying periods in the high
oven medium cause the burning of samples.
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Fig 3 Tarhana, 8 mm thick, moisture change graph for
microwave drying.
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The drying periods were decreased by increasing
microwave powers.

The humidity of samples was discharged rapidly
as raising the microwave oven power but the time
period was delayed as decreasing the power of
microwave. As seen from the Figure 3, the humidity
amount has not reached the desired value in the 300
W powers, but other powers have sustained those
standard values.

The effect of thickness of samples on the drying
period is shown in Figure 4. Microwave drying has
given better drying values than air drying. As seen
from Figure 4, the increase in sample thickness is a
positive effect on the drying and time period, but the
drying velocity is decreased related to the moisture
of the samples[12].
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Fig 4 Drying speed chart for Tarhana by oven temperature
and thickness.

As seen from Figure 4 and 5, there are rather drastic
variations from the points of temperature, drying
velocity, drying periods.The increase in the thickness
of the sample, the increase in the sample drying; the
decrease in sample thickness, the decrease in drying
periods. By comparing the two mentioned methods,
microwave drying has given better results than
conventional drying.

0,05
100°C

0,04
¥ )
g 003 8mm
F
_g- 0,02 “~_ ——b6mm
= .
s ~ —+—4 mm
% 001 | m —— .
oo o . =2 mm
Bz
g% 00
30 60 90 120 150
Drying time (min)
1,4
12 600W
1,0

g 0,8 8mm

]

& 06 ——6mm
e 0,4 —4—4 mm
g
w5 0,2 #—2mm
g5 00
& 1 2 3 4 5 6

Drying time (min)
14
12 300W
1.0

o

E 0,8 Bmm

506 ey — G mm
o 5 Hu_‘,
i':tgj 0,4 [y R S, —t—d4 mm
on g 0,2 m—2mm
HE 00
5 o 1 3 5 7 9 11 13

Drying time ( min)

Fig 5 Drying speed graph for microwave power and
thickness for Tarhana.

The humidity variations are given in Table 1 and 2
as separable (volatile) humidity ratios that is
determined from Taguchi modelled experiments.
The variance analyses of experimental results
obtained from the conventional oven have given
sensible values in all effective factors such as
temperature, thickness, time) lower than 0.05 p value
(p<0.05). This shows the important effects on the
tarhana drying. The data obtained in oven drying
have given 95% confidence limit (p=0.0005). The
effective parameters were in the range of temp
(0.010), thickness (0.018) and time period (0.006).
The regression equation was given in Eq 1. The
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variance analyses of p values of the drying
experiments obtained in microwave oven were
lower than 0.05 for all factors such as power,
thickness and time. The modelling of microwave
drying was found in 95% confidence limit (p=0.10).
The effective parameters were power (p=0.032),
thickness (p=0.028) and time (p=0.008). The
regression equation is seen in Eq 2. Both drying
methods have shown that the time period to be more
effective than the others. Taguchi modelling was
given R=0.908 and R=0.8789 wvalues for
conventional and microwave ovens, respectively
and conventional one was given much more
effective results. Table 1 and 2 were given the
relationship among the temperature (°C), thickness
(mm), time and volatile humidity values.

Table 1 The taguchi modelling of tarhana obtained in oven
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Table 2 The taguchi modelling data of tarhana drying
obtained in microwave oven

Oven drying
Experment Temperature  Thickness Time (min) Resolvable
al no (49 (mm) humidity
1 150 6 150 0.01
2 150 < 90 0,02
3 150 2 30 0,06
4 100 6 90 0,33
5 100 4 30 0,59
6 100 2 150 0,04
7 75 6 30 0,76
8 75 < 150 0,18
9 75 2 90 0,11

Main Effects Plot for Means
Data Means
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Microwave drying
Thickness

Expermental Power Resolvable

1o (Watt) Gy melEn) e
1 600 6 9 0.00
2 600 4 6 0.00
3 600 2 3 0.09
4 450 6 6 0.26
5 450 4 3 0.41
6 450 2 9 0.01
7 300 6 3 0.82
8 300 4 9 0,05
9 300 2 6 0.09

Detachable humidity = 0,718 - 0,003278 t + 0, 0742 m
-0,00449 T (1)
Detachable humidity = 0,747 - 0,000964 W + 0,0748

m-0,0702 t 2)

The least ANO values were related to the low value
of sample thickness and high values of temperature-
power and time were not selected due to the burning
of the samples in Table 2. The high ANO values were
also not selected due to the weak drying condition.

So, the nominal value line is given an idea of the
drying process, upper line shows the low drying
medium and lower line shows the burning of sample
due to the high drying one. The data of tarhana close
to the nominal line were given 100 °C, 4 mm plus 90
min and 450 W, 4 mm plus 6 min for conventional
and microwave ovens, respectively. The physical
and chemical properties of the dried products were
given in Table 1 in those mentioned optimum
conditions.

Physical and chemical analysis results
Table 3 Chemical analysis results for Tarhana
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Tarhana
Colors
L a b

Humidity %  Ash % Protein %

* 138120225 70,96=0,603* 7,.99+0,076° 32,19=0,226*

* 13,4620230* 58,47=1,027° 10,7120,161° 31,670,538

* 13,5120,199* 39,7620,517c 12,30=0,219* 23,70=0,592°

The humidity value must be about 10% according
to TS 2282. The humidity values were 9.45 %,
10.17 % and 4.75 % for sun, oven and microwave
dryings, respectively. Microwave drying was given
the worst result among them. The humidity results
calculated from Eq 1 and 2 in the optimum
conditions were given close results with the
humidity values of the samples.

The ash amount is calculated as the dissolved ash
in HCl according to TS 2282. Those results were not
compared but Cagindi et al were stated the ash
values between 1.14% - 7.93 % values. In this study,
the highest and least ash amounts were found in
microwave and oven dryers as 2.37% and 2.31%
respectively[18]. They were defined the ash values
as an unimportant factor with higher than 0.05 p
(p>0.05) value depending upon the drying process.

The protein level must be less than 12 %
according to TS 2282. The protein results were
almost in the same range for all dried samples. The
protein content was found as 13.81 % and 13.46%
for sun drying as the highest and oven drying as the
lowest ones, respectively. The statistical values
were rather unimportant in the level of higher than
0.05 p value (p> 0.05) [18].

The samples were compared from the colour
image points. L, a, b values were found as 70, 96, 7,
99, 12, 19 and 39.76, 12, 30, 23, 70 for sun drying
(the lightest) and microwave drying (the darkest),
respectively[11]. a found the L and b values as
75.3-33.4 and 83.8-24.3 for microwave and tunnel
dryings, respectively. The similar results could not
have been obtained from the variations in tomatoes
and red pepper contents due to the low L and high
values, respectively. Our products were given more
reddish colour due to the low L and b values and
high a values. The less similarity of colour was
obtained from the sun-dried products. This may be
originated from the colour oxidation of the
tomatoes. The colour images of microwave drying
were given darker than the other methods, but the
lower humidity content may be explained as
keeping them in the microwave medium much. The
colour value variations have more important factor
on the drying periods due to the lower than 0.01p
(p<0.01).

Techniques

Tarhana was prepared from flour tarhana, goce
tarhana and/or full wheat flour in Cankir1 as
explained in Turkish standard (TS 2282) [18]. The
parsley was the plant that was chosen for production
of Tarhana in Cankir1 area. The common tarhana
recipient was given below: 3 kg tomatoes, 1 kg of
onion, 1 kg sour apple, 1.5 kg red pepper, 3 bunch of
parsley, 3 bunches of mint, 3 kg of yoghurt and 20 g
fine Cankiri1 salt rock. All the ingredients were mixed
in home type mixer. The mixture was kept at 25-30
°C during 3 days for fermenting the sample. The
mixture was stirred every day, after the third day, 7
kg wheat tarhana and a bunch tarhana plant were also
added to that mixture.

The mixture cake was kept at 30-35 °C temperature
during 5 days and was stirred for 5 min every day.
After the fifth day, the tarhana were kept in a
refrigerator for keeping its freshness [12].

Drying methods

The experiments being done in the sun were done
in the June month at 19 °C temperature [23]. The
microwaves drying were managed in Samsung
IMJ23F301 brand microwave at five different
powers such as 300, 450, 600, 700 and 800 W. The
conventional type drying experiments were managed
in BEKO BSUF 5000 brand M6 JJ conventional
oven at 75, 100 and 150 °C temperatures with a
digital temperature measuring thermometer.

The tarhana samples of having 10x10 cm areas
with an 8 thickness were kept in conventional oven
at the predetermined temperatures such as 75, 100
and 150 °C and the loss (%) were observed. The
tarhana samples of having 2 mm, 4 mm, 5 mm and 8
mm thicknesses were kept at 75 and 100 °C
temperatures. The experiments performed at 150 °C
temperatures were not given well results due to the
burning of the samples and this temperature was not
selected as an experimental effect from this point of
view. The samples having 10x10 cm areas and 8 cm
thickness were kept in microwave oven at
predetermined power levels such as 300 W, 450 W,
600 W, 700 W and 800 W with a 1 min interval [21].
The graphs of time versus humidity loss were
prepared [19]. The tarhana samples of having 2, 4, 6
and 8 cm thickness were dried at three different
power levels such as 300 W, 450 W and 600 W
pOWers.

Physical and chemical analyses
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The characteristic physical and chemical
properties of tarhana such as humidity loss, protein
amount and ash and colour values were evaluated.
At the beginning, the samples were kept in a
autoclave at 105 °C during 24 hours and the
humidity losses of dried samples were measured at
105 °C via Sartorius humidity analyser brand MA
150. The protein amount of tarhana samples were
calculated by Kjehdahl method of TS 2282. The
nitrogen amount was multiplied with 6.25 factors
for determining total protein. [19]. The ash amount
of all dried samples was measured at 900 °C after 4
hours later in Simsek technique ash oven brand
KF908. The general colour values of (L, a, b) were
turned into numerical values for Tarhana samples
by using Hunter colour scale. L value ranges
between 0-100 numbers. 0 and 100 mean the totally
lightness and opaqueness (black), respectively. A
and b can be ranged between negative and positive
values. The negative values are shown greenish
colour whereas positive values reddish colour. The
negative and positive values of b depict bluish and
yellowish colours.

Statistical Analysis

Statistical analysis and taguchi modelling were
managed by Minitab170 statistical programme. The
data related to the samples were evaluated with
variance analysis. The middle values of the variance
analysis were explained by Tukey test in 95%
confidence limit.

RESULTS AND DISCUSSIONS

In this study, tarhana drying was performed in
conventional oven at 75, 100 and 150 °C
temperatures, microwave oven of 300, 450, 600,
750 and 800 W and under the sun effect.

The more tarhana thickness increase, the less
drying rate of tarhana lying in the sun. The similar
results were found in conventional and microwave
ovens. The drying rates were found less in
conventional oven than microwave one. The
variance analysis of dry drying experiments
performed in conventional and microwave ovens
have given rather important values in the range
lower than 0.05 p (p<0.05) for all the factors such
as temperature-power, thickness, time.

The optimum conditions of tarhana were
determined for conventional and microwave drying
via Taguchi modelling. Those conditions were 100
°C, 4 mm, 90 min and 450 W, 4 mm and 6 mm for
conventional and microwave dryings, respectively.

Ash and protein values were given the similar

results for all the methods applied. The samples were
compared from the colour point. The sun drying has
given the lightest color whereas microwave drying
darkest. The results were explained with statistical
way. The ash and protein contents of tarhana were
given unimportant values with higher than 0.95 p (p>
0.95), but the humidity content and colour values
unimportant lower than 0.01 p value (p< 0.01). That
means that the drying method has not affected on the
ash and protein amount but on the colour and
humidity amount of the samples.

The humidity values of tarhana samples calculated
from Eq 1 and Eq 2 have given similar results to the
experimental samples. The minor difference in linear
regression may be originated from linear regression.

The L, a and b values of tarhana samples were
found as the lightness (70.96-7.94-32.19) and the
darkest (39.76-12.30-23.70) for sun and microwave
dryings, respectively. Hayta et al [11] was found L
and b values of tarhana as (75.3-33.4) and (83.8-
24.2) for microwave and tunnel drying, respectively.
The similar results could not have been reached due
to the various ingredients of tomato and red pepper
contents of Cankir1 tarhana. Our samples were given
low L and b values but high a values. Cagind: et al
[17] was determined the L, a and b values as (54.61-
0.14-1.43) and (88.75-28.10-52.18) for the lowest
and highest values, respectively. Our dried samples
under the sun were given the similar colour oxidation
of tomatoes. Those colour values for microwave
drying was given darker value due to keeping them
in more drying medium. The statistical investigation
of colour can be affected depending upon the drying
methods as lower p value than 0.01(p<0.01).

CONCLUSION

As a summary, when comparing the sun,
conventional and microwave dryings, the microwave
drying was given the quickest drying but the sun the
slowest one. The more increase in sample thickness
is direct proportional to the drying period and drying
rate. The drying rates of microwave are more
important than the conventional drying.

The effect of drying methods of tarhana samples
was compared from physical and chemical ways.
The ash and protein contents of tarhana were found
unimportantly higher than 0.05 (p>0.05) but colour
and humidity values were affected from the medium
seriously with lower than 0.01 p values (p<0.01).

Optimum conditions are rather important in
selecting the temp, sample thickness and drying rates
of the samples. The correct time and energy values
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for sample drying are directly related to the
optimum temperature and sample thickness. The
temp-power, time and thickness relationships of
tarhana were compared with the data obtained in
conventional and microwave ovens and the results
were explained via  Taguchi  modelling.
Conventional oven drying is more important than
microwave with lower than 0.01 and higher than
0.05 p values, respectively. The experimental trials
were found as 9 experiments from Taguchi
modelling and the correlation equation among
temperature-time and thickness were given, too.
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