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Abstract

CAGINDIL O., Z. AKSOYLU, N. Y. SAVLAK and E. KOSE, 2016. Comparison of physicochemical and functional
properties of domestic and commercial tarhana in Turkey. Bulg. J. Agric. Sci., 22: 324-330

Tarhana, cereal-based fermented product, is made domestically or commercially with different ingredients and recipes.
Nutritional properties depend on ingredients and their ratios in recipe. In this research, some quality properties of 22 domestic
and 14 commercial samples collected from 25 different locations of Turkey were analysed. Moisture, ash, salt, protein, crude
fat, acidity degree, pH, a_ viscosity, L* (lightness), a* (redness), b* (yellowness) values, total antioxidant activity (AOA) and
total phenolic content of domestic and commercial samples were determined and compared. Domestic samples had higher fat
content and varied in salt content, while commercial samples had more uniform physicochemical properties.
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Introduction

Tarhana is a traditional Turkish cereal based fermented food
product that is produced domestically or commercially in Tur-
key (Daglioglu, 2000). There are fermented products similar to
tarhana such as kishk in Syria, Jordan and Egypt (Yousse, 1990),
kushuk in Iraq (Alnouri and Duitschaever, 1974), tahonya/
talkuna in Hungary and Finland (Hafez and Hamada, 1984),
trahana in Greece and atole in Scotland (Tamime et al., 2000).

It is prepared by mixing wheat flour, yoghurt, bakers’
yeast (Saccharomyces cerevisiae), tomato, onion, paprika,
salt, spices and herbs (tarhana herb, mint, thyme) into dough,
followed by fermentation at 30-35°C for 1-5 days, drying
and grinding (Temiz and Pirkul, 1990; Temiz and Pirkul,
1991; Ibanoglu et al., 1995). Domestic tarhana production
constitutes the major part of total tarhana production in Tur-
key and is not recorded. Since there is no optimization in
tarhana production, ingredients and recipes for tarhana have
some differences from region to region.

Due to its nutritious content, tarhana is good source of B
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vitamins, minerals, organic acids and free amino acids. It is
healthy for children, adults and patients (Daglioglu, 2000).
Moreover, it has low moisture (6—9%) and low pH (3.8—4.4)
which make it a poor medium for pathogens and spoilage
microorganisms. It can be stored for 2—3 years without dete-
rioration (Salama et al., 1992).

Studies on tarhana have increased in recent years. Some
of them include rheological behaviour of tarhana (Ibanoglu
et al., 1999; Ibanoglu and Ibanoglu 1999; Yilmaz et al.,
2010) and chemical composition of tarhana (Temiz and
Pirkul 1991; Dayisoglu et al., 2004; Koca et al., 2006; Tamer
et al., 2007; Funda and Kivang, 2009). Moreover, effects of
different ingredients such as corn flour and whey (Tarakgi et
al., 2004), soy yoghurt (Koca et al., 2002), different flours
(Kose and Cagindi, 2002), barley (Erkan et al., 2006), wheat
germ and wheat bran (Bilgi¢li and Ibanoglu, 2007), whey
concentrate (Ertas et al., 2009), buckwheat flour (Bilgicli,
2009), grapes (Kaya et al., 2009), bilberry fruit (Bayrakgi
and Konak, 2011), cherry laurel (Tarakgi et al., 2011), lupin
flour (Etgii et al., 2011) and effects of different applications
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such as precooking (Ibanoglu and Maskan, 2001), produc-
tion method and fermentation (Copur et al., 2001), fermen-
tation and drying (Ekinci, 2005), fermentation and storage
(Erbas et al., 2006; Certel et al., 2007), yeast, fermentation
time and preservation method (Gurbuz et al., 2010) on physi-
cal, chemical, microbiological, nutritional and organoleptic
properties of tarhana were extensively studied.

Most of these studies were applied on laboratory scale pro-
duced tarhana samples, while few of them (Yiicecan et al.,
1988; Koca et al., 2006; Tamer et al., 2007; Funda and Kivang,
2009; Sengiin et al., 2009) were applied on samples supplied
from the local market or domestic producers. However, there
is no study on comparison of domestic and commercial tar-
hana in the literature. Most of the tarhana consumed in Turkey
is domestically produced. On the other hand, tarhana demand

is increasing year by year. Due to increasing demand, tarhana
is also produced at the industrial level (Ekinci, 2005). This
study differs from the previous researches by comparing do-
mestic and commercial tarhana in terms of physicochemical
and functional properties and contributes to the insufficient
literature. The main objective of this study was to determine
and compare physicochemical and functional properties of do-
mestic and commercial tarhana.

Materials and Methods

Materials

Domestic tarhana samples collected from 19 and com-
mercial samples collected from 8 different locations were
used in the study.

Table 1
The locations and the ingredients of domestic tarhana samples

Sample |Location Ingredients Status

Code

DT1 Bursa Wheat flour, yoghurt, tomato paste, red pepper paste, onion, black pepper, red pepper, red pep-  Dried/ground
per powder, salt, baker’s yeast

DT2 Adapazart  Wheat flour, yoghurt, tomato, red pepper paste, red hot pepper, salt, baker’s yeast, sugar Dried/ground

DT3 Canakkale Cracked and hulled wheat, milk, salt, black pepper Dried/ground

DT4 Canakkale = Wheat flour, yoghurt, tomato, onion, red pepper, tomato paste, salt Dried/ground

DTS5 Denizli Wheat flour, yoghurt, tomato, red pepper, salt Dried/ground

DT6 Mugla Wheat flour, strained yoghurt, tomato, cracked and hulled wheat, onion, milk, salt, butter Dried

DT7 Manisa Wheat flour, yoghurt, tomato, onion, chickpea, red pepper, salt, peppermint, nigella seeds, Dried/ground
baker’s yeast

DT8 Usak Wheat flour, yoghurt, tomato, onion, red pepper, red hot pepper, salt, chickpea, peppermint, Dried/ground
bean

DT9 [zmir Wheat flour, yoghurt, tomato, onion, red pepper paste, red pepper, olive oil, chickpea, tarhana Dried/ground
herb

DT10  Malatya Cracked and hulled wheat, water, wheat flour, yoghurt, yeast, salt, peppermint Dried

DTI11 Gaziantep ~ Wheat, strained yoghurt, wheat flour, salt Dried

DT12  Antalya Wheat flour, strained yoghurt, tomato, onion, red pepper, red pepper paste, salt, dried pepper- Dried/ground
mint, nigella seeds

DT13  Antalya Wheat flour, strained yoghurt, tomato, onion, red pepper, red pepper paste, salt, dried pepper- Dried/ground
mint, nigella seeds

DT14  Burdur Wholemeal wheat flour, wheat flour, chickpea, strained yoghurt, tomato, onion, red pepper, salt,  Dried/ground
milk

DT15  Isparta Ground wheat, dill, yoghurt, salt, peppermint Dried

DT16  Alanya Wheat flour, yoghurt, milk, tomato, onion, red pepper, red hot pepper, salt, peppermint, dill Dried/ground

DT17 Bolu Wheat flour, strained yoghurt, tomato, onion, red pepper, salt, peppermint Dried/ground

DT18  Tokat Cracked and hulled wheat, milk, strained yoghurt, salt Dried

DT19 Bolu Cornelian cherry, wheat flour, yoghurt, salt Dried/ground

DT20  Diizce Wheat flour, yoghurt, tomato, red pepper, onion Dried/ground

DT21  Kastamonu Wheat flour, strained yoghurt, tomato, chickpea, lentil, onion, green pepper, red pepper, fresh Dried/ground
peppermint, parsley, garlic, half of bread dough

DT22  Ankara Wheat flour, yoghurt, tomato, onion, green pepper, red pepper, salt, tarhana herb Dried/ground
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Table 2
The locations and the ingredients of commercial tarhana samples

Sample | Location Ingredients Status

Code

CT1 Edirne Wheat flour, yoghurt, tomato, onion, red pepper, semolina, salt, baker’s yeast Dried/ground

CT2 Balikesir Wheat flour, water, yoghurt, tomato paste, salt, baker’s yeast, spices Dried/ground

CT3 Balikesir Wheat flour, yoghurt, tomato paste, onion, red pepper paste, semolina, salt, baker’s yeast ~ Dried/ground

CT4 Balikesir Wheat flour, yoghurt, tomato paste, onion, red pepper paste, semolina, salt, baker’s Dried/ground
yeast, peppermint

CT5 [zmir Wheat flour, tomato paste, red pepper paste, yoghurt, onion, tarhana herb Dried/ground

CT6 Kiitahya Wheat flour, red pepper, yoghurt, tomato, onion, baker’s yeast, peppermint Dried

CT7 Usak Wheat flour, yoghurt, tomato, red pepper, onion, pepper, salt, peppermint, sour dough Dried/ground

CT8 Kiitahya Wheat flour, yoghurt, red pepper, onion, salt, tomato, peppermint, sour dough Dried/ground

CT9 Erzurum Semolina, wheat flour, yoghurt, tomato, onion, red pepper, green pepper, red pepper Dried/ground
paste, dill, salt, peppermint

CT10  Kahramanmaras Cracked and hulled wheat, goat yoghurt, salt, oregano Dried/ flake

CT11  Kahramanmaras Cracked and hulled wheat, goat yoghurt, salt, oregano Dried/ flake

CT12  Kahramanmaras Cracked and hulled wheat, goat yoghurt, salt, oregano Dried/ flake

CT13  Kahramanmaras Cracked and hulled wheat, goat yogurt, salt, oregano, hot pepper Dried/ flake

CT14  Beypazari Wheat flour, ayran, yoghurt, dill, onion, chickpea, pepper, hot pepper, tomato, salt, Dried/ground
bread dough

Fig. 1 (a) Dried and ground tarhana (b) Dried tarhana balls (¢) Tarhana flakes

Tarhana samples were in different forms and had different
particle sizes as they were prepared by different production
procedures in different regions of Turkey. Most of them were
ground after drying, which is the accustomed consumption
style of tarhana (Figure 1a) Some of them were prepared with
cracked wheat and left as dried dough balls without grinding
(Figure 1b). Another form was tarhana flakes that are con-
sumed raw as tarhana chips (Figure 1¢). The origins and the
ingredients of the samples were given in Table 1 and Table 2.

Methods

Physicochemical and Functional Analyses

The colour of tarhana samples was measured by using
Minolta Chroma Meter CR-310 (Minolta, Japan). The L*,
a* and b* colour measurements were determined accord-

ing to the CIE Lab colour space system.

Moisture, ash, and crude fat contents of tarhana samples
were determined according to AACC Methods (AACC,
1990). The nitrogen content of the samples was determined
by the Kjeldahl method (AACC, 1990) and converted to
protein content by multiplying 6.25. 10 g tarhana sample
was blended with distilled water in 100 mL volumetric flask
and pH values were measured using Hanna HI 2211 pH/
ORP-meter (USA). The acidity degree of tarhana samples
was measured according to TS 2282 (Anon., 1981), the of-
ficial method of Turkish Tarhana Standard. Results were ex-
pressed as % of total lactic acid. In this standard, the acidity
degree of tarhana is explained as the volume of 0.1N NaOH
solution consumed to neutralize the free acids in 100 g of
tarhana. The salt content of samples was determined by the
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Mohr method according to TS 2282 (ANON., 1981). Water
activity was measured with Testo 400, the Multi-function
meter/logger (Germany). Total phenolic contents of samples
were determined by using Folin-Ciocalteu method that was
developed by Singleton and Rossi (1965) and modified by
Li et al. (20006). Total antioxidant activity was determined by
using DPPH-radical scavenging method (Brand-Williams et
al., 1995; Singh et al., 2002).

Statistical Analysis

The study was planned as Completely Randomized De-
sign. All analyses were done in three parallels on 2 replica-
tions. Data were subjected to one-way analysis of variance
(ANOVA) followed by Fisher’s LSD Test using PASW Sta-
tistics 18.0 software package (2009). Values of p < 0.05 were
considered significant. Independent ¢ test was used to com-
pare commercial and domestic tarhana sample means.

Results and Discussion

Colour values of domestic and commercial samples were
presented in Table 3. There was not significant difference (p

Table 3

Colour values of domestic and commercial tarhana

> 0.05) between means of domestic and commercial samples
in terms of L* a* and b* values. It was observed that as
lightness decreased, redness or yellowness of the samples
increased. It was concluded that +a* values of samples
were higher due to higher amounts of red pepper, tomatoes
and tomato/pepper paste in recipes of the samples. In addi-
tion, these samples had higher antioxidant activity and total
phenolic content. Similarly, the same relation was stated by
Esimek (2010). Kose and Cagindi (2002) and Giil (2010)
reported L* a* b* values between 52.71 — 63.03, 14.41 —
18.72, 33.41 — 44.14 and 44.03 — 59.22, 19.4 — 20.7, 29.71
— 35.29 respectively. Results in the present study were com-
parable with the previous studies.

Chemical properties of domestic and commercial sam-
ples were given in Table 4. Means of moisture contents of
domestic and commercial samples did not differ from each
other significantly (p > 0.05). Variations in the moisture
content of tarhana samples, especially in domestic tarhana,
arise from ingredients and drying method (Temiz and Pirkul,
1991; Erkan et al., 2006). As expected, tarhana samples from
different regions having different raw materials and drying
methods had different moisture contents.

Domestic Commercial
G a* | b G o | b
Minimum 54.61 -0.14 1.43 60.01 0.14 20.43
Maximum 88.57 28.10 52.88 85.71 25.57 45.24
Average 73.40 11.21 30.45 70.09 12.07 35.14
St. deviation 9.99 8.81 12.26 8.03 7.84 8.59
LSD 3.02 0.70 2.19 2.74 0.68 1.70
p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Table 4
Chemical properties of domestic and commercial tarhana
Moisture Ash Protein Fat Salt Acidity pH a,
(%) (% dm) (% dm) (% dm) (% dm) (%)
Minimum 7.94 1.41 3.31 0.25 2.55 7.00 3.76 0.28
Maximum 17.01 7.93 6.61 4.12 8.79 28.13 4.57 0.63
o Average 10.96 3.27 5.32 3.47 4.63 14.05 4.17 0.49
G St.deviation 1.95 12.36 2.22 1.76 2.96 7.91 0.37 0.07
% LSD 0.89 1.42 1.84 1.22 0.44 2.27 0.17 0.05
A p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Minimum 7.31 1.03 2.26 0.21 0.95 5.00 3.60 0.31
Maximum 18.28 8.79 9.74 7.00 12.23 36.10 5.09 0.64
% Average 10.94 3.85 5.09 1.82 4.45 18.18 4.09 0.48
o) St.deviation 2.96 1.91 1.32 1.05 1.71 6.51 0.25 0.11
g LSD 0.58 2.16 0.89 0.15 0.51 291 0.10 0.06
S p value <.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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Ash content increases depending on the increase in the
amount of salt content in recipe (Tamer et al., 2007). There
was no significant difference (p > 0.05) between means
of ash content of domestic and commercial samples. Giil
(2010) reported that ash content of samples ranged between
4.48-6.09%. As seen in Table 4, samples containing higher
amount of salt also contained higher amount of ash. Kose
and Cagind1 (2002) stated that ash content of salt-free tar-
hana samples varied between 1.10 —2.39%.

There was no significant difference between means of
protein content of domestic and commercial samples (p >
0.05). Erkan et al. (2006) stated that variations in the protein
content in different tarhana samples depended on amount
and type of yoghurt and properties of cereal or legume
flours. Tamer et al. (2007) reported that protein content of
21 tarhana samples having different recipes varied between
6.77-28.55% and the mean was 14.93%. In that study, pro-
tein content was found to be over 20% in some samples. The
reason for this could be the amount and type of yoghurt in
tarhana recipe. Kose and Cagindi (2002) and Giil (2010)
found that protein content of tarhana samples varied between
8.8-22.5% and 11.8-12.02%, respectively. Yiicecan et al.
(1988) reported that protein content ranged between 12.5—
18.6% in 15 tarhana samples collected from different regions
in Turkey. Samples in this research were considerably lower
in protein content in contrast to findings of similar studies.
This could be attributed to variations in the types and ratios
of ingredients in the tarhana recipes.

Means of crude fat content of domestic and commercial
samples were significantly different (p < 0.05). Fat content
of domestic samples that do not have standardized recipe
changed in a wider range. Higher fat levels were observed in
these samples than commercial ones. The reason of this could
be amount and type of yoghurt (fat-free, full-fat, strained) in
recipe. Some researchers determined that the fat content of
tarhana samples ranged between 4.0-7.02% (Yiicecan et al.,
1988), 3.5-4.5% (Ibanoglu et al., 1999), 1.80-9.01% (Gog¢-
men et al., 2003), 0.43—15.78% (Tamer et al., 2007) and
4.35-5.75% (Gtl, 2010), respectively. The results obtained
in this research showed considerable similarity with previ-
ous findings.

As seen from Table 4 and Figure 2, salt content of com-
mercial samples changed in a wider range while more stan-
dardized salt content was obtained in domestic samples. On
the other hand, there was not significant difference between
commercial and domestic tarhana (p > 0.05) in terms of
average salt content. Tamer et al. (2007) reported that salt
contents of 21 traditional tarhana samples ranged between
0.62-9.01%. The findings of the present study were in ac-
cordance with the results of Tamer et al. (2007).
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Fig. 2 Distribution of chemical compositions of domestic
and commercial tarhana

Means of acidity degree of domestic and commercial
samples did not differ significantly (p > 0.05). Temiz and
Pirkul (1990) stated that acidity degree of tarhana samples
increased as the fermentation period increased. Besides, it
was determined by different studies that pH and acidity in
tarhana varied due to yoghurt and flour type, use of whey
instead of yoghurt, use of baker’s yeast or salt and fermen-
tation time (Esimek, 2010). G6¢men et al. (2003) reported
acidity degree values between 9.65-28.0%.

There was not a significant difference (p > 0.05) between
commercial and domestic samples in terms of mean pH val-
ues. The results were in accordance with Temiz and Pirkul
(1990), Bilgi¢li and Ibanoglu (2007) and Esimek (2010),
which reported pH values between 3.99-4.33,4.17—4.41 and
3.62—4.75, respectively.

Mean water activity of domestic and commercial tarhana
samples did not differ significantly (p > 0.05). Erbas et al.
(2005) investigated the effect of storage type on chemical
and microbiological properties and reported a  value of 0.63
for sun — dried tarhana. Giil (2010) reported a  values of
samples between 0.45-0.55.

Total phenolic content of domestic and commercial sam-
ples were presented in Figure 3. Phenolic content of domes-
tic tarhana changed between 0.55-42.67 ng GAE/g tarhana
with an average of 12.62 pg GAE/g tarhana, while mini-
mum, maximum and average phenolic content for commer-
cial tarhana samples were 1.27, 28.18 and 7.36 ng GAE/g
tarhana, respectively. There was not significant difference (p
> 0.05) between means of phenolic content of domestic and
commercial samples. AOA and phenolic content are closely
related with the ingredients in the recipe. DT13 contained
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black cumin in the recipe as seen in Table 1, which was re-
ported to have superior antioxidant activity and phenolic
content (Mariod et al., 2009). On the other hand, samples
between DT1 — DT9 had lower phenolic content and were
not different from each other statistically (p > 0.05). Esimek
(2010) reported that phenolic content of tarhana samples
ranged between 572.47-1851.83 pg GAE/g tarhana. Sam-
ple DT19 (which contained cornelian cherry) differed from
other samples in terms of recipe and had the second highest
antioxidant activity. Popovi¢ et al. (2012) also reported that
cornelian cherry possessed high antioxidant activity.
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AOA of domestic and commercial tarhana samples were
presented in Figure 4. AOA changed between 4.44 — 84.83%
and 18.15 — 95.76% for domestic and commercial tarhana,

respectively. AOA mean values for domestic and commer-
cial tarhana were 35.06% and 50.07%. Similar to phenolic
content, there was no significant difference (p>0.05) be-
tween means of AOA of domestic and commercial samples.

Conclusions

Tarhana is an important food product in Turkish diet. It is
either produced domestically or commercially. In both cases,
percentages of ingredients in the formulation are unclear. Vari-
ations in raw materials, production, drying and grinding pro-
cedures, regional preferences lead to physical, chemical and
functional differences in end product. Domestic and commer-
cial tarhana samples investigated in the current research dif-
fered in terms of fat content (p<0.05). Domestic tarhana sam-
ples had higher fat content, while commercial tarhana samples
were more uniform in terms of chemical properties and had
lower fat content in order to reduce cost value. As a result, it
is concluded that optimization of production method is quite
difficult for traditional food products like tarhana. On the other
hand, statistical analysis showed that means of domestic and
commercial tarhana did not differ except fat content.
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