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b University of Uludag, Agricultural Faculty, Department of Food Engineering, 16059 Bursa, Turkey

Received 14 February 2007; received in revised form 10 October 2007; accepted 22 October 2007
Abstract

The lactic acid content of tarhana produced with different dough treatments was determined. Trials were performed to see the effects
of different parameters on organic acid produced during fermentation. In these trials, fermentation time, yogurt content and preservation
method parameters were varied. Increasing fermentation time had a significant effect on lactic acid formation as well as total organic acid
content of tarhana (p < 0.01). In the samples of tarhana with 50% yogurt, total acidity increased 29.9% in the first 48 h of fermentation.
During the subsequent 48 h the increase was only 3.6%. Lactic acid increased 17.7% during the first 48 h followed by an increase of 3.1%
during the next 48 h of fermentation in these same samples. On the other hand, when yogurt content was increased from 50% to 75%,
total acidity in the first 48 h was 17.0% greater than the samples with 50% yogurt. There was also a 20.2% increase in lactic acid as well.

The highest acidity and lactic acid levels were determined in the samples using 75% yogurt. Yogurt level had a significant effect on all
the analytic parameters (p < 0.01). However, it is possible that increasing the amount of yogurt to this level would cause technological
problems because of the increase in water and fat contents.

Of the two preservative methods utilized in this study, sun drying produced higher organic acid (1.97 g/100 g) and lactic acid (1.29 g/
100 g) levels than samples that were frozen (1.64 g/100 g; 1.06 g/100 g, respectively). Preservative methods had a significant effect on
moisture, total acidity, lactic acid (p < 0.01) and oil (p < 0.05) content of tarhana.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Tarhana is a traditional Turkish fermented cereal food
produced both commercially and in homes. It is mainly
used in the form of a thick and creamy soup consumed
at lunch or dinner and is easily digested (Bilgic�li & Elgun,
2005). Cereal flours, yogurt and a variety of vegetables are
the primary ingredients and therefore a good source of B
vitamins, minerals, organic acids and free amino acids
which make it healthy for children, the elderly and medical
patients (Dağlıoğlu, 2000). In addition to tarhana being a
good source of vitamins such as thiamine, riboflavin and
vitamin B12 (_Ibanoğlu, Ainsworth, Wilson, & Hayes,
1995), ascorbic acid, niacin, pantothenic and folic acid
0308-8146/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
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are also present (Ekinci, 2005; Ekinci & Kadakal, 2005).
Lactic acid bacteria (LAB) from the yogurt also aids in
absorption of nutrients, which would otherwise be indigest-
ible or poorly digestible. (Farnworth, 2003) Similar prod-
ucts are known as ‘‘trahana” in Greece, ‘‘kishk” in
Egypt, ‘‘kushuk” in Iraq and ‘‘tahanya/talkuna” in Hun-
gary and Finland (Hayta, Alpaslan, & Baysar, 2002; Köse
& Çağındı, 2002). Regional diversity of the amount and the
type of ingredients, as well as the processing techniques,
affect chemical compositions, nutritional content and sen-
sory attributes of tarhana (Dağlıoğlu, 2000; Tarakc�ı,
Doğan, & Koca, 2004).

Fermentation of Tarhana dough is generally carried out
using yogurt bacteria, such as Lactobacillus bulgaricus,
Streptococcus thermophilus and baker’s yeast (Saccharomy-
ces cerevisiae) (Bilgic�li & _Ibanoğlu, 2007; Ekinci, 2005).
This is similar to other natural systems (e.g. kefir grains)

mailto:ozang@uludag.edu.tr
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in which associations of LAB and yeasts are used in food
fermentation (Gobbetti, 1998).

The fermentations occur simultaneously during this
aspect of production (Bilgic�li et al., 2006). Yeast fermenta-
tion proceeds through the Embden–Meyerhof pathway
(EMP), in which glucose is transformed into ethanol (via
piruvate and acetaldehyde), carbon dioxide, and traces of
other acids and carbonyl compounds (Gelinas & McKin-
non, 2000; Gobbetti, 1998). Mugula, Narvhus, and Sorh-
aug (2003) found that a combined culture of yeasts and
lactobacilli was reported to bring about a more significant
decrease in pH (increase in acidity) in fermented millet than
with the use of single cultures.

The microorganisms in yogurt are responsible for for-
mation of acids during both the fermentation and leaven-
ing processes (_Ibanoğlu, Kaya, & Kaya, 1999). EMP
(fructose diphosphate) is one of the most common carbo-
hydrates metabolisms by microorganisms. In the presence
of microaerophylic conditions, the dehydrogenase enzymes
produce ethanol, carbon dioxide, acetic acid, hydrogen,
and lactic acid. Piruvic acid is a key compound in this pro-
cess. It is used as an intermediate metabolite in the synthe-
sis of aldehyde, alcohol, organic acid and amino acid.
Hetero- or homo-fermentative lactic acid bacteria produce
a lactic acid reduction of piruvic acid by the lactate dehy-
drogenase enzyme in relation to pH and temperature con-
ditions. Acetaldehyde and carbon dioxide occur because of
this decarboxilation of piruvic acid by fermentative yeast.

In the oxidation process, acetaldehyde turns to acetic
acid and the acid is reduced to ethanol. The yeast also pro-
duces lesser amounts of other organic acids such as acetic
acid, lactic acid and piruvic acid (Gelinas & McKinnon,
2000; Kulp & Ponte, 2000; S�ahin & Bas�oğlu, 2002).

Homofermentative LAB is able to convert hexoses
almost completely (85%) into lactic acid (Gelinas &
McKinnon, 2000). Products from the fermentation of sug-
ars and organic acids are essential in this process. Sugars
are the preferred substrates of the heterofermentative
LAB. Lactic acid fermentation occurs through the meta-
bolic activity of LAB originally present in the flour. Both
microorganisms, LAB and yeast, are able to liberate aroma
precursors such as free amino acids and it has been previ-
ously shown that the concentrations of free amino acids
are increased significantly during sourdough fermentation
(Hansen & Schieberle, 2005). However, heterofermentative
LAB degrades hexoses into lactic acid, acetic acid/ethanol,
and carbon dioxide.

In wheat flour, the total concentration of maltose,
sucrose, glucose, and fructose varies from 1.55% to 1.85%
depending on the balance between starch hydrolysis, by
microbial enzymes and microbial consumption. The utili-
zation of soluble carbohydrates by LAB and, consequently,
their energy yield, and lactic and acetic acid production are
greatly influence by the associated sourdough yeasts and
LAB. LAB utilizes different kinetics for carbohydrate con-
sumption (Gobbetti, 1998; Lefebvre, Gabriel, Vayssier, &
Fontagne-Faucher, 2002).
The major organic acid formed in tarhana is lactic acid.
The other acids formed, besides lactic acid, are a very small
amount of the total (Damir, Salama, & Safwat, 1992; Eco-
nomidou & Steinkrauss, 1983). In an earlier study lactic
acid levels were found to be three times higher in tarhana
than other organic acids such as acetic, propionic, citric,
and piruvic acids (Erbas�, Uslu, Erbas�, & Certel, 2006).

LAB also produces acetic acid, ethanol, aroma com-
pounds, bacteriocins, exopolysaccharides, and several
enzymes (Gobbetti, 1998; Leroy & DeVuyst, 2004; Schi-
eberle, 1996).

The organic acid causes rapid acidification (reducing
pH) as the Ka of lactic acid is 1.38 � 10�4 at 25 �C. These
bacteria in yogurt and wheat flour and yeasts are the main
factors of fermentation and leavening (Ekinci, 2005).

After kneading and fermentation, excess moisture in the
dough is removed by drying. The fermented dough is usu-
ally sun-dried in homes or oven-dried at an industrial level
and then ground to fine particles (<1 mm) (Köse &
Çağındı, 2002; Tarakc�ı et al., 2004). Drying reduces the
moisture content to 6–10%. This, in addition to a pH
between 3.3 and 5.0, has a bacteriostatic effect on patho-
genic microorganisms (Bilgic�li, Elgün, & Türker, 2006a;
Dağlıoğlu, 2000; Dağlıoğlu, Arıcı, Konyalı, & Gümüs�,
2002). Tarhana is not hygroscopic and can be stored for
2–3 years without any sign of deterioration (_Ibanoğlu,
Kaya, et al., 1999).

The objective of this study was to observe the level of
lactic acid by altering the amount of yogurt and fermenta-
tion times of dried and frozen tarhana samples.

2. Materials and methods

2.1. Ingredients

Wheat flour Type 550 (Toru Wheat Flour Coopera-
tion, Bandırma, Turkey) with a moisture content of
14.5%, ash content of 0.55%, crude protein content of
11%, on dry weight basis, was used. The yogurt (Sütas��
Bursa, Turkey) was full fat (3.5%) plain yogurt with
4.5% protein. Tomato paste and paprika paste (Penguen,
Bursa, Turkey) were concentrated to a solids content of
30% and 26%, respectively. Fresh pressed baker’s yeast
(Akmaya, Kırklareli, Turkey), salt (NaCl), onion, green
pepper, and mint were purchased from the local markets
in Bursa, Turkey.

2.2. Chemicals

HPLC-grade methanol was purchased from Carlo Erba
Reagent (Milan, Italy). Standards for lactic acid were sup-
plied from Sigma (St. Louis, MO, USA). The standard
compounds of potassium hexacyanoferrate(II)-trihydrate
solution (Carrez I), zinc acetate-dihydrate (Carrez II),
potassium dihydrogen phosphate, sodium hydroxide and
zinc sulfate were purchased from Aldrich (Steinheim, Ger-
many) and Sigma (St. Louis, MO, USA).



Fig. 1. HPLC chromatograms of lactic acid in tarhana. Chromatogram
A: Lactic acid standard(10 ppm) and Chromatogram B: Overlay of
tarhana + lactic acid standard. The concentrations of the lactic acid
standard injected into the column were 1 mg LA/mL, integration of values
expressed as mean ± standard deviation.
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2.3. Analytical methods

Moisture and salt levels were determined using Tarhana
Standard Methods (Anonymous, 1981). Total acidity (as
lactic acid) values of the samples were determined with a
titrimetric method described by _Ibanoğlu et al. (1995)
and also _Ibanoğlu (1999). Total ash levels were determined
using the methods of _Ibanoğlu (1999) and Göc�men, Gür-
büz, and S�ahin (2002) in a 550 �C oven. Results were given
on the basis of dry weight. Crude protein was determined
using the Foss Kjeltec 2200 apparatus (Hilleroed, Den-
mark) with ICC Standard No: 105/2 and results were
expressed as percent protein on dry weight basis (AOCC,
1984). Oil content was established with Soxtec Avanti
2055 extraction apparatus (Fisher, USA) on a dry weight
basis (AACC, 1990). Lactic acid content of tarhana sam-
ples was determined by HPLC using the procedures of
Lefebvre et al. (2002) and is described below.

2.4. Chromatographic procedure

Several parameters such as the flow, pH, and concentra-
tion of the buffer or column temperature were tested in
order to obtain the best resolution of the analytes. Lactic
acid levels in dried and frozen samples were measured using
a Shimadzu CLASS-VP V6.13 SP1 HPLC (Kyoto, Japan)
system. The method of Lefebvre et al. (2002) was used with
slight modifications. The HPLC system consisted of a SCL-
10A VP system control unit, LC-10AT VP liquid chroma-
tography unit, DGU-14A degazer, FCL-10AV VP flow
control unit, SIL-10AD VP autosampler and a SPD-10A
VP UV detector (220 nm). Lactic acid was separated on
C18 Hypersil H5 ODS (150 � 4.6 mm i.d.) Phenomenex
column (Phenomenex, Aschaffenburg, Germany) used with
an isocratic elution of methanol (flow rate 0.7 mL/min).
The mobile phase consisted of 50 mM (0.05 M) potassium
dihydrogen phosphate/methanol (95:5) with detection of
UV-absorbance at 220 nm (v/v) (Lefebvre et al., 2002;
PCCS, 2004/05).

To prepare the column for each run, water and then
methanol were run for 5 min and 15 min, respectively, after
each injection. Tarhana samples (20 g) were centrifuged
(Sigma 3K30 Osterode am Harz, Germany) at 10g for
5 min and were placed in a thermostat-controlled autosam-
pler (+4 �C). The injection volume was 100 lL of sample or
standard. All measurements were performed in triplicate,
values were averaged, and the standard deviation calcu-
lated. Lactic acid peaks were identified by the comparison
of retention times and UV spectrums with commercial
standards of lactic acid. To evaluate the efficiency of the
HPLC procedure, each sample was also spiked with stan-
dards (100 ng for tarhana samples) before the run. Chro-
matograms were analyzed with the Shimadzu (Kyoto,
Japan) software (CLASS-VP V6.13 SP1), and quantifica-
tion was done using linear regression analysis. A retention
time for lactic acid of 4.3 min was found in samples pre-
pared according to this method (Fig. 1).
2.5. Preparation of tarhana dough

Proportions of the components for tarhana dough pro-
duction are expressed as a percent of total flour weight.
Onion and green pepper were blended for 30 s in a Moul-
inex Masterchef 70 electronic blender (Ecully Cedex,
France). Flour (1000 g), yogurt 50%, blended onion 10%,
blended green pepper 5%, tomato paste 5%, Paprika paste
7.5%, salt (NaCl) 7.5%, baker’s yeast 1% and dry-ground
mint herb 1% were mixed together and kneaded in a com-
mercial percussion kneader (50 rpm) for 10 min. Another
quantity of dough was prepared using the same ingredients
and quantities with the exception of the yogurt quantity,
which was 75% in this second sample. All of the dough
was fermented at 30 �C. A portion of the dough was
removed after 48 hours and triplicate samples of 1 kg each
were taken for chemical analyses. The remaining dough
continued to ferment an additional 48 h. This method of
preparation was a modified procedure used by Ünal
(1989). Each quantity of dough mixture was blended man-
ually prior to sampling, to ensure homogeneity of the sam-
ples. After fermentation, the dough was separated into
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pieces between 5–6 g each. Samples were sealed in a 1 L
glass jar and kept at +4 �C.

Each type of dough was divided into two parts. One-half
of each type was sun-dried for 3 h at which point the mois-
ture content of �10% was reached. Dough was then
ground in a hammer mill into rough powder and sifted
through a 1 mm screen sieve. The resulting samples were
then stored in glass jars (1 L) and refrigerated (+4 �C) until
tested. The second half of each type of dough was frozen
within 30 min. then kept at �18 �C. Sample codes are
shown in Table 1.

2.6. Extraction/sample preparation

Following the organic acid extraction steps outlined by
Lefebvre et al. (2002) 20 g of sample was homogenized with
60 mL of distilled water in a laboratory blender for 30 s at
maximum speed. The homogenized sample volume was
adjusted to 100 mL. It was then centrifuged for 15 min
(4000g at 15 �C) and the supernatant was filtered under
vacuum using 1.2 lm glass microfilters (Whatman). A
20 mL aliquot of filtrate with 60 mL of distilled water
was stirred with 5 mL of Carrez I solution (potassium
hexacyanoferrate(II)-trihydrate 0.085 M) and 5 mL of Car-
rez II solution (zinc sulfate 0.25 M) and then neutralized
(pH 8.0 ± 0.5) with 0.1 M sodium hydroxide. The volume
of the sample was adjusted to 100 mL with distilled water
and the solution was filtered.

2.7. Statistical analysis

The concentration of lactic acid was measured and
analyzed using one-way analysis of variance (ANOVA).
Values (n = 3) were reported as mean concentra-
tion ± standard deviation. The standard deviation was cal-
culated by ANOVA using a Minitab statistical package
(Anonymous, 1998). In addition, Duncan’s multiple range
Table 1
Tarhana specifications and sample codes

Sample code Yogurt rate (%) Fermentation time (h) Treatment

A.0.1 50 0 Dried
A.0.2 Frozen
A.1.1 50 48 Dried
A.1.2 Frozen
A.2.1 50 96 Dried
A.2.2 Frozen

B.0.1 75 0 Dried
B.0.2 Frozen
B.1.1 75 48 Dried
B.1.2 Frozen
B.2.1 75 96 Dried
B.2.2 Frozen

A – samples with 50% yogurt content, B – samples with 75% yogurt
content. First numeral in code identifies the length of fermentation: 0 – 0 h
fermentation, 1 – 48 h fermentation, 2 – 96 h fermentation. Second
numeral in code identifies treatment of samples: 1 – samples that have
been dried, 2 – samples that have been frozen.
test was used to determine the differences between vari-
ances by using a MSTAT statistical package (Anonymous,
1980).

3. Results and discussion

3.1. Yogurt levels

A 50% yogurt level is the more common amount to be
used in tarhana preparation. As seen in Table 2, using
75% yogurt resulted in higher tarhana moisture levels
which would allow for microbial growth and negatively
impacts the potential shelf-life of the commodity (Göc�men
et al., 2002; Göc�men, Gürbüz, & S�ahin, 2003; _Ibanoğlu,
Kaya, et al., 1999; S�ahin, 1999; S�ahin and Bas�oğlu 2002;
Temiz & Pirkul, 1990, 1991).

Oil rancidity is another problem for long-term storage.
The 50% yogurt samples contained 35% less oil than
those samples with 75% yogurt. Oil exposed to heat,
light, or oxygen deteriorates quickly resulting in a rancid
taste. Therefore, the use of 50% yogurt is more suitable
for achieving lower moisture and lower oil levels in tarh-
ana fermentation yet maintaining beneficial lactic acid
levels.

The major organic acid in fermented tarhana dough is
lactic acid and is produce by the fermentable carbohy-
drates found in a cereal flour and yogurt mixture
(Değirmencioğlu, Göc�men, Dağdelen, & Dağdelen, 2005;
_Ibanoğlu, _Ibanoğlu, & Ainsworth, 1999). In addition to
lactic acid, other organic acids such as acetic, propionic
acid and pyruvic acids are formed (Lefebvre et al., 2002;
_Ibanoğlu, Kaya, et al., 1999). A small amount of citric
acid is produced from vegetables used in the preparation
of tarhana (Erbas� et al., 2006). The relationship between
total organic acid and lactic acid concentrations of tarh-
ana is shown, both for 50% and 75% levels of yogurt,
in Table 3. Although there is continual increase in levels
of lactic acid over time, it does not increase at the same
rate as the other organic acids present. However, lactic
acid remains the primary organic acid, ranging from
60% to 73% of the total organic acids and therefore
always greater than the total of the other organic acids
combined. Trace levels of citric acid were found. The
source of this acid was not from fermentation but from
the miscellaneous vegetables added to the tarhana. There-
fore, it was not included in Table 3. During the 96 h tarh-
ana fermentation period for dried samples, total organic
acidity increased from 1.50 to 2.42 g/100 g; lactic acid
increased from 1.06 to 1.53 g/100 g; acetic acid increased
from 0.24 to 0.49 g/100 g; and pyruvic acid increased
from 0.19 to 0.40 g/100 g. Similar increases were found
in the frozen samples and are shown in Table 3.

The lactic acid rate of increase within the first 48 h was
greater than the time from 48 to 96 h. Within the dough of
all samples that had been sun-dried, lactic acid increased
19% over 96 h. Lactic acid increases in frozen samples aver-
aged a 24% increase during the same time span.



Table 2
Chemical composition of tarhana samples

Code Moisture* Salta Oil** Proteina Asha

Dried A.0.1 12.89 ± 0.25 8.00 ± 0.03 2.35 ± 0.05 14.50 ± 0.11 8.55 ± 0.05
A.1.1 12.56 ± 0.29 8.03 ± 0.03 2.34 ± 0.05 14.48 ± 0.12 8.61 ± 0.04
A.2.1 12.38 ± 0.21 8.02 ± 0.03 2.37 ± 0.05 14.52 ± 0.09 8.61 ± 0.07
B.0.1 13.40 ± 0.28 8.13 ± 0.03 3.09 ± 0.04 15.60 ± 0.10 8.75 ± 0.06
B.1.1 13.41 ± 0.20 8.12 ± 0.03 3.10 ± 0.04 15.58 ± 0.10 8.78 ± 0.07
B.2.1 13.42 ± 0.25 8.17 ± 0.02 3.14 ± 0.04 15.52 ± 0.09 8.79 ± 0.05

Frozen A.0.2 42.10 ± 0.26 7.95 ± 0.02 2.30 ± 0.05 14.55 ± 0.11 8.55 ± 0.05
A.1.2 42.41 ± 0.24 8.01 ± 0.02 2.33 ± 0.06 14 48 ± 0.11 8.61 ± 0.07
A.2.2 41.55 ± 0.28 7.98 ± 0.01 2.28 ± 0.04 14.52 ± 0.18 8.51 ± 0.04
B.0.2 45.10 ± 0.20 8.09 ± 0.02 3.15 ± 0.04 15.50 ± 0.10 8.80 ± 0.07
B.1.2 45.50 ± 0.19 8.15 ± 0.02 3.12 ± 0.04 15.54 ± 0.11 8.86 ± 0.07
B.2.2 45.52 ± 0.21 8.14 ± 0.02 3.09 ± 0.03 15.57 ± 0.10 8.82 ± 0.07

Values are expressed as mean value ± standard deviation of three determinations. Chemical composition of tarhana samples was computed on dry matter
basis of tarhana (g/100 g). Mean values for each column are significantly different at 0.01(*) and 0.05(**) levels (Duncan’s multiple range test).

a Not significant.

Table 3
Acid levels of tarhana samples with fermentation times

Fermentation time
(h)

Sample code Total organic acidsa*

(g/100 g)
Lactic acidb*

(g/100 g)
Pyruvic acidb*

(g/100 g)
Acetic acidb*

(g/100 g)

Dried 0 A.0.1 1.50 ± 0.052 1.06 ± 0.009 0.19 ± 0.014 0.24 ± 0.016
48 A.1.1 1.90 ± 0.057 1.22 ± 0.009 0.31 ± 0.010 0.37 ± 0.007
96 A.2.1 2.05 ± 0.046 1.26 ± 0.010 036 ± 0.011 0.43 ± 0.012
0 B.0.1 1.72 ± 0.048 1.25 ± 0.009 021 ± 0.010 0.26 ± 0.021
48 B.1.1 2.24 ± 0.056 1.48 ± 0.008 0.34 ± 0.006 0.42 ± 0.009
96 B.2.1 2.42 ± 0.040 1.53 ± 0.008 0.40 ± 0.008 0.49 ± 0.010

Frozen 0 A.0.2 1.23 ± 0.049 0.87 ± 0.007 0.16 ± 0.006 0.20 ± 0.007
48 A.1.2 1.58 ± 0.057 1.00 ± 0.006 0.26 ± 0.011 0.32 ± 0.008
96 A.2.2 1.73 ± 0.040 1.03 ± 0.008 0.32 ± 0.016 0.38 ± 0.010
0 B.0.2 1.39 ± 0.049 1.01 ± 0.008 0.17 ± 0.015 0.21 ± 0.010
48 B.1.2 1.88 ± 0.057 1.21 ± 0.007 0.30 ± 0.007 0.37 ± 0.005
96 B.2.2 2.06 ± 0.040 1.26 ± 0.008 0.36 ± 0.006 0.44 ± 0.013

Values are expressed as mean value ± standard deviation of three determinations. All concentrations are expressed in 1 g of acidity/100 g of dry milled
tarhana and 1 g of acidity/100 g of wet fermented tarhana dough (w/w).

* Mean values for each column are significantly different (p < 0.01).
a Total organic acid was determined by titration.
b The individual acids were determined using HPLC.
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3.2. Fermentation

Originally, lactic acid fermentation was utilized primar-
ily to increase shelf-life of products. Further research
proved it not only played a role in food preservation but
also allowed important nutritional benefits to be main-
tained (Farnworth, 2003). With the more current emphasis
on reducing additives to food processes and increasing the
use of natural processes, our study looked at the changes in
lactic acid, moisture, salt (NaCl), oil, protein, and ash con-
tents of tarhana as a result of fermentation times. From 0 h
to 96 h, the amount of lactic acid increased 18.8% for 50%
yogurt and 22.7% for 75% yogurt. Likewise, total acidity
was increased 36.1% and 40.6% for 50% and 75% yogurt
rate, respectively. Table 3 shows the rate of increase for lac-
tic acid levels according to the fermentation times of 0, 48,
and 96 h. During the first 48 h the increase is greater than
that of the final 48 h in both yogurt levels. This increase in
lactic acid for the first 48 h is similar to an earlier study
(_Ibanoğlu, Kaya, et al., 1999).

Highest lactic acid content (1.53 g/100 g) developed in
the 98 h tarhana samples (B.2.1). Conversely, the lowest
lactic acid (0.87 g/100 g) was found in samples that had
zero fermentation time (A.0.2). _Ibanoğlu et al. (1995)
reported lactic acid content of tarhana between 1.8 and
2.3 g/100 g on a dry weight basis.

The crude protein contents of all samples were between
14.48% and 15.6%. For this reason, tarhana is a good
source of protein (Köse & Çağındı, 2002). Çopur, Göc�men,
Tamer, and Gürbüz (2001) observed higher protein levels
of tarhana using similar fermentation times with quantities
of 50% yogurt and 1% yeast.

The general pattern, throughout the fermentation time
of all tarhana samples, was a slight increase in levels of salt,
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oil, protein, and ash. Changes to the levels were less than
one percent in most of the samples. However moisture lev-
els in the sun-dried samples (50% yogurt) decreased nearly
by 4% over the 96 h (Table 2).

3.3. Preservation (moisture removal)

Sun drying is a slower but a more common and econom-
ical approach for traditional tarhana production. The crit-
ical moisture value is 13–15% for the inhibition of
undesirable microbial growth in dry recipes produced from
wheat flour (S�ahin & Bas�oğlu, 2002).

Drying and freezing are physical techniques for preser-
vation. Drying not only reduces moisture, but also lactic
acid concentrations increase as water is removed. How-
ever, it takes a longer period of time to get a critical mois-
ture concentration as well as development of sufficient
lactic acid (S�ahin, 1999; S�ahin & Bas�oğlu, 2002). It is
partly because the moisture content of tarhana is low,
that it can be stored for 2 or 3 years without deterioration
(Tarakc�ı et al., 2004; _Ibanoğlu, Kaya, et al., 1999). Erbas�,
Certel, and Uslu (2005) reported wet tarhana could be
stored for only 6 months under refrigeration (+4 �C) with-
out any preservative. According to the Institute of Turk-
ish Standards (TSI 2282) the standard moisture value of
dried tarhana should be 10% or less (Anonymous,
1981). The average moisture content of dried tarhana
samples in this study was found to be above the standard.
However, these levels are still suitable for long-term stor-
age without deterioration (Tarakc�ı et al., 2004). The
results of the chemical analyses on dried and frozen tarh-
ana samples are given in Table 2. The lowest average
moisture content was found to be 13% in the 50% yogurt,
sun-dried samples (A.0.1, A.2.1). Göc�men et al. (2002)
reported similar moisture levels in dried tarhana.
Although levels are similar between the 48 and 96 h fer-
mentation and between the 50% and 75% yogurt levels,
the difference in moisture levels between drying and freez-
ing is significant. The average moisture levels of sun-dried
samples were 13% and the average in frozen samples,
44%. Sun-dried tarhana produced with 75% yogurt was
found to have nearly a 1% higher moisture level than
the tarhana produced with 50% yogurt. In the frozen
tarhana with 75% yogurt there was found to be nearly a
3% higher moisture level than the tarhana fermented with
50% yogurt (Table 2).

Freezing and sun-drying methods had different effects
on the lactic acid content of tarhana samples. The range
of total acidity was 1.7% in the dried samples with zero
fermentation time to 1.4% in the frozen samples with no
fermentation time. Extended fermentation time consis-
tently resulted in dried tarhana samples with higher lactic
acid levels compared to similar times with frozen sam-
ples. The highest acidity level was reached in sun-dried
tarhana with 96 h of drying. Dry tarhana contained an
average of 22.3% higher lactic acid levels than frozen
tarhana.
The preservative methods used in this study did not
influence, on a significant level, the salt, protein and ash
concentrations (p < 0.01; p < 0.05).

4. Conclusions

It can be concluded from the results of this study that
increasing fermentation time and the ratio of yogurt in
the tarhana dough also increased the total organic acids
of which lactic acid is the primary. However, significant
differences between sun-dried samples and frozen samples
were found in the moisture levels. Although using the
higher percentage of yogurt results in more lactic acid,
the higher moisture and oil content would create a risk
for a long-term shelf-life of tarhana. Further shelf-life stud-
ies should be conducted to determine levels of lactic acid
over longer periods than were used in this study.
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