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Abstract: In the present study formulated synbiotic tarhana (Turkish fermented cereal food) was produced as a
functional food from the fermentation of wheat flour, some spices [salt, pepper, dill and sweet marjoram (Organum
majorana)], some vegetables [tomato (Lycoprsicum esculentum), pepper (Capsicum annum) and onion (Allium
cepa)], and synbiotic yoghurt which prepared with prebiotic (Inulin and lactose each 3%) and different
concentrations of the probiotic culture (0.5, 1.5, 3, 4.5% DVS-ABT2 containing Streptococcus thermophilus,
Lactobacillus acidophilus and Bifidobacterium bifidum). After fermentation (3 days), tarhana dough was dried in the
sun. The effect of the fermentation (0, 1, 2 and 3 days) and the probiotic culture concentration on the chemical
composition and the probiotic population of the wet tarhana were evaluated. The effect of the probiotic culture
concentration on the chemical composition, the probiotic population and the sensory attribute of dried tarhana were
evaluated. Also the effect of dried tarhana (prepared from yoghurt which was fermented by 4.5% probiotic culture)
on the plasma lipid profile of human subjects was studied. The results showed that the pH value decreased while the
acidity increased, acetaldehyde and diacetyl values increased during the fermentation period and by increasing the
probiotic culture concentration of the wet and the dried tarhana. Neither the fermentation nor the concentration of
the probiotic culture of wet and dried tarhana affected the crude protein, ether extract, crude fibre, and ash values.
The numbers of probiotic bacteria increased until the second day of fermentation. However, in the following day,
with an increase of the acid content their number decreased. Generally the increasing of the probiotic culture
concentration increased the numbers of probiotic bacteria of the wet and dried tarhana. Also the concentration of the
probiotic culture didn't affect the sensory attributes of dried tarhana. Subjects supplemented with dried tarhana
showed significant reduction in total serum cholesterol, low density lipoproteins (LDL-C) and triglycerides, while
high density lipoprotein (HDL-C) increased.
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1. Introduction variety of cooked vegetables and spices (tomatoes,

Fermentation as an old and economical onions, salt, mint, paprika) followed by fermentation
method of producing and preserving food, it is for one to seven days (Daglioglu 2000). Lactic acid
carried out to enhance flavor, aroma, shelf-life, bacteria and the yeast are responsible for the acid
texture, nutritional value and other pleasant and formation during fermentation and the leavening
appealing properties of foods (Steinkraus, 2002). It is effect. The dough at fermentation is called as wet
possible to obtain probiotic foods from several tarhana. Afterwards, the dough is dried in the sun or
matrices, including both fermented and non- by dryer as a lamp, nugget or thin layers to obtain dry
fermented products (Rivera-Espinoza and Gallardo- tarhana. Also the tarhana is locally consumed as
Navarro 2010). Tarhana is a traditional fermented snack after being dried as thin layer or nugget, not to
milk-cereal mixture containing lactic acid bacteria be ground. Since there is no standard production
with probiotic properties. Tarhana has been method, nutritional properties of tarhana strictly
considered as one of the oldest probiotic foods depend on ingredients and their ratios in the recipe
(Ozdemir et al. 2007). (Erbas et al. 2006).

Tarhana is a popular traditional Turkish Tarhana is a good source of minerals,
fermented wheat food produced both commercially organic acids and free amino acids which make it
and in homes. It is mainly used in the form of a thick healthy for children, the elderly and medical patients.
and creamy soup consumed at lunch or dinner and is In addition, it is a good source of vitamins such as
easily digested (Bilgicli and Elgun 2005). Tarhana is thiamine, riboflavin and vitamin B12 (Ibanoglu et al.
prepared by mixing wheat flour, yoghurt, yeast and a 1995). Ascorbic acid, niacin, pantothenic and folic
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acid are also present (Ekinci, 2005, Ekinci and
Kadakal 2005). Lacticacid bacteria (LAB) from
yoghurt also aid in absorption of nutrients, which
would otherwise, be indigestible or poorly digestible.
(Farnworth, 2003).

Fermentation of tarhana dough is generally
carried out wusing yoghurt bacteria, such as
Lactobacillus bulgaricus, Streptococcus thermophilus
and Baker's yeast (Saccharomyces cerevisiae)
(Bilgicli and Ibanoglu 2007). This is similar to other
natural systems (e.g. Kefir grains) in which
associations of LAB and yeasts are used in food
fermentation (Gobbetti 1998). The fermentations
occur simultaneously during this aspect of production
(Bilgicli et al. 2006). Yeast fermentation 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
(Gobbetti 1998, Gelinas and McKinnon 2000).
According to Mugula et al. (2003) a combined
culture of yeasts and lactobacilli cause a more
significant decrease in pH (increase in acidity), than
with the use of single cultures in the fermented
millet.

The present study was initiated to produce
synbiotic tarhana and evaluate it as a functional food.
The effect of fermentation time (0, 1, 2 and 3 days)
and starter concentrations (0.5, 1.5, 3 and 4.5%) on
the chemical composition and the probiotic bacterial
counts of wet tarhana were evaluated. Also the effect
of starter concentrations (0.5, 1.5, 3 and 4.5%) on the
sensory attributes, chemical composition and the
probiotic bacterial counts of dried tarhana were
evaluated. The hypocholesterolemic effect of dried
tarhana on human subjects was studied.

2. Material and Methods

Tarhana ingredients: Vegetables [Tomato
(Lycopersicum  Esculentum),  Green  Pepper
(Capsicum Annum), Chicory (Cicohorium Intybus)
and Onion (Allium Cepa)], Cereals [Wheat (Triticum
oestivum)], Spices [ salt, pepper, dill and sweet
marjoram (Origanum majorana)], Yeast
(Saccharomyces cervisiae, press form) were
purchased from the local market, Cairo, Egypt.
Lactulose syrup (52.40% lactulose, 4.3% lactulose
and 2.5 galactose) was obtained from the Egyptian
International Industries Company (EIPICO), Cairo,
Egypt and Spray dried skim milk (low heat) was
obtained from Dina for Agriculture Investments,
Egypt.

Probiotic Culture: DVS-ABT2 (containing
Streptococcus thermophilus, Lactobacillus
acidophilus and Bifidobacterium bifidum) were
obtained from Chr. Hansen's Lab., Copenhagen
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Denmark. M17 agar, MRS-Salccin agar, violet red
bile agar (VRBA), potato dextrose agar, and MRS
agar. All media were purchased from Oxoid LTD,
London.

Preparation of Chicory Water-Soluble Extract

Chicory Water-Soluble Extract was prepared
according to the methods described by Kim and Shin
(1998) as follows: 10g dried chicory plant was
dissolved into 200 ml distillated water, soaked for 24
hours under refrigeration, heated at 70 °C for 15 min.
then filtered. Chicory extract was then added to the
synbiotic yoghurt.

Preparation of synbiotic yoghurt

Milk samples were standardized by adding
skim milk powder to achieve 16% total solids
content, pasteurized (15 min. at 85 °C) and cooled to
40 °C. Chicory extract and lactulose syrup (3% each)
were individually added to milk samples, then
inoculated with different concentrations (0.5, 1.5, 3,
4.5%) of the DVS-ABT2 culture, then milk was
dispensed into pasteurized plastic cups (100 ml),
capped, incubated (5 hours at 44 °C) cooled and
stored in the refrigerator at 5 °C to prepare synbiotic
tarhana.

Preparation of synbiotic tarhana

The ingredients of tarhana are presented in
Table (1). Production method of tarhana is presented
in fig. (1). All ingredients were prepared (cleaned,
peeled and cut), then mixed, blended, pasteurized (30
min. at 65°C) and cooled at 25°C, whole flour, salt,
synbiotic yoghurt (with different concentrations of
the probiotic culture) and Baker's yeast were added to
the mixture, then kneaded to form tarhana dough.
The dough was fermented (3 days at 25°C) in an
incubator. The samples were withdrawn at time
intervals (0, 1, 2 and 3 days) for chemical analysis
and microbial analysis. Also tarhana samples
(fermented for 3 days) were dried in the sun, filled in
small packages and stored. The dried tarhana were
subject to chemical, microbial and sensory evaluation
and it was also used in human studies to evaluate its
hypolipidemic effect.

Chemical analysis

pH value, total acidity, crude proteins, ether
extract, crude fiber and ash were determined
according to AOAC (2000). Acetaldehyde was
estimated as described by Lees and Jaco (1969).
Diacetyl was determined according to Lees and Jaco
(1970).

Microbial analysis



Journal of American Science, 2010;6(12)

http://www.americanscience.org

Bifidobacterium bifidum was enumerated
according to Dave and Shah (1969) using the
modified MRS agar supplemented with 0.05% L.
cysteine-HCI. The plates were anaerobically
incubated at 37°C for 48 hours using anaerogen
sheets.

Lactobacillus  acidophilus count  was

estimated according to Dave and Shah (1969) on
MRS-salccin agar. Incubation was carried out at 37°C
for 48 hours.
Streptococcus thermophilus count was estimated
according to Terzaghi and Sandine, (1975) using
M17 agar. Incubation was carried out at 25 °C for 48
hours.

Moulds were enumerated according to
standard methods for examination of dairy products
(APHA, 1994). Incubation was carried out at 25 °C
for 4 — 5 days.

Coliform group bacteria were enumerated
according to standard methods for examination of
dairy products (APHA, 1994) using violet red bile
agar (VRBA). Incubation was carried out at 37 °C for
48 hours.

Sensory evaluations

Synbiotic tarhana samples were
organoleptically evaluated by 10 panelists from the
staff members of food science and nutrition
department of the National Research Center, Dokki,
Cairo, Egypt. The panelists evaluated the samples
using a five point Hedonic scale (5 = Liked
Extremely to 1 = Unacceptable) adopted from (lwe,
2000). All samples were evaluated for appearance,
taste and general acceptability. The samples were
filled in small white porcelain bowl (150 ml) and
they were coded with numbers and served to the
panelists at random.

Human experiment

Fifteen hyperlipidemic volunteers aged
between 40 and 55 years old were studied, all were in
good general health, with no history of
cardiovascular or gallbladder disease, non of the
volunteers were taking any medications. They were
given their regular diet which was daily
supplemented with 200g of synbiotic tarhana
(prepared from yoghurt which was inoculated by
4.5% probiotic culture) for 45 days.

Blood sampling

Blood samples were collected from each
volunteer, before supplementation and at the end of
the experimental period, after overnight fasting and
withdrawn through heparinized tubes for serum. The
blood was allowed to clot at room temperature for
one hour, and then the serum was separated by

1404

centrifugation at 3000 rpm for 15 minutes, clear
serum was divided into aliquots and stored at 20°C
until analyzed.

Biochemical analysis

Blood lipids were estimated according to the
following methods, total cholesterol (Allain et al.,
1974), total triglycerides (Fossati and Prencipe 1982),
high density lipoproteins (Lopes-Virella et al., 1977),
and low density lipoproteins (Friedewald et al.,
1977).

3. Results
Evaluation of tarhana dough
Changes in some of the chemical

components of tarhana dough samples [prepared with
yoghurt and inoculated by different concentrations
(0.5, 1.5, 3 and 4.5%) of the probiotic culture (DVS-
ABT2)] were studied in relation to different
fermentation time. Table 2 shows that for all tested
tarhana dough samples, fermentation time had no
effect on crude fiber, ether extract and ash. However,
fermentation time had an effect on pH value and
acidity of tarhana dough. The acidity content of all
studied tarhana dough samples increased by
increasing the fermentation time and consequently
the pH values decreased until the end of fermentation
course. Also increasing of probiotic culture
concentrations from 0.5 to 4.5% decreased the pH
values and increased the acidity content of the
resultant tarhana dough samples. The pH value
decreased from 5.47, 4.89, 4.62 and 4.57 to 4.89,
4.09, 4.08 and 3.92 while the acidity increased from
3.9, 50, 68 and 7.7 to 7.4, 9.7, 10.2 and 13.6
respectively during the fermentation time when a
probiotic culture inoculation of 0.5, 1.5, 3 and 4.5%
respectively was added.

Acetaldenyde and diacetyl contents of
tarhana  dough  samples increased  during
fermentation. Also they increased with increasing of
the probiotic culture concentrations in tarhana dough
as shown in Figure 2 and 3.The effect on
fermentation time on microbial counts of tarhana
dough samples are presented in Table 3. Results
indicate that the microbial counts numbers increased
by increasing the fermentation time reaching the
highest level at the second day of fermentation, then
these decreases by increasing that period to record
the lowest level at the end of fermentation (3 days). It
was found that increasing the probiotic culture
concentrations 0.5, 1.5, 3 and 4.5% (samples A, B, C
and D) increased the numbers of probiotic bacteria as
shown in Table 3. The highest population of probiotic
bacteria from tarhana dough samples that contained
0.5, 1.5, 3 and 4.5% probiotic culture was recorded at
the second day of fermentation being 8.5 x 107, 5.9 x
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10°. 9.7 x 10" and 9.9 x 10" (cfu/g) for L.
acidophilus, 7.2 x 10, 6.4 x 10°, 6.1 x 10™ and 7.6 x
10° (cfu/g) for S. thermophilus and 6.4 x 107, 8.6 x
10%, 8.2 x 10° and 9.0 x 10° (cfu/g) for B. bifidum.
Also, the results indicate that all tarhana dough
samples were free from coliform and mold during the
fermentation period, indicating no contamination
occurred from the environment or the row materials.

Sensory characteristics (flavor, body and
texture and appearance) of dried tarhana samples (A,
B, C and D) prepared with different concentrations of
probiotic culture (0.5, 1.5, 3 and 4.5%) were
evaluated as shown in Table 4. The obtained results
show that the sensory evaluation properties of dried
tarhana had good scores and were acceptable for all
the samples which contained different concentrations
of probiotic culture.

Chemical composition of dried tarhana
samples prepared by yoghurt inoculated with
different concentrations of probiotic culture (0.5, 1.5,
3 and 4.5%) is presented in Table 5. Results indicate
that all dried samples (A, B, C and D) had a protein
content that ranged between (19.87-19.88%). All
dried samples (A, B, C and D) had a fiber and ash
content that ranged between (3.80-3.82%) and (9.93-
9.95%) respectively. All dried samples (A, B, C and
D) had an ether extract that ranged between (2.90-
2.92%). Concerning pH value and acidity content of
dried tarhana sample results Table 5 disclose that the
acidity increased and pH value decreased by
increasing the concentration of the probiotic culture.
The highest acidity (13.4) and the lowest pH value
(3.9) were recorded for dried tarhana sample D
(containing 4.5% probiotic culture). Acetaldehyde
and diacetyl contents of the dried tarhana are shown
in figure 4. Acetaldehyde and diacetyl contents of the
dried tarhana samples increased by increasing
probiotic culture concentration. The highest content
of Acetaldehyde (0.65 pmol/ml) and diacetyl (0.55
pmol/ml) were obtained for tarhana samples
contained 4.5% probiotic culture, while the lowest
contents were obtained for sample having 0.5%
probiotic culture being 0.46 and 0.31 pmol/ml
consecutively.

Effect of sun drying on microbial population
of tarhana samples (A, B, C, and D) is shown in
Table 6, data presented disclose that all dried tarhana
samples recorded a sharp decrease in probiotic
bacterial counts after drying compared to the
corresponding values at the end of fermentation (day
three) as shown in Table 3.

Hypolipidemic effect

Table 7 shows the changes in total
cholesterol, total triglycerides, low and high density
lipoprotein of the subjects that consumed dried
synbiotic tarhana for 45 days (prepared from yoghurt
which was inoculated by 4.5% probiotic culture).
Results show a significant hypocholesterolemic effect
where the mean of the serum cholesterol
concentration was (222.0 + 5.2) at the start of
experiment then decreased to (202.6 + 8.5) at the end
of the experiment, triglyceride level showed a highly
significant reduction from (179.8 + 5.4) at the start of
experiment to (169.0 + 5.5) at the end of the
experiment, high-density lipoprotein cholesterol was
significantly raised from (50.1 = 1.0) to (57.8 £ 0.9)
at the end of the experiment. As for the low-density
lipoprotein cholesterol there was no significant
change with a value of (92.7 £ 0.7) at the start of
experiment to (81.9 = 0.5) at the end of the
experiment.

Table 1: Synbiotic Tarhana Ingredients (% w/w)

Ingredients % wiw
Whole wheat flour 35
Synbiatic Yoghurt 25

Fresh onions 12

Fresh tomato 10

Fresh red pepper 6
Green pepper 4
Baker's yeast 4

Salt 2

Dill powder 1

Sweet marjoram 1

Table 2: Changing in pH value, acidity, crude protein, crude fibre, ether extract and ash of tarhana dough
samples prepared with yoghurt fermented by different concentrations of DVS-ABT2 culture during

fermentation.
Tarhana | Fermentation - Crud.e Ether C(ude Ash
: pH Acidity protein Extract Fibre
samples time (days) (a7100g)
0 5.47 3.9 19.88 2.90 3.80 9.94
A 1 5.24 4.2 19.88 2.91 3.81 9.93
2 4.90 7.4 19.87 2.91 3.81 9.94
3 4.89 7.4 19.88 2.92 3.80 9.91
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0 4.89 5.0 19.89 291 3.81 9.95
B 1 4.67 6.9 19.90 2.92 3.80 9.97
2 411 9.5 19.87 2.92 3.81 9.93
3 4.09 9.7 19.88 291 3.81 9.94
0 4.62 6.8 19.89 291 3.82 9.96
c 1 4.44 6.5 19.90 2.90 3.83 9.94
2 4.10 10.0 19.88 2.93 3.82 9.95
3 4.08 10.2 19.87 291 3.81 9.95
0 4.57 7.7 19.89 291 3.80 9.91
D 1 4.36 9.2 19.89 2.90 3.82 9.94
2 4.94 13.5 19.87 291 3.81 9.95
3 3.92 13.6 19.88 2.93 3.81 9.93

(A): prepared using yoghurt incubation with 0.5% probiotic culture. (B): prepared using yoghurt incubation with
1.5% probiotic culture. (C): prepared using yoghurt incubation with 3% probiotic culture. (D): prepared using
yoghurt incubation with 4.5% probiotic culture.

Table 3: Effect of fermentation time on microbial counts (cfu/g) of tarhana dough prepared with yoghurt
fermented by different concentrations of DVS-ABT?2 culture.

Tarhana Fermentation Microbial counts (cfu/g)
i L. . . )
samples time (days) acidophilus S. thermophilus | B. bifidum | Molds Coliform
0 9.3x 10* 8.7 x 10* 2.2 x 10 ND ND
A 1 7.9x10° 6.7 x 10° 53x10° ND ND
2 8.5 x 10’ 7.2 x 107 6.4 x 107 ND ND
3 4.0x10° 6.9 x 10° 5.0x 10° ND ND
0 5.9 x 107 7.2 x 107 8.3x 10° ND ND
5 1 6.1x 10° 3.9x 108 5.9 x 10’ ND ND
2 59x 10° 6.4 x 10° 8.6 x 10° ND ND
3 75x 108 6.6 x 10° 9.2 x 10’ ND ND
0 8.0 x 10° 5.5 x 10° 3.8x 10’ ND ND
c 1 2.9x10° 25x10° 1.1x10° ND ND
2 9.7 x 10%° 6.1 x 10%° 8.2 x10° ND ND
3 8.4 x 10° 6.9 x 10° 8.0 x 10° ND ND
0 8.9 x 10° 7.3x10° 8.8 x 10’ ND ND
5 1 5.3 x 10° 6.1 x 10° 3.6x10° ND ND
2 9.9 x 10%° 7.6 x 10%° 9.0x10° ND ND
3 7.0 x 10° 6.5 x 10° 9.1x10° ND ND

(A): Prepared using yoghurt incubation with 0.5% probiotic culture. (B): Prepared using yoghurt incubation with
1.5% probiotic culture. (C): Prepared using yoghurt incubation with 3% probiotic culture. (D): Prepared using

yoghurt incubation with 4.5% probiotic culture.

ND = Not Detected

Table 4: sensory attributes of dried tarhana prepared with yoghurt fermented by different concentrations of

DVS-ABT?2 culture.

Tarhana samples flavor body and texture appearance Total (15)
A 4.5 4.6 35 12.6
B 4.6 4.6 4.0 13.2
C 4.5 4.5 4.0 13
D 4.5 4.6 3.5 12.6

Each value represents the mean of ten panel's degree

(A): Prepared using yoghurt incubation with 0.5% probiotic culture. (B): Prepared using yoghurt incubation with
1.5% probiotic culture. (C): Prepared using yoghurt incubation with 3% probiotic culture. (D): Prepared using

yoghurt incubation with 4.5% probiotic culture.
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Table 5: chemical composition of dried tarhana prepared with yoghurt fermented by different concentrations
of DVS-ABT?2 culture.

Tarhana samples

Components A B C D
pH 4.90 4.08 4.10 3.94
Acidity 7.5 9.5 104 134

Crude
protein(g/100g) 19.87 19.88 19.87 19.89
Ether extract
(/100g) 2.92 2.92 291 2.90
Crude fiber

(/100g) 3.81 3.82 3.82 3.80
Ash (g/100g) 9.93 9.94 9.98 9.93

(A): Prepared using yoghurt incubation with 0.5% probiotic culture. (B): Prepared using yoghurt incubation with
1.5% probiotic culture. (C): Prepared using yoghurt incubation with 3% probiotic culture. (D): Prepared using
yoghurt incubation with 4.5% probiotic culture.

Table 6: Microbial counts of dried tarhana samples prepared with yoghurt fermented by different
concentrations of DVS-ABT?2 culture.

Microorganisms Tarhana samples
(CFUIg) A B C D
L. acidophilus | 5.0 x 10° 6.2 x 10° 4.0 x 10* 7.4 x 10°
S. thermophilus | 9.2 x 10 4.0 x 10° 3.6 x 10° 7.9 x 10°
B. bifidum 3.4x10° 5.1x10° 4.1x10* 8.8 x 10
Molds ND ND ND ND
Coliform ND ND ND ND

(A): Prepared using yoghurt incubation with 0.5% probiotic culture. (B): Prepared using yoghurt incubation with
1.5% probiotic culture. (C): Prepared using yoghurt incubation with 3% probiotic culture. (D): Prepared using
yoghurt incubation with 4.5% probiotic culture.

ND = Not Detected

Table 7: Plasma lipid profile of experimental group before and after 45 days of dietary supplement. '

Parameters Before (Mean£SE) After (MeanzSE)
Cholesterol (mg/dl) 2220+5.2 202.6 + 8.5*
TGs (mg/dl) 179.8 +5.4 169.0 £ 5.5**
HDL-Ch (mg/dl) 50.1+1.0 57.8 +0.9**
LDL-Ch (mg/dl) 92.7+0.7 81.9+05

! Supplement by dried synbiotic tarhana (prepared from yoghurt which was inoculated by 4.5% probiotic culture),
n=15, *=significant p<0.05 **= high significant p<0.01

TGs = Triglycerides, HDL-Ch = high-density lipoprotein cholesterol , LDL-Ch = low-density lipoprotein
cholesterol.
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Mixture of Pepper + Tomato + Onion + Dill + Sweet marjoram
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Figure 1: Flow chart for the preparation of tarhana.
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Figure 2: Effect of fermentation time on acetaldehyde contents (umo/ml) of tarhana dough prepared with
yoghurt fermented by different concentration (0.5, 1.5, 3 and 4.5%) of DVS-ABT?2 culture.
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Figure 3: Effect of fermentation time on diacetyl contents (umo/ml) of tarhana dough prepared with yohgurt
fermented by different concentration (0.5, 1.5, 3 and 4.5%) of DVS-ABT?2 culture.
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Figure 4: Acetaldehyde and diacetyl contents (umol/ml) of the dried tarhana prepared with yoghurt
fermented by different concentrations of DVS-ABT2 culture.

4. Discussion:

In the present study, changes in some of the
chemical components of tarhana dough samples were
studied in relation to different fermentation time.
Results show that for all tested tarhana dough
samples, fermentation time had no effect on crude
fiber, ether extract and ash. This is in the agreement
with the results obtained by Erbas et al. (2005), who
found out that fermentation had no significant effect
on dry matter, crude protein, ether extract and ash.

Data obtained revealed that the acidity
content of all studied tarhana dough samples
increased by increasing the fermentation time and
consequently the pH values decreased until the end of
fermentation course. The increase in the acidity
followed by a decrease in pH value may be due to the
formation of organic acids from fermentation of
sugars mostly by probiotic bacteria. Such findings
coincide with those reported by Ibanoglu et al. (1995)
and Erbas et al. (2005), who demonstrated that the
acidity of tarhana dough increased and the pH
decreased during fermentation.
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Acetaldehyde and diacetyl are two important
aromatic compound. Acetaldehyde and diacetyl
contents of the tarhana dough samples increased with
increasing of the probiotic culture concentrations in
tarhana dough. Acetaldehyde content is attributed to
probiotic bacteria (Erbas et al. 2005).

Results indicate that the microbial counts
numbers increased by increasing the fermentation
time reaching the highest level at the second day of
fermentation, then it decreases by increasing that
period to record the lowest level at the end of
fermentation (3 days). These results are in
accordance with those obtained by Daglioglu et al.
(2002) using Turkish tarhana. The results of bacterial
counts are close to those reported by Capela et al.
(2006), who, reported that the viability of probiotic
organisms in yoghurt that had been inoculated with
4% was more than in yoghurt that had been
inoculated with 2% before and after fermentation.
Ibanoglu et al. (1999) found that the increasing of
yoghurt amount from 500g to 1000g in tarhana
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during the fermentation increased the population of
probiotic bacteria of tarhana.

Sun drying is a slower but a more common
and economical approach for traditional tarhana
production. As for the drying process the critical
moisture value is 13 — 15% for the inhibition of
undesirable microbial growth in dry recipes produced
from wheat flour (Bozkurt and gurbuz, 2008). The
moisture content of tarhana is low, that it can be
stored for 2 or 3 years without deterioration
(Ibanoglu et al. 1999, Tarakc et al. 2004).

The results of the sensory analysis show
that the use of yeast in the tarhana formula had a
positive effect on the sensory properties. This shows
that yoghurt bacteria and yeast together produce
lactic acid, ethyl alcohol, carbon dioxide, and other
fermentation products, which give tarhana its
characteristic taste and flavour (Koca et al. 2002).

The protein content of the dried samples was
higher than that obtained by Daglioglu (2000), Kose
and Cagndi (2002) who reported that the crude
protein content of dried tarhana were between 14.5 —
16 %. The latter author added that dried tarhana is a
good source of protein. This can be explained by the
differences in the tarhana formulas produced in
different regions of Turkey.

The fiber and ash content in the present
study were higher than that obtained by Daglioglu
(2000), Erbas et al. (2006) who reported that the
crude fiber and ash content of dried tarhana were 1%
and 6.2%. The ether extract content was less than that
obtained by Daglioglu (2000), Erbas et al. (2006)
who reported that the ether extract content of dried
tarhana was 5.4%. This can be explained by the
differences in the tarhana formulas produced in
different regions of Turkey.

Drying treatments can slightly affect the
increase in the pH and the decrease in acidity
contents of the tarhana samples. The acetaldehyde
and diacetyl contents of the dried tarhana may be due
to the formation of aromatic components which is
attributed to the presence of probiotic bacteria as
reported by Erbas et al. (2005).

The sharp decrease in probiotic bacterial
counts after drying coincide with the results reported
by Daglioglu et al. (2002) who observed a sharp drop
in L.A.B. population of tarhana samples after
conventional drying. Also Erbas et al. (2005)
attributed the decrease of L.A.B. population to the
low water content of dried tarhana samples.

In the present study it was found that
increasing the probiotic culture concentrations
increased the number of probiotic bacteria of dried
tarhana. These results are in agreement with those
reported by Capela et al. (2006) who, disclosed that
the viability of probiotic organisms in freeze-dried
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yoghurt was increased by increasing the inoculums
volume from 2 to 4 %.

Hypolipidemic effect

The relationship between atherosclerotic
cardiovascular disease and nutrition is very
important. Many functional foods have been found to
be potentially beneficial in the prevention and
treatment of cardiovascular disease. (Anderson
2003).

The hypocholesterolemic effect of dried
tarhana may be due to its content of probiotic bacteria
and prebiotic inulin because it is soluble in water and
not hydrolyzed by human digestive enzymes, it is
expected to behave like a soluble fiber and to have a
hypolipidemic effect (Kim and Shin 1998), wheat
flour which as explained by IlIman et al. 1993 lowers
plasma cholesterol and increases cecal steroids
relative to whole wheat flour, wheat bran and wheat
pollard in rats. Also wheat is among cereals
containing high concentrations of 3-glucan which is
known to have a cholesterol lowering effect
(Newman et al. 1989, Mc Intoch et al. 1991).
Vegetables such as onion have hypocholesterolemic
effect by inhibiting hepatic cholesterol biosynthesis
(Gupta and Porter 2001, Singh and Porter, 2006) ,
Lycopene from tomatoe led to reduction of serum
total cholesterol (Agarwal and Rao 1998) and green
pepper which prevents arteriosclerosis and lower
cholesterol (Mezzetti et al. 1995).

5. Conclusion

Fermentation process is an important stage
for the development of sensory profile of tarhana.
Fermentation and increasing probiotic culture
concentrations decreased the pH values and increased
acidity, acetaldenyde and diacetyl values while
neither the fermentation nor the concentrations of the
probiotic culture affected crude protein, ether extract,
crude fibre and ash values of wet and dried tarhana.

The increasing of the probiotic culture
concentration from 0.5 to 3% ensured probiotic
bacteria population of wet and dried tarhana at
satisfactory level while increasing the probiotic
culture concentration from 3 to 4.5% slightly
increased probiotic bacteria population. Generally
drying process decreased the viability of probiotic
bacteria as drying decreased the water activity. So it
has a poor medium for pathogens and spoilage
organisms.

Since tarhana is a good source of B
vitamins, minerals, organic acids, and free amino
acids, and since it is a product of L.A.B. and yeast
fermentation, it may be considered a functional and
probiotic food with hypolipidemic effect.
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