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ABSTRACT

Anthocyanins are natural pigments in various fruits and vegetables, including black carrots. 
These pigments give the black carrot its dark purple color and have gained attention in the 
food industry due to their potential health benefits and functional properties. In this study, 
black carrot concentrate (BCC) was added to the tarhana formulation to improve the nutri-
tional value and technological properties of tarhana, and its effects on the physicochemical, 
microbiological, and techno-functional properties of tarhana throughout the process were fo-
cused on. Fermentation increased the tarhana samples’ total acidity, moisture, ash, and protein 
contents. After drying, BCC was observed in the tarhana formulation markedly increased the 
ash (2.57–2.14%) and anthocyanin content (27.53–1.06 mg/100g) compared to traditional tar-
hana. The microbial composition (LAB, yeast, and TMAB) was similar before fermentation, 
but microbial growth was higher in tarhana without BCC after fermentation. It was found that 
the time taken to reach approximately 10% moisture value in tarhana samples was 420 min 
at 60°C. BCC reduced fermentation loss (12.47-8.41%) and viscosity (267.08–214.05 (267.08-
214.05 mPa.s). Drying and fermentation did not significantly affect the total color change. 
While the emulsification activity of the samples increased (40.31–55.05%), the foaming sta-
bility (7.62–3.16) decreased. BCC was not effective on the foaming capacity, water absorption 
capacity, or oil absorption capacity. Tarhana with 5% BCC was similar to traditional tarhana 
in taste, odor, color, grittiness, cohesiveness, and overall acceptability.
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INTRODUCTION

Carrot (Daucus carota), which belongs to the Apiaceae 
family, is one of the most consumed root vegetables world-
wide and has many colors, including white, yellow, orange, 
red, and purple or black, due to its bioactive pigments. 
Although orange carrots are widely consumed today, black 
carrots have become a commercially valuable agricultural 
product due to their rich nutritional content and sev-
eral functional health benefits. Black carrot, scientifically 
known as Daucus carota ssp. sativus var. atrorubens Alef, 
is cultivated in the eastern parts of the world, especially in 
countries such as Turkey, Pakistan, Afghanistan, Egypt, and 
India [1]. It is a good source of vitamins (A, thiamine, ribo-
flavin, niacin, B6, biotin, and C), minerals (iron, phospho-
rus, calcium, magnesium, potassium, sodium, and zinc), 
and dietary fiber (cellulose, hemicellulose, lignin, and pec-
tin). It also contains polyphenolic compounds, which give 
it its characteristic purple color. Anthocyanins are the most 
abundant water-soluble pigments in black carrots, known 
as a group of flavonoids, and have become increasingly 
important in the food industry due to their natural coloring 
properties. These bioactive components have emerged as 
promising agents with their role in preventing various met-
abolic disorders like diabetes, cholesterol, obesity, blood 
pressure, degenerative and inflammatory diseases, and 
their high antioxidant capacity [2–4].

Tarhana is a cereal-based traditional fermented food 
that has an important position in the Middle East, Anatolia, 
and the Balkans and is mostly consumed as a soup, but 
recently its consumption as chips has become widespread 
[5]. Tarhana is produced both at home and industrially, with 
increasing demands [6]. Although it varies from region to 
region, in the production of Tarhana dough, wheat flour, 
yogurt, various vegetables such as pepper, tomato, onion, 
and a few spices such as salt and pepper are generally used 
and dried after a period of fermentation. Lactic acid bac-
teria and yeasts play a role in the fermentation of tarhana 
and contribute to the characteristic acidic-sour taste and 
aroma formation of the fermentation products they pro-
duce, such as lactic acid, ethanol, CO2, acetaldehyde, and 
diacetyl. These organic acids and some drying processes 
have a bacteriostatic effect on foodborne pathogens such as 
Escherichia coli O157:H7 and Staphylococcus aureus [7,8].

Fermented foods are among the functional products that 
positively affect human health. Fermentation increases the 
taste, flavor, nutritional value, bioavailability, digestibility, 
and shelf life of the product [9]. Tarhana is also considered 
a nutritious food product because it contains carbohydrates, 
free essential amino acids (particularly lysine and thre-
onine), vitamins (B1, B2), and minerals (calcium, iron, 
sodium, potassium, magnesium, and zinc) from both plant 
and animal sources, as well as being fermented [10,11]. The 
amount and type of ingredients used in tarhana production 
can affect its nutritional value. There have been several stud-
ies on enriching the nutritional content of tarhana, but these 

studies have generally focused on searching for wheat flour 
substitutes [12–21]. In this study, black carrot concentrate 
(BCC) was used to enrich the nutritional value and physi-
cochemical properties of tarhana. For this purpose, different 
amounts of BCC (5–10%) were added to tarhana dough, and 
the changes in the chemical, microbiological, and functional 
properties of tarhana throughout the process were examined 
and its drying properties were determined.

MATERIALS AND METHODS

Materials
The ingredients used in tarhana production were pur-

chased from local markets in Istanbul, Turkey. Black carrot 
concentrate was obtained from Endemix Natural Ingredents 
Inc. in Istanbul, Turkey. The sourdough used was supplied 
by Istanbul Halk Ekmek (IHE) Inc. in Istanbul, Turkey. 
The materials were stored in the refrigerator at 4°C until 
production. All chemicals used in this study were obtained 
from Merck (Darmstadt, Germany). 

Tarhana Production and Fermentation
Traditional tarhana was produced according to the 

method described by Bilgiçli et al. [22]with some mod-
ifications (Table 1). The ingredients (wheat flour, yogurt, 
tomato sauce, sourdough, grated onion, capia pepper, chili 
pepper, and table salt) were kneaded using an Arzum mixer 
(Arzum, Ar1069, Turkey) until exactly homogenized. To 
prepare tarhana enriched with (BCC), tomato sauce in tra-
ditional tarhana formulation was replaced with 5% and 10% 
BCC. The prepared tarhana dough was fermented at 25°C 
for 48 hours and dried at 60°C until it reached about 10% 
moisture using a cabinet dryer (APV Pasilac Ltd., London, 
UK). Dried samples were ground in a grinder (Karmatte, 
Turkey) and stored in polyethylene bags.

Chemical Analysis
The moisture, ash, and protein content of tarhana sam-

ples were determined using the standard methods of The 
American Association of Cereal Chemists [23]. The total 
acidity of tarhana samples was analyzed as previously 
described [24]. The total acidity values of the samples were 
given as % lactic acid. The water activity of the samples 
was performed using a water activity meter (Novasina, 
LabTouch-aw, Switzerland). All analyses were repeated 3 
times in tarhana dough before and after fermentation and 
dried tarhana after drying. 

Microbiological Analysis
To evaluate the microbial composition of tarhana 

samples before, after fermentation, and after drying, 
Lactobacillus spp. (LAB), yeast and total mesophilic aerobic 
bacteria counts (TMAB) were performed on Man Rogosa 
and Sharpe Agar (MRS), Potato Dextrose Agar (PDA), and 
Plate Count Agar (PCA), respectively. For this purpose, 
the tarhana sample (10 g) was weighed and homogenized 
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with a physiological saline solution (90 mL). Appropriately 
dilutions were inoculated into the relevant medium by the 
spread plate method. Then, the petri dishes were incu-
bated at 30°C for 48 hours and the counting results were 
expressed as colony-forming units per gram logarithmi-
cally (log cfu/g). 

Drying Characteristic Analyses
The data derived from drying tarhana was used to 

determine the drying characteristics of the samples. The 
moisture contents of tarhana samples were determined in 
certain periods according to Eq. 1 [25]:

  (1)

where M is the moisture content (kg water/kg dry matter), 
Wi and Wd are, respectively, the weight of the sample (kg) 
and the dry matter content of the sample (kg).

The drying rate of tarhana samples was calculated using 
Eq. 2 [25]:

  (2)

where DR is the drying rate (kg water/kg dry matter. min), 
and Mt1 and Mt2 are the moisture content (kg water/kg dry 
matter) at times t1 and t2 (min).

Fermentation loss was determined considering the 
weight of tarhana dough (dry matter basis) before and after 
drying [18]. 

Total Anthocyanin Contents
Total anthocyanin content was performed according 

to the pH differential method [26]. The pH of the appro-
priately diluted samples was adjusted to pH 1.0 (0.025 M 
potassium chloride adjusted to pH=1 with HCl) and 4.5 
(0.4 M sodium acetate adjusted to pH=4.5 with HCl) with 
buffer solutions. The absorbance of the samples was mea-
sured at 510 and 700 nm using a UV-Vis spectrophotometer 
(Shimadzu, UV-1800, Kyoto, Japan). The total anthocyanin 
content was determined as mg of cyanidin-3-glucoside 
(Cy-3-glu) equivalents per 100 g of the sample. 

Determination of Color 
The colors of tarhana samples were measured using a 

chroma meter (Konica Minolta CR-400, NJ, USA) during 
fermentation and after drying. The color values of the 
samples were expressed as L*, a*, and b*, which express 
whiteness/darkness, greenness/redness, and yellowness/ 
blueness, respectively. Hue angle (h) and saturation index 
(SI) were calculated using a* and b* values with the follow-
ing Eq. 3 and 4:

  (3)

  (4)

To examine the effect of fermentation and drying on the 
color change of the samples, the total color difference index 
(ΔE) was calculated with Eq. 5:

  (5)

Determination of Functional Properties 
A rheometer (Anton Paar, MCR-302, Austria) was used 

to measure the viscosity of tarhana at 100 rpm and 60 °C. 
For this, the tarhana solution (10%) was prepared in dis-
tilled water and cooked on a hotplate until boiling [24]. 

For water and oil absorption capacities, 5 g of tarhana 
powder was homogenized in 25 mL of distilled water/
sunflower oil by mixing for 60 min and then centrifuged 
at 4000 rpm for 20 min. Water and oil absorption capacity 
was expressed as ml water or oil/g tarhana [9].

For foam capacity and foam stability, after 10 g of tar-
hana powder was dispersed in distilled water, the mixture 
was centrifuged at 4000 x g for 20 min. The supernatant was 
whipped with a blender for 2 min and the volume of the 
foam was recorded after 10 s. The volume of gas added per 
ml of solution was used to calculate the foaming capacity. 
The time passed (min) until half of the original foam vol-
ume disappears representing the foaming stability [9].

Table 1. Formulation of tarhana dough

Ingredients BC0 (g) BC5 (g) BC10 (g)
Wheat flour 1000 1000 1000
Yogurt 400 400 400
Sourdough 150 150 150
Tomato sauce 200 105 10
Onion 50 50 50
Capia pepper 50 50 50
Chili pepper 20 20 20
Table salt 10 10 10
Black carrot concentrate - 95 190
BC0: Traditional tarhana (control); BC5: Tarhana with 5% BCC; BC10: Tarhana with 10% BCC.

https://tureng.com/tr/turkce-ingilizce/capia pepper
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For the emulsifying activity, after centrifuging 10 g of 
tarhana in distilled water, the supernatant and sunflower oil 
(1:1) were mixed. The mixture was mixed in a blender for 5 
min. The ratio of the volume of the emulsified layer to the 
total volume of the mixture was used to express the emulsi-
fying activity (%) [9]. 

Sensory Analysis
Tarhana preparation according to the method of Çağlar 

et al. [12] was used for sensory analysis with slight modifi-
cations. Tarhana powder (100 g) was mixed with tap water 
(1000 mL) and table salt (10 g) and cooked on medium heat 
until boiling. After boiling, butter (40 g) was added and 
cooked on low heat for 2 min. All samples were prepared in 
the same way. Tarhana soup was served in bowls and eval-
uated by 10 panelists who had tasted this soup before. All 
of the tarhana soups were evaluated in random orders by 
the panelists. Panelists evaluated the taste, odor, color, grit-
tiness, cohesiveness, mouthfeel, and overall acceptability of 
tarhana soup using a 5-point scale. 

Statistical Analysis
Statistical evaluation was performed with one-way 

ANOVA at a significance level of p=0.05 using the JMP 
ver. 6 software (SAS Institute, Inc., Cary, USA). Two dif-
ferent productions were performed and all measurements 
were studied in three parallels. The values were expressed 
as mean ± standard deviation.

RESULTS AND DISCUSSION

Chemical Characteristics
The chemical composition of tarhana enriched with 

BCC at different substitution levels (5 and 10%) is shown 
in Table 2. The increase in total acidity after fermentation 
was associated with lactic acid fermentation and there was 
no significant difference between the samples (p>0.05). The 
total acidity value obtained in this study was higher than 
in other enriched tarhana studies [10,27] and it increased 
with BCC in dried tarhana (p<0.05). The increase in the 
acidity of tarhana containing BCC can be attributed to the 
high carbohydrate content of these samples. BCC reduced 
the moisture content of tarhana from 43.95 to 39.25%, and 
with the loss of fermentation, the moisture content of the 
samples increased significantly after fermentation (p<0.05). 
On the other hand, as seen in Figure 2, the moisture level of 
the samples was approximately 10% at the end of the drying 
process applied for an equal period at constant tempera-
ture (p>0.05). According to the Turkish Standards Institute, 
the maximum moisture content in tarhana should not be 
more than 10%. Water activity is important in maintain-
ing the shelf life and chemical stability of food. The water 
activity values of tarhana samples ranged between 0.86 and 
0.87 after fermentation and 0.46 and 0.49 after drying (p > 
0.05). Çolak et al. [28] examined a total of 138 traditional 
tarhana samples collected from different parts of Istanbul 
and found the minimum moisture content and water activ-
ity of the samples to be 10.35 and 0.658, respectively. Göncü 

Table 2. Effect of black carrot concentrate on the chemical composition of tarhana

Characteristics  Tarhana samples Before fermentation Post fermentation Dried tarhana
Total acidity (%) BC0 0.33±0.03b 0.73±0.16a 1.69±0.12b

BC5 0.52±0.00b 1.00±0.06a 2.13±0.00b

BC10 0.89±0.12a 1.06±0.03a 2.77±0.22a

Moisture (w/w %) BC0 43.95±0.40a 47.82±0.59a 10.29±1.44a

BC5 41.06±0.90b 44.57±0.46b 10.29±0.52a

BC10 39.25±0.05c 41.67±0.01c 10.71±1.94a

Water activity (aw) BC0 0.87±0.01a 0.87±0.01a 0.46±0.04a

BC5 0.86±0.01b 0.86±0.01a 0.47±0.01a

BC10 0.85±0.00b 0.86±0.01a 0.49±0.08a

Ash (w/w %) BC0 1.37±0.03b 1.49±0.06b 2.14±0.12b

BC5 1.50±0.02a, b 2.01±0.09a 2.45±0.06a

BC10 1.76±0.14a 2.23±0.17a 2.57±0.09a

Protein (w/w %) BC0 7.24±0.44a 7.52±0.56a 13.81±0.07a

BC5 7.28±0.57a 7.45±0.52a 13.67±0.78a, b

BC10 7.28±0.43a 7.36±0.48a 12.61±0.61b

Total anthocyanin 
(mg/100 g)

BC0 10.02±1.80c 8.66±1.50c 1.06±0.17c

BC5 44.46±1.97b 39.87±2.09b 10.23±2.20b

BC10 84.62±0.32a 82.95±1.31a 27.53±2.46a

BC0: Traditional tarhana (control), BC5: Tarhana with 5% BCC, BC10: Tarhana with 10% BCC.
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[29] also added the sour cherry puree to the tarhana and the 
aw did not change. The ash content increased from 1.49 to 
2.23% after fermentation, and from 2.14 to 2.57% in dried 
tarhana. While BCC significantly increased the amount 
of ash (p<0.05), there was no difference between BC5 and 
BC10 (p>0.05). The amount of protein did not change 
before and after fermentation (p>0.05), but decreased from 
13.81 to 12.61% with increasing BCC in dried samples 
(p<0.05). In other studies, the protein amount for tradi-
tional tarhana was 13.7, 14,67, and 14,84 % [29–31].

The total anthocyanin content of the black carrot con-
centrate used in the study was 1352.26 mg/100g. As seen 
in Table 2, adding black carrot concentrate to the tarhana 
formulation significantly increased the total anthocyanin 
content (p<0.05). Initially, the total anthocyanin content 
of tarhana dough ranged from 10.02 to 84.62 mg/100 g. 
Similarly, Pandey et al. [32] developed fortified dairy prod-
ucts by adding black carrot concentrate and found the 
total anthocyanin content of ice cream, yogurt, and butter 
enriched with 7.5% BCC, ranging from 24.52 to 113.27 
mg/100 g. After fermentation, a slight decrease in anthocy-
anin was observed in the samples, which was attributed to 
the decomposition of anthocyanin by microorganisms [33]. 
Degradation of black carrot anthocyanins as a result of heat 
treatment caused a decrease in the anthocyanin content 
of the samples, the anthocyanin content of dried tarhana 
samples was between 1.06 and 27.53 mg/100 g. The results 
obtained from different studies showed that anthocya-
nins in black carrot juice and concentrates increased with 
increasing solid content, pH, and temperature during both 
heating and storage [34,35]. 

Different lowercase superscripts in the same column 
indicate a significant difference (p≤0.05).

Microbiological Characteristics 
Tarhana is a fermented cereal food produced as a result 

of lactic acid fermentation, in which lactic acid bacteria and 
yeast play an active role. The changes in the microbial com-
position of tarhana samples during the process are indicated 
in Figure 1. At the beginning of fermentation, the numbers 

of LAB, yeast, and TMAB were significantly different in 
all samples (p>0.05). The low acid content and fermenta-
tion conditions of tarhana dough further encouraged the 
growth of LAB in traditional tarhana. After fermentation, 
the number of LAB was 8.05 log cfu/g in the BC10 sam-
ple and went up to 9.81 log cfu/g in BC0. TMAB and yeast 
count increased at the end of fermentation, but there was 
no significant difference between samples (p>0.05). Our 
results were in agreement with Arslan-Tontul et al. [36], 
who reported that the yeast count increased from 7.51 to 
7.91 log cfu/g and the TMAB count increased from 7.49 to 
7.92 log cfu/g in the first 2 days of fermentation. Similarly, 
Kumral [37] reported that the LAB and yeast counts of tar-
hana samples increased, but the number of microorgan-
isms tended to decrease as the fermentation time ascended. 
Moreover, Kıvanç and Funda [38], the number of LAB, 
yeast, and TMAB increased rapidly within 3 days after fer-
mentation. LAB, yeast, and TMAB count in dried tarhana 
samples ranged from 4.56 to 3.00, 3.34 to 2.08, and 3.45 
to 2.65, respectively (p<0.05). In addition, mold was not 
detected during the whole process. Looking at the results, it 
was seen that the enrichment of tarhana dough with BCC 
partially negatively affected microbial growth. Gulbandilar 
et al. [39] analyzed homemade and commercially dried tar-
hana samples and found an average TMAB count of 3.10 log 
cfu/g. Aktaş and Akın [40]reported that in tarhana samples 
enriched with rice and corn bran, the mean TMAB count 
was 5.71 log cfu/g, while LAB was 6.39 log cfu/g.

Drying Characteristics
The drying characteristics of tarhana samples dried in 

the cabinet dryer were investigated at a constant tempera-
ture. The drying curves of tarhana samples are presented in 
Figure 2. In all samples, the drying process was performed 
until the final moisture content of the resulting tarhana 
powder reached approximately 10% (w/w). The time to 
reach the desired moisture content was 420 min at 60°C. 
As expected, the moisture content of the samples declined 
continuously with time and the moisture content at the end 
of the drying period was approximately 10%. 

Figure 1. Microbial changes during tarhana production: LAB, yeast, and TMAB counts. 

BC0: Traditional tarhana (control); BC5: Tarhana with 5% BCC; BC10: Tarhana with 10% BCC; BF: Before fermentation; PF: Post-fer-
mentation; DT: Dried tarhana.
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The changes in drying rate depending on time are 
shown in Figure 3. As can be seen, the drying rate was the 
fastest at the beginning of the drying process in all sam-
ples, and the rate mostly diminished with time. The sample 
with the highest initial drying rate was the control (BC0) 
with the highest initial moisture content. A constant dry-
ing period was not observed in the drying curves of tar-
hana samples. Similar results were also reported in previous 
studies for tarhana [41,42]. BCC additive caused a decrease 
in the moisture content of the product and accordingly, the 

drying rate was decreased, which may be related to the use 
of BCC as a tomato sauce substitute. 

Color Values of Tarhana
Color plays an important role in consumer preference 

when considering the sensory properties of foods. Color 
values of the tarhana samples are shown in Table 3. The 
effect of BCC addition on L*, a*, and b* values was signif-
icant (p<0.05), and BCC fortification decreased L* (light-
ness), and b* (yellowness) but increased a* (redness). This 
shows the effect of the natural BCC bluish-purple color 

Figure 3. Drying rate curves of tarhana samples at 60°C

BC0: Traditional tarhana (control); BC5: Tarhana with 5% BCC; BC10: Tarhana with 10% BCC;

Figure 2. Drying curves of tarhana samples at 60°C

BC0: Traditional tarhana (control); BC5: Tarhana with 5% BCC; BC10: Tarhana with 10% BCC.
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with high levels of anthocyanins [43]. However, L*, a*, 
and b* values decreased during the fermentation process, 
while the L* value of dried tarhana increased in all sam-
ples. The higher L* values of the dried samples suggest that 
they had a brighter color as compared to the fresh samples. 
The changes in a* value after drying might be due to tem-
perature-induced decomposition in anthocyanin pigments 
from black carrots [35,44]. SI values showed a decrease 
during the drying and fermentation process, but the differ-
ence was significant only in the drying process (p<0.05). 
The hue angle of the dried and fresh tarhana samples was 
between 0° and 90°, representing a color in the red/yellow 
region (Fig. 4). According to Table 3, h values were differ-
ent compared to control at all determined stages (p<0.05) 
and were highest in control (close to yellow). ΔE value was 
highest in BCC-added samples after drying, but there was 
no significant difference between samples (p>0.05). While 
the total color change was not significant after the fermen-
tation and drying process, the color parameters (L*, a*, and 
b*) showed different trends (p<0.05). The results showed 
that the effect of the drying process on the total color 
change was greater than the fermentation process, likewise 
in samples with BCC added. 

Functional Characteristics of Tarhana
Fermentation loss is substantial from the point of func-

tional and sensory properties of tarhana. In addition, long 
fermentation time causes losses in dry matter, which means 
economic loss [13]. When the tarhana samples with BCC 
were compared with BC0, the fermentation loss ranged 
between 8.41% and 12.47% and was different from each 
other (p<0.05). These results showed that the fermentation 
loss decreased as the amount of BCC added to the tarhana 
increased (Table 4), which may be due to lower microbial 
activity (Fig. 1). This situation was also associated with less 
dry matter loss in BCC added samples (Table 2). Ismail et 
al. [17] determined the fermentation loss between 7.12-
12.61% for tarhana samples made with wheat flour, whole 
wheat flour, oatmeal flour, and whole barley flour.

Different lowercase superscripts in the same column 
indicate a significant difference (p≤0.05).

On the other hand, some functional properties of tar-
hana samples are summarized in Table 4. Among the 
samples enriched with black carrots, the highest viscosity 
value (267.08 mPa·s) was revealed in tarhana without BCC 
(Table 4). The addition of BCC significantly reduced vis-
cosity (p<0.05), which may be related to dietary fibers in 

Table 3. Color values of tarhana samples

Characteristics  Tarhana Samples Before Fermentation Post Fermentation Dried Tarhana
L* BC0 66.42±5.65a 68.87±3.88a 73.58±1.26a

BC5 52.14±3.41b 49.58±1.24b 61.80±0.16b

BC10 44.20±0.49c 43.82±1.23c 54.98±0.99c

a* BC0 10.09±1.41c 10.47±0.63c 8.43±0.63c

BC5 22.37±0.07b 18.11±1.12b 14.26±0.64b

BC10 27.38±0.31a 23.26±4.44a 18.1±0.91a

b* BC0 26.52±0.39a 25.23±7.07a 25.09±0.08a

BC5 13.25±0.32b 10.88±1.53b,a 14.02±0.63b

BC10 8.87±1.10c 7.23±1.42b 8.59±1.15c

SI BC0 28.39±0.87a 27.36±6.76a 26.47±0.28a

BC5 26.00±0.10b 21.13±1.74a 20.00±0.90b

BC10 28.79±0.04a 24.36±4.66a 20.04±1.31b

h BC0 81.72±2.03a 79.39±4.50a 83.54±0.92a

BC5 19.29±0.72b 19.77±2.87b 44.13±0.00b

BC10 6.28±1.61c 5.71±0.00c 12.68±1.93c

ΔE BC0 - 6.08±2.17a 7.90±2.61a

BC5 - 5.89±0.56a 13.34±1.29a

BC10 - 4.55±4.70a 13.15±0.05a

L*: lightness; a*(+/-): red/green; b*(+/-): yellow/blue; SI: saturation index; h: hue angle; ΔE: the total color difference index. BC0: Traditional tarhana 
(control); BC5: Tarhana with 5% BCC; BC10: Tarhana with 10% BCC. Different lowercase superscripts in the same column indicate a significant 
difference (p≤0.05).
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tomato sauce which tend to increase consistency due to the 
reduced amount of tomato sauce [45]. Abou El Samh et al. 
[46] also determined the viscosimetric properties of black 
carrot-added probiotic yogurt using a Brookfield viscom-
eter and reported a significant decrease in the viscosities 
of their products. Foaming is associated with fermentation, 
the breakdown of proteins during fermentation increases 
foam stability [47]. The addition of BCC did not affect the 

foaming capacity of tarhana (p>0.05) but its foaming sta-
bility (p<0.05) (Table 4). The highest foaming capacity and 
the lowest foaming stability were found at BC10. Caglar et 
al. [12] also added carob flour to tarhana and the foaming 
capacity increased from 0.78 to 0.91 ml/ml. In gluten-free 
tarhana formulations developed by Köten [47], it increased 
from 0.12 to 0.34 ml/ml. Tarakçı et al. [10] added cherry lau-
rel to tarhana and, like our study, foam stability decreased 

Figure 4. Color characteristics of tarhana samples during production (A) Traditional tarhana (BC0); (B) Tarhana with 5% 
BCC; (C) Tarhana with 10% BCC; BF: Before fermentation; PF: Post-fermentation; DT: Dried tarhana.

Table 4. Fermentation loss and some functional characteristics of tarhana samples

Samples Fermentation 
loss (%)

Viscosity 
(mPa.s)

Foaming 
capacity 
(mL/mL)

Foaming 
stability 
(min)

Water absorption 
capacity (mL/g)

Oil absorption 
capacity (mL/g)

Emulsifying 
activity (%)

BC0 12.47±0,48a 267.08±1.03a 0.08±0.03a 7.62±1.97a 0.78±0.32a 1.13±0.11a 40.31±2.21b

BC5 10.86±0.02b 242.30±2.33b 0.10±0.01a 3.37±1.75b 0.85±0.00a 1.20±0.07a 44.72±0.39b

BC10 8.41±0.04c 214.05±5.66c 0.16±0.15a 3.16±1.07b 0.75±0.00a 1.10±0.00a 55.05±0.71a

BC0: Traditional tarhana (control); BC5: Tarhana with 5% BCC; BC10: Tarhana with 10% BCC.
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from 10 to 7.49 min. The water absorption capacity is an 
important factor in providing the desired viscosity in prod-
ucts such as soup, confectionery, and bakery products. The 
oil absorption capacity also indicates the degree of hydro-
phobicity of the food, substantial for overall consumer 
acceptability [48]. No significant differences were found 
in the water and oil absorption capacities of the tarhana 
samples (p> 0.05). Ertaş et al. [49] found the water and oil 
absorption capacity of tarhana enriched with whey concen-
trate to be 0.73-0.41ml/g and 0.93-0.76 ml/g, respectively. 
The emulsifying activity is a result of the interaction of fat 
and protein. Proteins provide emulsification by forming a 
film around the oil droplets, thus preventing phase separa-
tion within the food system [50]. The emulsifying activities 
of the samples ranged from 40.31% to 55.05%. The highest 
emulsifying activity was observed in the tarhana sample 
containing BC10. The results were consistent with the val-
ues (35-43.75%) reported by Tangular and Tatlısoy [51] . 

Sensory Characteristics 
The sensory characteristics of tarhana soups prepared 

with BC0, BC5, and BC10 were presented in Figure 5. The 
results showed good acceptability with the highest score of 
tarhana soup without BCC added for all attributes tested 
(p<0.05). The highest level of BCC addition (10%) was 
found to affect the sensory characteristics of the result-
ing tarhana soup, where significantly lower scores were 
obtained for all attributes tested compared to the BC0. With 
the addition of 5% and 10% BCC, there was no statistical 
difference in grittiness and cohesiveness values (p>0.05), 
but taste, odor, color, overall acceptability, and mouthfeel 
were different (p<0.05). These sensory results indicated 
that the addition of 5% BCC in tarhana soup was sufficient 
to be acceptable. 

CONCLUSION 

In our research, the effect of BCC on the physico-
chemical, microbiological, functional, sensory, and drying 
properties of tarhana was investigated during the tarhana 
production process. BCC affected the properties of tarhana 
depending on the concentration. Our findings revealed that 
fortifying tarhana with black carrot markedly improved its 
chemical properties due to increased ash and total antho-
cyanin content. BCC caused a decrease in the moisture 
content of the product, and accordingly, the drying rate 
decreased over time. The fermentation and drying pro-
cess did not have a substantial effect on the overall color 
change, but the color parameters (L*, a*, and b*), especially 
a*, showed different trends. The addition of black carrot 
concentrate significantly reduced fermentation loss and 
viscosity without greatly affecting the functional properties 
of tarhana. The results also showed that BCC could be used 
to develop generally acceptable tarhana. Therefore, a new 
more functional tarhana can be developed with BCC.

AUTHORSHIP CONTRIBUTIONS

Authors equally contributed to this work.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the 
findings of this study are available within the article. Raw 
data that support the finding of this study are available from 
the corresponding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest 
with respect to the research, authorship, and/or publication 
of this article.

ETHICS

There are no ethical issues with the publication of this 
manuscript.

REFERENCES

 [1] Kammerer D, Carle R, Schieber A. Detection of peo-
nidin and pelargonidin glycosides in black carrots 
(Daucus carota ssp. sativus var. atrorubens Alef.) by 
high-performance liquid chromatography/electro-
spray ionization mass spectrometry. Rapid Commun 
Mass Spectrom 2003;17:2407−2412. [CrossRef]

 [2] Akhtar S, Rauf A, Imran M, Qamar M, Riaz M, 
Mubarak MS. Black carrot (Daucus carota L.), 
dietary and health promoting perspectives of its 
polyphenols: A review. Trends Food Sci Technol 
2017;66:36−47. [CrossRef]

Figure 5. Sensory characteristics of tarhana samples.

BC0: Traditional tarhana (control); BC5: Tarhana with 5% BCC; 
BC10: Tarhana with 10% BCC.

https://doi.org/10.1002/rcm.1212
https://doi.org/10.1016/j.tifs.2017.05.004


Sigma J Eng Nat Sci, Vol. 43, No. 3, pp. 816−826, June, 2025 825

 [3] Pandey P, Grover K. Characterization of black car-
rot (Daucus carota L.) polyphenols; role in health 
promotion and disease prevention: An overview. 
J Pharmacogn Phytochem 2020;9:2784−2792. 

[CrossRef]

 [4] Chhetri L, Rizwan MD, Munkombwe S, Dorji 
N, Mutum E. Utilization and characteristics of 
black carrot (Daucus carota L.): Potential health 
benefits and effect of processing. J Pharm Innov 
2022;11:30−41.

 [5] Yıldırım Ç, Güzeler N. Tarhana cipsi. Nevşehir Bilim 
ve Teknoloji Derg 2016;1−8. [CrossRef]

 [6] Daglioğlu O. Tarhana as a traditional Turkish fer-
mented cereal food. Its recipe, production and com-
position. Food/Nahrung 2000;44:85−88. [CrossRef]

 [7] Erbaş M, Certel M, Uslu MK. Microbiological and 
chemical properties of Tarhana during fermentation 
and storage as wet—sensorial properties of Tarhana 
soup. LWT-Food Sci Technol 2005;38:409−416. 

[CrossRef]

 [8] Daglioglu O, Arici M, Konyali M, Gumus T. Effects 
of tarhana fermentation and drying methods on the 
fate of Escherichia coli O157:H7 and Staphylococcus 
aureus. Eur Food Res Technol 2002;215:515−519. 

[CrossRef]

 [9] Hayta M, Alpaslan M, Baysar A. Effect of dry-
ing methods on functional properties of tar-
hana: A wheat flour‐yogurt mixture. J Food Sci 
2002;67:740−744. [CrossRef]

[10] Tarakci Z, Anil M, Koca I, Islam A. Effects of add-
ing cherry laurel (Laurocerasus officinalis) on some 
physicochemical and functional properties and 
sensorial quality of tarhana. Qual Assur Saf Crops 
Foods 2013;5:347−355. [CrossRef]

[11] Ozdemir S, Gocmen D, Yildirim Kumral A. A tradi-
tional Turkish fermented cereal food: Tarhana. Food 
Rev Int 2007;23:107−121. [CrossRef]

[12] Çağlar A, Erol N, Elgün MS. Effect of carob flour 
substitution on chemical and functional properties 
of tarhana. J Food Process Preserv 2013;37:670−675. 

[CrossRef]

[13] Bilgiçli N. Enrichment of gluten-free tarhana with 
buckwheat flour. Int J Food Sci Nutr 2009;60:1−8. 

[CrossRef]

[14] Tuluk K, Ertaş N. The effects of different gluten-free 
flours on the physical, chemical, functional and 
sensorial properties of tarhana. Harran Tarım Gıda 
Bilim Derg 2019;23:301−312. [CrossRef]

[15] Demir MK. Use of quinoa flour in the produc-
tion of gluten-free tarhana. Food Sci Technol Res 
2014;20:1087−1092. [CrossRef]

[16] Kılıç Keskin H, Bilgiçli N, Yaver E. Development 
of gluten‐free tarhana formulations: Part I. Effect 
of legume flour type and level on physical, chemi-
cal, and sensory properties. J Food Process Preserv 
2022;46:e16415. [CrossRef]

[17] Rizk IRS, Rasmy NM, Mahdy SM. Effect of substi-
tution of wheat flour with oat and barley meal on 
the functional, rheological and sensory properties 
of tarhana. Arab Univ J Agric Sci 2019;27:445−465. 

[CrossRef]

[18] Bilgiçli N. Effect of buckwheat flour on chemical 
and functional properties of tarhana. LWT-Food Sci 
Technol 2009;42:514−518. [CrossRef]

[19] Keskin HK, Bilgiçli N, Yaver E. Development of glu-
ten-free tarhana formulations: Part II. Utilization 
of legume composite flours and baker’s yeast. Food 
Biosci 2022;47:101692. [CrossRef]

[20] Atasoy R, Hendek Ertop M. Assessment of nutri-
tional and bioactive properties for gluten‐free tar-
hana containing various legumes and cereals. J Food 
Process Preserv 2021;45:e15606. [CrossRef]

[21] Kilci A, Gocmen D. Phenolic acid composition, 
antioxidant activity and phenolic content of tar-
hana supplemented with oat flour. Food Chem 
2014;151:547−553. [CrossRef]

[22] Bilgiçli N, Elgün A, Herken EN, Ertaş N, İbanoğlu 
Ş. Effect of wheat germ/bran addition on the chem-
ical, nutritional and sensory quality of tarhana, a 
fermented wheat flour-yoghurt product. J Food Eng 
2006;77:680−686. [CrossRef]

[23] AACC. Approved methods of the American 
Association of Cereal Chemists. 8th ed. St. Paul: 
AACC; 1990.

[24] İbanoğlu Ş, Ainsworth P, Wilson G, Hayes GD. 
The effect of fermentation conditions on the nutri-
ents and acceptability of tarhana. Food Chem 
1995;53:143−147. [CrossRef]

[25] Doymaz İ, Karasu S. Effect of air temperature on 
drying kinetics, colour changes and total phenolic 
content of sage leaves (Salvia officinalis). Qual Assur 
Saf Crops Foods 2018;10:269−276. [CrossRef]

[26] Giusti MM, Wrolstad RE. Characterization and 
measurement of anthocyanins by UV‐visible spec-
troscopy. Curr Protoc Food Anal Chem 2001;F1−2. 

[CrossRef]

[27] Akan S, Ocak ÖÖ. Evaluation of storage time and 
grape seed extract addition on biogenic amines 
content of tarhana: A cereal-based fermented food. 
LWT 2019;111:861−868. [CrossRef]

[28] Colak H, Hampikyan H, Bingol EB, Cetin O, Akhan 
M, Turgay SI. Determination of mould and aflatoxin 
contamination in tarhana, a Turkish fermented 
food. Sci World J 2012;2012:218679. [CrossRef]

[29] Göncü A. The effect of using sour cherry (Prunus 
cerasus L.) puree in tarhana formulations on nutri-
tional value and functional properties of tarhana. 
Food Sci Nutr 2024;12:5412−5425. [CrossRef]

[30] Bayrakçı HA, Bilgiçli N. Influence of resistant 
starches on chemical and functional properties of 
tarhana. J Food Sci Technol 2015;52:5335−5340. 

[CrossRef]

https://doi.org/10.22271/phyto.2020.v9.i5am.12764
https://doi.org/10.17100/nevbiltek.16158
https://doi.org/10.1002/(SICI)1521-3803(20000301)44:2%3C85::AID-FOOD85%3E3.0.CO;2-H
https://doi.org/10.1016/j.lwt.2004.06.009
https://doi.org/10.1007/s00217-002-0584-0
https://doi.org/10.1111/j.1365-2621.2002.tb10669.x
https://doi.org/10.3920/QAS2012.0155
https://doi.org/10.1080/87559120701224923
https://doi.org/10.1111/j.1745-4549.2012.00708.x
https://doi.org/10.1080/09637480802112546
https://doi.org/10.29050/harranziraat.511520
https://doi.org/10.1111/jfpp.16415
https://doi.org/10.21608/ajs.2019.43584
https://doi.org/10.1016/j.lwt.2008.09.006
https://doi.org/10.1016/j.fbio.2022.101692
https://doi.org/10.1111/jfpp.15606
https://doi.org/10.1016/j.foodchem.2013.11.038
https://doi.org/10.1016/j.jfoodeng.2005.07.030
https://doi.org/10.1016/0308-8146(95)90779-7
https://doi.org/10.3920/QAS2017.1257
https://doi.org/10.1002/0471142913.faf0102s00
https://doi.org/10.1016/j.lwt.2019.05.109
https://doi.org/10.1100/2012/218679
https://doi.org/10.1002/fsn3.4191
https://doi.org/10.1007/s13197-014-1598-x


Sigma J Eng Nat Sci, Vol. 43, No. 3, pp. 816−826, June, 2025826

[31] Şahin B, Ertop MH. Siyez (Triticum monococcum) 
ve buğday (Triticum aestivum) unu içerikli yaş tar-
hana ile üretilen çöreklerin biyoaktif, fizikokimy-
asal, duyusal ve raf ömrü kalite parametrelerinin 
incelenmesi. Gıda 2023;48:698−714. [CrossRef]

[32] Pandey P, Grover K, Dhillon TS, Kaur A, Javed M. 
Evaluation of polyphenols enriched dairy products 
developed by incorporating black carrot (Daucus 
carota L.) concentrate. Heliyon 2021;7:e06880. 

[CrossRef]

[33] Li M, He Z, He L, Li C, Tao H, Ye C, et al. Effect of fer-
mentation parameters on the anthocyanin content, 
sensory properties, and physicochemical param-
eters of potato blueberry yogurt. Fermentation 
2022;8:489. [CrossRef]

[34] Kırca A, Özkan M, Cemeroglu B. Stability of black 
carrot anthocyanins in various fruit juices and nec-
tars. Food Chem 2006;97:598−605. [CrossRef]

[35] Kırca A, Özkan M, Cemeroğlu B. Effects of tempera-
ture, solid content and pH on the stability of black 
carrot anthocyanins. Food Chem 2007;101:212−218. 

[CrossRef]

[36] Arslan-Tontul S, Mutlu C, Candal C, Erbaş M. 
Microbiological and chemical properties of wet tar-
hana produced by different dairy products. J Food 
Sci Technol 2018;55:4770−4781. [CrossRef]

[37] Kumral A. Nutritional, chemical and microbiologi-
cal changes during fermentation of tarhana formu-
lated with different flours. Chem Cent J 2015;9:1−8. 

[CrossRef]

[38] Kivanc M, Funda EG. A functional food: A tra-
ditional tarhana fermentation. Food Sci Technol 
2017;37:269−274. [CrossRef]

[39] Gülbandılar A, Dönmez M, Okur M, Çeliközlü 
S. Determination of chemical, microbiological 
and sensorial properties in Gediz tarhana, a tra-
ditional Turkish cereal food. J Environ Prot Ecol 
2014;15:1507−1516.

[40] Aktaş K, Akın N. Influence of rice bran and corn 
bran addition on the selected properties of tar-
hana, a fermented cereal-based food product. LWT 
2020;129:109574. [CrossRef]

[41] Maskan M, İbanoğlu Ş. Hot air drying of cooked 
and uncooked tarhana dough, a wheat flour-yoghurt 
mixture. Eur Food Res Technol 2002;215:413−418. 

[CrossRef]

[42] Sakin‐Yılmazer M. Convective drying behavior of 
tarhana dough. J Food Process Eng 2017;40:e12296. 

[CrossRef]

[43] Montilla EC, Arzaba MR, Hillebrand S, Winterhalter 
P. Anthocyanin composition of black carrot (Daucus 
carota ssp. sativus var. atrorubens Alef.) cultivars 
antonina, beta sweet, deep purple, and purple haze. 
J Agric Food Chem 2011;59:3385−3390. [CrossRef]

[44] Sadilova E, Carle R, Stintzing FC. Thermal degra-
dation of anthocyanins and its impact on color and 
in vitro antioxidant capacity. Mol Nutr Food Res 
2007;51:1461−1471. [CrossRef]

[45] Mirzaei-Aghsaghali A, Maheri-sis N, Mansouri H, 
Razeghi ME, Safaei AR, Aghajanzadeh-Golshani 
A, et al. Estimation of the nutritive value of tomato 
pomace for ruminant using in vitro gas production 
technique. Afr J Biotechnol 2011;10:6251−6256.

[46] Abou El Samh MM, Sherein AA, Essam HH. 
Properties and antioxidant activity of probiotic 
yoghurt flavored with black carrot, pumpkin and 
strawberry. Int J Dairy Sci 2013;8:48−57. [CrossRef]

[47] Köten M. Development of tef based gluten‐free tar-
hana. J Food Process Preserv 2021;45:e15133. [CrossRef]

[48] Du M, Xie J, Gong B, Xu X, Tang W, Li X, et al. 
Extraction, physicochemical characteristics and 
functional properties of mung bean protein. Food 
Hydrocoll 2018;76:131−140. [CrossRef]

[49] Ertaş N, Sert D, Demir MK. Functional properties of 
tarhana enriched with whey concentrate. Agron Res 
2015;13:919–928.

[50] Boye J, Zare F, Pletch A. Pulse proteins: Processing, 
characterization, functional properties and applica-
tions in food and feed. Food Res Int 2010;43:414−431. 

[CrossRef]

[51] Tangüler H, Tatlısoy A. Evaluation of shalgam resid-
uals as a partial wheat flour substitution in tarhana 
production as a green food product. J Food Process 
Preserv 2022;46:e17267. [CrossRef]

https://doi.org/10.15237/gida.GD23017
https://doi.org/10.1016/j.heliyon.2021.e06880
https://doi.org/10.3390/fermentation8100489
https://doi.org/10.1016/j.foodchem.2005.05.036
https://doi.org/10.1016/j.foodchem.2006.01.019
https://doi.org/10.1007/s13197-018-3410-9
https://doi.org/10.1186/s13065-015-0093-4
https://doi.org/10.1590/1678-457x.08815
https://doi.org/10.1016/j.lwt.2020.109574
https://doi.org/10.1007/s00217-002-0572-4
https://doi.org/10.1111/jfpe.12296
https://doi.org/10.1021/jf104724k
https://doi.org/10.1002/mnfr.200700179
https://doi.org/10.1111/jfpp.15133
https://doi.org/10.1016/j.foodhyd.2017.01.003
https://doi.org/10.1016/j.foodres.2009.09.003
https://doi.org/10.1111/jfpp.17267



