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Bread wheat (Triticum aestivum L.) is a major global crop and the main raw material for bread
production. Selecting appropriate wheat varieties is essential for achieving desirable quality
attributes in traditionally produced tandoori bread. A total of thirteen flour types which are whole
wheat flours from Adana99, Ceyhan99, Ding, and Segittario varieties, their corresponding 74%
extraction refined flours, and five composite blends were used to produce tandoori breads in a
traditional tandoor. The colour and rheological properties (Farinograph water absorption and
Extensograph parameters) of the flour samples were evaluated prior to bread production. Crust
colour (L*, a*, b*), moisture content, textural characteristics (hardness and adhesiveness), and
sensory quality of bread samples were determined. Significant differences were observed among
samples in flour colour (L* a* b*), water absorption (58.00-84.00%), and extensograph
parameters, including energy, resistance to extension, maximum resistance, and extensibility
(P<0.05). Whole wheat flours exhibited higher water absorption but lower brightness due to bran
content, whereas refined flours and blends showed improved dough stability during resting.
Tandoori breads produced from different flours displayed statistically significant variations in
moisture (22.65-27.55%), hardness (575.30-5024.22 g), adhesiveness (285.14-3755.57 g's), and
crust colour (P<0.05). Breads made from Din¢ whole wheat flour showed the highest hardness,
while blended formulations, particularly Ps, produced softer and less adhesive products. Sensory
evaluation revealed significant differences in shape, colour, texture, crust characteristics, and
overall acceptability. Refined flours, especially Adana99 and Ceyhan99, and selected blends
achieved superior sensory scores, whereas some whole wheat formulations showed reduced
consumer preference. The findings provide useful insights for flour producers and local bakers
aiming to optimize wheat variety selection for tandoori bread production in the GAP region.
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The most nutrient-dense food for humans is wheat, a cereal
that is grown almost everywhere in the world. According to the
2025 data of FAO, wheat is harvested in an area of 220,407,070
ha with a total annual production of 798,975,306.39 metric tons
in the World. In the same year, the harvested area in Tiirkiye
was 6,832,602 ha and it was 3.1% of the World wheat harvest.
The annual production of wheat in Tiirkiye in 2023 was
22,000,000 metric tons which was 28.3% of the total crop
production of world (FAOSTAT, 2025).

Wheat production in regions with different climates
and soil characteristics causes wheat to show differences in
terms of physical, chemical, and rheological properties, as
environmental  factors  strongly influence grain
composition and quality (Triboi et al., 2003). Food
production must rise in tandem with the world’s
population, particularly for wheat, due to its rapid growth
and its central role in global food security (Shiferaw et al.,
2013). Bread wheat (Triticum aestivum L.) is a major field

crop that has been widely cultivated in many countries,
making it extremely important economically (Curtis &
Halford, 2014). Wheat grain is rich in carbohydrates,
proteins, minerals, trace elements, vitamins, fatty acids,
secondary plant metabolites, and phenolic compounds,
which contribute to its nutritional and functional properties
(Shewry et al., 2013; Ma et al., 2021).

As in many countries of the world, a large part of the
daily energy needs in Tiirkiye are provided by cereals and
cereal based products. Wheat still supports its feature as a
staple food. One of the basic products in which wheat,
which is the raw material of many foods, is used is bread.
Considering the nutrition of people in Tiirkiye, wheat and
bread consumption due to wheat is due to economic
reasons and traditional habits. According to these habits,
the amount of bread consumption differs, and bread
remains the most widely consumed food today (Demirtag
et al., 2018; Adigiizel et al., 2019; Akdemir et al., 2020).
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As one of the countries that consume the most bread in
the world, 333 g of bread is consumed daily in Tiirkiye
(TMO, 2025). The region of the Southeastern Anatolia
Project (GAP) is one of the important regions in terms of
wheat production area and wheat varieties produced,
number of flour production facilities and local bread
varieties in Tirkiye.

Flat bread was the first baked grain product made and
consumed at the beginning of human history and there are
more than 60 types of flat bread in different countries
around the World (Boukid, 2022). The oldest and most
popular bread types in the world, flatbreads are also highly
preferred by consumers and have a long shelf life
(Koocheki et al. 2009). Nowadays, flat breads are probably
the most produced and consumed bread type in the world.
Traditional flat bread is consumed by many people in the
Middle East, North Africa, the Indian subcontinent,
Central America, China, and Europe. Flat bread is an
important food in most of these countries. Today, more
than 1.8 billion people consume traditional flat breads
(Quail, 2015) named as Tandir bread, Tandoori, Lavas,
Lahvosh, Lavas, Roti, Taftoon depending on the region of
procedence (Malik et al., 2016; Patil et al., 2021).

Due to the presence of individuals with different and
rich tastes in every region of Tiirkiye, there are many types
of bread produced and consumed locally, regionally and
nationally. These include pita, lavash, tandoori bread,
walnut, sesame and poppy seed breads, vakfikebir bread
baked in a wood fire, hair breads, corn bread, rye bread and
wholemeal bread. These breads vary in size, shape,
preparation and content (Dogan et al., 2006).

Tandoori breads, which are common bread types in the
countryside of Southeastern and Eastern Anatolia regions of
Tiirkiye, are baked in tandoors (special ovens). It is known
that the tandoori tradition has a wide range of uses covering
the entire Near East such as Anatolia, Iran, the Caucasus,
Azerbaijan, Mesopotamia, Syria and Iraq (Erdem, 2013).

Bread wheat production is an important vegetable grain
product in Tiirkiye and in the Southeastern Anatolia Region.
Bread wheat cultivation area in Turkey is 54,297,790 decare,
production is 16 million tons and average yield is 296
kg/decare. In Mardin province, the bread wheat cultivation
area is 857,785 decares, the production is 315,842 tons, and
the average yield is 368 kg/ decare. The data of Mardin
province in 2022 was above the average yield of Turkey.
Turkey is the country that exports the most flour in the world.
There are 42 flour factories in Mardin and it is the province
that exports the most flour in Turkey. More than 30% of flour
exports are made from Mardin province. Bread wheat
produced in Mardin is largely used in these flour factories.
The most cultivated wheat varieties in Mardin city of GAP
region are Adana%99, Ceyhan99, Din¢ and Segittario,
respectively (Dogan & Dogan, 2023).

Tandoori bread, which is widely consumed in Mardin
and its region, is a type of flat bread and is cut into pieces
of 200-250 g and baked in tandoors heated over a hot fire.
There are many studies on flat breads made from different
wheats and wheat blends including Yufka bread (Bagman
& Koksel, 2001; Levent & Bilgicli, 2016), single-layer and
double-layered flat breads (Coskuner et al., 2011), bazlama
and Yufka breads (Coskuner & Karababa, 2005), some
Tirkish traditional breads (Bazlama, Lavas and Yufka)
(Yildiz & Bilgigli, 2015), Siverek Flat bread (Yildirim et

al., 2018), Siirt Tandoori bread (Mhamad, 2018), Pita and
Tandoori breads (Galali et al., 2022a,b) and Taftoon bread
(Salehifar et al., 2010) . However, limited research made
on different bread wheat varieties grown in GAP region of
Tiirkiye and their blends used in GAP region Tandoori
bread production. In this context, considering the needs of
flour producers in the GAP region of Tiirkiye; It was
investigated to find the suitable bread wheat variety to
produce tandoori bread from the wheat bought for
commercial flour production and which wheat bread would
be more suitable for the tandoori bread of the local people.

Materials and Methods

Materials

In this study, 5 most bread wheat (Triticum aestivum
L.) varieties grown in the GAP region of Tirkiye,
including Adana99, Ceyhan99, Segittario and Ding, which
are widely used wheat varieties in the production of
tandoori bread, and an imported wheat of Russian origin,
were used as raw materials. The first 4 of these varieties
were obtained from the General Directorate of Agricultural
Enterprises (TIGEM, Ceylanpinar, Sanliurfa-Tiirkiye),
while imported Russian wheat was procured from the
Turkish Grain Office (TMO). The salt and dry yeast used
in bread production were procured from the market, and
water was supplied from the city network.

Preparation of Flour Samples

All wheat varieties used in the experiments were first
cleaned from the foreign materials and broken grains. The
cold tempering process (by spraying and mixing method)
was applied by adding water according to the amounts
specified in AACCI method No. 26-95.01 (AACCI, 2010).
After the wheat samples were tempered, they were mixed at
2 h intervals and after 24 h they were milled in a laboratory
type roller mill (Chopin, Villeneuve La Garenne, France) to
obtain 74% extraction rate wheat flours. After milling, the
samples were sieved to 180 pm particle size (Imas makine,
Konya, Tiirkiye). On the other hand, to obtain whole wheat
flours, wheat samples were milled on a hummer mill (Perten
LM3100; Perten Instruments AB, Huddinge, Sweden). The
experimental design and preparation of flour blends were
given in Table 1.

Thirteen different flours obtained from wheat varieties
were used in the production of tandoori bread. Four of
these flours were obtained from Adana 99, Ceyhan 99,
Segittario and Ding varieties as whole wheat flour, and four
of them were obtained from the flours of these varieties
with 74% extraction rate. The remaining five flours were
prepared as 74% extraction rate blends. For this purpose, 3
different blends of flour from Adana 99, Ceyhan 99,
Segittario and Ding varieties and Russ imported wheat
variety were used together with these varieties to obtain 2
different blends of flour (Table 1).

Tandoori Bread Production

Tandoori breads were made in a traditional tandoori
bakery located in Kiziltepe district of Mardin province,
Tiirkiye where tandoori bread was produced. The tandoor
is above ground, its height from the ground is 75 cm and
the diameter of the entrance is 40 cm. Dry cotton stalks and
corn cobs were used as fuel in the tandoor. A total of 13
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different tandoori breads were produced from the flours
obtained from wheat varieties. The bread samples
produced were analysed on the same day.

The production flow chart of tandoori bread is shown
in Figure 1. Flour (55.97%), water (43.53%-46.64%), salt
(0.37%) and dry yeast (0.12%) were used as components
in the production of tandoori bread. These ingredients are
kneaded by hand until the dough with the proper
consistency is obtained. The amount of water used in each
production and the kneading time (16-20 min) differed
according to the availability of a suitable dough
consistency. The temperature of the water used in kneading
the dough is set to be 20-22 °C. The resulting dough was
subjected to mass fermentation for about 90 min. At the
end of fermentation, balls weighing 170 g were formed
from the dough and left to rest for 10-15 min. These balls
were then shaped and glued to the tandoor at an inner wall
temperature of 200 °C and baked in about 15 min (Figure
1). After baking, tandoori breads brought to room
temperature were analysed.

Moisture Content Analysis
The moisture contents of samples were determined by
the approved AACCI method no.44-15.02 (AACCI, 2010).

Colour (L*, a*, b*) Analysis

The Hunter CIE colour parameters (L*, a*, b*) of flour
and bread samples were measured using Ultra Scan VIS
Colour Quest XE HunterLab device (Hunter Associates
Laboratory Inc., Reston, VA, USA) after being
standardized using Hunter Lab colour standards and ‘L*
(lightness), a *(redness to greenness) and b* (yellowness to
blueness) values were measured.

Rheological Analysis of Dough Samples

Rheological analysis of dough samples in terms of
Farinograph (WA: water absorption, %) and extensograph
characteristics were figured out according to the AACCI, 54-
21.01 and 54-10.01 methods, respectively (AACCI, 2010). The
extensograph parameters were defined as follows:

Table 1. Flour blends and experimental design of the study

Resistance to deformation (R): The curve height (BU)
5 min after the start of the curve is taken as R. Maximum
resistance to deformation (Rmax): The distance of the apex
of the curve to the base of the curve (BU) is taken as Ruax.
Extensibility (E): The base length (mm) of the curve is
taken as the elongation ability of the dough. Energy (A):
The total area of the curve is taken as cm?.

Texture Profile Analysis of Tandoori Bread samples

Texture analysis of bread was performed using texture
analyzer (TA-XT2i, Texture Technologies Corp,
Scarsdale, NY/ Stable Micro Systems, Godalming, UK)
and 36 mm diameter cylindrical probe (P/36R). TPA test
was performed using 1 mm/s velocity, 7 mm immersion
depth and 5 g detection force for bread cut into 3 cm thick
slices. The hardness and adhasiveness properties of the
breads were figured out (Certel et al., 2009).

Sensory analysis of Tandoori Bread samples

Sensory analysis of breads was carried out by a panel
group consisting of 10 semi-trained people (male and
female) aged from 25-60 years old using the forms
modified and arranged by the criteria defined by Bagman
& Koksel (1999; 2001) in the Department of Food
Engineering, Faculty of Engineering, Harran University.
The panelists were asked to rate the samples by scoring
them in terms of shape, colour, crust properties, texture,
foldability, elasticity, taste-aroma, mouthfeel, hand feel
and overall acceptability. In order to measure the likability
of 13 different tandoori bread samples by consumers, the
panelists were given all the bread samples and asked to
rank them according to their liking. They were asked to
rank by giving on a 5-point hedonic scale 5 points to the
most liked sample and 1 point to the least liked sample.

Statistical Analysis

Analysis of variance (one way ANOVA) and Duncan’s
multiple range tests were performed using SPSS package
22 for Windows (SPSS Inc., Chicago, IL, USA). All
calculations were performed at the significance level of
P<0.05, and each analysis was conducted in triplicate.

Whole Wheat Flour Code”
Adana99 AWWF
Ceyhan99 CWWF
Ding DWWF
Segittario SWWF
74% Refined wheat flours
Adana99 ARWF
Ceyhan99 CRWF
Ding DRWF
Segittario SRWF

o Flour ratios (%)
74% Refined wheat flours Adana99 Ceyhan99 Ding Segittario Imported (Russa)
1. Blend P, 50 30 10 10 0
2. Blend P; 50 40 5 5 0
3. Blend P3 60 30 5 5 0
4. Blend Py 50 20 10 10 10
5. Blend Ps 50 30 5 5 10

AWWEF: Adana99 Whole Wheat Flour; CWWF: Ceyhan99 Whole Wheat Flour; DWWF: Ding Whole Wheat Flour, SWWF: Segittario Whole Wheat
Flour; ARWEF: 74% Refined Adana99 wheat flour; CRWF: 74% Refined Ceyhan99 wheat flour; DRWF: 74% Refined Ding wheat flour; SRWF: 74%
Refined Segittario wheat flour; P;: 1¥blend flour; P,: 2™ blend flour; P3: 3" blend flour; Py: 4™ blend flour; Ps: 5™ blend flour. “The codes used for flours

were also used for breads produced from these flours.
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Wheat Flour (900 g) +
water (700-750 g) + Yeast
(2 g) + Salt (6 g)

\ —

Forming of Dough (In
round, the average
diameter is 25 cm)

(/

Baking

(Interior wall of Tandoor oven
temperature: 200°C+15 and 15
min)

/

Dough Kneading (16-20 ‘
min)

Fermentation of dough (90
min)

Cooling (Room temperature)

Figure 1. Tandoori bread production flow chart

Results and Discussion

Quality Characteristics of Flour Samples

Colour values (L*, a*, b*)

The colour (L*, a* and b*) analyses the results of flours
used in the production of Tandoori breads are presented in
Table 2. Colour values (L*, a* and b*) were found to be
statistically significant among all flour varieties (P<0.05).
L* values ranged from 81.85 to 90.70, a* values ranged
from 0.73 to 2.69, and b* values ranged from 9.19 to 13.03.
The highest L* value was found in ARWF flour, and
DRWF and SRWF flours had values close to ARWF flour.
Although the lowest L* value was found in SWWF flour,
DWWF, CWWF and AWWEF flours also had values close
to SWWF flour. The brightness (L *) of whole wheat flours
(SWWF, DWWF, CWWF and AWWF) was found to
lowest due to bran of whole wheat flours. Similar results of
colour values were found by Bayrakei et al. (2010) who
was reported that the L* values of Bezostaya-1 and Gerek-
79 wheat varieties flours changed between 80.00-96.68, a*
values between -1.15 and -0.26 and b* values between

8.12-11.68. In addition, Kurt & Dizlek (2020) determined
that L* a* and b* values ranged between 90.38-94.36,
0.08-0.36, and 7.18-8.46, respectively because of the
colour analysis of flour samples prepared from 10 different
tempering of wheat. Engashu (2020) reported that L*
values of 13 different bread wheat varieties grown in
Ethiopia were ranged between 77.00-122.90. Karaboga &
Yildirim (2019) reported that the L*, a* and b* colour
parameters of the flour used in Mardin Peksimet
production were 89.07, 0.80 and 9.78, respectively. The
colour values of the present study were found to be similar
to the colour values found in previous studies.

Rheological properties

When gluten forms, a farinograph provides information
on how dough mixes (Arendt et al., 2002). The water
absorption values of different dough samples were given in
Table 2. The differences between water absorption values
in samples were found to be statistically significant
(P<0.05). Water absorption (WA) of flour samples varied
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between 58.00 and 84.00%. It was determined that the flour
sample ARWF had the lowest value of WA while the
CWWF sample had the highest value of WA. The high-
water absorption value of the whole wheat flours is
explained by a greater number of hydroxyl groups in the
fiber structure, which allows more associations with water
molecules  through hydrogen bonding, increase
competition for water with other polymers such as proteins
and starch, and influence water distribution in the dough
(Rosell et al., 2010; Bock et al. 2013). Similar studies were
conducted by Menderis et al. (2008) with WA values of 20
bread wheat varieties grown in the Southeastern Anatolia
Region of Tirkiye ranged from 55.50 to 65.95%,
Hemalatha et al. (2007) with WA values of different flours
of Indian wheats used in chapati bread ranged from 69.90
to 76.20%, Evlice et al. (2016) with WA values of bread
wheat varieties changed between 48.5 and 74.0 %, and
Tiirk (2013) with WA values of 12 different wheat samples
ranged between 53.70 and 64.50%. So, the results
regarding water absorption in the literature agreed with
those of the present study.

The values of the extensograph analysis of different
flour samples at 45, 90 and 135 min resting times were
given in Table 2. When dough samples were examined in
terms of energy A), resistance to extension (R), maximum

Table 2. Rheological and colour properties of flour samples

resistance to extension (Rmax) and extensibility (E) at 45,
90 and 135 min resting times, it was determined that there
were statistically significant differences (P<0.05) between
dough samples and resting times.

Extensograph gives information about the viscoelastic
behavior of dough (Rosell et al., 2001). This apparatus
gauges the extensibility and resistance to extension of
dough. Desired dough qualities are produced by combining
good extensibility and resistance (Walker & Hazelton,
1996). The A and E of all flour samples decreased by
increasing the resting time (45, 90, 135 min) whereas R and
Rumax values increased and there was a significant difference
(P<0.05) among them. On the other hand, dough
containing lower bran (i.e. ARWF, CRWF, DRWF and
SRWF refined flours and blends of these flours) exhibited
greater stability to changes with time, showing the highest
R and Ry after 45, 90 and 135 min resting times.

The A values of the flour samples at 45, 90 and 135 min
resting time varied between 54.50-80.00 cm?, 49.50-73.00
cm?, 45.00-68.50 cm?, and the lowest results were
determined for the sample DWWEF, and the highest ones
were determined for the sample CRWF. In terms of R value
of samples at 45, 90 and 135 min resting times, changed
within the ranges of 278.00-452.00, 349.00-704.00 and
391.00-803.00, respectively.

Samples

Property I yWF CWWF DWWF SWWF _ARWF CRWF DRWF SRWF Pl P2 P3 P4 P5
WA (%) | 6200 8400 8100 8200 5800 8000 7700 7800 6400 6420 6380 6420 6570
40380 +£0.14° +0.53% +0.47% +£0250  +0.12¢ +£0.72¢ +0.83¢ +024° +031° £0.27° +0.15¢ +0.2]1%

45 | 6550 7525 5450 57.15 68.00 80.00 5600 60.00 6800 59.00 60.00 6400 74.00
min |£0.25¢4C £0.82¢4C +£0 45:C 40 34%C +0.549C  +£0.55(C +0.6120C £0.24°C +£0.449C +0,]35¢C £0 53¢C £0.4]¢C +0,29C

A | 90| 6025 7050 4950 5350 63.00 73.00 5200 5400 6500 57.00 57.00 62.00 72.50
(cm?) | min| £0.149 +0.232B +£0.34% +£0.31PB +0.38B +0.28hB £0.429B +0 4158 +0.25B £0.22B +0.77B +0.45B +0,63"B
135| 53.00 6650 4500 4950 59.50 6850 4825 5200 61.00 5500 5400 5950 68.00
min | £0.65%4 +0.80%A +0.40% +0.19PA +£0.55%A +0.338A +0.46bA £0.620A £0 56°A £0.459A £0 3194 +0.93¢A +().758A

45 [ 427.00 452.00 287.00 328.00 416.00 443.00 278.00 323.00 384.00 392.00 395.00 336.00 323.00
min | £1.23%A £1.14mA £0.44%A +] 1204 4] 234 £]20A £0.44%A +] 12¢A +£]208A £0430A £( 3014 +] 2QeA +] 28eA

R | 90[541.00 654.00 353.00 452.00 536.00 648.00 349.00 448.00 635.00 704.00 652.00 558.00 443.00
(BU) | min| £0.43M8 £1.11mB £1.13%B 4212 +] 438 £048KB +£]333B £] .12 +£1.04IC +].08°C +].15B +].41 +] 258
135 679.00 791.00 396.00 508.00 673.00 793.00 391.00 505.00 622.00 654.00 719.00 613.00 588.00

min | £0.45KC £0.77°C +1.02°C +1.12¢C £0.451C +£0.77mC £0.73:C £1.019C £0.23"B +0.40B £0.93!C £0.775C +0.427C

45 [ 42800 447.00 298.00 332.00 423.00 443.00 294.00 327.00 410.00 402.00 397.00 368.00 373.00
min | £0.291A +£0.48" £037%A +0230A £ 29kA 40 43mA 1+() 5394 +(0.53¢A +0,3514 +£0.830A £0.638A £0.24%A +0.3]%A

Ruax | 90 | 542.00 657.00 368.00 458.00 539.00 652.00 362.00 452.00 728.00 793.00 706.00 647.00 527.00
(BU) | min|+0.53" £0.71%B +0.32%B +0.31% +].032B +0.63® +0.82% +]1.31B £]1.32mC +] 437C £0.65B +]1.13iC +] 34/
135 698.00 705.00 404.00 508.00 692.00 796.00 400.00 506.00 679.00 750.00 754.00 636.00 670.00
min | £0.351C £0.64"C +0.28°C +1.08¢C +].15C +0.64mC +£0.735C +] 28°C +] 3308 +] 32KB £] [2IC +] 25 +] 2]eC

45 9500 9000 80.00 99.00 98.00 9500 8400 102.00 116.00 106.00 109.00 123.00 142.00
min | £0.339C £0.50° £0.65°C +£0.64°C +1.03°C +1.04%C +0.41%C +£0.40C 1,030 +] 0218 +1.01¢C +].088 +1.03IC

E [90]91.00 9000 7700 91.00 9500 93.00 80.00 96.00 109.00 116.00 97.00 125.00 110.00
(mm) | min | £1.01B £0.24B +0.345 £].13%B +£0.44%B +04]B £0.24B £],.13%B +0.32B £] 18C £0.3208 +0.837C +0.33A
135| 7400 87.00 7500 86.00 77.00  90.00 78.00 90.00 89.00 10400 91.00 99.00 113.00
min | £0.14%4 £0.56°4 +£0.3284 +023PA +£034A 40 66¢A +£0.32%A £023¢A £0.17°C £].24%4 +021¢A +] 05% +] 08

[« | 8345 8256 8255 8185 9070 8981 9058 9026 8987 8983 9029 8903 8508
£0.13% +£1.02° +0.58° +028° +0.08> 042> +0.09° +0.01® +0.06° +0.50b +0.20b +0.13% +].25%

Colour| .| 234 255 248 269 073 076 080 083 087 084 08 102 1.07
values | @ | £0.17¢ £0.17% +0.04% +0.13¢ +0.02¢ =0.05* +0.04® +£0.03% +£0.01%¢ £0.07% +£0.042 +£0.025% +0.08
pe| 1303 1283 1284 1192 1025 10.04 1069 1007 952 909 931 983 957
40450 0517 +0.837 +£021° +0.06% +0.21%¢ +0.05¢ +0.19bd £0.012¢ +0.132 +0.05% +0.03%¢ +0.05%¢

Means + standard deviation of three replicates; means with different letters in the same rows (lower case letter) and coloumn (upper case letter) indicate
statistically significant differences between samples by the Duncan’s test (P<0.05). AWWE: Adana99 whole wheat flour; CWWF: Ceyhan99 whole
wheat flour; DWWEF: Ding whole wheat flour; SWWF: Segittario whole wheat flour; ARWF: 74% Refined Adana99 wheat flour; CRWF: 74% Refined
Ceyhan99 wheat flour; DRWF: 74% Refined Ding wheat flour; SRWF: 74% Refined Segittario wheat flour; P;: 1%blend; Pa: 2" blend; P;: 3™ blend;
P,: 4" blend; Ps: 5" blend. A: Energy (cm?), R: Resistance to deformation (BU), Ry, Maximum resistance to deformation (BU), E: Extensibility (mm),

WA: water absorption (%), BU: Brabender Units
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Table 3. Moisture, texture and crust color (L* a* and b*) values of Tandoori breads

Bread Moisture Hardness Adhesiveness Crust color
samples (%) (2) (g.s) L* a* b*
AWWF 24.48+0.53¢  2790.75+231.53°  1895.04+151.95>  71.64+2.91¢  8.75+1.26%¢  30.03+0.742¢
CWWEF 22.65£0.352  3571.01£113.298  2281.04+4891.92° 62.17+0.80%°  13.76+1.66¢ 29.95+0.65%¢
DWWF 23.45+0.07°  5024.22+£151.63"  3755.57+87.09¢  68.53+4.65°0  10.41+1.922>d 32 48+1.08°
SWWF 25.35+0.509  3310.42+128.80"  2207.09+1056.72°  70.50+£3.25¢  8.844+2.69%¢  28.70+3.292¢
ARWF 25.80+0.85%  873.27+111.12°4  420.83+767.09° 70.46+2.28%  8.25+1.97%  29.03+0.74%°
CRWF 23.65+0.21°  689.67+44.112¢ 379.16+497.07° 59.69+0.45%  12.76+1.66%  25.95+4.89%
DRWF 24.05+0.07°  1013.93+139.819  504.38+462.31? 67.80£1.95%9  9.91+2.622d 31 48+1.08°
SRWF 26.40+0.14¢"  909.93+21.51¢ 415.53+191.04° 69.1543.32¢  11.96+£3.56¢  26.88+3.033
P, 25.45+0.354 603.63+44.86% 309.17+£525.85  64.85+5.12%%4  6.94+0.83*  24.97+3.232
P> 26.40+0.14%F  768.86+75.162b% 376.75+481.50°  65.45+0.99%¢  9.26+0.89°°  30.61+0.5920¢
P; 26.75£0.07f  653.08+143.26%  347.87+108.532 67.04+3.10% 6.87+£0.74*  26.09+2.13%
P4 24.50+0.14¢ 575.30+74.73% 285.14+376.912 68.49+0.15%¢  9.07+0.02%¢  32.724+0.13¢
Ps 27.55+0.21¢ 622.44+58.23% 310.41+459.75° 58.58+1.942 7.86£1.32%  26.08+3.84

Means + standard deviation of three replicates; means with different letters in the same column indicate statistically significant differences between
samples by the Duncan’s test (P<0.05). AWWF: Adana99 whole wheat flour; CWWF: Ceyhan99 whole wheat flour; DWWF: Ding whole wheat flour;
SWWE: Segittario whole wheat flour; ARWF: 74% Refined Adana99 wheat flour; CRWE: 74% Refined Ceyhan99 wheat flour; DRWEF: 74% Refined
Ding wheat flour; SRWF: 74% Refined Segittario wheat flour; P;: 1'blend; P,: 2" blend; Ps: 3" blend; P,: 4™ blend; Ps: 5% blend.

The Rimax values of the flour types at 45 min resting time
ranged from 294.00 BU to 447.00 BU, with DRWF being the
lowest with 294.00 BU and CWWF with 447.00 BU having
the highest values. On the other hand, Rimax values of the flour
samples at 90 min resting time changed from 362.00 BU to
793.00 BU, the lowest and highest valuee were found for
sample DRWF with 400.00 BU, and sample CRWF with
793.00 BU, respectively. At 135 min resting time, Rmax values
were found to be between 400.00 and 803.00 BU.

The extensibility value (E) of flour samples at 45, 90
and 135 min resting times ranged from 80.00 mm to 142.00
mm, 77.00 mm to 125.00 mm, and 74.00 mm to 113.00
mm, respectively. The lowest E value was found in sample
AWWF with 74.00 mm (135 min resting time) and the
highest one was found in flour sample Ps blend with 142.00
mm (45 min resting time). Dizlek et al. (2013) reported that
A, R, E values of 24 different wheat flours ranged from
41.00 cm? to 132.00 cm?, from 180.00 BU to 767.00 BU,
and from 82.50 mm to 169.50 mm. Tagdemir (2005) stated
that A, R, Rmax and E extensograph values for 135 min
resting time of 22 flours obtained from combinations of
different flour passages produced from a commercial mill
ranged from 43.00 cm? to 188.00 cm2, from 210.00 BU to
720.00 BU, from 240.00 BU to 920.00 BU, and from
107.00 mm to 256.00 mm, respectively. Yildiz & Bilgicli
(2015) reported that the A, R and E values of different flour
mixtures at 135 min resting time ranged between 33.00-
106.00 cm2, 330.00-672.00 BU and 66.00-109.50 mm,
respectively. Meral et al. (2010) found that the E values of
3 different flour mixture doughs at 45, 90 and 135 min
resting times varied between 136.60-180.60 mm, 125.00-
164.30 mm and 119.00-161.00 mm, respectively. Yildirim
et al. (2018) found that the A, R, E and Rmax values of the
extensograph analysis of the dough of the flour mixtures
used in the production of Siverek flat bread ranged between
68.00-91.50 cm?, 445.00-457.00 BU, 101.00-124.00 mm
and 493.00-559.00 BU, respectively. Koten & Unsal
(2020) found that the extensograph R, E, Rinaxand A values
of the flour samples used in the production of Sanliurfa flat
bread for the 135 min resting period were between 413.50-
625.50 BU, 97.50-122.00 mm, 471.50-692.00 BU and
78.00-96.50 cm?, respectively. Schmiele et al. (2012) and

Pekmez (2018) also found the similar results of rheological
properties of different wheat flours and flour blends. The
results of the extensograph analysis of this study were
generally similar to the extensograph analysis results found
in previous studies.

Quality characteristics of Tandoori Breads

Crust colour values (L*, a*, b*)

The values of the crust colour parameters (L*, a* and
b*) of Tandoori breads are given in Table 3. The crust
colour values of the breads were found to be statistically
significant in all bread types (P<0.05). The lightness (L*)
and redness (a*) values of bread samples decreased while
yellowness (b*) values increased with using refined flours
samples in bread production due to removal of bran from
wheats. When the L* values of the bread samples were
examined, it was determined that they ranged between
58.88 and 71.64, the AWWF was sample with the highest
L*0f71.64 and the lowest value was found in the P5 blend
flour sample (imported Russa) with 58.88. The crust a*
values of the bread samples ranged from 6.87 to 13.76 and
the highest crust a* value was found to belong to the
CWWEF variety. P3 blend received the lowest value with a
crust a* value of 6.87. Crust b* values of bread samples
were found to be between 24.97 and 32.72. The lowest
value of bread samples in terms of crust b* values was
determined in P; sample, and the highest value was
determined in P4 sample.

Bagman & Koksel (2001) found that L*, a* and b*
values of Yufka breads (flat bread) with wheat bran and
barley in different proportions ranged from 80.90 to §9.00,
0.90 to 3.80, and 11.60 to 17.00, respectively.

Bayrake et al. (2010) reported that the crust colour L*,
a*and b* values of the breads obtained from Bezostayal
and Gerek79 wheat varieties ranged between 57.57-75.96,
2.36-11.12 and 22.80-39.90, respectively. Hussein et al.
(2010) reported that the L*, a* and b* colour parameter
values of flat breads produced from 4 different wheat
varieties ranged between 44.18-55.95, 9.48-14.88 and
24.80-31.11, respectively. Similarly, Tiirk (2013) reported
that the bread crust L*, a* and b* colour values ranged
from 52.46 to 66.15, 5.22 to 10.51, and 14.93 to 18.97,
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respectively. Yildirim et al. (2018) reported that the crust
L* a* and b* colour values of Siverek flat bread were
found to be between 47.73-52.70, 12.71-13.20 and 19.04-
24.78, respectively. Beyaz et al. (2025) found the L*, a*
and b* colour values of functional flat bread (Bazlama)
produced from different flours to be in the range of 59.81-
71.44, 6.36-9.96 and 22.02-28.96, respectively. Similar
results of crust L*, a* and b* colour values were obtained
in Tandoori breads of study conducted by Galali et al.
(2022a). When the L*, a* and b* colour values of similar
bread types of previous studies were compared with the
values of the current study, it was determined that similar
results were found and that these results were compatible.

Moisture content

The moisture content values of tandoori breads are
given in Table 3. The differences between moisture values
between all bread types were found to be statistically
significant (P<0.05). The moisture contents of Tandoori
breads varied between 22.65% and 27.55%. According to
the Turkish Food Codex communique on bread and bread
types, it is written that the moisture contents are between
38-43% and should not exceed 43% according to the bread
types. According to Article 2 of this communique, "this
communique does not cover dried bread, yufka, bazlama,
pita, simit and the like"” (Turkish Food Codex, 2012), it is
understood that tandoori bread, which is a type of flat
bread, is excluded from this scope. Therefore, the moisture
contents of tandoori breads were found to be appropriate.
Among the tandoori bread types, CWWF tandoori bread
had the lowest moisture content and Ps (Imported wheat)
tandoori bread had the highest moisture content.

Kéten & Unsal (2020) reported that the moisture contents
of Sanlirfa tirnakli (flat) bread ranged between 23.24% and
27.65%. Similarly, Kundu et al. (2017), Sachanarula (2021),
Tongbram et al. (2020) found the moisture contents of
Chapatti breads (flat breads) to be in the range of 28.4-38.9%,
20.73-25.10% and 21.31-32.43%, respectively. Various
researchers found the moisture contents of flat breads
(tandoori roti, Pan Chapla, bazlama, yufka, Siverek and
functional) to be in the range of 15.14% to 34.90% (Saxena &
Rao, 1996; Levent & Bilgicli, 2012; Platat et al., 2015;
Yidirmm et al., 2018; Martinez & Ramos-Escudero, 2024)
which is in agreement with those of the present study.

SRWF " | N P

Figlire 3. Images of Tandoori breads made with whole wheat, blends of 74% extraction rates of flours

Texture

The hardness and adhesiveness values of tandoori
breads are given in Table 3. The hardness and adhesiveness
values were found to be different in all bread samples, and
these differences were found to be statistically significant
(P<0.05). The hardness and adhesiveness values of
tandoori breads ranged from 575.30 g to 5024.22 g and
from 285.14 g.s. to 3755.57 g.s., respectively. Among the
different tandoori breads, it was determined that the highest
hardness value was found in the DWWF bread, and the
lowest hardness value was found in the P4 variety, while
the highest and lowest adhesiveness values was found in
the DWW and P4 breads.

Singh et al. (2014) found that the hardness value of 13
types of breads obtained by adding Indian asparagus to
wheat flour in different proportions was between 3645.00
g and 6779.00 g and the adhesiveness value was between
2023.40 g.s and 4068.70 g.s. Similarly, Rizzello et al.
(2010) found the hardness values of 3 types of bread made
by adding wheat flour, wheat flour germ and adding
sourdough to them as 2792.00 g, 2402.00 g and 2381.00 g,
respectively. Likewise, Tiirk (2013) and Erdemir (2015)
reported that the hardness value of breads ranged between
1535.48 g and 4976.83 g and 939.00 g and 2598.00 g,
respectively. Similar results were also found by Galali et
al. (2022a,b) and Beyaz et al. (2025). When the textural
properties of flatbreads of the present study were compared
with the results of previous studies, it was determined that
the results were in agreement.

Sensory properties

Sensory property gauges the general perception of food
quality and shows whether a product is acceptable. There
are different quality assessments for flat breads, amongst
them sensory tests are at the forefront in quality
assessments (Tasdemir, 2005).

The Tandoori breads prepared from different wheat
varieties flour and their blends were subjected to sensory
evaluation for shape, crust colour, crust properties, texture,
foldability, elasticity, taste-aroma, mouthfeel, hand feel
and overall acceptability and mean scores were presented
in Table 4 and Figure 4. Images of tandoori breads were
given in Figure 3.

Ps Ps

(AWWEF: Adana99 whole wheat flour; CWWF: Ceyhan99 whole wheat flour; DWWF: Ding whole wheat flour; SWWEF: Segittario whole wheat
flour; ARWEF: 74% Refined Adana99 wheat flour; CRWF: 74% Refined Ceyhan99 wheat flour; DRWF: 74% Refined Ding wheat flour; SRWEF: 74%
Refined Segittario wheat flour; P;: 1*blend; P,: 2" blend; Ps: 3" blend; P4: 4™ blend; Ps: 5" blend.
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Table 4. Sensory scores of Tandoori breads

Bread samples Shape Color chara(ljcl;iigs tics Texture Foldability
AWWEF 4.25+0.12° 4.15 +£0.47¢de 4.10 £0.38% 3.95 £0.292 4.06 £0.63?
CWWEF 4.05 +0.16* 3.85 +0.58bede 4.20+0.32% 4.15 +0.48% 4.28 +0.752
DWWEF 4.45 +0.30? 4.05 +1.01¢de 4.20 +0.29% 3.85+0.382 4.06 +0.882
SWWF 3.20 £0.222 2.95+0.33° 3.10 +0.34? 4.05 £0.33% 3.80 +0.792
ARWF 4.44 +0.232 4.20 £1.03% 4.60 £0.30¢ 4.60 +0.40° 4.40 £0.70°
CRWF 3.67 £0.25° 3.10 £0.74% 3.50 +£0.5320 3.80 +0.14%° 4.15+0.752
DRWF 4.44 +0.28* 4.40 +1.26¢ 4.20+0.23b 3.60 +£0.37° 4.00 +0.822
SRWF 3.89 +0.30? 3.30 +0.95%b¢ 3.25 +0.322b 3.80 £0.422b 3.70 £0.95%
P: 4.11 +£0.20° 3.60 +0.7(?bede 3.65 +0.442° 4.00 £0.35% 4.30 £1.06°
P, 4.22 +0.24? 4.40 £0.70¢ 4.00 +0.352¢ 3.95 +0.37 3.90 £1.209
P; 3.56 +£0.28? 3.50 +£0.712bed 3.45+£0.31% 3.35 +0.36° 3.55 +1.26%
P4 4.33 +0.25° 4.05 +£0.90¢de 3.70 +0.25%%¢ 3.70 £0.342 4.15 £0.88?
Ps 3.67 £0.212 4.10 +0.88¢e 3.80 +0.622¢ 3.85 +0.4420 3.75+1.182

Bread samples Elasticity Taste-Aroma Mouth feel Hand feel Overau.

acceptability
AWWEF 3.80 +£1.012 4.35+1.06 4.15 +0.47° 4.20 +0.75° 4.11£0.78°
CWWE 3.90 +£0.7720 4.55 +0.83? 4.35+0.75> 4.00 £0.622 4.22 £0.67°
DWWF 3.75+1.27% 4.05 +0.37° 3.95 +0.96%° 4.15 +0.67* 4.17 +£0.50°
SWWF 3.70 £0.9820 4.30 +£0.67° 3.95 +0.83% 4.05 +0.83? 3.67 £0.71%
ARWF 4.45 +0.83 3.70 £1.25° 3.90 +0.992° 3.90 £1.292 4.30 +£0.820
CRWF 4.40 +0.52% 3.70 £1.16° 3.75 +£1.18® 3.90 +1.10? 3.70 £0.673°
DRWF 4.00 +0.82% 3.65 +1.00? 3.90 £0.993b 3.80 +1.03? 4.05 +£0.96°
SRWF 3.95+1.01% 3.70 +£0.82? 3.80 £0.923b 3.50 +£1.08? 3.50 £0.71%
P 4.00 +£1.05% 3.75+1.27° 3.70 £1.343b 3.40 £1.35° 3.70 £1.06%
P, 3.60 +£1.17% 4.10 £0.99? 3.50 +£1.08® 3.35+1.332 3.75 £0.86%
P; 3.35+1.420 3.70 £1.06° 3.05 £1.07° 3.15 £1.06° 3.05 £0.692
P, 4.25+1.03% 3.60 +£1.26* 3.65 +1.20% 3.50 +1.432 3.90 +£0.99°
Ps 3.80 +£0.9220 3.90 +£0.99* 3.80 +£0.9220 3.50 £0.97* 3.95+1.01°

Means + standard deviation of three replicates; means with different letters in the same column indicate statistically significant differences between
samples by the Duncan’s test (P<0.05). AWWF: Adana99 whole wheat flour; CWWEF: Ceyhan99 whole wheat flour; DWWF: Din¢ whole wheat flour;
SWWE: Segittario whole wheat flour; ARWF: 74% Refined Adana99 wheat flour; CRWEF: 74% Refined Ceyhan99 wheat flour; DRWEF: 74% Refined
Ding wheat flour; SRWF: 74% Refined Segittario wheat flour; P;: 1¥'blend; P,: 2" blend; P;: 3" blend; P,: 4" blend; Ps: 5™ blend.
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Figure 4. Sensory properties of Tandoori breads incorporated with different flours
(AWWEF: Adana99 whole wheat flour; CWWF: Ceyhan99 whole wheat flour; DWWF: Ding whole wheat flour; SWWEF: Segittario whole wheat
flour; ARWF: 74% Refined Adana99 wheat flour; CRWF: 74% Refined Ceyhan99 wheat flour; DRWF: 74% Refined Ding wheat flour; SRWF: 74%
Refined Segittario wheat flour; P;: 1*blend; P,: 2" blend; Ps: 3" blend; P4: 4™ blend; Ps: 5" blend.

1625



Yildvrim / Turkish Journal of Agriculture - Food Science and Technology, 14(6): 1618-1629, 2026

Highest mean score for shape (4.45) was obtained by
DWWF while P; tandoori bread got the lowest score
(3.56). The low score in terms of shape for P3 may be due
to uncontrolled heat transfer of tandoor oven and forming
of dough. There were statistical differences between the
breads in terms of the tandoori bread color (P<0.05).
SWWEF type was received the lowest color score (2.95)
whereas DRWF and P, were received the highest score
with 4.40. The low color score of SWWF may be due to
low L* color value of SWWF flour and high bran and ash
content of SWWF since consumers prefer creamy color
and not dark brown tandoori bread. When tandoori breads
were evaluated in terms of crust characteristics, SWWF
bread received the lowest score with 3.10, and ARWF
bread received the highest score with 4.60, the differences
in terms of crust characteristics were statistically
significant(P<0.05).

In terms of taste-aroma, CWWF was at the top (4.55)
followed by AWWF (4.35) and found to be least (3.60) for
P4 bread. There was no statistical difference in the
evaluation of taste and aroma in tandoori bread varieties
(P>0.05). Maximum texture score (4.60) was attained by
ARWEF while P; received the minimum score (3.35). The
differences in color, taste and aroma of all the tandoori
breads were attributed to the differences in
hardness/softness of wheat grains and other factors like
wheat varieties and milling characteristics of wheat
(Farooq et al., 2001; Safdar et al., 2009).

A wheaty aroma and taste is desirable with a non-sticky,
soft chewing feel in mouth (Safdar et al., 2009). There was no
statistical difference between the breads in terms of foldability
(P>0.05). P; bread obtained the least score (3.55) for
foldability whereas ARWF received the highest score (4.40).
In terms of elasticity, P3 bread received the lowest score with
3.35 points, and ARWF bread received the highest score with
4.45 points. In terms of mouthfeel, The P; bread received the
lowest score with 3.05 points, CWWF bread received the
highest score with 4.35 points. In terms of hand feel, AWWF
bread received the highest score (4.20), P3 bread received the
lowest score (3.15) points.

And there was no statistical difference between
tandoori breads in terms of hand feel sensation (P>0.05).
With respect to overall acceptability of tandoori breads,
highest score (4.30) was obtained by ARWF and thus
regarded as more acceptable than other tandoori breads
while lowest score (3.05) was obtained by P3; thus
considered least acceptable. Similar sensory scores were
obtained by study of Coskuner & Karababa (2005),
Tagdemir (2005), Yildiz & Bilgigli (2015), Hussain et al.
(2012), Levent & Bilgigli (2012), Ertas (2016), Bassore &
Desalegn (2017), Kundu et al. (2017), Serka et al. (2019),
Mansoor et al. (2019), Dankwa et al. (2021), Galali et al.
(2022a,b) and Elgi et al. (2025).

Conclusion

This study evaluated the suitability of selected bread
wheat varieties and their blends grown in the GAP region
of Tiirkiye for traditional tandoori bread production by
examining flour quality, dough rheology, bread texture,
crust color, moisture content, and sensory properties. The
results showed that wheat variety (Adana99, Ceyhan99,
Ding, Segittario), flour type (AWWF, CWWF, DWWF,

SWWEF, ARWF, CRWF, DRWEF, SRWF), and blending
strategy (P1, P2, P3, P4, Ps) significantly affected the
technological and sensory quality of tandoori bread
(P<0.05). Whole wheat flours (AWWF, CWWF, DWWF,
SWWEF) exhibited higher water absorption and lower
brightness (L *) due to bran content but generally produced
harder and more adhesive breads, particularly in the Ding
variety (DWWF). In contrast, refined flours (ARWF,
CRWF, DRWF, SRWF) and blended formulations (P, P2,
P3, P4, Ps) showed improved dough stability, better
handling properties, and more consistent baking
performance, resulting in softer texture, lower
adhesiveness, and more uniform moisture distribution.
Among the blends, P4+ demonstrated superior performance
with desirable crust color, enhanced extensibility, and
improved textural properties. Sensory evaluation indicated
that refined flours, especially those from Adana99
(ARWF) and Ceyhan99 (CRWF) varieties, and selected
blends (Pi, P>, P3, P4, Ps) achieved higher consumer
acceptance, while some whole wheat formulations
(ARWF, CRWF, DRWF, SRWF) were less preferred due
to reduced palatability. Overall, refined flours and
optimized blends, particularly those incorporating
Adana99 and Ceyhan99, were more suitable for high-
quality tandoori bread production under traditional
conditions. These findings provide practical guidance for
flour producers and local bakeries in the GAP region and
highlight flour blending as an effective strategy to improve
product quality and consistency, while future studies
should focus on nutritional optimization, storage stability,
and large-scale production.
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