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Abstract Traditional foods are known as special products
that do not have a specific production technology and are
transferred traditionally from generation to generation. The
most important feature that distinguishes Gelveri bread
from the other bread is the use of sourdough technique and
cooking in stone kilns. It is one of the traditional foods
produced in Turkey for hundreds of years. We believe that
standardization and commercialization of Gelveri bread
will be challenging initiative to contribute to the local and
national economy. Therefore, this study aimed to investi-
gate the possibility of using infrared (IR) and ultraviolet-C
technologies in the commercialization of traditional Gel-
veri bread production that abides by the sourdough tech-
nique. Traditionally Gelveri bread dough was prepared and
cooked with the infrared oven designed for this study.
Following the cooking step, some physicochemical and
microbiological quality characteristics and shelf life of the
Gelveri bread were investigated. The results indicated that
the microbiological quality and shelf life were improved
with the IR application without effecting the other quality
parameters. On the other hand, a small decrease in pH was

< Suleyman Gokmen
sugokmen42 @hotmail.com

Department of Food Processing, Technical Vocational
School, Karamanoglu Mehmetbey University,
70100 Karaman, Turkey

Department of Food Processing, Guzelyurt Technical
Vocational School, Aksaray University, 68100 Aksaray,
Turkey

Department of Biology, Karamanoglu Mehmetbey
University, 70100 Karaman, Turkey

Department of Food Engineering, Istanbul Sabahattin Zaim
University, 34200 Istanbul, Turkey

@ Springer

observed. As a result, it was concluded that if IR furnace
integrated into the stone kilns, the quality of the bread
might be standardized, and the sustainability of the tradi-
tional method will be ensured.
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ultraviolet-C applications - Microbial quality - Shelf life

Abbreviations

IR INfrared

uv Ultraviolet

cfu Colony forming unit
ucC Uncountable, too many
calpe Cover

Introduction

Because of its high content of carbohydrates, bread has
been one of the basic foodstuffs that had great importance
in the nutrition of all societies throughout the history and
still continues to maintain its position today. Besides being
an energy-supplying and satisfying foodstuff, it has been a
well-accepted base and/or supplementary flavor when
consumed with the other foods. According to the Turkish
Food Codex Communiqué for Bread and Bread Varieties,
bread is defined as: “is the product of added water, salt and
yeast (Saccharomyces cerevisiae) when necessary, sugar
and enzymes as a source of malt flour, vital gluten and the
permitted other additives into the wheat flour; and knead-
ing, shaping, fermentation and cooking of this mixture in
accordance with the technique” (Elgiin and Ertugay 1995;
Kotancilar et al. 1995). Additionally, bread types are
defined as, “in addition to the ingredients mentioned in the
definition of bread, produced in accordance with the
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technique including the cereals and, if desired, condi-
ments.” (Ozkaya 1986; Boyacioglu 1993; Communique
No: 2012/2). Therefore, the addition of any flavor to bread
content is expressed as the bread variety. There have been
many types of bread produced in the world due to some
factors such as fermentation, formulation, shape and size,
specific volume, shell properties and the characteristics of
the bread structure (Elgiin and Ertugay 1995; Demirkesen
et al. 2010; Ertugay 2010).

In many countries, it is known that bread variety is very
wide, and even in some countries, country-specific tradi-
tional bread is also produced (Erdem et al. 2017). Nowa-
days, the number of breads producing factories using high
technology has increased, but some small enterprises pro-
duce different types of bread locally that revere the tradi-
tional bread variety (Karaagaoglu et al. 2008; Albayrak and
Gunes 2010; Besirli 2010; Altuntas and Giilcubuk 2014).
Because of this situation and the richness in Turkey’s
ethnic diversity, traditional varieties of bread in Turkey are
deemed plenty (Hatipoglu et al. 2013; Kocatepe and Tiril
2015; Gokmen et al. 2016).

Gelveri bread as an example is one of the traditional
breads from Giizelyurt district of Aksaray Province in
Turkey. Gelveri bread is a regional bread made by the
sourdough method and the locally produced from wheat
flour. Studies on Gelveri bread are limited to a few pub-
lications because a master-apprentice is necessary for
production of the traditional bread which has been fulfilled
by the residents in Giizelyurt themselves that only the aged
skillful family members have this capacity (Acar
20164, b, 2017; Glimiig etal. 2017; Erdem et al. 2017). In
Gelveri bread production, stone kilns are used that con-
structed from special rocks, and it is one of the traditions
that still maintained for centuries by the local people. The
type of oven and properties of the flour used in the bread
affects the quality parameters of the product (Kogan and
Yapici 2012; Demir 2016; Ucar 2016; Zencir et al. 2018).
There are 2 main features in the production of Gelveri
bread:

1. Using the sour-dough method and
2. Baking in the traditional stone furnaces, kiln (Fig. 1).

The First step for the production of Gelveri bread is the
preparation of dough in accordance with the traditional
sourdough method. In this way, different types of bacteria
and yeast proliferated in the dough act as a leavening agent
and cooperate with the fermentation process. Therefore,
due to the natural flora, the Gelveri bread has a strong
flavor, suitable rising volume and dough structure with a
long shelf life (Erdem et al. 2017). After the preparation of
dough, the second step is the baking in the stone kilns that
constructed traditionally.

In the traditional method, there is no homogenous
moisture content or moisture standardization in the bread
and oven stone systems require also mastery. Again, due to
the lack of standardization in baking, the shelf life of the
bread varies much but currently it is not long. Gelveri
bread currently is not a commercial bread because it is
prepared and baked once a week in the stone kilns by
voluntary cooperation of the women living in Giizelyurt
region (Demir 2016).

Recently, food applications of IR have become rela-
tively popular especially in baking bread, biscuits, crack-
ers, and cakes (Tuncel and Tuncel 2016). It has been
reported that IR technology in the food industry is also
being used from drying to sterilization (Ozkog 2010) and
from cooking to microbial and enzyme inactivation pur-
poses (Krishnamurthy et al 2008). Besides all, it can also
be used to measure color, shell thickness, volume, textural
and sensory properties of the different materials (Keskin
et al. 2004; Shyu et al. 2008). On the other hand, UV-C is
generally preferred to increase microbial quality in the food
industry (Gokmen et al. 2019). It has also been used in cold
sterilization of fruit juice, milk, drinking water and food
packaging (Gokmen et al. 2015). The combined usage of
UV and IR technology is reported in some spices and
stuffed pasta (manti) production processes (Tuncel and
Tuncel 2016; Gokmen et al. 2019), but there is no example
for industrial usage of the combination of both techniques.

Therefore, in this study, the applicability of infrared (IR)
drying technology and ultraviolet-C (UV-C) techniques
were investigated as a standardization method in the Gel-
veri bread production. The aim is not to develop a new
technology that will completely replace the traditional
method but to integrate the new technology with the tra-
ditional one. Sourdough and stone kilns are the two specific
parameters that make the traditional Gelveri bread. Hence,
the sourdough was used in the same way, and IR furnace
was also introduced instead of using a stone kiln alone. It
was also among the purposes of this study to extend the
shelf life and to help commercialization of the Gelveri
bread.

Material and method
Material

Gelveri Bread, prepared and baked by traditional methods
in Giizelyurt district of Aksaray Province, was used as a
control sample. The raw materials for the production of the
test samples of Gelveri bread were the mixture of 3 dif-
ferent wheat flour (all-purpose, bread and pastry flours
mixed in 1/3 ratios), tape water, table salt and sourdough
(as leavened). All these materials were supplied from the
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Fig. 1 The stone kiln used for
baking of traditional Gelveri
Bread

local bakery store that produces Gelveri Bread in accor-
dance with the Turkish Standards Institution (TSE)
standards.

Gelveri bread production

Traditional Gelveri bread production includes the follow-
ing steps. After mixing and kneading the raw materials, the
prepared dough was left to fermentation for overnight.
Then, the fermented dough was allocated to the equally
weighed lump of dough and shaped. Finally, the shaped
dough pieces were cooked for 45 min with the infrared
oven designed for this study. (Fig. 2).

The trials were carried out as 5 pieces replicate (5 lumps
of dough baked at the same time) with 3 parallel (as
technical replicas), and finally, 15 bread were produced and
analyzed for each case (trial). Then the samples of each

M

Fig. 2 The designed IR oven and its sections or components [1, the
machine body; 2, heating plate; 3, lamps (IR and UV-C); 4, scales and
tray; 5, suction fan; 6, calpe (cover); 7, vacuum indicator; 8, vacuum
pump]. IR lamps: 500 W shortwave and bar type, 3 pieces (15 cm),
UV lamps: 50 W short wavelength and rod type, 3 pieces (90 cm)
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trial were stored in plastic bags for 15 days at room tem-
perature to observe the shelf life.

Chemical analysis

e Moisture content (%) of the samples was determined
gravimetrically by drying at 100 & 2 °C until to get
constant weight.

e pH of the samples was determined with the aid of a pre-
calibrated pH meter (Inolab-pH 7110, GER). For this
purpose, 10 g of bread was homogenized with 90 mL of
distilled water and then the pH values were measured
(Elgiin and Ertugay 1995).

Microbiological analysis

For microbiological analysis, 20 g of each bread sample
was weighed and homogenized in 100 ml with the sterile
isotonic solution (% 0.9 NaCl). After preparation of the
appropriate dilutions, they were inoculated on Potato
Dextrose Agar (PDA) for total yeast and molds and Plate
Count Agar (PCA) for total mesophilic aerobes. After
incubation at 30-35 °C either for 16—18 h for bacteria or
5 days for mold and yeast, the formed colonies were
counted. Inoculation procedures were repeated at the
beginning, first week and second week of the storage
periods.
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Sensory analysis

Sensory analysis was performed by using the interview
form (Table 1). For this purpose, interviews were arranged
in a face to face set-up with different occupational groups
residing in Giizelyurt (a totally 10 people consisted of
hostel operators, academic and administrative staff of the
university, security officers, restaurant owners, and chefs).
The panelists were especially chosen from that the people
who were accustomed to the taste of Gelveri bread and
living in Guzelyurt region (Table 1).

Statistical analysis

The difference between the samples of the trials and the
storage times were evaluated by using the JMP 12.0 sta-
tistical analysis program in a confidence interval of 95%
(Sall et al. 2012).

Results and discussion

In this study, it is aimed to increase microbial quality and
to preserve the physicochemical and sensory properties of
traditionally produced Gelveri bread by using infrared (IR)
oven which is designed by this research group instead of
the stone oven. The results showed that while the microbial
quality increased with IR application, the overall quality of
the bread is mostly retained too.

Physicochemical analysis

There was no statistically significant differences (p > 0.05)
between the samples in terms of their initial and storage-
related moisture contents, IR and control groups (Table 2).
On the other hand, the pH values of the IR treated samples
were lower than those of the traditional samples (controls)
(Table 3).

Table 2 Moisture contents (%) of the Gelvery breads produced with
traditional oven and IR application

Time of process Traditional method IR method

Ist day % 60.70 Aa % 58.50 Aa
7th day % 60.00 Aa % 56.50 Aa
14th day % 59.00 Aa % 61.50 Aa

The capital letters in the same row are the comparison of cooking
methods. There was no statistically significant differences between
the same capital letters in the same row (p > 0.05). Lowercase letters
in the same column are the comparison of storage time. Again, there
was no statistically significant differences between the same lower-
case letters in the same column (p > 0.05)

Table 3 pH values of the Gelvery breads produced in this study

Storage time Traditional method Infrared method

1st day 7.14 Aa 5.97 Ba
7th day 7.09 Aa 5.79 Ba
14th day 7.14 Aa 5.65 Ba

The capital letters in the same row are the comparison of cooking
methods. There was no statistically significant differences between
the same capital letters in the same row (p < 0.05). The lowercase
letters in the same column are the comparison of storage time. Again,
there was no statistically significant differences between the same
lowercase letters in the same column (p > 0.05)

Microbiological analysis results

The total number of yeast-mold and bacteria was examined
in the bread samples. The results showed that although
there was some colony formation in the control group,
there was no growth (total bacteria, yeast, and mold) in the
IR applied samples (test group) both initially and during
storage (Table 4). On the first day of incubation, there were
only 2 different colonies on the APC agar plates of control
breads. This could be due to the environment of the stone-

Table 1 Interview form used for the determination of sensorial preferences of the Gelveri breads produced

Determination of differences between the Gelveri bread baking with traditional and infrared oven methods

. Would you rate it in terms of volume of the bread?
. Would you rate it in terms of aroma, taste, and odor?
. Would you rate it in terms of baking condition?

. Would you rate it in terms of bread-inside structure?

© N AW

. Is there any other information you would like to add?

. Can you see the difference in appearance and shape, and if so, what are those?
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Table 4 Microbiological

. Time/process Traditional method Infrared method
analysis results of Gelvery
breads baked with different Total bacteria Yeast and mold count Total bacteria Total yeast and mold
methods
1st day < 10 cfu/g < 10 cfu/g No growth No growth
7th day ucC ucC No growth No growth
14th day ucC ucC No growth No growth

UC, Uncountable; No growth, No colony was detected

oven and the duration of the cooking. After a week, besides
high number of bacteria colony formation, the mold growth
was also started on the control samples (Table 4). There-
fore, it is concluded that applying the IR technology on the
cooking process might be better for the microbial quality of
the Gelveri breads compared to the traditional method.

Sensory analysis

In the sensory analysis, it was observed that the IR baked
samples were different from the traditional ones in terms of
softness and aroma profile. Again, it was expressed by the
panelists that the bread baked in the IR oven was harder in
texture and sourer in taste compare to the bread baked in
the traditional stone oven.

In the commercialization studies of the local food
products, there might always have some problems in
maintaining the quality and standardization of the product.
Taking this into consideration, it is aimed to use infrared
technology within the scope of the new generation food
technology which would shed light on the commercial-
ization of Gelveri bread baked in traditional furnaces by
traditional methods. Therefore, the feasibility of the
infrared oven method as an alternative to the traditional
stone method was investigated in the cooking process of
Gelveri Bread.

Although there was not much difference in the physic-
ochemical features of the products obtained in both pro-
cesses, the sensory quality decrease was observed with the
IR application. For instance, bread surface was harder and
pH value was lower in IR applied brads than those of the
traditional counterparts. The reason for hardness is might
be due to the baking time (45 min) in the IR oven which
was longer than that of the traditional ovens (10 min).
Although the cooking time with IR seems to be longer, but
when the whole process was considered, the time needed
for the preparation of traditional oven before the baking
(approximately 30 min) and plus 10 min for cooking is a
total of 40 min.

The reason for the sour taste found by the panelists
might be due to the lower pH value of the IR samples
compared to the traditional ones. It should also be taken
into account that the panelists were from the same local
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region who got used to the taste of traditional Gelveri
bread. Another reason might that the bread produced with
sourdough is not a habit of consuming our people except
for local people (Yigit and Dogan 2010; Acar 2016a, b,
Akgiin 2007; Bircan et al. 2017). Besides, baking bread
with traditional methods requires mastery, especially in
old-style furnaces. However, this method can easily be
standardized with IR technology.

In previous studies, it was determined that according to
the results of microbiological analysis in IR applied bread
samples, microbiological deterioration time was longer
(Wade 1987; Ertekin 2013; Gokmen et al. 2019) which
might be due to the lower pH value and drier crust, bread
surface. In the result, it could be stated that the use of IR
technology in the Gelveri bread production might extend
the shelf life of the product (Table 4).

Conclusion

While traditional foods show the cultural values and life-
style of the local people, the commercialization of such
products in the global market may end up their recognition
and dissemination which also contributes to both the local
and national economy of the people. Since the traditional
production method of Gelveri bread is not very suitable for
the commercialization or at least meet the demand, dif-
ferent production processes need to be developed. It is
important to abide by the traditional methods at this stage.
One of the most important features in the traditional Gel-
veri bread production is the use of sourdough technique,
while the other criteria is an old fashion stone oven. In this
research, the sourdough technique was preserved while IR
technology was used in place of stone kilns. If IR furnace
integrated into the stone kilns and the complete process
carried out as traditional, the traditional method will also
be adhered to completely. Hence, the quality of the bread
will be standardized, and the sustainability of the tradi-
tional method will be secured. As a result, the microbio-
logical quality and shelf life of the bread were increased
with the IR integration with the traditional furnace.
Therefore, it might be concluded that the integrated system
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of IR with the kiln might be a suitable technique for the
commercialization of traditional Gelveri bread production.
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