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ABSTRACT

The need for food products suitable for gluten-free diets is increasing worldwide. These gluten-free products are
mostly preferred by individuals with celiac disease, gluten allergy, and gluten sensitivity. People who are gluten-
free primarily purchase gluten-free bread, which is an important and basic food of their daily diet, or make gluten-
free products themselves. In addition, since wheat is the only grain that can develop a viscoelastic dough, bread
making in the absence of gluten becomes a technological challenge. Therefore, gluten-free bread formulas, e.g.,
recipes that serve as sensory substitutes for loaf bread, are needed. In this study, the use of gluten-free buckwheat
grain instead of gluten-containing wheat flour and additives (cabbage) to provide stability and elasticity to the
dough is discussed to improve the sensory properties of gluten-free bread. The aim of this research is to develop
a gluten-free bread formula to substitute gluten-containing breads using buckwheat grain and psyllium. For this
purpose, a standard recipe for gluten-free bread that can be made at home and produced commercially was
prepared. First, four different types of bread were tasted by experienced academic panelists, and sensory data
were obtained and subsequently tabulated. Then, a repeated measures ANOVA test was performed using the
JAPS 0.16.4.0 statistical calculation program. Since the findings showed a significant difference in the opinions
of individuals according to the type of bread, a post-hoc analysis was performed to examine the differences
between the types of bread. The Bonferroni method was selected for the post hoc analysis, and according to the
general averages of the breads, a significant difference was found in favor of the second bread over the third
bread in the second measurement (in the second panel) (t = 3.89, p = .006). There was no significant difference
in individuals' opinions about the other breads. As a result of the sensory analysis findings, the number 2 bread
formula was distinct and introduced to gastronomy.
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Introduction

People who choose a gluten-free diet around the world are usually those who have gluten-
related diseases. Gluten-related diseases are defined as a negative reaction to gluten mediated
by the immune system. (Cabanillas, 2020). A relationship has been established between gluten
consumption and many diseases so far. These diseases are divided into different classes. If you
find(2015)Gluten-related diseases are classified as allergies (food allergy, anaphylaxis, wheat-
related exercise-induced anaphylaxis, baker's asthma, contact dermatitis), autoimmune
diseases (celiac disease, dermatitis herpetiformis, gluten ataxia), and diseases that are likely to
have an immune component.

Celiac disease is an autoimmune disease that causes intestinal damage from gluten intake
(King et al,, 2019). The treatment of celiac disease is essentially a gluten-free diet (Araujo et al,,
2010; Southgate et al., 2017). A gluten-free diet is made by removing gluten, a term used to
describe protein components found in wheat, rye, barley, oats, and their derivatives, from the
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diet (Araujo et al., 2010). King et al. (2019) said that people living with celiac disease have
experienced the growth of the gluten-free industry as a “double-edged sword.” While celiac
patients are grateful to the gluten-free industry for providing better-tasting gluten-free
alternatives, they are also subject to misunderstandings about the seriousness of celiac disease
because people without celiac disease follow a gluten-free diet.

Gluten allergy is defined as an immune response mediated by immunoglobulin (IgE: Antibody
secreted when the body comes into contact with an allergen) against gluten proteins, not limited
to those found in wheat. The prevalence of wheat allergy can be seen in all age groups.
(Cabanillas, 2020)A gluten-free diet represents a treatment for celiac disease and wheat allergy
(Estévez & Araya, 2016).

Finally, individuals with gluten intolerance (non-celiac gluten sensitivity) follow a gluten-free diet
because they perceive it as a healthier nutritional choice. This group has grown sufficiently to
influence the gluten-free product market significantly and positively impact the availability and
sustainability of gluten-free products (Estévez & Araya, 2016). In addition, in the last few years,
several studies have proven that gluten intolerance can also affect people who do not suffer
from any of the diseases mentioned above. The new syndrome is called non-celiac gluten
sensitivity or gluten sensitivity. Recently, the adoption of a gluten-free diet has gained significant
popularity among individuals without celiac disease, as it is associated with a “healthier dietary
choice” (Grazyna & Grazyna, 2014).

Dhruva and others(2021)According to the, following a gluten-free diet is appropriate for those
with a gluten-related disorder such as celiac disease, but is less supported in those with non-
celiac disease. There is insufficient evidence to associate a gluten-free diet with disease
outcomes in patients without celiac disease for factors such as weight loss, hypertension, and
insulin resistance. A gluten-free diet may have some benefits for people with insulin resistance.
However, confounding biases and small study samples make it difficult to draw firm
conclusions.

While celiac patients must permanently eliminate gluten from their diet, the literature suggests
that many individuals who claim to be gluten sensitive may not have a true sensitivity to gluten,
although they may be sensitive to other components of wheat (Sampedro et al, 2019).
Alternatively, a neophobia/neophilia effect may be involved when these individuals adopt a
gluten-free diet. However, it is likely that the majority of these individuals adopt a gluten-free diet
without a medical basis.

However, patients diagnosed with celiac disease alone must follow a strict gluten-free diet for
life, and patients with wheat allergy must avoid any form of wheat exposure. Despite various
scientific advances, there is no consensus in the scientific community on the classification of
non-celiac gluten sensitivity as an independent clinical entity (Cabanillas, 2020; Rees et al,
2018).

As a result, a gluten-free diet is one that does not contain products derived from grains such as
wheat, barley, and rye (Atik & Atik, 2023). Recently, there has been an increase in the number of
people who have to eat gluten-free worldwide, and in those who believe that a gluten-free diet is
healthier. In parallel with this increase, the gluten-free product market, along with the variety of
gluten-free products available, is growing steadily. For this reason, businesses and academics
are trying to create new gluten-free product formulas, i.e,. Recipes that can replace gluten-
containing products in order to meet the increasing consumer demand quantitatively and
sensorily. To this end, the aim of the research is to develop a buckwheat bread formula for
individuals on a gluten-free diet through sensory analysis. In this context, this study aims to
determine the sensory properties of gluten-free bread, such as taste, smell, texture, and general
acceptability. Sensory evaluations conducted by participants were used to determine the
sensory properties of different buckwheat bread formulations. The results to be obtained will
contribute to the development of a more satisfying and nutritious bread formula for those on a
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gluten-free diet and to the introduction of such products to the market. This research focuses
on the development of a bread formula prepared using buckwheat grains, which is sensorially
close to gluten-containing breads, and introducing it to gastronomy. Every passing day,
researchers develop new gluten-free product recipes, and these recipes offer innovative options
forthose on a gluten-free diet. The buckwheat gluten-free bread formula presented by this study,
with different components from other gluten-free bread formulas and improvements in sensory
properties, makes an important and original contribution to the literature. The final gluten-free
bread formula resulting from this research will provide a healthier nutritional alternative for
individuals on a gluten-free diet while also contributing theoretically to the field of food science.

In addition, the detailed examination of both sensory properties and nutritional values of
different bread formulas shows the study's novel contribution to the field. The study focused on
the combined evaluation of these two important factors, which are often overlooked but
extremely significant in the formula development processes in the food industry. In particular,
the meticulous examination focused on how the sensory properties and nutritional content of
bread types change with the variation of various ingredients or adjustment of their amounts.
This is important for optimizing food product formulas and developing products that are more
suitable for the health and taste preferences of consumers. In addition, this study emphasizes
the importance of using modern technology for detailed analysis of nutritional values. The use
of nutritional analysis programs such as BeBiS allows for more accurate and precise
determination of nutritional values of food products. This contributes to the establishment of a
scientific basis for the development of new products and the improvement of existing ones.

In conclusion, this study provides important information about the methods and approaches
that can be applied in the development process of basic food products like bread, both from an
academic and industrial perspective.

Factors inhibiting adherence to a gluten-free diet and solution suggestions

Treatment for celiac disease is a strict, lifelong gluten-free diet. This diet is complex and can be
challenging. Identifying factors that influence adherence to a gluten-free diet is important for
improvement. Availability, cost, and product labelling are the main barriers to adherence to a
gluten-free diet. Better awareness, improved labelling, and revenue support are needed to assist
patients (MacCulloch & Rashid, 2014).

In addition, while gluten-free products are easily accepted by people who have been gluten
sensitive since childhood, the acceptance of gluten-free bread is more difficult for adults
diagnosed with gluten sensitivity later in life (Smidova & Rysova, 2022).

The sensory properties of commercially available gluten-free products are not at the same level
as those containing gluten (Nagash et al., 2017). People with celiac disease report that the
supply of sensory-friendly foods is restricted and that products available on the market are often
expensive, which makes the diet monotonous (Araujo et al., 2010). Gluten-containing products
are generally perceived to be more palatable in terms of taste, aroma, and texture than gluten-
free products, and are less costly.

Another factor that prevents compliance with a gluten-free diet is the lack of knowledge about
them among market, canteen, and restaurant employees. Standardized training for staff in
schools, camps, and restaurants is especially necessary to protect children from accidental
gluten exposure. This will help children integrate with their peers and improve their quality of life
(MacCulloch & Rashid, 2014). People with celiac disease have difficulty eating outside of home
due to the lack of societal awareness (Araujo et al,, 2010). Eating outside the home is a
significant problem for those on a gluten-free diet. Calling the restaurant in advance to review
the menu and eating outside during off-peak hours can help solve this problem.

Campagna and others(2020) according to the, people on a gluten-free diet may be at risk of
social exclusion due to the constant need to engage others to ensure that the food is gluten-
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free. The strict dietary requirement that restricts spontaneity may lead others to perceive an
individual as wanting to eat differently out of fear of refusing hospitality. In addition, the patient's
lack of awareness of possible contamination from hidden sources of gluten and cross-
contamination with gluten is a significant concern.

Thompson et al. (2021) according to the results of the study evaluating gluten cross-contact,
gluten-free foods can come into cross-contact when cooked in fryers shared with wheat
products. Celiac consumers are advised to avoid foods cooked in shared fryers. It is impossible
for a consumer on a gluten-free diet to know how much gluten is in fryer oil and French fries.
Shared trays, ladles, and fryer baskets in places where gluten-free products are produced are
possible sources of cross-contact.

Additionally, people on a gluten-free diet have difficulty describing their condition. For those on
a gluten-free diet: “I am on a medically necessary diet." Phrases such as "l have a severe reaction
to wheat" or "I am allergic to wheat" should be used. The terms “autoimmune disease”’, “celiac
disease,” and “gluten” should be avoided (Parrish, 2006).

In addition to these, traveling, staying at accommodation establishments, and eating in
establishments that provide mass catering services are great risks for people with gluten-free
diets. In addition, there are significant obstacles to people with special diets participating in
tourism activities, especially gastronomy tourism. The limited availability of gluten-free foods in
hotel establishments' F&B menus, airline companies' catering menus, and food and beverage
establishments' menus in tourism destinations, and the presence of cross-contamination
negatively affect the decision of people with gluten-free diets to travel. For this reason, special
gluten-free product production and service areas that do not pose a risk of cross-contamination
can be established in airlines, accommodation, and food and beverage establishments; gluten-
free menus can be created; and kitchen and service personnel can be trained on gluten-free
diets. Such practices and similar ones can positively affect the decision of people with gluten-
free diets to travel and their desire to eat out.

In addition, hotels must guarantee a wide range of products on their menus to meet the different
dietary requirements of customers and reduce possible risks. The main risk reduction strategies
consist of following the protocol to prevent cross-contamination and providing the customer
with information regarding food processing. In addition, another important measure is that
gluten-free meals are completely safe for the customer. For this purpose, specific certifications
and regulations at national and international levels should be created in tourism establishments
that reduce the risk and facilitate the decision-making process for tourists with a gluten-free diet
(Moraleda et al., 2021).

Factors that improve adherence to a gluten-free diet

The availability of substitute flours for gluten-containing flours, including buckwheat flour,
sorghum, sorghum starch, and teff flour; the use of seed, legume, and nut flours in the
production of bakery products; consumer-informing and allergen-warning food labeling
systems; consumers' easy access to a wide range of products with the ever-growing gluten-free
product market; the sale of gluten-free products in e-commerce marketplaces; and
technological developments can be summarized as elements that make a gluten-free diet
easier. Some of these elements are explained below:

New Labeling Laws: The Turkish Food Codex Food Labeling and Consumer Information
Regulation entered into force on January 26, 2017. With this regulation, if a manufacturing
business uses any of the allergenic foods (milk, eggs, soybeans, peanuts, fish, wheat, etc.), these
products must be clearly stated in the ingredients section of the food packaging. For example,
food packaging label descriptions, as ingredients: salt, water, sugar, wheat flour (contains
gluten) help those on a gluten-free diet.
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Gluten Sensor: Nima, shown in Figure 1, consists of a 3-inch-long sensor and single-use
capsules containing test strips loaded with proprietary anti-gluten antibodies. To detect gluten
in food, individuals place a pea-sized sample into the capsule. Screwing on the cap grinds the
sample and then mixes it with an extraction buffer. The resulting solution then passes on to the
test strip, which is read by an optical sensor. The sensor output is a binary result of “Gluten
detected” (shown as a wheat symbol) or “Gluten not detected” (shown as a smiley face). Nima
has high sensitivity to detect gluten at levels of 20 ppm or higher (Benjamin et al., 2019).

Availability and Easy Accessibility of Gluten-Replacement Flours: Nowadays, many businesses
produce gluten-free products. These businesses use whole grain flours (buckwheat, rice flour,
sorghum, millet, quinoa, etc.) instead of starch flour.

Figure 1 Gluten sensor

Benefits of a gluten-free diet

The only treatment for patients diagnosed with celiac disease is a gluten-free diet. A gluten-free
diet repairs the intestines of celiac patients and can also treat some extraintestinal symptoms
(Lerner et al., 2019). Beuthin et al.(2020)According to the, migraines are a common condition in
celiac disease and are usually improved by a gluten-free diet. Patients with migraines who
switch to a gluten-free diet and are diagnosed with celiac disease are likely to experience less
severe migraine pain. The benefit of dietary changes or a gluten-free diet for people who have
migraines but are not diagnosed with celiac disease has not been well established.

Sampedro et al. (2019), although it was stated that a gluten-free diet has a healing effect on
improving behavior in children with autism, Batarseh et al. (2022) and Lange et al.(2015) state
that studies evaluating the effectiveness of a gluten-free and casein-free diet in the treatment
of autism are insufficient, limited, flawed, and not suitable for definitive conclusions.

Evaluation of dietary gluten avoidance in healthy individuals

Consumption of gluten-free products is becoming a dietary habit in society as a whole. The
unscientific, unfounded perception that avoiding gluten will improve health or that gluten is toxic
to humans is driving unnecessary medical adherence to a gluten-free diet. (Cabanillas, 2020).

The gluten-free diet has also begun to be implemented by many people who are trying to lose
weight or who see it as a trendy lifestyle. However, since gluten-free products contain more
starch, fat, etc., consumption of these products can even cause weight gain unless bakery
products are replaced with vegetables, fruits, etc. A gluten-free diet is not the right diet choice
for individuals unless an appropriate medical diagnosis is made.

Some gluten-free food items can trigger serious allergic reactions and anaphylaxis. For example,
food anaphylaxis can occur from buckwheat and quinoa (Khairuddin & Lasekan, 2021).
Choosing a gluten-free diet without a medical diagnosis leads to increased food costs
(Khairuddin & Lasekan, 2021; Sampedro et al., 2019), decreased fiber consumption, decreased
mineral and vitamin consumption, including calcium, magnesium, zinc, vitamin B12, folate, and
vitamin D, and exposure to hydrogen, saturated fatty acids, and arsenic. In addition, since
substitutes in the gluten-free diet usually contain very little fiber, gluten-free dieters are at high
risk for constipation. Therefore, adopting a gluten-free diet without a diagnosis is risky
(Sampedro et al,, 2019).
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In conclusion, there are significant differences between gluten-free and gluten-containing diets.
This can be a nutritional concern for those with celiac disease, but it can also be a problem for
those without celiac disease who are trying to lose weight or who think that this type of diet is
healthier (Miranda et al., 2014).

Gluten-free gastronomy applications

The increase in the number of people on a gluten-free diet worldwide has also increased
research in this area. Some of these studies are:

Silva et al. (2022) have produced a gluten-free ice cream cone using black-eyed pea flour. In this
study, black-eyed pea and rice flour were evaluated in terms of their suitability as alternatives to
wheat in the production of ice cream cones (ICB). Thus, the developed gluten-free ice cream
cone has become an alternative to wheat-based ones.

Bissar et al. (2022) produced gluten-free macaroni from carob fruit and sorghum and
determined their quality parameters. In this study, no fresh or dry gluten was detected in
macaroni to which 5%, 10%, and 15% carob flour was added. The production and marketing of
gluten-free varieties of food products, such as macaroni, will increase the variety of foods for
people with celiac disease.

Muller et al. (2027) demonstrated the possibility of preparing gluten-free cupcakes by using
germinated red rice grains, catering to consumers looking for alternative products due to health
concerns. The development and inclusion of new products in the field of gastronomy serve
market niches and can respond to the increasing consumer demand for gluten-free food (Silva
etal, 2022).

Gul et al. (2021) developed a gluten-free biscuit formula using red beet flour. In this study, red
beet powder (KPT) was used in the production of gluten-free biscuits to diversify and enrich
gluten-free diet products. Red beet powder was added to a gluten-free flour mixture consisting
of potato starch, corn starch, chickpea flour, corn flour, and rice flour in certain proportions. It
was determined that gluten-free biscuits containing red beet powder contained higher levels of
dietary fiber and protein.

Ceylin et al. (2021) have developed a gluten-free cookie formula based on carob flour. Using a
recipe combining carob flour with hazelnut flour, gluten-free cookies have been produced to
enhance diet diversity for individuals with celiac disease.

Simsek et al. (2020) prepared kazandibi in a formula that can be consumed by celiac patients.
The sensory analysis of the kazandibi dessert made using coconut milk and rice flour was
conducted with trained panelists and consumers. The form that the panelists liked the most
was made into a standard recipe, and gluten-free kazandibi was introduced to gastronomy.

Drub et al. (2021) have indicated that there is an increasing demand for new Gluten-free (GF)
bread varieties. Therefore, in his study aimed at evaluating the potential of whole grain flours
(rice, sorghum, millet, amaranth, buckwheat, and quinoa) to produce GF leavened rolls, he
prepared GF bread in the form of rolls. By replacing the flour-starch base with whole grain flour,
the fibre content of the rolls he made was increased by 2 to 5 times, and the protein content up
to 2 times. Therefore, the production of gluten-free whole grain rolls is promising and
contributes to meeting the sensory and health needs of consumers on a gluten-free diet.

Komeroski et al. (2021) produced gluten-free breads using whey protein and mixed flours and
measured their effect on quality parameters. Loaves with added whey protein showed
technological quality similar to wheat bread.

Yilmaz et al. (2020) developed gluten-free cornbread enriched with anchovy flour. Sensory and
textural evaluations of gluten-free cornbread enriched with anchovy flour were also found to be
highly acceptable.
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Method

Purpose of the study

The research sought to answer the question regarding the development of a standard recipe for
buckwheat grain bread for individuals on a gluten-free diet, its evaluation in terms of sensory
acceptability, and how this product can be introduced to gastronomy. In this context, this study
aimed to develop a standard recipe for buckwheat grain bread through sensory analysis, which
can be consumed by people who prefer a gluten-free diet, and to introduce it to the field of
gastronomy. In addition, the production and marketing of gluten-free varieties of bakery
products such as bread, increasing the food variety for people on a gluten-free diet, evaluating
the sensory acceptability of the product, and standardizing the gluten-free bread formula are the
main objectives of the study.

Materials and methods

Ethical Approval: Ethical approval numbered E-26428519-044-70935 was received from Sakarya
University of Applied Sciences Ethics Committee on 02.01.2023 for the conduct of the research.
In addition, before starting to develop the food product, an informed consent form was obtained
from the panelists, consisting of Sakarya University Faculty of Engineering, Food Engineering,
and Sakarya University Faculty of Tourism, Gastronomy and Culinary Arts faculty members.

Preparations: A literature review was conducted to obtain scientific data on the formulation of
gluten-free bread. Data were collected on the various available formulas and the function of the
ingredients involved in gluten-free baking.

Raw Material Supply: Buckwheat grain, quinoa, flaxseed, rock salt, cold-pressed olive oil, and
granulated sugar were supplied from local retailers in Yalova city, considering these ingredients'
acceptability to gluten-free consumers. All ingredients were purchased after analyzing their
economic costs and general acceptability.

Pre-standardization: Various trials were conducted to obtain a product with the desired
acceptability. Different proportions of buckwheat grain, flaxseed, quinoa, and psyllium were used
in various trials. General acceptance was noted.

Standardization: Standardization of a recipe helps in achieving the same yield and taste when the
recipe is prepared with the same procedure, equipment, and quantity of ingredients. This also
helps in preventing wastage and providing consistent nutritional value per serving (Laddha et
al, 2027). The standardized recipe was formulated after conducting various trials.

Standardized recipe ingredients are: buckwheat grains, flaxseed, quinoa flour, psyllium
(cauliflower powder), cold-pressed olive oil, rock salt, and water. In addition, the rules regarding
properly sterilized production areas and tools and equipment that do not come into contact with
wheat flour have been followed for the gluten-free formula.

Birinci Ekmek Ikinci Ekmek Ugiincii Ekmek Dérdiincii Ekmek
320 134 245 496

N B bW
625 368 129 712

Figure 2 Views of buckwheat grain bread presented to the panelists

Determination of Panelists: Semi-trained panelists consisted of 15 faculty members from
Sakarya University, Department of Food Engineering, and Sakarya University of Applied
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Sciences, Department of Gastronomy and Culinary Arts, who had previously participated in
sensory evaluations to provide data for academic articles many times.

Sensory Evaluation: Sensory evaluation was carried out in the testing area located at the Faculty
of Engineering, Sakarya University, and the Faculty of Tourism, Sakarya University of Applied
Sciences, which has a well-lit, comfortable seating area and drinking water facilities.

Panelists were asked to drink water between samples to avoid confusion regarding bread
tastings. Breads were evaluated in terms of crust (appearance, color, thickness), crumb
(appearance, color, porosity, elasticity), taste, odor, chewiness, and general liking criteria. A five-
point hedonic scale (1: Very bad; 2: Bad; 3: Neither liked nor disliked; 4: Good; 5: Very good) was
used in product evaluation. Panelists were coded as “P” and numbered from 1 to 15. Bread was
prepared using four formulas. Each loaf was numbered with three-digit codes. In addition, the
bread codes in the first panel (1. Bread- 320, 2. Bread- 134, 3. Bread- 245, 4. Bread- 496) and the
bread codes in the second panel (1. Bread- 625, 2. Bread- 368, 3. Bread- 129, 4. Bread- 712) were
prepared differently.

Statistical Analysis and Findings: Measurements were taken from 15 semi-trained panelists for
4 different breads, and each panelist tasted 4 different breads twice. The opinions of the same
individuals were taken for four different breads. In addition, since each loaf of bread was
measured twice, the study included repeated measurements. In this case, a 4x2 repeated
measures ANOVA emerged. Then, a Repeated Measures ANOVA test was performed using the
JAPS 0.16.4.0 statistical calculation program.

Table 1 Descriptive statistical analysis results

Bread Type Equivalent Bread N Average Standard Standard Coefficient of
Deviation Error Variance

First 15 3,455 0.624 0.161 0.181

measurement 15 3,528 0.614 0.158 0.174
Bread 1

Second

measurement

First 15 3,283 0.570 0.132 0.155

measurement 15 3,632 0.489 0.126 0.135
Bread 2

Second

measurement

First 15 3,284 0.578 0.149 0.176

measurement 15 3,055 0.594 0.153 0.194
Bread 3

Second

measurement

First 15 3.113 0.387 0.649 0.100 0.124

measurement 15 3.173 0.168 0.205
Bread 4

Second

measurement

According to the descriptive statistical analysis findings (Table 1), while the first measurement
mean of the first bread is 3.45, the second measurement mean is 3.52. The first measurement
mean of the second bread is 3.28, whereas the second measurement mean is 3.63. While the
first measurement mean of the third bread is 3.28, the second mean is 3.05. While the mean of
the first measurement of the fourth bread is 3.11, it is 3.17 in the second panel.

Table 2 Repetitive measured ANOVA

The squares

Cases Total of sd Mean Square F p n2?
Bread Type 3,065 3 1,022 5619 0.002 0.123
Waste values 7,637 42 0.182

Equivalent Bread 0.121 1 0.121 0.257 0.620 0.005
Waste values 6,602 14 0.472

Bread Type  Equivalent Bread 1,254 3 0.418 2,826 0.050 0.050

Waste values 6,211 42 0.148
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The squares

Total of sd Mean Square F p n?

Cases

Note. Type Ill Sum of Squares

For the sensory evaluation of individuals' opinions about different types of bread, 15 semi-
trained panelists tasted four distinct types of bread, twice, and measurements were taken. It
was examined whether individuals' opinions about different types of bread changed according
to the type of bread by taking into account the second repeated measurements (bread
equivalent). For this purpose, 4*2 two-way repeated measures ANOVA was applied using JAPS
0.16.4.0 statistical calculation program. According to the analysis findings, the main effect of
bread type was found to be statistically significant, (F(3, 42) = 5.62, p = .002), while the main
effect of bread equivalent, i.e., time, was not found to be statistically significant (F(3, 42) = 0.257,
p = .62). In addition, the interaction effect between bread type and equivalent was not found to
be statistically significant (F(3, 42) = 2.826, p = 0.05). The findings show that there is an
independent significant effect of bread type, but no independent effect of time and no
interaction between type and time. The relevant findings are presented in Table 2 above.

Since the findings suggest that the opinions of individuals differ significantly according to the
type of bread, a post hoc analysis was conducted to examine the differences between them.
The Bonferroni method was selected for the post-hoc analysis, and a significant difference was
found based on the averages in favor of the second bread during the second measurement
(second panel) compared to the third bread (t = 3.89, p = .006). There was no significant
difference in terms of the opinions of individuals among the other breads. The postdoctoral
analysis results are presented in Table 3.

Table 3 Post hoc testing

Post Hoc Comparisons- Bread Type* Equivalent Bread

Mean Difference SE t Pholm

Bread 2, First 0.172 0.148 1,160 1,000
measurement
Bread 3, First 0.171 0.148 1,151 1,000
measurement
Bread 4, First 0.342 0.148 2,307 0.542
measurement
Bread 1, First Bread 1, Second -0.073 0.175 -0.420 1,000
Measurement measurement
Bread 2, Second -0.177 0.181 -0.980 1,000
measurement
Bread 3, Second 0.399 0.181 2,206 0.673
measurement
Bread 4, Second 0.282 0.181 1,558 1,000
measurement
Bread 3, First -0.001 0.148 -0.009 1,000
measurement
Bread 4, First 0.170 0.148 -1.147 1,000
measurement
Bread 1, Second -0.245 0.181 -1.355 1,000
Bread 2, First measurement
Measurement Bread 2, Second -0.349 0.175 -2,000 1,000
measurement
Bread 3, Second 0.227 0.181 1,256 1,000
measurement
Bread 4, Second 0.110 0.181 0.608 1,000
measurement
Bread 4, First 0.171 0.148 1,156 1,000
measurement
Bread 3, First Bread 1, Second -0.244 0.181 -1.348 1,000
Measurement measurement
Bread 2, Second -0.348 0.181 -1,922 1,000

measurement
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Bread 3, Second 0.229 0.175 1,309 1,000
measurement
Bread 4, Second 0.111 0.181 0.615 1,000
measurement
Bread 1, second -0.415 0.181 -2.294 0.573
measurement
Bread 2, Second -0.519 0.181 -2.869 0.151
Bread 4, First measurement
Measurement Bread 3, Second 0.057 0.181 0.317 1,000
measurement
Bread 4, Second -0.060 0.175 -0.344 1,000
measurement
Bread 2, Second -0.104 0.148 -0.701 1,000
measurement
Bread 1, Second Bread 3, Second 0.473 0.148 3,188 0.055
Measurement measurement
Bread 4, Second 0.355 0.148 2,397 0.451
measurement
Bread 3, second 0.577 0.148 3,890 0.006
Bread 2, Second measurement
Measurement Bread 4, second 0.459 0.148 3,098 0.069
measurement
Bread 3, Second Bread 4, Second -0.117 0.148 -0.791 1,000
Measurement measurement

Note. P-value adjusted for comparing a family of 28

The final bread formula created according to the research findings is given in Table 4.

Table 4 The ultimate bread formula

Material Amount Unit of Measurement
Buckwheat Grain 500 Gr.
This 370 M.
Apple Cider Vinegar 15 M.
Psyllium (Psyllium) 20 Gr.
Extra Virgin Olive Qil 20 Gr.
Chia Seeds 20 Gr.
Flaxseed 20 Gr.
Walnut Kernels 50 Gr.
Salt 8 Gr.

The Nutrition Information System (BeBIS) was used to determine the nutritional elements of the
final bread formula above. BeBis is a program that calculates the nutritional values of meal
recipes and diet plans. BeBiS is scientific and professional computer software that contains
more than 130 nutritional element analyses of more than 20,000 foods. It reports nutritional
elements such as calories, protein, carbohydrates, fat, vitamins, minerals, amino acids, fatty
acids, antioxidants, glycemic index, and ORAC contents depending on the portion and amount
of the foods entered (Nutrition Information System, 2027). The nutritional values per 100 grams

for the final bread are given in Table 5.

Table 5 Nutritional values of the final bread formula (*nutritional values per 100g)

Nutritional content item Analyzed quantities/day Recommended Percentage of item
amounts/day fulfillment (%)

Oil 66.0g - (26%)

Cholesterol 0.0 mg 0 0

Sodium 31095.1Tmg - 1554%

Fiber 28.69 30.0g 95%

Sugar Total 0.0g - -

[ron 19.1mg 15.0mg 127%

Potassium 2010.2 mg 3500.0 mg 57%

When Table 5 is examined, it is seen that the final bread meets or is close to the daily
recommended amounts in terms of potassium, fiber, sugar, iron, and cholesterol, while it is high
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in terms of sodium. The sodium value can be lowered by reducing the amount of salt in the final
bread formula.

Discussion, conclusion, and recommendations

Bread is a basic food for humans. Gluten-containing breads pose a problem for those on a
gluten-free diet. For this reason, people who prefer a gluten-free diet, whether with or without a
medical diagnosis, are looking for gluten-free bread formulas that can replace the basic food,
white bread, both sensory and perceptual aspects. Recently, the use of legumes, seeds, and
nuts by grinding them into flours for bread-making, along with the variety and accessibility of
flours such as buckwheat and sorghum, provides product diversity for consumers on a gluten-
free diet. Consumer demand also increases the development of gluten-free product formulas in
gastronomy. In this study, which aims to develop a gluten-free bread formula, four different
bread formulas were subjected to sensory evaluations, and the nutritional values of the final
bread formula were analyzed. According to the sensory evaluation results, the type of bread
showed a statistically significant effect on sensory properties. However, it was determined that
tasting the breads at different times and the interaction between the type of bread and time did
not have a significant effect. In particular, the second bread formula received higher scores than
other breads, and this formula was selected as the final bread. The nutritional values of the final
bread formula were then analyzed, and the formula was found to be suitable for human health
in terms of nutrients other than the high sodium content. Gluten-free breads generally have a
less elastic, faster hardening, and easily crumbling structure (Smidova & Rysova, 2022). Gluten-
free products, lacking glutenin and gliadin proteins, do not provide stretching, rising, leavening,
and moisturizing. This makes it difficult to achieve elasticity and fluffiness in gluten-free bread
dough. Due to this difficulty, psyllium (cauliflower powder), which is 80% fiber, was used in bread
formulas to develop a moist, cohesive bread formula and to maintain texture, volume, moisture,
satisfactory crumb, and sensory quality. When psyllium meets water, it gelatinizes due to its
fiber content, giving volume and softness to the dough we obtained from buckwheat grain. At
the same time, it positively affected the texture, crust, and appearance of the bread. In light of
these findings, the standardized buckwheat grain bread recipe was introduced to gastronomy.

In the study conducted by Tlmer et al. (2018) on the effect of functional products on bread
qualities in bread production, buckwheat is an important ingredient for the functional food
industry and contains proteins with high nutritional value, significant amounts of dietary fiber,
vitamins, and minerals. This study tested the final bread formula using the BeBis nutritional
value analysis method. As a result of this test, it was understood that the final bread formula
had 0% sugar, 0% cholesterol, 95% fiber, 100% iron, and 57% potassium content. This result
supports the one obtained by Timer et al. (2008).

These findings suggest that buckwheat-based breads may be sensory competitive with gluten-
containing breads and still have high nutritional value. However, additional adjustments to the
formulation and nutritional values may further improve the overall acceptability and health
profile of the product.

In future studies, it is recommended to reduce the sodium level by decreasing the salt in the
final bread formula obtained in this study. This will make the bread healthier. In addition, new
gluten-free bread formula trials can be conducted with different ingredients to increase other
nutrients and improve sensory properties. Consumer taste tests can be conducted with a larger
group of participants to investigate the general acceptability and market potential of the final
bread. new gluten-free bread formulas can be developed and evaluated for sensory attributes
by using different gluten-free flours (almond flour, teff flour, sorghum flour, chickpea flour,
coconut flour, quinoa flour, oat flour, hazelnut flour, corn flour, etc.). In addition to these
suggestions, a sourdough gluten-free bread recipe can also be created.
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Systematic comparison of sensory properties and nutritional values of different bread formulas
provides a theoretical basis for formula development processes in gastronomy and food
science. In addition, this study has shown that by using programs such as BeBIS, nutritional
values of food products can be analyzed, and that these data can play an important role in
formula development.

The findings of the study can help professionals working in the food sector and academics
conducting research in the fields of gastronomy and food science to develop new bread
formulas; that is, to develop gluten-free products. Optimizing sodium content in particular will
make it possible to offer healthier products. Sensory evaluation results provide practical
information to develop bread products that meet consumer demands. In addition, detailed
calculation of the nutritional values of the best bread formulation contributes to the preparation
of nutritional value labels of the products based on accurate and scientific principles.

As a result, the gluten-free bread formula developed with the findings of this study provides
theoretical contributions to gastronomy, the literature on food and nutrition. The amounts of
ingredients used in the formula and the bread-making process are explained in detail, which
increases their practical usability in special nutrition applied courses in cooking programs and
gastronomy departments. In addition, utilizing the BeBIS program in this study may contribute
to its widespread use in calculating the nutritional values of formulations developed in
gastronomy research. In this study, psyllium containing 80% fiber was used to make the bread
rise and gain flexibility, and the bread was found to be sensorially satisfactory. This finding
shows that research in the field of gastronomy on the use of psyllium in gluten-free formula
development may contribute to the development of flexible gluten-free formulas. In this context,
incorporating psyllium in future gluten-free product development research in gastronomy may
lead to its widespread use in adding flexibility to gluten-free formulas.
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OZET

Dlinya ¢apinda Glutensiz beslenmeye uygun gida Urtinlerine olan ihtiyag her gegen giin artmaktadir. Bu Glutensiz
drdnleri cogunlukla ¢olyak, Gluten alerjisi ve Gluten hassasiyeti olan bireyler tercih etmektedir. Glutensiz beslenen
buinsanlar 6zellikle glinlik beslenmesinin dnemli ve temel besini olan ekmegin Glutensiz formilind satin almakta
ya da kendisi Glutensiz Urlnler yapmaktadir. Ayrica bugday, viskoelastik bir hamur gelistirebilen tek tahil
oldugundan, Gluten yoklugunda ekmek yapimi teknolojik bir zorluk haline gelmektedir. Bu nedenle somun ekmege
duyusal olarak ikame olabilecek Glutensiz ekmek formdline yani regetelerine ihtiyag duyulmaktadir. Bu
galismada, Glutensiz ekmegin duyusal 6zelliklerini iyilestirmek amaciyla Glutenin igeren bugday unu yerine Gluten
icermeyen karabugday tane ve hamurun stabilitesini ve elastikiyeti saglamak igin katki maddelerinin (karniyarik
otu) kullanimi tartisiimaktadir. Bu arastirmanin amaci ise karabugday tane ve psyllium (karniyarik otu) kullanilarak
Gluten iceren ekmeklere ikame Glutensiz bir ekmek formili gelistirmektir. Bu amag dogrultusunda Glutensiz
ekmegin hem evde yapilabilecek hem de ticari amagl uretilebilecek sekilde standart regetesi hazirlanmistir.
Oncelikle farkli formiilde 4 cesit ekmek yari egitimli akademisyen panelistlere tadimlatilarak duyusal veriler elde
edilmistir ve bu veriler tablolastirimistir. Daha sonra JAPS 0.16.4.0 istatistik hesaplama programi kullanilarak
tekrarll 6lgimli Anova testi(Repeated Measures Anova) yapilmistir. Bulgular ekmek tlriine gore bireylerin
goruslerinin anlamli bir farklilik gostermesi sebebiyle ekmek tirleri arasindaki farkliliklari incelemek igin post-doc
analizi yapilmistir. Post-doc analizi igin Bonferonni yontemi segilmis ve ekmeklerin genel ortalamalarina gore ikinci
ekmek Uglinct ekmekten ikinci 6lglimde (ikinci panelde), ikinci ekmegin lehine anlamli bir farklilik tespit edilmistir
(t=3.89, p =.006). Diger ekmeklerin arasinda ise bireylerin gorisleri agisindan anlamli bir farklilik yoktur. Duyusal
analiz bulgulari neticesinde lehine farklilik tespit edilen 2 numarali ekmek formull gastronomiye kazandirilmistir.

ANAHTAR KELIMELER

Glutensiz beslenme, ¢olyak, glutensiz gastronomi, glutensiz ekmek, gastronomi turizm engelleri.
Giris

Dunya genelinde Glutensiz beslenmeyi tercih edenler genellikle Glutene bagli hastalik yasayan
insanlardir. Glutene bagli hastaliklar, bagisiklik sisteminin aracilik ettigi Glutene karsi olumsuz
tepki olarak tanimlanmaktadir (Cabanillas, 2020). Bugtine kadar Gluten tiketimi ile pek gok
hastalik arasinda iliski kurulmustur. Bu hastaliklar kendi icinde farkli siniflara ayrilir. Bulsa (2015)
Glutenle ilgili hastaliklari; alerjiler (gida alerjisi, anafilaksi, bugdaya bagl egzersize bagli anafilaksi,
finnci astimi, kontakt dermatit), otoimmuin hastaliklar (¢olyak hastali§l, dermatitis herpetiformis,
Gluten ataksisi) ve immdn olmasi muhtemel hastaliklar olarak siniflandirmaktadir.

Colyak hastaligi, Gluten alimindan kaynaklanan bagirsak hasarina neden olan otoimmun bir
hastaliktir (King vd., 2019). Colyak hastaliginin tedavisi temelde Glutensiz diyettir (Araujo vd.,
2010; Southgate vd., 2017). Glutensiz diyet bugday, cavdar, arpa, yulaf ve bunlarin tirevlerinde
bulunan protein bilesenlerini tanimlamak igin kullanilan bir terim olan Glutenin beslenmeden
¢lkariimasiyla yapilmaktadir (Araujo vd., 2010). King vd. (2019) ¢olyak hastaligiyla yasayan
insanlarin Glutensiz endustrinin buyumesini “iki ucu keskin bir kili¢" olarak deneyimlediklerini
aktarmistir. Bir yandan c¢olyak hastalari daha lezzetli Glutensiz alternatifler sunduklari icin
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Glutensiz endustriye sUkran duysalar da diger taraftan ¢olyak hastasi olmayan insanlarin
Glutensiz diyet yapmasl nedeniyle ¢olyak hastaliginin ciddiyeti hakkinda yanlis anlasilmalara
maruz kalmaktadirlar.

Gluten alerjisi ise, Gluten proteinlerine karsl ancak bunlarla sinirli olmamak kaydiyla cesitli
bugday proteinlerine karsi da immunoglobulin e (IgE: Vicut bir alerjik maddeye temas ettiginde,
salgilanan antikor) aracili bir bagisiklik tepkisi olarak tanimlanmaktadir. Bugday alerjisinin
yayginhg her yas grubunda gortlebilmektedir (Cabanillas, 2020). Glutensiz beslenme, ¢olyak
hastali§l, bugday alerjisi igin tedaviyi temsil etmektedir (Estévez ve Araya, 2016).

Son olarak Gluten intoleransi (golyak disi Gluten duyarliigl) ise; Glutensiz beslenmeyi daha
saglikli beslenme olarak algiladidi icin Glutensiz beslenen bir gruptur. Bu grup Glutensiz Urin
pazarini degistirebilecek ve Glutensiz drtnlerin varligini ve surekliligini pozitif etkileyecek kadar
artmis durumdadir (Estévez ve Araya, 2016). Ayrica son birkag yilda, Gluten intoleransinin,
yukarida belirtilen hastaliklarin higbirinden muzdarip olmayan insanlari da etkileyebilecegini
kanitlayan birkag ¢alisma sonucu yaymlanmistir. Yeni sendrom, ¢olyaksiz Gluten duyarliligi veya
Gluten duyarlih@i olarak adlandirilmistir. Son zamanlarda Glutensiz diyetin benimsenmesi, “daha
saglikli bir diyet secimi” ile iligkili oldugu igin ¢olyak hastaligi olmayan bireylerde onemli dlgude
populerlik kazanmistir (Grazyna ve Grazyna, 2014).

Dhruva ve digerlerine (2021) gore, bir Glutensiz diyeti uygulama, ¢olyak hastaligi gibi Gluten ile
ilgili bir bozuklugu olanlarda uygundur, ancak ¢olyak disi olanlarda daha az desteklenmektedir.
Kilo verme, hipertansiyon ve insulin direnci gibi faktorlerde, ¢olyak tanisi olmayan hastalarda
Glutensiz diyet ile hastalik streglerindeki olumlu sonugclar iliskilendirmek igin yetersiz kanitlar
vardir. Glutensiz diyetin insulin direnci acisindan insanlara bazi faydalari olabilmektedir. Bununla
birlikte, kafa karistirici onyargilar ve kiguk galisma orneklemleri, kesin sonuglar ¢ikarmayi
zorlastirmaktadir.

Colyak hastalari Gluteni diyetlerinden kalici olarak ¢ikarmak zorundayken, literatur, Gluten
duyarliigindan muzdarip oldugunu iddia eden birgok kisinin, bugdayin diger bilesenlerine duyarli
olmalarl mumkun olsa da aslinda Glutene karsi gercek bir duyarliliga sahip olmayabilecegini
gostermektedir (Sampedro vd., 2019). Alternatif olarak, bu bireyler Glutensiz beslenmeyi
benimsemeye basladidinda bir neofobi(bilinmeyen seylerden kaginma)/neofili(yeni olana ilgi
duyma)etkisinden bahsedilebilir. Bununla birlikte, bu kisilerin gogunlugu tibbi bir temeli
olmaksizin Glutensiz beslendigi muhtemeldir.

Ancak; yalnizca c¢oOlyak teshisi konan hastalarda, omur boyu kati bir Glutensiz diyet
uygulanmalidir ve bugday alerjisi olan hastalar, herhangi bir bigimde bugday maruziyetinden
kaginmalidir. Cesitli bilimsel ilerlemelere ragmen, ¢olyak disi Gluten duyarliiginin, bilim
camiasinda bagimsiz bir klinik varlik olarak siniflandirimasi hususunda tam bir fikir birligine
varilamamistir (Cabanillas, 2020; Rees vd., 2018).

Sonug olarak; Glutensiz beslenme, bugday, arpa ve cavdar gibi tahillardan turetilen Grtnleri
icermeyen bir diyet anlamina gelmektedir (Atik ve Atik, 2023). Son zamanlarda dlinya geneline
hem Glutensiz beslenmek zorunda olan kisilerin hem de Glutensiz beslenmenin daha saglikli
olduguna inanan kisilerin sayisinda artis yasanmaktadir. Bu artis paralelinde Glutensiz Urin
pazari her gecen gun buyimekte ve pazardaki Glutensiz urun c¢esitliligi artmaktadir. Bu nedenle
artan tuketici talebini niceliksel ve duyusal olarak karsilamak icin isletmeler ve akademisyenler
Glutenli Urtinlere ikame olabilecek yeni Glutensiz Urtin formulleri yani receteleri olusturmaya
calismaktadir. Bu dog@rultuda arastirmanin amaci, Glutensiz beslenen bireyler igin karabugday
ekmegi formulinun duyusal analiz yoluyla gelistiriimesidir. Bu kapsamda, Glutensiz ekmegin tat,
koku, doku ve genel kabul edilebilirlik gibi duyusal 6zelliklerinin belirlenmesi hedeflenmektedir.
Katiimcilar araciligiyla gerceklestirilecek duyusal degerlendirmeler, farkli karabugday ekmegi
formdllerinin duyusal ozelliklerini belirlemek igin kullanilmistir. Elde edilecek sonuglar, Glutensiz
beslenenler icin daha tatmin edici ve besleyici bir ekmegin formulinun gelistiriimesine ve bu tur
drdnlerin pazara sunulmasina katki saglayacaktir. Bu arastirma, karabugday tanelerinin
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kullanimiyla hazirlanan ekmegin duyusal olarak Glutenli ekmeklere yakin ekmek formdlinin
gelistirilmesine ve gastronomiye kazandirimasina odaklanmaktadir. Her gecen gun,
arastirmacilar yeni Glutensiz Urlin regeteleri gelistirmekte ve bu regeteler farkli formulllerle
Glutensiz beslenenler icin yenilikgi secenekler sunmaktadir. Bu c¢alismanin ortaya koydugu
karabugday taneli Glutensiz ekmek formultnun, diger Glutensiz ekmek formdallerinden farkli
icerik bilesenlerinden olusmasi ve duyusal ozelliklerde iyilestirmeler sunmasi alanyazina onemli
ve 0zgun bir katki saglamaktadir. Bu arsatirma sonucunda elde edilen nihai Glutensiz ekmek
formulu, glutensiz diyet uygulayan bireyler icin daha saglikli bir beslenme alternatifi sunarken,
gida bilimi alaninda da teorik katki saglayacaktir.

Ayrica bu arastirmada, farkli ekmek formdllerinin hem duyusal ozellikleri hem de besin
degerlerinin detayli bir sekilde incelenmis olmasi arastirmanin 6zgundegerini gostermektedir.
Calisma, gida endustrisindeki formul gelistirme sureclerinde genellikle goz ardi edilen ancak son
derece 6nemli olan bu iki dnemli faktoriin bir arada degerlendirilmesine odaklanmistir. Ozellikle,
ekmek turlerinin duyusal ozelliklerinin ve besin igeriginin, cesitli bilesenlerin degistiriimesi veya
miktarlarinin ayarlanmasiyla nasil degistigi titizlikle incelenmistir. Bu, gida drdnlerinin
formudllerinin optimize edilmesi ve tuketicilerin saglik ve tat tercihlerine daha uygun Urunlerin
gelistiriimesi agisindan onemlidir. Ayrica, bu galisma, besin degerlerinin detayl analiz edilmesi
icin modern teknolojinin kullaniimasinin dnemini vurgulamaktadir. BeBiS gibi besin analiz
programlarinin kullanimi, gida drtnlerinin besleyici degerlerinin daha dogru ve hassas bir sekilde
belirlenmesine olanak tanir. Bu da, yeni Urunlerin gelistiriimesi ve mevcut drunlerin iyilestirilmesi
sureclerinde bilimsel bir temelin olusturulmasina katki saglar.

Sonug olarak;bu ¢alisma, hem akademik hem de endustriyel agidan, ekmek gibi temel bir gida
drdnudnun gelistiriimesi surecinde uygulanabilecek yontemler ve yaklagimlar hakkinda onemli
bilgiler sunmaktadir.

Glutensiz diyete uyumu engelleyen faktorler ve ¢oziim onerileri

Colyak hastaliginin tedavisi kati, hayat boyu Glutensiz bir diyettir. Bu diyet karmasiktir ve zorlayici
olabilir. Glutensiz diyete uyumu etkileyen faktorlerin belirlenmesi, uyumun iyilestiriimesi igin
onemlidir. Kullanilabilirlik, maliyet ve drun etiketlemesi, bir Glutensiz diyete bagligin ontndeki
baslica engellerdir. Hastalara yardimci olmak igin daha iyi farkindalik, gelismis etiketleme ve gelir
destegi gereklidir (MacCulloch ve Rashid, 2014).

Ayrica Glutensiz Urinler, cocuklugundan beri Gluten hassasiyeti olan kisiler tarafindan kolayca
kabul edilirken, yagsamin ilerleyen donemlerinde Gluten hassasiyeti teshisi konulan yetigkinlerde
Glutensiz ekmegin kabull daha zor olmaktadir (Smidova ve Rysova, 2022).

Ticari olarak satilan Glutensiz Urunlerin duyusal 6zellikleri, Gluten iceren Urtnlerle ayni dizeyde
degildir (Nagash vd., 2017). Colyak hastalari, duyusal olarak uygun gidalarin arzinin kisitlandigini,
bunun da diyeti monoton hale getirdigini ve piyasada bulunan Urinlerin genellikle pahali
oldugunu belirtmektedir (Araujo vd., 2010). Glutenli Uriinler genellikle Glutensiz Uriinlere gore
hem tat, aroma ve doku bakimindan daha lezzetli algilanir hem de daha az maliyetlidir.

Glutensiz diyete uyumu engelleyen bir diger faktor ise market, kantin ve restoran ¢alisanlarinin
Glutensiz diyetler hakkinda bilgi eksikligi olmasidir. Okullar, kamplar ve restoranlardaki personel
icin standartlastiriimis egitim, ozellikle gocuklari yanliglikla Glutene maruz kalmaktan korumak
igin gereklidir. Bu da cgocuklarin akranlariyla butunlesmelerine yardimci olacak ve yasam
kalitelerini artiracaktir (MacCulloch ve Rashid, 2014). Colyak hastalari, toplumun bu konudaki
bilgi eksikliginden dolayi ev disinda yemek yemekte zorlanmaktadir (Araujo vd., 2010). Glutensiz
diyet yapanlaricin ev disinda yemek yeme onemli bir sorundur. MenUyu incelemek igin restorani
onceden aramak, yogun olmayan saatlerde disarida yemek yemek bu sorunu ¢ozmeye yardimci
olabilir.

Campagna ve digerlerine (2020) gore Glutensiz diyet sirdiren insanlar, yiyeceklerin Glutensiz
oldugundan emin olmak igin bagkalarini surekli mesgul ederek sosyal dislanma riski altinda
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olabilir. Spontanhdi kisitlayan kati diyet gereksinimi, konukseverligi reddetme korkusuyla farkli
sekilde yemek istemek olarak algilanabilir. Bunun yani sira hastanin gizli Gluten kaynaklarina
olasl bulas meydana gelebilecedine asina olmamasi ve Gluten ile ¢apraz bulas onemli bir
sorundur.

Thompson ve digerlerinin (2021) Gluten capraz temasini dederlendiren galisma sonuglarina
gore; Glutensiz gidalar bugdayla paylasilan fritozlerde pisirildiginde Gluten ¢apraz temasinin
olusabilecegini gostermektedir. Colyakli tiketicilere ortak fritdzlerde pisirilen gidalardan
kacinmalari tavsiye edilmektedir. Gluten diyeti yapan tlketicinin fritoz yaginda ve patates
kizartmasinda ne kadar Gluten bulundugunu bilmesi imkansizdir. Glutensiz Grdnlerin Uretildigi
yerlerde ortak kullanilan tepsiler, kepceler ve fritoz sepetleri olasi capraz temas kaynaklaridir.

Ayrica, Glutensiz beslenen kisiler rahatsizliklarini tanimlamakta da zorluk yasamaktadir.
Glutensiz diyeti yapanlar igin: “Tibbi olarak gerekli bir diyetteyim. Bugdaya siddetli tepkim var” ya
da “bugdaya alerjim var” gibi terimler kullanilmalidir. “Otoimmutin hastalik”, “colyak hastaligi” ve
“Gluten” terimlerini kullanmaktan kacginilimalidir (Parrish, 2006).

Bunlara ek olarak; Glutensiz beslenen insanlar icin seyahat etmek, konaklama isletmesinde
kalmak, toplu yemek hizmeti sunan isletmelerde yemek yemek buyuk risktir. Ayrica ozel
beslenen insanlarin turizm faaliyetlerinde bulunmalar ozellikle gastronomi turizmine
katilmalarinin ondnde onemli engeller vardir. Otel isletmelerinin F&B monulerinde, hava yolu
firmalarinin ikram monulerinde, turizm destinasyonlarindaki yiyecek igecek isletmelerinin
monulerinde Glutensiz yiyeceklerin kisitliligi ve ¢apraz bulasin varligi Glutensiz beslenen kisilerin
seyahate gikma kararini olumsuz etkilemektedir. Bu nedenle havayolu, konaklama ve yeme icme
isletmelerinde capraz bulas riski tasimayan ozel Glutensiz Grdn Uretim ve servis alanlar
kurulabilir, Glutensiz mendiler olusturabilir ve mutfak ve servis personelini Glutensiz beslenme
konusunda egitebilir. Bu gibi ve benzere uygulamalar Glutensiz beslenen insanlarin seyahat
kararini ve disarida yemek yeme istegini olumlu yonde etkileyebilir.

Ayrica, oteller musterilerin farkl 6zel beslenme gereksinimlerini karsilamak igin mentlerinde
genis bir Urlin yelpazesini garanti etmelidir ve olasi riskleri azaltmalidir. Ana risk azaltma
stratejileri, capraz bulasi onlemek igin protokolu takip etmekten ve musteriye gida isleme ile ilgili
tum bilgileri vermekten olusur. Ayrica, bir baska dnemli onlem de Glutensiz yemeklerin musteri
icin tamamen guvenli olmasiyla baglantilidir. Bu amagla turizm isletmelerinde, riski azaltan ve
Glutensiz beslenen turistin karar verme surecini kolaylastiran ulusal ve uluslararasi dizeylerde
ozel sertifikalar ve diizenlemeler olusturulmalidir (Moraleda vd., 2021).

Glutensiz diyete uyumu iyilestiren faktorler

Glutenli unlara ikame unlarin varligi: (karabugday unu, sorgum, topyaka nisastasi, teff unu vb),
tohum, bakliyat ve kuruyemis unlarinin unlu mamullerin yapiminda kullanilabilmesi, tiketiciyi
bilgilendirici ve alerjen uyarili gida etiketleme sistemleri, Glutensiz Grtn pazarinin her gecen gun
blyUumesiyle beraber tuketicilerin genis Urtn yelpazesine gecmise kiyasla kolay ulasabilmesi, e-
ticaret pazaryerlerinde Glutensiz drunlerin satisi ve teknolojik gelismeler Glutensiz diyeti
kolaylastiran unsurlar olarak 6zetlenebilir. Bu unsurlardan bazilari asagida agiklanmaktadir:

Yeni Etiketleme Yasalar: Turk Gida Kodeksi Gida Etiketleme ve Tuketicileri Bilgilendirme
Yonetmeligi 26 Ocak 2017'de ydrdrluge girmistir. Bu yonetmelik ile bir Uretici isletme, alerjen
besinlerden (sit, yumurta, soya fasulyesi, yer fistigi, balik, bugday vb.) herhangi birini kullanmasi
durumunda, gidanin ambalajindaki icindekiler kisminda belirgin olacak sekilde bu Urtnler
belirmek zorundadir. Ornegin; icindekiler: tuz, su, seker, bugday unu (Gluten icerir.) seklindeki gida
ambalaj etiket agiklamalari Glutensiz beslenenlere yardimci olmaktadir.

Gluten Sensoru: Gorsel 1" de yer alan Nima, 3 in¢ uzunlugunda bir sensorden ve tescilli anti-
Gluten antikorlari ile yuklenmis test seritleri iceren tek kullanimlik kapsullerden olusmaktadir.
Yiyeceklerde Gluteni tespit etmek icin kisiler kapsulun igine bezelye buyukligtinde bir numune
yerlestirir. Kapagin vidalanmasi, numuneyi ogutur ve daha sonra bir ekstraksiyon tamponu ile
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karistirilir. Ortaya cgikan ¢ozelti, daha sonra bir optik sensor tarafindan okunan test seridine
gecer. Sensorin ciktisi, “Gluten algiland’” (bugday semboll olarak gosterilir) veya “Gluten
algilanmadi” (gulen yiz olarak gosterilir) seklinde ikili sonug verir. Nima 20 ppm veya daha
ylksek seviyedeki Gluteni tespit etmek igin yliksek duyarliliga sahiptir (Benjamin vd., 2019).

Bie i

Glutene ikame Unlarin Varligi ve Kolay Ulagilabilirligi: Ginimizde pek gok isletme Glutensiz
drtinler Uretmektedir. Bu igletmeler un-nisasta yerine tam tahil unlarini (karabugday, piring unu,
sorgum, dari, kinoa vb.) kullanmaktadir.

Gorsel 1 Gluten sensoru

Glutensiz diyetin yararlar

Colyak tanisi alan hastalar icin tek tedavi Glutensiz diyettir. Glutensiz diyet, ¢olyak hastalarinin
bagirsaklarini onarmakta ve bagirsak disi bazi belirtileri de tedavi edebilmektedir (Lerner vd.,
2019). Beuthin ve digerlerine (2020) gore migren, ¢olyak hastaliginda yaygin bir rahatsizliktir ve
genellikle Glutensiz bir diyetle duzelir, migren yasayan ve Glutensiz diyete gegis yapan ¢olyak
hastaligi tanisi konan hastalarin daha az siddetli migren agrisi yagsamasi muhtemeldir. Migren
rahatsizligi olup ¢olyak tanisi bulunmayan insanlar igin yarari yeterince kanitlanmamistir.

Sampedro vd. (2019) Glutensiz diyetin otizmli gocuklarda davranisin iyilestiriimesi tzerinde
iyilestirici etkisi oldugunu belirtse de Batarseh vd. (2022) ve Lange vd. (2015) ise otizm
tedavisinde Glutensiz ve kazeinsiz bir diyetin etkinligini degerlendiren arastirmalarin yetersiz,
sinirli, kusurlu oldugunu ve kesin sonuglar igin uygun olmadigini aktarmaktadir.

Saglikh kisilerde gluten diyetinden kaginmanin degerlendirilmesi

Glutensiz drunlerin tuketimi, toplumun genelinde artan bir beslenme aliskanlii haline
gelmektedir. Glutenden kaginmanin sagligi iyilestireceg@ini veya Glutenin insanlar i¢gin toksik
olabilecegini 6ne suren bilimsel olmayan, asilsiz algi, Glutensiz bir diyete tibbi olarak gereksiz
yere bagliiga sevk etmektedir (Cabanillas, 2020).

Glutensiz beslenme, kilo vermeye calisan veya Glutensiz beslenmeyi moda bir yasam tarzi
olarak goren ¢ok sayida insan tarafindan da kendi kendine uygulanmaya basglanmistir. Ancak
Glutensiz Urtnler daha fazla nisasta, yag vb. icerdiginden, unlu mamuller sebze, meyve vb. ile
degistiriimedigi surece Glutensiz Urinlerin tiketimi kilo alimina neden bile olabilir. Glutensiz
diyet, tibbi tani konulmadikca bireyler igin dogru bir diyet tercihi degildir.

Bazi Glutensiz gida maddeleri ciddi alerjik reaksiyonlari ve anafilaksiyi tetikleyebilmektedir.
Ornegin, karabugday ve kinoaya gida anafilaksisi olabilmektedir (Khairuddin ve Lasekan, 2021).
Tibbi tani konulmaksizin, Glutensiz beslenmenin segilmesi; gida maliyetlerinin artmasina
(Khairuddin ve Lasekan, 2021; Sampedro vd., 2019) lif tiketiminin azalmasina, kalsiyum,
magnezyum, ¢inko, B12 vitamini, folat ve D vitamini dahil olmak Uzere mineral ve vitamin
tuketiminin azalmasina, hidrojene, doymus yag asitleri ve arsenige maruz kalmaya neden
olmaktadir. Ayrica Glutensiz diyette bugday olmayan ikameler genellikle gok az lif icerdiginden,
Glutensiz diyet yapanlar kabizlik agisindan yuksek risk altindadir. Dolayisiyla, tani almadan
Glutensiz beslenmeyi benimsemek risklidir (Sampedro vd., 2019).

Sonug olarak; Glutensiz Urunlerle Glutenli Grtnlerden olusan diyetler arasinda belirgin farkliliklar
vardir. Bu durum, ¢olyak hastalari icin beslenme ile ilgili endiselere yol agarken, ayni zamanda
kilo vermeye calisan veya bu tur bir diyetin daha saglikli oldugunu disunen ¢olyak hastasi
olmayan kisiler icin de bir sorun olabilir (Miranda vd., 2014).
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Glutensiz gastronomi uygulamalari

Dunya ¢apinda Glutensiz diyet yapan kisilerin sayisindaki artis bu alanda yapilan arastirmalari
da artirmistir. Bu ¢calismalardan bazilar sunlardir:

Silva vd. (2022) borilce unu kullanarak Glutensiz bir dondurma kulahi Gretmislerdir. Bu
calismada dondurma kilahlari (ICB) tretiminde, borllce ve piring unu, bugdaya alternatif olarak
uygunluklan acisindan degerlendirilmistir. Boylece gelistirilen Glutensiz dondurma kulahi,
bugday bazli olanlara bir alternatif olusturmustur.

Bissar vd. (2022) kegiboynuzu meyvesi ve sorgumdan Glutensiz makaron Uretmisler ve kalite
parametrelerini belirlemislerdir. Bu calismada %5, %10 ve %15 oraninda kegiboynuzu unu ilave
edilerek yapilan makaronlarda taze ve kuru Gluten tespit edilememistir. Makaron gibi unlu
mamullerin Glutensiz gesitlerinin Uretimi ve piyasaya surulmesi, ¢olyak hastaligi olan kisiler igin
gida cesitlerini artiracaktir.

Muller vd. (20271) gimlenmis kirmizi piring tanelerinden cupcake ureterek saglikla ilgili endiseler
nedeniyle alternatif Urlin arayan tiketicilere Glutensiz kek hazirlama olasiligini gostermektedir.
Gastronomi alaninda yeni Urdnlerin gelistiriimesi ve dahil edilmesi, pazar nislerine hizmet
etmektedir ve Glutensiz gidaya yonelik artan tiketici talebine cevap verebilir (Silva vd., 2022).

GUl vd. (2021) kirmizi pancar unu kullanarak Glutensiz biskivi formilu gelistirmislerdir. Bu
arastirmada, kirmizi pancar tozu (KPT) Glutensiz diyet drinlerini cesitlendirmek ve
zenginlestirmek icin Glutensiz bisktvi Uretiminde kullanilmistir. Patates nisastasi, misir
nisastasl, nohut unu, misir unu ve piring unundan olusan bir Glutensiz un karisimina belirli
oranlarda kirmizi pancar tozu eklenmistir. Kirmizi pancar tozu eklenen Glutensiz biskuvilerin
daha ylksek diyet lif ve protein igerdigi belirlenmistir.

Ceylin vd. (2021) kegiboynuzu unu bazli Glutensiz kurabiye formuli gelistirmisglerdir.
Keciboynuzu ununun findik unu ile kombine edilerek hazirlanan kurabiye recetesiyle ¢olyak
hastaligi olan bireylerin diyet cesitliliginde bir alternatif Urln olacak Glutensiz kurabiyeler
dretilmigtir.

Simsek vd. (2020) ¢olyak hastalarinin tiiketebilecegdi formilde kazandibi hazirlamistir. Hindistan
cevizi sUtu ve piring unu kullanilarak yapilan kazandibi tatlisinin duyusal analizini egitimli
panelistler ve tiketicilerle yapmistir Panelistlerin en cok bedendigi form standart recgete haline
getirilerek Glutensiz kazandibi gastronomiye kazandiriimistir.

Drub vd. (2021) yeni Glutensiz (GF) ekmek ¢esitleri igin artan bir talebin varligini belirtmistir. Bu
nedenle tam tahil unlarinin (piring, sorgum, dari, amaranth, karabugday ve kinoa) GF mayall
rulolar Uretme potansiyelini degerlendirmeyi amacladigi c¢alismasinda GF tavasiz ekmek
hazirlamistir. Un-nisasta bazinin tam tahil unu ile degistirerek yaptigi rulolarin lif icerigini 2 ila bes
kat ve protein icerigi ise iki katina kadar artmasina olanak tanimistir. Bu nedenle Glutensiz tam
tahilli rulolarinin Uretilmesi umut vericidir ve Glutensiz beslenen tuketicilerin duyusal ve saglik
ihtiyaclarinin karsilanmasina katkida bulunmaktadir.

Komeroski vd. (2021) peynir alti suyu proteini ve karisik unlar kullanarak Glutensiz ekmekler
dretmis ve kalite parametrelerine etkisini dlgmustur. Peynir alti suyu proteini eklenmis somunlar,
bugday ekmegine benzer teknolojik kalite gostermistir.

Yilmaz vd. (2020) hamsi unu ile zenginlestirilmis Glutensiz misir ekmegini gelistirmistir. Hamsi
unu ile zenginlestirilmis Glutensiz misir ekmeginin duyusal ve dokusal degerlendirmeleri de
oldukga kabul edilebilir bulunmustur.



%1 ODUSOBIAD

Yontem

Calismanin amaci

Arastirma; Glutensiz beslenen bireyler igin gelistirilen karabugday taneli ekmegin standart
recetesi, duyusal kabul edilebilirlik agisindan nasil degerlendiriimektedir ve bu Urtn
gastronomiye nasil kazandirilabilir?" sorusuna cevap aramistir. Bu dogrultuda bu galismada
Glutensiz beslenmeyi tercih eden kisilerin tuketebilece@i karabugday taneli ekmegin duyusal
analiz yoluyla standart recetesinin gelistirilmesi ve gastronomiye kazandirilmasi amaglanmistir.
Ayrica ekmek gibi unlu mamullerin Glutensiz cesitlerinin Uretilmesi ve piyasaya sunulmasi,
Glutensiz beslenen kisiler igin gida cesitliligini artirmak, druntn duyusal kabul edilebilirligini
degerlendirmek ve Glutensiz ekmegi formulinu standart hale getirmek calismanin baslica
hedefleridir.

Materyal ve yontem

Etik Onay: Arastirmanin yiritilmesi igin Sakarya Uygulamali Bilimler Universitesi Etik
Kurulu'ndan 02.01.2023 tarihinde E-26428519-044-70935 sayil etik onay alinmistir. Ayrica gida
Urinl  gelistirmeye baslamadan o©nce Sakarya Universitesi Muhendislik Fakiltesi Gida
Muhendisligi ve Sakarya Uygulamali Bilimler Universitesi Turizm Fakultesi Gastronomi ve
Mutfak Sanatlar 6gretim elemanlarindan olusan panelistlerden bilgilendiriimis onam formu
alinmistir.

Hazirliklar: Glutensiz ekmegin formule edilmesine iliskin bilimsel veriler elde etmek icin literatur
taramasi yapilmistir. Mevcut cesitli formdller ve Glutensiz pisirmede yer alan bilesenlerin islevi
hakkinda veriler toplanmistir.

Hammadde Tedarigi: Karabugday tanesi, kinoa, keten tohumu, kaya tuzu, soguk sikim zeytinyagi,
toz seker, keten tohumu, bu bilesenlerin Glutensiz tuketiciler tarafindan kabul edilebilirligi goz
onudnde bulundurularak Yalova kentindeki yerel perakendecilerden temin edilmistir. Tum
bilesenler, ekonomik maliyetleri ve genel olarak kabul edilebilirlikleri analiz edildikten sonra satin
alim gerceklesmistir.

On Standardizasyon: Arzu edilen kabul edilebilirlige sahip bir Uriin elde etmek igin gesitli
denemeler yapiimistir. Farkli denemelerde farkl oranlarda karabugday tanesi, keten tohumu,
kinoa, psyllium (karniyarik otu) kullaniimistir. Genel kabull not edilmistir.

Standardizasyon: Bir tarifin standardizasyonu, tarif ayni prosedur, ekipman ve kullanilan
malzeme miktari ile hazirlandiginda ayni verim ve tadin elde edilmesine yardimci olmaktadir. Bu
ayrica israfi onlemeye ve her seferinde porsiyon basina tutarli bir besin degeri saglamaya da
destek olmaktadir (Laddha vd., 2021). Standartlastirimis tarif, cesitli denemeler yapildiktan
sonra formule edilmistir.

Standartlastinimis tarif bilesenleri; karabugday taneleri, keten tohumu, kinoa unu ve psyllium
(karniyarik otu tozu), soguk sikim zeytinyadi, kaya tuzu ve sudur. Ayrica Glutensiz formdl igin
uygun sekilde sterilize edilmis dretim alanlar ve bugday unuyla temas etmeyen arag- geregler
ile ilgili kurallara uyulmustur.

Birinci Ekmek

lkinci Ekmek

Ugiincii Ekmek

Dordiincl Ekmek

320

134

r I \
£ o ét

368

245

496

129

712

Gorsel 2 Panelistlere sunulan karabugday taneli ekmek gorintmleri
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Panelistlerin Belirlenmesi: Yari egitimli panelistler, Sakarya Universitesi Gida Muhendisligi ve
Sakarya Uygulamali Bilimler Universitesi Gastronomi ve Mutfak Sanatlari bolimunde daha dnce
pek cok kez akademik makalelere veri sunmak icin duyusal degerlendirmelere katilmis 15
ogretim elemanindan olusmaktadir.

Duyusal Degerlendirme: Duyusal de@erlendirme, iyi aydinlatilmis rahat bir oturma alani ve igme
suyu olanaklari bulunan Sakarya Universitesi Miihendislik Fakultesi'nde ve Sakarya Uygulamali
Bilimler Universitesi Turizm Fakultesi'nde bulunan test alaninda gergeklestiriimistir.

Panelistlerden ekmek tadimlarina yonelik karisikligi onlemek adina numuneler arasinda su
icmeleri istenmistir. Ekmekler kabuk (gortinidm, renk, kalinlik, koku), ekmek igi (gorindm, renk,
gozeneklilik, esneklik), tat, koku, c¢ignenebilirlilik, genel begeni kriterleri acisindan
degerlendirilmistir. Uriiniin degerlendirmesinde bes puanli hedonik skala (1: Cok kotu; 2: Kotu; 3:
Ne begendim ne begenmedim; 4: Glizel; 5: Gok iyi) kullanilmistir. Panelistler “P” olarak kodlanmis
ve 1'den 15'e kadar numaralandinimistir. Ekmekler 4 farkl formulde hazirlanmistir. Her ekmek
ug dijitli kodlarla numaralandiriimistir. Ayrica birinci paneldeki ekmek kodlari (1. Ekmek- 320, 2.
Ekmek-134, 3. Ekmek- 245,4. Ekmek- 496) ile ikinci paneldeki ekmek kodlari (1. Ekmek- 625, 2.
Ekmek-368, 3. Ekmek- 129, 4. Ekmek- 712) birbirinden farkli hazirlanmistir.

Istatistiksel Analiz ve Bulgular: 15 yari egitimli panelistten 4 farkli ekmek i¢in olgim alinmistir ve
4 farkli ekmek her paneliste 2 kere tattinlmistir. Ayni bireylerin gorusleri 4 farkli ekmek igin
alinmistir. Ayrica her bir ekmek kendi icinde de 2 kere olculdigu icin calisma tekrarli olgim
icermektedir. Bu durumda 4*2'lik bir repeated measures anova ortaya ¢ikmistir. Daha sonra
JAPS 0.16.4.0 istatistik hesaplama programi kullanilarak Repeated Measures Anova testi
yapilmistir.

Tablo 1 Betimsel istatistik analiz sonuglar

Ekmek Turd  Esdeger Ekmek N Ortalama Standart Standart Varyans
Sapma Hata Katsayisl
Ekmek 1 Birinci 6lglim 15 3.455 0.624 0.161 0.181
Ikinci 6lgim 15 3.528 0.614 0.158 0.174
Ekmek 2 Birinci 6lglim 15 3.283 0.510 0.132 0.155
Ikinci 6lgim 15 3.632 0.489 0.126 0.135
Ekmek 3 Birinciﬁ'dlc_;_tjm 15 3.284 0.578 0.149 0.176
Ikinci 6lgim 15 3.055 0.594 0.153 0.194
Ekmek 4 Birinciﬁélc_;_tjm 15 3.113 0.387 0.100 0.124
Ikinci 6lgim 15 3.173 0.649 0.168 0.205

Betimsel istatistik analiz bulgularina gore (Tablo 1); birinci ekmedi birinci 6lglim ortalamasi 3,45
iken ikinci olcim ortalamasi 3.52'dir. ikinci ekmegin birinci dlcim ortalamasi 3.28 iken ikinci
olcim ortalamasi 3.63" tur. Uglinct ekmegin birinci dlgim ortalamasi 3.28 iken ikinci dlgim
ortalamasi 3.05'tir. Dordtncu ekmegin birinci olgtim ortalamasi 3.11 iken ikinci panelde 3.17'dir.

Tablo 2 Tekrarli 6lcimli anova

Karelerin

Cases T sd OrtalamaKare F p n?
oplami

Ekmek Taru 3.065 3 1.022 5619 0.002 0.123
Atik degerler 7.637 42 0.182

Esdeger Ekmek 0.121 1 0.121 0.257 0.620 0.005
Atik degerler 6.602 14 0.472

Ekmek Tiri *k Esdeder Ekmek 1.254 3 0.418 2.826 0.050 0.050
Atik degerler 6.211 42 0.148

Note. Type Ill Sum of Squares

Bireylerin ekmekler hakkindaki goruslerini duyusal olarak degerlendirmek amaciyla, 15 yari
egitimli paneliste 4 farkli ekmek 2 kere tattinlmis ve olgumler alinmistir. Bireylerin ekmekler
hakkindaki goruslerinin ekmek tlrine gore degisip dedismedidi ikinci tekrar dlgtimleri (ekmedin
esdederi) de dikkate alinarak incelenmistir. Bu amacla, JAPS 0.16.4.0 istatistik hesaplama
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programi kullanilarak 4*2'lik iki yonld tekrarli ANOVA analizi uygulanmistir. Analiz bulgularina
gore, ekmek tlrintn ana etkisi istatistiksel olarak anlamli bulunurken F(3, 42) = 5.62, p = .002,
ekmegin esdegerinin, yani zamanin ana etkisi istatistiksel olarak anlamli bulunmamistir (F(3, 42)
=0.257,p = .62). Ayrica, ekmek tiirli ve esdederi arasindaki etkilesim etkisi de istatistiksel olarak
anlamli bulunmamistir (F (3, 42) = 2.826, p = .05). Bulgular, ekmek tlrinin badimsiz olarak
anlamli etkisi oldugunu gosterirken, zamanin bagimsiz etkisinin ve tur zaman arasindaki
etkilesimin olmadigini gostermektedir. ilgili bulgular yukaridaki Tablo 2'de sunulmustur.

Bulgular ekmek tlrine gore bireylerin gortslerinin anlamli bir farkhlik gosterdigini savundugu
icin, ekmek turleri arasindaki farkliliklari incelemek amaciyla post-doc analizi yapilmistir. Post-
doc analizi igin Bonferonni yontemi secilmis ve ekmeklerin genel ortalamalarina gore ikinci
ekmek dglincu ekmekten ikinci 6lgimde (ikinci panelde), ikinci ekmedin lehine anlamli bir farklilik
tespit edilmistir (t = 3.89, p =.006). Diger ekmeklerin arasinda ise bireylerin gorisleri agisindan
anlamli bir farklilik yoktur. Post-doc analiz sonuglari Tablo 3’ te sunulmustur.

Tablo 3 Post hoc test

Post Hoc Comparisions- Ekmek Turi* Esdeger Ekmek

Mean Difference SE t Pholm

Ekmek 2, Birinci 6lgim 0172 0.148 1.160 1.000

Ekmek 3, Birinci 6lgim 0.171 0.148 1.151 1.000

Ekmek 1 Birinci Ekmek 4, Bi.rin(;i..ijlg.Um 0.342 0.148 2.307 0.542
OIQUm ! Ekmek 1, !k!nc! nggm -0.073 0.175 -0.420 1.000
Ekmek 2, Ikinci 6lgim -0.177 0.181 -0.980 1.000

Ekmek 3, Ikinci 8lcim 0,399 0.181 2.206 0.673

Ekmek 4, Ikinci 8lcim 0.282 0.181 1.558 1.000

Ekmek 3, Birinci 6lgim -0.001 0.148 -0.009 1.000

Ekmek 4, Birinci 6lgim 0.170 0.148 -1.147 1.000

Ekmek 2, Birinci Ekmek 1, Ikinci 8lcim -0.245 0.181 -1.355 1.000
Olgiim Ekmek 2, Ikinci 6lgim -0.349 0.175  -2.000 1.000
Ekmek 3, Ikinci 6lgim 0.227 0.181 1.256 1.000

Ekmek 4, Ikinci 6lgim 0.110 0.181 0.608 1.000

Ekmek 4, Birinci lgim 0.171 0.148 1.156 1.000

Ekmek 3 Birinci Ekmek T, ]k@nc@ nggm -0.244 0.181 -1.348 1.000
Bletim ' Ekmek 2, !k!nc! nggm -0.348 0.181 -1.922 1.000
Ekmek 3, Ikinci dlgim 0.229 0.175 1.309 1.000

Ekmek 4, Ikinci 6lgim 0.111 0.181 0.615 1.000

Ekmek 1, ikinci 6lglim -0.415 0.181 -2.294 0.573

Ekmek 4, Birinci Ekmek 2, Ikinci 6lgim -0.519 0.181 -2.869 0.151
Olgiim Ekmek 3, Ikinci 6lgim 0.057 0.181 0.317 1.000
Ekmek 4, Ikinci 6lgim -0.060 0175 -0.344 1.000

Ekmek 2, Ikinci 6lgim -0.104 0.148 -0.701 1.000

Ekmek 1, Ikinci Olgim ~ Ekmek 3, Ikinci élgiim 0.473 0.148  3.188 0.055
Ekmek 4, Ikinci 6lgim 0.355 0.148  2.397 0.451

Ekmek 2, ikinci Olctim Ekmek 3, @k@nc? nggm 0.577 0.148  3.890 0.006
' Ekmek 4, ikinci 6lglim 0.459 0.148 3.098 0.069

Ekmek 3, ikinci Olcim  Ekmek 4, ikinci 8lcim -0.117 0.148 -0.791 1.000

Note. P-value adjusted for comparing a family of 28
Arastirma bulgularina gore olusturulan nihai ekmek formUlt Tablo 4'te yer almaktadir.

Tablo 4 Nihai ekmek formulu

Malzeme Miktar Olcli Birimi
Karabugday Tane 500 Gr.
Su 370 MI.
Elma Sirkesi 15 MI.
Karniyarik Otu (Psyllium) 20 Gr.
Sizma Zeytinyag! 20 Gr.
Chia Tohumu 20 Gr.
Keten Tohumu 20 Gr.
Ceviz ici 50 Gr.

Tuz 8 Gr.
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Yukaridaki nihai ekmek formulinidn besin 6gelerini tespit etmek amaciyla Beslenme Bilgi
Sistemi (BeBIS) kullanilmistir. BeBis, yemek regetelerinin ve diyet planlamalarin besin degerlerini
hesaplayan programdir. BeBiS, 20.000'i askin besinin 130'dan fazla besin 6desi analizlerinin
bulundugu bilimsel ve profesyonel bir bilgisayar yazilimidir. Besinlerin girilen porsiyon ve
miktarina bagl olarak kalori, protein, karbonhidrat, yag, vitamin, mineral gibi besin ogelerini,
amino asitler, yag asitleri, antioksidan, glisemik indeks ve ORAC igeriklerini raporlamaktadir
(Beslenme Bilgi Sistemi, 2021). (100 gram) Nihai ekmek igin besin degerlerine iliskin sonuglar
Tablo S'te verilmistir.

Tablo 5 Nihai ekmek formdilinin besin degerleri(*100 gr igin besin degerleri)

Besin 0gesiiceriklerimadde  Analiz edilmis Onerilen miktarlar/gtin Ogenin kargilanma
miktarlar/gin ylzdesi (%)

Yag 66.0g - (26%)

Kolesterol 0.0 mg 0 0

Sodyum 31095.1 mg - 1554 %

Lif 2864 30.0g 95 %

Seker Toplam 00g - -

Demir 19.1mg 15.0mg 127 %

Potasyum 2010.2 mg 3500.0 mg 57 %

Tablo 5 incelendiginde nihai ekmegin potasyum, lif, seker, demir, kolesterol bakimindan gunluk
onerilen miktarlarda ya da yakin degerlerde oldugu gortlmekteyken sodyum degeri bakimindan
yuksek ¢ikmistir. Nihai ekmek formultindeki tuz miktar azaltilarak sodyum degeri disurulebilir.

Tartigma, sonug ve oneriler

Ekmek, insanlar icin temel gidadir. Gluten igerikli ekmekler Glutensiz beslenenler igin sorun teskil
etmektedir. Bu nedenle gerek tibbi tanili gerekse tibbi tani olmaksizin Glutensiz beslenmeyi tercih
eden insanlar, temel gida olan beyaz ekmegde hem duyusal hem de algisal yonden ikame
olabilecek Glutensiz ekmek formdulleri aramaktadir. Son zamanlarda baklagiller, tohumlar,
kabuklu yemisler gibi vb. urtnlerin oguttlerek unlarinin ekmek yapiminda kullanilmasi ve
karabugday, sorgum vb. gibi unlarin ¢esitliligi ve ulasilabilirligi Glutensiz beslenen tuketiciler igin
drun cesitliligi saglamaktadir. Bu yondeki tuketici talebi de gastronomide Glutensiz urtn
formudilleri gelistirme calismalarini arttirmaktadir. Glutensiz ekmek formulu gelistirmek amaci
tasiyan bu calismada, dort farkli ekmek formultndn duyusal degerlendirmesi yapiimis ve nihai
ekmek formdlinun besin degerleri analiz edilmistir. Duyusal dederlendirme sonugclarina gore;
ekmek turu duyusal ozellikler Gzerinde istatistiksel olarak anlamli bir etki gostermistir. Ancak,
ekmeklerin farkli zamanlarda tadilmasinin (esdeder ekmek) ve ekmek tirl ile zaman arasindaki
etkilesimin anlamli bir etkisi olmadigi tespit edilmistir. Ozellikle, ikinci ekmek formili diger
ekmeklerden daha yuksek puan almistir ve bu formul nihai ekmek olarak secilmistir. Daha sonra
Nihai ekmek formdlinun besin degerleri analiz edilmistir ve yuksek sodyum icerigi disinda diger
besin 6Jeleri agisindan insan sagligina uygun oldugu bulunmustur. Glutensiz ekmekler genellikle
daha az esnek, daha hizli sertlesen ve kolayca ufalanan bir yapiya sahiptir (Smidova ve Rysova,
2022). Glutensiz Urtinler esneme, kabarma, mayalanma ve nemlendirme saglayan Glutenin ve
gliadinin proteini icermez. Bu da Glutensiz ekmek hamurunda esneklik ve kabariklik elde etmeyi
zorlastirir. Bu zorluk nedeniyle nemli, iyi bir baglama agina sahip ekmek formulu gelistirmek ve
doku, hacim, nem, tatmin edici kirinti, duyusal kaliteyi korumak icin ekmek formdillerinde %80Q'i lif
olan psyllium (karniyarik otu tozu) kullaniimistir.  Psyllium suyla bulustugunda iceriginin lif
olmasl nedeniyle jellesmistir ve bu da karabugday taneden elde ettigimiz hamura hacim, ve
yumusaklik kazandirmistir. Ayni zamanda ekmegin dokusunu, kabugunu ve gortindsunt duyusal
olarak olumlu etkilemistir. Bu bulgular i1siginda standartlastirilan karabugday taneli ekmek
recetesi gastronomiye kazandiriimistir.

TUmer ve digerlerinin (2018) fonksiyel Grtnlerin ekmek tretiminde ekmek nitelikleri Gizerine etkisi
ileilgli calismasinda; Karabugday, fonksiyonel gida endustrisiigin onemli bir bilesendir ve ylksek
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besin degerine sahip proteinler, onemli miktarda diyet lifi, vitaminler ve mineraller icermektedir
sonucuna ulasmistir. Bu arastrma ,nihai ekmek formulint BeBis besin degerleri analiz
yontemini kullanarak test etmistir. Bu testenin sonucunda nihai ekmek formulinin; %0seker,
%0kolestrol, %95 lif, %127demir ve % 57 potasyum icerigine sahip oldugu anlasiimistir. Bu sonug
TUmer ve digerlerinin (2008) elde ettigi sonucu desteklemektedir.

Bu bulgular, karabugday temelli ekmeklerin Glutenli ekmeklerle duyusal olarak rekabet
edebilecegini ve ayni zamanda yuksek besin dederine sahip olabilecegdini gostermektedir. Ancak,
formulasyon ve besin dederleri Uzerinde yapilacak ek ayarlamalar, GrGnin genel kabul
edilebilirligini ve saglik profilini daha da artirabilir.

Gelecekteki yapilacak galismalarda, bu arastirmada elde edilen nihai ekmek formulindeki tuz
miktari azaltilarak sodyum seviyesinin dusurulmesi onerilmektedir. Bu ekmegin saglik agisindan
daha uygun hale gelmesini saglayacaktir. Ayrica diger besin o6gerlerini arttirmak ve duyusal
ozellikleri iyilestirmek igin farkl bilesenlerle yeni Glutensiz ekmek formul denemeleri de
yapilabilir. Daha genis bir katilimcer grubu ile tlketici begeni testleri yapilarak nihai ekmegin genel
kabul edilebilirligi ve pazar potansiyeli arastirilabilir. Yine farkli Glutensiz unlar (badem unu, teff
unu, sorgum unu, nohut unu, hindistancevizi un, kinoa unu, yulaf unu, findik unu, misir unu vb.)
kullanilarak yeni Glutensiz ekmek formdilleri denenerek gelistirilebilir ve duyusal olarak
degerlendirilebilir. Bu onerilere ek olarak; eksi mayall Glutensiz ekmek recetesi de olusturulabilir.

Farkli ekmek formdullerinin duyusal ozelliklerinin ve besin degerlerinin sistematik bir sekilde
karsilastirimasi gastronomi ve gida biliminde formdul gelistirme sureglerinde teorik bir temel
saglar. Ayrica bu ¢alisma BeBiS gibi programlarin kullanimiyla, gida drunlerinin besin degerlerinin
detayll analiz edilebilecegi ve bu verilerin forml gelistirmede 6nemli bir rol oynayabilecegi
gosterilmistir.

GCalismanin bulgular, gida sektorinde calisan profesyonellerin, gastronomi ve gida bilim
dallarinda arastirma yapan akademisyenlerin yeni ekmek formdlleri gelistirmesine yani
Glutensiz Uriin gelistimesine yardimei olabilir. Ozellikle sodyum igeriginin optimize edilmesi,
daha saglikli drdnler sunmayr mumkun kilacaktir. Duyusal degerlendirme sonuglari, tiketici
taleplerine uygun ekmek drtnleri gelistirmek icin pratik bilgiler saglar. Ayrica nihai ekmek
formulasyonunun besin degerlerinin detayli bir sekilde hesaplanmasi, Urlnlerin besin degeri
etiketlerinin dogru ve bilimsel temellere dayali olarak hazirlanmasina katki saglar.

Sonug olarak; bu ¢alisma bulgulariyla gelistirilen Glutensiz ekmek formdld, gastronomi, gida ve
beslenme literatlrtine teorik katki saglamaktadir. Formulde kullanilan malzemelerin miktarlari
ve ekmek yapim sureci detayl bir sekilde agiklanmustir, bu da asgilik programlari ve gastronomi
bolimlerinde 6zel beslenme uygulamali derslerinde pratik olarak kullanilabilirligini artirmaktadir.
Ayrica, bu galismada BeBIS programinin kullanilimasi, gastronomi arastirmalarinda gelistirilen
formulasyonlarin besin degerlerinin hesaplanmasinda programin kullaniminin yayginlagsmasina
katki saglayabilir. Bu calismada ekmegin kabarmasi ve esneklik kazanmasi icin %80 lif iceren
psyllium (karniyarik otu) kullaniimistir ve ekmek, duyusal olarak tatmin edici bulunmustur. Bu
bulgu, gastronomi alaninda Glutensiz formul gelistirme arastirmalarinda psyllium kullaniminin,
esnek yapida Glutensiz formullerin gelistirilmesine katki saglayabilecegini gostermektedir. Bu
baglamda, gelecekte gastronomide Glutensiz UGrun gelistirme arastirmalarinda psyllium
kullaniminin, Glutensiz formdullere esneklik kazandirmada yayginlasmasina olanak saglayabilir.

Yazar Katki Oranlan

Calismaya 1. Yazar: %50, 2. Yazar: % 50 oraninda katki saglamistir.
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Cikar Catismasi Beyani

“Glutensiz Urlin Gelistirme: Karabugday Taneli Soguk Fermente Ekmek” baslikli makalemizin
herhangi bir kurum, kurulus, kisi ile mali cikar catismasi yoktur. Yazarlar arasinda da herhangi
bir ¢cikar gatismasi bulunmamaktadir.
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