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ABSTRACT

The present study aimed to monitor the amounts of fibre, sodium and saturated fat in Turkey's food
supply and determine the number of processed foods with labelling information for these compo-
nents. Additionally, this study aimed to determine the nutritional quality of the foods based on
declared labelling information. This was a cross-sectional study of 2676 products from January-
April 2023. Products with partial and complete nutrient declarations were expressed as numbers
and percentages. Fibre, sodium, and saturated fat amounts were expressed as median, interquartile
range, and range. The nutritional quality of the food products was assessed using a Health Star
Rating system. The information about labels for fibre, sodium, and saturated fat was 61.4%, 23.1%,
and 97.1%, respectively. The median fibre, sodium, and saturated fat in all food products were
1.60 g, 76 mg, and 2.30 g/100 g, respectively. The food categories with the least fibre content were
"milk and dairy products" and "non-alcoholic beverages." Conversely, the highest sodium and
saturated fat content categories were "sauces and broths" and "snack foods," respectively. Based
on the declared composition of food products, the median Health Star Rating score was 2.0, with
70.9% considered less healthy. Although Turkey has made progress in line with global develop-
ments, more effort is needed to improve the composition of certain processed foods.

Keywords: Fiber, Sodium, saturated fat, Nutritional quality, Processed foods
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Introduction

The concept of processed food has negative connotations
among consumers and researchers. Processing refers to the
methods used to transform fresh food into products and con-
sists of one or more steps (European Food Information
Council, 2017). First, processing was designed to address the
challenges of the long-term storage and transport of foods.
Further, it can provide extra benefits regarding palatability,
fortification and safety of foods (Petrus et al., 2021; Rogers
& Amer, 2022). On the other hand, the combination of com-
ponents such as fat, sugar, and salt in some processed foods
gives the food a rewarding characteristic and triggers over-
consumption (Lustig, 2020). Therefore, it may be useful to
explain the NOVA classification system, which categorises
foods into four groups according to the level of processing.
Group 1 refers to unprocessed and minimally processed
foods. After separating from nature, this group includes the
edible parts of plants or animals. Group 2 refers to processed
culinary ingredients, including oils, lard, butter, sugar, and
salt. Group 3 refers to processed foods and includes products
with salt, sugar, or other additives added to group 1 foods to
make them more stable and palatable. Group 4 refers to ultra-
processed foods and consists of products containing formula-
tions created using various industrial techniques and pro-
cesses (Petrus et al., 2021).

Higher consumption of processed food, especially ultra-pro-
cessed foods, has been associated with higher risks of obesity,
type 2 diabetes mellitus, cardiovascular disease, and cerebro-
vascular disease (Chen et al., 2020; Srour et al., 2019). These
foods have a high energy density, high saturated fats and so-
dium content, and low amounts of dietary fibre (Lustig,
2020). The association between high-quality dietary patterns,
such as the Mediterranean Diet and Dietary Approaches to
Stop Hypertension, and a lower risk of non-communicable
chronic diseases has already been reported (Esposito et al.,
2015; Rosato et al., 2019). Unlike most processed foods, such
dietary patterns provide a more balanced nutrient profile,
such as high dietary fibre, low sodium, and low saturated fatty
acids (Dicken & Batterham, 2021). In this context, public
health policies have aimed to reformulate the ingredients of
unhealthy energy-dense and processed foods because of the
increased evidence of a causal relationship between healthy
dietary patterns and reduced disease risk.

Turkey has initiated ingredient reformulation in processed
foods, which aligns with global developments. For example,
a "Cooperation Protocol on Reducing Excessive Salt Con-
sumption" was signed between the Ministry of Health and the
Federation of Food and Beverage Associations to improve the

composition of food products through reformulation
(Republic of Turkey Ministry of Health, 2021). Additionally,
reformulation strategies and targets for components such as
saturated fat and sugar in the food supply are intended to be
extended in line with the European Food and Nutrition Action
Plan (World Health Organization, 2015). However, no stud-
ies have monitored the components of processed products
sold in Turkey, such as fibre, sodium and saturated fat, and
assessed the nutritional quality of foods in the food supply.
Additionally, there is no standardised labelling information
for packaged processed products in Turkey. Labelling is an
important tool for informing consumers and monitoring re-
formulation practices. Therefore, the aim of the present study
was to monitor the amounts of fibre, sodium and saturated fat
in Turkey's food supply and to determine the number of pack-
aged processed foods with labelling information for these
components. This study also aimed to determine the nutri-
tional quality of food products based on declared labelling in-
formation.

Materials and Methods

This cross-sectional study included all packaged processed
food products in leading retail stores in Edirne, located in Eu-
ropean Turkey. As the types of processed food products avail-
able in these stores may vary in each chain, we visited each
chain of stores throughout the city. We also visited local mar-
kets in high- and lower-middle-income neighbourhoods to in-
crease food diversity.

Data Collection

During the period from January to April 2023, a total of 2676
packaged products were collected for the present study. In-
formation regarding the labels of the food products included
name, brand, nutritional facts, and ingredients. Information
on name, brand, nutritional facts, and ingredients was ob-
tained from the product labels. Products without the labelling
information required by the Turkish Food Codex were ex-
cluded from the study. The researcher photographed the pack-
aged products and uploaded the images to a cloud-based
server to aid in data collection. The data from these products
was then extracted and inputted into Microsoft Office Excel
2016 by hand. Subsequently, each product was registered
separately based on the product categories specified by the
researchers.
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Data Categorization

The products included in the study conformed to the guide-
lines of the Turkish Food Codex Regulation on Food Label-
ling and Consumer Information, including brand, label, ap-
proval number, net content of the product, legible ingredients,
recommended consumption date, and country of origin.
Trained dietitians and nutritionists categorised the products
into nine major food groups and 50 subgroups (Table 1).
These included (a) milk and dairy products, (b) meat and
meat products, (¢) oils, oil seeds and nuts, (d) confectionery
and sweets, (e) bread, cereals and bakery goods, (f) snack
foods, (g) non-alcoholic beverages, (h) sauces and broths, and
(i) miscellaneous (Supplementary Table 1).

Data on Product Labelling and Food Composition

As there is no standardised labelling information for food
products in Turkey, we first determined whether the products
had a partial or complete nutrient declaration during the data
entry. All products with any label information for at least one
fibre, sodium or saturated fat were included in the study. The
declared amounts of nutrients per 100 g of food products were
recorded. The Turkish Food Codex requires that the nutri-
tional labels of packaged foods include the labelling of salt
content but not the labelling of sodium content (Turkish Food
Codex, 2017). If the product label did not indicate the sodium
content, the sodium content of the products was calculated to
be 39.3% of the salt content.

Calculating the Health Score of Products

The health score of food products was calculated using the
Health Star Rating (HSR) system. The HSR system was de-
veloped in Australia in 2014 and has been widely used in
many studies (Dickie et al., 2020). This system functions
based on the food products' energy, total sugar, fibre, satu-
rated fat, sodium, protein, fruit and vegetable, nut, and leg-
ume contents. The HSR system can categorise many food
products but is not useful for baby foods, sports supplements,
alcoholic beverages, and medical foods.

The HSR system uses a scale ranging from 0.5 to 5 stars but
does not offer a cut-off point separating healthy foods from
unhealthy foods. However, some studies have categorised
food products as unhealthy if their scores were below 3.5
(Bayram and Ozturkcan, 2021; Dickie et al., 2020). There-
fore, an HSR score of 3.5 was considered a cut-off point re-
flecting a "healthy pass" in the present study.

Assignment of Traffic Light Criteria for Saturated Fat

All foods with label declarations were assessed for saturated
fat content and categorised as low, medium, or high accord-
ing to the Food Standards Agency criteria (Food Standards
Agency, 2016). Low, medium, and high contents were col-
our-coded green, yellow, and red, respectively. Red indicates
a high saturated fat content, meaning these foods should be
consumed less often and in smaller amounts. Yellow indi-
cates a medium saturated fat content, meaning these foods
can be consumed mostly if they contain lower amounts of
other nutrients of concern (e.g., sugar and sodium). Finally,
green indicates a low saturated fat content, which means that
these foods are healthier in terms of saturated fat. The number
of each coloured product in the main food categories was ex-
pressed as a percentage.

Table 1. Label information of processed food products sold in Turkey according to major food categories

Categories Total number of products Fibre Sodium Saturated fat
[n, %] [n, %] [n, %] [n, %]

Milk and dairy products 383 (14.3) 140 (36.5) 107 (27.9) 380 (99.2)
Meat and meat products 104 (3.9) 12 (11.5) 102 (98.1) 101 (97.1)
Oils, oil seeds and nuts 203 (7.6) 110 (54.2) 73.4) 201 (99.0)
Confectioneries and sweets 442 (16.5) 234 (52.9) 21 (4.7) 422 (95.5)
Bread, cereals and bakery 100 (3.7) 81 (81.0) 0(0.0) 99 (99.0)
Non-alcoholic beverages 493 (18.4) 401 (81.3) 332 (67.3) 458 (92.9)
Snack foods 409 (15.3) 379 (92.7) 10 (7.3) 409 (100)
Sauces and broths 62 (2.3) 9 (14.5) 30 (48.4) 62 (100)
Miscellaneous 480 (17.9) 276 (57.5) 9(1.9) 467 (97.3)
Total 2676 1642 (61.4) 618 (23.1) 2599 (97.1)
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Statistical Analyses

Mathematical calculations and figures were performed using
GraphPad Prism 6.0 (GraphPad Software, Inc., La Jolla, CA,
USA). The number and percentage of products with partial
and complete nutrient declarations were performed using Ex-
cel® 2007 software (Microsoft Co., Redmond, Washington,
DC, USA) and reported with the “COUNTIF” formula over-
all and by category. The amount of fibre, sodium, and satu-
rated fat was expressed as median, interquartile range and
range for all major food categories and products in each cat-
egory. The products' sodium contents in 100 g were catego-
rised according to the World Health Organization (WHO) cri-
teria targets.

Results and Discussion
General Comments

Labelling food products is a crucial mechanism facilitating
interaction between food manufacturers and customers while
enabling traceability for food companies and regulatory bod-
ies. As shown in Table 1, the percentages of food products
labelled with fibre, sodium and saturated fat were 61.4, 23.1
and 97.1%, respectively. The food categories with the most
label declarations for fibre and sodium were "snack foods"
and "meat and meat products". In contrast, the food categories
with the fewest label declarations were "meat and meat prod-
ucts" and "bread, cereals, and bakery goods". According to
the Turkish Food Legislation Codex Regulation, the labelling
of commercial food products for saturated fat and salt is com-
pulsory, whereas it is not compulsory for fibre and sodium
(Turkish Food Codex, 2017). Despite being compulsory,
2.9% of the food products did not meet the label declaration
criteria for saturated fat.

Identifying the number of a food’s components, such as fibre,
sodium, and saturated fat, can provide valuable insights into
the potential health implications of consuming that food. The
present study found that the median fibre, sodium, and satu-
rated fat scores in all food products were 1.60 g, 76 mg, and
2.30 g/100 g, respectively (Table 2). Our findings on the
amount of these components were similar to those commonly
sold in the United States, Canada and Australia (Ahuja et al.,
2017; Franco-Arellano et al., 2018; Lowery et al., 2020). Data
on the nutrient content of processed foods may vary from
country to country; therefore, an international comparison of

these data can improve reformulation practices. However, in-
formation on food composition alone does not provide insight
into whether the food is healthy for most consumers.

Over the past few years, several governments and organisa-
tions have implemented packaging labels that display the nu-
tritional quality of food products through symbols and col-
ours. These label practices may guide consumers to choose
healthier foods. Moreover, these labels can improve the die-
tary patterns of populations through product reformulation
(Lowery et al., 2020; O'Mahony et al., 2023). The HSR sys-
tem, developed in Australia, is an important tool that displays
the nutritional quality of food products, assigning them a rat-
ing from 0.5 to 5.0 stars. Dickie et al. (2020) monitored the
5-year HSR score of processed food products supplied in
Australia and found that the current HSR median score of
food products was 3.5. Additionally, the authors reported that
32.8% of these food products were less healthy, with a me-
dian HSR score of < 3.5 (Dickie et al., 2020). There has been
no system or initiative to determine the nutritional quality of
food products sold in Turkey. According to our findings, the
median HSR score was 2.0, and 70.9% of these products were
less healthy (Table 3).

Fibre

The dose-dependent inverse relationship between processed
food consumption and dietary fibre intake has been well rec-
ognised (Schonenberger et al., 2023). Dietary fibre has been
attributed to several physiological effects, such as increasing
faecal bulk, protecting colon health, regulating serum choles-
terol and glucose levels, lowering blood pressure, and provid-
ing weight management. Furthermore, adding fibre can re-
duce the product's fat, cholesterol, and energy content and im-
prove properties such as hydration, viscosity, texture, and
sensory properties (Elleuch et al., 2011). For these reasons,
the food industry increasingly relies on adding fibre to pro-
cessed food products, as it offers enhanced structural proper-
ties and several health benefits. There are many reports in the
literature on adding fibre to food products, such as bakery
goods, confectionery, dairy products, meat products, and
ready-to-eat dishes (Elleuch et al., 2011; O'Mahony et al.,
2023). There has been no official initiative to increase the fi-
bre content of processed foods sold in Turkey. However,
some companies are reformulating their products and intro-
ducing healthier alternatives.
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Table 2. An examination of the nutrient content in food products offered by major food groups and categories

Categories Fiber Content Sodium Content Saturated Fat Content
[g/100g] [mg/100 g] [g/100g]
Median IQR Range Median IQR Range Median IQR Range

Milk and dairy products
Milk 0.4 0.8 0.0-1.3 20.0 0.0 0.0-400.0 1.0 0.7 0.0-2.3
Yoghurt 0.0 0.0  0.0-0.0 30.0 60.0 0.0-200.0 2.2 1.3 0.4-10.0
Ayran - - - 280.0 0.0 240.0-320.0 1.2 0.3 1.0-1.5
Kefir 0.0 0.0 0.0 30.0 40.0 0.0-300.0 1.6 1.0 0.0-2.20
Cheese 0.0 0.0 0.0 640.0 440.0 0.0-2280.0 13.2 59 0.0-25.0
Cream 0.0 - 0.0 20.0 40.0 0.0-80.0 16.4 11.2 9.6-22.8
Kaymak 0.0 0.0 0.0 0.0 40.0 0.0-120.0 39.0 12.0 8.1-43.5
Butter - - - 0.0 0.0 0.0-760.0 48.0 0.0 48.0-51.3
Ice-cream 0.6 0.5 0.0-2.5 70.0 20.0 20.0-100.0 4.8 6.4 0.0-13.0
Dessert 0.4 29  0.0-3.7 100 150.0 40.0-200.0 4.4 6.5 1.5-8.8
Total 0.0 04  0.0-3.7 60.0 540.0 0.0-2280.0 3.6 11.9 0.0-51.3
Meat and meat products
Red meat products 1.5 - 1.0-2.0 800.0 200.0  280.0-4000.0 12.0 11.0 0.6-25.0
Poultry products 2.4 2.0 0.0-25 600.0 300.0 280.0-960.0 4.2 4.4 0.3-23.0
Sea products 1.5 1.7 0.0-2.0 340.0 640.0 0.0-1400.0 1.2 2.9 0.0-13.0
Total 2.0 1.7  0.0-2.5 680.0 320.0 0.0-4000.0 5.2 10.3 0.0-25.0
Oils, oil seeds and nuts
Oils 0.0 - 0.0 0.0 80.0 0.0-200.0 17.0 3.0 0.0-45.0
Oil seeds 10.0 4.0 0.5-23.9 500.0 780.0 0.0-7200.0 6.3 4.2 0.01-19.9
Oil emulsions 0.8 1.15  0.3-2.0 580.0 340.0  120.0-1200.0 4.6 4.4 0.2-9.1
Nut butters 3.6 39 04-13.0 80.0 180.0 0.0-380.0 8.1 5.8 0.8-16.4
Total 6.7 7.3  0.0-23.9 200.0 600.0 0.0-7200.0 7.2 6.2 0.0-45.0
Confectioneries and sweets
Confectionery 1.80 3.58 0.00-15.30 36.0 115.0 0.0-1.00 6.81 17.90 0.00-35.00
Chewing gums 0.00 0,40 0.00-1.60 0.0 25.0 0.0-100.0 0.00 0.03  0.00-0.22
Pastry jelly and sweet sauces 1.30 3.12 0.00-4.64 48.0 58.0 0.0-400.0 0.00 2.30  0.00-3.30
Powder dessert mixes 0.45 2.55 0.00-6.30 56.0 196.0 0.0-640.0 2.70 2.94 0.50-12.06
Jams and marmaledes 0.60 0.80 0.00-2.60 0.0 0.0 0.0-200.0 0.00 0.00  0.00-5.50
Pekmez 0.20 1.00 0.00-1.50 0.0 80.0 0.0-160.0 0.00 0.00 0.00-0.10
Honey 0.00 0.15 0.00-0.20 0.0 16.0 0.0-4.500 0.00 0.00  0.00-0.00
Other sweets 3.40 5.94 0.00-8.80 4.0 82.0 0.0-498.0 5.10 6.68 0.00-31.30
Total 0.80 2.70 0.00-15.30 24.0 88.0 0.0-4.500 0.80 6.05 0.00-35.00
Breads, cereals and bakery
Packaged breads 5.1 47 1.6-14.2 360.0 200.0 10.0-1320.0 0.9 1.2 0.1-4.0
Cereals 7.8 52 3.1-18.0 150.0 240.0 0.0-440.0 1.3 0.9 0.0-7.5
Bakery products 6.0 7.6 09-17.4 360.0 400.0 0.0-1600.0 3.7 4.7 0.2-14.2
Total 6.3 52 0.9-18.0 320.0 370.0 0.0-1600.0 1.8 3.1 0.0-14.2
Non-alcoholic beverages
Carbonated drinks 0.0 0.0 0.0-0.0 0.0 0.0 0.0-10.0 0.0 0.0 0.0-0.0
Fruit juices 0.0 0.0 0.0-3.3 0.0 0.0 0.0-40.0 0.0 0.0 0.0-0.8
Energy drinks 0.0 0.0 0.0-0.0 40.0 80.0 0.0-80.0 0.0 0.0 0.0-0.8
Mineral water 0.0 0.0 0.0-0.0 10.0 0.0 0.0-110.0 0.0 0.0 0.0-0.0
Ice tea and coffee 0.0 0.0 0.0-0.5 0.0 40.0 0.0-200.0 0.0 0.6 0.0-1.7
Powdered drinks 2.6 10.7  0.0-60.2 100.0 240.0 0.0-2400.0 5.1 7.0 0.0-31.0
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Other drinks 0.0 0.0 0.0-0.9 0.0 50.0 0.0-680.0 0.0 0.1 0.0-2.1

Total 0.0 0.0 0.0-60.2 0.0 40.0 0.0-2400.0 0.0 0.8 0.0-31.0
Snack foods

Packaged cakes 1.80 1.20 0.60-5.60 320.0 120.0 10.0-600.0 10.18 3.90 0.10-19.00
Biscuits 2.90 2.80 0.30-11.00 250.0 170.0 0.0-1120.0 10.00 440 1.30-21.00
Crackers 2.90 2.37 1.20-12.25 990.0 440.0  400.0-7750.0 8.15 442 0.30-13.00
Chips 3.90 1.50 0.50-31.30 560.0 200.0 20.0-1200.0 10.00 12.75 0.30-54.80
Wafers 2.30 1.45 0.00-11.00 160.0 80.0 4.0-320.0 15.60 6.00 9.60-29.80
Bars 12.80 4.00 1.31-17.50 16.0 150.0 0.0-252.0 2.45 2.00 0.00-9.00
Total 3.10 2.50 0.00-31.30 288.0 360.0 0.0-775.0 10.19 7.10 0.00-54.80
Sauces and broths

Cooking sauces 3.70 1.20 2.50-3.70 760.0 840.0 0.0-6240.0 0.20 1.00 0.00-10.60
Broths 0.95 2.85 0.00-3.00 20000.0 728.0 11080.0-20720.0 6.50 8.30 5.70-14.00
Total 2.50 3.25 0.00-3.70 820.0 1010.0 0.0-20720.0 0.30 2.80 0.00-14.00
Miscellaneous

Ready-to-eat dishes 0.65 3.77 0.00-14.50 480.0 2340.0 0.0-7080.0 1.10 1.65 0.00-11.40
Baby foods 1.75 0.92 0.10-3.80 10.0 20.0 0.0-220.0 0.04 0.40 0.00-1.40
Canned foodstuff 2.00 6.50 0.00-15.00 400.0 400.0 0.0-3160.0 0.00 0.00 0.00-5.00
Frozen foodstuff 2.00 1.45 0.22-9.20 390.0 450.0 0.0-2800.0 4.10 6.77 0.00-20.30
Milk substitutes 0.40 0.80 0.00-1.20 40.0 40.0 0.0-40.0 0.20 0.30 0.10-0.90
Dry fruits 5.75 7.42  0.00-8.40 0.0 0.0 0.0-210.0 0.10 0.20  0.00-1.30
Sport bars 10.15 445 6.00-13.20 100.0 150.0 0.0-640.0 2.65 272 1.10-4.90
Total 2.20 4.00 0.00-15.00 400.0 600.0 0.00-7080.0 0.80 1.56 0.00-20.30
TOTAL 1.60 3.90 0.00-60.20 76.0 400.0 0.00-20720.0 2.30 9.36 0.00-54.80

Table 3. Health Star Rating (HSR) scores for processed food products sold in Turkey according to major food categories

Categories

Milk and dairy products
Meat and meat products
Oils, oil seeds and nuts

Confectioneries and sweets
Breads, cereals and bakery

Non-alcoholic beverages

Snack foods
Sauces and broths
Miscellaneous

Total

Median

4.00
2.75
3.00
1.50
4.00
1.50
1.50
2.00
3.50
2.00

IQR

2.50
2.38
3.00
2.00
1.00
1.50
1.00
1.00
3.00
2.00

Range

n
0.50-5.00 50
1.00-4.00 7
0.50-5.00 56
0.50-4.50 151
1.50-5.00 11
0.50-3.50 439
0.50-5.00 318
0.50-3.00 62
0.50-5.00 61
0.50-5.00 1154

HSR<3.5

%

35.97
63.63
61.53
83.42
13.75
93.60
84.13
100
28.37
70.9
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The fibre content of food products sold in Turkey varies
widely owing to differences in food processing levels and fi-
bre addition practices. Our results showed that minimal or un-
processed foods were a better dietary source of fibre than ul-
tra-processed foods, as expected. "Oils, oil seeds and nuts,”
"bread, cereals and bakery goods" and "snack foods" were the
major food categories containing the most fibre with median
scores of 6.7, 6.3, and 3.1 g/100 g, respectively. Conversely,
"milk and dairy products", "non-alcoholic beverages, and
"confectionery and sweets" were the major food categories
containing the least fibre, with median scores of 0.0, 0.0, and
0.8 g/100 g, respectively. The use of fibre in dairy products is
a common practice. For example, inulin added to cheese, fer-
mented milk products, and ice cream is used in fat substitutes,
textural modifications, and organoleptic improvements
(Karimi et al., 2015). In our study, cheese and fermented milk
products were devoid of fibre, whereas ice cream had various
dietary fibre content with a median score of 0.6 g/100g.

Sport Bars ==

Bars =

Chips

Crakers ==

Products

Biscuits =
Bakery products =
Cereals =

Packaged breads =

Current dietary guidelines recommend reducing the con-
sumption of grain-based processed foods with low fibre con-
tent owing to adverse health outcomes. Based on the carbo-
hydrate/fibre ratio of whole wheat flour, the American Heart
Association recommends consuming food products with a ra-
tio of <10:1 (Mozaffarian et al., 2013). A recent investigation
into the nutritional content of bread and cereals in four major
supermarkets in the United Kingdom found that products
with this specific ratio were reported to have good nutritional
quality (Ghodsian & Madden, 2018). Our findings showed
that cereals (mean: 11.3; SEM: 1.3) and bread (mean: 12.9;
SEM: 2.1) did not meet the specific ratio requirement. Alt-
hough categorised as ultra-processed foods, only bars (mean:
6.9; SEM: 1.6) and sports bars (mean: 4.3; SEM: 0.6) of
grain-based food products met the <10:1 criterion, probably
because of their fruit, nut, and oilseed content (Figure 1).
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Figure 1. Carbohydrate: Fibre Ratio of Grain-Based Food Products
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Sodium

Poor dietary patterns, such as Western-type diets, which in-
clude a high proportion of processed packaged foods, contrib-
ute to excessive sodium intake (Dicken & Batterham, 2021).
The most important dietary source of sodium is salt, and ex-
cessive salt intake increases the risk of high blood pressure, a
major risk factor for cardiovascular diseases (Srour et al.,
2019). As indicated by the Chronic Diseases Risk Factors
Survey conducted by the Ministry of Health, approximately
24% of the adult population in Turkey is diagnosed with hy-
pertension (Republic of Turkey Ministry of Health, 2013).
The World Health Organization recommends a maximum in-
take of 5 g salt (or 2000 mg sodium) daily. However, the Di-
etary Guidelines for Turkey recently reported an average
daily salt intake of 9.4 g for adults (Dietary Guidelines for
Turkey, 2022). As part of WHO's Global Action Plan, Turkey
has adopted a global target of a 30 per cent reduction in the
average sodium intake of the population (World Health
Organization, 2015). Although Turkey has taken some ac-
tions, such as signing a co-operation protocol to reduce ex-
cessive salt consumption between the Ministry of Health and
the Federation of Food and Beverage Associations, the so-
dium content of food products sold in Turkey is still quite
high.

As shown in Table 2, the sodium content of the food products
analysed on the labels ranged from 0.0 to 20720.0 mg/100 g.
This range is similar to most processed foods in the United
Kingdom (Ni Mhurchu et al., 2011). The food product with
the highest sodium content was "broths", with a median score
0f 20000 mg/100 g. In Australia, the sodium content of broths
was reported to be 16920 mg/100 g, which is approximately
20% less than the sodium content of broths sold in Turkey
(Grimes et al., 2011). Crackers (990 mg/100 g), red meat
products (800 mg/100 g), cooking sauces (760 mg/100 g) and
cheeses (640 mg/100 g) are also food products with high so-
dium content. Typically, food products with high sodium
content, such as processed red meat, butter, cheese, cereals
and snack foods, have the greatest variation in sodium content
among countries. In our study, "butter" and "cereals" had
lower sodium content than in other countries, with median
scores of 0.0 and 150.0 mg/100 g, respectively, while meat
products, cheese and snack foods had similar sodium content
(Arcand et al., 2019; Webster et al., 2010).

In 2011, the Turkish Ministry of Health introduced a program
to reduce the salt content of certain food products, including
bread, olives, cheese, and tomato paste, as part of its salt re-
duction strategy ( Republic of Turkey Ministry of Health,
2016). However, processed foods remain one of the important

contributors to the high sodium intake of the population
(Erdem et al., 2017). In 2020, the WHO began creating global
benchmarks for sodium content in various food categories. In
many studies, such as ours, the sodium content of food prod-
ucts in the main food categories was heterogeneous. The
WHO set benchmarks at the level of subcategories to mini-
mise this heterogeneity. Therefore, we redesigned these sub-
categories, which needed a global benchmark, and compared
the sodium levels of food products with the WHO standards.
As shown in Table 4, sodium levels exceeded WHO targets
in all subcategories except "cookies and sweet biscuits",
"highly processed breakfast cereals", "butter and other fats",
and "comminuted meat products (non-heat preservation)".
All products in the "frozen potatoes" subcategory exceeded
the sodium limits, while 92.3% of products in the "butter and
other fats" subcategory complied with the global standards.

Saturated Fat

Animal-based products such as meat and dairy products and
processed food products such as packaged cakes, chips and
biscuits are the main sources of saturated fat in the food sup-
ply (Dicken & Batterham, 2021; Lustig, 2020). Overcon-
sumption of saturated fats is a significant risk factor for the
development of cardiovascular disease, which is currently the
primary cause of mortality in Turkey (Turkish Statistical
Institute, 2024). Dietary Guidelines for Turkey, in line with
WHO, recommend reducing saturated fat intake to less than
10 per cent of total energy intake (Dietary Guidelines for
Turkey, 2022). Substituting saturated fats with monounsatu-
rated and polyunsaturated fats is associated with a decreased
risk of cardiovascular disease (Guasch-Ferré et al., 2015). Re-
cently, many countries such as Norway, Australia and Italy
have established agreements with the food industry to reduce
the saturated fat content of processed food products
(Nourishing Database, 2022).

Turkish cuisine is rich in traditional foods with a high satu-
rated fat content, such as kaymak, sucuk, and tahin (sesame
butter). For example, "kaymak" has long been an indispensa-
ble breakfast food for many people in Turkey and was found
to have the second highest saturated fat content after butter in
our study, with a median score of 39.0 g/100 g. However,
when examined according to the main food categories, snack
foods had the highest saturated fat content with a median
score of 10.2g/100g (Table 2). Our research showed that the
amount of saturated fat in snack foods such as packaged
cakes, biscuits, and crackers was considerably higher than in
other countries (Ahuja et al., 2017; Crino et al., 2018).
Awareness of the level of saturated fat on the labels of pro-
cessed foods may be important for individuals at high risk of
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noncommunicable chronic diseases such as cardiovascular the lowest percentage of healthier options (5.14%). It was fol-
disease. Reporting saturated fat profiles of processed foods is lowed by "oils, oil seeds and nuts,” "meat and meat products"
also important when comparing countries or regions. and "milk and dairy products" with 5.42, 18.27 and 28.98%
respectively. Turkey has made progress in reducing the
amount of trans fats in processed foods, but it should now
focus on reducing the amount of saturated fats. Although
there is concern about the high consumption of processed
foods, reformulating certain products with a high saturated fat
content can result in products with a healthier profile.

In the present study, we classified the amount of saturated fat
in food products according to the criteria of the Food Stand-
ards Agency. We calculated the percentages of red, amber,
and green-coloured foods in the main food categories. As
shown in Figure 2, the main food category "snack foods" had

Table 4. Sodium level classification of food products sold in Turkey according to WHO's Global Sodium Benchmarks

Products over

Categories Sodium amount [mg/100g] Classification the limit
Median IQR Range

Crackers and savoury biscuits 992.0 440.0 0.0-7750.0 High 42 (89.4)
Cookies and sweet biscuits 244.0 164.0 0.0-1120.0 Low 47 (41.6)
Snack cakes 320.0 362.0 0.0-600.0 High 52 (80.0)
Nuts, seeds and kernels 500.0 780.0 0.0-7200.0 High 64 (62.8)
Potato, vegetable and grain chips 560.0 200.0 16.0-1200.0 High 52 (64.2)
Highly processed breakfast cereals 152.0 240.0 0.0-440.0 Low 5(18.5)
Fresh unripened cheese 400.0 200.0 0.0-1200.0 High 36 (92.3)
Soft to medium-ripened cheese 720.0 280.0 0.0-1480.0 High 73 (78.5)
Semi-hard ripened cheese 920.0 560.0 400.0-2280.0 High 10 (83.3)
Canned foods 400.0 270.0 0.0-2000.0 High 57 (75.0)
Ready-to-eat meals 480.0  2300.0 0.0-7080.0 High 154 (82.3)
Butter and other fats 80.0 120.0 0.0-760.0 Low 2(7.7)
Bread and bread products 460.0 330.0 12.0-1600.0 High 49 (87.5)
Canned fish 1700.0  2030.0  200.0-8200.0 High 18 (90.0)
Processed fish and seafood products (raw) 336.0 500.0 0.0-1400.0 High 7 (50.0)
Raw meat products and preparations 480.0 360.0 320.0-800.0 High 9 (90.0)
Whole muscle meat products (non-heat preservation) 2500.0 1980.0  1560.0-4000.0 High 4 (80.0)
Comminuted meat products (cooked) 600.0 300.0 280.0-1200.0 High 25 (69.4)
Comminuted meat products (non-heat preservation) 800.0 80.0 520.0-920.0 Low 3(10.7)
Pickled vegetables 800.0 1480.0 0.0-3160.0 High 19 (54.3)
Frozen potatoes 420.0 360.0 360.0-800.0 High 4 (100)
Bouillon and soup stock (concentrated) 20000.0 7280.0 11080.0-20720.0 High 5(71.4)
Cooking sauces 760.0 840.0 0.0-6240.0 High 59 (98.3
Emulsion-based dips, sauces and dressings 640.0 270.0 280.0-8.000 High 11 (78.6)
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Limitations and Strengths

The study has some limitations. The study was limited to
Edirne, and the results may vary among different cities in the
country. Second, our findings are derived solely from the nu-
tritional information and list of ingredients as declared on the
product label. Third, although we have analysed the data me-
ticulously, a few minor human errors may have occurred.
Fourth, no evidence suggests that a score of >3.5 on the HSR

Research Article

system is predictive of positive health outcomes. Further-
more, limited evidence suggests that the HSR system leads to
improved food choices. Despite these limitations, this is the
most extensive study in Turkey that reports the number of es-
sential nutrients, which are crucial determinants of health, in
processed and packaged food products and classifies the qual-
ity of products in the country's food supply to the best of our
knowledge.
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Figure 2. Traffic light percentages of saturated fat in food categories according to the Food Standards Agency's criteria
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Conclusion

The label information for fibre, sodium, and saturated fat was
61.4%, 23.1%, and 97.1%, respectively. The main food cate-
gories containing the least fibre were "milk and dairy prod-
ucts" and " non-alcoholic beverages".. In contrast, the main
food categories with the highest sodium and saturated fat con-
tent were "sauces and broths" and "snack foods", respec-
tively. Based on the declared composition of food products,
the median HSR score was 2.0, and 70.9% of these products
were less healthy. Although Turkey has no official initiatives
to increase the fibre content in processed foods, some initia-
tives have been launched to reduce sodium content in pro-
cessed foods in line with global trends. Additionally, Turkey
plans to expand its reformulation strategies to include satu-
rated fat components. The implementation of the reformula-
tion strategy alone will not be sufficient to guarantee that the
public adopt healthier dietary habits. However, reforming
processed foods can lead to products with a healthier profile
and may encourage people to adopt more sustainable con-
sumption habits.
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ABSTRACT

The study determined the fatty acid profiles of pecan and walnut samples from various regions of
Tiirkiye and proposed a rapid method for profiling fatty acids. Twenty walnut samples (Ahirli,
Incesu-Seydisehir and Derbent-Konya, Yenisarbademli and Yalvag-Isparta, Burdur, Géksun and
Caglayancerit-Kahramanmarasg, Ezine-Canakkale, Belen-Hatay, Denizli, Mut-Mersin, Ermenek-
Karaman and Osmaniye) and one pecan sample (Narlica-Hatay) were analysed. Fatty acid methyl
esters (FAME) were prepared using direct methylation of 0.1-gram samples, and compositions
were determined via gas chromatography. The study compared direct methylation to other extrac-
tion methods (ASE and Bligh & Dyer) using the “Maras-18" cultivar. Results showed that linoleic
acid levels in walnuts ranged from 48.5 to 64.1%, with an average of 57.16%. Oleic acid content
ranged from 13.6 to 33.4%, with a mean of 20.5%. Alpha-linolenic acid varied between 7.6 and
17.1%, with the highest levels in the “Native” cultivar from Yenisarbademli. The pecan sample
had high oleic acid (59.6%) but low a-linolenic acid (1.14%). While the “Maras-18” cultivar
showed consistent fatty acid profiles across methods, minor statistical differences in individual
fatty acid percentages were observed. Due to its speed, efficiency, and alignment with green chem-
istry, the direct methylation method may be recommended for fatty acid analysis in walnut kernels.

Keywords: Walnut, Juglans regia. L, Fatty acid, Gas chromatography
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Introduction

Walnuts (Juglans regia. L) are the most common nut tree in
the world. They are distributed in Asia, Europe, North Amer-
ica, North Africa, South Africa, Australia, New Zealand,
Chile, and Argentina. China, the United States, Iran, Tiirkiye,
and Mexico are leading producers (Kithi et al., 2023). This
ranking may change depending on the seasonal effect on the
countries' annual production. In 2023, walnut production in
Tiirkiye was 360 thousand tons, a 7.5% increase compared to
2022 (TUIK, 2023). In Tiirkiye, walnuts have been tradition-
ally incorporated into various culinary practices, particularly
in preparing traditional sweets such as baklava, asure, Turk-
ish delight, walnut paste, walnut jam, and walnut sausage.

Walnut has economic, nutritious, and medicinal values (Vu
et al., 2020). Walnuts are used not only for consuming the
kernel as a nutrient but also for biomedical and industrial ap-
plications (Gao et al., 2024). In recent times, consumers have
become increasingly aware of the nutritional benefits of nuts
in general and the positive impact of a healthy diet on their
well-being (Ni et al., 2022). Walnut kernels typically contain
approximately 60% lipid and are particularly rich in a-lino-
lenic acid (18:3 n-3) and linoleic acid (18:2 n-6) (Zheng et al.,
2020). Alfa-linolenic acid is critical for improving cardiovas-
cular health, supporting cognitive function, and reducing in-
flammation (Ojha et al., 2024). Walnuts are a significant
source of antioxidants and anti-inflammatory substances, of-
fering a rich array of phytochemicals. As a result, walnuts
have been known as a “superfood” and are highly recom-
mended to include in daily diets (Romano et al., 2022).

It has been reported that different cultivars, genotypes and
walnut-growing regions affect the food composition of wal-
nuts (Kafkas et al., 2020; Ma et al., 2023). Significant varia-
tions in the contents of linoleic, a-linolenic, and oleic acids in
walnut oil are naturally occurring due to differences in geno-
type. Although these variations are genetically determined,
environmental factors such as latitude, temperature, and
drought also play a crucial role in influencing fatty acid com-
position. Most of the variation observed in the fatty acid pro-
file can be attributed to the geographical location of cultiva-
tion (Yang et al., 2022).

The study aims to determine the fatty acid profile of pecan
and walnut samples grown in various regions of Tiirkiye, with
particular attention to the distribution of monounsaturated
and omega-3 fatty acids essential for human health. Further-
more, the study seeks to develop a rapid method for profiling
fatty acids without requiring oil extraction, providing an al-
ternative to traditional approaches.

Materials and Methods

Sample Preparation

A total of 20 walnut samples (place*cultivar) were collected
from Konya (Ahirly, incesu-Seydisehir and Derbent), Isparta
(Yenisarbademli and Yalvag), Burdur, K.Marag (Goksun and
Caglayancerit), Ezine (Canakkale), Hatay (Belen), Denizli,
Mersin (Mut), Karaman (Ermenek) and Osmaniye. The pecan
sample is grown in Hatay (Narlica-Antakya). Nine of the wal-
nuts are “Native”, 4 from “Chandler”, 2 from “Bilecik”, 1
from “Maragl8”, 1 from “Sebin”, 1 from “Kepir”, 1 from
“Fernor” and 1 from “Kaman”.

Walnuts were cracked, and approximately 100 g of walnut
kernel was homogenised with a blender. Fatty acid methyl
esters (FAMEs) of the samples were prepared using the direct
methylation method. To test the effect of direct methylation
versus FAME from extracted lipid, the “Marag 18” cultivar
was selected for direct methylation, and FAME was prepared
from 30 mg lipid.

Lipid Extraction by Accelerated Solvent Extraction (ASE
Thermo Scientific Dionex ASE 350)

Approximately 10 g of homogenised walnut kernel samples
were placed into a stainless-steel cell (SST), and it was closed
tightly then, following extraction program was applied
(Thermo Scientific™ Dionex™ ASE™ 350). Hexane was
used as a solvent, and the temperature was set at 90°C and
heated for 5 minutes. Static time was set for 5 minutes and
cycled for three; rinse volume was 60% and purged for 100
seconds. Lipid was collected into a glass bottle. The remain-
ing solvent was evaporated under the vacuum using a rotary
evaporator (Heidolph, Germany).

Lipid Extraction by Bligh and Dyer Method

Approximately 5 g of grounded walnut kernel sample was
weighed into a glass flask, and 20 mL of methanol and 20 mL
of chloroform were added. Then, the flask was immersed in
an ice bath homogenised for 1 minute. Distilled water (10
mL) was added and homogenised for 30 seconds. Homoge-
nate was divided into a glass tube and centrifuged at 2000
rpm for 20 minutes. Methanol and water layer were sucked,
lipid-containing 10 mL of chloroform was taken into pre-
weighed flak, and chloroform was evaporated by using a ro-
tary evaporator under the vacuum at 40°C. The remaining li-
pid was used for fame analysis. Lipid was calculated and ex-
pressed as a percentage.
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Preparation of Fatty Acid Methyl Esters

Direct methylation: Approximately 0.1 g (0.0001 g) homog-
enised sample was weighed into a screw-capped test tube (15
mL), 2 mL of 0.5 M methanolic KOH was added, then capped
tightly boiled at 115°C using a block heater for 5 minutes.
Samples were allowed to cool down to room temperature, and
1.5 mL of methanolic boron trifluoride (BF3, 14%) was added
and then boiled further for 5 minutes. Test tubes were allowed
to cool down to room temperature, and fatty acid methyl es-
ters were extracted with 2 mL of iso-octane into a brown am-
ber vial.

Determination of fatty acid methyl esters: Separation of
fatty acid was achieved using Teknokroma (TRCN100, TR-
882192 serial number, 100% (Biscyanopropyl polysiloxane)
column and gas chromatography (Shimadzu GC-2025 FID).
The injection temperature was set at 280°C, and the detector
temperature was set at 300°C. The oven temperature was ini-
tially adjusted to 120°C, kept at his temperature for 5 minutes,
then raised to180°C with a 10°Cramp rate and kept at this
temperature for 5 minutes. The column temperature was in-
creased to 220°C with a 10°C ramp rate held for 10 minutes,
and finally, it reached 240°C with the same ramp rate and was
held at this temperature for 3 minutes.

The fatty acids were identified using FAME mix 37 and com-
paring their retention time. Results were expressed as per-
centage areas of individual fatty acids.

Research Article

Statistical Analyses

The data was analysed using the SPSS version 22.0 software.
The fatty acid composition of walnuts from different regions
was compared using an ANOVA test. Univariate analysis
was employed to compare the various methods used in deter-
mining the fatty acid composition of the “Maras 18” walnut
cultivar. Statistical significance is defined at the level of p<
0.05.

Results and Discussion

Walnut contains a considerable amount of lipid in its kernel,
and the amount of oil ranges between 45-72% (Table 1). In
this research, only the “Marag 18” cultivar was subjected to
lipid extraction (ASE method), and its lipid content was
55.76%. The chemical composition of walnuts changes with
cultivar, soil quality, irrigation, season, and probably altitude.
Literature value shows that walnuts are rich in oil and contain
11-23% of protein in the kernel. This energy-dense nut pro-
vides vitamins, minerals, bioactive compounds and essential
fatty acids such as linoleic and o-linolenic acid. Among the
plant-based edible oils, flaxseed oil is the richest source of
omega-3 fatty acids (Oksiiz et al., 2015), followed by walnut.
However, using flaxseed in human nutrition is not as common
as walnuts. Walnuts are the best source of omega-3 fatty acids
among nuts, such as almonds, pistachios, chestnuts, and pea-
nuts (Hayes et al., 2016; Ros and Mataix, 2006).

Table 1. Walnut proximate composition from different sources

Total fat % Kernel Moisture %

Protein %

Ash % Reference

Walnut  52.5-64.8 1.00-3.80 14.0-22.8  1.00-2.50 (Muradoglu and Balta, 2010)
Walnut 65-70 3.0-3.5 16.23-17.47 1.90-2.26 (Dogan and Akgiil, 2005)
Walnut  68.8-72.1 3.85-4.50 14.38-18.0  3.3-43  (Pereira et al., 2008)
Walnut  51.98-68.3 - 14-18.1 - (Komiir et al., 2024)
Walnut  61.9-70.9 3.3-3.9 15.2-19.2 1.3-2.1  (Ozkan and Koyuncu, 2005)
Walnut  62.5-70.2 - - - (Ada et al., 2020)

Walnut 45-70 - 11-16 - (Geng et al., 2021)

Walnut 50.6-70 - 14-19.9 - (Goodarzi et al., 2023)
Walnut  36.7-63.7 - 13.1-21.7 1.4-2.1  (Davarkhah et al., 2024)
Pecan 52.7-69.6 4.6-5.5 7.3-9.3 1.1-1.7  (Reis Ribeiro et al., 2020)
Pecan 71.97 3.52 9.17 1.49 (Hussain et al., 2021a)
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The fatty acid composition of lipids determines their nutri-
tional quality. The oil-rich walnut kernel fatty acid composi-
tion is displayed in Table 2. The fatty acid composition of
walnuts consists of palmitic, palmitoleic, stearic, oleic, lino-
leic, a-linolenic, arachidic and gadoleic acids. Major fatty ac-
ids present in walnut as follow; 18:2 n-6>18:1 n-9>18:3 n-
3>16:0>16:1>20:1>20:0 (<0.05%). This order was almost
similar in the literature both data obtained from Tiirkiye (Ay-
din & Giiven, 2024; Bayazit & Stimbiil, 2012; Glindesli et al.,
2023; Kirca et al., 2014; Yildiz et al., 2021) and internation-
ally (Bada et al., 2010; Kafkas et al., 2020; Liu et al., 2020;
Yang et al., 2022). There are also some exceptions that a-lin-
olenic acid content is either very close to the oleic acid level
or, in some cases, greater than oleic acid (18:1 n-9). However,
there is a contradicting result in oleic and palmitoleic acid
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(16:1 n-7) contents (Okatan et al., 2022); the oleic acid might
mistakenly replace the palmitoleic acid result and vice versa
in the former authors’ result. Apart from these fatty acids,
18:1 n-7 fatty acid was determined to be nearly 0.7% in wal-
nuts in diluted samples. However, in the concentrated sample
(>30 mg lipid for FAME or >100 mg sample), 18:1 n-7 fatty
acid overlapped with C18:1 n-9. Therefore, these two fatty
acids are expressed as 18:1 n-9 fatty acids. Only a few litera-
ture mentioned about 18:1 n-7 fatty acid in walnuts (Nogales-
Bueno et al., 2021), and most of the literature includes this
fatty acid in 18:1 n-9 ( Gao et al., 2019; Greve et al., 1992;
Hayes et al., 2016; Ozkan & Koyuncu, 2005). Our findings
in fatty acid composition correlated well with the French
monovarietal walnut oils study by Le Dréau et al. (2024).

Table 2. Relative percentages of fatty acids contents of walnut cultivars and pecan (Mean =+ SD)

Cultivar

District

C18:0 C18:1n-9¢ C18:2n-6¢ C20:1n-9

Ahirli-Konya (n:3) Native 6.96£0.04%°  0.14+0.01
Incesu-Seydisehir (n:3) Native 6.28+0.02¢"  0.10+0.01
Derbent-Konya (n:3) Native 6.21£0.02¢"  0.03+0.00
Yenisarbademli-Isparta (n:3)  Native 6.63+0.01%¢  0.06+0.03
Yalvag-Isparta (n:3) Native 6.02+0.05¢"  0.07+0.00
Burdur (n:3) Chandler  6.81£0.08>f  0.09+0.02
Market-Konya (n:3) Chandler 5.98+0.0%"  0.06+0.01
Goksun-K.Maras (n:3) Native 5.69+0.10¢®  0.04+0.00
Caglayancerit-K.Maras (n:5) Maras 18 6.10£0.01¢"  0.07+0.01
Incesu-Seydisehir (n:3) Bilecik 7.98+0.032
Incesu-Seydisehir (n:3) Sebin 5.43+0.01"  0.06£0.00
Ezine-Canakkale (n:3) Chandler 7.30£0.222  0.09+0.01
Belen-Hatay (n:3) Native 6.31£0.02¢"  0.10+0.01
Denizli (n:6) Kepir 7.11£0.07% -
Yalvag-Isparta (n:3) Chandler 6.71£0.02% -
Mut-Mersin (n:3) Native 5.90+0.05%" -
Ermenck-Karaman (n:3) Bilecik 6.50+0.06%¢ -
Ermenek-Karaman (n:6) Fernor 6.97+0.40*d  0.10+0.07
Konya (n:3) Kaman 6.25+0.14%"  0.06+0.00
Osmaniye (n:3) Native 6.27£0.15¢"  0.10£0.00
Mean 6.51 0.08
Min. — Max 5.43-7.98 0.03-0.14
Narlica-Antakya (n:6) Pecan* 6.56+0.92>f  0.10+0.00

1.96+0.01F  21.93+0.22°%%  57.68+0.40%¢  0.16+0.00 11.16+0.15%
2.98+0.028¢  22.6940.02°%  54.85+£0.06*° 0.17£0.01 12.96+0.01>¢
3.74+0.03*  15.2840.07%  60.40+0.09®  0.18+0.01 14.17+0.04%°
2.67+0.01F  24.20+0.28*d  49.37+0.19%  0.19+0.00 16.89+0.22°
3.30+£0.05%  20.47+0.11%%  59.97+0.13%  0.19+0.01  9.97+0.09*
2.96+£0.03%¢  23.11+0.30>¢  59.13+0.12%¢ (.19+£0.01  7.71+0.12'
3.04+£0.02%¢  14.04+0.33%  63.80+0.24*  0.22+£0.00 12.86+0.01">¢
3.14£0.10%¢  16.64+£0.27%  59.27+.15%  0.23+0.01 14.74+0.43*4
2.94+0.02%°  28.50+£0.16*  52.24+0.15%¢  (0.2240.00 9.80+0.108h
2.7940.03%f  22.7240.10%%  52.81+0.08*° 0.18+0.01 13.20+0.07>f
2.7840.02%F  19.09+0.24%  59.92+0.24%  (0.22+£0.01 12.34+0.05>h
3.05+£0.08%¢  15.59+0.39%  59.05+0.09%*¢  0.20+£0.01 13.88+0.28%¢
2.67+0.02F  33.27+£0.10>  48.60+0.08°  0.08+0.01  8.92+0.08M
2.93+.80b4  21.92+5.89%4  55.88+3.47%¢  (0.20+0.02 11.91+3.29¢h
2.87£0.01%¢  13.6440.04°  60.69+0.07®  0.23£0.01 15.85+0.02%
3.62+£0.04%  21.5240.09%¢  54.72+0.17>¢  0.22+£0.01 14.02+0.27*¢
3.39+0.05%  21.36+0.29%%¢  57.69+0.34%c  0.21+0.00 10.9140.09¢"
2.3040.43°F  15.84+1.70%  59.44+0.62%°  0.20+0.01 15.21+1.81%*
2.8440.00%f  18.00+£0.53%  59.96+0.67**  0.24+0.00 12.22+0.16°"
2.80+0.00%f  18.00+0.53%  59.93+0.65*  0.20+£0.00 12.23+0.15¢"

2.91 20.50 57.16 0.20 12.56

1.96-3.62 13.64-33.27 48.60-63.80  0.08-0.24  7.71-16.89

2.49+0.20%f  59.64+9.17° 29.74+7.58"  0.31£0.02  1.14+0.57

*Pecan values were excluded from the calculation of mean and min-max values.
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The fatty acid composition of 20 walnut cultivars varied
within the range of literature values. Oleic acid levels
changed between 13.6 to 33.4% with a mean value of
20.50%. Linoleic acid content changes between 48.5-64.1%,
having 57.16% mean values. These values showed that wal-
nut oil was rich in linoleic acid and contained a moderate
amount of oleic acid compared to pecan. Alfa-linolenic acid
content varied between 7.6-17.1%. The highest a-linolenic
acid (17.1%) was found in the “Native” cultivar obtained
from Yenisarbademli, and the minimum level was observed
in the “Chandler” (7.6%) brought from Burdur. Alfa-lino-
lenic acid contents of different cultivars as follows; “Native”
cultivars between 9.92-14.74%, “Chandler” from different
location 7.71-15.85%, “Maras-18” 9.18%, “Bilecik” 10.91-
13.20%, “Sebin” 12.34%, “Kepir” 11.91%, “Fernor”
15.21%, and “Kaman” 12.22%. With this respect, similarities
and differences in fatty acid composition were displaced in
Tables 3 and 4. In our study, the a-linolenic acid content of
“Fernor” samples was found to be much greater than that of
research done in various regions in Tunceli (Aydmn and
Giiven, 2024). However, in another research conducted in
Usak, Tiirkiye, “Chandler” demonstrated the highest a-lino-
lenic acid content (13.81%) among “Fernor” (9.59%),
“Sebin” (13.56%), “Kaman” (9.47%), and “Marag-18”
(10.16%) (Yildiz et al.,2021). The walnut samples' total pol-
yunsaturated fatty acid (PUFA) content ranged from 56.21 to
62.59%. It was emphasised that the differences between the
samples could be attributed to the variability in climate con-
ditions across the districts (Giindesli et al., 2023).In another
study on the fatty acid composition of various walnut culti-
vars in Argentina, the “Chandler” variety was found to con-
tain a higher proportion of linoleic acid (60.9%) compared to
other varieties (Cittadini et al., 2020).

Walnuts are the most a-linolenic acid rich types of nuts. Con-
sequently, consuming walnuts in adequate quantities may re-
duce the dietary n-6:n-3 ratio. Therefore, one serving of wal-
nuts (30 grams) supplies over 20% of the recommended in-
take of a-linolenic acid, thereby establishing walnuts as a sig-
nificant source of this essential fatty acid (FDA, 2024; Saglik
Bakanlig1 Halk Saglig1 Genel Midiirliigi, 2022).

Several factors affect the composition of the walnut. As men-
tioned by Greve et al. (1992) even in an environment with a
single geographic location, maturity, irrigation rate, shade,
and sun exposition are the main factors affecting walnut com-
position. Among these factors, maturity had the most signifi-
cant impact on PUFA content, positively influencing it, while
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deficit irrigation negatively affected PUFA levels. (Greve et
al., 1992). Various literature has shown that many factors,
other than the cultivar, may affect the chemical composition
of walnut oils, including the harvesting area and year, storage
conditions or extraction process (Le Dréau et al., 2024).

Our findings indicate that walnuts might be a well-balanced
n-6:n-3 ratio with a mean value of 4.74. The n-6:n-3 ratio was
close to 5, which is the ideal ratio for a good diet (Le Dréau
et al., 2024). A high n-6/n-3 ratio has been demonstrated to
activate inflammatory pathways within the organism. Fur-
thermore, the condition increases the risk of developing cer-
tain metabolic diseases, including insulin resistance, type 2
diabetes, and cardiovascular disease (Bishehkolaei & Pathak,
2024). Consuming walnuts in adequate quantities could re-
duce the dietary n-6:n-3 ratio.

According to the Tiirkiye Nutrition Guide-2022, it is recom-
mended that a-linolenic acid should contribute 0.5% to daily
energy intake (Saghk Bakanlhigt Halk Sagligi Genel
Miidiirligii, 2022). Based on this guideline, an adult with a
daily energy requirement of 2000 kcal should consume ap-
proximately 1.1 grams of a-linolenic acid. Data from Turk-
omp indicate that 100 grams of walnuts contain an average of
6.2 grams of a-linolenic acid (TirKomp, 2015). According to
literature, researchers have pointed out that in the studied
walnut genotypes, the kernel ratio was 40—-60% (Balci et al.,
2001) and 46-67% (Baojun et al., 2010). Yarilgac et al.
(2001) Reported that the kernel ratio was 45.09-59.27 % in
their study. Our findings showed that kernel yields in “Chan-
dler,” “Maras-18,” and “Fernor” were 45.5, 48.4, and 56.7%,
respectively. Consequently, it may be advised that an individ-
ual consume about 17-18 grams of walnuts to achieve the rec-
ommended intake of 1.1 grams of a-linolenic acid. This is al-
most equivalent to 3-4 whole walnuts to fulfil the require-
ment.

Walnut kernels should be recommended as a snack to school-
age children, who has not nut allergy, to meet their omega-3
requirements and partially provide many essential nutrients.

In Tiirkiye, the pecan nut is known as “pika cevizi” because
its kernel resembles walnuts. Assuming that the pecan was a
kind of walnut, it was included in this research as a different
kind of walnut. However, the content of a-linolenic acid, lin-
olenic acid, and oleic acid of the pecan was unlike that of 20
different walnut samples. These findings made us question
whether the pecan is a kind of walnut or not.
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Table 3. Ration of n-6:n-3 and relative percentages of total SFA, MUFA and PUFA contents of walnut cultivars and pecan
(Mean = SD)

District

Cultivar

Tot SFA

Total MUFA

Total PUFA

Ahirli-Konya (n:3) Native 5.17+0.112 8.92+0.03¢de 22.2440.22¢de 68.84+0.25%4
Incesu-Seydisehir (n:3) Native 4.23+0.012 9.26+0.00"¢ 22.96+0.03¢de 67.80+0.06*4
Derbent-Konya (n:3) Native 4.27+0.012 9.96+0.05*4 15.48+0.079 74.56+0.12%¢
Yenisarbademli-Isparta (n:3) Native 2.92+0.042 9.30+0.01%¢ 24.45+0.26° 66.26+0.31¢d¢
Yalvac-Isparta (n:3) Native 6.02+0.042 9.32+0.09"¢ 20.73+0.12¢de 69.94+0.21>4
Burdur (n:3) Chandler 7.68+0.122 9.78+0.11%*¢ 23.39+0.30b¢ 66.83+0.19*°
Market-Konya (n:3) Chandler 4.96+0.022 9.02+0.08%¢ 14.33+0.334¢ 76.66+£0.24*
Goksun-K.Maras (n:3) Native 4.02+0.122 8.83+0.21¢% 16.91+0.274 74.0140.462<
Caglayancerit-K.Maras (n:5) Maras 18 5.33+0.05? 9.04+0.02¢4¢ 28.80+0.15% 62.04+0.20%
Incesu-Seydisehir (n:3) Bilecik 4.00+0.022 10.78+0.022 23.03+0.10%¢ 66.00+0.14*4
Incesu-Seydisehir (n:3) Sebin 4.86+0.022 8.2140.02¢ 19.36+0.25% 72.2640.262¢
Ezine-Canakkale (n:3) Chandler 4.25+0.092 10.35+0.18% 15.88+0.394 72.9340.202b¢
Belen-Hatay (n:3) Native 5.45+0.04* 8.98+0.04% 33.44+0.09° 57.52+0.15¢
Denizli (n:6) Kepir 4.94+1.07° 10.030.87%¢ 22.11:£5.9]1%e 67.78:+6.75%4
Yalvac-Isparta (n:3) Chandler 3.83+0.012 9.58+0.034 13.87+0.04¢ 76.5440.062
Mut-Mersin (n:3) Native 3.90+0.09* 9.524+0.06*° 21.74+0.09¢d¢ 68.74+0.11g*¢
Ermenek-Karaman (n:3) Bilecik 5.29+0.082 9.90+0.11%4¢ 21.50+0.36%% 68.60+0.26*¢
Ermenek-Karaman (n:6) Fernor 3.96+0.522 9.28+0.38"¢ 16.11+1.67% 74.6642.112¢
Konya (n:3) Kaman 4.91+0.112 9.09+0.14%¢ 18.30+0.534 72.1840.592b¢
Osmaniye (n:3) Native 4.90+0.10* 9.10+0.10%¢ 18.30+0.534¢ 72.17+0.6%¢
Mean 4.74 9.42 20.75 69.71
Min.-Max. 2.92-7.68 8.21-10.78 13.87-33.44 57.52-76.66
Narlica-Antakya (n:6) Pecan* 29.36+7.96° 9.05+1.074 60.00+9.242 30.88+8.15°

*Pecan values were excluded from the calculation of mean and min-max values.

Therefore, we thought that pecan might not be a kind of wal-
nut. Our further investigation about the pecan uncovers that
although pecan and walnut belong to the same family, pecan
belongs to the genus Carya and the species Carya illinois,
while walnut belongs to the genus Juglans L. and the species
Juglans regia L. (Hussain et al., 2021b). The fatty acid profile
of pecans was like that of walnuts, but their level varied with
different percentages. The lowest concentration of a-linolenic
acid in our walnut samples was considerably higher than its
highest concentration in our pecan nut sample (Figure 1.).
The abundance of fatty acid in pecan was as follows: C18:1
n-9>C18:2 n-6>C16:0>C18:0>C18:3 n-3>C20:1>C16:1. Pe-
can was rich in oleic acid with a level of 59.6 %, compared to
walnut 13.6-33.2%. The oleic acid content of pecans har-
vested from Antalya was found to be approximately 52%,
while the linoleic acid content was determined to be 36%.
Additionally, the a-linolenic acid content was determined to
be 1.5% (unpublish data Ulutas & Oksiiz 2024). Pecan con-
tains a much lower level of linoleic acid (29.6%) than walnut
48.6-60.69%, and with this respect, it contains low n-6 fatty

acid. The findings revealed that palmitic acid 6.65%, pal-
mitoleic acid 0.1%, stearic acid (18:0) 2.49%, oleic acid
59.64%, linoleic acid 29.74%, gadoleic acid (20:1 n-9) 0.31%
and o-linolenic acid 1.14% were present in pecan kernel. The
aforementioned findings were corroborated by a study inves-
tigating the ratios of oleic acid, linoleic acid and o-linolenic
acid in 26 pecan cultivars grown in Tiirkiye. The results indi-
cated that these ratios ranged between 55.91-71.27, 19.38-
33.45 and 0.79-1.55%, respectively (Yildiz-Turgut &
Ozdemir, 2023). However, in the research conducted by
Celik (2024) on pecan samples grown in Serik, Antalya, the
ratio of oleic acid was found to be lower (50.57%), while the
ratio of linoleic acid (38.73%) and a-linolenic acid (1.49%)
were found to be higher. Pecans were low in saturated fatty
acid (9.1%), mostly palmitic, and high in MUFA (60%) and
PUFA (30.9%). Oleic acid contributes almost 99.4% of total
MUFA in pecan. Linoleic acid contributes most of the PUFA,
having 96.2% of total PUFA, and a small amount of a-lino-
lenic acid (1.14%) contributes 3.7% of PUFA. Our results
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were consistent with an average value of sixteen pecan culti-
vars studied in Uruguay (Ferrari et al., 2022), but having
lower SFA, higher MUFA and lower PUFA than Southern
Brazil varieties (Siebeneichler et al., 2024). The fatty acids
profile of pecans showed the same order in terms of abun-
dance but with different levels in different cultivars and geo-
graphic origins. The linoleic acid content of pecans in this re-
search showed similarities with those of Eliot, Stuart, Cape
Fair, and Success cultivars. However, its a-linolenic acid con-
tent was much lower than all cultivars harvested from South-
ern Brazil (Siebeneichler et al., 2024) and higher than Uru-

Pl o]

Research Article

guay cultivars (Ferrari et al., 2022). Both international litera-
ture and our findings are consistent in that pecan oleic acid is
much higher and o-linolenic acid content much lower than
walnuts; it is a good chemical indicator to distinguish be-
tween processed products of pecan and walnuts. Our prelim-
inary study showed that the FTIR spectrum of walnut oil and
pecan oil were similar, and there was no distinctive spectrum
to distinguish them from one another (Figure 4). Therefore,
rapid fatty acid analysis will be a good indicator for discrim-
inating between pecan and walnut products they make, such
as baklava, nut paste, etc.

10 Pecan

Walnut

:}::
‘_
=

L

Figure 1. Comparative illustration of the fatty acid chromatogram of pecan and walnut
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Figure 3. Fatty acid chromatogram of pecan sample
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Figure 4.

Traditionally, fatty acid analysis is done by extracting lipids
from the intended food and then converting them into fatty
acid methyl esters under alkali conditions. This study pre-
pared FAMEs without any lipid extraction from a homoge-
nised sample. Initially, the 0.5-gram sample was converted to
its fatty acid methyl esters as indicated under the direct meth-
ylation heading. However, this amount was too much and re-
duced to 100 mg for better separation.

Table 4. Comparison of fatty acid composition of walnut
oils obtained by different methods (Mean = SD)

1 Bligh & Direct
ASE Dyer? methylation

FAME X+SS X+SS X+SS
C16:0 6.38+0.03? 6.02+0.09° 6.10£0.01° 0.001
C18:0 3.17+0.02° 2.84+0.05° 2.94+0.02° <0.001
C18:1n-9  24.65+0.09*  27.15+0.59° 28.50+0.16°  <0.001
Cl18:2n-6 54.35+0.07° 52.80+0.49° 52.2440.15°  <0.001
C20:0 0.097+0.001*  0.088+0.006*®  0.092+0.001°  0.032
C20:1n-9  0.20+0.01° 0.18+0.00° 0.22+0.00°¢ <0.001
C18:3 n-3 10.90+0.12 10.50+0.1° 9.80+0.1°¢ <0.001

22

! ASE method lipid, and ? Bligh & Dyer method.

This proposed method is rapid if the main concern is the fatty
acid profile of any nuts since they are rich in oil. As indicated
in Table 4, FAMEs were prepared from oil extracted by ASE,
Bligh Dyer and the proposed method. The fatty acid profile
of nuts was the same in all methods, but there were some sta-
tistical differences in the percentage of individual fatty acids.
Percentages of C16:0, C18:0, C18:2 n-6, and C20:0 fatty ac-
ids were similar in the Bligh Dyer method and direct methyl-
ation method, and C18:1 n-9, C18:3 n-3 percentages were dif-
ferent in all methods. However, these differences were not
great. Similarly, in the study conducted by Elouafy et al.
(2022), walnut kernel oil was extracted using three different

a) Walnut oil FITIR spectrum b) Pecan oil FTIR spectrum

methods, and their fatty acid compositions were compared.
The ratios of other fatty acids were found to be similar except
for 18:3 n-3 fatty acids. In this research, due to its rapid, less
time-consuming, and relatively contributing green chemistry
applications, the proposed direct methylation method can be
recommended for all kinds of nut fatty acid analysis. Moreo-
ver, the oven temperature program used in this study can be
extended for 7 minutes to separate long-chain fatty acids such
as DHA in fish and algae.

Conclusion

The fatty acid composition of walnut samples varied based
on cultivars and locality. Major fatty acids in walnut samples
were mainly unsaturated, such as linoleic, oleic and a-lino-
lenic acids. Saturated fatty acid was present at an average of
9.42%. With this respect, walnuts are a good source of un-
saturated fats, particularly omega-3 fatty acids, and are low
in saturated fatty acids. Pecan was rich in oleic acids, nearly
similar to low-grade olive oil, and lowered the effect of
omega-6 fatty acids.

Walnut provides a significant source of a-linolenic acid re-
quired by the body, and almost consuming an average size of
3-4 walnuts is sufficient to fulfil this requirement. However,
it should not be considered a single omega 3 fatty acid source.
Along with walnuts, consuming seafood is also recom-
mended to obtain balanced omega-3 fatty acids such as EPA
and DHA since the body cannot synthesise enough EPA and
DHA from a-linolenic acid.
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oz

Yapilan ¢aligmada, son yillarda rengi ve bilesimi ile dikkat ¢eken siyah piring unu (SPU) ve siyah nohut
ununun (SNU) beyaz piring ununa (PU) alternatif olarak kullaniminin arastirilmasi ile yeni bir glutensiz
kek formiilasyonunun gelistirilmesi amaclanmigtir. Calismada kek formiilasyonunda 1:1 oranlarinda
PU:SPU, PU:SNU, SPU:SNU kullanilarak tiretilen 6rnekler tamamen PU kullanilarak {iretilen kontrol
ornegi ile kiyaslanmistir. SPU’nun ilavesi ile 6rneklerin renginin daha koyu oldugu gozlenirken, SNU
ilavesinin Orneklerin protein ve kiil miktarini 6nemli derecede arttirdifi belirlenmistir. SPU ve
SNU’nun fenolik bilesenlerce olduk¢a zengin oldugu belirlenmistir. Toplam fenolik madde miktari
kontrol 6rneginde 70.05 mg GAE/100g olarak belirlenirken PU:SPU, PU:SNU, SPU:SNU 6rneklerinde
sirastyla 114.05 mg GAE/100g, 96.18 mg GAE/100g ve 147.63 mg GAE/100g olarak belirlenmistir.
Antioksidan aktivite degerleri kontrol 6rnegi ile kiyaslandiginda sirastyla PU:SPU 6rneginde 2.2 kat,
PU:SNU 6rneginde 1.4 kat, SPU:SNU o6rneginde ise 3.0 kat daha yiiksek oldugu goriilmiistiir. Ayrica
hem SPU hem de SNU ilavesinin kek drneklerinin mineral madde miktarinda artis sagladig1 saptanmis-
tir. Tiim bu 6zelliklerinin yaninda SPU ve SNU’nun glutensiz kek formiilasyonuna ilave edilmesinin
duyusal 6zellikler agisindan kabul edilebilir oldugu belirlenmistir.

Anahtar Kelimeler: Siyah piring unu, Siyah nohut unu, Glutensiz kek

ABSTRACT
Investigation the potential use of black rice flour and black chickpea flour in gluten-free cake

This study aimed to develop a new gluten-free cake formulation by investigating the use of black rice
flour (BRF) and black chickpea flour (BCF), which have attracted attention with their color and com-
position in recent years, as an alternative to white rice flour (RF). The samples produced using RF:BRF,
RF:BCF and BRF:BCF in the cake formulation at 1:1 ratios were compared to the control sample which
was produced entirely with RF. It was observed that the addition of BRF resulted in a darker color in
the samples, while the inclusion of BCF significantly increased their protein and ash content. BRF and
BCF were found to be rich in phenolic compounds. The total phenolic content was determined to be
70.05 mgGAE/100g in the control sample, while it was found to be 114.05 mgGAE/100g, 96.18
mgGAE/100g and 147.63 mgGAE/100g in the RF:BRF, RF:BCF and BRF:BCF samples, respectively.
Antioxidant activity of the RF:BRF sample was 2.2-times higher, RF:BCF sample was 1.4-times higher
and BRF:BCF sample was 3.0-times higher than control sample. Additionally, it was found that the
addition of both BRF and BCF increased the mineral matter content of the cake samples. Besides these
properties, the inclusion of BRF and BCF to the gluten-free cake formulation was found to be acceptable
in terms of all sensory properties.

Keywords: Black rice flour, Black chickpea flour, Gluten-free cake
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Giris

(Colyak hastaligi, genetik olarak yatkin bireylerde gluten veya
diger prolaminlerin alinmasi sonucu ortaya ¢ikan immiin sis-
temin aracilik ettigi kronik bir enteropatidir. Diinya niifusu-
nun yaklasik %1’lik kisminin bu hastaliktan etkilendigi bildi-
rilmistir. Tek tedavi yontemi ise yasam boyu glutensiz gida-
larla beslenmektir. Glutensiz tiriinlerin tiretiminde genellikle
zay1f gida bilesimine sahip kaynaklar kullanilmaktadir. Bu-
nun sonucu olarak da glutensiz diyet uygulanirken bazi bes-
lenme yetersizlikleri meydana gelmektedir (Yildirim, 2020).

Tiiketicilerin saglikli beslenme konusunda bilinglenmesi ile
birlikte dogal kaynaklarla zenginlestirilmis gidalara yone-
limde artis meydana gelmistir. Literatiirdeki glutensiz {irlin
zenginlestirme ¢alismalari incelendiginde; protein, diyet lifi
ve antioksidanca zengin kaynaklarin tercih edildigi goriil-
miistiir. Baklagiller hem protein hem de diyet lifi bakimindan
zengin kaynaklar olduklar1 igin bu ¢alismalarda siklikla tercih
edilmektedirler. Bunun yaninda, antioksidan agisindan zen-
gin siyah renkli yiyecekler (siyah mercimek, siyah nohut, si-
yah piring, siyah fasulye vb.) de son donemde {izerinde ¢ali-
silan 6nemli gida kaynaklari arasinda yer almaktadir (Costan-
tini ve ark., 2021; Ozgéren Capraz, 2023; Sahan ve Ozgoren
Capraz, 2024).

Siyah renkli yiyecekler rengiyle tiiketicilerin begenisini ka-
zanirken, son yillarda saglik faydalarinin da anlagilmasi ile
birlikte oldukca fazla dikkat ¢eken kaynaklar haline gelmig-
lerdir (Ozgoren Capraz, 2023).

Siyah piring (Oryza sativa L.) dzellikle Asya iilkelerinde po-
piiler olan rengiyle dikkat ¢eken 6zel aromatik bir piringtir.
Siyah pirincin rengi tohum kabugundaki antioksidan 6zellik
gosteren antosiyaninlerden kaynaklanmaktadir. Baglica 6 an-
tosiyanin tanimlanmistir. Bunlar igerisinde en fazla bulunan-
lar siyanidin-3-glukozit (572.47 pg/g, toplamin yaklagik
%91°1) ve peonidin-3-glukozittir (29.78 pg/g; toplamin yak-
lasik %4.5'u) (Kushwaha, 2016b). Dogal antosiyanin pig-
mentleri gida lirlinlerinde renklendirici olarak kullanilmasi ve
saglik iizerine olan olumlu etkileri nedeniyle giderek daha
fazla ilgi gérmektedir (Kushwaha, 2016a). Bunlarin yaninda
siyah pirincin lisin ve triptofan gibi esansiyel amino asitleri,
demir, kalsiyum ve fosfor gibi mineralleri, Bi, B> ve folik asit
gibi vitaminleri i¢erdigi bildirilmistir (Maurya ve ark., 2022).

Nohut, Diinya’da en ¢ok tiretilen baklagiller icerisinde 2. si-
rada yer almaktadir. Ozellikle son yillarda dikkat ceken siyah

Research Article

nohut (Cicer arietinum) antosiyaninler ve karotenoidler gibi
biyoaktif bilesikler acisindan zengindir. Onemli bir protein
kaynag1 olmasinin yani sira demir, diyet lifi ve ¢oklu doyma-
mis yag asitlerini de 6nemli miktarda igermektedir (Ozgoren
Capraz, 2023).

Siyah nohut ve siyah pirincin tahil tiriinlerinde zenginlestirme
materyali olarak kullanimina iliskin siirli sayida ¢alisma bu-
lunmaktadir. Bu iki kaynagin glutensiz kek formiilasyonunda
birlikte kullanildig1 bir ¢aligmaya ise rastlanmamistir. Bu ¢a-
lismada, siyah piring unu (SPU) ve siyah nohut unu (SNU)
kullanilarak glutensiz kek 6rneklerinin iiretimi gerceklestiril-
mistir. Yalnizca beyaz piring unu (PU) kullanilarak {iretilen
glutensiz kek drnekleri ise kontrol grubu olarak sec¢ilmistir.
Uretilen 6rnekler kimyasal kompozisyon, tekstiirel dzellikler,
renk 6zellikleri ve duyusal 6zellikler bakimindan incelenmis-
tir. Bu ¢alisma ile gida bilesimince zengin yeni bir glutensiz
iriin formiilasyonunun gelistirilmesi amaglanmustir.

Materyal ve Metot

Materyal

Arastirmada kullanilan PU (Migros), SNU (Most Natura),
SPU (Most Natura), yumurta (Abal Ciftligi), seker (Safak),
tam yagh siit (Carrefour), misir yagi (Sirma), Ksantan Gam
(Katki Diinyasi1) ve kabartma tozu (Dr. Oetker) Denizli’deki
yerel marketlerden temin edilmistir.

Keklerin Uretimi

Uretilen glutensiz kek &rneklerinin formiilasyonlar1 Tablo
1’de gosterilmistir.

Formiilasyonda verilen miktarda yumurta ve seker mikserde
(Kenwood KMMO060, Ingiltere) yiiksek devirde 5 dk. karisti-
rilmistir, daha sonra musir yagi ve siit eklenip orta devirde 3
dk. karigtiritlmaya devam edilmistir. En son formiilasyolarda
belirtilen unlar, ksantan gam ve kabartma tozu da ilave edilip
yavag devirde 2 dk. daha karigtirilarak keklerin miksleri ha-
zirlanmigtir. Kek miksi teflon kaliplara 35°er g olacak sekilde
tartilip, 170°C’deki firmnda (Ozkdseoglu Is1 Sanayi ve Ticaret
A.S, Tiirkiye) 19 dk. pisirilmistir. Pisirme siiresi 6n deneme-
ler ile belirlenmistir. Analizler ger¢eklestirilinceye kadar or-
nekler agz1 kilitli posetlerde -18°C’de depolanmislardir. Ure-
tilen keklerin kesit goriintiileri Sekil 1°de gosterilmistir.
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Tablo 1. Glutensiz kek 6rneklerinin formiilasyonlari (g)

Table 1. Formulations of gluten-free cake samples (g)

Kontrol PU+SPU PU+SNU SPU+SNU

Pirin¢ Unu 100.0 50.0 50.0 -

Siyah Pirin¢ Unu - 50.0 - 50.0
Siyah Nohut Unu - - 50.0 50.0
Yumurta 78.1 78.1 78.1 78.1
Seker 58.2 58.2 58.2 58.2
Masir Yag 47.0 47.0 47.0 47.0
Siit 20.0 20.0 20.0 20.0
Kabartma Tozu 5.7 5.7 5.7 5.7
Ksantan Gam 0.3 0.3 0.3 0.3

Kontrol: %100 PU ile iiretilen kek 6rnegi, PU+SPU: %50 PU ve %50 SPU ile iiretilen kek drnegi, PU+SNU: %50 PU ve
%50 SNU ile iiretilen kek 6rnegi, SPU+SNU: %50 SPU ve %50 SNU kullanilarak iiretilen kek 6rnegi

(b) PU+SPU

(c) PU+SNU (d) SPU+SNU

Sekil 1. Kek orneklerinin kesit goriintiileri

Figure 1. Cross-sectional images of cake samples
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Metot
Genel Komposizyon

Nem tayini (AOAC metot 934.01) ve kiil tayini (AOAC me-
tot 942.05) gravimetrik yonteme gore, yag tayini Soxhlet
yontemine (AOAC metot 954.02) gore, protein tayini ise
Kjeldahl yontemine (AOAC metot 988.05) gore gergeklesti-
rilmigtir (AOAC, 1990).

Mineral Madde Analizi

Mineral madde analizinde 6rneklerden 0.5 g tartilip tizerle-
rine 10 mL HNOs; ilave edilmistir. Ardindan 280 °C’deki
mikrodalga firinda yas yakma islemi gergeklestirilmistir. Is-
lem sonrasinda filtre kagidindan (Whatman No:42) gegirile-
rek 50 mL’lik balon jojelere siiziilmiis ve {izeri saf su ile ta-
mamlanmustir. Indiiktif eslesmis plazma optik emisyon spekt-
rometresi (ICP-OES) kullanilarak, 6érneklerin P, K, Ca, Mg
ve Fe miktarlar belirlenmistir (Boss ve Fredeen, 2004).

Fenolik Madde Miktar: ve Antioksidan Aktivite Tayini

Fenolik bilesenlerin  ekstraksiyonu Ozgoren ve ark.
(2019)’nn belirttigi yonteme gore gergeklestirilmistir. Once-
likle 1 g 6giitiilmiis 6rnek tartilmis ve tizerine 10 mL metanol:
su (70/30 v/v) karigimi ilave edilerek 1 dk. homojenize edil-
mistir. Karigim 6nce 10 dk. ultrasonik su banyosunda (Elma
E60 H, Almanya), ardindan 15 dk. mekanik calkalayicida
(WiseShake SHO 1D, Almanya) tutulmustur. En son 4 °C’de
8500 devir/dk.’da 20 dk. santrifiij (Niive, NF 1200R,
Tiirkiye) edilmistir. Santriflij isleminin ardindan iist faz 25
mL’lik balon jojenin igerisinde toplanmistir. Ayni1 islemler
bir kez daha tekrarlanmistir. Son olarak balon jojede toplanan
iist fazlar 25 mL’ye metanol: su (70/30 v/v) karisimu ile ta-
mamlanarak ekstraktlar elde edilmistir.

Sonrasinda elde edilen ekstraktlardan Singleton ve ark.
(1999)’nin belirttigi Folin-Ciocalteu yontemine gore toplam
fenolik madde miktar1 belirlenmistir. Once standart kalibras-
yon egrisi ¢izdirilmistir. Bu egrinin ¢izilmesi i¢in 1:4, 1:7, 1:9
ve 1:19 oranlarinda gallik asit ¢ozeltisi: saf su kullanilarak
diliisyonlar hazirlanmistir. Bu diliisyonlardan 1’er mL alina-
rak lizerine 5 mL Folin-Ciocalteu: su ¢ozeltisi (1:10) ve 4 mL
sodyum karbonat ¢ozeltisi (75g/L) ilave edilmigtir. Elde edi-
len karigimlar vortekslenerek 2 saat oda sicakliginda karanlik
bir ortamda tutulmustur. Ayni1 iglemler drneklerden elde edi-
len ekstraktlardan 1 mL alinarak tekrarlanmistir. Siire so-
nunda standartlarin ve ekstraktlarin absorbans degerleri, 760
nm dalga boyunda spektrofotometrede (PG Instruments Ltd,
T80 UV/VIS Spektrofotometre, ingiltere) okutulmustur. So-
nuclar mg GAE/100 g kuru madde olarak verilmistir
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Ayrica Thaipong ve ark. (2006)’nin belirttigi DPPH ydnte-
mine gore antioksidan aktivite degerleri belirlenmistir. DPPH
stok ¢ozeltisi (24 mg DPPH/ 100 mL metanol) 515 nm dalga
boyunda 1.1 +£0.02 absorbans degeri elde edilecek sekilde
metanol ile karistirilarak DPPH calisma ¢ozeltisi elde edil-
mistir. Standart kalibrasyon egrisinin ¢izdirilmesi i¢in trolox
¢ozeltisizsaf su 1:1, 1:2, 1:3, 1:4 ve 1:9 oranlarinda karistiri-
larak diliisyonlar elde edilmistir. Hazirlanan diliisyonlardan
150 pL almarak tizerine 2850 uL. DPPH ¢alisma ¢ozeltisi
ilave edilmis ve 1 saat oda sicakliginda karanlik bir ortamda
bekletilmistir. Ayni islemler 6rneklerden elde edilen ekstrakt-
lardan 150 pL alinarak tekrarlanmistir. Siire sonunda stan-
dartlarin ve ekstraktlarin absorbans degerleri 550 nm dalga
boyunda spektrofotometrede (PG Instruments Ltd, T80
UV/VIS Spektrofotometre, Ingiltere) okutulmustur. Sonuglar
pmol TE/100 g kuru madde olarak verilmistir.

Fiziksel Analizler

Uretilen kek drneklerinin spesifik hacmi (¢cm?®/g) kek hacmi-
nin kek agirligina boliinmesi ile hesaplanmistir. Keklerin
hacmi, kolza tohumuyla yer degistirme esasina gore belirlen-
mistir (Celik, 2021).

Kek 6rneklerinin hacim indeksi, simetri indeksi ve tekdiizelik
indeksi degerlerinin belirlenmesi igin 6ncelikle kek drnekleri
zemine dik olacak sekilde merkezlerinden kesilmis ve mili-
metrik kagit tizerine kesilen ylizeyleri koyularak Sekil 2’de
gosterilen B, C ve D yiikseklikleri dl¢lilmistiir. Asagidaki
esitlikler kullanilarak hacim indeksi (1), simetri indeksi (2)
ve tekdiizelik indeksi (3) degerleri hesaplanmistir (AACC,
2000).

|

L -

A B C Dl e

Sekil 2. Kek 6l¢iimii i¢in kullanilan sablon
Figure 2. Template used for cake measurement
Hacim indeksi=B+C+D (1)
Simetri indeksi= 2C-B-D (2)
Tekdiizelik indeksi= B-D (3)



Research Article

Food and Health 11(1), 27-40 (2025) e https://doi.org/10.3153/FH25003

Tekstiir Profil Analizi

Tekstiir Profili Analizi (TPA), Brookfield CT3-4500 tekstiir
analiz cihazi (Brookfield Engineering Laboratories Inc.,
ABD) kullanilarak gergeklestirilmistir. Analizde 3.81 ¢m ¢a-
pinda silindir prop kullanilmigtir. Test parametreleri: on test
hizi 1 mm/s, test hiz1 1 mm/s ve sikistirma %350 olarak belir-
lenmistir. Keklerin sertlik, yapiskanlik, elastikiyet, sakizim-
silik ve cignenebilirlik 6zellikleri belirlenmistir (Sahan ve
Ozgoren Capraz, 2024).

Renk Analizi

Caligma kapsaminda kullanilan un g¢esitlerinin renkleri ve
iiretilen glutensiz keklerin i¢ ve dis renkleri (L*, a*, 5*) Hun-
terLab Mini Scan XE renk 6l¢tim cihazi (Reston, VA, ABD)
ile dl¢ililmistiir. Kontrol 6megine kiyasla iiretimi yapilan or-
neklerin renk farkliliklarinin belirlenmesi amaciyla toplam
renk degisim degerleri (AF) agagidaki esitlikten (4) hesaplan-
migtir.

AE = /(AL)? + (Aa)? + (Ab)? 4)

AL = L = 6rnek — L * kontrol
Aa = a * 0rnek — a * kontrol
Ab = b *x 6rnek — b * kontrol

Yamauchi (1989)’ nin toplam renk degisim degerleri i¢in
yaptig1 siniflandirmaya gore; AE>12 olan 6rnekler “baska bir
renk grubu” kategorisinde yer alirken, AE=6.0-12.0 olan 6r-
nekler “ayni renk grubundaki biiyiik farklilik” kategorisinde,
AE=3.0-6.0 olan 6rnekler “toplumun c¢ogu tarafindan algi-
lanabilir” kategorisinde, AE=1.5-3.0 olan &rnekler “egitim
almis panelistler tarafindan saptanabilir” kategorisinde,
AE=0.5-1.5 olan 6rnekler “insan goziiyle fark edilmesi zor”
kategorisinde, AE=0-0.5 olan &rnekler ise “iz miktardaki
fark” kategorisinde yer almistir.

Duyusal Analiz

Duyusal analiz, gidalarin ¢esitli 6zelliklerine dokunma,
tatma, koklama, gérme veya isitme duyularimin tepkilerini
olusturan ve olgen onemli bir disiplindir (Altug Onogur ve
Elmaci, 2011). Duyusal analizde panelistler kekleri i¢ renk,
dis renk, tekstiir, koku, gézenek yapisi, lezzet ve genel begeni
acisindan 7 puanlik hedonik skala (1: ¢cok kotii, 7: ¢ok iyi)
kullanarak degerlendirmistir. Panelist olarak Pamukkale Uni-
versitesi Gida Miihendisligi 6grencileri ve dgretim eleman-
lar1 katilim saglamustir. Analiz 2 tekerriir olarak gergeklesti-
rilmistir. Analize 12 erkek ve 28 kadin olmak {izere toplamda
40 yar1 egitimli panelist katilmistir. Her bir 6rnek tadimindan
sonra agiz tadinin nétrlenmesi igin su igilmesi istenmistir (Al-

tug Onogur ve Elmaci, 2011). Bunlarin yaninda her bir glu-
tensiz kek ornegi i¢in duyusal kabul edilebilirlik indeksi
(DKI) asagidaki esitlikten (5) hesaplanmigtir (Zarzycki ve
ark., 2021):

DKI = (0”) + 100 5)

7
OP: Bir 6rnek i¢in verilen genel begeni puanlarinin ortala-
mast

Istatistiksel Analiz

Tiim sonuglar SPSS 22.0 programi (IBM corp, Armonk, NY,
ABD) kullanilarak Duncan ¢oklu karsilastirma yontemi ile
o=0.05 giiven araliginda karsilastirilmistir.

Bulgular ve Tartisma
Hammaddelere Ait Analiz Sonuclar:

Uretimde kullanilan hammaddelerin (unlarmn) baz1 kimyasal
ve fiziksel 6zellikleri Tablo 2°de gosterilmistir.

Tablo 2. Hammaddelerin bazi kimyasal ve fiziksel 6zellikleri

Table 2. Some chemical and physical properties of raw materials

PU SPU SNU
Nem (%) 9.74 11.45 10.15
Protein (%)! 7.37 10.52 22.21
Kiil (%)! 0.58 0.93 2.98
Yag (%) 048 296 478
P (mg/kg)’ 1350.43 2000.36 2812.15
K (mg/kg)! 1460.24 2123.54 9143.23
Ca (mg/kg)" 200.52 25077 1700.17
Mg (mg/kg)' 32576 900.73  1429.65
Fe (mg/kg)! 3.54 13.93 55.69
TFM (mg GAE/100g)" 21.38 170.73 78.27
AA (umol TE/100g)" 636 5299  17.72
Renk Degerleri
L* 91.19 73.80 77.30
a* -1.45 0.17 0.31
b* 7.27 2.96 18.81

Sonuglar KM iizerinden verilmistir. TFM: Toplam Fenolik Madde Mik-
tar;, AA: Antioksidan Aktivite Degeri
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TS 2639 Piring unu standardi (Anonim, 2018)’na gore; pirin-
cin nem oranmin en fazla %14, protein miktarinin en az
KM’de %6, kiil miktarinin ise en ¢cok KM’de %0.7 olmasi
gerektigi  bildirilmistir. Calisma kapsaminda kullanilan
PU’nun, %9.74 nem miktarina, KM bazinda %0.58 kiil mik-
tarina ve %7.37 protein miktarina sahip oldugu ve piring unu
standardi ile uyumlu oldugu belirlenmistir.

Literatiirde SPU’nun nem miktarinin %10.64-13.01 arasinda,
protein miktarinin %8.17-10.85 arasinda, kiil miktarinin
%1.16-1.80 arasinda, yag miktarinin ise %2.15-3.41 arasinda
degistigi bildirilmistir (Dhull ve ark., 2021; Fatchiyah ve ark.,
2020; Ito ve Lacerda, 2019; Maurya ve ark., 2022). Bu ¢alig-
mada kullanilan SPU’nun nem, protein, kiil ve yag miktarinin
sirastyla %11.45, %10.52, %0.93 ve %2.96 oldugu belirlen-
mistir. Caligma kapsaminda kullanilan SPU’nun nem, pro-
tein, kiil ve yag miktarinin literatiir ile kismen uyumlu oldugu
saptanmistir. Kimyasal bilesimindeki kii¢iik farkliliklarin
cevre ve yetistirme kosullari ile iligkili olabilecegi bildiril-
mistir (Y1ldiz, 2019).

SNU iizerine yapilan ¢alismalar incelendiginde nem miktari-
nin %9.00-10.19 araliginda, kiil miktarmin %2.96-3.18 arali-
ginda, protein miktarinin ise %18.20-23.59 araliginda degis-
tigi belirlenmistir (De Pasquale ve ark., 2021; Demirkesen-
Bicak ve ark., 2018; Pasqualone ve ark., 2019; Summo ve
ark., 2019). Bu ¢alismada kullanilan SNU’nun %10.15 nem,
%2.98 kiil ve %22.21 protein icerdigi saptanmigtir. Caligma
kapsaminda kullanilan siyah nohut unu (SNU) nun nem, kiil
ve protein miktarlarinin literatiir ile uyumlu oldugu tespit
edilmistir.

Mineral madde bilesimi gevresel ve genetik faktorlere bagl
olarak degiskenlik gdsterebilmektedir (Topcu ve ark., 2014).
SNU’nun, PU ve SPU’na kiyasla daha zengin mineral madde
bilesimine sahip oldugu belirlenmistir. SNU’nun P, K, Ca,
Mg ve Fe miktarlarinin SPU’na kiyasla sirasiyla 1.4, 4.3, 6.8,
1.6 ve 4.0 kat, PU’na kiyasla ise sirasiyla 2.1, 6.3, 8.5, 4.4 ve
15.7 kat fazla oldugu saptanmstir. Literatiirdeki ¢aligmalar
incelendiginde, PU’nun mineral madde bilesimi Celik
(2021)’in yaptig1 ¢aligmada 2648.90 mg/kg P, 1750.62 mg/kg
K, 946.41 mg/kg Ca, 769.63 mg/kg Mg, 38.03 mg/kg Fe ola-
rak belirlenirken, Sahan ve Ozgoren Capraz (2024)’1n yaptig1
calismada P, K, Ca, Mg ve Fe miktarlarinin sirastyla 1339.9
mg/kg, 1357.9 mg/kg, 4.9 mg/kg, 322.3 mg/kg ve 3.4 mg/kg

Research Article

oldugu rapor edilmistir. Yapilan bir ¢calismada 5 farkli siyah
piring ¢esidi incelenmis ve Ca miktarlarinin 60.70-347.82
mg/kg, Fe miktarlarinin ise 21.35-30.30 mg/kg arasinda de-
gistigi bildirilmistir (Nashrurrokhman ve ark., 2019). Shao ve
ark. (2018)’nin yaptig1 calismada ise farkli siyah piring cesit-
lerine ait mineral madde analizi sonucunda O&rneklerin
2105.50-2791.63 mg/kg K, 1204.63-1518.13 mg/kg Mg,
10.73-12.60 mg/kg Fe icerdikleri rapor edilmistir. Yedi farkli
bolgeden alinan siyah nohutlarin mineral madde bilesimi ise
Togay ve ark. (2019) tarafindan arastirilmis ve P, K, Ca ve Fe
miktarlarinin sirasiyla 2800-4300 mg/kg, 9700-12500 mg/kg,
2800-5800 mg/kg ve 40.67-73.20 mg/kg arasinda degistigi

rapor edilmistir.

Gidalarda dogal olarak bulunan fenolik bilesiklerin saglik
faydalar1 arasinda AA’lerinin yiiksek olmasi1 da yer almakta-
dir. Bu tiir bilesikler, serbest radikallerin canli hiicrelerde ne-
den oldugu oksidasyon siireglerini engelleyerek veya yavas-
latarak, oksidatif stresle iligkili ¢esitli rahatsizliklara kars1 ko-
runmaya yardimer olmaktadir (Sahan ve Ozgoren Capraz,
2024). Yapilan ¢alismada TFM miktar1 glutensiz iiriin formii-
lasyonlarinda siklikla kullanilan PU’nda  21.38 mg
GAE/100g KM olarak belirlenirken, SPU’nda 170.73 mg
GAE/100 g KM, SNU’nda 78.27 mg GAE/100g KM olarak
belirlenmistir. Literatiirdeki daha 6nce yapilan ¢aligmalar in-
celendiginde, PU’nun TFM miktar1 Sahan ve Ozgoren Cap-
raz (2024)’mn ¢aligmasinda 23.96 mg GAE/100 g KM, Celik
(2021y’in ¢alismasinda 16.25 mg GAE/100 g KM olarak be-
lirlenmistir. Yapilan bir baska ¢alismada PU’nun TFM mik-
tar1 45.29 mg GAE/100g KM olarak belirlenirken, SPU’nun
TFM miktarinin 49.99-201.99 mg GAE/100g KM arasinda
degistigi rapor edilmistir (Hanifa ve ark., 2020). Yaver
(2022)’in yaptig1 ¢alismada SNU’nun TFM miktar1 57 mg
GAE/100g KM olarak belirlenirken, Kose ve ark. (2022)’nin
yaptig1 ¢caligmada 105.01 mg GAE/100g KM olarak belirlen-
mistir. Calismada kullanilan unlarin TFM miktarlarinin lite-
ratiir ile uyumlu oldugu goriilmiistiir.

Calisma kapsaminda iiretilen glutensiz keklerin formiilasyon-
larinda kullanilan unlarin AA degerleri de incelenmigtir. AA
degerlerinin PU’na kiyasla, SPU’nda yaklasik 8 Kkat,
SNU’nda ise yaklagik 3 kat daha yiiksek oldugu bulunmustur.
Siyah pirincin yiiksek polifenol igerigi nedeniyle beyaz pi-
rince kiyasla oldukga yliksek antioksidan aktiviteye sahip ol-
dugu literatiirde de yer almaktadir (Ali ve ark., 2023). Piring
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cesitlerinin antioksidan aktivitelerinin arastirildigi bir ¢alis-
mada, en yliksek antioksidan aktivite degerine siyah piring
cesitlerinin (0.53-1.65 mg GAE/g) sahip oldugu, en diisiik de-
gere ise beyaz piring ¢esitlerinin (0.06-0.14 mg GAE/g) sahip
oldugu rapor edilmistir (Colombo ve ark., 2023). Ayn se-
kilde siyah nohutun ozellikle renkli kabuk kisminin igerdigi
fenolik bilesenler sayesinde yiiksek antioksidan aktiviteye sa-
hip oldugu yapilan bir ¢alismada bildirilmistir (Costantin,
2021).

Glutensiz keklerin iiretiminde kullanilan unlar renk 6zellik-
leri bakimindan incelenmistir. Renk parametrelerinden biri
olan L *degeri 0 (siyah) ile 100 (beyaz) arasinda degisim gos-
termekte ve agiklik koyulugu ifade etmektedir. a* degeri kir-
mizilig1 (+a*) ve yesilligi (-a*) gosterirken, b* degeri sarilig
(+b*) ve maviligi (-b*) gostermektedir (Pal ve ark., 2019).
L* degeri en diisiik 6rnegin SPU oldugu, en yiiksek 6regin
ise PU oldugu belirlenmistir. En yiiksek +a* degerine
SNU’nun sahip oldugu, onu SPU’nun takip ettigi belirlen-
mistir. PU’nun a* degeri ise -1.45 olarak bulunmustur. En
yliksek b* degeri SNU’nda belirlenirken onu sirasiyla PU ve
SPU’nun takip ettigi saptanmustir.

Glutensiz Kek Orneklerine Ait Analiz Sonuclart

Calisma kapsaminda iiretimi gergeklestirilen kek ornekleri-
nin bazi kimyasal dzellikleri Tablo 3’te gosterilmistir. Ornek-
lerin nem miktarlarmin %20.12 ile %22.53 araliginda degi-
sim gosterdigi belirlenmigtir. SNU kullanilarak {iretilen 6r-
neklerin (PU+SNU ile SPU+SNU) digerlerine (Kontrol ile
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PU+SPU) kiyasla daha yiiksek (p<0.05) protein ve kiil mik-
tarina sahip oldugu belirlenmistir. Bu durumun SNU’nun
zengin protein ve mineral igeriginden (Tablo 2) kaynaklan-
dig1 diisiiniilmektedir. Kek drneklerinin yag miktarlar1 ise is-
tatistiksel olarak benzer (p>0.05) bulunmustur. Yapilan bir
calismada SNU kullanilarak glutensiz biskiivi iiretimi ger-
ceklestirilmistir. Biskiivi formiilasyonuna SNU ilave edil-
mesi ile drneklerin protein ve kiil miktarinin 6nemli derecede
artt1ig1 rapor edilmistir (Cubuk ve Ozgéren, 2023).

TFM miktar1 en yiiksek olan 6rnegin SPU+SNU oldugu be-
lirlenmistir. Kontrol 6rnegi ile kiyaslandiginda sadece SPU
ilave edilmis olan PU+SPU 0Orneginin %62.8 oraninda, sa-
dece SNU ilave edilmis olan PU+SNU 6rneginin ise %37.3
oraninda fazla TFM miktarina sahip oldugu belirlenmistir.
SPU+SNU o6rneginin ise kontrol érnegine kiyasla %110.7
oraninda fazla TFM miktarina sahip oldugu saptanmistir. AA
degerleri bakimindan da en yiiksek degere SPU+SNU 06rne-
ginin sahip oldugu, bu 6rnegi sirastyla PU+SPU, PU+SNU
ve kontrol 6rneginin takip ettigi goriilmiistiir. Croitoru ve ark.
(2018)’nin yaptig1 calismada, bugday ununa %0, %50 ve
%100 oranlarinda SPU ikame edilerek kek iiretimi gercekles-
tirilmistir. Toplam fenolik madde miktar1 ve antioksidan ak-
tivite degerleri tamamen bugday unuyla iiretilen kontrol 6r-
negine kiyasla, %50 oraninda SPU kullanilarak iiretilen kek
orneginde sirasiyla yaklasik 2.6 ve 3.6 kat, %100 oraninda
SPU kullanilarak iiretilen kek 6rneginde ise sirasiyla 3.5 ve
4.4 kat artis gosterdigi rapor edilmistir.

Tablo 3. Kek 6rneklerinin bazi kimyasal 6zellikleri

Table 3. Some chemical properties of cake samples

Kontrol
Nem (%) 21.64+0.372
Protein (%)* 10.72+0.16°
Kiil (%)* 2.01+0.04¢
Yag (%)* 32.61+0.86*
TFM (mg GAE/100g)* 70.05+5.12¢
AA (umol TE/100g)* 6.95+1.014

PU+SPU PU+SNU SPU+SNU
20.12+£0.57°  21.45+0.44®®  22.53+0.58*
10.79+1.04° 14.26+0.92° 14.82+0.68*
2.14+0.06¢ 2.4440.06° 2.62+0.04*
29.40+£2.112 30.64+2.23° 32.67+£1.47°
114.05£4.42°  96.18+0.42°  147.63+£2.38%
15.14+1.87° 9.98£1.69¢ 21.09+0.99*

*Sonuglar KM {izerinden verilmistir.
Ayni satirdaki farkls harfler (**+) istatistiksel olarak birbirinden farklidir (p<0.05).
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Mineral maddelerin, kemik ve dislerin gelisimi lizerinde et-
kili olmalari, hiicrelerin islevlerini yerine getirmesi igin ge-
rekli olmalari ve hiicre i¢i ve dis1 sivilarinin dengede tutulma-
sinda gorev almalar gibi 6nemli islevleri vardir (Topcu ve
ark., 2014). Glutensiz kek 6rneklerinin mineral madde kom-
pozisyonlar1 Tablo 4’de gosterilmistir. Analiz edilen tiim mi-
neral maddeler (P, K, Ca, Mg, Fe) bakimindan SPU+SNU 6r-
neginin en zengin 6rnek oldugu belirlenirken, tiim &rnekler
igerisinde en fakir mineral madde bilesimi kontrol érneginde
tespit edilmistir. SPU+SNU 06rnegi kontrol 6rnegi ile kiyas-
landiginda P, K, Ca, Mg ve Fe miktarlarinda sirasi ile yakla-
sik %16, %176, %108, %162 ve %83 oraninda artiglarin mey-
dana geldigi saptanmigtir.

Literatiirdeki ¢calismalar incelendiginde de bu ¢alisma ile ben-
zer sekilde mineral madde bakimindan zengin kaynaklarinin
kullanimu ile iiretilen kek 6rneklerinde hammaddenin mineral
madde igerigiyle benzer sekilde degisimler meydana geldigi
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gbzlenmistir. Yapilan bir ¢aligmada piring ununun %45 ora-
ninda bamya tohumu unu ile ikame edildigi glutensiz kek 6r-
neklerinde tamamen piring unu kullanilarak iiretilen kontrol
orneklerine kiyasla P, K, Ca, Mg ve Fe miktarlarinin sirasiyla
yaklagik 1.4, 3.0, 3.5, 5.9 ve 7.1 kat artig gosterdigi bildiril-
mistir (Sahan ve Ozgoren Capraz, 2024).

Spesifik hacim, birim kiitlenin hacmi olarak tanimlanmakta-
dir. Kek orneklerinin spesifik hacim degerleri Sekil 3’de gos-
terilmistir. Calisma kapsaminda tretilen kek orneklerinin

ile 2.81
(SPU+SNU) cm?/g araliginda degistigi belirlenmistir. Yapi-
lan bir ¢alismada glutensiz kek tiretiminde karpuz kabugu
tozu kullanilmas ile spesifik hacmin azaldig1 rapor edilmis-
tir. Bu durum, karpuz kabugu tozunda fazla miktarda bulunan
diyet lifinin, kek miksinde su tutmayi fazlalastirarak miksin
yogunlugunu arttirmasi ile iligskilendirmistir. Keklerde ideal
kivamin {izerine ¢ikilmasinin kabarmay1 olumsuz yonde etki-
ledigi bildirilmistir (Celik, 2021).

spesifik hacim degerlerinin 2.95 (kontrol)

Tablo 4. Kek 6rneklerinin mineral madde kompozisyonlar1 (mg/kg)

Table 4. Mineral matter composition of cake samples (mg/kg)

Mineral Ornekler
Maddeler Kontrol PU+SPU |  PU+SNU SPU+SNU
P 2885.17£20.97°  3012.27+17.35°>  3111.97+16.92°  3346.16+65.28%
K 983.62+23.17¢ 1311.72£16.57°  2492.68+10.36°  2717.12+24.20°
Ca 297.08+4.14° 486.72+18.79° 596.78+4.55% 621.83+£30.872
Mg 197.17+4.00¢ 291.62+11.86°¢ 416.274+23.01° 516.17+£22.87%
Fe 13.67+0.59¢ 18.04+1.14° 19.95+0.55° 25.01+0.48*
Ayni satirdaki farkls harfler (**-) istatistiksel olarak birbirinden farklidir (p<0.05).
3.00
2.952
2.95 2,932
2.90
2.85
2.85
2.81b
2.80
2.70
Kontrol PU+SPU PU+SNU SPU+SNU

Farkl1 harfler (*) istatistiksel olarak birbirinden farklidir (p<0.05).
Sekil 3. Kek orneklerinin spesifik hacim degerleri (cm?/g)
Figure 3. Specific volume values of cake samples (cm?/g)
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Iyi kalitedeki keklerin hacimli, simetrik ve tekdiize bir yap1
sergilemesi gerektigi bildirilmistir (Celik, 2021). Glutensiz
kek orneklerinin hacim indeksi, simetri indeksi ve tekdiizelik
indeksi Tablo 5°de gosterilmistir.

Caligma kapsaminda iiretilen kek drneklerinin hacim indeksi
degerlerinin 108.67 ile 84.50 arasinda degistigi saptanmistir.
Sadece piring unu kullanilarak iiretilen kontrol kek 6rneginin
en yiksek, SPU+SNU o6rneginin ise en diisiik hacim indeksi

degerine sahip oldugu belirlenmistir.

Simetri indeksi, keklerin yiizey profillerini belirlemek ama-
ciyla kullanilmaktadir. Bu degerin diisiik olmasi kek yiizeyi-
nin diiz bir yapida, yiiksek olmasi ise yiizeyin daha bombeli
bir yapida oldugunu gdstermektedir (Dizlek ve Altan, 2013).
Kek formiilasyonlarina SNU ilave edilmesi ile 6rneklerin si-
metri indekslerinde 6nemli seviyede azalma meydana geldigi
belirlenmistir (p<0.05).

Tekdiizelik indeksi keklerin yanal simetrisini belirlemek
amaciyla kullanilmaktadir (Celik ve ark., 2013). Keklerde
arzu edilen tekdiizelik indeksinin 0 oldugu bildirilmistir. Or-

neklerin tekdiizelik indeksi degerlerinin -0.67 ile 0.33 ara-

sinda degistigi ancak istatistiksel olarak benzer oldugu bulun-
mustur (p>0.05).

Uretilen kek &rneklerinin tekstiir analiz sonuglari Tablo 6 ‘da
gosterilmistir. Kontrol 6rnegi ile kiyaslandiginda sertlik de-
gerinin SPU+SNU o6rneginde daha ytiksek oldugu belirlen-
mistir (p<0.05). Yapigkanlik degeri en yiiksek kontrol 6rne-
ginde, en diisiik SPU+SNU 06rneginde tespit edilmistir. Elas-
tikiyet degerleri en yiliksek olan Orneklerin kontrol ve
PU+SPU 6rneginin oldugu, en diisiik ise SPU+SNU 6rnegi-
nin oldugu saptanmistir. Sakizimsilik ve ¢ignenebilirlik de-
gerleri ise tim Ornekler i¢in benzer bulunmustur (p>0.05).
Calismada kullanilan piring unu kepeksiz un olarak, SPU ve
SNU ise kavuzlari ve kabuklari ile birlikte tiim tanenin 6gii-
tiilmesi ile elde edilmistir. Bunun sonucu olarak SPU ve
SNU’nun lif igeriginin piring ununa kiryasla daha yiiksek ol-
dugu ve bu nedenle de kek drneklerinin sertlik degerinde ar-
tisa, yapigkanlik ve elastikiyet degerlerinde ise azalmaya ne-
den oldugu diisliniilmiigtiir. Yapilan ¢alismalarda da artan lif
icerigi ile birlikte glutensiz kek 6rneklerinin sertlik degerleri-
nin arttig1, yapiskanlik ve elastikiyet degerlerinin ise azaldig1
bildirilmistir (Kirbas ve ark., 2019).

Tablo 5. Hacim, Simetri ve Tekdiizelik Indeksleri

Table 5. Volume, Symmetry and Uniformity Indexes

Kek Ornegi Hacim indeksi
Kontrol 108.67+2.08*
PU+SPU 103.67+1.53°
PU+SNU 96.00+2.65°¢

SPU+SNU 84.50+2.18¢

Simetri indeksi Tekdiizelik indeksi
7.33+£1.532 -0.67+0.58
7.83+1.04% 0.17+1.442
5.00£1.00° 0.33+0.58?
4.50+0.50° 0.17+1.26%

Ayni siitundaki farkli harfler (* ) istatistiksel olarak birbirinden farklidir (p<0.05).

Tablo 6. Kek Orneklerinin tekstiirel 6zellikleri

Table 6. Texturel properties of cake samples

Parametreler Kontrol PU+SPU PU+SNU SPU+SNU
Sertlik 2396.88+326.86°  2579.19+145.40*  2929.25+318.55®  3362.62+356.92°
Yapiskanhk 0.61+0.01? 0.59+0.01% 0.57+0.07° 0.49+0.01¢
Elastikiyet 6.68+0.24% 6.64+0.04 6.34+0.17% 6.20+0.14°
Sakizimsihik 1539.63+276.172 1669.444+78.05% 1814.45+153.51¢ 1667.924+72.432
Cignenebilirlik 104.12+14.402 110.29+4.622 112.794+6.692 99.41+4.372

Ayni satirdaki farkls harfler (**+) istatistiksel olarak birbirinden farklidir (p<0.05).
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Yapilan bir ¢calismada siyah piring unu bugday ununa ikame
edilerek ekmek iiretimi gerceklestirilmistir. Siyah piring unu
ikame edilmesi ile 6rneklerin sertlik ve ¢ignenebilirlik deger-
leri artarken, yapiskanlik degerleri azalmus, elastikiyet deger-
lerinde ise bir degisim meydana gelmemistir (Pasqualone ve
ark., 2019).

Renk tiiketici tercihini etkileyen dnemli kalite kriterlerinden
biridir. Kek drneklerinin i¢ rengi icerdigi bilesenlerin renkleri
ile iliskilidir. D1s rengi ise pisirme sirasinda meydana gelen
Maillard reaksiyonlarmin ve karamelizasyonun etkisi ile
olugmaktadir (Celik, 2021).

Kek orneklerinin i¢ renk degerleri incelendiginde kontrol or-
neginin en yliksek L* degerine diger bir deyisle en agik renge
sahip oldugu ve en yiiksek b* degerine sahip oldugu tespit
edilmistir. SPU ilave edilmis 6rneklerin en koyu renge, en
yiiksek a* degerine sahip oldugu belirlenmistir.

Kek drneklerinin dig renk degerleri incelendiginde en yiiksek
L* degeri i¢ renk degerlerinde oldugu gibi kontrol érneginde
tespit edilmistir. SPU’nun baskin koyu rengi ilave edildigi
kek orneklerinin de renklerinin koyu olmasina neden olmus-
tur. En disiik L* degeri SPU ilave edilen 6rneklerde tespit
edilmistir. En yiiksek a* ve b* degerleri kontrol 6rneginde
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tespit edilirken, en diisiik a* degeri SPU ilave edilen 6rnek-
lerde, en diisiik b* degeri ise PU+SPU 6rneginde tespit edil-
mistir.

AE degeri kontrol &rnegine kiyasla drneklerin toplam renk
farkliliklarin1 géstermektedir. Hem i¢ renk degerleri hem de
dis renk degerleri i¢in hesaplanan AE degerlerinin tiim 6rnek-
ler igin 12’den biiyiik oldugu belirlenmistir. Bu nedenle tiim
orneklerin “baska bir renk grubu” seklinde tanimlanan gruba
girdigi saptanmustir.

Yapilan bir ¢caligmada biskiivi tiretiminde bugday ununa si-
yah nohut ununun ikame edilmesi ile L* degerinin azaldigi,
a* ve b* degerinin arttig1 rapor edilmistir. Bu degisimin kul-
lanilan bugday unu ve siyah nohut ununun rengi ile iliskili
oldugu bildirilmistir (Cubuk ve Ozgéren, 2023).

Uretilen kek &rneklerinin duyusal analiz sonuglar1 Sekil 4’te
gosterilmistir. Duyusal analizde koku, gézenek yapisi, tekstiir
ve lezzet parametreleri agisindan tiim Orneklerin benzer pu-
anlar aldiklar belirlenmistir (p>0.05). i¢ renk ve dis renk pu-
anlar1 en yiiksek olan 6rnegin kontrol 6rnegi oldugu ve ikinci
en yliksek puani alan PU+SNU 6rnegi ile istatistiksel olarak
benzer oldugu belirlenmistir (p>0.05). Ornekler genel begeni
parametresi agisindan incelendiginde kontrol, PU+SPU,
PU+SNU ve SPU+SNU o6rneklerinin sirasiyla 5.6, 5.2, 5.0 ve
5.4 puan aldiklar belirlenmistir.

Tablo 7. Kek 6rneklerinin i¢ ve dis renk degerleri

Table 7. Crumb and crust color values of cake samples

Kontrol PU+SPU PU+SNU SPU+SNU

L* 71.10+1.48? 30.83+1.65¢ 46.21+0.49° 28.45+1.87°

i Renk Degerleri a* 3.46+0.19° 5.69+0.28* 2.30+0.06¢ 5.53+0.09°
b* 31.59+0.07? 7.60+0.34¢ 21.34+0.12° 8.91+0.52¢

AE 46.93£2.022 26.95+1.46° 48.35+0.752

L* 66.46+1.032 41.22+0.52¢ 57.36 £1.02° 39.14+1.92¢

Dis Renk Degerleri a* 17.40+0.38* 9.11£0.75°¢ 11.49+0.78° 9.50+0.11¢
b* 45.66+0.47* 16.55+0.98¢ 35.13+0.81° 19.54+1.16¢

AE 39.43+1.39° 15.21+£1.30° 38.63+2.84°

Ayni satirdaki farkls harfler (**) istatistiksel olarak birbirinden farklidir (p<0.05).
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Sekil 4. Kek 6rneklerinin duyusal 6zellikleri

Figure 4. Sensory properties of cake samples

Bedier ve ark. (2020)’nin yaptig1 ¢alismada noodle iireti-
minde bugday ununa %5, %10, %15 ve %20 oranlarinda si-
yah pirin¢ unu ikame edilmistir. Duyusal analiz sonuglarina
gore tat, koku ve tekstiir 6zelliklerinde %10 oraninda siyah
piring unu ikame edilmis 6rnek ile kontrol 6rneginin benzer
puanlar aldiklar1 belirlenmistir. %10 oranina kadar siyah pi-
ring unu ikamesinin noodle 6rnegi i¢in kabul edilebilir oldugu
sonucuna varilmistir.

Diger 6nemli bir parametre olan duyusal kabul edilebilirlik
indeksinin %70°den fazla olmasi gerektigi bildirilmistir
(Zarzycki ve ark., 2021). Kontrol, PU+SPU, PU+SNU ve
SPU+SNU orneklerinin duyusal kabul edilebilirlik indeksle-
rinin sirasiyla %80, %74, %71 ve %77 oldugu belirlenmistir.
Tiim 6rneklerin duyusal acidan kabul edilebilir oldugu sonu-
cuna varilmigtir.

Sonuc¢

Glutensiz iiriinlerin zayif gida bilesimine sahip oldugu bilin-
mektedir. Bu galismada siyah piring unu (SPU) ve siyah no-
hut unu (SNU) kullanilarak gida bilesimi bakimindan zengin,
tiikketiciler tarafindan kabul goren glutensiz kek formiilasyon-
larinin gelistirilmesi amaglanmistir. Calisma kapsaminda be-
yaz piring ununa (PU) %50 oraninda SPU ikame edilmesi ile
PU+SPU o6rnegi, PU’ na %50 oraninda SNU ikame edilmesi
ile PU+SNU o6rnegi, %50 SPU ve %50 SNU kullanilarak
SPU+SNU o6rnegi liretilmistir. Ayrica kontrol grubu olarak
%100 PU kullanilarak iiretilen 6rnek secilmistir. SNU kulla-
nilarak tiretilen 6rneklerin (PU+SNU ile SPU+SNU) protein
ve kiil bakimindan zengin olduklari belirlenirken, SPU kulla-
nilarak tiretilen 6rneklerin (PU+SPU ile SPU+SNU) fenolik
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bilesenlerce zengin olduklar1 ve 6nemli bir antioksidan kay-
nag1 olduklar1 belirlenmistir. Mineral madde bakimindan en
zengin Ornegin SPU+SNU oldugu saptanmistir. Tekstiirel
sertlik degeri en diisiik kontrol 6rneginde, en yiiksek
SPU+SNU o6rneginde tespit edilmistir. Duyusal kabul edile-
bilirlik indeksi en yiiksek 6rnegin kontrol 6rnegi (%80) ol-
dugu onu sirastyla SPU+SNU (%77), PU+SPU (%74) ve
PU+SNU (%71) 6rneklerinin takip ettigi belirlenmistir. Tim
glutensiz kek 6rneklerinin duyusal kabul edilebilirlik indeks-
leri %70’in lizerinde oldugu i¢in duyusal acidan kabul edile-
bilir olduklar1 belirlenmistir.

Arastirmanin bulgular1 SPU ve SNU’nun glutensiz {irlinlerde
kullaniminin 6énemli bir potansiyele sahip oldugunu goster-
mektedir. Gelecekte yapilacak calismalarda, farkli glutensiz
iiriinlerde SPU ve SNU’nun kullanimi {izerine odaklanilabi-
lir. Ayrica zenginlestirilmis {iriinlerin saglik iizerine faydala-
rinin daha iyi anlasilmasi adina biyoaktif bilesenlerin biyoya-
rarlanim1 da gelecekte yapilacak olan ¢alismalar i¢in 6nemli
bir arastirma konusu olabilir.

Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar, bu yazi i¢in gercek, potansiyel veya al-
gilanan ¢ikar ¢atigmasi olmadigini beyan etmislerdir.

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
Veri erisilebilirligi: Veriler talep iizerine saglanacaktir.
Finansal destek: -

TesekKkiir: -

Aciklama: -
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ABSTRACT

Food safety is a high priority for human health. Chemical substances contaminated at different
stages can cause acute and chronic health problems. Infants are one of the essential risk groups.
Studies on endocrine disruptors are particularly important as these substances have many undesir-
able consequences for future generations, notably their impact on the reproductive system. Zeara-
lenone (ZON), produced by Fusarium fungi, is an endocrine-disrupting mycotoxin with an estro-
genic effect. Many species of fungi are localised on agricultural products such as corn, rice, and
wheat. Feeding infants in the early stages of life with plant-based formula may lead to harmful
effects of mycotoxins. We aimed to investigate whether commercially available cereal-based in-
fant formulas are contaminated with ZON. Gas Chromatography — Mass Spectrometry (GC-MS)
was used to determine ZON and metabolites. The method was developed by optimisation studies
in sample preparation. The process was accurate, selective, reproducible, and highly sensitive at
concentrations below the maximum residue level. ZON was validated using two different working
ranges (for 1st working range: 0, 5, 10, 20, 30 ng/g; 12 are 0.993, 0.995; 1.08 ng/g, LODs are 1.08,
1.01 and 1.2 ng/g; LOQs are 3.25, 3.01 and 3.62 ng/g, and 2n® working ranges: 0, 1, 2, 3, 4 ng/g;
r? are 0.996, 0.994, and 0.996; LODs are 0.20, 0.200 ng/g, 0.06 g/ng; LOQs are 0.18, 0.60 ng/g
and 0.60 g/ng for ZON, a-ZOL and B-ZOL, respectively). Cereal-based infant formulas sold retail
in the market were not contaminated with ZON and its metabolites. Infants consuming these prod-
ucts are not at risk from cereal-based formulas.

Keywords: Cereal-based formulas, Endocrine disrupters, Fusarium mycotoxin, GC-MS, Infant,
Zearalenone
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Introduction

The safety of food is one of the highest priorities for the
health of human beings. Today, producing sufficient quantity
and quality foodstuffs for the increasing world population is
one of the main issues encountered in the food sector (FAO,
2023). Chemicals used in all stages, from agricultural prac-
tices to the end of the production stage, even packaging, can
cause many health problems. In addition to chemicals that are
intentionally added to foods, such as food additives, chemi-
cals, and various contaminants that are unintentionally con-
taminated, they cause economic losses and different health
problems (Kutluay Sahin & Sahin, 2023; Rather et al., 2017).

Many pathogenic and saprophytic fungi are included in food-
stuffs as much as the conditions allow from production to
consumption. These fungi cause product losses in terms of
quality and quantity and bring significant dangers to human
and animal health with the toxins they create. Although there
are many toxic fungi in agricultural products and foods, the
important mycotoxins frequently observed in public health
worldwide are aflatoxins, ochratoxin, fumonisin, deoxyniva-
lenol, zearalenone, trichothecenes, and ergot alkaloids (Awu-
chi et al., 2021). These mycotoxins, which are much more
important for infant and child health because they are in the
high-risk group, cause tolerable adverse effects such as eme-
sis and serious adverse effects such as neural tube defects and
oesophagal cancer (Bennett & Klich, 2003). Secondary me-
tabolites of filamentous fungi are mycotoxins. They are
among the most commonly occurring contaminants. These
toxins can enter the food chain at different stages of food pro-
duction. Zearalenone (ZON) is one of more than 400 detected
mycotoxins and an estrogenic mycotoxin mainly produced by
Fusarium fungi that infect the plants in the field and cause
many diseases (Ropejko & Twaruzek, 2021). ZON was first
obtained from Fusarium-contaminated corn. ZON is particu-
larly important because it occurs before harvest, and its oc-
currence cannot be completely prevented by strategies to
minimise plant production due to weather conditions. (Thapa
etal., 2021).

Exposure to ZON is an important endocrine disrupter for an-
imals and humans due to its estrogenic effect (Song et al.,
2021). Infants and children fed with plant-derived formula
and similar food products are especially at high risk due to
low metabolic rates, body weight, and high physiologic dif-
ferences (Piacentini et al., 2019).

Due to its adverse effects and toxicities on the endocrine sys-
tem, extensive research has been conducted on the presence
of ZON in food. The European Commission (EC) has estab-
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lished maximum standards for ZON in selected food prod-
ucts. The opinion of the Scientific Panel on Contaminants in
the Food Chain of the European Food Safety Authority
(EFSA), on a request from the Commission, decided that
ZON is accepted as an undesirable substance. To assess the
extent of co-occurrence, samples should be analysed simulta-
neously for deoxynivalenol, ZON, ochratoxin, fumonisin
B1+B2 T-2 and HT-2 toxin (Commission Recommendation
2006/576/EC, 2006; Commission Regulation (EC) No.
1881/2006, 2006).

There is strong evidence that cereals and animals worldwide
are contaminated with Fusarium mycotoxins, especially
ZON. Trade in contaminated materials contributes to the
worldwide distribution of mycotoxins. As an example of
ZON contamination (average levels) of foodstuffs and animal
feeds worldwide, especially in corn and its products, ZON
levels of 0.021-1.790 mg/kg for corn products (such as corn
crops, silage, and semi-products) were observed in Germany,
0.01-11.8 mg/kg for stored corn in Hungary, 0.004-0.15
mg/kg in Italy, and up to 3.1 mg/kg in the Netherlands
(Zinedine et al., 2007). In Europe, maise is the most notable
cereal with high levels of ZON contamination compared to
the others (oats, wheat, soybean). The FAO/WHO Joint
FAO/WHO Expert Committee on Food Additives (JECFA)
has set a provisional maximum tolerable daily intake
(PMTDI) for ZON at 0.2 pg/kg body weight (European Com-
mittee, 2000).

In the present study, we aimed to examine whether ZON and
its metabolites were present in commercially available cereal-
based infant formulas. Solid Phase Extraction (SPE), a sam-
ple preparation technique, was used in optimisation studies to
find sensitive, accurate, specific detection and quantification
limits. Gas Chromatography-Mass Spectrometry (GC-MS)
was used for sample analysis. We aimed to evaluate the resi-
due status of cereal-based infant foods sold at retail in our
country regarding ZON and its metabolites and whether in-
fants and children are at risk of potentially contaminated
foods. High-performance liquid chromatography (HPLC)
and Ultra Performance Liquid Chromatography (UPLC)
methods were established to determine ZON in cereal snacks,
infant formula and noodles.

Due to the adverse effects of ZON and its metabolites in bio-
logical matrices, especially in foods, appropriate analysis
methods should check residue levels and take necessary pre-
cautions. Some analytical techniques have certain limitations.
For example, immunoassays can give potential false posi-
tives, weak signals may be obtained by Raman spectroscopy,
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and electrochemical analysis has poor selectivity. The most
widely used analysis methods for detecting ZON and its me-
tabolites from different matrices are thin layer chromatog-
raphy, GC-MS, and HPLC (with a fluorescence detector). In
our study, we decided to perform our analysis using GC-MS,
which does not have the disadvantages of the methods we
have given some examples of above.

Materials and Methods

Apparatus

GC- MS was performed on an HP 6890 Agilent Tec. 1200
series instrument (Agilent) Technologies, CA, USA) with a
UV detector. GC column- HPSMS (J&W Scien., Milan, Italy)
Milli-Q water purification system and mass analyser type —
Quadrupole were used. A 140°C oven (CA, USA) was used
for thermal degradation.

Reagents

Water — Purified in-house using the Milli-Q Integral 3 sys-
tem, Tertiary Butyl Methyl Ether -HPLC grade (Merck;
Darmstandt, Germany), Methanol- HPLC grade (Merck;
Darmstandt, Germany), Acetone- HPLC grade (Merck;
Darmstandt, Germany), Acetonitrile- HPLC grade (Merck;
Darmstandt, Germany), Isooktan- HPLC grade (Merck;
Darmstadt, Germany), BSTFA: TMCS (99:1) -N, O-Bis(tri-
methylsilyl)-trifluoroacetamide: Trimethylchlorosilane
(99:1) (Sigma-Aldrich (Steinheim, Germany), Sodium chlo-
ride -ACS grad (Merck; Darmstadt, Germany), Magnesium
sulfate - ACS grad (Sigma-Aldrich (Steinheim, Germany).

Sample Collection and Preparation

The cereal-based infant formulas to be analysed were col-
lected randomly from supermarkets and hypermarkets in dif-
ferent districts of Ankara, Turkey, with 44 samples of other
brands and serial numbers. After collecting the samples, they
were stored at -18°C until analysis. The grain contents of the
collected samples are given in Table 1. ZON-producing fungi
mostly colonise maise plants, but they also grow on crops
such as wheat, barley, sorghum, oats, millet, and rice to a
lesser extent. The toxin is also found in grain products such
as flour, malt, soy flour, and beer. In recent analyses for the
presence of ZON, its metabolites a-zearalenone (a-ZOL) and
B-zearalenone (B-ZOL) are present at low levels in corn prod-
ucts, corn silage, and soybean manure in vitro. Therefore, the
metabolites should also be considered in studies on the pres-
ence of ZON in different matrices in vitro. The samples for
which the analysis method was developed, and validation
studies were conducted were cereal-based infant formulas.
Studies conducted to determine the level of contamination

have shown that ZON can be found in the range of 0.001 and
175 mg/kg in cereals for human consumption. It is important
to investigate the presence of ZON and its metabolites in
commercial cereal-based infant formulas analysed with the
developed method since the long-term effects of endocrine
disrupting effects, especially with chronic exposure, cannot
be predicted in infants, who are in the most sensitive period
and open to all kinds of negative effects.

Table 1. Grain contents of the collected samples

Brand | Number of

Samples

Grain Contents of the product /
Quantity (g)

Cereal flours (99.5%) (Wheat, oat,
rice, millet, barley, corn, rye); cal-
cium carbonate, iron pyrophos-
phate, potassium iodide, vita-
mins/200 g

A 11

73% whole grains (52% whole
grain wheat flour, 17% whole grain
barley flour, 16% whole grain oat
flakes, 9% whole grain hulled
wheat, 6% whole grain rye flour),
16% corn flour, 10% rice granules,
vitamin B1/200 g.

Cereals (76.5%): wheat flour, hy-
drolysed wheat flour, rice flour,
ground barley, ground rye, corn
flour, sucrose, dextrose, calcium
carbonate, iron pyrophosphate, po-
tassium iodide vitamins/125 g.

Cereal flours (45%): rice, whole
wheat, oats, millet, barley, corn,
rye, wheat fibre, milled sugar, lac-
tose, milk protein, vegetable oil,
minerals, vitamins/250 g.

Gas Chromatography-Mass Spectrometry (GC-MS)

Extracts were analysed with a Hewlett-Packard (Agilent Tec.,
CA, USA) Model 6890 Series GC coupled to a 5973 mass
selective detector (MSD). Instrument control and data analy-
sis were performed using Chemstation software.

This study performed an extraction for the GC-MS technique,
which requires less matrix load, during the method optimisa-
tion stages. This study will provide direct or indirect data to
analysts who want to remove unwanted components and per-
form purification for the target substance or substances in
similar studies. The direct use of the optimised method or its
re-optimization in similar and different matrices will provide
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guidance for more sensitive and lower-limit detection studies.
In this study, 4 different commercial cereal-based infant for-
mulas were used.

In GC-MS analysis, the SIM (Selected Ion Monitoring) mode
increased sensitivity (Harvey, 2019). To optimise the extrac-
tion method, the instrument was also used in full scan
(SCAN) mode to identify and characteristically ionise ZON
and its metabolites, including non-targeted chemicals in the
sample. Agilent HPSMS (J&W Scien., Milan, Italy) 30 m,
0.25 pm film thickness, 0.25 mm diameter column containing
diphenyl dimethyl polysiloxane (5%:95%) was used. The col-
umn start temperature was 140°C, injector block temperature
230°C, transfer block temperature 250°C, ionisation type EI
(70 eV), mass analyser type quadrupole, injection type indi-
visible, and injection volume 2 pL. Helium (99.99%) was
used as carrier gas at constant flow (1.0 mL/min). The GC
temperature program is as follows: 140°C initially, hold for
7.5 min; rate 20°C/min to 300°C. Total analysis time 16 min.
(GC temperature program: start 140°C, hold 7.5 min; speed
20°C/min to 300.)

ZON and its Metabolites Reference Standards

The certified reference powder standard substances used for
recovery and calibration plot during the analysis process were
ZON (Zearalenone; F-2 toxin), CisH»Os (Sigma-Aldrich,
CAS: 17924-92-4), a-ZOL (a-Zearalenol; (2,4-Dihydroxy-6-
(60,10-dihydroxy-trans-1-undecenyl) benzoic acid p-lac-
tone), CisH240s5 (Sigma-Aldrich, CAS: 36455-72-8) and B-
ZOL (B-Zearalenol; (2,4-Dihydroxy-6-(6a,10-dihydroxy-
trans-1-undecenyl) benzoic acid p-lactone), CigH24Os
(Sigma-Aldrich, CAS: 71030-11-0).

Method Development and Optimisation

Solid-phase extraction (SPE) method was developed to deter-
mine ZON and its metabolites in GC-MS. This method deter-
mined and adapted the most suitable procedure for target an-
alytes in the matrix using organic solvents to GC-MS. The
analysis method includes several steps, and optimisation
studies were carried out for each step.

Step 1. Selection of extraction solvent

Water, acetonitrile, methanol, acetone, and tertiary butyl me-
thyl ether, as the most preferred organic solvents for the ex-
traction of analytes, were tested for the extraction of ZON and
its metabolites from solid samples, single or mixtures in dif-
ferent ratios of organic solvents (acetonitrile/water, acetoni-
trile/methanol, methanol/water) were tried. The analysis with
tertiary butyl methyl ether as an extract yielded cleaner solu-
tions than the other extract mixtures. Furthermore, its lower
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boiling point allowed it to volatilise in the sample concentra-
tor in a shorter time, resulting in a significant gain in analysis
time. To determine the volume of the extraction solvent, dif-
ferent volumes of tertiary butyl methyl ether were added to
other samples, and the volume of the supernatant after cen-
trifugation was determined.

Step 2. Extraction of analytes from the sample

During extraction from the solid phase with an organic sol-
vent, 5 g of the sample is transferred to 50 mL plastic screw-
capped propylene centrifuge tubes. 100 puL of 1 pg/mL stock
solutions of ZON, a-ZOL, and B-ZOL, 4 g magnesium sulfate
(MgS04), 1 g sodium chloride (NaCl), and 10 mL tertiary
butyl methyl ether (TBME) are added to the sample. The tube
is tightly capped, and the extractor and sample system are
placed in an ultrasonic bath for 1 minute and then vortex-
mixed for 1 minute. The optimum TBME volume for the
analysis was determined based on optimisation studies. To
assess the TBME volume, 5 mL, 6 mL, 8 mL, and 10 mL
were tried, respectively, and it was observed that the volu-
metric recovery in the most stable upper phase was at 10 mL.
As aresult of the experiments, when 10 mL TBME was added
to different samples, 8 mL was recovered. If more than 10 mL
of TBME was added to the sample, the experiments were ter-
minated because of intense matrix migration from the sample
to the medium.

After vortex mixing, the system was centrifuged at 3500 rpm
for 10 minutes. In the study to determine the centrifugation
time, 5, 10, and 15 minutes were tried, and it was observed
that TBME was separated from the solid phase most clearly
and in a stable volume at 10 minutes, while no change was
observed at 15 minutes. The 8 mL of TBME collected in the
supernatant after centrifugation was taken into a 10 mL glass
centrifuge tube with a screw cap using a Pasteur pipette and
completely evaporated in a sample concentrator under nitro-
gen gas at 55°C.

Step 3. Solid Phase Extraction (SPE)-C18 column

To pass the dissolved and dry residues from the sample
through the C18 column, 5 mL of 40:60 ratio of methanol:
water is placed in a glass centrifuge tube and in an ultrasonic
bath for 1 minute. The ultrasonic bath is aimed to quickly dis-
solve the residues adhered to the wall of the glass tube, which
is difficult to dissolve with a vortex. After this process, vortex
for 1 minute to dissolve all the free substances in the tube. In
the next step, the 40:60 ratio of methanol: water to dissolve
the dry residues in the tube and pass through the C18 column
was replaced by n-hexane solvent, an oil solvent to remove
oil and oil-like matrices. In the process of removing the oils
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with n-hexane added to the extracts containing 30:70, 40:60,
and 50:50 methanol: water for solvent, it was observed that
the n-hexane phase in the upper part was not completely sep-
arated from the lower phase containing the solution at 30:70
and 50:50 methanol: water ratios, and a cloudy, suspended
image was observed between the phases. 5 mL of 40:60 meth-
anol: water containing homogeneously dissolved matrix and
components was filtered through a 0.45 pm nylon filter under
vacuum in preparation for the C18 column step. This was
done to ensure that the particles from the matrix in the me-
dium did not clog the pores of the C18 cartridge and interfere
with the flow under atmospheric pressure, which was pre-
ferred to ensure sufficient interaction of the solution with the
adsorbent and to avoid loss of analyte. In addition, the loss of
sensitivity due to contamination in the GC/MS and, therefore,
in the chromatograms was prevented by passing through the
pores and being carried to the following stages.

Step 4. SPE amino column (NH2)

It was decided to use an amino-containing column since the
sample was rich in carbohydrates; the SPE NH2 column was
first conditioned with 5 mL 80: 20 acetone: methanol. The 5
mL of 80:20 acetone: methanol eluate obtained from the C18
column in the previous step was collected by passing through
the NH2 column under atmospheric pressure and wholly
evaporated in a sample concentrator with nitrogen gas at
55°C. 400 mL of methanol is added to the dry residue at the
bottom of the tube, vortex to dissolve and transfer to the deri-
vatisation vial. The solution in the derivatisation vial is evap-
orated in the sample concentrator at 55°C with nitrogen gas
until it becomes a dry residue.

Step 5. Derivatisation

100 pL of N, O-Bis(trimethylsilyl)-trifluoroacetamide: Tri-
methylchlorosilane (BSTFA: TMCS; 99:1) was added to the
dry residue from the elution and vortexed for 1 minute. It was
put at 60°C for 60 minutes to ensure that ZON and its metab-
olites have required thermal stability and volatility for GC.
The solution is evaporated again in a sample concentrator un-
der nitrogen gas at 55°C. 25 pL of isooctane is added to the
dry residue in the vial and kept in an ultrasonic bath. It is
transferred to the insert vial and injected into the GC/MS.

The effect of derivatisation temperature and time on the deri-
vatisation yield was optimised by keeping each experiment at
four different conditions, namely, at 60°C for 30 min, 60°C
for 60 min, 90°C for 30 min, and 90°C for 60 min in 2 repli-
cates. Among these conditions which are the same tempera-
ture and different times), the derivatisation at 90°C for 30 min
and 90°C for 60 min caused suppression of analytes, high

noise, unidentified peaks, and decreased total ion area in the
chromatogram. These conditions are, therefore, excluded
from use.

Results and Discussion

To determine the retention times and characteristic ions of
ZON, a-ZOL, and B-ZOL, pure reference standards of the an-
alytes were derivatised with BSTFA: TMCS (99:1) and ana-
lysed on GC/MS in SCAN mode. Characteristic m/z values
were selected for each analyte based on the analysis result.
The abundance of diagnostic ions was estimated from the
height of the extracted ion chromatograms. In the analyses
performed after this stage, the SIM mode created according
to the selected m/z values was used to increase the sensitivity.
Comparison of the chromatograms of the analytes obtained
in both SCAN and SIM modes showed that the characteristic
ions overlapped and that these values were in agreement with
studies in the literature and with the National Institute of
Standards and Technology's (NIST) data from the spectral li-
brary on the instrument. When identifying diagnostic ions,
only diagnostic ions with a relative intensity greater than 10%
in the spectra of pure reference standards were selected, as
the mass spectrometric determination is carried out by the re-
cording of full scan spectra in the GC-MS. The signal/noise
ratio of all diagnostic ions must be at least 3:1. Level of inter-
est for validation of blank (blind) cereal-based infant formula
samples;

i)  samples extracted by adding ZON, a-ZOL and -ZOL at
five ng/mg and 10 ng/mg levels,

ii) blank (blind) samples prepared by adding ZON, a-ZOL
and B-ZOL at five ng/mg and 10 ng/mg levels (matrix
added standards), and

iii) pure standards of analytes prepared at 5 ng/mg and 10
ng/mg working levels were analysed in selected ion
monitoring mode (SIM) in GC-MS under the same con-
ditions.

Since the matrix-matched calibration method was used in the
validations, matrix-enhanced standards were included in the
studies to investigate the performance criteria of the analyti-
cal method. After this study, it was observed that the retention
times of ZON, a-ZOL, and B-ZOL in the extract corre-
sponded to the calibration standards, matrix-enhanced stand-
ards with a tolerance of = 0.1 min. The acceptance criteria of
the ion ratios of the analytes for GC-MS were checked ac-
cording to Directive 2002/657/EC Implementing Council Di-
rective 96/23/EC on "Performance of Analytical Methods and
Interpretation of Results", Procedures for Analytical Quality
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Control and Method Validation for the Analysis of Pesticide
Residues in Food and Feed (SANTE/11312/2021) and Regu-
lation 2021/808/EU. The ion ratios of ZON, a-ZOL, and f3-
ZOL obtained by the recovery route agreed with the ion ratios
of the matrix-enhanced standards measured under the same
conditions. They met the tolerance limits defined for GC-MS
in the above-mentioned documents. (Commission Decision,
2002; Guidance SANTE 11312/2021, 2021; Commission Im-
plementing Regulation (EU) 2021/808, 2021). Retention
times and characteristic ions of ZON, a-ZOL, and -ZOL are
given in Table 2.

In the derivatisation of ZON, its metabolites (0-ZOL and 3
ZOL) have a potential silylation site containing three hy-
droxyl groups. ZON has a carbonyl group with a hydrogen
atom in the a position and two hydroxyl groups. The presence
of molecular ions electron impact (EI) (M+-) leads to the for-
mation of ZON-2TMS, a-ZOL-3TMS, and  ZOL-3TMS
derivatisation products, respectively. ZON and its metabo-
lites are converted into trimethylsilyl (3-TMS) ethers by re-
placing all active hydrogen atoms with the TMS group. As a
result of the optimisation studies for derivation, after each
condition was repeated four times most accurate and sensitive
derivatisation time and temperature (60 min and 60°C) were
decided (Figure 1). After this optimisation, the GC/MS data
were stable, and the chromatogram results were similar for
ZON and its metabolites in the matrix medium.

Application and Validation of the Method to Samples

Method validation studies aim to demonstrate the suitability
of an analytical procedure for the desired purpose. Reproduc-
ibility studies were performed for the method in two different
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periods. For this purpose, two separate working ranges (i. 0,
5,10, 20,30 ng/g and ii. 0, 1, 2, 3, 4 ng/g) were validated for
ZON, a-ZOL, and B-ZOL, respectively.

Specificity

Specificity is the method's ability to measure only the analyte
of interest without interfering with other sample components.
The chromatograms of the blank (blind) cereal-based infant
formula sample and cereal-based infant formula, in which
ZON and its metabolites were compared, were used to assess
the specificity of the method. We did not observe any peaks
that could be evidence of contamination in the blank cereal-
based infant formula samples at the retention times of the an-
alytes, thus demonstrating the specificity of the method.

Linearity

ZON, 0-ZOL, and B-ZOL standards were added at four dif-
ferent concentrations (and blank; 5 points) to the analytes-
free cereal-based infant formula samples to find the linear
working range of the method. The linearity study with cereal-
based infant formulas to which blank and standards (ZON, a-
ZOL, and B-ZOL) were added was performed using matrix-
matched calibration. Two different working ranges (i.0, 5, 10,
20,30 ng/gand ii.0, 1, 2, 3, 4 ng/g) were used. Determination
coefficients (r?) for ZON, a-ZOL, and B-ZOL for each two
working ranges are 0.993, 0.995, and 0.993 for the first work-
ing range (i) and 0.996, 0.994, and 0.996 for the 2™ working
range (ii) respectively.
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Figure 1. Effect of derivatisation temperature on derivatisation efficiency (Silylation agent BSTFA: TMCS (99:1), 60°C, 60 min.).
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Figure 2. a. Chromatogram of blank cereal-based infant formula sample. b. Chromatogram of the cereal-based infant formula
sample to which ZON, a-ZOL, and B-ZOL standards were added (spiked sample).

Accuracy, Recovery, and Precision

ZON, a-ZOL, and B-ZOL at three different concentrations (5,
10, 20 ng/g) were added to blank cereal-based infant formula
samples. Six parallel studies were performed in 2 different
periods. Mean recovery, average % recoveries, and precision
values were calculated from repeatability studies. The same
studies and calculations were performed for ZON, o-ZOL,
and B-ZOL concentrations of 1, 2, and 3 ng/g (Table 3).

Limit of Detection (LOD) and Limit of Quantification
(LOQ)

Validation was performed under the same conditions as in the
method optimisation studies, i.e., for the linear working range
of 0, 5, 10, 20, and 30 ng/g, including the maximum residue
limit (MRL) with the existing column and linear. After the
successful results were obtained, the method was validated
within the linear working range of 0, 1, 2, 3, and 4 ng/g by

using a new (never used) column and liner, which are the fac-
tors affecting the separation in GC-MS. The Limit of Observ-
ability (LOD; Low observed detection, limit of detection) and
Lower limit of detection (LOQ) for the studies were deter-
mined according to the calculation method using the param-
eters of the analytical curve, i.e. linear regression method
(ICH, 2005; Ribani et al., 2007; Topagi et al., 2010). In both
validation studies, 12 replicate analyses were performed sep-
arately for each working level in the linear working ranges,
and a linear calibration curve was drawn with recovery values
against all points in the linear working range.

LOD and LOQ values were determined from the following
equations.

LOD=3,30/S LOQ=10o/S

o= The standard deviation of the response

(Standard deviation of the y-intercept of the regression line.)
S = The slope of the calibration curve
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Figure 3. a. Chromatogram of a cereal-based infant formula sample (SIM mode); b. Chromatogram of ZON in the cereal-
based infant formula sample (SIM mode); ¢. Chromatogram of a-ZOL in the cereal-based infant formula sample (SIM mode);
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Table 2. Retention times and ions of ZON, a-ZOL, and B-ZOL (m/z)

Analyte Retention Time Molecular Characteristic ions Quantitation ion(s)
(Mean = SD) weight (m/z) (m/z)
ZON-2TMS 10.31£0.01 318 305, 333, 429, 462 333
0-ZOL-3TMS 10.44+0.01 320 361, 433, 446, 536 446
B-ZOL-3TMS 10.57+0.01 320 333, 361, 446, 536 333

TMS: Trimethylsilyl derivatives

Table 3. Average recovery, average % recoveries, the limit of repeatability (r), and relative repeatability standard deviation
(% RSDr) data for cereal-based infant formulas (ZON, a-ZOL, and B-ZOL added).

Average Recovery (ng/mg) Average % Recoveries Precision
Relative
Added Concentration First Second First Second Limit of repeatability
(ng/mg) Repeatability Repeatability Repeatability Repeatability Repeatability standard
(r) deviation RSDr
(%)

ZON

5 (n=6) 4.32 3.92 86.48 78.38 0.71 5.87
10 (n=6) 9.36 9.62 93.61 96.21 0.47 1.79
20 (n=6) 20.71 21.09 103,55 105.45 0.26 0.45

1 (n=6) 0.97 1.01 97.00 101.00 0.02 0.74

2 (n=6) 1.86 1.94 93.00 97.00 0.03 0.58

3 (n=6) 2.89 2.85 96.30 95.00 0.02 0.25
0-ZOL

5 (n=6) 4.68 4.82 93,61 96,40 0.37 2.82
10 (n=6) 9.62 9.65 96,20 96,50 0.40 1.49
20 (n=6) 20.02 19.80 100.11 99.00 0,12 0.21

1 (n=6) 0.96 0.99 95.57 99.23 0.03 1.12

2 (n=6) 2.03 1.87 101.57 93.63 0.06 1.06

3 (n=6) 3.04 3.12 101.28 103.93 0.02 0.23
B-ZOL

5 (n=6) 4.42 4.56 88.40 91.20 0.35 2.83
10 (n=6) 9.54 9.48 95.40 94.80 0.38 1.42
20 (n=6) 19.52 19.70 97.60 98.50 0.18 0.33

1 (n=6) 0.99 0.95 99.00 94.48 0.01 0.36

2 (n=6) 2.09 1.86 104.70 92.87 0.03 0.51

3 (n=6) 2.83 2.66 94.23 88.77 0.02 0.25

n: Number of repetitions
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The accuracy of the LOD and LOQ values determined ac-
cording to the calculation method using the parameters of the
analytical curve was checked by performing recovery studies.
For the working range of 0, 5, 10, 20, and 30 ng/g, the detec-
tion limit (LOD) of ZON was found to be 1.08 ng/g, 1.01 ng/g
for a-ZOL and 1.2 ng/g for B-ZOL. For the working range 0,
1,2, 3,4 ng/g, the ZON detection limit was 0.20 ng/g, a-ZOL
0.20 ng/g, B-ZOL 0.06 ng/g. As a result of calculations using
the parameters of the analytical curve, for the working range
of 0,5, 10, 20, and 30 ng/g, the limit of detection of ZON was
found to be 3.25 ng/g, a-ZOL 3.01 ng/g, B-ZOL 3.62 ng/g.
For the working range 0, 1, 2, 3, 4 ng/g, the ZON's determi-
nation limit was 0.60 ng/g, a-ZOL 0.60 ng/g, B-ZOL 0.18

ng/g.
Evaluating the Results of Cereal-Based Infant Formulas

Validation studies of the developed method were performed
for 0, 5, 10, 20, and 30 ng/g and 0, 1, 2, 3, and 4 ng/g working
ranges. Parameters of specificity, linearity, accuracy, preci-
sion, recovery, LOD, and LOQ were examined. Since there
is no guideline for validating the analytes whose contamina-
tion levels were investigated in cereal-based infant formulas,
the method in the internationally accepted guideline ICH
Q2(R1)2 was followed (ICH, 2005). In addition, in the recov-
ery study carried out by enrichment of the samples, the cal-
culation was made according to the "ISO 5725" standard for
the accuracy and precision of the measurement methods and
results (ISO 5725-1:2023 (en), 2023). The chromatogram of
each cereal-based infant formula sample was measured
against two different calibration levels at both working inter-
vals (1st and 2nd working intervals). As a result, ZON and
metabolites were not detected in any of the cereal-based in-
fant formula samples at both calibration intervals at the LOD.
In order to check whether the instrument was receiving a sig-
nal, but not quantitatively at the LOD, all fragment ions of
each sample ZON, a-ZOL, and B-ZOL were input into the
instrument software and checked for possible contamination
by SIM scanning. No fragment ions of ZON and its metabo-
lites were detected in any cereal-based infant formula sam-
ples; therefore, no signal was detected. Figure 4-7 shows the
chromatogram of a cereal-based infant formula sample and
ZON, a-ZOL, and 3-ZOL in the cereal-based infant formula
samples (SIM mode).

During the optimisation of the analysis steps and method val-
idation studies, approximately 16 samples from 4 companies
were kept under unstable conditions in room conditions.
Some were analysed for control purposes after their expiry
dates had passed. No residues of ZON and its metabolites
were found in the analysis of the samples kept under unstable
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conditions (temperature, humidity, etc.), under the influence
of environmental stress, in spring, summer, and autumn cli-
matic conditions. This result suggests that when the sample
packages were opened, they were not contaminated with
ZON and its metabolites, and even if they were, the analytes
degraded over time under environmental conditions or the en-
vironmental conditions did not contain parameters that pro-
mote fungal growth. Figure 8-11 shows the chromatogram of
a cereal-based infant formula sample and ZON, 0-ZOL, and
B-ZOL in the cereal-based infant formula sample stored un-
der unstable conditions (temperature, humidity, etc.) (SIM
mode).

People need basic nutrients to maintain their lives. In addition
to the benefits of these basic nutrients that ensure the conti-
nuity of life, they can also contain many chemicals or toxic
substances that adversely affect health. Basic food sources
such as grains and grain feed are food or raw materials that
are candidates for various adverse events at each stage, from
planting in the field to storage on the shelves. Fungi, formed
due to the natural flora in the field or the subsequent condi-
tions that allow them to reproduce, are the main factors in
forming undesirable contaminants in such plants. After the
fungi settle on the plant as phytoparasites, they release many
different mycotoxins into the environment during their meta-
bolic activities. One of these mycotoxins produced by
Fusarium fungi is ZON. ZON mimics or replaces estrogen in
the organism after exposure to plant sources, causing many
adverse effects on the hormonal system and, thus, on target
organs and tissues (Ekwomadu et al., 2021).

Contamination of cereal-based infant formulas with ZON and
its derivatives may cause many hormonal/toxic effects on in-
fant and child health (Mostrom, 2011). Detection of these
substances, which can be found as undesired contaminants in
foods with high sensitivity, is essential in predicting adverse
effects and minimising the risk as much as possible. ZON has
low acute toxicity and carcinogenicity. However, most ani-
mal clinical symptoms are associated with ZON's estrogenic
and anabolic properties (D61l & Danicke, 2022).

The pig organism is physiologically similar to the human or-
ganism. Therefore, the potential adverse effects of ZON ex-
posure in pigs are helpful for pathologic and physiologic
comparison with humans (Fischer & Schnieke, 2022).

Tiemann and Danicke (2007) investigated the effects of ZON
and deoxynivalenol, a ZON metabolite, on various non-re-
productive and reproductive organs in female pigs. 22 mg
ZON kg(-1) in the diet causes uterine-like changes in the re-
productive system of pigs and affects follicular and embryo
development. ZON and its metabolites have been shown to
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have competitive binding to estrogen receptors in vitro. Feed-
ing pigs a 9 mg DON kg(-1)-contaminated diet may impact
protein synthesis and humoral and cellular immune responses
and affect liver and spleen cell structures. It has been ob-
served to cause reproductive changes in pigs. In vivo and in
vitro exposure to DON reduced oocyte and embryo develop-
ment. In pigs fed wheat contaminated with high concentra-
tions of Fusarium toxin, there is evidence of spleen and liver
dysfunction without clinical signs (Tiemann & Dinicke,
2007). Since ZON has an estrogen-like structure, it binds to
various estrogen receptors (ERs). Reproductive toxicity,
which leads to reproductive disorders in animals, is one of the
major toxic effects observed with ZON; several acute toxicity
studies have given oral LD50s of ZEA above 2000, 4000, and
5000 mg/kg bw in mice, rats, and Guinea pigs, respectively.
Reproductive toxicity, hepatotoxicity, genotoxicity, carcino-
genicity, and immunotoxicity were observed with ZON ex-
posure (Han et al., 2022).

Humidity above 20% is favourable for ZEN production by
fungi, and temperature is between 20 and 25°C for three
weeks. Countries with hot and rainy climates can produce
high levels of ZEN in feedstuffs (Dogan and Dal, 2022). Con-
taminated food and feed remediation strategies using chemi-
cal, physical, and biological methods to reduce or eliminate
the toxic effects of ZON are essential to improve food safety
and prevent economic losses and recalls of contaminated
foods (Wu et al., 2021).

The SPE method is widely used in different matrices for bio-
logical compounds and other components. In recent years,
liquid-liquid extraction, etc., has also been used. However,
the SPE technique has many advantages, such as being more
selective in complex biological matrices, allowing the detec-
tion of much lower levels of analytes, separating different
compounds or chemicals in the same matrix environment,
and obtaining much cleaner extracts (Apfell et al., 2021). Us-
ing liquid-liquid extraction instead of SPE to analyse samples
with complex matrices, such as cereal-based infant formula
samples, will result in instrument working costs (full col-
umns, autosampler injector, ion source, etc.) as the dense ma-
trix will be injected directly into the instrument. In addition,
simultaneous analyses will cause deviations in the evaluation
and comparison of samples injected into the instrument with
similar methods and in the drawing of calibration curves. The
SPE technique has always been preferred by analysts for sus-
tainable accuracy and reproducibility, especially in instru-
ments such as GC and GC-MS, where sensitivity is adversely
affected by various impurities.

In the present study, different steps of the existing SPE meth-
ods were optimised with modifications at specific critical
points, and the most suitable technique was adapted to GC-
MS. The GC-MS method evolved due to optimisation stud-
ies, and the limit of determination was based on two different
calibration curves. In the selection of broad-range calibration
levels, the calibration curve moved away from the origin, dis-
crepancies were observed between the lower and upper cali-
bration points, and two different calibration ranges (one for
quantities less than five ng/g and the second for five>ng/g)
were decided in order for the results to be close to the actual
values and the calibration curve to approach the origin. The
advantage of the optimised method is that the limits of detec-
tion and determination are much lower than in many other
studies. The results of our analysis and similar studies in pre-
viously published studies (extraction methods, techniques
used, LOD, and LOQ) are presented in Table 4.

In our study, LOD was obtained by the MRL demanded by
many countries, especially the EU, and especially the MRL
permitted by the Turkish Food Codex (Communiqué on Max-
imum Residue Limits of Contaminants in Foodstuffs (Com-
muniqué No: 2008/26), even at lower levels. As a result of
the different infant formula samples analysed, no level that
could be evidence of residue was detected, even at the diag-
nostic limit.

The fact that the analysed cereal-based infant formula sam-
ples were not contaminated with ZON and its metabolites
does not mean that all similar samples are the same. For this
reason, our study is tabulated for comparison with other stud-
ies involving similar products, similar methods, optimisation
studies, survey studies, and market studies (Table 4).

The reasons for not detecting contamination in our samples
and some other studies (Table 4 )include the selection of
quality raw materials, keeping the product in an environment
with minimal superficial deformations that will allow the
growth of fungi, washing the product in order to remove con-
taminants that may cause uniformity in terms of taste and pos-
sible health problems, separation of the shell part, many dif-
ferent processes to ensure the uniformity of the packages,
physical and chemical (inert sorbents) processes to remove
contaminants. In addition, as is well known, fungi are aerobic
organisms and require oxygen to continue their vitality. If
commercial products are packaged in an airtight manner, the
maintenance of viability will not be ensured even if contami-
nated with the fungus that causes mycotoxin growth. Moreo-
ver, consideration should be taken into account, especially for
maise and its products, which are the most likely to be con-
taminated with ZON and its metabolites and do not contain
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corn alone. Still, they were included in a homogeneous mix-
ture with other cereals and grain feeds. For this reason, the
unit amount analysed reduces the possibility of the sample
being contaminated or makes it difficult to determine the pos-
sible contamination level by remaining below the LOD and
LOQ.

When evaluating the positive results observed in similar stud-
ies, the most critical parameter enabling mycotoxin develop-
ment is the climate zone of the country where the products
are grown or supplied. The absence of a positive result in the
samples may have been because the raw materials were de-
veloped in places with a continental climate, the post-harvest
humidity of the product was not in an environment that pro-
motes fungal growth, or the regional flora from which the raw
material was sourced did not contain ZON-producing
Fusarium fungi.

In this study, the LOD for ZON was 0.20 ng/g, and the LOQ
was 0.6 ng/g. The LOD for ZON is slightly above the TDI
(0.25 pg/kg body weight day) (EFSA, 2014) and a provi-
sional maximum tolerable daily intake (PMTDI; 0.5 pg/kg
body weight day). In the analytical evaluation, all four frag-
ment ions of ZON should be detected at the LOQ. In the an-
alyzed samples, no ions belonging to ZON were detected in
the fragment ion controls made by the software. In addition,
the LOD for B-ZOL was determined as 0.06 ng/g below TDI
and PMTDI (1-2 ng/ g) (JECFA, 2000). Since ZON and its
other metabolite a-ZOL can be expected to be present in the
environment where B-ZOL is present, it constituted a support-
ing basis.

In light of this information, it is concluded that the analysed
samples are predicted to be free of contaminants at the TDI
value and that no estrogenic effect due to ZON would be ob-
served if consumed.

There are several studies in which ZON in flour, feed and ce-
reals were measured by GC-MS and HPLC methods (Liao et
al., 2009; Luo et al., 2022; Pascari et al., 2023). Advantages
and disadvantages of the detection method developed in this
paper compared to previous detection methods: The limits of
detection (LOD) of ZON, a-ZOL, and B-ZOL were found to
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be 0.2 ng/g, 0.2 ng/g, 0.06 ng/g, respectively, and when com-
pared with different previous studies (Table 4), these LOD
values were lower. Therefore, the method we developed is
more sensitive for analysing related substances. Although the
MRL for ZON in infant formula is set at 20 ng/g, the long-
term consequences of lower levels of low toxic/endocrine-
disrupting effects with chronic exposure are not fully known.
In addition, given that ZON has been identified as an endo-
crine disruptor with its estrogenic effect and that infants, es-
pecially in the high-risk group, will also be exposed to estro-
genic effects from various other sources (xenoestrogens), it is
very important to avoid risks by providing awareness of the
danger related to the long-term negative effects of the cumu-
lative, plus effect that may occur in the organism. For this
reason, developing a highly sensitive method to analyse
ZON, 0-ZOL, and B-ZOL at levels lower than the MRL value
is necessary and useful for studies to be carried out in this
direction. In the GC-MS method developed by method opti-
misation, the derivatisation process required to analyse these
substances and the extra steps and procedures to eliminate the
matrix effect and remove unwanted components and sub-
stances (clean-up) are considered a disadvantage. Still, the
developed method is superior to other methods because it
provides a diagnosis at lower limits. GC-MS, one of the mass
spectrophotometric measurement techniques, provides quali-
tative and quantitative verification of substances. However,
only qualitative and quantitative screening of substances can
be performed with HPLC and UPLC techniques. Mass spec-
trometric devices are needed to confirm suspected positive
and positive results obtained from HPLC and UPLC system:s.
Therefore, our method, performed with GC-MS, can be used
as a direct qualitative and quantitative confirmation method.
Each of the commercial forms analysed contained different
ingredients with different contents and ratios, and the devel-
oped and optimised extraction method enabled the analysis of
all these different infant formulas with a single method. The
derivatisation process used in the GC-MS technique has also
made the substances quantitatively analysable at lower limits,
increasing the possibility of more sensitive detection of sub-
stances compared to HPLC techniques. The study carried out
can be a guide for toxicology science, especially in low-toxic
effect research.
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Table 4. The results of our study and similar studies in previous published studies
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Matrice Extraction Cleanup  Instrument (ng/g)
ZON Maize, millets ACN.H,O MycoSep LC-APCI-MS 0.3-3.8 - (33)
ZON Wheat flour ACN.H,O MycoSep LC-ESI-MS 10 - (34)
Oasis
. ACN.H,O
ZON Grain MeOH. H,0 HLB, IAC, HPLC 0.5 (35
MycoSep
) . LC-fluorescence
ZON Cereal-based infant formulas MeOH:ACN: SPE, Cis, detector 2.5 3 (36)
H20 IAC
UV spectrometry
ZON Baby food, breakfast cereals, ACN.H;0 IAC HPLC 0.65 1.95 37)
snack corn, bread
Baby food, pasta for soup, HPLC 4 2.5
ZON corn-based snack ACN.H:0 IAC UPLC 8.1-10 8.0-9.2 (38)
white flour, mixed flour, corn ACN.H;O
ZON flour, baby food MeOH. H,0 IAC LC-FD 3.75 12.5 (39)
ZON Unpopped popcorn ACN SPE, Cis GC-MS 16 48 (40)
ZON . 2-6
-ZOL Cereals and swine feed MeOH: ACN IAC LC-FLD 36 - (41)
: GC-QqQ-
ZON Semolina ACN SPE, Cis MS/MS - <10 (42)
ZON Whet, rice, cor-based ACNH0 | SPE,Cis GC-MS - 10 (43)
infant formula
ZON 1.5 5
a-ZOL Cereal-based infant formula ACN: MeOH LLE LC-MS/MS 1.5 5 (44)
B-ZOL 2 2.5
ZON Milk-based cereal infant ACN:H20 IAC LC-MS/MS 1.33 4 (45)
formula
0.20 and 0.6 and
ZON 1.08 3.25 The present
. TBME; 0.20 and 0.6 and study
a-ZOL Cereal-based infant formula MeOH-H20 SPE, Cis GC-MS 101 3.03 (2 working
0.06 and 0.12 and conditions)
p-ZOL 1.2 3.06

Immunoaffinity column, IAC; Acenonitrile: ACN, MeOH, Methylalcohol, TBME; Methyl tert-butyl ether; LC-APCI-MS; Liquid Chroma-
tography- Atmospheric Pressure Chemical Ionization-Mass Spectrometry, LC-ESI-MS; Liquid Chromatography-Electrospray-lonization-
Mass Spectrometry HPLC; High-Performance Liquid Tandem Mass Spectrometry, UPLC; Ultra Performance Liquid Chromatography,

LC-FD; Liquid Chromatography-Fluorescence Detection, GC-MS; Gas Chromatography-Tandem Mass Spectrometry.
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Conclusion

In conclusion, by optimising the method for the analysis of
ZON and its metabolites a-ZOL and B-ZOL in cereal-based
infant formula, it was shown that the method developed was
precise, accurate, selective, reproducible, and highly sensi-
tive at concentrations lower than the maximum residue level.
According to the results obtained from the analysed samples,
it was determined that cereal-based infant formulas sold retail
in the market are not contaminated with Zearalenone and its
metabolites. It has been shown that infants and children con-
suming these products are not at risk from cereal-based for-
mula.
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ABSTRACT

In this study, a series of trial experiments were carried out to determine the optimal extraction
parameter ranges for betalains, phenolic compounds, and antioxidants from amaranth (4maran-
thus caudatus L.) flowers during the vacuum-microwave extraction (VMAE). VMAE reduces
thermal degradation and oxidation risks compared to traditional extraction methods, improving
extraction efficiency for thermosensitive and oxygen-sensitive compounds. Since there is no prior
study in the literature about optimisation of the extraction conditions of vacuum microwave-as-
sisted extraction of betalains and other bioactive materials in amaranth flowers, this pre-study was
essential. The experimental plan was designed according to different ethanol concentrations (20%-
40%-60%), extraction periods (5-8-12 min), and pressures (100-450 mmHg). Subsequently, the
total betalain content (TBC), total phenolic content (TPC), and total antioxidant capacity (TAC)
values were measured. The aim was to identify the minimum and optimal conditions for extracting
bioactive compounds using the VMAE method for further optimization studies. The experimental
results showed that for the maximization of TBC, the conditions were 40% ethanol concentration,
8 min, and 450 mmHg pressure. Conversely, for the maximisation of TPC and TAC, the conditions
were 20% ethanol concentration, 12 min, and 450 mmHg pressure. Scanning Electron Microscopy
(SEM) analysis was performed to understand the general effects of VMAE on the morphology of
the flower samples. These findings provided valuable insights for the future optimisation of ex-
traction processes from amaranth flowers or similar betalain-containing plants using VMAE, con-
tributing to the enhancement of extraction efficiency and the potential utilization of these bioactive
compounds in various food applications.

Keywords: Green Extraction Methods, Nutraceuticals from Amaranth, Antioxidant Capacity,
Amaranthus caudatus L., Betalains, Phenolic compounds,
Scanning electron microscopy
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Introduction

Microwave-assisted extraction (MAE) has gained popularity
over conventional extraction methods like maceration and
Soxhlet extraction due to its ability to significantly reduce ex-
traction time and solvent usage while enhancing yield and ef-
ficiency (Filip et al., 2017). MAE uses microwave energy to
rapidly heat the solvent and sample, increasing mass transfer
rates and improving bioactive compound extraction. Studies
have shown that MAE can extract thermosensitive com-
pounds more effectively than traditional methods by reducing
thermal degradation and providing higher yields of phenolics,
flavonoids, and other antioxidants (Cardoso-Ugarte et al.,
2014). Additionally, MAE's uniform heating reduces the
chances of localised overheating, which is common in con-
ventional heating methods, making it a more efficient and
controlled extraction process (Gu et al., 2016). This technol-
ogy aligns with the growing demand for sustainable extrac-
tion methods in the food and pharmaceutical industries due to
its lower energy consumption and reduced environmental im-
pact (Skenderidis et al., 2021).

Vacuum microwave-assisted extraction (VMAE) builds on
the advantages of MAE by incorporating vacuum conditions,
which further lower the solvent's boiling point and reduce ox-
idation and thermal degradation risks (Xiao et al., 2009). The
vacuum environment allows extraction at significantly lower
temperatures, preserving the integrity of heat-sensitive bioac-
tives, such as antioxidants and pigments, that might otherwise
degrade under atmospheric pressure (Hiranvarachat et al.,
2015). VMAE enhances solvent penetration and improves
mass transfer efficiency, leading to higher extraction rates
than atmospheric MAE (Gu et al., 2016). The absence of ox-
ygen under vacuum prevents oxidation, making VMAE par-
ticularly advantageous for extracting oxygen-sensitive com-
pounds. This method is recognised for its eco-friendly nature,
as it reduces solvent use and energy consumption, making it
a preferred choice in applications where the quality of ex-
tracted compounds is paramount (Sharma et al., 2023).

The red-coloured tissues of Amaranthus caudatus L. flowers
offer a compelling alternative to traditional beetroot betalain
pigments in the food industry (Govender & Baijnath, 2022;
Peter & Gandhi, 2017). Abundant in betacyanins, these pig-
ments have vivid red-violet colours and exceptional stability
within specific pH and temperature ranges, surpassing red
radish anthocyanins. Amaranthus varieties yield higher beta-
cyanin concentrations than beetroot, with dried pigments
demonstrating impressive storage stability. Additionally,
these betalains exhibit potent antioxidant properties, a trait
prevalent across the Amaranthaceae family (Martinez-Lopez
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et al., 2020). Amaranthus betalains hold significant promise
as natural colourants for various food products, particularly
those requiring low-temperature processing (Sharma et al.,
2023). Roriz et al. (2021) investigated the chemical and bio-
active properties of Amaranthus caudatus L. flowers and op-
timised the extraction of betalains using ultrasound-assisted
techniques. Another study utilised microwave and ultra-
sound-assisted methods to extract bioactive compounds from
the peel of Opuntia fruit (Opuntia engelmannii cultivar)
(Melgar et al., 2017). In research conducted in 2020, micro-
wave-assisted extraction of betacyanin and betaxanthin from
Amaranthus tricolour leaves highlighted their potential as
natural food colourants (Yigit et al., 2022).

This study aimed to assess the efficacy of VMAE in extract-
ing betalains and other bioactive compounds from amaranth
flowers (Amaranthus caudatus L.) and establish a robust
methodology, thereby propelling advancements in analytical
techniques for natural products and further analysis.

Materials and Methods
Materials

The Eastern Mediterranean Agricultural Research Institute
in Adana, Turkiye, kindly provided Amaranthus caudatus L.
flower samples. The flowers were harvested between July and
August 2023. The samples were stored at 4°C immediately
after they were manually separated from the rest of the plant.

Methanol, ethanol, acetic acid, NaOH, gallic acid, and Folin-
Ciocalteu were purchased from the Merck Chemical Rea-
gents Company (Darmstadt, Germany). Ammonium acetate,
sodium carbonate, KCl, sodium acetate, hydrochloric acid,
formic acid, and trolox were purchased from Sigma-Aldrich
(Darmstadt, Germany).

Vacuum Microwave-Assisted Extraction (VMAE)

Vacuum microwave-assisted extraction, in which an adjusta-
ble pressure range of 100-650 mmHg was used, was carried
out while aiming to protect temperature-sensitive compo-
nents. This allowed for precise control of the extraction tem-
perature based on the solvent used, ensuring optimal condi-
tions for preserving temperature-sensitive compounds like
betalains and phenolics. The equipment has a maximum
power of 1000 W; during the experiments, a constant of
100% power was applied (IFTECH, Ankara, Tiirkiye). The
independent variables for VMAE conditions were pressure
(100 and 450 mmHg), extraction period (5, 8, 12 min), and
ethanol ratio (20%, 40%, 60%), which were selected based



Food and Health 11(1), 57-66 (2025) e https://doi.org/10.3153/FH25005

on the literature (Melgar et al., 2017; Sharma et al., 2023).
After each experiment, the solution was filtered through
Whatman No.1 paper, and the supernatant was filtered by a
0.45 pum syringe filter and stored at 4°C for further analysis.
The experimental design is presented in Table 1.

Quantifying Phytochemicals

Total betalain content (TBC) was evaluated spectrophoto-
metrically, 535 and 483 nm betacyanin and betaxanthin, re-
spectively, and calculated by Equation (1);

betalain Adf.My,.V4.1000
TBC (mg o T — (1)
where A: absorption value, df: dilution factor, Mw: molecular
weight (550 and 308 g/mol for betacyanin and betaxanthin,
respectively), Vd: volume of dilution (mL), : molar extinc-
tion coefficient (60,000 and 48000 L/(mol cm) for betacyanin
and betaxanthin, respectively), L: path-length (1 cm) of the
cuvette and Wd: the amount of the extracted sample (g) (Cas-
tellanos-Santiago & Yahia, 2008).

dr ymatter) =

The Folin—Ciocalteau method was used to determine the am-
aranth flowers' total phenolic compounds (TPC) (Yigit et al.,
2022). The TPC values of the samples were expressed in mg
gallic acid equivalence (GAE)/g dry matter.

The DPPH and CUPRAC radical scavenging assays were
used to evaluate the total antioxidant capacity of the amaranth
flower extracts spectrophotometrically (TACpppy and TAC-

TBC
(mg/g)

Pressure
(mmHg)

Time
(min)

Ethanol Ratio
Run

(%)

Table 1. Experimental desig
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currac). Using a UV/VIS spectrophotometer (Thermoscien-
tific, Genesys 10S UV-Vis), the absorbance values for TAC-
pepa and TACcuprac were determined to be 517 and 450 nm,
respectively (Akdeniz et al., 2018; Apak et al., 2007). The
TAC values of the samples were expressed in mmol Trolox
equivalence (TE)/kg dry matter for both antioxidant capacity
assays.

Scanning Electron Microscopy (SEM) Analysis

The untreated flower and extract samples (extraction condi-
tions: 40% ethanol, 450 mmHg and 12 minutes) samples were
identified morphologically. The morphology of the samples
was analysed using a scanning electron microscope (SEM)
(Tescan, Gaia3, Triglav™, Czech Republic). The VMAE ef-
fects on the physical changes in the flower matrix were de-
tected.

Statistical Analysis

Three-way analysis of variance (ANOVA) was applied to all
the results from 18 experiments to understand the overall ef-
fects of the independent variables. Two-way ANOVA was
applied for two experimental groups having 9 experiments
having constant pressure (100 mmHg or 450 mmHg) for the
efficient representation of the results in the figures visually.
Minitab 18 (Pennsylvania, USA) statistical software was
used, and Tukey multiple comparison tests were performed
to understand the significant differences between the results
(p<0.05).

n and results*
TPC
(mg GAE/g)

TACprru
(mmol TE/ kg)

TACcurrac
(mmol TE/ kg)

1 20 5 450  2449.70 11.8 52.86 157.26
2 20 8 450 229924 10.81 54.75 162.03
3 20 12 450  2680.94 15.34 65.52 187.81
4 20 5 100 2296.80 9.43 40.1 102.29
5 20 8 100 2704.53 10.69 44.16 130.55
6 20 12 100 2405.94 10.37 43.78 116.63
7 40 5 450  2968.98 13.12 78.99 146.54
8 40 8 450 338274 14.7 89.09 183.32
9 40 12 450  2094.22 12.3 75.85 147.23
10 40 5 100 1618.10 7.26 45.29 89.55
11 40 8 100 1884.61 8.63 517 104.37
12 40 12 100 1809.44 8.25 45.29 98.97
13 60 5 450 133222 8.72 45.56 114.16
14 60 8 450  1680.86 10.91 51.66 132.59
15 60 12 450  2645.01 13.76 64.46 150.14
16 60 5 100 3401.32 2.54 15.6 29.35
17 60 8 100 1476.14 6.73 33.27 78.74
18 60 12 100 3124.00 12.28 56.53 141.06

*Experimental results were given as the mean value of three replications.
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Results and Discussion
Total Betalain Content (TBC)

Betalains are water-soluble pigments found in various plants
of the Caryophyllales order, such as Amaranthus species.
They are appreciated for their vibrant red and yellow hues and
their antioxidant properties, making them valuable natural
food colourants with potential health benefits. The extraction
efficiency of betalains is influenced by factors like solvent
concentration, extraction duration, and applied pressure. This
study evaluated the Total Betalain Content (TBC) under var-
ying ethanol concentrations, extraction times, and pressures
(450 mmHg for Figure 1A and 100 mmHg for Figure 1B),
revealing significant variations in TBC depending on these
conditions.

In Figure 1A, conducted under 450 mmHg, the highest TBC
was observed at 8 minutes with 40% ethanol, suggesting that
moderate ethanol concentrations combined with extended ex-
traction times maximise betalain recovery (Wang et al.,
2008). At 60% ethanol, TBC was minimised at 8 minutes, in-
dicating that higher ethanol concentrations might not always
favour prolonged extraction. Figure 1B, performed at 100
mmHg, further supports these observations; the highest TBC
was achieved at 12 minutes with 60% ethanol, underscoring
the benefits of lower pressure in enhancing the solubility and
stability of thermosensitive compounds (Xiao et al., 2009).
Similar findings have been reported in other studies showing
that vacuum conditions improve extraction efficiency by pre-
venting the degradation of sensitive compounds (Xiao et al.,
2012; Hiranvarachat et al., 2015). These results emphasise
optimising solvent concentration, extraction time, and pres-
sure to maximise TBC.

Total Phenolic Compounds (TPC)

Phenolic compounds are a diverse group of secondary metab-
olites widely distributed in the plant kingdom, known for
their antioxidant properties and health benefits. Their extrac-
tion efficiency is influenced by factors such as the type of
solvent, extraction time, and applied pressure. The total phe-
nolic content (TPC) of extracts from Amaranthus caudatus L.
flowers was assessed under different conditions, and the re-
sults are presented in Figures 2A and 2B. Figure 2A shows
TPC results at a constant pressure of 450 mmHg. For a 20%
ethanol concentration, the highest TPC was observed at 12
minutes, significantly higher than shorter extraction dura-
tions. This indicates that longer extraction times enhance phe-
nolic recovery at this ethanol level, aligning with findings
from Lovri¢ et al. (2017), where microwave-assisted extrac-
tion (MAE) enhanced phenolic yields in blackthorn flowers.
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The ethanol concentration increased to 60%, and the lowest
TPC value was obtained at 5 minutes. However, as the ex-
traction time increased, TPC values also increased at this eth-
anol concentration.

When the pressure decreased to 100 mmHg, Figure 2B
showed that TPC results were generally lower than those at
450 mmHg. At 40% ethanol, TPC values at 8 and 12 minutes
were not significantly different but were higher than at 5
minutes, demonstrating that medium ethanol concentrations
paired with longer extraction times are optimal. Similar
trends were observed in other studies, highlighting the bene-
fits of medium ethanol levels under vacuum conditions for
phenolic extraction (Nguyen et al., 2020). At a 60% ethanol
concentration, TPC peaked at 12 minutes, significantly sur-
passing all other conditions. This highlights that higher etha-
nol concentrations combined with longer extraction times
greatly improve extraction efficiency due to enhanced solu-
bilisation and solvent penetration into plant tissues, support-
ing the findings of previous research on the extraction of beta-
lains and phenolics from red beet and Amaranthus species
(Cardoso-Ugarte et al., 2014; Li et al., 2015). These results
indicate that to maximise TPC, optimal conditions include ei-
ther 40% ethanol with medium extraction times or 60% etha-
nol with extended extraction durations (Milutinovi¢ et al.,
2015).

Total Antioxidant Capacity (TACpppn)

The antioxidant capacity of the extracts was evaluated using
the DPPH radical scavenging method, which measures the
ability of antioxidant compounds to neutralise free radicals,
thus preventing oxidative stress and related diseases. Figures
3A and 3B present the TACppprresults under different extrac-
tion conditions, including varying ethanol concentrations, ex-
traction times, and pressures (450 mmHg for Figure 3A and
100 mmHg for Figure 3B). For a 20% ethanol concentration
under 450 mmHg, TACpppn Was initially high but showed no
significant increase over time, suggesting that while the ini-
tial extraction is efficient, extended durations do not enhance
antioxidant capacity, likely due to solvent saturation (Sken-
deridis et al., 2021). At 40% ethanol, TACpppu peaked at 8
minutes, indicating that intermediate ethanol concentrations
combined with moderate extraction times are optimal for ex-
tracting antioxidant compounds. The highest efficiency was
observed at 450 mmHg and 60% ethanol, showing a slight
increase over time, reinforcing the benefits of prolonged ex-
traction at higher ethanol concentrations (Wang et al., 2008).

Figure 3B, conducted at 100 mmHg, revealed generally lower
TAC values than those at 450 mmHg. At 60% ethanol, TAC
reached its maximum at 12 minutes, significantly surpassing
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all other conditions, emphasising the combined effect of re-
duced pressure and extended extraction time in maximising
antioxidant yield. Lower ethanol concentrations of 20% and
40% resulted in relatively stable TAC values across different
extraction times, illustrating the stabilising effect of reduced
pressure on antioxidant compounds (Xiao et al., 2009). The
results highlight that 40% ethanol and 450 mmHg pressure
generally provide the highest antioxidant capacity, consistent
with findings on optimising extraction parameters to enhance
antioxidant yields (Nguyen et al., 2020). These insights un-
derline the critical role of careful parameter selection in max-
imising plant extracts' DPPH radical scavenging activity.

4000

A a | W5 min 8min W12 min ‘
3500 I
b
3000 ¢ ¢
d d
— 2500 d
X = e
-1
£ 2000 f
Q
2 -
1500
1000
500
0
20 40 60
Ethanol percentage (%)
4000
B M5 min 8min MW12 min

3500
a

3000 b

C
d d
e - ¢ f
e

1500 -
1000
500
]

60

20

~
G
=]
=3

TBC (mg/g)

Ethanol percentage (%)

Figure 1. Total betalain content values (TBC) (mg/kg) at
different ethanol percentages and extraction periods (A: 450
mmHg, B: 100 mmHg)

Total Antioxidant Capacity (TAC cuprac)

The antioxidant capacity of the extracts was evaluated using
the CUPRAC method, with results shown in Figures 4A and
4B. Statistical analyses revealed significant differences
(p<0.05) between various extraction conditions, highlighted
by Tukey's multiple comparison test. In Figure 4A at 450
mmHg, TACcuprac peaked at 20% ethanol and 12 minutes,
significantly higher than shorter extraction times, indicating
that extended extraction times enhance antioxidant recovery,
especially at moderate ethanol concentrations (Xiao et al.,

2012). The highest efficiency at 40% ethanol was noted at 8
minutes, suggesting this combination optimises antioxidant
extraction without prolonged exposure. However, at 60% eth-
anol, TACcuprac values were generally lower but still bene-
fited from increased extraction duration, reflecting the com-
plex interaction between ethanol concentration and time
(Hiranvarachat et al., 2015).
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Figure 2. Total phenolic content (TPC) (mg GAE/g) at dif-
ferent ethanol percentages and extraction periods
(A: 450 mmHg, B: 100 mmHg)

In Figure 4B, where the pressure was reduced to 100 mmHg,
TACcurrac values were generally lower across all ethanol
concentrations than 450 mmHg. At 60% ethanol, the highest
antioxidant capacity was observed at 12 minutes, signifi-
cantly outperforming other conditions and demonstrating the
synergistic effect of low pressure and extended extraction du-
ration in enhancing antioxidant yield (Lovri¢ et al., 2017).
Lower ethanol concentrations (20% and 40%) exhibited less
variability, with relatively stable TACcuprac values across
different extraction times, highlighting the stabilising influ-
ence of reduced pressure (Wang et al., 2008). These findings
suggest that to maximise antioxidant potential, careful opti-
misation of pressure, ethanol concentration, and extraction
time is crucial, particularly when balancing efficiency and
compound stability.
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Screening of Optimal Ranges for Future Optimization

This study aimed to identify the appropriate ranges of ethanol
concentrations, extraction times, and pressures for extracting
bioactive compounds from Amaranthus caudatus L. flowers
using vacuum microwave-assisted extraction (VMAE). The
effects on total betalain content (TBC), total phenolic com-
pounds (TPC), and total antioxidant capacity (TACpppn and
TACcuprac) were evaluated. The findings suggest that 20%,
40%, and 60% ethanol concentrations, 2-12 minutes of ex-
traction time, and 100-450 mmHg pressure effectively extract
these compounds. Specifically, the results indicate that for
TBC, 40% ethanol concentration at 200 mmHg or 60% etha-
nol concentration at 100 mmHg yielded the highest extraction
efficiencies. For TPC, 40% ethanol concentration at 450
mmHg or 60% ethanol concentration at 100 mmHg were the
most effective conditions. TACpppn and TACcuprac 40% eth-
anol concentration at 450 mmHg generally provided the high-
est antioxidant capacities. These identified ranges provide a
foundation for future optimisation studies to fine-tune the ex-
traction conditions and maximise the yield of valuable bioac-
tive compounds from Amaranthus caudatus L. flowers.
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Morphology of Amaranth Samples

The SEM images of the amaranth flowers, both untreated and
vacuum microwave-assisted extracted, reveal significant dif-
ferences in their surface morphology, presence of residues,
cell integrity, and porosity. These differences provide in-
sights into the impact of VMAE on plant material. The sur-
face morphology of the untreated amaranth flowers in Figure
5 (a) and Figure (c) appears intact and smooth, with well-pre-
served cellular structures. The cell walls are clearly defined,
and the overall structure is cohesive. Studies on untreated
plant cells typically show a well-maintained cellular struc-
ture. According to Peter and Gandhi (2017), the natural state
of plant cells presents organised and intact structures. On the
other hand, the VMAE amaranth flower samples' surfaces in
Figures 5 (b) and (d) show significant disruption. The cell
walls are broken, and the surfaces are more fractured and po-
rous. The cellular structures are less defined and appear irreg-
ular. VMAE often results in significant morphological
changes in plant materials. Gu et al. (2016) reported that such
extraction methods can disrupt cell walls and create more po-
rous surfaces, enhancing extraction efficiency. Similarly,
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Sharma et al. (2023) found that microwave-assisted extrac-
tion caused surface roughening and structural damage in plant
tissues.

The presence of residues is minimal on the surfaces of the
untreated amaranth flowers, with only natural deposits or par-
ticles visible. Untreated samples usually have a cleaner ap-
pearance with fewer residues. This observation is supported
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by Filip et al. (2017), who noted the absence of significant
residues in untreated plant samples. However, VMAE ama-
ranth samples show visible residues or remnants of the ex-
traction solvent or other chemicals, appearing as white spots
or layers on the surfaces. Residues left by the extraction pro-
cess are common in treated samples. According to Wang et
al. (2008), microwave-assisted extraction can leave behind
visible residues from the solvents used.
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Figure 5. SEM images of amaranth samples, (a) and (c) untreated samples in 75X and 500X magnification, respectively; (b)
and (d) VMAE treated samples in 75X and 500X magnification, respectively
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Porosity is another critical factor influenced by the extraction
process. The natural porosity of the untreated amaranth sam-
ples is visible, with pores and spaces distributed evenly
throughout the surfaces. Martinez-Lopez et al. (2020) de-
scribed the consistent natural porosity of untreated plant cells.
In the VMAE extracts, porosity has increased due to the ex-
traction process. New pores or enlarged existing ones are vis-
ible, providing more surface area for solvent interaction.
Thirugnanasambandham and Sivakumar (2017) found that
increased porosity is a common result of microwave-assisted
extraction.

Amaranth flowers are rich in phenolic compounds and beta-
lains, which can accumulate on the surface and increase elec-
tron density, appearing as white stains in SEM images. These
chemical compounds exhibit high electron density, indicating
prominent white spots in SEM images. The study by Mar-
tinez-Lopez et al. (2020) supports this observation, demon-
strating that phenolic compounds and betalains in Amaranth
flowers contribute to the appearance of white stains due to
their high electron density (Martinez-Lopez et al., 2020). Fur-
thermore, studies on vacuum microwave-assisted extraction
(VMAE) techniques, such as the research by Wang et al.
(2008), observed similar white stains in SEM images at-
tributed to the high density of bioactive compounds like pol-
yphenols. These studies corroborate that dense chemical
compounds in plant tissues produce white spots in SEM im-
ages.

Conclusion

This work successfully determined optimal process parame-
ter ranges for VMAE of bioactive compounds from Amaranth
flowers (Amaranthus caudatus L.). The investigation re-
vealed that 40% ethanol concentration, an 8-minute extrac-
tion period, and 450 mmHg pressure were optimal for max-
imising TBC. On the other hand, the conditions of 20% etha-
nol concentration, a 12-minute extraction period, and 450
mmHg pressure were the most effective for maximising TPC
and TAC. The results show the importance of ethanol con-
centration, extraction time, and pressure as critical factors in-
fluencing the efficiency of VMAE. Therefore, these parame-
ters and the ranges may be used as independent variables in
future optimisation studies. SEM analysis revealed some
morphological changes in the amaranth flowers after extrac-
tion, highlighting the impact of VMAE on cell wall disruption
and increased porosity. These findings of this study provide
a foundational framework for the future optimisation of
VMAE conditions for extracting valuable bioactive com-
pounds from Amaranthus caudatus L. flowers and potentially
other betalain-rich plants. Further research should focus on
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refining the identified parameter ranges and exploring the
scalability of VMAE for industrial applications.
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Besin korkusu, yeni veya alisilmadik besinleri tiiketmeye yonelik isteksizlik ya da alisilmadik besinlere kars1 duyu-
lan kaygi ve tiksinti yasama egilimiyle ifade edilmektedir. Bu ¢alismada beslenme ve diyetetik boliimii 6grencile-
rinin yeni besin korkusunun saptanmasi ve beslenme durumu ile iliskisinin degerlendirilmesi amaglanmistir. Kati-
limcilarin beslenme durumu degerlendirilerek Yeni Besin Korkusu (Neofobisi) Olgegi (T-FNS) kullamlmistir. B3
vitamini alimu ile Yeni Besin Korkusu Olgegi skoru degerleri arasinda istatistiksel olarak anlamli ve pozitif yénde
iliski bulunmustur (p<0,05). K vitamini alimi ile Yeni Besin Korkusu Olcegi skoru degerleri arasinda ise negatif
yonde iligki vardir (p<0,001). Omega-6 yag asidi (p=0,035), K vitamini (p<0,001) ve B3 vitamini (p=0,001) alim1
degerlerinin en az bir T-FNS grubunda, diger gruplarn en az birinden anlaml diizeyde farklilik gésterdigi belirlen-
mistir. Yapilan ikili karsilagtirmalar sonucunda neofilik ile neofobik gruplar arasinda omega-6 yag asidi alim1 agi-
sindan anlamli diizeyde fark varken (p<0,05); neofilik grupta omega-6 yag asidi alimi1 neofobik gruba gore daha
yiiksek bulunmustur. K vitamini alimi1 neofobik grupta neofilik ve notr gruba gore anlamli diizeyde daha diisiik
iken; B3 vitamini alimi neofobik grupta neofilik ve nétr gruba gore anlamh diizeyde daha yiiksektir (p<0,05). Bu
caligmada beslenme ve diyetetik lisans 6grencilerinin beslenme aligkanliklarinin ve yeni besin korkularinin tespit
edilmesi bulunduklar1 duruma uygun 6neriler gelistirilmesi i¢in dnemli goriilmektedir.

Anahtar Kelimeler: Besin korkusu, Yeme davranisi, Besin tercihi, Tiiketici davranisi, Beslenme aligkanliklari

ABSTRACT

Determination of food neophobia among nutrition and dietetics students

Food neophobia is a reluctance or aversion to consuming new or unfamiliar foods, accompanied by a tendency
to experience anxiety and disgust towards unconventional foods. This study aims to identify food neophobia
among nutrition and dietetics students and evaluate its relationship with nutritional status. Participants' nutri-
tional status was assessed, and the Food Neophobia Scale (T-FNS) was employed. A statistically significant
and positive relationship was found between B3 vitamin intake and Food Neophobia Scale scores (p<0.05).
There was a negative relationship between K vitamin intake and Food Neophobia Scale scores (p<0.001).
Omega-6 fatty acid (p=0.035), K vitamin (p<0.001), and B3 vitamin (p=0.001) intake values showed signif-
icant differences in at least one of the T-FNS groups compared to at least one other group. In pairwise com-
parisons, a significant difference was observed in omega-6 fatty acid intake between neophilic and neophobic
groups (p<0.05), with higher omega-6 fatty acid intake in the neophilic group compared to the neophobic
group. While K vitamin intake was significantly lower in the neophobic group compared to the neophilic and
neutral groups, B3 vitamin intake was significantly higher in the neophobic group compared to the neophilic
and neutral groups (p<0.05). In this study, determining nutrition and dietetics undergraduate students' eating
habits and food neophobia is important for developing tailored recommendations specific to their situation.

Keywords: Food neophobia, Eating behaviour, Food preference, Consumer behaviour, Eating habits
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Giris

Sagligin korunmasi, gelistirilmesi ve yasam kalitesinin arti-
rilmasi; besin ve besin Ogelerinin yeterli ve dengeli bir se-
kilde saglayan beslenme davranisi ile miimkiindiir (T.C.
Saglik Bakanligi Halk Sagligi Genel Midiirliigii, 2023; T.C.
Saglik Bakanligi, 2022). Bireyler beslenme ihtiyaclarimin kar-
silanmasi sirasinda farkli davranis 6zellikleri gdsterebilmek-
tedir. Alisilmis besinleri tilketmek, beslenmede kolaylik sag-
lamakla birlikte yeni yiyecekleri denemeye iliskin isteksiz
davranislara sebep olabilmektedir (Yigit ve Dogdubay 2020).
Besin korkusu (neofobisi), yeni veya alisilmadik besinleri tii-
ketmeye yonelik isteksizlik ya da alisilmadik besinlere karsi
duyulan kaygi ve tiksinti yasama egilimi ile ifade edilmekte-
dir (Costa ve ark., 2020; Hazley ve ark., 2022). Besin korku-
sunun dogada bilinmeyen risklere ve toksinlerin tiikketilme-
sine adaptif bir 6zellik olarak gelistigi one siiriilmektedir
(Hazley ve ark., 2022).

Koruyucu bir 6zellik olarak gelistigi diistiniilmekte olsa da,
giinimiizde besin korkusu diyet kalitesini ve gesitliligini et-
kileyen besin se¢imleri iizerinde olumsuz etkilere yol acabil-
mektedir (Hazley ve ark., 2022; Knaapila ve ark., 2015). Ye-
tiskin bireylerde besin korkusunun daha diisiik miktarda
sebze tiikketimi ve daha diisiik diyet kalitesi ile iligkili oldugu
saptanmistir. Ayrica diyet Onerilerine uyumu zorlastirdigi
vurgulanmistir (Knaapila ve ark., 2015). Besin korkusu seb-
zelerin, meyvelerin ve protein igerigi yiikksek besinlerin kabul
edilebilirligi ve alimini olumsuz etkilemesinin yani sira genel
olarak sevilmeyen besinlerin sayisinin artmasinda da etken
olarak goriilmektedir (Guzek ve ark, 2018; Jaeger ve ark.,
2017). Besin korkusunun bazi atistirmaliklarin tiikketimini art-
t181 belirtildigi gibi; atistirmalik ve nisastali besin tiiketimini
etkilemedigini gosteren sonuglar da mevcuttur (Knaapila ve
ark., 2015; Bas ve Hamurcu, 2021).

Besin korkusu sosyodemografik 6zellikler, genetik, kiiltiirel
ve ekonomik faktorler, antropometrik 6zellikler ve yeme dav-
raniglartyla etkilesim igerisindedir (Costa ve ark., 2020; Haz-
ley ve ark., 2022). Erkekler kadinlara goére yeni yiyecekleri
yeme konusunda daha az istekli; yaslilar veya daha diisiik
egitim diizeyine sahip bireyler ise daha yiiksek diizeyde besin
korkusuna sahip olabilmektedir (Tian ve Chen, 2021; Soucier
ve ark., 2019). Yiiksek besin korkusuna sahip bireylerin be-
den kiitle indeksi (BKI) diger bireylere kiyasla daha yiiksek
olabilmektedir (Knaapila ve ark., 2015). Agirlik dengesi be-
sin korkusunda bir etken olarak ele alinabildigi gibi, obezite
besin korkusunun bir sonucu da olabilmektedir (Knaapila ve
ark., 2015; Bolat ve Ergiin, 2023). Ayrica besine dair tercihler
ve tiksintiler, anokreksiya gibi yeme davranis bozukluklari
acisindan da risk olarak goriilebilmektedir (Dematté ve ark.,
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2014). Yetiskin segici yiyicilerde de besin korkusu goriildiigii
kaydedilmistir (Zickgraf ve ark., 2016).

Universiteye gecis ise yeme davranislarinda degisimler igin
etkili bir déonem olabilmektedir (Maillet ve Grouzet, 2023).
Geng yetigkinlerde besin korkusu daha diigiik besin ¢esitliligi
ve bazi besin gruplarinin azalmis tiiketimiyle iliskili olabil-
mektedir (Hazley ve ark., 2022). Beslenme ve diyetetik bo-
limii 6grencileri yeme tutum ve davranislart agisindan risk
altinda olabilmektedir (Garipoglu ve ark., 2019; Demir ve
ark., 2020; Alkan ve ark., 2019; Kaya ve Yasemin, 2022).
Beslenme egitimi programlart ise besin korkusu diizeyini et-
kileyebilmektedir (Tian ve Chen, 2021). Brezilya’da yapilan
bir ¢alismada diyetetik 6grencilerinin besinlerle ilgili diigiin-
celerinin degiskenlik gosterebildigi kaydedilmistir (Koritar
ve ark., 2024). Beslenme egitimi almakta olan ve yeme dav-
ranislarindaki cesitlilik gosterme potansiyeli ile bilinen bes-
lenme ve diyetetik 6grencilerinin besin korkusunun belirlen-
mesinin literatiire katki saglayacagi diistiniilmiistiir (Gari-
poglu ve ark., 2019; Demir ve ark., 2020; Alkan ve ark., 2019;
Kaya ve Yasemin, 2022; Tian ve Chen, 2021). Bu ¢aligmada
beslenme ve diyetetik boliimii 6grencilerinin yeni besin kor-
kusunun (neofobisi) saptanmasi ve beslenme durumu ile ilig-
kisinin degerlendirilmesi amag¢lanmustir.

Materyal ve Metot
Katihmcilar

Kesitsel bir arastirma olup, evren Beslenme ve Diyetetik Bo-
liimii 6grencilerinden olugsmaktadir. Uygulanan 6lgegin oriji-
nal ¢aligmasinda bulunan standart sapma degeri temelinde
(38,41+10,11), %95 giiven diizeyi (1.96) ve d=1 birim hata
pay1 ile hesaplanan minimum &rneklem biiyiikligii 393 ola-
rak bulunmustur. Caligmaya katilmaya goniillii olan toplam
439 6grenci ¢caligma 6rneklemini olusturmustur. Calisma igin
Ankara Yildirrm Beyazit Universitesi Saglik Bilimleri Etik
Kurulu'ndan 2021-615 arastirma kodlu etik kurul onayi alin-
migtir.

Veri Toplama ve Analizi

Katilimeilara uygulanan genel bilgiler anketi ile bireylerin
demografik bilgileri ve beslenme aligkanliklar1 kaydedilmis-
tir. Katilimcilardan yazili onam alinmis ve veriler yiiz ylize
toplanmustir.

Yeni Besin Korkusu (Neofobisi) Ol¢egi (T-FNS)

Bu 6lgek Pliner ve Hobden tarafindan 1992°de gelistirilmistir
(Pliner ve Hobden, 1992). Yeni Besin Korkusu (Neofobisi)
Olgegi’nin (T-FNS) Tiirk¢e uyarlamasi Ucar ve arkadaslari
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tarafindan 2021’de yapilmis olup bu arastirma kapsaminda
besin korkusunun degerlendirilmesi i¢in kullanilmistir (Ugar
ve ark., 2021). T-FNS toplam 10 maddeden olusmaktadir.
Maddeler 7°1i likert yanit kategorisine sahiptir (1:kesinlikle
uygun- 7:kesinlikle uygun degil). Madde 1, 4, 6, 9 ve 10 ters
puanlanmaktadir. Orneklem ortalama (X) ve standart
sapmasina (SD) gore [39.15 £10.38]; degerlendirmede 6lgek
skoru <X - SD [28.77] olan bireyler “neofilik”, X + SD
arasinda olanlar “nétr”, >x + SD [49.53] ise “neofobik”
olarak smiflandirilmistir.  Yiiksek puanlar yeni besin
korkusunu, diisilk puanlar ise yeni besinleri denemekten
hoslanmay1 gostermektedir (Ucar ve ark., 2021). Tim
katilimcilara uygulanmaistir.

Beslenme Durumunun Degerlendirilmesi

Caligmaya katilan bireylerin besin alimlar1 3 giinliik besin
tiketim kaydi yontemi ile saptanarak beslenme durumlari
degerlendirilmistir. Katilimeilar 2 giin hafta i¢i ve 1 giin hafta
sonunu kapsayacak sekilde tiikettikleri tim besin ve
icecekleri miktarlar1 ile kaydetmisglerdir. Giinliik besin ve
besin dgesi alimlari, bilgisayar programi (Beslenme Bilgi
Sistemi, BeBIS-7.2) aracilig1 ile hesaplanmustir.

Antropometrik Olgiimler

Katilimcilarin viicut agirliklart (kg) ve boy uzunluklart (cm)
kendi beyanlarina gore kaydedilmistir. Viicut agirhiginimn (kg)
boy uzunlugunun (m) karesine béliinmesiyle hesaplanan
beden kiitle indeksi (BKI); Diinya Saghik Orgiitii (DSO)
siniflandirmasina gore degerlendirilmistir (WHO, 2010).

Istatistiksel Analizler

Bulgularin elde edilmesinde SPSS Version 21.0 (Armonk,
NY: IBM Corp.) programindan yararlamlmistir. Istatistiksel
anlamlilik diizeyi p<0,05 olarak kabul edilmistir. Caligma
kapsaminda incelenen sayisal degiskenlerin normal dagilima
uygunlugu grafiksel olarak ve Shapiro-Wilks testi ile
incelenmigtir. ~ Sayisal  degiskenlerin  §zetlenmesinde
ortalamatstandart sapma, ortanca, minimum, maksimum
degerlerinden uygun olan verilmistir. Kategorik degiskenler
frekans ve yiizde ile 6zetlenmistir. Degiskenler arasi iliski
Spearman rho korelasyon katsayisi ile, T-FNS grup
kategorilerinde sayisal degerlerin karsilastirilmast Kruskall
Wallis testi ile yapilmistir. Anlamhi fark bulunmasi
durumunda Dunn’in bonferroni diizeltmeli ikili karsilagtirma
sonucu verilmigtir.

Bulgular ve Tartisma

Katilimcilarin yag ortalamasi 20.96 +2.16 yil olup %91.3’1
kadin, %98,6’s1 bekardir. Arastirmaya katilan %64.9’u yurtta

yasamaktadir. Katilimecilarin %17.1’inin  kronik hastalig1
bulunmakta, %11.8’1 sigara kullanmakta ve %4.3’i alkol
kullanmaktadir (Tablo 1).

BKi ortalamas1 21.80 +3.36 kg/m’? olan katilimcilarin
%69.2°si normal kilolu, %15.3’i zayif iken %15.51
preobezdir. Yalmizca 6zel diyet uyguladigimi belirtenlerin
(%3.4) %86.7’si1 diyetisyen aracilig1 ile diyetini uyguladigim
belirtmistir. Katilimcilarin %91.1°1 2 ana 6giin tiiketirken;
%97.3’{iniin ara 6giin sayis1 4’iin altindadir. Ogiin atladigin
belirtenler %91.1°dir. Ogle 6giiniinii atlayanlarin siklig1
%68.5°tir. Ogiin atlama nedenlerine bakildiginda, en fazla
nedenin %42.3 oranla zaman yetersizligi oldugu ve bunu
%33.8 ile istahsizlik nedeninin takip ettigi goriilmiistiir.
Katilimcilarin %49.9’unun gida teknolojisini takip etmekte
oldugu, %68.8’inin markette {irlin igeriklerini aragtirdigi ve
%44.6’sinin - ise  saglikli  beslendigini  dislindiigii
kaydedilmistir (Tablo 2).

BKI degerleri ile dlgek skorlar1 arasinda anlamhi diizeyde
iliski belirlenmemistir (p=0.298). Arastirmaya katilanlarin T-
FNS skoru incelendiginde, T-FNS 6l¢ek skoru ortancast 39
(min=13; maks=70)’dur. Katilimcilarin %15.7’si (n=69)
neofilik, %68.6’s1 (n=301) notr ve %15.7’si (n=69) neofobik
gruptadir (Tablo 3).

Bireylerden elde edilen T-FNS 6lcek skorlari ile enerji-besin
Ogesi alimi arasindaki karsilagtirmalar Tablo 4°te verilmistir.
Omega-6 yag asidi alimi ile T-FNS o6l¢ek skoru arasinda
istatistiksel olarak anlamli diizeyde dogrusal iligki
belirlenmemistir (p=0.062). B3 vitamini alimi ile T-FNS
6lgek skoru degerleri arasinda ise istatistiksel olarak anlamli
ancak zayif pozitif yonde iliski bulunmustur (p<0.05). K
vitamini alimi ile T-FNS 06l¢ek skorlar1 degerleri arasinda
negatif yonde oldukga diisiik diizeyde iligki vardir (p<0.001).

Omega-6 yag asidi (p=0,035), K vitamini (p<0,001) ve B3
vitamini (p=0.001) alimi degerlerinin en az bir T-FNS
grubunda, diger gruplarin en az birinden anlamli diizeyde
farklilik gosterdigi  belirlenmistir. Omega-6 yag asidi
alimmin, T-FNS gruplarmin en az ikisi arasinda anlamh
diizeyde farklilik gosterdigi bulunmustur (p=0.035). Yapilan
ikili karsilastirmalar sonucunda neofilik ile neofobik gruplar
arasinda omega-6 yag asidi alimi agisindan anlamh diizeyde
fark varken (p<0.05); notr grup ile diger iki grup arasinda fark
bulunmamstir (p>0.05). Neofilik grupta omega-6 yag asidi
alimi neofobik gruba gore daha yiiksektir. K vitamini alimi
neofobik grupta neofilik ve nétr gruba gore anlaml diizeyde
daha diisiik iken; B3 vitamini alim1 neofobik grupta neofilik
ve notr gruba gore anlamli diizeyde daha yiiksektir (p<0.05)
(Tablo 4).
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Tablo 1. Demografik bilgiler

Table 1. Demographic information

n=439 (%) n=439 (%)
Cinsiyet (E/K) 38 (8,7)/401 (91,3) Kronik Hastalik durumu
Var * 75 (17,1)
Medeni durum Tiirt
Evli 6 (1,4) Kalp-Damar 8 (10,6)
Bekar 433 (98,6) Obezite 7(9,3)
Kiminle yasadig: Diyabet 1(1,3)
Aile ile 99 (22,5) Solunum Sistemi 10 (13,3)
Evde yalniz 13 (3,0) Uriner Sistem 5(6,7)
Evde arkadas ile 31(7,1) Sindirim Sistemi 11 (14,7)
Yurtta 285 (64,9) Kemik ve Eklem 5(6,7)
Diger 11 (2,5) Noroloji 7(9,3)
Sigara icme durumu Psikiyatrik 7(9,3)
Iciyor 52 (11,8) Diger (Anemi) 29 (18,8)
I¢miyor 374 (85,2) Alkol tiiketme durumu
Birakmis 13 (3,0) Evet 19 (4,3)
BKi Hayir 420 (95,7)
Zayif 67 (15,3)
Normal Kilolu 304 (69,2)
Preobez 68 (15,5)

n (%): frekans (yiizde),* Birden fazla secenek isaretlenmistir
Tablo 2. Beslenme aligkanliklarinin dagilimi

Table 2. Distribution of dietary habits

n (%) n (%)

Diyet 13;grulama 15(3.4) Ogiin atlama nedeni* (n=400)
Diyetisyen 13 (86,7) Zaman yetersizligi 169 (42,3)
Internet 2(13,3) Istahsizlik 135 (33,8)
Ana 6giin sayisi Hazirlanmadigi i¢in 77 (19,3)
2 400 (91,1) Zayiflamak i¢in 15 (3.8)
3 39 (8,9) Aligkanlig1 yok 67 (16,8)
Ara 6giin sayisi Maddi imkansizlik 15(3,4)
Yok 5(1,1) Unuttugu i¢in 27 (6,8)
3 ve alti 427 (97,3) Zaman yetersizligi 4 (1,0)
4 ve {istii 7 (1,6) Gida teknolojisi takip eden 219 (49,9)
Ogiin atlama Markette iiriin icerigi arastiran 302 (68,8)
Evet 400 (91,1) Saghkh beslendigini diisiinen 196 (44,6)
Hayir 39 (8,9)
Atlanan 6giin (n=400)
Sabah 114 (28,5)
Ogle 274 (68,5)
Aksam 12 (3,0)

n (%): frekans (ylizde), * Birden fazla se¢enek igaretlenmistir.
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Tablo 3. T-FNS 6lcek skoruna iligkin tanimlayici istatistikler

Table 3. Descriptive statistics for the T-FNS scale scores

Ortanca

(min; maks)

Neofilik
n (%)

Notr
n (%)

Research Article

Neofobik

n (%)

T-FNS (n=439)

39.15+£10.38

39 (13; 70)

69 (%15.7)

301 (%68.6)

69 (%15.7)

Ort£SS:ortalamatstandart sapma, min:minimum, maks:maksimum, n (%): frekans (yiizde)

Tablo 4. T-FNS skorlariin enerji-besin dgesi alimi ile karsilastirilmasi (n=439)

Table 4. Comparison of T-FNS scores with energy and nutrient intake (n = 439)

Neofilik

T-FNS gruplar*

Notr

Neofobik

Enerji (kkal)
Karbonhidrat (gr)
Karbonhidrat (%)
Protein (gr)

Protein (%)

Yag (gr)

Yag (%)

Omega 6 yag asidi (n6)

Omega 3 yag asidi (n3)
n6/n3
Sodyum (mg)

Magnezyum (mg)

Demir (mg)
Cinko (mg)

A vitamini (mcg)
E vitamini (mg)
K vitamini (mcg)
B3 vitamini (mg)

B7 vitamini (mcg)

C vitamini (mg)

-0.031; 0.522
-0.035; 0.461
-0.0.30; 0.533
-0.021; 0.657

0.074; 0.121
-0.027; 0.575

0.014;0.777

-0.089; 0.062

-0.023; 0.625
-0.063; 0.191

-0.099; 0.039
0.067; 0.163

-0.057; 0.232
-0.034; 0.472
0.073; 0.127
-0.038; 0.426
-0.167; <0.001

0.200; <0.001
0.097; 0.043
0.037; 0.437

1409.6
(776.7; 4919.2)
146.4

(67.5; 587.7)
42.45
(19.81;66.60)
56.5

(16.1; 190)
15.13
(7.10;33.07)
63.4

(26; 197.7)
39.50

(19.29; 69.13)
1152

(2.9; 55.8)

1.4 (0.5; 6)

7.6 (1.4;42.7)
3248.1

(1282.9; 6585.1)
190.9

(62.6; 531.4)
8.9

(2.6;29.4)

8.2 (2.3; 38)
660.8

(172.4; 5994.9)
11.2(1.4; 61.2)
228.3%

(35.2; 954)

8 (1.6;33.1)°
25.8 (8.1; 65.5)
46.9 (2.5; 290.6)

1377.7
(445; 4682.7)
150
(11.8;501.1)
45.29
(5.18;68.67)
51.4

(16.4; 172.6)
15.59
(5.83;29.32)
57.6

(14.6; 253.5)
38.03
(16.02;82.61)
10.22b

(2.6; 144.3)

1.3 (0.3; 13.1)

6.9 (0.5; 84.4)
3072.8

(306.3; 90058.1)
188.6

(42.3; 562)

8.2

(2.2;27)

7(0.9; 26.4)
707.4

(23; 24223)

9.6 (1.2; 144.6)
2101

(21.6; 1053.5)

9.7 (2.3;42.1)°
27.2 (1.9; 160)
60.5 (0; 497.9)

1379.1
(619; 2780.3)
142.5

(55.8; 357.5)
43.57

(23.98; 62.70)
54.9

(22.1; 105.3)
16.08
(6.42;29.00)
62.2

(23.3; 132.4)
39.39
(20.14;63.0)
8.7°

(2.1; 56.6)

1.3 (0.5;23.1)

6.6 (0.4; 60.9)
2809.1

(1081.3; 11791.9)
186.8

(91.4; 578.1)

7.4

(2.7, 20.1)

7.2 (2.4 19.9)
744.5

(180; 5841)

8.8 (2.2;33.5)
152.3°

(22.9; 455.1)

12.8 (2; 43.6)"
29 (8.5; 237.4)
50.3 (2;211.6)

0.659

0.741

0.636

0.623

0.822

0.366

0.761

0.035

0.732
0.214

0.276
0.817

0312
0.167
0.325
0.291
<0.001
0.001

0.271
0.248

*Qrtanca (minimum, maksimum), tho; p :Spearman rho korelasyon katsayisi1 ve p-degeri, *Kruskal Wallis test sonucu, **: Farkl

harf ile gosterilen gruplar arasinda farklilik vardir (p<0.05).
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Bu ¢alismada beslenme ve diyetetik boliimiindeki tiniversite
Ogrencilerinin yeni besin korkusu ve beslenme durumu
degerlendirilmigtir. Katilimeilar yeni besin korkusuna gore
gruplandirildiginda; en az bir grubun omega-6 yag asidi, K
vitamini ve B3 vitamini olmak iizere mikro besin Ggesi
alimlarmin diger gruplarin en az birine gore anlamli diizeyde
farklilik gosterdigi saptanmustir.

Literatiirde besin korkusu ile ilgili yapilan arastirmalar
artmaktadir. Cin’de 16-22 yas arasindaki 2366 iniversite
Ogrencisinde beslenme derslerinin besin korkusu ile iliskili
oldugu kaydedilmistir (Tian ve Chen, 2021). Kibris’ta
yapilan bir ¢aligmada ise, gastronomi Ogrencilerinde yeni
besin deneme isteginin diisiik diizeyde oldugu bulunmustur
(Ozgil, 2024). Romanya’da yapilan bir ¢calismada, bireylerin
¢ogunlugun (%69,2) yeni besin deneme agisindan nétr tutum
sergiledigi saptanmistir (Bugi ve ark.,, 2024). Besin
korkusunun aragtirilmasi; besin tercihlerini etkileyen
faktorlerin anlasilmasi ve beslenme aligkanliklarinda olumlu
degisiklikler saglanmasi agisindan Onemli goriilmektedir
(Subramaniam ve Muthusamy, 2024).

Beslenme ve diyetetik boliimii lisans egitimi almakta olan
ogrencilerde yapilan bu ¢alismada yas ortalamasi 20,96+2,16
olup, literatiirde yetiskinlerde besin korkusu ile ilgili yapilan
diger ¢aligmalarda yas ortalamalarmnin 20,9-70,8 arasinda
degistigi gortilmistiir (Bas ve Hamurcu, 2021; Palamutoglu
ve ark., 2022; Giimiis ve ark., 2022; Stratton ve ark., 2015).
Bu calismada katilimcilarin ¢ogu 2 ana &giin tiiketmekte
olup, besin korkusunun degerlendirildigi bir diger ¢alismada
katilmeilarin - ¢ogunlugunun 3 ana oglinle beslendigi
saptanmistir (Bolat ve Ergiin, 2023). Bu c¢alismadaki
bireylerin %15’ 6zel diyet uygulamakta iken, besin
korkusunun aragtirildigi diger bir ¢alismada da katilimcilarin
%20’sinin diyet uyguladig1 belirlenmistir (Giimiis ve ark.,
2022). Bu c¢alismada, bireylerin %44.6’s1  saglikh
beslendigini ve %49.9’u gida teknolojilerini takip ettigini
ifade etmistir. Katilimcilarin %68.8’inin ise markette iiriin
iceriklerini arastirdigi dikkat ¢ekmektedir. Orneklemin
beslenme ve diyetetik Ogrencilerinden olusmasinin
beslenmeye iliskin konulara dair ilgiyi artirabilecegi
disiiniilmektedir. Besin  korkusunun degerlendirildigi
popiilasyona gore beslenme aligkanliklar1  degiskenlik
gosterebilmektedir (Bas ve Hamurcu, 2021; Bolat ve Ergiin,
2023; Palamutoglu ve ark., 2022; Gilimiis ve ark., 2022;
Stratton ve ark., 2015; Em, 2018).

Bu c¢alismada yeni besin korkusu incelendiginde
katilimcilarin %15,7 sinin yeni gida deneme ve tiiketiminden
hoslandig1 (neofilik), %68,6’sinin yeni besin deneme ve
tilketmeye yonelik herhangi bir tepkilerinin olmadig1 (nétr)

Research Article

ve %15,7’sinin yeni gida deneme ve tiikketmekten korktugu
(neofobik) belirlenmistir. Literatiirde gida ile ilgili boliimler
okuyan lisans 6grencilerinde, beslenme ve diyetetik, turizm
boliimiinde okuyan ogrencilerde ve yetigkinlerde yapilan
caligmalarda besin korkusunun agisindan nétr olarak
degerlendirilen bireyler bu ¢calismadaki gibi en yliksek oranda
bulunmustur (Donmez ve Sevim, 2023; Palamutoglu ve ark.,
2022; Giimiis ve ark., 2022; Birdir ve ark., 2020). Ote yandan
yapilan diger ¢alismada beslenme ve diyetetik 6grencilerinde
besin korkusu agisindan neofilik olanlarin siklig1 %49,4, notr
olanlarn  %38,8, neofobik olanlarin %33,3 olarak
bulunmustur. Ancak Palamutoglu ve arkadaslarmin
iiniversite 6grencilerindeki bu calismasinda, katilimcilarin
tamaminin beslenme ve diyetetik boliimii 6grencilerinden
olugmayip Orneklem igerisinde yalnizca 49 beslenme ve
diyetetik  Ogrencisinin  degerlendirildigi  goriilmektedir
(Palamutoglu ve ark., 2022).

Besin korkusunun besin alimmi etkileyebildigi ve yeterli
besin 6gesi alimini sinirlandirabildigi bilinmektedir (Soucier
ve ark., 2019). Bu ¢alismada katilimcilar arasinda yeni besin
korkusuna gore enerji ve makro besin dgesi alimi agisindan
farklilik bulunmamistir. Enerji ve makro besin dgelerinin
alimi ile besin korkusu iliskisine dair literatiirde gesitli
sonuglar géze carpmaktadir. Bazi ¢aligmalar toplam enerji
alimryla besin korkusu arasinda pozitif bir iliski bildirirken,
digerleri enerji alim1 ve besin korkusunu negatif iliskili veya
iligkisiz olarak bildirmektedir (Costa ve ark., 2020; RoBBbach
ve ark., 2016; Cooke ve ark., 2006). Besin korkusunun
tilketilen besin ¢esitliligini azaltarak makro besin d6gesi alimi
eksikliklerine yol agabilecegi gibi; BKI artisinda etken
oldugu ve makro besin ogesi alimlarimi artirabilecegi de
diistiniilmektedir (Bolat ve Ergiin, 2023; Capiola ve
Raudenbush, 2012). Besin korkusu yiiksek olan bireylerin
protein tiikketiminin daha diigiik bulundugu (RoBbach ve ark.,
2016; Capiola ve Raudenbush, 2012) ¢aligmalarin yani sira
iligkili olmadigi ¢alismalar da bulunmaktadir (Maslin ve ark.,
2016). Bununla birlikte, bireylerin yag ve karbonhidrat
aliminda da besin korkusunda gore farklilik bulunan ve
bulunmayan c¢alismalar mevcuttur (Hazley ve ark., 2022;
Capiola ve Raudenbush, 2012). Bu farklilikta yas, cinsiyet,
egitim diizeyi, sosyokiiltiirel, ekonomik ve genetik
faktorlerin ve antropometrik 6zelliklerin etkili olabilecegi
diisiiniilmektedir (Costa ve ark., 2020; Hazley ve ark., 2022).
Bu calismada katilimcilarin ¢ogunlugunun (%69,2) normal
kilolu bireylerden olugsmasmin yeni besin korkusu ile enerji
ve makro besin dgesi alimi arasinda iligkisi bulunmasinda
etken olabilecegi diisliniilmiistiir.

Katilimcilarin yeni besin korkusu ile mikro besin dgesi alimi
iligskisi degerlendirildiginde, yeni besin korkusu gruplar
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arasinda omega-6, K vitamini ve B3 vitamini alimlarina dair
farkliliklar gbzlemlenmistir. Mikro besin 6gesi aliminin besin
korkusu ile azalabildigi bilinmektedir (Bolat ve Ergiin, 2023).
Bu calismada neofilik grupta omega-6 yag asidi alimu,
neofobik gruba gore daha yiiksek bulunmustur. Yeni besin
korkusu gruplari omega-3 alimi agisindan ise farklilik
gostermemistir. Diger bir c¢alismada ise katilimcilar besin
korkusuna gore gruplandiginda, ¢oklu doymamis yag asidi
alimlart arasinda farklik oldugu saptanirken omega-3
aliminda da farklilik bulunmustur (Capiola ve Raudenbush,
2012). Bagka bir ¢alismada ise besin korkusu ile bazi balik ve
deniz {irlinlerinin tliketimi arasinda anlamli negatif iligki
oldugu belirlenmistir. Daha yiiksek besin korkusu ise daha
diisiik yagl tohum tiiketimi ile iligkilendirilmistir (Costa ve
ark., 2020). Ayrica yapilan bazi ¢aligmalarda besin korkusu
diyet magnezyum alimi ile de negatif olarak iliskili
bulunmustur (Hazley ve ark., 2022; Em, 2018). Besin
korkusunun balik ve yagh tohum tiiketimi gibi besin gruplari
ile coklu doymamis yag asitleri dahil olmak iizere bazi besin
Ogelerinin tiikketimlerini azaltabilecegi gosterilmistir; ancak
bu calismada yalnizca omega-6 yag asidi alimi {izerinde
farklilik gdzlemlenmistir (Capiola ve Raudenbush, 2012).
Diger c¢aligmalardaki balik ve deniz {iriinii tiiketimi
iizerindeki toplumsal aligkanliklarin, farki daha belirgin
ortaya koyabilecegi diisiiniilmektedir (Costa ve ark., 2020;
Capiola ve Raudenbush, 2012).

Neofobik bireylerde K vitamini alimi ise neofilik ve notr
gruba gore anlaml1 diizeyde daha diisiik bulunmustur. Besin
korkusunun sebze tiiketimi ile iligkili oldugu bilinmekte,
sebze tliketimindeki azalmanin K vitamininin Onemli
kaynaklarindan olan yesil yaprakli sebze tiiketimini de
azaltacagi diistiniilmektedir (T.C. Saglik Bakanligi, 2022;
Costa ve ark., 2020; Hazley ve ark., 2022; Bag ve Hamurcu,
2021). Hazley ve arkadaslari tarafindan yapilan ¢aligmada ise
besin korkusu, C vitamini alim1 ile de negatif olarak iliskili
bulunmustur (Hazley ve ark., 2022). Bu ¢alismada yeni besin
korkusuna gore katilimeilarin C vitamini alimlarinda farklilik
ortaya koyulmamistir. Ayrica neofobik grupta B3 vitamini
alimi neofilik ve nétr gruba gore anlamli diizeyde daha
yiiksek bulunmugtur. Besin korkusunda meyve ve sebze
disindaki diger besinlerin tiiketimini artirabilmektedir (Costa
ve ark., 2020; Bas ve Hamurcu, 2021). Bu calismada da
neofobik olan bireylerin, diyet enerjilerini siit, ekmek ve
tahillar, et, tavuk, kurubaklagiller gibi B3 vitamini i¢in
onemli besin kaynaklarindan daha yiiksek oranda karsilasmis
olabilecekleri diisiintilmistiir (T.C. Saghk Bakanligi, 2022).
Diger ¢aligmalarda besin korkusu ile alimi azalan besin
Ogeleri arasinda kolesterol, retinol, biotin, B12 vitaminleri ve
¢inko da bulunmaktadir (Em, 2018). Literatiirde besin
korkusu ile beslenme durumu veya besin alimi ile iligkili

olmadiginin  gosteren c¢alisma da mevcuttur. Besin
titketiminde besin korkusu yerine tada iliskin unsurlar, 6diil
algis1 ve besinden alinan haz gibi psikolojik tutumlar da etkili
faktorler olarak oOne siiriilmektedir. Besin se¢iminin
belirleyicileri arasinda fizyolojik, hedonik, duyusal,
duygusal, egitimsel ve kiiltlirel faktorlerin de g6z Oniine
alinmasi onerilmektedir (de Andrade Previato ve Behrens,
2017).

Besin korkusunun baslangicindan yetigkinlige kadar uzun
vadede siirme potansiyeli olmakla birlikte; hafifletilmesi
diyet takibi, beslenme egitimi plani olusturmast ve
uygulanmasi ile miimkiin goriilmektedir (Tian ve Chen,
2021).

Calisma oOrnekleminin yalnizca beslenme ve diyetetik
ogrencilerinden olusmasi, bulgularm diger popiilasyonlar
i¢in genellenebilirligini sinirlamaktadir. Ayrica, ¢alismanin
kesitsel bir tasarima sahip olmasi, nedensellik iliskilerinin
belirlenmesi agisindan siirlilik tagimaktadir.

Sonuc¢

Bu caligmada yeni besin korkusunun mikro besin 6gesi alimi
iizerindeki etkileri vurgulanmaktadir. Beslenme ve diyetetik
lisans  Ogrencilerinin ~ sahip  olduklar1  beslenme
aligkanliklarinin ve yeni besin korkularinin tespit edilmesi;
bulunduklar1 duruma uygun Oneriler gelistirilmesi igin
onemli goriilmektedir. Bu konuda yapilmasi planlanan yeni
calismalarda yetiskinlerde besin korkusunun arastirilacagi
daha Dbiiyiik Orneklemli ¢aligmalara ihtiyag oldugu
diistiniilmektedir. Beslenme ve diyetetik 6grencilerinin yeni
besinlere kars1 yaklagimlarinin ve besin tercihlerini etkileyen
faktorlerin anlasilmasinin; ileriki c¢alismalarda beslenme
aliskanliklarinda olumlu degisiklikleri tesvik etmek ve

besinlerle iliskilerini iyilestirmek igin planlanabilecek
miidahale stratejilerine katki saglayabilecegi
ongoriillmektedir.

Etik Standartlar ile Uyumluluk

Cikar ¢atismasi: Yazarlar, bu yazi i¢in gercek, potansiyel veya al-
gilanan ¢ikar catigmasi olmadigini beyan etmiglerdir.

Etik izin: Ankara Yildirim Beyazit Universitesi Saglik Bilimleri
Etik Kurulu'ndan 2021-615 arastirma kodlu etik kurul onay1 alin-
mustir.

Veri erisilebilirligi: Kullanilan veriler gizlidir.
Finansal destek: -

Tesekkiir: -

Aciklama: -
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oz

Son on yilda, probiyotik mikrobiyoloji alanindaki arastirmalar 6nemli 6lgiide ilerlemistir. Probiyotik kiiltiir-
lerin se¢imi, karakterizasyonu ve saglik iddialarinin dogrulanmast {izerine yapilan ¢aligmalar 6nemli bir iler-
leme kaydetmis ve molekiiler-genetik arastirmalar, probiyotiklerin faydali etkilerinin detaylarinin temelini
anlamamiza yardimet olmustur. Bu gelismeler, probiyotiklerin insan saglig1 tizerinde olumlu etkilerinin an-
lagilmasinda 6nemli bir adimdir. Probiyotik mikroorganizmalar genellikle fermente siit iiriinlerinde bulunur
ve saglik i¢in faydali mikroorganizmalar icermektedir. Ancak, diger gida tiirlerinde de kullanim1 artmis olsa
da probiyotik kullanimi kompozit gidalarda heniiz yaygin degildir. Probiyotik igerigin stabilitesi, etkinligi ve
sindirilebilirligi gibi konular iizerinde durularak, probiyotik kompozit gidalarin saglik yararlarinin daha iyi
anlagilmasi ve optimize edilmesi i¢in daha fazla aragtirmaya ihtiyac vardir. Bu derlemede, sindirim sistemin-
deki varliklari kanser insidansi {izerinde etkili olabileceginden, 6zellikle Faecalibacterium prausnitzii ve Ak-
kermansia muciniphila gibi yeni ortaya ¢ikan iki yeni nesil probiyotik bakterilerine odaklanilmigtir. Bu yeni
nesil probiyotiklerin gastrointestinal bagigiklig1 artirmasi, bagirsak bariyer biitiinliigiinii korumasi, faydal
metabolitler {iretmesi ve immiinoterapi etkinligini artirmasi gibi 6zellikleri incelenmistir. Ayrica, yeni nesil
probiyotiklerin kanser hastalarinda kullanimi iizerine gilivenlik ve etkinlikle ilgili ¢aligmalar degerlendiril-
muistir.

Anahtar Kelimeler: Akkermansia muciniphila, Faecalibacterium prausnitzii, Kanser,
Yeni nesil probiyotikler

ABSTRACT

Akkermansia muciniphila and Faecalibacterium prausnitzii as next generation probiotic:
Implications for health

In the last decade, research in the field of probiotic microbiology has advanced significantly advanced. Stu-
dies on the selection, characterization and validation of health claims of probiotic cultures have made signi-
ficant progress, and molecular-genetic research has helped us understand the mechanistic basis of the bene-
ficial effects of probiotics. These developments have been an important step forward in understanding the
positive effects of probiotics on human health. Probiotic foods are usually found in fermented dairy products
and contain microorganisms that are beneficial for health. However, while their use in other food types has
increased, the use of probiotics is not yet widespread in composite foods. More research is needed to better
understand and optimize the health benefits of probiotic composite foods, with an emphasis on issues such as
stability, efficacy and digestibility of the probiotic ingredient. In this review, we specifically focus on two
emerging new generations of probiotic bacteria, Faecalibacterium prausnitzii and Akkermansia muciniphila,
as their presence in the digestive tract may have an impact on cancer incidence. The properties of these new
generation probiotics, such as enhancing gastrointestinal immunity, maintaining intestinal barrier integrity,
producing beneficial metabolites and enhancing immunotherapy efficacy, were examined. In addition, safety
and efficacy studies on the use of new generation probiotics in cancer patients were evaluated.

Keywords: Akkermansia muciniphila, Cancer, Faecalibacterium prausnitzii, Next generation probiotics
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Giris

Son dénemlerde molekiiler biyoloji ve bilgi teknolojisi alan-
larindaki gelismeler, arastirmacilarin insan bagirsak mikrobi-
yomunu anlama konusundaki ilerlemelerine ivme kazandir-
mustir. Bu alandaki ¢aligmalar, insan bagirsagi ile mikroorga-
nizmalar arasindaki iliskileri ve bu iliskilerin saglik {izerin-
deki etkilerini anlama amacini tagimaktadir. Bu alandaki
aragtirmalarin kokleri, yliz yil 6ncesine dayanmakta olup,
Tissier'in 1889'da bir bebegin bagirsagindan bifidobakteriyi
izole etmesiyle baslamistir. Elie Metchnikoff'un Nobel 6diillii
caligmalartyla birlikte (Metchnikoff, 1910), 19. yiizyilin son-
larinda mikrobiyologlar saglikli bireylerin bagirsak florasinin
hastalikli bireylerinkinden farkl oldugunu gézlemlemislerdir
(Butel ve ark., 2018; Sanchez ve ark., 2017). Probiyotik ifa-
desi, Yunanca'da 'yasam i¢in' anlamina gelen bir kelimeden
tiiretilmistir (Getahun ve ark., 2017). ilk kez, Fuller (1989)
tarafindan yapilan tanima gore, probiyotikler, mikrobiyal
dengeyi iyilestirerek konakc¢iy1 faydali bir sekilde etkileyen
canli mikrobiyal yem takviyeleridir. Gida ve Tarim Orgiitii
'probiyotik'in tanimini, belirli sayilarda alindiginda tiiketici-
nin saglhigma fayda saglayan canli organizmalar olarak yap-
maktadir (FAO/WHO, 2002). Bu ifadeler, probiyotik orga-
nizmalarin viicudun dogal savunma sistemini gelistirdigi ve
sagliga katki sagladigina dair 6nemli bir bilimsel temel olus-
turmaktadir. Probiyotik gidalar, islevsel gida endiistrisinin
onemli bir pargasi olmaktadir. Probiyotik organizmalar, ge-
sitli saglik yararlari ile bilinmektedir. Fermente siit {irtinleri,
geleneksel probiyotik kaynaklarinin basinda gelirken, diger
tiriinler de probiyotik dagitimi i¢in giderek daha fazla tercih
edilmektedir. Kompozit gidalar genellikle probiyotik igerigi
acisindan daha az goriilse de, siit ve tahil kombinasyonlari in-
sanlarin beslenme kalitesini artirabilir ve bu da probiyotik or-
ganizmalarin gelisimine katki saglamaktadir. Kompozit pro-
biyotik iiriinler, ¢esitli beslenme faydalar1 sunabilir ve iiriin
cesitliligini artirabilir. Ancak, bu tiir gidalarin duyusal olarak
kabul edilebilirligi hala 6nemli bir konudur. Ayrica, probiyo-
tik kompozit siit iirlinlerinin hayvanlar ve insanlar tizerindeki
saglik etkileri sistematik olarak incelenmemistir. Bu alanda
sistematik ve derinlemesine bir arastirmaya ihtiya¢ duyul-
maktadir (Kisan ve ark., 2019).

Ticari olarak satilan probiyotik mikroorganizmalar genellikle
Lacticaseibacillus ve Bifidobacterium cinslerinden gelir ve
genellikle sagliga faydali olarak kabul edilmektedir (Doron
ve ark., 2006). Bu tiir mikroorganizmalar, bagirsak florasinin
bir pargasi olarak hem bagirsaklardan hem de fermente gida-
lardan izole edilmektedir. Lacticaseibacillus cinsinin en yay-
gin kullanilan tiirleri arasinda L. acidophilus, L. casei, L.
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rhamnosus, L. reuteri, L. plantarum bulunurken, Bifidobac-
terium cinsinden B. breve, dnceden B. lactis olarak bilinen B.
animalis subsp. lactis, B. longum biotipleri gibi tiirler 6ne ¢ik-
maktadir (Masco ve ark., 2004; Masco ve ark., 2005).

Probiyotik ailesine dahil olan diger laktik asit bakterileri
(LAB) arasinda Streptococcus, Lactococcus, Enterococcus,
Leuconostoc, Propionibacterium ve Pediococcus bulunmak-
tadir. Bununla birlikte, baz1 probiyotik olarak kabul edilen
mikroorganizmalar arasinda patojenik olmayan E. coli Nissle
1917, Clostridium butyricum, Saccharomyces boulardii gibi
maya tiirleri, Aspergillus oryzae gibi filamentli kiifler ve spor
olusturan bazi basiller de bulunmaktadir (Gibson, 2003; Ha-
rish ve Varghese, 2006).

Probiyotik organizmalarim konakgiya saglik faydalar sagla-
yabilmesi i¢in, gastrik gecis sirasinda hayatta kalmalari,
safra, asit ve gastrik enzimleri tolere edebilmeleri ve ardindan
bagirsak epitelinde aderans ve kolonizasyon saglamalar ge-
rektigi belirtilmektedir (Huang ve Adams, 2004).

Son yillarda bagirsak mikrobiyotasinin kanser tedavisi ile
iligkisi tizerine yapilan c¢aligmalar oldukca yogunlasmistir
(Zitvogel ve ark., 2018). Bu ¢aligmalar bagirsak mikrobiyo-
tasinin kanser gelisimindeki roliinii anlamak ve yeni tedavi
yaklagimlar1 gelistirmek icin 6nemli bir adim olarak kabul
edilmektedir (Schwabe ve Jobin, 2013). Ozellikle, bagirsak
mikrobiyotasinin bilesimi ve ¢esitliligi ile kanser arasindaki
iliskilerin derinlemesine arastirilmasi, kanser tedavisi ve on-
lenmesinde yeni stratejilerin ortaya ¢ikmasina katki sagla-
maktadir (Garrett, 2015). Kanser hastalarinda bagirsak mik-
robiyotast ile ilgili hususlar birgok caligmada yogun bir se-
kilde analiz edilmistir (Zitvogel ve ark., 2015). Bagirsak mik-
robiyotasi dengesizligi ile kanser gelisimi arasindaki baglanti
kapsamli bir sekilde arastirilmis ve belgelendirilmistir (Roy
ve Trinchieri, 2017). Bununla birlikte, bagirsak mikrobiyota-
siin sadece bakteriyel kismi degil, ayn1 zamanda kiif ve
mantar bilesenleri de degisiklikler gostermektedir. Bu degi-
sikliklerin kanser gelisimi iizerindeki etkileri 6nemli bulun-
mus ve daha fazla aragtirma gerektirdigi vurgulanmistir (Huo
ve ark., 2022; Coutzac ve ark., 2020).

Yeni nesil probiyotiklerin, 6zellikle Faecalibacterium pra-
usnitzii ve Akkermansia muciniphila gibi bazi tiirlerin kanser
tedavisi siirecinde bagirsak sagligini koruyarak ve bagisiklik
sistemini giiclendirerek olumlu etkiler saglayabilecegi iize-
rine yapilan ¢aligmalar bu alanda umut verici sonuglar elde
edilmesini saglamaktadir (Tablo 1).
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Tablo 1. Yeni Nesil Probiyotiklerin Kategorileri ve Saglik Uzerindeki Etkileri

Kategori

Probiyotik

Saghk iizerinde etkileri

Referans

Mukus Katmani Akkermansia muciniphila -Bagirsak mukus tabakasini Belzer ve ark., 2017;
Iyilestiriciler giiclendirmektedir. Cani ve ark., 2007;
-Bagisiklik sistemini Derrien ve ark.,2004;
desteklemektedir. Everard ve ark., 2013.
-Obezite ve diyabet riskini
azaltabilir.
-Metabolik saglik lizerinde
olumlu etkileri vardir.
Antiinflamatuar Faecalibacterium prausnitzii -Antiinflamatuar etkiler Foditsch ve ark., 2014;
Ajanlar gostermektedir. Miquel ve ark., 2013;
-Bagirsak sagligini Quévrain ve ark., 2016;
korumaktadir. Sokol ve ark., 2008.
-Crohn hastalig1 ve diger
inflamatuar bagirsak hastaliklar
ile miicadelede yardimci
olabilmektedir.
-Bagisikligi desteklemektedir.
Genel Bagirsak Saghgt  Lactocaseibacillus rhamnosus  -Bagirsak mikroflorasini Miettinen ve ark., 1996;
Destekgileri dengelemektedir. Segers ve Lebeer, 2014;

-Ishal ve kabizlik gibi sindirim
sorunlarini Onlemektedir.

Szajewska ve Kolodziej,
2015.

-Bagisiklik sistemini
giiclendirmektedir.

Sinbiyotik Destekg¢iler  Bifidobacterium longum

-Sindirim sistemini

Arboleya ve ark., 2016;

iyilestirmektedir. Hidalgo-Cantabrana ve
-Bagirsak mikroflorasini ark., 2017;
diizenlemektedir. Wong ve ark., 2019.

-Bagisiklig desteklemektedir ve
inflamasyonu azaltmaktadir.

Yeni nesil probiyotikler arasinda yer alan Faecalibacterium
prausnitzii ve Akkermansia muciniphila gibi tiirler, bagirsak
sagligin1 koruyarak ve bagisiklik sistemini giiclendirerek
kanser tedavisi siirecinde iyilestirici etki gostermektedir. Bu
probiyotiklerin sagladigi olumlu etkiler, bagirsak mikrobiyo-
tasimin kanser tedavisindeki roliine dair daha fazla arastirma
ve klinik ¢aligmanin yapilmasini gerekli kilmaktadir (Kazmi-
erczak-Siedlecka ve ark., 2022).

Kanser tiirlerine bagl olarak, bagirsak mikrobiyotasinda ge-
sitlilik gozlemlenebilir. Ornegin, pankreas kanseri vakala-
rinda, agiz mikrobiyotasinda disbiyozisine sik¢a rastlanmak-
tadir (Fan ve ark., 2018; Flemer ve ark., 2017). Bu disbiyozis,
Porphyromonas gingivalis, Fusobacterium, Neisseira elon-
gata, Streptococcus mitis, Bacteroides, Lepotrichia, Grabu-
litacetlla adiacens, Aggregatibacter actinomycetemocomi-

tans gibi mikroorganizmalarin farkli yogunluklarini igermek-
tedir. Benzer sekilde, intrapankreatik mikrobiyota da farklilik
gosterebilir ve bu farklilik, degisen Gammaproteobakteria,
Fusobacterium, Escherichia coli, Bifidobacterium pseudo-
longum gibi mikroorganizmalarin varligim1 icermektedir
(Thomas ve ark., 2018). Bu degisiklikler, kanser hastalarinin
bagirsak mikrobiyotasinda gézlemlenen belirli bir belirti ola-
rak ele alinmaktadir (Kazmierczak-Siedlecka ve ark., 2020;
Wei ve ark., 2019). Bagirsak mikrobiyotasinin anti-kanser te-
davi etkinligini ve hastalarin yasam kalitesini etkiledigi bi-
limsel ¢alismalarla kanitlanmistir. Ozellikle, mikrobiyoto-
mun, pankreas kanseri ve hepatoseliiler karsinom gibi énde
gelen kanser tiirlerinin erken teshisi i¢in istilact olmayan pre-
diktif biyobelirtegler olarak potansiyel kullanimi iizerine
arastirmalar yogunlagmaktadir. Bu gelismeler, kanser teshi-
sinde ve tedavisinde bagirsak mikrobiyotasinin 6nemli bir rol
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oynayabilecegine dair umut verici bir perspektif sunmaktadir
(Half ve ark., 2019; Ren ve ark., 2019). Cok modelli anti-
kanser tedavileri, kanserle miicadelede 6nemli bir strateji ol-
masina ragmen, bazi durumlarda yetersiz kalabilmektedir. Bu
nedenle, bagirsak mikrobiyotasinin bilesimini degistirerek ve
dengesini yeniden saglayarak daha etkili anti-kanser tedavi-
leri elde etmek i¢in bir zorunluluk haline gelmistir. Bu amacla
prebiyotikler, probiyotikler, sinbiyotikler, postbiyotikler ve
fekal mikrobiyota transplantasyonu gibi ¢esitli yontemler
kullanilmaktadir. Bu tedaviler, bagirsak mikrobiyotasini mo-
diile ederek kanser tedavisi lizerinde olumlu etkiler saglaya-
bilir ve hastalarin saglik durumunu destekleyebilir. Bu yon-
temler, anti-kanser tedavilerinin yan etkilerini azaltmaya yar-
dimc1 olacak ve kanserle miicadelede daha etkili sonuglar
elde edilmesine katkida bulunacagi diisiiniilmektedir (Smith
ve ark., 2023; Johnson ve ark., 2024).

Probiyotiklerin ¢esitli durumlardaki kullanimu titizlikle arag-
tirillmig ve etkileri iyi anlasilmigtir. Ancak, kanser tedavisi
icin yeni nesil probiyotiklerin kesfi ve potansiyel etkilerinin
daha derinlemesine incelenmesinin gerekli oldugu {izerinde
durulmaktadir (Chang ve ark., 2019). Yeni nesil probiyotik-
ler, kanser hastalarinda tedaviye yonelik umut verici bir yak-
lagim olacaktir ve bu alandaki aragtirmalarin genisletilmesi,
potansiyel terapotik faydalarinin anlagilmasina katki saglaya-
caktir.

Giliniimiizde yeni nesil probiyotikler ve kanser hastalarina
iligkin veriler heniiz tam olarak tanimlanmamis ve bu konu-
daki bilgiler sinirlidir (Martin ve Langella, 2019). Geleneksel
probiyotik suslar genellikle bagirsaklardan ve fermente gida-
lardan izole edilmistir. Yeni nesil probiyotikler ise, kommen-
sal bakteri tiirlerinin tanimlanmasi ve degistirilmesine olanak
tantyan yeni yontemlerle izole edilmistir (Singh ve ark.,
2023). Giincel verilere gore, yeni nesil probiyotik gruplari
arasinda ozellikle Faecalibacterium prausnitzii, Bacteroides
fragilis, Akkermansia muciniphila, Prevotella copri, Bacte-
roides thetaiotaomicron, Christensenella minuta ve Para-
bacteroides goldsteinii dikkat ¢ekmektedir (Chang ve ark.,
2019; Saarela, 2019; Satokari, 2019). Ancak, bu mikroorga-
nizmalarin ¢ogu kanserle dogrudan iliskili degildir ve kanser
fenotipi ile ilgili 6zellikleri heniiz tam olarak arastiriimamis-
tir. Dolayisiyla, bu derleme sadece iki yeni nesil probiyotik
aday Akkermansia muciniphila ve Faecalibacterium pra-
usnitzii odaklanmaktadir. Bu probiyotiklerin 6zelliklerini ve
kanserlerdeki potansiyel etkilerini tartisarak, probiyotiklerin
aktivitesinde beslenmenin rolii net sekilde belirtilecektir.

Akkermansia muciniphila

Akkermansia muciniphila, Verucomicrobia filumuna ve Ak-
kermansiaceae familyasina ait, yeni nesil probiyotik bakteri
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aday1 olarak 6ne ¢ikan bir tiirdiir. Oval sekilli ve hareketsiz
olan bu Gram-negatif bakteri, Akkermansia cinsinin ilk tiyesi
olarak tanimlanmistir (Brodmann ve ark., 2017; Macchione
ve ark., 2019). A. muciniphila'nin genomlar1 arasindaki ben-
zerlik oldukca diisiiktiir, ancak 2004 yilinda Hollanda'daki
Wageningen Universitesi'nde (Derrien ve ark., 2004; Naito
ve ark., 2018) insan digkisinda miisin parcalayan yeni bir
mikroorganizma arayisi sirasinda kesfedilmistir (Derrien ve
ark., 2004; Zhang ve ark., 2019). ik kesfedildiginde, 4. mu-
ciniphila, saflagtirilmig miisinler ve belirli bir karbon kaynagi
iceren Ozel bir ortamda saglikli bir kadindan alian diski 6r-
neginden izole edilmistir (Macchione ve ark., 2019). 4. mu-
ciniphila, 16S rRNA gen dizilimi kullanilarak tespit edilmek-
tedir (Abuqwider ve ark., 2021). Ozellikle, pastorize 4. mu-
ciniphila, faydal etkiler saglayan ilk yeni nesil probiyotiktir
(Turck ve ark., 2021). Hedef popiilasyon i¢in giinde 3,4 x 10"
hiicre tiikketimi giivenlidir ancak yeni gidalardaki canli hiicre
miktart 10 kob/g'dan azdir (Turck ve ark., 2021). A. mucinip-
hila, insan bagirsak mukus tabakasinda yerlesen aerotolerant,
anaerobik bir bakteri olarak tanimlanmistir (Macchione ve
ark., 2019; Zhang ve ark., 2019). Bu bakterinin en yogun bu-
lundugu yer kolon olmasina ragmen, gastrointestinal sistemin
diger bolgelerinde de bulunmaktadir (Geerlings ve ark.,
2018). A. muciniphila, genis bir sicaklik araliginda, 6zellikle
20 — 40 °C (optimum gelisme 37 °C' de), ve pH degerleri 5,5
ila 8,0 arasinda (optimum 6,5) gelismektedir (Derrien ve ark.,
2004; Geerlings ve ark., 2018). Ayrica, diisiik oksijen seviye-
lerine (nM konsantrasyonlari) tolerans gostermektedir ve
%0,1 saflastirilmig safra tuzlarinin varliginda bile gelismek-
tedir. Bu o6zellikleri, A. muciniphila'nin gesitli ¢evresel kosul-
lara adapte olabilme yetenegini gostermektedir. Fekal mikro-
biyotada bulunan A. muciniphila genellikle %1 ila %4 ara-
sinda seyretmektedir (Derrien ve ark., 2008; Macchione ve
ark., 2019). Bu bakteri, insan bagirsaginda dogumdan sonraki
ilk y1l iginde yerlesir ve saglikli yetiskinlerde belirli bir sevi-
yede stabil kalmaktadir. Ancak, yas ilerledikge, bu bakterinin
varliginin azaldig1 gézlemlenmistir (Zhang ve ark., 2019), bu
da yaslanmanin bagirsak mikrobiyotasi lizerindeki etkisini
vurgulamaktadir. 4. muciniphila popiilasyonunun biiyiik-
liigii, kisinin diyet aliskanliklariyla yakindan iliskilidir. Ozel-
likle tahillar, sebzeler, kahve, cay, liziim, kizilcik ve sarap
gibi polifenollerin tiiketimi, bu bakterinin bagirsakta bu-
lunma sikligimni artirmaktadir (Gautier ve ark., 2021). Bu ne-
denle, saglikli bir bagirsak mikrobiyotasi igin ¢esitli besinle-
rin dengeli bir sekilde alinmasi1 dnemlidir.

A. muciniphila, insanlarda cesitli faydali etkiler saglar. Ozel-
likle, glukoz toleransini ve lipid metabolizmasini diizenleye-
rek metabolik yollar1 etkilemektedir (Jayachandran ve ark.,
2020; Naito ve ark., 2018). Son ¢aligmalar da, pastorize edil-
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mis (70 °C, 30 dakika) 4. muciniphila'nin ginliik oral uygu-
lamasinin, diyete bagli obeziteyi hafiflettigini ve gidanin
enerji verimliligini azalttigini géstermektedir (Depommier ve
ark., 2020). Bu etkinin arkasindaki mekanizmanin, karbon-
hidrat emiliminin azalmasi ve bagirsak epitelyal doniisiimii-
niin artmasi1 gibi faktorleri igerebilecegi one siiriilmiistiir.
Bazi verilere gore, diyabet, obezite, hipertansiyon, karaciger
hastaliklar1, bagirsak iltihab1 ve inflamatuar bagirsak hasta-
l1ig1 (tilseratif kolit, Crohn hastalig1) gibi hastaliklarda 4. mu-
ciniphila diizeylerinin azaldig1 gézlemlenmistir (Abuqwider
ve ark., 2021; Corb Aron ve ark., 2021; Geerlings ve ark.,
2018). Dolayisiyla, A. muciniphila'nin kardiyometabolik has-
taliklar da dahil olmak {izere obeziteyle iliskili bozukluklarin
tedavisine destek olabilecegi diisiiniilmektedir (Cani ve de
Vos, 2017).

A. muciniphila, bagirsak sagliginin korunmasinda kritik bir
rol oynar ve bagirsak duvarinin islevselligini diizenlemekte-
dir. Bu bakteri, bagirsak bariyerini giiclendirmek i¢in mukus
tabakasinin kalinligimi artirmaktadir ve bagirsak hiicrelerinin
birbirine olan baglantilarin1 giiglendirmektedir (Cani ve de
Vos, 2017). Ayrica, Goblet hiicrelerinin sayisini gogaltmak-
tadir ve miisin-2 proteininin {iretimini artirmaktadir (Gautier
ve ark., 2021). Metabolik endotoksemi olarak bilinen bir du-
rumun gelisimini de 6nlemektedir (Everard ve ark., 2013).
Ottman ve ark. (2017), A. muciniphila'nin dis membraninda
bulunan MucT adli bir proteinin, bagirsak bariyer biitiinli-
giini sagladigim kesfetmislerdir. Bu protein ayni zamanda
bagisiklik sistemiyle etkilesime girmektedir ve bagirsak du-
varmin giiclii kalmasma yardimer olmaktadir (Ottman ve
ark., 2017). A. muciniphila, bagisiklik sistemini diizenleyen
belirli sitokinler aracilifiyla giiglendirmektedir ve Toll ben-
zeri reseptorler yoluyla etki gostermektedir (Ottman ve ark.,
2017). Ayrica, A. muciniphila, periodontite yol agan ve pank-
reas ile 6zofagus kanseri gibi hastaliklara katkida bulunan
Porphyromonas gingivalis'in (Huck ve ark., 2020) neden ol-
dugu iltihab1 azaltmaktadir (Kazmierczak-Siedlecka ve ark.,
2020a; Qi ve ark., 2020). Huck ve ark. (2020), A. muciniphi-
la'min diseti epitel hiicrelerinde integrin-f1, E-cadherin ve
Z0-1 ekspresyonunun arttigini belirlemis ve baglanti biitiin-
liginii korumadaki roliinii dogrulamistir (Huck ve ark.,
2020).

Son arastirmalar, bagirsak mikrobiyotasi, probiyotikler ve
bagisiklik sistemi arasinda immiinoterapi etkinligi ile iliski-
lendirilen bir baglanti oldugunu ortaya koymaktadir (Jacou-
ton ve ark., 2017; Kazmierczak-Siedlecka ve ark., 2021). A.
muciniphila'nin anti-PD-1 ajanlaria dayali immiinoterapinin
etkisi iizerinde olumlu bir etkisi oldugu bulunmustur. Diger
caligmalar, immiin kontrol noktasi inhibitorlerine yanit veren
hastalardan mikrobiyota transplantasyonu veya sadece bu
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yeni nesil probiyotiklerinin takviyesinin immiinoterapiye du-
yarlilig1 geri getirdigini gostermektedir (Routy ve ark., 2018).
Bu bulgular, A. muciniphila'nin immiinoterapi etkinliginde
onemli bir rol oynayabilecegini 6ne siirmektedir.

Akciger kanseri hastalarinda, bagirsak mikrobiyomu ve me-
tabolomunda degisiklikler gozlenmektedir. Yapilan son arag-
tirmalar, A. muciniphila ile birlikte Rikenellaceae, Bacteroi-
des, Peptostreptococcaceae, Mogibacteriaceae ve Clostridi-
aceae gibi kommensal bakterilerin miktarinin, kontrol gru-
buna kiyasla kiigiik hiicreli olmayan akciger kanserli
(KHDAK) hastalarda azaldigini ortaya koymustur (Ver-
nocchi ve ark., 2020). Chen ve ark. (2020) yaptig1 arastirma,
A. muciniphila'min Lewis akciger kanseri farelerinde sisplati-
nin (CDDP) antitimor etkisini artirdigini  gostermektedir
(Chen ve ark., 2020). Fareler bes gruba ayrilarak farkli tedavi
yontemlerine tabi tutulmustur. CDDP + A. muciniphila gru-
bunda, tiimor belirteclerinde azalma ve immiin sistemde be-
lirgin degisiklikler gozlemlenmistir. Bu ¢alisma, akciger kan-
seri tedavisinde 4. muciniphilamm umut verici bir terapotik
strateji olabilecegini gostermektedir (Chen ve ark., 2020). 4.
muciniphila'dan elde edilen Amuc 1434* proteininin,
LS174T hiicrelerinin canliligimi artirarak kolorektal kanser
gelisimini engelleyebilecegi diisiiniilmektedir (Meng ve ark.,
2020). Bu proteinin biyolojik aktivitesi pastdrizasyon isle-
minden etkilenmemektedir (Depommier ve ark., 2020). Ya-
kin zamanda yapilan bir ¢aligmada, Han Wistar siganlarina
90 giin boyunca farkli dozlarda A. muciniphila verilmis ve
herhangi bir yan etki gézlemlenmemistir. Bu bulgular, 4. mu-
ciniphila'nin giivenli bir gida bileseni olarak kabul edilebile-
cegini desteklemektedir (Druart ve ark., 2021).

Faecalibacterium prausnitzii

F. prausnitzii, anaerobik bir bakteri olup Firmicutes filumuna
ve Ruminococcaceae familyasina aittir (Chang ve ark., 2019;
Gautier ve ark., 2021). Bu bakteri, saglikli yetigkinlerin ba-
girsak mikrobiyotasinin %5'inden fazlasini olusturmaktadir.
Gram pozitif bir organizma olan F. prausnitzii, insan bagir-
sag1 i¢in Onemli bir bilesen olarak kabul edilmektedir (Miquel
ve ark., 2013). F. prausnitzii, glukozu fermente ederek kisa
zincirli yag asitleri, d-laktat ve formik asit {iretmektedir
(Chang ve ark., 2019; Duncan ve ark., 2002). Bu bakteri,
ozellikle biitirat ad1 verilen kisa zincirli yag asitlerin en
onemli iiretici iiyelerindendir. Kisa zincirli yag asitlerinin an-
tiinflamatuar, antikarsinojenik ve bagisiklik diizenleyici etki-
leri oldugu bilinmektedir (Yoon ve ark., 2021). Biitirat, kolo-
nositler i¢in bir enerji kaynagi olarak islev goriirken (Fu ve
ark., 2019; Louis ve Flint, 2017), ayn1 zamanda epitelyal ba-
riyerin biitlinliigiinii artirmaktadir ve mukozal bagisiklig
giiclendirmektedir (Fu ve ark., 2019; Geirnaert ve ark., 2017).
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Bagirsak-beyin ekseninin diizenlenmesinde de rol oynayan
biitirat (Schroeder ve ark., 2007), histonlarin deasetilasyo-
nunu engelleyerek ¢esitli genlerin ifadesini diizenlemektedir.
Ornegin, lipid metabolizmasiyla iliskili genlerin yan1 sira inf-
lamasyon, farklilagsma ve apoptozla iligkilendirilen genlerin
aktivitesini kontrol etmektedir (Chen ve ark., 2020). Son
arastirmalar, Oscillospiramin da kisa zincirli yag asitlerin
tiretebilecegini ve potansiyel olarak yeni nesil probiyotik
aday1 olarak kabul edilebilecegini 6ne siirmektedir (Yang ve
ark., 2022).

F. prausnitzii ve A. muciniphila, bagirsak sagliginin goster-
gesi olarak kabul edilen iki bakteridir. F. prausnitziimin ek-
sikligi, irritabl bagirsak sendromu (IBS) gibi hastaliklara yol
agmaktadir. F. prausnitzii'nin bollugu, beslenme aligkanlikla-
rina baghdir ve lif agisindan zengin bir diyetin F. pra-
usnitzii'nin sayisini artirabilecegi gézlemlenmistir (De Filip-
pis ve ark., 2022; Meslier ve ark., 2020; Yoon ve ark., 2021).

Verhoog ve ark. (2019) yaptig1 kapsamli derlemede, 29 de-
neme ve 1444 katilimciy1 kapsamis ve 4. muciniphila ile ilgili
19, F. prausnitzii ile ilgili 5 arastirmay1 degerlendirmistir. Bu
derleme, bazi beslenme faktorlerinin bu bakteri tiirlerinin
miktarini etkileyebilecegini gostermistir. Ozellikle, kalori ki-
sitlamal1 bir diyet ve nar 6z, resveratrol, sodyum biitirat, po-
lidekstroz, maya fermantasyonu ve iniilin takviyeleri, 4. mu-
ciniphila'nin sayisin artirirken, F. prausnitzii'nin sayisi ge-
nellikle prebiyotikler araciligiyla diizenlenmektedir (Ver-
hoog ve ark. 2019). Ornegin, iniilin takviyeleri F. prausnitzii
sayisini artirirken, ksilo-oligosakkaritlerin saglanmasi ayni
zamanda Faecalibacterium sp. ve Akkermansia sp.nin sayi-
sii1 olumlu yonde etkileyebilir (Gautier ve ark., 2021). Bu
durum, bagirsak mikrobiyotasinin gesitliligini artiran ve sag-
l1g1 destekleyen farkli prebiyotik bilesenlerin roliinii goster-
mektedir.

Lopez-Siles ve ark. (2016) yaptigi bir ¢alismada, F. pra-
usnitzii'min kolorektal koliti olan farelerde inflamasyonu ve
doku hasarini azalttigini ortaya koymustur. Ayrica, kolorek-
tal kanser, Crohn hastalig1 ve iilseratif kolit hastalarinda F.
prausnitzii sayismi saglikli deneklerdeki kontrollerle karsi-
lastirildiginda daha diisiik oldugu tespit edilmistir. Palmisano
ve ark. (2020) calismasi da benzer sekilde, kolorektal kanser
hastalarinda F. prausnitzii sayilarinin azaldigini dogrulamis-
tir. F. prausnitzii'nin anti-inflamatuar 6zelliklerinin kolit hay-
van modeli calismalarinda dogrulandigi bildirilmektedir
(Martin ve ark., 2014; Zhang ve ark., 2014). Ornegin, Zhou
ve ark. (2018), deneysel kolit modellerinde F. prausnitzii ta-
rafindan iretilen biitiratin Th17/Treg dengesini koruyarak
anti-inflamatuar etkiler sagladigini gostermistir. Ayrica, F.

prausnitziimin kolorektal koliti iyilestirmek i¢in histon dea-
setilaz 1'i inhibe ettigi bilinmektedir. F. prausnitzii'nin iiret-
tigi biitiratin sadece anti-inflamatuar 6zelliklere sahip olma-
dig1, aym1 zamanda 15 kDa'lik bir protein araciligiyla bu et-
kiyi gergeklestirdigi belirlenmistir (Quévrain ve ark., 2016).

Son yapilan arastirmalara gore, kiiglik hiicreli olmayan akci-
ger kanseri (KHDAK) ile biitirat iireten F. prausnitzii, Clost-
ridium leptum, Clostridial cluster 1, Ruminococcus spp.,
Clostridial cluster XIVa ve Roseburia spp. gibi bakteriler
arasinda Oonemli bir iliski saptanmistir (Gui ve ark., 2020).
Ozellikle F. prausnitzii ve diger biitirat {ireten bakterilerin,
KHDAK hastalarinda belirgin bir azalma gosterdigi gézlen-
mistir (Gui ve ark., 2020). Ancak, bu azalmanin KHDAK ge-
lisimine olan etkisi hakkinda heniiz net bir agiklama yapila-
mamustir. Gastrointestinal mukozit, kanser tedavisinin bir so-
nucu olarak ortaya ¢ikan ve hastalarin yaklagik yarisini etki-
leyen ciddi bir komplikasyondur (Touchefeu ve ark., 2014).
Anti-kanser tedavisi sirasinda bagirsak mikrobiyotasinda
meydana gelen degisiklikler, bu komplikasyonun ortaya ¢ik-
masinda 6énemli bir rol oynayabilecegi ifade edilmistir (To-
uchefeu ve ark., 2014). Ozellikle F. prausnitzii gibi belirli
bakteri tiirlerinde gézlenen azalmalarin, gastrointestinal mu-
kozit ve ishal gibi rahatsizliklarin gelisiminde etkili olabile-
cegi diigiiniilmektedir (Touchefeu ve ark., 2014). Beslenme
ile dogrudan iligkilendirilen aragtirmalar, kalori kisitlamasi
ve prebiyotiklerin kullamiminin F. prausnitzii sayisini artirdi-
gin1 gostermektedir (Gautier ve ark., 2021). Bu nedenle, pro-
biyotiklerin diizenli kullanim1 ve bagirsak mikrobiyal denge-
sinin saglanmasi, gastrointestinal komplikasyon riskini azal-
tabilir. Ancak, F. prausnitzii'nin kullanimiyla ilgili potansiyel
risk faktorlerinin daha detayli bir sekilde incelenmesi gerek-
mektedir (Almeida ve ark., 2020). Lapiere ve ark. (2020) yap-
t1g1 calisma, F. prausnitzii susu A2-165'in (DSMZ koleksi-
yonu, Braunschweig, Almanya, DSM No 17677), radyotera-
pinin neden oldugu kolon epitel bariyerinin akut bozulmasini
onledigini gostermistir. Bu arastirmada, 1sinlamadan 6nce ve
sonra F. Prausnitzii 'nin uygulanmasiyla radyasyonun neden
oldugu hiperpermeabilite ve kolon mukozasinda nétrofillerin
sinirlanmasi gozlemlenmistir. Bu sonuglar, F. Prausnitzii 'nin
kolonik bariyeri 1sinlamaya karsi koruyabilecegini 6ne siir-
mektedir (Lapiere ve ark. 2020).

Son zamanlarda yapilan arastirmalardan birinde, Ma ve ark.
(2020), F. prausnitzii'min meme kanseri hiicrelerinin biiyii-
mesini inhibe edebilecegini ve meme kanseri hastalarinda bu
bakterinin azaldigin1 gostermistir. Ayrica, meme kanseri has-
talarinda Faecalibacterium sayisinin azaldigl ve bu durumun
cesitli fosforilkolinlerle negatif korelasyon gdsterdigi belir-
lenmistir. Bu bulgular, bagirsak mikrobiyomunun meme kan-
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serinin tespitinde potansiyel bir biyobelirteg olabilecegini dii-
siindiirmektedir (Ma ve ark., 2020). Ote yandan, meme kan-
seri hastalarinda yapilan ¢esitli arastirmalar, asir1 kilolu ve
obez kadinlarda F. prausnitzii sayisinda azalma oldugunu or-
taya koymustur (Frugé ve ark., 2020; Luu ve ark., 2017). Bu
da obezitenin 6zellikle postmenopozal kadinlarda meme kan-
seri i¢in 6nemli bir risk faktorii oldugunu vurgulamaktadir
(Krishnan ve ark., 2013; Renehan ve ark., 2008). Ayrica,
meme kanseri olan menopoz sonrasi kadinlarda digki mikro-
biyotasiin degistigi (Goedert ve ark., 2015) ve Ostrojen me-
tabolizmasii etkileyen bir mikroorganizma alt kiimesinin
varliginin meme kanserinin baslangicini etkileyebilecegi gos-
terilmistir (Flores ve ark., 2012; Fuhrman ve ark., 2014).
Meme kanseri olan kadinlarda F. prausnitzii miktarimin azal-
mas1 ve bunun kanser gelisimiyle iliskilendirilmesi {izerine
yapilan aragtirmalar 6nemli sonuglar ortaya koymaktadir.
Ayrica, flora metabolitlerinin meme kanseri tespitinde kulla-
nish olabilecegi ve F. prausnitziimin meme kanseri biiyiime-
sini engelleyebilecegi iizerine bulgular elde edilmistir. Bu
bulgular, bagirsak mikrobiyotasinin meme kanseri gelisimin-
deki roliinii anlamamiza ve tedavi stratejilerinin gelistirilme-
sine katki saglamaktadir. Ancak, daha fazla arastirma yapila-
rak elde edilen bulgularin dogrulugu ve klinik 6nemi daha ay-
rintil1 bir sekilde degerlendirilmelidir (Ma ve ark., 2020).

Sonu¢

F. prausnitzii ve A. muciniphila, modern probiyotikler kate-
gorisine dahil edilen mikroorganizmalardir ve kanser hasta-
larinda ¢esitli mekanizmalar araciligiyla faydali olabilecegi
diistiniilmektedir. Her biri farkl1 6zelliklere sahip olsa da ben-
zer islevleri ve etki mekanizmalarini paylasmalar1 6nemlidir.
Bu organizmalarin bagisiklik sistemini giiclendirdikleri, lipo-
polisakkarit iligkili sinyalleri azalttiklari, bagirsak mikrobi-
yotasiin faaliyetlerini gelistirdikleri ve bagirsak bariyerinin
biitlinligiinii koruyarak sizintili bagirsak gelisimini 6nledik-
leri kanitlanmustir. Ek olarak, F. prausnitziimin kemote-
rapi/radyoterapi kaynakli mide-bagirsak komplikasyonlarini
azaltabilecegi, A. muciniphila'nin ise immiinoterapinin etkin-
ligini artirabilecegi belirtilmektedir. Ancak, bu yeni nesil pro-
biyotiklerin insan kanser hastalarindaki giivenligi hala belir-
sizdir ve daha detayli olarak incelenmelidir. Baz1 verilere
gore, bu probiyotiklerin toksik olmadigi ve giivenli oldugu
diistiniilmektedir.
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oz

Diinya genelinde bakteriyel gastroenteritlerin birincil nedeni olan Campylobacter spp.’nin olus-
turdugu gida kaynakli enfeksiyonlarin insidanst siirekli bir artis gostermektedir. Campylobacteri-
osisde, ozellikle Campylobacter jejuni ve Campylobacter coli, en sik rastlanilan tiirler olarak bi-
linmekte ve antimikrobiyallere gdsterdikleri direng ile halk sagligini ciddi olarak tehdit etmektedir.
Campylobacter spp.’nin en 6nemli rezervuarlari olan kanatli hayvanlar ve sigirlar ile bu hayvan-
lardan elde edilen et, siit ve iiriinlerinin mikrobiyal giivenilirliginin saglanmasi yoniinden patojenin
hem ¢iftlik diizeyinde hem de tiiketime sunulan bu gidalarda tespitinin ve/veya konsantrasyonunun
belirlenmesi, yasal diizenlemelerde gerekli giincellemelerin yapilmasini zorunlu kilmaktadir. Et-
kenin zoonotik potansiyeli géz Onlinde bulundurularak hazirlanan bu derleme makalesinde,
Campylobacter’in etiyoloji, iireme ve patojenite 6zellikleri; epidemiyoloji ve prevalansi, enfeksi-
yonun patojenezi ve semptomlari; patojenin tespitinde dnem arz eden 6rnekleme, izolasyon/sayim,
identifikasyon ve hizli yontemler; enfeksiyon tedavisi ve antibiyotik direng bilgileri ile koruma
kontrol gereklilikleri ve yasal yaklasim stratejileri giincel literatiir verilerine dayali olarak sunul-
maktadir.

Anahtar Kelimeler: Campylobacter, Campylobacteriosis, Halk Sagligi, Kanatli hayvan, Sigir

ABSTRACT
An updated overview of Campylobacter and campylobacteriosis

There is a continuous rise in the incidence of foodborne infections caused by Campylobacter spp.,
the main causative agent of bacterial gastroenteritis worldwide. Campylobacteriosis, Campylobac-
ter jejuni and Campylobacter coli are the most frequently encountered species and pose serious
health threats due to their resistance to antimicrobials. Assurance of microbial safety of poultry
and cattle, the most important reservoirs of Campylobacter spp., meat and meat products, milk and
dairy obtained from these animals, and detection and/or concentration determination of the patho-
gen both in the farm and in food ready for consumption, mandates required regulatory updates in
current legislations. By taking the zoonotic potential of the agent into consideration, in this review
article, aetiology, growth and pathogenicity traits; epidemiology and prevalence; pathogenesis and
symptoms of the infection; sampling, isolation/enumeration, identification and rapid methods for
the detection of the pathogen; treatment of disease and antimicrobial resistance information; and
prevention and control requirements and regulatory approach strategies were presented based on
data from current literature.

Keywords: Campylobacter, Campylobacteriosis, Cattle, Public Health, Poultry
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Giris

Campylobacter, Avrupa Birligi (AB)’de 2007’den bu yana en
sik bildirilen gida kaynakli bakteriyel gastroenterit etkeni ola-
rak bilinmektedir. Amerika Birlesik Devletleri (ABD)’de ra-
por edilen enfeksiyonlar igerisinde de en yiiksek insidansa sa-
hip olan patojen oldugu bildirilmektedir. Insan enfeksiyonla-
rindan en sik izole edilen Campylobacter tiirleri, Campylo-
bacter jejuni (C. jejuni) ve Campylobacter coli (C. coli) ola-
rak rapor edilmektedir (WHO, 2024).

Campylobacter, hem meydana getirdigi enfeksiyonlara bagh
halk sagligi riskleri hem de saglik hizmetlerindeki artisa baglh
ekonomik kayiplar yoniinden 6nem tagimaktadir. Hayvansal
gidalar igerisinde, etkenin asemptomatik tasiyicist olan ka-
nath ve sigir kaynakli iriinler, etkenin birincil kaynagini
olusturmaktadir (EFSA, 2023). Bu nedenle, bu iiriinlerde
Campylobacter varliginin tespit edilmesi, Tek Saglik yakla-
siminda alinacak dnlemler agisindan belirleyici role sahiptir.
AB’deki mevzuatin aksine iilkemizde bu patojenin gidalar-
daki varliginin tespitini zorunlu kilan yasal bir diizenlemenin
heniiz bulunmamasi, tiiketime sunulan bu iirlinlerden kaynak-
lanabilecek saglik risklerinin dngdriilememesi yaninda biiyiik
ekonomik kayiplara neden olmaktadir.

Bu derleme makalesinin amact; Campylobacter’in etiyoloji,
iireme ve patojenite dzellikleri; epidemiyoloji ve prevalansi,
enfeksiyonun patojenezi ve semptomlart; patojenin tespitinde
Oonem arz eden Ornekleme, izolasyon/sayim, identifikasyon
ve hizl1 yontemler; enfeksiyon tedavisi ve antibiyotik direng
bilgileri ile koruma kontrol gereklilikleri ve yasal yaklagim
stratejileri hakkinda giincel literatiir bilgileri sunmaktadir.

Etiyoloji, Ureme ve Patojenite Ozellikleri

Campylobacter kelimesi, Yunanca’da kivrik anlamina gelen
‘kampylos’ (egri) ve ‘bactron’ (¢ubuk) kelimelerinden koken
almaktadir (Linden, 2022). 11k olarak 1906 yilinda, Veteriner
hekim John McFadyean ve Stewart Stockman tarafindan en-
fekte gebe bir koyunun uterus duvarindan alinan 6rnekte izole
edilmis olan etken, Vibrio cinsi altinda smiflandirilmistir
(Brenner ve ark., 2005). Insanlarda Campylobacter enfeksi-
yonlariin 6nemi, 1980’1 yillarin basinda, etkenin fekal 6r-
neklerden izolasyonu igin segici besi yerlerinin gelistirilmesi
ve yaygin olarak kullanilmasindan sonra ortaya konulmustur
(Costa ve Iraola, 2019).

Campylobacter; Campylobacteriacea ailesinden, Gram nega-
tif, 0.2-0.8 x 0.5-5 pm boyutlarinda, genellikle spiral kivriml
bir sekle sahip, spor olugturmayan bir bakteridir. Karakteris-
tik tirbuson hareketine sahip olup bu hareketi ¢ogunlukla hiic-
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renin bir veya iki ucunda bulundurdugu polar flagellum vasi-
tasiyla yapmaktadir. Karbonhidratlar1 fermente ve okside
edememesi nedeniyle enerji ihtiyacini aminoasitlerden veya
trikarboksilik asit dongiisii ara maddelerinden elde etmekte-
dir. Campylobacter tiirleri, gelisimlerini mikroaerobik kosul-
lar altinda gerceklestirmekte (Brenner ve ark., 2005) ancak
baz tiirler (Campylobacter concisus, Campylobacter curvus,
Campylobacter rectus, Campylobacter mucosalis, Campylo-
bacter showae, Campylobacter gracilis, Campylobacter hyo-
intestinalis) elektron alicisi olarak hidrojen ve formata ihtiyag
duyabilmektedir (Kaakoush ve ark., 2015). Baz tiirleri bii-
ylime i¢in anaerobik kosullar tercih edebilmekte olup olum-
suz kosullar altinda hiicreleri kokoid forma doniisebilmekte-
dir (Brenner ve ark., 2005). Campylobacterler, olduk¢a fazla
biyolojik ¢esitlilik gosteren bir grup olup (Sahin ve ark.,
2017) taksonlar1 ile mevcut genomlarinin son yillarda artis
gosterdigi bildirilmektedir (Costa ve Iraola, 2019). Almanya
Leibniz Enstitiisii Giincel Nomenklatiiriindeki Prokaryotik
Isim Listesi (List of Prokaryotic Names with Standing in No-
menclature-LPSN) giincel verilerine gore, Campylobacter
cinsi igerisinde, 48 tiir ve 13 alt tiir bulunmaktadir (LPSN,
2024) (Tablo 1).

Campylobacter tiirleri, yaklasik %5 oksijen, %10 karbondi-
oksit ve %85 azot iceren mikroaerobik ortam kosullarina ge-
reksinim duymaktadir (Fitzgerald ve Nachamkin, 2015). Op-
timum treme sicaklik araligi 37-42°C olan (Chon ve ark.,
2020) Campylobacter tiirlerinden C. jejuni, C. coli, Campy-
lobacter lari (C. lari) ve Campylobacter upsaliensis (C. up-
saliensis) 42°C’de de iireyebilme 6zeliklerinden dolay: ter-
mofilik Campylobacter tiirleri olarak siniflandirilmaktadir.
Bu sicaklik degeri, patojenin diisiik sicaklik adaptasyonunda
rol oynayan soguk sok protein genlerini tasimamasindan kay-
naklanmaktadir (Keto-Timonen ve ark., 2016). Yiiksek sicak-
lik derecesindeki inkiibasyon, C. jejuni ve C. coli iiremesini
propage etmesinin yani sira fe¢este bulunan diger bakteri tiir-
lerinin tiremelerini de baskilamaya yardimci olmaktadir (Kim
ve ark., 2015). Tavuk giibresinde, C. jejuni’nin 6 giine kadar
canliligimi stirdiirmesi, 6zellikle giibre kullanimi ile etkenin
¢evreye bulagma potansiyelini artirmaktadir (Coorey ve ark.,
2018). Campylobacter, gevre veya gida zincirinde karsilastig
farkl stres kosullarina kars1 oldukca duyarh olmakla birlikte
bu kosullara uyum saglayacak mekanizmalar gelistirerek
gida isleme sirasinda uygulanan teknolojik stres faktorlerine
kars1 hayatta kalabilmektedir (Heimesaat ve ark., 2023).

Nem orani diisiik selektif kat1 besi yerlerinde kiiciik, diizgiin,
gri bazen de kahverengi, parlak 1-2 mm c¢apinda koloniler
olusturan campylobacterler, nem orani yiikseldik¢e 10 mm
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capa ulasabilen, basik, yayilan, diizensiz kenarl1 ve grimsi ko-
loniler meydana getirebilmektedir. Ureme sonrasi bekletilen
pleytlerdeki koloniler ise bazen parlak metalik goriiniim ala-
bilmektedir (Buck ve Kelly, 1981).

Campylobacterlerin uygun olmayan kosullarda saklanmalari,
tekrarli dondurma-¢ézdiirme islemine tabi tutulmalari, izo-
lasyon ve identifikasyonlarinda biiyiik problemlere neden ol-
maktadir (Llarena ve ark., 2017). Benzer sekilde bu patojen-
lerin olusturduklar koruyucu bir kalkan olarak da nitelenebi-
lecek biyofilm yapilari, bu etkenlerin iiremeleri i¢in optimum
kosullar saglanmadik¢a tiremeden canli kalmalarina yardime1
olmaktadir. C. jejuni’nin biyofilm olusturma yeteneginin, su-
suna ve bulundugu abiyotik ylizeyin tiiriine bagli oldugu bi-
linmektedir (Gunther ve Chen, 2009). Teh ve ark. (2010), C.
Jjejuni’nin, Pseudomonas spp., Staphylococcus aureus (S. au-
reus), Salmonella spp. ve E. coli gibi diger bakterilere kiyasla
cok daha zayif bir biyofilm olusturma yetenegine sahip oldu-
gunu bildirmektedir. Ancak, kontrollii karisik mikrobiyal po-
plilasyonlarda, drnegin belirli bir C. jejuni susu (sekans tipi
ST-474) ile Enterococcus faecalis ve/veya Staphylococcus
spp. gibi etkenlerin birlikte {iretildigi durumlarda, yogun bi-
yofilm olusturdugu, bu biyofilm icerisinde E. Faecalis
ve/veya Staphylococcus spp. hiicrelerinin de gézlendigi rapor
edilmektedir (Teh ve ark., 2010). Benzer sekilde, Ica ve ark.
(2012) ile SterniSa ve ark. (2023) tarafindan C. jejuni’nin
Pseudomonas aeruginosa ve Pseudomonas fragi ile birlikte
tiretildiginde biyofilm olusturdugu ve C. jejuni hiicrelerinin
sayisinda artisa neden oldugu rapor edilmektedir. Monokiil-
tiir biyofilmlerine kiyasla, C. jejuni’nin Pseudomonas spp. ile
karigik kiiltlir biyofilmlerinin, dnemli derecede mekanik da-
yanikliliga sahip oldugu da bildirilmektedir (Ica ve ark.,
2012). Ayrica, C. jejuni ve C. coli’'nin, S. aureus varliginda
biyofilm olusumu ile etkenin aerotolerans ve canli kalma
ozelliginde artis gozlenmektedir (Klancnik ve ark., 2020).
Campylobacterler uygun olmayan ¢evre kosullarinda fizyo-
lojik aktivite ile virulans kapasitesinde bir azalma olmaksizin
canl fakat kiiltiire edilemeyen form (Viable But Not Cultu-
rable-VBNC)’a doniiserek yanlis tantya neden olmaktadir (Li
ve ark., 2014; Ayrapetyan ve Oliver, 2016).

Campylobacterler, oksidatif strese karsi koyabilme, toksin
tiretimi, demir baglama, VBNC formu olusturma, invazyon,
yapisma ve kolonizasyon, farkli protein gruplarinin sekres-
yonu ve translokasyonu ile flagellar motilite olarak 6zetlene-
bilecek multifaktoriyel 6zellikteki virulans faktorleri ile fiz-
yolojik stres kosullarina direng gosterebilmektedir. Giinii-
miizde etkenin hastalik olusturmasi ve canliliginin korunma-
sinda gorev alan faktor/mekanizmalardan fonksiyonu tam
olarak belirlenen 6nemli genler sirasiyla: (1) motilite (flaC,
flaA) ve kemotaksis (cheA, cheW, cheV, cheY, cheR, cheB);
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(2) Cytolethal Distending Toxin (CDT) olusturma (cd?A,
cdtB, cdtC), (3) serine proteaz htrA ve epitelyal bariyer bii-
tiinligiiniin bozulmasi (htr4), (4) dis membran adezinleri ve
konak hiicreye baglanma (cadF, fIpA, jlpA), (5) Tip III sek-
resyon sisteminin bir pargasi olarak flagellum (flaC), (6) ko-
nak hiicre invazyonunda gorev alan bakteriyel faktorler ve
sinyalizasyon (cadF, flpA), (7) hiicre i¢i canli kalma ve ta-
sinma (sodB, spoT) olarak 6zetlenmektedir (Ahmed ve ark.,
2021).

Campylobacter rezervuari olan hayvanlarda, etkenin preva-
lans1 yaninda virulans genlerinin de varliginin incelenmesi ile
izolatlarin insanlarda hastalik olusturma potansiyelleri hak-
kinda bir 6n bilgi olusturmay1 hedefleyen ¢esitli caligmalar
bulunmaktadir. Broyler (Gonzalez-Hein ve ark., 2013; Igle-
sias-Torrens ve ark., 2018; Younis ve ark., 2018; Farfan ve
ark., 2019; Barakat ve ark., 2020; Sierra-Arguello ve ark.,
2021), sigir (Gonzalez-Hein ve ark., 2013; Wysok ve Woj-
tacka, 2018; Farfan ve ark., 2019), insan (Gonzalez-Hein ve
ark., 2013; Iglesias-Torrens ve ark., 2018; Wysok ve Woj-
tacka, 2018; Barakat ve ark., 2020) orneklerinin tekli ya da
birden fazla 6rnek tipinden elde edilen izolatlarinda, varligini
test eden farkli genlerin farkli oranlarda tespit edildigi rapor
edilmistir. Calismalardan bazilarinda bazi genlerin bir
Campylobacter tirtinde (C. jejuni’de C. coli’ye gore vb.), bir
ornek tipinde (tavukta sigira gore vb.) daha yiiksek oranda
tespit edildigi bildirilmistir. Bu ¢aligmalar, genlerin preva-
lanslarinin belirlenmesi yoniinden degerli olsa da esasen an-
lamli olan, tespit edilen genlerin izolatlarda ifade edilebilir
biitiinliikte olup olmadiginin test edilmesini de igeren ¢alis-
malar ile tamimlamalarin yapilmasidir. Farkli kaynaklardan
elde edilen Campylobacter tiirlerinde hem gen varligimin hem
de bu genlerin ¢esitli hiicre kiiltiirii tipleri {izerindeki etkileri-
nin belirlenmesi ile ifadenin tanimlandigi ¢alismalar (Bang
ve ark., 2003; Sanad ve ark., 2011; Ghunaim ve ark., 2015;
Johansson ve ark., 2019; Wysok ve ark., 2020) da bulunmak-
tadir. Campylobacter virulans genlerinin varligi kadar ifade
6zelliklerinin (hangi kosullarda, hangi hiicre tip(ler)inde, ne
miktar ve oranda) belirlenmesinin, etkenin epidemiyoloji-
sinde ve hastalik risklerinin 6ngoriilmesinde yararli olacagi
diistintilmektedir.

Bulasma, Epidemiyoloji ve Prevalans

Campylobacterlerin bulagma yollar1 arasinda, kontamine ol-
mus gida ve suyun yani sira enfekte hayvanlarla dogrudan te-
mas yer almaktadir (WHO, 2024). Toprak, giibre gibi ¢evre-
sel kaynaklar da bulasta rol oynamaktadir (Soto-Beltran ve
ark., 2021). Ozellikle karkas, taze/yemeye hazir etler ve pisi-
rilmis/fermente edilmis et tiriinleri, ¢ig ve pastorize siitler ile
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peynir gibi siit tirlinlerinin enfeksiyon kaynagi oldugu bildi-
rilmektedir (WHO, 2024). Giinlimiizde, kanatli hayvanlarin
Campylobacter spp. i¢in birincil rezervuar olarak kabul edil-
mesine ragmen, son epidemiyolojik kanitlar, patojenin insan-
lara bulagsmasinda baslica rezervuarin sigirlar oldugunu gos-
termektedir. Karkaslarin Campylobacter tiirleri ile kontami-
nasyonu, kesim iglemi sirasinda 6zellikle i¢ organlarin ¢ikar-
tilmas1 asamasinda olugmaktadir (Shange ve ark., 2019). In-
sanlar arasinda enfeksiyonun yayilimi, fekal-oral yol ile ya da
kontamine gidalarin tiiketimi ve kontamine yiizeyler ile te-
mas sonucu sekillenmektedir (Teixeira ve ark., 2022).
Campylobacter tiirlerinin yayilmasi, etkenin oksijene maruz
kalma ve kurutma gibi ¢esitli stres kosullarina adaptasyon
mekanizmalari, biyofilm olusturma yetenekleri ve VBNC
formuna doniisme gibi ¢esitli canli kalma mekanizmalariyla
kolaylastirilmaktadir (Bolton, 2015).

Campylobacteriosis, direkt olarak hayvanlardan veya indi-
rekt olarak hayvansal gidalarin tiiketimi ile insanlara gegebi-
len zoonotik bir enfeksiyondur. Kanatli, sigir, koyun, domuz
gibi gida iiretiminde kullanilan hayvanlar, Campylobacter
tiirlerini gastrointestinal sistemlerinde bulundurarak insan en-
feksiyonlari i¢in rezervuar gorevi yapabilmektedir (Shange
ve ark., 2019). Hayvanlar ve hayvansal iiriinlerin yani sira
sebzeler de Campylobacter igin sikca karsilasilan bir kaynak
olup kontaminasyon dogrudan veya dolayli olarak hayvan
diskis1 ile temas sonucu olusabilmektedir (Chlebicz ve
Slizewska, 2018).

Diinya Saglik Orgiitii (World Health Organization-WHO) ve-
rilerine gére Campylobacter, Diinya’da diyare ile seyreden
hastaliklarin 4 temel nedeninden biri olarak kabul edilmekte-
dir. Campylobacter tiirleri arasinda insan enfeksiyonlarinda
en sik bildirilenler; C. jejuni ve C. coli olup C. lari ve C. up-
saliensis gibi diger tiirler daha az rapor edilmektedir (WHO,
2024). insanlarda goriilen Campylobacter enfeksiyonlarmin,
%90’min C. jejuni (%80) ve C. coli (%10) kaynakli oldugu
bildirilmektedir (Andritsos ve ark., 2023). Ulkemizde Is-
parta’da 2009 yilinda sebeke suyu kaynakli 7.800 vakanin
(43 hasta hospitalize edilmis ve 8 vaka dogrulanmig) goriil-
diigii salginda da benzer sekilde etkenin C. jejuni ve Norovi-
rus oldugu bildirilmektedir (Elal Musg ve ark., 2015).

Hastalik Kontrol ve Onleme Merkezleri (Centers for Disease
Control and Prevention-CDC), Campylobacter enfeksiyonla-
rinin her y1l yaklasik 1.5 milyon kisiyi etkiledigini tahmin et-
mektedir. CDC’nin 2024 raporu; bildirilen enfeksiyonlar ige-
risinde, Campylobacter enfeksiyonunun 100.000’de 17.8
vaka ile en yiiksek degere sahip oldugunu gdstermektedir
(CDC, 2024).
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Avrupa Gida Giivenligi Kurumu (European Food Safety Aut-
hority-EFSA) tarafindan 2021°de yayinlanan Tek Saglik Zo-
onozlar Raporu’na gore campylobacteriosis, 2007 yilindan
beri AB’de insanlarda en sik bildirilen gida kaynakli gastro-
intestinal enfeksiyondur. Ayni raporda, dogrulanmig insan
vaka sayis1 127.840 (41.1/100.000) olup, bu saymin 2020 y1-
lina gore %2.1 artis gosterdigi belirtilmektedir. Siirveyansin
basladigi 2007°den bu yana, en diigiik insan campylobacteri-
osis insidansinin 2020’de goriilmesinin nedeni, COVID-19
pandemisinin etkisi ve Birlesik Krallik’in AB’den ¢ekilmesi
olarak bildirilmektedir (EFSA, 2022).

AB Tek Saglik Zoonozlar Raporu’nun 2022 yil1 verilerine
gore ise dogrulanmis insan vaka sayist 137.107
(43.1/100.000) olarak rapor edilmekte ve enfeksiyonun insi-
dansinin 2018-2022 yillar1 arasinda 6nemli bir artis ya da aza-
lis gostermedigi belirtilmektedir. Ayni raporda, AB’de ana-
lize alman 25.601 tiiketime hazir olmayan gida 6rneginin
%11.1°inin Campylobacter pozitif oldugu, pozitif gidalar ige-
risinde en yiiksek kontaminasyon oraninin %11.6 ile et ve et
iiriinleri kaynakli oldugu bildirilmektedir. Ayrica tiim taze et
kategorilerinden Campylobacter izole edilirken, en yiiksek
izolasyon oraninin %12 ile broyler etinden olduguna, bunu
%11.2 ile hindi etinin takip ettigine de yer verilmektedir. AB
iilkeleri tarafindan bildirilen vakalara gore, Campylobac-
ter’in primer tastyicilar sirastyla hindi, broyler, kedi ve ko-
pek ile sigirlar olarak belirlenirken, liye olmayan filkeler ta-
rafindan bu siralama sigir, domuz, broyler ve kedi-kopek sek-
linde rapor edilmektedir (EFSA, 2023).

Campylobacter, gida kaynakli bakteriyel hastaliklarin en
yaygin nedenlerinden biri olmasi sebebiyle Diinya genelinde
onemli sosyal ve ekonomik sonuglar meydana getirmektedir.
Campylobacter enfeksiyonlari, gelismis ve gelismekte olan
iilkeleri etkileyerek her yil artan campylobacteriosis vakalari
ile bir endise kaynagi haline gelmektedir (Garcia-Sanchez ve
ark., 2018). Bu etkene bagh enfeksiyon oranlarmin artmasi,
saglik hizmetleri maliyetlerini artirarak iilkelere dnemli bo-
yutlarda ekonomik yiik getirmektedir (Devleesschauwer ve
ark., 2017). Ayrica, Campylobacter tiirlerinde artan antibiyo-
tik direnci, bu patojen igin yeni ve alternatif kontrol strateji-
lerinin gelistirilmesini zorunlu kilmaktadir.

Olusturdugu saglik problemlerinin tanimlanmasi ve koru-
yucu Onlemlerin almmasi igin 1980°li yillardan giiniimiize
kadar 6zellikle Campylobacter tasiyicisi olan gidalar ve bu
gidalarin kontaminasyon kaynaklari ile ilgili aragtirmalar de-
vam etmektedir (Hallag, 2021). Campyobacterlerin kanatli
hayvanlar ve sigirlardaki prevalans bulgular ile ilgili olarak
asagida verilen bilgiler, oncelikle ¢iftlik ortaminda, gidaya is-
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lenecek etin saglandigi1 kesimhane ortaminda ve satisa sunul-
dugu ortamda perakende {iriinlerden Ornekleme yapilarak
gergeklestirilmis son 5 yil i¢erisinde yayinlanan ¢alismalarin
degerlendirilmesi seklinde 6zetlenmistir.

Broyler kiimeslerinde gerceklestirilen ve fekal orneklerin
alindig1 caligmalar icerisinde; Hollanda’da Pacholewichz ve
ark. (2024), 2017-2020 yillarin1 kapsayan donemde 25 farkh
broyler ¢iftliginde, 43 kiimese ait 497 siirtiden topladiklari fe-
kal orneklerde Campylobacter spp. prevalans oranini real
time PCR (rPCR) analizi ile %30 olarak belirlemistir. Reic-
helt ve ark. (2022) tarafindan Almanya’da ISO 10272-3:2010
metodu kullanilarak yapilan ¢alismada, 3 broyler ¢iftliginden
2 yil siiren 6rnekleme ile alinan 76 fekal 6rmegin, %67.1’inin
Campylobacter spp. tasidigr saptanmustir. Bir diger calis-
mada, USDA-FSIS yontemi ile Campylobacter varligi yo-
niinden analiz edilen ABD’deki 254 broyler g¢iftlik drneginde
(103 altlik, 74 feces, 77 kloakal svap) pozitif 6rnek orani
%41.34 olarak bulunmustur (Poudel ve ark., 2022).

Sekal icerik 6rneklerinde yapilan ¢alismalar arasinda; Lynch
ve ark. (2022)’nin irlanda’da 3 biiyiik broyler entegre islet-
mesinden 1 y1l boyunca aldiklar1 toplam 358 6rnegin %66’ s1-
nin Campylobacter spp. varligi yoniinden pozitif oldugu sap-
tanmistir. ispanya’da Nafarrate ve ark. (2021)’nca broyler se-
kal icerik 6rneklerinin %62’sinden izole edilen 31 Campylo-
bacter izolatinin multipleks-PCR (mPCR) analizi ile 19’unun
C. jejuni, 12’sinin ise C. coli oldugu identifiye edilmistir.
Benzer sekilde, italya’da Iannetti ve ark. (2020) tarafindan
yapilan ¢aligmada, ISO 10272-1:2006 ve ISO 10272-2:2006
metotlart ile incelenen 225 sekal icerik d6rneginde, Campylo-
bacter spp. prevalansi %78.8 oraninda ve izolatlarin mPCR
ile %48.9°u C. jejuni, %28.9’u ise C. coli olarak belirlenmis-
tir. Ayn1 yil Banglades’de Alam ve ark. (2020) ve Yunanis-
tan’da Natsos ve ark. (2020), ISO 10272-1:2006 metodu uy-
gulayarak analiz ettigi sekal icerik 6rneklerinde, patojenin
varligini sirast ile %48.4 ve %73.94 oraninda belirlemistir.
Fas’ta bulunan 35 broyler ¢iftliginden alinan 105 sekal icerik,
ISO 10272-3:2013 ile analiz edilmis ve 6rneklerin %71.4
(75/105)’t Campylobacter spp. pozitif bulunmustur. Ayrica,
pozitif izolatlarin %56 (42/75)’s1 C. coli olarak identifiye
edilmis, C. coli izolatlarinin da %95.2’sinin ampisiline,
%92.8’inin eritromisine ve tetrasikline, %85.7’sinin sefurok-
sime ve %7.1’inin de gentamisine kars1 direncli oldugu rapor
edilmistir (Asmai ve ark., 2020). Campylobacter prevalansi-
nin belirlenmesi i¢in Liibnan’da Greige ve ark. (2019) tara-
findan yapilan ¢caligmada, ISO 10272-1:2006 ile analiz edilen
broyler sekal icerik 6rneklerinde etken, %67 oraninda izole
edismis ve mPCR ile izolatlarin %39.5’1 C. jejuni, %44.1°1
ise C. coli seklinde identifiye edilmistir.
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Broyler kesimhanelerinde ger¢eklestirilen ve karkas (boyun
derisi) orneklerinde Campylobacter varliginin incelendigi ¢a-
lismalar icerisinde; irlanda’da yiiksek kesim kapasitesine sa-
hip 3 kesimhanede yapilan 6rnekleme ile alinan 1790 karka-
sin ISO 10272-2:2006 metodu gereklilikleri uygulanarak
%353"intin Campylobacter spp. yoniinden pozitif oldugu sap-
tanmistir (Lynch ve ark., 2022). Rodrigues ve ark. (2021) ta-
rafindan Brezilya’da gergeklestirilen bir ¢aligmada, 1SO
10272-2:2006 ile 816 karkas Orneginin %35.84’tinden
Campylobacter spp. izole edilmis ve Matrix-Assisted Laser
Desorption/Ionization-Time of Flight (MALDI-TOF) analizi
ile izolatlarin %78.47’sinin C. jejuni oldugu bildirilmistir.
Birlesik Krallik’ta yapilan bir diger ¢alismada, Royden ve
ark. (2021), 405 helal kesim yapilmis karkas 6rneginde, Gida
Standartlar1 Ajansi (Food Standards Agency-FSA)’nin gerek-
liliklerine gore analizi sonrasinda Campylobacter spp. preva-
lansin1 %65.4 olarak belirlemis ve pozitif izolatlarin %42’si-
nin sefalosporine karsi direng gosterdigini tespit etmistir.
Natsos ve ark. (2020)’nin Yunanistan’daki ¢aligmasinda ise
karkaslarda bu patojenin %70.42 oraninda bulundugu belir-
lenmistir. Greige ve ark. (2019)’nca Liibnan’da gerceklestiri-
len ¢aligmada da analiz edilen karkas 6rneklerinin % 17.2’si
Campylobacter spp. pozitif olup izolatlarin mPCR analizi ile
%48.7’si1 C. jejuni, %43.6’s1 da C. coli olarak identifiye edil-
mistir.

Perakende tiiketime sunulan broyler et ve iirlinlerinde yapilan
caligmalar arasinda; ABD’de Poudel ve ark. (2022), 160 et
Orneginin %36.3’iliniin Campylobacter ile kontamine oldu-
gunu tespit etmistir. Ayni ilkede, Thames ve ark. (2022), 420
broyler et 6rnegindeki Campylobacter prevalansimi %36.9
olarak belirlemis, PCR analizi ile de izolatlarin %62.3’{iniin
C. jejuni, %37.4iniin ise C. coli oldugunu bildirmistir.

Hindilerde Campylobacter varligi ile ilgili literatiir sayis1 ol-
dukea kisitli olup son yillarda yapilan tek ¢aligmada; Sayed
ve ark. (2023), 2014-2019 yillar1 arasinda Misir’daki hindi
ciftliklerinden topladiklar1 100 adet fekal 6rnegi, hem gele-
neksel (ISO 10272-2) hem de molekiiler (PCR) yontemle
analiz etmistir. Sonucta Campylobacter spp., C. jejuni ve C.
coli prevalansi, ISO ile %35, %24 ve %11 iken PCR analizi
ile %28, %12 ve %16 olarak belirlenmistir.

Sigirlardaki Campylobacter tastyiciligimin incelendigi sigir
ciftliklerinde yiiriitillen ve fekal Grneklerin alindigi (rektal
svap ile) ¢aligmalar igerisinde; ABD’de bulunan 10 adet siit
sigin giftliginde, 2018-2020 yillar1 arasinda toplanan 140 fe-
kal 6rnek, Campylobacter spp. varligl yoniinden analiz edil-
mistir. Campylobacter spp. prevalansi %49 (69/140) olarak
belirlenmis olup Whole Genome Sequencing (WGS) analizi
ile 69 izolatin 56 (%81.16)’s1 C. jejuni, 13 (%18.84)’ii ise C.

95



96

Food and Health 11(1), 91-113 (2025) e https://doi.org/10.3153/FH25008

coli olarak identifiye edilmigtir (Deblais ve ark., 2023).
Kenya’da Wanja ve ark. (2023) tarafindan, entegre sigir ¢ift-
liklerinde Kasim 2020 ile Aralik 2021 tarihleri arasinda etke-
nin mevsimsel prevalans farkliliklarinin incelendigi bir ¢alis-
mada, 265 rektal svap 6rnegindeki Campylobacter spp. pre-
valans oran1 %72.7 olarak bulunmustur. Ayni aragtirmacilar
bir diger ¢aligmada, 140’1 entansif, 125’1 ise ekstansif bes-
leme ile yetistirilen sigirlardan aldiklar1 toplam 265 rektal
svap Ornegini konvansiyonel yontemle analiz etmistir.
Campylobacter spp. varliginin, entansif beslenenlerde %47.1
(66/140), ekstansif beslenenlerde %26.4 (33/125) olmak
tizere tiim Orneklerde %30.9 (82/265) oraninda pozitif oldugu
bildirilmistir. izolatlarin simpleks PCR (sPCR) ile analizi
sonrasinda C. jejuni (%51.2), C. coli (%19.5) ve diger termo-
filik campylobacterlere (%29.3) ait oldugu belirlenmistir
(Wanja ve ark., 2022). Debelo ve ark. (2022)’nca Eti-
yopya’daki ¢iftliklerden toplanan 171 rektal svap orneginin,
22 (%12.9)’si ISO 10272-1:2017 ile Campylobacter varligi
bakimindan pozitif bulunmus, 6rneklerin %68.2 (15/22)’si C.
Jejuni, %18.2 (4/22)’si C. coli ve %13.6 (3/22)’s1 C. lari sek-
linde rapor edilmistir. Ayn1 y1l Lewy ve ark. (2022) tarafin-
dan gerceklestirilen baska bir ¢alismada; 207 fekal 6rnegin
39 (%18.8)’unun patojeni icerdigi, Sasaki ve ark. (2022)’nin
Japonya’nin 7 bolgesindeki 34 farkli ¢iftlikteki 164 sigir rek-
tal svap orneginde mPCR analizi ile Campylobacter spp. pre-
valans oranini %57.3 (94/164) olarak buldugu ve 94 izolatin
68’inin C. jejuni, 26’sinin ise C. coli oldugu tespit edilmistir.
Gliney Afrika’da sigir fekal 6rneklerinde Campylobacter spp.
prevalansini belirlemek amaci ile gergeklestirilen 2 calig-
mada, Ngobese ve ark. (2020) ile Karama ve ark. (2020) et-
keni sirasiyla orneklerin %50 (25/50)’sinde ve %?29.4
(158/537) tinde pozitif olarak bulmustur. Pozitif sonug veren
izolatlarin %76 (19/25)’smm C. jejuni %24 (6/25)inlin C.
coli iken (Ngobese ve ark., 2020) %61,8’inin C. jejuni,
%25’inin C. coli, %10’ unun C. upsaliensis ve %3.1’inin ise
karisik tip olarak saptandigi (Karama ve ark., 2020) bildiril-
mistir.

Sekal igerik 6rneklerinde yapilan tek calismada; Romanya’da
EU Decision No. 652/2013 6nerileri dogrultusunda toplanan
17 6rnek ISO 10272-1:2017’ye gore analiz edilerek Campy-
lobacter spp. prevalansi %29.4 olarak belirlenmis ve pozitif
izolatlarin tiimiiniin C. jejuni oldugu tespit edilmistir (Popa
ve ark., 2024).

Sigir kesimhanelerinde gergeklestirilen ve tahribatsiz yontem
(stinger svap) ile alinan karkas orneklerinde patojenin varli-
ginin arastirildig1 az sayidaki giincel calismalardan ilkinde;
Hong ve ark. (2024) tarafindan Kore’de 20 kesimhaneden
toplanan 200 karkastan {ilkenin kendi 6rnekleme standardi
(Ministry of Food and Drug Safety-MFDS) ile dos, karin ve
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kasik olmak iizere toplam 300 cm*’lik bir alandan alinan 6r-
nekler yine MFDS’ye gore analiz edilmis ve higbirinde
Campylobacter bulunmadigi rapor edilmistir. Etiyopya’da
Debelo ve ark. (2022) tarafindan 171 sigir karkasinin karin
ve dos bolgelerinden alinan 6rneklerin ISO 10272-1:2017 ile
analizi sonrasinda, Campylobacter spp. prevalansi %4.1 ola-
rak belirlenmistir. Ayrica, elde edilen izolatlarm %57.1’1 C.
Jejuni, %28.6’s1 C. coli ve %14.2’si C. lari olarak tespit edil-
mistir. Ayni lilkede Berhanu ve ark. (2021) ise 2018-2019 y1l-
lar1 arasinda, 177 sigir karkasinin karin, kasik, dos ve gogiis
bolgelerinden aldiklart &rneklerde etkeni, %7.9 oraninda
izole etmis, izolatlarin %78.6’sm C. jejuni, %21.4’tinii ise C.
coli olarak identifiye etmistir.

Etkenin perakende et 6rneklerinde prevalansinin incelendigi
caligmalardan; Hagos ve ark. (2021) tarafindan Etiyopya’da
2015-2016 yillar arasinda kasap ve restoranlardan satin ali-
nan 210 s1g1r eti 6rneginin %11.9 (25/210)’unun Camplobac-
ter spp. ile kontamine oldugu, PCR ile izolatlarin %76
(19/25)’sinn C. jejuni ve %24 (6/25)’iniin de C. coli olarak
saptandig1 bildirilmistir. Yapilan diger ¢aligmada ise Gian-
natele ve ark. (2019), Italya’nin 3 farkli bolgesinden rastgele
secilmis slipermarketlerden aldiklari toplam 1203 sigir eti &r-
neginde (689 hamburger ve 514 parca et) ISO 10272-1:2006
ve ISO 10272-2:2006’ya gore Campylobacter izolasyon ora-
nimi1 %0.58 olarak belirlemistir.

Campylobacter spp.'nin prevalansi ve dagilimi; érnekleme-
nin yapildig1 mevsim, kullanilan 6rnekleme yontemi, 6rnegin
karkasin hangi boliimiinden alindigi, uygulanan izolasyon
yontemi, izolasyonda segilen zenginlestirme asamalar1 ve
besi ortamlarimin farkliligi, Campylobacter tiirlerini belir-
leme yontem ve teknikleri ile izole edilen campylobacterlerin
diger bakteri tiirleriyle birlikte kiiltiire edilmesi durumunda
biyofilm olusturma yetenekleri gibi ¢esitli faktorlere bagli ol-
maktadir (Sekil 1). Tiim bu faktorlerin, olas1 kontamine gida
orneklerinde Campylobacter varligini belirlemek i¢in yapilan
saha aragtirmalar1 veya izleme calismalarinda dikkate alin-
mas1 gerekmektedir. Gidalardan Campylobacter spp.’nin izo-
lasyonunu etkileyebilecek faktorlerin degiskenligi yani sira
bu faktorlerin etkenle ve birbirleri ile etkilesimi de s6z ko-
nusu olmaktadir. Tiirlerin izolasyonunda rol oynayan faktor-
lerin daha iyi anlagilmasi sonrasinda gergeklestirilen stratejik
caligmalar, gecmiste broylerlerdeki C. jejuni prevalans iistiin-
liigiiniin olasilikla tarafli bir sonug oldugunu gostermektedir.
Giderek artan oranlarda ve daha etkin sekilde canlandirilabi-
len C. coli sayesinde iki tiir arasinda prevalans farkinin azal-
dig1 rapor edilmektedir.
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Campylobacteriosis genellikle oral enfeksiyonlar ile baglan-
til1 olup etken tipik olarak kanatlilarda jejunumun son {igte
biri, sekum ve kloakada gelisim gdstermektedir (Bolton,
2015). Enfeksiyonunun patojenezindeki ilk adim bagirsak
mukozasina kolonizasyonu ve ardindan hiicreye yapisma ola-
rak gerceklesmektedir. Campylobacteriosisin patojenezi he-
niiz tam olarak anlagilamamis olup etkenin intestinal adez-
yonu (intestinal mukozaya bakteriyel invazyon ve ¢ogalma)
ve toksin (hiicresel hasar ve dliimden sorumlu CDT gibi) iire-
timi gibi mekanizmalardan kaynaklanabilecegi one siiriil-
mektedir (Park, 2002; Facciola ve ark., 2017; Asuming-Be-
diako ve ark., 2019).

Genel olarak Campylobacter ile enfekte olan bireylerde ba-
girsak mukozasi agilarak epitel hiicreleri ile etkilesim gergek-
lesmektedir. Bu durum, gesitli interlokin tiirleri basta olmak
tizere sitokinlerde artiga sebep olmakta, tiim bunlarin sonu-
cunda da agir bir proinflamatuar yanit meydana gelmektedir.
Sekil 2’de insan ve tavuklarda sekillenen enfeksiyonlarda,
Campylobacter’in patojenez mekanizmasina ait gorseller bu-
lunmaktadir (Young ve ark., 2007).

Semptomlar

Insanlarda minimum enfeksiyon dozu oldukea diisiik olup, C.

Jjejuni i¢in 500-800 hiicrenin enfeksiyona sebep oldugu bildi-
rilmektedir (Nachamkin ve ark., 2008). Semptomlar, enfeksi-
yon dozuna bagli olarak degismekle birlikte, genellikle etke-
nin oral yolla alimmin ardindan 24-72 saat igerisinde ortaya
¢ikmaktadir (Kaakoush ve ark., 2015). Yaklagik 3-6 giin sii-
ren Campylobacter enfeksiyonlarinda, karin agrisi, ates, bas
agris1, bulant1 ve/veya kusma ile siklikla kanli ishal en yaygin
semptomlar olarak rapor edilmektedir. Klinik olarak hafif
seyreden enfeksiyonun, 6zellikle kii¢iik cocuklar, yaslilar ve
immun sistemi baskilanmis kisilerde 6liimciil olabildigi bil-
dirilmektedir (Fitzgerald, 2015; WHO, 2024).

Campylobacter enfeksiyonunda, genellikle gastroenterit gibi
sadece bagirsakla smirli campylobacteriosis olugmaktadir.
Bunun yaninda campylobacteriosis sirasi ya da sonrasinda
inflamatuar bagirsak hastaliklari, 6zefagal hastaliklar, perio-
dontit, gastrointestinal fonksiyon bozukluklari, ¢6lyak hasta-
1181, koleosistit ve kolon kanseri gibi birtakim klinik durumlar
da meydana gelebilmektedir. Bununla birlikte enfeksiyon
sonrasinda, Guillain-Barre sendromu, Miller Fisher send-
romu, beyin apsesi ve menenjit, bakteriyemi, sepsis, endokar-
dit, miyokardit, reaktif artrit, lireme sistemi komplikasyonlari
gibi ekstragastrointestinal seyreden bir¢ok durumla da karsi-
lagilabilmektedir. Enfeksiyonun seyri ve semptomlar, konak-
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¢min bagisiklik durumuna, Campylobacter’in virulans 6zel-
liklerine ve maruz kalinan bakteri ytikiine bagli olarak degi-
siklik gostermektedir (Tablo 3) (Bolton, 2015; Kaakoush ve
ark., 2015). Hastalik tablosu, Salmonella spp. ve Shigella
spp.’nin neden oldugu enfeksiyonlardan daha siddetli seyret-
mektedir (Havelaar ve ark., 2012). Yapilan ¢alismalarda, akut
Campylobacter enfeksiyonu geciren bireylerin %36’sinda
yaklagik 1-2 yil igerisinde irritabl bagirsak sendromu gelise-
bilecegi bildirilmistir (Marshall ve ark., 2010). Enfeksiyonun
kontrol altina alinmasi amaciyla florokinolon ve makrolid
basta olmak iizere aminoglikozit grubu antibiyotiklerin kul-
lanilmasi 6nerilmektedir (Dai ve ark., 2020). Giiniimiizde in-
san veya hayvanlarda uygun olmayan/kontrolsiiz antibiyotik
kullaniminin bir sonucu olarak oldukea yiiksek oranda anti-
biyotige direncli Campylobacter tiiriniin artarak toplum sag-
ligim tehdit ettigi bilinmektedir (Tacconelli ve ark., 2018;
Hlaswayo ve ark., 2021).

Ornekleme, izolasyon/Sayim, identifikasyon ve
Hizh Yontemler

Campylobacter’in izolasyon ve identifikasyonu kadar 6nemli
olan ve ayrica etkenin tanisinda izlenecek yontem ve kullani-
lacak besi yerleri ile inkiibasyon siirelerini dahi degistirebile-
cek bir diger konu, alinacak olan 6rnegin (¢iftlik ortami, hay-
vanlarin yasam gevresi, su, digki, karkas vb.) etkeni tasima
olasiliginin diisiik ya da goreceli olarak yiiksek olmasidir.
Bunun yaninda, 6rnekte var olan kontaminant floranin varlig
ve gesitliligi de 6rnekleme sirasinda alinacak miktarin belir-
lenmesinde 6zen gosterilmesi gereken unsurlardan biri olarak
karsimiza ¢ikmaktadir. Ozellikle canli hayvanda kanatli ve
sigirlarda bulunma olasiliginin yiiksek oldugu yerlerin biline-
rek ve o hedef bolgelerden steril kosullarda, hizli 6rnekleme
yapilmasi, 6rnegin yeterli miktarda ve uygun sekilde alinmasi
ve laboratuvara uygun kosullarda transfer edilerek ekime ha-
zirlanmast gerekmektedir. Uzun inkiibasyon periyodu ve
mikroaerobik ortam ve 6zel besi yeri gereksinimleri campy-
lobacterlerin identifikasyonunun zorlugunda basta gelen fak-
torlerdir (Brandl ve ark., 2004). Giiniimiizde campylobacter-
lerin 6zellikle hayvansal gidalar ile ¢evresel 6rneklerden kon-
vansiyonel bakteriyoloji ile izolasyonunda AB’de uluslara-
ras1 kabul gérmiis ve Gold Standart olarak kullanilan ISO
10272-1:2017 Gida Zinciri Mikrobiyolojisi-Campylobacter
spp. nin Saymu ve Belirlenmesi i¢in Yatay Metot-Bolim 1:
Tespit Yontemi (International Organization for Standardiza-
tion Microbiology of the Food Chain Horizontal Method for
Detection and Enumeration of Campylobacter spp. Part 1:
Detection Method) (ISO, 2017a) gecerliligini korumaktadir.
ABD Guida ve Ilag Dairesi Bakteriyolojik Analitik El Kitab1
(U.S. Food and Drug Administration Bacteriological and
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Analytical Manual-FDA-BAM) Boéliim 7’°de yer alan prose-
diir (USFDA-BAM, 2000) ulusal olarak kullanilirken, farkli
iilkelerde bu iki izolasyon prosediiriinii temel alan modifikas-
yonlara da rastlanilmaktadir. Yakin gegmiste, Salmonella’da
oldugu gibi Campylobacter’in de tasiyici hayvanlar ve ¢ev-
rede canliligin1 koruyarak gida ve gida ortamina bulagmasi
sonrasi son iiriinde dahi varligin1 korumasi nedeniyle sifir to-
lerans diizeyinin liretici tarafindan yakalanamamas1 gercegi,
yasal otoritenin campylobacterlerin varligindan ¢ok belli bir
sayinin iizerinde olmayacak sekilde regiilasyonlar olusturma
gereksinimine neden olmaktadir. Bu sekilde hammaddede
belirli bir saymin altinda var olan etkenin iiretim prosesindeki
engel etkenler ile elimine edilmesi ya da tiiketicinin satin al-
dig1 {irlinii pisirme vb. uygulamalar ile islemesi sonucunda
halihazirda kabul edilebilir diizeydeki etkeni yok etmesi ile
hastalik vb. risklerin 6niine gegme amaglanmaktadir. Bu ba-
kis agisi ile glintimiizde campylobacterlerde sayi1 belirlemeye
yonelik olarak ISO 10272-2:2017 Gida Zinciri Mikrobiyolo-
jisi-Campylobacter spp.’nin Saymm ve Belirlenmesi i¢in Ya-
tay Metot - Bolim 2: Koloni Sayim Teknigi (ISO 10272-
2:2017, Microbiology of the Food Chain - Horizontal Method
for Detection and Enumeration of Campylobacter spp. - Part
2: Colony-Count Technique) (ISO, 2017b) gereklilikleri uy-
gulanmaktadir.

Campylobacter’in gidalarda tespiti i¢in kullanilan standart
olan ISO 10272-1 (ISO, 2017a) protokoliine alternatif olarak,
farkl1 zenginlestirme besi yerlerinin (Bolton veya Preston)
farkli secici ve/veya diferansiyel (kromojenik vb.) kati besi
yerleri (Modified Charcoal Cefoperazone Deoycholate Agar,
mCCDA, Preston Agar vb.) ile birlestirilmesi miimkiin ola-
bilmektedir (Seliwiorstow ve ark., 2016). Patojenin sayi-
minda, ISO 10272-2 standart yontemi (ISO, 2017b) tarafin-
dan onerilen mCCDA’dan farkli olarak segici (Preston agar
veya Karmali agar vb.) veya kromojenik (Campylobacter Se-
lective Agar-CASA; Brilliance Campy Count Agar-BCCA)
besi yerleri de kullanilabilmektedir. Bu agarlarin, Campylo-
bacter spp. kolonilerini saymak i¢in 6nerilen mCCDA kadar
iyi performans gosterdigi hatta kromojenik agarlarda goriilen
Campylobacter’in renkli kolonilerinin, mCCDA gibi komiir
bazli agarlardaki kolonilerden daha kolay ayirt edilebildigi
bildirilmektedir (Andritsos ve ark., 2020).

Broyler eti 6rneklerinde etkenin izolasyonunda, Preston besi
yerinde 24 saat zenginlestirme ve ardindan mCCDA’a ekimi-
nin, Bolton besi yerinde 48 saat zenginlestirme sonrasi
mCCDA’a ekimin yapilmasindan daha iyi performans gos-
terdigi rapor edilmektedir (Habib ve ark., 2011). Bu alternatif
zenginlestirme ve ekim kombinasyonu, Campylobacter spp.
tespiti i¢in ISO yonteminde (ISO 10272-1 protokoliindeki B
prosediiril) dikkate alinmistir (ISO, 2017b). Ayrica, tespit ve
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sayim prosediirlerinin paralel kullanimimin Campylobacter
spp.’nin belirlenmesini artirdigi, CASA ve BCCA gibi kro-
mojenik agarlarin, ISO tarafindan 6nerilen mCCDA ile bir-
likte veya hatta onun yerine kullanilabildigi belirtilmektedir.
Bahsedilen zenginlestirme ve/veya ekim alternatiflerinin gi-
dalardan campylobacterlerin tespit edilmesini 6nemli 6l¢ilide
etkileyebildigi bilinmektedir (Andritsos ve ark., 2020).

Gida orneklerinde, Campylobacter spp.’nin diisiik sayida ol-
dugu, ayrica ortamda patojene eslik eden kontaminant mikro-
organizmalarin da diisiik konsantrasyon seviyelerinde ya da
stres altindaki campylobacterlerle birlikte bulundugu durum-
larda (pismis veya dondurulmus gidalar vb.), patojen tespiti
icin Bolton besi yerinde zenginlestirme onerilmektedir. Bu-
nunla birlikte, Campylobacter spp. disinda yiiksek sayida
kontaminant floraya sahip drneklerin (6rnegin ¢ig kanatli ve
kirmizi etler veya ¢ig siit gibi) ise zenginlestirilme asama-
sinda Preston besi yerinin kullanilmasi 6nerilmektedir (ISO,
2017a).

Gida 6rneginin baslangi¢ diliisyonundan dogrudan ekimi ile
Bolton besi yerinde yapilan zenginlestirme asamasi karsilag-
tirlldiginda, campylobacterlerin tespit oraninin azaldigi, bu-
nun da s1v1 besi yerinde bulunan sefoperazon varligina bagl
olabilecegi diisiiniilmektedir. Sefoperazon, Bolton zenginles-
tirme besi yerine eklenen ve patojen izolasyonu i¢in kullani-
lan mCCDA pleytlerinde bulunan ii¢ilincii nesil bir B-laktam
antibiyotiktir. Ozellikle genis spektrumlu p-laktamaz (Exten-
ded Spectrum Beta-Lactamase, ESBL) tireten E. coli gibi, pB-
laktamlara direngli mikrobiyotaya sahip gidalar, Bolton besi
yerinde zenginlestirme siirecinde kontaminant floranin asir1
artisgina neden olabilmektedir. Bu durum, Campylobacter
spp.’nin agarlarda alt kiiltiir sonrasi tespit edilemez hale gel-
mesine yol agabilmektedir. Bolton besi yerinde, ESBL iireten
E. coli ile birlikte kiiltiire edilmis Campylobacter’in smirl
iremesinin, ortamda Campylobacter’in iiremesi sirasinda
olast oksijen varligi ile iligkili oldugu disiiniilmektedir
(Lanzl ve ark., 2022). Bu durumlarda, farkli se¢icilik prensip-
lerine dayanan alternatif zenginlestirme besi yerleri ve agar
kombinasyonlarmin (Preston besi yeri ile Preston agar vb.)
kullanimi, direncli mikrobiyotayla miicadele etmek ve
Campylobacter spp.’nin daha rahat iireyerek belirlenmesini
saglamak i¢in degerlendirilmektedir (ISO, 2017a). Alternatif
olarak, Bolton besi yeri ve mCCDA’nin segiciligi, ortama -
laktamaz inhibitorleri veya diger inhibe edici ajanlar (6rnegin
antibiyotikler) eklenerek de artirilabilmektedir (Chon ve ark.,
2012). Campylobacter varliginin dogrulanmasimin ardindan
gerektiginde tiir tamimlanmasinda biyokimyasal testler kulla-
nilmaktadir (ISO, 2017a).
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Biyokimyasal tani testlerinin zahmetli ve zaman alic1 olmasi,
Campylobacter tiirlerinin ayirt edilmesi i¢in klasik kiiltiir ta-
banli yaklagimin yerine molekiiler tan1 yontemleri ve teknik-
lerinin gelistirilmesini tesvik etmistir. Serolojik yontemler
(Enzyme Linked Immunosorbent Assay; ELISA gibi immun
esasli testler) (Bessede ve ark., 2018), gida kaynakl patojen-
lerin yerinde tespiti i¢in biyosensorler (Quintela ve ark.,
2022), DNA hibridizasyon teknikleri (Loop-mediated isot-
hermal AMPlification; LAMP) (Li ve ark., 2022), DNA fin-
gerprinting teknikleri (MultiLocus Sequence Typing; MLST)
(Joseph ve ark., 2023), kiitle spektrometresi, MALDI-TOF
teknikleri (Singhal ve ark., 2015) ve en 6nemlisi mPCR, qu-
antitative PCR (qPCR) ve rPCR gibi PCR tabanl teknikler,
Campylobacter tirlerinin hizli ve etkin olarak tanimlanabil-
mesi ve ayirt edilebilmesi igin gelistirilmistir. Ancak bazi
ileri molekiiler tan1 teknikleri olan Pulse Field Gel Electrop-
horesis (PFGE), WGS ve DNA fingerprinting daha karmagik
oldugu, teknikleri yiiriitmek ve verileri yorumlamak igin uz-
man egitimli personel gerektirdigi unutulmamalidir. Yiiksek
ayirt edici 6zelliklerinden dolayi, bu molekiiler tiplendirme
tekniklerinin, salgin aragtirmalarinda rutin patojen izleme
metotlar1 yerine tercih edildikleri bilinmektedir (Natsos ve
ark., 2019). Bu nedenle, laboratuvar taramalarinda, Campy-
lobacter identifikasyonunda PCR teknikleri daha ¢ok tercih
edilmektedir. Tablo 2°de Campylobacter izolasyon ve identi-
fikasyonunda kullanilan yontemler ile birlikte bu yontemlerin
avantaj ve dezavantajlar1 verilmektedir (Soto-Beltran ve ark.,
2021).

Tek bir analizle ¢ok sayida hedef gen bolgesinin varligini be-
lirleyebilen mPCR, gida 6rneklerinde Campylobacter varlig
ve tiirlerinin tespiti i¢in giivenli bir sekilde kullanilmaktadir.
Konvansiyonel tespit yontemleri ile mPCR ’1n karsilagtirildigi
bir calismada mPCR y0nteminin sensitivitesinin daha yiiksek
oldugu belirtilmektedir. Bu yontemin tek seferde birden fazla
tiirii belirleyebilmesi, konvansiyonel PCR’a gore daha ve-
rimli olmasi, diger PCR temelli yontemlere gore maliyetinin
daha diisiik olmasi gibi avantajlar1 bulunmaktadir. Ancak bu
yontemde, primerlerin yiiksek spesifiklikte tasarlanmis ol-
mas1 gerekmektedir (Ricke ve ark., 2019). Gida 6rneginin
zenginlestirilmesiyle mPCR kombinasyonu, standart SO
yontemindeki izolatlarin biyokimyasal tanimlamasina ki-
yasla daha hizli tespit yapilmasina olanak saglamaktadir
(Lanzl ve ark., 2022). Bununla birlikte, gida 6rneginin zen-
ginlestirilmesi ve baslangi¢c Campylobacter yiikii, farkh C. je-
juni alt tiirlerinin izolasyon sikligini ve belirlenme oranini
(Hetman ve ark., 2020) ayrica birgcok Campylobacter tiiriiniin
izolasyonunu da dnemli dlgiide etkilemektedir. Bu durumda,
mPCR’1n 6nceden Brucella sivi besi yerinde 6n zenginles-
tirme sonrasinda Preston s1vi besi yerinde selektif zenginles-
tirme ile kombinasyonu, tavuk eti drneklerinden izole edilen
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campylobacterlerin %53 iiniin C. coli %47’sinin ise C. jejuni
olarak tanimlanmasina neden olmustur (Nayak ve ark., 2005).
Nafarrate ve ark. (2021) tarafindan Kuzey Ispanya’da yapilan
caligmada, insan, broyler ve domuz diski oOrneklerinde,
Campylobacter tiirlerinin prevalansi, genetik cesitliligi aras-
tirtlmigtir. Calismaya dahil edilen 139 6rnekten elde edilen
89 adet Campylobacter izolatinin mPCR yontemi ile 55’1 C.
jejuni, 31’1 C. coli ve 3’1 C. fetus olarak tanimlanmis, flaA-
RFLP ve PFGE yontemleri ile 89 izolat icersinde 68 farkli
genotip tespit edilmistir.

Kontamine gidalardaki Campylobacter spp. miktarin belir-
lenmesi, 6zellikle AB’nin broyler karkaslar1 i¢in uyguladig:
mikrobiyolojik kriterlere uyum saglanmasinda biiyiik dnem
tagimaktadir (Commission Regulation (EU) 2017/1495). Bu
amagcla gercek zamanli bir gPCR gelistirilmis olmasina rag-
men (Dawson ve ark., 2023), giiniimiizde patojenin sayimi
i¢in resmi olarak onay alan tek metot kiiltiire dayali ISO yon-
temi olarak bilinmektedir (Hinton ve ark., 2018). PCR tabanli
yontemlerin hedef mikroorganizmanin canli ve 6lii hiicrele-
rini ayirt edememesi nedeniyle onerilen qPCR testleri, bir
yandan farkl gida matrislerinden elde edilen Campylobacter
spp.’nin belirlenmesine diger yandan canli ve 6lii Campylo-
bacter arasinda giivenilir bir sekilde ayirim yapmaya, boylece
gidalardaki patojen konsantrasyonunun dogru tahmin edilme-
sini saglamaya olanak tanimaktadir (Beterams ve ark., 2023).

Enfeksiyonda Tedavi ve Antibiyotik Direncliligi

Campylobacter enfeksiyonlarinda, hastalik bagirsaklarla si-
nirl kalarak hastalar cogu zaman kendiliginden ve kisa sii-
rede iyilesebilmekte, enfeksiyonun tedavisinde sadece sivi ve
elektrolit replasmani destekleyici tedbir olarak kullanilmak-
tadir (Guarino ve ark., 2014). Semptomlarin devam ettigi va-
kalarda ise siv1 ve elektrolit replasmani yaninda antibiyotik
kullanimina da baglanmakta ve en etkili tedavi hastaligin
ozellikle ilk ii¢ giinii i¢erisinde baglatildiginda ger¢eklesmek-
tedir. Bununla birlikte, 6zellikle diyareli ve yiiksek atesli va-
kalar ile zayif bagisiklik sistemine sahip hastalar, AIDS, tala-
semi ve hipogamaglobulinemi gibi diger ciddi hastaliklar
olanlarda antibiyotik kullanimi kesinliklikle gerekmektedir
(CDC, 2016). Campylobacteriosis tedavisinde tercih edilen
antibiyotikler arasinda florokinolonlar, aminoglikozidler, tet-
rasiklin, makrolidler, betalaktamlar (Bolton, 2015) ve eritro-
misin (Bardon ve ark., 2009) bulunmaktadir. Diger alternatif
antibiyotiklerden siprofloksasin, vankomisin (Bruzzese ve
ark, 2018) ve kinolonlar (Gilber ve Moellering, 2007) kulla-
nilmaktadir.
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Tablo 1. Campylobacter tiirleri ve alttiirleri (LPSN - List of Prokaryotic names with Standing in Nomenclature, 2024)

Table 1. Campylobacter species and subspecies (LPSN - List of Prokaryotic names with Standing in Nomenclature, 2024)

Campylobacter anatolicus

Campylobacter armoricus
Campylobacter aviculae

Campylobacter avium
Campylobacter bilis
Campylobacter blaseri
Campylobacter canadensis
Campylobacter coli
Campylobacter concisus

Campylobacter corcagiensis

Campylobacter cuniculorum
Campylobacter curvus

Campylobacter estrildidarum

Campylobacter devanensis
Campylobacter fetus

Campylobacter fetus subsp. fetus
Campylobacter fetus subsp. testudinum
Campylobacter fetus subsp. veneralis

Campylobacter geochelonis
Campylobacter gracilis

Campylobacter helveticus
Campylobacter hepaticus

Campylobacter hominis

Campylobacter hyointestinalis
Campylobacter hyointestinalis subsp. hyointestinalis

Campylobacter hyointestinalis subsp. lawsonii

Campylobacter iguaniorum

Campylobacter insulaenigrae

Campylobacter jejuni
Campylobacter jejuni subsp. doylei
Campylobacter jejuni subsp. jejuni

Campylobacter lari

Campylobacter magnus
Campylobacter majalis

Campylobacter massiliensis
Campylobacter mucosalis
Campylobacter novaezeelandiae
Campylobacter ornithocola
Campylobacter peloridis
Campylobacter porcelli

Campylobacter pinnipediorum
Campylobacter pinnipediorum
subsp. caledonicus
Campylobacter pinnipediorum
subsp. pinnipediorum
Campylobacter portucalensis
Campylobacter lanienae

Campylobacter sputorum

Campylobacter sputorum subsp. bubulus
Campylobacter sputorum subsp. sputorum
Campylobacter subantarcticus
Campylobacter suis

Campylobacter taeniopygiae
Campylobacter troglodytis
Campylobacter upsaliensis
Campylobacter ureolyticus
Campylobacter vicugnae
Campylobacter volucris

Campylobacter vulpis

Campylobacter rectus
Campylobacter showae

Tablo 2. Campylobacter’in tespiti ve identifikasyonu i¢in mevcut yontemlerin avantaj ve dezavantajlar1 (Soto-Beltran ve ark., 2021)

Table 2. Advantages and disadvantages of current methods for Campylobacter detection and identification (Soto-Beltran et al., 2021)

Kategori

Biyokimyasal
test

immiinoloji
temelli yontem

Kiitle
spektrometresi
temelli yontem

Niikleik asit
temelli yontem

Enzimatik analiz

Serotiplendirme

Matrix-assisted
laser desorption/
ionization
time-of-flight
mass
spectrometry

PCR

Real-Time PCR

Multiplex real
time PCR
(mPCR)

Teknigin tanim

Hedef kimyasal, disk/serit tizerindeki re-
aktiflerle etkilesime girerek cins ve tiirle-
rin fenotipik ayrimi

Antijenleri tanimlamak igin 6zel antise-
rumlari kullanarak karakterizasyon

Enerji emici matriks ile karistirilan ve la-
zer ile iyonize edilen 6rnekteki peptidle-
rin bilyiikliiklerinin havada kalma siireleri
ile ayirdedilmesi

Tgili virulans genlerinin ve diger DNA
dizilerinin tespiti i¢in diziye dzgii primer-
ler kullanilarak DNA hedefinin amplifi-
kasyonu

Floresan boya kullanimi ile tirtin miktari-
nin gergek zamanl olarak tespiti

Ayni anda cesitli tlir-6zel dizileri hedefle-
yen birden fazla primer kullanilarak DNA
hedeflerinin amplifikasyonu

Avantajlar

Hizli ve ekonomik olmasi

Tiir sniflandirmasi i¢in standart
yontem olmasi

Dakikalar igerisinde sonuglanan
hizli tiplendirme ve virulans ka-
rakterizasyonu teknigi olmasi

Basit, kolay uygulanabilir ve
hizli genotipleme yontemi ol-
mast

Geleneksel PCR’dan daha hizli
tespit siiresi saglamasi ve yiiksek
duyarlilikla amplifiye edilmis
hedef bolgenin miktarinin belir-
lenmesini miimkiin kilmast

Test edilen her bakteri tiirii i¢in
birden fazla hedefin tespit edil-
mesi

Dezavantajlar

Bazi Campylobacter tiirleri arasinda
ayrim yapilamamasi ve kiiltiir i¢in birkag
giin gerektirmesi
Yanlis pozitif sonug vermesi, zaman alici
olmasi ve immiinolojik reaktiflerin sinirlt
olabilmesi

Baslangig i¢in yiiksek sermaye
gerektirmesi, verilerin farkl laboratuvar-
lar arasinda karsilastirilabilmesi igin tek-
nik parametrelerin standartlagtiritlmasini

gerektirmesi

Dizi bilgisinin tek bir hedef gen iizerinde

bulunmasi, inhibitérlerin amplifikasyon

reaksiyonunu etkileyebilmesi, agaroz jel
lizerinde analiz gerektirmesi

Termal cycler ve reaktiflerin maliyetli ol-
mast; tek bir hedef amplifikasyonu ile si-
nirlt deteksiyon olmasi

Primerlerin birbirleri ile etkilesimlerini
engellemek i¢in dogru primer tasarimi,
amplifi-kasyonun karmagik matrikslerde
inhibe olabilmesi ve yiiksek maliyet
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Coklu housekeeping genlerindeki allel Dogru, ayirt edici giice sahip, Tek housekeeping gen alt kiimesi kulla-
Multilocus farkliliklarina bagli olusan DNA dizi kolayca erisilebilir, tekrarlanabi- nimi1 nedeniyle filogenetik iligkilerin ye-
sequence typing  farkliliklarinin dizileme ile ortaya koyul-  lir ve epidemiyolojik caligmalar  terli incele-nememesi, veritaban: giincel-
masi i¢in uygun olmasi lemesi ile pahali ekipman gerektirmesi
DNA Kat1 bir yiizeye damlatilarak emdirilen Tek bir analizde yiiksek verimli- ~ Veri analizi i¢in pahali tarayic gerekliligi
. kisa DNA oligonucleotid dizilerine ait di-  lik ve ayn1 anda tiim genomik di-  ve daha &nce dizide tespit edilmemis yeni
microarrays o P o S L .
zilim zilerin analizinin yapilmasi dizilerin tespit edilememesi

Ekipmanin pahali olmasi ve en iyi dogru-

.. Hedef dizilerin sayisal duyarliliginin ve Sayisal olarak daha kesin sonug - L ;i
Digital droplet - - SO . e lugu elde etmek i¢in 6rnekleri uygun kon-
dogrulugunun artirilmasi i¢in 6rnegin ki- ile PCR inhibitorlerinden daha . . .
PCR = s : . o santrasyona seyreltmede dikkat edilmesi
¢lik damlaciklara béliinmesi az etkilenme olasilig1 s
gerekliligi
Hedef organizmanin bir¢cok gen bolgesi-
Yeni nesil nin dizilenmesi ve bir araya getirilmesi Tiim genomla daha yiiksek ¢ozii- Biiyiik ve pahali veri tabani yaninda in
dizileme ile tiim genom dizisinin olugturulmasi ile  niirliikte tiir tiplemesi ve karakte-  silico verilerin standartlagtirilmasi gerek-
iistlin bir tiplendirme ve karakterizasyon rizasyonunun saglanmast liligi nedeniyle analizin zaman almasi

bilgisinin saglanmasi

Tablo 3. Campylobacter tiirleri ve insanlardaki klinik bulgular1 (Kaakoush ve ark., 2015)

Table 3. Campylobacter species and their clinical manifestations in humans (Kaakoush et al., 2015)

Campylobacter Tiirleri® Klinik Bulgular

C. coli Gastroenteritle iligkili patojendir. Kanda bulunur, menenjit ve akut kolesistit etkenidir.

C. concisus Gastroenterit ve inflamatuvar bagirsak hastaliklar1 (IBH) ile ortaya cikan patojen; Barret’s
ozefagusu, kan ve beyin apsesi ile iliskilidir.

C. curvus Gastroenterit, iilseratif kolit, Barret’s 6zefagusu ile iligkili olup kan, karaciger ve bronsial
apselerde bulunmaktadir.

C. fetus® Bakteriyemi ile iligkili olup gastroenterit, beyin apsesi, epidural apse aspirati, srebrospinal sivi,
seliilit, endokardit, abdominal aortanin mikotik anevrizmasi ve peritonitte bulunmaktadir.

C. gracilis Potansiyel periodental patojen olup IBH, bas ve boyun enfeksiyonlar1 ile beyin apselerinde
bulunur.

C. hominis Kanda ve IBH’de (bagirsagin kommensal iiyesi olmas1 muhtemeldir.) bulunur.

C. helveticus Gastroenteritle iligkilidir.

C. hyointestinalis Gastroenterit ve kan ile iliskilidir.

C. insulaenigrae Gastroenterit ve kan ile iliskilidir.

C. jejuni Gastroenterit ve IBH ile iliskili olan patojen; enfeksiyon sonrasi irritable bagirsak sendromu

ve ¢Olyak hastaliginda olasi predispozan ajan; enfeksiyon Guillain Barre sendromu, Miller
Fisher sendromu, Bell’s paralizi (tek tarafli yiiz felci) ve reaktif artrit formlarinda sekellere
neden olabilir; IBH, kan, miyokardit menenjit, akut kolesistit, idrar yolu enfeksiyonu ve
lokopeni veya trombositopeni ile iligkili akut atesli hastaliklarla iligkilidir.

C. lari Gastroenteritle ve kan ile bulunur.

C. mucosalis Gastroenteritle iligkilidir.

C. rectus Periodontal patojen olarak varsayilmakta olup gastroenterit, IBH, vertebral apseler, kan,
nekrotizan yumusak doku enfeksiyonlar1 ve irin ile iligkilidir.

C. showae IBH, intraorbital apseler ve kan ile iliskilidir.

C. sputorum Gastroenterit, aksiller apseler ve kan ile iliskilidir.

C. upsaliensis Gastroenteritle ortaya ¢ikan patojen meme apseleri, kan ve plasenta ile iligkilidir.

C. ureolyticus Gastroenterit ve IBH ile iliskili olup oral, perianal ve yumusak doku apseleri ve alt

ekstremitede iilserler ve gangrendz enfeksiyonlar ile iligkilidir.
aC. avium, C. canadensis, C. corcagiensis, C. cuniculorum, C. lanienae, C. lari subsp. concheus, C. peloridis, C. subantarcticus, C. troglodytis, C.
volucris, “Campylobacter sp. Dolphin DP,” ve “Campylobacter sp. Prairie Dog” tiirleri insan hastaliklar1 ile iligkili degildir.
b C. fetus subsp. fetus, C. fetus subsp. venerealis, ve C. fetus subsp. testudinum tiirlerini igermektedir.
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Hastane ve ciftliklerde antibiyotiklerin yaygin ve yanlis kul-
lanim1, Campylobacter gibi antimikrobiyal direncli gida kay-
nakli bakterilerin artmasina yol acarak antibiyotik tedavileri-
nin etkinligi i¢in ciddi bir tehdit olusturmakta ve dnemli halk
saglig1 sorunlarma neden olmaktadir (Garcia-Sanchez ve
ark., 2018). Hem gelismis hem de gelismekte olan iilkelerde,
campylobacterlerin vankomisin, trimethoprim, rifampisin,
basitrasin, florokinolon, makrolidler ve tetrasiklin dahil ol-
mak tizere birgok antibiyotige direng gelistirdigi bilinmekte-
dir (Myintzaw ve ark., 2023).

Florokinolonlar, yillardir campylobacteriosisin klinik tedavi-
sinde ilk tercih edilen antibiyotikler olarak bilinmektedir. An-
cak, bu ilaglarin klinik ve hayvan yetistiriciliginde biiyiimeyi
destekleyici olarak yaygin bir sekilde kullanilmasi, gida iire-
timinde kullanmilan hayvanlarda florokinolona direncli
campylobacterlerin ortaya ¢ikmasina neden olmaktadir. Bu
direncli ve ¢oklu ilag direncine sahip patojenlerin ortaya ¢ik-
masi, Ozellikle gelismekte olan iilkelerdeki halk saglig: ¢alis-
malari igin temel zorluklardan birini olusturmaktadir. Diinya
capinda florokinolonlara yiiksek diizeyde diren¢ gelismesi
nedeniyle WHO tarafindan yeni antibiyotiklere acil ihtiyac
duyulan bakteriler listesine, Campylobacter dahil edilmis ve
yiiksek oncelikli bir patojen olarak siniflandirilmigtir (Portes,
2023).

Kontamine kanatli iiriinlerinde bulunan florokinolona di-
renc¢li campylobacterler, campylobacteriosis vakalari ile ilis-
kilendirilmekte ve enfeksiyonun muhtemel kaynagi olarak
gosterilmektedir (Nothaft ve ark., 2021). Bu nedenle, 2005
yilinda ABD Gida ve Ilag Idaresi (USFDA), kanatl1 endiistri-
sinde florokinolonlarin kullanim1 yasaklamis ancak, ABD’de
broylerlerde ve insanlarda florokinolona direngli Campylo-
bacter sayisinda heniiz bir azalma meydana gelmemistir. Flu-
orokinolona direngli C. jejuni’nin in vivo ve in vitro ¢aligma-
larda, ila¢ alimini takiben 24 saatten az bir siirede tespit edi-
lebilmesi, Campylobacter’in bu antibiyotiklere karsi direng
kazanma hizim1 gostermektedir (Gencay ve ark, 2018).

Florokinolonlara karsi artan diren¢ nedeniyle giliniimiizde
campylobacteriosis tedavisinde birincil tercih edilen antibi-
yotikler sinifinda makrolidler yer almaktadir. Bu simif igeri-
sinde, en yaygin olarak kullanilan eritromisin, tatmin edici te-
rapdtik sonuglar gostermis olup direng seviyeleri son yillarda
artmakta ve acil aktif izleme gerektirmektedir (Portes, 2023).
Cogu makrolid direngli C. coli’nin, domuz endiistrisinde bii-
ylimeyi destekleyici amagla yaygin olarak kullanilan tilosin
nedeniyle ortaya ¢iktig1 belirtilmektedir (Natsos ve ark,
2019). Diger hayvanlardan izole edilen campylobacterlerin
ise makrolidlere kars1 zayif bir direng gosterdigi yani nispe-
ten daha duyarli oldugu rapor edilmektedir (Tedersoo ve ark.,

Review Article

2022). Campylobacterlerde makrolid direncinin beklenenden
zay1f olmasi, tedavi sliresinin daha uzun olmasim gerektir-
mektedir (Garcia-Sanchez ve ark., 2020). Bunun disinda, bir
diger onemli faktdr de bu zayif direng fenotipini gdsteren
campylobacterlerin ortamdaki kaliciliklarinin daha diisiik ol-
masidir. Buna bagl olarak makrolid uygulamasi ile olusan
secici baski ortadan kalktiginda tedavi sonrasinda makrolid
direnci ile ilgili olarak bakterinin harcayacagi enerjinin ¢ok
fazla olmas1 nedeniyle bu direngli fenotip ortamda daha az
kalic1 olmaktadir (Vandeputte ve ark., 2020).

Antibiyotik diren¢li Campylobacter tiirlerinin insan-hayvan-
¢evre dongiisiindeki yayilimi ile etkene bagl enfeksiyonlarin
tedavi siireclerinde yasanacak zorluklarda artis ongoriilmek-
tedir. Cevrenin antibiyotiklerle, direngli bakteri suslariyla ve
antibiyotik direncgli genlerle kontamine olmasi, ilaca direngli
patojenlerin yayilmasmi artirmaktadir. Antibiyotik direng
genleri, yatay gen transferi yoluyla zamanla diger insan pato-
jenlerine ve o ortamda rastlantisal olarak bulunan patojenlere
potansiyel olarak entegre edilebilmektedir. Bu nedenle, in-
san-hayvan-gevre arayiiziinde ortaya ¢ikan Campylobacter,
Tek Saglik yaklagimi i¢in bir zorluk olusturmaktadir. Dolay1-
styla hastalik gézetimi, kontrolii, dnlenmesi ve azaltilmasinin
temel bir bileseni olarak ¢evresel ve hayvansal sagligin dahil
edilmesini dikkate alan yaklasimlarin uygulanmasi hayati
oneme sahiptir (Chibwe ve ark., 2023).

Koruma, Kontrol ve Yasal Gereklilikler

Insan campylobacteriosis vakalarinin primer kaynagmin kon-
tamine hayvansal gidalar olmasi nedeniyle hastaligin kontro-
liinde, Oncelikle potansiyel rezervuar hayvanlar olmak tizere
asemptomatik tastyici bireylerde etkenin eliminasyonuna yo-
nelik etkin Onleyici tedbirlerin alinmasi ve siirdiiriilmesi ge-
rekmektedir. Hayvanlarda Campylobacter enfeksiyonlarinin
onlenmesinde, asilama, faj tedavisi (Borie ve ark., 2014),
bakteriyosin, probiyotik, prebiyotik, organik asit, esansiyel
yag ve bitki ekstraktlarinin ilavesi ve etkin biyogiivenlik uy-
gulamalar (¢iftlik diizeyinde su kalitesinin iyi olmasi ve hay-
vancilikta antibiyotik kullaniminin diizenli olarak izlenmesi
vb.) kullanilmaktadir. Ciftlik hayvanlarinda, kesimden yakla-
sik 12 saat 6nce yem verilmemesi gibi dnleyici 6nlemler de
bu bakterilerin seviyesini diisiirmeye yardimci olmaktadir
(Hansson ve ark., 2018; El-Saadony ve ark., 2023).

Campylobacter tiirlerinin, kanatlh eti ve kirmiz1 etlerde yiik-
sek prevalans oranlarinda bulunmasi, kesimhanelerde 6zel-
likle i¢ organlarin g¢ikartilmasi, yikama, pargalama ve so-
gutma gibi kesim asamalarindaki hijyen ve sanitasyon yeter-
sizlikleri ile personele bagl hijyen eksikliklerinden kaynak-
lanmaktadir (Hakeem ve Lu, 2021). Campylobacter kaynakli
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salginlari azaltilmasi i¢in alinacak 6nleyici tedbirler iceri- gida giivenligi konularinda ¢alisanlara egitimler verilmesi et-
sinde, Ozellikle kirmiz1 et sektoriinde kesimhanelerde resmi ken ile miicadelede 6nem tagimaktadir. Bunun yaninda, ke-
otorite tarafindan yasal olarak yapilmasi gereken rutin kont- simhanelerde karkasta, dolayisi ile etlerde campylobacterle-
rollerin etkin gekilde gergeklestirilmesi gerekmektedir. Ay- rin varliginin ve/veya sayisinin analiz edilmesi, patojenin pre-
rica, kesimhanelerde HACCP sisteminin kurulmasi, hijyen valansinin ve bulasini artiran muhtemel risk faktorlerinin be-
yonetiminin izlenebilirliginin ve siirekliliginin saglanmasi, lirlenmesi ile kontrol stratejilerinin etkinliginin degerlendiril-

diizenli olarak personel hijyeni, ¢apraz kontaminasyonlar ve mesini saglamaktadir (Myintzaw ve ark., 2023).
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Sekil 1. Campylobacter spp.'nin prevalans ve dagilimini etkileyen onemli faktorler

Figure 1. Important factors affecting the prevalance and distribution of Campylobacter spp.
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Sekil 2. Campylobacter patojenez mekanizmalari (Young ve ark., & 2007)

Figure 1. Campylobacter pathogenesis mechanisms (Young et al., 2007)

Insan ve hayvanlarda Camylobacter enfeksiyonlarmmn 6nlen-
mesi icin WHO tarafindan gelistirilen bazi stratejik yaklagim-
lar (WHO, 2024): (1) Onleme, Ciftlikte tarimsal iiretimden
itibaren gidalarin hem ticari hem de yerel olarak islenmesi,
iiretilmesi ve hazirlanmasini igeren gida zincirinin tiim asa-
malarinda kontrol 6nlemlerinin alinmasi, (2) Kanalizasyon
sistemleri yetersiz olan {ilkelerde, olasi fekal kontamine mad-
delerin bertaraf edilmeden 6nce dezenfekte edilmesi, (3) Ka-
natlilarda Campylobacter prevalansinin diisiiriilmesinde ¢ev-
resel bulagin onlenmesi amaciyla biyogilivenlik kurallarina
uyulmasi, (4) Karkaslarin fekal kontaminasyonunu 6nleme
amaciyla kesimde hijyene dikkat edilmesi, (5) Kontaminas-
yonu minimum diizeye indirebilmek i¢in iiretici ve mezbaha
calisanlariin hijyenik gida isleme konusunda egitim almala-
rinin saglanmasi, (6) Campylobacter’in kontamine gidalar-
dan uzaklastirmanin tek etkili yontemi olarak pigirme ve pas-
torizasyon vb. sicaklik uygulamalar ile 1s1nlama gibi bakte-
risidal islemlerinin uygulanmasi olarak 6zetlenmektedir.
Campylobacter kontaminasyonlarimin énlemesi i¢in islenme-
mis su veya pastorize edilmemis siitiin i¢cilmemesi, yiizerken

su yutulmamasi, yiyeceklerin yikanarak tiiketilmesi ve hay-
vanlar ile temas sonrasi ellerin yitkanmasi 6nem tagimaktadir.
Ayrica, tiiketicilerin Campylobacter’e maruziyetinin engel-
lenmesinde farkli kaynaklar ve bulasma yollar1 hakkinda
daha fazla epidemiyolojik ¢aligma yapilmasina ihtiya¢ duyul-
maktadir (Garcia-Sanchez ve ark., 2018). Bu yaklagimlarin
uygulanmasi ile Campylobacter enfeksiyonlarina bagl gast-
roenterit vakalari, kronik hastaliklar ve komplikasyonlariin
goriilme sikliginin azalmasi ve dolayisi ile olusabilecek sag-
lik giderlerinin disiiriilmesi hedeflenmektedir (Dai ve ark.,
2020).

Gidalarda ozellikle de hayvan kokenli olanlarda, Campylo-
bacter’e yonelik yasal ¢erceveyle ilgili diizenlemeler iceri-
sinde AB, ABD ve Avustralya/Yeni Zelanda’ninkiler en ge-
lismis olanlardir. AB {ilkelerinde, Gidalarin Mikrobiyolojik
Kriterlerine iliskin Komisyon Tiiziigi 2073/2005 (Commis-
sion Regulation (EC) No. 2073/2005 on Microbiological Cri-
teria for Foodstuffs) direktifleri kapsaminda, sogutma sonrast
broyler karkaslarinda Campylobacter analiz edilmekte ve
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bakterinin izin verilen sayisi en fazla 1.000 kob/g olarak be-
lirtilmektedir (n=50, c=20; 2025 yilindan itibaren ise n=50,
c=10). USDA’nin Gida Giivenligi ve Denetleme Servisi
(Food Safety Inspection Service - FSIS) tarafindan, kanath
etlerinde tespit edilen pozitif 6rneklerin maksimum kabul
edilebilir yiizdesi; broyler karkaslar i¢in %15.7, hindi kar-
kaslar1 igin %5.4, broyler pargalari i¢in %7.7 ve broyler ile
hindi siyrint1 etleri igin de %1.9 olarak bildirilmektedir (Cha-
vez-Velado ve ark., 2024).

Ulkemizde patojenin gidalarda saptanmasimi ve izlenmesini
zorunlu kilan yasal bir diizenlemenin halen bulunmamasi, tii-
ketime sunulan et ve et Giriinlerinden kaynaklanabilecek sag-
lik riskinin degerlendirilmesine engel olmaktadir. Bu ne-
denle, Campylobacter enfeksiyonlarindan korunma stratejile-
rinin gelistirilmesi i¢in Oncelikli olarak AB mevzuatina ben-
zer sekilde ulusal mevzuatimizda da gerekli yasal diizenleme-
lerin yapilmasi gerekmektedir. Bu kapsamda, gidalarin mik-
robiyolojik giivenliginin yasal dayanagi olan Tiirk Gida Ko-
deksi Mikrobiyolojik Kriterler Yonetmeligi igerisinde 6zel-
likle broyler ve sigirlarda Campylobacter ile ilgili olusturula-
cak kriter ve limitlerin, halk saglig1 agisindan 6nemli olan bu
etken ile miicadele ve kontrolde gerekli oldugu diigiiniilmek-
tedir.

Sonuc¢

Campylobacter, Diinya genelinde gastrointestinal enfeksi-
yonlara neden olan baslica bakteriyel etken olmasi, artrit, sep-
tisemi, endokardit, beyin apseleri, menenjit, Guillain-Barre
ve Miller Fisher sendromlari gibi ekstragastrointestinal
semptomlar olusturarak hastalarin tedavi giderlerine ve is
giicli kayiplarina neden olmasi yoniinden 6nem tagimaktadir.
Bu sebeple, tlilkemizde Campylobacter agisindan risk olustu-
rabilecek hayvansal kokenli gidalarda 6zellikle kanatli ve kir-
miz1 etlerde, kontrol ve izleme programlarinin AB mevzua-
tina paralel olarak yasal zemin lizerinde gerc¢eklestirilmesinin
hem halk sagligi hem de yapilacak et ihracati agisindan ge-
rekli oldugu goriilmektedir. Ayrica, lilkemizde oldukga kisitl
sayida olan Campylobacter prevalansi, antibiyotik direncli-
ligi ve virulans faktorlerine yonelik yapilacak ¢alismalarin ar-
tirtlmasinin, patojenin giincel durumu hakkinda uluslararasi
literatiire veri saglanmas1 ve muhtemel risk faktdrlerinin be-
lirlenmesi ile kontrol énlemlerinin alinmasi agisindan fayda
saglayacagi diisliniilmektedir.

Etik Standartlar ile Uyumluluk

Cikar ¢atismasi: Yazarlar, bu yazi i¢in gercek, potansiyel veya al-
gilanan ¢ikar catigmasi olmadigini beyan etmiglerdir.

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
Veri erisilebilirligi: -

Finansal destek: -

TesekKkiir: -

Aciklama: -
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Reviewers should be encouraged to provide open and
constructive feedback to authors and editors.
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Author Guidelines

1. Article Format:

Authors must write in the article format determined by
the journal. Sections such as title, abstract, keywords,
introduction, method, findings, discussion, and refer-
ences should be included. All submissions are screened
by similarity detection software. The similarity rate in
the articles sent to the journal should be below 20%.

. Citations and Sources:

Authors must appropriately cite the sources used by
scientific standards.

. Submission Process:

Authors must comply with the specified submission
process when submitting their articles to the journal.
This process should include evaluating, editing and
publishing the article.

Manuscripts can only be submitted through the jour-
nal’s online manuscript submission and evaluation
system, available at

http://dergipark.org.tr/tr/journal/1646/submis-
sion/step/manuscript/new.

“FOOD and HEALTH” journal requires correspond-
ing authors to submit a signed and scanned version of
the copyright transfer, ethics, and authorship contribu-
tion form (available for download at
https://dergipark.org.tr/tr/download/journal-
file/19582)

ICMIJE Potential Conflict of Interest Disclosure
Form (should be filled in by all contributing au-
thors) Download this form from http://www.ic-
mje.org/conflicts-of-interest/ fill and save. Send this
to the journal with your other files.

. Research Funding and Conflicts of Interest:

Research funding sources and conflicts of interest
should be clearly stated. It is important to disclose and
not conceal conflicts of interest.


https://www.budapestopenaccessinitiative.org/
http://dergipark.org.tr/tr/journal/1646/submission/step/manuscript/new
http://dergipark.org.tr/tr/journal/1646/submission/step/manuscript/new
https://dergipark.org.tr/tr/download/journal-file/19582
https://dergipark.org.tr/tr/download/journal-file/19582
http://www.icmje.org/conflicts-of-interest/
http://www.icmje.org/conflicts-of-interest/
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. Language:

Articles should be written to a scientific journal stand-
ard, and care should be taken regarding grammar and
spelling errors.

Editors' Responsibilities

1.

Maintaining High Scientific Standards:

To ensure that the articles published in the journal com-
ply with high scientific standards.

To ensure full compliance with ethical rules and jour-
nal policies.

. Managing the Article Evaluation Process:

To effectively manage the article evaluation process
and support a rapid publication process.

To adopt the principles of double-blind arbitration and
maintain the principles of expertise and impartiality in
selecting arbitrators.

. Making Editorial Decisions:

Consider referee evaluations to make decisions about
accepting or rejecting articles for publication.

Maintaining transparency and openness in the editorial
process.

Contact with Authors:

Maintaining effective and constructive communication
with authors.

They provide authors with regular updates on the status
of their articles, correction requests, and publication
dates.

. Managing Journal Policies:

Keep the journal's policies and guidelines updated and
revise them as needed.

To provide a reliable platform between readers and
writers.
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Responsibilities of Referees

1.

Objectivity and Expertise:

To comply with the principles of double-blind referee-
ing and to evaluate articles impartially.

Evaluating articles by focusing on areas of expertise on
the subject.

. Privacy and Reliability:

To protect the confidentiality of the article evaluation
process.

Provide reliable and constructive feedback to authors,
journal editors, and other reviewers.

. Timely Evaluation:

Evaluating articles by the timelines determined by the
journal.

Informing editors promptly in case of delays.

. Compliance with Ethical Rules:

To ensure full compliance with ethical standards and
journal policies.

Clearly express conflicts of interest and withdraw from
the evaluation process when necessary.

. Constructive Feedback to Writers:

Provide clear and constructive feedback to authors and
suggest improving the article when necessary.
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Preparation of the Manuscript

Manuscripts prepared in Microsoft Word must be con-
verted into a single file before submission. Please start
with the title page and insert your graphics (schemes,
figures, efc.) and tables in the one main text (Word Of-
fice file).

Title (should be clear, descriptive, and not too long)
Full Name(s) and Surname (s) of author(s)
ORCID ID for all author (s) (http://orcid.org/)

Authors complete correspondence Address (es) of af-
filiations and e-mail (s)

Abstract

Keywords (indexing terms), usually 3-6 items

Introduction
Material and Methods
Results and Discussion

Conclusion
Compliance with Ethical Standards

e Conflict of Interest: When you (or your employer or
sponsor) have a financial, commercial, legal, or profes-
sional relationship with other organisations or people
working with them, a conflict of interest may arise that
may affect your research. A full description is required
when you submit your article to a journal.

Ethics committee approval: Ethical committee approval
is routinely requested from every research article based on
experiments on living organisms and humans. Sometimes,
studies from different countries may not have the ethics
committee’s approval, and the authors may argue that they
do not need support for their work. In such situations, we
consult COPE’s “Guidance for Editors: Research, Audit,
and Service Evaluations” document, evaluate the study
with the editorial board, and decide whether or not it needs
approval.

Data availability: The data availability statement/data ac-
cess statement informs the reader where research data as-
sociated with an article is available and under what condi-
tions the data can be accessed, and may include links to the
dataset, if any.
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One of the following should be selected and stated in

the submitted article;

1. No data was used for the research described in the arti-

cle.

The data that has been used is confidential.

The authors do not have permission to share the data.

Data will be made available on request.

The author is unable to specify which data has been

used or has chosen not to.

6. Other (please explain; for example, I have shared the
link to my data in the attached file step).
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o Funding: If there is any, the institutions that support the
research and the agreements with them should be given
here.

o Acknowledgment: Acknowledgments allow you to thank
people and institutions who assist in conducting the re-
search.

o Disclosure: Explanations about your scientific / article
work that you consider ethically important.

References
Tables (all tables given in the main text)

Figures (all figures/photos shown in the main text)

Manuscript Types

Original Articles: This is the most essential type of
article since it provides new information based on orig-
inal research. The main text should contain “Title”,
“Abstract”, “Introduction”, “Materials and Meth-
ods”, “Results and Discussion”, “Conclusion”,
“Compliance with Ethical Standards”, and “Refer-
ences” sections.

Statistical analysis to support conclusions is usually
necessary. International statistical reporting standards
must conduct statistical analyses. Information on statis-
tical analyses should be provided with a separate sub-
heading under the Materials and Methods section, and
the statistical software used during the process must be
specified.

Units should be prepared by the International System of
Units (SI).
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Review Articles: Reviews prepared by authors with
extensive knowledge of a particular field and whose
scientific background has been translated into a high
volume of publications with a high citation potential
are welcomed. The journal may even invite these au-
thors. Reviews should describe, discuss, and evalu-
ate the current knowledge level of a research topic
and should guide future studies. The main text should
start with the Introduction and end with the Conclusion
sections. Authors may choose to use any subheadings
in between those sections.

Short Communication: This type of manuscript
discusses important parts, overlooked aspects, or
lacking features of a previously published article.
Articles on subjects within the journal’s scope that
might attract the readers’ attention, particularly edu-
cative cases, may also be submitted as a “Short Com-
munication”. Readers can also comment on the pub-
lished manuscripts as a “Short Communication”. The
main text should contain “Title”, “Abstract”, “In-
troduction”, “Materials and Methods”, “Results
and Discussion”, “Conclusion”, “Compliance with
Ethical Standards”, and “References” sections.

Table 1. Limitations for each manuscript type

Type of Page  Abstract Reference
manuscript word limit limit
Original Article <30 200 40
Review Article no limits 200 60
Short Communication <5 200 20

Tables

Tables should be included in the main document and
presented after the reference list, and they should be
numbered consecutively in the order they are re-
ferred to within the main text. A descriptive title must
be placed above the tables. Abbreviations in the ta-
bles should be defined below them by footnotes
(even if they are defined within the main text). Tables
should be created using the “insert table” command
of the word processing software and arranged clearly
to provide easy reading. Data presented in the tables
should not be a repetition of the data presented within
the main text but should support the main text.
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Figures and Figure Legends

Figures, graphics, and photographs should be submitted
through the submission system in the main document's
Word files (in JPEG or PNG format). Any information
within the images that may indicate an individual or insti-
tution should be blinded. The minimum resolu-
tion of each submitted figure should be 300 DPI. To pre-
vent delays in the evaluation process, all submitted fig-
ures should be clear in resolution and large (minimum di-
mensions: 100 x 100 mm). Figure legends should be listed
at the end of the primary document.

All acronyms and abbreviations used in the manuscript
should be defined at first use, both in the abstract and in
the main text. The abbreviation should be provided in pa-
rentheses following the definition.

When a drug, product, hardware, or software program is
mentioned within the main text, product information, in-
cluding the name of the product, the producer of the prod-
uct, and city and the country of the company (including
the state if in the USA), should be provided in parentheses
in the following format: “Discovery St PET/CT scanner
(General Electric, Milwaukee, WI, USA).”

All references, tables, and figures should be referred to
within the main text and numbered consecutively in the
order they are referred to within it.

Limitations, drawbacks, and shortcomings of origi-
nal articles should be mentioned in the Discussion
section before the conclusion paragraph.

References

The citation style and methods that comply with the
scientific standards that should be used in the “FOOD
and HEALTH?” journal for the sources used by the au-
thors in their works are given below.

Reference System is APA 6™ Edition (with minor
changes)

The APA style calls for three kinds of information to be
included in in-text citations. The author's last name and the
work's publication date must always appear, and these
items must match exactly the corresponding entry in the
references list. The third kind of information, the page
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number, appears only in a citation to a direct quotation.
...(Erkan, 2011).
...(Mol and Erkan, 2009).
...(Ozden et al., 2021).
...(Mol and Erkan, 2009; Erkan, 2011; Ozden et al., 2021).

Citations for a Reference Section:
An article

Olcay, N., Aslan, M., Demir, M.K., Ertas, N. (2021).
Development of a functional cake formulation with purpl
e carrot powder dried by different methods. Food and
Health, 7(4), 242-250.

https://doi.org/10.3153/FH21025

(if a DOI number is available)

A book in print

Harrigan, W.F. (1998). Laboratory Methods in Food Mi-
crobiology. Academic Press, pp. 308. ISBN:
9780123260437

A book chapter

Craddock, N. (1997). Practical management in the food
industry A case study. In Food Allergy Issues for the Food
Industry; Lessof, M., Ed.; Leatherhead Food RA: Leather-
head, U.K., pp 25-38. ISBN: 4546465465

A webpages

CDC (2020). Rift Valley Fever | CDC.
https://www.cdc.gov/vhf/rvf/index.html (accessed
20.08.2020).
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Revisions

When submitting a revised version of a paper, the author
must submit a detailed “Response to the reviewers” that
states point by point how each issue raised by the review-
ers has been covered and where it can be found (each re-
viewer’s comment, followed by the author’s reply and line
numbers where the changes have been made) as well as an
annotated copy of the primary document. Revised manu-
scripts must be submitted within 15 days from the date of
the decision letter. If the revised version of the manuscript
is not submitted within the allocated time, the revision op-
tion may be cancelled. If the submitting author(s) believe
that additional time is required, they should request this
extension before the initial 15-day period is over.

Accepted manuscripts are copy-edited for grammar, punc-
tuation, and format. Once the publication process of a
manuscript is completed, it is published online on the jour-
nal’s webpage as an ahead-of-print publication before it is
included in its scheduled issue. A PDF proof of the ac-
cepted manuscript is sent to the corresponding author, and
their publication approval is requested within two days of
their receipt of the proof.
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