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PREFACE

Food science and technology is the study of food resources
using basic science, microbiology, biochemistry, nutrition,
biotechnology, and engineering. Food science and technology uses
science and technology to develop new foods, enhance food systems,
and acclimate staff members to an environment that safeguards the
security and integrity of the global food supply chain.

Food science and technology are critical for satisfying
consumer demands today. Consumer knowledge and preference for
healthier foods are growing. As a result, the food science sector is
expanding as the demand for specific recipes and meals, such as low-
fat, low-carb, and low-sugar, grows. In terms of health benefits,
fermented foods are the most practical way to get a daily dosage of
probiotic microorganisms that promote gut health.

This book focuses on recent scientific developments in food
science and technology. In this context, novel techniques to ensure
food safety, fermented foods and their relationship with microbiome
engineering, and the use of transglutaminase enzyme in dairy
technology have been addressed. I think curious researchers in the
food science and technology field and undergraduate and graduate
students will find great value in this book.

Editor
Assistant Prof. Dr. Mukaddes Kili¢ Bayraktar
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CHAPTER |

Food Irradiation: A Promising Technology for
Enhancing Food Safety, Quality, and Sustainability

F. Aysun UGUR!

Introduction:

Food safety and quality are vital concerns in today's world,
with the increasing global demand for safe and nutritious food. Food
irradiation, a technology that utilizes ionizing radiation to eliminate
harmful pathogens, pests, and spoilage microorganisms from food,
offers a promising solution to address these challenges. This thesis
aims to explore the potential of food irradiation as a safe and
effective method for enhancing food safety, quality, and
sustainability.

1prof, Department of Physics, Faculty of Science and Letters, Korkut Ata University,
80010 Osmaniye, Turkey.
-6--



1.Food irradiation and its principles:

1.1Definition and process of food irradiation

Food irradiation is a preservation technique that involves
exposing food products to ionizing radiation to enhance food safety,
extend shelf life, and reduce spoilage. The process of food irradiation
follows a well-defined set of procedures to ensure effective and
controlled treatment (Girma Kebede, 2015).

The first step in the food irradiation process is the selection of
an appropriate source of ionizing radiation. Common sources
include gamma rays emitted by radioactive isotopes, X-rays
generated by machines, or electron beams produced by accelerators.
Each radiation source has specific characteristics and is chosen
based on factors such as the type of food being treated and the
desired level of radiation penetration (Mila Arapcheska, 2020).

Once the radiation source is determined, the food to be treated
is placed in a chamber or conveyor system that allows it to be
exposed to the radiation. The packaging of the food is carefully
considered to ensure that it does not hinder the penetration of
radiation. For example, certain materials may be used to allow
gamma rays or X-rays to pass through without significantly
attenuating the radiation dose ( (Ehlermann, 2016).

During irradiation, the food is exposed to the ionizing radiation
for a specified period, referred to as the irradiation time. The duration
of irradiation varies depending on factors such as the desired
microbial reduction and the radiation sensitivity of the targeted
microorganisms. The radiation dose received by the food is
measured in units such as grays (Gy) or kilograys (kGy),
representing the amount of absorbed radiation energy (Rayna
Stefanova, 2010).

After the prescribed irradiation time, the food is removed from
the radiation chamber or conveyor system. It is essential to ensure
proper handling and storage to prevent recontamination and maintain
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the benefits of irradiation. Once irradiated, the food can be packaged,
labeled, and distributed for sale or further processing (Chauhan,
2009).

It is worth noting that food irradiation does not make the food
radioactive, as the radiation source is external and does not leave any
residual radiation in the treated food. The process solely targets and
disrupts the DNA or genetic material of microorganisms, pests, and
insects, thereby rendering them unable to reproduce or cause harm
(Arapcheska, 2020).

Overall, food irradiation is a controlled process that utilizes
ionizing radiation to enhance food safety and quality by eliminating
or reducing harmful microorganisms. It is an effective tool in
minimizing the risk of foodborne illnesses, extending the shelf life
of perishable goods, and reducing food waste (Mostafavi, 2012).

1.2 Sources of ionizing radiation used in food irradiation

Food irradiation utilizes various sources of ionizing radiation
to effectively treat and preserve food. The most common sources of
ionizing radiation used in food irradiation include:

Gamma rays: Gamma rays are high-energy photons emitted by
radioactive isotopes such as cobalt-60 and cesium-137. These
isotopes are securely contained in sealed containers and emit gamma
rays as part of their natural decay process. Gamma rays have
excellent penetration capabilities, allowing them to pass through
packaging materials and reach the food being treated. Cobalt-60 is
the most commonly used isotope for industrial-scale food irradiation
((Stalter, 2012).

X-rays: X-rays are electromagnetic radiation produced by X-
ray machines. In food irradiation, X-ray generators emit high-energy
X-rays that can penetrate food products. X-rays offer greater
flexibility in controlling the dose and penetration depth, making
them suitable for various food types and packaging formats
(Moosekian, 2011).



Electron beams: Electron beams are streams of high-energy
electrons generated by electron accelerators. These accelerators use
electric fields to accelerate electrons to high speeds before directing
them onto the food being treated. Electron beams are particularly
effective for surface treatments and can penetrate only a few
centimeters into the food, depending on its density (Faure, 2004).

Each source of ionizing radiation has its advantages and
considerations. Gamma rays have excellent penetration capabilities
but require the handling and disposal of radioactive isotopes. X-rays
provide precise dose control and do not involve radioactive
materials, making them suitable for continuous processing. Electron
beams offer flexibility in dose control and are well-suited for surface
treatments but may have limitations in penetrating denser foods
(Djezzar, 2018).

Regardless of the source of ionizing radiation used, it is crucial
to ensure that the irradiation process follows strict regulatory
guidelines and quality control measures to ensure the safety and
efficacy of the treated food. Regulatory bodies, such as the United
States Food and Drug Administration (FDA) and the International
Atomic Energy Agency (IAEA), provide guidelines and standards
for the safe implementation of food irradiation using these radiation
sources (IAEA, 1996).

1.3Mechanisms of action: disruption of DNA structure in
microorganisms

The primary mechanism of action of food irradiation involves
the disruption of DNA structure in microorganisms. When exposed
to ionizing radiation, such as gamma rays, X-rays, or electron beams,
the energy from the radiation interacts with the DNA molecules
present in microorganisms, leading to various types of damage.

lonizing radiation causes ionization and the formation of free
radicals within the microbial cells. These free radicals can react with
DNA molecules, resulting in the formation of breaks in the DNA
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strands. The breaks can be single-strand breaks or, in more severe
cases, double-strand breaks.

Single-strand breaks occur when the DNA backbone is severed
at one location. Although these breaks can be repaired by the cell's
repair mechanisms, they may still introduce errors during the repair
process, leading to mutations or cell death (Jeong, 2018).

Double-strand breaks are more significant and occur when
both strands of the DNA molecule are severed at different locations.
Repairing double-strand breaks is more challenging for cells, and if
left unrepaired, they can lead to cell death or loss of reproductive
capability.

In addition to DNA strand breaks, ionizing radiation can cause
other types of damage to DNA, such as the formation of DNA
adducts, cross-links, and base modifications. These alterations can
interfere with DNA replication and gene expression, further
compromising the microorganism's viability.

The disruption of DNA structure through these various
mechanisms prevents microorganisms from reproducing and
carrying out essential cellular functions. Without the ability to
multiply and cause infections or spoilage, the microorganisms
become inactive or die off, reducing their presence in the irradiated
food (Silva, 2021).

It is important to note that while the DNA of microorganisms
is the primary target of irradiation, the radiation also interacts with
other components of the microbial cells, such as proteins and lipids,
causing damage to their structures. These cumulative effects further
contribute to the inactivation or elimination of microorganisms.

The extent of DNA damage and its effects on microorganisms
depend on factors such as the radiation dose, exposure time, and the
inherent radiation sensitivity of the specific microorganism. Through
careful control of these parameters, food irradiation can effectively
reduce microbial populations, enhance food safety, and extend the
shelf life of treated products (Dea Slade, 2011).
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1.4 Established radiation dose limits and regulations

Food irradiation is regulated and governed by international
bodies and national regulatory agencies to ensure the safety and
efficacy of the process. These regulatory frameworks establish
radiation dose limits and guidelines that must be adhered to during
food irradiation. The following are some of the established radiation
dose limits and regulations:

Codex Alimentarius Commission: The Codex Alimentarius
Commission, a joint body of the Food and Agriculture Organization
(FAO) and the World Health Organization (WHO), sets international
standards for food safety and quality. The Codex General Standard
for Irradiated Foods provides guidelines on the application of food
irradiation, including dose limits for specific food categories. For
instance, the maximum dose limit for most food products is 10
kilograys (kGy), although specific limits may vary depending on the
food type.

United States Food and Drug Administration (FDA): The FDA
regulates food irradiation in the United States and sets specific dose
limits and regulations. The FDA's regulation (21 CFR 179)
establishes maximum radiation doses for various food products,
ranging from 1 kGy for crustaceans to 50 kGy for fresh iceberg
lettuce and fresh spinach. The FDA requires that food labels clearly
indicate when a product has been irradiated, along with the
international symbol for irradiation, the Radura symbol (Comission,
2019).

European Union (EU): The European Union has established
regulations for food irradiation under the European Food Safety
Authority (EFSA). The EU regulation (EU 2019/1381) sets dose
limits ranging from 0.75 kGy for spices and herbs to 10 kGy for dried
aromatic herbs. The regulation also mandates the labeling of
irradiated foods with the Radura symbol and specific wording on the
packaging (Irradiation, 2021).
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International Atomic Energy Agency (IAEA): The IAEA plays
a significant role in promoting the safe and responsible use of food
irradiation. It provides guidance and recommendations on radiation
dose limits and safety aspects of the process. The IAEA's
International Basic Safety Standards for Protection against lonizing
Radiation and for the Safety of Radiation Sources provide a
framework for the safe use of ionizing radiation, including food
irradiation (IAEA, IAEA Safety Standards, 2014).

These are just a few examples of the established radiation dose
limits and regulations for food irradiation. It is important to note that
specific regulations and dose limits may vary between countries and
regions. Regulatory agencies continuously monitor and evaluate
scientific data to ensure the safety and efficacy of food irradiation
and update regulations as necessary.

Compliance with these regulations and dose limits is crucial to
ensure that the benefits of food irradiation are achieved while
maintaining the highest standards of food safety and quality. Regular
monitoring, testing, and verification of irradiated food products are
conducted to ensure compliance with the established regulations and
to provide consumers with safe and accurately labeled food choices.

2. Enhancing food safety through irradiation:

2.1Elimination of pathogens: reduction of foodborne illnesses

Food irradiation is a powerful tool for reducing the risk of
foodborne illnesses by effectively eliminating or significantly
reducing pathogens present in food. The process targets various
harmful microorganisms, including bacteria, viruses, and parasites,
that can cause foodborne infections and diseases.

Some of the key pathogens that can be effectively controlled
through food irradiation include:

Salmonella: Salmonella is a common bacteria that can cause
salmonellosis, resulting in symptoms such as diarrhea, fever, and
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abdominal cramps. Food products such as poultry, eggs, and fresh
produce can be sources of Salmonella contamination. Food
irradiation has been shown to be highly effective in reducing
Salmonella populations, significantly lowering the risk of
Salmonella-related foodborne illnesses (Baron, 1996).

Escherichia coli (E. coli): Certain strains of E. coli, such as E.
coli O157:H7, can cause severe foodborne illnesses, including
bloody diarrhea and, in some cases, kidney failure. Contaminated
ground beef, raw vegetables, and unpasteurized juices are common
sources of E. coli infections. Food irradiation has demonstrated
success in reducing E. coli populations, helping to prevent outbreaks
and safeguard public health (Doyle, 2013).

Listeria monocytogenes: Listeria monocytogenes is a
bacterium that can cause listeriosis, a serious illness primarily
affecting pregnant women, newborns, the elderly, and individuals
with weakened immune systems. Contaminated ready-to-eat foods,
such as deli meats, soft cheeses, and pre-packaged salads, can be
potential sources of Listeria contamination. Food irradiation has
proven effective in reducing Listeria populations, minimizing the
risk of listeriosis outbreaks (Xu, 2017).

Campylobacter: Campylobacter is a bacterial pathogen
commonly associated with poultry products and can cause
gastroenteritis, with symptoms including diarrhea, abdominal pain,
and fever. Food irradiation has been shown to significantly reduce
Campylobacter levels in poultry, helping to mitigate the risk of
Campylobacter-related infections (Yuste, 2010).

Vibrio species: Certain species of Vibrio bacteria, such as
Vibrio parahaemolyticus and Vibrio vulnificus, can cause seafood-
related illnesses, including gastroenteritis and wound infections.
Food irradiation can effectively reduce Vibrio populations in
seafood, ensuring safer consumption of these products (Ahmad,
2011).
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Food irradiation is a proven and reliable method for reducing
pathogenic microorganisms in food, contributing to the prevention
of foodborne illnesses. Extensive scientific studies and regulatory
frameworks support its efficacy and safety when applied within
established guidelines. By significantly reducing the microbial load,
food irradiation helps protect public health, ensuring that consumers
can enjoy safer food products with reduced risks of foodborne
infections.

2.2Inactivation of spoilage microorganisms: extending shelf life
and reducing food waste

In addition to eliminating pathogens, food irradiation is
effective in inactivating spoilage microorganisms, which play a
significant role in food deterioration and contribute to food waste.
Spoilage microorganisms, such as bacteria, yeasts, and molds, can
cause undesirable changes in food quality, including off-flavors,
odors, discoloration, and texture degradation (Mostafavi, The
Potential of Food Irradiation: Benefits and Limitations, 2014).

By subjecting food products to irradiation, spoilage
microorganisms are targeted and their populations reduced, thereby
extending the shelf life of treated foods. The process disrupts the
DNA and cellular structures of these microorganisms, rendering
them unable to reproduce and cause spoilage. This helps to maintain
the freshness, appearance, and sensory attributes of food for a longer
period (Sevindik, 2021).

Food irradiation can be particularly beneficial for perishable
foods that are prone to spoilage, such as fruits, vegetables, meats,
seafood, and bakery products. By extending the shelf life of these
products, food irradiation can reduce food waste at various stages of
the supply chain, including production, distribution, and consumer
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storage (Arapcheska, Effect of irradiation on food safety and quality,
2020).

The benefits of using food irradiation to combat spoilage
microorganisms and reduce food waste are significant:

Increased shelf life: By controlling spoilage microorganisms,
food irradiation can extend the shelf life of perishable products. This
allows for longer storage and distribution periods, reducing the
likelihood of food becoming unsellable or unsafe for consumption
before reaching consumers (Eie, 2007).

Reduced discards: Longer shelf life resulting from irradiation
can help retailers and consumers reduce the amount of food that is
discarded due to spoilage. This contributes to more efficient
utilization of resources and reduces the environmental impact
associated with food waste (Farkas, 2011).

Improved product availability: With extended shelf life,
irradiated foods can be transported to regions further away from their
source of production, increasing the availability of certain products
and reducing the need for excessive transportation and associated
carbon emissions (Stefanova, 2010).

Enhanced market stability: By reducing spoilage and
extending shelf life, food irradiation can contribute to market
stability by minimizing fluctuations in food availability, especially
for seasonal or perishable products. This can help stabilize prices and
ensure a more consistent supply of fresh food throughout the year
(Phimolsiripol, 2015).
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It is important to note that food irradiation is not a substitute
for good manufacturing practices, proper storage, and appropriate
handling practices. It is a complementary technology that, when
integrated into a comprehensive food safety and quality management
system, can help reduce food waste and improve the overall
sustainability of the food supply chain.

2.3 Comparative analysis with other food safety interventions

When it comes to food safety interventions, food irradiation
offers several advantages and unique characteristics that
differentiate it from other methods. Here's a comparative analysis of
food irradiation with other common food safety interventions:

Heat treatment (e.g., pasteurization, cooking): Heat treatment
is widely used to kill pathogens and reduce microbial load in food.
While heat is effective in eliminating many microorganisms, it may
alter the sensory properties, nutritional content, and texture of the
food. In contrast, food irradiation does not rely on heat and can
achieve pathogen reduction without significantly affecting the
sensory or nutritional quality of the treated food (Aadil, 2019).

Chemical treatments (e.g., chlorine, ozone, sanitizers):
Chemical interventions are often used for surface disinfection or as
antimicrobial washes for produce. While they can be effective in
reducing pathogens, there may be concerns about chemical residues,
potential adverse effects on food quality, and the development of
microbial resistance. Food irradiation, on the other hand, does not
leave any chemical residues in the treated food, making it a residue-
free intervention (Williams, 2009).

Cold storage and refrigeration: Cold storage and refrigeration
slow down the growth of microorganisms and help maintain food
quality. However, they do not eliminate existing pathogens or
spoilage microorganisms. Food irradiation can be used in
conjunction with cold storage to further enhance the safety and shelf
life of refrigerated products, addressing both existing microbial
contamination and future growth (Popa, 2019).
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Packaging technologies (e.g., modified atmosphere
packaging): Packaging technologies can create a modified
atmosphere that inhibits the growth of certain microorganisms.
However, they may not be effective against all types of pathogens or
spoilage microorganisms. Food irradiation can complement
packaging technologies by targeting a broader range of
microorganisms, providing a more comprehensive approach to food
safety (Mullan, 2011).

Good Agricultural Practices (GAPs) and Good Manufacturing
Practices (GMPs): GAPs and GMPs focus on preventive measures
and hygienic practices throughout the food production and
processing chain. While these practices are crucial for ensuring food
safety, they may not completely eliminate pathogens. Food
irradiation can be an additional measure to further reduce microbial
contamination, providing an extra layer of safety (Dudeja, 2018).

It's important to note that food irradiation is not intended to
replace these other interventions, but rather to complement them.
Each intervention has its own advantages and limitations, and a
multi-pronged approach that combines different strategies can offer
enhanced food safety and quality throughout the food system.

Food irradiation is a versatile tool that can be applied at
different stages of the food supply chain, providing an additional
layer of protection against both pathogens and spoilage
microorganisms. Its ability to extend shelf life, reduce food waste,
and maintain food quality makes it a valuable and complementary
intervention in the broader context of food safety.

3. Preservation of nutritional quality:

3.1Minimizing nutrient loss: evaluating the impact of
irradiation on vitamins, minerals, and macronutrients

The impact of food irradiation on the nutritional content of
food, including vitamins, minerals, and macronutrients, is an
important consideration when evaluating the overall benefits and
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implications of this technology. While irradiation can cause some
nutrient loss, the extent of the loss depends on various factors,
including the specific food being treated, the radiation dose, and the
processing conditions. Here is an analysis of the impact of irradiation
on different nutrients:

Vitamins: Some vitamins, particularly those sensitive to heat
and light, can undergo degradation or loss during food processing,
including irradiation. Vitamin C (ascorbic acid) is known to be
sensitive to irradiation, and its levels may decrease. However, the
extent of vitamin loss depends on factors such as the initial vitamin
content, the radiation dose, and the specific food matrix. Other
vitamins, such as thiamin (vitamin B1), riboflavin (vitamin B2),
niacin (vitamin B3), and vitamin A, are generally more stable and
less affected by irradiation (Tincheva, 2019).

Minerals: Minerals, such as calcium, iron, and zinc, are
generally resistant to the effects of irradiation. These essential
minerals are relatively stable and not significantly affected by the
process. Therefore, the irradiation of food is not expected to cause
significant losses or alterations in mineral content (Mayer, 1997).

Macronutrients: Irradiation does not have a substantial impact
on macronutrients, including carbohydrates, proteins, and fats.
These components are structurally stable and not affected by the
radiation process. Therefore, the nutritional composition of
macronutrients remains largely unchanged after food irradiation
(Arapcheska, Effect of irradiation on food safety and quality, 2020).

It's worth noting that the nutritional impact of irradiation needs
to be considered in the context of the overall diet. While there may
be some nutrient loss in irradiated foods, it is important to recognize
that food irradiation contributes to food safety by reducing the risk
of foodborne illnesses and extending shelf life, which can help
preserve the nutritional value of food over a longer period. The
potential nutrient loss from irradiation needs to be balanced with the
benefits gained in terms of food safety, reduced food waste, and
improved food availability (Shanmugam, 2022).
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Additionally, it is important to maintain a diverse and balanced
diet to ensure an adequate intake of essential nutrients. Consuming a
variety of fresh fruits, vegetables, whole grains, and other nutrient-
rich foods can help compensate for any potential nutrient losses that
may occur during food irradiation or other food processing methods.

Overall, while some nutrient loss can occur during food
irradiation, it is generally modest and depends on various factors.
When considering the overall benefits of food irradiation in terms of
food safety and waste reduction, its impact on the nutritional content
should be evaluated alongside other factors to make informed
decisions about its use.

3.2 Retention of sensory attributes: assessing flavor, texture,
and appearance of irradiated food.

One of the important considerations in evaluating the impact
of food irradiation is its effect on the sensory attributes of food,
including flavor, texture, and appearance. The sensory quality of
food plays a crucial role in consumer acceptance and enjoyment.
Here's an assessment of the impact of irradiation on these sensory
attributes:

Flavor: Food irradiation, when applied within recommended
dose ranges, generally has minimal impact on the flavor of treated
foods. The process does not introduce new flavors or off-flavors.
However, in some cases, there may be slight changes in flavor due
to the breakdown of certain volatile compounds, particularly in
highly sensitive food products. These changes are typically subtle
and may not be detectable by most consumers. Overall, the flavor of
irradiated food is often similar to non-irradiated counterparts
(Catunescu, 2010).

Texture: In terms of texture, food irradiation typically has
limited impact. The process does not significantly alter the texture
of most food products. However, in some specific cases, such as
fruits and vegetables, irradiation can cause a slight softening effect
due to enzyme inactivation. This softening is generally minimal and
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may not be noticeable to the average consumer. In other food
products, such as meats, the texture remains largely unchanged
(Indiarto, 2020).

Appearance: Food irradiation does not cause significant
changes in the appearance of most food products. The color, shape,
and overall visual appeal of irradiated foods are generally
comparable to non-irradiated counterparts. However, in some
specific cases, such as the browning of certain fruits and vegetables,
there may be slight color changes due to enzymatic reactions being
slowed down. These changes are typically minor and do not affect
the overall attractiveness of the food (Mostafavi H. A., 2012).

It's important to note that the sensory impact of food irradiation
can vary depending on the specific food item, dose applied, and
processing conditions. Extensive research and sensory evaluations
are conducted to assess the sensory quality of irradiated foods,
ensuring that they meet consumer expectations.

Furthermore, it is worth mentioning that the sensory impact of
irradiation can be managed through appropriate packaging,
handling, and storage practices. Packaging technologies, such as
modified atmosphere packaging, can help maintain the quality and
freshness of irradiated food, preserving its sensory attributes over an
extended shelf life.

Overall, when applied properly, food irradiation has minimal
impact on the sensory attributes of food, with changes in flavor,
texture, and appearance being generally subtle and often
indistinguishable to consumers. The technology allows for the safe
treatment of food while maintaining its overall sensory quality,
contributing to its acceptance and marketability.

3.3 Consumer acceptance and perception of irradiated food

Consumer acceptance and perception of irradiated food play a
crucial role in determining the success and adoption of this
technology. While food irradiation has been scientifically proven to
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be safe and effective in reducing foodborne pathogens and extending
shelf life, consumer attitudes and knowledge about irradiation can
vary. Here's an analysis of consumer acceptance and perception of
irradiated food:

Knowledge and Awareness: Consumer acceptance of
irradiated food is often influenced by their level of knowledge and
awareness about the technology. Many consumers may not be
familiar with the concept of food irradiation or may have
misconceptions about its safety or effects on food. Educating
consumers about the science, benefits, and regulatory oversight of
irradiation can help improve their understanding and perception
(Rozekhi, 2018).

Safety Concerns: Consumer concerns about the safety of
irradiated food can impact acceptance. Some individuals may
associate radiation with potential risks or hazards, despite scientific
evidence demonstrating the safety of the process. Providing clear
and accurate information about the rigorous safety standards and
regulatory controls surrounding food irradiation can help address
these concerns (D’Souza, 2021).

Labeling and Transparency: Transparent labeling is important
for consumer confidence and choice. Providing clear and easily
understandable information about irradiated food, including
appropriate labeling, can help consumers make informed decisions.
Regulatory authorities often require labeling of irradiated food
products, allowing consumers to identify and choose irradiated foods
if they wish (Marcotrigiano, 2018).

Taste and Quality Perception: Consumer acceptance of
irradiated food can be influenced by their perception of taste and
quality. As discussed earlier, irradiation generally has minimal
impact on sensory attributes. However, some consumers may have
preconceived notions that irradiated food has a different taste or
lower quality. Conducting sensory evaluations and consumer taste
tests can help demonstrate that irradiated food is comparable in
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flavor, texture, and appearance to non-irradiated counterparts
(O'mahony, 1991).

Benefits and Communication: Highlighting the benefits of
food irradiation, such as improved food safety, extended shelf life,
and reduced food waste, can positively influence consumer
acceptance. Effective communication campaigns, including public
awareness programs, can help emphasize the importance of
irradiation in enhancing food safety and ensuring a more sustainable
food supply (Mostafavi H. A., The Potential of Food Irradiation:
Benefits and Limitations, 2012).

Cultural and Ethical Considerations: Consumer acceptance of
irradiated food can vary across different cultures and ethical
perspectives.  Understanding  cultural  preferences, ethical
considerations, and consumer values regarding food processing
technologies is essential for addressing any specific concerns and
tailoring communication strategies accordingly (Sapp, 2007).

Consumer acceptance of irradiated food can be influenced by
a variety of factors, including knowledge, safety concerns, labeling,
sensory perception, benefits communication, and cultural
considerations. Ongoing efforts to educate consumers, provide
transparent information, conduct sensory evaluations, and address
concerns can help enhance consumer acceptance and pave the way
for the broader adoption of this food safety technology.

4. Sustainability implications of food irradiation:

4. 1Reduction of food waste: extending the shelf life of
perishable goods

Food waste is a significant global challenge with far-reaching
economic, social, and environmental implications. One effective
strategy for reducing food waste is through the extension of the shelf
life of perishable goods, and food irradiation has demonstrated its
ability to achieve this objective. By applying irradiation to perishable
food products, their shelf life can be extended, thereby reducing the
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likelihood of spoilage and waste. Here's how food irradiation
contributes to the reduction of food waste:

Delaying spoilage: Food irradiation helps to inhibit the growth
of spoilage microorganisms, such as bacteria, yeasts, and molds, that
cause food deterioration. By reducing the microbial load, irradiation
slows down the spoilage process and extends the time it takes for
food to become unfit for consumption. This delay in spoilage allows
for longer storage, distribution, and retail periods, reducing the
likelihood of food waste at various stages of the supply chain (Doyle
M. E., 2007).

Preservation of quality: Food irradiation selectively targets and
inactivates spoilage-causing microorganisms while preserving the
quality attributes of the food. Unlike other preservation methods that
can impact flavor, texture, and nutritional content, irradiation has
minimal effects on these sensory and nutritional aspects when
applied within recommended doses. This means that the extended
shelf life achieved through irradiation does not compromise the
overall quality of the food, contributing to consumer acceptance and
reducing the likelihood of food waste due to perceived inferiority
(Fung, 2009).

Increased market availability: The extended shelf life of
irradiated perishable goods allows for greater flexibility in
distribution and marketing. Products can be transported to distant
locations, opening up new markets and reducing the need for rapid
sales. This can help to reduce the pressure on retailers to sell products
quickly before spoilage occurs, thereby minimizing the risk of
unsold inventory and subsequent waste (Phimolsiripol, Techniques
in Shelf Life Evaluation of Food Products, 2016).

Reduction of overproduction: With the ability to extend shelf
life, irradiation can provide a buffer against fluctuations in demand
and supply. Food producers and retailers can better manage
inventory and production levels, as they have more time to sell and
distribute products before they reach the end of their shelf life. This
can help reduce the need for excessive production to meet short shelf
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life requirements, thereby minimizing food waste resulting from
overproduction (Eie T. , 2007).

Value chain efficiency: By extending the shelf life of
perishable goods, food irradiation contributes to overall value chain
efficiency. It allows for better synchronization of production,
distribution, and sales, reducing the occurrence of food waste due to
timing mismatches. Additionally, by reducing waste along the value
chain, resources such as water, energy, and labor that are invested in
producing and handling food can be utilized more efficiently,
leading to improved sustainability (Haji, 2020).

Food irradiation’s ability to extend the shelf life of perishable
goods is a valuable tool in the fight against food waste. By delaying
spoilage, preserving quality, increasing market availability, reducing
overproduction, and improving value chain efficiency, food
irradiation helps to maximize the utilization of food resources and
minimize waste. Incorporating irradiation into comprehensive food
waste reduction strategies can contribute to a more sustainable and
efficient food system.

4.2 Energy efficiency and carbon footprint of irradiation
compared to alternative preservation methods

When considering the energy efficiency and carbon footprint
of food preservation methods, it's important to assess the entire life
cycle of each method, including energy consumption, greenhouse
gas emissions, and resource utilization. Here's a comparison of the
energy efficiency and carbon footprint of food irradiation compared
to alternative preservation methods:

Energy Efficiency: Food irradiation is generally considered to
be an energy-efficient preservation method. The actual energy
consumption depends on various factors, including the type and
capacity of the irradiation facility, the specific food being treated,
and the processing conditions. While irradiation does require energy
for operating the irradiation equipment, the process itself does not
involve the continuous supply of energy once the treatment is
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completed. Compared to alternative methods like refrigeration or
freezing, which require ongoing energy inputs for storage and
maintenance of low temperatures, food irradiation can be more
energy-efficient in the long run (Mostafavi H. A., The Potential of
Food Irradiation: Benefits and Limitations, 2012).

Carbon Footprint: Assessing the carbon footprint of food
preservation methods involves considering the greenhouse gas
emissions associated with each method. Food irradiation typically
has a relatively low carbon footprint. The carbon emissions are
primarily associated with the construction and operation of the
irradiation facility, transportation of food to and from the facility,
and waste management. While there are energy inputs during the
irradiation process, the overall emissions are generally lower
compared to some alternative methods. For example, freezing and
refrigeration methods often require continuous energy inputs for
maintaining low temperatures, resulting in higher carbon emissions
over time (Pandey, 2011).

Resource Utilization: Food irradiation can be more resource-
efficient compared to certain alternative preservation methods. For
instance, freezing and refrigeration methods require significant
infrastructure, including refrigeration units, cold storage facilities,
and transportation systems, which consume materials and resources.
Food irradiation, on the other hand, typically requires a smaller
footprint for the irradiation facility and does not necessitate the same
level of infrastructure as cold storage systems. This can result in a
more efficient use of resources and a reduced environmental impact
(Arapcheska, Effect of Irridiation on food safety and quality, 2020).

It's important to note that the energy efficiency and carbon
footprint of food preservation methods can vary depending on
several factors, such as the scale of operation, type of food,
geographic location, and efficiency of equipment. Additionally, it's
worth considering that combining multiple preservation methods,
such as irradiation with cold storage or modified atmosphere
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packaging, can offer synergistic effects and further optimize energy
efficiency and reduce carbon emissions.

Overall, food irradiation has the potential to be an energy-
efficient and low-carbon footprint preservation method when
compared to certain alternative methods. Its resource utilization,
reduced reliance on continuous energy inputs, and the potential for
integrating with other preservation strategies make it a viable option
for enhancing sustainability and reducing environmental impact in
the food industry. However, a comprehensive assessment
considering specific case studies and comparative analyses is
essential to gain a more accurate understanding of the energy and
environmental implications of each preservation method.

4.3 Contributions to sustainable agriculture and resource
management

Food irradiation can make significant contributions to
sustainable agriculture and resource management in several ways:

Reduced Food Loss and Waste: Food irradiation extends the
shelf life of perishable foods, reducing the likelihood of spoilage and
waste. By preventing or slowing down the growth of spoilage-
causing microorganisms, irradiation helps to maintain the quality
and safety of food products for longer periods. This reduction in food
loss and waste translates into better resource utilization, including
water, energy, land, and labor, that would have otherwise been
invested in producing, processing, and distributing food that goes to
waste (Mostafavi H. A., The Potential of Food Irradiation: Benefits
and Limitations, 2012).

Improved Food Safety: Foodborne illnesses pose significant
risks to public health and can lead to economic losses. Food
irradiation effectively eliminates or reduces the levels of pathogens,
such as bacteria, viruses, and parasites, in food. By improving food
safety, irradiation helps to minimize the occurrence of foodborne
diseases, reducing the burden on healthcare systems and improving
the overall well-being of communities. This contributes to
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sustainable agriculture by safeguarding human health and preventing
the economic losses associated with foodborne illnesses.

Reduced Chemical Usage: In conventional agriculture, the use
of chemical pesticides and fumigants is common to control pests and
pathogens. However, these chemicals can have adverse
environmental impacts and may pose risks to human health. Food
irradiation can serve as an alternative or complement to chemical
treatments, reducing the reliance on chemical usage. By controlling
pests and pathogens through irradiation, farmers can reduce the need
for chemical interventions, leading to a more environmentally
friendly and sustainable approach to pest management.

Preservation of Nutritional Value: Food irradiation, when
applied within recommended doses, minimally affects the nutritional
composition of food. By preserving the nutritional value of
perishable goods, irradiation helps to ensure that essential nutrients
are retained, even during extended storage periods. This is
particularly important in regions where access to fresh and nutritious
food is limited. By extending the shelf life of food without
compromising its nutritional content, irradiation contributes to food
security and supports sustainable agriculture.

Expanded Market Access: Food irradiation can facilitate
access to new markets and increase export opportunities for
agricultural producers. By meeting phytosanitary requirements and
ensuring the safety and quality of exported products, irradiation
enables producers to comply with international trade standards. This
can lead to increased market competitiveness, improved income
opportunities for farmers, and enhanced economic sustainability in
the agricultural sector.

Reduction of Post-Harvest Losses: Post-harvest losses due to
spoilage and pests have a significant impact on agricultural
productivity and food security. Food irradiation helps to mitigate
post-harvest losses by preventing or reducing the growth of
microorganisms, pests, and insects that can lead to spoilage. By
protecting harvested crops and preserving their quality, irradiation
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contributes to the efficient use of agricultural resources and reduces
the economic losses associated with post-harvest waste.

In summary, food irradiation offers several contributions to
sustainable agriculture and resource management. It reduces food
loss and waste, improves food safety, reduces chemical usage,
preserves nutritional value, expands market access, and mitigates
post-harvest losses. By enhancing the efficiency and sustainability
of the food system, irradiation plays a valuable role in achieving a
more resilient and resource-efficient agricultural sector.

5. Safety considerations and regulatory frameworks:

5.1 Comprehensive safety assessments and scientific consensus
on food irradiation

Food irradiation has undergone extensive safety assessments
and has garnered a strong scientific consensus regarding its safety
and effectiveness. Numerous international organizations, scientific
bodies, and regulatory agencies have conducted thorough
evaluations and reviews of the technology. Here are the key aspects
of the comprehensive safety assessments and the scientific
consensus on food irradiation:

International ~ Organizations:  Prominent  international
organizations such as the World Health Organization (WHO), the
Food and Agriculture Organization of the United Nations (FAO),
and the International Atomic Energy Agency (IAEA) have endorsed
food irradiation as a safe and effective method of food preservation.
These organizations have conducted comprehensive evaluations of
the technology, considering factors such as microbiological safety,
toxicological effects, and nutritional quality.

Regulatory Agencies: Regulatory agencies in many countries
have established rigorous standards and guidelines for the use of
food irradiation. These agencies include the United States Food and
Drug Administration (FDA), the European Food Safety Authority
(EFSA), Health Canada, and the Australian Radiation Protection and
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Nuclear Safety Agency (ARPANSA), among others. These agencies
assess the safety and efficacy of irradiation and establish maximum
permitted doses and labeling requirements to ensure consumer
protection

Safety Assessments: Safety assessments of food irradiation
encompass a range of factors, including microbiological safety,
toxicological evaluations, and nutritional impact. Extensive studies
have been conducted to evaluate the effects of irradiation on the
inactivation of pathogens, reduction of spoilage microorganisms,
and overall safety of the treated food. These assessments also
consider the potential formation of any harmful byproducts and their
levels in irradiated food, ensuring that they remain within acceptable
limits.

Scientific Consensus: The scientific consensus supports the
safety and efficacy of food irradiation as a method to enhance food
safety and extend shelf life. Various scientific bodies and expert
panels, including the WHO/FAOQ Joint Expert Committee on Food
Additives (JECFA), the International Commission on Radiological
Protection (ICRP), and the International Consultative Group on
Food Irradiation (ICGFI), have reviewed the available scientific data
and concluded that food irradiation is a safe and beneficial
technology.

Ongoing Monitoring and Research: Continuous monitoring
and research contribute to the evolving understanding of food
irradiation. Ongoing studies assess new developments, address
emerging issues, and further enhance the safety and effectiveness of
the technology. These efforts help to ensure that the scientific
consensus on food irradiation remains robust and up-to-date.

In summary, comprehensive safety assessments conducted by
international organizations, regulatory agencies, and scientific
bodies, along with the scientific consensus, affirm the safety and
efficacy of food irradiation. The rigorous evaluation of the
technology's impact on microbiological safety, toxicological effects,
and nutritional quality has led to the conclusion that food irradiation
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is a safe and valuable tool in food preservation. Continuous
monitoring and research further contribute to the body of knowledge
and reinforce the scientific consensus on the safety of food
irradiation.

5.2 International organizations and regulatory bodies
overseeing food irradiation

Several international organizations and regulatory bodies play
a crucial role in overseeing and regulating food irradiation to ensure
its safety and appropriate use. Here are some of the key organizations
involved:

International Atomic Energy Agency (IAEA): The IAEA is an
agency of the United Nations responsible for promoting the peaceful
use of nuclear energy. It provides technical guidance and support to
member states in the application of food irradiation, including safety
standards, training, and capacity building.

World Health Organization (WHO): The WHO, a specialized
agency of the United Nations, focuses on global health issues. It
evaluates the safety and efficacy of food irradiation and provides
scientific advice on its use. The WHO collaborates with the Food
and Agriculture Organization (FAO) through the Joint Expert
Committee on Food Additives (JECFA) to assess the safety of food
additives, including substances used in food irradiation.

Food and Agriculture Organization (FAO): The FAO is a
United Nations agency that leads international efforts to eliminate
hunger and improve agriculture. It collaborates with the WHO on
food safety assessments, including those related to food irradiation.
The FAO provides guidance and expertise on the application of food
irradiation, including its potential benefits and safety considerations.

Codex Alimentarius Commission (CAC): The CAC, jointly
established by the FAO and WHO, develops international food
standards, guidelines, and codes of practice. It has established a
specific standard for food irradiation, the "General Standard for
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Irradiated Foods," which provides guidelines for the application and
labeling of irradiated food products.

United States Food and Drug Administration (FDA): The FDA
is responsible for ensuring the safety of food and medical products
in the United States. It regulates the use of food irradiation in the
country, setting standards and guidelines for its application,
maximum permitted doses, and labeling requirements.

European Food Safety Authority (EFSA): The EFSA is the
agency responsible for providing scientific advice on food safety in
the European Union. It assesses the safety of food additives,
including those wused in food irradiation, and provides
recommendations to the European Commission for setting
regulations and standards.

Health Canada: Health Canada is the regulatory authority
responsible for protecting and promoting the health of Canadians. It
assesses the safety and efficacy of food irradiation and establishes
regulations and guidelines for its use in Canada.

These organizations, along with national regulatory bodies in
different countries, work collaboratively to ensure that food
irradiation is implemented safely and in accordance with established
standards. They conduct scientific evaluations, provide guidance, set
regulations, and monitor compliance to protect public health and
ensure the appropriate use of this food preservation technology.

5. 3 Communication and education for consumers and
stakeholders

Effective communication and education are crucial for
promoting understanding and acceptance of food irradiation among
consumers and stakeholders. Here are key strategies for
communication and education regarding food irradiation:

Clear and Transparent Information: Providing accurate and
clear information about food irradiation is essential. This includes
explaining the process, its purpose, and the scientific evidence
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supporting its safety and benefits. The information should be readily
available through various channels, such as websites, brochures, and
fact sheets, to ensure accessibility for consumers and stakeholders.

Engaging Stakeholders: Engaging with stakeholders,
including consumer groups, industry representatives, healthcare
professionals, and regulators, is important for addressing concerns,
answering questions, and fostering dialogue. Organizing workshops,
seminars, and public consultations can create opportunities for
stakeholders to learn about food irradiation, voice their opinions, and
gain a better understanding of its benefits and safety.

Collaboration with Food Industry: Collaborating with the food
industry is crucial for effective communication. Working with
manufacturers, retailers, and distributors can help ensure accurate
labeling of irradiated products and provide information to consumers
at the point of sale. Engaging with industry associations and trade
organizations can also support the dissemination of accurate and
consistent information about food irradiation.

Consumer Awareness Campaigns: Launching targeted
consumer awareness campaigns can help dispel misconceptions and
provide evidence-based information about food irradiation. These
campaigns can include advertisements, social media engagement,
and public service announcements to reach a wide audience.
Highlighting the benefits of food irradiation, such as improved food
safety and reduced food waste, can help build consumer confidence.

Collaboration with Healthcare Professionals: Engaging
healthcare professionals, including doctors, nutritionists, and
dietitians, is essential for accurate information dissemination.
Providing educational materials and resources to healthcare
professionals can help them address consumer concerns, promote
understanding, and communicate the benefits and safety of irradiated
food.

Collaboration with Regulatory Authorities: Collaborating with
regulatory authorities and incorporating their guidance into
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communication efforts can enhance credibility and reinforce the
safety message. Ensuring alignment with regulatory requirements
and utilizing their expertise in communicating the regulatory
framework can help build trust and confidence among consumers
and stakeholders.

Scientific Communication: Engaging scientists and experts in
the field of food irradiation to communicate the science behind the
technology is crucial. Sharing research findings, publishing articles
in scientific journals, and participating in conferences and
symposiums can contribute to the scientific discourse and provide
evidence-based information to support communication efforts.

Addressing Consumer Concerns: Understanding and
addressing consumer concerns about food irradiation is vital for
effective communication. This includes addressing misconceptions
related to radiation, potential health risks, and the impact on
nutritional quality. Providing evidence-based information and
addressing concerns in a transparent and empathetic manner can help
build trust and credibility.

Continuous Monitoring and Evaluation: Monitoring and
evaluating communication efforts are important to assess their
effectiveness and make necessary adjustments. Conducting surveys,
focus groups, and opinion polls can provide insights into consumer
perceptions, knowledge gaps, and areas that require further
clarification.

By employing these strategies, effective communication and
education about food irradiation can help consumers and
stakeholders make informed decisions, foster trust in the technology,
and promote its responsible and beneficial use in the food industry.

Conclusion

Food irradiation holds immense potential as a technology for
enhancing food safety, quality, and sustainability. Its ability to
eliminate pathogens, extend shelf life, and preserve nutritional
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quality make it a valuable tool in ensuring a safe and secure food
supply. Additionally, considering its positive environmental impact
and regulatory support, food irradiation can contribute significantly
to addressing global food challenges. Continued research, education,
and collaboration among stakeholders are essential for the
widespread adoption and acceptance of this technology, leading to a
safer, more sustainable, and resilient food system.
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CHAPTER I

Exploring the Intersection of Microbiome Engineering
and Fermented Foods: Unraveling the Potential and
Challenges

Yusuf ESEN*

Introduction

Microbiome engineering has been an emerging area that has
brought a change in basic assumptions in the domain of food science.
Modern-day innovations and developments have significantly
increased our knowledge concerning the complex bondages between
human health and the various microorganisms that live both in our
bodies and the foods we consume.

Microbiome Engineering in Food Science: A Paradigm
Unveiled

1 PhD, Food Technology Department Vocational School of Technical Sciences Ardahan
University
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In recent years, groundbreaking studies, such as that by Elechi
et al., (2023), have reshaped our comprehension of how gut
microbiota interacts with food. This bidirectional relationship
underscores how the gut microbial composition significantly
influences the nutritional content of food. Moreover, diet plays a
primary role in shaping the gut microbiota, marking a significant
intersection between human biology and dietary practices.

The advent of microbiome engineering has propelled
innovative approaches to understanding and manipulating these
microbial ecosystems. It has not only elucidated the primary role of
gut microbiota but also opened new vistas in food science. Research
endeavors in this field aim to harness and modulate the microbiome
to enhance food quality, nutritional value, and health benefits. The
burgeoning interest in this transformative field sets the stage for an
in-depth exploration of its implications in the realm of fermented
foods.

Fermented Foods: Guardians of Culinary Traditions and
Health

Fermented foods, long entrenched in global culinary traditions,
are more than mere gustatory delights. Studies, such as that by
Vinderola et al., (2023), have broadened our perspective,
highlighting fermented foods not just as carriers for probiotics but as
versatile carriers for an array of bioactive substances beyond
probiotics. This expanded role elevates fermented foods into a
domain of multifaceted functionality and health benefits. Their
historical and contemporary significance, as discussed by
Leeuwendaal et al., (2022), outlines their extensive diversity and
enduring integration into human diets across civilizations. The
intrinsic relationship between fermented foods and gut microbiome
health further accentuates their relevance in shaping human health
and well-being.

Statement of Purpose for the Chapter
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The main purpose of this comprehensive chapter is to explore
the complex microbial ecology of fermented foods and to discuss its
contribution in the context of human health, nutrition, and overall
well-being. However, this chapter is multi-facet as it discusses the
microbiome present in fermented foods, which has several impacts
such as health and the environment. This chapter seeks to bridge the
gap in existing literature by synthesizing and critically analyzing the
latest insights into fermented foods' microbial composition. It aims
to unravel the complex interplay between diverse microbial
communities thriving within these foods. By elucidating the
symbiotic relationship between fermented foods and the gut
microbiome, the chapter aspires to offer a holistic understanding of
their role in human health.

Microbiome Engineering in Food Systems

Understanding ~ Microbiome  Engineering:  Techniques,
Methodologies, and Applications

Microbiome engineering represents a revolutionary paradigm
in scientific query, reshaping the landscape of food systems, health,
and agriculture. At its core, this field encompasses a spectrum of
techniques and methodologies that manipulate microbial
communities to address diverse applications across various domains.
The burgeoning interest in microbiome engineering is evident from
the vast array of studies that elucidate its multifaceted nature and far-
reaching implications. In the quest to understand microbiome
engineering, researchers have investigated a plethora of techniques
and methodologies. Albright et al., (2021) underscore the primary
role of microbiome engineering, outlining its applications in tackling
challenges in health, agriculture, and climate. This research provides
a broad overview, elucidating the multifunctional aspects of
microbiome engineering and its diverse applications. Moreover,
Elechi et al., (2023) shed light on modern food manufacturing
methods and their profound influence on gut health, thereby shaping
food and its implications on public health. Their study emphasizes
the complex relationship between food manufacturing techniques
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and their impact on the gut microbiota, elucidating the
interconnectedness between food systems and human health.

Technological advancements have propelled the development
of innovative methodologies in microbiome engineering. Olmo et
al., (2022) present case studies illustrating the primary role of the
microbiome in various food-related aspects, ranging from the
production of plant raw materials to feed supplement products.
These case studies delineate the methodologies employed in
harnessing the potential of microbiome engineering, exemplifying
its diverse applications across the food system. The applications of
microbiome engineering extend far beyond theoretical frameworks,
manifesting in tangible and successful outcomes. Kaul et al., (2021)
investigated the realm of engineering the host microbiome for crop
improvement, displaying successful applications that enhance crop
performance. These applications signify the practical implications of
microbiome engineering in agriculture, offering sustainable
solutions for crop enhancement.

Overall, these studies contribute to a comprehensive
understanding of microbiome engineering. They underscore the
complex techniques, methodologies, and diverse applications
encapsulated within this developing field. The methodologies range
from manipulating microbial communities in food production to
enhancing crop performance through microbiome engineering.
Moreover, the applications span across sectors, encompassing
health, agriculture, and climate challenges. Microbiome engineering,
a rapidly developing discipline, is a prime example of scientific
innovation and promise. The integration of techniques and
methodologies highlights its complex nature, providing innovative
approaches to tackle urgent issues in agriculture, health, and food
systems. With careful investigation and creative application,
microbiome engineering has the potential to transform several fields
and open the door to a more sustainable and wholesome future.

Overview of how Microbiome Engineering Shapes Microbial
Communities in Food
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Microbiome engineering has emerged as a transformative tool
in shaping microbial communities within the realm of food science.
By leveraging various techniques and methodologies, this discipline
manages changes in microbial compositions, contributing to the
development, safety, and quality of food products (Albright et al.,
2021; Xu et al., 2023). Microbial communities, comprising diverse
organisms, are fundamental constituents of various food ecosystems,
influencing properties such as taste, shelf life, and nutritional value.
It is essential to understand how microbiome engineering affects the
microbiota found in food. Albright et al., (2021) draw attention to
the growing application of microbiome engineering in addressing
health, agricultural, and climate-related issues, highlighting its
impact on the formation of microbial communities. The intentional
manipulation of microbial populations using designed methods
clarifies the subtleties of changing the microbial makeup of food.

Microbiome engineering techniques encompass a spectrum of
methodologies aimed at manipulating and controlling microbiota.
Lawson et al., (2019) discuss common principles and best practices,
emphasizing the shapes and structures of microorganisms as
representative of various isolates or communities, elucidating the
diverse techniques utilized in engineering microbial compositions.
The application of these methodologies affects the dynamics of
microbial communities in food processing, preservation, and
enhancement. Moreover, Xu et al., (2023) provide a comprehensive
summary of bacterial communities in various food processing
stages, indicating the significance of microbiome engineering in
understanding, and optimizing microbial compositions. This meta-
analysis highlights the complex relationship between food
processing practices and the microbial communities present,
emphasizing the potential for engineering techniques to shape and
modulate these communities for desired outcomes.

Microbiome engineering not only influences microbial
compositions but also alters their functional attributes. Foo et al.,
(2017) highlighted the perturbation to microbiomes and their
undesirable  consequences, stressing the importance of
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understanding the functional implications of engineering on
microbial communities. Such insights into the functional aspects of
microbial communities elucidate the necessity of judiciously
employing engineering techniques to optimize food quality and
safety. In summary, microbiome engineering stands at the forepart
of reshaping microbial communities in food systems. The
multidimensional nature of this field emphasizes the significance of
employing different methodologies to harness the potential of
microbiota for improved food quality and safety.
Examples of Successful Microbiome-Engineered Food

Products

Microbiome engineering has revolutionized the food industry,
offering innovative ways to enhance food quality, safety, and
nutritional value. By harnessing the potential of microbial
communities, several successful examples of microbiome-
engineered food products have emerged, highlighting the
transformative impact of this field (Foo et al., 2017; Leeuwendaal et
al., 2022).

1. Probiotic-enriched Dairy Products: Probiotics have been
extra in dairy products like yogurt and kefir. These
engineered products aim to improve gut health and immune
function, exemplifying the integration of microbiome
engineering in enhancing consumer health (Leeuwendaal et
al., 2022).

2. Plant-Based Fermented Foods: Fermented foods such as
kimchi, sauerkraut, and tempeh have been microbiome-
engineered to contain specific microbial strains. These
products leverage fermentation to improve flavors, increase
shelf life, and deliver potential health benefits by augmenting
the gut microbiota (Jarvis et al., 2018).

3. Nutraceuticals and Functional Foods: Microbiome-
engineered functional foods like fortified cereals, granolas,
and energy bars were designed to deliver precise doses of
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beneficial microorganisms or prebiotics. These products aim
to target specific health concerns, such as immune support,
digestive health, or metabolic balance (Olmo et al., 2022).

4. Symbiotic Beverages: Symbiotics, a combination of
probiotics and prebiotics, are included in beverages like
kombucha and specialized fruit juices. These products intend
to create a balanced environment for beneficial
microorganisms to thrive while providing essential nutrients
to support their growth (Foo et al., 2017).

5. Microbial Crop Enhancements: While not directly consumed,
microbiome engineering has also been applied in agriculture
to produce healthier and more resilient crops. For instance,
plant raw materials engineered with specific microbiomes
aim to improve plant growth, disease resistance, and nutrient
uptake (Olmo et al., 2022).

These examples represent the diverse applications of
microbiome engineering in food products, demonstrating its
potential to revolutionize the food industry. The successful
integration of microbial communities in these products highlights
how microbiome engineering drives innovation, offering novel
solutions for healthier, tastier, and more sustainable food options.

Fermented Foods: A Microbial Ecosystem
Fermented foods and their diverse microbial communities

Fermentation has been an integral part of human culture for
centuries, serving as a method to preserve foods and enhance their
flavor, texture, and nutritional value. This age-old practice involves
the action of diverse microbial communities that shape the
characteristics of fermented foods. The process of fermentation,
driven by these microbial communities, encompasses various food
products like dairy, vegetables, beverages, and more (Albright et al.,
2021). Fermented foods are characterized by their diverse microbial
compositions, which play a primary role in the fermentation process.
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The microbial communities involved in fermentation are complex
and comprise bacteria, yeasts, and molds that impart unique flavors,
aromas, and textures to these foods. For instance, Pseudomonas,
Acinetobacter, and Staphylococcus are among the core microbiota
found in various fermented food commodities (Sonnenburg, 2015).
These microorganisms engage in complex interactions and
biochemical activities, producing enzymes, organic acids, and
bioactive compounds during fermentation, thereby influencing the
quality and sensory attributes of the final products (Xu et al., 2023).

Moreover, the microbiota presents in fermented foods often
contribute to their probiotic potential. Many fermented foods harbor
beneficial bacteria, either naturally occurring or added during the
fermentation process, which can confer health benefits by
modulating the gut microbiota upon consumption (Foo et al., 2017).
Research has elucidated the importance of these microbial
communities in promoting gut health, bolstering the immune system,
and aiding in nutrient absorption (Barratt et al., 2017). Ingredients,
processing techniques, ambient temperature, and length of
fermentation are some of the variables that impact the make-up and
activity of microbial communities in fermented foods. The microbial
diversity in the finished product is influenced by how different
additives promote the growth of microbial species. Furthermore, the
growth of microbial communities and the overall quality of
fermented foods are impacted by regulating variables like
temperature, pH, and salt concentrations during fermentation
(Cuamatzin-garcia et al., 2022). Understanding the complex
interactions within microbial communities in fermented foods is
crucial for optimizing fermentation processes and ensuring product
safety and quality. Advances in microbial ecology and
metagenomics have facilitated the in-depth exploration of these
complex communities, enabling the identification of key microbial
species and their metabolic functions during fermentation. This
knowledge contributes to the development of strategies for
harnessing the desirable traits of microbial communities to create
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innovative fermented food products with enhanced nutritional
profiles and extended shelf life (Sonnenburg, 2015; Xu et al., 2023).

Fermentation significantly influences food quality, flavor, and
preservation. Utilizing fermentation, the nutritional quality of foods
is improved. Microbial activity during fermentation generates
bioactive compounds and develops the bioavailability of essential
nutrients. Fermented foods, rich in probiotic microorganisms, offer
health benefits and improved nutrient profiles. This process
contributes to food quality by increasing digestibility and enriching
foods with vitamins, amino acids, and antioxidants (Knez et al.,
2023). Flavor development is a hallmark of fermentation.
Microorganisms present during fermentation create diverse flavors
and aromatic compounds, thereby enhancing the sensory appeal of
foods. Lactic acid bacteria, yeasts, and molds produce various flavor
compounds contributing to the unique taste and aroma of fermented
products. Additionally, the breakdown of complex molecules by
microbial enzymes releases compounds that influence taste and
aroma, transforming raw ingredients into flavorful delicacies
(McFeeters, 1988). Moreover, fermentation is an effective
preservation method. The production of organic acids, ethanol, and
antimicrobial peptides during fermentation inhibits the growth of
harmful microorganisms, extending shelf life. This preservation
technique not only prevents spoilage but also enhances food safety
by suppressing pathogenic bacteria. The acidic environment created
by fermentation impedes microbial growth, ensuring the stability
and safety of the fermented products (Knez et al., 2023).

Complexity and functionality of microbial interactions in
fermented foods

Microbial interactions within fermented foods create a
sophisticated network of relationships among  various
microorganisms, profoundly influencing the quality, flavor, and
safety of these products. Studies from reputable sources shed light
on the complex nature of these interactions, elucidating their
importance in understanding fermented food ecosystems.
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Diverse Microbial Community: Research from diverse
sources highlights the multifaceted microbial communities in
fermented foods, encompassing bacteria, yeasts, and molds.
This diversity underlines the richness and complexity of these
environments (Canon et al., 2020; Sieuwerts et al., 2008).
Cooperative and Competitive Interactions: Scholarly articles
emphasize  the  cooperative  relationships  among
microorganisms, resulting in mutual benefits and enhanced
product attributes. For instance, in kefir production, yeasts
provide essential nutrients to lactic acid bacteria, illustrating
mutualism in action (Canon et al., 2020). Conversely,
competitive interactions among species, as discussed in
another study (Canon et al., 2020), influence the fermentation
process and final product characteristics.

Synergistic Effects: A study performed by Adesulu-Dahunsi
etal., (2020) highlights the synergistic microbial interactions,
particularly between lactic acid bacteria, elucidating their
combined effects on fermentation kinetics and flavor
development. These interactions contribute significantly to
the sensory attributes and quality of fermented foods.

Food Safety and Preservation: Sieuwerts et al., (2008) and
other sources emphasize microbial interactions' primary role
in preserving foods and ensuring safety. The inhibitory
compounds produced by certain microorganisms, including
lactic acid bacteria, contribute to food preservation.

Flavor and Aroma Formation: Ivey et al., (2013) and other
reputable sources underscore microbial interactions'
influence on flavor and aroma formation. The complex
interplay of metabolic pathways and enzymatic activities
among Vvarious microorganisms leads to the creation of
unique and characteristic flavors in fermented foods.
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Intersection of Microbiome Engineering and Fermented Foods
Influence of microbiome engineering on fermentation processes

Microbiome engineering, a multidisciplinary field, has
emerged as a primary tool in shaping and optimizing fermentation
processes, contributing significantly to the advancement of various
industries like food, agriculture, and environmental sustainability.
Through integrated molecular approaches, research has focused on
understanding the complex microbial communities in fermented
foods, elucidating their dynamics, and employing this knowledge to
engineer fermentation for enhanced product quality, flavor, and
preservation (Walsh et al., 2023). This field has explored historical
practices, evolving food fermentation processes, and their impact on
sensory properties, nutritional content, and food preservation. The
review by Mannaa et al., (2021) discusses how fermentation has
been a traditional method utilized across cultures to improve food
quality, emphasizing microbiome engineering's role in this
evolutionary process. Furthermore, engineered microbial strains,
selected, bred, or genetically modified, have been employed to
optimize fermentation outcomes, augmenting the taste, appearance,
and health benefits of fermented foods (Chen et al., 2023; Graham
& Ledesma-Amaro, 2023).

The impact of microbiome engineering extends beyond
enhancing human health benefits. It encompasses planetary health
through microbial biodiversity in agriculture. Studies like Jahn et al.,
(2023) highlight the influence of microbial diversity on crop health,
yield, and soil quality, reinforcing the role of fermentation in
agricultural  sustainability. Moreover, the definition and
understanding of fermented foods as products made by microbial
organisms and enzymatic conversions illustrate the depth of
microbiome engineering's connection with food production (Bell et
al., 2018).

Studies Integrating Microbiome Engineering in Fermented
Food Production
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The incorporation of microbiome engineering ideas into
fermented food production has resulted in unique breakthroughs,
altering old procedures, and improving a lot of aspects of food
quality, preservation, and health benefits. The impact of microbiome
engineering on fermented food production were studied in a variety
of publications.

Mannaa et al., (2021)'s review underscores the evolution of
food fermentation processes and their relation to microbiome
engineering, emphasizing the historical significance and continuous
innovation in fermented food production. Walsh et al., (2023)
investigated the integration of molecular approaches, revealing how
they elucidate microbial communities associated with fermentation,
aiding in optimizing and innovating traditional processes. Graham &
Ledesma-Amaro, (2023) highlight the use of specifically selected or
manipulated microbial strains to improve several aspects of
fermentation, including flavor, appearance, and health advantages of
the end products (Chen et al., 2023). Furthermore, another study
underlines the possibility of fermented food strains colonizing the
stomach and impacting gut microbiota and health (Jahn et al., 2023).
Bell et al., (2018) define fermented foods as items produced by
microbial organisms and enzymatic conversions, laying the
groundwork for understanding the relationship between microbiome
engineering and food production. The union of microbiome
engineering principles with fermented food production, as evident in
these studies, signifies a change in thinking in how fermentation
processes are conceptualized and optimized. This integration
unlocks the potential for innovative, healthier, and sustainable
fermented food production practices.

Challenges and Opportunities

The symbiotic convergence of fermented food production with
microbiome engineering encapsulates a compelling realm poised
with challenges and promising prospects, as highlighted across
recent scholarly insights. Managing this landscape demands a
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delicate balance between scientific innovation, regulatory
considerations, and ethical contemplations.

Challenges:

1. Complex Interplay of Microorganisms: Manipulating and
predicting the complex interactions within microbial
communities in fermented foods poses a significant
challenge, influencing end-product characteristics (Louw et
al., 2023).

2. Precision and Stability: Attaining consistent and stable
modifications within these diverse microbial populations
while preserving the desired functional attributes remains a
complex endeavor (Mannaa et al., 2021).

3. Regulatory Hurdles: Addressing regulatory frameworks
concerning  genetic  manipulations in  food-grade
microorganisms is crucial, along with ethical considerations
surrounding altered microbial communities (Khan et al.,
2021).

Opportunities:

1. Health and Nutritional Advancements: Microbiome
engineering offers avenues to enhance the nutritional profile
and health-promoting attributes of fermented foods, aligning
with the demand for functional foods (Graham & Ledesma-
Amaro, 2023; Leeuwendaal et al., 2022).

2. Customization and Innovation: The ability to tailor distinct
flavors, textures, and novel products through engineered
microbial communities paves the way for innovation in the
food industry (Leeuwendaal et al., 2022).

3. Sustainability: Microbiome engineering bears the potential to
curb food waste and fortify the preservation of perishable
commodities, contributing to sustainable food production
(Graham & Ledesma-Amaro, 2023).
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Impact of Engineered Microbiomes on Traditional
Fermentation Practices

Effects of engineered microbial communities on fermentation
methods

Traditional fermentation practices have been crucial in food
production for centuries, utilizing microbial communities to
transform raw ingredients into various food products. Recent
advancements in biotechnology have introduced the concept of
engineered microbial communities, raising significant interest in
their influence on traditional fermentation methods. This
examination focuses on understanding how these engineered
microbial communities’ impact and potentially revolutionize these
traditional practices. Engineered microbiota aims to optimize
fermentation processes by modifying microorganisms to achieve
specific characteristics, enhancing food quality, and reducing
environmental impact. These modifications are directed towards
improving food safety, and nutrition, and even addressing
sustainability concerns by utilizing alternative feedstocks. For
instance, certain genetic engineering methods are implemented to
alter microorganisms, enabling them to perform desirable functions
within the fermentation environment (Ramirez Rojas et al., 2022).

Furthermore, the oral microbiota’s role in flavor perception is
an essential aspect of how engineered microbial communities
influence traditional fermentation. Variations in aroma compound
formation due to oral microbiome diversity contribute significantly
to taste differences among individuals (Schwartz et al., 2021).
Engineered modifications might impact these perceptions, thus
potentially altering the flavor profiles of fermented foods. The gut
microbiome, affected by fermented foods, plays a vital role in human
health. Fermented foods significantly impact the gut microbiome,
influencing both short-term and long-term health outcomes.
Engineered microbial communities may potentially modulate these
effects, leading to broader implications for health and wellness
(Leeuwendaal et al., 2022).
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By optimizing fermentation processes through genetic
modifications and understanding the impact on flavor, safety, and
nutrition, these engineered communities open doors for innovative
and sustainable food production practices. However, continued
research, particularly exploring the interactions between engineered
and natural microbial communities, is essential to fully harness the
potential of these advancements and their implications in traditional
fermentation. The discovery of microbiome engineering presents a
significant avenue to address disruptions and enhancements in
flavor, safety, and nutrition within food systems. A study on
microbial flavor compounds underscores the market's shifting
preference toward natural flavors over artificial ingredients,
emphasizing the importance of natural components. Herein lies an
opportunity for microbiome engineering to contribute by enhancing
the natural production of desirable flavors while minimizing reliance
on artificial additives (Kumar Verma et al., 2022).

Microbiome engineering can disrupt conventional food
manufacturing by offering a more sustainable and health-conscious
approach. Leveraging microbial capabilities allows for the creation
of tailored flavor profiles and the production of natural compounds
that mimic desirable tastes without the side effects often associated
with artificial additives. Furthermore, engineered microbial
communities in food processing can contribute to enhancing safety
by preventing pathogenic contamination. These advancements foster
a safer environment by outcompeting harmful microorganisms,
thereby increasing food safety. In terms of nutrition, microbiome
engineering holds immense potential. Engineered microbial
communities can produce essential nutrients, vitamins, and bioactive
compounds, enriching food with added nutritional value. This
approach aligns with consumer demand for healthier food options
and can address nutritional deficiencies on a broader scale. Despite
these promising advancements, challenges persist in translating
microbiome engineering into practical applications within the food
industry. Ensuring stability, scalability, and regulatory compliance
of engineered microbiomes remains a hurdle. There is a need for
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further research to understand complex microbial interactions and
their influence on flavor, safety, and nutrition. Additionally, ethical
considerations, consumer acceptance, and regulatory frameworks
need careful attention to harness the full potential of microbiome
engineering (Kumar Verma et al., 2022).

Gaps of microbiome engineering

Microbiome engineering which is a developing field with vast
implications for health, agriculture, and the environment, faces
several significant gaps that impede its progress and application.
Understanding these gaps is critical to advancing the field and
harnessing its full potential. One prominent gap highlighted in the
study of Albright et al., (2021) is the need for a deeper understanding
of the complex interactions within microbial communities.
Unraveling the complex relationships between microorganisms,
their hosts, and the environment remains a critical challenge. This
knowledge gap restricts the ability to precisely engineer
microbiomes for desired outcomes in human health and agriculture.

Furthermore, Arcidiacono et al., (2018) underscores the
necessity for identifying and addressing gaps in research. For
instance, gaps persist in comprehending the nuances of the gut
microbiome's role in various health aspects, hindering targeted
therapeutic interventions. The challenges discussed in the research
of Afridi et al., (2022) reveal another critical gap. The persistence
of engineered microorganisms in soil ecosystems and the
transferability of genetic traits among microbial strains remain
unclear, posing challenges for long-term sustainable interventions in
agriculture. Additionally, Morales Moreira et al., (2023) shed light
on gaps related to adapting to rapidly changing climates. It
emphasizes the necessity for microbiome engineering strategies that
are resilient in the face of environmental variations and are
conducive to diverse ecological conditions. Foo et al., (2017)
underscores the need for future research directions. This publication
suggests exploring novel applications and developing more
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advanced engineering tools to overcome the limitations observed in
current microbiome engineering practices.

Moreover, Cullen et al., (2020) highlight the broad areas where
more research is needed. This includes understanding the
fundamental interactions between microorganisms and their hosts,
the evolutionary aspects of microorganisms, and ecological
considerations, all of which contribute to significant gaps in current
understanding. The gaps in microbiome engineering research are
multidirectional and diverse, spanning from the complex dynamics
of microbial communities to challenges in adaptation to changing
environments. Addressing these gaps necessitates interdisciplinary
collaboration, technological advancements, and a comprehensive
approach to unraveling the complexities of microbiome systems.
Bridging these gaps will undoubtedly unlock the immense potential
of microbiome engineering in revolutionizing fields such as health,
agriculture, and environmental sustainability.

Future Directions and Conclusions

The integration of microbiome engineering into fermented
food production holds vast promise, offering avenues to improve
traditional practices while posing significant challenges. Leveraging
engineered  microbial communities could  revolutionize
fermentation, enhancing flavor profiles, safety, and nutritional
qualities. Challenges, however, abound. Manipulating microbiomes
for targeted outcomes in fermentation demands a nuanced
understanding of how engineered communities interact with
traditional methods. Balancing the preservation of authentic flavors
with novel enhancements requires careful intervention without
compromising the essence of traditional fermentative processes.
Moreover, ensuring safety and maintaining the health benefits
associated with fermented foods while introducing engineered
microorganisms necessitate rigorous assessment and regulatory
considerations.

--56--



To develop microbiome engineering in fermented food
production, future research should emphasize several key areas.
Firstly, researching the complex dynamics between engineered
microbiomes and traditional fermentative environments is essential.
This involves exploring the mechanisms influencing flavor
development, safety, and nutritional enhancements. Secondly,
investigating novel methods to precisely engineer microbial
communities tailored to specific fermentation processes is
imperative. Advanced tools and technologies enabling the controlled
manipulation of microbial consortia are vital. Additionally,
developing comprehensive safety assessments and regulatory
frameworks that accommodate engineered microbiomes without
compromising consumer health is critical.

In conclusion, the integration of microbiome engineering into
traditional fermentation practices presents an exciting frontier with
significant potential benefits. It offers avenues to innovate flavor
profiles, and enhance safety and nutritional aspects, yet poses
challenges in preserving authenticity and ensuring safety. Future
research efforts should concentrate on deepening our understanding
of engineered microbial communities' interactions within
fermentation processes, developing precise engineering tools, and
establishing robust safety assessments. Continued investigation in
this underexplored domain is primary not only for the advancement
of fermented food production but also for fostering a deeper
understanding of the intricate relationship between engineered
microbiomes and traditional practices. Sustained exploration will
unlock the full potential of microbiome engineering, revolutionizing
the landscape of fermented food production for the better.
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CHAPTER Il

Effects of Using Transglutaminase on
Physicochemical, Microbiological and Sensorial
Properties of Non-Fat Stirred Yoghurt

Merve AL!
Firuze El%Gi.l.\I ZEREN 2
Ahmet KUCUKCETIN?®

Introduction

Yoghurt, one of the fermented dairy products, is a widely
consumed product due to its proven positive effects on human health
(Tavakoli et al., 2019:1). Yoghurt is highly nutritional due to the
milk fat, proteins, minerals, and vitamins. However, milk fat can be
associated with obesity, high blood pressure, heart diseases, and
some cancers Kim et al.,2020:1324). Nevertheless, the decrease in
fat content leads to a decrease in water retention capacity, resulting
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in serum separation and disruption of the stable gel structure (Kim
et al., 2020:1325). The textural properties and flavor of low-fat and
non-fat yoghurt need to be improved (Zhao et al., 2018). Microbial
transglutaminases could be used to change and improve some
physicochemical properties of yoghurt (Garcia-Gomez et al.,
2018:5479; Tofiq, 2022:170-171). Transglutaminase enzyme (R-
glutaminyl-peptide:amine y-glutamyl-transferase, E.C 2.3.2.13) is a
transferase that catalyzes the formation of isopeptide bonds by cross-
linking of amino acid residues of protein-bound glutamine and
lysine. The casein fractions have a protein structure that is non-
globular and easily accessible, thus making them suitable substrates
for cross-linking (Ili¢i¢ et al., 2014:13-14). During the fermentation
of milk, acid-induced gelation of caseins forms the structure of
yoghurt. The enzymatic crosslinking of caseins leads to specific
changes in the microstructure of yoghurt, such as a decrease in mesh
size and the formation of a more uniform protein network (Tofiqg,
2022:170-171). In this study investigated the effect of using
transglutaminase at different levels (0.5U/g milk protein, 1U/g milk
protein, and 2U/g milk protein) in the production of non-fat stirred
yoghurt.

Material and Method

Material

Raw cow’s milk used in stirred yoghurt production was
purchased from Dairy Processing Unit of the Faculty of Agriculture
at Akdeniz University (Antalya, Turkey). Yoghurt starter culture
(YO-MIX 883) provided from Tiirker Industry Technical Machinery
and Trade Ltd. Sti. (Istanbul, Turkey). Transglutaminase (ACTIVA
MP, Ajinomoto GmbH, Hamburg, Germany) obtained from
Technodairy Machinery Energy Production Food Import. Export.
Trade. Ltd. Sti. (Bursa, Turkey). Stirred yoghurt production carried
out in the laboratories of Akdeniz University, Faculty of
Engineering, Food Engineering Department.
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Yogurt Production

Raw cow’s milk was skimmed to about 0.1% fat using a cream
separator (G140 model, SMS Ltd. Co., Kayseri, Turkey) at 55°C.
For the stirred yoghurt production, skim milk powder (Ekso Milk
Inc., Antalya, Turkey) was added to the skimmed milk to give final
total solid content approximately 15%. The standardized skimmed
milk, called yoghurt milk, was heat-treated at 90 °C for 5 minutes
and immediately cooled at 42°C. The cooled yoghurt milks were
inoculated with 0.04 g/L starter culture and divided into four parts.
In the first group as the control group (Control), no transglutaminase
enzyme was added to yoghurt milk. In the second, third and fourth
groups, transglutaminase enzyme was added to yoghurt milks in
amounts of 0.5U/g protein, 1U/g protein, and 2U/g protein,
respectively. Then fourth group samples incubated at 42°C until the
pH value decreased to 4.6. The obtained yoghurts were rapidly
cooled to 20°C and stirred for 30 s using a mechanical mixer (Bosch,
Mixxo Quattro MSM 7700, Jesenice, Slovenia). Then stirred
yoghurt samples stored for 30 days at 4°C (Figure 1).
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Figure 1. Production of stirred yogurt samples

Methods

Total solids, protein, fat, and ash contents of the raw milk and
stirred yoghurt samples were determined according to the
Association of Official Analytical Chemist methods by the
gravimetric method, Kjeldahl method, Gerber method, and
gravimetric method, respectively (AOAC, 2000 a,b,c,d). The
percentage of titratable acidity of the stirred yoghurt samples was
determined by titration with 0.1 N NaOH (Erkaya et al., 2015:407).
Raw milk and stirred yoghurt samples of pH values were performed
using a pH meter (Thermo Scientific Orion 2-Star, Bremen,
Germany). Serum separation and hardness values of the stirred
yoghurt samples were determined by Amatayatkul et al. (2006:42)
and Rawson and Marshall (1997:215), respectively. The number and
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mean perimeter of grains were measured following the method of
Kucukcetin et al. (2009:51), in a day stored stirred yoghurt samples.
The rheological parameters of the stirred yoghurts were determined
using a Brookfield R/S plus rheometer (Brookfield, Middleboro,
MA, USA) according to the method described by Koksoy and Kilig
(2003:836). The microbiological analysis of stirred yoghurt samples
was conducted using the pour plate technique. MRS agar (5.2 pH)
was used to determine the viable counts of Lactobacillus delbrueckii
subps. bulgaricus and the plates were incubated under anaerobic
conditions (5% CO.) at 37°C for 72 h. M17 agar (1% lactose) was
used to determine the viable counts of Streptococcus thermophilus
and the plates were incubated at 37°C for 48 h, aerobically (ISO/IDF,
2003). The sensory properties of the stirred yoghurt on were
conducted according to the modified method of Bodyfelt (1988) by
a panel of 11 participants (5 females and 6 males from Department
of Food Engineering of the Akdeniz University) who were trained
on the sensory testing procedure. All stirred yoghurts were presented
with a three-digit code. The scale, ranging which ranges from 1
(extremely low) to 15 (extremely high) was used to evaluate the
sensory quality. The analyses were repeated in triplicate. The pH,
titratable acidity, serum separation, hardness values, rheological,
microbiological, and sensorial properties of the stirred yoghurts after
1, 15 and 30 days of storage were conducted. SAS Statistical
Software (release for Windows, SAS Institute Inc., Cary, NC, USA)
was used for the statistical analysis. The results were compared by
using analysis of variance (ANOVA) and Duncan’s multiple range
test.

Result

The mean contents of total solids, protein, and ash in the
yoghurt milk were 15.30%, 5.77%, and 1.44%, respectively. The
composition of stirred yoghurts is given in Table 1, and there was no
significant difference among the stirred yoghurts in term of total
solids, fat, protein, and ash contents (p > 0.05, data not shown).
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Table 1. The composition of stirred yoghurt samples

Parameters Control 0.5U-TG 1U-TG 2U-TG
Total solids 15.39 +
59 +0. 15.35+0.22 15.54 £0.08
(%) 15.59 £0.19 017
. 5.67 +
Protein (%) 5.67 +£0.06 5.70+£0.10 0.12 5.65+0.08
1.44 +
Ash (%) 1.46 +0.03 1.40+0.07 0.01 1.43+0.12

The pH and titratable acidity values of the stirred yogurt
samples varied from 4.40 to 4.67 and from 0.90% to 1.28%,
respectively. Yogurt bacteria convert lactose to lactic acid during the
storage period (Picot and Lacroix, 2004:509-510) which causes the
pH of the stirred yoghurt samples to decrease and the titratable
acidity to increase (Figure 2a-2Db).
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Figure 2. (a) pH values, (b) Titration acidity, (c) serum separation,
(d) hardness, (e) apparent viscosity, (f) consistency coefficient
values of stirred yoghurts. The bars represent mean values, and the
error bars represent standard error of the mean.

As seen in Figure 2c, serum separation values of yogurt
samples ranged between 49.75 and 59.25%. The serum separation of
the samples was affected by the addition of transglutaminase and by
the storage period (p < 0.001) (Table 2). When transglutaminase is
added to milk, a new protein structure with smaller pores is formed.
Water was held in these pores, which reduced the serum separation
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of yoghurts (Marhons et al., 2023:1-2). The hardness, apparent
viscosity and consistency coefficient values of the stirred yoghurts
are given in Figure 2d-2e-2f. These values of stirred yoghurts tend
to increase due to the increase in the amount of transglutaminase
enzyme used in yoghurt production and the prolongation of storage
time (Table 2). Gauche et al. (2009:241-243) also reported that the
hardness and rheological parameters of yoghurt samples improved
with the use of transglutaminase enzyme that leads to cross-linking
of milk protein.

Table 2. The effect of transglutaminase, and storage time period on
the pH, titratable acidity, serum separation, hardness, apparent
viscosity, consistency constant values and counts of yoghurt
bacteria in stirred yoghurts

L.
. Consisten | S. delbruec
Titratab Serum Appare cy thermoph | kii
le . Hardness nt . h
pH acidiy separatio © viscosit coefficien | ilus subsp._
(%) n (%) y (Pas) t (cfu/g) bulgaric
(Pasn) us
(cfu/g)
Sampl
es (S)
Contr 4.49+0.0 1.10£0. 51.78+2. 25.26+3.1 0.3240. 5.07+1.22 | 8.38+0.2 6.94+0.4
ol 9b 17a 19c 4d 03b c 8a Ob
0.5U- | 4.50+0.1 1.12+0. 52.96+2. 37.76£9.9 | 0.38+0. 9.37+3.60 | 8.36+0.4 6.95+0.4
TG 2ba 16a 59b 3c 04b c 6a 9b
1U- 4.50+0.1 1.07+0. 54.73+l1. 55.52422. | 0.65+0. 19.4249.3 | 8.24+0.5 7.05+0.3
TG lba 13a 94a 31b 20b 1b 9b 6a
2 U- 4.52+0.0 1.06+0. 55.31+2. 79.66+33. | 3.04+1. 58.17+25. | 8.02+0.2 6.99+0.4
TG 9a 14a 9la 63a 55a Ta 2c 7ha
Storag
e time
(ST)
Ist 4.64+0.0 0.91+0. 51.17+1. 27.11£5.2 | 0.68+0. 11.36+10. | 8.68+0.3 7.3940.1
day 4a 0la 76¢ 4a 55¢ 27c 2a 3a
15th 4.45+0.0 1.14+0. 53.45+1. 54.51+28. 1.09+1. 2449423, | 8.31+0.1 7.13+0.1
day 2b 09b 69b 27b 21b 04b 3b 1b
30th 4.42+0.0 1.22+0. 56.47+l1. 64.03+30. 1.52+1. 33.19431. | 7.76%0.1 6.4140.1
day 3c 08c 9la 72¢c 89a 8la 8c 5¢
ANO
VA
S NS NS Kk *kk *hk *kk *kk Ns
ST Kk *kk Kk dkk *% Kk *kk Kkk
SXST *k NS *k *kk *hk *kk *kk *kk

Values are the means + standard error (n = 3); different letters
for each parameter in a column show significant differences using
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Duncan's multiple range test (P < 0.05). NS; non-significant.
**p<0.01, ***P<0.001

S. thermophilus and L. delbrueckii subsp. bulgaricus counts in
stirred yoghurts determined as 7.52-8.96 log cfu/g and 6.27-7.16 log
cfu/g, respectively. Although amount of transglutaminase had a
significant effect (Table 2), the difference in S. thermophilus count
in stirred yoghurts was less than 0.5 log cfu/g. In addition, longer
storage time caused a decrease in the survival of yoghurt bacteria.

The content of whey protein and fat in milk, the addition of
polysaccharides, the kind of starter culture, mixing of the product
after fermentation, and other factors all affect the presence of
graininess and roughness in dairy products (Kiiglikgetin et al.,
2011:175-176). In present study, the number and the mean perimeter
of grains of the stirred yoghurts varied from 45.75 to 236.00 in 3 g
of the sample and from 3.52 to 3.99 mm, respectively (Table 3). The
number and the mean perimeter of grains of the stirred yoghurts
increase depending on the increase in the amount of
transglutaminase enzyme. Similar to our results, Chen et al.
(2018:67-69) reported that when casein micelles are treated with
transglutaminase, intercross-linking aggregates them to form much
larger particles.

Tablo 3. The number and the mean perimeter of grains of the
stirred yoghurts

Samples Number of grainsin 3 g Mean perimeter of grains
yoghurt (mm)

Control 45.75+11.30c 3.54+0.20b

0.5U-TG 59.00+8.46¢ 3.52+0.18b

1U-TG 114.50+17.78b 3.02+0.62ba

2U-TG 236.00+27.18a 3.99+0.31a

The colour scores of stirred yoghurts ranged between 6.44 and

8.20 during storage period (Table 4). The consistence scores in the

stirred yoghurts produced with the transglutaminase enzyme were

higher than the control group stirred yoghurts on all storage days.

The particle scores in sensory analysis exhibited similar trends to the
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values of the number and the mean perimeter of grains of the stirred
yoghurts. The highest particle scores were determined in stirred
yoghurts produced using milk treated with 2.0 U/g protein
transglutaminase. The use of transglutaminase above 0.5 U/g protein
in stirred yoghurt production decreased overall liking scores.

Using transglutaminase enzyme above 0.5 U/g protein in the
production of yoghurt improved serum separation, hardness values
and rheological properties of stirred yoghurts, whereas graininess
and sensory properties were negatively affected. The use of 0.5 U/ g
protein transglutaminase could be recommended because stirred
yoghurts produced using milk treated with 0.5 U/ g protein had good
sensory properties.
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Table 4. The sensory properties of stirred yoghurts

1 day
Parameters/Samples | Control 0.5U-TG 1U-TG 2U-TG
Colour 6.444+2.11 6.63+2.27 7.13+1.05 7.38+3.01
Consistence 6.13+1.88 7.25+1.12 7.38+1.22 8.63+3.43
Particle 4.06+1.70 3.94+2.04 9.19+1.06 13.94+0.95
Serum separation 6.50+1.32 6.06+2.10 7.44+1.93 9.69+2.33
Fermented smell 6.50+2.51 6.06+2.10 7.44+2.84 9.69+ 3.52
Smell of cheese 5.06+2.47 5.94+2.22 6.56+2.90 7.94+4.10
Taste/consistency 2.75+1.78 3.00+1.85 3.88+2.26 5.4445.34
Cheese taste 7.69+2.76 7.69+2.16 8.19+3.90 7.63+£3.57
Sourness 5.13+3.04 4,06+3.57 6.44+2.03 8.63+3.08
Bitterness 8.00+4.97 6.50+4.31 3.88+3.19 3.81+4.45
Oiliness 4,38+2.59 4.13+2.13 4.75+2.32 5.31+4.30
Overall liking 8.56+4.28 9.06+4.38 7.75+3.83 2.81+3.16

15" day
Parameters/Samples | Control 0.5U-TG 1U-TG 2U-TG
Colour 7.19+2.00 7.88+1.83 7.50+1.12 7.44+1.65
Consistence 6.75+1.62 9.06+1.59 10.63+2.18 9.63+3.12
Particle 3.63+2.39 6.13+3.79 10.75+2.99 13.75+1.20
Serum separation 6.25+2.55 7.25+2.28 8.00+1.87 9.81+0.61
Fermented smell 5.44+2.36 8.75+2.73 9.50+1.50 7.19+4.69
Smell of cheese 6.13+2.52 10.13+1.96 11.00+2.74 9.69+4.42
Taste/consistency 8.50+2.73 10.81+2.24 11.25+2.49 6.44+3.33
Cheese taste 4.88+2.42 9.44+1.36 9.50+1.68 12.25+1.71
Sourness 8.69+3.44 12.94+0.88 11.38+1.87 5.38+2.25
Bitterness 5.06+3.47 10.88+2.32 12.13+0.60 9.50+2.84
Oiliness 9.75+2.06 7.88+1.83 7.19+2.26 5.13+3.69
Overall liking 10.19+1.77 9.06+1.59 2.94+0.81 2.06+1.18

30" day
Parameters/Samples | Control 0.5U-TG 1U-TG 2U-TG
Colour 8.20+2.93 7.80+2.32 7.40+1.36 7.60+2.65
Consistence 9.10£1.72 9.30+1.94 10.80+2.71 9.80+4.49
Particle 6.60+3.50 8.40+3.01 10.00+3.52 13.80+1.17
Serum separation 8.60+3.98 6.00£2.00 7.40+2.06 7.80+1.47
Fermented smell 10.00+3.03 9.80+2.93 9.80£1.72 10.80+1.94
Smell of cheese 8.80+1.83 10.00+2.28 10.40+3.26 11.80+4.96
Taste/consistency 10.90+2.42 11.30+2.64 10.60+2.94 12.00+4.15
Cheese taste 10.5042.05 10.10+£1.28 9.20+1.96 11.00+4.05
Sourness 13.40+1.02 13.30+0.87 11.60+2.24 10.20+2.71
Bitterness 10.4042.42 12.40+1.50 12.00+0.63 9.80+3.66
Oiliness 6.70+0.87 7.30+0.75 6.90+2.80 6.20+1.60
Overall liking 4.00+1.67 3.60+1.41 2.90+0.80 3.40+2.58
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CHAPTER IV

Giresun Yoresinde Bitki Biyocesitlilig¢ine Bagh
Beslenme Kiiltiiriiniin Geleneksel Bilgideki Yeri

Cavidan DEMIR GOKISIK!

Girig

Biyolojik ¢esitlilige dayali geleneksel kullanimlar; biyolojik
cesitliligi olusturan unsurlarin, insanlarin herhangi bir ihtiyacinin
karsilanmasina yonelik kullanimlarini i¢ermektedir. Geleneksel
kullanimlar genel olarak topluluk i¢inde gelistirilen, devam ettirilen
ve nesilden nesile aktarilan tiim bilgi, ustalik, beceri ve uygulamalari
kapsamaktadir (Baytop, 1999). Yabani bitkiler ile besleneme ve
tedavi sekilleri insanligin varolusuyla baslar. Bu bitkiler, Tanr1’nin
insana verdigi en degerli armagandir.(Kendir ve Giiveng, 2010: 49).
Insanlik tarihi boyunca deneme yamlma yoluyla geleneksel kullanim
sekilleri olusturulmustur.

! Dr. Ogr. Uyesi, Giresun Universitesi, Gida Mithendisligi Bolimi
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Dogu Karadeniz Bolgesinin sebze ve ot agirlikli mutfak
kiiltiirii ile meshur ili Giresun, cografik yapisi ve iklim 6zellikleri ile
dogal bitki ¢esitliligi ¢ok zengin bir ilimizdir. Denize paralel daglari,
akarsulari, bol yagish ve nemli iklimi ile her mevsim yesil olmasini
saglamaktadir. Biitlin bu 0&zellikler, Bolge’nin biyogesitliligine
bliyiik katki saglamakta ve bitki tiirli olarak zenginlik katmaktadir.
Giresun ilinde mutfak kiiltiirii genel olarak sebze agirliklidir.
Sebzelerin ¢ogunu yorede yetisen yabani bitkiler ve mantarlar
olusturur. Mevsimi boyunca dogadan toplanip taze olarak
tiiketilirken, kurutma, tuzlama, tursu secklinde ve dondurucuda
saklanarak kis mevsimi boyunca tiiketilmeye devam edilir. Yore
halkinin uzun ve saglikli yasama sirlari, beslenme kiiltiirleri ve
geleneksel bilgide saklidir. Nesilden nesile aktarilan bilgiler ile yore
halki biyogesitlilige ve kendi {rettikleri ile saglikli beslenme
ithtiyaglarini karsilama yetenegine sahiptir. Yabani bitkiler besin ve
saglik amagl tiketiminin yaninda, kdyde yasayan halk icin
ekonomik gelir de saglamaktadir. Yore halki dogadan topladigi
yabani sebzeleri halk pazarlarinda taze, kurutulmus ve tursu seklinde
satisa sunarak maddi gelir saglamaktadir. Giresun’da yabani bitkiler
ozellikle ilkbahar aylarinda, karlarin erimesi ile ortaya ¢ikmaya
baglar. Mart ay1 ile beraber, yabani bitkiler halk pazarlarinda
goriinmeye baslar. Once sakarca, 1sirgan, kaldirik, mendek, melocan
ve mantarlar ilkbahar, yaz ve sonbahar boyunca dogal ortaminda
yetisir. Bu bitkiler haslanip dondurucuya konularak, kurutularak ve
tursusu yapilarak kisin da tiiketilmektedir. Giinlimiizde bu durum,
hizli kentlesme ve gida sanayisinin gelismesi kdyde yasam seklini
ve beslenme Kkiiltiiriinii de degistirmistir. 25-30 yil once, kdyden
kente getirilen besinler, bugiin kentten koye getirilerek beslenmeye
calisiimaktadir. Yenilebilen ve icilebilen her bir yabani bitkinin yeri,
zamani ve farkl sekillerde tiikketimi olup, bu bilgiler kentlesme ve
modernlesmeye bagli olarak unutulmak tizeredir.

Giresun 1li, dogal bitki ¢esitliligi bakimindan oldukca
zengindir. Daglarin Karadeniz’e bakan, kuzey kesimleri ile giineye
bakan kesimleri arasinda bitki c¢esitliligi ve tiir olarak farkliliklar
olusur. Hem kiiltiir hem de dogal cesitlilik olarak, Giresun kiiltiirii
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daha cok daglarin Karadeniz’e bakan kesimlerini kapsar. Bitki
ortlisti sahilden daglara dogru, artarak ya da azalarak devam eder.
Giresun’da dogal bitkilere; findik bahgelerinde, orman altlarinda,
dere kenarlarinda, yaylalarda her yerde rastlanir. Ayni1 dogal bitkiler
ilkbaharin ilk aylarinda sahilde, yaz aylarinda 2000 metreye kadar
olan orman altlarinda ve yaylalarda yetisir. Kis hari¢ her mevsim
taze olarak dogal bitki yetisir. 25- 30 y1l dncesinde, hayvancilik ve
yaylacihik kiiltiiri yaygin oldugu zamanlarda dogal bitkiler
yaylalardan toplanarak kurutulur veya tursusu yapilarak kisin
tiikketilirdi. Bugiin yaylacilik kiiltiiri cok az oldugu i¢in yaylalar da
yetisen dogal bitkiler, orman koylilleri harig, c¢ok az
tilkketilebilmektedir. Tiiketilen dogal bitkiler daha ¢cok denize yakin
yerlesim yerlerinden toplanilmaktadir. Giresun ilinin % 25't tarim
arazisi geri kalan % 75 arazi ¢ayir, mera, ormanlik ve tarim dig1
araziden olusmaktadir (Bekdemir, 2015). Yabani bitkiler ve
mantarlar tarim yapilan ve yapilmayan arazinin tiimiinde yetisir.
Genellikle findik bahgelerini altinda bol miktarda bitki ve mantar
yetigir. Ancak son yillarda, tarim ilaglar1 yiliziinden findik bahgeleri
altindaki bitki ve mantarlar yok olmaya baslamistir.

Diinyanin her yerinde oldugu gibi lilkemizde de dogal bitkiler
ile beslenme daha giivenilir ve daha saglikli oldugu bilinmektedir.
Sebze olarak tiiketilen yabani bitkilerin besin igerikleri bir¢ok kiiltiir
bitkisine oranla yiiksek olmasi yabani bitkilere olan talebin
artirmasini saglamistir (Lyimo vd., 2003; Civelek, 2011; Kibar ve
Temel, 2015). Ulkemizde dogadan toplanarak tiiketilen yabani
otlarin sebze, ¢ay, baharat ve hatta geleneksel olarak tedavi amagh
olarak kullanilmas1 her bdlgede yaygin olup, bu bitkilerin
mevsimine gore yore halki tarafindan pazarlarda satilmasin
saglamaktadir (Baytop, 1999). Yenilebilen ve icilebilen yabani otlar
ile ilgili geleneksel bilgilerin korunmas: ve gelecek nesillere
aktarilmasi i¢in, her yorede bilgiler kayit altina alinmaktadir. 2020-
2021 yillarim kapsayan ¢alisma ile Giresun Ilinin Biolojik Cesitlilige
Dayali Geleneksel Bilginin Kayit Altina Alinmasi projesi ile
unutulmaya yiiz tutmus birgok yabani bitki kullanim1 ve geleneksel
bilgi kayit altina alinmistir. Bu ¢alismalar sonucunda, son yillarda
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yenilebilir yabani bitkilerin 6zellikle Tiirk mutfak uygulamalarinda
kullanimi1 oldukg¢a yaygin hale gelmistir. Tiirkiye'de yabani bitkilerin
ozellikle kirsal kesimde yasayan insanlar tarafindan gida olarak
tercih edildigi bilinmektedir (Ertug, 2014; Tan vd., 2017).

Gida olarak en ucuz ve en saglikli kaynak dogal bitkiler olup;
savas, salgin ve dogal felaket zamanlarinda gegmiste oldugu gibi
gelecekte de agliga tek cgare olacagi i¢in korunmasi zorunludur.
Diinyada insanoglunun varolusunda yabani otlar vardi, yabani ot
denilen bitkiler insanlik tarihi ile birlikte var olmus, insanin ve
hayvanin tiiketimine sunulmus ilahi besinlerdir. Kiiltiirel bitkilerden
once yenilebilir yabani bitkiler besin kaynagi olmustur. Giliniimiizde
de islem gdrmemis zararsiz ve sagliga faydali olan besinler doganin
bize sundugu mevsiminde yenilmesi gereken bitkilerdir. Yabani
bitkilerin, biyoaktif 6zellikleri ve besinsel i¢erikleri nedeniyle insan
sagliginda 6nemli rol oynadiklar1 bilinmektedir (Huang vd., 2010).
Besin olarak tiiketilebilen yabani bitkilerin fonksiyonel 6zellikleri ve
besin bilesenlerinin, kiiltiir bitkilerinden fazla olmasi ve sagliga
faydalarinin 6nemi 1960’ lardan beri bilimsel olarak calisilmakta ve
bilinmektedir. Avrupali ve Amerikalilarda olan kronik hastaliklarin
Afrikalilarda goriilmemesi iizerine yapilan g¢alismalar sonucunda
anlasilmistir ki Avrupalilarin daha ¢ok market {irtinleri ve hazir gida
ile protein agirlikli, Afrikalilarin ise dogal otlar ile beslenmesi kronik
hastaliklarin bulunma oraninda biiyiik rol oynadigi anlagilmistir.
Bundan sonra hastaliklarin tedavisinden ¢ok hasta olmamak igin
saglikli besinler konusunda bilimsel g¢aligmalar hiz kazanmustir.
Giiniimiizde besin olmanin yaninda sagliga faydasi olan yenilebilir
ve igcilebilir gidalara fonksiyonel gidalar denilmistir. Fonksiyonel
gida terimi ilk olarak 1984 yilinda Japonya da tanimlanmig ve 1986
yilinda Japonya da Fonksiyonel Gida Komitesi kurulmus ve
fonksiyonel gidalar ile ilgili her seyi FOSHU (Foof for Specific
Healt Use) baslig1 altinda agiklamistir. Japonya’da {iretimi ve satist
yapilan ilk fonksiyonel gida, lifli gidalar ve lifli icecekler olmustur.
Lifli gidalar mide- bagirsak diizenleyicisi olarak tiretilmistir (Farry,
1997; Sheey ve Morrisey, 1998). Bundan sonra tiim diinyada
fonksiyonel gidalara ilgi artmigtir. Ulkeler kendi ydnetmeliklerini
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yapmiglardir. Bizim iilkemizde heniiz fonksiyonel gidalar ile ilgili
tam bir diizenleme yoktur. Ancak fonksiyonel gida olarak bir¢ok
uriin marketlerde (probiyotik, diyet lifli, prebiyotik, vitaminli,
mineralli) satisa sunulmaktadir.

Yabani bitkiler iizerinde yapilan bilimsel arastirmalar ile bu
bitkilerin saghga faydalar1 bilindik¢e besin bilesenleri merak
edilmekte ve son yillarda yabani bitkiler bilimsel olarak ¢okca
calisma konusu olmaktadir. Kiiltiir bitkilerine sagliga zararlar
bakimindan siiphe ile bakilmasi, genetiginin degistirilmesi ve
pestisit kalintilar1 gibi, yabani bitki tiiketiminde talep artmasini
saglamistir. Insanoglu saglikli ve uzun yasama carelerini, eski
caglarda oldugu gibi, dogal insan eli degmemis bitkilerde
aramaktadir. Ozellikle pandemi sonrasi yabani bitkilere talep ¢ok
fazla artmistir. Arastirmamiza konu olan yabani sebzeler: Melocan
(Smilax excelsa L.), Kaldirik (Trachystemon orientalis L.), Sakarca
(Ornithogalum umbellatum), Mendek (Aegopodium podagrariaL.),
Isirgan (Urtica dioica) ve yabani mantarlar, Giresun yore halkinin
hem besin hem de sagliga faydalar i¢in en cok tiikettigi yabani
sebzelerdir. Bu yabani sebzeler, yore halki arasinda geleneksel
bilgiye dayali, hastaliklarda halk ilaci olarak kullanmilmaktadir. Bu
arastirmada, Giresun ve ilgelerinde, kdyde dogup biiyiimiis ve halen
yasayan 70 yas ve {isti, geleneksel bilgide dogal tedavi
uygulamalarmi bilen 36 kisi ile goriismeler sonucunda, unutulmus
geleneksel bilgiler kayit altina almmistir. Bu bitkiler, Giresun
yoresinde kullanildigr gibi, Diinyanin bir¢ok yoresinde tarih
boyunca halk sagliginda kullanilmis, bugiin ise eczacilikta kullanilan
cok degerli  bitkilerdir. Bu ¢alismanin amagi, ydrenin
biyogesitliligine bagli yaygin olan yenilebilir bitki ve mantarlarin
tilketim sekilleri ve geleneksel bilgide sifa amaglh kullanimlarim
kayit altina almaktir. Bir diger 6nemli amag, savas ve pandemi gibi
gida kithigi zamanlarinda beslenmeyi ve saglikli  olmayi
stirdlirebilmek i¢in bu bilgileri gelecek nesillere aktarmaktir.
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Materyal ve Yontem

Bu ¢alismada, Giresun yoresinde dogal olarak yetisen ve yore
halki tarafindan gida olarak en ¢ok tiiketilen; kaldirik, 1sirgan,
sakarca, melocan, mendek ve mantarlar olarak belirlenmistir. Bu
driinlerin kullanim sikligi dogada bulunma sikligina da bagh
olmustur.

Yontem olarak Giresun merkez ve ilgelerine bagli 66 koyde 70
yas ve lstiinde olan 200 i askin kisi ile goriismeler yapilarak bilgiler
kayit edilmistir. Bu gortigmeler sonucunda geleneksel bilgiye sahip,
sifac1 olarak bilinen 36 kisi kaynak olarak secilmistir. Diger kisiler
daha ¢ok gida ve saglikli oldugu i¢in tiikettigini ifade etmistir. Bu
bitkilerin ve mantarlarin sifa amagh kullaniminda ortak olan bilgi
bagirsak hastaliklar: ve kanserine 1yi geldigi bilgisine dayal1 olarak
diyet lifi miktarlar1 da belirlenmistir. Giresun ydresinde yetisen ve
yore halki tarafindan en ¢ok tiiketilen bitkilerden ilk sirada kaldirik
gelmektedir.

Bilimsel adi: Trachystemon orientalis (L.) G. Don
Yoresel adi: Kaldirik

Karadeniz Bolgesinin tamaminda yetisen Trachystemon
orientalis (T. orientalis) endemik bir bitki degildir. Dogu
Bulgaristan ve Bati Kafkasya’da dagilim gostermektedir (Baytop,
1999). Kaldirik 40-60 cm uzunlugunda, rizomlu kdk yapisina sahip,
tiiylii genis yapraklari, mavi-mor renkli ¢igekli, rizomlu kok yapilari
ile ¢ogalan ¢ok yillik otsu bir bitkidir (Ak¢in ve ark., 2004).
Insanlarda idrar artirici, kan temizleyici, ates diisiiriicii etkilere
sahiptir. T. orientalis tanen, ugucu yag, nitrat tuzlari, miisilaj,
saponin ve rezin tasimaktadir (Kose vd., 2010) T. orientalis
bitkisinin potasyum, fosfor, sodyum, kalsiyum, magnezyum element
iceriginin zengin ve yliksek olarak bulmuslardir. Mineral tuzlari
bakimindan zengin olan bitki diyetlere ¢cok uygundur. Yore halki
tarafindan kabizlik giderici, kan temizleyici, idrar soktiiriicii, mide-
bagirsak yumusatici ve ter soktiiriicli, mide ve bagirsak gazi giderici
olarak kullanilmaktadir (Baytop, 1999; Ceylan ve Yiicel, 2015).
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Savaglarda askerlere cesaret verici olarak yedirilmistir (Yesilada vd.,
1999).

Karadeniz illerindeki farkli orman agaglan altinda, genellikle
su kenarlari ve kuzeye bakan nemli kuytularda dogal olarak
yetismektedir. T. orientalis, yorede ¢ogunlukla Kaldirik olarak
bilinir ancak, galdirik, hodan otu gibi farkli adlar1 da bilinmektedir.
Giresun yoresinde findik bahgeleri, kestane ormanlart ve genis
yaprakli agaclarin altinda, deniz kenarindan yaylalara kadar sulak ve
golgelik her yerde yetisir. Birgok yararlari olan Kaldirik bitkisinden
cok cesitli tariflerde yemegi yapilmaktadir. Iceriginde yiiksek
miktarda mineral tuzlar1 oldugundan tuzsuz perhiz yapanlar i¢in,
karbonhidrat ve yag orami ¢ok diisiik oldugu icin zayiflama
diyetlerinde ve diyabet hastalarinin meniisiinde olmasi gereken
saglikli bir besindir. Giresun yoresinde Subat sonu ¢igek saplari
goriinmeye baslar. Mart ayinda c¢igekli saplari, Nisan ve Mayis
aylarinda ise uzun sapl yapraklar ¢ikar.

Yoresel besin olarak tiiketimi: Giresun ydresinde en ¢ok
yetisen ve yore halki tarafindan en sik tiiketilen yabani bitkidir.
Karadeniz yoresinde sebze ve ilag olarak tliketilmektedir. Mor ve
uzun yaprak sap1 ve ¢icegi ile birlikte ¢igek saplar1 kullanilir. Toprak
isti  kisimlari, kokii ¢ikarmadan toprak mesafesinden elle
koparilarak ¢ikarilir, yapraklart koparilip atilir, kalan saplar
temizlenir, dogranir, haglanir, siiziiliir, kalan suyu elle sikildiktan
sonra kullanilir. Cesitli pisirme sekilleri vardir; en sik tercih edilen
pisirme yoOntemleri soganli veya yumurtali, tereyagi ile
kavurmasidir. Kaldirik sert tliylii bir yapiya sahip oldugu i¢in ¢ig
olarak tiiketilemez, haslanarak tiiketilir. Yapraklar tiiylii ve batici
oldugu i¢in kullanimi ¢ok tercih edilmez. Mevsimi ¢abuk gectigi icin
en ¢ok tursusu yapilarak uzun siire tiiketimi saglanir. Yorede besin
olarak en ¢ok tiiketim sekli tursusudur, soganla kavrularak tiiketilir.
Yumurtali kaygana yapilarak da sevilerek kahvalti ve 6giinlerde
yenir. Kislik i¢in haslanip kurutulur, tiikketim i¢in tekrar haslanir ve
kavrularak yenilir.
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Geleneksel bilgide saghk amach kullanimi: Yore halkinin
geleneksel bilgisi olarak en ¢ok mide- bagirsak sagligini ve mide
bagirsak kanserini onlemek i¢in veya bagirsak kanser hastaliginda
tedavi amacgh tiiketilir. Odem giderici, idrar soktiiriicii, balgam
soktiiriicli, yara 1iyilestirici, uykusuzluk ve stres giderici,
sakinlestirici, kan temizleyici, bagirsak calistirici olarak bir¢ok
sagliga faydalari bilinmektedir. Ozellikle ilk ¢ikan ¢igekli saplar
cicegi ile birlikte genel saglik amacgli ve kanser Onleyici olarak
tiiketilmektedir. Yaprak saplari ise daha ¢ok seker hastaliginda seker
diigiiriicii ve mide-bagirsak rahatsizliklarinda rahatlatici olarak
tiikketilen sifal1 bir bitkidir.

Yan etkisi: Kaldirik bitkisinin yore halki tarafindan bilinen
herhangi bir yan etkisi yoktur. Tiiketimi simirl degildir.

Bilimsel adi: Ornithogalum umbellatum L.
Yoresel adi: Sakarca

Giresun yoresinde yetisen ve yore halki tarafindan en gok
tiiketilen bitkilerden bir digeri Ornithogalum umbellatum (O.
umbellatum)’ dur. O. umbellatum, sogan koklii, uzun ince yaprakli,
govde tlizerinde tek beyaz cicekli ve ¢ok yillik bir bitkidir. Cigekler
govdenin ucunda olup 8-20 adedi bir arada bulunmaktadir. O.
umbellatum Avrasya, Kuzey Afrika ve Orta Dogu'nun kir ¢igegidir.
Park ve bahgeleri siisleyen, bakimi kolay, yayilimer siis bitkisi olarak
yetistirilir. Ilkbahar mevsiminde, 6 yaprakli beyaz cigekler agar.
Karadeniz’de karlarin erimesi ile ¢igekler gozilkmeye baslar. En ¢ok
cicekli zamanda tiiketilir. -20 dereceye kadar dayaniklidir. Tek tek
cicekler kisa Omiirlii olabilir, ancak birka¢ hafta boyunca ¢igek agar.
Cicekleri Haziran ve Temmuz aylarinda siyah tohumlar igeren ii¢
loblu kapstiller takip eder (Baytop, 1999; Heves, 2008). Giresun
yoresinde Sakarca adi ile bilinen bitkinin, Akyildiz, c¢igdem,
tikiirikotu, ¢cim zambag: gibi farkli isimler ile bilinir. Nemli ve
glinesli alanlarda yetigir. Findik bahgelerinin altinda, misir
tarlalarinda, orman kenarlarinda yaygin olarak gelisir. Zambakgiller
ailesinden olan O. umbellatum genel olarak soguga dayaniklidir.
Diinyanin pek ¢ok yerinde yaygindir ve siis bitkisi olarak kullanilir,
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baharin gelisinin habercisidir. Soganl1 kokleri ile cok ¢abuk yayilim
gosteren O. umbellatum, Karadeniz Boélgesinde’de bir ile ait bir ot
degildir. Gida olarak tiiketimi Karadeniz Bolgesi halki arasinda
yaygin, Ozellikle Giresun ve Ordu illerinde ¢ok yaygin olan bir
bitkidir (Yilmaz vd., 2004).

Sakarcanin bir¢ok tiiri bulunmaktadir. Yore halki geleneksel
olarak yenilebilen tiirli tanimaktadir. Bazi tiirleri zehirleyici oldugu
icin kullanmadan 6nce mutlaka bir bilenden yardim alinmalidir.
Temas halinde bazi hassas insanlarda dermatite neden olabilir.
Sogani ¢ig olarak zehirlidir, pisirilerek tiiketilebilir. Soganindan
homeopatik ilac1 elde edilir. Bazi kanser tiirlerinin tedavisinde
yararlidir. Homeopati: Bir hastaligin, hastalik belirtilerini saglam bir
insanda ortaya ¢ikarabilecek maddelerin ¢ok diisiik dozlarda hastaya
verilmesiyle tedavi edilebilecegi inancina dayanan bir alternatif tip
yontemidir. Sakarca otunun ¢igek tomurcuklar1 ve yapraklarindan
elde edilen ekstraktlarin antimikrobiyal ve antioksidan aktiviteye
sahip oldugu saptanmistir (Plancic vd., 2015).

Yoresel besin olarak tiiketimi: Bitki biitiin olarak (sogan,
yaprak ve cicek) toplanir, temizlenir, yikanir haglandiktan sonra
stiziiliir, suyu iyice sikilir, biitiin ya da dogranarak soganla
kavrularak veya yumurta ve misir unu ile borek gibi kizartmasi
(kaygana) yapilir. Kahvalti ve 6giinlerde yenir. Yore halki arasinda
geleneksel olarak sifa amacli, yilda en az bir kez yenmesi gerektigine
inanilir. Bir porsiyondan fazla tiiketilmemelidir. Fazla tiiketimi yan
etkisi olabilir.

Geleneksel bilgide saghk amach kullanimi: Yilda en az bir
kez sifa amagh tiiketilmesi gerektigine inanilir. Bagisiklik sistemini
giiclendirici ve kanser oOnleyici olarak bilinir. Zehirlenmelerde
kusturucu olarak sogan kokleri ¢ig olarak tiiketilir. Sivilce ve
iltihabl1 yaralarin tedavisinde ¢ig olarak yara {izerine siirtilerek veya
sarilarak kullanilir.

Yan etkisi: Sakarca bitkisi ¢ig olarak tiiketilemez, mutlaka
haslanarak tiiketilmelidir. Giinde bir porsiyondan fazlasi rahatsizlik
yapabilir. Cig olarak zehirlenme gibi kusma belirtileri yapar.
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Zehirlenmelere neden oldugu i¢in bir adi da ¢okelce otudur. Deri ile
fazla temas halinde alerjik reaksiyonlara neden olabilir. Bitkinin
pismis fazla tiikketilmemelidir. Az faydali, fazlasi zehirleyici
olabilir. Sakarcanin bir¢cok tirii bulunmaktadir. YoOre halki
geleneksel olarak yenilebilen tiirii tanimaktadir. Bazi tiirleri
zehirleyici oldugu i¢in kullanmadan Once mutlaka bir bilenden
yardim alinmalidir. Temas halinde bazi hassas insanlarda dermatite
neden olabilir. Sogani ¢ig olarak zehirlidir, pisirilerek tiiketilebilir.
Sakarca bitkisinin bir¢ok tiirii vardir. Baz: tiirleri toksik etki yapar,
zehirlidir. Yore halki yenebilen tiirlinlin tanimaktadir. Sakarca
bitkisi mutlaka bilen kisi tarafindan toplanmalidir.

Bilimsel adi: Smilax excelsa L.
Yoresel adi: Melocan, diken ucu

Smilacaceae (Dikenucugiller) familyasindan olan Melocanin
simdiye kadar bilinen 350 kadar tiirii vardir. Bu tiirlerin 24 tanesi
Hindistan, 29 tanesi Amerika, 76 s1 Cin kokenli tiirlerdir. Tiirkiye’de
Smilax cinsi Smilax excelsa (S. excelsa) ve S. aspera olarak iki tiir
goriiliir. S. excelsa Tirkiye’de Kuzey Anadolu’da daha ¢ok
Karadeniz Bolgesi’nde yayilimer olarak yetisir (Tanker vd., 1998).
Melocan (Smilax excelsa L.), kimyasal ilaglarin olmadigi eski
zamanlarda geleneksel halk ilact olarak kullanilmistir. Giintimiizde
de bilen kisiler tarafindan tedavi edici olarak kullanimi mevcuttur.
Melocan bitkisi lizerinde yapilan bilimsel ¢alismalar antimikrobiyal,
antioksidan, antimutajenik, antikanserojen ve antiviral ozellikleri
oldugunu gostermistir. Tiirkiye’de, genel olarak Karadeniz
Bolgesi’nde yetisir, geng slirgiinleri ve siirgiin yapraklar1 gida olarak
tikketilmektedir. Kokleri ve geng meyveleri kanser tedavisinde, geng
filizleri sindirim sistemi hastaliklarinda kullanilir. S. excelsa
koklerinde saponozit tiirleri icerdiginden kokleri eczacilikta
kullanilir (Tanker vd., 1998).

Giresun yoresinde genelde kullanilan adi melocan olup;
kircan, diken ucu, 6z dikeni, gicir gibi yoresel adlar1 da mevcuttur.
Smilacaceae (Dikenucugiller) familyasindan olan melocan,gok
yillik, odunsu, 15-20 metre tirmanici olarak uzuyabilen, viicut kismi
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giil gibi dikenli, genelde orman altlarinda yetiserek agaclara
sarmasik gibi sarilarak biiylir. Sarilacak bir agac yoksa diiz sekilde
biiyliyebilen, yayilimct bir bitkidir (Baytop, 1984). Geleneksel tipta
kanser tedavisi, mide agrisinda kullanilir. Ydrede bitkinin
yenilebilen kismi geng siirglinleridir. Haslanip, cesitli sekillerde
kavrularak yenir. Halk arasinda terletici, kan1 temizleyen, kanser
tedavisinde, cilt hastaliklarinda ve frengide kullanilir (Yesilada vd.,
1999). Ozbucak vd., 2007). Daha &nce yapilan bilimsel ¢alismalar,
Smilax cinsi bitkinin kok, meyve, sap ve yapraklarindan elde edilen
ekstraktlarin kanser tedavisinde, yaslanma karsit1 ve yara iyilestirici
olarak etkili oldugunu gdstermistir (Ozsoy, 2008). Melocanin Cin’de
yetisen tlirlinin (Smilax china) deri hastaliklar1 (ekzama), gesitli
kanser tiirleri (6zellikle cilt kanseri), iilser, bagirsak hastaliklari,
dizanteri, idrar yolu enfeksiyonu ve frengi tedavisinde etkili oldugu
bildirilmistir (Shao vd., 2007; Shu vd., 2006; Khan vd., 2009).
Ulkemizde Karadeniz Bolgesinde yetisen melocan halk arasinda
frengi tedavisinde, kanser tedavisinde, hormonal diizensizlikte,
zehirlenmelerde, sitma atesinde, mide ve bagirsak hastaliklarinda
kullanilmaktadir ((Baytop, 1984; Yesilada vd., 1999).

Yoresel besin olarak tiiketimi: Melocan bitkisinin geng ve
taze siirglinleri sebze olarak, kokleri ve yapraklar cay olarak
kullanilir. Meyveleri taze iken yenilebilir. Geng siirgiinler yagragi ile
beraber toplanir, haglanir, dogranir, soganla kavrularak veya
yumurta ile tavasi yapilarak yenilir. Kokleri kurutulur. Ogiitiiliir ve
kaynar su ile 15-20 dk demlenerek i¢ilir. Yapraklari toplanir, yas ve
yesil olarak (her daim yesildir) kaynar su ile demlenerek cayi igilir.

Geleneksel bilgide saghk amach kullammmi: Frengi gibi
cinsel hastaliklarda koklerinden yapilan ¢ay1 icilir. Geng siirgiinleri
atesli hastaliklarda terleyerek atesi diisiirmek ic¢in, mide-bagirsak
hastaliklarinda 6zellikle kabizlikta, hastalik durumunda iyilesmek
icin, kan yaglarin1 diisirmek igin, cilt hastaliklarinda cilde siiriiliir,
kokiinden ¢ay yapilarak bobrek hastaliklarinda ve sa¢ dokiilmesinde
icilir. Cig olarak kan1 temizlemek i¢in tiiketilir. Bagisiklik sistemini
gliclendirir.
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Yan etkisi: Yore halki tarafindan bitkinin bilinen bir yan etkisi
yoktur, kullanimi1 sinirsizdir.

Bilimsel adi: Aegopodium podagraria L.
Yoresel adi: Mendek, hosgiran

Maydanozgiller =~ (Umbelliferac)  familyasindan  olan
Aegopodium podagraria (A. podagraria) sulak, nemli ve golgelik
olan hemen her yerde yetismektedir. Uclii yapraklar keci ayagina
benzedigi i¢in ya da sagliga faydalar1 ¢cok oldugu i¢in baz1 yorelerde
keci ayag1 denir. (Anonim, 2016). A. podagraria ¢ok yillik ve otsu
formda bir bitkidir. Endemik degildir; Japonya, Rusya, Kazakistan,
Kirgizistan, Tiirkiye, Avrupa lilkeleri gibi genis bir yayilimi vardir.
Gut ve eklem rahatsizliklarinda kullanilmaktadir. Gut ve artrite karsi
yapraklar kaynatilarak harici olarak uygulanir (Duke vd., 2002).
Asya, Avrupa ve Kuzey Amerika'da dogal olarak yetisen bitki gut
otu olarak bilinir. Bu tlkelerde halk hekimliginde yapraklar gut
hastaliginda, bobreklerde ve mesanede iltihaplanma durumlarini
tedavi etmek ve yara iyilesmesini kolaylastirmak i¢in kullanilmistir.
Gut otundan (mendek) elde edilen preparatlar, anti-inflamatuar ve
antimikrobiyal 6zelliklere sahiptir. Son yillarda yapilan arastirmalar,
gut otunun ve tip 2 diyabet dahil metabolik hastaliklarin tedavisinde
gut otundan tentiir ve ekstraktlarin kullanilma imkanlarim
gostermistir (Jakubczyk vd., 2019). Yoresel olarak halk arasinda
yapraklarin diiiretik ve sakinlestirici ve miishil etkisi oldugu bilinir.
Bitkinin tamami antiromatizmal ve yara iyilestiricidir. Harici olarak
yanik, bocek sokmasi, yaralar ve agrili eklemlere uygulanir.
Yapraklar1 1spanak gibi tiiketilebilir. Gut ve artrit gibi diger
romatizmal hastaliklar ve bazi bagirsak bozukluklari i¢in tibbi olarak
kullanilmistir. Giresun ydresinde, daha ¢ok hosgiran ve mendek adi
ile bilinen bitkiye bagka bolgelerde keci ayagi da denmektedir.
Giresun ydresi bol yagishh ve nemli iklim 6zelliklere sahip oldugu
icin hemen her yerde her mevsim yetisir. Yetistigi bolgelerde, Antik
donemde ve Orta Cag boyunca ispanagin kullanildigi kadar bir bahar
yapragi sebzesi olarak kullanilmistir. Corba icin yaygin olarak
kullanilir. En iyi goriindiigii zamandan (Ingiltere'de Subat ay1
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basindan itibaren) ¢igeklenmeden hemen 6nce (Mayis'tan Haziran'a)
yapraklar1 toplanir. Bu noktadan sonra toplanirsa, keskin bir tad alir
ve miishil etkisi vardir (Elder, 2011). Bitkinin gut ve artriti tedavi
etmek, hem yapraklari hem de kokleri birlikte kaynatildiktan sonra
harici olarak sicak sargi olarak hastalikli bolgeye uygulanir.
Yapraklar1 sebze olarak yenildiginde idrar soktiiriicii bir etkiye
sahiptir ve hafif bir sakinlestirici gorevi goriir. T1ibbi bir bitki olarak
kullanimi modern ¢agda biiyiik 6l¢liide azalmistir. Bitkinin Biiyiik
Britanya'ya Romalilar tarafindan bir gida bitkisi olarak ve Kuzey
Avrupa'ya rahipler tarafindan tibbi bir bitki olarak getirildigi
soylenmektedir. Kullanim1 Hildegard von Bingen tarafindan
Physica'da oldugu gibi manastir yazilar1 arasinda bulunmustur
(Ageev ve ark.,2010). Manastir yazilarinda gut ve birgok hastaligi
tedavi ettigi yazili oldugu i¢in Avrupa’da yaygin olarak piskoposun
gut otu, piskopos otu, yasl otu, gut otu, dag kar1 (Broda, 1996;
Rutkowski, 2006; Sircelj, 2013; Chirumbolo, 2015) isimleri ile
bilinmektedir.

Yoresel besin olarak tiiketimi: Bitkinin kullanilan kisimlar
ozellikle geng yapraklardir, yaprak eskidikce ac1 ve keskin bir tat
alir. ilkbaharda geng yapraklar kisa bir yaprak sapi ile beraber
toplanir, yoresel meshur mendek corbast yapilir. Yapraklar
haslanarak, 1spanak gibi ¢esitli sekillerde yemegi yapilir. En ¢ok
soganli kavurmasi yapilir. Karalahana ile beraber hem ¢orbasi
hemde diblesi yapilir. Yoresel karalahana yemeklerine aromatik, hos
ve yumusak bir lezzet verir, boreklere katilir. Fazla tliketimi
durumunda ishal ve karin agrist yapabilir.

Geleneksel bilgide saghk amach kullanimi: Bagisiklik
sistemi giiclendirici, mide-bagirsak agrilarinda, kabizlik sorununda
ve genel olarak sagligi koruduguna inaniliyor. Bu yiizden saglikta ve
hastalikta, oOzellikle halsizlik, viicut kirginligi ve isiitme gibi
durumlarda mutlaka mendek corbasi igilir. Eklem odemleri,
romatizma ve , hafif haslanarak bolgeye sarilir. Gida ve ilag olarak
kullanir. Gelenkesel olarak, kabizlik ve siskinlikte besin olarak
tiketilir.
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Yan etkisi: Bazi tiirleri zehirlidir, tiirler birbirine ¢ok
benzedigi i¢in karistirilabilir, yenilebilen tiiriinii 1yi tanimak gerekir.
Bir porsiyondan fazla tiikketimi ve kart yaprak kullanimi ishal
yapabilir.

Bilimsel adi: Urtica dioica L.
Yoresel adi: Isirgan otu

Urtica dioica L. (U. dioica), Urticaceae familyasina ve Urtica
cinsine ait ¢cok yillik, ¢igekli bir bitkidir. Urticaceae familyasi i¢inde
48 cins ve 1050 tiirii icermektedir. Madagaskar ve Giiney Afrika
hari¢ Diinya genelinde yayilisa sahiptir. Her bolgede yetisen tiirler
farklilik gosterir ancak tedavi edici olarak ayni 6zelliklere sahiptir
(Esposito vd., 2019). Anadolu’da U. urens, U. pilulifera ve U.
dioica tiirleri bulunmaktadir. Bunlardan U. urens ve U. pilulifera tek
yillik, U. dioica ise ¢ok yillik ozelliktedir. U. dioica Karadeniz
Bolgesinde yaygin olan tirdiir (Baytop, 1999). Diinya genelinde
sifal1 bitkilerin basinda gelen 1sirgan otu, Antik Yunan zamanindan
beri tibbi bir bitki, gida ve lif kaynagi olarak kullanilmaktadir (Ayan
vd., 2006). Isirgan otunun sagliga faydalari konusunda ¢ok fazla
calisma yapilmistir. Diinya ¢apinda en cok arastirilan bitkilerden
biridir ve ¢esitli saglik sorunlariyla dolu uzun bir gegmise sahiptir.
Birgok ¢alisma U. dioica'nin antiviral, antimikrobiyal, antioksidan,
antiinflamatuar, antiaging, analjezik, antiinflamatuar, antidiyabetik,
immiinomodiilator, antimutajenik, antikanser (servikal, meme,
epidermoid, kolon, gastrik, prostat ve akciger kanseri) aktivitesi ve
nefroprotektiftir (Taheri vd., 2022). U. dioica'nin bu 6zelliklerinin,
fenolik bilesikler (flavonoidler, tanenler, kumarinler ve lignanlar
dahil), steroller, izolektinler gibi bitkilerin ¢esitli kisimlarinda
bulunan ¢ok cesitli biyoaktif dogal bilesiklerden kaynaklandigi
varsayllmaktadir (Esposito vd., 2019). Daha once yapilan
caligmalarin sonuglarina gore, 1sirgan otu bir¢ok saglik sorununa;
mikrobiyal ve paraziter enfeksiyonlar, kanser, sarilik, mide
hastaliklari, yilan 1siriklari, seker hastaligi, karaciger ve bobrek
sorunlari, yaralar, idrar soktiiriicii, libido, akciger hastaliklar1, kalp-
damar hastaliklar1, hipotansif, kan temizleme, iirtiker, alerjik rinit,
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prostat bozukluklari, hemoroid, gut, romatoit artrit ve bagislk
gelistirici olarak bitkisel bir ilag olarak rapor etmislerdir (Testai vd.,
2002; Dhouibi vd., 2020).

Yoresel besin olarak tiiketimi: 3-5 yaprak olacak sekilde
genc yapraklar sap1 ile beraber toplanir. Yoresel olarak corba,
kavurma, borek ve ezmesi gibi ¢esitli yontemler ile yemekleri
yapilir. Her mevsim geng¢ yapraklan ¢ikar. Ozellikle ilkbaharda
cikan yapraklar besin olarak tiiketilir.

Geleneksel bilgide saghk amach kullanim: Ozellikle
ilkbaharda ilk ¢ikan yapraklarin kanser onleyici olarak tiiketilir.
Kanser hastaliginda tedavi edici olarak her giin tiiketilir. Isirgan otu
yorede bir¢ok sekilde saglik amacl kullanilir. En 6nemli yoresel
kullanim romatizma, eklem agrisi, eklem 6demleri ve diisme sonucu
olusan ezilmelerde, suda ¢ok az haglama yapilarak haricen
kullanilir.  Akciger ve karaciger hastaliklarinda, bdbrek
hastaliklarinda taze yapraklari ¢esitli pisirme yontemleri ile 6zellikle
corbasi ve ezmesi yapilarak tiiketilir. Kollesterol ve yag diisiirlicii
olarak tohumlar1 c¢ay yapilarak tiiketilir. Kok ve tohumlarn
kaynatilarak sa¢ dokiilmesini Onlemede kullanilir. Toprak iistii
kisimlar haslandiktan sonra ezilmelerde ezilen bolgeye sarilarak
kullanilir. Kulak delme isleminde uyusturucu olarak kullanilir.
Liflerinden corap ve ig¢lik oriiliir agarilarin gegirdigine inanilir.
Ezilme ilthabli yaralanmalarda bolgeye sarilir ve iyilesmeye
yardimer olur. Soguk algmliginda 1sirgan corbasi iyilesmeyi
hizlandirir. Kiriklara ve ¢ikiklarda kaynatilarak sicakken bolgeye
sartlir. Ilkbaharm ilk ¢ikan taze yapraklar her derde deva kaynag
bir ila¢ olarak tiiketilir. Cocuklarda parazit diisiiriicii olarak
kullanilir.

Yan etkisi: Yore halki tarafindan bilinen bir yan etkisi yoktur.
Bazi insanlarda karin agrist ve ishal yapabilir. Giinliik olarak fazla
tiiketildiginde ishal yapabilir.
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Mantarlar

Giresun yoresinde ¢ok cesitli cins ve tiirde yenilebilir dogal
mantarlar yetismektedir. Giresun ilinde 18 familyaya ait en az 45
yenilebilen mantar tiiriinlin yetistigi ve tiiketildigi bilinmektedir
(Karakayali vd., 2022: 593). Giresun yoresinde May1s ayindan Ekim
ayina kadar bir¢ok tiir mantar dogal ortamindan toplanarak gida ve
saglik amacl tliketilmesinin yaninda yore halki i¢in maddi gelir
kaynagidir. Kirsalda yasayan yore halki, dogadan topladig:
mantarlari satarak maddi gelir saglamaktadir. Giresun yoresinde ¢ok
cesitli cins ve tirde yenilebilir dogal mantarlar yetismektedir.
Giresun yoresinde yaygin olarak yetisen ve sik tiiketilen mantarlar;
findik mantar1 (Lactarius pyrogalus), kuzugobegi (Morchella spp.),
cayir mantari (Agaricus campestris), tavuk mantari (Cantharellus
cibarius), ¢orek mantar1 (Boletus reticulatus, edulis), aga¢c mantari,
kiikiirt mantar1 (Laetiporus sulphureus), geyik mantari, siitliice
(Lactarius volemus), act mantar, doruk mantari (Lactarius piperatus
vellereus), aladana (Sarcodon imbricatus), kanlica (Lactarius
deliciosus), piirpiiriim, sagakli mantar (Sparassis crispa), evelek
(Macrolepiota procera) (Peksen vd., 2016). Yabani mantarlarin
besin degerinin yiiksek olmasinin yaninda, onlara farkl diizeylerde
sagliga faydali etkiler gOsterme yetenegi veren cesitli biyoaktif
bilesikler igerirler (Wasser, 2014). Biyoaktif 6zellikleri arasinda
immiinomodiilatoér, antitimor, antihiperkolesterolemi,
antibakteriyel, antifungal, antiinflamatuar, antiviral, anti-diyabetik
ve kardiyovaskiiler saglig1 tesvik edici etkiler bulunur. (Vaz vd.,
2010; Pereira ve ark., 2012; Badalyan, 2019). Giiniimiizde mantar
Ozleri, esas olarak antitiimor aktivitesi ve bagisiklik fonksiyonunun
arttirllmasi amaciyla besin takviyesi olarak iglenmektedir (Wasser,
2017). Son yillarda gida ve ilag gelistirme amacl ¢ok kullanilan bir
kaynak olmustur (Prasad vd., 2015; Alonso vd., 2018). Diinyanin
bircok bdlgesinde oldugu gibi Anadolu halki da tarih boyunca
yabani mantarlar geleneksel bilgide saglik amagl kullanmiglardir.
Yabani mantarlar ucuz ve lezzetli gida kaynagi olarak
tiketilmektedir. Gilinlimiizde sagliga faydalar1 bilindikce saglik
amacl tiiketimi de artmistir. Yabani mantarlarin geleneksel bir besin
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olarak kullanimindan tibbi amacgli kullanimina kadar genis bir
tilketim amac1 bulunmaktadir. Giresun ydresinde mantarlarin ¢ogu
yore halki tarafindan yaylalardan toplanir ve halk pazarlarinda satisa
sunulur.

Yoresel besin olarak tiiketimi: Mantar tiirline gore ¢esitli
toplama sekilleri vardir. Genel olarak sapka kismi besin olarak
kullanilir. Yorede encok soganli kavurmasi yapilir. Odun atesinde
kozleme ve firinda igine tereyagi konularak pisirme sekilleri de
vardir.

Geleneksel bilgide saghk amach kullanimi: Yorede mantar
genel sifa kaynagi olarak bilinir. Saglikli olmak icin ve 6zellikle
kanser Onleyici olarak tiiketilir. Kanser hastaliginda tedavi edici
olarak, kansizlikta ve bagisiklik giiclendirici olarak bilinir. Saglig
korumada ve hastalikta mantarin iyi gelecegi bilinir ve tiiketilir.

Yan etkileri: Yabani mantarlari tanimak uzmanlik gerektirir.
Yorede yasayan ve yenilebilen mantarlar1 bilen kisiler tarafindan
toplanmalidir. Yenilebilir mantarlarin  yaninda ¢ok zehirli

mantarlarda benzer goriinimde bulunabilir. Zehirli mantarlar ¢ok
tehlikelidir.
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Kaynak kisiler

Selime DEMIR, 85 yas, Piraziz Gokgeali Koyii.
Muradiye DEMIR, 97 yas, Piraziz Gokgeali Koyii.
Emine AYDIN, 88 yas, Piraziz, Sifli Koyt

Huriye Yilmaz, 96 yas, Piraziz, N.Piraziz Koyii

Bekir EROL, 90 yas, Merkez, Lapa Koyt

Abdullah KILICASLAN, 80 yas, Merkez, Yayalacik Koyt
Niyazi KARAKILIC, 70 yas, Bulancak, Aydindere Kdyii
Ayse SARI, 95 yas, Bulancak, inecek Koyii

Ali TORAMAN, 84 yas, Piraziz, Bozatl Beldesi

Ahmet PEKDEMIR, 68 yas, Piraziz, Bozat Beldesi
Nebile PEKDEMIR, 85 yas, Piraziz Bozat Beldesi
Fatma KARAMAN, 76 yas, Piraziz, Giineykoy

Makbule BICER, 88 yas, Dereli, Kulakkaya Koyii
Sengiz BATAN, Dereli, Yazuzkemal Koyt

Giilstim AYHAN, 72 yas, Dereli,Kiziltas Koyt
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Zenisan KACMAZ, 72 yas, Kesap, Camlica Koyii
Ayse KAYA; 78 yas, Yaglhdere, Ugtepeler Koyii

Ayse YILMAZ, 71 yas, Yaglidere, Tekke Koyii
Kiymet YILMAZ, 70 yas, Yaglidere, Teke Koyt
Havva ARPACIK, 86 yas, Espiye, Arpacik Kdyii

Ayse GURBUZ, 68 yas, Giice, Ilit Koyii

Hasan AMCA, 84 yas, Giice, ilit Koyii

Ayse ORMANCI, 93 yas, Alucra, Doludere Koyt
Hanife CAKMAKCI, 70 yas, Alucra, Doludere Koyt
Meliha UNALDI, 88 yas, Sebinkarahisar, Kinik Koyii
Nurettin UNALDI, 92 yas, Sebinkarahisar, Kinik Kdyii
Havva BAYRAKTAR, 76 yas, Sebinkarahisar, Aslancik Koyii
Suzan SILAY, 60 yas, Sebinkarahisar, Tamzara Beldesi
Dudu AYRIC, 78 yas,Alucra, Cakrak Koyt

Seher KOZLEMECI, 73 yas, Alucra, Cakrak Koyii
Hatem KOPRUBASI, 70 yas, Camoluk, Taspinar Koyii
Mehmet AYASLI, 72 yas, Camoluk, Yenice Koyii
Fadime ASLAN, 92 yas, Dogankent, Siitliice Kdyii
Kadir ORTAC, 80 yas Camoluk, Yenice Koyii

Litfiye KARAHAN, 78 yas, Dogankent, Catak Koyii
Hiiseyin DURDU, 65 yas, Gorele, Kirikli Koyii

Selime BALCI, 82 yas, Eynesil, Oren Kéyii

Elmas KOLAH, 95 yas, Eynesil, Oren Koyii
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CHAPTER V

Gidalarda 3- Ve 2- Monokloropropandiol (Mcpd) Ve
Esterleri Ile Glisidil Yag Asidi Esterlerinin (Ge)
Varhgi Ve Olusum Mekanizmasi

Ozkan ASLAN!
Halime PEHLIiVANOGLU?
Murat TASAN?®

Giris
Gida giivenligi, literatiirde birgok tanimi bulunan “esnek bir

kavramdir”. Birlesmis Milletler Diinya Gida Giivenligi Komitesi
(UNCFS) gida giivenligini, tiim insanlarin hayatlar1 boyunca aktif ve

! Tekirdag Namik Kemal Universitesi, Fen Bilimleri Enstitiisii, Gida Miihendisligi
Anabilim Dal, TEKIRDAG

2 Tekirdag Namik Kemal Universitesi, Veteriner Fakiiltesi, Gida Hijyeni ve Teknolojisi
Bolimi, TEKIRDAG

3 Tekirdag Namik Kemal Universitesi, Ziraat Fakiiltesi, Gida Mithendisligi Boliimi,
TEKIRDAG

Bu ¢ahisma Ozkan Aslan’n Yiiksek Lisans tezinin bir boliimiinden

diizenlenmistir.
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saglikl1 bir beslenme i¢in beslenme ihtiyaglarini ve gida tercihlerini
karsilayan giivenli ve besleyici gidaya fiziksel, sosyal ve ekonomik
erisime sahip olma kosulu olarak tanimlamaktadir (IFRPI, 2021).
Gida kaynakli hastaliklar, 6nlenebilir bir halk sagligi sorunudur.
Giiniimiizde herkesin gida kaynakli bir hastaliga yakalanma ihtimali
yuksek olsa da bebekler, cocuklar ve yaglilar gibi baz1 gruplar daha
biliylik risk altindadir. Bu baglamda, gidanin islenmesi sirasinda
olusan kusurlar1 veya kontaminantlar1 belirleyecek yoOntemleri
bulmak, bu kontaminantlarin toksikolojik etkilerini belirlemek ve
bunlari azaltmak onemlidir (Garballo-Rubio & ark., 2017).

Son zamanlarda gidalarda kesfedilen islem kirleticilerinin
cogu, geleneksel yiyecek ve bilesenlerin hazirlanmasi sirasindaki
1sitma asamasinda olusmaktadir. Gidanin istya maruz kalmasi,
mikrobiyal tehlikeleri azaltmak veya ortadan kaldirmak ayni
zamanda yiyecekleri lezzetli hale getirmek gibi sayisiz yararlarinin
yani sira, islem uygun sekilde kontrol edilmezse (6rnegin asiri
pisirme) bazi riskler de tasir.

Bitkisel yaglar ve hayvansal yaglarin da i¢inde bulundugu
yemeklik yaglar, gidanin islenmesindeki 6zel avantajlart nedeniyle
evlerde, restoranlarda ve gida endiistrilerinde yaygin olarak
kullanilmaktadir (Cao & ark., 2017). Yenilebilir yaglarin; ucucu
kirleticileri, kokular1 ve renklerinin tiiketici kabuliine uygun hale
getirmek ve raf stabilitesini saglamak amaciyla endiistriyel olarak
islenmektedir. Bununla birlikte endiistriyel siire¢ istenmeyen
kirletici maddelerin liretimine de yol acgabilir (MacMahon, 2016).
Kat1 ve s1v1 yaglar, uzun siireli depolama veya derin yagda kizartma
islemi sirasinda yag trlinlerinin lezzetini, dokusunu, islevsel ve
besleyici kalitesini 6nemli dlgiide etkileyen yiiksek sicaklik, nem ve
metal iyonlar1 ile bozulma gosterirler. Bu proseslerde termo-
oksidasyon, hidroliz, siklizasyon, polimerizasyon ve izomerizasyon
reaksiyonlar gibi bir¢ok kimyasal reaksiyonlar yer alir ve bu da ¢cok
sayida zararl1 {iriiniin ortaya ¢ikmasina neden olur. Hidroperoksitler,
polisiklik aromatik hidrokarbonlar (PAH’lar), aldehitler, 3-
monokloropropan-1,2-diol (3- MCPD) esterler ve glisidil esterler de
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dahil olmak fiizere bu bozulma kimyasallar1 insanlar iizerinde
olumsuz saglik etkileri olusturur (Cao & ark., 2017).

Yenilebilir yaglar, yiiksek sicaklik ve/veya oksijen gerektiren
islemlere tabi tutulduklarinda, toksisiteye sahip bilesiklerin
iiretilmesiyle kolaylikla yapisal bozunma veya doniisiime ugrarlar.
Yemeklik yaglar ve gida iirlinlerinden kaynaklanan toksik
kirleticiler, kaynaklarina gore genel olarak iki gruba ayrilir;

1- Termooksidatif strese tepki olarak yalnizca yagin ana veya
kiiciik bilesenlerinin yapisal ayrismasindan veya doniisiimiinden
kaynaklanan;

2- yagdan ve yemeklik yaglarda islenen gidalardan
kaynaklanan bilesenleri igeren, agirlikli sekilde termooksidatif
olarak indiiklenen reaksiyonlar/etkilesimler tarafindan olusanlar
(Aladedunye, 2016).

Isil islem, isleme veya koruma amaciyla gidalara uygulanir.
Maillard reaksiyonu da dahil olmak iizere bircok kimyasal
reaksiyon, termal proses sirasinda ilerler ve birkag bilesigin olusumu
ile sonuglanir. Bu bilesikler gidalara istenilen birgok 0Ozelligi
kazandirmakla birlikte insan saghigi {izerinde kanserojen ve
mutajenik etkiler de gosterebilirler. Bu nedenle bu bilesiklere
“termal proses kirleticileri” adi verilir (Lineback & Stadler, 2009).
Bununla beraber yagli tohumlarin veya hazirlanmis yag tiriintiniin
uygunsuz depolanmasi da toksik yan {irlinlerin olusumuna neden
olabilir (MacMahon, 2016).

Gegtigimiz yirmi yilda, gidalarda akrilamid ve furan gibi bir
dizi kimyasal kirletici kesfedildi. Bu kimyasallardan biri de 3-
Monokloropropan-1,2- diol (3-MCPD) ve glisidil esterdir (GE). 3-
MCPD ve GE serbest veya esterlesmis formlarda bulunabilen 1s1l
islem kaynakli gida bulasanlaridir. Uluslararasi Kanser Arastirma
Ajanst (JARC) GE'lerin insanlarda muhtemel genotoksik ve
kanserojen (2A Grubu) etkisine sahip oldugunu belirtirken, 3-
MCPD nin genotoksik olmayan olas1 kanserojen (2B Grup) etkiye
sahip oldugu belirtilmistir. 3-MCPD rafine bitkisel yaglar, patates
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iriinleri, kizarmis yiyecekler, bebek mamalari, kahvaltilik gevrekler,
et lirlinleri, siit tirtinleri, tah1l ve unlu mamuller, biskiiviler, corbalar,
soslar ve kavrulmus kahvede gida gidalarda tespit edilmistir. Bu
calismalar igerisinde en dikkat ¢ekici olani yenilebilir rafine bitkisel
stvi ve kati yaglardaki yiliksek seviyelerde bulunan 3-MCPD
esterleridir. EFSA, 3-MCPD ve esterleri i¢in giinliik tolere edilebilir
almi 2 pg/kg viicut agirhigr olarak bildirmistir. Giiniimiizde
gidalarda bulunan MCPD ve GE’nin tespiti i¢in agirlikli olarak
kullanilan 3 dolayli yontem bulunmaktadir ve 2014 yilinda Avrupa
Komisyonu tarafindan bu yontemlerin kullanilmas1 tavsiye
edilmistir. Bu yontemler; AOCS Resmi Yontemi Cd 29a-13
(Unilever yontemi), AOCS Resmi Yontemi Cd 29b-13 (3- in-1),
AOCS Resmi Yontemi Cd 29¢-13 (DGF C-VI 18 (10).

Proses Kirleticileri

Islemden kaynaklanan gida zehirleri olarak adlandirilan
kirleticilere termal proses kirleticileri ad1 verilir. Gida isleme veya
gida hazirlama sirasinda olusan ve insanlarda potansiyel olarak
olumsuz saglik etkileri olusturdugu diisiiniilen kimyasal maddeler
olarak da tanmimlanir. Bu tiir bilesikler, insanligin yemek pisirme,
fermantasyon veya baska yollarla yiyecekleri islemeye
baslamasindan bu yana diyetimizin bir parcasi olmustur. Bununla
birlikte, gidalardaki toksik maddelerin tespiti, son yillarda analitik
tespit teknolojilerindeki biiylik ilerlemeler nedeniyle artmaya
baslamistir. Cogu durumda istenmeyen bilesiklere yol acan isleme
uygulamalar1 kizartma, firinlama, kavurma, 1zgara ve mikrodalgada
pisirme gibi 1sitmay1 igeren uygulamalardir.

Bilinen Termal Proses Kirleticiler

Heterosiklik Aromatik Aminler

Heterosiklik aromatik aminler (HAAlar), kloropropanoller ve
akrilamid, termal proses kirleticilerinin 6nemli 6rnekleridir. Bunlara
ek olarak, Maillard reaksiyonlarinin sonraki asamalarinda olusan
bilesikler olan ileri glikasyon son iiriinlerinin (AGE’ler) birikimi,
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cesitli dejeneratif hastaliklarla baglantilidir. AGE’ler i¢in yaygin
ornekler karboksimetillisin (CML), piralin ve pentosidindir. A-
Dikarbonil bilesikleri, AGE’lerin olusumundan sorumlu 6nciilerdir
ve ayrica sitotoksik etkiler gosterdikleri i¢in proses Kirleticileri
olarak da adlandirilirlar (Gensberger, Mittelmaier, Glomb ve
Pischetsrieder, 2012). Bu Kkirleticilere ek olarak 3-
monokloropropan-1,2-diol (3-MCPD) esterler ve glisidil esterler de
son zamanlarda arastirilan Onemli termal proses kirleticilerden
biridir.

5-Hidroksimetil-2-furfural (HMF), islenmis gidalarin 1sil
islemi ve/veya depolanmasi sirasinda olusan proses kirleticilerinden
biridir. Lipid agisindan zengin gidalarin 1s1l islemi, farkli aldehitlerin
olusumuyla sonuglanan lipidlerin oksidasyonuna yol agcar.
Malondialdehit (MDA), 4-hidroksi-2-nonenal (4-HNE) ve 4-
hidroksi-2-heksanal (4-HHE), insan sagligina zararl etkileri oldugu
bilinen lipid oksidasyon iirlinleridir. HMF, gidalarda Maillard
reaksiyonu ile 1sil islem sirasinda asidik kosullar altinda heksoz
sekerlerin dehidrasyonundan olusur. Gastrointestinal sistemde hizla
emilir ve  HMF konsantrasyonu yiiksek oldugunda tasinmasi
hizlanir. Insan sagligi {izerindeki dogrudan toksisitesi hakkinda
netlesmis bir kanit yoktur, ancak gidalardaki seviyelerini diisiirmek
icin ¢caligmalar yapilmaktadir. (Hamzalioglu & Gokmen, 2020).

Heterosiklik aromatik aminler (HAA) ise ilk olarak 1970’lerde
Japonya’daki Ulusal Kanser Merkezi Arastirma Enstitiisiinde
Sugimura grubu tarafindan tanimlanmistir. Protein agisindan zengin
gidalarda amino asitlerin yogun sicakliklarda (200-250 ° C)
isitilmasi sirasinda veya karbonhidratlardan, amino asitlerden ve
kreatinden Maillard reaksiyonunun bir parcasi olarak olusurlar.
Literatiirde bahsedilen 30 bilesigin 10’unun kemirgenlerde
kanserojen oldugu bilinmektedir (Murkovic & ark., 2018). Son
zamanlarda, HAA’lar IARC tarafindan olas1 bir kanserojen olarak
kabul edilmektedir (IARC, 2018).
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Akrilamid

Akrilamid, asparagin ile bir karbonil bilesigi arasinda
gerceklesen pisirilme (firinlanma, kizartilma, 1zgarada pisirilme,
kavrulma) islemi ile Maillard reaksiyonunun bir sonucu olarak
olusur ve farkli gida iiriinlerinde bulunur. Reaksiyon siirecinde
birgok farkli molekiil olusur ve bunlarin bazilar1 arzu edilmektedir
ciinkii bunlar gidanin dokusunu, lezzetini ve aroma profilini
iyilestirmektedir. Bu nedenle asil zorluk, akrilamid gibi maddelerin
olusumunu Onlemektir ancak ayni zamanda 1sitilmis gidalarin
onemli organoleptik ozelliklerini de korumak gerekir (Stadler &
Theurillat, 2017).

Gidalarda akrilamidin kesfedilmesinden kisa bir siire sonra
cok sayida aragtirma grubu, akrilamid olusturan temel onciileri ve
mekanik yollar1 belirlemek i¢in bir dizi arastirma ortaya koymustur
(Mottram, Wedzicha & Dodson, 2002). Gidalardaki akrilamidin
varligiin dis kaynaklardan (¢evre, ambalaj malzemeleri) degil, 1s1l
islem sirasinda Maillard reaksiyonu yoluyla islem kosullarinin bir
sonucu oldugu raporlanmistir. Diisiik nem kosullarinda (firinlama,
kizartma, 1zgara) 120°C’ den yiiksek sicakliklara maruz kaldiginda
belirli yiyeceklerde indirgen seker varliginda agirlikli olarak
asparagin olusur. Belirtilen Onciilleri 6nemli oranda igeren
hammaddeler tahillar, patatesler, yesil kahve, cesitli sebze ve
meyvelerdir. Bu hammaddelerden 1si1l islemle hazirlanan gida
maddeleri, ticari veya evde hazirlanmasindan bagimsiz olarak
yliksek akrilamid icerigi olusturabilir (Murkovic & ark., 2018).

Kemirgenlerde yapilan deneylerde, akrilamidin bir¢ok organa
etki eden bir kanserojen oldugu, lireme ve gelisimsel toksisite
belirtileri gosterdigi, iskelet varyasyonlarnin artmasi, hafif
bozulmus viicut agirlig1 artisi, merkezi sinir sistemindeki histolojik
degisiklikler =~ ve  norodavranigsal  etkilerinin  bulundugu
raporlanmistir (EFSA, 2015). Ayrica hayvan c¢alismalarina
dayanarak, Uluslararas1 Kanser Arastirma Ajansi (IARC), yeterli
hayvan ve smirli insan kaniti temelinde akrilamidi grup 2A
(muhtemelen insanlar icin kanserojen) olarak siniflandirmistir.
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Avrupa Gida Giivenligi Otoritesi (EFSA), gidalardaki akrilamidin
tim yas gruplarindaki tiiketiciler i¢in kanser gelistirme riskini
potansiyel olarak artirdigini dogrulamistir (Stadler & Theurillat,
2017).baz1 gida maddelerindeki akrilamid seviyeleri Tablo 1°de

verilmistir.

Tablo 1. Bazi gida maddelerindeki ortalama akrilamid
seviyeleri(Stadler ve Seefelder, 2016)

Gida maddesi Ortalama Gosterge Yetiskinlerde
akrilamid degeri akrilamid
seviyeleri (ng/ke) maruziyetinin toplam
(ng/kg)? besin gruplarina

yiizdesi (%)P
(ergenlerde)

Taze patates ve patates 389 1000 0,7-6,7 (1,7-11)

hamurundan elde edilen

patates cipsi; patatesli

krakerler

Tiiketime hazir patates 308 600 9,7-49 (10-51)

kizartmasi

Ekmek

Bugday bazli 42 80 9,9-22 (0,1-23)

Bugday bazli olanlar 57 150 0,9-10 (1,5-12)

harig¢

Bugday ve ¢avdar bazli 170 300 0,9-9,8 (<0,05-17)

iirtinler

Mustr, yulaf, 102 200 0-7,5 (0-7,5)

kilgiksiz

bugday, arpa ve

piring bazli

iriinler

Biskiivi, (gofret)S, 265 - 2,4-17 (2,2-24)

kraker
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gevrek ekmek ve

benzeri

Patates esash 231 500 0-7,5 (0-7,5)
kraker harig

kraker

Zencefilli ¢orek 407 1000 0-6 (0-6,2)
Patates, tahil ve 97 TED 18-36 (20-72)
kakaoya

dayali diger

uriinler

Kavrulmus kahved 249 450 0,7-20 (<0,05-2)
Hizli kahved 710 900 0,1-7,2 (0-1,4)

TED: Tespit edilmeyen deger, a: Ortalama sinir seviyeleri. B:
Akrilamid alt sinir1 maruziyetine yiizde olarak ifadesi, besin
gruplarinin minimum ve maksimum katkisi (aksi belirtilmedikge
yetigkinler icin). C. AB Tavsiyesi 2013/647/EU’da biskiivilere dahil
olan gofretler. D. Kuru maddeye dayalidir. E.Bebek grubu igin.

Gilinlik akrilamid alimina iliskin tahminler, ortalama
maruziyet icin 0,4 ile 1,9 pg/kg viicut agirhigr arasinda
degismektedir. Cocuklar viicut agirlig1 bazinda en ¢ok maruz kalan
yas grubudur. Epidemiyolojik ¢alismalarda akrilamid alimi, yaygin
kanser riskinde artisla iligkilendirilmemistir ancak kanitlar sinirli ve
tutarsizdir (Murkovic & ark., 2018).

o, p-doymamus Aldehit

Yemekleri kizartmak i¢in yemeklik yaglarin yiiksek
sicakliklara 1sitilmas1 diinya c¢apinda yaygin bir uygulamadir.
Bununla birlikte, yaglar, 6zellikle uzun siire yiiksek sicakliklarda
tutuldugunda termal bozulmaya ugrar. Gida giivenligi agisindan bir
diger endise, toksik a, f-doymamus aldehitlerin iiretimidir ve bunlar;
akrolein, krotonaldehit ve 4-HNE’yi kapsamaktadir. Bu bilesikler
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kronik enflamasyon, norodejeneratif hastaliklar, yetigkin solunum
giicligii sendromu, aterojenez, diyabet ve farkli kanser tiirleri dahil
olmak iizere bir dizi hastalik i¢in potansiyel nedensel ajanlar olarak
kabul edilir. Bu oksidasyon iiriinlerinin serbest radikal islemiyle
iretildigi ve 1sitma ile hizin arttigi bilinmektedir (Guillen &
Goicoechea, 2008).

Yapilan bir ¢aligmada, toplam 76 bitkisel yag ornegi (misir
yagi, aygicek yagi, kanola yagi, yerfistig1 yagi, soya fasulyesi yagi
ve sizma zeytinyagl) analiz edilmis ve numunelerin 19’unda
maksimum 185 pg/kg (ppb) miktarlarda 4-HNE icerdigi tespit
edilmistir (Papastergiadis & ark., 2014).

Lang & ark., (1985), iki Aycicek yagi drneginin sirastyla 12
ve 234 pg/kg (ppb) icerdigi ve iki zeytinyagi orneginin sirastyla 61
ve 1139 pg/kg (ppb) oldugunu,

Surh & Kwon. (2005), Zeytinyagr numunelerinin 2666 =+
722ug/kg (ppb), misir yaginin 130 + 110ug / kg (ppb), soya fasulyesi
yaginin 499 + 144ug / kg (ppb), susam yaginin 277 + 147ug/kg
(ppb), kizartma yagimin ise 197-344pg / kg (ppb)degerine sahip
oldugunu bildirmistir.

Furan

Furan (C4H40), yiiksek uguculuga (kaynama noktasi: 31°C)
ve lipofiliklige sahip organik bir bilesiktir. Cok cesitli 1s1 ile islenmis
gidalarda (0-6000 mg/kg) furan varligi, “insanlar igin olasi
kanserojen bir bilesik” olarak kabul edilmektedir. Gidalarda furan
olusumunda birden fazla yol vardir. Sekerlerin ve amino asitlerin
termal bozunmasi ve yeniden diizenlenmesi ile ¢oklu doymamis yag
asitlerinin ve askorbik asidin termo-oksidasyonu, gidalardaki
olusumundan sorumlu olarak gosterilmektedir. Yiiksek ucuculuguna
ragmen furan, patates cipsi, kraker, gevrek ve kizarmis ekmek gibi
acik kaplarda islenen diisiik nemli yiyeceklerde de tespit edilmistir
(Murkovic & ark., 2018).
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Gidalardaki furan seviyelerinin 1 pg/kg ile 7000 pg/kg
arasinda  degistigi  bildirilmektedir. En  yiikksek  furan
konsantrasyonlar1 kavrulmus ve hazir kahvede bulunurken, bunu
maksimum diizeyi 200 pg/kg’den biraz daha yiiksek olan bebek
mamalart ve ¢orbalar izlemektedir. FDA 6zellikle konserve grubu
(cam kavanozlar dahil) yiyecekler ile tahmini furan aliminin
bebeklerde giinde <0,03 ile 3,5 mg/kg viicut agirligi, yetiskinler de
ise 1,1 ile 23 mg olarak ayrica kahveden giinliik alim miktarinin 2,4
ila 120 mg olarak raporlamistir (Murkovic & ark., 2018).

Polisiklik Aromatik Hidrokarbonlar

Polisiklik aromatik hidrokarbonlar (PAH’lar), yapilarinda iki
veya daha fazla aromatik halka ile kimyasal olarak taninan gesitli
organik bilesikler grubudur. PAH’lar genellikle yiizlerce bilesikten
olusabilen karmasgik karigimlar halinde ortaya ¢ikar. PAH’larin cogu
icin kanserojen ve genotoksik potansiyelleri bulunan tehlike ve risk
karakterizasyonlar1 faktorii bulunan olarak kabul edilmektedir
(Murkovic & ark., 2018). PAH’larin akut toksisitesi diigiiktiir.
Bununla birlikte, diolepoksitler, radikal katyonlar veya o-kinonlar
olusturmak i¢in hem mutasyonlar1 hem de kanseri baslatabilecek
kararli DNA eklentilerinin olusumuna yol acabilmektedir (Xue &
Warshawsky, 2005).

PAH’lara ii¢ ana yoldan maruz kalma gerceklesir. Bunlar;
soluma, cilt temasi1 ve gidalar. PAH’lara maruz kalma dogum 6ncesi
donemden baslayarak gerceklesir, hava ve anne siitiinden alim
yoluyla dogum sonrast da devam eder (Perera & ark., 2005).
PAH’lara ¢evresel maruziyet, biiyiik sehirlerde ve yiiksek diizeyde
sanayilesmis bolgelerde, kirsal alanlara gore daha ytiksektir (Zhang
& Chen, 2017). Ancak hem JECFA hem de EFSA, insanlarin
PAH’lara maruz kalmasimmin ana kaynaginin gidalar oldugu
sonucuna varmistir (European Food Safety Authority, 2008).
Gidalardaki PAH seviyeleri; gidanin islenme siiresi ve sicakligi
(daha yiiksek sicaklik ve daha uzun siire PAH miktarini artirir), 1s1
kaynagina olan mesafe (mesafe ne kadar fazla ise gidalardaki
kontaminasyon o kadar diisiik gerceklesir), islem tiirli (1zgara,
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kavurma, tiitsiileme, kurutma), kullamilan yakit tiiri (Ornegin,
karbonun yanmasi, odundan daha az PAH fretir) ve islenmis
gidadaki yag miktarina gore degismektedir (Purcaro, Moret &
Conte, 2013).

IARC, AB listesindeki 12 PAH’1 insanlar i¢in kanserojen
(grup 1), biiyiik bir olasilikla kanserojen (grup 2A) ve insanlar i¢in
potansiyel kanserojenler (grup 2B) olarak tanimlamistir. (WHO,
2016). Yiyecekler; havada, toprakta, suda bulunan veya gida isleme
ve pisirme sirasinda olusan PAH’lar tarafindan kontamine olabilir.
PAH’larin diyet ile aliminda en fazla karsilasilan gidalar; baharatlar,
kat1 ve sivi yaglar, kurutulmus meyveler (yanma iriinlerinin
dogrudan gida ile temas etmesine izin verildiginde), tiitsiilenmis et
ve balik iirlinlerinde bulunur. Gida gruplarina gore en yiiksek toplam
PAH seviyeleri et ve et {irlinlerinde (26 pg/kg), sivi ve kat1 yaglarda
(23 pg/kg) ve tahillarda (20 pg/kg) tespit edilmistir. (Murkovic &
ark., 2018).

Ileri Glikasyon Son Uriinleri (AGE)

Gida islemede, Maillard reaksiyonu genellikle farkli tiirdeki
gidalara lezzet ve renk saglamak ic¢in kullanilir (Poulsen & ark.,
2013). Bununla birlikte, bu siirece genellikle bazi potansiyel
kimyasal tehlikeler de eslik eder. Bu tehlikeler arasinda, gelismis
glikasyon son iiriinleri (AGE’ler), Maillard reaksiyonu sirasinda bir
dizi reaksiyon sonucu liretilen zararl bilesikler sinifidir (Luevano-
Contreras, 2010). AGE’lerin olusum seviyeleri proteinlerin, yaglarin
ve karbonhidratlarin tiirleri ve igerikleri, nem seviyeleri ve mineral
elementler gibi birgok faktoérden etkilenir (Delgado-Andrade & ark.,
2010). Bununla birlikte gerceklesen reaksiyonun siiresi, isleme
sicakligl, reaktan konsantrasyonu, su mevcudiyeti ve pH, Maillard
reaksiyonunda Onemli roller oynadiklar1 i¢in AGE’lerinin
olusumunu etkilemektedir (Goldberg & ark., 2004).

AGE’lerin miktar1 gidalardaki protein, yag, seker ve diger
maddelerle iligkilidir. Goldberg & ark., (2004) protein ve yag
seviyelerinin gidalardaki AGE’lerin seviyesi ile pozitif bir sekilde
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iliskili oldugunu kanitlamistir. Fang & ark., (2014) elma ve hamur
gibi yiiksek nem seviyesine sahip yiyeceklerin nispeten diisiik AGE
icerigine sahip oldugunu, siit, siit tozu ve kizarmig tavuk gibi yiiksek
protein igerigine sahip yiyeceklerin ise nispeten yiliksek AGE
icerigine sahip oldugunu gostermistir. Sun & ark., (2015) sig1r eti,
domuz eti ve tavuktaki AGE miktarlarinin farkli protein, yag ve nem
icerikleri nedeniyle farkli seviyede oldugunu bulmustur. Bununla
birlikte lipid peroksidasyonu, Maillard reaksiyonuna yol acan ve
ardindan AGE’leri olusturan dikarbonil bilesikleri tiretmektedir.
Lipid peroksidasyonu genellikle et gibi yiiksek yaglh gidalarda
bulunmakta, kati ve sivi yaglar bu nedenle gidalarda AGE’lerin
olusumunu tesvik etmektedir (Hidalgo & Zamora, 2010).

Yapilan ¢alismalarda; pastorize siitte 10,4 mg/kg protein, siitte
354 KU / L, Izgara dana etinde (232°C) 21,8 pg/g, Izgara somonda
(232°C) 12,23 pg/g, firin somonda (177°C) 8,59 pg/g, haslanmis
dana etinde 27,3 mg/kg protein, ekmek ve kurabiyede 178 mg/kg
protein, misir gevreginde 281 mg/kg protein, elmada 45 KU/100 g,
muz 9 KU/100 g, kahvede 84,1 mg/kg protein AGE tespit edilmistir
(Assar & ark., 2009; Goldberg & ark., 2004; Chen & Smith, 2015;
Hull & ark., 2012; Uribarri & ark., 2010). Ayrica Cengiz & ark.,
(2020) yapmis olduklar1 bir ¢alismada glioksal ve metilglioksal
miktari cipslerde 94 ile 1464 ile 123-661 pg/100 g arasinda,
krakerlerde 338 ile 1936 ile 727-1397 ug/100 g arasinda ve 8 ile
1575ile 111-1201 ng/100 g arasinda tespit etmislerdir.

Gida islemedeki potansiyel kimyasal tehlikeler ile insan
viicudundaki bircok kronik hastalik arasinda yakin iliski
bulunmaktadir. Son arastirmalar, AGE’lerin in vivo birikiminin
insan viicudunda oksidatif stres tepkisine veya ¢esitli hastaliklara yol
acabilen sinir hiicresi hasarima neden olabilecegini bulmustur.
Bununla  birlikte  ndrodejeneratif  hastaliklar, inflamatuar
reaksiyonlar, bobrek hastaligi, kardiyovaskiiler ve serebrovaskiiler
hastaliklara ve kansere neden olabilmektedir (Wang & ark., 2012).

~113-



3-Kloropropan 1,2-Diol (3-MCPD) ve Glisidil Esterler

3-MCPD, erkek dogurganlig: iizerindeki toksik etkisi ile 70'l1
yillarin  sonlarindan beri bilinmektedir. 1978'de, 3-MCPD'nin
yenilebilir yag 6zlerinden asit hidrolizi ile iiretilen hidrolize bitkisel
proteinlerde olusturulabilecegi gosterilmistir. Bu konudaki yayinlara
80'li yillarin baslarinda Cek arastirmacilar dahil olmustur. 1994
yilinda 3-MCPD'nin "genotoksik bir kanserojen" olarak goriilmesi
gerektigini sdyleyen Gida Bilim Kurulu (SCF) goriisiinii takiben
gidalardaki 3-MCPD seviyeleri iizerine daha fazla calisma
yaymlanmistir. 2000 yilinda perakende gida iirlinlerinde 3-MCPD
ile ilgili seviyeler yaymlanmistir. SCF goriisii 2001'de giincellenmis
ve bir diizenleyici sinir belirlenmistir. 2001'de Birlesik Krallik Gida
Standartlar1 Ajansi, istiridye soslarinda ve soya soslarini i¢eren bazi
numunelerin Avrupa Birligi tarafindan giivenli kabul edilenden daha
yuksek seviyelerde 3-MCPD i¢erdigini tespit etmistir (Brug & ark.,
2014).

3-MCPD ve diger baz1 kloropropanol esterler, bu tarihten
itibaren gida trlinlerinde istenmeyen gida kontaminantlar1 olarak
tanimlanmistir.  Gidalardaki serbest veya ester formundaki
kloropropanoller, ¢esitli konfiglirasyonlarda bir veya iki klor
atomuna sahip olan klorlu gliserol tiirevleridir. Bu kloropropanoller
arasindaki ana bilesikler, 2,3-DCP, 3-MCPD, 2-MCPD'nin serbest
ve yag asidi esterleridir. Propanol molekiiliindeki klorun konumuna
gore 2-MCPD veya 3-MCPD olarak adlandirilirlar (Kalkan, Topkafa
& Kara, 2021).

3-MCPD ve Glisidil Esterlerin Fiziksel Ozellikleri

3-MCPD, oda sicakliginda yogunlugu 1,32 g/cm’ 3, erime

noktas -40°C ve kaynama noktas1 760 mmHg'de 213°C olan renksiz
veya ucuk sar1 viskoz yagli bir sividir. 3-MCPD higroskopiktir suda
ve metanol, etanol, kloroform ve etil asetat gibi orta ile yiiksek
polariteye sahip organik coziiciilerde yiiksek oranda ¢oziiniir. 2-
MCPD benzer sekilde oda sicakliginda higroskopik bir yapiya sahip
renksiz veya soluk sar1 yaglh bir stvidir. 1,3 £ 0,1 g/cm™ yogunluga
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ve 760 mmHg'de 213°C kaynama noktasina sahiptir. Glisidol, oda
sicakliginda renksiz bir sividir, suda ve ¢ogu polar ¢oziiciide ¢oziiniir
(EFSA, 2016).

3-MCPD ve Glisidil Esterlerin Kimyasal Yapisi

Kloropropanoller, 1 veya 2 pozisyonlarinda bir klor atomuna
sahip olan klorlu gliserol analoglaridir. Klorun konumuna gére,
MCPDE'ler iki tiire ayrilir: 3-monokloro-1,2-propandiol esterler (3-
MCPDE'ler) ve 2-monokloro-1,3-propandiol  esterler  (2-
MCPDE'ler). Bu bilesikler, yag asidi esterleri olarak sivi ve kati
yaglarda da  bulunabilir. 2-MCPD ve 3-MCPD gibi
monokloropropandioller, mono- veya diesterler olarak meydana
gelebilirken, dikloropropanoller (1,3-DCP ve 2,3-DCP) yalnizca
monoesterler olarak ortaya cikabilir. Kloropropanoller yapiya bagh
olan klor atomu sayisina bagli olarak mono- veya dikloropropanoller
(DCP) seklinde adlandirilmaktadir. Dikloropropanoller monoester
formunda bulunurken, monokloropropandioller monoesterler ve
diesterler halinde bulunmaktadirlar. Klorun bagli oldugu propanol
molekiiliindeki konumuna bagl olarak da 2- MCPD veya 3-MCPD
olarak adlandirilmaktadirlar. 3-MCPD’nin hidroksil gruplarinin yag
asitleriyle kismi veya tam esterlesmesine bagli olarak 3-MCPD-
monoesterleri veya 3-MCPD- diesterleri olusmaktadir (Turan, Solak
& Keskin, 2018). Tiim bu bilesikler benzer yapilara sahip olmalarina
ragmen farkli metabolik ve toksikolojik 6zelliklere sahiptirler
(Albuquerque & ark., 2019). Sekil 1’de MCPD’nin yapilar
gorlilmektedir.
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Sekil 1. 3-MCPD'nin yapilar: ve 3-MCPD'nin yag asidi esterleri
R=yag asitleri(Bakhiya vd.,2011)

Glisidil esterler (GE'ler), glisidoliin (2-oksiranmetanol) yag
asidi esterleridir ve yenilebilir yaglarda dolayli yontemlerle analiz
edilen 3-MCPD'nin fazla tahmin edilmesinin bir sonucu olarak ilk
kez Weifhaar & Perz (2010) tarafindan rapor edilmistir. Bu nedenle,
GE aragtirmasina olan ilgi, esas olarak 3-MCPD i¢in gdzlemlenen
literatiir verileri arasinda bildirilen tutarsizliktan kaynaklanmustir.
Gilintimiizde bu bilesikler, 6zellikle yemeklik yaglarin islenmesinin
rafine edilmesi ve koku giderilmesi asamalarinda olusan, islenmis
yaglardaki ana kirleticiler olarak kabul edilmektedir (Cheng & ark.,
2017).

3-MCPD ve Glisidil Esterlerin Olusum Mekanizmasi

3-MCPD esterlerinin klor varliginda gidalarin iglenmesi
sonucu birincil tepkime reaksiyonlari ile olustugu rapor edilmistir.
Bu reaksiyon yiiksek yag ve tuz igeren gidalarin 1s1l isleme maruz
kalmasiyla gerceklesmektedir. Gliserol ve gliseritlerde 3-MCPD
ester olusumu tuz konsantrasyonunun artmasiyla artmakta ve
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yaklasik %15 su igerigi ile maksimum seviyeye ulagmaktadir
(Emektar, Erdogan & Tekin, 2019). 3-MCPD ester ve GE,
rafinasyon iglemi sirasinda gesitli akril gruplar1 ve bir epoksi grubu
ile kontaminanti olarak bilinmektedir (Zelinkova & ark., 2006).
Bitkisel yaglarda, raf stabilitesini, aromasin1 ve goriiniimiini
olumsuz yonde etkileyebilecek bilesenleri yagdan ayirmak igin
endiistriyel olarak islenir. Bununla birlikte yag rafinasyonu sirasinda
agirlikli olarak koku giderme asamasinda 3-MCPDE'lerin ve
GE'lerin olustugu iyi bilinmektedir (MacMahon & Beekman, 2019).
Bu asamada koku giderme sicakligi ve siiresi, 3-MCPDE'lerin ve
GE'lerin olusumu i¢in ¢ok dnemli faktorlerdir (Destaillats & ark.,
2012).  Triacilgliseroller (TAG), diagilgliseroller (DAG),
monoagilgliseroller (MAG) ve kloriirler, 3-MCPDE'lerin onctileri
olarak hareket edebilirken, GE'lerin olusumundan yalnizca DAG ve
MAG sorumlu oldugu raporlanmistir (Wang & ark., 2021).
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Sekil 2. 3-MCPD esterleri ve GE olusum ve déniisiim yollarinin
ozeti(Wang & ark., 2021).

3-MCPD olusumlarinin ilk asamast MAG, DAG ve TAG gibi
oncii bilesiklerin H+ iyonlar1 varliginda siklik aciloksonyum

~117-



iyonlagsmasidir. Yiksek sicaklik uygulanmasi sonucunda ve
ortamdaki su varliginda trigliseritler hidrolize olarak; mono ve
digliseritlerin aciga c¢ikmasina sebep olmaktadir. MAG’lerden
aciloksonyum iyonu olusumu ve bununla birlikte Cl igeren tuzlarin
varliginda bu halkali yapinin sicaklik etkisiyle agilarak Cl iyonlar
ile reaksiyona girmesi ve son olarak da 3-MCPD ve GE olusumu
asamalarini igerdigi Sekil 2’de gosterilmektedir (Wang, Lui
&Cheng, 2021).

Deneysel kanitlar, hem 3-MCPDE'nin hem de GE'nin,
gastrointestinal kanalda biiylik dlgiide serbest formlarina hidrolize
oldugunu gdstermistir. Insan toksisitesine iliskin yeterli kanit
olmamasina ragmen, bu bilesiklerin sindirim sirasinda 3-MCPD ve
glisidole doniistiigli dolayisiyla genotoksik kanserojen olarak kabul
edilir (Sekil 3) ve IARC tarafindan GE'lerin insanlarda muhtemel
genotoksik ve kanserojen (2A Grubu) etkisine sahip iken, 3-
MCPD' nin genotoksik olmayan olas1 kanserojen (2B Grup) etkiye
sahip oldugu belirtilmistir. Halk sagligi degerlendirmeleri, toksisite
ve kanserojenlik tehdidini ortadan kaldirmak i¢in 3-MCPD ester ve
GE'nin g¢esitli yenilebilir yaglardan uzaklastirilmasimi gerektigini
vurgulamistir. Su an sinirli gida olusum verileri ve yetersiz
toksikolojik veri tabani nedeniyle 2-MCPD ve esterleri simdiye
kadar degerlendirilmemistir (Ahn & ark., 2020).
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Sekil 3. 3-MCPDE ve GE i¢in metabolik yollar(Arisseto & ark.,
2018).

Yaygin olarak tiiketilen yemeklik yaglarda yag asidi igeriginin
biliylik ¢cogunlugunu olusturan yedi yag asidi vardir: laurik asit,
miristik asit, palmitik asit, linolenik asit, linoleik asit, oleik asit ve
stearik asit. Bunlar en ¢ok yenilebilir yaglarda 3-MCPD ve GE
olarak bulunan yag asitleridir. Bu yedi yag asidi yedi farkli GE
iiretebilir. Asimetrik yapisi ve hem mono- hem de diester olusturma
kabiliyeti nedeniyle, 3-MCPD ile durum onemli Olgiide daha
karmagiktir. Yedi yaygin yag asidi 28 farkli 3-MCPD diester ve 14
farkli 3-MCPD monoester ile sonuglanabilir (MacMahon, 2016).

Gidalarda 3-MCPD ve Glisidil Esterler

Kizartmalar, paket ¢orbalar, bebek mamalari, krakerler, fast
food ve hazir yemek {riinleri insan hayatin1 kolaylastiriyor gibi
gorlinse de insan sagligini tehlikeye atabilecek bir¢ok kirletici
icerdigi bilinmektedir. Bu kirleticiler arasinda yer alan ve yenilebilir
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yag kaynakli gidalarda bulunan MCPD ve GE tiirevleri viicuda
alindiginda lipaz enzimi tarafindan serbest forma doniistiiriilerek
genotoksik ve kanserojen etki gostermektedir (EFSA, 2016; Kalkan
& ark., 2021). 3-MCPD esterlerinin tespit edildigi yiyecek ve
bilesenlerin listesini; rafine bitkisel yaglar, patates iiriinleri, kizarmig
yiyecekler, bebek mamalari, kahvaltilik gevrekler, et tiriinleri, siit
irlinleri, tahil ve unlu mamuller, biskiiviler, ¢orbalar, soslar ve
kavrulmus kahveyi igerir (Svejkovska & ark., 2004; Zelinkova &
ark., 2006; Arisseto & ark., 2017; MacMohan & ark., 2013; Graziani
& ark., 2017).

Kati ve Sivi Yaglarda 3-MCPD ve Glisidil Esterler

Son zamanlarda, AB yonetmeligi bitkisel siv1 ve kat1 yaglarda,
gidada bir bilesen olarak bulunan GE i¢in maksimum seviyeyi 1
mg/kg olarak raporlanmistir. Buna ek olarak, bebek mamasi ve
islenmis tahil bazli gidalar i¢cin hedeflenen bitkisel s1v1 ve kat1 yaglar
icin GE seviyesi 0,5 mg/kg olarak belirlenmistir (Kuhlmann, 2011).

Farkl: literatiir kaynaklarindan elde edilen sonuglara gore en
yiiksek deger araligina sahip yaglar; piring kepegi, palm, margarin
ve musir olarak tespit edilmistir (Razak & ark., 2012). Piring kepegi
yagl icin bu aralik 370-8340 pg/kg arasindadir ve yiiksek bir
farkliliga dayanmaktadir (Becalski & ark., 2015). Margarin ve misir
yaglari i¢in ise en yiiksek seviyeler sirastyla 7060, 7000 pg/kg olarak
raporlanmistir (BfR, 2012; Van Dujin 2009). Ortalama degerden bu
kadar yiiksek ¢ikmasinin nedeni olarak farkli yaglarin eklenmesi
(6zellikle palm) gosterilmistir. Gidalarda siklikla kullanilan palm
yag1 icin bu diizeyler dikkat ¢ekicidir. MacMahon & ark., (2013)
tarafindan elde edilen verilere gére palm yagindaki 3-MCPD deger
araligr 1510-7230 pg/kg olarak tespit edilmistir. Farkli yenilebilir
yaglarda MCPDE ve GE tespit miktarlar1 Tablo 2’de
gosterilmektedir.
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Tablo 2. Farkl yenilebilir yaglarda MCPDE ve GE tespit

miktarlart
Yag N 3-MCPDE (pg/kg) GE (ng/kg)
Ort.  Deger Araligi Ort. Deger  Referans
veya En Aralig1
Yiksek Deger
Aspir 5 840 280-1770 250 - MacMahon
&ark.,
(2013)
Aygicegi 65 400 100-3500 100 - Berg, (2013)
Badem 1 2110 - 30 - Kuhlmann,
(2011)
Ceviz 1 630 - 590 - Kuhlmann,
(2011)
Hindistan 7 170 25-380 800 - MacMahon
cevizi &ark., (2013)
Palm 14 3190 1510- 3500 - Macmahon
7230 &ark., (2013)
Palm 6 1300 1000- 400 - Berg, (2013)
cekirdegi 1400

Rafine palm 6 1330  180-2480 1870 100-3550 Kuhlmann,
(2016)

Pamuk 2 430 140-720 500 470-530 Kuhlmann,
(2011)
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Soya 191 394 392-396 171 159-186 EFSA, 2016
Fasulyesi

Susam (ham)3 290 160-450 77 TED-0,22 Kuhlmann,

(2011)
Tereyagi 4 11 TED-45 13 TED-28 Kuhlmann,

(2011)
Sizma 20 0,1 TED-0,2 - - Hung& ark.,
Zeytin (2017)

Zeytin 13 855 280-3777 643  TED- Kamikata, &ark.,
1880 (2019)

TED: Tespit edilemeyen deger

Bir bagka ¢alismada ise Arisseto & ark., (2014) Brezilya'da
pazarlanan 97 bitkisel s1v1 ve kat1 yaglar1 3-MCPD igerikleri ile ilgili
olarak inceledi. Yazarlar, farkli {ireticilerden/markalardan Grnekler
dahil etmis ve aym iiretici i¢in temsil edilebilirligi saglamak i¢in
farkli partiler seg¢ilmistir. Analiz edilen diger bitkisel yaglarla
karsilastirildiginda, sadece prina yagi, palm yagindan daha yiiksek
3-MCPD degeri (5,09 mg/kg) gostermistir.

Fan & ark., (2021) tarafindan Cin Hangzhou pazarinda 241
bitkisel yag gida numunesi analiz edilmis, 3- ve 2-
monokloropropandioliin (3-MCPD ve 2-MCPD) yag asidi esterleri
(GC- MS/MYS) ile incelenerek rapor edilmistir. Bitkisel yenebilir
yaglar; kolza, susam, soya fasulyesi, piring, zeytin, yerfistigi, hardal
tohumu, ay¢igek, ¢ay tohumu, harmanlanmis yag, keten tohumu ve
musir yagidir. Yemeklik yagdaki 3- MCPD esterlerinin seviyeleri,
tespit edilmeyen ile 7,98 mg/kg arasinda de§ismekte ve en yiiksek
ortalama seviyeler, 2,94 mg/kg konsantrasyonlarla ¢ay tohumu
yaginda bulunmustur. 2-MCPD seviyelerinin esterleri, tespit
edilmeyen ile 4,03 mg/kg arasinda degismektedir ve en yiiksek
ortalama seviyeler, 1,49 mg/kg igeren ¢ay tohumu yaginda
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bulunmustur. 3-MCPD esterlerinin ortalama konsantrasyonlari:
zeytinyagl <soya fasulyesi yagi <harmanlanmis yag<misir yagi
<kolza tohumu yag1 <fistik yagi <gay tohumu yagi olarak rapor
edilmistir. 2- MCPD esterleri i¢in ise bu degerler zeytinyagi <soya
fasulyesi yag1 <harmanlanmis yag <kolza tohumu yag1 <yer fistig1
yag1 <musir yagi <¢ay tohumu yag1 seklindedir. 3-MCPD esterlerinin
farkli yemeklik yag gruplarindaki ortalama diyet alim aralig1 glinde
0,096 ile 1,54 ng/kg viicut agirlig: (bw) arasinda olup Avrupa Gida
Giivenligi Otoritesi (EFSA) tarafindan belirlenen tolere edilebilir
giinliik alim miktarindan (TDI) daha diisiik bulunmustur (2 pg/kg
viicut agirligl/giin).

Preslenmis yaglarda GE'lerin ve 3-MCPDE'lerin olusumunu
arastiran bir bagka calismada ise tohum tipi ve kullanilan presleme
makinesi (hidrolik yag presi ve vidali yag presi) ile GE ve MCPD
arasindaki iliski incelenmistir. Chen & ark., (2021) tarafindan
yapilan bu caligmada preslenmis tohum yaglarinda diisiik
seviyelerde GE ve 3-MCPDE (<0,2 pg/g) goriilmiistiir. Presleme
oncesi yiiksek sicaklikta tohum kavurma isleminin, yiiksek DAG
seviyelerinin bir sonucu olarak preslenmis yaglarda gézlenen 6nemli
miktarda GE ve 3- MCPDE'nin ana nedeni oldugu ortaya ¢ikmustir.
Farkli pres yontemleriyle preslenmis cesitli yaglardaki glisidil
esterlerin ve 3-MCPD esterlerin ortalama konsantrasyonlari
Tablo3’de gosterilmektedir.
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Tablo 3. Vidal: pres ve hidrolik pres yontemleriyle hazirlanan
cesitli preslenmis yaglarda glisidil esterlerin ve 3-MCPD esterlerin
ortalama konsantrasyonlari (Chen &ark.,2021)

Yag ornegi Glisidol esdegerleri (ng/g) 3-MCPD esdegerleri (ng/g)
Vida pres Hidrolik Vida pres Hidrolik pres
Badem yag1 <LOQ 0,11 <LOQ <LOQ
Siyah susam yagi <LOQ <LOQ <LOQ <LOQ
Siyah soya 0,07 £ 0,01 0,09 + <LOQ <LOQ
fasulyesi 0,02
Kamelya yagi <LOQ 0,07 +0,01 0,06 + 0,02 <LOQ
Altin keten tohumu <LOQ 0.14 <LOQ <LOQ
yagl
Keten tohumu yagr <LOQ 0,07 £ 0,02 <LOQ <LOQ
Fistik yagi 0,05+ 0,01 <LOQ <LOQ <LOQ
Cam tohumu yagi <LOQ <LOQ <LOQ <LOQ
Kabak ¢ekirdegi 0,07 +£ 0,01 0.15 <LOQ <LOQ
yagl
Soya yagi 0,07 £0,01 0,09 = <LOQ <LOQ
0,02
Aycicek yagi <LOQ <LOQ <LOQ <LOQ
Cay tohumu yagi <LOQ 0,08 + 0,04 0,02 £0,01 <LOQ
Ceviz yagi <LOQ 0.12£0.09 <LOQ <LOQ
Beyaz susam yagi <LOQ 0,08 = 0,04 <LOQ <LOQ

Almoselhy & ark., (2021) yaptig1 calismada ise Misir yerel
marketlerinden satin alinan bitkisel yemeklik yaglarda (palm, palm
olein, s1izma zeytin, misir, ay¢i¢egi, soya fasulyesi, zeytin ve pirina)
ve karisimlarinda 3-monokloropropandiol (3-MCPD) mevcudiyeti
ve potansiyel saglik riskleri genis ¢apta rapor edilmistir. Calisilan
yaglar arasinda 3-MCPD igeriginin olusumu ve varyasyonu, 93,1
ng/kg ile 5634,1 pg/kg arasinda degisen farkli seviyelerde rapor
edilmis, maksimum deger palm yag1 (5634,1 pg/kg) ve sirasiyla
palm olein (5576,8 png/kg), misir yagi (2447 ng/kg), aycicek yag
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(1817,3 ng/kg), soya fasulyesi yagi (1486,1 pg/kg), prina yagi
(572,5 pg/kg), %5 aycicek yagi karisimi sizma zeytinyagi (210
png/kg) ve sizma zeytinyagi (93,1 ng/kg). Palm, palm olein, misir,
aycicegi ve soya fasulyesi yaglart Komisyon Yonetmeligi (AB)
2020/1322 tarafindan onerilen limitlerin disinda bulunurken, sizma
zeytinyagi, pirina yag1 ve %5 aycicek yagi ile sizma zeytinyagi
karisimi, AB tarafindan oOnerilen smirlar i¢inde ve uyumlu olarak
rapor edilmistir. Ayrica, 3-MCPD igerigi, hakiki sizma
zeytinyaginin orijinalligi ve kalitesi i¢in iyi bir ara¢ olarak
kullanilabilir gériisiinii bildirmistir.

Palm Yaginda 3-MCPD ve Glisidil Esterler

Palm yaginin yiiksek sicakliklarda ve depolama sirasinda
sagladig yiiksek stabilite, notr koku ve tat gibi 6nemli duyusal
ozellikler ve kremsi doku gibi ¢esitli faydalart nedeniyle gida
endiistrisinde yaygin bir sekilde kullanilmaktadir (Norhaizan & ark.,
2013; Sampaio & ark., 2017).

Palm yag1, diger yaglara kiyasla 3-MCPD esterleri ve GE gibi
kirletici maddelerin en yiiksek konsantrasyonlarini gosteren
yemeklik  yagdir. Bunun  nedeni,  bitkinin  endojen
metabolizmasindan kaynaklanan yiliksek miktarda klorlu madde,
yetistirilmesi sirasinda kloriir tuzlar igeren giibrelerin kullanilmasi
ve rafinasyon isleminin agartma asamasinda HCI ile aktiflestirilmis
killerin kullanilmasi sayilabilir (Santiago & ark., 2021).

Karsulinova & ark., (2007), dort islenmemis zeytinyagi, dokuz
islenmemis tohum yagi, bes palm ¢ekirdegi yag1 ve dort palm yagi
dahil on dokuz ¢esit rafine bitkisel yagdaki 3-MCPD igerigini
incelemistir. Elde edilen sonucglara goére en yiiksek 3-MCPD
iceriginin palm yagi numunelerinde (2,82 mg/kg) ve en diisiik
miktarlarin islenmemis yaglarda (0,06-0,08 mg/kg) bulundugu
raporlanmustir.

57 bitkisel yag numunesinin 3-MCPD igerigi agisindan
incelendigi bir bagka ¢alismada ise ve yag tiirtine bagl olarak dnemli
farkliliklar tespit edilmistir. Ornegin, rafine palm yag1 ve palm yag
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bazli yaglarin 12 O6rneginden olusan bir parti analiz edilmis ve
toplam 3-MCPD esterleri 2,16 ile 15,2 mg/kg arasinda degisirken,
rafine edilmis palm ¢ekirdegi yagi ¢cok daha diisiik (1,7 mg/kg) bir
icerige sahip oldugu gorilmistiir. Diger bitkisel yaglarla
karsilagtirildiginda misir yagi, palm cekirdegi yagina benzer bir
icerige sahiptir ve en diisiik icerik kolza yagi (0,4 mg/kg) icin
belirlenmistir (Weilhaar & Perz, 2010).

Son yayinlarda, palm yaginin rafine edilme siirecinde yiiksek
miktarda 3-MCPDE ve GE iiretildigi siirekli olarak bildirilmektedir.
Tablo 4°de farkli iilkelerdeki yerel ve lokal marketlerdeki palm yagi
iirtinlerinde kloropropanol olusumuna iliskin veriler sunulmaktadir.
Farkli literatiirlerdeki veriler incelendiginde Almanya, yerel
ireticilerde satilan ve deodorize asamasinda 250°C, 3 saat
stirdiiriilen islemlerde 3-MCPD ve GE seviyeleri sirasiyla 3,3 ve 4,4
mg/kg olarak c¢ikmakta, Amerika Birlesik Devletleri’nde satilan
rafine palm yag iriinlerindeki GE 30,2 mg/kg seviyelerine kadar
yukselebilmektedir.

Tablo 4. Palm yagu iiriinlerinde kloropropanoller ve glisidil yag
asidi esterleri(Chen &ark., 2021)

Yag Mensei Ornekler 3-MCPDE  GE (mg/ kg)
(mg/kg)
Almanya, Rafine palm yagi 2,16-15,2 0,32-6,3
yerel
iireticiler
Palm ¢ekirdegi yag: 1,7 0,5
Deodorize palm yag1 (210 ° 2,8 0,3
C, 6 saat)
Deodorize palm yagi (230 ° 2,7 0,8
C, 6 saat)
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Almanya,
lokal
marketler

ABD, gida
ureticileri

Cin,
marketler
Japonya,
lokal satis

Avrupa

Deodorize palm yag1 (250 °©
C, 3 saat)

Deodorize palm yag1 (250 °
C, 6 saat)

Palm c¢ekirdegi yag1
Degumming ve agartiimis
palm yag1

Palm yagi

Ham palm yag1

Palm yagi
Palm c¢ekirdegi yag1

Palm stearin
Rafine palm yag
Rafine palm yagi

Palm, yar1 kati

Palm, kat1

Palm yagi
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3,3

3,3

0,2-0,9

1,1-10

<LOQ

2,37-13,40
0,76-0,40

5,73

1,5

3,30-3,95

TED-9,23

4,54+0,2

4,4

2,9

0,3-2,5

<0,1

0,3-18

<LOQ

0,33-10,52
0,38-0,65

3,58

30,2

0,26-3,53

TED-1,67

0,73+0,05



Palm yaglarinda kizartma islemi ile 3-MCPD ve GE gelisimi
de onemli bir konudur. Sirinyildiz (2019) yaptig1 ¢alismada farkl
sicaklik ve siirelerde gerceklestirilen s1g kizartma isleminin, bes
farkl1 yemeklik yagin (aygigek, misir, findik, natiirel zeytinyagi,
margarin) 3- MCPD ester, glisidil ester igerikleri ile yag asidi
bilesimleri lizerine etkisini arastirmistir. Yemeklik yaglara 160°C,
180°C ve 200°C sicakliklarda 5,10 ve 15 dakika siireyle kizartma
islemi uygulanmistir. Elde edilen veriler incelendiginde en yiiksek
3-MCPD igerigi 180°C’de 5 dakika kizartma iglemine tabi tutulan
margarinde (1,79 mg/kg) tespit edilmistir. Margarin ile
gerceklestirilen tiim siirelerde tiim degerler diger yemeklik yaglarin
verilerin  yiikksek bulunmustur. Bunun nedeninin margarin
formiilasyonlarinda yiiksek miktarda palm yagi ¢esitlerinin
kullanilmasi oldugu diisiiniilmektedir. Margarin disindaki diger
yemeklik yaglardaki en yiiksek deger ise 0,64 mg/kg ile 200°C’de
15 dakika kizartilmis misir yaginda tespit edilmistir. GE igerikleri
incelendiginde ise margarin en yiiksek deger araliklarina (0,54-0,73
mg/kg) sahiptir. Margarin disindaki yemeklik yaglarda en yiiksek
seviye 160°C’de 15 dakika ve 200°C’de 5 ile 10 dakika kizartilan
findik yaginda (0,14 mg/kg) goriilmiistiir.

Zeytinyaginda 3-MCPD ve Glisidil Esterler

Diinya ¢apinda ticareti yapilan bitkisel yaglar arasinda
zeytinyagi (Olea europaea) en eskilerden biridir ve Akdeniz
diyetinde onemli bir rol oynar. Organoleptik ozellikleri, yiiksek
besin degeri, yiiksek tekli doymamis yag asitleri igerigi ve
antioksidan ozellikleri nedeniyle yaygin olarak tiiketilmektedir (Van
Durme & Vandamme, 2016).

S1zma zeytinyaglar1 zeytin meyvelerden sadece mekanik veya
fiziksel yollarla elde edilir. Islem, vyiiksek sicakliklarin
kullanilmasimi gerektirmediginden, rafine bir yag ilavesiyle tagsis
olmadikga, bu iiriinlerde MCPD ve GE varlig1 beklenmemektedir.
(Kamikata & ark., 2019). Becalski, & ark., (2015) Kanada'da satin
alinan zeytinyag1 6rneklerini analiz etmis ve 3- MCPDE igin 0,58 ile
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1,56 mg/kg, 2-MCPDE ig¢in 0,28-0,61 mg/kg ve GE i¢in 0,29-0,93
mg/kg degerleri tespit edilmistir.

Hung & ark, (2017) 22 rafine =zeytinyagr Ornegini
degerlendirmis ve bu zeytinyagi Orneklerindeki 3-MCPDE igin
minimum seviye 0,97 mg/kg olarak bulunurken en yiiksek seviye
7,61 mg/kg olarak bildirilmektedir.

Kamikata & ark., (2019) Brezilya'da pazarlanan zeytinyagi
tiriinlerindeki 3-MCPDE, 2- MCPDE ve GE seviyelerini belirlemek
ve bunlarin zeytin i¢in olusturulan bazi kimlik ve kalite
parametreleri ile olast korelasyonlarmi degerlendirmislerdir.
Ornekler s1zma zeytinyagi, zeytinyag ve yag karisimi olarak satilan
iriinleri icermektedir. Sizma zeytinyagi olarak etiketlenen
numunelerde, 3-MCPDE seviyeleri 0-1,16 mg/kg arasinda, 2-
MCPDE diizeyleri 0- 0,58 mg/kg arasinda ve GE seviyeleri ise 0-
1,98 mg/kg arasinda tespit edilmistir. Zeytinyag1 olarak satilan
numuneler i¢in 3-MCPDE degerleri 0,28-3,77 mg/kg, 2-MCPDE
icin 0,17-1,91 mg/kg arasinda ve GE icin 0-1,88 mg/kg arasinda
degisen konsantrasyonlarda tespit edilmistir. Yag karigim
orneklerinde ise 3-MCPDE seviyeleri 0,18-0,61 mg/kg, 2-MCPDE
seviyeleri 0-0,25 mg/kg ve GE 0,31-1,84 mg/kg araliginda
raporlanmigtir. Sizma zeytinyagmin islenmesi sirasinda yiksek
sicakliklarin kullanilmasin1 gerektirmediginden, bu esterlerin bu
iirlinlerde Olctilebilir seviyelerde olmasi beklenmemis olup, bu da bir
tiir rafine yag ilavesiyle karistirlldigini diisiindiirmektedir.

Firincilik Uriinlerinde3-MCPD ve Glisidil Esterler

Yapilan aragtirmalar 3-MCPD'nin hidroklorik asit ile isleme
tabi tutulmamis gidalarda da  bulundugu  gdosterilmistir.
Aragtirmacilar yerel pazarlarda arastirmalar yapmis ve hidrolize
sebze proteini (HVP) ve soya sosu disindaki ¢ok ¢esitli gidalarin 3-
MCPD igerebilecegini bildirmislerdir. Bu gidalar yaygin olarak
tiikketilen ve yiiksek sicakliklarda hazirlanan eriste, et, kek, ekmek ve
biskiivileri igerir. 3-MCPD bu gidalarda iiretim ve termal islemler
sirasinda dogal olarak bulunan veya 6rnegin firinlamada oldugu gibi
eklenen sodyum kloriir ile agilgliserollerin etkisiyle olusur. 3-
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MCPD'nin firinlama iglemi sirasinda lipaz ile enzimatik hidroliz gibi
belirli isleme kosullar altinda salindig1 gosterilmistir (Mogol & ark.,
2014).

Goh & ark., (2019) palm yag1 ve palm yag1 fraksiyonlari ile
farkli pisirme sicakliklarinin 3-MCPD, 2-MCPD ve GE kek
iirliniiniin eldesindeki iligkiyi incelemislerdir. Pisirme i¢in margarin
(palm bazl), palm yagi, yumusak stearin palm yagi, orta sert palm
yag1 ve kat1 stearin palm yagi olmak iizere bes ¢esit palm ve palm
fraksiyonu yag secilmistir. Kekler, farkli pisirme sicakliklarinda
(160, 180 ve 200°C) 20 dakika pisirilmesi ile elde edilmistir.
Arastirma sonucu elde edilen bulgular Tablo 5’de gosterilmistir.
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Tablo 5. 160,180 ve 200°C pisirme isleminden énce ve sonra farkl
kati ve sivit yaglarla pisirilen iiriinlerden elde edilen yaglarin
ekstrakte edilen kisminin 3-, 2-MCPD ve GE
icerigi(Goh&ark.,2019)

Sicaklik Margarin Yumusak  Kati stearin Orta sert  Palm

stearin stearin yagi
3- Cig 1,766 £ 2,504 + 1,233 + 1,303+ 3,749+
MCPD
esterleri, 0,099 0,106 0,087 0,095 0,435
mg/kg
160 1,754+ 2,287+ 1,346 + 1,226+ 3,179+
0,054 0,099 0,336 0,101 0,055
180 1,645+ 2,106+ 1,112 + 1,397+ 3,400 +
0,086 0,030 0,082 0,221 0,115
200 1,922+ 1,956+ 1,043 + 1,129+ 3,171+
0,312 0,114 0,023 0,188 0,158

Cig 0,732+ 1,359+ 0,663 0,744 + 1,932 +
0,063 0,053 0,033 0,069 0,137
160 0,856+ 1,585+ 0,776 0,689 + 1,948 +
0,200 0,525 0,078 0,033 0,137
180 0,655+ 1461+ 0,559+ 0,876 £+ 2,459 +
0,086 0,103 0,118 0,095 0,269
200 0,641+ 1,530+ 0,592+ 0,846+ 2,469 +
0,195 0,037 0,127 0,019 0,427
Cig 3803+ 2969+ 4229+ 4076+ 6,610 +

0,062 0,142 0,299 0,097 0,539
160 0973+ 0935+ 1,123+ 1,229+ 1,847 +
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0,047 0,033 0,055 0,033 0,059
180 0,132+ 0,573+ 0,973+ 1,263+ 2,113+

0,023 0,072 0,112 0,092 0,139
200 0,153+ 0,136+ 1,102+ 1,220+ 1,741 +
0,079 0,023 0,046 0,108 0,381

Pismis keklerden elde edilen sonuglar Tablo 5’de
listelenmistir. Orneklerde, palm yaginda bulunan 3-MCPD (3,749 +
0,435 mg / kg), 2-MCPD esterleri (1,932 + 0,137 mg / kg) ve GE
(6,610+ 0,539 mg / kg) icerigi en yliksek seviyededir. 2- ve 3-MCPD
esterlerinin igerigi, orijinal ham numune ile karsilastirildiginda,
pisirme sicakliginin 160°C'den 180°C'ye yiikseltilmesinin 2- ve 3-
MCPD igerigini yiikseltmedigi bildirilmektedir. Pisirme sicakligi
200°C'ye yiikseltildiginde, 3-MCPD ester icerigi palm yagi ve
yumusak stearin Orneklerinde anlamli olarak daha diisiik
sonuglanmigtir (p <0.05). Margarin numunesinde ise 3-MCPD
esterde hafif bir artis gézlemlenmistir. MCPD ester igerigi, farkl
pisirme sicakliklarindan anlamli olarak etkilenmedigi tespit
edilmistir. GE'nin ise sicakligin artmasmna karsi asir1 derecede
savunmasiz oldugu ve pisirme sicakliginin artmasiyla igerigin
siirekli olarak azaldigr goriildii. Bununla birlikte genel olarak
kirletici maddelerin igerigi, kat1 yaglara kiyasla sivi yaglarda daha
yliksek goriilmiistiir. Ek olarak, 2- ve 3-MCPD ester olusumu, yag
bilesiminden, 6zellikle kismi agilgliserol iceriginden
etkilenebildigini gostermistir (Goh & ark 2019).

Mogol & ark., (2014) farkli yaglarda hazirlanan biskiivilerin
zaman ve sicakliga bagl olarak 3-MCPD, 2-MCPD ve bagli-MCPD
degerleri agisindan incelemistir. Elde edilen sonuglara gore misir
yag1 ile hazirlanan biskiivilerdeki serbest 3-MCPD igerigi 0,018-
0,074 mg/kg iken 2-MCPD igerigi 0,002-0,008 mg/kg araliginda
tespit edilmistir. Ayn1 sekilde artan pisirme siiresi ile hem serbest 3-
MCPD hem de 2-MCPD konsantrasyonlarinin arttigi goériillmiistiir.
220°C'de pisirilen  biskiivilerdeki 3-MCPD ve 2-MCPD
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konsantrasyonlari, pisirme siiresi 7 dakikadan 11 dakikaya
cikarildiginda sirasiyla 4,1 ve 3,7 kat artmigtir. Benzer sonuglar artan
pisirme sicakliklari i¢in de goriilmiistiir. Artan pisirme sicakliklari
biskiivilerin 3-MCPD ve 2-MCPD konsantrasyonlarinda artisa yol
acmustir. Sicaklik 200'den 220°C'ye yiikseldikge, 11 dakika pisirilen
biskiivilerde 3-MCPD ve 2-MCPD konsantrasyonlari sirasiyla 3,2 ve
2,6 kat artis gdstermistir. Biskiivi formiilasyonunda farkli yaglarin
3-MCPD, 2-MCPD ve bagli-MCPD olusumu {izerindeki etkilerini
belirlemek i¢in misir yagi disinda kanola, findik, zeytin ve yer fistigi
gibi bir dizi farkl bitkisel yaglar da kullanilmistir. Farkli yaglarla
hazirlanan tiim biskiivilerin 3-MCPD igerigi ~0,06 mg/kg olarak
tespit edilmistir. Istatistiksel analiz, bu biskiivilerin 3-MCPD
icerikleri arasinda 6nemli bir fark olmadigin1 géstermistir (p<0,05).
Bu calismada kullanilan rafine yaglar arasinda rafine zeytinyagi ile
hazirlanan biskiivinin 2-MCPD ve bagli-MCPD konsantrasyonlari
sirastyla 0,075 ve 0,717 mg/kg olarak tespit edilmistir. Elde edilen
bulgularla birlikte 3-MCPD ve 2-MCPD olusumunda proses
parametrelerinin  etkisi artan termal yik ile ilgili oldugu
disiinilmektedir. Termal islem sirasinda su ve buhar, TAG ve
fosfolipidleri hidrolize ederek DAG, MAG, gliserol ile 3-MCPD ve
2-MCPD'nin o6nciileri olarak islev goren diger iiriinleri liretecegi
kanisina  varilmistir.  Sonuglar gida  gilivenligi  acisindan
incelendiginde, biskiivilerde pisirme sirasinda olusan 3-MCPD
miktarlarinin, Avrupa Komisyonu tarafindan HVP ve soya sosu i¢in
belirlenen maksimum degeri (20 pg/kg) astigini géstermistir.

Stauff & ark., (2020) yaptig1 ¢alismada Alman pazarindaki
firincilik iirlinlerinde serbest ve bagli MCPD ve bagli GE igerigini
ve olusumunu degerlendirmektedir. Beklendigi gibi MCPDE sadece
rafine bitkisel yag ile tiretilen triinlerde Sl¢tilmistiir. Elde edilen
sonuglara gore en yiiksek 3-MCPD icerigine sahip gida iirlinleri
sirastyla pekmez (22,8 ng/kg), gevrek ekmek (14,1 pg/kg) ve gofret
(10,0 pg/kg) olmustur. GE seviyeleri i¢in elde edilen rapora gore ise
ortalamasi1 35,9 ug/kg olsa da bir kek orneginde en yliksek seviye
olan 127,8 png/kg elde edilmistir.
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Yuan & ark., (2022) Asya mutfagina 6zgi kizartilmis hamur
¢ubuklarmin 2-monokloro-1,3-propandiol ve 3-monokloro-1,2-
propandiol esterlerinin olusumundaki farkli yag ile kizartma
sicakligt ve zaman kombinasyonunun iliskisi arastirilmistir.
Kizartma islemlerinde alt1 rafine edilmis bitkisel yag (soya yagi,
kolza yagi, aycicek yagi, musir yagi, fisttk yagr ve palm yag)
kullanilmigtir.  Alti rafine bitkisel yagdaki MCPD esterlerinin
1sitilmasi1 ve hamur ¢ubuklari ile kizartilmasi ile elde edilen sonuglar
Sekil 4°de gosterilmektedir.

(a) Kizartilmis hamur ¢ubuklar:
0.8

MCPD esterleri (mg/kg)
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0,2 b D E
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palm vag fisuk yafqn  musir yadh  aveigek vafn  soya yadh Kolza yady
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(b) sitillmug bitkisel vag
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Yag Tipi
Sekil 4. Yag tiirlerinin (a) kizartiimis hamur ¢cubuklarinin, (b) 180

°C'de 4 dakika kizartma swrasinda i1sitilmig bitkisel yagin MCPD
ester icerigi tizerindeki etkileri (siyah renkli sonuglar: 3-MCPD
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esterleri; gri renkli sonuglar: 2-MCPD esterleri). ND: tespit
edilemedi (<LOD). A-D: 3-MCPD esterleri tizerindeki nemli yag
tiirii farki, biiyiik harflerle belirtilmistir (P<0,05). a-c: 2-MCPD
esterleri tizerindeki onemli yag tiirii fark, kiiciik harflerle
belirtilmistir (P<0,05)(Yuan&ark.,2022)

Elde edilen sonuglara gore yag tiirlerinin kizartilmis hamur
cubuklarindaki MCPD esterlerinin  igerigini Onemli oOl¢iide
etkiledigini gostermektedir (P<0,05). Palm yagindaki hamur
cubuklarinin 3-MCPD esterleri ve 2-MCPD esterleri sirasiyla 0,60
mg/kg ve 0,41 mg/kg degerlerine ulasmistir ve bu da 6 yag
icerisindeki en yiiksek seviyedir. Kolza yag ile kizartma isleminde
ise higcbir MCPD esteri tespit edilmemistir. Sonuclar sekil 5’de
gosterilmektedir.
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Sekil 5. Derin yagda kizartilmis hamur ¢ubuklarindaki (a) 3-
MCPD esterlerinin, (b) 2-MCPD esterlerinin igerigine
sicakliklarin etkisi (siyah daire: 220 °C; kirmizi kare: 200 °C; mavi
ticgen: 180 °C)(Yuan &ark.,2022)

Aragtirmanin devaminda hamur ¢ubuklarinin palm yagi ile 180
°C'de 4 ile 6 dakika, 200°C'de 3 ile 5 dakika ve 220 °C'de 1 ile 3
dakika arasinda kizartilmasi ile MCPD ester igerikleri incelenmistir.
Elde edilen verilere gore 3-MCPD esterlerinin en yiiksek icerigi 200
°C'de 4 dakika boyunca kizartilmasi ile ede edilmis ve bu deger 1,87
mg/kg olarak tespit edilmistir. 2- MCPD esterleri i¢in de en yiiksek
deger yine 200 °C'de 4 dakika boyunca kizartilmasi ile ede edilmis
ve bu deger 0,68 mg/kg tespit edilmistir. Sicaklik 180°C'den
200°C'ye yiikseldiginde, 3-MCPD esterleri 1,62 kat artmis, 2-MCPD
esterlerinde ise 1,51 kat artig gorilmiistiir. Yazarlar MCPD
esterlerindeki artisin pisirme siirecinde olusum hizinin bozunma
oranini agmasindan kaynaklandigini bildirmistir.

Bebek Mamalarinda 3-MCPD ve Glisidil Esterler

Bebeklerin ve kiigiik c¢ocuklarin (yeni yiirlimeye baglayan
cocuklar) fiziksel, duygusal ve bilissel gelisimi, temelde yeterli
beslenmelerine ve farkli yiyeceklerin sunulma zamanina baglidir.
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Dogumdan sonraki ilk iki yil boyunca bebeklerin ve kiigiik
cocuklarin beslenme ihtiyaglar1 hizla degisir ve beslenme diizenleri
anne siitli, bebek mamasi/devam formiilleri gibi iiriinlerden meyve
sular1, tahil bazli yiyecekler gibi daha karmasik gida iirlinlerine
kadar cesitlilik gosterir. Siv1 yiyecekler ve kati yiyecekler (piire
haline getirilmis meyveler, sebzeler, yogurt vb.) bu siire zarfinda
daha sonraki beslenme davranislarini ve sagligini etkileyebilecek
beslenme aliskanliklar1 olusturur.

EFSA, toz halindeki bebek formiiliinde maksimum MCPD
seviyeyi 75 pg/kg (Temmuz 2019'da 50 pg/kg'a diisiiriilmiistiir) GE
icin ise s1v1 formiilde maksimum seviye 10 pg/kg (Temmuz 2019'da
6 pg/kg diismiistiir) belirlenmistir (EFSA, 2018).

Bebeklere (<1 yas) ve yeni yliriimeye baslayan ¢ocuklara (1-3
yas) yonelik mamalar, bebek mamalar1 ve devam mamalari, islenmis
tahil bazli yiyecekler ve diger bebek mamalar1 patojenleri
(Cronobacter sakazakii, Salmonella serovars) gibi biyolojik
tehlikelerden ve kimyasal tehlikeler ar1 olmalidir. Bununla birlikte
bebekler ve kii¢lik gocuklara yonelik gidalarda istenmemesine karsin
nitrat, agir metaller (kursun, arsenik, kadmiyum, civa, inorganik
kalay), ftalatlar, esterler, PAH, pestisit kalintilari, mikotoksinler, 3-
ve 2-MCPD ve GE gibi ¢esitli kimyasal tehlikeler de
icerebilmektedir (Kirimker & ark., 2020).

Gida iireticileri palm yagint; bulunabilirligi, cok yonliiliigii ve
diger bitkisel yaglara kiyasla nispeten diisiik maliyeti nedeniyle
yaygin olarak kullanmaktadir. Palm yag1 ve tlirevleri, bir¢ok tiiketici
iriiniinde ortak bilesenler haline gelmistir. Ticari bebek mamalarinin
da ¢ogu, yiiksek beslenme profili saglanmasi i¢in rafine palm yagi
ile giiclendirilmektedir (Sim & ark., 2020). MCPD ve GE maruz
kalma ile iligkili potansiyel riskler nedeniyle, bebek formiiliinde
rafine bitkisel yaglarin kullanimina dair arastirmalar artmistir. Bu
rafine yaglar bebek mamasinda birincil yag kaynagi gorevi gordiigii
icin, Almanya'daki Federal Risk Degerlendirme Enstitiisii (BfR),
mama ile 6zel olarak beslenen bebeklerin dnemli miktarlarda 3-
MCPD ve GE maruz kaldigini1 ortaya koymustur (Buhrke & ark.,
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2011). Farklh c¢aligmalardaki farkli iilkelerden elde edilen bebek
mamasi lriinlerinde MCPDE'ler ve GE'ler Tablo 6 ve 7° de
gosterilmektedir.

Tablo 6. Bebek formiiliindeki 3-MCPD, 2-MCPD ve glisidil
esterlerin (ug/kg) konsantrasyonlari(Nguyen&Fromberg,2020)

2-
Bebek Yi, 3-MCPD MCPD GE (aralik;
Mamasi .. (aralbik; (aralbik;
. ornekler ortalama)
Mensei ortalama) ortalam
a)
0,024-
2013, . oL, 0,040-
Almanya 02 0,067-0,177;0,109 0,085; 0.213:0,003
48,5
2013,
2016
Amerika  normaliz 0,003-0,119;0,013 ;0,054 0,001-0,050;
€ S1v1
form
0,062-
Cekya  20%  ('588:0312(medya - :
toz n)
2012-
Avrupa 2013, ;0,108 ;0,044 ;0,087
toz
. 2015, . . .
Brezilya 102 TED-0,600;0,220 ;0,150 TED-0,750;
2015 TED-
Cin oncesi, TED-0,316;0,185  0,052; -
toz 0,041
Danimar 2019,  0,0086-0,065; 0.0013- 00031~
ka toz 0,036 0,029; 0,031;
' 0,015 0,0134
. . 0,0015-  0,0006-
E;nlmar 2019, 8,882;-0,0085, 0.0037: 0.0016:0,00
SIVI ' 0,0027 12

TED: Tespit edilemeyen deger; LOQ: Tayin Limiti
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Tablo 7. 2012'den 2013'e kadar toplanan Kanada bebek mamasi
ornekleri sonuglari(Wenzl &ark., 2015)

Bebek 3-MCPD 2-MCPD

Mamasi Ylh’ (aralk; (arahk; GE (arahk;
. ornekler ortalama)

Mensei ortalama)  ortalama)
2012, bes . 0,003- <LOQ-

Kanada konsantre 88g26007 0,035; 0,033;
numune ' 0,0164 0,0107
2013,bes  <LOQ- 0,002- <LOQ-
konsantre  0,073; 0,032; 0,016;
numune 0,0358 0,0148 0,0078
2012, on <LOQ- <LOQ- <LOQ-
toz 0,089; 0,047; 0,070;
numune 0,0464 0,0215 0,0217
2013, on <LOQ- <LOQ- <LOQ-
toz 0,080; 0,029; 0,040;
numune 0,0355 0,0137 0,0156

Elde edilen sonuglar EFSA tarafindan yaymlanmis olan
sinirlamalar ile karsilagtinldiginda toz numunelerin alindigi
ilkelerden Kanada (0,464 mg/kg ve 0,0355 mg/kg) ve
Danimarka’nin ortalama degerleri (0,036) bu smirin altinda;
Almanya (0,109 mg/kg), Cekya (0,312 mg/kg), Avrupa (0,108
mg/kg), Brezilya (0,220 mg/kg), Cin’in (0,185 mg/kg) ise ortalama
degerleri bu seviyenin Tlstiinde bulundugu raporlanmistir. Bu
degerlendirme sivi formlar i¢in yapildiginda Kanada (0,346 mg/kg
ve 0,358 mg/kg), Amerika (0,013 mg/kg) ve Danimarka’dan
(0,0064) elde edilen numunelerin tamaminin bu seviyenin lstiinde
oldugu goriilmektedir. Danimarka’dan elde edilen numunelerdeki
bircok iirliniin bu seviyenin altinda kalmistir. Bunun nedeninin “son
donemde artan bilinglenme ile yag ve gida endiistrisinin MCPD
esterleri ve GE'ler dahil olmak {iizere proses kirleticilerinin
azaltilmasi lizerinde calistyor olmas1” olarak raporlanmistir.

EFSA tarafindan 2016 yilinda yayinlanan bilimsel raporda,
yalnizca mama alan bebeklerin bile 3-MCPD'ye (toplam serbest ve
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bagli formlar) ve GE'lerden maruz kalma riskinin yiiksek oldugu
tahmin edilmistir (EFSA CONTAM Panel, 2016). Ortalama
tilketime dayali olarak 2017 yilinda bebeklerin tahmini giinliik
maruziyeti 3-MCPD i¢in 2,4 pg/kg canli agirlik ve GE igin 1,9 pg/kg
canli agirlik olarak tespit edilmistir (EFSA CONTAM Panel, 2016).
Bebek mamalarinda MCPDE'lerin ve GE'lerin giinliik tahmini alim
degerleri Tablo 8’de gosterilmektedir.

Tablo 8. Bebek mamalarinda MCPDE'lerin ve GE'lerin giinliik
tahmini alimi(Nguyen &Fromberg, 2020)

Bolge OrneklemeYas 2-MCPDE  3-MCPDE GE alimi
yil grubu alimi (ug/kg alimi (pg/kg (ug/kg
(ay) viicut viicut viicut

agirhgi/gun) agirhgi/gin)  agirhgi/gin)

Avrupa 2012-2013 1-4 1 2,4 1,9
Amerika 2013-2016 0-1 - 10 2
2-3 - 8 2
5-6 - 7 2
Brezilya 2015 0-5 - 2,49 3,65
Danimarka 2019 0-1 0,3 0,75 0,49
2-5 0,19 0,23 0,15

Tablo 8’de ortalama bebek viicut agirligi 0-1 ay i¢in 4,2 kg ve

2-5 ay i¢in 7,3 kg olarak hesaplanmistir. Elde edilen sonuglara gore

0 ila 5 aylik ¢ocuklar igin tahmini 3-MCPDE maruziyeti

incelendiginde Danimarka (0,75 pg/kg ve 0,23 pg/kg) bebek
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mamalarindan elde edilen sonuglar Avrupa (2,4 ug/kg), ABD (9
ng’kg) ve Brezilya'daki (2,49 pg/kg) onceki c¢alismalarla
karsilastirildiginda en diisiik seviyede oldugu goriiliir. Ayni zamanda
esterlerin tliketildikten sonra %100iniin serbest formlarina
doniistiglinii  varsayilmistir  (EFSA  CONTAM Panel, 2016).
Danimarka verilerine gore 0-1 ay yas grubu i¢in 2-MCPDE'lerin
giinltik alim1 0,3 pg / kg viicut agirligi / giin olarak tespit edilmistir.
2-5 aylik bebekler i¢in ise bu deger 0,19 pug/kg viicut agirlhigl/giindiir.
Bununla birlikte, 0-1 aylik ve 2-5 aylik bebekler sirasiyla 0,75 ve
0,23 pg/kg vicut agirhgi/gin 3-MCPDE'ye maruz kaldigi
belirtilmistir. Her iki yas grubunda da tahmini 3-MCPDE maruziyet
degerleri, EFSA tarafindan yayinlanan 2pg/kg viicut agirligi/giin
tolere edilebilir giinliik alimdan (TDI) 6nemli 6l¢iide daha diistiktiir
(EFSA CONTAM Panel, 2018). Benzer sekilde, 0-1 aylik ve 2-5
aylik ¢ocuklar i¢in GE'lere maruz kalma sirasiyla 0,49 ve 0,15 pg/kg
viicut agirlhig/glin  olarak hesaplanmistir. Bu degerler, diger
tilkelerde bildirilenlerden 5-10 kat arasi daha diisiik seviyedir. 3-
MCPDE’nin en fazla maruziyeti Amerika Birlesik Devletleri’nde 0-
1 aylik bebekler i¢in goriiliirken, GE maruziyeti en fazla Brezilya’da
0-5 aylik bebeklerde goriilir. Bu c¢aligmaya goére Danimarka
disindaki tiim {ilkelerdeki ve tiim yas gruplarindaki maruziyet
EFSA’nin belirtmis oldugu 2 pg/kg viicut agirhigr/glin sinirini
asmaktadir.

Hollanda Ulusal Halk Saghigi Enstitiisi (RIVM), 2017 de
yaptig1 bir c¢alismada, Hollanda'da diyette 3-MCPD'ye maruz
kalmanin yas gruplari agisindan incelemesi yapmistir. 2-6 yas
araligindaki ¢cocuklarin yaklasik %18'inin 3-MCPD i¢in TDI'yi asan
bir alim miktarina sahip oldugunu ortaya konulmustur. Yedi
yasindaki ¢ocuklar, en yiiksek maruziyet degerine sahipken, bu yas
grubunun %35' 2 pug/kg viicut agirligini asan TDI'nin iizerinde bir
diizeye sahip oldugu bildirilmektedir (Boon & te Biesebeek, 2016).

Sadowska-Rociek & ark., (2018), 2016-2017 yillar1 arasinda
Polonya'da satin alinan patates cipsi, misir cipsi, kraker, yer fistigi,
granola, miisli, misir gevregi, sekersiz, organik, gliitensiz ve klasik
biskiiviler ile bebek biskiivilerinin de i¢inde bulundugu gidalardaki
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3- MCPDE'lerin varligm gostermislerdir. Polonya bebek
biskiivilerindeki 3-MCPD degeri 88 ile 443 ng/kg arasinda degisen
diizeyde oldugu tespit edilmistir.

Nguyen & Fromberg, (2020), yaptig1 ¢alismaya gore 3-MCPD
ve GE'lerin bebek ve kiicliik ¢cocuk gidalarindaki kontaminasyon
derecelerini siralamiglardir. Elde edilen sonuglara gore tahil bazl
plire = s1v1 formiil <tahil bazli piire tozu = bebek puflar1 <toz formdil
<bebek biskiivileri olarak tespit edilmistir.

Beekman & ark. (2021) 2019 yilinda  Alman
siipermarketlerinden satin alinan 45 bebek mamasi triiniindeki 3-
MCPD ve glisidil ester i¢eriginin analiz etmistir. Almanya'da 8 farkli
iireticinin tirettigi 6 ay ve iizeri, 10 ay ve lizeri, 1 yas ve lizeri, 2 yas
ve lizeri yeni dogan bebek triinlerini kapsayan 45 adet toz bebek
mamas1 numunesi Almanya'daki stipermarketlerden satin alinmistir.
Bu formiillerin yag icerigi yaklasik %16 ile %31 arasinda degisiklik
gostermis ve rafine palm, kolza tohumu, ay¢icegi, hindistancevizi,
soya fasulyesi, balik ve/veya Mortierella alpina (M. alpina)
yaglarindan olugsmaktadir. Elde edilen sonuglar 2015 yilinda yapilan
bebek formiilleri ile karsilagtirilmigtir. 2019 veri seti ile 2015 yilinda
satin alman Alman formiilleri i¢in toplanan olusum verilerinin
karsilagtirllmasi,  ortalama  bagh  3-MCPD ve  glisidol
konsantrasyonlarinin distiigiinii gostermektedir (sirasiyla 0,094'ten
0,054 ng gt ve 0,010'dan 0,006 pg g-'e). Beekman & ark., bunun
sebebi olarak bebek formiillerindeki kirletici konsantrasyonlarini
azaltmak i¢in firmalarin ek/gelistirilmis azaltma Onlemlerinin 4
yillik siire boyunca uygulandigini diisiindiiklerini rapor etmistir.

Cui & ark., (2021) Cinli bebek ve 0-3 yas arast kiiciik
cocuklarda tiikketime sunulan bebek formiillerindeki 3- ve 2-MCPD
esterleri i¢in bir diyet maruziyet degerlendirmesi yapmistir. Bu
calismada, 2015 ve 2017 yillar1 arasinda Cin'de satilan 874 bebek
formiliindeki 3- ve 2-MCPD esterleri analiz edilmistir. Tiim bu
bebek formiilleri, paket etiketlemesine gore ii¢ yas asamasina
boliinmiistiir (0-6 aylik bebekler i¢in birinci asama, 6-12 aylik
bebekler icin ikinci asama, 13- 36 aylik bebekler i¢in liglincii agama).

~142-



Uc asama arasinda formiillerdeki 3-MCPD esterlerinin ortalama
konsantrasyonlar1 sirasiyla 0,081 mg/kg, 0,061 mg/kg ve 0,068
mg/kg olarak rapor edilmistir. Degerlendirme sonuglarina gore
bebeklerin ve kii¢iik cocuklarin mama tiiketiminden orta diizeyde 3-
MCPD esterlerine maruz kalmalarinin beklendigini gdstermistir.
Cinli bebeklerin ve kii¢iik ¢ocuklarin ¢ogunlugu i¢in 3-MCPD
esterlerinin maruz kalma seviyesi 2 pg/kg viicut agirligi/giin TDI'yi
gecmemesine ragmen, kiigiik gruplarin saglik kilavuz degerini asan
giinliik alim degerleri diisiiniilmektedir. Maruziyet degerlendirmesi
icin yalnizca bebek formiilleri dikkate alinmaktadir ancak bebeklerin
biiyiik bir kismi karma beslenmektedir; 6zellikle yeni yiiriimeye
baslayan g¢ocuklar, 3-MCPD esterleri de igerebilen tamamlayici
gidalar tiiketmektedirler. Bu nedenle genel maruziyet tahmini,
sunulan sonuglardan daha yiiksek olacaktir.

Diger Gida Uriinlerinde 3-MCPD ve Glisidil Esterler

Literatiirde, farkli gida ftiriinlerindeki 3-MCPD esterlerinin
seviyelerini bildiren bir dizi ¢alisma yayinlanmistir, literatiirde yakin
zamanda bildirilen gidalarda ve gida bilesenlerinde 3-MCPD, 2-
MCPD ve GE konsantrasyonlar1 Tablo 9 da gosterilmektedir. Kati
ve sivi yaglar ile bebek mamasi sonraki basliklarda ayrintili olarak
anlatildigindan tabloya dahil edilmemistir.
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Tablo 9. Gidalarda ve gida bilesenlerinde 3-MCPD, 2-MCPD ve
GE'nin goriilme seviyeleri(Arisseto & ark., 2018)

Ort.  Deger Deger Ort. Deger Aralig
Araligi |Aralig1

Etaromast 6256,3 30,6-501,7 RE RE RE
Patates cipsi 5431,4 <LOQ-604 RE 19 TED-9,5
Misir gevregi 4195  45-267 RE TED -
Kraker 5449,4 112-748 RE TED -
Yer fistig1 34753 251-753 RE TED -
Granola 3375  206-513 RE 9,16 TED-28,8
Miisli 3353,6 86-585 RE TED -
Sekersiz 5599,2 133-1501 RE TED -
biskiiviler
Organik 5237  59-495 RE TED -
biskiiviler
Bebek 6283,5 88-443 RE TED -
biskiivileri
Klasik 5590 363-870 RE TED -
biskiiviler
Sandvig 729 23-36 8 7,8-8,3

ekmeklerive 5

9,18-19
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ekmekler

Kahvaltihlk 626 19-33 10-20 17 16-18
6 !

tahillar

Kahve 6188  44-398 - - -

N: Ornek sayis1; RE: Calismada rapor edilmedi; TED: Tespit
edilemeyen deger; LOQ: Tayin Limiti

Elde edilen sonuclara gore en yiiksek 3-MCPD deger araligi
ve ortalamasi seker icermeyen biskiivilerde goriilmiistiir. Bu
degerler sirastyla 133-1501 ve 599,2 png/kg’dir. Cogu gida iiriinii i¢in
2-MCPD ve GE diizeyleri rapor edilmemistir.

Son arastirmalar bagli 3-MCPD'nin, salamura zeytin,
kavrulmus ve yesil kahve, gevrek ekmek, kraker, patates cipsi ve
patates kizartmasi, salam (ve tiirevleri; jambon, fiime ve salamura),
balik ve bazi peynirler gibi ¢esitli gida maddelerinde bulundugunu
da gostermektedir (Hamlet & ark., 2011). Diger gida {iriinleri i¢in
yapilan diger calismalarda ise Samaras & ark., (2016) waftle
orneklerinde 250 pg/kg 3-MCPD tespit edilirken, Becalski & ark.,
(2016) tarafindan yapilan ¢alisma ise ¢erezlerdeki 3-MCPD
seviyeleri 29 — 470 ng/g araliginda tespit edilmistir. Bu ¢aligmalar
ek olarak kahve kremalari, sprey kremalar ve et suyu bulyonlarda da
sirastyla 130-730, 50—730 ve 380-670 pg/kg araliklarinda sonuglar
elde edilmistir (Karsulinova & ark., 2007).

Balik ve balik iirtinlerindeki kirleticilere iliskin sinirli veriler
yaymlanmistir. Ostermeyer & ark., (2021) yaptigi ¢alismada Alman
pazarindaki balik¢ilik iiriinlerindeki serbest ve bagli MCPD ve
glisidil esterler incelenmistir. 258 ticari numunenin incelendigi
calismada, panelenmis, 6nceden kizartilmis ve dondurulmus balik
driinleri (6rnegin, balik parmaklari), derin yagda kizartilmis ve
salamura baliklar, konserve ve tiitsiilenmis baliklarin iiretimi igin,
(6n)kizartma, pastorize etme ve tlitsiileme gibi termal islemler
uygulanmis liriinler se¢ilmis olup, Tablo 10’da gosterilmektedir.
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Tablo 10. Almanya yerel pazarlarinda satilan tiitsiilenmis ve 1sil
islem gormiis balik tiriinlerindeki MCPD ve glisidil esterler (ug/kg)
(Ostermeyer & ark., 2021)

Uriin n 3-MCPD- 2-MCPD-E G-E (ug/kg)
E (ng/kg) Ortalama = Std
(ng/kg)  Ortalama = Std (Min-Maks)
Ortalama (Min-Maks)

+ Std
(Min-
Maks)
Kizartilmamig
Balik kroket 1 <LOQ <LOQ <LOQ
Balik koftesi 2 <LOQ <LOQ <LOQ
Ekmekli balik filetosu 5 <LOQ <LOQ <LOQ
Onceden kizartilmis
Balik kroket 22 262+£179 115+ 107 17 £ 14 (<LOQ-

(<LOQ-  (<LOQ-490)  60)
683)
Ekmekli balik filetosu 14 1754201 76 + 101 (SLOQ-15 + 12 (<LOQ-

(20-792)  369) 49)
Ekmekli kalamar 4 266 £203 59 +£57 (<LOQ- <LOQ
halkalar1
(<LOQ- 141)
476)
Kizarmis
Balik koftesi 4 33+16 <LOQ 36 + 42 (<LOQ-
(<LOQ-45) 97)
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Almanya pazarinda analiz edilen 2- ve 3-MCPD-E ve GE
miktarlar1 Tablo 10'da dzetlenmistir. Onceki calismalarda kizarmis
balik iiriinlerindeki bagli MCPD miktarlar ile (3- MCPD-E araligi:
<LOQ-808 ng/kg) bu arastirmadaki kizartilmis balik 6rneklerindeki
miktarlar arasinda (3-MCPD-E araligi: <LOQ-792 pg/kg) 6nemli
Olciide fark bulunmamistir. Bir Ornek disinda, tiim Onceden
kizartilmig balik parmaklarinda/¢ubuklarda, hem 3-MCPD-E hem de
2- MCPD-E miktarlar sirastyla <LOQ ile 683 pg/kg ve <LOQ ile
490 ng/kg arasinda degisen sonuglar elde edilmistir. 3-MCPD-E
miktarlari, 2-MCPD-E miktarlarindan ortalama olarak 2,6 kat daha
fazla, GE ise bu 6rnekler i¢in dl¢iilebilir seviyelerin altinda (bir balik
kroket 6rnegi; 60 ng/kg haricinde) seviyesinde bulunmaktadir. 70 kg
viicut agirhiina sahip bir yetiskin icin tolere edilebilir giinlik alim
miktart 140 pg'dir. En fazla kontamine iiriinlerden 150 gr (yaklasik
680 ng 3-MCPD-E/kg) tiiketilse dahi TDI degeri asilmayacaktir.
Bununla birlikte, balik parmaklar1 genellikle ¢ocuklar tarafindan
tilketilmektedir. Test edilen {irlinlerin yarisindan fazlasinin (n=2) 3-
MCPD-E miktarlart 200 ug/kg'dan fazla bulunmaktadir. Bu
durumda, bes balik parmagi (150 g) tiiketen bir ¢ocuk icin (30 kg),
tolere edilebilir giinliik miktarin %350'sinden fazlasini tiiketmis
olacaktir (Ostermeyer & ark., 2021).

Balik nuggetlarin derin kizartilmasi1 sirasinda MCPD ve
glisidoliin yag asidi esterlerinin degisimi ve bunlarin toplam polar
bilesiklerle korelasyonlarinin inceledigi bir baska caligmada ise 3-
MCPD esterleri ilk 12 saatte 6nemli 6l¢iide artis gostermis kizartma
isleminin devaminda ise azalmis, 2-MCPD esterleri ise 24 saatte
maksimum seviyeye ylkselmis (0,69-0,81 mg/kg ve kizartma
isleminin devaminda ise azalmigtir. GE'ler ise kizartma siiresi ile
birlikte azalmis ve tiim kizartma yaglarinda 36 saat sonra yaklasik
0,05 mg/kg seviyelerine kadar diistiigii rapor edilmistir (Xu & ark.,
2020).

Jang & Koh (2020) Korede 31 soya sosunda yapilan ¢calismada
3-MCPD miktar tespit edilemeyen degerler ile 54,97 pug/kg arasinda
degismekte olup, ortalama deger 11,62 pg/kg'dir. Analiz edilen
orneklerin %23"inde (7adet) Kore Gida ve Ila¢ Giivenligi Bakanlig
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tarafindan belirlenen maksimum siir olan 20 pg/kgh astig
bulunmustur. 3-MCPD'nin giinliik alimi, ortalama tiiketiciler igin
sirastyla 1,22 ng/kg viicut agirligi ve yiiksek tiiketiciler icin, 47
ng/kg olarak tahmin edilmistir. Ortalama tiiketiciler i¢in maruziyet,
gecici maksimum tolere edilebilir giinliik alimin (4 pg/kg viicut
agirligt) %0,03-0,11' kadar rapor edilmistir.

Zhang & ark., (2020) tarafindan yapilan Zhejiang pazarindaki
bitkisel yaglar ve ilgili tirtinlerdeki 3- ve 2-monokloropropandiol
(MCPD) esterlerinin olusumu ve risk degerlendirmesi ¢alismasinda,
2016-2018 yillar1 arasinda Zhejiang pazarindan 486 gida numunesi
toplanmis 3- ve 2-MCPD esterleri analiz edilmistir. Gidalardaki 3-
MCPD esterlerinin seviyeleri tespit edilmeyen ile 8,3 mg/kg
arasinda degismekte olup, en yiiksek ortalama seviyeler 0,76 mg/kg
seviyeleri ile bitkisel yaglarda bulunmustur. 2-MCPD esterleri,
tespit edilmeyen ile 4,0 mg/kg arasinda degismistir ve en yiiksek
ortalama seviyeler, 0,4 mg/kg iceren hazir eristelerde bulunmustur.
3-MCPD'nin diyet alim1 giinde 0,62 ug/kg canli agirlik (ortalama) ve
giinde 2,29 g/kg viicut agirligt 2-MCPD ester alimlar1 giinde 0,26
ug/kg viicut agirhig (ortalama) ve glinde 0,87 ug/kg viicut agirlig
olarak rapor edilmistir. Bitkisel yaglar diyetle alinan 3- ve 2-MCPD
esterlerinin ana besin kaynagi olarak bulunmustur. Bu bulgular,3-
MCPD esterlerinin diyet maruziyet seviyelerinin tolere edilebilir
glinliik alimla karsilagtirildiginda, 4-17 yas arasindaki yiiksek
tilketicilerde saglik igin potansiyel bir risk olusturabilecegini
diistindiirmektedir.

Tiirkiye Pazarinda 3-MCPD Iceren Gida Uriinleri

Sirinyildiz & ark., (2014) yaptig1 c¢alismada Tirkiye
piyasasinda satisa sunulan 27 adet bitkisel yaglardan misir, kanola,
aycicek ve findik yagi ile birlikte margarinleri 3-MCPD ester
iceriklert DGF C VI 18 (10) ile analiz edilmistir. Elde edilen
sonuglar Tablo 11°de gosterilmektedir.
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Tablo 11. Tiirkiye yerel pazarlarinda satilan bitkisel yaglarda ve
margarinde bulunan 3- MCPD ester miktart
(mg/kg)(Sirinyildiz&ark.,2019)

Yag Ornekleri 3-MCPD Esterleri Araligi (mg/kg)
Misir (n=5) 0,51-2,49
Aycigek (n=3) 0,12-0,79
Findik (n=3) 0,24-0,45
Kanola (n=2) 0,42-0,95
Margarin (n=14) 0,57-4,54

Ornekler incelendiginde en yiiksek degerin 4,54 mg/kg degeri
ile margarinde oldugu tespit edilmistir.

Calismada elde edilen bu degerler diger c¢alismalar ile
kiyaslanmistir. Weihaar (2011) Alman pazarlarinda farkh
markalara ait rafine musir yaglarinda ortalama 3-MCPD ester
iceriginin 1,7 mg/kg olarak bildirmistir ve bu deger Tiirkiye
pazarindan elde edilen 4 misir yag1 ornegiyle uyum gostermistir.
Aycigek yagi i¢in yapilan karsilastirmada Razak & ark., (2012) ve
Kuhlmann'in (2011) sonuglartyla sirasiyla 0,6 mg/kg 0,1-2,1 mg/kg
benzerlik gosterse de Zelinkova & ark., (2006) yaptig1 calismaya
gore (<0,300 mg/kg ve <0,100 mg/kg) yiiksek bulundugu rapor
edilmistir. Benzer sekilde kanola yagi icin elde edilen degerler bu
aragtirmacilar ile kiyaslandiginda (0,1-1,0 mg/kg) uyum
gostermektedir.

Findik yagi ile elde edilen sonug araliklari (0,24-0,45 mg/kg)
ise literatiirdeki arastirmalar ile karsilastirildiginda Zelinkova &
ark., (2006) yaptig1 calisma ile (<100 ug/kg) yakin sonuglar
vermektedir. Son olarak margarin sonuglarina bakildiginda (0,57-
4,54 mg/kg) ise Jedrkiewicz & ark., nin (2016), Polonya pazarinda
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bulunan margarinlerin lipid fraksiyonlarinin baghi 3-MCPD
iceriginin bulgularindan (1,3-7,3 mg/kg) daha diisiik olarak tespit
edilmigtir. Literatiirdeki bulgular, 6rnegin Alman pazarlarindan
alman 200 margarin Orneginin 224 pg/kg igerdigini belirten
WeiBhaar (2011) ve Alman Federal Gida ve Tarim Bakanligi
tarafindan bildirilen margarinlerin (0,4-4,5 mg/kg) sonuglariyla da
uyum gosterdigi belirtilmistir. Margarinin diger bitkisel yaglara
kiyasla bu kadar yiiksek sonug¢ vermesinin nedenleri ise palm yagi
icermesi veya margarin formiilasyonlarinda 3-MCPD esterlerinin
olusumunu kolaylastirabilen tuzun varligi ile olusabilecegine
baglanmustir.

Giindiiz (2020), Tirkiye’deki yerel marketlerden temin edilen
8 ¢esit yag olmak lizere toplamda 46 adet farkli markada 3-MCPD
ve GE miktarlar1 belirlenmistir. Bu yaglar, 7 farkli marka aygigegi
yagi, 6 farkli marka misir yagi, 4 farkli marka balik yag1 kapsiil, 7
farkli marka natiirel sizma zeytinyagi, 4 farkli marka findik yagi, 7
farkli marka riviera zeytinyagi, 6 farkli marka margarin, 3 farkh
marka sortening ve 2 farkli marka yer fistig1 yagidir. Caligmada
bildirilen sonuglar Tablo 12’de gdsterilmistir.

Tablo 12. Ornek gruplarinda belirlenen 3-MCPD ve glisidil esteri
miktarlari(Giindiiz,2020)

Omek 3-MCPD Glisidil (mg/kg)
Aycicek yaglari 0,02-0,44 0,06-2,42
Balik yaglar 0,00-0,11 0,00-0,69
Findik yaglar 0,06-2,12 0,54-2,63
Margarin ve 0,12-1,17 0,41-6,46
sorteningler

Misir yaglari 0,05-0,37 0,06-0,95
Natiirel s1izma 0,00 0,00
zeytinyaglari

Riviera zeytinyaglar1  0,16-1,69 0,19-3,53
Yerfistig1 yaglar 0,11-0,90 0,45-1,47
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Rapor edilen sonuglara gore natiirel sizma zeytinyagi ve 1 adet
kapsiil balik yag1 disindaki 6rneklerde 3-MCPD 0,02- 2,12 mg/kg
araliginda ve GE ise 0,06-6,46 mg/kg araliginda tespit edilmistir.

Karabulut (2015), tarafindan yapilan rafinasyon kademelerinin
3-MCPD ve glisidol esterleri lizerine etkisini inceledigi ¢alismasinda
riskli iirlin grubu olarak degerlendirilen meyve yaglari (zeytinyagi,
palm olein ve palm stearin yagi) ve tohum yaglarini (misirézi ve
aycicek yagi) incelemistir. Caligmada 23 adet palm yagi, 38 adet
zeytinyagi ve 8 adet tohum yagi olmak tizere toplam 69 6rnekteki 3-
MCPD ve glisidol esterleri miktarlar1 aragtirilmistir. Elde edilen
verilere gore 3-MCPD ve glisidol esterlerinin  rafine
zeytinyaglarinda 0,24-18,48 mg/kg araliginda, palm yaglarinda
1,42-4,29 mg/kg araliinda, rafine ay¢icek yaginda 1,7 mg/kg, rafine
misir yaginda ise 1,4 mg/kg oldugu bulgulanmaktadir. Bu ¢alismada
rafine palm yagi, aycicek yagi, zeytinyaglar: ve misirdzii yaglarinda
elde edilen sonuglar daha oOnce yapilmis calismalan
desteklemektedir.

Sungur & Ender (2019) tarafindan yapilan bir bagka ¢alismada
ise Tiirkiye pazarindaki unlu mamullerden kek, biskiivi, ¢ikolata,
waffle ve kurabiyeler incelenmistir. Elde edilen sonuglar Tablo
13°de gosterilmistir.

Tablo 13. Unlu mamullerden elde edilen 3-MCPD esterleri ve
glisidil esterlerinin diizeyleri (N=3)(Sungur&Ender,2019)

Gida Ornekleri 3-MCPD esterleri (mg/kg)  GE (mg/kg)

Kek 0,50+0,01 0,10+0,001
Biskiivi 0,60+0,01 8,80+0,05
Cikolata 0,20+0,001 TED
Waffle 0,20+0,001 0,10+0,001
Kurabiye 0,060,001 0,07+0,001

TED: Tespit edilemeyen deger

Calismada elde edilen sonuglar diger c¢alismalar ile

karsilastirildiginda Mogol & ark., (2014) yaptig1 calismada elde
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edilen 0,018-0,074 mg/kg degerine kiyasla ¢ok yiiksek oldugu
Becalski & ark., (2015) tarafindan yapilan calismadaki kraker
sonuclari ile karsilastirilmis ve 3-MCPD ve GE sirasiyla 29470
ng/g ve 17-339 ng/g araligina kiyasla minimum degerlere yakin
oldugu, Ayni sekilde waffle 6rneklerinin de Samaras & ark., (2016)
tarafindan yapilan calismadaki 250 pg/kg degerine yakin oldugu
gOrlilmiistiir.

Onal (2016) yaptigi c¢aligmada, piyasada bulunan farkh
markalara ait patates cipslerinde meydana gelen 3-MCPD
esterlerinin miktarlarin1 belirlemistir. Bu amagcla piyasadaki yerel
marketlerden temin edilmis farkli markalara ait patates cipsleri
kullanilmigtir. Alinan 6rneklerde toplam 3-MCPD esterleri ve GE
miktar1; German Society for Fat Science (DGF) C VI 18(10) standart
yontemi kullanilarak, gaz kromatografi kiitle spektrometresi (GC-
MYS) ile analiz edilmis olup, sonuglar Tablo 14’de gdsterilmektedir.

Tablo 14. Farkl firmalara ait farkli markalar altinda satisa
sunulan patates cipslerindeki toplam 3-MCPD ve GE miktarlar

(mg/kg)(Onal,2016)
Ornek Firma Kodu 3-MCPD Aralik Degeri ~ Glisidil Esteri Aralik
(mg/kg) Degeri (mg/kg)

Al (n=6) TED-1,88 0,36-4,18

A2 (n=6) TED-2,75 0,47-4,31

B1 (n=3) 2,16-2,97 TED-0,52

B2 (n=3) TED-2,21 0,16-6,01

Cl1l (n=2) 0,66-0,99 0,68-5,37

C2 (n=2) 0,52-0,80 3,20-3,58

D1 (n=1) 2,99 0,86

D2 (n=1) 0,99 3,66

n: Ornek say1s1; TED: Tespit edilemeyen deger

Bu calismada elde edilen sonuglara gére markalar arasinda
istatiksel farkliklar bulunamamis (P>0,05), 70 kg agirligindaki bir
bireyin 2 pg 3-MCPD/kg viicut agirligi limitine ulagmasi igin
tiikketebilecegi maksimum patates cipsi miktar1 1. 6rneklemelerin en
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diisiik diizeyleri dikkate alindiginda A markast i¢in 12, B, C, D
markalari i¢in 2 olarak tespit edilmistir.

2. orneklemelerin en diisiik diizeyleri dikkate alindiginda ise
14 paket sayisi sonucuna ulasilmistir.

Doner kebabinin pisirme siirecinde kalite ozellikleri, lipid
oksidasyon parametreleri ve 3-MCPD igeriginin inceledigi bir baska
calismada ise tavuk doner kebabi iiretimi sirasinda uygulanan 1sil
islem nedeniyle lipid fraksiyonundaki degisimler arastirilmistir.
Doner kebabi numunelerinden pisirme sirasinda ekstrakte edilen
lipid fraksiyonunun oksidasyon seviyelerini belirlemek igin renk,
konjuge dien, K-232, K-270, peroksit degeri, tiyobarbitiirik asit
degeri, serbest yag asitleri igerigi, polimer trigliserit igerigi, serbest
ve estere bagl  3-monokloropropan- 1,2-diol  seviyeleri
belirlenmistir. Cig O6rneklerin lipit fraksiyonlarinda ester MCPD
miktarlar1 13.35-84.95 ng/kg degerleri arasinda, pismis 6rneklerin
lipit fraksiyonlarinda ise 33.07-311.97 pg/kg degerleri arasinda
degisim gostermistir. Cig drneklerin lipit fraksiyonlarindaki ester 3-
MCPD miktarlart pismis orneklere gore daha diisiik bulunmustur.
Doner kebab1 drneklerinin nem igerigi pisirme ile azaldikca lipid
miktarlar1 artis gostermistir. Pisirme islemi ile ester 3- MCPD
miktar arttik¢a serbest 3-MCPD seviyeleri ise azalma gostermistir.
Pisirme islemi diisiik sicakliklarda yapildigindan, serbest ve ester
bagli 3-MCPD ve lipid oksidasyon fiirlinlerinin miktarlar1 diisiik
rapor edilmistir (Gulen & ark., 2020)

3-MCPD ve Glisidil Esterleriyle ilgili Yasal Diizenlemeler

2001 yilinda, Bilimsel Gida Komitesine (SCF) danistiktan
sonra, Avrupa Topluluklari Komisyonu 3-MCPD i¢in maksimum
seviyeleri belirledi. SCF'nin 6nceki raporlarinda, 3- MCPD, asit
hidrolizi ile hidrolize bitkisel proteinde gida isleme boyunca {iretilen
potansiyel bir genotoksik kanserojen olarak kabul edilmisti.
466/2001 sayili Komisyon Yonetmeligi (EC) yiiriirliige girmeden
once, bazi liye devletler soya soslarinda yiiksek seviyelerde 3-
MCPD rapor etmislerdir. Bu nedenle, hidrolize sebze proteini ve
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soya sosunda bulunan 3-MCPD i¢in 0,02 mg/kg'lik maksimum
seviye belirlenmistir. Bu maksimum seviyenin kuru maddede
maksimum 0,05 mg/kg seviyesine karsilik gelen %40 kuru madde
iceren sivi irln i¢in verildigi dikkate alinmalidir. Bu nedenle,
degerin iriinlerin kuru madde igerigine gore ayarlanmasi
gerekmektedir (EC, 2001). 2001 yilinda, SCF 2 pg/kg viicut agirligi
olarak TDI belirlemis ve 3-MCPD'nin insanlar i¢in genotoksik
olmayan bir kanserojen oldugu sonucuna varmistir (SCF, 2001).

Gida maddelerindeki belirli kirletici maddelerin maksimum
seviyelerini belirleyen 466/2001 sayilit Komisyon Yonetmeligi (EC)
1881/2006 sayili Komisyon Yonetmeligi ile degistirilmis ve 3-
MCPD diyet alimina katki saglayan ana iiriinlerin soya sosu ve soya
sosu bazli iirlinler oldugu vurgulanmistir. Bununla birlikte, yiiksek
miktarlarda tiiketildigi takdirde ekmek ve eriste gibi diger potansiyel
gida kaynaklar1 da bir endise oldugu belirtilmistir. Bu nedenle,
1881/2006 sayili Komisyon Yodnetmeligi (EC), hidrolize sebze
proteini ve soya sosunda 3-MCPD olusumu i¢in belirlenen
maksimum degerleri korurken, "Uye Devletlerden, ilave gida
maddeleri i¢in maksimum seviyeler belirleme ihtiyacini1 gz 6niinde
bulundurmak amaciyla, 3-MCPD olusumu agisindan diger gida
maddelerini incelemeleri talep edilmistir” (EC, 2006). Bu nedenle,
2013 yilinda EFSA, 2009'dan 2011'e kadar Avrupa'da gidalardaki 3-
MCPD olusumunun analizi hakkinda Bilimsel Rapor ve bir 6n
maruziyet degerlendirmesi yaymlamistir. Bu belge, Avrupa Uye
Devletlerinde 1235 analitik sonucun toplandigim1 ve 3- MCPD
degerlerinin hayvansal ve bitkisel katt ve sivi yaglarda yiiksek
diizeylerde bulundugunu bildirmektedir (EFSA, 2013).

Avrupa Komisyonu, 2-MCPD ve 3-MCPD'nin, bunlarin
esterlerinin ve GE'lerin Ozellikle asagidakilerdeki {iriinler igin
izlenmesi hakkinda bir tavsiye yaymlamistir. Bu tavsiyeye gore (i)
bitkisel sivi ve kati yaglar ve asagidaki gibi tiiretilmis margarin
iirlinleri ve benzeri {lirtinler; (i1) belirli beslenme amacli yiyecekler,
bebekler ve kiiciik ¢ocuklara yonelik yiyecekler ve 6zel tibbi amaclh
diyet yiyecekler; (iii) kaliteli unlu mamuller, ekmek ve kiigiik
ekmekler; (iv) konserve et ve balik (flime); (v) patates veya tahil
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bazli atistirmaliklar ve diger kizarmis patatesler; (vi) bitkisel yag
iceren yiyecekler ve bitkisel yaglarla hazirlanan/iiretilen yiyecekler.
Bu tavsiyeleri dikkate alarak ve iiye devletlerin birkag raporundan
sonra EFSA Gida Zincirindeki Kirleticiler Paneli (CONTAM) bu
bilesiklerle ilgili 7175 olusum verisini degerlendirdi. CONTAM
Panel tarafindan yapilan analiz, 3-MCPD, 2-MCPD ve GE'lerin
palm yaginda en yliksek seviyelerde bulundugunu ancak diger
bitkisel yaglarda da dikkat edilmesi gereken diizeylerde oldugunu
gostermektedir. Bununla birlikte TDI mevcut verilere gore gézden
gecirilmis ve 3-MCPD i¢in 0,8 pg/kg viicut agirligi belirlenmistir
(Albuquerque & ark., 2019)

2016 yilinda JECFA, 3-MCPD ve bunlarin esterleri igin tek
basina veya kombinasyon halinde 4 pg/kg viicut agirligi gecici
maksimum TDI belirlemistir. 2 yil sonra ise EFSA CONTAM
Panelinde, 3-MCPD ve esterleri hakkinda bir risk degerlendirme
giincellemesi yayinlayarak, TDI 0,8'den 2 pg/kg viicut agirligi olan
bir artis yaymnlamistir (EFSA CONTAM Panel, 2018). Avrupa
Birligi Diizenleyici kurumuun 2020 yilinda bazi gidalar igin
yayinladigi iist limit sinirlar1 Tablo 15°de goriilmektedir.
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Tablo 15. Avrupa Birligi Diizenleyici kurumu 2020 yilinda
bazi1 gidalar i¢in iist limit sinirin1 degistirmistir. Bu tablo bu gidalar
ve ist limitini gostermektedir(EC,2020).

Gida Maddeleri Maksimum
seviye (ng/kg)

3-MCPD

Hidrolize bitkisel protein 20

Soya sosu 20

Glisidil yag asidi esterli, glisidol

Son tiiketici icin veya gidada bilesen olarak 1000
kullanilmak iizere piyasaya siiriilen diger deniz
organizmalarindan elde edilen bitkisel s1ivi ve

kat1 yaglar, balik yaglar ve siv1 yaglar (s1izma
zeytinyagi haric)

Bebekler ve Kiiciik ¢cocuklar icin bebek mamas1 500
ve islenmis tahil bazh gida iiretimi icin

hedeflenen diger deniz organizmalarindan elde

edilen bitkisel siv1 ve kat1 yaglar, balik yaglar

ve sivl yaglar ve

Bebek mamasi, devam mamasi ve bebekler ve 50
kiiciik ¢ocuklara yonelik 6zel tibbi amach

gidalar ve kiiciik cocuk mamalan (toz)

3-MCPD ve 3-MCPD yag asitlerinin toplam

Hindistancevizi, misir, kolza tohumu, aycicegi, 1250
soya fasulyesi, palm c¢ekirdegi ve

zeytinyagindan elde edilen siv1 ve kat1 yaglar

(rafine zeytinyagi ve sizma zeytinyagindan

olusur) ve bu kategorideki sivi ve kati1 yaglarin
karisimlar:
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Diger bitkisel yaglar (prina zeytinyaglari dahil), 2500
balik yaglar ve diger deniz organizmalarindan

elde edilen yaglar ve siv1 ve kat1 yaglarin sadece

bu kategoriden sivi ve kati yaglar ile

karisimlari

Bebek mamasi ve bebekler ile kiiciik cocuklar 750
icin islenmis tahil bazh gida iiretimine yonelik
bitkisel yaglar ve kati yaglar, balik yaglar: ve

diger deniz organizmalarindan yaglar

Bebek mamasi, devam mamasi ve bebeklere ve 125
kiiciik ¢ocuklara yonelik 6zel tibbi amach

yiyecekler ve kiiciik cocuk mamasi (toz)

Bebek mamasi, devam mamasi ve bebeklere ve 15
kiiciik ¢ocuklara yonelik 6zel tibbi amach

gidalar ve kii¢iik cocuk mamasi (s1vi)

EFSA 3-MCPD i¢in hayvan calismalarina gore genotoksik
olmayan bir etki ve erkek dogurganlig1 lizerinde azaltma 6zelligi ile
"olas1 insan kanserojeni" grubu 2B olarak siniflandirilmistir. GE ise
genotoksik ve Kkarsinojenik etkiye sahip “muhtemel insan
kanserojeni" grubu 2A olarak simiflandirilmistir. WHO ve IARC
GE’yi genotoksik bir kanserojen olarak siniflandirmistir. Bitkisel
yaglar genellikle bircok gidadaki ana yag kaynagini sagladigindan,
bu kirletici maddelerin varligi potansiyel bir saglik riski olarak kabul
edilmistir (Belkova & ark., 2021). Bildirilen toksisiteleri ve
kanserojenlikleri nedeniyle, 2018/290 sayili Yonetmelik, Avrupa
Komisyonu tarafindan 2018 yilinda, bitkisel sivi ve kat1 yaglar
kategorisi i¢in sabit maksimum GE seviyesi 1,0 mg / kg olarak
belirlenmistir (Hew & ark., 2021). Ulkemizdeki maksimum degerler
ile ilgili son calisma 5 Kasim 2023 tarih 32360 sayili gazetede
yayinlanarak Tiirk Gida Kodeksi Bulasanlar Yonetmeligi
giincellenmistir. Glincellenen Yonetmelikteki degerler Tablo 16’da
gosterilmektedir.
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Tablo 16. Tiirk Gida Kodeksi 3-monokloropropan-1,2-diol (3-
MCPD) ve glisidil yag esterleri (glisidol) icin belirlenen maksimum
degerler(TGK, 2023)

Gida (1) 3-MCPD icin  Glisidil yag
maksimum esterleri icin
limit (ug/kg)  maksimum

limit (ng/kg)

Hidrolize bitkisel protein (30) 20 -

Soya sosu (30) 20 -

Bitkisel siv1 ve kat1 yaglar, balik yaglarn - 1000

ve diger deniz organizmalarindan elde (31/12/2025

edilen yaglar (asagida belirtilen gidalar tarihinden

haric): Son tiiketici i¢in piyasaya arz itibaren
edilenler veya gidada bilesen olarak gegerli)
kullanilanlar

Sivi ve kati yaglar (Hindistan cevizi, 1250 -

misir, kolza tohumu, Aycicek, soya (31/12/2025

fasulyesi ve palm ¢ekirdeginden tarihinden

iiretilenler, riviera zeytinyagi ve sadece itibaren

bu kategorideki siv1 ve kat1 yaglarin gecerli)

karisimi) Natiirel zeytinyag haric

Diger bitkisel yaglar, balik yag: ve 2500 -

diger deniz organizmalarindan elde (31/12/2025

edilen yaglar ve sadece bu kategorideki tarihinden

sivi ve kat1 yaglarin karisim (palm yag  itibaren

ve fraksiyonlari ve pirina yag dahil) gecerli)

Bitkisel siv1 ve kat1 yaglar, bahk yagive 750 500

diger deniz organizmalarindan elde (31/12/2024) (31/12/2025)

edilen yaglar: Bebek ve kiiciik cocuk ek tarihinden tarihinden

gidasi iiretimine yonelik olarak itibaren itibaren
kullanilanlar gegerli) gegerli)

Bebek formiilii ve devam formiilii (3): 125/15 50/6.0

toz olarak piyasaya arz edilenler / sivi (31/12/2024) (31/12/2024)

olarak piyasaya arz edilenler tarihinden tarihinden
itibaren itibaren
gecerli) gegerli)
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(Y) Meyve, sebze ve hububat icin Tiirk Gida Kodeksi —
Pestisitlerin Maksimum Kalinti Limitleri Yonetmeliginde yer alan
smiflandirma esas alinir. Buna gore; karabugday (Fagopyrum spp.)
hububat ve karabugdaydan elde edilen tiriinler ise hububat {irtinleri
kapsaminda degerlendirilir. Meyveler icin belirlenen maksimum
limitler sert kabuklu meyveleri kapsamaz. (3°) Maksimum limit;
%40 kuru madde igeren sivi iiriin igin verilmis olup, bu oran kuru
maddede 50 pg/kg’a karsilik gelmektedir. Bu limit, yukaridaki
aciklamalar dikkate alinarak triindeki kuru madde miktariyla
orantil olarak hesaplanir. (}) Tiirk Gida Kodeksi Bebek ve Kiigiik
cocuklara yonelik Gidalar ile Viicut Agirligi Kontrolii i¢in Diyetin
Yerini Alan Gidalar yonetmeligindeki tanima uygun gidalar.

Ulkemizde ise 1/6/2010 tarihli ve 5996 sayili Veteriner
Hizmetleri, Bitki Sagligi, Gida ve Yem Kanununun 23 ve 24 {incii
maddelerine dayanilarak 1881/2006/EC sayili Gidalardaki Belirli
Bulasanlarin Maksimum Limitlerinin Belirlenmesi Hakkinda
Avrupa Birligi Komisyon Tiiziigiine paralel olarak bu yonetmelik,
gidalarda bulunabilen nitratlari, mikotoksinleri, agir metalleri, 3-
monokloropropan-1,2-diolii (3-MCPD), dioksinleri ve dioksin
benzeri  poliklorlubifenilleri ~ (PCB), polisiklik  aromatik
hidrokarbonlar1 (PAH) ve erusik asiti kapsar (TGK, 2023).
Yonetmelige gore hidrolize bitkisel protein ve soya sosu igin bir
limit belirlenmistir. Bu limitlere gére maksimum {ist sinir 20 pg/kg
olarak kabul edilmistir.

Sonuc¢

Gida giivenligi ve saglik i¢in 3-MCPD ve Glisidil Esterleri
olduk¢a 6nemli bir konudur. 3-monokloropropan-1,2-diol (MCPD),
2-monokloropropan-1,3-diol (2-MCPD) ve esterleri ile glisidil
esterleri, rafine bitkisel yaglarda yiiksek seviyelerde bulunan gida
kontaminantlaridir. 3- ve 2-MCPD ve esterleri, tahil malzemelerinin
hidroklorik asit hidrolizi sirasinda asidin lipidlerle reaksiyona
girmesiyle olusur. Ayrica, diisik nemli tahil bazli gidalarin
pisirilmesi gibi yiiksek sicaklik gerektiren gida isleme prosesleri
sirasinda da olusmaktadirlar. 3- ve 2-MCPD esterleri ile glisidil
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esterler, yemeklik yag rafinasyonunun koku giderme adimi
sirasinda, yagda dogal olarak bulunan kloriiriin reaksiyonundan
meydana gelmektedir

Gidalardaki kloropropanollerin kesfi aslinda yeni degildir, ilk
olarak tuzlu soslarda ve ilgili iiriinlerde 35 y1ldan daha uzun bir siire
once tanimlanmistir. Bununla birlikte, 2005 yilinda siklikla "bagl
MCPD" olarak adlandirilan kloropropanol esterleri, serbest
kloroesterlerden 6nemli 6l¢lide daha yiiksek miktarlarda, endiistriyel
olarak rafine bitkisel yaglarda gida kaynakli kanserojen maddeler
olarak tanimlanmistir, 6zellikle palm yaginda MCPD ester ve GE
azaltmaya yardimci olan temel faktorleri daha yakindan anlamak
icin 6nemli ilerlemeler kaydedilmistir Konu ile ilgili olarak azaltma
stratejileri,toksikolojik etkileri ve risk analizlerine yonelik bir ¢ok
calisma mevcuttur. Bu baglamda Ulkemizde de iiriin bazinda
Uluslararasit kodeksler g6z 6niine alinarak iirlin grubuna gore gecis
siiresi taninarak yasal limitler gilincellenmistir. Konu ile ilgili
endiistri akademi isbirligi yapilarak daha ¢ok calisma yapilmasi ve
yasal  limit  c¢aligmalarma  katki  saglanmasi  gerektigi
diistiniilmektedir.
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