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PREFACE

The continuity of human life in a healthy and high-quality manner
primarily depends on an adequate and balanced diet. Nutrition is the
intake and utilisation of nutrients that are necessary for the growth,
development, and long-term healthy and productive life of an
individual. Adequate and balanced nutrition is defined as the intake of
sufficient and balanced amounts of nutrients necessary for the growth
and renewal of the body, and their proper utilisation in the body. Food
is not only a biological need, but also a way of living that carries deep
cultural, geographical, and social imprints. When viewed from a
cultural and social perspective, food is a means of communication, an
expression of identity, belonging, love, and life. Geographical
indications, on the other hand, reveal the effects of the relationship
people have with nature and environmental conditions on eating habits.
Nowadays, nutritional science is no longer just about chemical
reactions consisting of calories, proteins, or vitamins. In recent years,
research has moved beyond macro- and micronutrient analysis to
multidisciplinary approaches that take into account the cultural and
geographical identity of foods and their bioactive content. The factors
influencing human health have a very variable structure, and
sustainable diets, respect for nature and animals, cultural values,
geographical production conditions, organic foods, functional foods
with natural bioactive components, and safe food systems are the

cornerstones of this structure.



It is important to evaluate foods that are considered as cultural heritage
not only from a gastronomic perspective but also in terms of
sustainability, bio-functionality, and public health. Climate, soil, water
resources, agriculture, and biodiversity determine the characteristics of
the products grown and their transformation into nutritious food. With
examples ranging from mountain villages to seasides, how geography
and our people shape cuisine is explained in this book. While the
sections of the book trace cheeses from different cultures and regions,
information is also provided on the bioactive compounds that shape
nutrition. A wide range of topics are discussed, from geographically
indicated cheeses from Anatolia to Thrace, to powerful antioxidant
compounds obtained from olives such as oleuropein, from the effects of
soluble fibres such as beta-glucan on the immune system to traditional
dietary habits. The aim of the book is not only to compile scientific data
on nutrition, but also to bring together traditional, culturally based
knowledge with modern science. I believe that the book will be a

holistic resource for scientists.

In the light of science, we hope to understand better the values coming

from nature and the living beings breathing here...

27/04/2025

EDITOR
Prof. Dr. Tulay OZCAN
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CHAPTER 1

GEOGRAPHICALLY INDICATED CHEESES FROM THRACE
TO ANATOLIA

Tulay OZCAN

Lutfiye YILMAZ-ERSAN
Raziye Asli KESER
Orhan EREN

Deniz AKSOZ

Baris KIYMA

INTRODUCTION

The significance of plant-based and animal-derived foods in
nutrition, which are the most essential and fundamental requirement for
the continuity of human life, is substantial. Turkiye is a country where
the diversity of agricultural and animal products is due to its
geographical location. In addition, its rich culinary culture consists of
the coexistence of societies of different cultures. This cultural richness
is quite efficient in the advertisement and tourism of traditional food
products throughout the country. Products are geographically marked
to protect the rich cultural, social and local heritage, and registrations
made by the Turkish Patent Institute in our country (Kantaroglu and
Demirbas, 2018).

Cheese is one of the products in the category of geographically
indicated products and is widely consumed. Cheese, which is a part of
daily nutrition, stands out with its nutritional value and longest storage

capacity, as well as its diversity among milk and milk products. When
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historical records were examined, cheese is a sign of cultural richness
and has a large share in traditional products (Ozcan et al., 2022).
Traditional foods are products that should be transferred to new
generations without harming their original characteristics as products
that carry the legacy of civilisations. In this context, the concept of
geographic indication gains importance. A geographical indication is a
concept that emerged due to the need for consumers to know the origin
of the food they eat, that which can easily access foods specific to
various regions in the globalisation process (Gokovali, 2007). The
purpose of the geographical indication is to ensure the production of the
product subject to registration and the protection of these products.
"Geographical indication" is one of the international regulations to
protect local products from imitation and to eliminate the information
asymmetry between the consumer and the producer. Consumers
purchase the products at higher prices due to the high-quality guarantee
offered, and a significant income increase is provided to the producers.
Therefore, there is an opportunity to contribute significantly to rural

development, promotion, and sales of local products (Ertan, 2010).

1.1 Geographical Indication

Local products have been protected by geographical indications
at national and international levels for protection against imitations of
local products and not to be exposed to unfair competition (Kan and
Giilgubuk, 2008). Geographic indications are signs on products in order
to have a significant geographical origin and derive their quality and

fame. Geographical origin can be a village, a town, a region, or a
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country. In geographical indication registration, the quality that region-
specific features bring to the product and the subjectivity that
distinguishes it from other similar products are the main objectives
(Ayber, 2005). Products and different manufacturing techniques
specific to people living in that region have emerged for distinctive
locations of Turkiye due to geographical location, climate, different soil
structure and diversity of cultural heritage. This difference
demonstrates that Turkiye has a product variety that can be the subject
of geographical indication (Gokovali, 2007).

The protection of products with geographical indication provides
advantages such as increasing marketing opportunities, increasing
income by protecting the producer, economic gain, and orientation of
the rural population towards different business areas (Gokovali, 2007).
Today, the registration of geographic indication can be performed in
two ways: Protected Designation of Origin (PDO); is the name given to
products whose production, processing, and other operations must all
take place in a geographical area with defined borders, while the
Protected Geographical Indication (PGI) is defined as the name given
to products whose production, processing, and at least one of the other
operations must take place in a geographical area with defined borders
(Anonymous, 2019a). Protected designations of origin products can
only acquire their characteristics if they are produced within the region.
Products of protected geographical indication are produced in another
region, provided that at least one of their qualities originates from the
district. However, the production methods and the quality of the product

must be identical (Anonymous, 2019b).
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1.2 Geographical Indication Cheeses of Turkiye

Cheese, which is the most preferred among milk and dairy
products and has the highest product diversity, gains different
physicochemical properties with production methods depending on the
type of milk used in production. Many technological processes such as
heat treatment, coagulation, salting, drying, and ripening provide
cheeses with the desired flavour and aroma profile as well as
characteristic features (Hayaloglu et al., 2007). In Turkiye, various local
cheeses have been produced with conventional production techniques
depending on geographical conditions, cultural habits, and differences
in animal species and breeds. Although most of these are
produced/consumed in quantities to meet the demand in the region
where they are produced, some of them are known throughout the
country and provide added value by being converted into commercial
products (Cantiirk and Cakmake1, 2019; Keser et al., 2022).

Cheeses, whose consumption figures are limited to the region
where they are produced, have commercial potential, but they are
products with limited borders. These cheeses are known by the name of
the city or region where they are produced and have unique flavour
characteristics. The dairy industry has a great responsibility to make
these cheeses more widely known and their consumption widespread.
When it comes to manufactured production, while it is to preserve the
taste, flavour, and aroma profile of local cheeses, it should not cause
changes in the original structure of the product. In our country, some

traditional cheeses remained limited in various regions and had partially
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been abandoned as the socio-economic conditions of the district
changed. In this regard, it is essential to determine the technical
characteristics and various elements of cheeses processed with
traditional methods in several regions of our country through research
to be performed to be registered (Kiipelikiling, 2020). Erzurum Civil
cheese and Diyarbakir Braided cheese are among the more well-known
geographically indicated cheeses and have succeeded in exceeding
regional production. Cheeses such as Tulum cheese, Antep Sikma
Cheese, Antakya Siirkii, Erzurum Moldy Civil cheese, Yozgat Canak
cheese and Antakya Moldy Siirkii are among the cheeses that cannot
exceed regional production but have received geographical indication.
These cheeses are loved and consumed by the people of the region in
which they are produced. However, the production of these cheeses
remains low because they are not well-known outside the region
(Saygili et al., 2020). Cheeses with geographical indication in Turkiye
are listed as follows and some characteristics of cheeses are given in

Table 1.

1.2.1 Antep cheese/ Gaziantep cheese / Antep Stkma cheese
(Antep Sitkma peyniri)

Antep cheese is a kind of local cheese produced in Gaziantep and
bearing the name of the province. Antep cheese is traditionally crafted
from the milk of small ruminants grazed on the pastures of Gaziantep
province. It is also referred to as "pisken" or "kelle" in Gaziantep. The
appearance of Antep cheese is characterized by homogeneity, non-

porosity, smoothness, firmness, non-crumbling texture upon cutting,
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semi-hardness, flexibility, and easy dispersal in the mouth. When
chewed, it leaves a squeaky sensation. Its color ranges from grey to
white (Anonymous, 2009a). Antep cheese has an irregular oval shape,
resembling the palm of a hand. This shape is a result of the traditional
method of shaping cheeses during production (Anonymous, 2019a).
Antep cheese, when its curd is boiled, is consumed either fresh or after
maturing in brine for 2-3 months at temperatures of 3-5°C (Hayaloglu

et al., 2008; Kamber and Terzi, 2008).

1.2.2 Diyarbakir Braided cheese (Diyarbakir Orgii peyniri)

Diyarbakir Braided cheese is generally produced from sheep milk
in the spring months, or a mixture of goat and cow milk. In terms of
composition, it is similar to White cheese, and in terms of production
technology, it resembles Kashar cheese. Cheese is high in fat content,
homogeneous, with plastic curd, elastic texture, semi-hard, unique
characteristic taste and aroma, high nutritional value, and has gained
consumer preference with its distinctive braided shape. Furthermore,
the cheese is creamy white or slightly yellowish, and it can be separated
by hand into thread-like strands (Anonymous, 2019a). Although this
cheese is consumed fresh, it is mainly available for consumption after
maturing in brine containing approximately 10-12% NacCl (at least 90
days at 4-6°C) (Anonymous, 2010a).

1.2.3 Erzurum Civil cheese (Erzurum Civil peyniri)
Civil cheese is an original cheese variety in which acid, rennet,

and heat treatment are used together. It is produced under names such
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as "Cecil cheese", "Tel cheese", "Iplik cheese" and "Cekme cheese" in
the Eastern and Northeastern regions of Turkiye, especially in Erzurum
(Cakmake1 et al., 2014; Arslaner and Salik, 2020). Civil cheese is
manufactured from milk acquired from animals grazing on various
grasslands in the pastures amidst the high mountains of Erzurum
province. The production of Erzurum Civil cheese involves several
steps. Firstly, the milk is passed through a separator to remove its fat
content, which results in skimmed milk. Subsequently, after undergoing
a specific level of acidification, the skimmed milk is fermented using
liquid rennet. Afterwards, the curd formed by heating the product is
mixed and kneaded. This cheese is hung on hangers and is obtained as
a result of forming a string. This cheese can also be classified as skim
or low-fat cheese (Anonymous, 2009b). Erzurum Civil cheese has been
produced using only skimmed milk, rennet, and salt, without any
additives such as starter culture or CaCl.. Civil cheese is white because
it is fat-free and can be used for dietary purposes for people who must
eat away from milk fat. The most important feature that distinguishes
this cheese is its non-cylindrical filamentous string structure due to the
suspension process. This specific feature allows Erzurum Civil cheese
to have a lower salt content and distinguishes it from similar string

cheeses (Anonymous, 2009b).

1.2.4 Erzurum Mouldy Civil cheese (Erzurum Kiiflii Civil
peyniri (Gogermis)
Go6germis cheese is a mature cheese variety with a unique taste,

obtained by crumbling Erzurum Civil cheese and mixing it with Lor
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cheese, pressing it into food-grade plastic containers, removing the
whey, and naturally cultivating mould on it (Anonymous, 2010b;
Cakmakei et al., 2012; Cakmake1 et al., 2014). It is stated that non-fat
or low-fat cheeses, such as Civil and curd cheese, are rich in protein,
calcium and phosphorus. These cheeses are important in the nutrition
of children and the elderly and they can meet the quality animal protein
needs of the society that tends to be fed lean foods (Anonymous,
2018d). Cheeses with low-fat or reduced-fat content, such as Civil and
Lor cheese, have a similar taste to France's Roquefort cheese. Although
made from skimmed milk, they were perceived as a fatty variety due to
the biochemical reactions that occur during the maturation processes.
These cheeses had been extensively studied in all aspects through
projects supported by TUBITAK (The Scientific and Technological
Research Council of Turkiye), and the strains of Penicillium roqueforti
that can act as starter moulds had been identified, revealing all their
characteristics (Cakmakei et al., 2012; Cakmakei et al., 2014; Cakmakgi
et al., 2015). In recent years, studies on Mouldy Civil cheese have
shown the use of specific non-toxin-producing strains of Penicillium
roqueforti, obtained by mould isolation and identification, to achieve
controlled mould development (Cakmakgi et al., 2014; Cakmaker et al.,
2015).

1.2.5 Yozgat Canak cheese (Yozgat Canak peyniri)
This cheese is a low-ripe and semi-skimmed cheese specific to
Yozgat, produced from milk obtained from sheep, goats, and cows fed

by the natural vegetation and water resources of Yozgat province and
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its districts (Anonymous, 2017). The product also derives its original
name from its packaging. It is matured by burying it in sand after being
pressed into a bowl made of soil. It is important in terms of production
that the sand in which it is buried during maturation is fine and less

pebbly, cool and slightly humid.

1.2.6 Antakya Siirkii cheese (Antakya Siirkii, Cokelek)

Antakya Siirkii Cheese is first precipitated by boiling cow's milk
with advanced acidity or buttermilk for the production of Antakya
Siirkii (Cokelek) cheese. This cheese has been produced by adding and
kneading wild thyme, locally known as ‘zahter’, collected from the
mountains of the region, along with salt, pepper paste, optional spices
(red chilli, mint, cumin, coriander, coriander, mahaleb, allspice, ginger,
nutmeg, cloves, black pepper, cinnamon, basil, fennel, nigella) and
garlic (Durmaz et al., 2004; Hayaloglu and Fox, 2008; Anonymous,
2018b). Since the cheese is shaped by hand, it has a conical structure
the size of a pear. “Siirk”, which also means “Cokelek” in Arabic, is
usually consumed fresh for breakfast. Antakya Siirkii cheese gains its
characteristic feature with its conical shape and orange color. In
addition, it contains salty, sour, and bitter tastes together. (Anonymous,

2018b; Anonymous, 2019a).

1.2.7 Antakya Mouldy Siirkii (Antakya Kiiflii Siirkii)
After receiving its registration, Antakya Mouldy Siirkii
(Cokelek), also referred to as "cooked" Siirkii, has obtained a

geographical indication. In cheese that matures with the presence of
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mould, there are alterations in appearance, taste, and aroma. However,
unlike other mouldy cheeses, Antakya Mouldy Siirkii (Cokelek) is
consumed after removing the moulds from its surface. Although hard
crust formation had been observed outside, this type of “Cokelek”
exhibits a color ranging from dark red to brown, and industrial

production for this variety yet (Anonymous, 2018c).

1.2.8 Giimiighane Deleme cheese (Giimiishane Deleme peyniri)

Gilimiishane Deleme cheese is pre-processed and produced by
cutting/coagulation of naturally acidified cow's milk. It is a
homogeneous, non-porous, slippery, meltable, semi-hard, slightly sour
taste and high milk-flavoured cheese that was obtained by boiling,
kneading, and shaping with skimmed milk. The prepared cheese can be
consumed fresh or after being pressed into moulds, it can mature
underground for a minimum of 3 months before consumption

(Anonymous, 2021a).

1.2.9 Manyas Kelle cheese (Manyas Kelle peyniri)

Manyas Kelle cheese is a full-fat or semi-fat hard cheese
produced from the milk of sheep and cows obtained from animals
nourished by the natural vegetation and water sources of the Manyas
district in Balikesir. It has a hard, 2-3 mm thick rind with a yellow-white
color, a compact and porous structure, and a distinctive taste and aroma
(slightly acidic and salty). The cheese matures in brine and exhibits
unique characteristics (Anonim, 2020b). Manyas Kelle cheese is

matured for a minimum of 3 months. The salting and maturation
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process in brine contributes to the development of the characteristic
properties and porous texture of Manyas Kelle cheese. It is known as
Manyas Kelle cheese and also called Mihalic, Maglic, primarily made
from raw sheep's milk for over 250 years in the Balikesir and Bursa
provinces (Hayaloglu et al., 2008; Aday and Karagiil-Yiiceer, 2014;
Ozcan and Kurdal, 2012).

1.2.10 Maras Parmak/Sitkma cheese (Maras Parmak/Stkma
peyniri)

Maras Parmak/Sikma cheese has been produced from pasteurized
cow/goat/sheep milk or a combination of them. It is a type of cheese
that has been shaped into strips approximately two fingers wide (around
2-3 cm) in hot water. After production, Maras Parmak/Sikma cheese
can be consumed without any further processing, and it is also preferred

in the production of pastries, casseroles, and unsalted desserts

(Anonymous, 2021b).

1.2.11 Sakarya Abhaz cheese (Sakarya Abaza peyniri)

Sakarya Abhaz cheese was shaped by the culture of the Abhaz
people who settled in Sakarya province 700 years ago. This cheese is a
ripened cheese with characteristics between kashar cheese and dil
cheese, with a fibrous structure, amber-yellow color, and a generally
braided appearance. It is a mature cheese with a fibrous texture and an
amber-yellow color. Its appearance is typically in the form of a braid or
pattern. It creeps into hot water because of its fibrous structure. The

distinctive properties of the cheese are due to the omasum yeast used in
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its production, seasonings (optionally black cumin and thyme), and the

traditional production method (Anonymous, 2021c).

1.2.12 Vakfikebir Kiilek cheese (Vakfikebir Kiilek peyniri)

Vakfikebir Kiilek cheese is a traditional type of cheese obtained
by pressing the cheese and cottage cheese produced from cow or sheep's
milk tightly in layers in wooden containers called kiilek and maturing
under the ground or in hazelnut shells. The distinctive characteristics of
this cheese are due to the traditional omasum rennet used in its
production and the "kiilek" made from the spruce trees used for
packaging. The kiilek used in the production of Vakfikebir Kiilek cheese
has been produced from spruce trees that do not cause odour and taste
transfer to the cheese. The cheeses are buried in soil (not hard and
sandy) or hazelnut shells and matured for 3-6 months. After ripening,
the cheese can be consumed directly or vacuum packed and stored at
4°C. After maturation (3-6 months), it has a typical aged cheese flavour

(Anonymous, 2021d).

1.2.13 Urfa Cheese/Sanlurfa cheese (Urfa peyniri/Sanlurfa
peyniri)

Urfa cheese / Sanliurfa cheese is a type of cheese known by the
name of Sanliurfa province and it has a reputation with the specified
geographical border. It is obtained from raw cow, sheep, and goat milk,
or a combination of these kinds of milk, using unique methods. Urfa
cheese ripened in brine is produced by heat treatment of raw milk, and

this cheese matures in brine for at least 120 days from the date of
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production and is offered to the market. During the production of Urfa
cheese, the moisture content of the product has initially been reduced
by applying dry salting or boiling. It has ensured that it has the desired
hard, firm, and less brittle structure by salting the cheese. In addition, it
has ensured that it is elastic and less sticky inside and outside with the
boiling process. One of the distinguishing characteristics of Urfa cheese
is its shape. To give the cheese its unique shape, cheese cloths called
"parzin" are used in the production in the region. After breaking the curd
formed during cheese production, it is placed in the "parzin" to remove
the whey, and the cheese is partially shaped into a cylindrical or conical

form, specific to the cheese (Anonymous, 2021¢).

1.2.14 Cankir1 Kiipecik cheese (Cankuwr1 Kiipecik peyniri)

Kiipecik cheese is a local cheese variety produced almost
everywhere in the Cankiri province. In the production of Cankir
Kiipecik cheese, no heat treatment is applied to the curd. The factors
contributing to the distinctive characteristics of Cankir1 Kiipecik cheese
are the following: the use of specific yeast, pressing the cheese into
glazed clay pots, sealing the openings of the pots with cotton cloth, and
ageing the cheese in sand. During the first 15 days, it has remained
mature for at least 120 days by continuing to change and control the

gland once every 3 or 4 days (Anonymous, 2021f).

1.2.15 Ivrindi Kelle cheese (Ivrindi Kelle peyniri)
Ivrindi Kelle cheese has produced using sheep, goat and cow

milk, or a mixture thereof. Ivrindi Kelle cheese is a type of cheese with
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a hard, crusty outer shell that can range in color from yellow to white.
It has a smooth and porous texture and falls primarily into the category
of hard cheese, with some variations of semi-hardness. It has matured
in brine during the ageing process. Omasum yeast had been used in the
production stage. It matures in brine for at least 120 days from the date
of production. Its porous structure formed during the maturation

process (Anonymous, 2022a).

1.2.16 Izmir Tulum cheese (Izmir Tulum peyniri)

Izmir Tulum cheese is a type of cheese obtained from animals
grown in the Aydin, Balikesir, izmir, and Manisa provinces and
produced according to the local method using 50% sheep, 25% goat and
25% cow milk and matured for at least 4 months. In the production of
[zmir tulum cheese, 70-80% of the milk obtained from goats and sheep
grazing on pastures in January and June is used. The milk of the
animals of this geography contains volatile phenolic compounds
characteristic of the vegetation and especially volatile fatty acids from
thyme. Izmir Tulum cheese is creamy yellow in color, semi-hard, and

has a brittle structure and homogeneous pores (Anonymous, 2022b).

1.2.17 Malatya cheese (Malatya peyniri)

Malatya cheese is a cylindrical-shaped cheese with a diameter of
10-15 cm and a thickness of 2-3 cm, with grooves on it, making a sound
when chewed, semi-hard structure, and porcelain white-light yellowish
color. The grooves on it originate from printing tools made of reed. In

its production, Malatya cheese can be made using raw cow or sheep
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milk or a combination of these milks. Alternatively, milk that has been
pasteurized with a heat treatment not exceeding 70°C can also be used.
Although starter culture is not used in raw milk, it can be used in
production with pasteurised milk production. Malatya cheese is
produced by boiling in water or whey at temperatures above 85°C. As
a result, it possesses a characteristic texture that produces a crunching
sound when bitten into, and it can be cooked on a non-stick pan or over
an open fire without melting (Anonymous, 2022c).

1.2.18 Yiiksekova Cirek cheese (Yiiksekova Cirek peyniri)

Yiiksekova Cirek cheese is exclusively produced using sheep
milk during the spring and summer months. After the curd, the cheese
is manually opened into thin sheets that resemble yufka (a type of
Turkish pastry dough). Afterwards, a mixture of lor cheese is spread
over the sheets and the cheese is rolled up into a cylindrical shape. The
curd cheese used in production is produced using whey from the
previous production of Yiiksekova Cirek Cheese. On the geographical
border, Yiiksekova Cirek Cheese is also called "penire ¢irik" or "penire
cirkirt", which means "elastic or boiled cheese". Yiiksekova Cirek
Cheese can be stored at +4°C and out of the light for 7-15 days
(Anonymous, 2022d).

1.2.19 Atlanti Dededag Tulum cheese (Atlanti Dededag Tulum
peyniri)

Atlanti Dededag Tulum cheese has a rich historical background
that dates back to ancient times. Its name is derived from the Atlanti

Plain, located on the geographical border, and the adjacent Dede
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mountain. The geographical frontier is of significant importance in the
local culinary culture. It is unique to the geographical border in terms
of kneading boiled curd with baked rock salt and preparation of
overalls. Cheese is produced using milk obtained from sheep raised
within the geographical border. Consequently, all stages of production
for the Atlanti Dededag Tulum cheese are carried out within this
geographical boundary due to its close association with the region

(Anonymous, 2023a).

1.2.20 Agrt Tulum cheese (Agr1 Tulum peyniri)

Agr1 Tulum Cheese is produced in the Agr1 plain and Patnos plain
of Agr1 province, located at an average altitude of 1640 meters. Cheese
i1s manufactured by blending cow milk and Akkaraman/Morkaraman
breed sheep milk, with the composition of the milk mixture comprising
90-95% sheep milk and 5-10% cow milk. The curd is pressed into a
leather sack or plastic container and aged for a minimum of 4 months,
resulting in a semi-soft, full-fat Tulum cheese. The cheese is made from
raw milk, and neither pasteurization nor thermization is applied during
production.

The curd pressing continues until the whey is expelled through
the pores of the leather. In the case of plastic containers, perforations
are made using a sharp needle ("biz") to facilitate the drainage of whey.
The curd, whether in leather sacks or plastic containers, is stored in cold
storage at temperatures ranging from -2°C to 0°C for at least 4 months

for maturation (Anonymous, 2024a).
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1.2.21 Ayvalik Kelle cheese (Ayvalik Kelle peyniri)

Ayvalik Kelle cheese is produced using a mixture of sheep, goat,
and cow milk, or a combination of these. It is a brined cheese with a
hard rind, varying in color from yellow to white, and has a firm, hole-
free, and porous texture. Depending on the degree of hardness, it is
classified primarily as a hard cheese, with a smaller portion classified
as semi-hard. The milk composition is determined by the producer, but
at least 10% and no more than 30% of sheep and/or goat milk is used.
Raw milk is heated in cooking vats in a temperature range of 57-68°C
for at least 15 seconds to ensure a longer shelf life. Maturation is a key
factor in the cheese's characteristics, as it causes the pore size to
increase and spread uniformly up to 8 cm in diameter. The cheese
hardens further during maturation. Ayvalik Kelle cheese is distinctive
for its basket shape and relatively low salt content after maturation. The
cheese is brined in a 10-12% salt solution for at least 120 days after
production, with the development of the porous structure occurring

during the maturation phase (Anonymous, 2024b).

1.2.22 Savastepe Mihali¢c Kelle cheese (Savastepe Mihali¢

Kelle peyniri)

Savastepe Mihali¢ Kelle cheese is produced in the Savastepe
district of Balikesir province using a mixture of sheep and cow milk or
exclusively cow milk. It is a brined cheese with a hard rind, ranging
from yellow to white, with a firm, hole-free, and porous texture. It is
predominantly classified as a hard cheese, with a small portion being

semi-hard. Sheep milk is sourced primarily from hybrid breeds of
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Kivircik Merinos, with peak production occurring from April to June.
During periods of low sheep milk production, cow milk is used
exclusively. When sheep and cow milk are used, sheep milk constitutes
at least 40% of the mixture. Traditional curd shaping methods are used,
with the curd being boiled, collected in straining cloths, suspended on
hooks, and pierced with sticks to allow whey drainage. The curd is then
shaped into a "basket" form. The cheese undergoes fermentation in a
brine solution at room temperature for 5-10 days, followed by
maturation at 4°C for a minimum of 120 days. The maturation process
leads to the formation of characteristic pores, generally no larger than

10 mm (Anonymous, 2024c).

1.2.23 Mengen cheese (Mengen peyniri)

Mengen cheese is a low-fat, semi-hard cheese produced in the
Mengen region of Bolu province, using either cow or sheep milk. It has
a light yellow color and cylindrical shape, reminiscent of Kashkaval
cheese. The milk is pasteurized at a minimum temperature of 63°C for
30 minutes. Heating continues until the whey temperature reaches
approximately 50-55°C.

The curd begins to coagulate under heat and is then manually
collected and placed into cylindrical cheese molds with perforated
bottoms to facilitate draining. Cheese is dry-salted on the exterior and
stored at 4°C for one day. The shelf life of this cheese is generally

around two months (Anonymous, 2023b).
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1.2.24 Antakya Kiinefelik cheese (Antakya Kiinefelik peyniri)

Antakya Kiinefelik Cheese, traditionally made from the milk of
small ruminants, is now exclusively produced from cow milk due to a
decline in small ruminant populations and increased demand. It can be
salted or unsalted. The unsalted version lacks salt and has a short shelf
life, lasting only a few days depending on storage conditions. The salted
version, also known as "chestnut type," has a high salt content, which
extends its shelf life to up to 6 months at room temperature and up to 1
year under refrigeration. Despite the differences in salt content, both
variants share similar pH levels due to their functional property of
stretchability. The unsalted variety is particularly known for its elastic
texture and the "chicken breast" like structure that forms when pH
reaches 4.9-5.2 during production. It also exhibits stretchability when
heated above 65°C. Both salted and unsalted versions are used
exclusively in cooking, such as in kiinefe preparation, where the
cooking temperature exceeds 75°C, thus eliminating potential

microbiological risks associated with raw milk (Anonymous, 2021g).

1.2.25 Bergama Tulum cheese (Bergama Tulum peyniri)

Bergama Tulum Cheese is produced on the Kozak Plateau
(Madra mountains) of the Bergama district, using cow milk or a mixture
of cow, sheep, and goat milk. It is a full-fat, semi-hard, porous cheese
that is matured in brine. The milk mixture typically comprises 40-50%
cow milk, 30-40% sheep milk, and 20-30% goat milk. The cheese is
named after the traditional method of pressing curd into a leather sack,

a technique brought about by the nomadic Yoriik people of Central
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Asia. However, modern production often involves maturing cheese in
metal containers. Bergama Tulum cheese has a high dry matter content
(approximately 58%) and fat content (approximately 30.5%). Its
distinctive flavor is enhanced by local plant species from the Kozak

plateau, which contribute terpenes and other compounds (Anonymous,

2024d).

1.2.26 Elbistan Kelle cheese (Elbistan Kelle peyniri)

Elbistan Kelle cheese is produced by coagulating milk at the
appropriate fermentation temperature using rennet, followed by
fermentation and boiling of the curd. The curd is then salted, placed in
food-safe containers, and shaped before maturation. It is a white, cream,
or pale yellow cheese with a firm, partially porous texture and a salty
taste. Elbistan Kelle cheese belongs to the class of cheeses matured in
brine and can be classified as either hard or semi-hard, depending on its
firmness. Typically, equal amounts of cow and sheep milk are used in
production, although it can also be made exclusively from sheep or cow

milk (Anonymous, 2023c).

1.2.27 Kars Gruyere Cheese (Kars Gravyer peyniri)

Kars Gruyere cheese is a hard, firm-textured, porous cheese
produced in Kars province using raw or pasteurized cow's milk. It is
aged 6-12 months and has a strong taste. Both industrial and traditional
production methods are used, with the traditional method omitting
starter cultures. The rind is hard and homogeneous, ranging in color

from golden yellow to light brown, while the interior is ivory to pale
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yellow. The cheese has evenly distributed holes, typically no larger than
1 cm in diameter. Cheese wheels usually measure 55-70 cm in diameter,
15-17 cm in height, and weigh 55-85 kg. Its flavor is mildly salty,
slightly sweet, creamy, nutty, and robust (Anonymous, 2024e).

1.2.28 Talas Cumin Cheese (Talas Corekotlu Comlek peyniri)

Talas Cumin cheese is produced by coagulating milk at the
appropriate fermentation temperature using rennet. The curd undergoes
fermentation, is crumbled, salted, and then tightly pressed into food-
safe clay pots or containers for maturation. This cheese is characterized
by a white, cream, or pale yellow color, with a firm, non-porous
structure, a salty taste, and a distinct cumin flavour. Cow milk is
primarily used in production, though up to 25% sheep or goat milk may
be included, depending on producer preference. Cumin is derived from
the seeds of Nigella sativa L. and Nigella damascena L. (A maximum
of 50 grams of cumin is used per 1 kg of cheese). The cheese matures
for at least 4 months in a cool environment before being ready for

consumption (Anonymous, 2024f).

1.2.29 Mus Aged Kashkaval cheese (Mus Eski Kasar peyniri)

Mus Aged Kashkaval cheese is a creamy-colored cheese
produced from the milk of sheep that graze on endemic plants in the
region, with goat and cow milk added to balance the flavour. The typical
milk composition is 45-50% sheep milk, 30-35% cow milk, and 15-
20% goat milk. The milk is heated to 32°C, and rennet is added to form

curd. The curd is then heated with steam to raise the temperature to
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38°C, followed by draining. It is pressed with cloths for 25-30 minutes
and shaped into large molds. Molds are pressed for 2-3 hours before
briefly boiling in a water bath.

The curd is kneaded and dry-salted four times during a pre-
aging process that lasts 24 hours. The cheese matures for 35-40 days in
air circulation, followed by cold storage on wax paper for 4-6 months.
After maturation, the cheese is packaged and ready for sale

(Anonymous, 2023d).

1.2.30 Kepsut Biikdere Mouldy Katik cheese (Kepsut Biikdere
Kiiflii Katik peyniri)

It is a type of moldy cheese produced by straining and salting
yogurt obtained from goat and sheep milk and filling it into goat or goat
skins and ripening it, and its color varies from yellowish cream to white.
It has thin strips of blue mold veins inside. The distinguishing feature
of the cheese is the use of oak trees in the preparation of the leather
skins in which it is ripened.

The strained and salted yogurt is placed tightly into the skins
with sticks made of oak trees, so that there is no gap. Kepsut Biikdere
Moldy Katik cheese is ripened at 10-20°C for approximately 9 months
and stored at 4°C for 12 months (Anonymous, 2025).
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Table 1.a. Some Characteristics of Turkiye's CI Registered Cheeses

Type of Cheese

Antep Sikma
Cheese

Diyarbakir
Braided Cheese

Erzurum Civil
Cheese

Erzurum Mouldy
Civil Cheese

pH

6.50
6.50

5.40
5.57
5.40
6.32
4.53
5.47
5.60
6.48
5.25
6.51

Acidity
%LA
1.75

1.11*
0.46

0.73*
0.78
2.39
1.70
0.77
0.72
0.48

DM
(%)

60.20
50.00
47.75
57.47
54.43
53.17
40.35
36.58
35.19
65.00
48.18
46.97

Protein
(%)

20.30
17.50
21.69
23.55
25.20
26.18
32.20
22.49
32.40
35.00
36.95
36.55

Fat
(%)

23.30
19.00
17.86
23.50
20.57
17.70
0.30
0.25
2.30
6.00
3.45
1.72

Ash
(%)

8.01
8.77
9.29
7.8

Salt
(%0)

9.90
1.00
6.03
4.82
7.67
8.29
6.14
4.68

5.00
5.13
7.21
7.34

References

Anonymous, 2009a, Anonymous ,
2009a

Anonymous, 2010a, Hayaloglu
and Karabulut, 2013, Hatipoglu,
2014, Hatipoglu and Celik, 2021

Anonymous , 2009b, Cambaztepe
etal., 2009, Yildiz et al., 2010

Anonymous , 2010b, Cakmakg1 et

al., 2012,, Cakmakgi et al., 2014,
Arslan, 2020
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Table 1.b. Some Characteristics of Turkiye's CI Registered Cheeses

Type of Cheese

Yozgat Canak Cheese

Malatya Cheese

Antakya Siirkii
(Cokelegi)

Antakya Mouldy Siirkii
Cheese

Manyas Kelle Cheese

Maras Parmak/
Sikma Cheese

5.8-6.1

5.81
4.49
4.40
4.36
4.94
5.25
4.76
5.44
5.51

5.69
5.7

Acidity
%LA

1.62

2.23

1.44
1.04
1.77
1.04
1.14
1.62
1.44

0.56

1.71
0.59
0.7

DM
(%)

51.49
53.52
64.12

43-45.7

49.82
32.27
37.40
34.80
44.32
46.91
45.20
58.75
60.4

53.00
57.04
50.00

Protein
(%)

26.61
27.53

26.43
17.56
22.00
22.00
19.03
19.45
20.10
24.58
22.0

20.25
22.30
22.00

Fat
(%0)

13.56
19.58
46.00

18.8-20.8

14.66
9.90
7.40
7.40
8.99
8.81
9.50

25.54
27.4

43.87
33.26
23.00

Ash
(%0)

6.68

4.42
4.70
4.80
7.96
5.90
6.20

7.54

11.46

Salt
(%)

6.10
3.34
8.48

4-52

5.36

3.50
3.50
8.35

6.80
6.38
5.92

6.12

6.5

References

Akyiiz and Giiliimser
(Cakmake1), 1984
Hayaloglu and Karabulut, 2013

Anonymous, 2022c¢
Durmaz et al., 2004, Ordek, 2015,

Anonymous, 2018b, Anonymous,
2018¢

Giiler, 1994, Ordek, 2015,
Anonymous, 2018c

Hayaloglu and Karabulut, 2013,
Aday and Karagul Yuceer, 2014,
Anonymous, 2020b

Ceylan et al., 2003, Kiipelikiling,
2020, Anonymous, 2021d™
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Table 1.c. Some Characteristics of Turkiye's CI Registered Cheeses

Type of Cheese

Sakarya Abhaz
(Abaza) Cheese
Vakfikebir Kiilek
Cheese

Urfa Cheese /
Sanhurfa Cheese

Cankin Kiipecik
Cheese
Ivrindi Kelle
Cheese
Izmir Tulum
Cheese

Yiiksekova Cirek

Kepsut Biikdere
Mouldy Katik
Cheese

pH

53

1.23
0.29

6.3

4.36
4.92

5.18

4.6-4.7

Acidity
%LA

3.00

1.23
0.29

23

0.98
1.45

0.77

1.75-1.90

DM
(%)

65.00

45.00

48.33
48.52

55.00

56.52
71.85

46.92

55.00

Protein

(%)
27.00

27.5
17.53

26.29

24.48
27.50

20,0

19.00-
21.00

Fat
(%)

25.00

10-45

22.96
22.02

25

25/45

24.38
32.00

21.69

24.75
28.05

Ash
(%0)

2.10
9.58

2.45

Salt
(%0)

10.0<

6.80
9.29

5.8

7.5

3.53
5.27

2,81

1.65-
2.20

References
Anonymous, 2021

Anonymous, 2021¢g™

Yetismeyen and Yildiz,
2003, Yalgin et al., 2007,
Anonymous, 2021e

Anonymous, 20211

Anonymous, 2022a

Akpnar et al., 2017
Anonymous, 2022b™"

Anonymous, 2022d

Anonymous, 2025

LA: Lactic acid, DM: Dry matter, **R: References, **: The highest average values reported in the relevant research, -: No analysis *:
Calculated from the values given in °SH and/or dry matter in the relevant research
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TULUM ¥ pEYNiRi

Fig. 1a. 1: Antep Sikma cheese, 2: Diyarbakir Braided cheese, 3: Erzurum Civil
cheese, 4: Erzurum Mouldy Civil cheese, 5: Yozgat Canak cheese, 6: Antakya Siirkii
cheese, 7: Antakya Mouldy Siirkii, 8: Giimiishane Deleme cheese, 9: Manyas Kelle
cheese, 10: Maras Parmak/Sikma cheese, 11: Sakarya Ahbaz Cheese (Abaza), 12:
Vakfikebir Kiilek cheese, 13: Urfa Cheese/Sanlurfa cheese, 14: Cankir1 Kiipecik
cheese, 15: Ivrindi Kelle cheese, 16: izmir Tulum cheese, 17: Malatya cheese, 18:
Yiiksekova Cirek cheese. (TURK PATENT VE MARKA KURUMU).
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25 26 27 28 29 30

Fig. 1b. 19: Atlant1 Dededag Tulum cheese, 20: Agr1 Tulum cheese, 21: Ayvalik Kelle
cheese, 22: Savastepe Mihali¢ Kelle cheese, 23: Mengen cheese, 24: Antakya
Kiinefelik cheese, 25: Bergama Tulum cheese, 26: Elbistan Kelle cheese, 27: Kars
Gruyere cheese, 28: Talas Cumin cheese, 29: Mus Aged Kashkaval cheese, 30:
Kepsut Biikdere Mouldy Katik cheese (TURK PATENT VE MARKA KURUMU).

CONCLUSION

Turkiye has significant potential in terms of local product
diversity. Each region has a unique product, and these products are
named with the same name as the geographical region that has been
referenced. The registration of these products with geographical
indications is of importance from economic, political, and tourist points
of view. When considering the whole country, dairy products, with their

wide variety of varieties, stand out among the geographically indicated
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products in our country. Our ever-increasing variety of cheeses not only
contributes to the growth of tourism activities but also meets the
demands of consumers seeking natural, reliable, and high-quality
products due to their superior nutritional characteristics. In this regard,
necessary efforts must be initiated for the industrial-scale production of
our country's rich traditional products. The production of
geographically indicated products on an industrial scale, without
compromising their distinctive characteristics, can facilitate easier
access for consumers and satisfy producers. There are many varieties
with different characteristics that may be at risk of extinction in
Turkiye. It is necessary to classify our country's cheeses based on their
different characteristics, develop and standardize production
technologies, obtain geographical indications for a greater number of
cheeses, establish a regular and updatable database of their specific
features and compositions, and promote them to the world.
Additionally, 11 cheese varieties have applied for geographic indication
registration. The increase in the number of geographical indications for
cheeses would play a significant role in the development of
unrecognized cheese varieties and undiscovered flavours, as well as
facilitating the transition of rich traditional products into the industrial
realm. This would create momentum across the entire food sector and
have important effects on the development of the country. Furthermore,
awareness of the right to use geographical indications will increase the
demand for geographically indicated products among consumers who
seek to consume high-quality goods, as they recognize geographical

indications as symbols of quality.
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CHAPTER 2

TRADITIONAL TURKISH CHEESE REGISTERED AS
DESIGNATION OF ORIGIN

Raziye Asli KESER

Tulay OZCAN

Lutfiye YILMAZ-ERSAN
Gokce KESER

Orhan EREN

INTRODUCTION

When regional food products protected by geographical
indications and the richness of regional products are evaluated together,
it becomes clear that there is significant production potential for the
national economy in Turkiye. In addition to creating employment and
added value for potential products, geographical indication can
contribute to the sustainability of production in production regions
(Kantaroglu & Demirbas, 2018). The definition of geographical
indication includes signs indicating the product identified with the
region, area, region, or country of origin regarding a distinctive quality,
reputation, or other characteristics. Geographical indications are also
registered as the name of the origin or source indication according to
the characteristics (Anonymous, 2017a).

The names that define products that originate from a region, area,
or, in exceptional cases, a country with defined geographical boundaries
derive all or all of their main characteristics from natural and human

elements specific to this geographical area and whose production,
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processing, and other processes take place within the boundaries of this
geographical area are called designations of origin. The names that
define products that originate from a region, area or country with
defined geographical boundaries are identified with this geographical
area in terms of distinctive quality, reputation, or other characteristics
and whose production, processing, and different processes take place
within the limits of a defined geographical area are called indications
of origin (Anonymous, 2017a).

All the main characteristics and characteristics of the product
subject to the designation of origin must originate from a geography
with specific boundaries. The second feature is that the product's
production process, subject to the designation of origin, must take place
entirely within a geography with boundaries. The product's connection
and geographical origin are powerful in origin names (Karaca, 2016).
In Turkiye, 14 of 44 cheeses with geographical indication have been
registered as originating. This study summarises the distinguishing
features and physicochemical properties of the cheeses that have

received geographical indications and have been registered as origins.

Ezine Cheese (Ezine Peyniri)

Ezine cheese is a popular cheese variety that has been produced
on a large scale and consumed abundantly in Turkiye (Uymaz et al.,
2019). Ezine cheese is produced from mixtures of full-fat cow, sheep,
and goat milk among the white cheeses in Turkiye. The most distinctive
feature of Ezine cheese is animal milk fed with fatty and aromatic herbs

grown in the region. In the production of this cheese, milk obtained
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from animal breeds (Tahirova, Chios, Dagli¢ breed sheep, Holstein
breed cow, Karakegi, and Turkish Saanen goat breed) is used in March
and July (Anonymous, 2006). Starter culture and calcium chloride are
not used in production (Uymaz et al., 2019). Ezine cheese, which
obtained geographical indication status in 2007, has a pale yellow color
leaning towards white and possesses a soft to medium firmness with a
non-brittle texture (Durlu-Ozkaya & Gun, 2007). The distinctive
characteristics of Ezine cheese arise from the milk mixture used in its
production, the cheese culture prepared from calf rennet in whey (PAS),
sea salt, and the production method used. Ezine cheese may have a
creamy taste due to milk fat and a cooked milk taste and aroma due to

heat treatment (Anonymous, 2006).

Kargt Tulum Cheese (Kargt Tulum Peyniri)

Kargi Tulum cheese is produced from cow, sheep, and goat milk
grown in Kargi district of Corum province. Furthermore, this cheese is
a full-fat tulum cheese served for consumption after it has matured for
at least 4 months. Kargi Tulum cheese is produced with traditional
methods on a small scale in homes, family-type businesses, and dairy
farms in the region. It is a good example of traditional food (Dinkgi et
al., 2012). The region has rich vegetation due to the high rainfall. There
are more than 70 endemic plants in Kargi plateau. Eight of them are
unique to Kargi. Since the milk used in the production of Kargi Tulum
cheese is processed into cheese without removing fat, the cheese has a
high-fat content and appears yellowish. Kargi Tulum cheese has a semi-

hard textural structure. There is also a special production of tulum used
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in Kargi Tulum cheese. The white sheepskin is salted and left to dry in
the sun for 3 months during the summer. After the sheepskin is dried,
the wool is tagged. Afterwards, the sheepskins are soaked and subjected
to a pre-washing process. The sheepskin surface is mixed with cheese,
juice, flour, and dough. It is kept this way for about one day.
Subsequently, the sheepskin is cleaned and washed. The skins are cut
into sizes for cheese filling and left to dry again. Skins prepared this

way are ready to be used as overalls (Anonymous, 2021b).

Edirne White Cheese (Edirne Beyaz Peyniri)

The Edirne White cheese, mostly known as "Salamura™ or
"Teneke" cheese, is primarily produced in the Thrace, Marmara,
Aegean, and Central Anatolia regions. The unique taste, aroma, and
texture of these cheeses were influenced by various factors, such as the
geographical conditions of each region, the local plant habitat, the breed
of animals raised, and the different technological processes applied. The
most important distinguishing characteristic of production technology
is the absence of additives or supplement substances other than milk,
yeast, and salt in the production process (Anonymous, 2019). It is our
country's most widely consumed geographical indication cheese variety
(Saygili et al., 2020).

Antakya Carra Cheese (Antakya Carra Peyniri)
Antakya Carra Cheese is obtained from the milk of cows or goats
raised within the geographical boundaries. Afterwards, the cottage

cheese produced from cow's milk is pressed into a glazed or unglazed
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pot/earthenware jug (Carra) in layers so that no air is left. Subsequently,
the mouth of this pot is sealed. Finally, the pot is buried in the ground
with the mouth of the vessel down (Anonymous, 2021c). After the
mouth of the pot is closed/sealed with a mortar prepared from a mixture
of salt, wood ash, olive oil, and water, the prepared cheeses are ripened
for at least 4 months. The distinctive characteristic of this cheese comes
from the mountain thyme, known locally as ‘Zahter’, along with the use
of cumin and the pots used for packaging. Antakya Carra cheese,
depending on the season and animal breed, exhibits a white-cream
color, a firm and brittle texture, and is rich in salty and aromatic
components (Careri et al., 1996; Hayaloglu & Fox, 2008; Anonymous,
2021c).

Karaman Divle Obruk Tulum Cheese (Karaman Divle Obrugu
Tulum Peyniri)

It is made from the milk obtained from goats, cows, and sheep fed
completely naturally (dried clover, hay, or roughage in seasons when
they cannot go out to pasture) in the highlands within the borders of the
Ayranci district of Karaman province. First, the raw milk of the Tulum
cheese is mixed in a ratio of 1/1/8 (goat/cow/sheep). Then, it is pressed
into a leather Tulum prepared from goat or lamb skin and matured in
Divle Obrugu for 5-6 months. Subsequently, it is offered for
consumption (Anonymous, 2017b). This cheese, which has the general
characteristics of Tulum cheese, is a white cream, high in fat content,
and exhibits a distinctive aroma and flavor. The main characteristic

distinguishing this product from other Tulum cheeses is its maturation
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process in a cave called "Obruk.” Obruk is a natural cold storage
facility, providing a temperature of 4°C and relative humidity of 80%
within the cave (Kamber & Terzi, 2008a; Anonim, 2017b). The Tulum
cheeses placed in this Obruk, which has a unique mould flora, develop
blue, white and brick-red moulds for about one month. After the mould
has dried, the outer surface of the overalls turns a brick-red color. This
process shows that the cheese is fully matured. This ripening period
lasts 5-6 months (Kamber & Terzi, 2008a; Morul & Isleyici, 2012;
Anonymous, 2017b; Anonymous, 2018a).

Kars Kashar Cheese (Kars Kasar Peyniri)

The milk used in the production of Kashar cheese is obtained
from animals grazing on pastures in the Kars and Ardahan provinces,
where there are around 1600 flowering plants. Kars Kashar cheese is
classified within the cheeses produced by boiling the curd. It has a
whitish cross-sectional surface, a slightly salty taste, and a texture that
easily crumbles in the mouth. Kashar cheese is called 'Fresh Kashar
cheese' in the pre-maturation stage before it is taken to cold storage and
is marketed as 'Old Kashar cheese' after the third month (Anonymous,
2019a). When fresh Kashar cheese comes out of the mould, it has a
whitish color and tastes slightly salty, bland, and milky. It takes a
yellowish color by forming a crust within a week. Old Kashar is harder,
slightly salty, more aromatic, and readily dispersed in the mouth
(Anonymous, 2014).
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Pinarbast Uzunyayla Circassian Cheese (Pinarbasi Uzunyayla
Cerkes Peyniri)

Pmarbasi Uzunyayla Circassian cheese is a traditional cheese
variety produced by the Circassians who migrated from the Caucasus
region after 1850. It has also continued its production while maintaining
its authenticity to the present day. Pinarbasi Uzunyayla Circassian
cheese is a traditional cheese variety produced from full-fat cow or
sheep milk in the geographical area mentioned. At the boiling point of
the milk, fermented whey is added and coagulated with the effect of
acid and heat, and the resulting clot is moulded into baskets. Its outer
surface is salted with coarse rock salt, and it forms a crust in a short
time. It is exposed to north winds in its natural environment, fresh, or
where it is produced. It is a semi-hard traditional cheese that can last
long and is consumed after resting in its natural environment for about
fifteen days. The cheese has a smooth and even appearance. Initially, it
has a matte, pale white color resembling white cheese, but it turns
creamy or straw-yellow after a week. During maturation, it develops a
firm and oily rind due to oxidation. Over time, the rind forms a dark

yellow color (Anonymous, 2021a).

Kirklareli White Cheese (Kirklareli Beyaz Peyniri)

Kirklareli White cheese is a type of cheese produced from a
mixture of sheep (30-45%), goat (25-45%), and cow (15-30%) milk,
which is grown in the pastures and meadows of Kirklareli. This cheese
is consumed after maturing in brine. These cheeses are ripened for at
least six months at 4°C after being filled with brine (6-7% NaCl) and
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sealed (Anonymous, 2020a; Askin, 2020). Kirklareli white cheese is
obtained from natural omasum yeast. The pasteurization temperature
(63-65°C) is usually kept low. A specific portion of the natural flora
derived from the milk remains alive at these temperature parameters,
preserving the flavor of the milk to a great extent. Since the maturation
of the product takes place with these bacteria from the natural flora of
milk, the aroma and flavor show more characteristic features than the

white cheeses produced in other regions (Anonymous, 2020a).

Malkara Old Kashar Cheese (Malkara Eksi Kasar Peyniri)

The famous work of Evliya Celebi has been the subject of
Seyahatname; it stated that Malkara is a famous place for its kashkaval
(Kashar cheese). Malkara Old Kashar cheese is a local cheese variety
produced in Malkara, located on the old road from Thessaloniki to
Istanbul. It was produced from the milk of sheep, goats, and cows fed
with Lathyrus L. (damson), Medicago minima L. Bart (wild clover),
Medicago polymorpha L. (hairy clover), Medicago falcata L. (yellow-
flowered  clover), Avenaelatius L. (high-meadow oats),
Thymuslongicaulis C. Presl (long-stemmed thyme), which are
predominantly native to the region.

Its dark straw-yellow color has a firm texture and a fully ripened
cylindrical form (Anonymous, 2019; Karaca, 2016). From a sensory
perspective, it exhibits a salty, umami, and sour taste, with cooked,
creamy-buttery, sulfur, whey, rancid, animalistic, yeast/mould, fruity,
and nutty aromas (Anonymous, 2017c).
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Van Herby Cheese (Van Otlu Peyniri)

Van Herby cheese has been produced in Van and Hakkari
provinces for more than 200 years from sheep, cow, or goat's milk or a
mixture thereof with the addition of approximately 20-25 herbs grown
in the region and surrounding provinces such as Sirmo, Thyme, Siyabo
and Heliz (Coskun et al., 1996; Tarakci et al., 2004; Hayaloglu & Fox,
2008). It has a color ranging from white to yellowish, depending on the
variation in milk and herbs. It is moderately firm and salty, with a
predominant aroma of garlic and thyme. After salting, it is consumed
fresh or aged in brine, making it a type of cheese (Kamber & Terzi,
2008b; Anonymous, 2018b). Cheese's distinct color, taste, aroma, and
appearance originate from the herbs used in its production (Yenipinar
etal., 2014).

Hanak String Cheese (Hanak Tel Peyniri)

Hanak String cheese is a bright and light yellow colored wire
cheese with each wire measuring 0.6-3.8 mm thick, obtained by
fermenting the milk obtained from the "Anatolian Brown" breed, which
is a hybrid of the native Eastern Anatolian Red and Brown Swiss breeds
raised in the Hanak district of Ardahan province, with rennet,
processing the prepared cheese dough, and brining. It is cylindrical and
rope-shaped, quite flexible, and has high stretchability. Hanak String
cheese consists of thin strings (fibres) that extend up to approximately
6 m and do not stick together. 1 kg of Hanak String cheese is obtained
from 13 litres of milk. In the production of Hanak String cheese, the

cheese fibres are made independent of each other by pulling and
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kneading processes. In Hanak String cheese, the wire cheese mass
consists of a gland resembling a large skein of rope, and each string in
this rope remains without sticking to each other. Its sensory properties
include shredded wheat, string skin, or thin rod pasta; it is slightly
yellowish and bright in color, flexible in textural properties, and highly
able to stretch. Since a large amount of rock salt is used in the brine
process, the shelf life of Hanak String cheese is 2 years (Anonymous,
2023a).

Erzincan Tulum Cheese (Erzincan Tulum Peyniri)

Erzincan Tulum cheese is white and cream-colored, does not
spread quickly, and its unique aroma originating from its ingredients is
easily felt when taken into the mouth; it is semi-hard, homogeneous in
structure, and has a distinct acidic taste. It is produced from raw milk
obtained from Akkaraman sheep or by mixing a maximum of 5% of
Morkaraman sheep's or goat milk into Akkaraman sheep's milk. Since
raw milk is used in production, the ripening period is at least 4 months.
The distinctive features of Erzincan Tulum cheese: It is produced by
using at least 95% sheep milk, traditionally produced rennet from lamb
or calf, and spring salt (salt produced by crystallizing natural saltwater
solution with natural evaporation method in summer months) in its
composition and by pressing it tightly into food-compatible packaging
material or goat and sheep skin Tulum cheeses. Rennet is used in the
production of Erzincan Tulum cheese. It is obtained by adding 6-7 dried
lamb rennet or 3-4 calf rennet to approximately 25-30 litres of whey

and waiting for 1 week. The milk fermented with animal rennet is
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strained and then kept for one day, then placed in 50 kg bags and turned
upside down every day for approximately 10 days to drain completely.
Cheeses crumbled in chrome vats are salted with 2-2.5% spring salt
from the Kemah district of Erzincan province and tightly into bags. The
mouths of the bags are sewn and stacked on top of each other. After
waiting approximately 10 days, the cheeses, which are drained, are

stored in cold storage (Anonymous, 2001).

Kirklareli Old Kashar Cheese (Kirklareli Eski Kasar Peyniri)

Karklareli Old Kashar cheese is an old Kashar cheese produced in
Kirklareli province using milk and natural rennet obtained from animals
raised in Kirklareli province. Only cow milk can be used in its
production, or a mixture of 30-45% sheep’s milk, 25-40% goat’s milk,
and 15-30% cow’s milk can be used. Wheat, legumes, broad-leaved
grasses, and shrubs found in the pastures of Kirklareli province cause
an increase in dry matter, fat, and aroma components in milk and
cheese. The milk is fermented with rennet and left for 60 minutes to
reach curd maturity, then broken into 1 cm diameter pieces. The curd
separated from the cheese water is cut into large pieces and fermented
to be processed quickly during the boiling phase and to smooth the
cheese dough. After passing through the grating machine 2-3 times,
when the acidity reaches pH 5.20-5.10, it is boiled for 10 minutes in
boiling water at 65-75°C. It is placed in 12 kg wheel-shaped Kashar
molds and left for pre-ripening in resting rooms for 20-30 days.
Kirklareli Old Kashar cheese, whose pre-ripening is completed, is

placed in specially produced linen sacks suitable for contact with food
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and left for at least 6 months in cold storage at 2-4°C and more than

90% relative humidity for the main ripening (Anonymous, 2023b).

Cayeli Koloti Cheese (Cayeli Koloti Peyniri)

It is a cheese produced from the milk of jersey and cross-bred
cows in the Cayeli district of Rize Province. Cayeli Koloti cheese is off-
white in color, flat, and thin. Koloti is a container with a water drain
hole at the bottom, cut into specific sizes from the trunks of pine trees
growing in the highlands of Cayeli. The locals ripen the cheese in these
containers. The cheese gets its woody aroma from these containers. For
this reason, this cheese is called Koloti cheese. Skim milk is ripened in
cauldrons for half a day to one day. The measure of ripening is milk
coagulation when heated to 40-45°C. While the milk in the cauldron
continues to be heated on low heat, it is stirred with a suitable wooden
spoon for contact with food. When heat treatment is applied to the
cheese, a fist-sized piece is taken from the cheese that has reached the
consistency of bread dough, crushed by hand on a straining cloth, taken
out, and kneaded 3 times until it reaches 73-75°C. After the cooled
cheese is salted, it is stored in a pine Koloti container below 10°C for
at least 3 months. It is taken out of this container and offered for sale
(Anonymous, 2022).
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Table 1.a. Some Characteristics of Turkiye's Cl Registered Cheeses

Type of Cheese

Edirne White Cheese

Ezine Cheese

Karaman Divle Obruk
Tulum Cheese

Kars Kashar Cheese

Malkara Old Kashar
Cheese

Van Herby Cheese

pH

4.88
5.00
4.61
5.10
5.72
4.95
4.95
4.92
5.42
5.49
5.14

5.61
5.04
5.34
4.55
4.66

5.10

Acidity
(%LA)
1.05
1.51
0.83

1.60
1.10

0.62*
1.07

2.72
1.52
2.29
1.09
1.63

0.87
1.84

1.41

DM
(%)

39.42
40.00
35.54
45.4*
52.00
42.92
49.98
48.91
56.27
60.13
56.25

60.04
63.50
60.36
56.37
60.00
68.92
5541
53.32
47.78
51.94

Protein

(%)
13.97

17.10
17.55
19.10

25.90
27.62
31.07

27.23
29.00
25.85

32.51
21.22
20.86
25.52
17.24

Fat
(%0)

19.17*
8.00
16.50
23.50

22.47
25.25
25.0*
23.46
25.92
19.50

26.88
33.34
29.71
28.09
45.00
31.8
24.37
20.42
19.21
24.88

Salt
(%0)

7.34*
10.0
3.01
2.98

4.68
3.91
3.58*
3.99
2.46
3.80

3.30
3.50
2.20
3.73
3.5
3.88
6.64
5.52
6.90
6.12

References

Oner & Karahan, 2006
Anonymous, 2007
Aydemir, 2018
Salum et al., 2018
Anonymous, 2006
Ozsoy, 2012
Hayaloglu & Karabulut, 2013
Uymaz etal., 2019
Morul & Isleyici, 2012
Hayaloglu & Karabulut, 2013
Anonymous, 2017b
Aydemir, 2010
Anonymous, 2014
Koboyeva, 2018
Cetinkaya, 2021
Anonymous, 2017¢
Subasi, 2021
Tarakg et al., 2004
Hayaloglu & Karabulut, 2013
Anonymous, 2018b
Kara & Kose, 2020
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Table 1.b. Some Characteristics of Turkiye's Cl Registered Cheeses

Acidity DM  Protein Fat Ash Salt
Type of Cheese pH (%LA) (%) (%) (%) (%) (%) References
Erzincan Tulum Cheese @ 5.30 1.88 66.22  24.63 34.96 5.82 4.66 Tekingen & Akar, 2017**
Kirklareli Old Kashar - - 65 20 29.75 - - Anonymous, 2023b**
Cayeli Koloti Cheese - - 52 40 12 - 5.2 Anonymous, 2022**
5.63 0.85 53.43 24.86 18.87 - 8.84 Giiler, 1994
Antakya Carra Cheese @ 6.56 0.32 65.35 14.76 13.87 - 4.49 Aygin et al., 2005
5.20 - 58.70 - 26.80 - 7.80 Anonymous, 2021c
- 0.62 6534  21.37 20.53 - 3.69 Dinkgi et al., 2012
Kare: Tulum Cheese 4.64 1.41 61.71 20.17 30.28 4.67 4.76 Kiraz, 2018
g 45 255 - - 25.00 - - Akbulut Cakir et al., 2021
- 0.9 70.00 25.00 33.00 3.5 3.5 Anonymous, 2021b™*
. . 4.90 - 49.00 27.00 17.00 - - Anonymous, 2020a
Kirklareli White Cheese '/ 1.77 5020 1838 = 28.60  2.46 5.59 Askin, 2020
Pinarbagi Uzunyayla - - 59.17  24.03 32.9 - 3.97 Anonymous, 2021a™
Circassian Cheese - - 62.79  23.27 34.90 - 4.00 Anonymous, 2021a™"

LA: Lactic acid, DM: Dry matter, **R: References, **: The highest average values reported in the relevant research, -: No analysis *:
Calculated from the values given in °SH and/or dry matter in the relevant research
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Fig. 1. 1. Ezine Cheese, 2: Kargi Tulum Cheese, 3: Edirne White Cheese, 4: Antakya Carra Cheese, 5: Karaman Divle Obruk
Tulum Cheese, 6: Kars Kashar Cheese, 7: Pinarbasi Uzunyayla Circassian Cheese, 8: Kirklareli White Cheese, 9: Malkara Old Kashar
Cheese, 10: Van Herby Cheese, 11: Hanak String Cheese, 12: Erzincan Tulum Cheese, 13: Kirklareli Old Kashar Cheese, 14: Cayeli
Koloti Cheese AHQWHA PATENT VE MARKA KURUMU)
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CONCLUSION

As in the world, the production of traditional cheeses and their
recognition by different consumer groups are critical in our country.
Our traditional cheese variety contributes to gastronomy tourism and
meets consumers' natural, reliable, and quality product demands with
its nutritional features. Protecting our traditional cheeses with
geographical indication and especially protecting local production
businesses to bring unknown flavors to light is very important in
gastronomy tourism. For this purpose, introducing traditional cheeses
with geographical indications throughout the country without losing
their unique characteristics and producing them industrially will allow
consumers to access these products more efficiently and provide added
value to producers. In addition, the microflora of cheeses made with
traditional methods, the identification of the microbiological diversity
of cheeses with geographical indications, and the industrial evaluation
and protection of these cultures are also important. To provide the
expected benefits of geographically indicated cheeses, researching to
reveal the difference between the product and carrying out promotional
activities on national and international platforms (festivals, catering
promotions, TV programs, public service announcements, posters,
brochures, traditional product promotion, etc.) will further contribute to

the branding of these products.
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CHAPTER 3

NUTRITIONAL INSIGHTS ON OLEUROPEIN: A NATURAL
HEALTH BOOSTER
Ibrahim CANBEY

INTRODUCTION

The role of secondary metabolites (SM(s)) in biological functions
and properties is highly significant. Despite being present in plants in
minor quantities, these compounds exert substantial effects on
bioactivity, such as antioxidative function and preventing effect on the
growth of microorganism (Elshafie et al., 2023; Messa et al., 2024; Sun
et al., 2024; Zhao et al., 2024; Anchimowicz et al., 2025). SMs are
categorized into three principal classes: phenolic compounds,
terpenoids, and nitrogenous substances. These metabolites exhibit
broad spectrum of biological functions, making them useful as flavor
enhancers, food additives, and agents for plant disease management.
Additionally, they have a vital function in enhancing plant defenses
against herbivores and facilitating cellular adaptation to physiological
stress conditions (Kabera et al., 2014; Elshafie et al., 2023;
Anchimowicz et al., 2025).

One of the most prominent plant species containing such
bioactive SMs are the olives. The olive tree (OT) (Olea europaea L.),
cultivated in various regions of the world with a Mediterranean climate,

holds great economic and nutritional value. Its fruits are processed into
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table olives and olive oil (OO) (Cavalheiro et al., 2015; Nunes et al.,
2016; Issaoui & Delgado, 2017; Kritikou et al., 2020; Mousavi et al.,
2022). Olives and their derived products are integral to the
Mediterranean diet due to their nutritional value and bioactive
compounds, which contribute to human health (Issaoui & Delgado,
2017; Riolo et al., 2022; Barazani et al., 2023; Vijakumaran et al., 2023;
Canbey et al., 2024; Marrero et al., 2024).

Rich in bioactive compounds, olives possess antioxidative, anti-
inflammatory, and cancer-preventive properties, along with antiviral
activity (Mousavi et al., 2022). However, limited studies have explored
the potential benefits of these compounds on respiratory disorders
(Vijakumaran et al., 2023). Among these compounds, minor bioactive
substances are critical contributors to the health-promoting effects of
olives. Notably, the antioxidant properties of OO make it the healthiest
choice among vegetable oils (Yubero-Serrano et al., 2019; Lozano-
Castellon et al., 2020; Guclu et al., 2021). The Mediterranean climate,
characterized by mild temperatures and abundant sunlight, supports the
accumulation of phenolic compounds in the fruit and leaves of OTs
(Erbay & Icier, 2010; Kritikou et al., 2020).

During the production of OO, phenolic compounds from the fruits
are transferred into the oil, enriching its bioactive profile. Olive leaves,
a secondary product of pruning and producing of OO, are especially
rich in phenolic compounds (Nicoli et al., 2019; Medfai et al., 2020).
The quality of OO is often assessed by analyzing its content of fatty

acids, phytosterols, polyphenols, squalene, and tocopherols (Cayuela &
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Garcia, 2018; Mousavi et al., 2019; Miho et al., 2021). Nutraceutical
compounds in olives, primarily concentrated in the fruit pulp, allow for
rapid screening of genotypes, aiding in the identification of those with
the potential to produce high-quality oil (Velasco et al., 2014; Mousavi
et al.,, 2022). Among the bioactive compounds in olives, oleuropein
(OLE) is particularly notable. This bioactive SM is renowned for its
antioxidative, anti-inflammatory, and neural-, oncological-,
cardioprotective properties, etc. (Otero et al., 2021; Asghariazar et al.,
2022; Canbey et al., 2024; Christodoulou et al., 2024; Garcia-Molina et
al., 2024; Hu et al., 2024).

The objective of this chapter is to provide a comprehensive
analysis of the biological perspective of OLE, the significant
polyphenolic compound found in olives. The study explores the
bioactivities attributed to this compound, including antioxidant, anti-
inflammatory, anticancer, antimicrobial effects, etc. By highlighting its
therapeutic potential in disease prevention and treatment, this study
underscores its significance in human health and their possible

applications in the food and pharmaceutical industries.

1. The Characteristics of Oleuropein

Olives and their derived products are rich in phenolic compounds,
which significantly influence their chemical, nutritional, and
organoleptic properties (Ferndndez-Bolafios et al., 2008). The levels of
this SM varies depending on the olive cultivar, fruit ripeness, climatic
conditions, and harvesting techniques. Among the bioactive phenolic
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compounds present in Olea europaea L., OLE a secoiridoid glycoside,
initially identified in 1908 by Bourquelot and Vintilesco, is synthesized
from ligstroside and is distributed throughout the OT, with its highest
concentrations in the green-stage drupe and leaves (Figure 1) (Sayadi
& Manel, 2016; Coppa et al., 2020; Kritikou et al., 2020; Munekata et
al., 2020; Otero et al., 2021; Canbey et al., 2024; Filardo et al., 2024;
Garcia-Molina et al., 2024; Marrone et al., 2024; Soldo et al., 2024).
The concentrations of OLE significantly vary due to factors, such as
genotype (variety), plant organ, climate, the degree of ripeness at
harvest, agricultural practices, processing methods, and olive-based
product (Hassen et al., 2015; Canbey et al., 2024).

Mevalonic acid , i Iridoidal ®» 7-ketologanin
. . Oleoside 11-
S

COOCH;

H
\r/,/ > .\T N { N P ~
! | |

N

<
NS\ )

Figure 1. The formation and chemical structure of OLE (Kritikou et
al., 2020; Asghariazar et al., 2022; Frumuzachi et al., 2024).

OLE was characterized as a non-crystalline, highly bitter

compound, soluble in alcohol and moderately soluble in water, and it is
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responsible for the characteristic bitterness of olives and is distributed
across various parts of the OT, including the branches, buds, flowers,
fruits, leaves, and roots, in varying concentrations. The pronounced
bitterness of OLE is attributed to its high concentrations in young olive
drupes (as much as 140 mg per gram of dry matter) and leaves (between
60 and 80 mg per gram of dry matter) (Omar, 2010; Carrera-Gonzalez
et al., 2013; Barbaro et al., 2014; Tasioula-Margari & Tsabolatidou,
2015; Ambra et al., 2017a and 2017b; Miho et al., 2021; Ercelik et al.,
2023; Mumcu, 2023; Asghar et al., 2024; Canbey et al., 2024).

OLE is most abundant in OTs, unripe fruits and leaves (Sun et al.,
2017a and 2017b; Cavaca et al., 2020; Canbey et al., 2024). Besides
fruits and leaves, it is also found in extra virgin olive oil (EVOO), roots
of OT, and mill waste of olive (Leri, 2016; Asghar et al., 2024; Canbey
et al., 2024). Conventionally, OLE is extracted from olive fruits and
leaves and is also employed in the partial synthesis of oleacein
(Costanzo et al., 2018).

OLE undergoes degradation through enzymatic and chemical
processes. The enzymatic breakdown of OLE is catalyzed by enzymes,
including B-glycosidase and esterase, yielding derivatives such as HT,
elenolic acid, and glucose (Omar, 2010; Grewal et al., 2020; Canbey et
al., 2024; Garcia-Molina et al., 2024; Messa et al., 2024). Acid-
catalyzed hydrolysis, a widely utilized method in laboratory and
industrial applications, is another pathway for producing free HT from
OLE (Xu et al., 2018; Messa et al., 2024). During olive ripening, olive

processing and OO production, OLE content decreases as it is
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hydrolyzed into its derivatives, with HT being the major breakdown
product (Erbay & Icier, 2010; Charoenprasert & Mitchell, 2012; Santos
et al., 2012; Carrera-Gonzalez et al., 2013; Talhaoui et al., 2015; Leri,
2016; Ramirez et al., 2016; Britton et al., 2019; Plastina et al., 2019;
Romani et al., 2019; Otero et al., 2021; Canbey et al., 2024; Messa et
al., 2024; Soldo et al., 2024). Elenolic acid, a structural component of
OLE, is esterified to HT's catechol group and glycosidically bonded to
glucose (Messa et al., 2024).

In summary, OLE is pivotal phenolic compound in olives and
their derivatives, demonstrating significant bioactivity. This secondary
metabolite is primarily associated with the bitter taste and antioxidative
properties of unripe olives and leaves. Understanding the degradation
pathways and molecular mechanisms underlying the bioactivity of this
compounds not only highlights their therapeutic potential but also
underscores its applicability in the culinary and pharmaceutical

applications.

2. The Bioactivity of Oleuropein on Human Health

Phenolic compounds exhibit crucial biological properties,
imparting essential bioactive characteristics to the plants in which they
are present, and especially show significant functions in the chemically,
organoleptically, and nutritionally widely in olive and OO (Huang &
Sumpio, 2008; Fernandez-Bolafos et al., 2008; Zhang et al., 2022). In
this context, OLE, which is important SM found in varying

concentrations in the olive drupe, oil (especially EVOO), and leaves,
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exhibit a range of biological functions and properties, and it contributes
to the bioactivity of the plant's various parts, enhancing its value in
terms of biological activity (Tarabanis et al., 2023; Batarfi et al., 2024;
Frumuzachi et al., 2024). OLE is recognized for its multifunctional
pharmacological and biological effects, including its antioxidant,
inflammation-reducing, fighting againts microorganisms, virus and
cancer, and protecting heart health, as well as lipid-regulating properties
(Nediani et al., 2019; Emma et al., 2021; Otero et al., 2021; Fayez et
al., 2023; Canbey et al., 2024; Filardo et al., 2024; Deng et al., 2025).

Clinical studies have demonstrated that the consumption of
EVOO, due to its unique bioactive compounds, exhibits a range of
significant biological activities (Christodoulou et al., 2024). These
include atherosclerosis-inhibiting properties (Nocella et al., 2017),
inflammation-preventing activities (George et al., 2019; Longhi et al.,
2021; Marrone et al., 2023), antioxidative capacities (Venturini et al.,
2015; Kumar & Goel, 2019; Sarapis et al., 2022), cancer-inhibiting
effects (Kumar & Goel, 2019; Deng et al., 2025), improved glucose
regulation (Guasch-Ferré et al., 2020; Tuccinardi et al., 2022),
enhanced lipid catabolism and synthesis (George et al., 2019), and
lowered arterial pressure (Christodoulou et al., 2024; Marrone et al.,
2023). In addition, incorporating EVOO as the primary dietary fat
source appears to be associated with a decreased comprehensive cancer
susceptibility, specifically affecting the gastrointestinal tract, prostate,
and breast (Di Daniele et al., 2017; Romani et al., 2019; Romani et al.,
2020; Vanni et al., 2021). The anticancer properties of EVOO, along

with those of its specific components or isolated bioactive compounds,
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have been extensively investigated and demonstrated in both
experiments (in vitro) using cell cultures and studies (in vivo) conducted
on animal models and within clinical trials (Cusimano et al., 2017,
Carpi et al., 2020; Cuyas et al., 2020; Emma et al., 2021; Benedetto et
al., 2022; Marrone et al., 2024). Besides EVOO, derivatives from leaves
of olive hold significant economic importance due to bioactive
compounds like OLE, and various formulations are commonly
available in the marketplace, including dried whole leaves used as
herbal infusions, capsules, powders produced from desiccated plant
material, tablets, extracts in liquid form, and dietary supplements
(Ozcan & Matthius, 2017; Arslan et al., 2021).

The growing global attention towards OLE is driven by their
diverse health benefits and broad physiological activities (Batarfi et al.,
2024; Frumuzachi et al., 2024). This SM have inhibitory functions on
cancer types (bladder, brain, breast, cervical, colorectal, gastric,
hematologic, liver, lung, prostate, skin, thyroid regions, etc.). Research
on these bioactive substances is ongoing, with several studies
emphasizing the need for more detailed exploration of their action
mechanisms, particularly in the context of cancer treatment. The
encouraging outcomes observed in in both vitro and in vivo
investigations provide a solid foundation for continued research,
particularly in pediatric oncology, where there is an ongoing demand
for safer and less toxic treatment options (Imran et al., 2018; Karkovié¢
Markovi¢ et al., 2019; Nediani et al., 2019; Castejon et al., 2020; Pojero
et al., 2022; Pojero et al, 2023; Canbey et al., 2024; Gervasi & Pojero,
2024; Goncalves et al., 2024).
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Moreover, it was underscored that the anticancer activities of
OLE are influenced by its concentration, exposure duration, and the
specific cancer type (Morana et al., 2016; Deng et al., 2025).
Furthermore, the activity of OLE on antiproliferation has been
demonstrated in studies (in vitro - in vivo). For example, it was reported
that OLE exerts antiproliferative effects on seminomatous cell cultures
(TCAM-2 and SEM-1) by inhibiting NF-xB activity in an in vitro
setting (Bossio et al., 2022).

In a preclinical model of mammary tumor, it was found that
administering OLE at a quantity of 125 mg per kilogram significantly
reduced metastasis in the lung tissue and surrounding pulmonary
structures (Ci et al., 2016). In addition, the suppression of COX-2 by
OLE in colon and rectal cancer has been connected to the suppression
of the Wnt/B- catenin pathway activation (Giner et al., 2016). Indeed,
many investigations have determined that Wnt/B-catenin
hyperactivation plays a role in various cancers, including stomach,
colon, and uterine malignancies (Giner et al., 2016; Deng et al., 2020).
Besides, OLE also shows promise in prostate malignancy intervention.
It was determined in a study (in vitro) that OLE, in combination with
doxorubicin (DXR), effectively displayed inhibitory effect on PC-3 cell
growth and stimulated autophagy (Papachristodoulou et al., 2016).

Notably, the concurrent approach of DXR and OLE exhibited
stronger anticancer effects than DXR alone while mitigating potential
side effects, such as DXR-induced cardiotoxicity (Andreadou et al.,
2014).
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Thus, OLE not only displays oncoprotective properties but also
enhances the efficacy of cancer-treatment agents, enabling the use of
lower drug doses and minimizing adverse effects (Shamshoum et al.,
2017; Imran et al., 2018; Noce et al., 2023).

Supporting this role, it was investigated OLE's adjuvant potential
in A375 human melanocytic carcinoma cells, demonstrating that OLE
at 500 uM induces apoptosis, while at 250 pM, it interferes with cell
proliferation and disrupts the pAKT/pS6 signaling pathway. These
findings affirm the synergistic importances of OLE when combined
with conventional cancer drugs in targeting skin cancer cells (Ruzzolini
etal., 2018).

Further research has highlighted OLE’s broad health-promoting
functions, such as preventing inflammation, oxidation, cancer, and
neurodegeneration, while also safeguarding health of heart,
underscoring its therapeutic potential in treating various human
diseases (Kontogianni & Gerothanassis, 2011; Filardo et al., 2024; Hu
et al., 2024). The biological activities and functions of OLE are

summarized in Figure 2.
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Figure 2. The biological functions of OLE (Asghariazar et al., 2022;
Batarfi et al., 2024; Canbey et al., 2024; Christodoulou et al., 2024;
Frumuzachi et al., 2024; Goncalves et al., 2024).
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Several scientific studies have further demonstrated that OLE
exhibits antioxidative and inflammation-preventing activities (Hassen
et al., 2015; Canbey et al., 2024; Deng et al., 2025; Jahan et al., 2025;
Li et al., 2025), in addition to its effects on lowering blood pressure,
reducing blood sugar levels (Cristiano et al., 2021), and decreasing uric
acid levels (Wan et al., 2018; Otero et al., 2021).

Moreover, OLE has been shown to possess a range of health-
promoting pharmacological properties, including growth of microbe-
inhibiting, protective against virus, and tumor-suppressing effects,
along with its ability to prevent elevated LDL levels in the bloodstream
(Canbey et al., 2024; Filardo et al., 2024). The bioactive compound is
also effective in addressing various diseases, as illustrated in Figure 3
(Otero et al., 2021).

The cancer-, obesity-, and diabetes-preventive effects, as well as
the cardio-, neuro-, gastro-, and hepatoprotective activities shown in
Figure 3, are attributed to the antioxidative and and anti-swelling
characteristics of OLE (Hassen et al., 2015; Canbey et al., 2024).
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Figure 3. The biological effects of OLE on some health problems

(Otero et al., 2021).
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OLE has been explored for its distinctive impact on autophagic
processes and the formation of amyloid fibrils (Leri & Bucciantini,
2016; Nediani et al., 2019; Canbey et al., 2024). Additionally, OLE
offers beneficial effects on the skin, particularly by promoting hair
growth during the anagen stage in the telogen skin of C57BL/6N mice.
This hair growth stimulation is linked to the activation of the Wnt10b/f-
catenin signaling pathway and an increase in the gene expression of
IGF-1, VEGF, HGF, and KGF in the skin tissues of mice (Tong et al.,
2015). Both OLE and its derivative, HT, demonstrate limited skin
permeability but exhibit cytoprotective properties by reducing
oxidative stress (OS)-induced cytotoxicity in human dermal fibroblast
cells (Li et al., 2022). OLE-based creams also display properties that
prevent inflammation, oxidation, aging, and offer photoprotection, all
contributing to facial revitalization. Notable improvements, such as
enhanced texture of skin, hydration, and barrier function, are observed
within one month of treatment, with further benefits evident after two
months (Wanitphakdeedecha et al., 2020). Furthermore, OLE helps
reduce elevated levels of serum creatinine, myeloperoxidase, nitric
oxide (NO), and urea in diabetic rats while inhibiting leukocyte
infiltration and kidney scarring. OS is a key factor in the pathological
pathways leading to diabetic damage, inflammation, and cancer
(Ahmadvand et al., 2017). Moreover, OLE enhances the polarization of
Th1 cells and the production of immune-related genes, including IFN-
v, TGF-B1, IL-10, and IL-12f, while also suppressing the synthesis of
the IL-1P gene (Kyriazis et al., 2016).
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2.1. Antimicrobial effects of oleuropein

OLE exhibits numerous significant biological functions, with
antimicrobial activity being particularly prominent (Bensehaila et al.,
2022; Deng et al.,, 2025; Jahan et al., 2025). Although the exact
mechanisms underlying its antimicrobial effects are not yet fully
understood, it is suggested that phenolic compounds like OLE can
denature proteins, disrupt lipid bilayers, degrade murein layers, impair
transmembrane permeability, and cause leakage of cytosolic and
intracellular components, such as glutamate, inorganic phosphate, and
potassium. These processes collectively slow down and inhibit
microbial growth (Sanchez et al., 2007; Lee & Lee, 2010). Additionally,
the ability of hydroxyl groups in phenolic chemicals to bind to the
active sites of key enzymes and alter microbial metabolic pathways
provides another mechanism for their antimicrobial activity (Gyawali
& Ibrahim, 2014).

Research has demonstrated that OLE exhibits antimicrobial
properties effective against a diverse range of microorganisms, such as
Bacillus cereus, B. subtilis, Escherichia coli, Campylobacter jejuni,
Candida albicans, Vibrio parahaemolyticus, S. aureus etc. (Aliabadi et
al., 2012; Keskin et al., 2012; Gokmen et al., 2016; EI-Sohaimy et al.,
2021; Sanchez-Gutiérrez et al., 2021). One study revealed that OLE had
a stronger antimicrobial effect on Staphylococcus aureus than on
Escherichia coli, a difference attributed to changes in cellular
morphology (Sanchez et al.,, 2007). Another study found that
Campylobacter jejuni, Helicobacter pylori, and Staphylococcus aureus
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exhibited the highest sensitivity to OLE, while KI. pneumoniae, B.
subtilis, E. coli, P. aeruginosa, and Serratia marcescens showed the
lowest sensitivity (Sudjana et al., 2009). Additionally, it was shown that
OLE significantly inhibited the proliferation of all Gram (+) and Gram
(-) species tested, except for Bacillus cereus CCM 99, E. cloacae ATCC
13047, and E. aerogenes ATCC 13048 (Keskin et al., 2012).
Furthermore, another study suggested that OLE could be beneficial for
treating and preventing infectious conditions, such as oral candidiasis
caused by Candida species (Nasrollahi & Abolhasannezhad, 2015). The
antifungal activity of OLE against Candida dubliniensis CBS 7987 and
C. albicans ATCC 10231 strains was evaluated, revealing an MIC of
46.875 mg/mL for C. albicans and 62.5 mg/mL for C. dubliniensis
(Zori¢ et al., 2016). In another study, it was observed that OLE, at a
specific concentration, nearly completely suppressed the growth of
significant microorganisms transmitted through food, such as E. coli
O157:H7, Listeria monocytogenes, and Salmonella enteritidis.
Additionally, it reduced motility in Listeria monocytogenes, associated
in the lack of flagella as observed through scanning electron
microscopy, and inhibited biofilm formation by these bacteria (Liu et
al., 2017). Furthermore, the antimicrobial and antioxidant properties of
OLE were investigated. Crude leaf extracts of olive, partially purified
OLE, and fully purified OLE from the Domat, Edremit, and Trilye
species were sourced. Among the tested microorganisms,
Staphylococcus aureus exhibited the highest sensitivity to OLE
extracts, while Escherichia coli O157:H7 showed the greatest

resistance. Consequently, both crude extracts and OLE isolated from

86



these extracts demonstrated potential for enhancing the shelf life of
food products due to their antimicrobial and antioxidant properties
(Topuz & Bayram, 2022). Additionally, another study investigated the
antimicrobial effect of the hydromethanolic extract of Olea oleaster
leaves against food-associated pathogens in minced beef, specifically
Salmonella enterica serovar Enteritidis and Shiga toxin-producing
Escherichia coli O157:H7 (Djenane et al., 2018). Application of this
extract, identified as rich in OLE, resulted in a significant reduction in
pathogen levels. OLE has thus been shown to possess potent

antimicrobial properties (Topuz & Bayram, 2022).

A range of antibacterial functions of OLE has been thoroughly
studied in various research studies. The antimicrobial effects of extract
from olive leaves follow this order of effectiveness: B. cereus, C.
albicans > E. coli > S. aureus > P. aeruginosa. Notably, no Gram (+)
or Gram (-) bacteria were excluded from the study, underscoring the
broad-spectrum efficacy of this extract. It demonstrates the ability to
denature proteins and alter the penetrability of bacterial cell membranes
(Ghomari et al., 2019). Olive leaves are rich in OLE, a compound with
potent antibacterial activity against both Gram (+) and Gram (-)
pathogens, as well as mycoplasma. Phenolic compounds, including
OLE, exert their antibacterial effects primarily by disrupting bacterial
membranes and/or altering cell peptidoglycans. Biophysical studies
have investigated the interactions between OLE and the lipid
components of bacterial membranes, providing insights into its

mechanism of action.
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Although the precise mechanism underlying the antibacterial
effects of OLE remains incompletely understood, some researchers
propose a link to the presence of the ortho-diphenolic system (catechol).
According to Saija and Uccella’s 2001 hypothesis, the glycoside group
in OLE influences its ability to penetrate bacterial membranes and reach
target sites within the cell. Additionally, OLE is hypothesized to
interfere with the production of amino acids essential for microbial
growth. Another proposed mechanism involves the induction of
phagocytosis, an immune response that targets various microorganisms.
OLE and its hydrolysis products have been shown to inhibit the growth
of S. enteritidis, prevent the synthesis of S. aureus enterotoxin B, and
block the germination and subsequent growth of B. cereus spores.
Furthermore, OLE completely inhibits the growth of B. cereus, E. coli,
and K. pneumoniae, as well as other polyphenolic substances like p-

coumaric, p-hydroxybenzoic, and vanillic acids (Omar, 2010).

The observed antimicrobial activity in the extract can be
attributed to its high concentration of polyphenols. OLE and HT have
been reported to inhibit or slow the growth of several pathogenic
microorganisms associated with the human gut and respiratory system,
including H. influenzae, M. catarrhalis, S. aureus, S. typhi, V. cholerae,
V. parahaemolyticus, and V. alginolyticus (Debib & Boukhatem, 2017).

Interestingly, Gram (-) bacteria exhibit lower susceptibility to
phenolic compounds compared to Gram (+) bacteria. The heightened
susceptibility of Gram (+) bacteria is attributed to the interaction of

hydrophobic polyphenolic compounds with their lipid bilayers. In
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contrast, the hydrophilic nature of the outer membrane in Gram (-)
bacteria contributes to their reduced sensitivity to polyphenols (Calo et
al., 2015). A prior investigation further demonstrated that olive waste
extract effectively inhibited the motility of Escherichia coli,
highlighting the potential of olive-derived compounds as antimicrobial

agents (Carraro et al., 2014).

2.2. Antifungal impacts of oleuropein

In addition to its antibacterial properties, OLE also displays
significant antifungal activity (Canbey et al., 2024; Al-Rejaboo et al.,
2025). In a study, OLE demonstrated antifungal efficacy against
Candida albicans and three dermatophytes, namely Microsporum
canis, Trichophyton mentagrophytes, and Trichophyton rubrum. Based
on these findings, it was proposed that OLE could be utilized in the
treatment of opportunistic mycotic infections (Markin et al., 2003).
However, contrasting results were reported in a subsequent study where
OLE exhibited no antimicrobial action against fungi C. albicans, C.

glabrata, C. krusei, and Candida tropicalis (Shialy et al., 2015).

The antifungal effects of OLE are believed to operate through
multiple pathways, including enhancing the permeability of fungal cell
membranes, inducing programmed cell death, and inhibiting
filamentous growth. In an evaluation of extracts from olive leaves
against 30 fungal isolates, including Alternaria alternata, Aspergillus
chevalieri, A. chrysogenum, A. elegans, A. flavus (four strains), A.
fumigatus, A. nidulans, A. niger (two strains), A. oryzae, and A.
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parasiticus (three strains), OLE exhibited the most potent antifungal
efficacy, effectively inhibiting 18 out of the 30 strains tested. The
surfactant characteristics of OLE, which disrupt the integrity of the
fungal plasma membrane and enhance its permeability, likely account

for its fungus destroying function (Korukluoglu et al., 2008).

In vitro investigations of OLE against C. albicans revealed a
minimum inhibitory concentration (MIC) of 12.5 mg/mL, with sub-
inhibitory concentrations inducing controlled cell death. Antifungal
agents generally target pathogenicity determinants critical for fungal
pathogenesis. OLE has been shown to modulate the morphogenetic
transformation of C. albicans by suppressing filamentous growth.
Additionally, OLE suppresses the function of secreted aspartyl
proteinases, enzymes released by C. albicans that are integral to fungal
virulence. In hydrophobicity assays, OLE significantly reduced the
cellular surface hydrophobicity of C. albicans, a crucial element in its
attachment to host epithelial tissue cells, under both oxygenated and
non-oxygenated conditions. Moreover, a reduction in the total sterol
content within the fungal cell membrane has been identified as another

mechanism contributing to OLE’s antifungal effects (Zori¢ et al., 2016).

OLE encapsulated in chitosan-based nanoparticles has
demonstrated enhanced in vitro antifungal activity, effectively
inhibiting fungal sprouting and development. The proposed mechanism
of action involves electrostatic interactions between the amine groups
of chitosan and negatively charged components of the fungal cell

membrane, such as phospholipids, proteins, and amino acids, which are
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essential for sprouting. These cytotoxic effects, attributed to OLE, play
a crucial role in its antifungal properties (Muzzalupo et al., 2020).
Furthermore, OLE has been shown to induce cellular demise through
self-destruction mechanisms and trigger structural alterations within the
nucleus, reinforcing its potential as an antifungal agent (Alfahdawi &
Alsewuidi, 2022).

2.3. Antiviral effects of oleuropein

Beyond its antibacterial and antifungal properties, olive leaves
also demonstrate notable antiviral potential (Pennisi et al., 2023; Al-
Rejaboo et al., 2025; Benamar et al., 2025). According to a U.S. patent,
OLE exhibits significant antiviral activity against bovine rhinovirus,

canine parvovirus, rotavirus, etc. (Omar, 2010).

A potential molecular target for extract from leaves of olive,
particularly OLE, is the HIV-1 gp4l glycoprotein subunit, which
displays an essential function in mediating the entry of HIV into host
cells. To explore the interaction between HIV proteins and extract from
leaves of olive, it was conducted an integrated theoretical and
experimental study to elucidate its inhibitory mechanism at the

molecular level (Lee-Huang et al., 2007).

Supporting these findings, research has demonstrated that
hydroethanolic extracts from the leaves of Olea oleaster demonstrate
antiviral activity on herpes simplex virus type 1 (HSV-1). These

extracts effectively inhibited the virus during both the pre- and post-
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infections phases in Vero cells, without inducing cytotoxicity. The
antiviral efficacy was attributed to phenolic compounds, such as OLE

hexoside, epicatechin, and oleanolic acid (Ben-Amor et al., 2021).

Further investigations revealed that olive leaf extract and its
principal active component, OLE, inhibit the salmonid rhabdovirus
viral hemorrhagic septicemia virus (VHSV), which causes hemorrhagic
infection. Pre-incubation of the virus with olive leaf extract or OLE
reduced viral infectivity by 10% and 30%, respectively. Additionally,
post-infection treatment of cell monolayers with olive leaf extract
significantly reduced VHSV levels and viral protein buildup in a dose-
dependent fashion. This virucidal effect was linked to the interference
of viral envelope interactions, which inhibited cell-to-cell membrane

merging induced by VHSV in non-infected cells (Micol et al., 2005).

OLE also exhibits inhibitory activity against human
immunodeficiency virus (HIV) by disrupting viral entry, integration,
and replication within host cells. For influenza virus, OLE inhibits
hemagglutinin, thereby compromising the structural integrity of the
virion envelope. Additionally, ethanolic extracts of olive leaves
suppress metabolic activity and inhibit neuraminidase function, further

contributing to antiviral activity (Salamanca et al., 2021).

In the context of HIV, OLE and its metabolites, including elenolic
acid, aglycone, and HT, target the gp4l surface glycoprotein. By
inducing hydrophobic interactions within the protein, these compounds
create a crucial binding site at the N-terminus of the gp41 core N36
trimer, interfering with viral function (Bao et al., 2007).
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Notably, the phenolic compounds in leaves of olive have shown
efficacy against SARS-CoV-2 in various in vitro studies. These
bioactive compounds not only neutralize the virus but also reduce
inflammation, fever, and pain while modulating immune responses.
OLE has demonstrated in silico activity against the Mpro/3Clpro
protease, blocked ACE2 receptors, and enhanced viral inactivation in
vitro. Furthermore, olive leaf and fruit extracts prevent platelet
aggregation, extend prothrombin time, and inhibit intravascular
clotting. Phenolic compounds such as HT and maslinic acid also
downregulate inflammatory markers, including interleukins (IL-1p, IL-
5, IL-6, IL-13, 1L-17), TNF-a, and inducible NO synthase (iNOS).
These actions mitigate the cytokine storm associated with severe
respiratory conditions like asthma and COVID-19 and alleviate

symptoms such as coughing (Abdelgawad et al., 2022).

2.4. The cardioprotective effects of oleuropein

OLE, a prominent polyphenolic compound found in olives, is
recognized for its significant benefits to the cardiovascular system
(Asghar et al., 2024; Al-Rejaboo et al., 2025; Salvo & Tuttolomondo,
2025). Additionally, this bioactive molecule inhibits the copper sulfate-
induced oxidation of LDL cholesterol, preventing its accumulation in
blood vessels. By promoting the production of hypochlorous acid, OLE
facilitates the chlorination of apoB-100, which initiates LDL fatty acid
oxidation. This mechanism effectively prevents the deposition of
cholesterol in arterial walls (Bulotta et al., 2014). Comparable to the
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water-soluble form of a-tocopherol (vitamin E), OLE exhibits

significant antioxidative activity (Manna et al., 2004).

Following cardiac injury and subsequent restoration of blood
flow, OLE has been shown to enhance cardiac function. Its blood vessel
widening, inflammation-reducing, and anti-thrombotic properties
contribute to these effects (Esmailidehaj et al., 2016). Furthermore,
OLE mitigates endothelial cell activation by reducing the
lipopolysaccharide-induced synthesis of vascular adhesion molecule-1
(VCAM-1) in endothelial cells. As a direct heart-protective
phytochemical, OLE safeguards the heart from cellular damage and OS
by lowering key biomarkers, such as creatine kinase, an indicator of
cellular injury, and glutathione, which reflects oxidative damage in the
cardiovascular system (Bulotta et al., 2014).

Supporting these findings, studies on animal models of type 2
Diabetes mellitus and renal hypertension revealed that OLE offers
cardiovascular benefits. These effects were most evident when given at
a daily dosage of 60 milligrams per kilogram (Nekooeian et al., 2014).
Such results highlight the potential of OLE as a therapeutic agent for
addressing cardiovascular complications associated with metabolic and

hypertensive conditions (Vogel et al., 2015).

Further research demonstrated that perfusing isolated rat hearts
with OLE improved cardiac performance following ischemic
reperfusion injury, providing additional evidence of its antioxidative
properties (Esmailidehaj et al., 2016). Another study revealed that OLE
alleviates cardiac damage associated with diabetic cardiomyopathy in a
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dose-dependent manner, likely by modulating inflammatory responses,

redox imbalance, and programmed cell death (Asghari et al., 2022).

To further investigate OLE’s cardioprotective mechanisms, a
study examined its anti-inflammatory effects in vivo. Both OLE and
postconditioning, alone or in combination, were shown to reduce the
infiltration of inflammatory monocytes into cardiac tissue and lower
circulating monocyte levels. The mechanism of OLE’s function
includes direct cardiomyocyte protection, significantly improving cell
survival following simulated ischemia-reperfusion injury. Additionally,
OLE enhances postconditioning's cardioprotective effects by enhancing
the expression of the transcription factor Nrf-2 and its downstream
effectors. Immediate administration of OLE during blood flow
restriction, in conjunction with postconditioning, offers strong and
complementary heart protection in preclinical IRl models. This is
achieved by activating antioxidative defense genes via the Nrf-2
pathway, independent of traditional cardioprotective signaling
pathways such as RISK, cGMP/PKG, and SAFE (Tsoumani et al.,
2021).

2.5. The antioxidant effects of oleuropein

Similar to its antimicrobial properties, another significant
biological characteristic of OLE is its potent antioxidant natiire (Leri et
al., 2021; Al-Rejaboo et al., 2025; Deng et al., 2025; Anchimowicz et
al., 2025; llgaz et al., 2025). The antioxidative properties of OLE are
intrinsically linked to the HT moiety within its molecular structure,
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which plays a pivotal role in neutralizing reactive oxygen species. This
functional group stabilizes free radicals, thereby preventing OS and
supporting cellular defense mechanisms, underscoring its central role
in the biological activity of OLE (Vogel et al., 2015; Canbey et al.,
2024).

Olive leaves, with their high OLE content (llgaz et al., 2025), are
particularly suited for applications leveraging these properties, as
demonstrated by significant scientific studies. For instance, the
antioxidant potential of various solvent extracts (supercritical fluid,
methanolic, ethanolic, propanolic, isopropanolic, and ethyl acetate)
derived from Olea oleaster leaves was assessed using methods, such as
the DPPH radical scavenging assay, the Rancimat method, and
peroxide value determination (Lafka et al., 2013). Among these, ethanol
extracts were found most effective in neutralizing DPPH radicals and
preventing oxidation in sunflower oil using the Rancimat method.
Additionally, ethanol extracts provided superior protection for both
VOO (virgin olive oil) and oil of sunflower against oxidative process,
as evidenced by peroxide value determination. This remarkable
antioxidative activity is attributed to biologically active compounds,
such as OLE, caffeic acid, catechin, and luteolin (Lafka et al., 2013).
Similarly, methanol extracts from Olea oleaster leaves exhibited
significant antioxidative functions in assays, such as DPPH and FRAP,
due to phenolic compounds like OLE, caffeic and chlorogenic acids,
and rutin (Makowska-Was et al., 2017; Zighed et al., 2022).
Furthermore, methanol extracts from Olea oleaster fruits demonstrated

superior antioxidative performance compared to aqueous extracts in
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DPPH, ABTS, metal-chelating, and FRAP assays. This enhanced
function is linked to the high concentration of phenolic substances,
including OLE, rutin, and oleoside (Kabach et al., 2022).

In addition to its natural presence in leaves, OLE has
demonstrated potential as a natural antioxidant for food applications.
The extract from leaves of olive has been shown to extend the shelf life
of vegetable oils by enhancing oxidative stability and preserving
nutrients and bioactive components. For example, the incorporation of
these extracts into VOO reduced peroxide values and extinction
coefficients during storage, while improving sensory properties, such
as flavor and aroma over six months (Mumcu, 2023). In another study,
OLE was added to EVOO derived from the "Chetoui" variety to
enhance its nutritional profile and oxidative stability. The results
confirmed that the addition preserved organic standards and did not
compromise overall oil quality (Arfaoui et al., 2024). The extracts
obtained from leaves were also used to fortify various oils and fats,
including olive oil, sunflower oil, palm oil, and vegetable fats,
improving their radical scavenging capacities and oxidative stability,
outperforming synthetic antioxidants like BHT (Salta et al., 2007). In
refined soybean oil, this extract at varying levels exhibited antioxidant
activity comparable to 200 ppm BHT under enhanced storage
conditions, highlighting its potential as a natural antioxidant (Hassan et
al., 2022). Furthermore, the antioxidative effectiveness of these extracts
obtained through different extraction methods was evaluated in canola

oil over a five-week storage period at 60°C. The results demonstrated
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that incorporating olive leaf extract significantly improved the

oxidative resistance of canola oil (Dauber et al., 2022).

The benefits of OLE extend beyond food applications. In human
dental pulp stem cells, OLE mitigated methylglyoxal (MG)-induced
glycation-related damage by enhancing the activity of glyoxalase 1, a
key enzyme in MG detoxification. This process involves the redox-
regulated transcription factor Nrf2, which reduces glycation damage

and protects DPSCs from degeneration (Monache et al., 2021).

Finally, extracts obtained with methanol from olive processing
waste demonstrated the highest radical-neutralizing activity and the
lowest EC50 values among tested extracts (ethyl acetate and petroleum
ether), with antioxidative effects increasing with concentration. The
ability of OLE to neutralize free radicals and reduce phytotoxic effects
is closely linked to the availability of hydroxyl groups in its phenolic
compounds. Phenolic substances, including OLE, are well-documented
for their antioxidative properties, effectively preventing oxidative
damage to biomolecules (Czerwinska et al., 2012; Asghar et al., 2024;
Canbey et al., 2024).

2.6. The antidiabetic functions of oleuropein

Another notable biological property of OLE is its antidiabetic
activity (Akhtar et al., 2022; Canbey et al., 2024; lantomasi et al., 2024).
This bioactive compound acts on striated muscle by facilitating glucose

uptake and modulating associated protein signaling pathways, thereby
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improving glucose regulation and enhancing insulin sensitivity
(lantomasi et al., 2024). This characteristic allows various parts of the
olive containing OLE to be applied across multiple fields due to their
biological properties. For instance, extracts obtained from the leaves of
Olea europaea have demonstrated antidiabetic and antioxidant
properties in vitro (Chigurupati et al., 2021). Furthermore, compounds
such as OLE, phenolic acids, and oleanolic acid extracted from leaves
of Olea europaea has been linked to these in vitro blood sugar-
regulating and antioxidative properties (Sato et al., 2007).

It can be concluded that extracts derived from olive leaves, rich
in OLE, combined with metformin represent a promising therapeutic
strategy for managing type 2 diabetes due to their antioxidant
properties. This underscores the potential of extracts from olive leaves
as a standalone treatment or as an adjunctive agent within the
therapeutic framework for type 2 diabetes (Mansour et al., 2023).
Additionally, research involving olive leaf supplementation in rats fed
a high-fat diet and administered with reduced dosage of streptozotocin
showed a diminution in body mass and efficient regulation of high
blood sugar (Guex et al., 2019).

Beyond the leaves, the fruit of the olive also holds
pharmacological potential due to its OLE and other bioactive
compounds. Recent in vitro studies have demonstrated the antidiabetic
potential of methanol extracts derived from the fruits of Olea oleaster.
These extracts exhibited significant inhibitory effects on a-amylase and

a-glucosidase enzymes, even at lower quantities. This action is likely
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attributed to the extract's high phenolic content, including compounds,

such as OLE glucoside, ligstroside, and oleoside (Kabach et al., 2022).

Moreover, a study investigated the effects of purified OLE
extracted from Olea europaea leaves on rats with alloxan-induced type
1 diabetes. Diabetes mellitus was induced in male rats through a single
intradermal alloxan administration at a dose of 100 mg per kg body
weight. The findings revealed that OLE possesses significant
hypoglycemic and antioxidant properties. As a naturally bioactive
phytochemical, OLE exhibits antioxidative activity capable of
mitigating the adverse effects of alloxan under diabetic conditions. This
protective role is likely mediated by OLE's antioxidant properties,
which reduce free radical damage induced by alloxan, reactivate
pancreatic B-cells, and enhance both enzymatic and non-enzymatic
antioxidant defenses. Consequently, OLE is proposed as a potential
dietary supplement for managing type 1 diabetes. However, further
studies are required to validate the therapeutic efficacy of OLE in
human subjects with type 1 diabetes (Qadir et al., 2016).

2.7. The cytotoxic activities of oleuropein

In addition to its other biological functions, OLE exhibits
cytotoxic activity (Canbey et al., 2024; Benamar et al., 2025). This cell-
toxic effect is likely associated with the extract of methanol from the
leaves of Olea oleaster, attributed to its abundance content of bioactive
compounds, particularly phenolic acids and the predominant
polyphenol, OLE (Makowska-Was et al., 2017).
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Beyond OLE, the observed cell-toxic activity may also be linked
to other constituents in the extract, such as rutin and verbascoside
(Kabach et al., 2022), both of which are known to exhibit potent
cytotoxic properties (Ruzzolini et al., 2018; Caparica et al., 2020; Senol
etal., 2021).

Furthermore, existing evidence indicates that OLE may exert
inflammation-preventing function by reducing inflammatory cytokine
levels in liver and adipose tissues. Additionally, OLE targets striated
muscle to enhance glucose uptake and regulate associated protein
signaling pathways, leading to improved glucose homeostasis and
increased insulin sensitivity. While these findings suggest that OLE
holds potential as an inflammation- and diabet-preventing agent, further
animal studies and clinical trials are necessary to validate its therapeutic

applications for managing metabolic disorders (lantomasi et al., 2024).

The increasing emphasis on the health-promoting properties of
natural foods has spurred advancements in precise and reliable
analytical methodologies. These techniques enable the identification of
functional components and support the molecular profiling of foods,
contributing to the exploration of their bioactive potential (Kritikou et
al., 2020).

3. Conclusion

Olive (Olea europaea L.) is a plant species with high nutritional

and economic value, exhibiting very important biological properties
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thanks to the phenolics in its composition. Among the phenolic
compounds it contains, the place of OLE is too high to be denied. This
secondary metabolite is found in the leaves, fruits, and oil of the olive,
and exhibits very important biological properties and functions. This
compound, which is a very strong antioxidant, also exhibits many
biological properties, such as antimicrobial, antifungal, antiviral, anti-
inflammatory, heart health protective, antidiabetic and obesity
preventing effects. Owing to these properties; it plays a role in
preventing the formation of many diseases, including cardiovascular

diseases, obesity, diabetes, Alzheimer's disease and cancer types.

Its favorable safety profile, coupled with its capacity to modulate
key molecular mechanisms, positions OLE as a promising candidate for
integration into functional foods, nutraceuticals, and even as a
complementary strategy in clinical settings. Nevertheless, despite the
promising preclinical data, further research is warranted to fully
elucidate its pharmacokinetics, bioavailability, and long-term effects in
humans. Well-designed clinical trials are essential to translate the
existing experimental findings into practical therapeutic applications.
Moreover, future studies should aim to explore the synergistic effects
of OLE with other bioactive compounds, as well as the development of
advanced delivery systems to enhance its therapeutic efficacy.

In conclusion, OLE represents a compelling example of how
naturally occurring phytochemicals can contribute to human health. Its

broad biological potential offers a valuable foundation for future
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pharmacological exploration and the development of novel strategies

for disease prevention and health promotion.
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CHAPTER 4

BETA GLUCAN AS A FUNCTIONAL COMPONENT:
MOLECULAR STRUCTURE AND HEALTH EFFECTS
Assist. Prof. Dr. Ozge OZCAN

INTRODUCTION

Various polysaccharides of natural origin have attracted attention
due to their properties to regulate the functions of the immune system.
These compounds are pharmacologically classified as Biological
Response Modifiers (BRMs) due to their immunostimulating or
stabilizing effects. The immunomodulatory properties of these
polysaccharides make them potential biotherapeutics, especially in the
prevention and supportive treatment of immune-related diseases. [-
glucans are considered to be among the most effective of these
compounds (Bohn and BeMiller, 1995).

B-glucans are natural polysaccharides composed of D-glucose
monomers and these glucose units are linked together by B-glycosidic
bonds (specifically B-(1—3), B-(1—4), and/or B-(1—6) bonds). They
are found in yeast, fungi, some cereals (such as oats and barley), some
bacteria and seaweeds (Du et al., 2019).

As an important dietary fiber, B-glucans are notable for their anti-
cancer, anti-inflammatory, antioxidant, anti-hypertensive and anti-
obesity effects as well as their strong immunomodulatory properties.
They also possess antiviral, anti-bacterial and anti-fungal activities.

They lower cholesterol and blood lipid levels, reduce insulin resistance
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and help stabilize body weight (Sirinyildiz and Bulut, 2022; Singla et
al., 2024).

Glucans have a wide range of applications from health to food,
cosmetics to pharmacology. Since PB-glucan can increase viscosity
thanks to its gelling structure in aqueous solutions, it is preferred as a
thickener in sauces and desserts in the food industry. It is also preferred
in low-calorie food production as a fat mimetic. In addition, due to their
health benefits, they are subject to various applications in functional
food production, cosmetic products, pharmaceutical preparations and

other industrial fields (Du et al., 2019; Yang and Huang, 2021)

Classification and Structure of B-glucans

Glucans are divided into two main groups, a-glucans and B-glucans,
according to the configuration of glycosidic bonds between
monosaccharide units. a-glucans are generally amorphous, soluble in
hot water and serve as building blocks for energy storage in biological
systems. Examples of this group include starch found in plants and
algae and glycogen found in fungal and animal cells (Edo et al., 2024).
There are water-soluble and insoluble varieties of B-glucans. These
properties enable them to take part in structural functions. For example,
plant cellulose and B-(1—3)-D-glucans found in yeast and fungal cell
walls are among the important compounds included in the B-glucan
group (Xin et al., 2022; Edo et al., 2024).

B-glucans are classified into seven main groups according to their
structural properties. This classification is based on the way glucose

units bind and their branching structure:
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1. Unbranched B-(1—3)-glucans: Glucans with a linear structure
containing only B-(1—3) glycosidic bonds.

2. Less branched B-(1—3)-glucans: Structures whose main chain is
composed of B-(1—3) bonds, showing a limited number of branches.

3. B-(1—6)-glucans: Glucans in which glucose units are largely
linked by B-(1—6) bonds.

4. B-glucans contain D-glucose fragments linked by B-(1—3) and
B-(1—4) bonds: Structures commonly found in cereals (e.g. oats,
barley) that affect properties such as solubility and viscosity.

5. B-glucans are composed of D-glucose fragments containing [-
(1-3), B-(1—4) and B-(1—06) bonds: They are more complex types of
glucans and may exhibit different biological activities.

6. Phosphorylated B-(1—3)-D-glucans: Forms of glucans with
phosphate groups in their structure and enhanced biological activity.

7. B-glucans composed predominantly of B-(1—6)-D-glucose units:
Glucans with a distinct structural difference, synthesized especially by
some microorganisms (Ruiz-Herrera and Ortiz-Castellanos, 2019).

The classification of B-glucans is based on the type of glycosidic
bond between the glucose monomers that form their chain structure.
Unbranched B-(1—3)-glucans represent the structurally simplest form;
these glucans consist of long, linear D-glucose chains linked only by -
(1—-3) bonds. Other types of B-glucans exhibit more complex
structures. For example, less branched B-(1—3)-glucans contain a large
proportion of B-(1—3) linkages in the main chain, while branching with

B-(1—6) linkages at certain positions. These structural variations
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significantly affect the physicochemical properties of B-glucans such as

water solubility, viscosity and gel-forming capacity (Edo et al., 2024).
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Figure 1. Structure and branching degree of B-glucan from
different recourses (Du et al., 2019)

Non-cellulosic B-glucans generally have a B-(1—3) linked
glucose backbone and varying proportions of B-(1—6) side chain
substitutions. In some cases, such as bacterial B-glucan curdlan, no side
chain substitution is observed. Among the B-glucans of fungal origin,
schizophyllan from Schizophyllum commune, scleroglucan from
Sclerotium glucanicum, lentinan from Lentinus edodes, epiglucan from
Epicoccum nigrum and pestalotan from Pestalotia sp. are notable
examples exhibiting regular -(1—6) branching motifs on the B-(1—3)
backbone (Figure 1). The frequency of branching of these structures

varies from species to species and the detailed structural features of
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many fungal B-glucans are still not fully elucidated (Chen and Seviour,
2007; Schmid et al., 2001; MclIntosh et al., 2005; Johnson et al., 1963;
Kikumoto, 1971; Sasaki and Takasuka, 1976; Misaki et al., 1984;
Demleitner et al., 1992).

The composition and structural properties of B-glucans can be
assessed  using  various  analytical  techniques.  Liquid
chromatography/mass spectrometry (LC/MS) and high-performance
liquid chromatography (HPLC) are among the most widely used
methods. Less frequently, advanced techniques such as X-ray
crystallography and atomic force microscopy are also used for
structural analysis of B-glucans. Other analytical methods for B-glucan
quantification include phenol-sulfuric acid carbohydrate assay, aniline
blue staining method and enzyme-linked immunosorbent assay
(ELISA). These methods provide researchers with important data for
both qualitative and quantitative analysis of B-glucans (Chan et al.,
2009).

When B-glucans are considered in terms of molecular size, it has
been reported that the molecular weights of rye, barley, oat and wheat-
derived B-glucans vary between 21-1100x103, 31-2700%10%, 65-3100x
10° and 209-487x10° g/mol, respectively (Du et al., 2019).

The biological activity of B-glucan varies according to different
properties such as molecular weight, degree of branching, solubility and
capacity to form intermolecular interactions. Accordingly, B-glucans
have various physiological functions (Cui et al., 2023; Zhong et al.,

2023; Synytsya and Novak, 2013).
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Sources of p-glucan

B-glucan is found as a cell wall component in various natural
sources including bacteria; yeasts such as Saccharomyces cerevisiae;
fungi such as Aspergillus and Agaricus species; algae; edible mushroom
species Reishi and Ganoderma applanatum, and cereal grains such as
oats, barley, wheat and rye (Maheshwari et al., 2017). The cell wall of
Saccharomyces cerevisiae consists of three layers: the inner layer is
composed of insoluble B-glucans (30-35%), the middle layer is
composed of soluble B-glucans (20-22%) and the outer layer is
predominantly glycoproteins (30%) (Zhong et al., 2023). Among
cereals, especially oats and barley contain higher levels of B-glucans
compared to other species. Among the cereal grains, the highest -
glucan content is found in barley (2-11%) and oat (2-7.5%) grains,
whereas in other cereals such as wheat and rye, this ratio is lower and
can vary between 0.5-1% and 1.4-2.6%, respectively. It has been
observed that the amount and quality of B-glucan in these cereals varies
according to the cereal type, genotype, geographical region where it is

grown, and extraction method (Ahmad et al., 2012a).

Purification

Various extraction and purification methods such as hot water
extraction (Smiderle et al., 2006; Ahmad et al., 2009), solvent
extraction (Bhatty, 1993), enzymatic extraction (Irakli et al., 2004;
Ahmad et al., 2010) and alkaline extraction (Li et al., 2006) have been
developed for the isolation of B-glucan (Ahmad et al., 2012b). In

addition to the traditional extraction methods mentioned above, some
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innovative extraction techniques such as ultrasound-assisted extraction
(UAE), response surface method (RSM), microwave-assisted
extraction (MAE) and accelerated solvent extraction (ASE) have also
been reported in the literature. In all the mentioned methods, parameters
such as pH, temperature, extraction time, centrifugal force, preferred
method, selected species will create differences in the amount and

quality of the product to be obtained (Maheshwari et al., 2017).

Health Effects of B-glucans

The use of natural products for therapeutic purposes dates back
to the earliest periods of human history. Throughout history, people
have used substances obtained from nature in the treatment of various
diseases. The oldest known written sources on herbal treatment
practices are found in clay tablets of the Sumerian civilization dating
back to 4000 BC. Similarly, the earliest records of the use of medicinal
mushrooms are found in Indian documents dating back about 5000
years. Ancient medical practices, such as traditional Chinese medicine
and the Ayurvedic system, represent important approaches to healing
that have been shaped by centuries of observation and experience,
systematically evaluating the effects of natural resources on health
(Vetvicka etal., 2021).

Found in the cell walls of yeast, fungi and many cereals such as
oats and barley, B-glucan has long been favored both as a food product
and for its health effects. Studies have reported immune-enhancing,

anti-inflammatory, antimicrobial, anti-diabetic, cholesterol-lowering,
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anti-allergic, anti-cancer and antioxidant effects of B-glucans (Kidd,
2000; Xin et al., 2022; Sirinyildiz and Bulut, 2022).

The first line of defense in the body's immune system is innate
immunity. In the early stages, this immune system recognizes, ingests
and destroys pathogens that enter the body, primarily using phagocytic
cells such as macrophages and neutrophils. It also contributes to the
activation of the adaptive (acquired) immune system through the
secretion of cytokines and chemokines. -glucan has been shown to
modulate the activity of a variety of immune cells, including
macrophages, natural killer cells (NK cells) and neutrophils, thereby
producing numerous immune effects. For these reasons, B-glucan is
considered a natural immunomodulator and is widely used in tumor
immunotherapy (Zhong et al., 2023).

It has been shown that immune responses to B-glucans in
vertebrates are mediated mainly by receptors on the cell surface.
Although the process of opsonization contributes to the recognition of
particulate B-glucans, no plasma-derived molecule that specifically
recognizes these polysaccharides has yet been identified. B-glucan
receptor activity has been found in both immune and non-immune cells
such as monocytes, macrophages, neutrophils, Langerhans cells,
eosinophils, natural killer (NK) cells, endothelial cells, alveolar
epithelial cells and fibroblasts (Figure 2) (Brown and Gordon, 2005). In
this context, B-glucans can activate immune pathways by interacting
with specific receptors or proteins such as Dectin-1, Toll-like receptors
(TLR), complement receptor 3 (CR3), scavenger receptors (SR) and
lactosylceramide (LacCer) (Figure 3) (Noorbakhsh Varnosfaderani et
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al., 2024). This interaction triggers cytokine secretion, which in turn
activates tumor-responsive immune cells such as macrophages,
neutrophils and monocytes. These cells increase phagocytosis capacity
and stimulate the production of pro-inflammatory cytokines, leading to
a strengthening of the immune response, which may explain the
mechanism of anticancer action (Noorbakhsh Varnosfaderani et al.,
2024; Setyawan et al., 2024) However, only Dectin-1 has been clearly
demonstrated to be directly involved in the generation of cellular

responses specific to B-glucans (Brown and Gordon, 2005).
pB-Glucan
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Figure 2. Major effects of beta-glucan on immune cells (Vetvicka et
al., 2021).
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Figure 3 Receptors with which B-glucans interact (Brown and
Gordon, 2005).

One of the important properties of B-glucan that allows it to be
included as a functional ingredient in various food products is its
positive effects on the gastrointestinal system. According to studies, -
glucan may have protective effects against the development of
colorectal cancer, increase the feeling of satiety by suppressing appetite
and support overall intestinal health. It also facilitates the excretion of
toxic substances from the body by increasing stool volume and plays a
preventive role against constipation. Thus, it also provides protection
against metabolic diseases (Ahmad et al., 2012b).

Oat B-glucan shows positive effects on gastrointestinal health
because it cannot be digested by enzymes such as salivary amylase.

Thanks to this feature, it prevents the proliferation of pathogenic
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bacteria and supports the proliferation of beneficial microorganisms
such as lactic acid bacteria and Bifidobacteria, thus supporting the
formation of a healthy microbiota. In the large intestine, especially in
the cecum, B-glucan is fermented by commensal microorganisms to
produce short-chain fatty acids (SCFAs). SCFAs play an important role
in maintaining intestinal health by affecting many mechanisms such as
regulation of gene expression, epithelial morphology, mucus
production, mucosal immune responses. They also exert protective
effects against the overgrowth of opportunistic pathogens. Studies on
animal models show that oat and barley B-glucans promote colonic
mucosa development, reduce the microorganism load on harmful
bacteria (e.g. Escherichia coli) by increasing SCFA production. These
findings suggest that B-glucan functions as a prebiotic substance (Hu et
al., 2015).

The hypoglycemic effect of carbohydrate-containing foods is
usually assessed by the glycemic index (GI). The GI is calculated by
comparing the area of the blood glucose response curve after
consumption of the tested food with that of a reference food (e.g.
glucose solution or white bread). Clinical studies have shown that diets
enriched with oat and barley B-glucans resulted in significant reductions
in both glycemic index (GI) and glycemic insulin index (GII). These
effects were observed in different groups of individuals, including
individuals with type 2 diabetes, non-diabetic individuals, and
moderately hypercholesterolemic or overweight individuals (Lazaridou
et al., 2007). At the metabolic level, it offers important effects such as

lowering the glycemic index, stabilizing postprandial glucose levels
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and reducing serum cholesterol levels. These effects support the
protective potential of B-glucan on cardiovascular health and in
particular contribute to reducing the risk of coronary heart disease
(Ahmad et al., 2012b; Lante et al., 2023) (Figure 4). The U.S. Food and
Drug Administration (FDA) approved the use of health claims on
product labels in 1997 and 2005 that consumption of whole grain
barley, oats and products containing them may reduce the risk of

coronary heart disease (Hu et al., 2015).
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Hypoglycemic
properties
l blood glucose

1 activation of the NF-kB
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Figure 4. Health effects of pB-glucans (Ciecierska et al., 2019)

Ikekawa et al. (1969) published the first scientific findings that
extracts from fruiting bodies of fungi belonging to the family
Polyporaceae (Aphyllophoromycetideae) and some other families

showed host-mediated antitumor activity on tumors transplanted into
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animal models (Ikekawa et al., 1982; 1992; Ikekawa, 2001). This study
is among the pioneering researches that revealed the potential biological
effects of medicinal mushrooms for cancer treatment.

Following these developments, the first three important
antitumor agents derived from medicinal mushrooms were developed.
All of these compounds are polysaccharides, specifically classified as
B-glucans. These include: Krestin, from the cultured mycelial biomass
of Trametes versicolor (Turkey Tail); Lentinan, from the fruiting body
of Lentinula edodes (shiitake); and Schizophyll, from the liquid culture
medium of Schizophyllum commune (Split Gill) (Mizuno, 1996; 1999;
Wasser and Weis, 1999; Ikekawa, 2001; Wasser, 2002). Subsequently,
the pharmacological effects of medicinal mushrooms in in vivo and in
vitro model systems have been studied in detail; as a result of these
studies, many new antitumor and immunomodulatory polysaccharides
have been identified and put into practical use (Wasser, 2002). Today,
lentinan is mainly used in the treatment of stomach cancer in medical
applications. However, it has also been evaluated in experimental
studies on various cancer types such as sarcoma, colon, lung, liver,
bladder and pancreatic cancer. In gastric cancer patients, concurrent
administration of lentinan with chemotherapy agents significantly

increased anticancer efficacy (Vetvicka et al., 2021).

B-glucans as Functional Foods and Their Use in the Food
Industry
Functional foods are products containing specific nutrients or

bioactive components and play important roles in supporting basic
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nutritional needs, regulating physiological and metabolic functions,
reducing disease risk and protecting general health. Worldwide, interest
in functional foods is increasing day by day in order to prolong life,
improve quality of life and prevent diseases. In this respect, B-glucan is
frequently preferred in the food sector both as an important dietary fiber
that has been found to be highly beneficial for health and due to its
physicochemical properties (Sengiil and Ufuk, 2022).

B-glucan also has thickening, stabilizing, emulsifying and gel-
forming properties. These properties increase the usability of B-glucan
in different food products such as soups, sauces and beverages. Barley-
derived B-glucan, in particular, improves sensory properties through its
ability to impart a soft mouthfeel to beverage products, while also
acting as a good source of soluble dietary fiber. Thus, B-glucan is
considered as an alternative to traditional thickening agents such as gum
arabic, alginates, pectin, xanthan gum and carboxymethyl cellulose. It
is also used as a fat substitute in reduced-calorie dietary products such
as low-fat cheese, pickled fresh cheeses and low-fat sausages. In
addition, since beta glucan is known to lower the glycemic index, it is
used as an additive to breakfast cereals, breads and pastas (Ahmad et

al., 2012a, 2012b).
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CONCLUSION

B-glucans, as polysaccharides of natural origin, are of great
importance for their various health benefits and immunomodulatory
properties. With their immunomodulatory, anti-cancer, anti-
inflammatory, antioxidant and antimicrobial properties, these
compounds find a wide range of applications as functional ingredients
in pharmacology and food industry.

In particular, the structure and biological activities of B-(1—3)-
glucans make them potential therapeutic strategies for the treatment of
various diseases. Furthermore, B-glucans may be useful in the
management of metabolic diseases such as diabetes, obesity and
cardiovascular diseases.

In the food industry, B-glucans obtained from cereals such as
oats and barley are widely used in food products with their thickening,
emulsifying and gel-forming properties. In addition, the health benefits
of B-glucans have led to an increased demand for functional foods and
further deepened research in this field.

Research is ongoing to fully understand the biological activities
of PB-glucans. Differences in their structural properties and their
relationship with biological effects should be investigated in more detail
so that the health effects of B-glucans can be used more effectively.
Overall, it can be safely said that B-glucans have a wide potential in the

health and food industries.
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