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The successful realization of IFSGC 2025-International Food Science and Gastronomy
Congress and the preparation of this proceedings book were made possible thanks to the
dedicated efforts of a large team. First and foremost, we extend our gratitude to the Rector of
Nisantas1 University, Prof. Dr. Aysegiil CITIPITOGLU, for hosting our congress and providing
unwavering support. We thank the members of the Scientific Committee, who played a
significant role in shaping the scientific quality of the congress, keynote speakers, and our
valuable participants who shared their work with us. We are also grateful to the members of the

Organizing Committee who dedicated great effort to every stage of the organization.

Finally, we thank Ondokuz May1s University, Nisantag1 University and all other stakeholders
who contributed to our event, and we hope that this book will be beneficial to the scientific

community.

On behalf of the Organizing Committee, Ali PASAZADE
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KEYNOTE SPEAKERS
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SHAPING TOMORROW'’S APPROACHES FOR SUSTAINABLE NEW INSIGHTS
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EVALUATION PROCESS and POLICIES

All applications have undergone double blind peer review process. In addition, each paper
was accepted and the process of publishing in the book was carried out through editorial
oversight. The published papers were presented and discussed at the meeting. Full texts
and abstracts published in accordance with the Congress Policy have been prepared in
accordance with ethical rules. Authors of all papers are both ethically and legally
responsible.

PARTICIPANTS COUNTRIES: Algeria, Azerbaijan, Benin, Belgique, Iran, Kosovo,
Macedonia, Portugal, Rwanda, Turkiye, USA, Yemen, Zimbabwe.

TOTAL ACCEPTED ARTICLES: 59, The Number of Accepted Papers from Turkiye:
14, The Number of Accepted Full Papers from Other Countries: 45
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1.International Congress on Food Science and Gastronomy (IFSGC 4-5 December 2025—Fully
Online)

Istanbul Nisantasi University
Congress Website: https://ifsgc.net/en/homepage/ Organizing Group Meeting-December 4,

2025

Thursday, December 4, 2025
12:00-13:00 Registration
Opening IFSGC Ceremony (Keynote Speakers)

13:00-13:15  |Prof. Dr. Aysegiil Komsuoglu Citipitioglu The Rector of Istanbul Nisantasi University

13:15-13:45  |Prof. Dr. Reza Tahergorabi North Carolina Agricultural and Technical State
University

13:45--14:15 |Prof. Dr. H.P. Vasantha Rupasinghe Functional Foods & Nutraceuticals at Dalhousie
University, NS, Canada.

14:15- 14:45 Prof. Dr. Charis M. Galanakis Taif University, Galanakis Laboratories

14:45-15:15  |Assist. Prof. Shahriar Eslamitabar Smart University of Medical Sciences — Ministry of
Health Tahran.

Chair: Dr. Carla Pires

15:15-15:45  |Prof. Dr. Maria Leonor Nunes Principal scientist and coordinator of SEAFOOD
SAFETY AND PROCESSING Group of CIIMAR

15:45-16:15  |Dr. Carolina Camacho Researcher at the Interdisciplinary Centre of Marine

and Environmental Research (CIIMAR/CIMAR- LA)

16:30-18:30

Bioactivity of different macroalgae species from | Rui Cerejal?”, Carla Pires?, Pedro R. Costal?,
he Portuguese coast Anténio Marques*
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Strategies to reduce sodium in canned Atlantic
Horse Mackerel

Helena Oliveiral2*, Alexandre Nabais*22, Carolina
Camacho'?, Carla Pires!?, H. Lourenco?, Maria J.
Fraqueza*, Maria H. Fernandes*, Maria J.
Fernandes*, Carmo Serrano®®, Helga C. Augusto’,
Amparo Gongalvest?, Antdnio Marques?, Maria L.
Nunes!

Nutritional and toxicological profile of edible
macroalgae

Tomas Chainho*”, Rui Cereja*?, Alicia Pereira®,
Vera Marques?, Sofia Pessanha®, Inés Oliveira®,
Pedro Reis Costa', Antonio Marques®®

Optimization-driven strategies for high-value
utilization of food waste

Alev Yuksel Aydart?

Comparison of ANN and RSM in predicting
SO; and quality of dried fruits

Alev Yksel Aydar'?

Project GreenFeed4Fish: Turning agricultural
waste into nutritious and functional aquafeeds—
/An eco-Innovative approach to upgrade farmed
marine fish welfare and quality

Marta Dias>?®", Elsa F. Vieira®, Valentina F.
Domingues*, Maria Jodo Ramalhosa®, Cheila
Almeida®, Carla Pires®, Carolina Madeira?3,
Cristina Delerue-Matos*, Ana Luisa Maulvault 235

Microplastics and plastic-derived contaminants in
Canned Tuna: Key knowledge gaps and
implications for regulatory action

R. Pereira®”, H. Oliveiral?, A. Marques*?, M.L.
Nunes!

Valorization of pumpkin (Cucurbita maxima) in
traditional food systems: A case of enhanced
pumpkin-based porridge (nhopi) formulation

Juliet Mubaiwa®*, Laura J. Mpala?, Faith A,
Manditsera®

Organizing Group Meeting — December 5, 2025

Session 1
08:00-09:30  [Chair: Prof. Dr. ilkay Koca
12-15 min of time for each presentation
Composition of chestnut capsule Ergin Oztiirk?, Tlkay Koca?, Beyza Kaba®"
/Antioxidant properties of chestnut flower Ergin Oztiirk?, ilkay Koca?, Beyza Kaba3”
Global_ly po_pular Turkish dishes: A popularity Efe Kaan Ulub*
analysis using Al-Powered Chatbots and
Google Trends Data
Evaluation of pesticide properties of nanoparticles| Elif Fatma Topkara>?*, Seda Biryol®
obtained from food wastes
The role of new technologies and artificial Mustafa Evren®”, Elanur Uzun?, Melike Tansu
intelligence in food waste disposal Geng!
Antimicrobial ~ potential  of  plant-derived | Zeynep Arslan®”, Giliz Akyiiz?, Miiberra Andag"*
nanoparticles: A sustainable synthesis approach
Menengic as a functional food and its Hilal Zade Aksakal'", Belkis Tekgiler?
applications
Session 2
09:30-11:00 [Chair: Assoc. Prof. Dr. Elif Fatma Topkara
12-15 min of time for each presentation
Recenjt f_lndlngs on the metabolic, [_)hy.smloglcal, Gamze Sanh AKY*
and clinical effects of the ketogenic diet
Gluten-free diet: Updated insights on celiac Gamze Sanli AkY”

disease, non-celiac gluten sensitivity, and
irritable bowel syndrome

I/Aroma recovery under low pressure from

tomato plant waste

Aleyna Okutucu*”, Hatice Reyhan Oziyci?, Mustafa
Karhan!

11
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Effect of extracts obtained from fruits with Rafiga Gazi'"
antioxidant bioactivity on viral diseases of
honey bees

Health-oriented reformulation of fermented | Zeynep Oztiirk™"
dairy products for children: Strategies for sugar
reduction and natural sweetness optimization

Utilisation of grape residues processed in the Aysegiil Ozkan*, Mustafa Evren?, Deniz Demir*
food industry
Mimicking functional roles of sucrose to Pelin Cakur™”

preserve sensory integrity in food formulations

Session 3

11:00-12:00 |Chair: Dr. Ricardo Pereira
12-15 min of time for each presentation

IAdvances in chemical engineering strategies for | Sarhan Mohammed®”, Khalid A. A. H. Al-ahdal?
sustainable food systems: Biorefinery of
lagro-industrial wastes

Biogenic synthesis of nanomaterials by plant | AmirPouya Ghandehari Yazdi®, Elahe Amani®2”,

and their application in food packaging Amin Karimi?, Arash Soltani®
Alternative proteins and the overlooked barriers | Masoumeh Jabbaril”, Meisam Barati?, Arezoo
in culture, politics, and marketing Haghighian-Roudsarit

Lactobacillus plantarum species: An overview Abdelmalek Meribai'”, Ahmed Bahloul*
with emphasis in bacteriocinogenic, probiotic,
biochemical and healthy properties

Bioactive composition and functional potentials of| Belkhir Safial*, Abdessemed Dalila®
Opuntia ficus-indica for sustainable food

Systems
The gut microbiome: Insights into health Zeghiche Khaoula!, Tahri Kaouthar!, Melakhssou
benefits and practical dietary tips Romaissa®, Menasria hibet el rahmane!, Ouenas

Arijt, Mekhalfia Nermine Lina®, Saadaoui Ines?,
Ghellam Mohamed?

Session 4

12:30-14:00  |Chair: Dr. Oscar Zannou
12-15 min of time for each presentation

Eco-innovative approaches for sustainable food Haitham Taleb Salem Mohammed Ali Aldubaei'”,
safety: Green nanotechnology in action Sarhan Mohammed?

Green synthesis of nanomaterials  via | Elahe Amani'?”, Amir Pouya Ghandehari Yazdi?,
microorganisms: Antimicrobial and antioxidant Mohammad Rahmati®, Arash Soltani®
applications in food science

Bio-based nanocomposite  packaging: A | Glliz Akylz"", Zeynep Arslan?, Miiberra Andag?®
sustainable alternative to conventional plastics

Comparative evaluation of banana and avocado | Marc Antoine Ndisanze?, Fabrice Niyibizi®", Jass
peel-based biodegradable paper for food | Uwera?, Mary Confidente Nyirahirwa!
preservation and circular economy applications

Petroleum- and bio-based microplastics during | Daniel Bolotas'”, Rita V. C. Gomes*?, Ana C.
simulated human digestion: Insights into polymer | Ambrosino?3, Clara Lopes?, Joana Raimundo?,
integrity and seafood digestibility Monica V. Loureiro?#, Alda S. Pereira®*, Pedro
Santana®, Anténio Marques®?, Tiago Repolho®”,
Ana Luisa Maulvault*8°

12
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IAssessment of antimony migration from PET
bottles into water, carbonated beverages, and
edible oils under real storage conditions in Benin

Alabi Séfou-Dine Badarou?, Camel Lagnika",
Achille Todégnon Gantongbe?!, Abdou Madjid
Amoussa?, Bakary Coulibaly?, Latifou Lagnika?

Creation of smart systems, based on artificial
intelligence, to detect quality and authenticity in
bee products

Elnaz Abedini, Jafar Abedini%”

Session 5
14:00-15:30  |Chair: Dr. Mohamed Ghellam
12-15 min of time for each presentation
Dietary antioxidants and longevity: The impact | Giliz Akylz"*
of nutrition on oxidative stress and healthy
laging
Characterization and quantification of food D. Sylvain Dabadé?, Chika J. Kuassi-Péréira?,
waste during festive events in Benin, West Paulin Azokpota!
/Africa
Reducing the ecological footprint: a solution to Arezoo Haghighian-Roudsari'*, Javad
achieve food security in line with climate Hassannezhad?
change management
A circular approach for fresh farmed fish waste: | Alicia Pereira:**, Busenur Ozkan?®, Marta Dias’,
functional protein hydrolysates from catfish and | M. Leonor Nunes?, Anténio Marques®?, M. Jodo
tilapia by-products Fragueza?, Carla Pires*®
Research on the geographical indication Seda Senyuva Karaman®”, Hojjat Pashazadeh?
potential of food/agricultural products in Kas
(Antalya) district
Harnessing indigenous probiotic strains from | Lina Friha®"
traditional Algerian fermented foods to develop
sustainable gut-brain functional supplements
The effects of preschool children’s eating habits | Cengiz Cesko!”, Hyrije Koragi?, Belma Gjergjizi
on health and development: A case study in | Nallbani?, Loreta Kabashi'
Prizren, Kosovo
Session 6
15:30-16:30 |Chair: Prof. Dr. Mustafa Fatih Ertugay

12-15 min of time for each presentation

Challenges and advances in 3D food printing; A
focus on measurement techniques and quality
evaluation parameters: A comprehensive review

Marc Antoine Ndisanze-?", Leandrine
Mushimiyimana?, Daniel Mukunzi?, Joseph
Flambeau Kayihura?, Ildephonse Habinshuti®, Jean
Claude Dusabumuremyi, Angelique Dusabe?,
Marie Lys Irakoze?!, Gabrielle Ishimwe?, Ildephonse
Habinshuti®, Valentin Uwishema?, Daniel
Nsengumuremyi®

Integration of a customized weather forecast
warning system data into the Meteo Rwanda
weather and climate services platform: A climate-
smart approach to potato late blight disease
management

Marc Antoine Ndisanze®, Daniel Niyikiza?,
Dieudonne Ngabitsinze?, Francois Serneels®,
Maximme Bonnave?, Cyrille Andre Vryghem?, Jean
Claude Maniragaba?, Joseline Byukusenge?,
Bazizane Sandrine!, Mutimukeye Enatha?,
Uwishema Valentin', Habimana Jean Claude!

factor:
from

Biochemical and  anti-nutritional
Characterization of pressing cakes
Ricinodendron heudelotii kernels

Myriam Assogbadjo®®”, Marius Affonfere?, Tétédé
Rodrigue Christian Konfo?, Kolawolé Valére
Salako?, Antoine Ide®, Cathy Debier?, Flora Josiane
Chadare?, Yvan Larondelle®

13
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Quality and phenolic effects of pectin in
blackberry jam across altitudes

Adis Veliut, Xhabir Abdullahit, Erhan Sulejmani”

Migration of antimony from virgin PET bottles
into drinking water under various storage
conditions: Implications for health and public
safety

Alabi Séfou-Dine Badarou?, Camel Lagnika",
Achille Todégnon Gantongbe?!, Abdou Madjid
Amoussa?, Latifou Lagnika?

Endogenous knowledge and processing practices
associated with Ricinodendron heudelotii kernels
in Benin and Cobte d'lvoire (West Africa)

Myriam Assogbadjo®-3*, Marius Affonfere!, Tétédé
Rodrigue Christian Konfo?, Ludosky Djomatin?,
Antoine Ide?, Yvan Larondelle?, Flora Josiane
Chadare!

Dietary habits and health status of primary
school children (Grades 1-5) in Prizren

Nora Rrahimi Hasani'", Aulona Sfishta!, Cengiz
Cesko?, Eréza Krasnigi*

Chair: Assoc. Prof. Dr. Mustafa Mortas
12-15 min of time for each presentation

16:30-17:00  |Prof. Dr. Gianfranco Romanazzi Plant Pathology at Marche Polytechnic University
(Keynote speaker) Ancona ltaly
Chair of COST Action CA22134 FoodWaStop
17:00-18:30  [The necessity of a zero-waste approach beyond  |[Masoumeh Jabbari'”, Arezoo Haghighian-
environmentalism Roudsari*, Meisam Barati?
Drying Kkinetics and antioxidant properties of | Mohamed Ghellam?, Oscar Zannou?®, Houda
mint leaves (Mentha spicata L.) Bezzih*, Hojjat Pashazadeh?®, ilkay Koca®
Essential oils from Cupressus sempervirens L., Gharbi Samia®”
Pimpinella anisum L. and Rosmarinus officinalis
L.: Physicochemical characteristics, antioxidant
and antimicrobial activities
A novel fluorescence platform using aptamer- | Alireza Ebrahimi2, Hamed Hamishehkar?, Ali
modified B-Cyclodextrin MOFs for sensitive | Ehsani>*, Milad Tavassoli**
detection of Listeria monocytogenes in tap
water and red meat
Characterization of local shelling, storage, and | Bella Virginie Donadje*", Kotchikpa Justin Ekpo?,
processing practices  of  egusi seeds Oscar Zannou?, M. Vahid Aissi’
(cucurbitaceae) in Benin
Post-harvest macroalgae processing to mitigate | Tomas Chainho®*, Miguel Barbosa?, Rui Cereja®?,
surface-bound contamination withtoxic Maria Jodo Xavier?, Alicia Pereira®, Inés Oliveira®,
microalgae Anténio Marques**, Pedro Reis Costa®
IAssessment of key functional traits in lactic acid | Ahmed Saci*, Samia Gharbi 2, Fatima Djadouni®,
bacteria isolated from Algerian Makatia goat | Noureddine Karkachi!
milk for use in food products
Qils rich in conjugated fatty acids : Methods of Massoumoud Aréemou Mochégbolatan Wabil, Ségla
Extraction, Preservation and Storage Wilfrid Padonoul, Marcel Houngbédjil,2, Flora J.
Chadarel*
Study of the antimicrobial and antioxidant Elnaz Abedini*", Hanieh Bagheri Kia?
efficacies of bee products in food and medical
industry
Design and development of smart wound Elnaz Abedini*
dressings on the basis of honey and propolis
\veterans
Closing Speaker: Congress President
18:30

Dr. Ali Pasazade

Istanbul Nisantas1 University

14
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Comparative Evaluation of Banana and Avocado Peel-Based Biodegradable Paper for Food Preservation
and Circular Economy Applications

Marc Antoine Ndisanze, Fabrice Niyibizi, Jass Uwera, Mary Confidente Nyirahirwa.........ccccoverneenee.
Advances in Chemical Engineering Strategies for Sustainable Food Systems: Biorefinery of Agro-
Industrial Wastes
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Comparative Evaluation of Banana and Avocado Peel-Based Biodegradable
Paper for Food Preservation and Circular Economy Applications
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Nyirahirwal

LINES Ruhengeri, Musanze, Rwanda
?Rwanda Polytechnic, Musanze College, Musanze, Rwanda
*Corresponding author: f.niyibizi@ines.ac.rw

ABSTRACT

Plastic pollution and food waste demand sustainable alternatives that align with circular
economy goals. This study comparatively evaluated two agro-waste-derived packaging
materials: bioplastic paper from Gros Michel banana peels and biodegradable paper from
avocado peels both for food packaging material. Both were processed through drying, grinding,
blending with natural binders, and molded into paper. The banana peel bioplastic paper
achieved 90% biodegradation within 45 days, exhibited adequate strength for dry food
packaging, and maintained structural integrity in cold conditions. It has capability to extend
shelf life of roasted peanuts by 7 days. The avocado peel paper showed 87% biodegradability
in 45 days, good tensile and barrier properties, and natural antimicrobial activity that extended
the shelf life of roasted peanuts by 12 days, outperforming craft and plastic controls.
Comparative analysis suggests that while banana-based paper is suitable for low-temperature,
single-use applications, avocado peel-based paper provide superior food preservation due to
their antimicrobial compounds. These findings demonstrate how agro-waste valorization can
reduce pollution, improve food safety, and strengthen circular economy strategies.

Keywords: Avocado peel, banana peel, bioplastic paper.
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Systems: Biorefinery of Agro-Industrial Wastes
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*Corresponding author: sarhanmoham@gmail.com

ABSTRACT

In aworld striving for food sustainability, modern chemical engineering strategies have become
a major focus in this frantic race to build sustainable food systems. The term "biorefinery" has
become the essential link between modern chemical engineering and sustainability in its
broadest sense. The term "biorefinery" encompasses the conversion of agricultural and
industrial waste (crop residues, fruit peels, and food processing waste) into value-added
products (biofuels, biochemicals, bioactive compounds, and functional food ingredients). In
addition to the value conversion, there is another benefit: reducing environmental impact and
maximizing resource utilization. This process combines physical, chemical, and biological
methods, including thermal treatment and hydrolysis to decompose complex biomass, as well
as biological conversions using bacteria or enzymes. A new trend has emerged in biorefinery
processes, using modified microbes or specialized enzymes to produce sustainable compounds.
Through combined thermal and biological conversion processes, researchers seek to create
integrated systems to improve efficiency and achieve flexible operating models. Recent
developments and the urgent desire to harness waste as a renewable energy and food source
have contributed to greater food security and reduced pollution. Modern efforts and the
integration of science represent a fundamental step toward a sustainable bioeconomy that links
food production with environmental conservation through the use of innovative engineering
techniques that enhance resource efficiency and reduce waste.

Keywords: Chemical engineering, agro-industrial waste, biorefinery, food sustainability,
circular bioeconomy.
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ABSTRACT

The gut-brain axis has emerged as a central pathway linking the intestinal microbiota to
emotional and cognitive well-being. Growing evidence supports the role of psychobiotics and
neuroactive nutrients in modulating mood, stress, and cognitive performance. However, most
formulations depend on imported industrial strains that lack cultural and ecological
adaptability. This research introduces an alternative approach based on the isolation and
functional characterization of local probiotic strains derived from M ’zeyet, a traditional
Algerian fermented product, aiming to develop a culturally adapted psychobiotic supplement
that supports gut-brain communication. The study adopts a multidisciplinary framework
combining traditional fermentation microbiology, functional screening, and digital health
analytics. Local M zeyet samples were subjected to microbial isolation, morphological and
molecular identification, and selection of potential probiotic candidates. The isolates were
evaluated for acid and bile resistance, enzymatic activities, and neuroactive potential,
particularly their involvement in tryptophan metabolism and neurotransmitter pathways such
as serotonin and GABA synthesis—key modulators of mood and cognitive focus. In parallel,
an intelligent mobile/web platform was designed to collect multimodal user data, including
physiological (BMI, activity, sleep, heart rate) and behavioral parameters (diet and mood
surveys). This digital interface aims to bridge biological findings with behavioral data, enabling
personalized nutritional recommendations and feedback loops to optimize individual responses.
The integration of these data streams supports the emergence of precision nutrition systems
tailored for individuals experiencing stress or attention-related challenges. This project pioneers
the valorization of Algeria’s microbial heritage as a resource for sustainable functional foods
and mental health innovation. By merging ancestral fermentation knowledge with modern
biotechnology and digital intelligence, it positions traditional fermented foods as strategic
assets within the global bio-innovation landscape. Expected findings suggest that M zeyet-
derived probiotics possess exceptional gastrointestinal resilience and neuroactive metabolic
potential, supporting their application in psychobiotic supplement development. Future work
will extend to clinical validation and Al-driven personalization to enhance efficacy and
reproducibility. In conclusion, this research establishes a scientific and cultural bridge between
traditional food heritage and next-generation nutraceutical technology, highlighting the promise
of locally inspired probiotics as sustainable, personalized solutions for mental and cognitive
well-being.

Keywords: Psychobiotics, neuroactive metabolites, gut-brain axis, digital nutraceutical
innovation, functional food sustainability.
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Effect of Extracts Obtained from Fruits with Antioxidant Bioactivity on
Viral Diseases of Honey Bees

Rafiga Gazi®”
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*Corresponding author: r.aliyeva@hotmail.com

ABSTRACT

One of the main causes of recent bee deaths is disease, particularly viral infections, which can
lead to complex disease outbreaks and cause severe losses in colonies within a short period.
Viral diseases are among the most dangerous threats to honey bees, often reducing productivity.
These viruses may remain latent or exhibit visible symptoms, and currently, there are no
specific antiviral treatments available for bees. The research was conducted in two stages. In
the first stage, honey bee samples were collected from apiaries located in different regions of
Azerbaijan-including Guba, Shabran, Astara, Jalilabad, Masalli, Yardimli, Lankaran, and Lerik
districts-to investigate the presence of viral diseases. In the second stage, one apiary where
viruses were detected was selected as an experimental site. Extracts derived from apple and
pomegranate plants were administered to infected bee colonies along with a 1:1 sugar syrup
solution for two weeks. A total of seven types of viruses were detected in the collected samples.
The highest diversity of viral types was found in Guba and Lerik regions, while the fewest were
observed in the Shabran region. Notably, Guba borders Russia and Lerik borders Iran, which
may facilitate the spread of pathogens across regions. In the experimental apiary, colonies
treated with apple and pomegranate extracts were reanalyzed after treatment. The extracts
demonstrated effective antiviral activity, particularly against SBV (Sacbrood Virus) and IAPV
(Israeli Acute Paralysis Virus), and the treated colonies also showed improved honey
production.

Keywords: Honey bee, viral diseases, antioxidant bioactivity, apple and pomegranate extract,
Azerbaijan.

22



1t INTERNATIONAL FOOD SCIENCES AND GASTRONOMY CONGRESS

4-5 December, 2025/Istanbul, Tiirkiye

Research on the Geographical Indication Potential of Food/Agricultural
Products in Kas (Antalya) District
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ABSTRACT

The globalizing economy since the nineteenth century has intensified market competition; in
this environment, some producers have turned to unfair competition, threatening the production
of traditional foods. Against this threat, geographical indication systems, such as "appellation
of origin™ and "protected geographical indication,” which guarantee a product's origin,
distinctive characteristics, and link to the geographical area, stand out as a strategic protection
tool. Geographical indication registration not only protects the producer and the consumer but
also supports rural development by creating local employment and added value, and mediates
the transfer of cultural heritage to future generations. Turkey is one of the countries with high
geographical indication potential, thanks to its climatic diversity and cultural richness.
However, the inadequacy of studies conducted at the local level leads to the ineffective
evaluation of the existing potential. The main purpose of this study is to investigate the
geographical indication potential of products unique to the Kas district of Antalya, which has
not been able to adequately promote this potential at the national level despite possessing rich
agricultural and gastronomic diversity. The study focused on Gombe tarhana, Gémbe apple,
Dogantas pine honey, and snow sorbet. In addition to the potential economic, social, and
cultural contributions of registering these products, the geographical indication awareness level
of the local people was also examined. In the literature, there are various academic studies
conducted in different provinces of Turkey that examine geographical indication potential and
the economic, cultural, or touristic effects of these products. However, these studies have
mostly been limited to specific provinces/districts or product groups; no study has been
conducted addressing the products specific to the Kas district. This situation strengthens the
originality of the current research and its potential contribution to the field. A mixed-method
approach, using quantitative and qualitative methods together, was adopted in the research. A
comprehensive literature review was conducted to form the theoretical framework. Primary
data were obtained using the face-to-face survey technique. This survey measured participants’
demographic structure, consumption preferences, awareness of geographical indication
practices, purchase intentions, and opinions on the potential contributions of geographical
indications to the region. It shows that the Kag district has a high geographical indication
potential with both its agricultural diversity and cultural accumulation, but the national
recognition of these products and the awareness of geographical indications are limited. In
conclusion, it has been determined that geographical indication is a multidimensional tool that
strengthens the region's gastronomic identity, protects the producer, prevents imitation, and
increases tourism potential.

Keywords: Kas, geographical indication, Dogantas pine honey, Gombe tarhana, snow sorbet.
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Mimicking Functional Roles of Sucrose to Preserve
Sensory Integrity in Food Formulations

Pelin Cakar®”
!Danone Turkey, R&I Department, Luleburgaz, Turkey
*Corresponding author: pelin.cakir@danone.com

ABSTRACT

Recent advancements in product development within the food industry have increasingly
centered on the concept of “less sugar, same taste,” reflecting consumers’ heightened awareness
of health-conscious lifestyles and balanced nutrition. A substantial body of scientific evidence
has demonstrated a direct association between excessive sugar consumption and the prevalence
of chronic diseases, including obesity, type 2 diabetes, and cardiovascular disorders.
Consequently, manufacturers are compelled to innovate formulations that reconcile nutritional
adequacy with the maintenance of desirable sensory characteristics. Beyond imparting
sweetness, sugar plays multiple crucial roles in determining product quality it influences
mouthfeel, aroma release, color development, and flavor perception. Therefore, direct sugar
reduction can disrupt sensory equilibrium and potentially lead to consumer rejection. In the
present study, a gradual sugar reduction approach was implemented across selected product
categories within the company’s portfolio. To mitigate losses in sensory attributes, the
functional roles of sugar were emulated through the strategic application of flavoring agents.
Both natural and nature-identical flavor compounds were meticulously selected and optimized
to reestablish the perception of sweetness, restore aromatic harmony, and preserve mouthfeel.
Sensory evaluations and consumer acceptance tests were subsequently conducted to assess the
interaction effects of flavor components in reduced-sugar formulations. The sensory analysis
results revealed that reduced-sugar products enriched with optimized flavor profiles received
higher acceptance scores compared to control samples. According to the panelists, well-
balanced flavor combinations enhanced the perception of sweetness and maintained a sensation
of “natural sweetness.” These outcomes indicate that flavoring agents can function not only as
taste enhancers but also as functional components that sustain the sensory integrity of food
products. In conclusion, this study underscores a novel strategy for sugar reduction that
integrates flavor science as a tool to maintain product quality and consumer satisfaction. Such
an approach not only supports public health objectives but also contributes to sustainable
innovation, nutritional quality, and long-term brand loyalty within the evolving landscape of
the food industry.

Keywords: Sugar reduction, flavorings, sensory analysis.
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ABSTRACT

Reducing added sugars in fermented dairy products designed for children, such as yogurts and
dairy-based beverages, is a crucial step toward promoting healthier dietary behaviors and
preventing nutrition-related chronic diseases. Excessive sugar intake during childhood has been
strongly associated with obesity, type 2 diabetes, dental caries, and cardiovascular
complications. Moreover, early exposure to high-sugar foods may condition children’s palates
to prefer overly sweet tastes, fostering unhealthy dietary habits in adulthood. Despite these
concerns, sugar remains an essential ingredient due to its multiple functional roles-enhancing
sweetness, improving palatability, stabilizing texture, and contributing to microbial stability.
Therefore, sugar reduction in fermented dairy matrices presents both technological and sensory
challenges. The study involves a systematic evaluation of the sugar content and nutritional
profiles of commercially available fermented dairy products targeted at children. Parallel
consumer research will identify prevailing consumption patterns and sweetness expectations.
Based on these insights, natural reformulation strategies will be investigated, emphasizing
enzymatic lactose hydrolysis to generate intrinsic sweetness, the application of natural flavor
modulators to enhance perceived sweetness, and the integration of safe, plant-based sugar
replacers. Prototype formulations will be developed and subjected to both instrumental and
sensory analyses. Sensory evaluations will focus on sweetness perception, flavor balance,
texture, and overall acceptability. In addition, nutritional composition and labeling implications
of reduced-sugar prototypes will be assessed to ensure compliance with health-oriented product
standards. Preliminary analyses are expected to reveal considerable variability in sugar levels
among current market products, suggesting a strong need for standardized nutritional
improvement. Early sensory trials demonstrated that the combined use of enzymatic lactose
hydrolysis and natural flavor modulation can effectively maintain consumer-perceived
sweetness while achieving a significant reduction in added sugar. This research highlights the
potential of science-based, natural reformulation strategies to achieve sugar reduction in
children’s fermented dairy products without compromising sensory quality. The findings will
contribute to the development of nutritionally improved, clean-label, and consumer-accepted
products that align with current health-conscious consumption trends. Ultimately, this study
aims to support public health objectives by reducing sugar intake in children’s diets while
promoting sustainable innovation within the dairy industry.

Keywords: Sugar reduction, fermented products, reformulation, dairy.
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ABSTRACT

The widespread use of polyethylene terephthalate (PET) bottles for water, beverages, and edible
oils has raised concerns regarding the potential migration of residual antimony (Sb), used as a
catalyst in PET manufacturing, into food matrices. Despite the importance of this issue, no data
were available in the scientific literature regarding Sb migration in products marketed in Benin.
This study aimed to evaluate Sh migration from PET packaging into bottled drinking water,
carbonated beverages, and edible oils under storage conditions representative of local consumer
practices. Samples of locally produced and imported products were analyzed after 0 and 90
days of storage at four temperatures: -18°C, 0-6°C, 22-26°C, and 38°C. Antimony
concentrations were determined using an analytical method with a limit of quantification (LOQ)
of 0.01 pg/L. The results showed that Sb migration in bottled water remained consistently <
LOQ across all conditions, confirming negligible release. In carbonated beverages, Sb levels
were also < LOQ except at 38 °C after 90 days, where concentrations reached 4.236 + 0.018
pg/L in local products and 5.381 + 0.021 pg/L in imported products, the latter slightly
exceeding the European regulatory limit of 5 pg/L. In edible oils, Sb migration was more
pronounced, with values of 6.443 + 0.024 ug/L in local oils and 8.491 + 0.026 pg/L in imported
oils at 38 °C, both surpassing the EU limit. In conclusion, this study demonstrates that Sh
migration from PET is strongly dependent on storage temperature and the type of food matrix.
While bottled water poses negligible risk, carbonated beverages and particularly edible oils
stored under elevated temperatures may lead to Sb concentrations exceeding international
safety standards. These findings highlight the need for stricter monitoring of storage conditions
and greater regulatory oversight to ensure consumer protection in West Africa.

Keywords: Antimony, PET bottles, migration, storage conditions, food safety.
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ABSTRACT

The increasing use of polyethylene terephthalate (PET) bottles for packaging drinking water
raises concerns about the potential migration of toxic elements such as antimony (Sb). This
study aimed to assess the influence of temperature and storage duration on Sh migration from
virgin PET bottles into tap water in Benin. The experiment involved twenty-one new 500 mL
bottles filled with tap water and subjected to three thermal regimes (0-6°C, 25°C, and 50°C)
over a 90-day period. Analyses were performed on days 0, 60, and 90 using an inductively
coupled plasma optical emission spectrometer (ICP-OES, Thermo Fisher iCAP 6500). Each
sample was microwave-digested following a standardised protocol and subsequently analysed
for Sb quantification at a wavelength of 206.833 nm. The limit of quantification (LOQ) was set
at 0.01 pg/L, and the European Union regulatory limit (5 pg/L) was used as the reference value
for data interpretation. Results indicated that at 0-6°C and 25°C, no detectable migration
occurred over 90 days (< LOQ). In contrast, at 50 °C, mean Sb concentrations increased from
undetectable levels to 2.319 + 0.023 ug/L at day 60, and 5.812 + 0.028 pg/L at day 90,
exceeding the EU threshold. These observations confirm a strong temperature- and time-
dependent migration pattern, consistent with previous studies describing a diffusion-controlled
increase above 50 °C. In conclusion, Sb migration remains negligible under refrigerated and
ambient conditions but becomes significant under prolonged thermal stress. The findings
support recommendations to avoid extended storage of PET bottles in hot environments and
highlight the need for further research on Sb diffusion kinetics under tropical conditions.

Keywords: Antimony, migration, PET bottles, storage temperature, ICP-OES.
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ABSTRACT

While studies on the health aspects of lactic acid bacteria (LAB) may attract more attention
from the scientific community, focus on the technological aspects of these bacteria has also
become equally important, as they possess physiological traits that make them suitable for
various food productions. This study examined some of these traits in 10 LAB isolates from
Makatia goat milk in the Wilaya of Mascara in western Algeria. Tests assessed acidifying
activity, enzymatic activity, growth at different pH levels, growth in highly salted
environments, growth at various temperatures, exopolysaccharide (EPS) production, high-
temperature tolerance, antagonistic activity, and antibiotic sensitivity. All isolates lacked
amylolytic activity, while proteolytic activity ranged between 14.33 and 32.67 mm of lysis
zones, and lipolytic activity ranged between 8.43 and 12.53 mm. Thermotolerance at 63°C for
30 minutes was observed in all 10 isolates, along with varied growth capabilities under different
conditions (high and low pH, salted environments, and different temperatures). Significant
antagonistic activity ranged from 11.5 to 40.66 mm of inhibition zones against the tested
indicator strains. All 10 LAB isolates from goat milk demonstrated notable technological
properties that could be useful or detrimental in food technology. For instance, they are
desirable in the fermentation industry but could be undesirable in some pasteurization-sensitive
products or certain meat food industries.

Keywords: Lactic acid bacteria, technological properties, goat milk, food spoilage.
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ABSTRACT

In West Africa, Ricinodendron heudelotii (Akpi in Baoulé*) is a species with multiple uses but
still underutilized. This study aimed at (i) identify products derived from Ricinodendron
heudelotii, (ii) analyze the associated technological and food practices, and (iii) explore
opportunities for their valorization. Surveys were carried out in Benin and Cote d’Ivoire among
62 (30 in Benin, 32 in Cote d’Ivoire) production units. Data were collected on processing
techniques, use patterns, and marketing challenges using structured interviews. Descriptive
statistics were used to summarize data while Chi-square test was used to assess associations
among variables. Results showed that the two main products processed and marketed by the
surveyed processing units in Benin and Cote d’Ivoire are oil (48.5%) and dried kernels (48.5%).
Ointment (28.5%), spice (25.9%), and powder (24.9%) are also available on the market but are
less common. The processing of fruits into kernels is based on techniques including
fermentation, cooking and drying. The decantation method is predominantly used by women to
extract oil from Ricinodendron heudelotii kernels. Sixty percent of processing units in Cote
d’Ivoire use an oil extractor to obtain oil after roasting the kernels. Pressed cakes are sometimes
processed into Akpi paste used as spices in local sauces. Derived products, criteria to describe
high-quality kernels, processing frequency, and commercial practices varied between countries.
Our findings suggest that improving the sector's structure and technological processes would
enhance both the quality and profitability of this resource and consequently the market
penetration of the species derived products.

Keywords: Non-timber forest products, value chain, oil extraction, traditional practices, food
processing.

*Baoulé : Local language in Cote d’Ivoire
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ABSTRACT

Wild food resources are a valuable source of nutrients in rural communities of Sub-Saharan and
West Africa, offering a sustainable solution to food and nutrition security. Ricinodendron
heudelotii is one such resource. Its oil-rich kernels are highly prized for food purposes.
However, beyond their lipid content, the pressing cakes (residue from oil extraction) have not
been characterized. They remain underexplored and underutilized. This study aims to assess
the biochemical and toxicological composition of these pressing cakes in view of their potential
use in food applications. Fifteen samples of pressing cakes, obtained from kernels extracted
from fruits collected in Benin (Zogbodomey, Bante, Adja-Ouére, Pobé) and Cote d’Ivoire
(Daloa, Bouaflé, Sinfra, Oumé, Gagnoa, Soubré, Lakota, Divo, Tiassalé, Agboville, Adzopé),
were analyzed. Biochemical analyses included: dry matter, total ash, minerals, protein, total
and soluble carbohydrates, fat, and crude fiber. Toxicological analysis focused on total and
soluble oxalates. Descriptive statistics, correlations, and regressions were performed using R
software. The macronutrient composition of the pressing cakes included 10.79 g/100g DM of
total carbohydrates, 8.19 g/100g DM of crude fiber, 46.47 g/100g DM of protein, and 20.08
0/100g DM of fat. The cakes were rich in phosphorus (2015.6 mg/100g DM), calcium (1966.79
mg/100g DM), potassium (1358.5 mg/100g DM), and magnesium (1248.8 mg/100g DM). They
had a dry matter content of 88.49% and total ash content of 13.14 g/100g DM. Total oxalate
content was 39.9 mg/100g DM. The low moisture content and strong nutritional profile make
these cakes suitable candidates for food formulations (such as patties and biscuits) adapted to
consumer preferences. Valorizing these pressing cakes could enhance rural entrepreneurship
and contribute to greater resilience against food insecurity.

Keywords: Non-timber forest products (NTFPs), Akpi, macronutrients, essential minerals,
food formulation.
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ABSTRACT

Transitioning towards sustainable and circular food systems is essential to meet the growing
global demand for safe, nutritious, and responsibly produced food. The GreenFeed4Fish
project contributes to this transition by developing an eco-innovative strategy for the
valorisation of agricultural wastes (AWSs), converting them into high-value ingredients for
aquafeeds that enhance environmental sustainability and food system resilience. By integrating
the agriculture and aquaculture sectors, the project promotes resource efficiency, waste
reduction, and the establishment of circular agri-food systems aligned with the principles of the
Circular Economy and Zero-Waste policies. Within a Mediterranean framework,
GreenFeed4Fish will: (i) identify and characterize regionally available AWs in terms of
biochemical composition, functional properties, and suitability for industrial valorisation; (ii)
develop and validate a green extraction methodology to obtain food-grade compounds
compliant with EU food-safety legislation; and (iii) formulate and test functional aquafeeds
incorporating these extracts to support fish health, welfare and product quality. GreenFeed4Fish
project aims to: (1) convert low-value agricultural by-products into safe, high-quality feed
ingredients, reducing biomass losses along the food chain; (2) enhance the nutritional and
functional quality of food and feed, contributing to improved animal and human health; (3)
establish sustainable and traceable valorisation routes for agricultural by-products, thereby
minimising waste generation; and (4) promote cross-sectoral innovation between primary
production systems, advancing climate-smart, resource-efficient, and socially responsible food
production. By transforming agricultural by-products into valuable aquafeed ingredients,
GreenFeed4Fish provides a scalable model for food sustainability, supporting the global shift
towards integrated, low-waste, and resilient circular food systems.

Keywords: Upcycling, circular economy, resource efficiency, food resilience, sustainable aquaculture.

This work was funded by project “GreenFeed4Fish”, under the Innovation and Digital Transition Programme and
Lisbon Regional Programme, in the ERDF component, and by the Foundation for Science and Technology, I.P.
through national funds (PIDDAC) (Operation n.° 16870, Funds operation code LISBOA2030-FEDER-00815200).
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ABSTRACT

Increasing resistance to conventional antimicrobial agents has increased the importance of
metal nanoparticles synthesized using environmentally friendly approaches. Green synthesis
using plant extracts stands out as an economical and sustainable alternative that reduces the use
of toxic chemicals. In this study, silver nanoparticles (AgNPs) were synthesized using quince
(Cydonia oblonga Mill.) extract and their characterization and antimicrobial activities were
evaluated. The color change from light yellow to brown observed during the synthesis process
was the first indicator of nanoparticle formation. The surface plasmon resonance band observed
around 423 nm in UV-Vis spectroscopy was consistent with the 380-500 nm range reported in
the literature for AgNPs synthesized with different fruit extracts. FTIR analyses demonstrated
that natural compounds contribute to the reduction and stabilization processes. SEM and STEM
studies demonstrated the formation of spherical nanoparticles with a homogeneous distribution
in the 20-25 nm size range; these properties are consistent with structural trends reported in
similar plant-derived systems. Antimicrobial tests conducted using the agar well diffusion
method revealed that the synthesized AgNPs exhibited significant inhibition against Gram-
positive (Staphylococcus aureus and Bacillus subtilis) and Gram-negative (Escherichia coli
and Salmonella enterica) bacteria. These results support the strong antimicrobial effects of
AgNPs obtained through green synthesis reported in various biological systems. In conclusion,
silver nanoparticles synthesized via quince extract are promising alternative agents that can be
used in the pharmaceutical, food, and biomedical fields due to their high antimicrobial activity
and environmentally friendly production processes.

Keywords: Quince extract, green synthesis, silver nanoparticle, antimicrobial activity.
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ABSTRACT

The prickly pear (Opuntia ficus-indica) represents a significant resource for advancing
sustainable and nutritious food systems. This species, highly valued for its capacity to grow in
both arid and semi-arid conditions, plays a significant role in the conservation of biodiversity
and enhancing food security in areas with harsh climatic conditions. What makes it truly unique
is its biochemical composition, which has garnered significant interest from scientists and
industry alike. The plant's polyphenols, betalains, flavonoids, essential fatty acids, and mucilage
are particularly intriguing. The bioactive compounds found in prickly pear cactus exhibit strong
antioxidant, anti-inflammatory, and nutritional characteristics, positioning it as a promising
option for the development of functional ingredients. This study integrates and synthesizes
recent advances concerning the cactus’s bioactive composition across its distinct anatomical
components (pulp, peel, cladodes, seeds, and mucilage) and explores their diverse applications
within the contemporary food industry. These include beverages rich in antioxidants, gels that
enhance texture derived from gum polysaccharides, flours high in fiber, biodegradable coatings
suitable for consumption, and natural pigments that serve as alternatives to artificial colorings
in food processing. The abundance of high-value functional compounds in the prickly pear
cactus plays a significant role in addressing the demand for healthy and sustainable food
systems from a bioeconomic standpoint. Recent findings have shown the potential for
collaboration among food science, technology, and gastronomy in enhancing the application of
this plant. Such collaboration can result in a more resilient and resource-efficient food system,
reinforcing the connection between sustainable production methods and human health.

Keywords: Antioxidants, polysaccharides, food innovation, bioeconomy, natural pigments.
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ABSTRACT

Seaweed-derived products are gaining increasing attention as nutrient rich and environmentally
sustainable sources of bioactive and functional compounds in the food industry. They supply valuable
proteins, essential minerals, and bioactive metabolites, making them highly versatile for use in
functional foods and nutraceuticals. Furthermore, their role as sustainable biofertilizers and ingredients
for aquafeeds continues to expand, with growing evidence from recent research and industry
applications. This research investigated the presence of biotoxins and the concentrations of macro and
trace elements in macroalgae collected from Ria de Aveiro (Aveiro, Portugal) and from three
aquaculture facilities along the Portuguese coastline (Ria de Aveiro, Matosinhos, and Olhdo). In Ria de
Aveiro, both wild and cultivated samples were obtained seasonally over a one-year period (2024,2025)
to assess temporal variability. Among the factors tested, species identity emerged as the primary
determinant of elemental composition, accounting for more than 75% of the variation in major and trace
essential elements. The origin (wild versus cultivated) showed no statistically significant effect on the
elemental profiles. Seasonal variation, while modest, influenced redox-sensitive elements such as
copper and manganese. No regulated marine biotoxins were detected in any samples. All quantified
elemental concentrations were below established safety thresholds for human consumption, supporting
the overall safety of macroalgae both from Aquaculture and Wild origin. Nonetheless, the inclusion of
macroalgae in systematic monitoring programs and the establishment of a clear regulatory framework
are recommended to reinforce consumer confidence and to foster the sustainable growth of the national
macroalgae aquaculture sector.

Keywords: Seaweeds, food safety, seasonal variation, elemental composition, marine toxins.
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ABSTRACT

Agquaculture has become a significant component of global food production. For many decades, seaweed products
have been traditionally used as food alongside many applications in various sectors. In recent years, the demand
for seaweed products has been rising, with the global market expected to increase 9.1% until 2027. New
environmental challenges resulting from climate change, such as rising sea temperatures, pose serious food safety
risks due, e.g. to the possibility of accumulation of marine biotoxins (e.g., okadaic acid and dinophysistoxins) or
deposition of abundant toxic microalgae cells on seaweed surfaces, during blooms of harmful algae. Using the
green seaweed Ulva rigida as a model and exposed to toxic dinoflagellates Prorocentrum lima, this study aims to
understand if seaweeds accumulate dinoflagellate toxins or whether toxic microalgae cells attached to the surface
may contaminate the seaweed, requiring a post-harvesting strategy. Ulva rigida (60 g WW) was maintained in 3
L sterile F/2 medium, with and without addition of approximately 1x10° cells/L of P. lima. Macroalgae samples
were collected at day 0, day 3, and day 7, and subjected to a post-harvest processing method: rigorous processing
involving washing with seawater, rinsing and scrubbing with a scalpel. Lipophilic toxin concentrations (okadaic
acid [OA] and dinophysistoxins [DTXs]) were quantified by LC-MS/MS analysis. Statistical differences were
assessed using ANOVA. LC-MSMS analysis showed high levels of OA (301.45 + 40.07 ng/g FW) and DT X'
(82.23 £ 12,26 ng/g FW) when Ulva was exposed to P. lima. At day 7, significantly higher toxin concentrations
were observed than in day 3. In contrast, processed seaweed samples exposed to P. lima that underwent the post-
harvest cleaning method showed no detectable toxin levels. These findings indicating that the toxins were
primarily surface-bound and effectively removed by rigorous post-harvest treatment. The toxin levels in
unprocessed macroalgae were within or above the maximum limits allowed for OA and related toxins DTXs in
shellfish for human consumption, which are established at 160 pug OA equivalents per kg, representing a risk to
human health. Importantly, toxins were on algal surface rather than incorporated within the algal tissues, hence
enabling an efficient removal through mechanical processing. This study highlights the risks associated with
seaweed surface contamination by lipophilic toxins, that are currently overlooked.

Keywords: Aquaculture, food safety, seaweed, marine biotoxins.
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ABSTRACT

The European INNOECOFOOQD project contributes to the blue bioeconomy by converting fish filleting
by-products, particularly from catfish (Clarias gariepinus) and Nile tilapia (Oreochromis niloticus) into
value-added protein ingredients. To ensure resource efficiency within the fish-processing sector, this
study explores the valorisation of fish by-products through the production of enzymatically derived
protein hydrolysates (FPH), recognised for their safety, functionality and potential applications in the
food industry. Hence, this study investigated optimised hydrolysis methods using only Alcalase (A) and
a combination of Alcalase and Protana (AP) to produce FPHSs from catfish and Nile tilapia by-products
and to characterise their properties. Heads and frames from catfish and tilapia were freeze-grinded and
subjected to enzymatic hydrolysis at a 1:2 (w/v) ratio of raw material to distilled water. Hydrolysis A
was conducted at 60 °C with stirring at pH 8.5, while the AP treatment was performed at 55 °C and pH
7. Enzymes were added at 1% (w/w) and the reactions proceeded for 3 hours before being stopped by
heating to 90 °C for 10 min. Mixtures were subsequently cooled and centrifuged and the supernatants
filtered, freeze-dried and stored at -80 °C. Chemical, functional and biological properties of the FPHs
were evaluated. The FPH chemical composition showed low fat content (<3%) and a high protein
content (70-85%), with the highest levels observed in the AP hydrolysates. Both species’ by-products
showed low lipid peroxidation (1.39-1.55 mg MDAJ/kg); however, hydrolysis led to the formation of
peroxidation products, resulting in higher TBARS values for all hydrolysates. The degree hydrolysis
was higher with AP (47.7-49.3%) than with A (28.5-30.8%). All FPHs exhibited lower water activity
(<0.08), with no significant differences between species or enzymes. Tilapia hydrolysates were lighter
(L* = 86) than those from catfish (L* 79-82). Regarding functional properties, foaming capacity was
low across hydrolysates (<12.5%), though catfish hydrolysates (A and AP) showed high foaming
stability (78-83%). FPHs produced with A had higher protein solubility, and catfish hydrolysates
demonstrated better emulsifying capacity and stability. Tilapia hydrolysates exhibited stronger
antioxidant capacity, with higher DPPH and ABTS radical scavenging activity, while hydrolysates
produced with AP from both species showed higher antihypertensive potential (ECso 3.1-3.3%). Overall,
these protein hydrolysates add value to fish by-products and support waste reduction in the fish supply
chain. Therefore, FPHs may be considered a versatile ingredient for the food industry, due to their ability
to increase protein content and potential role in the technological field.

Keywords: Enzymatic hydrolysis, antioxidant activity, functional properties, anti-hypertensive
activity.
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ABSTRACT

Plastic pollution has emerged as a critical environmental and human-health fear. Among
exposure pathways, ingestion of microplastics through contaminated seafood has become a
major concern. However, the extent to which microplastics may influence the human digestive
system and the digestibility of seafood remains poorly studied. This study aimed to investigate,
for the first time, the influence of a petroleum-based polymer (polyethylene terephthalate, PET)
and a bio-based polymer (polylactic acid, PLA) on protein digestibility of three selected seafood
species (Gilthead seabream, Sparus aurata; Atlantic salmon, Salmo salar; Hard clam,
Mercenaria mercenaria), and evaluate how the human digestive process may affect the
integrity of these microplastics. To this end, seafood samples were first contaminated with
microplastic particles by adding 10 or 20 particles to 1.5g of homogenised fish fillet or bivalves’
edible meat (i.e. 6.7 or 13.3 microplastic particles g'). Afterwards, contaminated seafood
samples were digested following a standardized in vitro human gastrointestinal model. Protein
seafood digestibility (i.e. the bioaccessible fraction, which is the fraction of protein becoming
available for absorption) was determined via the Dumas method. Microplastic particles were
characterized before and after in vitro digestion via binocular stereomicroscopy, Fourier
transform infrared spectroscopy (FTIR), and scanning electron microscope (SEM) to assess
changes in morphology and chemical structure. Protein bioaccessibility was higher in fish fillets
(80-95%) and lower in clam edible parts (70-80%); however, no statistically significant
differences were found between control seafood edible parts and those containing either PET
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or PLA particles, regardless of polymer type or particle number. In contrast, differences were
found in microplastics’ integrity after digestion. PET particles showed no changes in surface
morphology, whereas PLA particles exhibited signs of surface degradation (enhanced pits and
pores). Moreover, PLA FTIR spectra suggested hydrolytic alterations after digestion. This
highlights that although the co-ingestion of PET and PLA microplastics did not impair seafood
protein digestibility, the gastrointestinal environment may alter the physical and chemical
integrity of PLA, with the potential release of health-harming plastic additives (e.g. flame
retardants, plasticizers, stabilizers, colorants) and smaller fragments. These findings highlight
the need for further research of a wider range of polymers, particle sizes and shapes, and seafood
matrices, as well as the interaction of microplastics with nutrients and the potential release or
adsorption of contaminants and additives, to better assess the potential human health risks
associated with microplastic ingestion.

Keywords: PET, PLA, plastics, protein bioaccessibility.

This work was supported by the NextGenerationEU programme under the Recovery and Resilience Facility Plan
for Portugal—Agenda VIIAFOOD—PIlatform for Valorization, Industrialization, and Commercial Innovation for
the Agri-Food Sector (No. C644929456-00000040).

38



1t INTERNATIONAL FOOD SCIENCES AND GASTRONOMY CONGRESS

4-5 December, 2025/Istanbul, Tiirkiye

Strategies to Reduce Sodium in Canned Atlantic Horse Mackerel

Helena Oliveiral2”, Alexandre Nabais'?3, Carolina Camacho!?, Carla Pires!2, H.
Lourenco!, Maria J. Fraqueza®*, Maria H. Fernandes?, Maria J. Fernandes*, Carmo
Serrano®®, Helga C. Augusto’, Amparo Gongcalves!?, Antdnio Marques*?, Maria L.

Nunes?

LIPMA, IP-Portuguese Institute for the Sea and Atmosphere, Division of Aquaculture,
Upgrading and Bioprospection, Algés, Portugal

2CIIMAR/CIMAR-LA-Interdisciplinary Centre of Marine and Environmental Research,
University of Porto, Matosinhos, Portugal

SMEtRICs/DCTB, Faculty of Sciences and Technology, Nova University Lisbon, Caparica,
Portugal

*ClISA-Centre for Interdisciplinary Research in Animal Health, Faculty of Veterinary
Medicine, University of Lisbon, Lisboa, Portugal

°INIAV, IP-National Institute for Agrarian and Veterinary Research, Oeiras, Portugal

®LEAF-Linking Landscape, Environment, Agriculture and Food Research Centre, Instituto
Superior de Agronomia, University of Lisbon, Portugal

"COFISA-Conservas de Peixe da Figueira, S.A., Figueira da Foz, Portugal
*Corresponding author: helena.oliveira@ipma.pt

ABSTRACT

Since sodium chloride (NaCl) is widely used in canned fish production as both a technological
ingredient and a flavour enhancer, it is common to find products on the market containing 1.5%
or more. However, there is increasing pressure to reduce NaCl levels in foods, as excessive
sodium (Na) intake is associated with elevated blood pressure and other health problems. Thus,
the aim of this study was to evaluate the effect of partial replacement (50%) of NaCl by KCI
and microencapsulated spices and aromatic plants extract (ME) (in a light brine) on the stability,
sterility, physicochemical and sensory properties of canned Atlantic horse mackerel (Trachurus
trachurus) prepared with olive oil and stored for up to 4 months at room temperature. Hence,
cans were prepared with steamed fillets (65%), refined olive oil, and 5 ml of light brine (14%).
Three brine formulations were tested: 100% NaCl (control, CTR), 50% NaCl + 50% KCI (F1)
and 50% NaCl + 50% ME (F2). The cans were hermetically sealed and sterilised by heat
treatment. After cooling, they were stored at 20 and 40 °C and analysed after 1 month (to
simulate a 4-month ageing period). Generally, formulation and accelerated ageing did not affect
the proximate composition, pH, or sensory properties (evaluated by a trained panel —e.g., salty
flavour, bitterness, firmness, juiciness - or instrumentally, in the case of colour and texture) of
the canned fish. All products remained stable and sterile after a 4-month ageing period and can
be nutritionally claimed as "source of protein”. Na reductions of 43% were observed for F1 and
F2 (compared to CTR), allowing the products to be labelled as “reduced in Na content”,
according to Regulation (EC) No. 1924/2006. Partial replacement of NaCl with KCI also
resulted in a product richer in K (504.3 £ 20.6 mg/100 g). On the other hand, total volatile basic
nitrogen levels increased in all formulations after 4 months of ageing; however, these values
remained within safe limits (<45 mg/100 g) for this product type. All samples were described
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as having a typical canned flavour ranging from slight-moderate to moderate and a bitter taste
from absent to slightly perceptible. In conclusion, the 50% replacements of NaCl by KCI and
oleoresin microcapsules proved to be effective solutions to reduce Na levels and also increase
K content (in F1) in the canned food industry, while maintaining product quality for at least 4
months at room temperature.

Keywords: Sodium chloride (NaCl), potassium chloride (KCI), microencapsulated spices and
aromatic plants extract, Trachurus trachurus, quality.
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ABSTRACT

Post-harvest greenhouse tomato plant waste arising from agricultural production has the
potential to be economically valorized due to its volatile organic compound content. In this
study, post-harvest plant material from cluster-type tomatoes cultivated in the Antalya region
was collected in October 2024. The material was homogenized, the juice and remaining plant
parts were combined at a 2:3 ratio to prepare the mash. The mash was then heated at an initial
temperature of 60 °C and distilled for 1 hour under constant pressure conditions of 200 and 400
mbar. Different temperature profiles were observed at each pressure level: 47.4 °C at 200 mbar
and 54.5 °C at 400 mbar. Aroma recovery was carried out using a fractional distillation setup
equipped with a rectification column integrated into the rotary evaporator. The process time
was fixed at 1 hour for both pressure conditions, and samples were collected from different
sampling ports depending on the temperature reached during distillation. At 200 mbar, samples
were taken from the third sampling port at 54 °C, whereas at 400 mbar, the fourth port was
sampled at 57 °C. The collected aroma fractions were subjected to comparative analysis. The
volatile compound profile was examined using GC-MS after diluting the distillates with acetone
ata 1:5 ratio. Compound identification was performed using the NIST and Willey libraries, and
calibration curves were applied for quantitative determination of hexanol and phenethyl
alcohol. The results indicate that the concentrations of hexanal, hexanol, and phenethyl alcohol-
key aroma compounds characteristic of tomato pulp-are markedly higher in the vegetative
waste fractions compared with the pulp. For instance, hexanal reached 12.087 ppm in the
fraction collected from the third sampling port at 400 mbar, whereas it was only 1.105 ppm in
the pulp. Hexanol was 6.93 ppm at 400 mbar and 1.441 ppm in the pulp. Phenethyl alcohol
exhibited its highest concentration at 5.201 ppm at 1000 mbar in the fraction taken from the
fifth sampling port. Overall, these findings indicate that greenhouse waste derived from tomato
stems, leaves, and other vegetative parts can be transformed into value-added products through
aroma recovery.

Keywords: Tomato vegetative waste, fractional distillation, HS-SPME-GC-MS, aroma
recovery.
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ABSTRACT

Egusi seeds (Cucurbitaceae) are an excellent source of proteins, unsaturated fatty acids,
minerals, and bioactive compounds essential for human health. Widely used in various food
products such as sauces, oils, and fritters, they play a crucial role in food security and the
cultural heritage of local populations in Benin. However, the value chain remains constrained
by rudimentary processing and storage practices, including labor-intensive manual shelling and
inefficient preservation methods. This study aimed to characterize local shelling, storage, and
processing practices in order to identify constraints and opportunities for improvement. The
survey was conducted from October to November 2024 in four representative municipalities
(Glazoué, Djougou, Keétou, and Porto-Novo) among 651 stakeholders, 137 producers, 159
traders, 157 processors, and 198 consumers selected through simple random sampling. Data
were collected through semi-structured interviews and direct observations, and analyzed using
R software to generate descriptive statistics. Results showed that shelling is performed
exclusively by hand after seed moistening. This technique, considered laborious and time-
consuming, often causes injuries and limits processing capacity. All respondents (100%)
expressed willingness to adopt mechanical shellers. Storage practices remain limited: only 18
to 35% of actors store seeds, mainly in undehulled form, sun-dried, and packaged in
polyethylene bags. Storage duration ranges from 3 to 6 months, with average reported losses of
10 to 16 kg per year, primarily due to drying difficulties and pest infestations. Regarding
processing, the study identified nine major derived products (powder, sauces, fritters, etc.)
consumed across all social groups. Their production, entirely artisanal and non-standardized,
results in considerable variability in product quality. In conclusion, the egusi value chain in
Benin relies on valuable endogenous knowledge but remains hindered by technical and
organizational limitations. Mechanization of shelling, improvement of drying and storage
techniques, and capacity building for processors emerge as key priorities to enhance the
sustainability and added value of this strategic sector.

Keywords: Egusi, local practices, shelling, storage, processing, Benin.
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ABSTRACT

Conjugated fatty acid (CFA)-rich oils, particularly conjugated linoleic acid (CLA) and
conjugated linolenic acid (CLnA), are gaining increasing attention due to their nutritional,
functional, and technological properties. However, their high susceptibility to oxidation and
thermal degradation represents a major limitation to industrial utilization. This systematic
review, conducted in accordance with PRISMA guidelines and based on 1435 references (2015-
2025), retained 46 studies addressing extraction, preservation, and storage methods of these oils.
The findings revealed a growing research dynamic, dominated by China and Brazil, but with
limited representation in Africa despite a high diversity of oil-bearing plants. The most studied
extraction methods include Soxhlet extraction (high yields but risk of oxidation), supercritical
CO: extraction (higher purity and stability but high cost), ultrasound- and microwave-assisted
techniques (reduced processing time and improved yields), and cold pressing (better
preservation of bioactive compounds but lower efficiency). Preservation approaches relied on
innovative technologies such as micro- and nanoencapsulation, spray-drying, Pickering and
layer-by-layer emulsions, oleogels, and polymer-based films, which improve oxidative
stability. Storage studies highlighted the critical influence of temperature, light, and oxygen,
with optimal practices recommending cold storage in dark conditions under vacuum or inert
atmosphere. However, only a few studies integrated extraction, preservation, and storage
simultaneously, and most focused on short-term stability (30-90 days). Overall, no single
method proved universally optimal; instead, the sustainable valorization of CFA-rich oils
required a careful combination of eco-friendly extraction, advanced preservation strategies, and
strict storage practices to maintain their nutritional and functional quality while enabling
industrial scalability.

Keywords: Conjugated fatty acid, oxidative stability, bioactive compounds, nutritional quality,
functional quality.
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ABSTRACT

Canned seafood represents nearly 10% of global fishery production, with its continued expansion driven
by nutritional value, affordability, and long shelf life. However, increasing evidence shows that canned
fish products may act as vectors for emerging contaminants such as microplastics (MPs) and plastic-
derived chemicals, thus raising potential human health concerns. Specifically, recent studies have
confirmed the presence of MPs in canned tuna, with reported levels ranging from only a few particles
per can to hundreds per 100 g of product. While these particles may originate from environmental
exposure, additional contamination can also occur during processing steps such as handling, packaging,
and contact with plastic equipment. In addition to MPs, other compounds, such as bisphenols and
phthalates, are a growing concern because they are widely used in the production of plastics and can
coatings. These substances can migrate into fish matrices during sterilisation and storage, posing a risk
to consumers as they are persistent and potentially carcinogenic endocrine disruptors and are associated
with metabolic, reproductive and cardiovascular disorders. However, despite their known occurrence
and possible synergistic effects with MPs, most of these contaminants are still not routinely monitored
by the seafood industry. While MP contamination, as well as associated contaminants, has been
thoroughly researched in recent years, many knowledge gaps still plague the tuna canning industry
concerning this topic. Indeed, there are considerable knowledge gaps, as well as their dynamics for
accumulation during processing, storage, or contact with packaging materials. The few existing studies
rarely compare potential differences across brands or market segments, despite variations in tuna species
with different bioaccumulation potential, as well as differences in production practices and lots which
are often of different geographical origins, and packaging types that could influence contamination
levels. Additionally, limited attention has been given to contamination within filling mediums such as
oils or brines, or to the physicochemical and nutritional characteristics that may affect contaminant
migration within these products. Consumer exposure assessments remain scarce, leaving uncertainty
regarding potential health risks for children and adults. Overall, the lack of integrated data hampers the
development of evidence-based mitigation measures and regulatory strategies for the canned tuna sector.
Thus, the objective is to evaluate the state of the art on microplastic and associated contaminants in
canned tuna and outline unresolved questions relevant to consumer safety and regulation.

Keywords: Bioaccumulation, bisphenol, phthalates, food safety, exposure risk.
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ABSTRACT

Lactobacillus plantarum species matching the features of lactic acid bacteria, mesophilic,
facultative heterofermentative, aerotolerant, of ubiquitous ecology, active in fermentations as a
starter. Many Lactobacillus plantarum strains have safe status GRAS: Generally Recognized
As Safe. Its dual role; as native colonizing the human digestive tract, as starter of food
fermentations, awarded them a preferential choice for their usage in development of new
prebiotic plant beverages. L. plantarum, subject to considerable data scientific research. Data
linked health benifits to this species. L. plantarum is at the focus of heated issues. This study
aimed to enhance understanding of the species caracteristics, through bibliographic overview
of knowledge, critical analysis, data collecting, to examine its different bacteriological,
physiological, biochemical, probiotic, genetic features and production of bacteriocins.
Lactobacillus plantarum is commonly used for the fermentation of foods of animal origin: dairy
products (raw milk, fermented milk, yogurt, and cheese), meat sausages, fermented fish. Foods
of plants origin: Vegetables: pickles, cucumber, table olives, sauerkraut, green beans, etc...
Lactobacillus plantarum, having ability to survive human transit through digestive tract,
adheres to intestinal epithelial cells. Lactobacillus plantarum, Lactobacillus pentosus and L.
paraplantarum are genotypically related, exhibiting similar phenotypes. Plant-derived strains
of L. plantarum have strong bacteriocinogenic activity and thermostable bacteriocins that are
effective across a broad pH range and have a broad bactericidal/bacteriostatic spectrum.
Lactobacillus plantarum, through its versatile role as a sourdough starter, its ubiquitous
ecology, having probiotic virtues, opens up promising perspectives in human nutrition and food
technologies.

Keywords: Bacteriocin, fermentation, food industry, Lactobacillus plantarum, probiotic.
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ABSTRACT

Given the negative impacts of chemical insecticide applications on human health, living
organisms, and the environment, nanotechnology offers sustainable and environmentally
friendly approaches to pest management, which benefits both farmers and ecosystems. The use
of nanoparticles synthesized through environmentally friendly methods reduces the negative
environmental impact of pesticides. Nanoparticles obtained through green synthesis offer a
viable solution by utilizing bio-based materials, such as microorganisms, plants, and
agricultural wastes, as environmentally friendly sources for nanoparticle synthesis.
Nanoparticles derived from biowaste are emerging as a next-generation material with the
potential to transform traditional agricultural practices. Nanopesticides derived from biowaste
represent promising, environmentally friendly, sustainable, and economical alternatives to
existing synthetic pesticides. In the studies, the pesticidal properties of nanoparticles obtained
from wastes obtained from rice husk, Pongamia pinnata, cashew nut, Lantana camara,
hibiscus, and pomegranate, as well as large amounts of biological wastes obtained from poultry
and aquaculture sectors, were studied in detail. Assessing the pesticidal properties of
nanoparticles derived from food waste provides advantages for the circular economy and
sustainable waste management in the food industry. Another advantage is the use of these
nanoparticles for food preservation. Assessing the pesticidal properties of nanoparticles derived
from waste products will also pave the way for future use of nanoparticles derived from various
waste products as pesticides.

Keywords: Biowaste, nanoparticle, nanopesticide.
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ABSTRACT

The present study aimed to evaluate the influence of pectin concentrations (0%, 0.1%, and
0.5%) on the physicochemical, antioxidant, and sensory properties of blackberry jam (Rubus
fruticosus L.) produced from fruits harvested at different altitudes (wild: 998 m; cultivated: 500
m and 1090 m). Blackberry samples were processed into jam, and the products were analyzed
for phenolic profile, antioxidant capacity (DPPH and FRAP methods), color parameters (L*,
a*, b*), texture (spreadability and firmness), and sensory attributes using a 9-point hedonic
scale with 50 trained panelists. Results demonstrated that altitude significantly affected the
phenolic composition and antioxidant activity of the raw fruits, with wild blackberries at 998
m showing the highest levels of total phenolics (1,248.6 + 32.4 mg GAE/100 g), flavonoids
(428.3 £ 18.7 mg QE/100 g), and anthocyanins (312.5 + 14.2 mg C3G/100 g). Pectin addition
at 0.1% improved gel formation, increased vitamin C retention by 22-28% compared to the
control, and reduced perceived bitterness associated with phenolic compounds. Sensory
evaluation indicated higher overall acceptance (7.8 + 0.6) for jams with 0.1% pectin,
particularly those from higher-altitude fruits. Higher pectin levels (0.5%) led to excessive
firmness and lower spreadability, negatively impacting texture scores. In conclusion, moderate
pectin supplementation enhances both functional stability and sensory quality of blackberry
jam while mitigating undesirable astringency from high-phenolic fruits. Altitudinal variation in
raw material significantly influences final product quality, underscoring the importance of
source selection in jam production. These findings contribute to optimizing pectin use in high-
phenolic fruit preserves.

Keywords: Pectin levels, altitude variation, blackberry jam, sensory evaluation.
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ABSTRACT

Food waste is becoming a growing concern because of its economic, environmental, and social
impacts. In recent years, especially in developed countries, an increasing number of studies
have focused on the characterization and quantification of food waste in osrder to formulate
effective policies to reduce it. Unfortunately, in developing countries such as Benin, food waste
has been the subject of very little scientific research, even though large quantities of edible food
are sometimes discarded, particularly during festive events. The present study aims to
characterize food waste during festive events in the large cities of Benin. To that end, a survey
was conducted among 300 organizers and guests of festive events in the cities of Abomey-
Calavi, Cotonou, and Porto-Novo. Next, food waste was quantified during celebrations using
the direct weighing method, focusing on the most frequently discarded meal. The results
showed that 70% of guests at festive events do not finish their dishes. The amount of unfinished
food can be as high as 10% of the meal served according to 59.9% of respondents, and up to
50% according to 4.6%. Rice was identified as the most discarded dish (78% of respondents).
The preparation of exaggerated quantities of meals, the free nature of food service leading to
oversized portions, and social perceptions such as the shame of finishing one’s dish were among
the main factors contributing to food waste. Moreover, 45% of respondents believed that food
waste is inevitable during celebrations, as leftover food symbolizes the success of the event.
Quantification of food waste on the most discarded dish (rice) revealed that 37.5 + 8.8% of the
rice served was discarded in Porto-Novo, compared to 19.9 + 6.5% in Cotonou and 20.7 + 7.8%
in Abomey-Calavi. This study provides a basis for developing strategies and policies aimed at
reducing food waste during festive events in Benin.

Keywords: Festive celebrations, food waste, rice consumption, cultural beliefs.
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ABSTRACT

A healthy and balanced diet during the preschool years (ages 3-6) is essential for children’s
physiological growth and cognitive development. This study explored how early dietary habits
influence child health and development, emphasizing the benefits of nutritious eating and the
risks associated with processed-food consumption. The research involved 100 preschool
children, their parents, and educators. Participants were divided into two groups: one with
balanced, healthy diets and another consuming primarily processed foods. Data collection
included questionnaires, semi-structured interviews, and classroom observations. Findings
revealed inconsistent interest in healthy foods among children. While 25% of parents reported
consistent interest, 45% noted occasional interest, and ~30% observed little to none. Dietary
analysis showed grains made up 40% of daily intake, dairy and bread 30%, fresh fruits 20%,
and processed foods 10%. This indicates a dominance of staple carbohydrates and proteins,
with insufficient vitamin-rich fruit consumption. Comparative results between the two groups
highlighted significant differences. Daily food choices: 75% of healthy eaters consumed fruits
and vegetables daily, while 70% of the processed-food group regularly consumed sugary snacks
and sodas. Motor skills: 85% of well-nourished children showed age-appropriate motor
development, compared to 40% of poorly nourished peers. Attention and participation: 90% of
the healthy group demonstrated strong focus and engagement, whereas only 30% of the
unhealthy group maintained attention. Allergies and intolerances: Less than 10% of healthy
eaters had allergies, versus 25% in the processed-food group. Food intolerances affected 5% of
the healthy group and 15% of the unhealthy group. In conclusion, the study confirms that
balanced nutrition significantly enhances physical and cognitive development in preschoolers.
Children with poor diets face increased risks of obesity, allergies, and developmental delays.
The findings stress the importance of fostering healthy eating habits early and call for active
collaboration between families and educational institutions to improve nutrition education and
standards in preschool environments.

Keywords: Preschool nutrition, child development, healthy eating habits, Prizren case study.
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ABSTRACT

Three-dimensional (3D) food printing is revolutionizing modern food design by enabling
precision, personalization, and sustainability through the layer-by-layer fabrication of edible
structures. This review explores the fundamental principles of 3D food printing technologies,
focusing on measurement techniques and quality evaluation parameters essential for optimizing
printability, structural fidelity, and nutritional integrity. Rheological assessments, textural
analysis, microstructure characterization, and nutritional evaluations are discussed in detail,
alongside methods such as 3D scanning, imaging, and real-time monitoring systems. The paper
also highlights emerging tools like artificial intelligence (Al), machine learning, and internet of
things (loT) that enhance automation and predictive control in the printing process. Despite
rapid progress, challenges persist in reproducibility, standardization, regulatory clarity, and
consumer acceptance. Addressing these challenges through multidisciplinary collaboration,
innovation in edible ink formulation, and advanced process control will be key to realizing the
full potential of 3D food printing in personalized nutrition, food safety, and sustainable
food systems.

Keywords: 3D Food printing, measurement techniques, quality evaluation, printability,
sustainable food systems.
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ABSTRACT

Late blight, caused by Phytophthora infestans, is a major threat to potato production in Rwanda,
severely impacting yields and farmer livelihoods. In response, we adapted and piloted the
integration of the potato late blight forecasting model into the existing Meteo Rwanda weather
and climate services platforms, inspired by the CARAH model successfully used in Belgium
and Sichuan, China. Three automatic weather stations were installed, and disease forecasting
was validated on pilot plots in three sites namely Burera, Musanze, and Nyabihu Districts. The
yield and the quality of the produced potatoes were analysed. The results from this study
revealed that, the application of the model significantly contributed to reduced pesticide use by
40%, increased yields by 54%, and reduced disease severity. This study demonstrates that a
climate-smart, data-driven approach can sustainably manage late blight in Rwanda and increase
potato yields in small-scale farmers’ fields.

Keywords: Potato late blight, forecasting system, climate-smart agriculture, CARAH model.

51



1t INTERNATIONAL FOOD SCIENCES AND GASTRONOMY CONGRESS

4-5 December, 2025/Istanbul, Tiirkiye

Reducing the Ecological Footprint: A Solution to Achieve Food Security in
Line with Climate Change Management

Arezoo Haghighian-Roudsari®”, Javad Hassannezhad?

Shahid Beheshti University of Medical Sciences, National Nutrition and Food Technology
Research Institute, Faculty of Nutrition Sciences and Food Technology, Department of
Community Nutrition, Tehran, Iran

2Ministry of Energy, Iran Water Resources Management Company, Tehran, Iran
*Corresponding author: ahaghighian@yahoo.com

ABSTRACT

Climate change is the long-term increase in the average temperature of the Earth's surface and
widespread changes in global, regional and local weather patterns. Anthropogenic causes of
climate change include deforestation and excessive production of greenhouse gases due to
reasons such as industrialization, fossil fuels and the agriculture and livestock sector.
Environmental impacts of food production and consumption include "carbon footprint",
"material footprint”, "land use™ and "water footprint". This article aims to examine the foods
that contribute to water and carbon footprints and strategies to reduce them. This review of
published articles and reports revealed that agriculture is responsible for about 14% of total
greenhouse gas (GHG) emissions and has a significant environmental impact in three aspects:
requiring large amounts of freshwater, being a major driver of climate change, and land user.
Food production accounts for more than a quarter (26%) of global greenhouse gas emissions,
half of the world’s habitable land, and 70% of global freshwater withdrawals. A further
important issue is the relationship between dietary patterns (traditional, green, fast food, high
in animal protein), and environmental impacts. Daily beef consumption ranges from 20 (green
diet) to 50 g per 10 MJ (beef-rich diet) and accounts for 9-20% of GHG emissions in different
dietary patterns. Meat production, and especially beef products, is associated with high
greenhouse gas emissions, high water consumption and more cultivated land, while plant-based
foods have the lowest carbon and water footprints. This substitution results in a 4-12%
reduction in greenhouse gas emissions and a 5-14% reduction in land use. The largest impact
on greenhouse gas emissions reduction was achieved with legumes or eggs as substitutes, while
the largest impact on land use was achieved with fish or eggs as substitutes. Plant-based diets
such as lacto-ovo-vegetarian are environmental-friendly foods compared to meat-based diets.
Consumers should be aware of the environmental sustainability of food consumption in order
to make environmentally friendly food choices while ensuring food security. Eliminating or
reducing these products in the diet without adequate replacement may lead to nutrient
deficiencies due to vital macro and micro-nutrients in beef and dairy products. Therefore,
defining a sustainable food pattern for future, account the environmental and nutritional
sustainability by adjusting the meat-based diet (animal sources) towards a plant-based diet
includes: eggs, dairy and plant-based foods, organic foods, seasonal and regional products, eco-
friendly packaging.

Keywords: Diet, food footprint, food security, greenhouse gases, sustainability.
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ABSTRACT

The “Zero-Waste” approach, which was initially proposed with environmental and ethical
motives, has today moved beyond simply reducing waste and conserving resources to
improving productivity, profitability, and brand differentiation in a competitive market as a new
strategy in the restaurant industry. This article reviews the sources related to this concept and
aims to redefine this approach, examining three key dimensions of it. First, from an economic
perspective, the zero-waste approach is introduced as a business model based on resource
optimization. By reviewing the supply chain and operational processes, restaurants can
significantly save on purchasing and waste disposal costs by reducing waste at the source. Using
technologies such as inventory management systems can lead to smarter purchasing decisions
and increased operational efficiency while preventing food spoilage. Furthermore, creating new
revenue streams through recycling and composting transforms sustainability from a cost to a
profitable investment. The second theme addresses the challenges of consumer perception
towards sustainable practices. Although consumers are willing to pay more for sustainability,
this willingness is conditional on maintaining the quality, taste, and freshness of the food.
Therefore, it is suggested that sustainability be introduced as part of the culinary quality rather
than a standalone goal. Using local and seasonal ingredients and showecasing creative
techniques such as full utilization of food can link sustainability to the dining experience.
Finally, a roadmap for the successful implementation of this approach can be presented, which
includes identifying waste sources, responsible sourcing, training employees, investing in
sustainable infrastructure and rethinking marketing practices. Overall, the "zero waste"
approach is aligned with environmental goals and has the potential to transform the restaurant
industry as a comprehensive, profitable, and customer-centric strategy.

Keyword: Culinary quality, dining, sustainable practice, “zero-waste” approach.
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ABSTRACT

The world's growing population faces the challenge of sustainable protein supply. Alternative
proteins (APs)-such as plant proteins, insect proteins, and cultured proteins-have come to light
as a promising way to solve this problem. Despite the growth of the food product market, public
acceptance of these products has been lower than expected. This article reviews the relevant
literature and reports in this area and argues that, contrary to popular belief, the main barriers
to the deployment of APs are not technical, but rather psychosocial, regulatory, and marketing.
From a psychosocial standpoint, food neophobia, aversion, and cultural rejection constitute
significant obstacles to the acceptance of these proteins. Most consumers tend to consume
alternative proteins in familiar, processed forms; for example, protein bars containing spirulina
powder are more acceptable than spirulina itself. Therefore, the success of APs depends on
transforming “unconventional food” into “conventional food” through smart processing and
alignment with common dietary patterns. Regional differences in regulation and enforcement
are also challenging in APs productions regard. For example, some regions with their passive
approach and lengthy safety assessment processes hinder innovation and rapid product market
entry. In contrast, the United States, with its proactive and collaborative approach, facilitates
the approval path. These differences lead to a vicious cycle in which strict regulations limit
consumer exposure to APs and make their adoption difficult. Therefore, there is a need to
develop harmonized international standards to facilitate market access and consumer education.
Finally, effective marketing plays a key role in overcoming cultural resistance. Strategies such
as avoiding identity labels, emphasizing the source of protein, highlighting health benefits, and
using pleasant language in advertising can increase consumer acceptance. Focusing on personal
desires rather than moral obligations will smooth the path to APs' success.

Keywords: Alternative proteins, food neophobia, unconventional food.
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ABSTRACT

This review aims to synthesize and critically analyze recent evidence on the benefits, safety
considerations, and limitations of the gluten-free diet (GFD) in the management of celiac
disease (CD), non-celiac gluten sensitivity (NCGS), and irritable bowel syndrome (IBS). A
comprehensive literature search was conducted through PubMed and related databases to
identify clinical trials, systematic reviews, and meta-analyses published between 2000 and
2024. Eligible studies were evaluated with respect to GFD adherence, gluten exposure
thresholds, and potential nutritional and psychosocial implications in individuals with CD,
NCGS, or IBS. Strict lifelong adherence to a gluten-free diet remains the cornerstone of CD
management. Current evidence indicates that maintaining gluten intake below 10 mg per day
is generally safe, whereas consumption above 20-50 mg/day may induce intestinal injury, and
exposure around 200 mg/day can result in pronounced mucosal damage and symptomatic
relapse. NCGS is characterized by gluten-related intestinal and extraintestinal manifestations
in the absence of celiac-specific serological or histological markers. Among IBS patients, a
combined GFD and low-FODMAP approach has been associated with significant reductions in
abdominal pain, bloating, and anxiety, while microbiome-based personalized dietary
interventions have demonstrated improved microbial diversity. Conversely, unnecessary
adoption of GFD may lead to excessive dietary restriction, nutrient deficiencies, increased
financial burden, and psychosocial distress. Additionally, elevated intake of FODMAP- or
nickel-rich foods during GFD may exacerbate 1BS-like symptoms. Although GFD remains an
indispensable therapeutic intervention for celiac disease, its use in NCGS and IBS should be
personalized and closely monitored by healthcare professionals. Inappropriate dietary
restriction without medical indication may compromise nutritional adequacy and overall quality
of life. Therefore, GFD should be implemented only when clinically justified and under the
supervision of gastroenterologists and registered dietitians.

Keywords: Gluten-free diet, FODMAP, microbiome.

55



1t INTERNATIONAL FOOD SCIENCES AND GASTRONOMY CONGRESS

4-5 December, 2025/Istanbul, Tiirkiye

Recent Findings on the Metabolic, Physiological, and Clinical Effects of the
Ketogenic Diet

Gamze Sanh AK'”
Ystanbul Nisantasi University, Gastronomy and Culinary Arts, Istanbul, Tiirkiye
*Corresponding author: gamzesanli.ak@nisantasi.edu.tr

ABSTRACT

The ketogenic diet is a nutritional approach that severely restricts carbohydrate intake and
derives the majority of energy from fats, thereby inducing a metabolic state known as ketosis.
This review aims to evaluate the metabolic foundations, physiological effects, role in weight
management, and current clinical findings of the ketogenic diet based on recent literature.
Systematic reviews, randomized controlled trials, and clinical studies published between 2020
and 2024 were examined. The ketogenic diet induces physiological ketosis by reducing daily
carbohydrate intake below 50 g, leading serum ketone concentrations to exceed 0.5 mM. This
metabolic adaptation significantly enhances fat oxidation (~1.5 g/min) and contributes to
meaningful weight loss through reductions in body fat mass. However, transient decreases in
endurance performance have been observed during the short-term adaptation phase. When
combined with SGLT-2 inhibitors, the diet has been reported to improve glycemic control and
insulin sensitivity, although it may increase the risk of euglycemic ketoacidosis and bone
mineral density loss. In studies involving septic patients, the ketogenic diet was shown to safely
achieve ketosis, reduce insulin requirements, and improve metabolic stability; however, no
significant difference was observed in survival rates. Long-term adherence, particularly among
children and individuals with high levels of physical activity, has been associated with adverse
effects on bone health. The ketogenic diet is a nutritional strategy that enhances metabolic
flexibility by shifting energy metabolism from glucose toward fatty acid oxidation, supports
weight loss, and may provide metabolic advantages in certain clinical conditions. Nevertheless,
potential drawbacks such as transient performance reduction, adverse skeletal effects, and
interactions with specific pharmacological treatments should be considered. Current evidence
suggests that the ketogenic diet should be implemented under professional supervision, with an
individualized approach that balances potential benefits and risks.

Keywords: Ketogenic diet, ketosis, weight loss.
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ABSTRACT

Macroalgae are an important source of bioactive compounds. Their consumption is rising
worldwide with aquaculture accompanying this trend. However, they present great interspecific
variability that can deeply affect how each macroalgae benefits consumers health. In this work
we analyzed the bioactivity (antioxidant capacity, total phenolic compounds (TPC), total
flavonoid content (TFC), iron chelating capacity and copper chelating capacity) of eight
macroalgae species found in the northern Portuguese coast. The analyzed species were the
Chlorophyta Ulva rigida, the Ochrophyta Laminaria ochroleuca, Sargassum muticum, Fucus
vesiculosus, Fucus spiralis and Himanthalia elongate, and the Rodophyta Coralina officinalis
and Gracillaria sp. There was great interphyletic variability with Ochrophyta presenting higher
antioxidant capacity, TPC and copper chelating capacity. Even so, Rodophyta presented greater
iron chelating capacity and Chlorophyta presented higher levels of flavonoids. In terms of
species, L. ochroleuca presented the highest antioxidant capacity, TPC and chelating capacity,
and therefore this species presented the highest potential to benefit consumers. Ulva rigida and
Coralina officinalis revealed the lowest bioactivity with the exception of TFC and iron
chelating capacity, respectively. However, the high content of Ulva rigida in flavonoids, which
have better bioavailability, suggests that Chlorophyta may also be an important source of
antioxidants due to their different phenolic composition reenforcing that different macroalgae
species may have different contributions to consumers health.

Keyword: Macroalgae, bioactivity, interspecific comparison, phenolic content.
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ABSTRACT

The increasing environmental burden associated with petroleum-based plastics has driven
growing interest in developing sustainable alternatives for food packaging. Among emerging
strategies, bio-based edible coatings reinforced with metal nanoparticles have gained attention
for their potential to improve food quality, extend shelf life, and reduce ecological impact. This
study highlights recent progress in the design and application of alginate-based nanocomposite
coatings incorporating nanoparticles as multifunctional materials for food preservation.
Alginate, a naturally derived polysaccharide, offers excellent film-forming ability and
biocompatibility, yet its limited mechanical and barrier properties necessitate modification. The
integration of green-synthesized nanoparticles has been shown to enhance antimicrobial and
antioxidant performance, addressing key limitations of conventional biopolymer coatings.
Recent studies report that AgNPs (Silver nanoparticles) synthesized using plant extracts can be
uniformly distributed within alginate matrices, forming stable nanocomposites with improved
physicochemical characteristics. Characterization techniques such as UV-Vis spectroscopy,
FTIR analysis, and electron microscopy confirm the successful formation and stabilization of
AgNPs within the polymer network. These coatings demonstrate strong inhibitory activity
against a wide range of foodborne pathogens, including Gram-positive and Gram-negative
bacteria as well as common spoilage fungi. Moreover, the addition of AgNPs improves
oxidative stability and contributes to the maintenance of sensory qualities in perishable foods
during storage. Collectively, existing research underscores the potential of alginate-
nanoparticle nanocomposite coatings as an eco-friendly and effective alternative to
conventional plastic packaging. Their combined antimicrobial, antioxidant, and biodegradable
properties position them as promising candidates for next-generation food preservation
technologies that align with sustainability goals.

Keywords: Sustainable packaging, alginate nanocomposites, silver nanoparticles, green
synthesis, food preservation, antimicrobial coatings.
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ABSTRACT

This study analyzes the multi-dimensional impact of dietary habits on the physical health,
cognitive development, and academic performance of primary school children (Grades 1-5,
ages 6-11) in Prizren. A mixed-method approach utilized a structured questionnaire applied to
a sample of N=100 students (Grades 3, 4, and 5) from a public school to assess dietary
preferences and environmental influences. Results revealed a significant imbalance, with the
total preference for low-nutrient, processed foods-including Fast Food/Sandwiches (30%),
Chocolates/Sweets (20%), and Soft Drinks (10%)-reaching 60% of choices, sharply contrasting
with a low 25% preference for Fruits/Vegetables. Furthermore, 10% of students regularly
skipped breakfast, compromising morning concentration. The analysis identified the Family's
role as having the strongest influence ("Very High") and Media/Advertising as "High" in
shaping these habits. The study concludes that these unhealthy patterns pose a direct threat to
long-term health and academic potential, necessitating urgent institutional reforms such as
strictly prohibiting high-processed products in school canteens and implementing mandatory
nutrition education for caregivers and educators.

Keywords: Child nutrition, primary school children, obesity, processed foods, cognitive
development, school performance, family role, dietary habits.
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ABSTRACT

Nutrition plays a crucial role in regulating oxidative stress and shaping the biological processes
of aging. The equilibrium between reactive oxygen species (ROS) generation and the body’s
antioxidant defense systems determines the extent of molecular damage and, in turn, affects
lifespan. Antioxidants obtained through diet, including vitamins C and E, carotenoids,
polyphenols, and selenium, counteract ROS and reinforce the body’s intrinsic protective
mechanisms. This review aims to outline recent findings on the contribution of antioxidant-rich
dietary patterns to longevity and healthy aging. Population-based studies consistently show that
individuals who follow diets high in fruits, vegetables, whole grains, and nuts, key features of
Mediterranean and plant-based diets, exhibit lower oxidative stress and a reduced risk of
chronic diseases. Such dietary habits provide an array of bioactive substances that enhance
mitochondrial efficiency, suppress inflammatory pathways, and delay cellular aging.
Experimental research using animal models indicates that moderate antioxidant intake may
extend lifespan and promote better metabolic adaptation, while excessive supplementation
could interfere with essential ROS-mediated signaling processes. Clinical and nutritional
intervention studies further suggest that antioxidants are most effective when integrated within
a diverse and balanced diet rather than taken as single supplements. The combined action of
various nutrients and phytochemicals appears vital for maintaining redox equilibrium.
Additionally, emerging data highlight the role of individual differences, such as genetic
predisposition, gut microbiome diversity, and lifestyle, in determining the outcomes of
antioxidant consumption. Overall, a naturally antioxidant-rich diet supports cellular integrity,
mitigates oxidative stress, and contributes to healthier aging and longevity.

Keywords: Diet, antioxidants, oxidative stress, longevity, nutrition, aging.
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ABSTRACT

This study investigated a rapid fluorescence-based sensor using a 5-FAM-labeled aptamer
immobilized on B-cyclodextrin metal-organic frameworks (B-CD-MOFs) for the detection of
Listeria monocytogenes. The aptamer fluoresces at 366 nm when bound to -CD-MOFs, but
dissociates and binds to Listeria monocytogenes, increasing fluorescence at excitation
wavelengths of 448 nm and emission wavelengths of 546 nm. The sensor showed a wide
detection range (4.6 to 4.6 x 10° CFU/mL) with a low detection limit of 3 CFU/mL.

Keywords: Aptasensor, Listeria monocytogenes, metal-organic frameworks, nanomaterials,
pathogen detection, molecular recognition.
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ABSTRACT

Amid rapid developments in all sectors, food safety occupies a significant portion of attention,
with its connection to environmental sustainability being a contemporary challenge. The current
study focused on gathering evidence related to one innovative alternative: the use of
nanotechnology. It is characterized by its ease of use, its economics, and its high effectiveness
in improving the biological properties of synthetic nanoparticles. Some of the most important
NPs are gold (AuNP), silver (AgNP), zinc oxide (AuNP), and selenium (AuNP). The term
"green synthesis" was coined to emphasize the critical need to reduce chemical dependence and
transition to biological synthesis, which utilizes sustainable sources like plants and
microorganisms as natural reducing and coating agents, thereby improving food safety and
quality. Studies have proven that the process of biosynthesis not only reduces reliance on
chemical manufacturing but also increases the biological activity of the synthetic particles. The
most significant enhanced properties of the synthesized green nanoparticles are antimicrobial
and antioxidant. Furthermore, these particles enhance food preservation while adhering to the
concepts of green chemistry and the circular bioeconomy. These properties enable their use in
food matrices and edible coating systems, assessing their ability to reduce spoilage and
pathogen contamination. Our research focuses on integrating sustainable nanomaterials into
food systems to promote safer, more sustainable, and environmentally responsible food
production.

Keywords: Nanotechnology, green synthesis, food safety, environmental sustainability.
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ABSTRACT

Much attention has been paid to bee products, such as honey, propolis, royal jelly and beeswax,
which contain biologically active substances; they provide a natural and powerful alternative
as the food preservative and medicine. The purpose of this review is to present an overview of
the antimicrobial and antioxidant activity of these products, the mechanism, and their food and
medical applications. A literature review will be performed to identify the studies on the
bioactive compounds in bee products and their antimicrobial and antioxidant activity as well as
their use in food preservation and medicine. PubMed and Scopus databases were searched to
identify the relevant articles. Bee products have phenols, flavonoids, enzymes, and organic
acids that interfere with microbial cell membranes preventing bacteria, fungi, and some viruses.
The excellent antimicrobial effects of propolis and royal jelly can be attributed to a high level
of phenolics. They have antioxidant effects that suppress free radicals, oxidative stress, DNA
damage, and inflammation and may prevent the onset of chronic diseases, such as heart disease
or cancer. Bee products also serve as a natural alternative food preservative that ensures the
food product has a longer shelf life in the food industry and replaces synthetic food
preservatives. Its uses include bioactive packaging, nanoencapsulation of antioxidants and
edible films. Not just wound dressing, skin creams, pharmaceutical preparation or promising in
complementary therapies, they are also found. Nevertheless, it continues to be hindered by
obstacles, such as the lack of standardised compositions and other clinical studies to address
any possible side effects. In summary, bee products are a sustainable alternative to fight
microbial resistance and improve the quality of food because they are antimicrobial and
antioxidant. There is enormous potential in their selective use in food preservation as well as in
medicine, and standardization and safety studies are required. Results indicate that bee products
have some solutions to the problems of global health and food safety as a green
(environmentally friendly), health-promoting alternative.

Keywords: Bee products, antimicrobial properties, antioxidant, food industry, medicine.
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ABSTRACT

Honey is an economically and therapeutically valuable product, which is predisposed to
adulteration, but traditional quality evaluation methods are expensive, laborious, and use
complex lab machinery. This research is intended to create an Al-driven smart system that will
quickly, precisely, and non-destructively identify the authenticity and quality of honey. A
sample of 200 honey samples in different regions in Iran (containing 150 samples of real and
50 samples of adulterated (with high fructose corn syrup, sugar syrup, or manipulations of
production processes as adulterants)) was examined by FTIR infrared spectroscopy, Raman
spectroscopy, microscopic images, and physicochemical parameters. Data were analyzed by
Convolutional Neural Networks (CNN), Support Vector Machines (SVM), Random Forest
(RF) and a ResNet-50 deep learning framework. To allow quick quality evaluation a mobile
application utilizing smartphone functions to analyze colors and transparency was created. The
ResNet-50 architecture reported 97.8 percent accuracy in authentic versus adulterated honey.
Accuracy of 99.2 was achieved when spectroscopy data were combined with microscopic
images in a hybrid model. The system also recognized the botanical origin of honey with 94.5
percent precision and geographical origin of honey with 89.7 percent precision. The predictive
correlation (R2 > 0.91) was made on quality parameters (moisture content, acidity, enzyme
activity, and hydroxymethylfurfural levels). The mobile app was 85 percent accurate in
recognizing bad samples. Difficulties with natural honey variants and changing adulteration
methods were overcome with the help of data augmentation and transfer learning. This Al-
based solution can provide a strong way to control the quality of honey and help the company
identify adulterants fast, screen imported goods, and protect the consumer rights. It promotes
standardization of supply chains and enhances confidence in the market. It may also be used in
other bee products such as royal jelly, propolis and pollen in the future.

Keywords: Deep learning, machine learning, artificial intelligence, bee products, adulterated
product detection, quality control, image processing, spectroscopy.
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ABSTRACT

Antimicrobial resistance contributes to making chronic and infected wounds a serious medical
and economic burden. This study aims to develop an antibacterial, antioxidative, and anti-
inflammatory honey and propolis-incorporated smart wound dressing that can be applied in the
wound healing process. The antimicrobial activity and physicochemical characteristics of
clove, thyme and citrus honey of the Abedini apiary were tested. High-Performance Liquid
Chromatography (HPLC) was used to determine both phenolic and flavonoid content in
propolis ethanol extracts of Barug, Iran. It consisted of a biodegradable nano-fibrous scaffold
of polycaprolactone (PCL)/gelatin produced by electrospinning, with the addition of 5, 10, and
20% of honey and 1, 3, and 5% of propolis extract, separately and in combination. The
morphology, mechanical properties and biocompatibility of the scaffolds were characterized by
Scanning Electron Microscopy (SEM), tensile testing and human dermal fibroblast (HDF) cell
culture. To enhance antimicrobial functionality and to detect an infection by offering a color
change (blue to red), pH nanosensors were loaded with silver nanoparticles (0.5%). The
scaffold containing 10% clover honey and 3% propolis extract showed the best mechanical
strength, 85% porosity, high biocompatibility. It was shown to be very active in antimicrobial
effects against Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and
Candida albicans. In vitro tests showed that fibroblast migration could be increased twofold,
and it was also possible to preserve wound moistness. In vivo experiments using diabetic rats
showed that the healing process is accelerated 35-fold compared to the control group,
inflagmatory state is decreased, angiogenesis is increased, and the number of collagen under
the microscope increases. Senging Bee products, a biomedical engineering approach produces
an intelligent wound dressing delivering effective signals of infection, antimicrobial impact,
and tissue repair. It already holds enormous potential in diabetic wound care, pressure ulcer
control, and chronic infections and opens the way to additional wound care innovation.

Keywords: Smart wound dressing, chronic wound, honey, propolis, nanofibrous scaffold,
nanosensor, antimicrobial, tissue regeneration, biomedical engineering.
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ABSTRACT

Pumpkins are an important component of Zimbabwean traditional dishes such as nhopi, a
pumpkin-based porridge valued for its high carotenoid content. However, their seasonal
availability limits year-round utilization, particularly in resource-limited rural areas. This study
aimed to develop preservation methods to extend pumpkin availability and to optimize nhopi
formulation using pumpkin and bambara groundnut (Vigna subterranea (L.) Verdc.) flours with
enhanced nutritional, functional and sensorial attributes. Pumpkin samples were pretreated
prior to drying (oven at 60 °C or under sunlight) and subsequent milling into flour. The
pretreatments included soaking for 10 min in either 5% or 10% salt solutions, blanching at
70 °C for 5 min, and a control without treatment. Bambara groundnut flour was produced by
soaking the black-eyed seeds for 24 h, drying at 50 °C for 48 hours, and milling. Pumpkin-based
porridges were then formulated using 20-25% pumpkin flour and 40-45% bambara groundnut
flour. The nutritional composition, functional properties, and sensory characteristics of the
individual flours and their blends were investigated. Pretreatments and drying methods
significantly affected the nutritional composition and color of pumpkin flour (p<0.05). The 10%
salt treatment yielded the highest nutrient retention in pumpkin flour. Salt-treated samples
exhibited reduced sensory acceptability. Blends with blanched pumpkin flour achieved the
highest preference scores due to appealing flavor and visual quality. Optimized combinations
of pumpkin and bambara groundnut flours can improve the nutritional, sensory, and functional
qualities of pumpkin porridge, supporting value addition and extending the use of pumpkin
products beyond their seasonal availability.

Keywords: Pumpkin flour, pre-treatment, pumpkin porridge, traditional foods, nutrient

retention, sensory evaluation.
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ABSTRACT

Essential oils derived from aromatic and medicinal plants are increasingly recognized for their
diverse biological activities, including their potential applications in health, food preservation
and cosmetic formulations. In this context, the present study aimed to characterize and compare
essential oils obtained from Cupressus sempervirens L., Pimpinella anisum L., and Rosmarinus
officinalis L., by examining their quality, antioxidant capacity and antimicrobial efficacy.
Physicochemical parameters such as density, refractive index and acid value were measured,
and results demonstrated full compliance with established 1SO standards, confirming the high
purity and stability of the oils. The antioxidant potential was evaluated via the DPPH radical
scavenging assay, revealing a strong positive correlation between the scavenging activity and
the total polyphenol as well as flavonoid contents of the oils. Antimicrobial activity was
assessed against a broad panel of microbial strains: bacterial species including Escherichia coli,
Staphylococcus aureus, Streptococcus sp., Bacillus sp., Pseudomonas aeruginosa and fungal
species such as Candida albicans, Alternaria sp., Ascochyta sp., Aspergillus niger, and
Fusarium sp., using both aromatogram and well diffusion methods. The tested essential oils
exhibited significant antibacterial and antifungal effects, with variations in inhibition zone sizes
depending on the plant species and the assay method. These findings highlight the considerable
potential of these essential oils as natural antioxidant and antimicrobial agents, which could be
effectively integrated into pharmaceutical, food preservation and cosmetic systems. Looking
forward, further studies should focus on in vivo validation, detailed safety profiling, and
rigorous formulation standardization to facilitate their practical application as safe and effective
bioactive ingredients.

Keywords: Aromatic plants, polyphenol content, DPPH assay, antimicrobial efficacy, essential
oil quality.
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ABSTRACT

The conventional synthesis of nanomaterials (NMs) faces significant economic and
environmental challenges due to its reliance on hazardous chemicals and high energy
consumption. Green synthesis has emerged as a sustainable alternative, leveraging the
biochemical capabilities of biological systems. This article reviews the microbial-assisted green
synthesis of NMs using bacteria, fungi, algae, and viruses, highlighting the mechanisms of
intracellular and extracellular reduction and stabilization. This approach operates under mild
conditions, utilizes non-toxic reagents, and produces biocompatible nanoparticles with inherent
biofunctionality. A critical focus is placed on the potent antimicrobial and antioxidant
properties of these biogenic NMs, which are highly valuable for food science applications and
enhancing food safety, shelf-life, and functionality. Despite challenges in scalability and
uniformity, green-synthesized NMs represent a good potentional for application in food
science.

Keywords: Green synthesis, nanoparticles, microorganisms, antimicrobial activity, antioxidant
activity.

INTRODUCTION

Conventional methods for synthesizing nanomaterials (NMs) categorized as top-down (e.g.,
mechanical milling) or bottom-up (e.g., sol-gel processes) are economically and
environmentally unsustainable (Chakraborty et al., 2022; Kuppusamy et al., 2016). Despite
offering control and productivity, these methods are energy-intensive, employ hazardous
chemicals, and generate toxic waste, posing significant risks to ecosystems and human health
(Kavitha et al., 2022; Kumari et al., 2023; Mughal et al., 2021).

This is a major concern because integrating nanotechnology into food science offers
transformative potential by leveraging the unique properties of NMs to enhance food quality
and functionality (Jafarzadeh et al., 2024; Joudeh & Linke, 2022). The significant drawbacks
of conventional synthesis thus necessitate an urgent shift towards sustainable production
paradigms.

The critical solution to these challenges lies in green synthesis, an innovative branch of
green nanotechnology that synergizes green chemistry and engineering principles (Noah &
Ndangili, 2022). The utilization of microorganisms including bacteria, fungi, algae, and viruses
for the green synthesis of nanomaterials (NMs) represents a paradigm shift towards sustainable
nanotechnology. This approach capitalizes on the innate biochemical capabilities of these
biological entities to reduce metal ions into zero-valent nanoparticles and stabilize them using
self-produced biomolecules like enzymes, proteins, and metabolites (Koul et al., 2021; Mughal
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et al., 2021). The synthesis can proceed via intracellular mechanisms, where metal ions are
transported into the cell for enzymatic reduction, or extracellular mechanisms, where microbial
exudates reduce and cap ions in the surrounding medium, with the latter being more favorable
for easy extraction and scalability (Huqg et al., 2023; Saravanan et al., 2018) (Figure 1).
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Figure 1. Green synthesis of NMs by different biological systems.

The advantages of this microbial route are profound. It is an environmentally benign,
cost-effective, and efficient process that operates under mild conditions (room temperature,
neutral pH) without requiring toxic reagents or excessive energy input, significantly reducing
the environmental footprint compared to conventional synthesis (Mathur et al., 2018; Saha &
Kim, 2022). A key benefit is the inherent biofunctionality imparted to the NMs by the capping
biomolecules, which often confer enhanced antimicrobial, antioxidant, and catalytic properties,
making them highly suitable for sensitive applications like food technology (Nasrollahzadeh et
al., 2019; Osman et al., 2024). Furthermore, the process is highly tunable; critical parameters
such as microbial strain, pH, temperature, and incubation time can be strategically manipulated
to exert precise control over the size, shape (e.g., spheres, rods, nanoflowers), and
monodispersity of the resulting NMs (Mohamed et al., 2019; Rajput et al., 2016).

However, the method is not without its disadvantages and challenges. Intracellular
synthesis necessitates additional downstream processing steps for cell lysis and NM
purification, which can complicate the process and increase costs (Bharose et al., 2024).
Achieving uniform monodispersity on a large scale can be challenging due to the complex and
variable nature of biological systems (Iravani et al., 2014). Scaling up microbial cultivation and
synthesis from laboratory to industrial levels requires meticulous optimization of bioreactor
conditions and processes (Koul et al., 2021). Therefore, the use of certain pathogenic strains
requires stringent safety protocols, though this is mitigated by selecting generally recognized
as safe (GRAS) organisms.

Bacteria are highly efficient biological factories for NM synthesis, utilizing both
intracellular and extracellular mechanisms. Extracellular synthesis, facilitated by secreted
reductase enzymes and metabolites, is particularly advantageous for large-scale production and
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easy  extraction. For  example, Paenibacillussp. and  synergistic  cultures
of Lactobacillus and Bacillus species produce spherical silver nanoparticles (AgNPs) with
potent antimicrobial activity against pathogens like Salmonella enteritidis and Staphylococcus
aureus (Al-Asbahi et al., 2024; Huq et al., 2023). Intracellular synthesis, involving enzyme-
mediated reduction within the cell, can yield complex structures such as zinc oxide nanoflowers
with exceptional photocatalytic properties (Raliya & Tarafdar, 2013). The choice of bacterial
species (Gram-positive or Gram-negative) is strategic, dictated by desired nanoparticle
characteristics, synthesis route, and scalability requirements (Saravanan et al., 2018).

Fungi are valued for their rich reservoir of bioactive compounds, including enzymes,
polyphenols, and organic acids, which act as reducing and stabilizing agents. Their superior
metal-binding capacity, due to cell wall composition, allows them to process high metal ion
concentrations efficiently (Adebayo et al., 2021). Synthesis parameters such as pH,
temperature, and fungal strain critically influence the morphology and properties of the NMs.
The strain-specific nature of synthesis is another critical factor, as evidenced by the production
of hexagonal zinc oxide nanoparticles by Fusarium keratoplasticum Al-3, while Aspergillus
niger G3-1 under similar conditions produced nanorods (Mohamed et al., 2019).

Algae, including macroalgae and microalgae, utilize bioactive metabolites from processes
like photosynthesis to reduce metal ions rapidly, often at room temperature. This method is
facile, cost-effective, and highly productive, with parameters like extract concentration, pH,
and reaction time allowing precise control over NM properties (Fawcett et al., 2017). Species
such as Arthrospira platensis and Chlorella vulgaris produce AgNPs and ZnONPs with
significant antimicrobial activity and stability (Obaid et al., 2024; Taghizadeh et al., 2020).
Diatoms and cyanobacteria also contribute to the synthesis of polydisperse AgNPs with broad
inhibitory effects against pathogens pneumoniae (Mishra et al., 2020).

Viruses offer exceptional control over NM morphology and composition through surface
proteins (capsids), which facilitate metal ion reduction and nucleation. Genetic engineering can
enhance their reducing and structure-directing abilities (Gahlawat & Choudhury, 2019). Plant
viruses, non-pathogenic to humans, are stable and easily cultivated, making them attractive
templates. For example, cowpea chlorotic mottle virus uses tyrosine residues for AuNP
synthesis (Slocik et al., 2005), while squash leaf curl China virus enables rapid sunlight-driven
biogenesis of metallic NMs for biomedical applications (Thangavelu et al., 2020). However,
viral synthesis faces challenges in broad applicability and industrial compatibility (Noah &
Ndangili, 2022).

Overall, microbial synthesis of NMs is a promising green technology that combines
environmental compatibility with high efficiency, producing biocompatible nanoparticles for
diverse applications in food science, medicine, and environmental remediation. These
nanomaterials that producing by biological approaches also have functional properties such as
antimicrobial and antioxidant activities, while minimizing toxic by-products and energy
consumption. In this article using of this nanoparticle for encapsulation and naoemusions will
be disscoused. Furthermore, they serve as effective nanoencapsulation vehicles for protected
and targeted delivery of nutrients, antioxidants, and flavors, enhancing the functionality of food
products (Jafarzadeh et al., 2024).

Application of Green-Synthesized NMs in Food Industry for Their Antimicrobial and
Antioxidant Activity

Antimicrobial activity

The escalating global challenge of antimicrobial resistance (AMR), driven by the widespread
use of antibiotics, necessitates the urgent development of innovative and efficient antimicrobial
strategies to control pathogenic infections, which is considered a significant threat to humanity.
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Therefore, to address these dual challenges, green nanotechnology has emerged as a pivotal
field, focusing on the biogenic synthesis and nanoencapsulation of metallic nanoparticles (NPs)
as a safe, efficient, and environmentally sustainable alternative to conventional antimicrobial
drugs and purification agents (Osman et al., 2024) (Table 1). The fundamental antibacterial
mechanism of these nanomaterials is multifaceted, encompassing four primary aspects: the
delivery of bactericidal substances such as antibiotics, targeting bacterial poisonous substances
like toxins, damaging bacterial cell walls and membranes, and destroying bacterial DNA,
proteins, and enzymes (Huang et al., 2024).

Agqueous extract of the root of Saussurea costus serves as a safe and environmentally
friendly method for AgNPs biosynthesis, producing nanoparticles with significant potential for
organic dye degradation and robust bacterial inhibition activity against Klebsiella
pneumoniae, S. aureus, S. haemolyticus, and Enterococcus faecalis, as determined by zones of
growth inhibition, MIC, and MBC values (Hijazi et al., 2024). Similarly, a solution extract of
bark from Solanum tuberosum (ST) facilitated the biogenesis of spherical silver nanoparticles
(size range 3.91-27.07 nm) without involving any toxic bioreducing materials. These NPs,
which were crystalline and exhibited good stability (zeta potential: -31.3 mV), demonstrated
inhibitory potential against Escherichia coli, Pseudomonas aeruginosa, S. aureus, Bacillus
subtilis, and the yeast Candida albicans (Xu et al., 2023). The Aloe florentinorum plant extract,
containing natural reducing agents, was used to biosynthesize silver nanoparticles (~26.7 nm)
that showed antibacterial activity against both Gram-positive (S. aureus, B. subtilis) and Gram-
negative (E. coli, Salmonella typhi) bacteria (Jamil et al., 2024). Beyond plants, intracellular
components of the medicinal fungus Ganoderma sessile act as ‘bio-factories’ for the biogenesis
of metallic NPs. Quasi-spherical copper oxide NPs (2.9 £ 0.9 nm) and silver NPs (14.7 £ 0.6
nm) were highly effective against Campylobacter jejuni, with MICs of 10 ug/mL and 6 pug/mL,
respectively. Their mode of action involved attachment to the outer cell membrane and
subsequent intracellular internalization. The faster inhibitory action of silver NPs is a result of
their direct interaction with the bacterial membrane, leading to rapid disruption and cell death,
while copper oxide NPs exhibited a slower inhibitory effect, presumably due to the
incorporation of copper into bacterial metabolic pathways (Rivera-Mendoza et al., 2024).

A key advancement in green nanotechnology is the encapsulation of these biogenic NPs
with natural polymers to further enhance their stability and efficacy. A prominent example is
the use of fungal chitosan (FCS) from Cunninghamella elegans encapsulated with green silver
nanoparticles from Gynura procumbens (GP-AgNPs), a formulation developed to improve
antibacterial activity against Bacillus cereus, S. aureus, Listeria monocytogenes, E. coli,
and Salmonella enterica (Sathiyaseelan et al., 2020). Similarly, green AgNPs from Prosopis
juliflora (PJ) leaf extract encapsulated with chitosan showed a significant inhibition zone
against E. coli, outperforming the standard antibiotic streptomycin (Malini et al., 2020). The
synthesis pathway for these chitosan composites impacts their potency; CS-AgNPs synthesized
using glucose (G-AgNPs-CS) completely inhibited E. coli growth at 100 pg/ml, while a much
higher amount (200 pug/ml) of chitosan C-AgNPs-CS and ethylene glycol E-AgNPs-CS were
required for the same effect, and S. aureus was inactivated by 300 ug/ml of all nanocomposites,
with the inhibition induced by an increase in AgNPs concentration (Chen et al., 2020).

The application of green nanotechnology extends beyond silver to other metals like zinc.
Kombucha extract was used to biosynthesize zinc oxide nanoparticles under optimum
conditions (30 °C, pH 9, 25 mM of Zn (NOs).:6H-0), resulting in spherical, crystalline ZnO
NPs (23 £ 1.5 nm) with a positive zeta potential (19 £ 3 mV). These NPs exhibited potent MIC
values against a range of pathogens: 25 pg/ml against E. coli ATCC25922, 30 pg/ml against S.
aureus ATCC25923 and P. aeruginosa ATCC27853, 35 pg/ml against Serratia
liquefaciens and S. saprophyticus, and 40 pg/ml against Lysinibacillus fusiformis and K.
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pneumoniae ATCC33495. TEM analysis confirmed their efficient toxic action on the bacterial
cell wall, leading to its rupture (El-Fallal et al., 2023).

Antioxidants activity

Nanoparticles (NPs) synthesized via eco-friendly, phytogenic methods exhibit potent
antioxidant and free radical scavenging activities, crucial for mitigating oxidative degradation
in food matrices and enhancing nutritional quality (Table 2). This efficacy is attributed to their
unique physicochemical properties, including a high surface-area-to-volume ratio, quantum
confinement effects, and the presence of bioactive phytochemicals derived from plant extracts
that cap their surfaces, contributing hydrogen atoms or chelating pro-oxidant metals in a natural
and non-toxic manner. The single-step, efficient, and environmentally safe phytosynthesis of
NPs, such as violet-colored, spherical gold nanoparticles (AuNPs) using halophytic species
like Atriplex ~ halimus (producing  NPs  sized 2-10 nm)  and Chenopodium
amaranticolor (producing NPs up to 40 nm), demonstrates this green principle, with the
antioxidant and catalytic degradation efficiencies of A. halimus-AuNPs being one-fold higher
due to the superior efficacy of its stem aqueous extract (Hosny et al., 2021).

The antioxidant mechanisms of green-synthesized NPs primarily operate through two
pathways: hydrogen atom transfer (HAT) and single electron transfer (SET). In HAT, NPs
capped with polyphenols, flavonoids, or terpenoids from plant extracts donate hydrogen atoms
to free radicals, neutralizing them into stable species, a process enhanced by electron-donating
functional groups (-OH, -COOH) on the NP surface. In SET, the metallic core facilitates
electron transfer, reducing their oxidative potential. This is exemplified by platinum
nanoparticles (PtNPs) biosynthesized using A. halimus, which were characterized as black-
colored, spherical particles with an extremely small size of 1-3 nm, a plasmon peak at 295 nm,
and a high surface charge of -25.4 mV. Their inhibitory potential against the 1,1-diphenyl-2-
picrylhydrazyl radical (DPPH) improved with increasing concentration and surpassed that of
both the A. halimus extract itself and a standard ascorbic acid control, demonstrating a direct
correlation between NP concentration and radical scavenging percentage (Eltaweil et al., 2022).

Beyond metallic NPs, biopolymeric systems crosslinked with antioxidant compounds
also showcase this principle. For instance, Ahmed et al. (2023) utilized the Maillard reaction at
high temperatures (120-140 °C) as a crosslinking method between gelatin and fructose to form
nanofibers, achieving an antioxidant structure with a high radical scavenging activity of 60%
in the DPPH assay (Ahmed et al., 2024). Similarly, Karagozlu et al. (2021) synthesized gelatin-
gum Arabic microparticles crosslinked with the anionic polyphenol tannic acid to enhance the
antioxidant activity of the formed system (Karagozlu et al., 2021).

The broad applicability of plant extracts for biofabrication is further illustrated by the
work of Flieger et al. (2021), who used methanol extracts from ten natural products including
herbs (Salvia officinalis, Tilia cordata), vegetables (Capsicum baccatum), marine algae
(Porphyra yezoensis), and teas (Camellia sinensis and llex paraguariensis) to synthesize
AgNPs. Their free radical scavenging activity and reducing power were confirmed via DPPH,
CUPRAC (Cupric lon Reducing Antioxidant Capacity), and SNPAC (Silver Nanoparticle
Antioxidant Capacity) assays. Dynamic Light Scattering (DLS) measurements showed
hydrodynamic diameters between 99.56 and 119.68 nm and high zeta potentials ranging from
-49.8 mV to -56.1 mV. This high negative surface charge, which can increase during storage
due to further biomolecule adsorption, ensures colloidal stability and prevents aggregation,
maintaining antioxidant efficacy. Among these, green tea extract synthesized the smallest NPs
and showed the highest activity in all antioxidant tests, directly linking high phytochemical
content to superior NP performance (Flieger et al., 2021).
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CONCLUSION

The utilization of microorganisms for the green synthesis of nanomaterials represents a
cornerstone in the advancement of sustainable nanotechnology for food science. This biological
approach capitalizes on the innate metabolic processes of bacteria, fungi, and algae to produce
nanoparticles under mild, eco-friendly conditions, effectively circumventing the economic and
environmental drawbacks of conventional chemical synthesis.

A key advantage of this microbial route is the formation of nanoparticles capped with
bioactive biomolecules, which directly confers enhanced functional properties. These biogenic
nanoparticles exhibit potent and multifaceted antimicrobial mechanisms, including cell
membrane disruption and enzyme inhibition, offering a powerful, natural solution to combat
foodborne pathogens and the growing challenge of antimicrobial resistance. Concurrently, their
significant antioxidant activity, through free radical scavenging and metal chelation, effectively
mitigates oxidative spoilage in food products, preserving nutritional quality and extending shelf
life.

While challenges in scaling up production and ensuring uniform monodispersity remain,
the strategic selection of GRAS microorganisms and the optimization of synthesis parameters
provide a clear path forward.
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Table 1. Antimicrobial activity of biosynthesized NMs.

size Morpholog

Green source Nanoparticles () y Antimicrobial efficacy/ zones of inhibition (mm) References
) i Escherichia coli, Listeria monocytogenes, Staphylococcus
Bacillus vallismortis Silver 44-70 Spherical  5yreus, Bacillus subtilis (Das et al., 2019)
Citrus sinensis Zinc oxide :ﬁ% + Hexagonal E. coli, S. aureus, Botrytis cinereal (Gao et al., 2020)
Proteus vulgaris ATCC- 101 oxide 19.23- Spherical Staphylococcus aureus (MRSA) -
99905 3051 P (Majeed et al., 2021)
) Staphylococcus aureus, Escherichia coli, Pseudomonas
AgNPs AgNPs 2-47 Spherical  aeryginosa (Naaz et al., 2021)
Staphylococcus aureus,  E. coli, A. fumigatus, Candida
Leaf powders of Centella ~ Lanthanum 20 Clusters ; :
asiatica and Tridax oxide albicans (Rashmi et al., 2022)
Teucrium Parvifolium Silver 14 Spherical Escherichia coli, Enterococcus faecalis (Soltani et al., 2024)
Penicillium citrinum 575+ Pseudomonas aeruginosa IPT322, Staphylococcus aureus
Silver T Spherical  IPT246, Klebsiella pneumoniae IPT412, Chlorella vulgaris, (Aguiar et al., 2024)
IBCLP11 4 . . . .
Palaemon pandaliformis, Danio rerio.
Eclipta prostrata leaf Zinc Oxide - Rod shaped  Gram-positive bacteria, gram-negative, fungi 2(§§ 4r;anasekaran etal,
Table 2. Antioxidant activity of biosynthesized NMs.
Green source Particle size Morphology References

Nanoparticles

(hm)
Eucalyptus robusta Zerovalent iron 8 Spherical (Vitta et al., 2020)
Platinum 1-3 Spherical

Atriplex halimus (Hosny et al., 2021)
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Crotalaria pallida leaf extract Zinc 45 Cuboidal (Chandramouli & Ramasamy,
2024)
Extract of wild olive leaves Zinc oxide 33 Hexagonal (Ullah et al., 2024)
3-27 Spherical

Mangifera indica

Titanium dioxide

(Archana Rana et al., 2024)

Azadirachta indica 8-28
Curcuma longa Palladium 40-90 Spherical (Sattar et al., 2024)
Petai peel extract Cobalt ferrite 36.67 Cubic (Nadia et al., 2024)
Colocasia esculenta plant Zn0, (Cu), (Ce) 16-19 Spherical/ irregular shapes (Verma et al., 2024)
Murraya koenigii Yttrizljrr::: do(;(pigg 20 -14 Spherical (Amisha Rana et al., 2024)
Silver 139.5 Quasi-spherical

Euphorbia hitra leaf

(Marukurti et al., 2025)
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ABSTRACT

The integration of nanotechnology into food packaging offers transformative potential for
enhancing food safety, quality, and shelf life. However, the conventional chemical and physical
synthesis of nanomaterials (NMs) raises significant environmental, economic, and safety concerns
due to the use of hazardous reagents and high energy consumption. This necessitates a paradigm
shift towards sustainable production methods. Green nanotechnology, particularly biogenic
synthesis using plant extracts, has emerged as a promising eco-friendly alternative. This approach
utilizes phytochemicals as reducing and stabilizing agents to produce a variety of metallic and non-
metallic NMs (e.g., Ag, ZnO, Au, Pt, SiO2, carbon dots), leveraging plants' abundance, cost-
effectiveness, and non-toxicity. The application of these plant-synthesized NMs in food packaging
is particularly significant. Their incorporation into biopolymer matrices drastically enhances the
functional properties of packaging materials. This includes improved mechanical strength,
enhanced thermal stability, and superior barrier properties against oxygen and water vapor. Most
notably, they confer potent, broad-spectrum antimicrobial and antioxidant activities, actively
protecting against foodborne pathogens and spoilage. Furthermore, their unique optical properties
enable the development of intelligent packaging systems for real-time monitoring of food
freshness. Despite the considerable advantages, limitations remain. The inherent variability in plant
extracts can challenge the precise control over NM size, morphology, and batch-to-batch
reproducibility, potentially hindering large-scale standardization. Furthermore, while deemed
safer, the long-term human and environmental health impacts of these NMs require more
comprehensive toxicological studies. The current lack of robust regulatory frameworks also
presents a hurdle to widespread commercial adoption. Future perspectives must focus on
standardizing synthesis protocols through rigorous phytochemical identification and process
optimization. Interdisciplinary research is crucial to thoroughly elucidate the safety profile of
biogenic NMs throughout their lifecycle. Finally, developing clear regulatory guidelines is
essential to safely translate this promising technology from the laboratory to the market, enabling
the next generation of high-performance, smart.

Keywords: Green synthesis, phytochemical of plants, nanomaterials, food packaging,
antimicrobial.
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INTRODUCTION

The integration of nanotechnology into food science offers transformative potential for
enhancing food safety, quality, and functionality. This potential is unlocked by the unique
physicochemical properties such as high surface area, enhanced catalytic activity, and superior
mechanical, optical, and antimicrobial characteristics that materials exhibit at the nanoscale
(Jafarzadeh et al., 2024). However, the conventional synthesis of these nanomaterials (NMs)
presents significant economic, environmental, and safety challenges, necessitating a paradigm
shift towards sustainable production methods.

Conventional nanomaterial synthesis is broadly categorized into physical (top-down) and
chemical (bottom-up) approaches. Top-down methods, such as mechanical milling, laser
ablation, electrospinning, and lithography, involve the physical breakdown of bulk materials
into nano-sized particles (Pascariu et al., 2019). Conversely, bottom-up chemical approaches,
including chemical vapor deposition, sol-gel processes, coprecipitation, and microemulsion
techniques, construct NMs atom-by-atom through chemical reactions (Chakraborty et al.,
2022). Despite high productivity and control, these conventional methods are fraught with
drawbacks. They often require complex equipment, are energy-intensive, time-consuming, and
employ hazardous chemicals that generate toxic by-products, posing substantial risks to
ecosystems and human health (Kumari et al., 2023).

The critical solution to these challenges lies in green synthesis, an innovative branch of
green nanotechnology that synergizes green chemistry and engineering principles (Noah &
Ndangili, 2022). This approach utilizes biological systems including like plants their
biomolecules (e.g., enzymes, phytochemical components) as sustainable factories for the
bioreduction of metal ions into zero-valent NMs (Gupta et al., 2023; Osman et al., 2024). As a
bottom-up process, green synthesis involves the biological nucleation of metal ions, followed
by growth and stabilization achieved by bioactive compounds coating the nascent nuclei. This
capping action is crucial as it prevents aggregation, ensures monodispersity, and maintains the
stability of the resulting nanorods, nanotubes, or nanoparticles (Bhandari et al., 2023). The
synthesis can occur via intracellular mechanisms, where ions diffuse into microbial cells for
enzymatic reduction, or extracellular mechanisms, where plant extracts reduce ions in solution
(Mughal et al., 2021).

The advantages of this biological route are profound. It is environmentally friendly, cost-
effective, efficient, and boast a high metal absorption capacity without the need for toxic
reagents or excessive energy input (Saha & Kim, 2022). Consequently, green-synthesized NMs
are inherently more biocompatible and present a reduced environmental footprint, making them
exceptionally suitable for sensitive applications and health, biological safety, and
environmental sustainability (Osman et al., 2024), therefore, have a good potentional for using
in food packaging.

For the food industry, the implication is significant. The incorporation of these biogenic
NMs can enhance food packaging (improving mechanical and barrier properties) (Jafarzadeh
et al., 2024). Furthermore, the responsible integration of nanotechnology into food science
necessitates comprehensive studies on its impact on human health, alongside the establishment
of robust regulatory standards and supervision for NM production and use (Osman et al., 2024).

Given that, biogenic NMs have emerged as novel, sustainable, economical, and eco-
friendly technologies. This review focuses on the production NMs by plant and their
implications in food packaging, while critically considering their advantages and potential
limitations.
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Green Synthesis by Plant

The biogenesis of nanomaterials (NMs) utilizing plant extracts has emerged as a premier green
chemistry approach, capitalizing on plants as cost-effective, abundant, non-toxic, and readily
available reservoirs of natural phytochemicals (Table 1) (Aslam et al., 2021). These
phytochemical compounds, which include a diverse array of secondary metabolites generated
for therapeutic purposes, function as dual-purpose bioreducing and biostabilizing agents,
dictating both the formation and the ultimate morphological and compositional properties of
the synthesized NMs (Jadoun et al., 2021). The process is governed by a well-defined three-
stage mechanism: the initial activation phase involves the phytochemical-mediated reduction
of metal ions from their monovalent or divalent oxidation states to a zero-valent nuclear state;
during the growth stage, these adjacent nuclei coalesce through ostwald ripening or aggregation
to form larger NMs with shapes including spherical, pentagonal, hexagonal, cubic, and
triangular geometries, while phytochemicals simultaneously act as capping agents to prevent
uncontrolled aggregation; finally, the termination stage sees the accumulation of NMs
potentially leading to structures with irregular shapes as the system reaches stability (Sunny et
al., 2022).

A critical consideration in this approach is the vast variety of active reducing and
stabilizing components within a single plant extract can introduce limitations in achieving
precise control over morphological properties and size uniformity of the resulting metal NMs
(Iravani et al., 2014). Therefore, the most crucial step in standardizing this pathway is the
rigorous identification and quantification of the phytochemical compounds (Zuhrotun et al.,
2023).

Compared to microbiological biosynthesis methods, phytosynthesis offers significant
advantages, including operational convenience, rapid reaction kinetics (often ranging from 2 to
30 minutes, as opposed to days for microbial systems), a nearly single-step process that obviates
the need for complex cell culture maintenance, and superior scalability for industrial production
(Saleh & Alwan, 2020). Furthermore, NMs produced using plant extracts exhibit enhanced
long-term colloidal stability due to the effective involvement of natural capping agents, which
sterically or electrostatically hinder aggregation during storage (Jayaprakash et al., 2017).

The efficacy and versatility of this green synthesis route are demonstrated by numerous
studies. For instance, the synthesis of gold nanoparticles (AuNPs) from Persicaria salicifolia
leaf extract is a rapid, one-step process yielding spherical, 5-23 nm particles with a
characteristic surface plasmon resonance (SPR) peak at 535 nm and high antioxidant activity
(Hosny & Fawzy, 2021). Similarly, extracts from antioxidant-rich sources like blackberry,
blueberry, turmeric, and pomegranate have successfully biosynthesized gold and silver NPs;
pomegranate extract, in particular, generated more uniform Au and Ag NPs, which were
characterized by XRD as having cubic symmetry and sizes between 20-500 nm, indicating
potential for anticancer therapies (Nadagouda et al., 2014). Tribulus terrestris extract, utilizing
its oxygenated phytochemicals, produced uniform spherical AuNPs (10-15 nm) with
demonstrated antioxidant, anti-leukemic, and anticancer properties (Zhao et al., 2021).

The synthesis of silver nanoparticles using Ferula persica extract (Fp-NPs) identified
chlorogenic acid as a key reducing and stabilizing agent, resulting in uniform spherical particles
(~15 nm) with significant antimicrobial efficacy against Pseudomonas aeruginosa,
Staphylococcus aureus, and Acinetobacter baumannii (MIC: 7.8 pg ml™?), as well as anti-
leishmanial activity (Hashemi et al., 2021). The biosynthesis using Tibouchina spicata leaf
extract highlighted the influence of parameters like extract purity, metal salt concentration, and
pH on NP properties. FTIR analysis confirmed the dual role of phytochemicals like quercetin
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and rutin in reduction and stabilization, leading to intense SPR bands and producing AgNPs
with efficient, reusable catalytic activity (Veisi et al., 2018).

Beyond noble metals, this principle extends to other nanomaterials. Tea polyphenols
(TPP) served as effective reducing agents for biogenic platinum nanoparticles (PtNPs); XRD
confirmed a face-centered cubic crystalline structure, and TEM revealed stable, flower-shaped
TPP@Pt particles (30-60 nm) with significant anticancer activity (Alshatwi et al., 2015). A
green synthesis of nano-silica (SiO:) NPs using Rhus coriaria L. extract and sodium
metasilicate under reflux conditions yielded products with enhanced thermal stability and high
surface area, attributed to the phytochemical capping (Rahimzadeh et al., 2022). Even waste
resources like cow dung have been employed in a facile, green synthesis of ZnO NPs with
hexagonal wurtzite crystallinity, demonstrating exceptional photocatalytic activity for dye
remediation (99.9% removal of MB in 100 min) (Shubha et al., 2022). The biosynthesis of ZnO
NPs using Erythrina variegata leaf extract produced highly crystalline nanoparticles (SPR at
389 nm) with sizes of 15-30 nm (HR-TEM) that exhibited antibacterial, antioxidant, anti-
inflammatory, and antidiabetic properties (Velsankar et al., 2022). The use of protein
biomolecules in Neem extract for PtNP biogenesis further underscores the role of bio-waste
(Thirumurugan et al., 2016). This methodology is universally applicable, as evidenced by
successful NM synthesis using extracts from Nigella sativa L. seeds (Aygun et al., 2020), saudi
dates (Al-Radadi, 2019), coffea Arabica seeds (Bogireddy et al., 2021), and Xanthium
strumarium leaves (Kumar et al., 2019).

Application of Green-Synthesized NMs in the Food Industry
Food packaging

The imperative to maintain the freshness, quality, and nutritional value of food products
throughout storage is a fundamental driver of innovation in food packaging science. This has
led to extensive research focused on enhancing the performance and functionality of packaging
materials to mitigate quality reduction and prevent waste across the entire supply chain, from
production to consumption (Ali et al., 2022). Nanomaterials (NMs) are now widely exploited
for roles as diverse as anticaking agents, nanoadditives, antimicrobial agents, and sensors
capable of monitoring and recording product history (Biswas et al., 2022). A particularly
promising approach is their integration into packaging materials to augment the technological
properties of both synthetic and biobased polymers. It successfully merges the imperative for
environmental sustainability with the urgent need for enhancing functionality, enabling the
creation of next-generation active, intelligent, and high-performance packaging systems that
significantly extend food shelf life and improve safety (Figure 1).
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Figure 1. Functional Roles of Nano-Packaging: Active and Intelligent Systems: These
composites provide enhanced barrier properties against gases (02, CO:) and moisture, and
improved mechanical strength and thermal stability. Furthermore, nanotechnology enables
active packaging, where nanomaterials act as antimicrobial or antioxidant agents to actively
extend food shelf-life, and intelligent packaging, where nanosensors detect and signal microbial
or biochemical changes in the food product, providing real-time quality and safety monitoring.

The environmental challenges associated with recycling synthetic plastics have
intensified the search for sustainable alternatives, leading to a significant research focus on
natural hydrocolloids like polysaccharides and proteins. However, the widespread application
of these biopolymers is often constrained by their inherently weak functional characteristics,
such as poor barrier and mechanical properties. To address these limitations, the incorporation
of nanomaterials, especially those synthesized through green principles using biological
extracts, has been investigated. This approach aims to improve the physicochemical, barrier,
antimicrobial, thermal, and optical properties of packaging (Babaei et al., 2022).

The enhancement mechanism is rooted in the fundamental properties of nanomaterials.
Their exceptionally high surface energy and surface area enable potent modification of surface
interactions and facilitate nano-scale dispersion within biopolymer matrices. This dispersion
profoundly alters the material's properties by creating a more tortuous path, which impedes the
direct permeation of gas and vapor molecules through the polymer, thereby enhancing barrier
properties (Gao et al., 2020). The addition of NM fillers can improve the inhibitory properties
of homogeneous polymer films by modifying their permeability behavior, increasing
mechanical strength and heat resistance, and creating active, intelligent functionalities. These
include antimicrobial and antifungal activity, the capacity to sense and signal microbial or
biochemical changes indicative of spoilage, and even the promotion of biodegradability
(Rendon-Villalobos et al., 2017).

The efficacy of green-synthesized silver nanoparticles (AgNPs) is particularly well-
documented (Table 2). For instance, AgQNPs produced with Enoki mushroom extract (~10 nm)
demonstrated strong antibacterial activity against foodborne pathogens like Listeria
monocytogenes and Escherichia coli. When incorporated into starch/agar films, these AgNPs
significantly enhanced the water vapor barrier and hydrophobicity, though they did not alter
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mechanical strength (Roy & Rhim, 2022). Similarly, AgNPs synthesized using propolis extract
and microwave heating, then conjugated with Aloe vera gel, yielded coatings with high
bactericidal and fungicidal activities. The physical properties of these films were highly
dependent on plasticizer concentration, with a 2% v/v glycerol content proving optimal for
achieving a clear, smooth morphology without defects (Jafari et al., 2021). The antimicrobial
potency of biogenic AgNPs is a consistent finding, as further evidenced by nanoparticles
synthesized from Nymphaea odorata extract, which showed excellent inhibitory activity
against S. aureus and E. coli even at low concentrations, a property retained in the resulting
sodium alginate films (Gudimalla et al., 2021). This application has application to food
preservation, as demonstrated by a chitosan film incorporating AgNPs synthesized with Poria
cocos polysaccharides (PCP-AgNPs), which significantly maintained the quality indices of
strawberries during storage compared to control samples (Yang et al., 2024).

Beyond silver, other metallic nanoparticles offer versatile functionality. Zinc oxide
nanoparticles (ZnONPs) biosynthesized using Cassia fistula fruit extract (20-40 nm) improved
the thermal stability, elongation at break, and compressive properties of chitosan-gelatin
nanocomposites, with a 2-4% loading yielding optimal smooth morphology and significant
antimicrobial activity (Kumar et al., 2020). A comparative study between ZnONPs from citrus
peel extract and commercial nanoparticles (CNP) revealed that both types effectively prevented
weight loss and decay in strawberries, with CNP exhibiting slightly greater antifungal activity
against Botrytis cinerea in some cases (Gao et al., 2020). The shelf-life extension capability of
ZnONPs is underscored by research showing that agar films functionalized with ZnONPs
from Mimusops elengi extract extended the freshness of green grapes to 21 days, completely
inhibiting the mold growth observed in control samples (Kumar et al., 2019). Innovation also
extends to bimetallic systems, such as Cu/Zn nanoparticles synthesized from Hibiscus rosa
sinensis flower extract, which were incorporated into chitosan-pectin matrices to improve
overall antimicrobial activity (Singh, 2022).

A frontier in green nanotechnology for packaging is the development of carbon quantum
dots (CDs). These sub-10 nm nanomaterials possess a unique suite of advantages, including
low cytotoxicity, excellent light stability, biocompatibility, ease of functionalization (Zhu et
al., 2013), inherent antibacterial and antioxidant activities (Zhao et al., 2023), and water
solubility. This makes them exceptionally efficient nanofillers for enhancing the
physicochemical, thermal, mechanical, and barrier properties of packaging films (Zhao et al.,
2023). Crucially, their optical properties pave the way for smart packaging applications, where
they can function as sensors to detect food freshness, spoilage, and quality in real-time (Kilic
etal., 2022).

Development of cellulose-based wrappers modified with AgNPs synthesized from
pomegranate and citrus peels. These wrappers exhibited a remarkable decrease in oxygen
permeability, water vapor permeability, and water absorption capacity compared to control
wrappers, while also displaying strong antimicrobial activity. Most importantly, they
successfully improved the shelf life of bread, demonstrating tangible potential as a substitute
for polyethylene-based food packaging (Gopalakrishnan et al., 2023).

CONCLUSION

Plant-based synthesis of nanomaterials offers a sustainable and eco-friendly method for
creating effective nanoparticles for food packaging. These nanomaterials enhance packaging
by improving barrier properties, mechanical strength, and adding antimicrobial and antioxidant
activities, which extend food shelf life and reduce effect of physicochemical methods for
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producing nanomaterials. A key advantage is the use of non-toxic, renewable plant resources.
However, a major limitation is the difficulty in controlling the size and shape of the
nanoparticles due to the complex nature of plant extracts, which hinders standardization and
requires further research for widespread adoption.
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Table 1. Biological synthesis of nanoparticles by microorganisms and plant.

Stevia rebaudiana sontetdlaTionaL 20-50 (Srihasam et al., 2020)
Centaurea behen Leaf Au Spherical 50 (Abdoli et al., 2021)
o 4-5 December, AQp5/Istanbul, Turkiye 10.23 +2
Mentha longifolia Leaf Ag Oval 13.45 + 2 (Rauf et al., 2021)
Salvia hispanica L. (chia) Seed Nickel oxide Spehrical 30 (Sabouri et al., 2021)
Plant Soursop (Arlin)ona muricata Leaf ZnO Quiasi-spherical 37 (Selvanathan et al., 2022)
Garcinia mangostana Peel ZnO Spherical 25-70 (Cong et al., 2023)
Nigella sativa L. Seed Ag Spherical 30-60 (Ferdous et al., 2024)
Allium cepa L. waste peel Zn0O hexagonal 57.38 (Islam et al., 2024)
Chenopodium album Leaf ZnO Wourtzite hexagonal _bro_ad S12€ (Samar et al., 2024)
distribution
Catharanthus roseus Bark Ag Spherical 1-26 (Samar et al., 2024)
Table 2. Application of green-synthesized NMs in the food packaging.
Nanoparticles Green resource Morphology Size (nm) References
ZnO Mimusops elengi Hexagonal 14-48 (Kumar et al., 2019)
Zinc oxide Citrus sinensis Hexagonal wurtzite 11.2 (Gao et al., 2020)
Cellulose nanocrystals Sargassum fluitans Rod 43.06 + 8.94 (Doh & Whiteside, 2020)
Carbon dots (CDs) Enoki mushroom Lattice fringes <10,8.3%+1.6 (Roy et al., 2021)
Cellulose nanocrystals Wheat straw waste Spherical 5 (Nehra & Chauhan, 2022)
Silver Chickpea (Cicer arietinum L.) (CA) leaves Cubic 6.11-9.66 (Baran et al., 2022)
Cellulose nanocrystals Banana peel Rod-like 209 (Mishra et al., 2022)
Chitosan nanoparticles Eucalyptus globulus Labill leaves Spherical 6.92-10.10 (EI-Naggar et al., 2022)
TiOy Citrus limon (lemon) outer peels Spherical 80-140 (Nabi et al., 2022)
Lignocellulose nanocrystals Pineapple peel Rod-like 310-460 .
Lignin nanoparticles Rice husk Spherical 260 £ 10 (Daassi et al., 2023)
Zinc oxide Cassia fistula Polyhedral 20-40 (Daassi et al., 2023)
Silver Turmeric Spherical 23+£0.49 (Alsammarraie et al., 2023)
Cellulose nanofibers Corn straw Rod-like 5-6.5 (Barbash et al., 2023)
ZnQ Citrus peel waste Orthorhombic 10 (Vasiljevic et al., 2024)
Fe2TiOs 50
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Silver Arabinoxylans (AXs) from maize bran Spherical and irregular 25 (Raza et al., 2024)

Silver Dragon fruit stem extract Spherical 5.85+0.96 (Ton-That et al., 2025)
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ABSTRACT

The present study aimed to examine the chemical makeup, as well as the antioxidant and
antimicrobial properties, of essential oil from Mentha spicata leaves against common foodborne
pathogenic bacteria (Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli) and
fungal plant pathogens (Fusarium sp., Aspergillus niger, Ascochyta pisi, Alternaria spp., and
Candida albicans). The chemical composition of the essential oil was determined using gas
chromatography coupled with a mass spectrometer (GC-MS). The antimicrobial activity was tested
through the agar disk diffusion method. GC-MS analysis identified over 300 compounds, with the
main components being carvone (47.60%), limonene (4.88%), B-Caryophyllene (4.41%), and
terpinen-4-ol (1.51%). The essential oil showed significant antimicrobial effects against all tested
microorganisms. Overall, E. coli and Fusarium sp. were more susceptible to M. spicata. Based on
these results, the essential oil from the M. spicata plant collected in the Oran region of western
Algeria has potential as both an antioxidant and antimicrobial agent.

Keywords: Mentha spicata, essential oil, GC-MS, antimicrobial activity, antioxidant activity,
foodborne pathogens.

INTRODUCTION

In the field of public health and food security promotion areas, such as agricultural and animal
production, commercial antimicrobial agents are wused in prophylactic chemotherapy,
chemotherapy, and growth promoters (Ma et al., 2021). However, misuse or abuse of these agents
can significantly increase bacterial resistance. Furthermore, antimicrobial resistance is an emerging
and serious public health concern due to the reduced effectiveness of drugs used to treat infectious
diseases (Farrukh et al., 2025).

Medicinal plants are natural resources that can cure various ailments in humans, and in many
parts of the world, they are used against bacterial, viral, and fungal infections. These plants are rich
sources of bioactive secondary metabolites, including polyphenols and essential oils, which are
often obtained from aromatic plants through steam distillation or solvent extraction (Boy et al.,
2018; Davidova et al., 2024). Essential oils contain various chemical compounds with different
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biological activities, capable of reducing foodborne pathogens and decreasing reliance on synthetic
and semi-synthetic antimicrobials (Angane et al., 2022).

The genus Mentha includes 25-30 species cultivated in tropical to temperate regions across
many countries (Mamadalieva et al., 2020). Mentha spicata is one of the most common and popular
mint species worldwide. In Algeria, this species is cultivated throughout the country for culinary
and medicinal uses. The leaves are popularly used as flavoring for tea, while the entire plant
functions as a carminative. Both fresh and dried plants, as well as their essential oils, are widely
used in the food, cosmetic, confectionery, chewing gum, toothpaste, and pharmaceutical industries
(Fatih et al., 2017). Mentha spicata has also been extensively used to treat various ailments such
as nausea, vomiting, and gastrointestinal disorders, as well as a breath freshener, antiseptic
mouthwash, and a component of toothpaste (Saqib et al., 2022).

The present study aims to analyze the chemical composition of Algerian spearmint essential
oil grown in the Oran region and to assess its antioxidant and antimicrobial properties against
various human pathogenic bacteria and plant fungal strains.

MATERIALS and METHODS
Plant material

Plant samples for this study were collected from a local farm in Oran, Western Algeria, in April
2025. The collected leaves were cleaned of contaminants and dried in a shaded area for two weeks
at a constant ambient temperature of 21 + 2 °C. They were then manually ground into coarse
particles and stored in a dark, well-closed container at ambient laboratory temperature.

Extraction of essential oil

Using a Clevenger-type apparatus, 500 g of desiccated leaves were subjected to 2 hours of
hydrodistillation at the boiling point (100 °C) with 1 liter of water. The collected essential oil was
measured and stored in 4 mL amber vials at 4 °C until analysis (Aziz et al., 2018).

Total contents of phenolics, flavonoids, and tannins

The total phenolic content was estimated using the Folin-Ciocalteu assay. The phenolic content
was expressed as gallic acid equivalents (GAE) per gram of dry plant material, based on a standard
curve made with different concentrations of gallic acid (Pérez et al., 2023).

The total flavonoid content of the sample was measured using the aluminum chloride
colorimetric method. Quercetin served as the standard to generate the calibration curve for this
measurement. The results were expressed as mg quercetin equivalents per mg Q/g of dry extract
(Chandra et al., 2014).

The vanillin-HCI method was employed to determine the condensed tannin content,
following the procedures outlined by Makkar & Becker (1993). A catechin standard curve was
used to express results as mg catechin equivalents per mg of dry extract. All measurements for total
phenolic, flavonoid, and tannin contents were conducted in triplicate.
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Antioxidant activity (DPPH radical scavenging activity)

The free 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity was evaluated
following the method described by Cheng et al. (2006). Briefly, in 96-well plates, 0.1 mL of the
oil extract (25-500 ug/mL) was combined with 0.3 mL of methanolic DPPH solution (0.1 mM).
After incubating in the dark at room temperature for 30 minutes, the absorbance of the reaction
mixture was measured at 515 nm and expressed as a percentage to indicate DPPH free radical
scavenging activity using the following formula:
g ) tivity (%) = control absorbance — oil extract absorbance T
cavenging activity (%) = control absorbance

Ascorbic acid and butylated hydroxytoluene (BHT) were used as positive controls, and the
IC50 value was calculated through linear regression analysis using different concentrations (25-
500 pg/mL), expressed as mean * standard deviation (SD).

GC-MS analysis of Mentha spicata L. essential oil

GC-MS analysis of Mentha spicata L. essential oil. The analysis. The analysis of the essential oil
was performed using a Shimadzu GC-MS-TQ8030trometer (Japan). Following standard
parameters, 1 uL of the sample was injected at an injector temperature of 220 °C. Helium (He)
served as the carrier gas, injected at a flow rate of 4.55 mL/min under constant flow. The oven
temperature program began at 50 °C, held for 3 minutes, then increased at a rate of 5 °C/min up to
220 °C with a total run time of 34 minutes. After reaching 220 °C, the temperature was maintained
for an additional 10 minutes. The GC-MS analysis was conducted in triplicate, and the results were
reported as the average.

All peaks were analyzed to identify the volatile compounds in the extract through their
retention indices. The mass spectra were compared with those in the internal reference mass spectra
library, and the authentic chemicals were then confirmed using the NIST Chemistry WebBook
2021 database.

Microorganisms

Antimicrobial activity was tested against three pathogenic bacterial strains: Staphylococcus (S.)
aureus ATCC 25923, Pseudomonas (P.) aeruginosa ATCC 27853, and Escherichia (E.) coli
ATCC 25922 obtained from the Algerian Pasteur Institute (APT). The antifungal activity of
Mentha spicata L. essential oil was also evaluated using the phytopathogenic strains: Fusarium sp.,
Aspergillus niger, Ascochyta pisi, Alternaria spp., and Candida (C.) albicans ATCC 10231
obtained from the laboratory of Rhizobium Biotechnology and Plant Improvement, University of
Oran collections.

Screening for antibacterial activity

A disc diffusion assay was performed to evaluate bacterial growth inhibition by EO. A single
colony from an overnight bacterial culture plate was inoculated into 5 mL of Mueller-Hinton broth
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(MHB). The turbidity of each culture was adjusted to 0.5 McFarland. Using a sterile swab, cultures
were evenly spread onto pre-warmed 37 °C MH agar plates. Sterile filter paper disks (6 mm
Whatman No. 1) were gently pressed onto the agar surface, and EO was pipetted onto the disks.
EO was tested at 100% concentration and at various dilutions (5, 10, 25, 50, and 75%) in DMSO.
A pure DMSO control was included in each test to confirm that DMSO alone did not inhibit
microbial growth. Chloramphenicol (30 pg/disc; Liofilchem S.r.l., Italy) served as a positive
control. Plates were then inverted and incubated for approximately 24 hours at 37°C. The diameter
of the inhibition zones was measured in millimeters, including the disc diameter. Sensitivity was
classified following Ponce et al. (2003) as not sensitive for zones less than 8 mm, sensitive for 9-
14 mm, very sensitive for 15-19 mm, and extremely sensitive for zones greater than 20 mm. Each
test was performed in triplicate.

Screening for antifungal activity

Fungal suspensions were prepared following De Lira Mota et al. (2012) by rinsing the surface of
the Malt Extract Agar (MEA) slant culture with 5 mL of sterile saline and shaking the suspensions
for 5 min. The resulting mixture of sporangiospores and hyphal fragments was withdrawn and
transferred to a sterile tube. After allowing the heavy particles to settle for 3-5 min, the upper
suspension was collected and vortexed for 15 s. Final conidia suspensions were adjusted using a
Neubauer chamber to 10° conidia per mL. Then, 300 uL of each fungal suspension was applied to
MEA plates. Filter paper discs (6 mm diameter, Whatman No. 1) were placed on the agar surface
of the Petri dishes, and EO, dissolved in DMSO at different concentrations (5, 10, 25, 50, and 75%),
was individually added. For each dilution, the same volume as the full-strength sample was placed
on the sterile disc. Discs impregnated with 10 pL of DMSO, nystatin (50 pg/mL), and
cycloheximide (50 pg/mL) (all from Liofilchem S.r.1., Italy) served as controls. Petri dishes were
incubated at 25°C for 5 days. Inhibition zone diameters were measured in millimeters. An
inhibition zone larger than 1 mm was considered a positive effect.

Statistical analysis

The data were expressed as the mean * standard deviation (SD) of three independent experiments
performed in triplicate and analyzed using one-way analysis of variance (ANOVA). Tukey’s
multiple comparison test was used to identify significant differences with a p-value < 0.05, using
GraphPad Prism 9.5.1 (733) software.

RESULTS and DISCUSSION
Extraction yield and measurement of phenolic compounds

The Mentha spicata L. essential oil yield based on dry weight was 0.92% (v/w), appearing
transparent in color with a pungent perfumery odor and a clear aspect at all tested concentrations.
The total phenolic, flavonoid, and tannin contents in the essential oil were determined to be 52.8 £
0.06 mg/g (GAE), 28.6 = 0.04 mg/g (CE), and 18.6 £ 0.04 mg/g (QEE), respectively. These
findings are consistent with previous investigations on spearmint essential oil. For instance,
Abootalebian et al. (2016) reported total phenolic contents ranged from 50.1 to 67.2 mg GAE/qg,
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and EI Machrafi et al. (2025)found a flavonoid and tannin content of 19.6 mg QE/g and 16.9 mg
TAE/qg.

Antioxidant activity (DPPH radical scavenging activity)

Antioxidants are natural compounds that protect against oxidative stress (Chandimali et al., 2025).
The antioxidant potential of Mentha spicata L. essential oil was evaluated by measuring its free
radical scavenging capacity using DPPH assays. The results showed strong activity, with 1Cso
values of 15.26 + 0.2 ug/mL. The DPPH scavenging ability of the essential oil was stronger than
that of ascorbic acid and BHT, which had ICso values of 2.91 + 0.1 and 10.76 £ 0.1 pg/mL,
respectively, in a dose-dependent manner. This promising antioxidant potential is due to the
presence of phytochemicals that act as free radical scavengers. Previous investigations confirmed
that Mentha spicata L. exhibits significant antioxidant effects using DPPH, ABTS, H:0-, and
FRAP assays (Abootalebian et al., 2016; Adli et al., 2022; Bardaweel et al., 2018). Additionally,
hydro-ethanolic extracts of Mentha spicata L. leaves showed strong antioxidant activity with a
DPPH ICso of 17.08 £ 0.7 pg/mL, and other studies reported antioxidant potential in different parts
of the plant grown in Morocco (EI Machrafi et al., 2025). Furthermore, the main compound,
Carvone (2-Cyclohexen-1-one, 2-methyl-5-(1-methylethenyl)), isolated from Carum carvi,
Anethum graveolens, and Mentha spicata essential oils, was found to possess prominent
antioxidant properties (Das et al., 2024).

GC-MS analysis of Mentha spicata L. essential oil

The GC-MS analysis identified over three hundred compounds based on their experimental
retention indices compared to those documented in the literature. Ten major phytochemicals were
identified and ranked according to their relative abundance (Table 1). Among them, Carvone
(47.60%), Limonene (4.88%), p-Caryophyllene (4.41%), Dihydrocarveol (4.38%), cis-Carveol
(4.22%), B-Bourbonene (3.50%), Germacrene D (2.90%), and Terpinen-4-ol (1.51%) were the
most prevalent components of Mentha spicata L. essential oil. These compounds were distributed
across various chemical classes, with most falling into oxygenated monoterpene, monoterpene
hydrocarbon, and sesquiterpene hydrocarbon categories. This profile aligns with previous studies
on Lamiaceae species, which often report terpenoid groups (Figure 1). For example, Brahmi et al.
(2016) found that the chemical profile of Mentha spicata L. essential oil was mainly made up of
oxygenated monoterpenes (60.11%), with carvone (48.5%) as the main component. This was
followed by monoterpene hydrocarbons (26.64%), primarily limonene (20.8%), while
sesquiterpene hydrocarbons accounted for a smaller part (11.07%) of the total oil. Abdel-Hameed
et al. (2024)reported oxygenated monoterpenes as the major class constituent at 93.39% in Mentha
longifolia. Another study confirmed the presence of trans-Muurola-4(14),5-diene (Sesquiterpene
hydrocarbons) as a major component with a percentage of 27.28% in Mentha spicata L. essential
oil extract (Tewari, 2017).
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Table 1. Main compounds found in Mentha spicata L. essential oil extract.

Class Phytochemicals RT (min) Area% Formula
Oxygenated Monoterpene Carvone 13.838 47.60 CioH140
Monoterpene Hydrocarbon Limonene 3.036 4.88 CioHis
Sesquiterpene Hydrocarbon  B-Caryophyllene 10.566 441 CisHza
Oxygenated Monoterpene Dihydrocarveol 14.405 4.38 CioHi1s0
Oxygenated Monoterpene cis-Carveol 16.932 4.22 CioHi60
Sesquiterpene Hydrocarbon ~ B-Bourbonene 8.858 3.50 CisHza
Sesquiterpene Hydrocarbon ~ Germacrene D 13.092 2.99 CisHaa
Oxygenated Monoterpene 1,8-Cineole 3.129 1.93 CioHis0
Sesquiterpene Hydrocarbon  B-Elemene 14.241 1.57 CisHza
Oxygenated Monoterpene Terpinen-4-ol 10.994 1.51 CioHis
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Chemical class distribution of the main compounds identified in Mentha spicata L.
essential oil.
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Figure 1. GC-MS chromatogram and the major compound classes identified in Mentha spicata L.
essential oil extract.

These components are responsible for both the sensory properties and the pharmacological
effects of spearmint essential oil, especially 2-Cyclohexen-1-one, 2-methyl-5-(1-methylethenyl)
carvone, which has been associated with antioxidant, antimicrobial, and anticancer activities
(Bouyahya et al., 2021; Chandimali et al., 2025).

Screening for antibacterial activity

The essential oil extract of Mentha spicata L. exhibited antibacterial activities against S. aureus, P.
aeruginosa, and E. coli of 14.53, 18.46, and 22.23 mm, respectively (Figure 2). These results are
higher than those reported by Shahbazi (2015), who identified zones of inhibition against S. aureus
and E. coli of 10, 8, 10, and 12, respectively. In another study, Ekhtelat et al. (2019) reported
antibacterial activity of Mentha spicata L. against E. coli, with a zone of inhibition of 10 mm.
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Screening for antifungal activity

The different results of the antifungal activity of the essential oil extract of Mentha spicata L.
against the tested strains are presented in Figure 2. The highest antifungal activity was observed
against Fusarium sp., with an inhibition zone diameter of 40.73 mm. In contrast, the lowest was
observed against C. albicans, with an inhibition zone diameter of 14.26 mm. These results align
with several previous studies that have shown Mentha spicata L.'s capacity to inhibit the growth of
fungal strains (Crescente et al., 2025; Medjdoub et al., 2019; Piras et al., 2021).

diameters (mm)
@

Tnhibition zone

Fusarium sp. niger pisi spp.  Candida aibivans

S, aweus P. aeruginosa E. coli Tested fungal strains

Tested bacterial strains

Figure 2. The antimicrobial activity of Mentha spicata L. essential oil against (A) selected
microbial strains and (B) selected fungal strains.

CONCLUSION

The results of the present study indicate that M. spicata L. essential oil has remarkable antioxidant
and antimicrobial activity against common food-borne bacteria associated with outbreaks, as well
as plant fungal disease strains. The antimicrobial activity of the essential oil could be attributed to
the presence of various active compounds. The main components were carvone (47.60%),
limonene (4.88%), B-Caryophyllene (4.41%), and terpinen-4-ol (1.51%). Based on our results, the
essential oil of the Mentha plant collected from the Oran region, west of Algeria, has the potential
to be applied as an antioxidant and antibacterial agent.
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ABSTRACT

The gut microbiota, a complex community of microorganisms residing in the human digestive tract,
plays a crucial role in maintaining overall health. A growing number of microorganisms are found
in the microbiota, from the stomach to the colon. Lactobacillus and Bifidobacterium bacteria are
among the most beneficial microorganisms and are used as probiotics. The gut microbiota can be
influenced by various factors, including genetic and environmental aspects such as diet, geography,
lifestyle, pollutants, and the use of medications and antibiotics. Furthermore, immunological and
psychological impacts are discussed, focusing on the microbiome’s role in the immune system
modulation and highlighting the gut-brain axis and it’s influences on mental health. Therefore, this
review focuses on the relationship between microbiome health, nutrition, prebiotics, probiotics,
which is important for maintaining gut health and preventing disease, focusing on personalized
nutrition and dietary tips. It has been observed that a varied diet, rich in prebiotics (non-digestible
oligosaccharides), promotes the growth of beneficial bacteria and yeasts. Furthermore, consuming
fermented or probiotic-enriched products helps support the gut microbiota and maintain intestinal
balance. This balance promotes the proper functioning of the body and provides health benefits,
notably by helping to fight cancer and various other diseases and reducing their incidence.

Keywords: Microbiota, probiotics, prebiotics, health, nutrition, gastrointestinal tract.

INTRODUCTION

Maintaining general health depends heavily on the human gut microbiome, a huge ecology of
bacteria, viruses, fungi, and other microorganisms that live in the gastrointestinal tract (GAOUAR,
2025). The study of the intestinal microbiome has evolved significantly over the centuries. In 1676,
Dutch scientist Antonie van Leeuwenhoek first observed microorganisms, which he termed
"animalcules,” using a single-lens microscope of his own design. His observations laid the
groundwork for microbiology as a scientific discipline (Sidebottom, 2023).

In the late 19th century, Theodor Escherich identified a bacterium in the human gut, later
named Escherichia coli, highlighting the presence of specific microbial species in the intestines
(Lewandowska-Pietruszka et al., 2022). Around the same period, Henry Tissier isolated
Bifidobacterium from the feces of breastfed infants, suggesting a link between gut microbes and
infant health (Farré-Maduell & Casals-Pascual, 2019). More recently, studies have revealed that
certain gut microbes have co-evolved with humans over hundreds of thousands of years,
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underscoring the deep and intricate relationship between humans and their intestinal microbiota
(Suzuki et al., 2022).

The composition of the gut microbiota is influenced by various factors, including diet,
genetics, age, environment, and the use of medications such as antibiotics (Cantén et al., 2024).
Furthermore, a balanced and diverse microbiota is essential for maintaining health, while
imbalances, known as dysbiosis, have been linked to a range of conditions, including inflammatory
bowel disease, obesity, and metabolic disorders (Dupont et al., 2020).

Emerging research have emphasized the interaction between the gut microbiome and
systemic physiological systems, including the gut-brain axis and immune system modulation,
suggesting new pathways for tailored nutrition recommendations targeted at promoting
microbiome health (Dupont et al., 2020). This bidirectional communication involves neural,
hormonal, and immune pathways, highlighting the microbiome's role in overall well-being (Dupont
et al., 2020).

Maintaining a healthy intestinal microbiome involves lifestyle choices such as consuming a
diet rich in fiber, limiting processed foods, managing stress, and using antibiotics judiciously
(Dupont et al., 2020). More recently, emerging interventions, including probiotics and prebiotics,
are being explored for their potential to modulate the microbiome and promote health (Gerritsen et
al., 2011).

The purpose of this review is to consolidate current understanding about the interaction
between nutrition and the gut microbiome and highlighting the effects of some medications on our
microbiota, with a focus on the impact of dietary treatments such as prebiotics, probiotics, and
functional foods in maintaining microbial balance and disease prevention.

What is the Intestinal Microbiome?

The intestinal microbiome refers to the vast community of microorganisms residing in the human
gastrointestinal tract. This complex ecosystem includes bacteria, viruses, fungi, and protozoa, with
bacterial cells alone numbering approximately 1013, comparable to the total number of human cells
in the body (Sokol, 2019). The lower bacterial numbers (10°to 10* bacteria of intestinal content)
found in the upper end of Gl tract (stomach and small intestine) and highest biodiversity content
(10'° to 10*) is in the colon (Hillman Ethan et al., 2017).

The microbiome is a wider notion that includes not only these microbial communities, but
also their genes, metabolites, ecological niches or habitats, and interactions with the host. The
microbiota is a subset of the microbiome found in distinct ecological niches throughout the body,
with the gut microbiome being the most diverse and well-studied. Other key areas include the
genitourinary system, oral cavity, nasopharynx, respiratory tract, and skin, each with their own
microbial composition (Alanazi et al., 2024). These microbial communities have symbiotic and
mutualistic connections with human cells, maintaining vital communication with the immune
system and acting as a key "organ™ impacting health and disease. Individual microbiomes differ
depending on genetic background, food, early environmental exposures, location, and age (Cantén
et al., 2024) (Figure 1).
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Figure 1. Gut microbiota distribution across different section of the human digestive tract (Kumar
et al., 2025).

Prebiotics-Probiotics and Gut Health
Prebiotics

It is impossible to talk about probiotics without mentioning prebiotics. Prebiotics are non-digestible
substances that beneficially affect the host by selectively stimulating the growth and/or activity of
one or a limited number of bacteria in the colon, which improve host health (Obayomi et al., 2024).
Prebiotics include non-digestible oligosaccharides like fructooligosaccharides (FOS) and
galactooligosaccharides (GOS), dietary fibers such as inulin and pectin, plant-derived polyphenols,
and polysaturated fatty acids, which are naturally found in foods like asparagus, sugar beet, garlic,
chicory, onion, and other vegetables (Yoo et al., 2025) (Tablel).

Table 2. Prebiotic from food and their benefits.

Prebiotic Dietary Potential benefits References
source
Fructans Chicory root, Modulate gut microbiota and
agave, improve bodyweight regulation, (Reimer et
artichokes regulate  appetite and energy
: al., 2024)
metabolism
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Inulin chicory, Improvement of the metabolic state,
asparagus, increases i
onions, different Bifidobacterium species, (AA”';?(?S ot
garlic, reduced inflammation and enhanced al., 2024)
banana, rye, overall digestive health and nutrient "
barley, and absorption.
artichokes

Fructooligosaccharides Onions, Prevent colon cancer,

(FOS) wheat, rye immunomodulatory effects, (Yoo et al
shallots, improve  mineral adsorption, 2024) B
tomatoes regulate serum lipid and cholesterol

concentration

Galactooligosaccharide Human milk, Increased bifidobacterial

(GOS) cow’s milk, abundance, strengthen the intestinal (Ambrogi et
oats, garlic, barrier, inhibit the adhesion of

; al., 2023)
fruits, pathogens,
asparagus

Xylooligosaccharides ~ milk, honey, Growth of beneficial intestinal

(X0S) fruits, garlic, microflora  bifdobacteria  and (Kumari et
artichoke, lactobacilli al., 2024)
lentils, and K
barley.

Chitooligosaccharides  shrimp shells Decreases  the  number  of

(COS) and crab Escherichia/Shigella pathogens, (Wei et al
shells enhance intestinal barrier function 2024) B

Pectin Citrus fruits, Stimulating the growth of beneficial
and berries bacteria, production of SCFA, (de Oliveira

prevent inflammatory ~ bowel et al., 2024)
diseases B

Resistant starch (RS) Cooled The modulation of microbial
potatoes, communities, the reduction in (Niu et al
rice, wheat, gallstone formation, increasing 2025) B
corn satiety, and preventing colon cancer

Polyphenols Berries, nuts, Stimulating the growth of beneficial
dark gut bacteria, production of short-

. ’ . : Nandh
chocolate chain fatty acids, combating z(;u aggzg) et

and green tea

111



1t INTERNATIONAL FOOD SCIENCES AND GASTRONOMY CONGRESS

4-5 December, 2025/Istanbul, Tiirkiye

oxidative stress and inflammation in
the gut.

Prebiotics are important because they support the growth of beneficial gut bacteria
(probiotics), leading to increased microbial biomass and more frequent bowel movements, similar
to the effects of dietary fiber (Rolim, 2015). The bioactivity of prebiotics empowers the intestinal
mucosa, regulates absorption and moderate inflammatory processes, providing not only to
gastrointestinal health, but also to the overall health of the host (Sionek & Szydlowska, 2025).

A study showed that Rats supplied with inulin at a level of 10% in the diet showed a decrease
in the level of triglycerides and cholesterol void and after a meal (Tomasik & Tomasik, 2003).
Another study showed that the ingestion of two prebiotics, galactooligosaccharide (GOS) and
polydextrose (PDX), leads to an increase in iron absorption and promotes recovery from anemia in
gastrectomized rats (Santos et al., 2011). Prebiotics can assist in regulating the overall bacterial
diversity of the gut by promoting the growth of useful bacteria, while inhibiting the augmentation
of dangerous species(Nadeem et al., 2024).

Probiotics

The Russian Nobel laureate Elie Metchnikoff observed that consuming fermented food which
containing lactic acid bacteria (LAB), had advantageous effects on human health and leads to
longevity (Jang et al., 2024).

Microorganism-fermented foods such as bread, beer, kefir, yoghurt, kumis, and cheese have
been consumed by humans since the Neolithic period (Alvarez et al., 2021). The term “probiotics”
is defined by the WHO/FAO as “living microorganisms that, when taken in sufficient quantities,
provide health advantage to the host (Meher et al., 2024). Most probiotics are Gram-positive
bacteria, notably Lactobacillus and Bifidobacterium (Mazziotta et al., 2023). These probiotics
support gut health by generating short-chain fatty acids (SCFAS) and preventing the growth of
harmful bacteria by competing for nutrients and adhesion sites along the intestinal mucosa
(Abeltino et al., 2024).

Various Lactobacillus and Bifidobacterium probiotic strains can boost the production of tight

junction proteins, essential for connecting adjacent enterocytes “intestinal cells” (Piccioni et al.,
2023) (Table 2).
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Table 3. Microorganisms used as probiotics.

Probiotic (bacteria Dietary source Potential benefits References

lyeast)

Lactobacillus Kefir, pickled Anti-pathogenic activities and (Shah et al.,
vegetables, regulation of immune cells 2024)
fermented meat
products and
cheese,

sourdough bread

Bifidobacterium Yogurt, Cheddar Improve symptoms of (Schlienger de
cheese inflammatory bowel syndrome, Alba &
lactose intolerance, Espinosa
inflammatory bowel disease, Andrews,
antibiotic-associated diarrhea ~ 2024)
Bacillus Kimchi, Enhances the flavor and texture (Liu et al.,
Fermented fruit of the product, production of 2024)
juice, fermented organic acids and digestive
milk, Fermented enzymes
tea products
Saccharomyces Northern Neutralizes pathogenic enteric (Palma et al.,
(S. boulardii, Caucasus  kefir, bactt_erla, reduces the Ie_vels of 2015)
feta cheese, pro-inflammatory cytokines,

S. cerevisiae)

sourdough bread,

Lactobacillus probiotics are found in fermented dairy and plant-based diets but also
commensal in humans, they require fermentable carbohydrates, organic nitrogen, vitamins,
manganese, and tween 80 to thrive properly. Freeze-drying and encapsulation increase
survivability in low-moisture food matrices. To gain probiotic benefits, viable counts should be
higher than 7 Log CFU/g or mL (Shah et al., 2024).

Bifidobacterium species are primarily found in fermented dairy products such as yogurt,
cheese, acidified milk, and kefir, which serve as the primary probiotic carrier foods. They are also
found naturally in the human gastrointestinal tract. Bifidobacterium can account for up to 90% of
the gut microbiota in babies, with major species including B. breve, B. longum subsp. infantis, and
B. bifidum. In adulthood, they represent roughly 10-40% of the microbiota, but in the elderly, their
prevalence declines to about 5% (Sibanda et al., 2024). Bifidobacterium require fermentable
carbohydrates (such as glucose and oligosaccharides), nitrogen sources (amino acids and peptides),
minerals, and vitamins to function well in anaerobic metabolism. They produce acetic and lactic
acid through carbohydrate fermentation, which helps to maintain a gut-friendly environment
(‘Yakoob & Pradeep, 2019). To provide health benefits, Bifidobacterium products must have viable
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probiotic counts of at least 108-10" CFU/mL, with dairy-based products serving as key carriers.
Encapsulation and other protective methods improve survivability against stresses (Shori, 2021).

Bacillus coagulans spores can survive food preparation and storage, resulting in high
numbers in probiotic-enriched meals. They are versatile in a variety of food kinds, including dairy,
meat, cereal, and plant-based goods. Bacillus coagulans has spore resistance, making it a promising
probiotic strain (de Almeida Costa et al., 2022). Bacillus spores are more resistant to heat, pH
fluctuations, and gastric conditions, making them strong probiotics with functional benefits in the
digestive tract. They may ferment a variety of substrates, including carbohydrates and proteins,
adding flavor and nutritional value to fermented meals (Liu et al., 2024). Bacillus species can
germinate and become metabolically active in the gut, offering probiotic health advantages such
enzyme synthesis, immunological modulation, and pathogen suppression(Elshaghabee et al.,
2017).

Saccharomyces boulardii, a strain of S. cerevisiae, has been isolated from tropical fruit peels
(lychee and mangosteen), kombucha, kefir, and several fermented dairy products. It serves as a
probiotic in functional foods such as yogurt and fermented soy products (Ansari et al., 2023). This
probiotic yeast thrives in harsh stomach acidic conditions (pH 2-7), neutralizing microbial toxins,
preventing pathogen adherence, reducing inflammation, and improving gut epithelial barrier
function (Souza et al., 2021). Saccharomyces cerevisiae var. boulardii-enriched yogurt and soy
yogurt exhibit higher antioxidant activity, vitamin B complex concentration, and mineral
bioavailability. This probiotic yeast can withstand heat, acid, and alkaline stressors, ensuring
viability during storage (Mehaya et al., 2023). S. boulardii strains from commercial products show
excellent survival under gastric conditions, resistance to antibiotics, and compatibility with gut
microflora, consolidating their probiotic efficacy and safety (Goktas et al., 2021).

What Can Affect the Gut Microbiota?

The human intestinal microbiota is a vast and diverse microbial community. Bacteria, viruses,
fungi, archaea, bacteriophages, and protozoans are among the microorganisms that inhabit the
intestinal lumen. The composition and function of gut microbiota changes based on location, age,
gender, race, environment factors and nutrition (Yang & Yu, 2018). The gut microbiota's
composition is extensively controlled by a range of factors, including the microbial species
acquired at birth, host genetics, immunological factors, antibiotic use, and dietary impacts (Scott
et al., 2013) (Figure 2).
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Figure 3. Effects of the gut microbiome (Bhardwaj & Yadav, 2023).

The mode of delivery seems to have an impact on the early-life microbiome (Reyman et al.,
2019). Studies have found that there are bacteria and bacterial products, such as DNA, in
meconium, amniotic fluid, and the placenta. During birth, the way of delivery influences the gut
microbiota's early growth, newborns delivered vaginally have primary gut microbiota dominated
by Lactobacillus and Prevotella derived from the mother's vaginal microbiota, whereas those born
via cesarean delivery derive their gut microbiota from the skin, leading to dominance of
Streptococcus, Corynebacterium, and Propionibacterium (Hasan & Yang, 2019). Maternal
immunity and microbial metabolites during pregnancy, microbial transfer at birth, and transfer of
immunological factors, bacteria, and metabolites via breastfeeding all constitute essential sources
of early-life microbial and immune training, with important implications for human health (Koren
et al., 2024) (Figure 3).
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Figure 4. Establishment of early life gut microbiota (Igbal ef al., 2023).
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Diet and dietary components have a significant impact on the composition of the gut
microbiota and are major contributors to changes in bacterial flora (Beam et al., 2021). A diet
lacking in fiber, such as one high in processed foods and low in fruits, vegetables, and whole grains,
can starve beneficial gut bacteria, these bacteria ferment fiber, producing SCFAs like butyrate,
which are crucial for gut health. Without sufficient fiber, the production of SCFAs decreases,
potentially leading to inflammation and increased gut permeability (David et al., 2014).
Conversely, a diet high in saturated fats and added sugars can promote the growth of harmful
bacteria, such as certain strains of E. coli. These bacteria can produce toxins and contribute to
inflammation. Additionally, excessive sugar intake can disrupt the gut barrier, making it more
permeable and allowing harmful substances to enter the bloodstream (Singh et al., 2017).

The Effects of Medications on Gut Microbiome

The consumption of medications, whether antibiotics or other types of drugs, has a significant
impact on the composition of our gut microbiome.

Antibiotics (especially broad-spectrum ones), has long-term impacts from prenatal to
adulthood, including higher risk of antibiotic resistance, obesity, allergies, asthma, and metabolic
changes (Lathakumari et al., 2024). Antibiotic therapy, whether short-term or repeated long-term
prescriptions, can have a number of negative consequences on the gastrointestinal tract's normal
microbiome. Changes in microbiota can take several forms, including decreased species diversity
in gut microbiota, altered metabolic activity, and the emergence of antibiotic-resistant bacteria
(Dahiya & Nigam, 2023).

Antibiotic use, overuse, and misuse create a low diversity species microbiome, allowing
pathogens to flourish and potentially evolve resistance to antibiotics. This, in turn leads to the
development of a mechanism such as decreased antibiotic uptake through cell wall modification,
producing enzymes to modify or degrade the antibiotic, and actively removing antibiotics using
efflux pumps to eliminate the effect of the antibiotic (Dongre et al., 2025).

Non-antibiotic drugs such as proton pump inhibitors (PPIs) which used to inhibit acid
stomach production are the most associated to a decreased diversity and taxonomical changes in
the gut microbiome when used for a long term or irregularly. Changes in the gut microbiota have
been linked to lower colonization resistance to enteric diseases such as Clostridium difficile,
Campylobacter, and Salmonella, similar to those reported in PPIs users (Weersma et al., 2020).

It was found that more than 70% of the pharmaceuticals studied, including common
nonantibiotic treatments such as proton pump inhibitors, metformin, and laxatives, affected gut
microbiota composition and function (Vich Vila et al., 2020). Polypharmacy (the use of numerous
medicines) was linked to changes in gut microbial diversity, increased abundance of upper
gastrointestinal and nosocomial pathobiont species, decreased short-chain fatty acid metabolism,
and enhanced bacterial stress responses. Notably, even nonantibiotic medications were found to
induce antimicrobial resistance in the gut microbiome. These data demonstrate that individual and
multiple drug exposures have substantial and disruptive effects on gut health, indicating the
relevance of evaluating pharmaceutical effects on the microbiota in clinical settings (Nagata et al.,
2022)
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The Main Impact of the Gut Microbiome

The human microbiome, and more specifically the gut microbiota, is often described as an
"invisible organ” due to its important and vital contributions to host physiology, including the
development and modulation of the immune system, protection and barrier function, as well as
metabolic and nutritional functions.

Development and modulation of the immune system

Induction of immune tolerance: The microbiota promotes immune homeostasis by driving
the differentiation of regulatory T cells, which suppress inflammatory responses and help
maintain tolerance to both commensal bacteria and self-antigens (Round & Mazmanian,
2009).

Maintenance of the gut-associated lymphoid Tissue (GALT): The bacteria and their
products continuously interact with the GALT, the largest immune organ in the body,
stimulating its development and function (Sekirov et al., 2010).

Anti-inflammatory effects: SCFA metabolites, particularly butyrate, exert strong anti-
inflammatory effects by inhibiting inflammatory signalling pathways (Andoh, 2016, Round
& Mazmanian, 2009).

Protection and barrier function

Strengthening the intestinal barrier: SCFA are vital for maintaining the physical and
functional integrity of the intestinal epithelial barrier, which acts as a selective filter
separating the microbial content of the gut lumen from the host's internal tissues (Andoh,
2016).

Colonization resistance: the established community of commensal bacteria prevents the
colonization and overgrowth of invading pathogenic microorganisms by competing for
nutrients and adhesion sites (Sekirov et al., 2010).

Metabolic and nutritional functions

Fermentation of indigestible dietary components: The gut microbiota utilizes complex
dietary carbohydrates, such as fiber, that the host's enzymes cannot break down, initiating
a crucial fermentation process (Andoh, 2016).

Production of Short-Chain Fatty Acids (SCFASs): The fermentation process yields high
concentrations of SCFAs, primarily acetate, propionate (travel via the bloodstream to the
liver and other tissues, where they are involved in lipogenesis and gluconeogenesis thus
contributing to host energy metabolism), and butyrate is the main energy source for
colonocytes (epithelial cells lining the colon), promoting gut barrier integrity and health
(Andoh, 2016).
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= Vitamin synthesis: Gut microbes are responsible for synthesizing essential micronutrients,
including Vitamin K and several B vitamins B1, B9, B12, which can be absorbed and
utilized by the host (\Valdes et al., 2018).

» Regqulation of bile acid metabolism: Microbes perform enzymatic transformations
(deconjugation and dihydroxylation) of primary bile acids into secondary bile acids, which
are important signalling molecules that regulate lipid and glucose metabolism in the host
(Ramirez-Pérez et al., 2018).

A Psychological Perspective on Microbiota and Mental Health

The gut-brain axis is a complex, bidirectional communication system linking the gastrointestinal
tract and the central nervous system via neural, immune, and endocrine pathways (Gershon &
Margolis, 2021). Over the past decade, the intestinal microbiota, the trillions of microorganisms
residing in the gut, has been recognized as a major regulator of both mental and emotional health,
influencing stress responses, cognition, and mood (Cryan et al., 2019, Margolis et al., 2021). Over
the past decade, the intestinal microbiota has been recognized as a major regulator of both mental
and emotional health, influencing stress responses, cognition, and mood (Cryan et al., 2019,
Margolis et al., 2021).

Mechanisms of Communication Between the Gut and the Brain
Neural pathways (Vagus Nerve)

The vagus nerve serves as the main neural connection between the gut and the brain. It transmits
sensory information from the intestinal wall to brain regions that regulate mood, emotion, and stress
responses, such as the amygdala and prefrontal cortex (Breit et al., 2018). Studies have shown that
stimulation of the vagus nerve can reduce symptoms of depression and anxiety, suggesting a direct
neurophysiological link between gut activity and emotional regulation (Bonaz et al., 2018).

The enteric nervous system (ENS), often called the “second brain”, operates semi-
independently and communicates continuously with the central nervous system to modulate
gastrointestinal motility and mood-related behaviors (Gershon & Margolis, 2021).

Importantly, the gut microbiota directly and indirectly affects both the vagus nerve and ENS.
Beneficial bacteria produce SCFAs and neuroactive metabolites, such as serotonin and gamma-
aminobutyric acid (GABA), which influence vagal tone and neuronal activity (Silva et al., 2020).
Disruptions in this microbial signalling, caused by stress, poor diet, or antibiotics, can alter vagus
nerve function, weaken ENS communication, and contribute to disorders such as irritable bowel
syndrome, anxiety, and depression. Thus, the microbiome acts as a neurochemical interface,
shaping emotional and cognitive processes through its continuous dialogue with the nervous system
(Bonaz et al., 2018).

Immune pathways

The gut microbiota interacts closely with the immune system to maintain body-wide balance. When
the microbial community becomes disturbed, pro-inflammatory cytokines can be released into
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circulation and reach the brain, altering neurotransmission and stress responses. Persistent
inflammation has been linked to anxiety, depression, and cognitive changes, showing that immune
signalling is a key route through which gut microbes affect mental health. A stable microbiota, by
contrast, supports anti-inflammatory processes that foster emotional stability and stress resilience
(Foster et al., 2017).

Endocrine

Microbial metabolites act as key biochemical messengers between the gut and the brain. Among
the most influential are SCFAs, acetate, propionate, and butyrate, produced by bacterial
fermentation of dietary fibers. These molecules regulate neuroinflammation, neurotransmitter
synthesis, and energy metabolism within the brain, influencing emotional and cognitive functions.
SCFAs also strengthen the blood—brain barrier and support the production of serotonin from
tryptophan, linking microbial metabolism directly to mood regulation and stress resilience (Silva
et al., 2020) (Figure 4).

spino-reticular tract

spino-mesencephalic tract
spino-hypothalamic tract
spinothalamic tract

spinal nerves

gut microbiota

Figure 5. Schematic of neural pathways connecting the gut microbiota with the central nervous
system, highlighting the vagus nerve, spinal afferents, and the hypothalamic—pituitary—adrenal
(HPA) axis, EC = enterochromaffin cell; EEC = enteroendocrine cell; ENS = enteric nervous
system; IPAN = intrinsic primary afferent neuron; NTS = nucleus tractus solitarius; HPA =
hypothalamic—pituitary—adrenal axis (Carabotti ef al., 2015).

Impact of Dysbiosis on Mental Health

Microbial dysbiosis, defined as an imbalance in the composition or function of the gut microbiota,
has been strongly linked to various mental health disorders, particularly depression and anxiety.
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Animal studies demonstrate that the absence or alteration of gut microbes disrupts normal stress
responses and emotional regulation. Germ-free mice, for example, exhibit exaggerated activity of
the hypothalamic—pituitary—adrenal axis, leading to heightened anxiety-like behavior and increased
stress hormone release. Remarkably, reintroducing specific bacterial strains or fecal transplants can
partially reverse these behaviors, highlighting a causal link between microbial balance and
emotional stability (Gershon & Margolis, 2021).

Importantly, this communication is bidirectional: not only can the gut influence mood, but
psychological stress and mood disorders can also negatively affect the gut. Chronic stress activates
the HPA axis, elevating cortisol levels that alter gut motility, secretion, and permeability. These
physiological changes weaken the intestinal barrier, often called the “leaky gut” effect, and disturb
the microbial ecosystem, favoring pro-inflammatory bacteria (Foster et al., 2017). In individuals
with depression or anxiety, this stress-induced dysbiosis increases inflammation and reduces the
production of beneficial metabolites such as short-chain fatty acids, worsening both gut health and
emotional resilience. Thus, mood disorders and gut imbalance form a self-perpetuating cycle, each
amplifying the other (Gershon & Margolis, 2021).

Psychobiotics and the Shaping of Mental Health

Recent advances in microbiome research suggest that modulating the gut ecosystem offers new
strategies for supporting mental health and emotional balance. Probiotics, defined as live
microorganisms that provide health benefits when administered in adequate amounts, can restore
microbial diversity and enhance the production of neuroactive substances such as serotonin and
GABA. Clinical and experimental evidence shows that specific probiotic strains, including
Lactobacillus and Bifidobacterium, may reduce depressive symptoms, anxiety, and perceived
stress by influencing neurotransmitter signalling and inflammatory pathways (Wallace & Milev,
2017) (Figure 5).

Depression Psychobiotics

- Inereased production of GASA
- Higher level of SCFAs
- BB2 and OB integrity

- Cogrnitive impalrmant
«BBS and GB permeability
= Lower BONF level

Symbiosis

Dysbiosis

Figure 6. Illustration of the bidirectional relationship between the gut and the brain in depression
and recovery through psychobiotic intervention (Dziedzic ef al., 2024).
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Beyond probiotics, psychobiotics, a newer category that includes probiotics, prebiotics, and
dietary components with direct effects on the gut-brain axis, have shown promising results in
promoting mental well-being. These interventions act through multiple mechanisms: strengthening
the intestinal barrier, reducing systemic inflammation, and modulating the HPA axis. Recent
reviews emphasize that psychobiotics may serve as adjunct therapies for mood disorders,
complementing pharmacological treatments and lifestyle modifications. By improving gut
microbial stability and increasing the production of beneficial metabolites such as short-chain fatty
acids, psychobiotics help to restore both gut health and emotional resilience (Dziedzic et al., 2024).

From Gut Health to Immune Strength: Understanding the Microbiome's Role in
Inflammation

The gut microbiome plays a central role not only in digestion but also in the regulation of immune
responses. It trains the immune system from early life, helping it distinguish between harmful
pathogens and harmless antigens (Belkaid & Hand, 2014). The microbiota stimulates the
development of gut-associated lymphoid tissue (GALT), a key immune structure (Honda &
Littman, 2016). This interaction helps shape both innate immunity, which provides rapid defense,
and adaptive immunity, which learns and remembers pathogens (Round & Mazmanian, 2009).

When the gut microbiome is in balance, beneficial bacteria produce SCFAs like butyrate,
which strengthen the gut barrier and reduce inflammation (Koh et al., 2016). These SCFAs also
modulate the activity of macrophages, T regulatory cells, and dendritic cells (Smith et al., 2013),
keeping the immune system in check. However, disruptions due to antibiotics, poor diet, stress, or
infections lead to dysbiosis, a microbial imbalance that triggers pro-inflammatory cytokines (Tilg
& Kaser, 2011).

The chronic low-grade inflammation is implicated in autoimmune diseases like Crohn’s
disease, type 1 diabetes, and even allergies (Kamada et al., 2013, Lynch & Pedersen, 2016)
Moreover, the gut microbiota influences systemic immunity, reaching beyond the intestines to
affect lungs, brain, and skin (Belkaid & Harrison, 2017).

Diet is a key modulator. High-fiber diets increase microbial diversity, while Western-style
diets rich in fats and sugars reduce beneficial microbes (David et al., 2014). Probiotics and
fermented foods restore microbial balance and help reinforce immune tolerance (Ouwehand, 2002).
Therefore, supporting the gut microbiome through targeted nutrition is not only essential for gut
health, but also for preventing immune-related and inflammatory diseases (Figure 6).
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Figure 7. Interaction between gut microbiota and immune system (Rooks & Garrett, 2016).

Personalized nutrition through gut microbiome

Recent developments in science and medicine have led to the understanding that there might not
be a single, one-size-fits-all diet and that differential human responses to dietary inputs may rather
be driven by unique and quantifiable host and microbiome features (Kolodziejczyk et al., 2019).
Differences in biochemistry, metabolism, genetics, and microbiota contribute to the dramatic inter-
individual differences observed in response to nutrition, nutrient status, dietary patterns, timing of
eating, and environmental exposures (Bush et al., 2020).

The primary objective of personalized nutrition is to maintain or enhance health by utilizing
pertinent individual information to provide tailored nutritional products and services. The idea that
individualizing nutritional advice, products, or services is based on two main observations, namely:
1) differential responses to foods/nutrients are dependent on genotypic or phenotypic
characteristics, and 2) differential responses in eating behavior are dependent on personal
preferences, barriers, and objectives (Vandeputte, 2020).

Although, personalized nutrition can be a valuable tool for shaping the gut microbiome by
incorporating functional foods into our diets, they are designed to supply vital nutrients that may
offer the host extra health advantages, we can potentially positively influence the growth of
beneficial bacteria in our gut so Functional foods typically contain bioactive compounds, such as
antioxidants or prebiotics, that have been shown to promote health in different ways (Sangma,
2024).

All things considered, functional foods acquire additional functionalities (generally
connected to health promotion or illness prevention) by adding new ingredients or more of the
current ingredients, such as probiotics and prebiotics (Tsigalou et al., 2020). Prebiotics and
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probiotics are excellent examples of functional substances added to food matrices for the
development of gut health. Prebiotics are substrates that are preferentially used by microorganisms
within the host to provide health advantages to the host, whereas probiotics are live microbes that,
when administrated in adequate quantities, deliver a health benefit to the host (de Carvalho et al.,
2023).

Furthermore, With the almost explosive developments in microbiome research, the intestine,
and the role of the diet in intestinal and overall health has gained attention in the academic world
and the public domain not seen in decades. In addition, Moreover, alterations in bacterial
composition identified using 16sRNA profiling in stool samples have been observed in numerous
disorders, leading to the microbiota emerging as a target for intervention or potential treatment
(Simon et al., 2023).

Dietary Tips for a Healthy Microbiome

A healthy gut microbiome is essential for digestion, immune function, and overall well-being. Diet
plays a key role in shaping the balance of gut bacteria. Eating a variety of fiber-rich, plant-based,
and fermented foods can promote beneficial microbes, while processed and high-sugar diets may
disrupt microbial health (Valdes et al., 2018). As microbiome plays a crucial role in digestion,
immune function, and even mental health. Table 3 shows some dietary tips to promote a healthy
microbiome.

Table 3. Some essential dietary tips for a healthy microbiome.

Dietary Tip Descriptions & Benefits Food References

Eat a variety of Dietary fiber acts as a prebiotic, Vegetables, (Sonnenburg &
fiber-rich foods feeding beneficial gut bacteria fruits, whole Sonnenburg,

and increasing microbial grains 2019; Makki et
diversity al., 2018)
Include fermented Fermented foods provide live Yogurt, (Marco et al.,
foods probiotics that help maintain a kimchi, 2017; Hill etal.,
balanced gut microbiota sauerkraut 2014)

Limit intake of Excess sugar and processed Avoid sugary Zmora et al.

processed and foods can reduce beneficial snacks,sodas 2019; David et

sugary foods bacteria and promote al., 2014)
inflammation
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Follow a This diet is rich in fiber, healthy Olive oil, (De Filippis et

Mediterranean- fats, and polyphenols, supporting nuts, fish, al., 2016;

style diet beneficial microbiota and SCFA vegetables Garcia-
production Mantrana et al.,

2018)

Stay well Adequate water intake supports Water, herbal (Chen et al.,

hydrated digestion and a healthy gut teas 2022)
environment

Consume diverse Diverse plant foods encourage a Legumes, (Johnson et al.,

plant-based foods wider variety of gut bacteria, fruits, 2019; Conlon &

linked to better health outcomes  vegetables Bird, 2014)

CONCLUSION

The gut microbiome has a substantial influence on both health and disease, by affecting our
physiological, psychological and immunological systems, as well as it has an essential role in
digestion, metabolism and nutritional functions. These microbes can be affected by environment,
lifestyle, genetic and diet. Thus, nutrition and dietary treatments such as prebiotics and probiotics
are important to modulate gut microbiota and preventing disease. Also, a key finding highlight that
the use of medication and antibiotics affected gut microbiome composition and function. Recent
studies found that personalized nutrition can be the key of gut health by adding functional foods
into our diet to promote gut health.
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ABSTRACT

Dried apricots are nutrient-dense foods rich in vitamins, dietary fiber, and antioxidants, with
Turkiye ranking first globally in production and export volumes. Sulfur dioxide (SO-) is commonly
added as a preservative to maintain color, prevent microbial growth, and extend shelf life during
drying and storage processes. Excessive SO: intake can trigger health issues like asthma attacks,
necessitating strict regulatory limits and innovative reduction methods without quality loss. In this
study, response surface methodology (RSM) and artificial neural networks (ANN) were used for
the first time to model and optimize the ultrasonic washing conditions of apricots in order to
compare and establish effective prediction models for total phenolic content, L* value and SO;
content of dried apricots. With this purpose, dried apricots with an initial moisture content of 25
+2% and containing 458 + 14 ppm sulfur were sonicated up to 120 minutes using an ultrasonic
bath (32 + 5 kHz). A total of 19 experiments were performed to screen variables. The highest
amount of TPC (149.12 mg GAE/100 g DW) and the lowest sulfur dioxide content (229.68 ppm)
were obtained under optimal extraction conditions (40 min washing time, and 0.495 g/L solid to
water ratio). It has been found that ultrasonic washing causes more color change and higher sulfur
removal in apricots compared to conventional washing. The model with the lowest RMSE and the
highest R? was selected with the "Levenberg-Marquardt" (trainlm) algorithm. Response values
were close to the predicted values and indicated that ANN model has higher prediction accuracy
than RSM.

Keywords: Neural networks, modeling, prediction methods, food science.

INTRODUCTION

Dried apricots occupy a significant position in global food markets due to their nutrient-dense
composition, long shelf life, and broad consumer acceptance. They are rich sources of dietary fiber,
minerals, vitamins A and C, and bioactive compounds such as carotenoids and polyphenols,
contributing to their functional and health-promoting properties (Hepsag et al., 2016). Tirkiye is
the world’s largest producer and exporter of apricots, making the improvement of dried apricot
quality and safety a priority for both domestic consumption and international trade (Poyraz & Gill,
2022).

Sulfur dioxide (SO:) has long been used as a preservative in dried fruits due to its
multifunctional roles: prevention of enzymatic browning, enhancement of color stability, microbial
inhibition, and protection of antioxidant capacity. Despite these benefits, SO. poses health
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concerns. Sensitive populations, particularly individuals with asthma, may experience
bronchoconstriction, allergic reactions, and gastrointestinal discomfort following high SO:
exposure (Dordevic et al., 2023). Regulatory limits-typically 2,000-3,000 mg/kg for dried apricots-
aim to minimize risks while maintaining product quality. However, consumers increasingly
demand products with lower chemical preservatives, prompting research into SO reduction
strategies without compromising sensory and nutritional attributes.

Ultrasonic washing has emerged as a promising method to reduce surface bound SO: through
cavitation, microstreaming, and enhanced mass transfer. Cavitation bubbles collapse near food
surfaces, disrupting boundary layers and facilitating removal of surface contaminants and residual
chemicals. Ultrasonication has also been shown to preserve bioactive compounds and improve
antioxidant retention under optimized conditions (Bhargava et al., 2021). However, improper
conditions may lead to pigment degradation, phenolic leaching, or textural changes, highlighting
the need for predictive modeling to identify optimal processing parameters.

Modeling techniques enable the understanding and optimization of food processes. Two
widely used approaches include Response Surface Methodology (RSM), a statistical technique that
models relationships between independent variables and responses using polynomial equations, is
effective for interpreting factor interactions but limited in capturing strong nonlinearity
(Moghaddam & Khajeh, 2011) and Artificial Neural Networks (ANN), data-driven models inspired
by biological neural networks. ANN excels at describing nonlinear, multidimensional relationships
without requiring predefined mathematical structures (Patel & Brahmbhatt, 2016).

Comparative studies have shown ANN to outperform RSM in various food engineering
applications, including drying Kkinetics, enzymatic reactions, extraction processes, and quality
prediction. However, limited studies have evaluated their comparative performance in predicting
SO: reduction in dried fruits, particularly under ultrasonic treatment. The objectives of this study
were to (a) investigate the effects of ultrasonic washing time and washing solution concentration
on SO: reduction and quality parameters (L*, TPC, DPPH), (b) develop predictive models using
RSM and ANN, (c) compare the robustness, accuracy, and predictive capability of ANN versus
RSM and (d) provide insights for optimizing ultrasonic washing conditions to balance SO:
reduction and quality preservation.

MATERIALS and METHODS
Sample Preparation

Commercial dried apricots were obtained from local distributors and stored under ambient
conditions until analysis. Prior to treatment, samples were inspected for uniformity, free from mold,
physical defects, and excessive variability in size and color.

Ultrasonic Washing Treatments

Ultrasonic washing was performed using a 40 kHz ultrasound bath. Two independent variables
were tested: washing time (10, 20, 30 and 40 minutes) and washing solution concentration prepared
using varying levels (0.100-0.325 kg fruit/L water).
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Measurement of Response Variables
SO: reduction (%)

Residual SO was measured using the modified Rankine method. Sample extracts were titrated
with 0.01 N iodine solution. SO: removal percentage was calculated based on initial and residual
SO: levels (Yamagata &Kim, 1983).

Color measurement (L)*

Color was quantified using a tristimulus colorimeter calibrated with standard white and black tiles.
L* values indicate lightness (0 = black, 100 = white). Color preservation is critical for consumer
acceptance (Mello et al., 2021).

Total phenolic content (TPC)

TPC was measured using the Folin-Ciocalteu method. Results were expressed as mg gallic acid
equivalents (GAE) per 100 g dried apricot ((Jiskani et al., 2021)

DPPH radical-scavenging activity

DPPH antioxidant capacity was assessed by monitoring absorbance decreases at 517 nm. Results
were expressed as percentage inhibition using standard equations (Csepregi et al., 2016).

RSM Modeling
Experimental data were analyzed using Design-Expert 11. A second-order polynomial was fitted:
Y = Bo + B1X1 + BoXp + B1aXT + B22X5 + P12 X1 X,

ANOVA assessed model significance. Model fit was evaluated using R?, Adjusted R?, Predicted
R2, RMSE and Lack-of-fit test. Contour and 3D surface plots illustrated interactions.

ANN Modeling

The ANN model in this study was built using the Box-Behnken Design with 16 experimental runs
and three input variables. The experimental data was divided into three sets: for training (12
samples), testing (2 samples), and validation (2 samples). The models' parameters were adjusted
by using the training set so the network could perform calculations. The test set was used to evaluate
amodel's ability to predict unseen data, while the validation set was used to assess network stability
and prevent overfitting. To train the network, the Levenberg—Marquardt optimization algorithm
was employed in conjunction with the back propagation learning method. The ANN model was
developed as a multilayer perceptron using MATLAB software (version R2025b). ANN
architecture was designed two input variables, 10 hidden layers of neurons, and one output layer.
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Performance metrics included:

1
RMSE = EZ(yexp - ypred)z

_ Z(yexp - ypred)z

R*=1 -
Z(yexp - y)Z

Epoch limits and stopping criteria prevented overfitting.

RESULTS and DISCUSSION

The result of experimental design is demonstrated in Table 1. Ultrasonic washing significantly
influenced SO: removal and SO: decrease in dried fruits. Longer washing times increased removal
rates due to enhanced mass transfer. Higher solution concentrations also improved removal
efficiency.

Table 1. Result for experimental design.

1 0.250 40 46.47 127.83 49.43 78.66
2 0.100 20 46.32 140.09 43.66 72.12
3 0.250 30 46.54 131.82 46.45 75.34
4 0.100 10 44.65 153.42 45.01 86.13
5 0.250 20 43.48 154.46 44.78 78.35
6 0.175 30 45.29 128.65 50.71 73.29
7 0.100 30 49.89 123.77 46.11 70.34
8 0.325 40 48.12 130.33 48.55 69.67
9 0.175 40 49.87 125.00 50.03 75.87
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10 0.250 10 40.97 165.45 43.36 89.47
11 0.175 10 41.66 146.09 41.70 81.21
12 0.100 40 50.11 120.55 51.44 67.29
13 0.175 20 4554 143.99 43.86 72.25
14 0.325 10 4212 161.12 36.89 84.47
15 0.325 20 43.17 145.20 38.08 76.28
16 0.325 30 46.74 140.21 38.85 73.56

L* values initially increased due to the removal of surface bound SO: pigments. Excessive
washing caused slight brightness loss. ANN captured these nonlinear behaviors more precisely
than RSM. Moderate reductions in TPC occurred due to solubilization. ANN captured the nonlinear
relationship between time/concentration and TPC retention. DPPH exhibited similar trends to
phenolics. Extended washing caused declines due to bioactive compound diffusion. L* values
varied between 40.97 and 50.11, with moderate washing (20-30 min) generally preserving
lightness, whereas some extreme combinations led to slight brightness losses, confirming the
trade-off between SO: removal and color preservation. TPC and DPPH responses followed similar
patterns: phenolic content decreased at longer times and higher concentrations, whereas shorter
treatments (10-20 min) at moderate concentration retained higher TPC (up to about 165 mg
GAE/100 g) and antioxidant capacity (>85% DPPH), reflecting diffusion-driven leaching of
bioactives under harsher washing conditions.

Optimum conditions were found 20 minutes and 0.250 for ultrasound time and concentration.
According to these optimum conditions validation studies were conducted and predicted values
with ANN and RSM models, and observed values were shown in Table 2. Under the selected
optimum (0.250 kg fruit/L, 20 min), experimental L* (43.48), TPC (154.46 mg GAE/100 g), DPPH
(78.35%), and SO: decrease (44.78%) confirmed that this setting achieved a balanced compromise
between SO: reduction, color stability, and phenolic/antioxidant retention. At these conditions,
ANN predictions for all responses were almost identical to the observed values (differences < about
6 units for TPC and <0.15 units or percentage points for L*, DPPH, and SO- decrease), whereas
RSM systematically deviated more, particularly for TPC and DPPH, demonstrating better
point-wise accuracy and robustness of the ANN model.
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Table 2. Predicted and observed values at optimum conditions.

Observed Predicted Predicted
Value value ANN value RSM
Optimum N
parameters L 43.48 43.47 44.27
Concenration;0.250 |TpPC (mgGAE/ 100 g) 154.46 160.88 147.14
Time: 20 min
DPPH (%) 78.35 78.49 71.96
%S02 Decrease 44.78 44,74 43.07
Table 3. Comparison of ANN and RSM.
RSM ANN
R? RMSE R? RMSE
L* 0.7817 1.8220 0.9542 0.7581
TPC (mgGAE/ 100 g) 0.8631 6.0671 0.9091 2.4790
DPPH (%) 0.5164 3.6331 0.9855 0.1147
%S02 decrease 0.8531 1.1661 0.9934 0.2366

Table 3 summarized the ANN consistently achieved lower RMSE, higher predictive power
and better generalization, however RSM remained valuable for understanding factor interactions.
RSM predicted moderate increases; however, ANN predictions were almost identical to
experimental values. Table 3 further highlighted the superiority of ANN, with higher R2 and lower
RMSE for every response: for L*, ANN achieved R?~ 0.95 vs. = 0.78 for RSM and reduced RMSE
from about 1.82 to 0.76 units; for TPC, R? improved from = 0.86 to = 0.91 and RMSE dropped
from about 6.07 to 2.48 mg GAE/100 g; for DPPH, ANN dramatically increased R? from = 0.52 to
~ 0.99 and lowered RMSE from around 3.63 to 0.11%; and for SO: decrease, R? rose from ~ 0.85
to = 0.99 with RMSE decreasing from about 1.17 to 0.24%. These metrics indicate that ANN not
only fits the experimental data more closely but also generalizes better across the design space,
especially for highly nonlinear responses such as antioxidant activity and SO2 removal.

CONCLUSION

In this study, ultrasonic washing proved effective for reducing SO: in dried apricots by
approximately 40-51% while retaining acceptable color and functional quality, provided that time
and fruit-to-water ratio were carefully controlled. The optimum of 0.250 kg fruit/L for 20 min
yielded a practical industrial compromise, achieving nearly 45% SO- reduction with only moderate
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losses in TPC and DPPH and without severe color degradation, suggesting that this condition is
suitable for cleaner-label processing strategies.

The modeling results showed that ANN clearly outperformed RSM in describing the
complex, nonlinear effects of ultrasound time and solution concentration on L*, TPC, DPPH, and
SO: decrease, as evidenced by consistently higher R and lower RMSE values. While RSM remains
valuable for interpreting factor effects and interactions mechanistically, ANN is more appropriate
when the primary goal is accurate prediction and process optimization over a multidimensional
design space, particularly for quality attributes governed by coupled mass-transfer and degradation
phenomena. Taken together, these findings support the integration of ANN-based decision tools
with experimentally validated ultrasonic washing protocols to design dried apricot processes that
meet regulatory and consumer demands for lower SO: levels without compromising product
quality.
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ABSTRACT

Food waste valorization has emerged as a critical strategy for addressing global challenges related
to resource depletion, environmental burden, and food system sustainability. Converting discarded
agricultural and food-processing by-products into high-value ingredients, such as bioactive
compounds, functional proteins, dietary fibers, and biofuels, offers both economic and ecological
benefits. However, the efficiency of these valorization processes depends heavily on selecting
optimal processing conditions that maximize yield, functionality, and quality while minimizing
cost and energy use. In recent years, mathematical optimization tools, including Response Surface
Methodology, Artificial Neural Networks, and multi-objective optimization algorithms, have
played a pivotal role in advancing food waste valorization. These techniques enable precise
modeling of complex, non-linear systems, support predictive decision-making, and reduce the need
for trial-and-error experimentation. By integrating computational optimization with innovative
extraction, fermentation, and drying technologies, researchers can significantly enhance process
performance and scalability. This approach not only accelerates the development of sustainable
value-added products but also supports circular economic principles and promotes cleaner
production. Overall, the combination of food waste valorization and advanced optimization offers
a promising pathway toward reducing waste, improving resource efficiency, and creating novel
opportunities for the food, nutraceutical, and bioenergy industries.

Keywords: Artificial neural networks, modeling, prediction methods, valorization.

INTRODUCTION

Global food waste represents both a critical sustainability challenge and a major opportunity for
resource recovery. Estimates suggest that roughly one-third of food produced for human
consumption is lost or wasted along the supply chain, corresponding to about 1.3 billion tonnes
annually, with fruits, vegetables and processing residues contributing substantially to these losses.
Beyond the ethical and economic implications, this waste is associated with significant greenhouse
gas emissions, land and water use, and misallocation of energy and inputs (FAO, 2019).

At the same time, food waste streams and byproducts are rich in bioactive compounds,
macro- and micronutrients, and structural biopolymers. Fruit peels, seeds, pomace, cereal bran and
other residues can provide polyphenols, carotenoids, anthocyanins, dietary fibers, proteins, lipids
and fermentable carbohydrates suitable for functional foods, nutraceuticals, natural preservatives,
bioplastics and biofuels (Ayala-Zavala et al., 2011). Numerous studies have shown that these
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materials can be converted into valued ingredients using tailored extraction, drying, bioprocessing
and separation technologies, thereby supporting circular bioeconomy concepts and reducing
environmental burdens (Teigiserova et al., 2020).

However, the efficiency and feasibility of valorization processes are highly sensitive to
processing conditions such as temperature, time, solvent composition, pH, pressure, and particle
size. Non-optimized conditions often lead to low yields, degradation of heat- or oxygen-sensitive
compounds, excessive solvent and energy use, and poor product stability. To overcome these
limitations, optimization-driven strategies based on mathematical modeling and experimental
design are increasingly used. Statistical tools such as response surface methodology (RSM) and
data-driven tools such as artificial neural networks (ANN) can model the complex, non-linear
behavior typical of food systems and identify robust operating windows (Kashyap et al., 2021;
Patel & Brahmbhatt, 2016).

This article provides a focused overview of optimization-driven food waste valorization.
First, the role of optimization is discussed in the context of process performance, cost and
environmental impact. Second, major categories of high-value products obtainable from food waste
are summarized. Third, key valorization technologies are briefly described. Finally, the capabilities
of RSM and ANN are compared, and a case study on freeze-drying of olive seeds illustrates their
practical application.

The Purpose of Optimization in Food Waste Valorization

Food waste valorization processes typically involve many interacting variables that jointly
influence extraction yield, product quality, stability and feasibility. Examples include solvent type
and concentration, solid-to-liquid ratio, temperature, time, pH, ultrasound or microwave power,
drying temperature and pressure, and airflow rate. These variables often exhibit non-linear effects
and interactions; for instance, higher temperature can increase mass transfer but accelerate
degradation of phenolics or pigments (Galanakis, 2012, Manousaki et al., 2016).

Without systematic optimization, processes may show:
e Reduced recovery of target compounds
o Excessive solvent, water or energy consumption
« Loss of antioxidant activity and color
o Poor texture or functional properties
e Low economic viability and scalability

Optimization methods help identify process conditions that maximize one or more responses
(such as phenolic content, antioxidant capacity or oil yield) while simultaneously constraining cost,
time or environmental impact. Studies using experimental design and modeling frequently report
substantial gains in extraction efficiency when compared with unoptimized or one-factor-at-a-time
approaches (Jiskani et al., 2021).

In addition, optimization supports scale-up and standardization. By quantifying how process
variables influence outputs, models provide a rational basis for adjusting conditions when moving
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from lab- to pilot- or industrial-scale equipment. This improves reproducibility and facilitates
regulatory compliance for food and nutraceutical products derived from waste streams (Mirabella
etal., 2014).

High-Value Products Derived from Food Waste
Bioactive compounds

Many fruit and vegetable byproducts contain high levels of phenolic acids, flavonoids, tannins,
carotenoids, anthocyanins and betalains. These compounds exhibit antioxidant, anti-inflammatory
and antimicrobial activities and are attractive as natural preservatives, colorants and functional
ingredients in foods, beverages, cosmetics and pharmaceuticals. Efficient extraction and
stabilization of these molecules are key goals of optimization studies.

Proteins and bioactive peptides

Seed cakes, legume hulls and cereal byproducts can provide proteins and hydrolyzed peptides with
nutritional and bioactive properties such as antihypertensive or antioxidant activity. Optimized
enzymatic hydrolysis, membrane separation and drying can convert these wastes into plant protein
concentrates or peptide ingredients for supplements and high-protein foods.

Dietary fibers

Peels, pulps and bran fractions are major sources of soluble and insoluble dietary fibers that can
improve water- and oil-holding capacity, textural properties and physiological effects such as
glycemic control and gut health. Optimized milling, drying and fractionation can tailor particle size
and functional properties for incorporation into bakery products, meat analogues, beverages and
fiber-enriched supplements.

Pigments

Anthocyanins from berry or grape skins, carotenoids from tomato and carrot residues, and betalains
from beet by-products can be recovered as natural colorants with antioxidant activity. Optimization
of extraction pH, solvent composition, temperature and light exposure is essential to maximize
color intensity and stability.

Oils and lipids

Oils rich in unsaturated fatty acids, tocopherols and phytosterols can be obtained from fruit seeds
and pits such as grape, olives, tomato and stone fruits. Process optimization addresses solvent
choice, pressing conditions, temperature and refining steps to preserve bioactive lipids and
minimize oxidation.
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Biopolymers

Pectin, starch, cellulose, hemicellulose and lignin from peels, pomace and cereal residues can be
used to produce edible coatings, biodegradable packaging and structured ingredients. The
extraction and modification of these polymers depend critically on pH, temperature and enzyme
dosage, which are typically optimized to balance yield and functional properties.

Fermentation feedstocks

Carbohydrate-rich wastes serve as substrates for microbial fermentation to produce biogas, organic
acids, ethanol, enzymes and single-cell protein. Here, optimization targets pretreatment, nutrient
supplementation, inoculum levels, pH and temperature to maximize productivity and substrate
utilization.

Valorization Technologies

A wide range of technologies can be applied individually or in combination to convert food waste
into valued products. These include:

e Extraction techniquessuch as conventional solvent extraction, ultrasound-assisted
extraction (UAE), microwave-assisted extraction (MAE) and supercritical CO- extraction.
Process variables typically optimized are solvent type and concentration, temperature, time,
solid-to-solvent ratio and energy input (Arya & Kumar, 2021).

e Drying technologies such as freeze-drying, spray-drying, vacuum drying and hot-air
drying. Optimization focuses on preserving heat-sensitive bioactives and pigments while
achieving adequate moisture reduction and powder properties (Aydar et al., 2025).

e Thermal and non-thermal processes including ohmic heating, cold plasma, high-pressure
processing and pulsed electric fields, which can enhance mass transfer or inactivate
enzymes and microbes with minimal quality loss when properly optimized (Guragain et al.,
2021).

e Bioprocessing such as fermentation and enzymatic hydrolysis, where pH, temperature,
substrate concentration, enzyme dosage and time are tuned to generate desired metabolites,
peptides or structural modifications (Xie et al., 2022).

In all cases, systematic experimental design and modeling approaches are crucial to identify
suitable operating regions and to understand tradeoffs between yield, quality and cost.

Optimization Tools: Response Surface Methodology and Artificial Neural Networks

Response surface methodology is a statistical approach that combines designed experiments with
polynomial modeling to describe the relationship between a response and several quantitative
variables. Central composite and Box-Behnken designs are commonly used to efficiently explore
factor spaces with a limited number of runs. The fitted quadratic models provide estimates of main
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effects, interactions and curvature, and are readily visualized through contour and surface plots
(Refinery & Braimah, 2016). RSM offers several advantages in food waste valorization such as
reducing experimental effort compared to full factorial designs, yielding interpretable equations
that facilitate understanding of factor effects and supporting multi-response optimization via
desirability functions (Aydar, 2018).

However, its performance decreases when system behavior deviates strongly from quadratic
forms or when responses exhibit pronounced non-linearities and discontinuities. In such situations,
prediction accuracy can be limited and extrapolation risky. Artificial neural networks are
data-driven models capable of approximating complex, non-linear mappings between inputs and
outputs without specifying an explicit functional form. Multilayer perceptron (MLP) networks with
one or more hidden layers are frequently used in food engineering. Model training involves
adjusting connection weights to minimize the difference between predicted and experimental data,
often using algorithms such as back-propagation with Levenberg—Marquardt optimization (Kaveh
et al., 2018; Patel & Brahmbhatt, 2016). Key advantages of ANN include high predictive accuracy
even for strongly non-linear, multidimensional systems, ability to handle noisy or incomplete data
and flexibility to incorporate additional variables or outputs without redefining model structure
(Luki¢ et al., 2019; Singh et al., 2021).

Rather than being mutually exclusive, RSM and ANN can be viewed as complementary tools.
RSM provides insight and simple equations useful for interpretation and preliminary optimization,
whereas ANN excels in predictive tasks and can capture more complex relationships. In some
studies, RSM is used to design experiments and define the factor space, while ANN is trained on
the resulting data to refine predictions and support robust decision-making (Youssefi et al., 2009).

CONCLUSION

Food waste and byproducts represent valuable reservoirs of bioactive compounds, nutrients and
structural biopolymers that can be transformed into high-value ingredients and bio-based products.
Realizing this potential requires not only appropriate technologies, such as advanced extraction,
drying and bioprocessing, but also rigorous optimization of operating conditions. Statistical and
computational tools, particularly response surface methodology and artificial neural networks,
provide powerful means to model complex systems, improve predictive capability and guide
multi-objective process design.

Evidence from valorization studies, including freeze-drying of olive seeds, shows that
optimization can significantly increase recovery of antioxidants and other target compounds while
reducing resource use and environmental impact. RSM remains a valuable tool for experiment
planning and mechanistic interpretation, whereas ANN offers superior predictive performance in
non-linear, multi-factor processes. Integrating these approaches within a circular bioeconomy
framework can support cleaner production, enhanced resource efficiency and the development of
innovative food, nutraceutical and bioenergy products derived from what is currently treated as
waste.
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ABSTRACT

Mint leaves (Mentha spicata L.) are among the most widely used herbs in culinary, traditional
medicine, and industrial applications. This plant, with its characteristic green colour, has a
considerable content of bioactive compounds and essential oils. These compounds justify its
numerous uses and its incorporation into various formulations for therapeutic and well-being
purposes. The mint leaves have a high water content (87.16%), which explains their high
perishability and the need to dry them. The present study aimed to investigate the effect of drying
temperatures (in the shade, at 40°C, 60°C, and 80°C) on the total phenolic compound (TPC) and
total flavonoid content (TF), as well as on the antioxidant activity (DPPH, FRAP) of mint leaves.
Furthermore, the drying kinetics were modelled and compared to several mathematical models.
The TPC content, TF content, and antioxidant activity (DPPH, FRAP) of dried mint leaves were
significantly higher in the shade than at 40°C, 60°C, and 80°C. This phenomenon was linked to the
effect of increasing temperature on the content and activity of bioactive compounds. It was
confirmed by the observed negative linear correlation between the content of bioactive compounds
and antioxidant activity. Modelling of the different drying conditions showed that the Midilli model
was the most suitable and accurately described the behavior of mint leaves during drying. These
findings highlight the importance of selecting a suitable drying temperature to preserve the
functional quality of mint leaves.

Keywords: Mint leaves, drying, bioactive compounds, antioxidant activity, kinetics, modelling.
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INTRODUCTION

Mint (Mentha spicata L.) is an aromatic plant widely valued across culinary, medicinal, and
industrial sectors due to its distinctive aroma, vibrant green colour, and richness in bioactive
constituents (Ayadi et al., 2014; Karakaplan et al., 2019). Traditionally, mint leaves have been
used for digestive, antimicrobial, and refreshing purposes, while modern applications extend to
cosmetics, pharmaceuticals, and functional foods (Soleimani et al., 2022; Tavaszi-Sarosi et al.,
2025). These diverse uses are largely attributed to the plant’s high content of phenolic compounds,
flavonoids, and essential oils, which exhibit strong antioxidant properties and contribute to its
therapeutic relevance (Soleimani et al., 2022; Tavaszi-Sarosi et al., 2025; Hedayati et al., 2025).

Despite its benefits, fresh mint is highly perishable owing to its elevated moisture content,
making appropriate post-harvest processing essential for maintaining quality and extending shelf
life. Drying remains one of the most common preservation methods; however, the choice of drying
temperature plays a critical role in determining the retention of bioactive compounds and the
overall functional quality of the final product (Ayadi et al., 2014; Kaveh et al., 2024). Excessive
heat may degrade thermolabile constituents, while inadequate drying may compromise storage
stability.

In this context, evaluating the impact of different drying temperatures on the chemical
composition and antioxidant potential of mint leaves is crucial for optimizing processing
conditions. Additionally, understanding the drying behavior through mathematical modeling
provides important insights for designing efficient drying systems and predicting product quality.
Therefore, the present study investigates the influence of various drying temperatures on the total
phenolic content, total flavonoid content, and antioxidant activity of mint leaves, while also
assessing the suitability of different drying models to describe their drying kinetics as well as their
rehydration. This work would allow pilot producers or manufacturers to choose the appropriate
conditions to obtain a product or ingredient while preserving its bioactivity.

MATERIAL and METHODS
Plant Material and Physical Characterization

Fresh mint leaves were purchased from the local market (Samsun, Turkey) and immediately
processed. The moisture was measured at 70°C during 24h, using a drying oven (NUVE, FN 500P,
Turkey). Water activity (aw), for fresh mint leaves was determined using a calibrated water activity
meter at 25 °C = 0.1 (Aqualab, 4TE, USA). The CIE L*a*b* scale was used to measure leaves
colour using a digital colorimeter (Model CR-400, Minolta-Konica Sensing Inc., Japan). The length
and width of leaves are measured by digital calliper (TRESNA, Series: EC16, China).

Total Phenolic Content (TPC)

TPC was evaluated by the Folin-Ciocalteu method adopted from Singleton and Rossi (1965) with
some modifications. Briefly, 150 puL of samples were mixed with 750 pL of 10% Folin-Ciocalteu
reagent (5 min) and 600 pul of 7.5% Na,COs. The mixture was kept in the dark for 2 h and the
absorbance was read at 760 nm. TPC was expressed as mg gallic acid equivalent per g (mg GAE/Q).
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Total Flavonoid Content (TFC)

The TFC was determined using a modified protocol (Lakka et al., 2019). 1 mL of the diluted
solution was combined with 0.3 mL of 5% NaNO: and left to stand for 5 min, followed by the
addition of 0.5 mL of 5% AICIlz. The mixture was kept for 6 min before adding 0.5 mL of 1 M
NaOH. After 10 min, the absorbance was read at 510 nm. The TFC was estimated based on a
calibration curve using epicatechin as standard. The results were given as mg epicatechin
equivalents (EpE) g* db.

Determination of the DPPH Radical Scavenging Activity

The DPPH radical scavenging was determined using a modified method (Hossain & Shah, 2015).
Briefly, an aliquot of 50 pL. sample was added with 1 mL DPPH solution (0.06 mM in 80%
methanol). The mixture was shaken and left to stand in dark for 1 h until the reaction completed.
Thereafter, the absorbance at 517 nm was recorded. The DPPH solution was used as control. The
reduction ratio of DPPH was determined with the following equation:(1) where Ac = Absorbance
of control and As = Absorbance of extract. The DPPH radical scavenging activity in each extract
was calculated from a calibration curve using Trolox as a standard. The results were given as mmol
Trolox equivalent (TE) g db.

Determination of Ferric Reducing Antioxidant Power (FRAP)

FRAP assay was performed according to the procedure of Shang et al. (2019). Briefly, an aliquot
of 50 pL volume of sample was mixed with 950 mM of FRAP solution constituted of 100 mM
acetate buffer: 10 mM FeClz: 10 mM TPTZ (2,4,6-tripyridyl-s-triazine). The assembly was shaken
for about 5 min and the absorbance was read at 593 nm against a blank. The FRAP values of the
extracts were calculated from the calibration curve using FeSQOs as a standard. The results were
given as mmol Trolox equivalent (TE) g db.

Drying Techniques and Modelling

Mint leaves were dried to a constant weight using shade drying (= 25 °C) and at 40 °C, 60 °C and
80 °C using convective drying (Eksis Makina, Turkey) at 0.75 m/s (air speed) and 3 rpm (rotation
of trays).

The drying curves of all dried samples were modelled according to the empirical models in
Table 1. The moisture content ratio (MR) versus time (hour) of the experimental data was fitted
using the previous models. The MR is dimensionless and is calculated as follows:

MM, 1)
T My-M,

MR

Where, M(t) is the moisture content in dry basis at time (hour), Me is the moisture content in dry
basis at equilibrium and Mo is the initial moisture content (t=0).
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Table 1. Empirical models applied to drying curves (Ghellam et al., 2022).

Model name Model equation
1  Newton MR=exp(-kt)
2 Page MR= exp(-kt"n)
3 Modifed Page MR=exp[(-kt) ~n]
4 Henderson & Pabis MR=a exp(-kt)
5 Logarithmic MR=a exp(-kt) +b
6 Two-term MR=a exp(-kt) +b exp(-gt)
7 Two-term exponential MR=a exp(-kt) + (1-a) exp(-kat)
8 Wang & Singh MR= 1+(at) +bt"2

9  Approximation of Diffusion MR=a exp(-kt) + (1-a) exp(-kbt)

10 Vermaetal. MR=a exp(-kt) + (1-a) exp(-gt)

11 Modified Henderson & Pabis MR=a exp(-kt) +b exp(-gt) +c exp(-
ht)

12 Logistic MR= b/(1+a exp(kt))

13 Midilli MR= a exp(-k(t*n)) +(bt)

14 Aghabashlo model MR= exp(-kt/(1+gt))

MR=moisture ratio (dimensionless); t= time; a, b, ¢, g, h and k = model constants.

Rehydration and Modelling

Rehydration was performed on dried samples to assess leaf behavior. These dried leaves were
immersed in distilled water at 50 °C in a 1:40 ratio. Weighing was performed until a constant
weight was obtained. Before weighing, the rehydrated leaves were gently wiped with absorbent
paper to remove excess surface water.

w(t)- W, )
Wo

M(t)=
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Where, M(t) is the moisture content at t time g/g dry basis (d.b), W(t) is the sample weight (g) at t
time, Wy is the sample weight (g) at t= 0 min, Rehydration fitting curve was modelled according
to the empirical models in Table 2.

Table 2. Empirical models applied to rehydration curve (Ghellam et al., 2022).

Model name Model equation
Peleg M(t)=Mo+(t/(a+Dbt)))
Exponential model M(t)= (Mo+(( Me - Mo) exp(-a t"k)))

Exponential related equation  M(t)= M. (1-exp(-a t))

First-order kinetic M(t)= Me +( Mo-Me ) exp(- a t)
Weibull M(t)= Me +( Mo - Me) exp(- ((t/b)*a))
Vega-Galvez model M(t)= a exp(- b/((1+t)"K))

M(t) = the moisture content at t time g/g d.b; Mo = the moisture content (g/g d.b) at t =0; M. = the moisture content
(9/g d.b) at equilibrium; t=time; a, b and k = model constants.

The modelling was coded using software MATLAB (2016a). The coefficient of
determination (R?), adjusted coefficient of determination (Adj-R?), root mean square error
(RMSE), sum of square error (SSE) and Chi-square (X?) were all calculated to show the adequacy
of models and the goodness of fitting between experimental data and predicted values. The best
models are evaluated according to the highest values of R? and Adj-R?, and the lowest values of
RMSE, SSE, and X?.

Statistical Analysis

Statistical significance (p < 0.05) between different drying parameters was analysed through
analysis of variance (ANOVA) using SPSS statistics software (Version 23). The comparison of
means was evaluated by Duncan test.

RESULTS and DISCUSSION
Physical Characteristics of Mint Leaves

The measured physical characteristics are presented in Table 3. The leaves have a high water
content (87.18%) and significant water activity (0.9916). This high water content classifies them
among the leafy vegetables with a high risk of spoilage, requiring immediate consumption or
processing to minimize post-harvest challenges (Goel et al., 2025). Colour measurements revealed
that the fresh leaves were dark green. They also show an average leaf length of 57.75 mm and
width of 22.73mm.
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Table 3. Physical characteristics of fresh mint leaves.

Parameter

Moisture (n=3) % 87.18 £0.16

Water activity (n=6) 0.9916 + 0.0035

Length (n=12) mm 57.75+£6.99

Width (n=12) mm  22.73 +2.91

Colour (n=12)

L* 41.68 +1.77
ax -16.95 +0.75
b* 19.76 £ 1.63

Total Phenolic Content, Total Flavonoids, Antioxidant Capacity of Dried Mint Leaves and
Their Correlations

The total flavonoid (TFC) and total flavonoid (TF) content, as well as the antioxidant capacity of
mint leaves dried at different temperatures, are shown in Figures 1 and 2. It is clear that shade
drying preserved the total phenolic compound content, as well as the total flavonoid content, a class
of phenolic compounds (p < 0,05). The drying temperature of 40 °C had a lesser impact on the
phenolic compounds, while the other temperatures (60 °C and 80 °C) had a more pronounced
effect.

Similarly, the antioxidant capacity (DPPH and FRAP) of dried mint leaves (Figure 2) was
clearly influenced by the drying temperature (p < 0,05). Shade drying proved to be the most
effective method for preserving high antioxidant capacity after drying, compared to drying at 40°C,
60°C, and 80°C. This is explained by the strong correlation between the content of phenolic
compounds and their antioxidant activity.

Figures 3 and 4 show a strong negative linear correlation between the TPC or TF content and
the antioxidant activity (DPPH and FRAP) of dried mint leaves. Increasing the drying temperature
leads to a marked decrease in TPC and TF, resulting in a corresponding reduction in antioxidant
activity. This highlights the importance of phenolic compounds and flavonoids in the antioxidant
capacity of mint leaves, as well as their high sensitivity to thermal degradation. Furthermore, the
regression equations derived from the graphs allow for the prediction of phytochemical content or
antioxidant activity associated with different drying temperatures.

These results are consistent with numerous studies. Fresh mint (Mentha spicata L.) exhibits
significant antioxidant capacity among the different mint species, thanks to its richness in bioactive
phytochemicals (Sfaxi et al., 2025). Another study (Kaveh et al., 2024) showed that fresh leaves
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contain a considerable amount of phenolic compounds and exhibit associated antioxidant activity,
properties strongly influenced by temperature variations during drying. This loss of bioactivity
could be linked to a change in chemical structure or to binding with other compounds.
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Figure 1. Total phenolic content and total flavonoids of dried mint leaves (in the shade, at 40°C,
60°C, and 80°C). Different letters (a, b, c) in the same color bars are significantly different
(Duncan's test, p < 0.05).
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Figure 2. DPPH scavenging capacity and FRAP antioxidant capacity of dried mint leaves (in the
shade, at 40°C, 60°C, and 80°C). Different letters (a, b, c) in the same color bars are significantly
different (Duncan’s test, p < 0.05).
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Figure 3. Linear correlation between total phenolic content and antioxidant activity (DPPH and
FRAP) of dried mint leaves (in the shade, at 40°C, 60°C, and 80°C).
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Figure 4. Linear correlation between total flavonoids and antioxidant activity (DPPH and FRAP)
of dried mint leaves (in the shade, at 40°C, 60°C, and 80°C).
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Drying Kinetics of Mint Leaves at Different Drying Temperatures

The different drying temperatures showed distinct trends (Figure 5). Drying in the shade was very
slow and lasted more than two days. In contrast, the curve at 40°C indicated a drying time of less
than 12 hours, while the temperatures of 60°C and 80°C exhibited the fastest kinetics (less than 5
hours). The last temperatures exhibited similar drying behaviour. It is clear that an increase in
temperature accelerates water desorption. These drying behaviors are observed in many similar
studies; on ambang leaves (Eneighe et al., 2020), stevia leaves (Kalsi et al., 2023) and Pereskia sp.
leaves (de Alcantara et al., 2023).

The modeling of different temperature (in the shade, at 40°C, 60°C and 80°C) with the
multiple empirical models, was presented in Table 4. As shown, Midilli model was the best fitted
model describing the drying process for all temperatures. This was clear by the highest values of
R?, and the lowest values of RMSE, SSE, and X?. These results are similar to those of numerous
previous studies where the Midilli model proved to be the most representative, such as for savory
(Taheri-Garavand et al., 2018) and mulberry (Martins et al., 2018) leaves.

—e—30 °C
RN\ 60°C
2 4
0.6 r 40°C
o 12 @ Shade Dryi
= 3 . ying
0,4 %» - o
02 § &
';"
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Figure 5. Drying kinetics of mint leaves at different drying temperatures (in the shade, at 40°C,
60°C and 80°C).

Table 4. Modeling results of mint leaf drying in the shade, at 40°C, 60°C and 80°C.

Model Name Shade 40 °C 60°C 80°C
Newton R? 0.9390 0.9900 0.9580 0.9720
SSE 0.0330 0.0110 0.0300 0.0190
RMSE 0.0810 0.0290 0.0650 0.0560
X2 0.0070 0.0010 0.0040 0.0030
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Model k =0.0761 k =0.2997 K =1.619 k =1.7361
constant
Page R 0.9950 0.9980 0.9680 0.9730
SSE 0.0030 0.0020 0.0230 0.0180
RMSE 0.0270 0.0140 0.0620 0.0600
NG 0.0010 0.0000 0.0040 0.0040
Model k =0.1746 k =0.3394 k =1.4333 k =1.6476
constants n=0.6273 n =0.8708 n=0.7581 n=0.9055
Modified Page R2 0.9950 0.9980 0.9680 0.9730
SSE 0.0030 0.0020 0.0230 0.0180
RMSE 0.0270 0.0140 0.0620 0.0600
NG 0.0010 0.0000 0.0040 0.0040
Model k =0.0619 k =0.2892 k =1.6077 k=1.7356
constants n=0.6273 n =0.8708 n =0.7580 n =0.9055
Henderson and R 0.9430 0.9940 0.9590 0.9720
Pabis
SSE 0.0310 0.0070 0.0290 0.0190
RMSE 0.0880 0.0240 0.0700 0.0620
X2 0.0080 0.0010 0.0050 0.0040
Model 2=0.9507 2=0.9641 2=0.9870 a=1.0012
constants k=0.0679 k =0.2814 k =1.5936 k =1.7385
Logarithmic R 0.9999 0.9990 0.9920 0.9910
SSE 0.0000 0.0010 0.0060 0.0060
RMSE 0.0070 0.0080 0.0330 0.0390
X2 0.0000 0.0000 0.0010 0.0020
Model 2=0.8516 2=0.8979 2=0.9075 2=0.9256
constants b =0.1443 b =0.0890 b=0.1040 b=0.0938
k =0.1043 k =0.3534 k =2.1300 k =2.2274
Two-term R 0.9999 0.9990 0.9400 0.9300
SSE 0.0000 0.0010 0.0430 0.0460
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RMSE 0.0040 0.0100 0.0270 0.0290

X2 0.0000 0.0000 0.0110 0.0150

Model a=0.2880 a=0.0710 a=-72.1114 a=276.524

constants b=0.7110 b =0.9151 b =73.046 b =-275.6412

g =0.1282 g=0.34613 g =0.9868 g =0.8631

k =0.0138 k =-0.0219 k =0.9823 k =0.8644
Two-term R? 0.9680 0.9980 0.9670 0.9760

exponential

SSE 0.0170 0.0020 0.0240 0.0160
RMSE 0.0650 0.0130 0.0630 0.0570
NG 0.0040 0.0000 0.0040 0.0030

Model a=0.2456 2=0.3146 2=0.3786 a=0.4415

constants k =0.2065 k =0.6684 k =2.9963 k =2.7719
Wang and Singh R2 0.9780 0.9750 0.9130 0.9470
SSE 0.0120 0.0270 0.0620 0.0350
RMSE 0.0540 0.0480 0.1020 0.0840
X2 0.0030 0.0020 0.0100 0.0070

Model a=-0.0651 a=-0.2467 a=-1.0569 a=-1.1840

constants b =0.0009 b =0.01688 b =0.2652 b =0.3406
Approximation of R? 0.9999 0.9990 0.9583 0.9899

Diffusion

SSE 0.0000 0.0010 0.0297 0.0066
RMSE 0.0044 0.0099 0.0771 0.0408
X2 0.0000 0.0000 0.0059 0.0017

Model 2=0.7086 2=0.8394 a=11.8333 2=0.0884

constants b =0.1095 b =0.1308 b =0.9958 b =339.33

k =0.1290 k =0.3907 k =1.5387 k =0.0063
Verma et al R2 0.9999 0.9990 0.9950 0.9950
SSE 0.0000 0.0010 0.0040 0.0030
RMSE 0.0040 0.0100 0.0270 0.0290
X2 0.0000 0.0000 0.0010 0.0010
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Model a=0.2913 a=0.8392 a=0.0241 a=0.9916
constants g =0.1290 g=0.0512 g =1.8247 g=-1.0742
k =0.0141 k =0.3907 k =-0.5593 k=1.8634
Modified R 0.9999 0.9960 0.9340 0.9960
Henderson and
Pabis SSE 0.0000 0.0040 0.0470 0.0020
RMSE 0.0000 0.0230 0.1530 0.0500
NG 0.0000 0.0010 0.0230 0.0020
Model a=0.0427 a=0.1410 a=4.3253 a=-16.8103
constants b =0.1230 b =-0.1429 b =0.3200 b =0.3180
¢ =0.8342 ¢ =0.9752 c=37121 ¢ =17.4979
g =-0.0027 g =0.2469 g =0.9904 9=-0.0149
h =0.0949 h =0.2514 h =0.8818 h =0.9605
k =4.5052 k =0.6238 k =0.9634 k =0.8977
Logistic R 0.9990 0.9940 0.9590 0.9720
SSE 0.0000 0.0070 0.0290 0.0190
RMSE 0.0130 0.0250 0.0770 0.0690
NG 0.0000 0.0010 0.0060 0.0050
Model a=-1.0105 a=5677.8301  a=5471.596 a=5561.3012
constants
b =-0.0105 b =5475.05 b =5401.7634 b =5569.0448
k =0.0012 k =0.2814 k =1.594 k =1.7387
Midilli R 0.9999 0.9990 0.9960 0.9990
SSE 0.0000 0.0010 0.0030 0.0010
RMSE 0.0020 0.0080 0.0260 0.0170
NG 0.0000 0.0000 0.0010 0.0000
Model a=1.0000 2=0.9915 2=0.9977 a=1.0009
constants b =0.0024 b =0.0069 b =0.0440 b =0.0547
k =0.1097 k =0.3326 k =1.9304 k =2.2487
n =0.8919 n =0.9616 n =1.0957 n =1.2016
Aghabashlo model R2 0.9999 0.9990 0.9810 0.9800
SSE 0.0000 0.0010 0.0130 0.0130
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RMSE 0.0060 0.0100 0.0470 0.0510

X2 0.0000 0.0000 0.0020 0.0030
Model g=0.0347 g =0.05321 g =0.5115 g =0.3583
constants k =0.1063 k =0.35159 k =2.1994 k =2.1451

Rehydration Kinetics of Dried Mint Leaves

The results of the rehydration kinetics of dried mint leaves are shown in Figure 6. These leaves
were subjected to a rehydration test to evaluate their rehydration capacity, an indicator of the
quality of the dried product. Rapid initial absorption was observed, particularly during the first
hour. After 5 to 10 hours, this increase was accompanied by a reduction in the rate of water
absorption. Finally, after 10 hours, it stabilized and reached an optimal equilibrium after more than
15 hours. This rehydration behaviour was linked to the availability of free capillaries in the product
at the beginning of the rehydration process; after several hours, they begin to fill and the absorption
rate decreases. Many resembling rehydration findings were found with dried mint leaves (Kaveh
et al., 2024), and dried molokhia leaves (Ghellam et al., 2022).

Table 5 presents the modeling of the rehydration kinetics of dried mint leaves using several
empirical models. As noted, the Peleg model best fits the rehydration data. It exhibits the highest
R? and Adj- R?, and the lowest values for RMSE, SSE, and X2. The Vega-Galvez model ranks
second in performance. These results indicate that the Peleg model is the most appropriate for
representing the experimental rehydration kinetics of dried mint leaves. This model has proven
representative for many dried leaves, such as dried spinach (Dadali et al., 2008), microwave dried
basil (Demirhan & Ozbek, 2010), and amaranth leaves (Sultana & Ghosh, 2022).
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Figure 6. Rehydration kinetics of dried mint leaves.

158



1t INTERNATIONAL FOOD SCIENCES AND GASTRONOMY CONGRESS

4-5 December, 2025/Istanbul, Tiirkiye

Table 5. Rehydration fittings result for dried mint leaves.

Model name R? Adj-R? SSE RMSE X2 Model constants
Peleg 0.9864 0.9857 0.0249 0.0372 0.0014 a=1.7378,b=0.7293
First-order kinetic 0.9559 0.9559 0.0810 0.0653 0.0043 a=0.2965

Exponential related equation  0.9559  0.9559 0.0810 0.0653 0.0043 a=0.2965

Exponential model 0.9520 0.9494 0.0882 0.0700 0.0049 a=1.1635, k =-1.0347

Weibull 0.9840 0.9832 0.0293 0.0404 0.0016 a=0.7351, b =2.9943

Vega-Gélvez model 0.9794 09769 0.0380 0.0473 0.0022 a=1.3701, b =2.5037, k =1.0292
CONCLUSION

This study demonstrates that drying temperature significantly influences the nutritional and
physical quality of mint leaves (Mentha spicata L.). While the leaves initially high water content
(87.18%) necessitates drying for preservation, increasing temperatures from shade-drying (=25 °C)
to 80 °C leads to a marked degradation of bioactive compounds. Specifically, shade-drying proves
to be the most effective method for preserving the total content of phenolic compounds, flavonoids,
and antioxidant activity (DPPH and FRAP), whereas higher temperatures cause significant heat
loss. Kinetic analysis reveals that higher temperatures accelerate water desorption, reducing drying
time from over two days in the shade to less than five hours at 80 °C. Among the mathematical
models tested, the Midilli model most accurately describes the drying kinetics, while the Peleg
model best represents the rehydration behavior. Rehydration reaches equilibrium after
approximately 15 hours, a key indicator of the final product's quality. Ultimately, these results
suggest that while high-temperature convective drying is faster, lower temperatures are essential
to preserve the mint's functional and therapeutic potential.
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ABSTRACT

In this study, a mixed-methods approach was employed to determine the most popular Turkish
dishes worldwide by incorporating an innovative perspective. In the qualitative phase, artificial
intelligence models such as Gemini, Deepseek, and ChatGPT were asked the question, "What are
the 10 most delicious dishes of Turkish cuisine?"”, and the obtained data were analyzed. In the
quantitative phase, the Google Trends platform was used to examine global search trends from
2004 to the present (February 4, 2025). By interpreting the data from both phases, the most popular
dishes of Turkish cuisine were identified. The study's findings revealed the five most popular dishes
to be doner, Adana kebap, menemen, kiinefe, and lahmacun, respectively. The results demonstrate
that the combined use of Al models and search trend analysis can provide consistent and
comprehensive insights. Notably, kebab and kiinefe emerged as prominent dishes in both previous
literature and this study. The findings suggest that promotional strategies can leverage both widely
recognized and lesser-known dishes in different ways to enhance the global recognition of Turkish
cuisine. Less popular dishes on digital platforms can be strategically promoted to increase
awareness, while highly popular dishes can be emphasized in restaurant menus to enhance tourist
satisfaction.

Keywords: Turkish cuisine, ChatGPT, Gemini, DeepSeek, Trends.

OZET

Bu calismada yenilik¢i bir bakis agis1 gelistirilerek, Tiirkiye’nin gastronomi turizmi ve Tiirk
mutfag tanitim ¢alismalarina katki sunabilecek icerikler iiretmek amactyla, Tiirk mutfaginin diinya
genelinde en popiiler yemeklerini belirlemek amaglanmistir. Bu dogrultuda yapay zeka chatbotlari
ve Google Trends verileri bir arada kullanilmistir. Ik asamada, Gemini, Deepseek ve ChatGPT
gibi yapay zekd modellerine "Tiirk mutfaginin en popiiler 10 yemegi nedir?" sorusu yoneltilmis,
elde edilen veriler analiz edilmistir. Ikinci asamada ise Google Trends platformu kullanilarak,
2004’ten giiniimiize (04.02.2025) kadar olan donemde diinya genelindeki arama trendleri
incelenmistir. Elde edilen veriler birlikte yorumlanarak, Tiirk mutfaginin en popiiler yemekleri
tespit edilmistir. Calisma sonucunda en popiiler bes yemek sirasiyla doner, Adana kebap,
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menemen, kiinefe ve lahmacun olarak belirlenmistir. Bulgular, yapay zeka ve arama trendlerinin
birlikte kullaniminin tutarli ve kapsamli analizler sunabilecegini gostermektedir. Bu sayede tanitim
stratejilerinde popiiler ve daha az bilinen yemeklerin farkli sekillerde degerlendirilebilir ve Tiirk
mutfaginin tanitimina katki sunabilir. Web ortaminda bilinirligi diisiik yemekler yeni icerik olarak
tanitim ¢aligmalarinda kullanilirken popiilerligi yiiksek olan yemeklerin giiciinden yararlanilabilir,
mendiiler stratejik olarak bu yemeklerle olusturulabilir ve dolayisiyla turist memnuniyetinin
artirilmasina katki saglanabilir.

Anahtar Kelimeler: Tiirk mutfagi, ChatGPT, Gemini, DeepSeek, trendler.

GIRIS

Bir destinasyona ait gastronomik zenginlik, turistlerin seyahat tercihlerinde ve destinasyon marka
imajinin olugsmasinda 6nemli bir rol oynamaktadir (Harrington ve Ottenbacher, 2010; Lai vd.,
2018). Bu sebeple destinasyonlar, ziyaretcileri ¢cekme, seyahat deneyimlerini zenginlestirme ve
gastronomi destinasyonlar1 arasinda farklilasmak i¢in yemege giderek daha fazla Onem
vermektedir (Bjork ve Kauppinen-Raisanen, 2014; Chaney ve Ryan, 2012; Chang ve Mak, 2018).
Gastronomik unsurlar da tipki kiiltiirel ve mimari yapilar gibi bir destinasyonu temsil edebilir.
Omegin, Hindistan’daki Tac Mahal veya Barcelona’daki Sagrada Familia nasil o sehirlerin simgesi
haline geldiyse; Napoli’nin pizzasi, Briiksel’in midyesi ve Arjantin’in asadosu da bulunduklar
yerlerin kiiltiirel kimligini yansitan birer ikon ve sembol olabilir (Anton Martin vd., 2021) ve
ziyaretgileri ¢cekerek onlarin davranigsal niyetlerini etkileyebilir. Bu yemekler, hangi sehir veya
iilkeye ait olduklar1 belirtilmeden bile taninan ve ayirt edilen yerel yiyeceklerdir. Egsiz ve farkh
karakterleri sayesinde kiiresel olarak taninmis semboller haline gelmislerdir (Anton Martin vd.,
2021). Tirk mutfag: da icerisinde ¢ok farkli yemekler, geleneksel iirlinler, ritiieller barindiran
zengin bir mirasa sahiptir. Tiim bu unsurlar Tiirkiye’yi dnemli bir gastronomi destinasyonu haline
getirmektedir. T.C. Kiiltiir ve Turizm Bakanligi’na ait (gastronomy.gotiirkiye.com, t.y.) adresinde
kebap, baklava, kahvalt1 ve bir¢ok gastronomik Ogeler tanitimlarda 6ne ¢ikarilmaktadir. Dogru
yemek ve gidalar1 tanitmak i¢in {iriinlerin popiilerlik durumlarina ait mevcut durumun anlagilmasi
onemlidir. Bu baglamda yemeklere yonelik popiilerlik analizleri yapabilmek icin yapay zeka
modelleri ve Google Trends verileri nemli verilere sahiptir (Masruroh vd., 2024).

Son yillarda haber ve bilgi almak gibi farkli amaglarla internetin kullaniminin artmasiyla
arama sorgular giderek 6nem kazanmaktadir. Google gibi platformlarda insanlarin ne aradigi,
gelecek seyahatlerinde ne yapacaklarinin gostergesidir (De Luca & Rosciano, 2024) ve bu sebeple
turizm yoneticileri Google aramalarina dayali analizleri ile proaktif ve basarili kararlar alabilir. Bu
duruma paralel olarak Turizm g¢aligmalarinda Google Trends verilerine bagvuran galisma sayisi
giderek artmigtir (Dinis vd., 2019).

Turizm aragtirmalarinda kullanilabilecek diger giincel araglar yapay zeka chatbotlaridir.
Uretken yapay zekd modellerinden ChatGPT, sohbet arayiizii ve dogal dil isleme ile kullanici
sorgularina insan benzeri akilli yanitlar vererek yapay zekada yeni bir donemi baglatmistir (Gursoy
vd., 2023). ChatGPT, ilk lansmanindan yalnizca 5 giin sonra 1 milyondan fazla kullaniciya ulagsmis
ve 2023 Ocak ay1 itibartyla 100 milyon aylik aktif kullaniciy1 asarak, "simdiye kadar piyasaya
siriilen en hizli biiyliyen tiiketici uygulamas1" olmustur (Helberger ve Diakopoulos, 2023).
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Bilgisayar bilimi bakis acisindan ise ChatGPT, sofistike algoritmalar1 ile genis bir yazilim modiilii
yelpazesini kullanan, bircok c¢evrim i¢i kaynaktan c¢ikarilan verilerle Onceden egitilmis,
kullanicilarla yapilan konusmalar sirasinda toplanan bilgileri, bellek veya gecici veri yapilar
araciligryla modelin islem siirecine dinamik olarak ekleyen biiyiik ve karmasik bir sistemdir (Mich
ve Garigliano, 2023). Dolayisiyla, ChatGPT ve benzeri olan Gemini, Deepseek gibi liretken yapay
zeka modelleri internet ortaminda bulunan mevcut datalar1 kullanarak yanitlarini olusturmaktadir.
Yemeklerin veya gida irlinlerinin bir konu hakkindaki popilerliklerini analiz etmek ig¢in
kullanildiklarinda ise web ortaminda en sik kullanilan, en sik aranan, veriler arasindan en fazla
tekrarlanan sonuclar1 vermeleri beklenmektedir.

Mevcut literatiirde yapay zeka modelleri ve Google Trends verilerini birlikte kullanarak Turk
mutfagina yonelik analiz yapan farkli bir calismaya rastlanmamistir. Bu ¢aligmada farkli ve yeni
bir bakis agis1 gelistirilerek diinyada en popiiler olan Tiirk yemeklerinin aragtirilmasi amaglanmis
ve boylece sonuglarin Tiirk mutfaginin ve Tiirk gida iirlinlerinin tanitim ¢alismalarinda faydali
olmasi hedeflenmistir. Calismanin sonuglarina gore az bilinen yemekler daha ¢ok 6ne ¢ikarilabilir
veya c¢ok bilinen yemekler i¢in farkli stratejiler gelistirilerek yemeklerin popiilerliginden
faydalanilabilir.

YONTEM

Bu calismada Tiirk mutfagma ait en popiiler yemekleri ¢evrim i¢i olarak tespit etmek
amaglanmistir. Gemini, Deepseek ve ChatGPT, biiyiik dil modeli (LLM - Large Language Model)
temelli, giiniimiizde en popiiler olan ve diinya ¢apinda kullanicilar tarafindan kullanilan yapay zeka
uygulamalaridir (Rahman vd., 2025). Bu sebeple ¢alismanin nitel asamasinda bu ii¢ yapay zeka
uygulamasinin kullanilmasma karar verilmistir. Bu uygulamalar milyarlarca veriden internet
tabanl veri kiimeleri iizerinde egitilmistir. Bu veri kiimeleri kitaplar, haber sayfalari, web siteleri,
ansiklopedi siteleri ve akademik makaleler gibi kaynaklardir. Bu modeller dil igsleme becerileri
sayesinde insan benzeri metin Uretimi, bilgi sentezi ve soru-cevap gibi gorevleri yerine
getirebilmektedir. Caligmaday apay zeka chatbotlarinin Gemini (1.5 Pro), Deepseek (DeepSeek-
V/2) ve Chat GPT (GPT-40) stirimleri kullanilmis, elde edilen veriler dokiiman analizi yontemiyle
analiz edilmistir. Dokiiman analizi yonteminde arastirma bulgular1 konuyla ilgili kitaplar,
dergiler, arsivler, internet siteleri, gazete gibi siirekli yayinlar, sesli ve gorintili dokimanlar,
istatistik raporlar1 gibi dokiiman tiirlerinin incelenmesi sonucu elde edilmektedir (Karadaban vd.,
2023). Dokiiman incelemesi yontemi, “arastirilmasi hedeflenen konular hakkinda bilgi i¢eren
dokiimanlar aracilig ile veri elde etme yontemi” olarak tanimlanmaktadir (Karadaban et al., 2023).

Calismanin ikinci analiz asamasinda da Google Trends platformundan elde edilen sayisal
veriler analiz edilmistir. Google Trends verilerinin indirilebilir ve karsilastirilabilir olmasi,
derinlemesine arastirmalari kolaylastirmakta, yoneticiler, planlayicilar ve akademik ¢aligsmalar i¢in
yeni firsatlar sunmaktadir (Yildiz, 2018). Google’in arama sikliklar1 ve aranan terimler arasindaki
iliskileri acgik erisimle paylagmasi, arastirmacilara yeni ¢alisma alanlar1 gelistirme konusunda
degerli veriler sunmaktadir (Yildiz, 2018).

Calismanin nitel agsamasinda ilk olarak Gemini (1.5 Pro), Deepseek (DeepSeek-V2) ve Chat
GPT (GPT-40) yapay zeka destekli chatbotlarinda yeni sohbet agilarak her ii¢ modele de birebir
ayni ifade ile "Tirk mutfaginin en popiiler 10 yemegi nedir?" sorusu yoneltilmistir. Her modelin
yanitlar1 ayr1 ayr1 metin belgesi olarak ele alinmistir. Yanitlarda yer alan yemek adlar1 kodlanarak
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listelenmis, tekrar eden yemekler birlestirilmis ve toplamda 22 farkli yemek belirlenmistir.
Verilerin bir sonraki analiz asamasinda 04.02.2025 tarihinde, Google Trends’in sundugu en genis
zaman aralig1 kullanilarak 2004 yilindan giintimiize (04.02.2025) yemeklerin popiilaritesiyle ilgili
olarak diinya geneli yapilmis aramalarla Google Trends'ten elde edilen veriler incelenmistir. Konu
kisminda genel bir sonug almak amaciyla  ‘yiyecek ve igecek kategorisi’’ degil, ‘ ‘tiim kategoriler’’
secilmistir. Elde edilen 22 yemegin isimleri ayr1 ayri analiz edilerek popiilerliklerine yonelik
sayisal verileri elde edilmistir. Veriler global sonuglara gore elde edilmistir. Platformun sundugu
karsilastirmali degerler (CVS — Comparative Value Score) temel alinarak her yemege ait degerler
toplanmis ve bu puanlar dogrultusunda yemekler en popiilerden en az popiilere dogru siralanmustir.
Aragtirma siirecinin agamalart Sekil 1'de gosterilmektedir. Bu analizlerin sonuglart birlikte
yorumlanarak, Tiirk mutfaginin ¢evrim i¢i ortamda en popiiler olan yemeklerini belirlemek icin
kullanilmistir.

Yapay zeka Google Trends

chatbotlarinin popiilerlik analizi Tiirk mutfas .
tlart Chatbotl. urk mut a!'glna ait
.y.anll atbotlarin ayni en popiiler
Gemini'nin 10 yanit: __ yanitlari yemeklerin analizi
DeenSeek'in 10 vanitt temizlendikten sonra
P Y kalan 20 yemegin

Chatgpt'nin 10 yanitt popiilerlik analizi

Sekil 1. Arastirma siireci.

BULGULAR

Veri toplama sureci icgin ilk olarak yapay zekd modellerinden olan DeepSeek, Gemini ve
ChatGPT’ye ‘‘Tiirk mutfaginin en popiiler 10 yemegi nedir?’’ sorusu sorulmus ve yanitlar Tablo
1’de listelenmistir.
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Tablo 1. Turkiye'nin en populer yemeklerine yonelik Gemini, DeepSeek ve ChatGPT yorumlari.

DeepSeek

ChatGPT

Gemini

1 | Adana Kebap: Baharath

Iskender Kebap (Bursa):

Iskender Kebap: Bursa'ya

kiyma ile  mangalda | Déner eti, tereyagi, | 6zgi olan bu kebap, pide

pisirilir. domates sosu ve yogurt | lizerine yerlestirilmis doner
ile servis edilir. Altinda | etinden, tereyagli domates
kitir ~ pide parcalar1 | sosu ve yogurt ile servis
lezzeti tamamlar. edilir.

2 |Urfa Kebap: Daha az | Testi Kebab1 | Cag Kebabi: Erzurum'un
baharatli lezzetiyle &ne | (Kapadokya): Ozel testi | meshur lezzeti olan cag
cikar. kabinda et ve sebzelerin | kebabi, yatik sekilde odun

uzun siire pisirilmesiyle | atesinde  pigirilen  kuzu

hazirlanan  enfes  bir | etinden yapilir.
Anadolu lezzeti.

3 | Iskender Kebap: Bursa'nin | Alinazik Kebab1 | Manti: Hamur i¢inde kiymali

yogurt ve tereyagli kebabi. | (Gaziantep): Patlican | hargla  hazirlanan  manti,

pliresi ve yogurt | yogurt ve sarimsakli sos ile
yataginda sunulan | servis edilir. Kayseri mantisi
yumusacik et | en bilinenlerindendir.
pargalartyla hazirlanan
unutulmaz  bir kebap
cesidi.

4 | Baklava: Gaziantep'in ince
yufkali, fistikli tatlis.

Yaprak Sarma (Ege ve
Marmara): Asma
yapragina sarilmis bol
limonlu ve zeytinyagl i¢
harg; hafif ama miithis
aromatik bir tat.

Lahmacun: Ince hamurun
lizerine kiymali harg
yayilmasiyla yapilan
lahmacun, genellikle limon
ve  vyesilliklerle  birlikte
tuketilir.

5 | Lahmacun: Tirk pizzasi;
limon ve maydanozla servis
edilir.

Tantuni (Mersin):
Incecik kiyilmis et veya
tavuk, 6zel baharatlar ve
lavas i¢inde sunulan hizli
ve lezzetli bir sokak
lezzeti.

Doner: Dikey olarak dénen
bir sise gecirilmis etin
kesilerek servis edilmesiyle
yapilan doner, Tiirkiye'nin en
populer sokak yemeklerinden
biridir.
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6 | Kayseri Mantisi: Sarimsakli | Hnkar Begendi | Baklava: Ince yufkalarm
yogurt ve tereyag ile | (Osmanh Mutfagi): | arasina ceviz veya fistik
sunulur. Patlican begendisi | konularak yapilan baklava,

iizerinde yumusak kuzu | serbetle  tatlandirilir  ve
eti ile  hazirlanan, | genellikle kaymak ile servis
Osmanli'nin saray | edilir.

mutfagindan gelen bir

efsane.

7 | Izmir Kofte: Domates | Karniyarik (Anadolu | Kiinefe: Kadayif ve peynirle
sosuyla patates ve biber | Mutfagi): Kiyma, sogan | yapilan kiinefe, sicak olarak
esliginde. ve baharatlarla | serbetle servis edilir ve

doldurulmus patlicanin | Uzerine genellikle kaymak
firnda  pisirilmesiyle | eklenir.

ortaya ¢ikan enfes bir

ana yemek.

8 Icli Kofte: Cevizli kiymali | Ciger Sis (Edirne ve | Yaprak Sarma: Asma
har¢  ile  doldurulmus | Diyarbakir): yapraklarimin igine piring,
bulgurlu lezzet. Baharatlarla marine | kus tliziimii ve baharatlarla

edilmis kuzu cigerinin | hazirlanan ic harcinin
siste pisirilmesiyle elde | sarilmasiyla yapilan yaprak
edilen sokak lezzeti. sarma, zeytinyagli  veya

kiymali olarak hazirlanabilir.

9 | Menemen: Domates, biber | Kayseri Mantis1 | Mercimek Corbasi: Kirmizi
ve yumurtayla sade bir | (Kayseri): Incecik hamur | veya yesil mercimeklerle
kahvaltilik. parcalarinin i¢ine kiyma | yapilan bu c¢orba, Tirk

doldurulup yogurt ve | mutfaginin
sarimsakla servis edilen | vazgegilmezlerindendir.
geleneksel bir saheser.

10 | Hamsi: Karadeniz'in simge | Kiinefe (Hatay): Ince | Tiirk Kahvaltisi: Tirkiye'de
balig1; tavada kizartilir. kadayif, taze tuzsuz | kahvalti, genellikle zengin

peynir  ve  serbetle
hazirlanan c¢itir ¢itir bir
tat.  Uzerine fistik
serpildiginde mitkemmel
hale gelir.

cesitlilikte peynir, zeytin,
regel, bal, tereyagi, ekmek ve
caydan olusur.
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Tablo 1'de gorildigi gibi, Gemini, DeepSeek ve ChatGPT, en popiiler Tiirk yemekleri
olarak farkli kebap tiirlerini nermektedir. Diger siralamalarda ise farkli yemekler 6ne ¢ikmaktadir.
Baz1 benzerlikler olsa da, siralama ve bolgesel lezzetlere odaklanma konusunda belirgin farklar
bulunmaktadir. Ornegin, DeepSeek, kendine dzgii baharatli tad: ile Adana Kebap'1 en iist sirada
onerirken, ChatGPT ve Gemini Iskender Kebap" 6n plana ¢ikararak, icerigi ve servis tarzi hakkinda
detayli agiklamalar yapmaktadir. Bu farklar, DeepSeek, Gemini ve ChatGPT'nin yapay zeka
teknolojisiyle tasarlanmis olmalarina ragmen kaginilmazdir. (Drapkin, 2023) tarafindan belirtildigi
gibi, Gemini internet verilerine gercek zamanli olarak erigirken, ChatGPT verilerini Eyliil 2021'den
once yayimlanmis bir veri setinden almaktadir. DeepSeek'in en son siiriimii olan DeepSeek R1,
derin akil yiiriitme yeteneklerinin yani sira internet baglantili arama iglevini de destekler. Bu sayede
DeepSeek R1, hem onceden taranmis ve analiz edilmis verilerle calisabilen hem de anlik web
aramalar1 yapabilen bir yapiya sahiptir (Lu, 2025). Fakat bu analiz sirasinda DeepSeek R1 modeli
degil V2 modeli kullanilmistir.

Tablo 1’deki yanitlarin elde edilmesinin ardindan bu yemeklerin popiilerligi Google Trends
kullanilarak incelenmistir. Tiim yemeklerin popiilerligi Google Trends ile analiz edilerek sirasiyla
tablolastirilmistir. Ug ayr1 yapay zeka chatbotun énerdigi bazi yemekler ayn1 yemek oldugundan
benzer yemekler tek yemek olarak analize dahil edilmistir. Ayrica mant1 ve kayseri mantis1 gibi
yanitlar da tek yemek olarak degerlendirilip Google trends analizinde ‘‘mant1’’ kelimesi ile analiz
gerceklesmistir. Toplam 22 farkli yemek ile analiz gergeklestirilmistir. Google Trends ayni anda
en fazla 5 analiz gerceklestirildiginden sonuglar 5 farkli tablo olusturularak hazirlanmistir. 22
yemege ait 5 farkli kiyaslamanin cvs. dosyalar1 Google Trend platformu {izerinden indirilmis ve
dosyadaki sayisal veriler toplanarak Sekil 1’de sunulan siitun grafigi olusturulmustur.
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Sekil 1. En popiiler yemeklerin Google Trends popiilerlik analizi sonuglari. * 2004 yilindan 2024
Aralik aymin sonuna kadar olan arama hacmi verileri. En yiiksek say1 ilgili zaman dilimi i¢inde en
fazla aranan yemek olarak kabul edilir.
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Sekil 1, Google Trends analiz sonuglarina gore donerin kiiresel olarak en popitiler Tiirk
yemegi oldugunu gostermektedir. Google Trends sonuglarina gore en popiiler 10 Tiirk yemegi
sirastyla Doner, Adana kebap, menemen, kiinefe, lahmacun, i¢li kofte, baklava, Alinazik,
mercimek corbasi ve karntyariktir. Arastirmada kullanilan 3 yapay zekd modeli sahip oldugu
verilere gore (web siteleri, dokiimanlar vb.) yemekleri degerlendiren ve siralayan yapay zeka
modelleriyken Google Trends Google arama verilerine dayali olarak sonuglar sunmaktadir. Google
Trends verisi, yemeklerle ilgili trendler veya belirli olaylar gibi ¢esitli faktorlerden etkilenebilir,
bu da daha fazla veya daha az arama yapilmasina yol agarak sonuglar1 degistirebilir. Bu nedenle,
Google Trends, diger yapay zeka sohbet robotlarindan farkli sonuglar sunabilir.

TARTISMA

Bu c¢aligmada yapay zeka chatbotlar1 ve Google Trends verileri ayn1 anda kullanilarak Tiirk
mutfagina ait en popiiler yemeklerin analiz edilmesi amacglanmistir. Gemini, DeepSeek ve
ChatGPT’den 10’ar yanit vermesi istenmis, elde edilen 30 yanit i¢erisinde bulunan ayni yemeklerin
silinmesinin ardindan 22 yemek ile analizler gergeklesmistir. Sonuclarda 2004 yilindan giiniimiize
kadar olan siiregte en popiiler 22 yemek listelenmis ve global aramalarda en popiiler 5 yemek
sirastyla doner, Adana kebap, menemen, kiinefe ve lahmacun olarak saptanmistir. Tiirkiye’de 2024
yilt verilerine gore kebapgi ve donercilerin en ¢ok tiiketim yapilan restoranlar oldugu (IPSOS,
2024) gbz 6niinde bulunduruldugunda bu sonuglar sasirtic1 degildir. Ote yandan global dlgekte de
sevildikleri ve farkli lilkelerden insanlarin tercihlerine hitap ettikleri anlagilmaktadir.

Tiirkiye’ye gelen turistlere yonelik ¢alismalarda turistlerin deneyimledikleri ve begendikleri
Tiirk mutfag1 yemeklerini yanitlamalar istenen ¢aligsmalar ilgili literatiirde mevcuttur. Sanlier'in
(2005) ¢aligmasinin sonuglarina gore Tiirkiye’ye gelen yabanci turistler en begendikleri yemekleri
domates corbasi, sebze ¢orbasi, tavuk corbasi, kebaplar, giiveg, zeytinyagli sarma, manti, peynirli
borek, hamur tatlilar, coban salatasi ve alkollii igecekler olarak yanitlamiglardir. Albayrak (2013)
turistlerin en sevdigi yemekleri sirasiyla; kebap, lahmacun, pide, hamurlu tatli ve borek olarak
saptanmistir. Girgin ve arkadaslarinin (2017b) Tiirk Cumhuriyetlerinden gelen 6grencilerle
gergeklestirdigi calismada da ¢orbalar, dolmalar, sarmalar, mant1 ve kebap sirasiyla en begenilen
yemekler olarak one ¢ikmistir. Eser ve Cakici'nin (2016) yabanci seflerle yaptigi calismada
kebaplar, zeytinyagli yemekler, salata, humus ve kiinefe en begenilen yemekler olarak
yanitlamistir. Kara (2025) tarafindan gerceklesen calismada ise uluslararasi ogrenciler Tiirk
mutfagini olumlu olarak degerlendirdiklerini ve en begendikleri yemekleri ¢orba kategorisinde
mercimek ¢orbasi, et yemeklerinde kebap, etli sebze yemeklerinde fasulye, zeytinyagl yemeklerde
sarma, hamur islerinde pide, borek ¢esitlerinde ise peynirli borek olarak yanitlamistir.

Bu caligmanin bulgulariyla 6nceki ¢alismalar arasinda ortiismeler oldugu goriilmektedir.
Ozellikle kebap ve kiinefe bu arastirmanin sonuglarinda da popiiler olarak one ¢ikan
yemeklerdendir. Fakat zeytinyagli sarma, corba g¢esitleri ve bazi hamur isleri ge¢gmis ¢alismalarda
turistler tarafindan begenildigi ifade edilmesine ragmen arama trendlerinde diisiik siralarda yer
almuistir. Onceki calismalar agirlikli olarak bireylerin begenilerine odaklanirken, bu ¢alismada
kiiresel cevrim i¢i arama verileri analiz edilerek nesnel bir popiilerlik dl¢iimii yapilmistir. Bu
yOniiyle mevcut aragtirma, geleneksel begeni odakli yaklagimlardan farkli ve daha dijital odakli bir
katki sunmaktadir.
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Girgin ve arkadaslarmin (2017a) gerceklestirdigi, cevrim i¢i igerikler iizerine yaptiklari
analizlere gore Tirk mutfaginin kiiresel 6l¢ekte yeterince taninmadigi ve dijital popiilerliginin
diisiik oldugu saptanmistir. Dijital medyada, 6zellikle tilkelerin web sitelerinde ulusal mutfaklarin
yer alig bi¢imi, bir iilkenin gastronomik markalagsmasinda 6nemli bir unsurdur (Horng ve Tsai,
2010). Giinlimiizde Tiirkiye turizm tamitim faaliyetlerinde gastronomi temali igerikleri sik¢a
kullanmaktadir (Kaman, 2024). 2007 yilinda yapilan arastirmalarda Tirkiye’'nin tanitim
faaliyetlerinde gastronomi temali igeriklerin arka planda kaldigi, daha ¢ok deniz-kum-giines
turizmine odaklanildigi saptanmigken, gilinlimiizde Tiirkiye dijital mecralarda GoTiirkiye
hesaplariyla Tirk mutfaginin zenginligini yansitmaya calismaktadir (Kaman, 2024; Okumus vd.,
2007). Ancak tanitim faaliyetleri tek basma yeterli olmayabilir ve hedef kitleye ulasmada
siirliliklar gosterebilir. Yapay zeka, biiyiik veri ve dijital arama trendlerinin; yemekler gibi turistik
urunlerin popilerlik analizi ve tuketici tercihleri {izerine uygulanmasi, yeni is firsatlarin
belirlenmesi, 6zgiin meniilerin olusturulmasi ve tanitim stratejilerinin etkinliginin artirilmasi i¢in
onemli bir potansiyel tasimaktadir (Masruroh vd., 2024).

SONUGC

Bu calismada, diinyada en popiiler Tiirk yemeklerini incelemek iizere farkli ve yenilik¢i bir bakig
ac1s1 benimsenmis ve elde edilen bulgularin, Tiirk mutfaginin, Tiirk yemeklerinin tanitiminda katki
saglamas1 hedeflenmigtir. Literatiirde, yapay zeka modelleri ile Google Trends verilerinin birlikte
kullanildig1 ve Tiirk mutfagina yonelik analizler sunan benzer bir ¢aligmaya rastlanmamistir. Elde
edilen sonuglara gore, daha az bilinen yemekler 6n plana ¢ikarilabilir ya da yiiksek bilinirlige sahip
yemekler i¢in farkli tanitim stratejileri gelistirilerek mevcut popitilerlikleri etkili bir sekilde
degerlendirilebilir. Ayrica 06zglin meniilerin olusturulmasinda veya yeni is firsatlarinin
yaratilmasinda da Google trends gibi biiyiik data verileri ve yapay zeka sonuglar1 yeni bakis agilari
saglayabilir. Caligmanin sonuclarma gore 2004 yilindan giiniimiize kadar olan siirecte en popiiler
5 yemek sirasiyla doner, Adana kebap, menemen, kiinefe ve lahmacun olarak saptanmistir.

En popiiler yemek en lezzetli veya en giizel anlamima gelmemektedir. Yemek tercihleri
kiiltiir, cografya, etnik koken, gelenek gibi cesitli faktorlerden etkilenen ve bir karar verme
stirecidir. Farkli araclar kullanarak analiz edilen gidalara yonelik popiilerlik farkliliklari,
tilkketicilerin dogrudan goriilemeyen tercihleri hakkinda i¢ goriiler sunabilir. Yapay zekanin
sonuclart web ortamindaki verilere gore ¢ok begenilen belirli bir giday1 gosterse de Google Trend
analizinin sonuglar1 bu gidalara yonelik diisiik popiilerlik sonuglar1 gosterebilir. Ciinkii fiyat,
bulunabilirlik, evde pisirmeye uygunluk veya yerel tercihler gibi tuketicilerin Google arama
tercihlerini etkileyebilir. Yine de yapay zeka ve Google Trends verilerini kombine ederek sonuglari
analiz etmenin tutarlt sonuglar verecegi diisiiniilmektedir.

Tiirk mutfaginin tanittiminda yapay zeka, biiyiik veri ve dijital arama trendlerinin analizine
dayali yeni yontemlerin de kullanilmasinin 6nemli oldugu diistiniilmektedir. Dijital araglar
araciligiyla tiiketici egilimlerinin izlenmesi ve stratejik tanitim kampanyalarinda bu verilerin
kullanilmasi tanitim faaliyetlerinin basarisini artirabilir.

Arastirmanin bazi simirliliklart bulunmaktadir. En 6nemli sinirliligi Google trends analizi
asamasinda yemeklerin sadece Tiirkce yazilislar1 ile analizin gerceklestirilmesidir. Ornegin
Tiirkge’de kiinefe olarak bilinen tatli Arapga’da knafeh olarak bilinmektedir. Google aramalarinda
da farkli isimlerle aranabileceginden bu arama sonuglarinda farklilagsmaya sebep olmaktadir.
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Benzer sekilde doner de ayn1 zamanda doner kebap olarak araniyor olabilir. Gelecek ¢alismalarda
yemeklerin diger dillerdeki isimlerinin de dahil edildigi calismalar farkli katkilar saglayabilir.
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ABSTRACT

Menengic (Pistacia terebinthus L.) is a plant species native to the Mediterranean region, belonging
to the sumac family (Anacardiaceae), with a strong resinous scent. Menengic is part of our country's
flora and is a tree that grows on its own without the need for cultivation. Menengic is known by
different names in different regions of Turkey, such as ¢edene, ¢itlenbik, ¢itlik, ¢itemik, and bittim.
Menengic (Pistacia terebinthus L.) is a natural raw material that attracts attention in the functional
food sector thanks to its bioactive components, essential oils, and phenolic profile. Studies in the
literature reveal that menengic fruit, oil, and leaves have significant antioxidant, antimicrobial,
anti-inflammatory, and cholesterol-regulating effects. The high oleic and linoleic acid content of
menengig¢ oil offers an important advantage in terms of cardiovascular health; it has been used for
many years in folk medicine to treat respiratory tract, digestive system, and urinary tract disorders.
Various studies have indicated that extracts from the leaves and fruit of menengi¢ have a strong
antimicrobial effect on gram-positive bacteria; furthermore, their antioxidant power can be close
to or even superior to synthetic antioxidants. Coffee and various food products made from
menengic fruit are appreciated for their sensory qualities while also providing nutritional benefits
through their functional components. Due to their high oil content, menengi¢ seeds are also being
studied by researchers as a source of oil. Recent studies have revealed the importance of modern
extraction and food technology applications aimed at increasing the bioactive component stability
and bioavailability of menengic extracts. In this context, menengic¢ stands out as a potential food
ingredient that can be evaluated as a natural antioxidant and preservative in functional food
formulations.

Keywords: Pistacia terebinthus L., functional components, bioactive compounds.

OZET

Menengi¢ (Pistacia terebinthus L.), Akdeniz bolgesine 0zgili, sakiz agaci familyasindan
(Anacardiaceae) bulunan kuvvetli regine kokulu bitki turudir. Menengic, Ulkemizin bitki
oOrtlisliniin bir pargasi olup, tarima ihtiya¢ duymadan kendi kendine yetisen bir agactir. Menengig,
Tiirkiye’de yorelere gore cedene, c¢itlenbik, c¢itlik, ¢itemik ve bittim gibi farkli isimlerle
anilmaktadir. Menengic (Pistacia terebinthus L.), sahip oldugu biyoaktif bilesenler, ugucu yaglar
ve fenolik bilesen profili sayesinde fonksiyonel gida alaninda dikkat ¢eken dogal bir hammaddedir.
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Literatiirdeki ¢alismalar, menengi¢c meyvesi, yagi ve yapraklarinin belirgin diizeyde antioksidan,
antimikrobiyal, antiinflamatuvar ve kolesterol diizenleyici etkilere sahip oldugunu ortaya
koymaktadir. Menengi¢c yaginin yiiksek oleik ve linoleik asit orani, kardiyovaskiiler saglik
acisindan dnemli bir avantaj sunmakta; halk hekimliginde ise solunum yollari, sindirim sistemi ve
idrar yolu rahatsizliklarinin tedavisinde uzun yillardir kullanilmaktadir. Menengi¢in yaprak ve
meyve ekstraktlarinin, gram pozitif bakteriler {izerinde giiglii antimikrobiyal etki olusturdugu;
ayrica antioksidan giiclerinin sentetik antioksidanlara yakin ya da onlardan daha {istiin olabildigi
cesitli arastirmalarda belirtilmistir. Menengi¢ meyvesinden elde edilen kahve ve cesitli gida
irlinleri, duyusal acidan begeni toplarken fonksiyonel bilesenleriyle de besinsel katki
saglamaktadir. Menengi¢ tohumlar1 yiliksek yag oranina sahip oldugundan, arastirmacilar
tarafindan yag hammaddesi olarak da incelenmektedir. Son donemde yapilan ¢alismalar, menengic
ekstraktlarinin biyoaktif bilesen stabilitesi ve biyoyararlanimini artirmaya yonelik modern
ekstraksiyon ve gida teknolojisi uygulamalarinin 6nem kazandigini ortaya koymaktadir. Bu
baglamda menengig, fonksiyonel gida formiilasyonlarinda dogal antioksidan ve koruyucu olarak
degerlendirilebilecek potansiyel bir gida olarak 6ne ¢ikmaktadir.

Anahtar Kelimeler: Pistacia terebinthus L., fonksiyonel bilesenler, biyoaktif maddeler.

GIRIS

Menengic, Pistacia cinsine ait olup, Pistacia terebinthus L. subsp. palaestina (Boiss.) Engler
taksonu igerisinde smiflandirilan bir meyve tiiriidiir (Dalgig vd., 2011). Pistacia terebinthus L.
(Anacardiaceae), Akdeniz bolgesi ve Asya’da yaygin olarak bulunan 20 Pistacia tiirlinden biridir
ve birgok biyolojik aktiviteye sahiptir (Dhifi vd., 2012). Menengigin iki anavatani vardir. Birisi
Anadolu, Kafkasya, Iran ve Tiirkmenistan’mn yiiksek kisimlarmi i¢ine alan Yakin Dogu gen
merkezi, digeri ise Orta Asya gen merkezidir (Sidar, 2011).

Menengicin Tiirkiye’de en cok Kuzey ve Giiney Anadolu’nun yan1 sira Marmara ve Akdeniz
bolgelerinde dogal olarak yetistigi belirtilmistir (Ozcan, 2009). Kaya (2012) ise arkeolojik
bulgularm, menengicin yaklagik M.O. 7000’lerde besin olarak kullanildigmi ortaya koydugunu
aktarmaktadir. Menengi¢ farkli bolgelerde farkli isimlerle bilinmektedir; 6rnegin Elazig’da
“cedene”, Adana’nin Kozan ilgesinde “¢itimik”, Antalya-Akseki yoresinde ise “¢ofre” ya da
“sakizlak” olarak adlandiriimaktadir (Kaya, 2012). Pistacia tiirleri, genellikle aga¢ ya da g¢ali
formunda gelisen, kis aylarinda yapraklarin1 doken yabani bitkiler olarak tanimlanmaktadir. Yaz
sonunda, bu bitki yiiksek yag icerigine sahip kirmizi-yesil ila mor renkli yenilebilir meyveler {iretir
(Orhan vd., 2012). Yogun regine kokusuna sahip yapraklara sahiptir. Meyveleri yaklasik 4—6 mm
capinda, kiiciik, yuvarlaga yakin veya elips bigiminde olup, olgunlastiklarinda mavimsi yesil bir
renk alirlar (Sidar, 2011). Menengi¢ tohumlarinin 1000 tane agirligi 150-200 gr arasinda
degismektedir (Ozgelik, 2016). Menengigin halk hekimliginde yiizyillardir kullanilmasi, modern
gida bilimini menengicin fonksiyonel gida ve dogal koruyucu potansiyelinin arastiriimasi
konusunda c¢aligmalara yonlendirmistir.

Menengicin Uretimi, Bilesimi ve Saghk Uzerine Etkileri

Tiirkiye’nin dogal bitki ortiisiinde yer alan, ekolojik kosullarda kendiliginden gelisen Pistacia
agacinin Mart—Nisan doneminde pembe ile mor tonlarinda cicekleri acarken bu agaglarin
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tohumlari, Ekim ve Kasim aylarinda olgunluk evresine ulasir. Menengi¢ (Pistacia terebinthus),
derin kok yapist ve ¢evresel kosullara yliksek adaptasyon yetenegi sayesinde hem nemli ve yagisl
hem de kurak ve taslik alanlarda gelisim gosterebilmektedir (Ekinci, 2021). Menengicin dogal
yollarla kendiliginden yetismesi; ekim, toprak hazirlig1 ve zirai miicadele gibi {iretim giderlerini
ortadan kaldirdig1r icin, diger yagli tohum bitkilerine kiyasla ekonomik agidan avantaj
saglamaktadir (Sahin, 2019). Bitki, 6zellikle Toros Daglari’ndaki cam ormanlarinda, yaklasik 1600
metre rakima kadar yayilim gostermektedir (Baytop, 1984). Antep fistig1 (Pistacia vera) tirtinden
sonra iilkemizde en yaygimn gorillen tiriin menengi¢ (Pistacia terebinthus L.) oldugu ifade
edilmektedir (Sidar, 2011). Menengig, belirgin re¢ine kokusuna sahip, gorece kiiciik yapili bir agag
tiradir (Dogan, 2016). Antep fistigi, siklikla menengig lizerinden asilanarak yetistirilmektedir.
Soguk ve kurak iklim kosullarina kars1 oldukca direngli olan bu agag, en iyi gelisimini alkali
topraklarda gostermektedir (Kaya, 2012).

Menengi¢ agagciklarindan ¢ok yonlii faydalanilmaktadir, bahar mevsiminin gelisiyle
beraber, dallardan ¢ikan ilk filizlere halk tarafindan ‘iskin’ denilmektedir. Bu agagciklarin
gbdvdesinden ¢ikan sivilar ‘giinliik’ adiyla halk hekimliginde kullanilmaktadir (Eytemis, 2016).

Pistacia tirleri icinde sadece Pistacia vera L. (Antep fistig1) ekonomik agidan ticari deger
tasirken, halk arasinda menengi¢ veya ¢edene olarak bilinen Pistacia terebinthus L. turunin
meyvesi, sinirlt kullanim olanagina sahiptir. Baz1 bolgelerde, 6zellikle Elazig yoresinde “gedene
kahvesi” adli yerel bir igecek iiretiminde kullanilmaktadir (Kaya, 2012). Menengi¢ kahvesi,
ogitiilmiis kahve gibi tortu goriiniimiindedir ve sindirim i¢in mitkemmel bir yardimei olarak tim
tatlilardan sonra igilmesi onerilir (Orhan vd., 2012). Menengig, geleneksel olarak farkli sekillerde
degerlendirilmekte olup, farkli oranlarda menengic yagi iceren ve yoresel adiyla 'menengi¢ sabunu'
veya 'bittim sabunu' olarak bilinen {riinler, tiiriin ticari anlamda kullanildig1 en 6nemli iiriinlerden
biridir (Dalgi¢ vd., 2011). Taze siirgiinlerinin toplanip konserve haline getirilerek yemeklerde
kullanilmasi, tiiriin bilinen diger yoresel degerlendirme bi¢imlerinden biridir. Menengi¢ meyveleri
ise istah agic1 olarak, yoresel ekmeklerin yapiminda ve kahve ya da ¢ay formunda tiiketilmektedir.
Bu kullanimlarimin disinda son zamanlarda gelismis kok sistemleri nedeni ile vejetatif bitki
tretiminde as1 althigi olarak bitki islahinda kullanilmaktadir (Sidar, 2011). Ayrica menengi¢
meyVveleri kavrularak, besleyici bir atistirmalik olarak insanlar tarafindan tiikketilmektedir (Gulsoy
vd., 2013).

Yiiksek protein ve yag igerigi ile hos aroma ve lezzete sahip olmasi, menengic¢ tohumlarinin
gida sektoriinde kullanilabilmesini miimkiin kilmaktadir (Tablo 1). Ayrica, dogal triinlere olan
kiiresel ilginin artmasiyla menengi¢ tohumlarinimn tiiketimi de giderek yiikselmektedir (Sidar,
2011).

Tohumlarin yag miktar1 ve diger 6zellikleri, iklim kosullari, olgunluk evresi, ¢ekirdeklerin
hasat zamani ve ekstraksiyon yontemleri gibi faktorlere bagl olarak degiskenlik gosterebilir. Yagl
tohumlarda bulunan yag, dokularin veya hiicrelerin i¢inde sikistigindan, dgilitme ya da kavurma
gibi On islemler yapilsa bile basit filtrasyon veya dekantasyon yontemleriyle kolayca elde edilemez.
Bu nedenle endiistride yag c¢ikarmak i¢in genellikle presleme, ¢oziicii ile ekstraksiyon ya da bu
yontemlerin birlikte uygulandigi 6n presleme-ekstraksiyon teknikleri kullanilmakta olup genellikle
presleme tercih edilmektedir. Menengi¢ tohumlar1 yiiksek yag oranina sahip oldugundan,
arastirmacilar tarafindan yag hammaddesi olarak incelenmektedir (Sidar, 2011). Tohumdan elde
edilen bu yagin yag asidi kompozisyonunda baslica oleik, linoleik palmitik, palmitoleik ve stearik
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asitler bulunurken; toplam yag asitlerinin yaklasik %75’ini doymamis yag asitleri, %25’ini doymus
yag asitleri olugturmaktadir (Tablo 2).

Tablo 1. Menengi¢ tohumunun kimyasal bilesimi (% kuru maddede).

Ham yag Ham protein Ham lif Kl Kaynak
38.74 9.67 10.90 3.10 (Ozcan, 2004)
47.00 9.10 17.52 5.08 (Kaya ve Ozer, 2015)
40.21 12.35 11.24 3.23 (Koten ve Satouf, 2019)
46.05 9.49 24.56 2.40 (Bulut, 2019)

Tablo 2. Menengicteki temel yag asitleri (%).

Palmitik | Palmitoleik | Stearik | Oleik |Linoleik | Linolenik
. X . . : . Kaynak
asit asit asit asit asit asit
21.3 3.4 2.0 52.3 19.7 0.6 (Ozcan, 2004)
24.28 3.78 1.70 45.82 23.93 0.47 (Kaya ve Ozer, 2015)
23.05 3.85 1.68 43.5 22.9 0.39 (Sahin, 2019)
23.40 - 2.19 48.02 23.03 0.71 (Ozcan, 2004)

P. terebinthus L. meyvelerinin yesilden siyaha dogru olgunlastikga, yag igeriginin arttigi; bu
stirecte oleik ve palmitik asit seviyeleri yiikselirken, linolenik asit seviyelerinin azaldigi
bildirilmistir (Ahmed vd., 2025).

Yapilan bir¢cok ¢alismada menegicin ugucu aromatik bilesenlerden ve fenoliklerden olusan
biyoaktif bilesenleri, mineral maddeleri ve baz1 vitaminleri igerdigi belirtilmistir (Tablo 3).

Menengic, kimyasal bilesenleri bakimindan zengin bir tiir olup 6zellikle tanenler, regineli
maddeler ve ugucu yaglar yoniinden dikkat ¢gekmektedir. Menengig tiirlerinin farkli organlarinda
(meyve, kabuk, recine-benzeri salgilar, siirgiin ve ¢igek dokulari) ugucu yag bilesimlerinin ayrintili
sekilde incelendigi ¢cok sayida ¢alisma bulunmaktadir (Kivgak vd., 2004).
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Tablo 3. Menengi¢in yapisinda bulunan biyoaktif bilesenler, mineral maddeler ve baz1 vitaminler.

Bilesenler Belirlenen Maddeler Kaynak
Terpenler* (Monoterpenler, tetrasiklik
triterpenoitler, diger triterpenoitler)
Diger ucucu bilesenler* (alkoller, aldehitler,
asitler ve ketonlar)
Fenolik bilesikler** mg/kg
Gallik asit 4.27
Protokatesuik asit 3.86
(+)-Katesin 5.58
1,2-Dihidroksibenzen 3.8
Sirinjik asit 0.95
Biyoaktif Kafeik asit 0.48 (Amanpour vd., 2019)*
bilesenler Rutin trihidrat 051 (Ozcan vd., 2020)**
p-kumarik asit 0.08
trans-Ferulik asit 0.24
Apigenin-7-glukozid 0.46
Resveratrol 0.36
Quersetin 129.09
trans-sinnamik asit 0.15
Naringenin 0.87
Kaempferol 2.50
Isoramnetin 1.75
D: vitamini (2.5 pg/ g)
Vitamin igerigi % Xigﬁgl S'lgi;gé)g) (Ciftci vd., 2009)
Retinol (25.65 pg/ g)
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Mineral mg/kg Mineral mo/kg
K 1364.19 Se 6.20
Ca 924.39 Li 5.97
Na 906.64 Cr 3.91
S 897.83 Zn 3.09
P 801.88 Ag 2.57
Mg 318.39 Co 2.07 )
Mineral igerigi (Ozcan, 2004)
Fe 41.78 Cd 1.98
Pb 30.15 Ti 1.88
B 29.90 Cu 1.28
Al 16.96 Mn 1.23
As 10.12 Ni 1.05
Bi 9.59 \Y 0.87
Sr 7.29 Ba 0.54

Literatiirde genel olarak Pistacia tiirlerinin ugucu yaglarinin monoterpen hidrokarbonlarca
zengin oldugu, bitki organina gore bazi oksijenli terpenler ile seskiterpenlerin de 6nemli oranlara
ulasabildigi bildirilmektedir. Amanpour vd. (2019) menengi¢ ugucu aroma bilesenleri igerisinde
toplam terpen miktarin1 255 mg/kg (toplam aromanin %93,3'i) olarak belirlemislerdir. Terpenler
icerisinde de a-Pinene (108.29 mg/kg) baslica bilesen olmus, bunu D-Limonene (26.99 mg/kg),
Ocimene (25.78 mg/kg), B-Myrcene (21.18 mg/kg), (Z)-B-Ocimene (14.54 mg/kg) takip etmistir.
Terpenler haricindeki diger ugucu bilesenleri ise alkoller (1.44 mg/kg), aldehitler (2.16 mg/kg),
asitler (10.78 mg/kg) ve ketonlar (3.20 mg/kg) olarak belirlemislerdir.

Papageorgiou vd. (1999), P. terebinthus reg¢inesinin ugucu yaginda temel bilesenlerin a-
pinen, B-pinen, sabinen ve terpinen-4-ol oldugunu belirtmisleridir. Bu ¢esitlilik, menengi¢ ugucu
yaginin gida endiistrisi, parfiimeri ve farmasotik uygulamalar icin 6nemli bir dogal aroma ve
biyolojik aktivite kaynagi olarak degerlendirilmesini miimkiin kilmaktadir.

Menengi¢ ugucu bilesenlerinden mirsen (myrcene) ise hem aromatik karakteri hem de
biyolojik etkileri nedeniyle dikkat ¢eken bir monoterpendir. (Sahin, 2019) ezilmis menengig
tohumlarinda mirsen oraninin %8.76 ile ugucu bilesenler icinde en yiiksek degerlerden biri
oldugunu bildirmistir. Mirsenin dogal bir kas gevsetici olarak etki gosterdigi, antiinflamatuvar
Ozellik sergiledigi ve antimikrobiyal aktivitesi nedeniyle kozmetik tiriinler, sabunlar, deterjanlar ile
cesitli gida ve iceceklerde kullanim potansiyeli tagidigi belirtilmektedir.
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Gliniimiize kadar yapilan ¢alismalar, Pistacia tiirlerinin 6nemli dogal antioksidan kaynaklar
olarak kullanilabilecegini, standart antioksidan bilesikler olarak kullanilan kuersetin ve a-tokoferol
gibi fenolikler ve flavonoidler igerdigini gostermistir. (Topcu vd., 2007). Siir (2017) ¢alismasinda
stiperkritik karbondioksit ekstraksiyonu ile farkl siire, sicaklik ve basinglarda elde ettigi menengic
ckstraktlarinda kuersetini 12.19-268.75 ppm, katesini 0-49.89 ppm gallik asiti 0-29.11 ppm, ao-
tokoferolt 0.48-153.34 ppm, B-tokoferolii 0 -205.57 ppm, y-tokoferolii ise 0.40-13.42 ppm
araliginda bulmustur. Ozcan vd. (2020) a-tokoferolii 44.43 mg/100g, R-tokoferolii 8.38 mg/100g,
y-tokoferolii 102.96 mg/100g, d-tokoferolii ise 2.15 mg/100g araliginda bulmustur.

Kavak vd. (2010) yaptig1 arastirmada, menengi¢ bitkisinin farkli kisimlarindan elde edilen
ekstraktlarin antimikrobiyal ve antioksidan 6zellikleri incelenmistir. Calisma sonucunda, menengig
yapraklarindan %80 etanol ile elde edilen saf ekstraktin antioksidan aktivitesinin 85.06 mmol
Trolox/g oldugu belirlenmistir. Ayrica bu ekstraktin Staphylococcus aureus’a karst minimum
inhibisyon konsantrasyonu < 1.53 mg/mL olarak tespit edilmis; buna karsin Escherichia coli
Uzerinde herhangi bir antimikrobiyal etki gozlememistir (Kavak vd., 2010).

Bir baska ¢alismada, yaprak ekstraktinin iceriginde goriilen flavonoid sayesinde fenolik
ekstraktin ve alkoloid antioksidanin yliksek antioksidan kapasiteye ve serbest radikal hasarini
azaltarak kanser riskini azaltabilecek potansiyele sahip oldugu sonucuna ulagilmistir. Yaprak
ekstrakti gram pozitif bakterilere karsi antimikrobiyal etki gostermis, ancak gram negatif
bakterilere kars1 etkisiz kalmustir. E.coli tarafindan tiretilen -glukoronidaz enzimi tizerinde yuksek
bir inhibisyon etkisi gosterdigi belirlenmistir. Bu inhibisyon, bitki ekstraktinin insan bagirsak
florasinda deglukuronidasyonu azaltabilecegi ve bu sayede kanser riskini diisiirebilecegi anlamina
gelmektedir (Kavak vd., 2010).

Menengic meyve kabuklari luteolin bakimindan zengindir. Luteolin, bitkilerde yaygin olarak
bulunan dogal bir flavonoid ve 6nemli bir ikincil metabolittir. Gii¢lii antikanser ve antiinflamatuvar
ozellikleri nedeniyle bilimsel agidan biiyiik ilgi gormektedir (Kizilyildirim, 2024). Bulut (2019)
yaptig1 ¢alismasinda menengic¢ kahvesindeki fenolik bilesiklerden luteolin ellajik asit, gallik asit,
fumarik asiti agirlikli olarak bulmustur.

Bu bulgular birlikte degerlendirildiginde, menengicin hem ucucu yag hem de fenolik
bilesikler bakimindan oldukg¢a zengin bir fitokimyasal kaynak oldugu; luteolin ve mirsen gibi
biyolojik etkisi yliksek bilesenlerin varlig1 sayesinde gida, saglik ve kozmetik alanlarinda 6nemli
uygulama potansiyeli tagidig1 goriilmektedir.

Menengi¢ tohumlarinin kavrulmasiyla elde edilen ve “cedene kahvesi” (menengi¢ kahvesi)
olarak bilinen igecegin, halk hekimliginde cesitli tedavi edici Ozellikleriyle kullanildig:
bilinmektedir. Bu geleneksel i¢ecegin; balgam soktiiriicii, solunum ve idrar yollar1 antiseptigi,
gbgiis yumusatici, viicut i¢i yaralarin iyilesmesini destekleyici, ayak terlemesini azaltici, kolesterol
disiiriicii veya Onleyici, regl diizenleyici ve bobrek tasi atilimini kolaylastirici etkiler gosterebildigi
belirtilmistir (Kaya, 2012). Halk arasinda, menengigin kurutulmus yapraklarindan hazirlanan
dekoksiyonun mide rahatsizliklarina 1yi geldigi sdylenmektedir. Meyveleri disaridan kullanimla
gastralji ve romatizma tedavisinde, igeriden kullanimla ise oksiiriige karsi uyarici, oksiiriik kesici
ve idrar soktiiriicii Ozellikleri nedeniyle kullanilmaktadir. Ayrica giines carpmasina karst da
menengi¢ yapraklarinin faydali oldugu ifade edilmektedir (Sidar, 2011). Menengicin cilt ve sa¢
saghgim destekledigi, agiz kokusunun giderilmesine yardimci oldugu ve anne siitii iiretimini
artirict etki gosterebildigi bildirilmektedir. Ayrica biyolojik yapisinda kafein bulundurmamasi ve
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doymamis yag asitleri bakimindan zengin olmasi, menengic¢i dogal bir saglik kaynagi haline
getirmektedir (Ekinci, 2021).

Menengi¢in kan parametreleri iizerinde olumlu etkiler gosterdigi bildirilmektedir. Yapilan
aragtirmalarda, menengi¢ tiikketiminin toplam kolesterol ve LDL-C diizeylerini diigiirdiigii, buna
karsin HDL-C seviyesini artirdig1 belirlenmistir. Ayrica lipit profillerinde goriilen bu iyilesmenin,
koroner kalp hastalig1 riskinin azalmasina katki saglayabilecegi de ifade edilmistir (Sahin, 2019).

Uyar ve Abdulrahman (2020) diyabetik siganlara P. terebinthus ekstraklarini uygulamislar,
ekstrakt uygulanan siganlarin kan sekeri, aspartat aminotransferaz, alanin aminotransferaz, alkalin
fosfataz, laktat dehidrogenaz, glikoz, toplam trigliserit, toplam kolesterol, yiiksek ve diislik
yogunluklu lipoprotein diizeylerinde azalma meydana geldigini, karaciger, bobrek ve pankreas
tizerinde koruyucu bir etki gosterdigini, ekstraktin antioksidatif etkisi sayesinde serum enzimleri
ve lipid oksidasyonu seviyeleri lizerindeki zararli etkilerini azaltarak antidiyabetik aktivite
gosterdigini belirlemislerdir.

Menengicin Kullanim Alanlari ve Degerlendirilmesi

Menengic agacinin geng yapraklari sicak suda kaynatilarak ¢ay olarak icilmekte ve sebze olarak
degerlendirilmektedir. Agacin kabuguna yapilan kesiklerden ise regine (terebentin chia otica veya
sakiz) elde edilir ve bu regine geleneksel tipta kullanilmaktadir. Hos aromali ve ugucu yag igeren
bu recine, bal kivaminda, acgik sar1 ve seffaf renge sahip olup alkolde ¢6ziinme 6zelligi tasir.
Bitkinin kabugunda yaklasik %25 oraninda tanenler (bitki polifenolleri) ac1 ve buruk bir tada
sahiptir (Sahin, 2019).

Menengi¢ meyvesi antepfistifin1 andiran tadi ve aromatik ugucu profilleri, biyoaktif
bilesenleri, yiliksek yag icerigi nedeniyle olduk¢a degerlidir. Soguk pres yontemiyle elde edilen
menengi¢ yagl, Akdeniz mutfaginda yaygin olarak kullanilmakta; kendine 6zgii lezzeti sayesinde
salatalara, peynir gesitlerine ve marine soslara sik¢a eklenmektedir (Batovska, 2025).

Diger tiiketim sekillerine kiyasla menengicin kahve olarak tiiketimi daha yaygindir (Dalgig
vd., 2011). Tibbi ve aromatik Ozelliklerinin yani sira, son yillarda tiiketimi artan “menengic
kahvesi”, yumusak aromasi1 ve kendine 0zgii kokusuyla yoresel olarak tiiketilen popiiler bir
iriindiir. Kahve tiretiminde kullanilan menengi¢ taneleri, once gélgede kurutulup kavrulmaktadir.
Kavurma isleminin ardindan o6giitiilerek elde edilen ezme, kahve olarak kullanilmaya hazir hale
gelir. Menengic kahvesi, tercihe bagl olarak su veya siitle hazirlanabilmektedir (Sahin, 2019).

Yapilan bir ¢aligmada menengic kahvesine tam yaglh siit ilavesinin toplam biyoerisilebilir
flavonoidleri 6nemli Ol¢lide artirdigini, yagsiz siit ilavesinin ise O6nemli bir degisiklige yol
acmadigini ortaya koyulmustur. Dahasi, menengig¢ kahvesine tam yagli siitle seker veya tatlandirici
ilave edilmesi biyoerisilebilir flavonoidlerin miktarin1 daha da artirdig1 gézlenmistir. Genel olarak,
menengi¢ kahve + tam yagh siit + seker formiilasyonunun en yiiksek miktarda biyoerisilebilir
flavonoid ve flavonoid olmayan bilesikleri i¢cerdigi bulunmustur (Kamiloglu vd., 2022). Menengi¢
ezmesi, bazi bolgelerde ¢esitli baharatlarla karistirilarak “zahter” adi verilen karisim bi¢ciminde
degerlendirilebildigi belirtilmistir (EKinci, 2021).

Bir aragtirmada, ceviz, Antep fistifi ve badem kabugu ile menengi¢ meyvesinin
antimikrobiyal ve antioksidan Ozellikleri incelenmis ve bu materyallerden elde edilen hidrosol
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ekstraktlarinin meyveli yogurt iiretiminde kullanilabilirligi degerlendirilmistir. Calismada farkl
meyvelere ait ekstraktlar, yogurt iiretiminde tek basina uygulanmis ve 6zellikle son iirliniin raf
Omrii ile tat ve aroma 6zellikleri iizerindeki etkileri incelenmistir. Sonuglar gida iirlinlerinde raf
omriinii artirma, fermente iriinlerde fermantasyonu sinirlama ve bitkisel yag sanayisinde
oksidasyona bagli bozulmalar1 6nleme gibi alanlarda ileri ¢aligmalar i¢in potansiyel tasidigini
gostermistir (Dogan, 2016).

Farkli oranlarda menengi¢ ilavesinin dondurmanin fiziksel, kimyasal ve duyusal 6zellikleri
izerindeki etkilerinin incelendigi bir aragtirmada, menengi¢ katkisinin dondurmanin pH degerini
diistirdiigii; buna karsilik toplam kuru madde, yag ve kiil miktarlarin1 artirdigi belirlenmistir. Ayrica
menengi¢ ilavesi, iirlinlin erime siiresini uzatmis ancak vizkozite lizerinde anlamli bir degisiklik
olusturmamistir. Menengic oranindaki artisa paralel olarak dondurmalarin toplam fenolik madde
miktart ve antioksidan aktivitesi de ylkselmistir. Ancak duyusal olarak %1 menengi¢ igeren
ornekler daha ¢ok begenilmistir (Ergenekon, 2018).

Uniivar (2013) tarafindan vyiiriitiilen arastirmada, menengicin kuvvetli un, zayif un ve tam
bugday unu ile yapilan ekmek formiilasyonlarina eklenmesi sonucunda, kontrol gruplarina kiyasla
daha iyi bir tekstiir profili ve daha yiiksek ekmek hacmi elde edilmistir. Menengic katkilt
ekmeklerde 1. ve 3. giin 6l¢iilen sertlik ve katilik degerlerinin genel olarak kontrol 6rneklerine gore
daha diistik oldugu goriilmiistiir.

Menengi¢in sekerleme iiretiminde kullanilma potansiyelin degerlendiren bir calismada,
kavrulmus menengiglerin kavrulmamis 6rneklere gore daha yogun bir seker kaplamasi olusturdugu
goriilmiistiir. Arastirma sonuclari, menengic iceren sekerlemelerin genel olarak yiiksek tiiketici
begenisi aldigin1 ve 6zellikle kavrulmus menengi¢ kullanilarak hazirlanan iirtinlerin daha fazla
tercih edildigini gostermistir. Ayrica menengicin sekerleme alaninda kullanilmasiyla, antioksidan
kapasitesi yiksek ve fonksiyonel nitelik tasiyan bu {irlinlerin yayginlastirilmasinin hem {iriin
cesitliligini zenginlestirecegi hem de ekonomik agidan ilave deger yaratacagi vurgulanmistir
(Hayoglu ve Izol, 2010).

Bugday ununun kismen yerine kullanilmak {izere menengic (Pistacia terebinthus), susam
(Sesamum indicum) ve keten tohumu (Linum usitatissimum) gibi yagli tohumlarin farkli oranlarda
(%0, 5, 10, 15, 20, 25) biskiivi formiilasyonlarina dahil edildigi bir calismada, iiretilen biskiivilerin
teknolojik, besinsel ve duyusal 6zellikleri kapsamli sekilde degerlendirilmistir. Genel sonuglar, bu
yagli tohumlarin biskiivi formiilasyonlarina dahil edilmesinin hem teknolojik performansi hem de
besinsel kaliteyi iyilestirdigini gostermektedir (Karakog, 2021).

Menengig, fonksiyonel gida formiilasyonlari ve gidalarda koruyucu olarak dogal bir kaynak
olma potansiyeli ile 6ne ¢ikmaktadir (Batovska, 2025).

SONUGC

Sonug olarak menengic, hem geleneksel kullanim1 hem de bilimsel veriler 15181nda modern gida
teknolojisi i¢cin 6nemli bir dogal kaynak olarak 6ne ¢ikmaktadir. Ancak ticari kullanimlarinin
yayginlastirilabilmesi igin standardizasyon, toksikolojik giivenlik, endustriyel 6lgekli Uretim ve raf
omrii lizerine daha kapsamli ¢aligsmalara ihtiya¢ duyulmaktadir. Gelecek arastirmalarin menengicin
ekstraksiyon yontemlerinin iyilestirilmesi, fonksiyonel iiriin gelistirme ve biyoaktif bilesenlerinin
biyoyararlaniminin artirilmasi tizerine yogunlagmasiyla menengig, sadece yoresel bir iiriin olmanin
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Otesinde, siirdiiriilebilir gida iiretiminde ve fonksiyonel gida tasariminda stratejik bir deger
kazanabilecektir.
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ABSTRACT

Chestnut (Castanea sativa Mill.) flowers are a rich botanical source exhibiting strong antioxidant
potential due to their high content of phenolic and flavonoid compounds. This study aimed to
determine the phenolic content and antioxidant capacities of extracts obtained from male chestnut
flowers collected in Ordu Province (40°59'9.6972", 37°9'41.9472"). Samples were transported to
the laboratory, prepared for analysis, and extracted under specific conditions (60 min, 1:100 solid-
to-liquid ratio g/mL, 60 °C). The obtained extracts were analyzed for total phenolic content (TPC)
and total flavonoid content (TFC), as well as antioxidant activities determined by DPPH (2,2-
diphenyl-1-picrylhydrazyl) radical scavenging, ferric reducing antioxidant power (FRAP), and
ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) assays. On a dry matter basis, the
mean TPC and TFC values were found to be 96.58 mg GAE/g and 15.24 mg ECE/g, respectively.
Antioxidant capacity results were FRAP 947.06 mmol TE/g, ABTS 2615.26 mmol TE/g, and
DPPH 1052.63 mmol TE/g. The results demonstrated that chestnut flower extracts possess strong
reducing power and free radical scavenging capacity. A significant positive correlation was
observed between total phenolic content and antioxidant activity parameters, suggesting that the
phenolic compounds are mainly responsible for the biological activity of the flowers. These
findings highlight the potential of chestnut flowers as a natural antioxidant source for improving
oxidative stability in food formulations, as well as their applicability as biological protective agents
in cosmetic and pharmaceutical industries.

Keywords: Antioxidant activity, waste, polyphenol.

OZET

Kestane (Castanea sativa Mill.) gigekleri, igerdigi yiiksek diizeyde fenolik ve flavonoid bilesikler
sayesinde gii¢lii antioksidan potansiyel sergileyen bitkisel bir kaynaktir. Bu ¢alisma, Ordu ilinde
£40°59°9.6972°°,37° 9’ 41.9472) yetisen kestane erkek ciceklerinden elde edilen 6z(tlerin fenolik
icerigi ve antioksidan kapasitelerinin belirlenmesini amaclamaktadir. Ornekler laboratuvara
getirilip analize hazirlanmig, belli kosullarda (60 dakika, 1:100 kati:sivi oran1 g/mL, 60 °C)
ekstrakte edilmistir. Elde edilen ekstraktlarda toplam fenolik madde (TP), toplam flavonoid (TF)
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icerikleri ile DPPH (2,2-difenil-1-pikrilhidrazil) serbest radikalini giderme etkisinin belirlenmesi,
demir indirgeme antioksidan glicii FRAP ve ABTS (2,2'-azino-bis(3-etilbenzotiyazolin-6-silfonik
asit) radikal stipiiriici kapasite tayini yontemlerine dayali antioksidan aktivite analizleri
gerceklestirilmistir. Kuru madde bazinda ortalama TP degeri 96.58 mg GAE/g, TF degeri ise 15.24
mg ECE/g olarak saptanmistir. Antioksidan kapasite degerleri FRAP 947.06 mmol TE/g, ABTS
2615.26 mmol TE/g ve DPPH 1052.63 mmol TE/g olarak belirlenmistir. Analiz sonuglari, kestane
cigegi Oziitlerinin yliksek indirgeme giicli ve serbest radikal giderme kapasitesine sahip oldugunu
gostermistir. Toplam fenolik madde igerigi ile antioksidan aktivite parametreleri arasinda anlamli
pozitif korelasyon tespit edilmistir. Bu da ¢icegin biyolojik etkisinden, biiylik 6l¢iide fenolik
bilesenlerin sorumlu oldugunu gostermektedir. Bu bulgular, kestane ¢iceginin dogal antioksidan
kaynagi1 olarak gida formiilasyonlarinda oksidatif stabiliteyi artirma, kozmetik ve farmasotik
uygulamalarda ise biyolojik koruyucu ajan olarak kullanilma potansiyeline sahip oldugunu ortaya
koymaktadir.

Anahtar Kelimeler: Antioksidan aktivite, atik, polifenol.

Bu arastirma, TUBITAK tarafindan desteklenen “TOVAG 1230056 numarali proje kapsaminda
elde edilen veriler dogrultusunda hazirlanmistir.

GIRIS

Kestane (Castanea sativa Mill.), Fagaceae (kayingiller) familyasina ait, Tiirkiye’nin Karadeniz ve
Marmara boélgelerinde yaygin olarak bulunan ve hem orman ekosistemi hem de kirsal ekonomi
acisindan Oonemli bir tiirdiir (Pandey, 2018; Silva vd., 2020). Geleneksel olarak meyvesi ile
taninmakla birlikte, bitkinin yaprak, kabuk ve 6zellikle ¢igek kisimlarinin biyokimyasal potansiyeli
son yillarda giderek daha fazla dikkat cekmektedir (Silva vd., 2020; Filippelli vd., 2024). Kestane
meyveleri ve yapraklarinda fenolik bilesiklerin varligi uzun stiredir bilinmesine ragmen, kabuk ve
cicekleri gibi diger bitki parcalarmin antioksidan ozellikleri hakkindaki bilgiler daha simirlidir
(Barreira vd., 2008). Kestane agacinda erkek ve disi ¢igekler ayni agag lizerinde bulunur. Erkek
cicekler Mayis—Haziran déneminde uzun kedicikler halinde gelisir ve polen iiretimi bakimindan
zengin yapilariyla aricilik agisindan 6nemli bir nektar—polen kaynagi olusturur. Bu nedenle kestane
bali, fenolik bilesik icerigi ve kendine 6zgili aromatik profiliyle dikkat ¢eken bir {irlindiir (Carocho
vd., 2014). Kestane ¢igekleri ayn1 zamanda endiistriyel kestane isleme siirecleri sirasinda ortaya
¢ikan degerli yan iiriinlerdendir. Ozellikle Castanea mollissima ciceklerinin flavonoidler agisindan
zengin oldugu ve geleneksel tipta solunum bozukluklar1 da dahil olmak iizere cesitli hastaliklarin
tedavisinde kullanildig1 bildirilmektedir (Peng vd., 2022). Modern arastirmalar, kestane cicegi
ekstraktlarinin ytiksek diizeyde toplam polifenoller ve flavonoidler igerdigini, buna bagl olarak
belirgin antioksidan aktivite gosterdigini ortaya koymaktadir (Barreira vd., 2008; Xie vd., 2025).

Kestane ciceginin kimyasal kompozisyonu yalniz fenolik bilesiklerle sinirli olmayip,
terpenler, fenolik tiirevler ve aldehitler gibi ugucu bilesikleri de icermektedir. Bu ugucu bilesenler
cicege karakteristik aromasini kazandirmakla kalmay1p antimikrobiyal etkileriyle bitkinin ¢evresel
streslere kars1 adaptasyonunda 6nemli rol oynamaktadir (Filippelli vd., 2024). Bu kimyasal
cesitlilik, kestane ¢igegini ekolojik agidan degerli kilmas: yaninda yiiksek biyolojik aktivitesi
nedeniyle gida ve kozmetik endiistrilerinde de ilgi goren dogal bir bilesen haline getirmistir.
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Nitekim son yillarda kestane ¢igegi ekstraktlari, dogal antioksidan ve fonksiyonel katki maddesi
olarak degerlendirilmekte ve ¢esitli gida lirtinlerinin fenolik i¢erigini, besin degerini ve raf dmriini
iyilestirme potansiyeli tasimaktadir (Carocho vd., 2015; Caleja vd., 2020). Ozellikle potasyum
sorbat gibi sentetik koruyuculara dogal bir alternatif olarak kullanim potansiyeli {izerinde
durulmaktadir (Carocho vd., 2015). Ayrica, ¢igeklerden elde edilen esansiyel yaglarin benzil alkol,
nerol, 3-hekzen-1-ol ve asetofenon gibi bilesenlerce zengin olusu, bu yaglara antiseptik,
antioksidan ve anti-inflamatuar gibi ek biyolojik etkiler kazandirmaktadir.

Bu c¢aligmada, kestane ¢igegi ekstraktlarinin antioksidan 6zellikleri incelenmistir. Elde edilen
sonuglar, literatiirde yer alan diger sonuglarla karsilastirilmistir.

MATERYAL VE METOT
Materyal

Kestane ¢igekleri, Ordu ilinde (40°59°9.6972°°, 37°9°41.9472"’) yer alan kestane bahgelerinden,
ayni ¢esit ve yas grubuna ait sekiz agactan toplanmistir. Toplanan drnekler laboratuvara tagindiktan
sonra 40°C’de kurutma islemine tabi tutulmustur. Kurutulan c¢igekler, analiz ve ekstraksiyon
islemleri gergeklestirilinceye kadar +4°C’de saklanmistir. Analiz dncesi, kestane gigekleri, mini
bir mutfak degirmeninde 6giitiilmiistiir (Sekil 1).

Sekil 1. Kestane ¢igeklerinin 6giitiilmesi.

Kestane Cicegi Ekstraktinin Hazirlanmasi

Kurutularak ogiitiilen kestane c¢igekleri, her bir agaci temsil edecek sekilde esit oranlarda
birlestirilmistir. On denemeler sonucunda belirlenen kosullar (ekstraksiyon siiresi (60 dakika),
numune/¢oziicii oran1 (1:100, g/mL) ve sicaklik (60°C)) sabit tutularak toplam fenolik madde (TP),
toplam flavonoid (TF) ve antioksidan aktivite (DPPH, FRAP ve ABTS) analizleri
gergeklestirilmistir (Sekil 2).
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Sekil 2. Kestane ¢iceklerinin ekstraksiyonu.

Toplam Fenolik Madde Analizi

Toplam fenolik madde igerigi, Folin-Ciocalteu yontemi kullanilarak belirlenmistir. Bu amagla 150
uL seyreltilmis 6rnek, 750 puL %10’ luk Folin-Ciocalteu ¢ozeltisi ile 5 dakika reaksiyona birakilmis,
ardindan 600 pL %7.5 Na2COs ilave edilmistir. Karisim, 2 saat boyunca karanlikta bekletildikten
sonra 760 nm dalga boyunda absorbans degerleri dl¢iilmiistiir. Elde edilen sonuglar, mg gallik asit
esdegeri/g (mg GAE/g) olarak ifade edilmistir (Hassan vd., 2022).

Toplam Flavonoid icerigi (TFC) Tayini

Toplam flavonoid (TFC) igerigini belirlemek icin seyreltilmis 6rnekten 1 mL alinmis ve {izerine
0.3 mL %35’lik NaNO: eklenerek 5 dakika reaksiyona birakilmistir. Daha sonra 0.5 mL %5’lik
AICls ilave edilmis ve karisim 6 dakika boyunca bekletilmistir. Ardindan 0.5 mL 1 M NaOH
eklenmis ve 10 dakika sonra 510 nm dalga boyunda absorbans1 6l¢iilmiistiir. TFC hesaplamalari,
epikatesin standardi ile olusturulan kalibrasyon egrisine dayanilarak yapilmis ve sonuglar mg
epikatesin esdegeri (ECE) g olarak rapor edilmistir (Hassan vd., 2022).

DPPH Serbest Radikal Giderme Aktivitesinin Belirlenmesi

Seyreltilmis 6rnekten 50 plL alimarak 1 mL DPPH c¢ozeltisi (0.06 mM, %80 metanol) ile

karistirilmistir. Karisim ¢alkalanmis ve reaksiyonun tamamlanmasi i¢in 1 saat boyunca karanlikta

bekletilmistir. Ardindan, absorbans degeri 517 nm’de Olciilmiistiir. Metil alkol, kontrol olarak

kullanilmistir. DPPH radikal giderme aktivitesi asagidaki formiil ile hesaplanmaistir:

A kontrol—A 6rnek
A kontrol

Indirgeme (%) = ( )x 100 (1)

Ekstraktin DPPH radikal giderme aktivitesi, Trolox standardi ile olusturulan kalibrasyon egrisine
dayanarak hesaplanmis ve sonuglar mmol Trolox esdegeri (TE) g' olarak ifade edilmistir
(Bacchetti vd., 2020).
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Demir iyonu indirgeme Antioksidan Giicii (FRAP) Tayini

50 pL ekstrakt, 950 uL FRAP cozeltisi ile karistirilmistir. FRAP ¢6zeltisi 100 mM asetat tamponu,
10 mM FeCls ve 10 mM TPTZ (2,4,6-tri-piridil-s-triazin) igermektedir. Karisim yaklasik 5 dakika
boyunca calkalandiktan sonra 593 nm dalga boyunda absorbans 6l¢timii yapilmistir. Ekstraktlarin
FRAP degerleri, Trolox standardi kullanilarak hazirlanan kalibrasyon egrisine goére hesaplanmis
ve sonuglar mmol Trolox esdegeri (mmol TE/g) olarak rapor edilmistir (Pashazadeh vd., 2021).

ABTS Radikal Stupuruct Kapasite Tayini

Ekstrakt (0.2 mL), 2 mL ABTS" radikal katyon ¢ozeltisi ile karistirilmistir. Karisim 2 saat boyunca
karanlik ortamda bekletildikten sonra absorbans degeri 734 nm dalga boyunda 6l¢iilmiistiir. Elde
edilen sonuglar, mmol Trolox esdegeri (mmol TE/g) cinsinden rapor edilmistir (Irondi vd., 2017).

SONUCLAR ve TARTISMA

Kestane ¢iceklerine ait antioksidan 6zellikler Tablo 1’de sunulmustur.

Tablo 1. Kestane ¢iceklerinin fenolik madde ve antioksidan aktivite sonuglar1 (kuru madde).

Ortalama Minimum Maksimum Std. Hata Std. Sapma

Toplam fenolik madde, 96.58 61.85 108.08 5.570 15.754
mg/g

Toplam flavonoid, mg/g  15.24 12.36 17.10 0.608 1.720
FRAP, mmol/g 947.06 689.30 1117.40 46.499 131.520
DPPH, mmol/g 1052.63 633.61 1318.94 85.995 243.230
ABTS, mmol/g 2615.26  1821.62 3284.33 173.173  489.806

Tablo 1°den de goriildiigii gibi, ¢igeklerin toplam fenolik madde miktar1 ortalama 96.58 mg
GAE/g olup, minimum 61.85 ve maksimum 108.08 mg GAE/g arasinda degismistir. Bu deger,
ornekler arasindaki fenolik madde icerik farkliliginin belirli bir diizeyde oldugunu (standart sapma:
15.75 mg/g) gostermektedir. Toplam flavonoid igerigi ortalama 15.24 mg/g olarak tespit edilmis,
diisiik standart sapma (1.72 mg/g) degerleri 6rnekler arasinda homojen bir dagilima isaret etmistir.
Bu durum, kestane giceklerinin fenolik bilesikler yaninda flavonoid agisindan da dikkate deger bir
kaynak oldugunu gostermektedir.

Antioksidan aktiviteye iliskin {i¢ farkli test sonucunda da yiiksek degerler elde edilmistir.
FRAP degeri ortalama 947.06 mmol/g ile gii¢lii bir indirgeme kapasitesi ortaya koyarken, ABTS
degeri 2615.26 mmol/g ile 6rneklerin radikal giderme giiciiniin yiiksek oldugunu gostermektedir.
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Ozellikle ABTS testinde elde edilen yiiksek ortalama ve genis dagilim (SD: 489.81) fenolik
bilesiklerin cesitliligine ve baz1 6rneklerde yliksek antioksidan kapasiteye isaret etmektedir. DPPH
degeri, ortalama 1052.63 mmol/g olup, minimum ve maksimum degerler (633.61-1318.94
mmol/g) arasindaki fark, ¢igek 6rnekleri arasinda belirgin farkliliklar bulundugunu gostermektedir.
DPPH testinde gozlenen daha yiksek standart sapma (243.23 mmol/g), testin serbest radikal
tiirlerine kars1 duyarliliginin ve reaksiyon kinetiginin fenolik yapiya gore degiskenlik gosterdigini
diistindiirmektedir.

Genel olarak, fenolik madde ve flavonoid miktarlarinin yiiksekligi ile antioksidan aktivite
arasinda pozitif bir iligki bulundugu, 6zellikle FRAP ve ABTS testlerinin bu iliskiyi daha gii¢li
yansittig1 anlasilmaktadir. Bu durum, kestane ¢igeklerinin antioksidan kapasitesinin biiyiik 6l¢iide
fenolik bilesiklerden kaynaklandigini gdstermektedir. Elde edilen sonuglar literatiirde kestane
cicegi ekstraktlarimin yiiksek fenolik icerige ve giiclii antioksidan aktiviteye sahip oldugunu
bildiren caligmalarla uyumludur. Bu bulgular, kestane ¢i¢ceginin dogal antioksidan kaynagi olarak
gida, kozmetik ve farmasotik alanlarda degerlendirilebilecegini gostermekte; ancak gdzlenen
varyasyonlarin genetik farkliliklar, yetisme kosullar1 ve ¢evresel etmenlerden kaynaklanabilecegi
dikkate alinmalidir.

Barreira vd. (2008), radikal giderme, indirgeme giicii, B-karoten agartilmasini Onleme,
eritrosit hemolizini inhibe etme ve lipid peroksidasyonu testleri uygulamislardir. Sonuglar, kestane
cicegi ekstraktinin yiiksek fenolik madde (298 mg/g) ve flavonoid (160 mg/g) icerigine sahip
oldugunu, buna bagl olarak da giiclii antioksidan aktivite gosterdigini ortaya koymustur. Ozellikle
cicek, yaprak ve kabuk ekstraktlari yliksek antioksidan kapasite sergilerken, meyve ekstrakti diisiik
aktivite gostermistir. Arastiricilar, kestane ¢igegi ve diger bitki kisimlarinin dogal antioksidan
kaynag1 olarak degerlendirilebilecegini ve gida ile saghk alanlarinda sentetik antioksidanlara
alternatif olusturabilecegini vurgulamislardir.

Sapkota vd. (2010), kestane cicegi (Castanea crenata var. dulcis) ekstraktlarinin antioksidan
ve melanin olusumunu engelleyici 6zelliklerini arastirmislardir. Cigeklenme 6ncesi donemde elde
edilen etanol ve metanol ekstraktlarinin en yiiksek fenolik ve flavonoid icerige sahip oldugu ve
buna bagl olarak giiclii antioksidan aktivite gosterdigi belirlenmistir. Ayrica, bu ekstraktlarin
ultraviyole 1sinlarina karst koruyucu etki sagladigi ve tirozinaz enzimini inhibe ederek melanin
iiretimini azalttig1 rapor edilmistir. Arastirmacilar, kestane ¢igegi ekstraktlarinin yiiksek polifenol
icerigi sayesinde dogal bir antioksidan ve cilt agic1 ajan olarak kozmetik, gida ve ilag sanayinde
potansiyel kullanim alanina sahip oldugunu belirtmislerdir.

Carocho vd. (2015), kestane ¢icegi (Castanea sativa Mill.) ilavesinin geleneksel
“econdmicos” keklerinin besinsel ve fonksiyonel 6zelliklerini nasil etkiledigini aragtirmiglardir.
Calismada, kuru kestane ¢igegi ve ¢icek dekoksiyonlarinin hamura eklenmesiyle iiriinlerin toplam
fenolik igerigi, antioksidan aktivitesi ve besin degerinin belirgin bi¢imde arttigini tespit etmislerdir.
Ozellikle bu dogal ilavenin oksidatif bozulmay: yavaslatarak iiriiniin raf émriinii uzattig1, ayrica
lif, mineral (6zellikle potasyum ve sodyum) ve E vitamini (a-tokoferol) miktarlarimi artirdigi
vurgulanmustir. Arastiricilar, kestane ¢igceginin sahip oldugu fenolik bilesikler sayesinde hem besin
degerini zenginlestirdigini hem de antioksidan ve antimikrobiyal 6zellikleriyle gidalarda sentetik
katki maddelerine dogal bir alternatif olusturabilecegini belirtmislerdir.

Caleja vd. (2020), kestane agacinin (Castanea sativa) erkek ciceklerinden elde ettikleri
oziitii, Portekiz’in geleneksel tatlis1 “pastel de nata” iiretiminde potasyum sorbata dogal alternatif
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olarak kullanmislardir. Calismada su-etanol (33:67) karisimiyla hazirlanan Oziitiin yiiksek
antioksidan aktivite gosterdigi, ozellikle B-karoten agartma testinde ECso = 32 png/mL ve TBARS
inhibisyonunda ECso = 13 pg/mL degerlerine ulasildigini bildirmislerdir. Ayrica, 6ziitliin bazi
bakterilere karsi 0.075—-0.45 mg/mL araliginda MIC degerleri sergiledigi, antifungal etkisinin ise
ketokonazole kiyasla daha yiiksek oldugu belirlemislerdir. Uriine 0.54 g kestane ¢igegi Oziitii
eklendiginde, antioksidan kapasitenin potasyum sorbatli drneklere gore %1020 oraninda daha
yiliksek oldugu ve fenolik bilesiklerin depolama stiresince stabil kaldigi rapor edilmistir. Bu
sonuglar, kestane ¢igegi Oziitliniin hem etkinligi hem de giivenligi agisindan potasyum sorbata
giiclii bir dogal alternatif olabilecegini gostermistir.

Alaya vd. (2021), kestane (Castanea sativa Mill.) erkek ciceklerinden fenolik bilesiklerce
zengin dogal bir koruyucu ekstrakt gelistirmek amaciyla ultrason destekli ekstraksiyon yontemini
optimize etmiglerdir. Calismada ekstraksiyon siiresi, ¢oziicli oran1 ve ultrason giicti degiskenleri
olarak degerlendirilmis ve yanit yiizey metodolojisi (RSM) kullanilarak optimum kosullar 24
dakika, 259 W ve %51 etanol olarak belirlenmistir. Elde edilen ekstraktin baslica fenolik
bilesikleri, pentagalloyl glukozit ve trigalloyl-HHDP-glukozit olarak saptanmigtir. Optimum
kosullarda elde edilen ekstraktin glicli antioksidan, antiinflamatuvar, antitimor ve antimikrobiyal
aktiviteler gosterdigi, buna karsin sitotoksik ve hepatotoksik etki sergilemedigi belirlenmistir.
Sonug olarak arastiricilar, kestane ¢igegi ekstraktinin biyolojik olarak aktif, toksik olmayan bir
dogal antioksidan koruyucu olarak gida endiistrisinde sentetik katki maddelerine alternatif
olabilecegini vurgulamislardir.

Peng vd. (2021), kestane ciceginden elde edilen saflastirilmis flavonoidlerin yorgunluk
onleme aktivitelerini kapsamli sekilde degerlendirmis ve bu flavonoidlerin farkli yorgunluk
modellerinde belirgin iyilestirici etki gdsterdigini rapor etmislerdir. Elde edilen bulgular, kestane
cicegi flavonoidlerinin yalniz geleneksel tiptaki kullanimini desteklemekle kalmayip, fonksiyonel
gidalar ve yeni nesil farmasotik {iriinler igin yiliksek potansiyel sundugunu gostermektedir.

Ureyen Esertas vd. (2022), kestane ¢icegi (Castanea sativa) ekstraktlarmin fenolik bilesik,
antioksidan aktivite ve antimikrobiyal 6zelliklerini incelemislerdir. Calismada sulu ve etanolli
ekstraktlarda toplam fenolik madde miktar1 sirasiyla 97.17 mg GAE/mL ve 55.55 mg GAE/mL,
toplam flavonoid miktar1 ise 2.36 mg QUE/mL ve 6.08 mg QUE/mL olarak bildirilmistir. FRAP
degeri sulu ekstrakt i¢cin 1.10 mmol FeSOa-7H.O/mL, DPPH degeri ise yaklasik 40 pg/mL SCso
olarak belirlenmistir. Kromatografi analizlerinde ellagik asit basta olmak {izere gallik asit, rutin,
sirinjik asit, t-sinamik asit, ramnetin, crisin ve pinosembrin gibi ¢esitli fenolik bilesikler tespit
edilmistir. Mevcut ¢alisma sonuglart (toplam fenolik madde 96.58 mg/g, flavonoid 15.24 mg/g,
FRAP 947.06 mmol/g, ABTS 2615.26 mmol/g, DPPH 1052.63 mmol/g) literatiirde bildirilen
kestane ¢icegi degerlerine biiyiik oranda benzemektedir. Ozellikle toplam fenolik madde miktari
Ureyen Esertas vd. (2022)’nin sulu ekstrakt verilerine olduk¢a yakimn bulunmustur. Buna karsin,
flavonoid miktari ile antioksidan kapasite degerleri (FRAP, ABTS, DPPH) daha yiiksek sonuclar
vermistir. Bu durumun ekstraksiyon yontemi, kullanilan ¢oziicii tipi, sicaklik ve bitki materyalinin
yetisme kosullar1 gibi degiskenlerden kaynaklanabilecegi diisiiniilmektedir. Genel olarak, her iki
caligmanin sonuglar1 kestane ¢igceginin fenolik bilesiklerce zengin, yiiksek antioksidan kapasiteye
sahip ve dogal antioksidan kaynagi olarak degerlendirilebilecek bir bitki oldugunu ortaya
koymaktadir.
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Liu vd. (2024), kestane ¢igegi ugucu yaginin (CFEO) kitosan esasli biyofilm igerisine
eklenmesiyle gelistirilen biyobozunur ve antibakteriyel gida ambalaj filmlerini tanimlamislardir.
CFEO'mun temel bilesenleri geraniol ve mentol olup, bu bilesikler filmlerin UV engelleme,
antioksidan ve antibakteriyel 6zelliklerini belirgin diizeyde artirmistir. En uygun formiilasyonda
film UV 1s1i@im1 neredeyse tamamen bloke etmis, Staphylococcus aureus, Escherichia

coli ve Colletotrichum musae iizerinde giiglii antibakteriyel ve antifungal aktivite gostermistir.
Ayrica, CFEO katkis1 filmin 1s1 dayanimini artirmis ve muzlarin raf omriinii uzatmistir. Bu
sonuclar, kestane c¢icegi ucucu bilesiklerinin ¢evre dostu, dogal koruyucu ajanlar olarak
kullanilabilecegini ortaya koymaktadir.

Sun vd. (2025), kestane ¢igegi polisakkaritlerinin (CFPs) kimyasal 6zellikleri ve biyolojik
aktivitelerini alt1 farkli ekstraksiyon yontemiyle karsilastirmiglardir. Kestane gigeklerinin fenolik
asitler, flavonoidler, ugucu yaglar, proteinler ve polisakkaritler bakimindan zengin bir biyolojik
kaynak oldugu, o6zellikle polisakkaritlerin dogal antioksidan ve hipoglisemik ajanlar olarak 6ne
ciktigi belirtilmistir. Sicak su ekstraksiyonuyla elde edilen CFP'ler en yiksek antioksidan
aktiviteyi, enzim destekli ekstraksiyonla elde edilenler ise en yiksek hipoglisemik aktiviteyi
gostermistir. Tiim ekstraktlarin biyouyumlu bulunmasi, CFP’lerin fonksiyonel gidalarda dogal
antioksidan ve antidiyabetik bilesenler olarak degerlendirilebilecegini gostermektedir. Bu galisma,
kestane ¢igcegi aragtirmalarinda polifenoller ve flavonoidlerin yani sira polisakkaritlerin de 6nemli
bir biyoaktif bilesen grubu oldugunu ortaya koymustur.

Xie vd. (2025), kestane c¢icegi ekstraktinin Fusarium graminearum Uzerindeki antifungal
etkisini incelemislerdir. LC-MS analizine gore ekstraktin baslica bilesenleri fenolik asitler (gallik,
protokatesuik asit) ile flavonoidler (kersetin ve kaempferol tiirevleri) olarak belirlenmistir. Kestane
cicegi ekstrakti, misel gelisimi ve spor ¢imlenmesini giiclii bicimde inhibe etmis; hiicre zar
biitiinliigiinii bozarak ergosterol diizeyini azaltmis ve protein ile niikleik asit sizintisina neden
olmustur. Ayrica ATP {iretimini ve enerji metabolizmasinda gorevli enzim aktivitelerini diigtirdigii
bildirilmistir (Xie vd., 2025). Bu bilesiklerin serbest radikalleri notralize etme, oksidatif zincir
reaksiyonlarini durdurma ve hiicresel dokuyu oksidatif hasardan koruma 6zellikleri literatiirde de
vurgulanmaktadir (Martinez vd., 2022; Filippelli vd., 2024). Modern gida, ilag ve bitkisel iiriin
uygulamalarinda, sentetik antioksidanlarin saglik riskleri sorgulandik¢a dogal antioksidan
kaynaklarina ilgi artmaktadir (Carocho vd., 2014; Filippelli vd., 2024).

Yapilan ¢alismalarda, kestane ¢iceginin esansiyel yaglarinin kimyasal iceriginin ¢eside gore
degismekle birlikte, kozmetik, deterjan ve parfiim gibi endiistriyel uygulamalar icin yiiksek bir
potansiyel tasidig1 gosterilmistir (Hu vd., 2017).

SONUC ve ONERILER

Bu ¢alismada, Ordu ilinden toplanan kestane (Castanea sativa Mill.) ciceklerinden elde edilen
ekstraktlarin toplam fenolik madde, flavonoid icerigi ve farkli antioksidan testleri (DPPH, FRAP,
ABTYS) ile antioksidan potansiyelleri degerlendirilmistir. Elde edilen bulgular, kestane gigeklerinin
onemli diizeyde fenolik bilesik icerdigini ve buna baglh olarak yiiksek antioksidan aktivite
sergiledigini gostermistir. Kuru madde bazinda ortalama 96.58 mg GAE/g toplam fenolik madde
ve 15.24 mg ECE/g toplam flavonoid degerleri, ¢icek materyalinin biyoaktif bilesikler agisindan
zengin oldugunu ortaya koymaktadir. FRAP, ABTS ve DPPH analizlerinde tespit edilen ytiksek
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radikal siipiirme ve indirgeme kapasiteleri, kestane cicegi ekstraktlarinin oksidatif stres
mekanizmalarina karsi etkili bir dogal antioksidan kaynagi oldugunu dogrulamaktadir. Calismadan
elde edilen sonuglar, literatiirde kestane ¢igeklerinin fenolik bilesiklerce zengin, giiclii antioksidan,
antimikrobiyal ve biyolojik olarak aktif bir bitkisel materyal oldugunu bildiren g¢alismalarla
uyumludur.

Bu kapsamda kestane ¢igegi, sentetik antioksidanlarin kullaniminin azaltilmas1 yoniindeki
giincel egilimle uyumlu sekilde, gida formiilasyonlarinda dogal koruyucu, fonksiyonel gidalarda
biyolojik deger artirici, kozmetik uygulamalarda antioksidan ve antiinflamatuvar ajan, farmasotik
alanlarda destekleyici dogal bilesen olarak degerlendirilebilecek 6nemli bir bitkisel hammaddedir.
Sonug olarak, bu calisma kestane ¢igeginin yiiksek fenolik igerigi ve giiclii antioksidan kapasitesi
ile dogal bir biyoaktif kaynak olarak biiyiik potansiyele sahip oldugunu ortaya koymaktadir.
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ABSTRACT

The capsule enclosing the chestnut (Castanea sativa Mill.) fruit is a part that serves as the external
protective organ of the plant, undertaking an important defensive function in the biological cycle
and is generally not utilized industrially. This waste has a remarkable chemical composition in
terms of nutritional fiber, mineral substances and bioactive compounds. This study aimed to reveal
the chemical composition of capsules obtained from natural chestnut populations in the Black Sea
Region and to establish a scientific basis for the different uses of this material. In this context,
capsules collected from eight trees of the same age and variety (40° 59 9.6972°, 37° 9 41.9472)
were analyzed after drying and grinding processes. The findings show that the analyzed chestnut
capsules have low water (3.55+£0.98%), crude protein (3.95+0.47%) and crude oil (1.94+0.80%)
contents. On the other hand, Neutral Detergent Fiber (NDF) (57.75+£3.53%) and Acid Detergent
Fiber (ADF) (41.06£2.59%) values indicate the structure's high fiber content. Mineral analysis
revealed that potassium (5750.63+949.37 mg/kg), calcium (5127.50+786.52 mg/kg), and sodium
(1297.50+£226.62 mg/kg) levels were significantly high. The results show that chestnut capsules
are a plant source with a balanced mineral content and a rich fiber content. Therefore, they can be
utilized in a wide range of applications, from animal feed additives to biocomposite production,
from organic fertilizer to soil improvement formulations. In addition, the high fiber and mineral
content of the capsule structure stands out as an innovative biomass alternative in environmentally
friendly production approaches, especially in areas such as biodegradable packaging, filling
material, and compostable polymer production. This research sheds light on the chemical structure
of chestnut capsules, which have been studied only sparsely in the literature, and provides the
scientific basis for new utilization methods that can create added value in the chestnut production
chain.

Keywords: Waste, mineral matter, chemical.

OZET

Kestane (Castanea sativa Mill.) meyvesini saran kapsiil, bitkinin dis koruyucu organi olarak gérev
yapan, biyolojik dongi icerisinde énemli bir savunma fonksiyonu Ustlenen, endistriyel olarak
genellikle degerlendirilmeyen bir kisimdir. Bu atik kimyasal bilesimi, besinsel lif, mineral madde
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ve biyoaktif bilesenler acisindan dikkate deger bir potansiyele sahiptir. Bu ¢alismada Karadeniz
Bolgesi’nin dogal kestane popiilasyonlarindan elde edilen kapsiillerin kimyasal bilesimini ortaya
koymak ve bu materyalin farkli kullanim alanlarina yonelik bilimsel bir altyapi olusturmak
amaglanmistir. Bu baglamda ayni1 yas ve ¢esitteki sekiz agactan (40° 59° 9.6972°°,37° 9’ 41.9472)
toplanan kapstiller, kurutma ve 6gilitme islemlerinin ardindan analiz edilmistir. Bulgular, analiz
edilen kestane kapsiillerinin diisiik su (%3.55+0.98), ham protein (%3.95+0.47) ve ham yag
(%1.9440.80) igerigine sahip oldugunu gdstermektedir. Buna karsin Notr Deterjan Lif (NDF)
(%57.75%3.53) ve Asit Deterjan Lif (ADF) (%41.06+2.59) degerleri, yapinin yogun lif igerigine
isaret etmektedir. Mineral madde analizleri sonucunda, potasyum (5750.63£949.37 mg/kg),
kalsiyum (5127.50£786.52 mg/kg) ve sodyum (1297.50£226.62 mg/kg) dizeylerinin belirgin
bi¢imde yiiksek oldugunu ortaya koymaktadir. Elde edilen sonuglar, kestane kapsiillerinin mineral
maddelerce dengeli ve lif yoniinden giiglii bir bitkisel kaynak oldugunu, bu yoniiyle hayvansal yem
katkilarindan biyokompozit iiretimine, organik giibreden toprak iyilestirici formiilasyonlara kadar
genis bir kullanim yelpazesinde degerlendirilebilecegini gostermektedir. Ayrica kapsiil yapisinin
yiiksek lif ve mineral icerigi, ¢evre dostu iiretim yaklasimlarinda, 6zellikle biyobozunur ambalaj,
dolgu malzemesi ve kompostlastirilabilir polimer tiretimi gibi alanlarda yenilik¢i bir biyokiitle
alternatifi olarak One c¢ikmaktadir. Bu arastirma, literatiirde sinirli bi¢imde ele alinan kestane
kapsiiliiniin kimyasal yapisina 151k tutmakta ve kestane tiretim zincirinde katma deger yaratabilecek
yeni degerlendirme yollarina bilimsel temel olusturmaktadir.

Anahtar Kelimeler: Atik, mineral madde, kimyasal kompozisyon.

Bu arastirma, TUBITAK tarafindan desteklenen “TOVAG 1230056 numarali proje kapsaminda
elde edilen veriler dogrultusunda hazirlanmistir.

GIRIS

Kestane (Castanea sativa Mill.), tarim ve ormancilik ekonomisinde 6nemli bir agag olarak kabul
edilir ve yiizyillardir kirsal alanlarin en 6nemli gida kaynaklarindan birini temsil eder (Squillaci
vd., 2018). Kestane meyvesi, uzun yillardir insan beslenmesinde yaygin olarak kullanilan besleyici
bir gida olmakla birlikte, meyve disindaki kisimlar1 da yapisal 6zellikleri ve zengin fenolik
icerigiyle dikkat ¢ekmektedir (Silva vd., 2020). Bu kisimlar arasinda yer alan ve halk arasinda
“kapgik” veya “kapsiil” olarak bilinen dikenli dis yap1, meyveyi ¢evresel kosullardan ve mekanik
etkilerden koruyan karmasik ligninimsi bir formdadir (Pinto vd., 2017). Bu kapsiiller genellikle
toprakta birakilarak bocek larvalarinin biiylimesini tesvik eder ve sonug olarak mahsul hasarina yol
acar (Vazquez vd., 2012) veya tarlada yakilarak atmosfer ve toprak {izerinde olumsuz etki yaratir
(Costa-Trigo vd., 2019). Kestane tiretiminin her yil artmasiyla birlikte biiyiik miktarda kapsiil atig:
ortaya ¢ikmaktadir. Ancak, bu materyalin potansiyel kullanim alanlari ve degerlendirilme
olanaklari iizerine bilgiler sinirl kalmaktadir (Pinto vd., 2017). Kapsiil yapisinin kimyasal bilesimi,
biyolojik o6zellikleri ve endiistriyel agidan degerlendirilebilirligi, kestane {iretim zincirinde
stirdiiriilebilirlik hedefleri dogrultusunda arastirilmasi gereken 6nemli bir konudur. Yillik kestane
Uretim miktar1 géz oniine alindiginda, her sezon ¢ok biiyiik miktarda kapsiil atig1 olustugu halde

bu materyalin bilimsel ve endiistriyel acidan degerlendirilmesi yeterince arastirilmamistir (Braga
vd., 2015).
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Bitki yan {irlinleri iizerine yiiriitiillen ¢aligmalar, genellikle kabuk ve yaprak gibi daha
ulasilabilir materyallere odaklanmstir. Ornegin kestane kabugu, yiiksek tanen igerigi, antioksidan
kapasitesi ve mineral zenginligi nedeniyle hem gida hem de kozmetik uygulamalarinda
degerlendirilmistir (Barreira vd., 2008). Ancak kapsiil, kabuktan farkli olarak ¢ok daha yiiksek
lignifikasyon derecesi, yiiksek toplam lif oranit ve belirgin mineral birikimi gdstermektedir
(Kilig Pekgozlii vd., 2022). Bununla birlikte, kapstlin kimyasal kompozisyonu Uzerine bugiine
dek ayrintili bir ¢alisma yayimlanmamis olmasi, bu materyalin potansiyel kullanim alanlarinin tam
anlamiyla anlasilmasini engellemektedir (Donmez vd., 2016). Bitkisel atik malzemeler arasinda
kestane, findik ve antep fistig1 kabuklari, yliksek seliiloz—hemiseliiloz icerikleri, belirgin lignin
oranlari, yapisal dayanikliliklar1 ve zengin fenolik bilesikleri sayesinde hem koruyucu kabuk
yapisinin onemini ortaya koymakta hem de biyokompozit ve endiistriyel kullanim agisindan
degerli bitkisel atik materyaller olarak 6ne ¢ikmaktadir (Donmez vd., 2016). Kestane kapsulinin
de benzer odunsu nitelikler tasidigi bilinse de kompozisyon diizeyindeki verilerin eksikligi
nedeniyle bu materyal ¢ogu zaman sadece yakacak veya diisiik degerli organik atik olarak
kullanilmaktadir (Costa-Trigo vd., 2019). Bu ¢alismada, Karadeniz Bolgesi’nden temin edilen
dogal kestane popiilasyonlarina ait kapsiillerin kimyasal kompozisyonu incelenmistir.

MATERYAL VE METOT
Materyal

Kapsiiller, Ordu ili sinirlart i¢inde bulunan (40°59°9.6972°°,37°9°41.9472°’) sekiz yetiskin kestane
agacindan toplanmistir. Tiim agaclar ayn1 ¢esit ve yas grubunda segilerek drneklerde genetik ve
cevresel faktorlerden kaynakli varyasyon en aza indirilmistir. Kapstiller toplandiktan sonra yabanci
materyallerden ayrilmis, 40°C’de kurutulmus ve ogiitiilerek analize hazir hale getirilmistir (Sekil

1).

e
4 . A ""1’\\"6\“ 5

Sekil 1. Kestane kapsiillerinin 6giitiilmesi.

Kal Tayini

Kurutulan numuneler, 550°C’de kiil firninda yakilarak organik bilesenlerden arindirilmis ve bu
sekilde toplam inorganik madde miktar1 tespit edilmistir (AOAC, 1995).
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Ham Protein Tayini

Numunelerdeki toplam azot igerigi belirlenmis, elde edilen deger 6.25 katsayisi ile ¢arpilarak ham
protein orani hesaplanmistir (AOAC, 1995).

Ham Yag Tayini

Ham yag iceriginin belirlenmesi i¢in numuneler Sokselet ekstraksiyon cihazinda dietileter ¢ozgeni
ile muamele edilmistir (AOAC, 1995).

Mineral Madde Analizi

Mineral analizi i¢in numuneler 6nce kil firininda inorganik hale getirilmis, ardindan uygun asit
karisiminda ¢oziindiiriilerek atomik absorbsiyon spektrofotometresi ile Sodyum, Potasyum ve
Kalsiyum diizeyleri 6l¢iilmiistiir (AOAC, 1990).

Asit Deterjan Lif (ADF) ve Notr Deterjan Lif (NDF)

ADF analizinde numuneler asidik deterjan ¢ozeltisi ile islenerek seliiloz ve lignin fraksiyonlari
belirlenmistir. NDF analizinde ise notr deterjan ¢ozeltisi kullanilarak hemiseliiloz, seliiloz ve lignin
icerigi hesaplanmistir (Van Soest vd., 1991).

SONUCLAR ve TARTISMA

Kestane kapsiilleri, kestane agacinin meyvesini koruyan dis katmandir. Bu calismada, kestane
kapstillerinin genel kimyasal bilesimi belirlenmis olup sonuglar Tablo 1°de sunulmustur.

Tablo 1. Kestane ¢i¢eginin genel bilesimi (kuru maddede).

Ortalama  Minimum Maksimum St hata St sapma
Ham kiil, % 3.54 2.82 4.48 0.118 0.472
Ham protein, % 3.95 3.18 4.87 0.117 0.469
Ham yag, % 1.94 0.73 3.34 0.280 0.791
NDF, % 57.75 53.21 66.01 0.883 3.531
ADF, % 41.06 36.96 46.91 0.647 2.588
K, mg/kg 5750.63 4585 6935 335.652 949.366
Ca, mg/kg 5127.50 3980 6175 278.077 786.520
Na, mg/kg 1297.50 985 1595 80.123 226.621
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Kestane kapsiilleri, kestane agacinin meyvesini koruyan yapisal bir unsur olmasinin yani sira
lif, mineral ve besin maddeleri bakimindan dikkate deger bir bilesim gostermektedir. Literatiirde
kestane kapsiillerinin kimyasal bilesimi {izerine yapilan ¢alismalar olduk¢a sinirlidir. Bu nedenle
elde edilen veriler kestane kapsiillerinin yem kaynagi olarak potansiyelinin anlasilmasi agisindan
Onem tasimaktadir.

Tablo 1’den goriildiigii gibi, kestane kapstillerinin ham kiil icerigi ortalama %3.54, ham yag
icerigi %1.94, ham protein igerigi ise %3.95 olarak belirlenmistir. Protein diizeyinin nispeten
diisiik olmasi kapsiillerin dogrudan protein kaynagi olarak smirli katki saglayacagini
diisiindiirmektedir. Ancak lif icerigi agisindan degerlendirildiginde, NDF (%57.75) ve ADF
(%41.06) oranlarmin yiiksek olmasi, kestane kapsiillerinin yapisal karbonhidratlar yoniinden
zengin ve sindirilebilirligi diisiik bir materyal oldugunu gostermektedir. Mineral igerikleri
degerlendirildiginde; potasyumun (5750.63 mg/kg) diger minerallere kiyasla oldukga yuksek
oldugu goriilmektedir. Bu durum kapsiillerin mineral dengesine katki saglayabilecegini, ancak
yliksek K diizeyinin ruminant rasyonlarinda diger minerallerle birlikte dikkatle degerlendirilmesi
gerektigini gostermektedir. Kalsiyum (5127.50 mg/kg) ve sodyum (1297.50 mg/kg) icerikleri ise
kapsiillerin mineral yoniinden destekleyici bir materyal olabilecegini ortaya koymaktadir. Bazi
bilesenlerde gozlenen yiiksek standart sapma ve hata degerleri, 6zellikle mineral iceriklerinde ayn
bolgeden saglanan materyaller olsa da ¢evresel kosullar (toprak yapisi, iklim, agacin gelisim
donemleri) kaynakli varyasyonlarin etkili oldugunu diisiindiirmektedir. Genel olarak, kestane
kapstilleri yiiksek lif ve belirgin mineral igerigiyle dogrudan yiiksek besleyici bir yem kaynagi
olmamakla birlikte rasyonlarda lif ve mineral dengesi agisindan degerlendirilebilecek tamamlayict
bir materyal niteligi tasimaktadir.

SONUC ve ONERILER

Bu calisma, kestane iiretimi sirasinda biiylik miktarlarda ortaya ¢ikan ve ¢ogunlukla atik olarak
birakilan kestane kapsiiliiniin kimyasal yapisini ortaya koyarak literatiirdeki eksikligi
gidermektedir. Elde edilen bulgular, kapsiillerin diisiik diizeyde protein ve yag icermesine karsin,
yiikksek NDF ve ADF degerleri ile belirgin bir lif yogunluguna sahip oldugunu gostermistir. Bu
durum, kapsiilii besleyici niteligi sinirli olmakla birlikte yapisal 6zellikleri giiclii, dayanikli ve
degerlendirilebilir bir bitkisel biyokiitle haline getirmektedir. Mineral madde analizleri, 6zellikle
potasyum ve Kalsiyum dizeylerinin ylksek oldugunu ortaya koymustur. Bu bulgu
kapsullerin organik gubre, toprak diizenleyici ve kompost hammaddesi olarak kullanilabilecegini
gostermistir. Ayn1 zamanda kapsiiliin lif ve mineral kompozisyonu, kestane kabugu ve diger
odunsu bitki yan Urlnleriyle benzer nitelikler tasidigini ortaya koymaktadir. Bu benzerlik
kapsullerin biyokompozit malzeme, biyobozunur ambalaj, dolgu maddesi ve ¢evre dostu polimer

uretimi gibi endiistriyel uygulamalarda degerlendirilebilir bir kaynak oldugunu desteklemektedir.
Son olarak, kestane kapsiilii yalnizca bir tarimsal artik degil; cevresel siirdiiriilebilirligi, atik
azaltmay1 ve dongiisel ekonomi yaklasimini destekleyebilecek potansiyele sahip bir biyokitle

kaynagidir. Bu c¢alisma, kapsiiliin bilimsel a¢idan tanimlanmasina ve gelecekte katma degerli
iirlinlere doniistiiriilmesine yonelik bir adim niteligi tagimaktadir.
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ABSTRACT

Food waste has become a major environmental and economic problem alongside the rapidly
growing population. According to FAO data, approximately 13% of total food production
worldwide, or 931 million tons of food per year, is lost during the post-harvest period. A significant
portion of this waste comes from household consumption and retail sources. Traditional disposal
methods increase greenhouse gas emissions such as methane and lead to inefficient use of natural
resources. Therefore, effective management of food waste and Al-supported solutions are critical
for sustainability. New technologies convert waste into energy and added value. Anaerobic
digestion breaks down organic waste in an oxygen-free environment using microorganisms to
produce biogas and nutrient-rich “digestate”; this reduces waste volume while generating
renewable energy. Composting is a method that breaks down organic waste under controlled
conditions and returns it to the soil. Innovative techniques such as closed-system composting
accelerate the process and reduce odor issues by optimizing temperature, humidity, and aeration.
Artificial intelligence applications are revolutionary in waste detection and separation. Deep
learning models, especially convolutional neural networks (CNN), can classify organic and other
waste types with high accuracy. This reduces the error rate in manual separation and lowers labor
requirements. Artificial intelligence supports process optimization in waste-to-energy recovery
processes. In biogas plants, Al models monitor parameters such as temperature, pH, and humidity
to optimize fermentation conditions. Deep learning techniques analyze the chemical composition
of waste to precisely adjust process parameters, thereby increasing plant efficiency and enabling
more effective implementation of circular economy principles. Al-powered sensors and robotic
automation increase recycling rates and accelerate processes. As a result, new technologies and Al
integration make food waste disposal more environmentally friendly and sustainable. Biological
methods such as anaerobic digestion and composting recover energy, while artificial intelligence
and biotechnology predict waste and convert it into valuable products. These applications increase
resource efficiency while creating added value for the ecosystem. However, obstacles such as high
investment costs, infrastructure deficiencies, and data gaps limit the widespread adoption of these
technologies. In the future, the integration of artificial intelligence with loT and big data
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technologies will make food waste management processes smarter, more traceable, and more
sustainable. Thus, the holistic use of these technologies promises a greener future by transforming
food waste disposal.

Keywords: Food waste, sustainable waste management, artificial intelligence, anaerobic digestion,
composting, logistics optimization.

OZET

Gida atiklar1 hizla artan niifusla birlikte ¢evresel ve ekonomik agidan biiyiik bir sorun haline
gelmigtir. FAO verilerine gore diinya genelinde hasat sonras1 donemde toplam gida iiretiminin
yaklasik %13’1, yani yi1lda 931 milyon ton gida kaybolmaktadir. Bu atiklarin 6nemli bir boliimii
evsel tiiketim ve perakende kaynaklidir. Geleneksel bertaraf yontemleri metan gibi sera gazi
emisyonlarini artirmakta ve dogal kaynaklarin verimsiz kullanimina yol agmaktadir. Bu nedenle
gida atiklarinin etkin yonetimi ve yapay zeka destekli ¢ozlimler siirdiiriilebilirlik acisindan kritik
oneme sahiptir. Yeni teknolojiler atiklari enerjiye ve katma degere doniistiirlir. Anaerobik sindirim,
organik atiklar1 oksijensiz ortamda mikroorganizmalarla ayristirarak biyogaz ve besin agisindan
zengin “digestat” iretir; bu sayede atik hacmi azalirken yenilenebilir enerji elde edilir.
Kompostlama ise organik atiklar1 kontrollii kosullarda ayristirip topraga kazandiran bir yontemdir.
Kapal1 sistem kompostlama gibi yenilik¢i teknikler, sicaklik, nem ve havalanmay1 optimize ederek
islemi hizlandirmakta ve koku sorununu azaltmaktadir. Yapay zeka uygulamalar1 atik tespiti ve
ayristirmasinda devrim niteligindedir. Derin 6grenme modelleri, 6zellikle konvoliisyonel sinir
aglari (CNN), organik ve diger atik tiirlerini yiliksek dogrulukla siniflandirabilmektedir. Boylece
elle yapilan ayristirmadaki hata oran1 azalmakta ve is giicii ihtiyac1 dismektedir. Atiklarin enerji
geri kazanim siireglerinde yapay zeka, proses optimizasyonunu desteklemektedir. Biyogaz
tesislerinde yapay zekd modelleri sicaklik, pH, nem gibi parametreleri izleyip fermentasyon
kosullarini en uygun hale getirir. Derin 6grenme teknikleri atiklarin kimyasal bilesimini analiz
ederek siire¢ kriterlerini hassas sekilde ayarlar; bu sayede tesis verimliligi artar ve dongiisel
ekonomi ilkeleri daha etkin uygulanir. Yapay zeka destekli sensorler ve robotik otomasyon, geri
doniligiim oranlarini yiikseltip siirecleri hizlandirir. Sonug olarak, yeni teknolojiler ve yapay zeka
entegrasyonu gida atiklarinin bertarafini daha g¢evreci ve siirdiiriilebilir hale getirmektedir.
Anaerobik sindirim ve kompostlama gibi biyolojik yontemler enerjiyi geri kazanirken, yapay zeka
ve biyoteknoloji atiklar1 6nceden tahmin edip degerli iiriinlere doniistiirmektedir. Bu uygulamalar
kaynak verimliligini artirirken ekosisteme katma deger yaratmaktadir. Ancak yiiksek yatirim
maliyetleri, altyap1 yetersizlikleri ve veri eksikligi gibi engeller bu teknolojilerin yaygilagmasini
sinirlamaktadir. Gelecekte yapay zekanin IoT ve biiylik veri teknolojileriyle entegrasyonu
sayesinde gida atik yonetimi siirecleri daha akilli, izlenebilir ve siirdiiriilebilir olacaktir. Boylece
bu teknolojilerin biitiinciil kullanimi, gida atiklarinin bertarafini doniistiirerek daha yesil bir gelecek
vaat etmektedir.

Anahtar Kelimeler: Gida atiklari, siirdiiriilebilir atik yonetimi, yapay zeka, anaerobik sindirim,
kompostlama, lojistik optimizasyon.
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Gida atiklari, kiiresel dlgekte dnemli bir ¢evresel, ekonomik ve sosyal sorun teskil etmektedir.
Diinya niifusunun hizli artisi ile birlikte gida tiretimindeki artis, tarimsal atik miktarlarini da benzer
oranda ylikseltmekte ve dogal kaynaklarin tiiketilmesine yol agmaktadir (Ozkan vd., 2022).
Birlesmis Milletler Gida ve Tarim Orgiitii (FAO) verilerine gore, yilda yaklasik 931 milyon ton
gida israf edilmekte olup, bu atiklarin biiylik kismi evsel tiiketimden kaynaklanmaktadir (FAO,
2022). Geleneksel bertaraf yontemleri, drnegin ¢op depolama alanlari, metan emisyonlar1 ve
kaynak israfi gibi olumsuz etkilere neden olmakta bu da siirdiiriilebilirlik hedeflerini tehdit
etmektedir.

Gida atiklarinin yonetimi ve bertarafi, kiiresel Olgekte cevresel siirdiiriilebilirlik agisindan
kritik bir 6oneme sahiptir. Bu siireglerin etkinligini artirmak amaciyla gelistirilen yapay zeka
uygulamalari, son yillarda atik yonetimi sistemlerinde énemli bir donilisiim yaratmistir. Yapay
zeka, veriye dayali analiz ve Ongorii yetenekleri sayesinde gida atiklarmin azaltilmasi,
siniflandirilmasi, tasmmmasi ve enerjiye doniistliriilmesi gibi siireglerde o6nemli katkilar
saglamaktadir. Ornegin, oteller ve restoranlar gibi konaklama sektoriinde yapay zeka tabanl
stratejiler, tiikketim kaliplarimi tahmin ederek israfi en aza indirmekte ve kaynak tahsisini
iyilestirmektedir. Bu stratejiler, evsel ortamlara uyarlanarak daha genis bir etki yaratma
potansiyeline sahiptir. YAPAY ZEKA sistemleri, atik miktarmi ve tiiriinii izleyerek mutfak
personeline porsiyon boyutlarini ayarlamak, envanteri optimize etmek i¢in i¢gdriiler saglar (Clark
vd., 2025). Bu entegrasyon, sadece ticari sektorlerde degil, bireysel hanelerde de gida israfim
azaltarak kiiresel siirdiirtilebilirlik hedeflerine katki sunar.

Ayrica, yapay zekanin gida tedarik zincirindeki rolii, liretimden tiiketime kadar uzanmakta
ve kaynak verimliligini artirmaktadir. Bu teknolojiler, iklim degisikligi ve kaynak kitlig1 gibi
kiiresel zorluklara karsi etkili ¢ozilimler {retmekte, ayni zamanda ekonomik faydalar
saglamaktadir.

Gida Atiklarinin Bertarafi ve Siirdiriilebilirlik

Stirdiiriilebilir gida tretimi, dogal kaynaklarin korunmasi: ve atik ydnetimini biitlinciil bir
yaklagimla ele almay1 gerektirmektedir. Gida tedarik zincirinde meydana gelen kayiplar, ekonomik
maliyetlerin yani sira ¢evre kirliligine de yol agmaktadir. Atik yonetimi, 6ncelikle atik olusumunun
onlenmesi, azaltilmasi ve geri kazanimi lizerine odaklanmalidir. Yeni teknolojiler, bu siiregte kritik
rol oynamakta; Ornegin, organik atiklarin enerji veya giibreye doniistiiriilmesi, sera gazi
emisyonlarin1 azaltarak Birlesmis Milletler Siirdiiriilebilir Kalkinma Hedefleri'ne (SKH) katk1
saglamaktadir (FAO, 2018).

Gelismekte olan iilkelerde, yetersiz beslenme ve atik yonetimi sorunlar1 daha belirgindir
(Pawlak ve Kotodziejczak, 2020). Bu baglamda, teknolojiler atik bertarafini optimize ederek
kaynak verimliligini artirmakta, drnegin biyogaz iiretimi yoluyla enerji geri kazanimi miimkiin
kilmaktadir. Ancak, teknolojilerin uygulanmasi, altyap1 ve maliyet gibi zorluklarla kars1 karstyadir
(Sharma vd., 2021). Bu zorluklar, 6zellikle diisiik gelirli bolgelerde erisilebilirlik sorunlarini
beraberinde getirmekte, bu nedenle politika yapicilarin tesvik mekanizmalar1 gelistirmesi
gerekmektedir.

Atiklarin dogru simiflandirilmasi, geri doniisiim stireclerinin verimliligini artirmak ig¢in kritik
bir adimdir. Geleneksel elle siniflandirma yontemleri hem maliyetli hem de hata orani yiiksek
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oldugundan, yapay zeka tabanli goriintii isleme teknikleri siklikla tercih edilmektedir. yapay
zekanin gida sektortindeki rolii, liretimden atik yonetimine kadar uzanmakta ve siirdiiriilebilirligi
artirmaktadir. Ornegin, yapay zeka, tarimsal uygulamalarda iiriin hastaliklarini teshis ederek verimi
artirirken, atik yonetiminde konaklama sektoriinde tiikketim tahminleri yaparak israfi azaltmaktadir.
Ayrica, yapay zeka tabanli buzdolabi sistemleri gida maddelerini tantyarak durumlarini analiz eder
ve kullanim veya bertaraf Onerileri sunar, boylece evsel atik azaltimina katki saglar. Yapay zeka,
biiyiik dil modelleri kullanarak gida magaza verilerini analiz ederek tiiketici davraniglarini ve pazar
trendlerini anlamada da rol oynar (Belwal vd., 2025).

Gida endiistrisinde yapay zeka, atik azaltiminda kritik bir rol oynar; 6rnegin, makine
ogrenimi algoritmalar1 tedarik zinciri lojistigini optimize ederek nakliye sirasinda atik riskini
azaltir. Yapay zeka destekli envanter yonetim sistemleri talep tahmin ederek asir1 iretimi Onler ve
tedarik zincirlerini optimize eder. Ongoriisel analitikler, tiketici tercihlerini analiz ederek stok
fazlaligim azaltir ve gida son kullanma tarihlerini dogru tahmin ederek envanter rotasyonunu
iyilestirir. Yapay zeka sensorleri depolama kosullarini izleyerek bozulmay1 onler, restoranlarda
fiyatlandirma ve menii planlamasin1 optimize eder. Bu teknolojiler, ABD'de yillik 119 milyar
pound gida atigin1 azaltarak maliyet tasarrufu saglar ve siirdiiriilebilir uygulamalari tegvik eder. Bu
ornekler, teknolojilerin kiiresel 6l¢ekte nasil entegre edilebilecegini gdstermekte, ancak kiiltiirel ve
ekonomik farkliliklarin dikkate alinmasi gerekmektedir.

Yeni Teknolojiler
Anaerobik sindirim

Anaerobik sindirim, gida atiklarinin oksijensiz ortamda mikroorganizmalar tarafindan
parcalanarak biyogaz ve besin zenginlestirici biyogaz atig1 (digestat) liretilmesini saglayan bir
teknolojidir. Bu yontem, atik hacmini azaltirken yenilenebilir enerji kaynagi olarak biyogaz
iiretmekte ve giibre olarak kullanilabilecek yan iiriinler saglamaktadir. Ornegin, Quasar Energy
Group gibi sirketler, biiyiik olgekli uygulamalarda bu teknolojiyi kullanarak atiklar1 enerjiye
dontstiirmektedir.

Tarimsal atik yonetiminde, anaerobik sindirim, organik atiklarin deger kazaniminda 6nemli bir
rol oynamaktadir. Aragtirmalar, bu teknolojinin metan emisyonlarini %90 oraninda azalttigini
gostermektedir. Ancak, baslangic yatirimi yiiksek olup, gelismekte olan iilkelerde adaptasyon
siurlidir (Singh, 2017). Anaerobik sindirim, gida atiklarinin biyogaz tiretimine doniistiiriilmesinde
etkili olup, yapay zeka ile entegre edildiginde siire¢c parametrelerini optimize ederek verimliligi
artirir. Bu entegrasyon, gergek zamanli izleme ve Ongoriisel analitikler yoluyla yakit tiikketimini ve
emisyonlar1 azaltir (Fang vd., 2023). Ayrica, bu yontem, dongiisel ekonomi prensiplerini
destekleyerek atiklarin ekonomik degere doniisiimiinii hizlandirir ve uzun vadede enerji
bagimsizligina katki saglar.

Kompostlama yontemleri

Kompostlama, organik atiklarin kontrollii ortamda ayristirilarak topragi zenginlestiren kompost
haline getirilmesidir. In-vessel kompostlama (kapali sistem kompostlama veya reaktor tipi
kompostlama) gibi yenilik¢i yontemler, kapali sistemlerde sicaklik, nem ve hava akisini optimize
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ederek siireci hizlandirmakta ve kokular1t minimize etmektedir. OREGON Green Fertilizer gibi
uygulamalar, gida atiklarini yiiksek kaliteli komposta doniistiirmektedir.

Tiirkiye'de tarimsal atiklardan kompost iiretimi Marmara ve Akdeniz bolgelerinde yaygindir,
ancak diger bolgelerde sinirhidir. Bu teknoloji, ¢op depolama alanlarina giden atik miktarin
azaltarak siirdiirilebilir tarima katki saglar. Dezavantaji, biiylik 6l¢ekli operasyonlarda enerji
tiketimidir (Ozkan vd., 2022). Kompostlama, yapay zeka ile birlestirildiginde dinamik
programlama yoluyla atik iiretim desenlerine uyum saglar ve kaynak tahsisini iyilestirir. Gelecekte,
yapay zekanin IoT ile entegrasyonu kompostlama siireclerini daha verimli hale getirecektir (Fang
vd., 2023). Bu entegrasyon, yerel topluluklarda kompostlama tesislerinin ydnetimini
kolaylagtirarak, topragin verimliligini artirir ve ¢evre dostu tarim uygulamalarini tegvik eder.

Biyoteknolojik yaklasimlar

Biyoteknoloji, gida atiklarinin doniistiiriilmesinde umut vadeden bir alandir. Kara asker sinegi
(Black Soldier Fly-BSF) biyodoniisiimii, larvalarin atiklar tiiketerek protein zengin hayvan yemi
ve organik giibre liretmesini saglar. Ynsect ve AgriProtein gibi sirketler, bu yontemi kullanarak
atik hacmini hizlica azaltmaktadir.

Mikrobiyal yontemler, atiklarin katma degerli {iriinlere doniistiriilmesinde benzer
prensiplere dayanir. Ornegin, atiklardan pektin eldesinde mikrodalga ve ultrases gibi teknolojiler
enerji tasarrufu saglar (Gavahian vd., 2021). Biyoteknoloji, metan emisyonlarini azaltarak ¢evresel
biitiinligii korur (Kusmayadi vd., 2021). Biyoteknolojik yontemler, yapay zeka sensorleri ile
birlestirildiginde raf dmriinii uzatarak bozulmay1 azaltir; 6rnegin, Strella'nin muz olgunlagmasini
izleyen sensorleri tutarlilik saglar. Bu yaklagimlar, gida endiistrisinde yenilik¢i tiriin gelistirme
firsatlar1 yaratmakta ve atiklarin biyoyakit veya farmasotik maddelere doniislimiinii miimkiin
kilmaktadir.

Diger Yenilik¢i Yontemler

Atik bertarafinda mikrodalga, ohmik 1sitma, darbeli elektrik alan, yiliksek basing ve ultrases gibi
isleme teknolojileri, polisakkaritlerin ekstraksiyonunda enerji tasarrufu saglar (Gavahian vd., 2021;
Ozkan vd., 2022). Atik-enerji doniisiimii, atiklar1 biyoyakitlara ¢evirerek fosil yakit bagimliligim
azaltir.

Blockchain, gida izlenebilirligini artirarak israfi 6nler. Robotik sistemler, atik ayristirmasini
hizlandirir. Bu yontemler, endiistriyel Ol¢ekte standardizasyon gerektirir (Sharma vd., 2021).
Yenilik¢i yaklagimlar, yapay zeka ile bozulma tahminlerini gelistirerek tedarik zincirini optimize
eder. Ornegin, robotik kollar ve sensdrler entegre edilerek atik isleme hatlar1 otomatiklestirilmekte,
bu da is giicli maliyetlerini diisiiriirken verimliligi artirir.

Yapay Zeka Uygulamalan
Atk tespiti ve ayristirma
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Derin 6grenme modelleri, 6zellikle CNN (Convolutional Neural Network), organik ve diger atik
tiirlerini yiiksek dogrulukla ayirabilmektedir (Fotovvatikhah vd., 2025). Benzer sekilde, yapay sinir
aglar1 ve ozellik birlestirme teknikleri kullanilarak atiklarin otomatik siniflandirilmast miimkiin
olup, yaklasik %91,7 dogruluk oran1 elde edilmektedir (Mohammed vd., 2022). Transfer 6grenme
tabanli yaklagimlar ise sehirsel atiklarda siniflandirma basarisini artirmaktadir (Lin vd., 2023). Bu
teknikler sayesinde gida atiklar1 dogru bertaraf siireglerine yoOnlendirilmekte, endiistriyel
uygulamalarda is giicli ihtiyaci azalmakta ve maliyet ile zaman agisindan 6nemli kazanimlar
saglanmaktadir.

Yapay zeka tabanli akilli ¢op kutulari, gergek zamanli izleme ile toplama verimliligini artirir
ve atik ayristirmasini otomatiklestirir (Alourani vd., 2025). Yapay zeka, atik yonetiminde
paradigma kaymasi yaratir; akilli kutular, rota optimizasyonu ve dinamik programlama ile
strdiirilebilirligi artirir. Gelecekte, yapay zekanin IoT ile entegrasyonu veri kalitesini iyilestirerek
etik kaygilara odaklanacaktir (Olawade vd., 2024). Bu sistemler, belediye hizmetlerinde
yayginlasarak toplu atik yonetimini daha etkili hale getirir.

Enerji geri kazanimi ve islem optimizasyonu

Gida atiklarmin geri doniistiiriilerek biyogaz, kompost veya enerji liretimine yonlendirilmesi,
cevresel surdurulebilirlik agisindan 6nemli avantajlar saglamaktadir. Yapay zeka, bu doniisiim
stireclerinde islem parametrelerini analiz ederek verimliligi artirmakta, enerji kayiplarini minimize
etmekte ve maliyetleri diisiirmektedir (Fang vd., 2023). Ozellikle biyogaz iiretiminde, yapay zeka
tabanli modeller sicaklik, nem, pH ve mikrobiyal aktivite gibi faktorleri degerlendirerek optimum
fermentasyon kosullarini belirlemekte ve siirecin yan iirlinlerinin kalitesini denetlemektedir.
Ayrica, derin 6grenme teknikleri kullanilarak atiklarin kimyasal bilesen analizleri yapilabilir; bu
sayede proses kriterleri hassas bicimde ayarlanabilmekte ve karmagsik atik kategorileri yiiksek
dogrulukla simiflandirilabilmektedir (Sayem vd., 2025). Bu yaklagimlar, dongiisel ekonomi ve
kaynak verimliligi ilkelerinin uygulanmasinda kritik bir rol oynamaktadir.

Yapay zeka, enerji geri kazaniminda akilli sensorler ve robotik ile entegre olup geri doniisiim
oranlarimi artirir. Sehirlerde yapay zeka, atik yonetim maliyetlerini diisiiriir ve ¢evresel etkiyi
minimize eder. Yapay zeka, atik izleme ve analitiklerde kamerelerle atik sicak noktalarini
belirleyerek azaltma stratejileri gelistirir; Winnow ve Leanpath gibi sistemler gida atigin1 yariya
indirir. Leanpath, tretken yapay zeka ile mutfak verilerini analiz ederek dnleyici eylemler 6nerir.
Bu optimizasyonlar, enerji liretim tesislerinde verimliligi %20-30 oraninda artirabilir.

Lojistik ve rota optimizasyonu

Atik toplama ve tasimada rota planlamasi, maliyet, enerji verimliligi ve ¢evresel surdurlebilirlik
acisindan kritik bir sliregtir. Yapay zeka tabanli algoritmalar, atik toplama araclarinin
giizergahlarin1 optimize ederek gereksiz yakit tiiketimini azaltmakta ve karbon salimini
diistirmektedir (Fang vd., 2023). Bu sistemler, ger¢ek zamanli trafik verileri ve sensérlerden gelen
doluluk bilgilerini degerlendirerek en uygun toplama planini olusturur. Ayrica, makine 6grenmesi
modelleri ge¢mis verilerden yararlanarak atik birikim egilimlerini tahmin edebilir ve toplama
sikligim1 buna gore dinamik bi¢imde ayarlayabilir. Son yillarda gelistirilen akilli sistemler,
konteyner doluluk oranlarini sensorlerle izleyerek anlik veri temelli rota planlamasi yapabilmekte,
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boylece hem operasyonel maliyetleri azaltmakta hem de gevresel etkinligi artirmaktadir (Alourani
vd., 2025).

Lojistikte yapay zeka, talep planlamasini iyilestirerek perakendecilerin siparislerini optimize
eder; Shelf Engine ve Afresh gibi sirketler %14.8 atik azaltimi saglar. Biitiin market sektoriinde
uygulanmasi 907.372 ton atik 6nleyebilir ve 13.3 milyon metrik ton CO2 emisyonunu azaltabilir.
Bu optimizasyonlar, lojistik zincirlerde siirdiiriilebilir tasimaciligi tesvik eder.

Karar destek sistemleri ve politika uygulamalar

Yapay zeka tabanli karar destek sistemleri (Decision Support Systems, DSS), atik yonetiminde
stratejik planlamay1 destekleyen Onemli araglardir. Bu sistemler, genis veri setlerini ve IoT
sensorlerinden elde edilen bilgileri analiz ederek farkli bolgelerdeki atik tiirlerini ve yogunluklarini
belirler; boylece kaynak dagilimi, geri doniisiim orani ve siirdiiriilebilirlik politikalart agisindan
yoneticilere veri temelli Oneriler sunar (Fotovvatikhah vd., 2025). Ayrica, yapay zeka modelleri
yalnizca teknik smiflandirma isleviyle sinirli kalmayip, sistem diizeyinde politika gelistirme
stireclerine de katki saglamaktadir. Uygulama orneklerinde, sehir yonetimleri yapay zeka destekli
atik siniflandirma hizmetlerini devreye alarak karbon ayak izini azaltmakta ve enerji verimliligini
artirmaktadir. Belediyeler i¢in akilli atik siniflandirma hizmet tasarimlarinin bu hedeflere ulasmada
etkili bir model sundugunu gostermektedir (Zhang vd., 2023)

Karar destekte yapay zeka, gida ortamini anlamada biiyiik dil modellerini kullanir ve cinsiyet
kapsayici yeniliklerle marjinal topluluklart giiglendirir (Belwal vd., 2025). Yapay zeka, beslenme
analizinde Swin Transformer modelleri ile gida goriintiilerini degerlendirerek saglikli beslenmeyi
tesvik eder (Belwal vd., 2025). Bu sistemler, politika yapiminda veri odakl: kararlar1 kolaylastirir.

Yapay Zeka ve Nesnelerin Interneti

Yapay zeka ve [oT, atik yonetimini optimize etmekte kritik rol oynar. Yapay zeka, stok seviyelerini
izleyerek israfi ongoriir ve akilli ¢op kutular: atik ayristirmasini otomatiklestirir. Winnow gibi
sistemler, mutfak atiklarin1 kamerayla kaydederek nedenlerini analiz eder.

[oT sensorleri, atik doluluk seviyelerini gergek zamanli izleyerek toplama verimliligini
artirtr. Dijital donilisim, tedarik zinciri izlenebilirligini artirarak atik azaltimina katki saglar (De
Bernardi ve Azucar, 2020). Bu teknolojiler, evsel atiklarda %20 azalma saglayabilir (Dahlén ve
Lagerkvist, 2010). Yapay zeka ve IoT entegrasyonu, atik yonetiminde gergek zamanli izleme ve
ongoriisel analitikler saglar (Olawade vd., 2024).

Restoranlarda yapay zeka sensorleri, kameralar ve 6lgekler entegre edilerek gergek zamanl
atik izleme yapilir; Leanpath, Winnow ve Kitro gibi sirketler %30-53 atik azaltimi saglar. Bu
sistemler, bulut tabanli platformlarla talep tahmini ve envanter optimizasyonu yapar. Faydalari
arasinda ekonomik tasarruf (%6-8 gida maliyeti azalmasi) ve gevresel etki azalmasi yer alir.
Zorluklar, personel direnci ve baglangi¢ maliyetleridir, ancak otomasyonla asilir. Evsel adaptasyon
icin politika destegi ve egitim gereklidir (Clark vd., 2025). Bu entegrasyon, teknolojilerin ginlik
hayatta nasil uygulanabilecegini gosterir.
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SONUC

Yeni teknolojiler, gida atiklarinin bertarafini siirdiiriilebilir hale getirerek c¢evresel etkileri
minimize etmektedir. Anaerobik sindirim ve kompostlama gibi yontemler enerji geri kazanimi
saglarken, yapay zeka ve biyoteknoloji israft ongoriir ve doniistiiriir. Bu teknolojiler katma deger
yaratir ancak altyapt ve maliyet zorluklar1 asilmalidir. Gelecek ¢alismalar, gelismekte olan
iilkelerde erisilebilirligi artirmaya odaklanmalidir.

Yapay zeka teknolojileri, gida atiklarinin bertarafinda yalnizca teknik bir ara¢ degil, aym
zamanda stratejik bir siirdiiriilebilirlik bilesenidir. Atiklarin dogru siniflandirilmasi, enerji
dontisiim  stireglerinin optimize edilmesi, lojistik planlamanin iyilestirilmesi ve karar destek
mekanizmalarinin gelistirilmesi yoluyla yapay zeka, ¢evresel etkinin azaltilmasina dogrudan katki
saglamaktadir. Bununla birlikte, veri eksikligi, yiiksek yatirim maliyetleri ve altyap: yetersizlikleri
gibi zorluklar, bu teknolojilerin yayginlagmasini sinirlamaktadir. Gelecekte, yapay zekanin
nesnelerin interneti (IoT) ve biiyiik veri teknolojileriyle entegrasyonu sayesinde gida atik yonetimi
stireclerinin daha akilli, izlenebilir ve siirdiiriilebilir hale gelecegi dngoriilmektedir.

Yapay zekanin gida sektoriindeki entegrasyonu, tarimdan tiiketime kadar tedarik zincirini
doniistiiriir ve kiiresel sorunlari ¢ozer (Belwal vd., 2025). Yenilikler, akilli ev sistemleri ve politika
cerceveleriyle desteklenmelidir (Clark vd., 2025). Sonu¢ olarak, bu teknolojilerin batincul
kullanimi, gida atiklarinin bertarafini doniistiirerek daha yesil bir gelecek vaat etmektedir.
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ABSTRACT

Reducing and reusing waste generated in the food industry is of strategic importance in terms of
environmental sustainability and the circular economy. A significant portion of Turkey's annual
grape production is directed towards wine, fruit juice and dried grape processing, a process that
generates large quantities of by-products, primarily pomace, but also including skins, seeds, stems
and leaves. These residues offer broad biotechnological and economic potential due to their rich
content of phenolic compounds, unsaturated fatty acids, vitamins, and fibres. However, if not
adequately utilised, they pose a risk of environmental pollution. Concrete examples of this potential
include the use of pulp as a soil conditioner through composting, its use as a low-cost feed source
in the feed industry, its utilisation in fermentation processes for the production of citric acid,
ethanol, methanol and biogas, and its use as a food additive in dried and ground form. Grape seeds,
due to their high antioxidant content and unsaturated fatty acids, can be transformed into a
functional raw material in the food, cosmetics, and biofuel industries; the leaves, rich in phenolic
compounds, can be utilised not only for pickling consumption but also in the production of natural
dyes and food preservatives. Similarly, grape stems, notable for their lignocellulosic structure, can
be used as a filler material in polymer composites and provide a valuable source of biomass rich in
tannins. The effective utilisation of grape processing residues not only reduces negative
environmental impacts but also enables the creation of added value in various fields such as
functional foods, energy, biotechnology, and cosmetics. In this context, integrating grape residues
into sustainable production systems is emerging as a strategic necessity in terms of increasing
efficiency in the agricultural industry and protecting natural resources.

Keywords: Grape, residue, sustainability.
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Gida endistrisinde ortaya cikan artiklarin azaltilmasi ve yeniden degerlendirilmesi, ¢evresel
stirdiiriilebilirlik ve dongiisel ekonomi agisindan stratejik bir 6neme sahiptir. Tiirkiye’de yillik
lizim iretiminin kayda deger bir kismi sarap, meyve suyu ve kuru iiziim islenmesine
yonlendirilmekte, bu siirecte cibre bagta olmak iizere kabuk, ¢ekirdek, sap ve yapraklardan olusan
yliksek miktarda yan iirlin agi1ga ¢ikmaktadir. S6z konusu artiklar, icerik bakimindan zengin fenolik
bilesikler, doymamis yag asitleri, vitaminler ve lifler sayesinde biyoteknolojik ve ekonomik agidan
genis bir potansiyel sunmaktadir. Ancak yeterince degerlendirilemediginde ¢evresel kirlilik riski
tagimaktadirlar. Cibrenin kompostlama yoluyla toprak diizenleyici olarak kullanimi, yem
sanayinde diisiik maliyetli bir besin kaynagi olmasi, fermentasyon siiregleriyle sitrik asit, etanol,
metanol ve biyogaz iiretiminde degerlendirilmesi, ayrica kurutulmus ve 6giitiilmiis formuyla gida
katk1 maddesi olarak islev gérmesi bu potansiyelin somut 6rnekleridir. Uziim ¢ekirdegi, yiiksek
antioksidan igerigi ve doymamis yag asitleri nedeniyle gida, kozmetik ve biyoyakit endiistrisinde
islevsel bir hammaddeye doniisebilirken; yapraklar fenolik bilesikler agisindan zengin olup
salamuralik tiiketimin yan1 sira dogal boya ve gida koruyucu tiretiminde degerlendirilebilmektedir.
Benzer sekilde, lignoseliilozik yapisiyla dikkat ¢eken i{izim sap1 polimer kompozitlerde dolgu
malzemesi olarak kullanilabilmekte ve tanen agisindan degerli bir biyokiitle kaynagi sunmaktadir.
Uziim isleme artiklarmin etkin sekilde degerlendirilmesi, yalnizca gevreye olan olumsuz etkilerin
azaltilmasii degil, ayn1 zamanda fonksiyonel gida, enerji, biyoteknoloji ve kozmetik gibi farkli
alanlarda katma deger yaratilmasini da miimkiin kilmaktadir. Bu baglamda, {iziim artiklarinin
stirdiiriilebilir iiretim sistemleri i¢cine entegre edilmesi, tarimsal sanayide verimliligin artirilmasi ve
dogal kaynaklarin korunmasi agisindan stratejik bir gereklilik olarak ortaya ¢ikmaktadir.

Anahtar Kelimeler: Uziim, artik, siirdiiriilebilirlik.

GIRIS

Gida kayiplari ve israfi gezegenimizin siirdiiriilebilirligini tehlikeye atan ciddi bir sorunu temsil
etmekte, her yil kiiresel gida liretiminin iigte birinden fazlasi gida tedarik zincirinde kaybolmakta
veya israf edilmekte bu da cesitli ekonomik, ¢evresel ve sosyal etkilere neden olmaktadir. Gida
kayiplar1 tim gida tedarik zincirinde meydana gelmekle birlikte, ekonomi ile c¢evre lizerinde
olumsuz etkileri mevcuttur ve etik agidan uygun degildir (Atli, 2024). Gida endiistrisinde tiretim
esnasinda yasanan aksakliklar nedeni ile son iirliniin saglamasi1 gereken kalite parametrelerine
uymadig1 i¢in atik olarak degerlendirilen ¢iktilar (1skartalar) ve girdilerden kaynaklanan ve son
iirlinde kullanilmadig i¢in girdiden ayristirilan artiklar (6rn. {iziim suyu liretiminde iiziim posasi,
peynir iiretiminde peynir alti suyu vb.) 6nem arz etmektedir (Altinok, 2022). Atik Yonetimi
Yonetmeligi’ne gore atik; “lireticisi veya fiilen elinde bulunduran gergek veya tiizel kisi tarafindan
cevreye atilan veya birakilan ya da atilmasi zorunlu olan herhangi bir madde veya malzeme” olarak
ifade edilmektedir. Gida atiklar tarladan sofraya, gida tedarik zincirinin her asamasinda, iiretici,
islemci, perakendeci ve tiiketicilerden kaynakli, kaybolan gida olarak tanimlanabilmektedir. Gida
ve Tarim Orgiitii’ne gore ise gida atiklari, perakende ve tiikketim asamalarinda meydana gelen gida
kayiplari olarak belirtilmektedir. Uretim 1skartalar1 gibi kalite kontrol kriterlerine uygun olmayan
tiriinlerden olugan gida atiklari, proses kosullarinda yapilan iyilestirmeler ile bir noktaya kadar
azaltilabilmektedir (Ozkan vd., 2022).

Gidalarin islenmesi sirasinda, son iriinlerin niteligi geregi aciga cikan artiklarin ise ayrica
degerlendirilmesi gerekmektedir. Yag iiretiminde kullanilan ay cekirdeklerinin kiispesi, meyve
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suyu sanayinde ¢ikan meyve posasi, meyvelerin ¢ekirdekleri ve kabuklar1 gibi artiklar insanlar i¢in
direkt besin niteligi tasimayacak sekillerde degerlendirilmeye calisilmaktadir. Gida sanayi
artiklarinin hayvan yemi olarak kullanimi, kompost iiretimi vb. uygulamalar, besin degeri yiiksek
olan gidalarin israfi olarak degerlendirilebilecek geri kazanim c¢alisilmalarindan bazilaridir
(Altinok, 2022).

Dogal kaynaklarin korunmasi ve siirdiirtilebilirligin saglanabilmesi i¢in, iretimden tliketime
kadar isleme, depolama, tasima ve dagitim gibi tedarik zincirinin tiim asamalarinda gida
kayiplarinin ve artiklarinin en aza indirilmesi temel bir gerekliliktir. Bununla birlikte, tarimsal
kalintilar, gida isleme artiklar1 veya bitkisel ve hayvansal kokenli yenmeyen kisimlar gibi bazi gida
fraksiyonlarinin israfi kacinilmaz olmaktadir. Bu tiir organik artiklarin geri doniistiiriilmesi;
biyokiitle ve hayvansal yan iirlinlerden cesitli kimyasallar, biyoyakitlar ve enerji elde edilmesi
yoluyla hem yenilenemeyen kaynaklarin tiiketiminin azaltilmasina hem de c¢evresel
stirdiiriilebilirligin desteklenmesine 6nemli katkilar saglamaktadir. Gida tiretim sistemi ve tedarik
zinciri, ¢iftgilerden perakendecilere, tiiketicilerden sanayiye kadar bircok paydasin ortak ¢abasini
gerektirirken; toprak, su, enerji, fosil yakitlar ve insan emegi gibi pek ¢ok kaynagin birbiriyle
etkilesim ic¢inde oldugu karmasik bir yapiyr barindirmaktadir. Bu ¢ercevede, gida artiklarinin
azaltilmasinda en 6nemli adim, asir1 iiretim ve asir1 tedarikin dnlenmesidir. Ayrica ortaya ¢ikan
gida artiklarmin diyet lifi, hayvan yemi, biyogaz, biyopolimer, biyoplastik, biyoyakit, enzim,
nutrasotik, aroma ve biyosorbent gibi cesitli katma degerli iirlinlere doniistiiriilmesi, ¢evresel
etkilerin azaltilmasina yonelik siirdiiriilebilir ve ¢evre dostu bir yaklasim sunmaktadir (Okumus,
2023; Ozkan vd., 2022).

Son yillarda cevresel kirliligin azaltilmasi ve artik yonetiminin etkinlestirilmesi amaciyla,
bitkisel iiretim siire¢lerinde ortaya g¢ikan hasat artiklarinin ve hammaddesi tarimsal iiriinlere
dayanan cesitli endiistriyel yan {riinlerin farkli alanlarda yeniden degerlendirilmesi
yayginlagsmistir. Bu kapsamda, artiklarin geri kazanimi ve katma degerli {irlinlere doniistiiriilmesi
acisindan one ¢ikan tarimsal sanayi iiriinlerinden biri de {iziimdir (Bekar, 2016). Uretimi esas
olarak sofralik meyve, meyve suyu ve kuru liziim olarak taze tiiketime yoneliktir. Diger 6nemli
kullanim alanlar sarap endiistrisidir. Endiistrilesmesinde yaklasik % 20’si yan iirlin haline gelir.
Genellikle bu yan trlnler yiiksek karli artik olarak degerlendirilmemekte, cogunlukla acik alanlara
atilmakta ve potansiyel olarak c¢evresel sorunlara yol agmaktadir. Bu nedenle, ¢evre dostu
endiistriyel iiretime olan talebin artmasi ve liziim endiistrisinde operasyonel verimliligi artirma ve
yan lriin isleme maliyetini en aza indirmenin zorlugu, bu sektdrii, Onleyici entegre artik
yaklasimlarini benimsemeye dogru ydnlendirmeye baglamistir. Uziim isleme sirasinda ortaya ¢ikan
kat1 maddelerin, gerekli diizeyde degerlendirilmedigi takdirde cevreye zararli olabilecegini
belirtmislerdir. Bu nedenle, artik maddeler topraga verildiginde, zengin besin maddeleri igceren
akarsu ve kaynaklarina zarar vererek sudaki canlilart yok etmektedir. Ancak, uygun sekilde
degerlendirildiginde, bu artiklar bagska amagclar i¢in faydali bir hammadde olarak kullanilabilir.
Posa ve gekirdekler endiistriyel artik olarak degerlendirilmekle birlikte, vitaminler, polifenoller,
doymamus yag asitleri ve besin bilesenleri agisindan zengin olmasi nedeniyle insan sagligi tizerinde
olumlu bir etkiye sahiptir (Ferrari vd., 2019).

Uziim isleme artiklariin insan beslenmesi acisindan degerlendirilmesine iligkin gesitli
yaklagimlar s6z konusudur. Bunlardan bazilarina {iziim ¢ekirdegi ya da liziim kabugunun direkt
gida olarak tiiketilebilecegi iiriinlere islenmesi (6rnegin iiziim ¢ekirdeginin tamamiyla cekirdek
yag1 ve ¢ekirdek ununa islenmesi), sahip oldugu biyoaktif bilesenlerin ekstraksiyonu ile bunlarin
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takviye edici gida iiretiminde kullanilmas1 ya da gidalara eklenmesiyle ¢esitli 6zellikleri agisindan
gelistirilmis ve zenginlestirilmis fonksiyonel tiriinlerin elde edilmesi, biyoteknolojik proseslerde
substrat olarak kullanilarak organik asitler, enzimler vb. maddelerin sentezlenmesi 6rnek olarak
verilebilir (Uz ve Coskun, 2025).

Alternatif kullanimlar1 arasinda, bilesimi itibariyle liziim posasi, 6zellikle iiziim c¢ekirdegi
yagt ve polifenollerin (¢ogunlukla antosiyaninler, flavonoller, flavanoller, fenolik asitler ve
resveratrol) ekstraksiyonu, fermentasyon yoluyla sitrik asit, metanol, etanol ve ksantan Gretimi ve
metanizasyon yoluyla enerji liretimi gibi farkli islemler yer alir. Bu nedenlerden 6tiirii, iizlim
artiklarinin dogru bir sekilde degerlendirilmesi ekonomik, sosyal ve ¢evresel faktorler agisindan
onemli bir gelismedir (Mammadova vd., 2020).

Uziim Isleme Siirecinden Kaynaklanan Artiklar

Tiirkiye’de yillik yas liziim tiretimi ortalama 4 milyon ton diizeyindedir. Bu miktarin yaklasik %
3’1 sarap tiretiminde kullanilmaktadir. Siralik olarak islenen tiziimlerden % 15-25 oraninda posa
elde edildigi goz oniinde bulunduruldugunda, ortaya ¢ikan {iziim posas1 miktarinin oldukca yiiksek
oldugu anlasilmaktadir. Uziim isleme siirecinde agiga ¢ikan ve “cibre” olarak adlandirilan bu
posanin bilesimi; yaklasik % 50 kabuk, % 25 ¢ekirdek ve % 25 saptan olugmaktadir (Bekar, 2016).
Ancak, tiretim bolgelerinde agiga cikan bu artiklar uygun sekilde bertaraf edilmezse ciddi
miktarlarda birikime yol agmakla birlikte, su kirliligi, toprak bozulmasi, bitki ortiisiine zarar, enerji
tilketimi ve hos olmayan gaz ve kokularin salinimi da dahil olmak (zere olumsuz c¢evresel ve
ekonomik etkilere neden olur (Bekar, 2016; Uz ve Coskun, 2025).

Bununla birlikte, cibre; enerji kaynagi, aktif karbon, cesitli kimyasal maddeler ve diisiik
maliyetli hammadde iiretimi gibi farkli amaglarla etkin bir bigimde kullanilma potansiyeline
sahiptir. Dolayisiyla, bu artigin degerlendirilmesi hem temiz enerji iretimi hem de ¢evre kirliliginin
azaltilmasi acisindan 6nemlidir (Bekar, 2016).

Uziim Artiklarinin Bilesimi ve Degerlendirme Yéntemleri
Cibrenin ozellikleri ve degerlendirilme sekilleri

Kompostlama sirecine tabi tutulan cibre (Organik maddelerin mantar, bakteri ve protozoa gibi
cesitli mikroorganizmalarin etkisiyle aerobik bozunma yoluyla daha kararl iirlinlere donligmesi)
yaklagsik olarak % 30 nem, % 1.5 azot, % 2 potasyum ve % 0.5 fosfor igerigine sahiptir. Yapilan
bir arastirmada, cibrenin suda ¢6ziinebilir mikro besin elementleri ppm cinsinden; Fe 1.82, Mn
0.13, Cu 2.41 ve Zn 0.43 olarak belirlenmistir. Asmanin farkli kissmlarinda katalaz, askorbik asit,
oksidaz, peroksidaz, polifenoloksidaz, pektin metil esteraz ve pektin esteraz gibi enzimlerin
bulundugu bilinmektedir. Kompostlanmis cibre, bagcilikta, bahgecilikte ve diger bitkisel tiretim
alanlarinda degerlendirilerek bitki besleme agisindan 6nemli bir katki saglamaktadir (Bekar, 2016;
Songiir ve Cakiroglu, 2016).

Sarap yapim siirecinde tamamen ekstrakte edilmedikleri i¢in yliksek miktarda fenol bilesigi
icerir. Bu fenol bilesikleri aktif antioksidan, antimikrobiyel, antiviriis ve soguk alginlig1 énleyici
Ozellikleri nedeniyle insan saglig: tizerinde faydali etkilere sahip olabilirler. Bu nedenle, {iziim
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posalarindan fenol bilesiklerinin yeterli ekstraksiyonu i¢in etkili yontemler kullanmak 6nemlidir
(Mammadova vd., 2020).

Cibrenin yeniden degerlendirilerek ekonomiye kazandirilabilecegi en 6nemli alanlardan biri
yem sanayisidir. Yag cibre, silaj katki maddesi olarak degerlendirilebilmekte; kurutulmus formu
ise kiispe liretiminde kullanilabilmektedir. Her ne kadar cibre ilavesi yapilan silajlarda yiiksek ham
seliiloz igerigi nedeniyle organik madde sindirilebilirligi azalmis olsa da, 6zellikle yogun cibre
iiretiminin gerceklestigi gida isletmelerine yakin bolgelerde diisiik maliyetli ve kolay ulasilabilir
bir yem kaynagi olarak kullanilma potansiyeli tasimaktadir. Literatiirde, kurutulmus cibre veya
iizim ¢ekirdegi ilavesi yapilan yemlerin tavukgulukta degerlendirilebilecegine dair bulgular yer
almaktadir. Bunun yani sira, siit koyunculugu, siit sigirciligi, balik yetistiriciligi ve hatta ytin-et
tavsan1 yetistiriciliginde kullanimina yonelik yiiriitiilen ¢alismalarda da ¢esitli olumlu sonuglar
rapor edilmistir (Odabasioglu vd., 2022).

Uziim cibresi yalnizca yem kaynagi olarak degil, ayn1 zamanda dogal boya iiretiminde de
degerlendirilmektedir. Fermentasyon siireci sonunda aciga ¢ikan cibreden yillik yaklagik 10.000
ton dogal renklendirici bilesik (antosiyaninler) elde edilebilmektedir. Bu suda ¢6ziinebilen boyar
maddeler, 6rnegin kiraz receli gibi baz1 gida iiriinlerinde renklendirici olarak kullanilmaktadir.
Bunun yan sira, iliziim posasinin belirli kosullar altinda kurutulup 6giitiilerek un formunda gida
endistrisinde kullanilmasi da miimkiindiir. Yapilan g¢aligmalar, biskiivi liretiminde una % 10
oranina kadar {izim posasi ilavesinin iiriin 6zelliklerini olumsuz yonde etkilemedigini ve tiiketici
begenisini kazandigini ortaya koymustur. Ayrica yogurt, salata sosu ve benzeri tirlinlere eklenerek
fenolik bilesikler acisindan zenginlestirilmesi, cibrenin gida katki maddesi olarak Onemini
artirmaktadir (Bekar, 2016).

Uziim cibresinin geleneksel islenmesi, damitma, kompostlama veya kati artik sahasina
bosaltma, yakma, gaz haline getirme ve piroliz ydntemleri ile gerceklestirilir. Uziim cibresi
geleneksel olarak grappa gibi lizlim cibresi igkileri liretmek i¢in damitilir. Kompostlama, sarap
imalathanesi artiklarini toprak diizenleyici olarak kullanilmaya uygun bir iirlin haline getirmek i¢in
ucuz ve kolay bir yéntemini sunar. Uziim artiklarinin kompostlanmasi yaygin olarak incelenmis
olup, bu yontemin hem {iziim posasini yonetmek hem de degerli bir giibre liretmek icin
uygulanabilirligi konusunda fikir birligi vardir. Yanma, gaz haline getirme ve piroliz, damitma
isleminin aksine, bu alternatifler daha fazla artik {iriin iiretmez veya tesis disina nakliye
gerektirmez. Uziim cibresi gibi yiiksek su igerikli hammaddelerin kullanildigi yanma prosesleri
tutusma sorunlarina yol agar ve bu nedenle hammaddenin uygun sekilde 6n islemden gegirilmesi
gerekir. Genellikle kurutma uygulanir, ancak bu genellikle prosesin genel verimliligini duigiiriir.
Buna ragmen, yanmanin iiziim cibresinden enerji ve elektrik tiretimi i¢in etkili bir yontem oldugu
gosterilmistir. Piroliz ve gazlastirma ise, yanmaya alternatif olarak degerlendirilmesi gereken iki
yontemdir. Gazlastirma, oksijen eksikligi olan bir ortamda karbonlu bir yakittan gaz iiretimini
icerir. Piroliz, 6zellikle sarap endiistrisinde hem gazlastirmaya hem de yanmaya bir alternatif sunar.
Piroliz, oksijenin olmadig1 bir ortamda biyokiitlenin termal ayrismasini saglayarak biyokomiir,
biyoyag ve biyogaz iiretilmesini saglar (Zhang vd., 2017).

Uziim cekirdeginin ozellikleri ve degerlendirilme sekilleri

Uziim ¢ekirdegi, toz formunda islenerek cesitli gida iiriinlerinde kullanlabilmektedir. Igerik
bakimidan degerlendirildiginde, yaklasik % 14—17 oraninda yag ile birlikte 0.8-1.2 g/kg
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diizeyinde E vitamini, ayrica C vitamini ve beta-karoten icermektedir. Uziim ¢ekirdegi yagmnin
ozellikle doymamis yag asitleri, 6zellikle de linoleik asit bakimindan zengin oldugu bilinmektedir.
Doymamis yag asidi oraninin yiiksek olusu, bu yagi beslenme agisindan degerli kilmaktadir.
Gunumuzde zim cekirdegi hem toz formunda ticari olarak satilmakta hem de ekmek, pasta gibi
firincilik iirtinlerinde katki maddesi olarak kullanilmaktadir. Ayrica laktaz enzimi iiretiminde de
hammadde olarak degerlendirilmekte, bunun yani sira lizim g¢ekirdeginden yag elde edilerek
biyodizel iiretiminde kullanilabilmektedir. Uziim ¢ekirdeginin hem antioksidan kapasitesinin
yiiksek olmast hem de icerdigi protein ve yag orani sayesinde yem olarak degerlendirilebilir
(Bekar, 2016; Odabasioglu vd., 2022).

Uziim ¢ekirdegi ekstresi, kozmetik endiistrisinde antioksidan igerigi nedeniyle énemli bir
yere sahiptir. Ancak diger katki maddelerine kiyasla daha yiliksek maliyetli olmasi, kullanim
diizeyini sinirlamaktadir. Uziim ¢ekirdegi yag1 ise aromaterapi alaninda hem tastyic1 yag olarak
hem de terapotik amaglarla degerlendirilmektedir (Bekar, 2016).

Sarap isleme yan triinlerinden elde edilen iiziim ¢ekirdegi ununun sosislere katilmasinin
etkileri arastirilmistir. Yapilan ¢alismaya gore; unun farkli konsantrasyonlarinda fiziksel, besinsel
ve duyusal parametrelerde farkliliklar gozlenmistir. Sosislerin renk degerleri (L*, a* ve b*) genel
olarak iiziim ¢ekirdegi unu miktarinin artmasiyla azalmistir. Bu unun kullanimi ile antioksidan
iceriginden dolay1 iiriinlerin oksidasyon seviyesinde bir azalma meydana gelmistir. Sosislerdeki
iiztim cekirdegi unu oranindaki artis, protein igerigini, toplam diyet lifi igerigini ve su tutma
kapasitesini gii¢lendirmistir. Uziim ¢ekirdegi unu seviyesinin % 0.5’in iizerinde olmas1 genel kabul
edilebilirligi azaltsa da, % 2’ye kadar olan seviyelere sahip sosisler ortalamanin tiizerinde
degerlendirilmistir (Cirqueira et al., 2017).

Ozgan (2008), yumurta verimi iizerine yapmis oldugu ¢alismada, iiziim g¢ekirdegi yagi
ilavesinin, yem tiikketimini, yumurta agirligini, yumurta verimini, yemden yararlanma oranini ve
canli agirligi onemli diizeyde etkilemedigini tespit etmistir.

Asma yapraginin ozellikleri ve degerlendirilmesi

Yapraklar, iizim mahsullerinin en az incelenen ve deger verilen kisminmi olusturur (Ferrari vd.,
2019). Yaprak orneklerinde fenolik bilesiklerden gallik asit, protokatesik asit, katesin, kafeik asit,
klorogenik asit, vanillin, p-kumarik asit, ferulik asit, o-kumarik asit, rutin, hesperidin, quarsetin,
luteolin ve kamferoliin varlig1 belirlenmistir. Fenolik asitlerden o-kumarik asit, flavonoidlerden de
rutin, katesin ve quarsetinin yaprak orneklerinde en fazla bulunan fenolik bilesikler olduklari
bildirilmistir (Bekar, 2016).

Organik bilesenler agisindan zengindir ve bu nedenle yiiksek biyoaktivite kosullarina sahip
olmas1 beklenmektedir. Bu biyoaktivite, odun kiilii, bazalt kaya tozu, pirin¢ kabuklar1 ve bunlarin
yanma veya komiirlesmeden elde edilen tiirevleri gibi daha az biyoaktif yiike sahip ancak daha
fazla besin ¢esitliligine sahip diger yan tirlinlerin kullanimt i¢in faydali olabilir (Ferrari vd., 2019).

Asmanin farklt kisimlari, cesitli alanlarda degerlendirilebilme potansiyeline sahiptir.
Meyvesi; sofralik {iziim, kuru iiziim, koruk tursusu ve saru¢ gibi iirlinlerde; sirasi ise alkolli
icecekler (sarap, raki, likor vb.) ile alkolsiiz igecekler (meyve suyu, surup vb.) yani sira sirke, koruk
eksisi, pekmez, sucuk (cevizli kome), pestil ve {iziim tarhanasi liretiminde kullanilmaktadir.
Yapraklari, basta salamuralik olarak (dolma, sarma vb.) degerlendirilmekle birlikte, dogal
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boyamacilikta sar1 ve sar1-yesil tonlarin elde edilmesinde, icerdigi fenolik bilesikler sayesinde gida
koruyucu olarak ve beslenmeyi destekleyici tablet iiretiminde kullanilabilmektedir. Ayrica
sonbaharda dokilen yapraklar organik gibre tretimi icin hammadde olustururken, odunu ise bag
fidan1 iiretiminde anag veya asi materyali olarak degerlendirilmektedir (Bekar, 2016).

Uziim sapinin ozellikleri ve degerlendirilmesi

Uziim sap1, lignin, seliiloz ve hemiseliiloz gibi biyomolekiillerin yiiksek icerigine sahip oldugu g6z
Oniine alindiginda endiistriyel siiregler i¢cin onemli bir hammadde olabilir. Diger lignoseliilozik
hammaddelerle karsilastirildiginda, iiziim sap1 ayrica flavan-3-ol monomerik iinitelerinden olusan
daha yiiksek miktarda yogunlastirilmis tanen (proantosiyanidinler) icerir. Ping vd. (2011)
yaptiklari bir ¢alismada, iiziim sapindan ve daha genel olarak diisiik fiyatli tanen acisindan zengin
hammaddelerden yararlanilarak gelistirilmis, enzimatik sindirilebilirlige sahip hamurlarin {iretimi
igin umut verici bir sureg olabilecegini gostermistir. Tagsdemir ve Sen (2022) ise yaptiklari bir
caligmada, liziim sap, ¢eltik ve cam elyafin artik malzeme olmasi ve bunlarin polimerlerde dolgu
veya takviye malzemesi olarak yeniden kullaniminin saglamasi konusuna dikkat ¢ekmislerdir.

SONUGC

Uziim endiistrisinde ortaya ¢ikan yan iiriinlerin yalmzca bertaraf edilmesi yerine sistematik
bicimde islevsel kaynaklara doniistiiriilmesi, hem sektorel gelisim hem de cevre politikalar
acisindan stratejik bir zorunluluktur. Cekirdek, posa, sap ve yaprak gibi bilesenlerin icerdigi
biyolojik degerler, disiplinler aras1 arastirmalarla desteklendiginde, biyoteknolojik uygulamalardan
yenilenebilir enerji liretimine kadar genis bir kullanim alan1 yaratabilmektedir. Siirdiiriilebilir tarim
ve gida sistemlerinin insasinda, Uiziim artiklarinin ekonomik girdiye doniistiiriilmesi yalnizca
kaynak verimliligi saglamayacak, ayn1 zamanda yerel kalkinma ve kiiresel rekabet giiciinii de
destekleyecektir.
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