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Ilgili makama;

ICON-FAC 2025 ULUSLARARASI BESLENME, GIDA, TARIM VE IKLIM DENGE
KONGRESI, 21-22 Agustos 2025 tarihleri arasinda Istanbul’da 14 farkl iilkenin (Tiirkiye 30
bildiri- Diger tilkeler 41 bildiri) akademisyen/aragtirmacilarinin katilimiyla gergeklesmistir

Kongre 16 Ocak 2020 Akademik Tesvik Odene§i Yonetmeligine getirilen “Tebliglerin
sunuldugu yurt i¢inde veya yurt disindaki etkinligin uluslararasi olarak nitelendirilebilmesi
icin Tirkiye disinda en az bes farkl iilkeden sozli teblig sunan konusmacinin katilim
saglamasi ve tebliglerin yaridan fazlasinin Tiirkiye disindan katilimcilar tarafindan sunulmasi
esastir.” degisikligine uygun diizenlenmistir.

Bilgilerinize arz edilir,

Saygilarimla
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Prof. Dr. Osman ERKMEN
Istanbul Arel University
HEAD OF CONGRESS

E-mail: contact@iksad.co.uk
Web Page: www.iksad.co.uk/iconfac




Evrak Tarih ve Sayisi: 12.05.2025-745937
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ISTANBUL AREL UNIVERSITESI REKTORLUGU

2025 AILE YILI
Say1 : E-69396709-051-745937 12.05.2025
Konu : CoN-FAC 2025 Kongresi Diizenleme
Izni
DAGITIM YERLERINE

flgi  :07.05.2025 tarihli, 32911891-051-E.745528 sayili yaziniz.

Ilgide kayitl yaziya istinaden, Universitemiz Beslenme ve Diyetetik Boliim Baskanliginin ekli
yazisina istinaden; Istanbul Arel Universitesi Saghk Bilimleri Fakiiltesi Cevizlibag Yerleskesi'nde,
Beslenme ve Diyetetik Béliimii ile IKSAD is birliginde, 21-22 Agustos 2025 tarihlerinde hem online
hem de yiiz ylize olarak ger¢eklestirilecek olan "International Congress on Nutrition, Food, Agriculture
and Climate: Scientific Approaches for Sustainable Living (ICoN-FAC 2025)" bashikli kongrenin
diizenlenmesi, Kongre Bagkani ile Kongre Diizenleme Kurulu {iyelerinin anilan tarihlerde gorevli-izinli
sayilmalar1 Rektorliigiimiizce uygun goriilmiistiir.

Bilgilerini ve geregini rica ederim.

Prof. Dr. Ersin GOSE
Rektor V.

Ek:International Congress on Nutrition, Food, Agriculture and Climate Scientific Approaches for
Sustainable Livin (10 Sayfa)

Dagitim:

Saglik Bilimleri Fakiiltesi Dekanligina
Yok iliskileri ve Yazi Isleri Ofisine
Insan Kaynaklar1 Miidiirliigiine
Ogrenci Isleri Ofisine

Meveut Elektronik Imzalar Bu belge, giivenli elektronik imza ile imzalanmistir.
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SAGLIK BIiLIMLERI FAKULTESI DEKANLIGINA

Istanbul Arel Universitesi Saglik Bilimleri Fakiiltesi Cevizlibag Yerleskesinde Beslenme ve
Diyetetik Boliimii ve IKSAD isbirligi ile 21-22 Agustos 2025 tarihlerinde Online ve Yiizyiize
"International Congress on Nutrition, Food, Agriculture and Climate: Scientific Approaches for
Sustainable Living (ICoN-FAC 2025)" kongresini diizenleyecegiz.

Kongreyi diizenleyebilmemiz i¢in gerekli iznin verilmesi ve kongreyi diizenleyecek Kongre Bagkani ve

ve Kongre Diizenleme Kurulun iiyelerinin onaylanmasi hususunda geregini saygilarimla arz ederim.

Prof. Dr. Osman ERKMEN
Boliim Bagkani
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growing food trend but are dependent on soy and
peas.
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Table 1: Nutritive value of pearl millet in comparison with commeonly consumed 3 Hall- 6/ Osmane Ahmed aéo
cereals.
CONSTITUENT PEARL MILLET __ WHEAT RICE SORGHUM MAIZE @D siza Nscem hats @

m H-6 Enis DALO % O

Protein(g) 11.6.11.8%. 8#,11*" 11.8 6.8 10.4 4.7

Fat(g) 5.0,4.8% 2.4%,.5.0 1.5 0.5 1.9 0.9 @ e-ebr ermar 2o

Crude fiber(g) 1.2, 2.3%, 2.2%=* 1.2 0.2 1.6 1.9

Carbohydrates(g) 67.5.67* 57%.69" 71.2 78.2 72.6 24.6 ) prot. or. onia khaii irahim ¥ o

™Minerals(mg) 2.3 1.5 0.6 1.6 0.8

Calcium(mg) 42 ,.42%, 25%=* 41 10 25 =]

Phosphorous(msg) 296 306 160 222 121

Iron(mg) 8.,11% 3.0™ 5.3 0.7 4.1 1.1

Zinc(mg) 3.1.2.2#% 2.7 1.4 1.6 -

Sodium(mg) 10.9.5% 17.1 - 7.3 S1.7
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Vitamin A(mcg) 132 64 o 47 32

Thiamine(mg) 0.33.0.38%.0.30%, 0.45 0.06 0.37 0.11

0.3%*

Riboflavin(mg) 0.25.0.21% 0.15** 0.17 0.06
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* Broiler and layers are suffered from harm effects resulting
from high temperature in summer season.

Arjona ., et .al. (1) obtained a lower mortality when 5 days old
chicks were exposed to environmental temperature (35 to
37.8°C) for 24 h . Stress caused by heat is the main factor
which led to decrease the poultry production (2)
acclimation decreased mortality and increased heat tolerance
through lowering body temperature , sensible heat loss,
oxygen consumption and increasing panting rate also,
acclimation give body cells a chance to habituation with
sudden change in environmental temperature(3).
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Panax ginseng (Ginseng) particularly the root has been used
as medicinal plant for long time (more than 2000 years) in the
world.
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« UIB tilketimi arttikca fazla kilolu olma riski artmaktadir (OR=1,1175; p=0,037).
* Akdeniz diyetine uyum arttikga fazla kilolu olma riski azalmaktadir (OR=0,8342; p=0,006).
« Strdirdlebilirlik puani bu modelde anlaml degildir.
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Agir metaller, biyolojik yasamdan ayri olarak dusUnllen biyolojik yasam
uzerinde yuksek fitotoksik etkiye sahip olan elementierdir. Bu elementlere;
As, Hg, Ag. Cd ve Pb 6mek gosterilebilir. Ozellikle tanimsal alanlarda,
endUstriyel kaynakli toz ve sivi maddelerin yayillmasi agir metal Kirliligine
neden olur. Agir metalin toprak igerisinde tutulmasi besin zincirine dahil

H-6 Sibel BOYSAN CANAL |+ B

Hall-6, Prof. Dr. Ramazan Gakmakg Q

olarak canlilarin yagsamini da olumsuz yénde etkiler (Hirt ve Shinozaki, 2003). H-6 , Ogr. Gor. M. Fatih Gakmakg! #
Demir (Fe), manganez (Mn), bakir (Cu), ginko (Zn) ve nikel (Ni) gibi agir
metaller bitki buyimesi ve islevi icin gereklidir. Ancak Cd, Cr, As ve Pb gibi H-6, Prof. Or. Songil GAKMAKG! ¥ o

Yo baz1 agir metaller bitki buyomesi igin gerekli degildir ve ozellikle ylksek

eviyeleri bitki buyumesini olumsuz etkileyebilir. Agir metaller asin reaktif

“oksijen tarleri vardir. Bu nedenle bitkisel hiicrelerde lipitierin peroksidasyonu,

“*" proteinlerin oksidasyonu, enzimlerin inaktivasyonu ve DNA hasari meydana
» gelir (Candelone ve ark.1995).

H6-Ebru ERBAY

Hall-6 Rumeysa Nur KARAKUS #

meryem KERSEN
Heavy metals are elements that have a high phytotoxic effect on biological life, even
though they are considered separate from it. Examples of these elements include As,
Hg, Ag, Cd, and Pb. Especially in agricultural areas, the spread of industrial dust and
liquid substances causes heavy metal pollution. Retention of heavy metals in the soil
negatively impacts life by entering the food chain (Hirt and Shinozaki, 2003). Heavy
metals such as iron (Fe), manganese (Mn), copper (Cu), zinc (Zn), and nickel (Ni) are
essential for plant growth and function. However, some heavy metals, such as Cd, Cr,
As, and Pb, are not essential for plant growth and
especially at high levels. Heavy metals are extrd
Consequently, lipid peroxidation, protein oxidati
ge o g plant co 3 e
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ICoN-FAC 2025

INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE
CONGRESS PROGRAM

ICON-FAC 2025
INTERNATIONAL CONGRESS ON
NUTRITION, FOOD, AGRICULTURE AND
CLIMATE

Scientific Approaches for Sustainable Living
AUGUST 21-22, 2025 / ISTA/\{BUL_AREL UNIVERSITY
ISTANBUL, TURKIYE

CONFERENCE PROGRAM

Zoom Meeting ID: 844 6001 0824
Zoom Passcode: 123123

https://us02web.zoom.us/j/84460010824?pwd=JTcCJIHcvI3VXxDyxf1G9AjFb87CnVwec.1

Participant Countries (14): TURKIYE, MOROCCO, KOSOVO, IRAQ, PAKISTAN, NIGERIA, MONTENEGRO,
NORTH MACEDONIA, LITHUANIA, BANGLADESH, ALGERIA, UZBEKISTAN, GERMANY, USA

IMPORTANT, PLEASE READ CAREFULLY
v' To be able to attend a meeting online, login via https://zoom.us/join site, enter ID “Meeting ID or
Personal Link Name” and solidify the session.
The Zoom application is free and no need to create an account.
The Zoom application can be used without registration.
The application works on tablets, phones and PCs.
The participant must be connected to the session 15 minutes before the presentation time.
All congress participants can connect live and listen to all sessions.
Moderator is responsible for the presentation and scientific discussion (question-answer) section of
the session.
Points to Take into Consideration - TECHNICAL INFORMATION
v' Make sure your computer has a microphone and is working.
v" You should be able to use screen sharing feature in Zoom.
v' Attendance certificates will be sent to you as pdf at the end of the congress.
Requests such as change of place and time will not be taken into consideration in the congress program.

AR N N N N

Before you login to Zoom please indicate your name_surname and HALL number,
exp. Hall-1, Merve KIDIRYUZ



ICoN-FAC 2025

INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

CONGRESS PROGRAM

21.08.2025 / Session-1/Hall-6

Ankara Local Time: 10:00 — 12:00
Meeting ID: 844 6001 0824 / Passcode: 123123
Moderator: Assoc. Prof. Dr. Ayse Nilgun ATAY

Author(s)

Affiliation

IN SILICO COMPUTATIONAL
ASSESSMENT OF ALLERGENICITY
AND TOXICITY OF EMERGING PLANT
AND SEAWEED PROTEINS

Assoc. Prof. Dr. Mehmet OZBIL
Dr. Ismail Hakki TEKINI§R
Exp. Sinem Nur ACIKGOZ

Prof. Dr. Pinar OBAKAN YERLIKAYA

Assist. Prof. Dr. Leila
MEHDIZADEHTAPEH

Gebze Technical University
TURKIYE
Indpendent Researcher istanbul
TURKIYE
Gebze Technical University
TURKIYE
istanbul Medeniyet University
TURKIYE
Recep Tayyip Erdodan University
TURKIYE

SOIL HEALTH ASSESSMENTS FOR
FRUIT CROPS

Assoc. Prof. Dr. Ayse Nilgiin ATAY

Burdur Mehmet Akif Ersoy
University TURKIYE

EVALUATION OF AI-GENERATED DIET
PLANS ACROSS DIVERSE CLIENT
PROFILES: A MULTI-CRITERIA
DECISION-MAKING APPROACH

Assist. Prof. Dr. Adem ERIK
Sakhi Mohammad HAMIDY
Hilal KARAMANCIOGLU
Bisra Nur KUCUK KIRTIKLI

Tarsus University TURKIYE
istanbul Arel University TURKIYE
Tarsus University TURKIYE
Toros University TURKIYE

STRUCTURAL TRANSFORMATION FOR
SUSTAINABILITY: GROWTH,
AGRICULTURE, AND ENERGY
POLICIES

Assoc. Prof. Dr. Basak OZARSLAN
DOGAN

Assist. Prof. Dr. Burcu SAVAS CELIK

Assist. Prof. Dr. Tugba KANTARCI

istanbul Gelisim University
TURKIYE

STRATEGIC APPROACHES TO THE
ECOLOGICAL SIGNIFICANCE AND
CONSERVATION OF PLANT
BIODIVERSITY IN CARSAMBA PLAIN
HABITATS

Ayla SARIOGLU
Hamdi Giray KUTBAY

Ondokuz Mayis University
TURKIYE

ECOLOGICAL ASSESSMENT OF PLANT
BIODIVERSITY IN CARSAMBA PLAIN
HABITATS USING ALPHA AND BETA

DIVERSITY INDICES
All participants must join the conference 10 minutes before the session time.
Every presentation should last not longer than 10-12 minutes.
Kindly keep your cameras on till the end of the session.

Ayla SARIOGLU
Hamdi Giiray KUTBAY

Ondokuz Mayis University
TURKIYE




ICoN-FAC 2025

INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

CONGRESS PROGRAM

21.08.2025 / Session-2/Hall-6

Ankara Local Time: 12:30 — 14:30
Meeting ID: 844 6001 0824 / Passcode: 123123

Moderator: Aamir Jalal Al Mosawi

Author(s)

Affiliation

ASSESSING MAIZE AGRONOMIC AND
PHYSIOLOGICAL BENEFITS IN SEMI-
ARID REGIONS: IMPACTS OF
TRICKLING FILTER-TREATED
WASTEWATER IRRIGATION

Ahmed Osmane
Khadija Zidan
Moustapha Belmouden

Agadir University MOROCCO
Cadi Ayyad University
MOROCCO

HEALTH AND FUNCTIONAL
IMPLICATIONS OF SORGHUM
IRRIGATED WITH TRICKLING FILTER-
TREATED WASTEWATER IN SEMI-ARID
NORTH AFRICA

Ahmed Osmane
Khadija Zidan
Moustapha Belmouden

Agadir University MOROCCO
Cadi Ayyad University
MOROCCO

THE IMPACT OF SESAME SEEDS ON
THE GROWTH PERFORMANCE AND
TOTAL PROTEIN CONTENT OF
MEALWORMS (TENEBRIO MOLITOR)

Hazbije Sahiti
Arbnore Morina
Enis Dalo

Prishtina University KOSOVO

EFFECT OF EARLY ACCLIMATIZATION
AND GINSENG (PANAX GINSENG)
EXTRACT ALONE AND WITH VITAMINS
AND MINERALS SUPPLEMENTATION

Nadia AL-Muslimawi

Baghdad University IRAQ

TO DRINKING WATER ON SOME Dhia Ibrahim
PRODUCTIVE TRAITS OF BROILER
CHICKENS
Aliza Naeem
CHARACTERIZATION OF VOLATILE Bushra Niaz Government College University

PROFILES IN CHERRY FRUITS USING
ELECTRONIC NOSE (ENOSE) AND
HSSPMEGCMS

Farhan Saeed
Muhammad Afzaal
Muhammad Bilal Hussain
Marwa Waheed

PAKISTAN
Riphah International University
PAKISTAN

A NEW DIETARY THERAPY FOR
CHRONIC RENAL FAILURE:
INTESTINAL DIALYSIS TECHNOLOGY

Aamir Jalal Al Mosawi

Baghdad Medical City and the
Iragi Ministry of Health IRAQ

IN SILICO DRUG-LIKENESS/ADME-T
STUDIES AND MOLECULAR DOCKING
OF COMPOUNDS FROM TEPHROSIA

BRACTEOLATA LEAVES AGAINST
SOME ARGETS OF DIABETIC
COMPLICATIONS

Emmanuel lyiola
Precious Idakwoji
Endaline Madu
Hannah Nsude
Micheal Adeyeye
Racheal Chinweuba
Aanuoluwa lyiola
Okpanachi Oyibo
Josiah Aderinto

llorin University NIGERIA
Nigeria University NIGERIA
Renaissance University NIGERIA
Salem University NIGERIA
Federal University of Technology
NIGERIA
Prince Abubakar Audu University
NIGERIA
Federal University of Agriculture
NIGERIA

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.

Kindly keep your cameras on till the end of the session.




ICoN-FAC 2025

INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

CONGRESS PROGRAM

21.08.2025 / Session-3/Hall-6

Ankara Local Time: 15:00 - 17:00
Meeting ID: 844 6001 0824 / Passcode: 123123
Moderator: Prof. Dr. Songlil CAKMAKCI

THE IMPACT OF REDUCTION OF FOOD
WASTE ON SUSTAINABLE
AGRICULTURE AND CLIMATE
RESILIENCE

Author(s)

Assist. Prof. Dr. Fitnat Sule SAKAR
Yaren GOKMEN YAZ

Affiliation

Hali¢ University TURKIYE
Istanbul Okan University
TURKIYE

THE EFFECTS OF WORK-FAMILY
CONFLICT IN WOMEN'S
COOPERATIVES ON FIGHTING
CLIMATE CHANGE-INDUCED FOOD
CRISIS

Assist. Prof. Dr. Bengi KURTEGE
SEFER

istanbul Nisantag! University
TURKIYE

THE ROLE OF HEALTH MANAGEMENT
IN COMBATING CLIMATE CHANGE: AN
INTEGRATED APPROACH

Dr. Rabia AKDOGAN

University of Health Sciences
TURKIYE

THE RELATIONSHIP BETWEEN ULTRA-
PROCESSED FOOD CONSUMPTION
AND SUSTAINABLE NUTRITION
PATTERNS WITH OBESITY IN WOMEN

Begim ONSUN
Assist. Prof. Dr. Siimeyra SEVIM

Ankara Medipol University
TURKIYE

FOOD ADDITIVES USED IN
BREAKFAST CEREALS:
TECHNOLOGICAL FUNCTIONS,
HEALTH EFFECTS AND
RECOMMENDATIONS

Nazmiye CEKIM
Prof. Dr. Songul CAKMAKGCI

Atatiirk University TURKIYE

COLORANTS: EFFECTS OF
SYNTHETIC COLORANTS USED IN

CANDIES ON CHILDREN'S HEALTH

All participants must join the conference 10 minutes before the session time.

Kibra TASBASI
Prof. Dr. Songil CAKMAKGCI

Atatiirk University TURKIYE

Every presentation should last not longer than 10-12 minutes.
Kindly keep your cameras on till the end of the session.




ICoN-FAC 2025
INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE
CONGRESS PROGRAM

22.08.2025 / Session-1/Hall-6

Ankara Local Time: 10:00 = 12:00
Meeting ID: 844 6001 0824 / Passcode: 123123
Moderator: Prof. Dr. Osman ERKMEN

A GENERAL OVERVIEW OF THE

IMPACT OF GLOBAL CLIMATE Abbas KIRMIZIBAYRAK Turgut Ozal University TURKIYE
CHANGE ON APRICOT

MICROBIOTA-TARGETED

APPROACHES IN PARKINSON'S Benay TUFEKCI Istanbul Nisantasi University
DISEASE PATIENTS: THE ROLE OF Giilsiim TUFEKGCI _ TURKIYE
PROBIOTICS, PREBIOTICS, AND Prof. Dr. Osman ERKMEN Istanbul Arel University TURKIYE

KETOGENIC DIET
A SUSTAINABLE FUTURE WITH
ALTERNATIVE FOODS: A NEW
NUTRITION PARADIGM FOR HEALTHY

Dilara SAHAN KHANKISHIYEV ) o
Assist. Prof. Dr. Semih SAHIN Istanbul Arel University TURKIYE
Prof. Dr. Osman ERKMEN

GENERATIONS
Tekirdag Namik Kemal University
Assist. Prof. Dr. Sema KONYALI TURKIYE
o At Am e 2o 1Y | Res. Assist. Dr. Deniz Gagla TURAN | Tekirdag Namik Kemal University
SYSTEMS IN ISTANBUL BAL TURKIYE
Dr. Osman INAN Independent Researcher
TURKIYE
IMPACT OF SUSTAINABLE NUTRITION
EDUCATION ON SUSTAINABLE EATING Res. Assist. Dr. Gokge UNAL Ondokuz Mayis University
BEHAVIORS AND SUSTAINABLE FOOD Lect. Sevtap KABALI TURKIYE

CHOICE MOTIVES
All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.
Kindly keep your cameras on till the end of the session.




ICoN-FAC 2025

INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

CONGRESS PROGRAM

22.08.2025 / Session-1/Hall-7

Ankara Local Time: 10:00 -12:00
Meeting ID: 844 6001 0824 / Passcode: 123123
Dr. Zineb Mahi

Moderator:

FROM WILD TO CULTIVATED:
DOMESTICATION BOOSTS ESSENTIAL
OIL QUALITY AND ANTIMICROBIAL
POWER IN MOROCCAN THYMUS

Author(s)
Aabdousse Jamal

Boulli Abdelali
Wabhid Nadya
Oussif llis
Salim Nora

Affiliation

Sulatn Moulay Slimane University
MOROCCO

POSTHARVEST QUALITY
COMPARISON OF TWO COMMERCIAL
STRAWBERRY VARIETIES: PHYSICO-

CHEMICAL AND SENSORY
PERSPECTIVES

Sana El Moutaouakil
Youssef El Madhi
Fathalah Elwahab

Mohammed Ouhssine

Ibn Tofail University MOROCCO

AGRICULTURAL MARKETS IN INDIA:
EMERGING TRENDS AND
CHALLENGES

Arijmand Shahid Tramboo
Dr. Omar Fayaz Khan
Dr. Kusumakar Gautam
Dr. Ubair Nisar

Institute of Business & Policy
Research INDIA

ENDOPHYTES AS AN ALTERNATIVE IN
MANY FIELDS

Hicham EL-BOUKHARY
Hamza ELKISSANY
Adil LAAZIZ
Abdelouahed HAJJAJI

Sultan Moulay Slimane University
MOROCCO
Sidi Mohamed Ben Abdellah
University MOROCCO

PROSPECTIVE STUDY ON THE
CONSUMPTION OF FOOD

Mohamed Boudiaf University of

BIOMASS FOR BIOFUEL PRODUCTION

Bouhameur Mansour

SUPPLEMENTS AMONG ATHLETES IN Dr. Zineb Mahi Sc'enceA?_rgEE;h”O'ogy
ALGERIA
POTENTIAL SOURCE OF PLANT Dr. Zineb Mahi Mohamed Boudiaf University of

Science and Technology
ALGERIA

INNOVATIVE DIRECTIONS AND
PROSPECTS OF MICROBIOLOGICAL
BIOTECHNOLOGY IN ENSURING FOOD
SECURITY IN AGRICULTURE

Shirinboyeva Dilrabo Komilovna
Kutliyeva Guzal Dzhumaniyozovna
Daminov Asadullo Suvonovich

Samarkand State University
UZBEKISTAN

All participants must join the conference 10 minutes before the session time.

Every presentation should last not longer than 10-12 minutes.

Kindly keep your cameras on till the end of the session.
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INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

22.08.2025 / Session-2/Hall-6

CONGRESS PROGRAM

Ankara Local Time: 12:30 — 14:30
Meeting ID: 844 6001 0824 / Passcode: 123123
Moderator: Prof. Dr. Ramazan CAKMAKCI

PATHWAYS TO SUSTAINABLE FOOD
PRODUCTION: CLIMATE-SMART AND
RESILIENT AGRI-FOOD SYSTEMS OF
THE FUTURE

Prof. Dr. Ramazan CAKMAKGCI
Lect. Muhammet Fatih CAKMAKCI

Affiliation

Canakkale Onsekiz Mart
University TURKIYE
Mudanya University TURKIYE

AGRICULTURE-BASED CIRCULAR
BIOECONOMY FOR SUSTAINABLE
PRODUCTION, FOOD SECURITY, AND
RESOURCE AND ENVIRONMENTAL
PROTECTION

Prof. Dr. Ramazan CAKMAKGCI
Prof. Dr Songul CAKMAKGCI

Canakkale Onsekiz Mart
University TURKIYE
Atatirk University TURKIYE

ANALYSIS OF MEAT PRODUCTS SOLD
IN KAYSERI PROVINCE FOR
ADULTERATION USING MOLECULAR
AND HISTOLOGICAL METHODS

MSc. Rumeysa Nur KARAKUS
Prof. Dr. Nurhan ERTAS ONMAZ
Prof. Dr. Emel ALAN

Erciyes University TURKIYE

THE FUNCTIONAL CONTRIBUTION OF
PLANT-MICROORGANISM SYMBIOSES
TO HEAVY METAL TOLERANCE AND
PHYTOREMEDIATION PERFORMANCE

Dr. Sibel BOYSAN CANAL

Van Yuzlnct Y1l University
TURKIYE

THE LEVEL OF KNOWLEDGE AND
AWARENESS IN SOCIETY REGARDING
FOOD DRUG INTERACTIONS: THE
CASE OF ERZURUM

Meryem KERSEN
Engin SAHIN
Fatma CEBECI AYDIN

Bayburt University TURKIYE

THE EVALUATION OF PRICKLY PEAR
(Opuntia ficus-indica) IN FUNCTIONAL
FRUIT LEATHER PRODUCTION

Ebru ERBAY .
Prof. Dr. Neriman BAGDATLIOGLU

Manisa Celal Bayar University
TURKIYE

All participants must join the conference 10 minutes before the session time.
Every presentation should last not longer than 10-12 minutes.
Kindly keep your cameras on till the end of the session.




ICoN-FAC 2025

INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

CONGRESS PROGRAM

22.08.2025 / Session-2/Hall-7

Ankara Local Time: 12:30 - 14:30
Meeting ID: 844 6001 0824 / Passcode: 123123

Moderator: Dr. Roxana Gheorghita

Title

ENHANCEMENT OF BIOACTIVE
COMPOUND SYNTHESIS IN AROMATIC
AND MEDICINAL PLANTS BY
ENDOPHYTIC MICROORGANISMS: A
REVIEW

Author(s)

Hamza EL KISSANY
Hicham EL-BOUKHARY
Hicham EL KISSANI
Adil LAAZIZ
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GREEN SYNTHESIS OF NANOPARTICLES USING MEDICINAL PLANTS

S.Harinisri
M.Farhat yassir
V.Hariharan
Mrs. E.Elavarasi
Bharath Institute Of Higher Education And Research, Chennai, India

Abstract

Nanoparticles are gaining attention for their applications in drug delivery, diagnostics, and
antimicrobial activity. Green synthesis of nanoparticles using medicinal plant extracts is an eco-
friendly and cost-effective approach compared to traditional chemical methods.

Plants contain various phytochemicals such as flavonoids, alkaloids, and tannins that act as reducing
and stabilizing agents in the nanoparticle synthesis process. This method avoids the use of toxic
chemicals and high energy consumption, making it sustainable.

Examples include the synthesis of silver nanoparticles using neem, tulsi, or aloe vera extracts. These
green nanoparticles have shown antimicrobial, anticancer, and antioxidant properties. They can be
used in topical formulations, wound healing agents, and targeted drug delivery systems.

Despite their potential, challenges include standardizing the synthesis process and ensuring stability
and reproducibility. Further research is required to understand the exact mechanisms and scale-up
for industrial production.
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Abstract

Moringa oleifera, widely recognized as the "miracle tree” or "drumstick tree," stands out as one of
the most nutrient-rich plant species. This remarkable plant, native to the Indian subcontinent, has
been an integral part of traditional medicinal systems for centuries due to its exceptional nutritional
profile and healing potential. Almost every part of the plant—including the leaves, seeds, pods,
roots, and flowers—contains a diverse array of bioactive constituents, such as flavonoids, alkaloids,
essential vitamins, minerals, and amino acids, making it a valuable resource for both dietary and
therapeutic uses. In recent years, Moringa oleifera has gained renewed scientific interest as a
promising botanical in the fields of nutrition, medicine, and public health. Due to its broad spectrum
of biological activities, it has emerged as a strong candidate in the development of novel
pharmaceuticals and functional foods. The various phytochemicals found in Moringa offer a range
of therapeutic benefits, including antioxidant, anti-inflammatory, antimicrobial (against bacteria and
fungi), and anticancer properties. This review highlights multiple extraction methods, explores
pharmacological effects, and discusses its potential applications in modern clinical and nutritional
practices.

Keywords: Moringa oleifera, therapeutic potential, bioactive phytochemicals, health-promoting
effects, nutritional applications.
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THE EFFECTS OF KONJAC PASTA CONSUMPTION ON APPETITE AND ENERGY
INTAKE

Anamaria Andronachi
Faculty of Medicine and Biological Science, Stefan cel Mare University of Suceava, Romania

Dr. Roxana Gheorghita
Faculty of Medicine and Biological Science, Stefan cel Mare University of Suceava, Romania

ABSTRACT

This study explores the impact of konjac pasta consumption on appetite and energy intake, aiming
to evaluate the potential of this functional food in body weight management. Konjac pasta, rich in
glucomannan a soluble fiber with significant physiological effects may enhance satiety and reduce
subsequent caloric intake. The study combines a theoretical review of current scientific literature
with experimental data assessing changes in appetite and dietary intake following the consumption
of konjac pasta. It discusses the nutritional composition, mechanisms through which glucomannan
affects digestion and appetite regulation, and the implications of regular consumption within a
balanced diet. The results suggest that incorporating konjac pasta into daily meals can be an effective
strategy for reducing energy intake without compromising overall satiety, making it a useful
alternative in nutritional plans focused on weight maintenance or reduction. Healthy participants
were recruited via invitations distributed on the campus of Stefan cel Mare University of Suceava.
Interested individuals underwent on-site screening to verify compliance with the initial inclusion
criteria: age between 18 and 65 years, and a body mass index (BMI) ranging from 18 to 39 kg/m>.
Participants (n=10) completed satiety questionnaires using 100 mm visual analogue scales (VAS)
to evaluate four subjective measures of satiety: desire to eat, hunger, fullness, and prospective food
consumption. Baseline satiety was assessed prior to preload administration (0 min), followed by
repeated measurements taken after the first bite of the test sample at 15-minute intervals, up to 90
minutes post-ingestion. Test conditions that have been evaluated were: (i) Cooked pasta noodles
without KGM gel noodles (control), (ii) Partial replacement of cooked pasta noodles with KGM gel
noodles (50-KGM), (iii) Complete replacement of cooked pasta noodles with KGM gel noodles
(100-KGM) — Slim Pasta (spaghetti) konjac. Body weight was measured using a digital scale
(Tanita), and height was measured with a wall-mounted stadiometer. The results indicate that konjac
pasta consumption led to a greater reduction in appetite and energy intake compared to regular pasta.
The mixed pasta (1:1 konjac and regular) produced intermediate effects, suggesting a dose-
dependent response.
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ABSTRACT

The increase in carbon emissions, which is considered one of the most important causes of climate
change, is critical to ensuring the economic, social, and environmental sustainability of countries.
In particular, the widespread use of fossil fuels, the increase in fossil fuel-dependent industrial
activities, the increase in chemical fertilizer use, deforestation, the use of low energy efficiency
technological products, increased consumption, the formation of long supply chains, and
insufficient demand for renewable energy sources increase countries' production and income, but at
the same time, these factors also cause an increase in carbon emissions.

While the literature examines the effects of the industrial, agricultural, and energy sectors on carbon
emissions, it is observed that the effects of fertilizer consumption, organic farming, agricultural
productivity, and renewable energy consumption on carbon emissions are overlooked. Therefore,
this study aims to fill an important gap in the literature.

Countries are using economic models that increase resource efficiency in order to achieve
environmental sustainability goals and combat the global climate crisis. In this context, it is crucial
to identify factors that reduce carbon emissions. In this study, the effects of GDP, renewable energy
consumption, and fertilizer consumption on carbon emissions in Turkey between 1991 and 2020
were tested using the ARDL bounds test approach. According to the analysis results, GDP, fertilizer
consumption, and renewable energy consumption have a significant effect on carbon emissions in
the long term. A one-unit change in GDP and fertilizer consumption increases carbon emissions,
while a one-unit change in renewable energy consumption reduces carbon emissions. In the short
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term, GDP, fertilizer consumption, and renewable energy consumption have a significant effect on
carbon emissions at the 1% level. In the short term, a one-unit change in GDP and fertilizer
consumption increases carbon emissions, while a one-unit change in renewable energy consumption
reduces carbon emissions. Accordingly, the fact that increases in production and income and
fertilizer consumption cause carbon emissions to increase indicates that Turkey still needs more
structural changes at the policy level to achieve sustainable growth. In conclusion, a multi-
dimensional approach to reducing carbon emissions must be adopted, fertilizer use and GDP must
be channeled into more efficient areas, and the transition to renewable energy use must be
accelerated.

Key Words: Carbon emissions, Economic growth, Fertilizer use, Tiirkiye, ARDL

Ozet

Iklim degisikliginin en dnemli nedenlerinden birisi olarak gosterilen karbon emisyonlarindaki artis
iilkelerin ekonomik, sosyal ve cevresel siirdiiriilebilirliginin saglanmasi agisindan kritik dneme
sahiptir. Ozellikle fosil yakitlarin yaygin bir bicimde kullanilmasi, fosil yakita bagl sanayi
faaliyetlerinin artis gostermesi, kimyasal giibre kullaniminin artmasi, ormansizlasma, enerji
verimliligi diisiik teknolojik iirlinlerin kullanimi, tiiketimin artmasi, uzun tedarik zincirlerinin
olugmasi ve yenilebilir enerji kaynaklarina olan talebin yetersiz olmasi iilkelerin iiretim ve gelirini
artirirken s6z konusu faktorler ayn1 zamanda karbon emisyonlarinin da artmasina neden olmaktadir.

Literatiirde sanayi, tarim ve enerji sektorlerinin karbon emisyonlar iizerindeki etkileri arastirilirken
giibre tiiketimi, organik tarim, tarimsal verimlilik ve yenilenebilir enerji tiikketimlerinin de karbon
emisyonlar1 tizerindeki etkilerinin g6z ardi edildigi goriilmektedir. Bu nedenle bu ¢alisma 6nemli
bir literatiir agigin1 doldurmay1 hedeflemektedir.

Ulkeler cevresel siirdiiriilebilirlik hedeflerine ulasmak ve kiiresel iklim kriziyle miicadele etmek
amactyla kaynak verimliligini artirict ekonomik modelleri kullanmaktadirlar. Bu baglamda karbon
emisyonlarini azaltict unsurlari tespit etmek oldukca dnemlidir. Caligmada 1991 — 2020 donemleri
arasinda Tiirkiye’de gerceklesen karbon emisyonlar1 iizerinde GSYIH, yenilenebilir enerji
tiikketiminin ve giibre tiiketiminin etkisi ARDL smir testi yaklasimi kullanilarak test edilmistir.
Analiz sonucuna gére uzun dénemde GSYIH, giibre tiiketimi ve yenilenebilir enerji tiiketiminin
karbon emisyonlar1 iizerinde anlamli etkisi bulunmaktadir. GSYIH de ve giibre tiiketiminde
meydana gelen bir birimlik degisim karbon emisyonlarini artirirken yenilenebilir enerji tiiketiminde
meydana gelen bir birimlik degisim ise karbon emisyonlarini azaltmaktadir. Kisa dénemde GSYIH,
giibre tiikketimi ve yenilenebilir enerji tiiketiminden karbon emisyonlar1 lizerinde %1 diizeyinde
anlamli etkisi oldugu goriilmektedir. Kisa dénemde GSYIH ve giibre tiiketiminde meydana gelen
bir birimlik degisim karbon emisyonlarin1 artirirken yenilenebilir enerji tiikketiminde meydana gelen
bir birimlik degisim karbon emisyonlarini azaltmaktadir. Buna gore iiretim ve gelirde meydana
gelen artiglarin ve giibre tiiketiminin karbon emisyonlarini artmasima neden olmasi Tirkiye nin
halen daha stirdiiriilebilir bliylimeye yonelik politika diizeyinde daha fazla yapilandirmaya ihtiyag
duydugunu gostermektedir. Sonug olarak, karbon emisyonlarinin azaltilmasi i¢in ¢ok boyutlu
yaklasimlarin benimsenmesi, giibre kullanimmin ve GSYIH’ nin daha verimli alanlara kanalize
edilmesi ve yenilenebilir enerji kullanimina gegisin hizlandirilmasi gerekmektedir.

Anahtar Kelimeler: Karbon Emisyonlari, Ekonomik Biiyiime, Giibre Kullanimi, Tiirkiye, ARDL
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THE IMPACT OF SESAME SEEDS ON THE GROWTH PERFORMANCE AND TOTAL
PROTEIN CONTENT OF MEALWORMS (Tenebrio molitor)
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University of Prishtina, Faculty of Mathematics and Natural Science, Department of Biology

Arbnore Morina
University of Prishtina, Faculty of Mathematics and Natural Science, Department of Biology

Enis Dalo
University of Prishtina, Faculty of Mathematics and Natural Science, Department of Biology

Abstract

The worm of the Tenebrio molitor mealybug belonging to the Tenebronidae family feeds on
different types of food, including plastic. It is a very fast decomposer which is easy to cultivate and
has quantity high nutritional values including proteins, fats, amino acids and minerals. It has a wide
industrial use as a biological cleaner of nature, but due to the high concentration of proteins found
in its body it also has a nutritional role. The objective of the research was to evaluate the impact of
sesame seeds and sesame oil on the amount of total proteins in mealworms (Tenebrio molitor). In
the research, 40 worms of the flour Tenebrio molitor were used. The average weight of these
individuals were 0.13 gr and total weight 5.21 gr. The worms used in this experiment were cultured
with different food grounds (flour, sesame seeds and sesame oil). Cultivation was done in a period
of 12-14 weeks. With sesame oil, cultivation failed. After the cultivation of worms, cultured samples
with different types of food are brought to laboratories where at the beginning were sacrificed by
freezing and then weighed. After obtaining the homogenate of incubated worms the protein
concentration was measured with spectrophotometric method of Lowry. Based on the results in
conclusion that the concentration of total proteins in the mealworm homogenate cultured with flour
was smaller than in the homogenate cultivated with sesame seeds. In the weight, the results were
the opposite, where weight was greater in worms cultured with flour than in those cultured with
sesame.

Key words: mealworms, flour, sesame, total proteins.
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THE ROLE OF HEALTH MANAGEMENT IN COMBATING CLIMATE CHANGE: AN
INTEGRATED APPROACH

IKLiM DEGISIKLiGi iLE MUCADELEDE SAGLIK YONETIMIiNiN ROLU: ENTEGRE
BiR YAKLASIM

Dr. Rabia AKDOGAN
University of Health Sciences

ABSTRACT

Problem of the Study: Climate change is a global crisis that directly affects public health.
Paradoxically, the healthcare sector, which is expected to play a leading role in combating this crisis,
is also responsible for a significant portion of greenhouse gas emissions. Effectively forecasting the
health risks associated with climate change, planning against these risks, and developing mitigation
strategies require a multi-sectoral and multi-level governance approach at both local and
international levels. Although the literature on the relationship between climate change and health
has expanded rapidly in recent years, studies focusing on managerial aspects such as
interprofessional collaboration in healthcare services, the development of decision-support tools,
and economic evaluations remain limited.

Purpose of the Study: Health management is a comprehensive field that not only ensures the
organization of services but also involves the protection of public health and the management of
social and economic impacts. In this context, it is essential for health management to take on a
proactive role in the fight against climate change. The aim of this study is to highlight the critical
role of health management within the context of climate change and health, emphasizing
sustainability and an integrated approach.

Method: This study evaluates the role of health management in combating climate change within
the framework of multi-sectoral and multi-level governance. Accordingly, an interdisciplinary
literature review focusing on the themes of climate change, health, and management has been
conducted.

Results and Recommendations: Health managers, through an integrated approach, play a key role
in ensuring sustainability and reducing climate-related risks by: - Providing strategic leadership and
aligning health policies with climate change objectives, -Developing risk assessment and early
warning systems, -Allocating resources and establishing climate-resilient infrastructures, -
Promoting education and awareness-raising initiatives. To effectively reduce climate-related health
risks, collaboration must be established between public health professionals, environmental
scientists, meteorologists, information and technology experts, urban planners, disaster management
professionals, and the health sector. This holistic approach will contribute to overcoming climate
change skepticism and to building a more sustainable environment and society.

Keywords: Climate change, Health management, Sustainability, Public health, Integration.
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OZET

Cahsmanmin Problemi: Iklim degisikligi, halk saghgm dogrudan etkileyen kiiresel bir kriz
niteligindedir. Paradoksal bir sekilde, bu krizle miicadelede oncii rol oynamasi beklenen saglik
hizmetleri, sera gaz1 emisyonlariin énemli bir kismimdan sorumludur. iklim degisikliginin saglik
tizerindeki risklerini etkili bigimde 6ngormek, bu risklere karsi planlama yapmak ve miicadele
stratejileri gelistirebilmek icin yerel ve uluslararasi diizeyde ¢ok sektorlii ve c¢ok diizeyli bir
yonetisim anlayis1 gereklidir. Son yillarda iklim degisikligi ve saglik iligkisine dair literatiir hizla
genislemis olsa da saglik hizmetlerinde meslekler arasi etkilesimin énemi, karar destek araglarinin
gelistirilmesi ve ekonomik degerlendirmeler gibi yonetimsel alanlara yonelik c¢alismalar sinirli
kalmustir.

Calismanin Amaci: Saglik yonetimi yalnizca hizmetlerin organizasyonunu saglamakla smirl
olmayan, ayni zamanda halk sagliginin korunmasi ile sosyal ve ekonomik etkilerin yonetimini
iceren biitiinciil bir alandir. Bu baglamda, iklim degisikligiyle miicadelede saglik yonetiminin
proaktif bir rol listlenmesi zorunludur. Calismanin amaci, saglik yonetiminin iklim degisikligi ve
saglik iligkisi baglamindaki kritik roliinii siirdiiriilebilirlik ekseninde ve entegre bir yaklasimla
ortaya koymaktir.

Yontem: Bu calisma, saglik yonetiminin iklim degisikligiyle miicadeledeki roliinii cok sektorlii ve
cok diizeyli yonetisim anlayis1 cergevesinde degerlendirmektedir. Bu kapsamda, iklim degisikligi,
saglik ve yonetim temalarina odaklanan disiplinlerarasi bir literatiir taramasi gergeklestirilmistir.

Sonug ve Oneriler: Saglik yoneticileri, siirdiiriilebilirligi saglama ve iklimle iliskili riskleri azaltma
stirecinde entegre bir yaklasimla: -Stratejik liderlik ve saglik politikalarinin iklim degisikligiyle
uyumlu héle getirilmesi, -Risk degerlendirme ve erken uyari sistemlerinin gelistirilmesi, -Kaynak
tahsisi ve iklim direngli altyapilarin kurulmasi, -Egitim ve farkindalik faaliyetlerinin
yayginlastirilmasidir. Iklim degisikligine bagl saglik risklerinin azaltilabilmesi icin halk saglig
uzmanlari, ¢evre bilimciler, meteorologlar, bilisim ve teknoloji uzmanlari, sehir plancilar ve afet
yonetimi profesyonelleri ile saglik sektorii arasinda etkin is birligi saglanmalidir. Bu biitiinciil
yaklagim, iklim degisikligi konusundaki siipheciligin asilmasina ve daha siirdiiriilebilir bir ¢cevre ve
toplum yapisinin ingasina katki saglayacaktir.

Anahtar Kelimeler: iklim degisikligi, Saglik yonetimi, Siirdiirebilirlik, Halk sagligi, Entegrasyon.
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AND DANCE IN THE SPIRIT OF INTERCULTURAL COLLABORATION
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Abstract

In today’s interconnected world, gastronomy and dance are emerging as dynamic tools for fostering
cultural dialogue, artistic collaboration, and community building. This review paper aims to explore
how the fusion of culinary arts and dance can serve as a powerful framework for intercultural
exchange. By examining existing case studies, interdisciplinary initiatives, and creative practices
from different cultural contexts, the paper investigates how taste and movement — two deeply
embodied and sensorial experiences — can be integrated into collaborative platforms that celebrate
diversity while promoting mutual understanding.

The objective of this paper is to analyze how cultural narratives are expressed and exchanged
through food preparation, shared meals, and traditional or contemporary dance performances.
Through examples of festivals, culinary-dance residencies, and interactive workshops involving
chefs, dancers, and artists from diverse ethnic and national backgrounds, the paper highlights the
potential of these collaborations to act as cultural bridges. These encounters not only foster
inclusivity and empathy, but also inspire new hybrid forms of artistic expression that transcend
traditional boundaries.

By synthesizing theoretical insights with real-world applications, the paper proposes practical
models for using gastronomy and dance as educational, touristic, and artistic tools. Ultimately, this
interdisciplinary exploration argues that the combination of flavors and rhythms offers a unique and
underutilized medium for intercultural communication, creativity, and sustainable cultural
development.

Keywords: Intercultural collaboration, culinary arts, gastronomy, dance, cultural exchange.
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ABSTRACT

Introduction and Purpose: Increasing production and consumption activities all over the world
have led to problems such as environmental pollution, decrease in natural resources and
deterioration of ecological balance, and this situation has begun to pose a risk in transferring
resources to future generations. For this reason, it was necessary to take precautions in this regard,
and the careful and most economical use of existing resources has gained importance all over the
world. Eating and drinking activities have become one of the most essential needs since the
existence of human beings. While food was previously only a physical need, it has become a culture
as a result of changes in people's lifestyles. In this sense, Turkish Culinary Culture is one of our
intangible cultural heritages that was formed under the influence of many factors throughout history.
In recent years, rapid population growth has necessitated an increase in food production. Every day,
operations such as food preparation, cooking and storage occur in both food and beverage
establishments and other kitchens, and these processes also cause the formation of many residues.
As resources decrease, it will not be possible to maintain current food and beverage recipes with the
same quality and same products in the future. In this context, this study focuses on the recycling of
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wastes generated during food and beverage preparation in Turkish cuisine into food and beverages,
thus aiming to prevent waste and contribute to the sustainability of Turkish cuisine.

Materials and Methods: In the research, archive document scanning technique, one of the
qualitative research methods, was used, scientific publications and websites related to the subject
were scanned, and the literature was created in the light of the data obtained. In the study, the wastes
that occur in kitchens from all food groups were revealed and suggestions were made on how to
evaluate these wastes.

Results: Food and beverage residues in the kitchen cause economic losses, which negatively affects
not only the economy but also nature and society. In this study, recipe suggestions were made that
will contribute to the utilization of waste from all food groups in Turkish cuisine in order to
minimize food losses.

Discussion and Conclusion: In the kitchen, residues may form during the preparation and cooking
of food and beverages from food groups such as meat, milk, vegetables and fruits, and grains, and
even food that is not consumed after cooking is thrown away. There are precautions that need to be
taken to prevent this waste and ensure sustainability. The most important of these measures is the
reuse of leftover food and beverages by turning them into food and beverages.

Key Words: Tiirk Mutfagi, Strdiirtilebilirlik, Atik yonetimi, Yiyecek artiklar
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Abstract

The district Kathua of Jammu and Kashmir is geographically situated in the north-western
Himalayan region of India. It is mostly a mountainous region inhabited by people of different races,
religions and cultures including some nomadic tribes. The area of study lies in the foothills of mighty
Himalayas popularly known as the Siwalik Hills. The climate of the region is moderate sub-tropical
type which supports rich floral diversity. The plant diversity plays a significant role in the lives of
people inhabiting the vast expanse of wildlife sanctuary. The nomadic tribes are primarily dependent
on their own traditional knowledge of medicinal plants in order to get rid of health related disorders.
The aim of study is to explore the medicinal plant wealth of the region particularly used by the
nomadic tribes of gujjar and bakerwal. The research work was performed through field study and
data generation from nomadic communities. A total of 84 respondents were surveyed to garner data.
The exploratory research work reveals the use of 62 medicinal plant species belonging to 23 families
of angiosperms. The plant species like Ajuga integrifolia Buch.-Ham. ex D.Don., Artemisia
nilagirica Pamp., Centella asiatica (L.) Urb., Curcuma longa L., Mentha spicata L., Mentha
longifolia L., Phyllanthus emblica L., Terminalia bellirica (Gaertn) Roxb., Tinospora sinensis
(Lour.) Merr. and Vitex negundo L. are the most commonly used ethno-medicinal plants. Ajuga
integrifolia Buch.-Ham. ex D.Don. is found to cure some chronic skin ailments. A popularly known
ethnomedicinal herb Centella asiatica (L.) is becoming rare due to its overexploitation and need to
be conserved.

Keywords: nomadic tribe, formulations, extinction, conservation.
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Abstract

Purpose: Postharvest fruit and vegetable waste is a rich source of cellulose, carbohydrates, flavors,
colorants, minerals, and antioxidants. Discarded fruit peels, in particular, have been extensively
studied for cellulose isolation. As the primary structural polysaccharide in plant cell walls, cellulose
is a naturally abundant and renewable polymer, continuously replenished through photosynthesis
and readily available in horticultural waste.

Methods: This review provides a comprehensive assessment of cellulose extraction and
characterization using various analytical techniques. Additionally, it explores the potential
pharmaceutical applications of cellulosic biomass derived from different sources.

Results: Fruit peels consist mainly of pectin, cellulose, hemicellulose, and trace lignin. Studies
confirm their high cellulose content, making them a promising source of polysaccharides due to
their abundance of sucrose, glucose, and fructose. Nano-crystalline cellulose has been successfully
extracted from biomass and waste-derived cellulosic materials. The review discusses cellulose
valorization from fruit peels, its medical applications, and its role in drug delivery systems,
alongside methods of isolation, characterization, biocompatibility, and biodegradability. Innovative
technologies must integrate with renewable resources to develop next-generation sustainable
materials.

Conclusion: Cellulosic biomass holds significant potential in biomedical applications, including
drug delivery, wound healing, and tissue engineering scaffolds. Furthermore, cellulose-based
biomaterials show promise in 3D bioprinting for prototyping tissues and organs. These insights may
inspire further research into advanced biomedical and industrial applications.

Lay Summary: Fruit processing and post-harvest waste pose global challenges in waste
management, environmental pollution, and public health. However, this waste also serves as a
valuable source of bioproducts and renewable energy. Over the past two decades, researchers have
explored methods to repurpose biomass waste into high-value bioproducts. This review examines
cellulosic biomass, focusing on nanocellulose production from various waste sources and its
potential applications in dermatology and beyond. Cellulose, the most abundant biodegradable
polymer in nature, is widely used across industries. Recent advancements highlight the potential of
post-harvest fruit and vegetable waste as a sustainable resource for cellulosic biorefineries and food-
sector innovations.

Keywords: Cellulose, Fruit peel waste, Biomedical applications, Nanocrystalline cellulose, Drug
delivery, Biodegradability
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COMPARATIVE ANALYSIS OF METHANOL EXTRACTS FROM JUNIPERUS
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Abstract

Juniperus oxycedrus subsp oxycedrus is a versatile medicinal plant with well-documented
antimicrobial, antioxidant, anti-inflammatory, antidiabetic, and dermatological benefits. Its essential
oil (cade oil) and extracts are used in both traditional and modern medicine, particularly for skin
conditions, digestive disorders, and as a natural detoxifier. Ongoing research continues to validate
and expand its therapeutic applications. The aim of this study is to investigate the total phenolic,
flavonoid contents and condensed tannins, the in vitro antioxidant activity. The eleven extracts were
prepared from the twigs of the plant using maceration extraction for methanolic extracts. The
antioxidant capacity of twigs extracts was measured through DPPH, ABTS. The total phenolic and
flavonoid content were determined by the Folin Ciocalteu and aluminum chloride methods
respectively.

ANOVA results indicated statistically significant differences (p < 0.05) in bioactive compound
levels and antioxidant activity among the studied populations. Population Azilal demonstrated the
highest concentrations of polyphenols (22.13 + 0.032 mg GAE/g dw) and tannins (0.184 + 0.042
mg CE/g dw) along with the strongest antioxidant activity, as evidenced by DPPH (ICso = 0.072 +
0.032 mg/mL) and ABTS (ICso = 0.160 £ 0.059 mg/mL) assays. While he Ouaouizeghet population
exhibited the highest total flavonoid content (3.399+0.008) RE/g. In contrast, Population
Chefchaouen recorded the lowest values for these parameters: polyphenols (5.912 + 0.005 mg
GAE/g dw), flavonoids (0.723 mg RE/g dw; standard deviation not reported), tannins (0.051 mg
CE/g dw), and antioxidant activity (DPPH ICso = 0.301 + 0.05 mg/mL; ABTS ICso = 0.289 + 0.071
mg/mL).

Keywords: antioxidant activity, population, methanolic extracts, polyphenol, flavonoid, tannin.

AUGUST 21-22, 2025 / ISTANBUL AREL UNIVERSITY 14



ICoN-FAC 2025 INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

IN VITRO ANTIOXIDANT AND ANTIBACTERIAL ACTIVITY OF TWIGS EXTRACTS
OF JUNIPERUS OXYCEDRUS SUBSP OXYCEDRUS FROM MOROCCO

Neg Imane
Bouda Said
Zaggoumi Hasna
Mardoume Ibtissam
Haddioui Abdelmajid

Laboratory of Agro-industrial and Medical Biotechnologies, Faculty of Sciences and Techniques,
Sultan Moulay Slimane University, Beni Mellal, Morocco

Abstract

The genus Juniperus (Family Cupressaceae) includes various aromatic and medicinal species that
are largely used as valuable ingredient for food, cosmetics and pharmaceutical industries. Among
these Juniperus species, J. oxycedrus L, J. communis L, J. phoenicea L and J. thurifera L are of great
economic importance due to their richness in essential oils and extract, that are traditionally
exploited in Mediterranean regions to treat various infectious diseases. The present work aimed to
compare, for the first time, the antimicrobial potency of Juniperus oxycedrus twigs extracts against
some pathogenic microorganisms. Antimicrobial activity was investigated against Gram-positive
bacteria (Bacillus subtilis (OP861484), Staphylococcus Aureus (ATTCC25923)), Gram-negative
bacteria (E. coli (ATCC25922) and Pseudomonas Aeruginosa (ATCC9721)) Using methods like
agar well diffusion and broth microdilution, the minimum inhibitory concentrations (MIC) and
minimum bactericidal concentrations (MBC) were determined. The antioxidant activity was
determined by the radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) and radical-scavenging assay
(ABTS). Juniperus oxycedrus subsp. oxycedrus extracts showed moderate to good inhibitory
activity against Gram-positive bacteria and Gram-negative bacteria. While all tested populations
of Juniperus oxycedrus L. subsp. oxycedrus twigs exhibited significantly high antioxidant capacity,
the highest and lowest of free radical scavenging activity (DPPH and ABTS tests) of Juniperus
oxycedrus L. subsp. oxycedrus twigs extracts were detected in Azilal population and Chefchaouen
population (0.072+ 0.032 mg/ml, 0.301+0.05 mg/ml and 0.160 + 0.059mg/ml ,0.289 +0.071 mg/ml,
respectively). This work confirms that the Juniperus oxycedrus subsp oxycedrus extract was shown
to contain a remarkable amount of different secondary metabolites, thus confirming their
involvement in several biological activities.

Keywords: Juniperus oxycedrus subsp oxycedrus, methanolic extract, antioxidant activity,
antimicrobial activity.
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ABSTRACT

Due to freshwater scarcity, textile industry wastewater—often containing hazardous chemicals and
heavy metals—is commonly used for irrigation, posing risks to crop health and food safety. This
study evaluated the potential of foliar-applied iron-lysine (Fe-lys) chelate to mitigate the adverse
effects of textile wastewater on tomato growth. A pot experiment was conducted using eighteen
treatments: six levels of textile wastewater (0, 20, 40, 60, 80, and 100%) and two concentrations of
Fe-lys (10 and 20 mg/L), applied individually and in combination, following a completely
randomized design with three replicates each. Results showed that increasing wastewater
concentrations significantly reduced growth (shoot/root length, biomass, number of leaves),
biochemical attributes (photosynthetic pigments, soluble proteins, sugars), and yield (fruit number
and weight), while increasing oxidative stress markers (H202, MDA), antioxidant enzyme activity
(SOD, CAT, POD), ascorbic acid, and heavy metal accumulation (Cd, Cr). Foliar application of Fe-
lys, alone and in combination with wastewater, improved all measured growth, physiological, and
yield parameters, and reduced oxidative damage and metal uptake. These findings highlight the
potential of Fe-lys chelate in alleviating wastewater-induced stress in tomato, though further
research is warranted to assess its long-term effects on soil health, crop quality, and integration with
other nutrient management strategies.

Keywords: Tomato, Textile wastewater, Heavy metals, Oxidative stress, Antioxidant enzymes,
Phytotoxicity mitigation
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Abstract

The increasing challenges posed by climate change, water scarcity, and the need for sustainable
food production have accelerated the adoption of digital technologies in agriculture. This study
explores the integration of Internet of Things (1oT) devices and Machine Learning (ML) algorithms
for real-time crop monitoring and decision-making in the context of precision agriculture. Focusing
on the Gharb Plain, one of Morocco’s most productive agricultural regions, the research presents a
case study demonstrating how digital tools can enhance crop health monitoring, irrigation
management, and yield prediction.

A smart monitoring system was deployed using soil moisture sensors, temperature and humidity
sensors, and wireless communication protocols (LoRaWAN) to collect field data continuously. This
data was processed using edge-computing techniques and analyzed through supervised ML models
to detect anomalies, optimize irrigation scheduling, and predict crop performance.
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The results show that the 1oT-ML integrated system significantly improves resource use efficiency,
reduces manual monitoring efforts, and enables timely agricultural interventions. This approach not
only supports sustainable agricultural practices but also provides a scalable model for other regions
facing similar agro-climatic challenges.

This work highlights the potential of digital transformation in empowering Moroccan farmers
through data-driven agriculture and contributes to national efforts toward climate-resilient farming
systems.

Keywords: Internet of Things (loT); Machine Learning (ML); Precision Agriculture; Smart
monitoring; Crop Monitoring, Gharb Plain; Morocco
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Abstract

Endophytes—microorganisms that live symbiotically within plant tissues—are gaining significant
attention as sustainable alternatives in multiple domains. Their ability to produce bioactive
metabolites has positioned them as promising agents in pharmaceuticals, where they exhibit
antimicrobial, antioxidant, anticancer, and anti-inflammatory properties. In agriculture, endophytes
contribute to plant growth promotion, stress tolerance, and biological control, reducing reliance on
chemical fertilizers and pesticides. Additionally, they show potential in bioremediation, food
preservation, and enzyme production for industrial applications. The adaptability and diverse
metabolic capabilities of endophytes make them powerful tools for addressing global challenges,
including climate change, food security, and antimicrobial resistance. Exploring and harnessing
endophyte diversity offers a novel path toward eco-friendly and economically viable solutions
across biotechnology, agriculture, medicine, and environmental sciences.

Keywords: Endophytes, bioactive compounds, sustainable agriculture, pharmaceuticals,
biocontrol, plant-microbe interaction.
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RISK ASSESSMENT ON DISEASE TRANSMISSION AND STUDIES IDENTIFYING
BACTERIA THROUGH CONTAMINATION ON BANGLADESH CURRENCY
INCLUDING ESCHERICHIA COLI, KLEBSIELLA SPP., SALMONELLA SPP., SHIGELLA
SPP., STAPHYLOCOCCUS AUREUS
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ABSTRACT

In Bangladesh, handling of paper currency notes could transmit bacteria. Paper currency notes in
Bangladesh serve as a potential reservoir and transmission vehicle of pathogenic bacteria. Recent
studies about the prevalence, bacterial diversity, and public health risks due to contaminated
Bangladeshi currencies are reviewed here. Notes of various denominations and some from
occupational sources were analysed. This revealed a contamination rate of about 90%, with more
than one bacterium being present. Most prevalent were Escherichia coli, Klebsiella spp., Salmonella
spp, Shigella spp, and Staphylococcus aureus. Lower denomination notes and those obtained from
the informal sector, such as hawkers, fishmongers, vegetable sellers and food vendors, exhibited
significantly higher levels of contamination. The results of antibiotic resistance tests showed that a
lot of the tested isolates were resistant to common antibiotics like ampicillin and penicillin. I have
conducted a number of biological tests, such as culture-based testing, staining and microscopy tests,
biochemical tests, and tests for antibiotic sensitivity. Studies show that dirty money can carry
diseases. However, the risk gets worse in places where hygiene and sanitation aren’t up to the mark.
Bangladesh must have better hand washing, increasing awareness, and decontaminating the
currency in order to reduce the transmission of microbes. This summary brings together important
results and consequences for public health from research work on bacterial contamination and risk
of transmitting pathogens on Bangladeshi currency.

Keyword: Disease Transmission, Escherichia coli, Biological tests, Pathogens
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ABSTRACT

The research was conducted to evaluate the effect of neem oil on the management of insect pests of
okra, in the Teaching and research Farm of the Department of Crop Production, Federal University
of Technology Minna, Niger State. Different concentrations of Neem oil; 75 ml, 50 ml, 25 ml and 0
ml were used to control the infestation of insect pests for four weeks on Clemson Spineless okra
variety. Data on plant height, stem diameter, leaf length, pest population, number of flowers, number
of fruits and fruit weight were subjected to analysis of variance (ANOVA) the means were separated
using least significance difference (LSD). The result indicated that neem oil at 75 ml showed the
highest level of effectiveness in the plant yield and morphological performance while 50 ml
performed better on pest population hence the results of this study suggests that neem oil can be
used as an alternative to chemical pesticides for managing insect pests of okra inMinna

Keywords: Neem oil, okra, insect pests, Treatment
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ABSTRACT

Introduction and Purpose: An orange, which belongs to the citrus family, is a fruit with a
distinctive taste and aroma. Rich in phenolics, oranges are consumed both fresh and dried. Drying
aims to extend the shelf life of oranges by removing water to prevent spoilage. The objective of this
study is to investigate the effect of four different drying methods applied to orange slices on total
phenolic content (TPC), antioxidant activity, and phenolic compound content.

Materials and Methods: This study compares four different drying methods applied to oranges:
shade-drying, sun-drying, airfryer-drying (40 °C) and oven-drying (80 °C). TPC content of the dried
samples was determined using the Folin-Ciocalteu method, while antioxidant activity was assessed
using ferric reducing antioxidant power. The phenolic compound content of the samples was
analysed using HPLC.

Results: When the total phenolic compound content of the samples was examined, the highest TPC
content was found in the samples dried in the shade and sun (1.891+0.02 and 1.670+0.04 mg GAE/qg,
respectively); the lowest TPC content was found in oven-dried samples (0.515+0.19 mg GAE/g).
Similarly, the antioxidant activities of the samples were found to be, in order, shade-drying=sun-
drying>airfryer-drying>oven-drying (p<0.05). When the phenolic compound content was
examined, gallic acid (6.88, 2.56, 8.23 and 2.05 ug/ml, respectively), epicatechin (47.19, 46.19,
34.81 and 45.29 pg/ml, respectively), quercetin (5.42, 9.75, 6.16 and 7.19 ug/ml), and kaempferol
(5.44,5.69, 8.64 and 3.26 pg/ml, respectively) were detected.

Discussion and Conclusion: It has been determined that an increase in the heat applied during
drying reduces the TPC content and antioxidant activity. Exposure to heat during thermal processing
may have caused a significant decrease in TPC content and antioxidant activity by disrupting the
structure of phenolic compounds. As a result, it was concluded that the most suitable drying methods
for oranges in terms of antioxidant activity and phenolic compounds are those with the least heat
exposure.

Key Words: Drying, Orange, Antioxidant Activity, Phenolic Compounds
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ABSTRACT

Introduction and Purpose: The IPSUS project aims to assess the food safety risks of the emerging
plant-based protein sources for developing meat and dairy analogues. The current work aimed to
examine in silico computational assessment of allergenicity and toxicity risks of brewers' spent
grain, grapes, hazelnut, potato, pumpkin, and seaweed in line with the key objectives of the EU 2015
NFR and European Food Safety Authority (EFSA).

Materials and Methods: The bioinformatical and computational approach utilizing various types
of analysis and programs was planned to decrease the workload of in vivo animal experiments. A
total of 24 allergens in the brewers' spent grain, grapes, hazelnuts, potatoes, pumpkins, and seaweed
were retrieved from the WHO/IUIS Allergen Nomenclature Sub-Committee Database. Among
these, 19 were initially subjected to molecular docking simulations in the Hdock server to determine
their chemical affinity scores with IgE, an antibody responsible for allergenic immune response.
Subsequently, the ToxinPred server was used to calculate the toxicity of proteins at three different
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threshold values, followed by the Expasy Peptide Cutter server to determine the pepsin and trypsin
cut points. Toxicity was then estimated using ABCPred to predict possible IgE epitopes. The
accuracy and sensitivity of this method were tested by calculating the confusion matrix, accuracy,
precision, recall and F1 score.

Results: In silico analyses for allergenicity revealed that Cuc ma 4 in pumpkin was the best IgE-
binder with a binding score of -327.4, whereas Cor a 8 in hazelnut was the worst IgE-binder, with
a binding score of -160.5. However, combined with sequence-based allergenicity prediction
performed with the ALgPred server, all proteins revealed low to high allergenicity. In silico toxicity
prediction of the proteins, performed in the ToxinPred server, indicated that the most probable toxic
proteins were Cuc ma 5 in pumpkin, Cor a 8 in hazelnuts, Hor v 15 in barley, and Vit v 1 in grapes.
We concluded that computational allergenicity and toxicity predictions with many tools and
techniques needed to be tested with in vivo and in vitro experimental data to prove their acceptance
in food safety risk assessments of alternative protein-rich plants and seaweed for novel food and
ingredient applications.

Key Words: In silico; Food Safety; Allergenicity; Toxicity; Plant Protein; Seaweed Protein
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ABSTRACT

Introduction and Purpose: There remain significant knowledge gaps regarding the relationship
between soil health, productivity, and environmental outcomes in the fruit sector. Addressing these
gaps is critical to ensuring the long-term sustainability of fruit production. This study aims to
highlight the current soil health challenges in orchards across Tiirkiye and to suggest pathways for
improvement.

Materials and Methods: This study was based on long-term field observations and expert
evaluations from different regions of Turkey. Key soil constraints and widely recommended
management practices were identified, synthesized, and assessed in relation to fruit production
systems.

Results: The most common soil-related issues faced by Turkish fruit growers include low organic
matter content, high pH, nutrient imbalances, compaction, soil-borne pests and pathogens, erosion,
salinity, excess sodium, and declining soil biodiversity. Traditional agricultural practices and the
impacts of climate change further exacerbate these challenges. The degradation caused by poor soil
health in orchards is becoming increasingly severe and can no longer be overlooked. Managing soil
health is one of the most effective strategies to improve both the sustainability of orchards and
broader environmental outcomes. Practices such as crop rotation, cover cropping, reduced or no
tillage, mowing, mulching, nutrient management, and integrated pest management have been widely
adopted to enhance soil health globally. These core practices form the foundation of soil health
management systems. However, it's important to recognize that not all practices are suitable for all
crops or regions. Some growers may benefit from a single approach, while others may need to
implement multiple strategies to achieve the desired outcomes. Discussion and Conclusion: Soil
health is a vital component of a successful orchard system. By focusing on soil biology and the
physical as well as chemical properties of soil, fruit growers can build more resilient and productive
orchard ecosystems. A comprehensive understanding of soil health enables more informed
management decisions.

Key Words: Mediterranean Orchards; Soil Constraints; Sustainability; Soil Management; Tree
Fruit Production
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ABSTRACT

Introduction and Purpose: The rapid development of artificial intelligence (Al) has introduced
new possibilities in health sciences, particularly in the field of nutrition. Among these
advancements, Al-generated diet plans are emerging as a practical tool for personalized nutrition
support. The present study aims to evaluate diet plans generated by various Al tools for individuals
with differing health profiles through a structured multi-criteria decision-making (MCDM)
framework.

Materials and Methods: A total of six realistic client profiles were constructed using anonymized
clinical data provided by a registered dietitian. Each profile included detailed information on
medical history, dietary habits, and lifestyle. For each scenario, standardized prompts were used to
generate diet plans from Al platforms such as ChatGPT, Gemini, and DeepSeek. The diet plans
were assessed based on a set of main and sub-criteria including nutritional adequacy,
personalization, feasibility, ethical compliance, reproducibility, and linguistic clarity. Two MCDM
methods—LBWA-COPRAS and PROMETHEE—were employed to perform a comparative
analysis of the Al tools and their outputs.

Results: The results showed varying levels of effectiveness among Al tools. Some platforms
demonstrated stronger alignment with expert dietitian expectations, while others fell short in
personalization or reproducibility. The evaluation revealed that client profile characteristics
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significantly influenced output quality, and that identical prompts could yield diverse outputs across
different Al tools and times of generation.

Discussion and Conclusion: This study highlights the potential of Al tools as supportive systems
in dietary planning, but also points out current limitations in consistency and medical reliability. It
emphasizes the need for oversight by qualified professionals and further refinement of Al-generated
recommendations to meet ethical and practical standards in healthcare services.

Key Words: Nutrition; Artificial Intelligence Tools; Multi-Criteria Decision Making; Diet Plan;
Client Profile
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Abstract

Thymus is an aromatic and medicinal plant with remarkable endemism in North Africa and the
Iberian Peninsula. This includes Thymus maroccanus Ball, a subspecies endemic to Morocco, and
Thymus zygis L. subsp. gracilis, which is endemic to both Morocco and the Iberian Peninsula. The
plant has been highly valued for generations due to its wide range of uses particularly in traditional
medicine, as a flavoring agent in food, and for its essential oils with antiseptic and disinfectant
properties. However, its popularity has led to intensive harvesting, making the species increasingly
vulnerable.

In order to overcome the imbalance between the demand and supply of this species particularly
regarding its essential oils, we conducted a study on the impact of domestication on its quantitative,
qualitative, and biological properties. The qualitative analysis of the plant’s essential oils using gas
chromatography coupled with mass spectrometry (GC-MS) revealed a high content of bioactive
compounds, including Carvacrol (1.69-66.77%), Thymol (0.48-34.92%), 0-Cymene (5.44—
24.98%), and y-Terpinene (8.66-19.21%). Furthermore, aromatogram assays indicated that the
essential oils extracted from cultivated Thymus species exhibited stronger antibacterial activity than
those from wild populations. These findings demonstrate that domestication significantly influences
the yield and chemical composition of Thymus essential oils, as well as enhances their antibacterial
efficacy against certain pathogenic bacteria.

Key words: Thymus, Domestication, essential oil, yield, chemical composition, antibacterial
activity, Morocco.
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ABSTRACT

Pain is devastating conditions that characterize several diseases. Corticosteroids, non-steroidal anti-
inflammatory drugs and opioids are widely used to manage the symptoms associated with pain.
Notwithstanding their success, these agents are unaffordable and cause many undesirable side-
effects. As a result, the search for alternative and complementary treatments is justified. Medicinal
and aromatic plants have been widely used to treat a variety of illnesses. Mercurialis species are
used in Moroccan and European ethnomedicine to treat conditions associated with inflammation,
such as purulent wounds, eczema, abscesses and lung diseases, but also as a laxative and to treat
menstrual disorders. In addition, there is insufficient scientific data on toxicity of Moroccan
Mercurialis anuua used by herbalists and practitioners. In this context, the acute oral toxicity of the
aqueous extract of Mercurialis anuua in Swiss mice was assessed in accordance with OECDE
guidelines. Analgesic activity was examined using the hot plate and acetic acid-induced writhing
test in mice. The results indicated that the extract examined had LD 50 values > 5000 mg/kg and
was thus assessed as non-toxic according to OECD document 425. The results of the hot plate test
showed that the various doses studied, and particularly at 800 mg/kg, caused a significant increase
in latency time similar to Morphine (10 mg/kg) compared with the control. On the other hand, the
extract at dose of 400 and 800 mg/kg and mg/kg showed significant inhibition of number of writhes
induced by acetic acid and comparable to that shown by the reference drug (acetylsalicylic acid).
As a result, the aqueous leaf extract of Mercuriallis annua possess analgesic in Swiss albino mice.
It therefore has the potential to offer safe analgesic and anti-inflammatory compounds. Further
studies to isolate, elucidate and characterize the bioactive components responsible for these
activities are recommended.

Keywords: Pain; Acute toxicity; Mercuriallis annua; Hot plate test
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ABSTRACT

Nigeria, a country heavily reliant on oil and gas for its economic survival, faces significant socio-
economic challenges, more importantly, as global oil prices remain volatile, and the continual
dwindling in oil and gas income. This economic vulnerability underscores the urgent need for
diversification, with agriculture adjudged as a critical sector capable of driving national economic
growth and food sustainability. As the world scrambles to achieve food security, and with millions
in Nigeria currently battling hunger and chronic poverty, agricultural entrepreneurship offers an
enduring platform for achieving sustainable agricultural practices, food security, employment
creation, and improved living standards, hence the need for government to rejig her policies to
achieve food sustainability through craft and vocational agricultural literacy programmes. This
paper, therefore, argues that the introduction of agricultural entrepreneurship as a special and
compulsory general course in the Nigerian Universities, Polytechnics, and Colleges of Education
will help to cultivate the zeal for agripreneurship amongst our teaming youths, provide needed skills
required for improved agricultural practices, brood innovation, attain food security, and check
unemployment. Data were sourced from secondary sources in order to discover the place of
agricultural entrepreneurship in addressing Nigeria’s socio-economic challenges. Empirical
evidences were also used to ascertain the effect of agripreneurship on food security, poverty
alleviation, and employment generation. Findings reveal that introducing agricultural
entrepreneurship as a compulsory general course in the Nigerian tertiary institutions will positively
affect overall economic growth and food security. It is recommended that embedding agricultural
entrepreneurship study into the broader curriculum will assist tertiary institutions contribute
significantly to addressing Nigeria's food and economic challenges.

Keywords: Agricultural Literacy, Agricultural Entrepreneurship, Agripreneurship, Economic
Diversification, and Food Security.
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Abstract. Agriculture, a cornerstone of human civilization, has undergone profound changes
throughout history, shaping economies, societies, and the environment. In addition to its essential
role in nourishing the world’s population, agriculture has been instrumental in driving the economic
development of countries. While global demand for agricultural products is rising rapidly,
agricultural supply is struggling to meet this increasing demand. The study of agricultural market
trends is essential for understanding how shifts in demand, technology, and environmental factors
are influencing food production and distribution, so that sustainable food systems. The study focuses
on key agricultural market trends, with a special emphasis on India, including the rising demand for
organic and sustainably produced products, the adoption of advanced technologies, and the drive
for more efficient supply chains to uphold the four pillars of food security: availability, accessibility,
utilization, and stability. However, these trends are accompanied by several challenges. The study
also examines major obstacles such as climate change, the high costs of new technologies, and the
complexities introduced by trade policies, market fluctuations, and land-use changes. By analysing
these trends and challenges, the study aims to contribute to strategies that ensure food security and
economic stability in the agricultural sector.

Keywords: Agriculture, Market, Trends & Challenges
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ABSTRACT

Introduction and Purpose: Parkinson's disease is a progressive neurodegenerative disorder
characterized by the abnormal accumulation of alpha-synuclein in the substantia nigra of the basal
ganglia, leading to the loss of dopaminergic neurons. Motor symptoms of Parkinson's disease
include tremors, muscle rigidity, bradykinesia (slowness of movement), and postural instability.
Non-motor symptoms of the disease also frequently include sensory disturbances, sleep problems,
gastrointestinal (GI) dysfunction, and autonomic nervous system disorders. Gastrointestinal
symptoms such as constipation, nausea, and vomiting are reported in approximately 80% of patients
with Parkinson's disease. Parkinson's disease is a complex neurodegenerative disease that is not
limited to motor symptoms but affects multiple systems, particularly the gastrointestinal system. In
recent years, a growing number of studies have indicated that the gut microbiota may play a crucial
role in the pathogenesis, severity of symptoms, and progression of Parkinson's disease. Mechanistic
explanations based on the microbiota-brain axis highlight the importance not only of neurological
but also of systemic aspects of the disease. In this context, the report addresses the relationship
between Parkinson's disease and gut microbiota, the potential of probiotic- and prebiotic-based
intervention strategies, and sustainable nutritional models in disease management with a holistic
approach. The report aims to evaluate the effects of microbiota-based interventions on both clinical
symptoms and public health and environmental sustainability.

Discussion and Conclusion: In recent years, the gut microbiota has been considered an important
factor in the pathogenesis of neurological diseases. Microbiota acts through multiple mechanisms,
including metabolite production, hormone synthesis, modulation of the immune system, and
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communication with the central nervous system. Intestinal microflora can regulate the brain-gut axis
through immunological, neuroendocrine, and neural pathways. Lipopolysaccharides and
proinflammatory cytokines (such as TNF-a, IL-1pB, IL-6, and IL-17) produced by pathogenic
bacteria that may be present in the microbiota cause local and systemic inflammation. Gut dysbiosis
is characterized by bacterial overgrowth and increased intestinal permeability; this can lead to
neuroinflammation in the central nervous system due to overactivation of the innate immune system.
Furthermore, bacterial proteins can cross-react with human antigens in the immune system and
trigger autoimmune responses. Numerous neurotransmitters, such as y-aminobutyric acid, serotonin,
dopamine, and short-chain fatty acids, are produced by gut bacteria. These neurochemical
compounds play an important role in the bidirectional communication between the microbiota and
the nervous system. Alpha-synucleinopathies lead to impaired communication between neurons in
the central nervous system, and the accumulation of these proteins as phosphorylated, insoluble
fibrils may be considered the fundamental pathology of neurodegenerative disorders such as
Parkinson's disease. Changes in the intestinal microbiota disrupt intestinal barrier function,
increasing epithelial permeability, which may contribute to gastrointestinal inflammation and,
consequently, alpha-synuclein accumulation via glial cells and enteric neurons. Probiotics are
defined as live or inactive microorganisms or biological components that contribute to the regulation
of the intestinal microbiota. They have been shown to be effective in alleviating Gl symptoms such
as constipation, abdominal pain, and bloating seen in Parkinson's disease patients. Prebiotics are
dietary fibers that reach the colon undigested and promote the growth of beneficial bacteria. The
most commonly used prebiotic sources include soybeans, raw oats, whole wheat, barley, and
oligosaccharides. Prebiotics may contribute to enhancing immune function in patients with
Parkinson's disease. Consumption of probiotic strains and fermented dairy products containing
prebiotic fiber has been reported to be particularly effective in reducing constipation symptoms.
Additionally, some studies have reported that oligosaccharides have positive effects on both motor
and non-motor symptoms and increase the activity of dopamine transporters in the striatum. The
ketogenic diet, used in Parkinson's disease patients, is a high-fat, adequate-protein, and low-
carbohydrate eating pattern. This diet encourages the production of ketone bodies (ketogenesis) by
limiting glucose utilization, a state defined as nutritional ketosis. The ketogenic diet has been shown
to have positive effects on brain function, energy metabolism, and the suppression of
neuroinflammation. Microbiota-based nutritional approaches not only contribute to the alleviation
of motor and gastrointestinal symptoms associated with Parkinson's disease but also facilitate the
development of long-term, sustainable health strategies. The use of plant-based prebiotic fibers and
traditional fermented foods, in particular, helps balance the gut microbiota and encourages the use
of local, natural resources with a low carbon footprint. These approaches, through their potential to
reduce medication use, contribute to both reducing individual healthcare costs and supporting the
sustainability of healthcare systems. Furthermore, the adoption of natural dietary patterns, along
with the support of ecosystem-friendly production methods, paves the way for the development of
an environmentally harmonious lifestyle across society. In this respect, microbiota-focused
nutritional interventions can offer a holistic approach that serves both biological and environmental
sustainability, particularly in the context of Parkinson's disease.

Keywords: Parkinson hastaligi; Microbiota; Probiotics; Prebiotics; Ketogenic diet

Giris ve Amac: Parkinson hastaligi, bazal gangliyonlar i¢inde substantia nigra bolgesinde anormal
alfa-siniiklein birikimi ve buna bagli olarak dopaminerjik néronlarin kaybi ile karakterize edilen
progresif bir norodejeneratif hastaliktir. Parkinson hastaliginin motor semptomlari arasinda titreme,
kas sertligi, bradikinezi (hareket yavasligi) ve postiiral instabilite (durus bozuklugu) yer almaktadir.
Ayrica, hastalifin motor olmayan semptomlar1 arasinda duyusal bozukluklar, uyku problemleri,
gastrointestinal (GI) disfonksiyon ve otonom sinir sistemi bozukluklar1 da sik goriilmektedir.
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Parkinson hastalarinin yaklasik %80’inde kabizlik, bulanti ve kusma gibi gastrointestinal
belirtilmistir. Parkinson hastaliginin yalnizca motor belirtilerle sinirli kalmayan, gastrointestinal
sistem basta olmak iizere ¢oklu sistemleri etkileyen kompleks bir norodejeneratif hastaliktir. Son
yillarda giderek artan sayida ¢alisma, bagirsak mikrobiyotasinin Parkinson hastaliginin patogenezi,
semptomlarin siddeti ve hastaligin ilerleyisi tlizerinde belirleyici rol oynayabilecegini
gostermektedir. Mikrobiyota-beyin ekseni iizerinden yiiriitiilen mekanistik agiklamalar, hastaligin
yalnizca norolojik degil, sistemik yonlerinin da 6nemini belirtmektedir. Bu baglamda, bildiride
Parkinson hastalif1 ile bagirsak mikrobiyotas1 arasindaki iliski, probiyotik ve prebiyotik temelli
miidahale stratejileri ve siirdiiriilebilir beslenme modellerinin hastalik yonetimindeki potansiyeli
biitiinciil bir yaklasimla ele alinmigtir. Bildiride, mikrobiyota temelli miidahalelerin hem Klinik
semptomlar hem de toplum saghgr ve c¢evresel sirdiiriilebilirlik tizerindeki etkilerini
degerlendirilmesi amaglanmistir.

Tartisma ve Sonuc¢: Bagirsak mikrobiyotasi, son yillarda norolojik hastaliklarin patogenezinde
onemli bir faktor olarak degerlendirilmistir. Mikrobiyota, metabolit iiretimi, hormon sentezi,
bagisiklik sisteminin modiilasyonu ve merkezi sinir sistemi ile iletisim gibi bir¢cok mekanizma
yoluyla etkili olur. Bagirsak mikroflorasi, immiinolojik, néroendokrin ve noral yollar araciligiyla
beyin-bagirsak aksini diizenleyebilmektedir. Mikrobiyotada yer alabilecek patojenik bakterilerin
rettigi lipopolisakkaritler ve proenflamatuar sitokinler (TNF-a, IL-1p, IL-6 ve IL-17 gibi), lokal
ve sistemik enflamasyona neden olmaktadir. Bagirsak disbiyozisi, asir1 bakteri ¢ogalmasi ve artmis
bagirsak gecirgenligi ile karakterizedir; bu durum dogustan gelen bagisiklik sisteminin asiri
aktivasyonu sonucunda merkezi sinir sisteminde ndroenflamasyona yol agabilir Ayrica, bakteriyel
proteinler, bagisiklik sisteminde insan antijenleriyle capraz reaksiyonlara girerek otoimmiin
yanitlan tetikleyebilir. Bagirsak bakterileri tarafindan y-aminobiitirik asit, serotonin, dopamin ve
kisa zincirli yag asitleri gibi bir¢gok norotransmiter {iretilir. Bu ndrokimyasal bilesikler,
mikrobiyotanin sinir sistemi ile ¢ift yonlii iletisiminde 6nemli rol oynar. Alfa-siniikleinopatiler,
merkezi sinir sisteminde ndronlar arasi iletisimin bozulmasina yol agmakta ve bu proteinlerin
fosforile olmus, ¢ozlinmeyen fibriller halinde birikimi, Parkinson hastaligi gibi ndrodejeneratif
bozukluklarin temel patolojisi olarak belirtilebilir. Bagirsak mikrobiyotasindaki degisiklikler,
bagirsak bariyer fonksiyonunu bozarak epitel gecirgenligini artirmakta, bu da glial hiicreler ve
enterik noronlar araciligiyla gastrointestinal enflamasyona ve dolayisiyla alfa-siniiklein birikimine
katki saglayabilir. Probiyotikler, bagirsak mikrobiyotasinin diizenlenmesine katki saglayan, canl
veya inaktif mikroorganizmalar ya da biyolojik bilesenler olarak tanimlanir. Parkinson hastalarinda
goriilen kabizlik, karmn agris1 ve abdominal distansiyon gibi GI semptomlarin hafifletilmesinde etkili
olduklar1 belirtilmistir. Prebiyotikler, sindirilmeden kalin bagirsaga ulasan ve faydali bakterilerin
gelisimini tegvik eden diyet lifleridir. En sik kullanilan prebiyotik kaynaklar arasinda soya fasulyesi,
¢ig yulaf, tam bugday, arpa ve oligosakkaritler bulunmaktadir. Prebiyotiklerin, Parkinson
hastalarinda bagisiklik fonksiyonlarinin iyilestirilmesine katki saglayabilmektedir. Probiyotik suslar
ve prebiyotik lif iceren fermente siit iirtinlerinin tiiketimi, 6zellikle kabizlik semptomlarinin
azaltilmasinda etkili oldugu belirtilmistir. Ayrica, yapilan baz1 ¢aligmalarda oligosakkaritlerin, hem
motor hem de motor olmayan semptomlar lizerinde olumlu etkileri oldugu ve striatumda dopamin
tastyicilarinin aktivitesini artirdigi rapor edilmistir. Parkinson hastalarinda uygulanan ketojenik
diyet, yiiksek yag, yeterli protein ve diisiik karbonhidrat iceren bir beslenme modelidir. Bu diyet,
glikoz kullanimin1 sinirlandirarak keton cisimcikleri iiretimini (ketogenez) tesvik eder ve bu durum
nutrisyonel ketozis olarak tanimlanir. Ketojenik diyetin, beyin fonksiyonlari, enerji metabolizmasi
ve noroenflamasyonun baskilanmasi iizerinde olumlu etkiler sagladig: belirtilmistir.

Mikrobiyota temelli beslenme yaklagimlari, yalmizca Parkinson hastaliginin motor ve
gastrointestinal semptomlarinin hafifletilmesine katki saglamakla kalmaz, ayni zamanda uzun
vadede siirdiiriilebilir saglik stratejilerinin gelistirilmesine de olanak tanir. Ozellikle bitkisel kokenli
prebiyotik liflerin ve geleneksel fermente gidalarin kullanimi, hem bagirsak mikrobiyotasinin
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dengelenmesine yardime1 olur hem de gevresel acidan diisiik karbon ayak izine sahip yerel ve dogal
kaynaklarin kullanimini tesvik eder. Bu yaklagimlar, ila¢ kullanimini azaltma potansiyeli sayesinde,
hem bireysel saglik harcamalarinin azaltilmasina hem de saglik sistemlerinde siirdiiriilebilirligin
desteklenmesine katki sunar. Ayrica, dogal beslenme modellerinin benimsenmesi, ekosistem dostu
iiretim bi¢imlerinin desteklenmesiyle birlikte toplum genelinde ¢evreyle uyumlu bir yasam
biciminin gelismesine de zemin hazirlar. Bu yoniiyle mikrobiyota odakli beslenme miidahaleleri,
Parkinson hastalig1 6zelinde hem biyolojik hem de ¢evresel siirdiiriilebilirlige hizmet eden biitiinciil
bir yaklagim sunabilir.

Anahtar kelimeler: Parkinson hastaligi; Mikrobiyota; Probiyotikler; Prebiyotikler; Ketojenik
diyeti

AUGUST 21-22, 2025 / ISTANBUL AREL UNIVERSITY 35



ICoN-FAC 2025 INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

A SUSTAINABLE FUTURE WITH ALTERNATIVE FOODS: A NEW NUTRITION
PARADIGM FOR HEALTHY GENERATIONS

ALTERNATIF GIDALARLA SURDURULEBILIR GELECEK: SAGLIKLI NESIiLLER
ICIN YENI BESLENME PARADIGMASI

Dilara SAHAN KHANKISHIYEV

Istanbul Arel University, Faculty of Health Science, Department of Nutrition and Dietetics,
Istanbul, Tiirkiye

ORCID ID: 0000-0002-4484-8287

Semih SAHIN

Istanbul Arel University, Faculty of Health Science, Department of Nutrition and Dietetics,
Istanbul, Tiirkiye

ORCID ID: https://orcid.org/0000-0001-5665-5629

Osman ERKMEN

Istanbul Arel University, Faculty of Health Science, Department of Nutrition and Dietetics,
Istanbul, Tiirkiye

ORCID ID: https://orcid.org/0000-0001-9113-9638

ABSTRACT

Introduction and Purpose: In today's world, a growing population, rapid urbanization, and
intensive industrial activities are depleting natural resources and causing environmental
degradation, posing irreversible threats to both ecosystems and human health. Sustainable nutrition,
environmentally friendly food production, and consumption also aim to raise healthy future
generations. The environmental impacts of current food production systems, which are directly
related to high carbon emissions and excessive water and land use, are increasingly driving the need
for alternative food sources. The large environmental footprint of animal production, in particular,
highlights the importance of plant-based, low-impact protein sources. Alternative foods are
important for both their production processes, which support sustainability, and their nutritional
properties. Therefore, raising public awareness of these alternatives and increasing their
acceptability are crucial. This research evaluates the nutritional content, environmental impact, and
sustainable nutrition potential of alternative foods, including plant-based proteins, laboratory-grown
meat and dairy products, edible insects, algae, and fermented foods, based on current scientific data.
Additionally, an analysis of findings regarding the social acceptability of these foods and a
discussion of their ethical dimensions are included.

Results: The findings suggest that alternative foods have a lower carbon footprint and require less
water consumption than conventional animal products. Furthermore, some of these products, with
their high protein, essential amino acid, vitamin, and mineral content, will provide significant
nutritional support for the development of healthy generations. The widespread adoption of
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alternative foods can contribute not only to improving individual health but also to ensuring
environmental sustainability.

Discussion and Conclusion: Today, the development of sustainable food systems has become a
crucial part of both environmental imperatives and societal health goals. Numerous studies have
demonstrated that alternative foods (especially plant-based proteins, cultured meat, algae, and edible
insects) offer advantages over conventional animal products in terms of both environmental impacts
and nutritional value. It has been reported that cultured meat production can reduce greenhouse gas
emissions by up to 78% and water use by up to 82% compared to conventional red meat. Edible
insects contain high levels of protein, iron, and zinc per gram and have been reported to contribute
to environmental sustainability through their low greenhouse gas emissions and reduced land use.
Microalgae are notable for their short production time, CO: absorption capacity, and richness in
functional components. They are considered an alternative source, particularly for omega-3 fatty
acids, carotenoids, and polysaccharides. Plant-based meat alternatives, introduced to the market by
US-based companies Beyond Meat and Impossible Foods, have been favored not only by
vegetarians and vegans but also by environmentally concerned consumers. Plant-based meat sales
in the US have increased by 27% annually, with 80% of this growth attributed to consumers who
continue to consume both animal products and plant-based alternatives. The Netherlands is one of
the leading countries in Europe in alternative food production and consumption. One of the first
global prototypes for cultured meat production was developed in 2013 through projects supported
by Wageningen University. In the Netherlands, the target is to shift the proportion of animal and
plant-based protein consumption to 40% animal and 60% plant-based by 2030. Sweden, on the other
hand, supports dietary patterns aligned with the "Eat Lancet" guidelines, which integrate public
health and environmental sustainability, and plans to provide 50% of its public food services with
plant-based foods by 2025. Furthermore, 46% of Swedish consumers reported consuming plant-
based meat at least once a week. Consumer perceptions of alternative foods vary across countries.
According to a European survey, 37% of consumers have a "positive™ or "very positive" attitude
toward consuming cultured meat, while this figure is reported as 54% and 58% in Sweden and the
Netherlands, respectively. In contrast, this figure is lower in Turkey, with 68% of consumers stating
that they lack sufficient information about cultured meat and insect-based foods. Young people, in
particular, are among the groups with higher environmental awareness and have been reported to be
more open to alternative foods. The ethical dimension of sustainable nutrition is directly related not
only to individual health but also to the well-being of living beings, climate change, and
intergenerational justice. Compliance with bioethical principles in food production should be
considered in conjunction with the reduction of animal suffering and the equitable use of resources.
Therefore, supporting alternative foods is not only a technological and environmental necessity but
also an ethical responsibility. In light of all these findings, for alternative foods to have a meaningful
place within food systems, scientific evidence must be shared with society, food literacy must be
increased, and cultural transition processes must be supported. Universities, civil society
organizations, and policymakers must play leading roles in this transformation. Furthermore, the
economic accessibility of these foods can be increased through international collaborations and
incentive policies.

Keywords: Alternative foods; Sustainable nutrition; Plant-based proteins; Cultured meat;
Environmental impact

Giris ve Amag

Glinlimiiz diinyasinda artan niifus, hizli kentlesme ve yogun endiistriyel faaliyetler dogal
kaynaklarin tiikenmesine ve gevresel bozulmaya neden olmakta; bu da hem ekosistem hem de insan
saglig1 tizerinde geri doniilmez tehditler olusturmaktadir. Siirdiiriilebilir beslenme, ¢evre dostu gida

AUGUST 21-22, 2025 / ISTANBUL AREL UNIVERSITY 37



ICoN-FAC 2025 INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

iiretimi ve tiiketimi, gelecek nesillerin saglikli sekilde yetismesini de hedeflemektedir. Mevcut gida
iiretim sistemlerinin yiiksek karbon salinimi, su ve toprak kullanimi ile dogrudan iliskili ¢evresel
etkileri; alternatif gidalara olan ihtiyac1 giderek artirmaktadir. Ozellikle hayvansal iiretimin ¢evresel
ayak izinin blylklugi, bitkisel temelli ve diisiik etkili protein kaynaklarinin 6nemini ortaya
koymaktadir. Alternatif gidalar, hem stirdiiriilebilirligi destekleyen {iretim siireglerine sahip olmalar1
hem de besleyici 6zellikleriyle 6nem arz etmektedir. Bu nedenle, toplumun bu alternatif konusunda
bilinglendirilmesi ve bu {riinlerin kabul edilebilirliginin artirilmast 6nem tagimaktadir. Bu
aragtirmada; bitki bazli proteinler, laboratuvar ortaminda iiretilen et ve siit lriinleri, yenilebilir
bocekler, algler ve fermente gidalar gibi alternatif gidalarin besin igerigi, ¢evresel etkileri ve
stirdiiriilebilir beslenmedeki potansiyellerini giincel bilimsel veriler kapsaminda degerlendirilmistir.
Ayrica bu gidalarin toplum tarafindan kabul edilebilirligine dair bulgularin analiz edilmesi ve etik
boyutlarinin tartigilmasi da yer verilmistir.

Bulgular

Elde edilen bulgular, alternatif gidalarin geleneksel hayvansal {iriinlere kiyasla daha diisiik karbon
ayak izine ve daha az su tiikketimine sahip oldugu belirtilmistir. Ayrica bu {iriinlerin bazilari, yiiksek
protein, esansiyel amino asit, vitamin ve mineral igerigiyle saglikli nesillerin gelisimi igin dnemli
bir beslenme destegi sunacaktir. Alternatif gidalarin yayginlastirilmasi, yalnizca bireysel saglik
diizeyinin artirtlmasina degil; ayn1 zamanda ¢evresel siirdiiriilebilirligin saglanmasina da katkida
bulunabilir.

Tartisma ve Sonug

Gilinlimiizde stirdiiriilebilir gida sistemlerinin gelistirilmesi, yalnizca ¢evresel zorunluluklarin degil
ayn1 zamanda toplumsal saglik hedeflerinin de bir parcasi haline gelmistir. Alternatif gidalarin
(6zellikle bitki bazli proteinlerin, kiiltiir etinin, alglerin ve yenilebilir boceklerin) hem cevresel
etkiler hem de besleyici degerler agisindan geleneksel hayvansal iiriinlere kiyasla daha avantajli
oldugu birgok calismada gosterilmistir. Kiiltiir eti liretiminin, geleneksel kirmizi ete gore sera gazi
emisyonunu %78'e kadar azaltabilecegi, su kullanimini ise %82’e diislirebilecegi belirtilmistir.
Yenilebilir bocekler, gram basina yiiksek biyoyararlanima sahip protein, demir ve ¢inko igerirken;
aynt zamanda diisiik sera gazi salimi ve toprak kullanimi ile g¢evresel stirdiiriilebilirlige katki
sunabilecegi bildirilmistir. Mikroalgler kisa iiretim siiresi, CO: absorpsiyon kapasitesi ve
fonksiyonel bilesenler bakimindan zengin igerikleri ile dikkat cekmekte; 6zellikle omega-3 yag
asitleri, karotenoidler ve polisakkaritler agisindan alternatif kaynak olarak degerlendirilmektedir.
ABD merkezli “Beyond Meat” ve “Impossible Foods” firmalarinin pazara siirdiigii bitki bazl et
alternatifleri, yalnizca vejetary enler ve veganlar tarafindan degil, ayn1 zamanda ¢evresel kaygi
tasiyan tiiketiciler tarafindan da tercih edildigi belirtilmistir. ABD’de bitki bazli et satiglart yillik
%27 oraninda artmistir ve bu artisin %80°1 hayvansal {iriin tiiketmeye devam eden tiiketicilerden
geldigini belirtilmistir. Hollanda, Avrupa'da alternatif gida tiretimi ve tiiketimi konusunda 6ncii
iilkelerden biridir. Wageningen Universitesi'nin destekledigi projelerle kiiltiir eti iiretiminde diinya
capinda ilk prototiplerden biri 2013 yilinda gelistirilmistir. Hollanda’da 2030 yilina kadar hayvansal
ve bitkisel protein tiikketimi oraninin %40 hayvansal, %60 bitkisel olacak sekilde degistirilmesi
hedeflenmektedir. Isveg ise, halk saglig1 ve gevresel siirdiiriilebilirligi entegre eden “Eat Lancet”
kilavuzuna yakin diyet Oriintiilerini desteklemekte ve 2025 itibartyla kamu yemek hizmetlerinin
%50’sini bitki bazli gidalarla sunmay1 planlamaktadir. Ayrica Isvegli tiiketicilerin %46’s1 haftada
en az bir kez bitki bazli et tiikkettigini belirtilmistir. Alternatif gidalara yonelik tiiketici algisi tilkeden
tilkeye degisiklik gostermektedir. Avrupa genelinde yapilan bir arastirmaya gore, tiiketicilerin
%37’si kiltiir eti tiikketmeye “olumlu” ya da “cok olumlu” yaklasirken, bu oran Isve¢ ve Hollanda’da
sirastyla %54 ve %58 olarak bildirilmistir. Buna karsilik Tiirkiye’de bu oran daha diistiktiir;
tiiketicilerin %681 kiiltiir eti ve bocek bazli gidalar hakkinda yeterince bilgi sahibi olmadigini ifade
edilmistir. Ozellikle geng bireyler, ¢evre bilinci daha yiiksek olan gruplar arasinda yer almakta ve
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alternatif gidalara daha acik olacaklar1 belirtilmistir. Siirdiiriilebilir beslenmenin etik boyutu,
yalnizca bireyin sagligi ile degil, ayn1 zamanda canlilarin refahi, iklim degisikligi ve kusaklar arasi
adalet ile dogrudan iliskilidir. Gida tiretiminde biyoetik ilkelere uyum, hayvansal acinin azaltilmasi
ve adil kaynak kullanimi ile birlikte degerlendirilmesi gerekir. Bu nedenle alternatif gidalarin
desteklenmesi, yalnmizca teknolojik ve cevresel bir gereklilik degil, ayni zamanda etik bir
sorumluluktur. Tiim bu bulgular kapsaminda, alternatif gidalarin gida sistemleri igerisinde anlaml
bir yere sahip olabilmesi i¢in bilimsel kanitlarin toplumla paylasilmasi, gida okuryazarliginin
artirllmas1 ve kiiltiirel gecis siireclerinin desteklenmesi gerekir. Universiteler, sivil toplum
kuruluslar1 ve politika yapicilar bu doniisiimde Oncii roller iistlenmesi gerekir. Ayrica uluslararasi
is birlikleri ve tesvik edici politikalar sayesinde bu gidalarin ekonomik olarak erisilebilirligi
artirilabilir.

Anahtar kelimeler: Alternatif gidalar; Siirdiiriilebilir beslenme; Bitki bazli proteinler; Kiiltiir eti;
Cevresel etki
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STRATEGIC APPROACHES TO THE ECOLOGICAL SIGNIFICANCE AND
CONSERVATION OF PLANT BIODIVERSITY IN CARSAMBA PLAIN HABITATS

CARSAMBA OVASI HABITATLARINDA BiTKi BiYOCESITLILiGiNIN EKOLOJIK
ONEMI VE KORUNMASINA YONELIK STRATEJIK YAKLASIMLAR
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Ozet

Carsamba Ovasi, Yesilirmak Nehri’nin tasidigr aliivyonlarla Karadeniz kiyisinda olusmus, zengin
habitat ¢esitliligi ve gecis zonu 6zelligiyle dikkat ¢eken bir delta ekosistemidir. Avrupa-Sibirya ile
Iran-Turan fitocografik bolgeleri arasinda yer almasi, bu alani biyocografik acidan énemli bir gecit
konumuna getirmektedir.

Ovada yiiriitiillen floristik arastirmalar sonucunda, 56 familyaya ait 341 vaskiiler bitki tiirii
kaydedilmistir. Bu tiirlerin orman (G1.7), kumul (B1.2-B1.3), ¢ayir ve mera (E2.1-E2.2), tuzcul
bataklik (A2.5), sazlik (D5.2) ve i¢ su yiizeyi (C1) gibi farkli EUNIS habitat tiplerine gore
dagilimlar1 belirlenmistir. Toprak o6zellikleri (pH, organik madde, tuzluluk vb.) ile tiir
kompozisyonu arasindaki iligkiler incelenmistir.

Ozellikle kumul, bataklik ve tuzcul alanlarin nadir ve habitatlara 6zgii tiirleri barindirdig1 saptanmus;
tiir Ortiis oranlar1 bu habitatlarda belirgin bi¢imde yiiksek bulunmugstur. Toprak 6zellikleri ile bitki
tirleri arasindaki giiglii iliskiler, edafik ve hidrolojik faktorlerin habitatlar aras1 cesitliligi
sekillendirdigini gostermistir.

Bu bulgular dogrultusunda, yalnizca tiir zenginligine degil, habitat 6zgiinliigiine dayali cok katmanli
koruma stratejilerinin gelistirilmesi dnerilmektedir. Kumul, bataklik ve tuzcul habitatlarin 6ncelikli
koruma alan1 olarak planlanmasi; ge¢is zonlarinda ekolojik koridorlarin olusturulmasi ve habitat
mozaikliginin korunmasi, alanin ekolojik biitlinliigliniin siirdiiriilebilirligi agisindan stratejik Sneme
sahiptir.

Anahtar kelimeler: Carsamba Ovasi, habitat temelli koruma, biyogesitlilik, delta ekosistemi,
vaskiiler flora.

Abstract

The Carsamba Plain is a delta ecosystem formed by the alluvium carried by the Yesilirmak River
along the Black Sea coast, distinguished by its rich habitat diversity and transitional zone
characteristics. Its location between the Euro-Siberian and Irano-Turanian phytogeographical
regions makes it a biogeographically significant corridor.

Floristic surveys conducted in the plain have recorded 341 vascular plant species belonging to 56
families. The distribution of these species has been identified across different EUNIS habitat types,
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including forests (G1.7), coastal dunes (B1.2-B1.3), grasslands and meadows (E2.1-E2.2),
saltmarshes (A2.5), reedbeds (D5.2), and inland surface waters (C1). The relationships between soil
properties (pH, organic matter, salinity, etc.) and species composition were also examined.

It was particularly observed that dune, marsh, and saltmarsh habitats host rare and habitat-specific
species, with species overlap ratios found to be markedly high in these ecosystems. The strong
correlations between soil properties and plant species reveal that edaphic and hydrological factors
play a crucial role in shaping inter-habitat diversity.

In light of these findings, it is recommended to develop multilayered conservation strategies that
prioritize not only species richness but also habitat uniqueness. The designation of dunes, marshes,
and saltmarshes as priority conservation areas, the establishment of ecological corridors in
transitional zones, and the preservation of habitat mosaics are of strategic importance for
maintaining the ecological integrity and sustainability of the area.

Keywords: Carsamba Plain, habitat-based conservation, biodiversity, delta ecosystem, vascular
flora.

Giris

Carsamba Ovasi, Karadeniz’in giiney kiyisinda Yesilirmak Nehri’nin tagidig: aliivyonlarla olusmus
tipik bir delta ekosistemidir. Delta ekosistemleri, sahip olduklar1 habitat cesitliligi ve gecis zonu
ozellikleri nedeniyle yiiksek diizeyde biyolojik c¢esitlilik barindiran, ayni zamanda insan
faaliyetlerinden en fazla etkilenen ekosistemler arasinda yer almaktadir (Day vd., 2007; Mitsch ve
Gosselink, 2015). Carsamba Ovas1, Avrupa-Sibirya ve Iran-Turan fitocografik bdlgeleri arasinda
yer almasi nedeniyle biyocografik agidan Onemli bir gegis alani niteligi tagimaktadir.
Delta ve sulak alan ekosistemleri, ekolojik fonksiyonlari (su rejiminin diizenlenmesi, karbon
depolama, besin dongiisii) ve sagladiklar1 habitat ¢esitliligi ile ekosistem hizmetleri agisindan kritik
oneme sahiptir (Zedler ve Kercher, 2005; Barbier vd., 2011). Bununla birlikte, deltalar 6zellikle
tarimsal drenaj, endiistriyel faaliyetler ve kentlesme baskisi altinda hizla degisime ugramakta ve
habitat biitiinliigiinii kaybetmektedir (Nicholls ve Cazenave, 2010). Carsamba Ovas1 da benzer
sekilde tarimsal genisleme, sulak alanlarin kurutulmasi ve plansiz yapilagma baskilar1 altinda olan
bir deltadir. Habitat temelli koruma yaklagimlari, yalnizca tiir zenginligi odakli korumadan farkl
olarak, ekosistemlerin biitiinciil yapisinin korunmasini hedeflemektedir (Margules & Pressey,
2000). Bu baglamda, Carsamba Ovasi’nda yliriitiilen floristik aragtirmalar, habitat 6zglinliigline
dayal1 ¢cok katmanli koruma stratejilerinin gelistirilmesine yonelik bilimsel temeller saglamaktadir.
Ozellikle kumul, bataklik ve tuzcul habitatlar, nadir ve habitatlara 6zgii tiirlerin varlig1 ile 6ncelikli
koruma alani olarak one cikmaktadir.
Bu c¢alisma, Carsamba Ovast’nin habitat cesitliligini ekolojik ve koruma biyolojisi perspektifinden
degerlendirmeyi, habitat 6zgiinliigline dayali koruma stratejilerini tartismay1 ve delta ekosisteminin
stirdiiriilebilir yonetimine yonelik oneriler sunmay1 amaglamaktadir.

Materyal ve Metot

Carsamba Ovasi, Karadeniz kiyisinda Yesilirmak Nehri’nin tasidigi aliivyonlarla olusmus tipik bir
delta ekosistemidir. Arazi ¢alismalar1 2023-2025 yillar arasinda gerceklestirilmis ve 6rnek alanlar
Avrupa Doga Bilgi Sistemi (EUNIS) smiflandirmasit kullanilarak tanimlanmistir (European
Environment Agency [EEA], 2012). Calismada ele alinan baslica habitat tipleri; orman habitatlar
(G1.7), kumullar (B1.2-B1.3), ¢ayir ve meralar (E2.1-E2.2), tuzcul batakliklar (A2.5), sazlik
habitatlar1 (D5.2) ve i¢ su yiizeyleridir (C1).

Floristik veriler, line intercept (Canfield, 1941) yontemi kullanilarak kaydedilmistir. Her habitat
tipinde en az ii¢ tekrar alami secilmis, tiir bolluk ve Ortiis degerleri belirlenmistir. Habitat
Ozgiinliigiinii  degerlendirmek amaciyla hem yaygin hem de nadir tiirler kaydedilmistir.
Ormek alanlardan 0-30 cm derinlikten alinan toprak o&rnekleri laboratuvar ortaminda analiz
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edilmistir. pH, organik madde, tuzluluk, azot, fosfor, potasyum, magnezyum ve Kkalsiyum
parametreleri  Ol¢lilmiistiir. Bu parametreler ile tiir kompozisyonu arasindaki iligkiler
degerlendirilmistir (Craft, 2001; Ersoy vd., 2020).

Gollerden yiizey suyu ornekleri alinarak pH, tuzluluk, ¢6ziinmiis oksijen, elektriksel iletkenlik ve
besin elementleri (N, P, K) temel parametreler olarak dl¢giilmiistiir. Calismada Carsamba Ovasi’nda
yer alan Akgol ve Simenit sulak alanlarindaki farkh lokasyonlardan alinan su orneklerinde
temel fizikokimyasal parametreler ve baslica iyon igerikleri standart yontemlerle analiz edilmistir.
Su 6rneklerinin pH degerleri cam elektrotlu pH metre ile, elektriksel iletkenlik ise iletkenlik dlger
yardimiyla belirlenmistir (APHA, 2017). Coziinmiis oksijen miktari, Winkler titrasyon yontemi ile
Ol¢iilmiistiir (Eaton vd., 2005). Tuzluluk, elektriksel iletkenlik degerinden tiiretilmis ve uluslararasi
standartlara gore hesaplanmistir. Toplam azot (N), Kjeldahl yontemi ile belirlenmistir (Bremner,
1965). Coziinmiis fosfor, molybdate-blue spektrofotometrik yontemi ile 6l¢iilmiistiir (Murphy ve
Riley, 1962). Potasyum (K), alev fotometresi veya ICP-OES kullanilarak tayin edilmistir. Katyonlar
alev fotometresi (Na*, K*) ve atomik absorpsiyon spektrofotometresi (Ca?", Mg*") ile ol¢lilmiistiir.
Anyonlar (Cl") Mohr titrasyon yontemiyle belirlenmistir. SO+*>~ iyonu tiirbidimetrik yontemle
Ol¢iilmiistiir (APHA, 2017). HCOs™ iyonu, asidimetrik titrasyon yontemi ile belirlenmistir (Eaton
vd., 2005). Sodyum Adsorbsiyon Oram1 (SAR) Na®, Ca?** ve Mg*" iyonlarmmin miliekivalan
konsantrasyonlar1 kullanilarak hesaplanmistir (Richards, 1954). Bu parametreler, sucul
habitatlardaki bitki tiir zenginligi ve cesitlilik degerleri ile iliskilendirilmis ve suyun kimyasal
ozelliklerinin floristik kompozisyon iizerindeki etkisi degerlendirilmistir (Maltby ve Acreman,
2011; Ersoy vd., 2020). Verilerin degerlendirilmesinde habitat 6zgiinliigii, nadir tiirlerin dagilim1 ve
tiir ortiis oranlar1 dikkate alinmigtir. Caligma, yalnizca tiir zenginligi degil, ayn1 zamanda habitatlarin
ekolojik biitiinliigiinii koruma biyolojisi perspektifinden ele almistir (Margules ve Pressey, 2000).

Bulgular

Arazi gozlemleri, 6zellikle kumul habitatlar1 (B1.2-B1.3), tuzcul batakliklar (A2.5) ve sazlik
habitatlarinin (D5.2) habitat 6zgiinliigi yiiksek, nadir tiirleri barindirdigint ortaya koymustur.
Kumul alanlarinda ekstrem edafik kosullara uyum saglamis psamofitik tiirler 6ne ¢ikarken, tuzcul
bataklik alanlarinda halofitik tiirler gozlenmistir. Sazlik habitatlarinda ise hidrofil bitki topluluklar
yogunlagmuis, tiir ¢esitliligi sinirli kalmis ancak habitat 6zgiinliigii yliksek bulunmustur. Toprak
analizleri, habitatlar arasi cesitlilik farklarmin edafik ve hidrolojik kosullarla giiclii bicimde
baglantili oldugunu gostermistir. Kumul alanlarinda yiiksek pH (8.5-8.9) ve diisiik organik madde
(%0.2-0.6), tiir ¢esitliligini sinirlandirmis; buna karsilik ¢ayir habitatlarinda yiiksek organik madde
(%3-5.3) ve azot-fosfor zenginligi, yiiksek tiir ¢esitliligini desteklemistir. Tuzcul batakliklarda artan
tuzluluk (%0.68-0.85), floristik gesitliligi smnirlamis, ancak bu habitatlarda tuza toleransli nadir
tiirlerin yogunlastig1 gortiilmiistiir (Sekil 1).
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Sekil 1. Farkli habitatlarda edafik faktorlerin etkisi

Su analizleri, Carsamba Ovasi sulak alanlarinda su kalitesinin bitki cesitliligini sekillendiren
temel faktorlerden biri oldugunu ortaya koymaktadir. Yiikksek EC ve SAR degerleri cesitliligi
simirlandirirken, pH ve orta diizeyde iyon konsantrasyonlar1 daha dengeli bir cesitliligi
desteklemektedir (Sekil 2).

Su Kimyasi Parametreleri ile Tur Cesitliligi iliskisi
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Sekil 2. Su kimyasi ile tiir ¢esitliligi arasindaki iliski

Bu calisma kapsaminda elde edilen bulgular koruma o6nceligi tasiyan habitatlarin kumul, tuzcul
bataklik ve sazlik ekosistemleri oldugunu gostermektedir. Bu alanlar, diisiik alfa cesitlilik
degerlerine ragmen, habitat 6zgiinliigii ve nadir tiirlerin varlig1 nedeniyle ekolojik acidan kritik rol
oynamaktadir. Buna karsilik, orman ve ¢ayir habitatlar, yiliksek tiir zenginlikleriyle biyocesitlilik
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acisindan Onemli olup, siirdiiriilebilir yonetim stratejileri kapsaminda korunmalar1 gereken
ekosistemlerdir.

Tartisma

Carsamba Ovasinda yiiriitiilen floristik arastirmalar, habitat 6zgilinligiiniin ve edafik-hidrolojik
faktorlerin cesitlilik oriintiilerinde belirleyici rol oynadigimi ortaya koymustur. Ozellikle kumul,
tuzcul bataklik ve sazlik habitatlarinin, alfa cesitlilik agisindan diisiik degerler géstermesine karsin,
barindirdiklart nadir ve habitat spesifik tiirlerle koruma acisindan kritik 6neme sahip olduklari
belirlenmistir (Zedler ve Kercher, 2005; Barbier vd., 2011). Orman ve c¢ayir habitatlari, tir
zenginligi bakimindan yiiksek cesitlilik sergilemis, bu durum delta ekosistemlerinde bitki
topluluklarinin edafik kosullarin yani sira antropojenik baskilardan da etkilendigini gdstermistir
(Kutbay ve Yiicel, 2019; Ersoy vd., 2020). Avrupa deltalarinda yapilan ¢alismalarda da benzer
bulgular elde edilmis, 6rnegin Po Deltas1 ve Tuna Deltasi’nda orman ve ¢ayir habitatlarinin yiiksek
cesitlilik degerlerine sahip oldugu bildirilmistir (Boros vd., 2013). Habitat temelli koruma
yaklagimlari, yalnizca tiir zenginligine odaklanmaktan ziyade habitat 6zgilinliigii ve ekosistem
biitiinliiglinli dikkate almaktadir (Margules ve Pressey, 2000). Carsamba Ovasi 6zelinde, kumul ve
tuzcul habitatlarin korunmasi, delta ekosisteminin biitiinliigliniin siirdiiriilmesi agisindan stratejik
Ooneme sahiptir. Ayrica, habitat mozaikliginin korunmasi ve ekolojik koridorlarin olusturulmasi, tiir
goclerinin ve genetik ¢esitliligin siirekliligi agisindan hayati bir gerekliliktir (Opdam vd., 2006).
Tiirkiye’de Kizilirmak Deltasi’nda yiiriitiilen aragtirmalar, habitat kaybi ve par¢alanmanin biyolojik
cesitlilik tizerinde ciddi tehditler olusturdugunu gostermektedir (Cakan vd., 2015). Bu durum,
Carsamba Ovasi icin gelistirilecek koruma stratejilerinin yalnizca biyolojik degil, ayn1 zamanda
sosyo-ekonomik faktdrleri de icermesi gerektigini ortaya koymaktadir.

Sonuc ve Oneriler

Carsamba Ovast, sahip oldugu habitat ¢esitliligi ve biyocografik konumu nedeniyle hem ulusal hem
de kiiresel 6lgekte onemli bir delta ekosistemidir. Arazi ¢aligmalar1 sonucunda elde edilen bulgular,
kumul, tuzcul bataklik ve sazlik habitatlarinin diisiik tiir zenginligine ragmen barindirdiklar1 6zgiin
ve nadir tiirlerle ekolojik acidan kritik 6neme sahip oldugunu ortaya koymustur. Buna karsilik,
orman ve cayir habitatlar1 yiiksek tiir zenginligi ile bodlgenin alfa cesitliligini temsil eden
ekosistemlerdir.

Delta ekosistemlerinin siirdiiriilebilirligi i¢in yalnizca tiir zenginligi degil, ayn1 zamanda habitat
ozgiinliigii ve ekolojik biitiinliigiin korunmasi gerekmektedir. Bu baglamda, Carsamba Ovasi’nda
koruma ve yonetim acisindan su stratejik Oneriler one cikmaktadir:
1. Oncelikli Koruma Alanlari: Kumul, tuzcul bataklik ve sazlik habitatlari, nadir tiirlerin varhig
nedeniyle Oncelikli koruma alanlari olarak tanimlanmalidir.

2. Habitat Mozaikliginin Korunmasi: Cayir, mera ve orman habitatlar1 arasindaki ekolojik koridorlar
korunmalidir.

3. Antropojenik Baskilarin Azaltilmasi: Tarimsal drenaj, yapilagsma ve arazi kullanim degisiklikleri
sinirlandirilmalidir.

4. Cok Katmanl Koruma Yaklasimi: Koruma stratejileri flora, fauna ve ekosistem hizmetlerini
kapsamalidir.

5. Yerel Toplum Katilimi: Yerel halk bilinclendirilerek ekoturizm gibi doga dostu faaliyetler
desteklenmelidir.

Sonug olarak, Carsamba Ovasi’nin korunmasina yonelik stratejiler, biyolojik ¢esitlilik ile birlikte
ekosistem fonksiyonlarinin ve sosyo-ekonomik faydalarin stirdiiriilebilirligini hedeflemelidir.
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ECOLOGICAL ASSESSMENT OF PLANT BIODIVERSITY IN CARSAMBA PLAIN
HABITATS USING ALPHA AND BETA DIVERSITY INDICES

CARSAMBA OVASI HABITATLARINDA BiTKi BiYOCESITLILiGININ ALFA VE
BETA CESITLILIK INDEKSLERIYLE EKOLOJIiK DEGERLENDIRILMESI

Ayla SARIOGLU

Ondokuz May1s Universitesi, Lisansiistii Egitim Enstitiisii, Biyoloji A.B.D., Samsun, Tiirkiye

Hamdi Giiray KUTBAY

Ondokuz May1s Universitesi, Fen Fakiiltesi, Biyoloji Boliimii, Samsun, Tiirkiye

Ozet

Carsamba Ovasi, Karadeniz’in allivyal deltalarindan biri olup, farkli ekolojik kosullara sahip
habitatlariyla yiiksek bitki ¢esitliligi barindirmaktadir. Bu ¢alisma, ovada yer alan orman (G1.7),
sabit ve hareketli kumullar (B1.2-B1.3), cayir ve mera alanlari (E2.1-E2.2), tuzcul bataklik (A2.5),
sazlik (D5.2) ve i¢ su yiizeyleri (Cl) gibi dokuz farkli EUNIS habitatinda vaskiiler bitki
biyogesitliliginin belirlenmesini ve ¢esitlilik oriintiilerinin analizini amaglamaktadir.

Ovada yapilan arazi ¢aligmalar1 sonucunda 56 familyaya ait toplam 341 vaskiiler bitki tiirii tespit
edilmistir. Habitatlardaki tiir zenginligi alfa ¢esitliligi kapsaminda Shannon-Wiener indeksi (H') ile
degerlendirilmis; en yiiksek degerlerin nemli ¢ayir ve bataklik habitatlarinda, en diisiik degerlerin
ise insan etkisine acik mera alanlarinda ortaya ¢iktig1 belirlenmistir. Beta ¢esitliligi analizleri Bray-
Curtis benzerlik katsayisina dayali olarak yapilmis; habitatlar arasinda gii¢lii tiir kompozisyonu
farkliliklar saptanmistir.

Beta cesitliligi analiz sonuglari, mikrohabitat diizeyindeki ekolojik ayrigmalarin bitki topluluklarini
anlaml1 bi¢cimde etkiledigini gostermektedir. Veriler, yalnizca tiir zenginligi agisindan degil, aym
zamanda habitatlar arasi floristik farkliliklarin korunmasi gereken ekolojik biitlinliikler sundugunu
ortaya koymaktadir.

Bu baglamda, 6zellikle yiiksek beta gesitlilige sahip kumul, bataklik ve tuzcul alanlarin 6ncelikli
koruma alan1 olarak degerlendirilmesi gerektigi vurgulanmaktadir. Habitat temelli koruma
stratejilerinin gelistirilmesi, Carsamba Ovasi'nin ekolojik biitiinliigiiniin siirdiiriilebilirligi acisindan
onem arz etmektedir.

Anahtar Kelimeler: Carsamba Ovasi, vaskiiler flora, Shannon-Wiener indeksi, beta cesitliligi,
habitat farklilig1, ekolojik analiz.

Abstract

The Carsamba Plain is one of the alluvial deltas of the Black Sea, harboring high plant diversity
across habitats with distinct ecological conditions. This study aims to identify the vascular plant
biodiversity and analyze diversity patterns within nine different EUNIS habitats of the plain,
including forest (G1.7), fixed and shifting sand dunes (B1.2-B1.3), grasslands and pastures (E2.1-
E2.2), salt marsh (A2.5), reed beds (D5.2), and inland water bodies (C1).
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Field surveys revealed a total of 341 vascular plant species belonging to 56 families. Species
richness within habitats was assessed under the scope of alpha diversity using the Shannon-Wiener
Index (H'). The highest values were recorded in wet meadow and marsh habitats, while the lowest
values were observed in pasturelands exposed to human disturbance. Beta diversity analyses, based
on the Bray-Curtis similarity coefficient, demonstrated pronounced differences in species
composition among habitats.
The results of beta diversity analyses indicate that microhabitat-level ecological differentiation
significantly influences plant community structure. The findings highlight that ecological integrity
in the plain should be considered not only in terms of species richness but also in preserving floristic
distinctiveness among habitats.
In this context, dune, marsh, and salt-marsh habitats, which exhibit high beta diversity, should be
prioritized for conservation. Developing habitat-based conservation strategies is essential for
maintaining the ecological integrity and sustainability of the Carsamba Plain.

Key Words: Carsamba Plain, vascular flora, Shannon-Wiener index, beta diversity, habitat
differentiation, ecological analysis.

Giris

Carsamba Ovasi, Karadeniz’in en 6nemli aliivyal deltalarindan biridir ve barindirdig: farkli ekolojik
kosullar nedeniyle yiiksek floristik gesitlilige sahiptir. Avrupa-Sibirya ve Iran-Turan fitocografik
bolgeleri arasinda gecis kusaginda yer almasi, alanin biyocografik dnemini artirmaktadir. Ovada
orman pargalari (G1.7), sabit ve hareketli kumullar (B1.2-B1.3), ¢ayir ve mera alanlar1 (E2.1-E2.2),
tuzcul batakliklar (A2.5), sazliklar (D5.2) ve i¢ su yiizeyleri (C1) gibi farkli habitat tipleri
bulunmaktadir (European Environment Agency [EEA], 2012). Biyogesitliligin 06l¢iilmesinde
kullanilan alfa, beta ve gama cesitlilik kavramlari, ekosistemlerin yapisal 6zelliklerini anlamada ve
karsilastirmali ekolojik degerlendirmelerde énemli rol oynamaktadir (Whittaker, 1972; Jurasinski
vd., 2009; Magurran, 2004). Alfa ¢esitlilik, belirli bir habitat i¢indeki tiir zenginligini yansitirken,
beta cesitlilik, habitatlar arasi tiir bilesimi farkliliklarin1 géstermektedir. Gama ¢esitlilik ise bolgesel
olcekte toplam tir zenginligini ifade etmektedir (Magurran, 2004).
Cesitlilik dl¢timiinde kullanilan indekslerden Shannon-Wiener (H”) ve Simpson indeksi, hem tiir
zenginligi hem de bolluk dagilimlarini dikkate alarak ekosistemlerin yapisal 6zelliklerini yansitir
(Hill, 1973; Magurran, 2013). Habitatlar arasi benzerligin degerlendirilmesinde ise Bray-Curtis
benzerlik katsayisi, floristik farkliliklarin ortaya konmasinda sikca tercih edilmektedir (Faith vd.,
1987; Legendre ve Gallagher, 2001).
Bu calisma, Carsamba Ovasi’nda yer alan farkli habitatlarda vaskiiler bitki biyogesitliliginin alfa ve
beta c¢esitlilik indeksleriyle degerlendirilmesini, habitatlar arasi1 floristik benzerliklerin
incelenmesini ve edafik faktorlerle iliskilerinin tartisilmasini amaglamaktadir. Arastirma alaninin
uydu goriintiisti sekil 1’de verilmistir.
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Sekil 1. Arastirma alaninin uydu goriintiisii
Materyal ve Metot

Carsamba Ovasi, Yesilirmak Nehri’nin tasidig: aliivyonlarla Karadeniz kiyisinda olusmus genis bir
delta ekosistemidir. Arazi ¢aligmalar1 Avrupa Doga Bilgi Sistemi (EUNIS) siniflandirma sistemi
temel alinarak yiiritilmiustir (EEA, 2012). Calismada degerlendirilen baslica habitat tipleri: Orman
habitatlar1 (G1.7), kumullar (B1.2-B1.3), cayir ve meralar (E2.1-E2.2), tuzcul batakliklar (A2.5),
sazliklar (D5.2) ve i¢ su yiizeyleri (C1). Floristik veriler 20232025 yillar1 arasinda gergeklestirilen
arazi ¢aligmalari ile toplanmistir. Bitki ortiisiiniin belirlenmesinde line intercept yontemi (Canfield,
1941) kullanilmistir. Her habitat tipinde en az {i¢ tekrar alan1 se¢ilmis, tiir bolluk ve Ortiis ylizdeleri
hesaplanmistir. Her 6rnek alanin 0-30 cm derinliginden toprak ornekleri alinmig ve laboratuvar
analizleri gergeklestirilmistir. Bu c¢alismada 6rnek alanlardan alinan toprak orneklerinde temel
kimyasal ve fiziksel parametreler standart analitik yontemler kullanilarak belirlenmistir. Toplam
azot miktari, Kjeldahl yontemi ile belirlenmistir (Bremner, 1965). Bitkiye yarayisli fosfor, Olsen
spektrofotometrik yontemi (Olsen et al., 1954) ile saptanmistir. Degisebilir Potasyum (K),
Magnezyum (Mg) ve Kalsiyum (Ca) elementlerinin belirlenmesinde Amonyum Asetat
ekstraksiyonu (1 N NH4OAc, pH 7.0) ve sonrasinda ICP-OES (Inductively Coupled Plasma -
Optical Emission Spectroscopy) cihazi kullanilmistir (Helmke ve Sparks, 1996). Toprak
reaksiyonu (pH) ve tuzluluk, doygunluk ¢amuru yéntemiyle ol¢iilmistiir (McLean, 1982). pH
Ol¢iimleri cam elektrotlu pH metre ile, tuzluluk ise elektriksel iletkenlik 6l¢iimiinden doniistiirtilerek
hesaplanmistir. Kire¢ miktar1, Scheibler kalsimetresi ile hacimsel olarak belirlenmistir. Organik
madde igerigi, Walkley-Black yontemi ile belirlenmistir (Walkley ve Black, 1934). Topragin
mekanik bilesimi hidrometre yontemi ile belirlenmis ve 6rnekler Bouyoucos yontemi kullanilarak
kum, silt ve kil fraksiyonlarina ayrilmistir (Bouyoucos, 1962).

Habitatlarin alfa ¢esitliligi Shannon-Wiener (H’) ve Simpson indeksi, beta gesitliligi ise Bray-Curtis
benzerlik katsayisi kullanilarak hesaplanmistir (Magurran, 2013; Legendre ve Gallagher, 2001).
Istatistiksel analizler ve gorsellestirmeler i¢in PAST 4.0 yazilimi kullanilmistir (Hammer vd.,
2001).

Bulgular

Carsamba Ovasi’nda gergeklestirilen floristik ¢alismalar, habitat tipleri arasinda belirgin ¢esitlilik
farkliliklar1 oldugunu gostermistir. En yliksek alfa cesitlilik degerleri 1liman bolge ¢ayirlarinda
(H’=3.65; 61 tiir) ve nemli yaprak doken orman habitatlarinda (H’=2.96; 43 tiir) bulunmustur. Yari-
dogal kuru ¢ayirlar ve meralar (H’=2.71; 30 tiir) ile hareketli kumullar (H’=2.75; 25 tiir) de gérece
yiikksek c¢esitlilik degerlerine sahiptir. Buna karsin sabit kumullar (H’=2.03; 22 tiir), tuzcul
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batakliklar (H’=1.59; 14 tiir) ve sazliklar (H’=0.75; 3 tiir) daha diisiik cesitlilik degerleri gdstermistir
(Sekil 2).

Habitat Tiplerine Gére Shannon Cesitlilik indeksi

Shannon-Wiener indeksi

Sekil 2. Habitat tiplerine gore Shannon ¢esitlilik indeksi

Bray-Curtis analizine dayali dendrogram, habitatlarin floristik acidan belirgin gruplar
olusturdugunu ortaya koymustur. Orman habitatlar1 kendi i¢ginde kiimelenirken, ¢ayir ve meralar
ayr1 bir grup olusturmus, kumullar ise digerlerinden belirgin bigimde ayrigmistir. Tuzcul batakliklar
ve sazliklar izole konumlarda yer almistir. PCA analizi de bu ayrigmayi desteklemis, ¢ayir ve
ormanlar merkezi konumda, tuzcul batakliklar ve sazliklar u¢ bolgelerde yer almistir (Sekil 3).
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Sekil 3. Habitat benzerligine dayali dendogram

Toprak analizleri, organik madde ve besin elementlerindeki artigin ¢esitliligi artirdigini, yiiksek pH
ve tuzlulugun ise gesitliligi sinirlandirdigint gostermistir. Kumul habitatlarinda yiiksek pH ve diisiik
organik madde, smirli fakat 6zgiin tiirlerin varligina yol acarken, ¢ayir ve batakliklarda zengin
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edafik kosullar yiiksek alfa cesitliligi desteklemistir. Tuzcul batakliklar ve sazliklar, diistiik ¢esitlilik
diizeyleriyle habitat 6zgiinliigli tasiyan ekosistemlerdir.

Tartisma

Bu c¢aligmanin sonuglari, Carsamba Ovasi’ndaki biyogesitlilik oriintiilerinin edafik ve hidrolojik
kosullara giiglii bigimde bagli oldugunu gostermektedir. Cayir ve orman habitatlar1 yiiksek alfa
cesitlilige sahipken, tuzcul batakliklar ve sazliklar diisiik cesitlilik diizeyleriyle one ¢ikmustir.
Benzer bulgular Po ve Tuna deltalar1 gibi diger delta ekosistemlerinde de rapor edilmistir (Boros
vd., 2013; Cuttelod vd., 2008). Beta c¢esitlilik analizleri, habitatlar arasinda belirgin floristik
ayrismalar oldugunu gostermis, 6zellikle kumullarin 6zgiinliigli vurgulanmistir (Grime, 2001;
Legendre, 2008). Toprak analizleri ise c¢esitliligin besin elementleriyle pozitif, tuzluluk ve
alkaliniteyle negatif iliskili oldugunu ortaya koymustur (Yiicel ve Kutbay, 2019; Ersoy vd., 2020).
Bu bulgular, habitat 6zgiinliigliniin korunmasinin delta ekosistemlerinin siirdiiriilebilirligi agisindan
kritik oldugunu gostermektedir.

Sonuc ve Oneriler

Bu c¢alisma, Carsamba Ovasi’ndaki habitatlar arasinda ¢esitlilik diizeylerinin belirgin bigimde
farklilik gosterdigini ortaya koymustur. Iliman bolge ¢ayirlari ve nemli yaprak doken ormanlar
yiiksek cesitlilik degerleriyle 6ne ¢ikarken, tuzcul batakliklar ve sazliklar diisiik cesitlilige ragmen
habitat 6zgiinliikleriyle ekolojik dneme sahiptir. Calisma sonucunda, yiiksek cesitlilik degerlerine
sahip habitatlarin siirdiiriilebilir yonetimi, 6zgiin habitatlarin 6ncelikli koruma kapsamina alinmasi
ve ekolojik koridorlarin desteklenmesi onerilmektedir. Bu yaklasim, delta ekosisteminin ekolojik
biitlinliigiiniin korunmasi agisindan stratejik dneme sahiptir.
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ABSTRACT

Introduction and Purpose: Caffeine is a widely consumed psychoactive compound globally and
has been shown to enhance both cognitive performance and physical endurance. However, excessive
intake may have detrimental effects on health. This study aimed to evaluate the relationship between
caffeine consumption and body composition parameters among female students aged 18-25
enrolled in a Nutrition and Dietetics program.

Materials and Methods: This cross-sectional study was conducted between January and March
2025 and included 64 female students. Caffeine intake was calculated using detailed questionnaires
and caffeine content data supported by the literature. Body composition was assessed using the
Bioelectrical Impedance Analysis (BIA) method.
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Results: The participants’ mean daily caffeine intake was found to be 158.50 + 213.58 mg, with
90.6% classified within the low caffeine consumption group (<250 mg/day). No statistically
significant associations were observed between caffeine intake levels and demographic variables
such as age, meal skipping, or smoking status. However, alcohol consumption was found to be more
prevalent among high caffeine consumers (p = 0.003). No statistically significant relationships were
identified between caffeine consumption and body weight, body mass index, body fat percentage,
muscle mass, or other anthropometric measures (p > 0.05). In conclusion, the relationship between
caffeine intake and body composition appears to be complex and may be influenced by individual
health status, dietary habits, and physical activity. Further comprehensive, long-term interventional
studies are warranted.

Keywords: Body Composition, Caffeine Consumption, University Students.

OZET

18-25 Yas Aras1i Kadin Beslenme ve Diyetetik Ogrencilerinde Kafein Tiiketimi ile Viicut
Kompozisyonu Arasindaki Iliskinin Belirlenmesi

Kafein, diinya genelinde yaygin olarak tiiketilen psikoaktif bir bilesiktir ve biligsel performans ile
fiziksel dayanikliligi artirabilmektedir. Ancak asir1 tiikketimi saglik iizerinde olumsuz etkiler
yaratabilmektedir. Bu ¢alismanin amaci, Beslenme ve Diyetetik Boliimii’nde 6grenim goren 18-25
yas arast kadin Ogrencilerde kafein tiikketimi ile viicut kompozisyonu parametreleri arasindaki
iliskiyi degerlendirmektir. 2025 Ocak-Mart aylar1 arasinda yiriitiilen kesitsel arastirmaya 64 kadin
ogrenci katilmistir. Kafein alimi, detayli anketlerle ve literatiir destekli kafein igeriklerine gore
hesaplanmustir. Viicut kompozisyonu ise Biyoelektrik Impedans Analizi yontemiyle dlgiilmiistiir.
Katilimcilarin giinliik ortalama kafein alimi1 158,50 + 213,58 mg olarak belirlenmis, %90,6’s1 diisiik
kafein tiikketimi (<250 mg/giin) grubunda yer almistir. Kafein tiiketim diizeyleri ile yas, 6glin atlama,
sigara kullanimi gibi demografik degiskenler arasinda anlamli fark bulunmamig, ancak yiiksek
kafein tiiketenlerde alkol kullanim1 daha yaygin bulunmustur (p=0,003). Kafein tiiketimi ile viicut
agirhigl, beden kiitle indeksi, yag orani, kas kiitlesi ve diger antropometrik olgiiler arasinda
istatistiksel olarak anlamli iliski saptanmamistir (p>0,05). Sonug¢ olarak, kafein ve viicut
kompozisyonu iligkisi karmagsik olup, bireysel saglik durumu, diyet ve fiziksel aktivite gibi
faktorlerin bu iliski lizerine etkileri olasidir. Daha kapsamli, uzun donem miidahale caligmalar
gereklidir.

Anahtar kelimeler: Universite dgrencileri, kafein tiiketimi, viicut kompozisyonu

Giris

Kafein, diinya genelinde en yaygin tiiketilen psikoaktif bilesiklerden biridir. Kahve, cay, enerji
icecekleri, ¢ikolata ve bazi takviyelerde dogal veya eklenmis olarak bulunur (McGuire, 2014;
Temple ve ark., 2017). Merkezi sinir sistemi iizerindeki uyarici etkileri sayesinde bilissel
performansi artirabilir ve fiziksel dayaniklihigi destekleyebilir (Heckman ve ark., 2010). Orta
diizeyde kafein alim1 genellikle giivenli kabul edilse de, asir1 tiiketim kardiyovaskiiler rahatsizliklar,
uyku bozukluklar1 ve anksiyete gibi gesitli saglik sorunlarina yol agabilir (Alimyar ve ark., 2024,
EI-Nimr ve ark., 2019).

Avrupa Gida Giivenligi Otoritesi (EFSA) tarafindan 2015 yilinda yayimlanan rapora gore, saglikli
bireylerde giinliik 400 mg’a kadar kafein alimi giivenli kabul edilmistir. Ancak, 6zellikle geng
bireylerde enerji icecekleri gibi liriinlerin yayginlagsmasiyla birlikte kafein alimi kontrolsiiz sekilde
artabilmektedir. (EFSA Panel on Dietetic Products & Allergies, 2015; Rath, 2012).
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Universite dgrencileri arasinda kafein tiiketiminin yaygm oldugu bilinmektedir (Kaya & Acar,
2021; Kharaba ve ark., 2022). Saglik bilimleri {iniversite 6grencileri ile yapilan bir ¢alismada,
ogrencilerin genellikle uyaniklik saglama ve odaklanmayr artirma amaciyla tlkettikleri
belirlenmistir (Kaya & Agar, 2021).

Kafein tliketiminin viicut kompozisyonu tizerindeki etkileri ise heniiz net degildir. Baz1 ¢aligmalar,
kafein aliminin yagsiz viicut kiitlesiyle pozitif yonde iliskili olabilecegini 6ne slirmektedir. Bazi
bulgular, kafein tiiketiminin yagsiz viicut kiitlesi ile pozitif iliskili olabilecegini, 6zellikle kadinlar
ve geng bireylerde bu etkinin daha belirgin olabilecegini gostermektedir (Mattioli, 2025). Ancak bu
iliski yas, cinsiyet, hormon diizeyleri ve genetik faktorler gibi cesitli degiskenlerden
etkilenmektedir.

Bu calismada, Beslenme ve Diyetetik Boliimiinde 6grenim goéren 18-25 yas arasi bekar kadin
ogrencilerde kafein tliketimi ile viicut kompozisyonu arasindaki iliskinin degerlendirilmesi
amaclanmustir.

Yontem
Cahsmanin Evren ve Orneklemi

Calisma, 2025 yili Ocak-Mart aylar1 arasinda Amasya Universitesi Saglik Bilimleri Fakiiltesi
Beslenme ve Diyetetik Boliimii’nde 6grenim goren kadin 6grenciler ile yiiriitiilmiistlir. Arastirma
orneklemi, 18-25 yas aralifinda olan bekar kadin Ogrencilerden olusmaktadir (n = 64).
Katilimcilarin kafein tiikketim sikligi, sosyodemografik ozellikleri ve saglikla iligkili verileri,
arastirmaci tarafindan gelistirilen bir anket formu araciligiyla yiiz yiize goriisme yontemi ile
toplanmustir. Viicut kompozisyonu, Biyoelektrik Impedans Analizi (BIA) yontemiyle belirlenmis
ve antropometrik dl¢iimleri kaydedilmistir. Calisma, Amasya Universitesi Girisimsel Olmayan
Klinik Aragtirmalar Etik Kurulu’ndan onay almistir (onay tarihi: 09 Ocak 2025, karar no: 2024/172).

Antropometrik Olgiimler ve Viicut analizi

Katilimcilarin viicut analizi Tanita BC 545 N Innerscan segmental viicut anazli cihaz ile, taki,
kemer ve agir giysiler ¢ikarildiktan sonra, ¢iplak ayakla dik pozisyonda ve en az 8§ saat aclik sonrasi
sabah saat 8:30-9:30 arasinda gerceklestirilmistir. Olgiimler sirasinda katilimcilardan cihaz
platformunda ¢iplak ayakla durmalari ve el elektrotlarini tutmalart istenmistir. Viicut analizi
parametreleri; viicut agirligi (kg), viicut yag orani (%), viicut kas kiitlesi (kg) ve viicut su oran1 (%)
parametrelerinden olusmaktadir.

Antropometrik dlgiimler boy uzunlugu (cm), beden kitle indeksi (BKI), bel gevresi (cm), kalca
cevresi (cm), boyun cevresi (cm) ve bel/kal¢a oranindan olusmaktadir. Tiim O6l¢limler normal
eksalasyonla santimetre cinsinden kaydedilmistir. Boy uzunlugu, ayaklar yan yana ve Frankfurt
diizleminde Ol¢iilmiis (Pekcan, 2008); boyun gevresi tiroid kikirdagiin en ¢ikintili yerinden, bas
dik ve gozler karsiya bakacak sekilde esnek olmayan mezura ile dl¢iilmiistiir (Jiang ve ark., 2017).
Bel g¢evresi, gobek hizasinda giysi olmadan; kalga ¢evresi ise bel ve uyluk arasindaki en genis
bolgeden esnek olmayan mezura ile alinmistir (Saghafi-Asl ve ark., 2013). Bel/kalga orani bel
cevresinin kalga gevresine boliinmesiyle hesaplanmustir. BKI, viicut agirhiginin boy uzunlugunun
karesine boliinmesiyle (kg/m?) hesaplanmistir.

Kafein miktarini hesaplanmasi

Kafein tiiketim sikligin1 degerlendirmek amaciyla, arastirmaci tarafindan gelistirilen ve enerji
icecekleri, kolali icecekler, kahveler, caylar ile ¢ikolatalar gibi kafein igeren iiriinleri kapsayan
toplam 19 maddelik ayrintili anket formu tiiketim siklig1 ve miktar ile birlikte katilimcilara
uygulanmigtir. Anket kapsaminda yer alan iirlinlerin kafein igerikleri, etiketli iiriinler i¢in ilgili
markalarin resmi internet sitelerinden temin edilmis, diger {riinlerde ise literatiirden
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yararlanilmistir (Rocha ve ark., 2022). Tiim bu veriler dogrultusunda bireylerin giinliik kafein alim
diizeyleri hesaplanmistir. Kafein tiikketimi dnceki ¢alismaya dayanarak diisiik (<250 mg/giin) ile
yiiksek (>250 mg/giin) olarak kategorize edilmistir (Ramamoorthy ve ark., 2018).

istatistiksel Analiz

(Calisma sonunda elde edilen veriler, nitel degiskenler i¢in say1 (n) ve yiizde (%), nicel degiskenler
icin ise ortalama (X) ve standart sapma (SS) olarak gosterilmistir. Istatistiksel analizler SPSS 24.0
(Statistical Package for the Social Sciences) programi kullanilarak yapilmistir. Kategorik
degiskenlerin karsilastirilmasinda Ki-kare (y?) testi, siirekli degiskenlerin karsilastirilmasinda
Mann-Whitney U testi ve degiskenler arasindaki iliskiyi degerlendirmek amaciyla ise Spearman sira
korelasyon analizi uygulanmistir. Tiim istatistiksel degerlendirmeler %95 giiven araliginda yapilmis
ve anlamlilik diizeyi p<0,05 olarak kabul edilmistir.

Bulgular

Calismaya katilan bireylerin yas ortalamas1 20,31 + 1,85 olup, %95,3’1i herhangi bir diyet programi
uygulamamakta ve takviye iiriin kullanmamaktadir. Giinliikk ortalama su tiikketimi 1,83 + 0,69 L,
kafein alimi ise 158,50 + 213,58 mg olarak belirlenmistir. Katilimcilarin %90,6’s1 diisiik diizeyde
kafein tiiketmektedir. Kafein tiiketim diizeyine gore gruplar arasinda yas, ikamet edilen yer, 6giin
atlama durumu, atlanan 6gilin tiirii, su tliketimi ve sigara kullanimi agisindan anlamli bir fark
saptanmamustir. Ancak, alkol kullaniminin ytiksek kafein tiiketen grupta anlamli diizeyde daha fazla
oldugu belirlenmistir (p=0,003) (Tablo 1).

ablo 1 Katilimcilara ait sosyo-demografik veriler

Demografik veriler Diisiik kafein Yiiksek kafein

n (%) <250mg/giin >250mg/giin p

(n=58) (n=6)

Yas (X + SS) 20,31+ 1,85 20,31+ 1,93 20,31+ 1,93 0,769
Yasanilan yer
Ev 10 (15,6) 9 (15,5) 1(16,7) 0656
Yurt 54 (84,4) 49 (84,5) 5 (83,3) '
Ogiin atlama
Evet 55 (85,9) 49 (84,5) 6 (100,0) 0387
Hayir 9 (14,1) 9 (15,5) 0 (0,0 '
Atlanan 6giin
Kahvalt 21 (38,2) 17 (34,7) 4 (66,7)
Ogle 33 (60,0) 31 (63,3) 2(33,3) 0,309
Aksam 1(1,8) 1(2,0) 0 (0,0
Sigara kullanimi
Evet 20 (31,3) 16 (27,6) 4 (66,7) 0071
Hay1r 44 (68,8) 42 (72,4) 2(33,3) '
Alkol kullanim
Evet 9(14,1) 5 (8,6) 4 (66,7) 0003
Hayir 55 (85,9) 53 (91,4) 2(33,3) '
Su tiiketimi (X + SS) 1,83+ 0,69 1,85+ 0,68 1,67 + 0,88 0,562
Su tiiketimi
<1l5L 15 (23,4) 13 (22,4) 2(33,3)
15-2L 24 (53,1) 31 (53,4) 3 (50,0) 0,811
>2L 15 (23,4) 14 (24,1) 1(16,7)
Toplam Kafein (mg), (X £ SS) 759,71 + 0,000

158,50 + 213,58 9631£53.79 o5’
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Katilimcilarin en fazla kafein aldigi kaynaklar sirasiyla siyah cay (33,54 + 28,87 mg) ve Tiirk
kahvesi (32,61 £ 75,90 mg) olmustur. Enerji icecekleri, ¢ikolatalar ve diyet igecekler ise kafein
alimina en az katkida bulunan kaynaklardir (Tablo 2).

Tablo 2 Ortalama kafein miktarlari

Kafein kaynag Kafein miktar:
Siyah cay 33,54 + 28,87
Tiirk kahvesi 32,61 +75,90
Espresso (soguk) 24,57 £ 94,49
Espresso (sicak) 22,85+ 111,05
Instant kahve (sicak) 13,24 + 29,91
Bitter ¢ikolata 12,40 + 29,25
Instant kahve (soguk) 4,96 £22,56
Orijinal kola 2,65 +4.47
Yesil cay 2,54 +5,12
Soguk ¢ay 2,35+7,71
Enerji icecegi 2,00 £9,22
Siitlii ¢ikolata 1,75 £ 6,48
Orijinal Pepsi 1,20+ 3,13
Sicak ¢ikolata 0,50 +1,00
Cikolata aromal siit 0,41 +0,70
Diyet kola 0,35+ 1,44
Bitki ¢ay1 0,32+0,58
Pepsi Max 0,21 £ 0,96
Diyet Pepsi 0,04+ 0,16

Kafein tiiketimi ile viicut kompozisyonu arasinda istatistiksel olarak anlamli bir iliski
saptanmamustir (p>0.05). Spearman korelasyon katsayilarina gore en yiiksek pozitif iliski viicut yag
oran1 (r=0,128) ve kalga gevresi (r=0,129) ile, en yiiksek negatif iliski ise su oran1 (r=—0,115) ile
gbzlenmistir; ancak bu iligkiler istatistiksel olarak anlamli bulunmamustir.

Tablo 3 Kafein tiiketim diizeylerine gore viicut kompozisyonu 6l¢timleri

Kafein Tiiketimi Korelasyon
Degiskenler Toplam Diisiik kafein E‘?‘?ek

<250mg/day atein P r P

- >250mg/day
Vicut agirhg (kg) igcl); 602741111 592041100 2920 (079 0,534
BKIi (kg/m?) 22,16 £3,66 22,16+3,75 22,20+£2,97 0,866 0,103 0,417
Viicut yag orani (%) 26,31+7,40 26,17+7,60 27,72 £5,26 0,711 0,128 0,312
Kas kiitlesi (kg) 41,08 £6,49 41,17 +6,67 40,23 +£4,72 0,728 0,086 0,498
Su orant1 (%) 54,80+ 5,04 5493+5,17 53,52+ 3,64 0,566 -0,115 0,368
Bel gevresi (cm) 72,63+8,87 72,53+8,65  73,50+11,67 0,920 0,056 0,663
Kalga gevresi (cm) 97,86 +840 97,76 + 8,55 98,83 +7,36 0,661 0,129 0,308
Boyun gevresi (cm) 30,67 +3,02 30,78+3,10  29,67+2,16 0271 0,047 0,710
Bel/kalga orani 0,74 +£ 0,05 0,74 £ 0,05 0,74 £ 0,08 0,728 -0,026 0,840

Tartisma

Bu caligmada iiniversite Ogrencisi kadin bireylerde kafein tiiketimi ile viicut kompozisyonu
parametreleri arasindaki iliski incelenmistir. Elde edilen bulgulara gore; yiiksek ve diisiik kafein
tilketen gruplar arasinda viicut agirligi, BKI, viicut yag orani, kas kiitlesi, su orani, bel/kalca ¢evresi
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gibi parametrelerde istatistiksel olarak anlamli bir fark saptanmamistir. Ayni sekilde kafein tiikketim
miktari ile bu degiskenler arasindaki korelasyon analizinde de anlamli iliskiler g6zlemlenmemistir.

Literatiirde kafein tiiketimi ve viicut kompozisyonu arasindaki iliskiyi ele alan calismalarin
sonuglari olduk¢a karmagsiktir. Ramamoorthy ve ark. (2018) HIV’li bireylerde yiiriittiikleri
caligmada, daha yiiksek kafein alim1 daha diistik yag kiitlesi ile anlamli sekilde iliskili bulunmus (b
= -0,994, p = 0,042), ancak BKI ve yagsiz viicut kiitlesi ile anlamli bir iliski saptanmamustir.
Bununla birilikte literatiirdeki bazi1 ¢alismalar bulgularimizi destekler niteliktedir (Ayhan ve ark.,
2021; Malek ve ark., 2006; Williamson ve ark., 2018). Akut kafein tiiketiminin viicut kompozisyonu
tizerinde sadece Onemsiz degisikliklere yol actigi bildirilmistir. Benzer sekilde, Malek ve ark.
(2006)’1n sekiz haftalik miidahale ¢alismasinda, kafein takviyesine ragmen viicut agirligi veya
kompozisyonunda anlamli bir degisiklik izlenmemistir. Ayhan ve ark. (2021)’in erkek sporcularla
gerceklestirdigi caligmada da (n=43; 19 futbolcu, 24 voleybolcu) kafein alimi ile viicut agirlig
arasinda istatistiksel olarak anlamli bir iliki bulunmamastir.

Diger yandan, baz1 miidahale ¢aligmalari kafein tiikketiminin 6zellikle fazla kilolu ve obez bireylerde
yag kiitlesini azaltabilecegini ve kas kiitlesi yilizdesini artirabilecegini gdstermektedir (Fernandez-
Cardero ve ark., 2024). Henn ve ark. (2023) orta diizeyde kafeinli kahve tiiketiminin toplam viicut
yagl, govde yagi ve viseral yag dokusunda azalmalarla iliskili oldugunu belirtmis, hayvan
caligmalarinda ise kafeinin lipolizi uyararak yag kiitlesini azaltabilecegi bildirilmistir (Kobayashi-
Hattori ve ark., 2005). Ayrica, kafein alimindaki artiglarin uzun vadeli kilo aliminda hafif bir azalma
saglayabilecegi de raporlanmistir (Lopez-Garcia ve ark., 2006). Bu bulgular, kafeinin viicut
kompozisyonu iizerindeki etkilerinin bireyin saglik durumu, alim siiresi, alisilmis tiikketim diizeyi ve
diyet/egzersiz gibi diger faktorlerle birlikte degerlendirilmesi gerektigini gostermektedir.
Calismamizda elde edilen sonuglarin istatistiksel olarak anlamli olmamasi, 6rneklem biiytikliigiiniin
siirli olmasi, bireylerin alisilmis kafein tiiketim diizeylerinin farklilik gostermesi, fiziksel aktivite
diizeyleri, beslenme aligkanliklar1 ve genetik farkliliklar gibi faktorlerle iligkili olabilir. Ek olarak,
kafein tiiketimi ile viicut yag orani arasinda iliski oldugunu bildiren ¢aligmalarda bu iligkinin
antrenman durumu ve serum kafein diizeylerinden bagimsiz olabilecegi vurgulanmistir (Skinner ve
ark., 2014) Bu nedenle daha biiyiik 6rneklemlerle, alisilmis tiiketim diizeylerini ve diyet-fiziksel
aktivite gibi etmenleri dikkate alan ileri diizey arastirmalara ihtiyag vardir.
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Abstract

Aroma has a profound effect on the sensory character and consumer acceptance of sweet cherries.
This research conducted a wide screening of volatile compounds from 37 cherry genotypes with an
electronic nose (E nose) in conjunction with headspace solid-phase microextraction gas
chromatography—mass spectrometry (HS SPME GC MS). 363 volatile compounds were identified
and distributed into 14 chemical classes. Terpenoids, esters, and alcohols were the three dominant
classes by content. Cultivar-specific variations arose: "Saylor" showed the greatest volatile content
at 76.98 ngeg!, whereas "Minnie Royal" contained the lowest content at 67.27 pgeg'. Out of the
volatiles, 51 major compounds—of which 1 nonen 3 one, (E) 2 nonenal, and 2,4 nonadienal were
top contributors to aroma profiles—were determined as major contributors to aroma profiles.
Multivariate analyses through principal component analysis (PCA) and E nose sensor outputs traced
out different odor signatures, with "Cao5" cultivar standing out prominently due to a distinct aroma
pattern. The combination of E nose quick detection and HS SPME GC MS description offers a
robust platform for rapid, precise flavor profiling and cultivar discrimination. They provide the
foundation for future breeding programs that target improved sensory attractiveness and can aid
industry quality control and cultivar selection efforts based on flavor.

Keywords:

Volatile compounds, Electronic nose (E nose), HS SPME GC MS, Sweet cherry aroma, Cultivar
differentiation
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ABSTRACT

Aromatic and medicinal plants are a valuable source of bioactive compounds used in various fields,
including pharmacology, cosmetics, the agri-food industry, and agriculture. Recently, interest in
endophytic microorganisms such as bacteria and fungi that live inside plant tissues without causing
harm has significantly increased. These microorganisms play a key role in modulating the secondary
metabolism of host plants, contributing to the increased production of bioactive compounds. This
symbiotic interaction can stimulate the synthesis of substances such as alkaloids, flavonoids,
terpenes, and phenols, often in response to biotic or abiotic stress. In addition to enhancing plant
resistance to pathogens and adverse environmental conditions, endophytes can also improve plant
growth. Several studies have demonstrated the ability of certain endophytic strains to produce
valuable metabolites themselves, opening up promising prospects in biotechnology. This work aims
to explore the potential of endophytes as promoters of secondary metabolite biosynthesis in aromatic
and medicinal plants, highlighting plant-microorganism interaction mechanisms and associated
biotechnological perspectives.

Keywords: Aromatic and medicinal plants, agriculture, endophytic microorganisms, bacteria,
Fungi, bioactive compounds, secondary metabolites,
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ABSTRACT

Breakfast is one of the most important meals of the day, and nutritional recommendations stipulate
that dietary fat and cholesterol intake should be reduced and that calorie intake from complex
carbohydrates should be increased. Therefore, owing to their ease of preparation, high fiber content,
and vitamin and mineral supplementation, breakfast cereals are emerging as a healthy breakfast
option, and their consumption is steadily increasing. The variety of breakfast cereals, which hold a
significant place in modern eating habits, is constantly expanding. These grain-based products (such
as corn, wheat, rice, oats, and barley) contain certain amounts of nutrients, such as starch, protein,
fatty acids, minerals, vitamins B and E, and various phytochemicals, and their energy values vary.

Breakfast cereals can be classified as traditional (hot) cereals, which require more cooking or
heating before consumption, and ready-made (cold) cereals, which can be consumed straight from
a box or with the addition of milk. Cold cereals are preferred. The most important raw material in
any type of breakfast cereal is grain. Most breakfast cereals contain other ingredients, such as salt,
yeast, sweeteners, flavorings, colors, vitamins, minerals, and preservatives. This study examines the
food additives used for various purposes during the production of breakfast cereals, their functions,
and their potential health effects. For this purpose, information is provided on the most commonly
used sweeteners, colorants, preservatives, emulsifiers and stabilizers, flavoring/enhancing agents,
and enriching vitamins and minerals. Furthermore, the aim is to raise awareness of heavy metal
contamination during the cultivation of raw grains and to provide warnings and recommendations
for the government, producers, and consumers.

Key Words: Breakfast cereals, Food additives, Nutrition, Food safety, Health

OZET

Kahvalt1 giiniin en 6nemli 6giinlerinden olup beslenme 6nerilerinde diyetle alinan yag ve kolesterol
aliminin azaltilmas1 ve kompleks karbonhidratlardan alinan kalori aliminin artirilmasi gerektigi
belirtilmektedir. Bu nedenle; pratik hazirlanabilir oluslari, yiiksek lif igerigi ve vitamin-mineral
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takviyesiyle zenginlestirilmis bilesimleri nedeniyle kahvaltilik gevreklerin saglikli bir kahvalti
secenegi olarak one c¢iktig1 ve tiikketimlerinin giderek arttigi goriilmektedir. Modern beslenme
aligkanliklarinda onemli bir yer tutan kahvaltilik gevreklerin iiriin ¢esitliligi her gecen giin
artmaktadir. Tahil temelli (misir, bugday, piring, yulaf ve arpa gibi) bu iirlinler; nisasta, protein, yag
asitleri, mineraller, B ve E vitaminleri ile gesitli fitokimyasallar vb. besin 6gelerini belirli oranlarda
icermekte ve enerji degerlerinde ¢esitlilik olmaktadir.

Kahvaltilik gevrekler, 1. tiiketilmeden once daha fazla pisirme veya 1sitma gerektiren geleneksel
(sicak) gevrekler ve 2. kutudan veya siit ilavesiyle tiiketilebilen hazir (soguk) gevrekler olarak
simiflandirilabilir. Soguk gevrekler daha ¢ok tercih edilmektedir. Herhangi bir ¢esitteki kahvaltilik
gevrekte en onemli hammadde tahildir. Cogu kahvaltilik gevrek, tuz, maya, tatlandiricilar, aroma
vericiler, renklendiriciler, vitaminler, mineraller ve koruyucular gibi baska bilesenler igermektedir.

Bu caligmada, kahvaltilik tahillarin iiretimi sirasinda ¢esitli nedenlerle kullanilan gida katki
maddeleri, fonksiyonlari ve olast saglik etkileri incelenmistir. Bu amagla en c¢ok kullanilan
tatlandiricilar, renklendiriciler, koruyucular, emiilgator ve stabilizorler, aroma ve lezzet
veren/artiran maddeler, zenginlestirme vitaminleri ve mineraller hakkinda bilgi verilmistir. Ayrica
hammadde tahillarin yetistirilmesi sirasindaki agir metal kontaminasyonu ve uyarilar yapilarak
devlet, iireticiler ve tiiketiciler i¢in Oneriler verilerek konuya dikkat gekmek amaglanmustir.

Anahtar kelimeler: Kahvaltilik tahillar, Gida katki maddeleri, Beslenme, Gida giivenligi, Saglik

Giris

Sehirlesme ile birlikte beslenme aliskanliklar1 da 6nemli 6l¢lide doniismiis/doniismektedir. Kiiresel
kiiltiirlin etkisi ve pratik yasamanin geregi olarak geleneksel sofralarda yer almayan pek ¢ok hazir
gida; kolaylikla hazirlanmasi, ekonomik olusu ve doyuruculugu nedeniyle giinliik beslenmede daha
sik tercih edilmektedir (Budagova, 2022). Beslenme uzmanlari, kahvaltinin giinlin en 6nemli
ogtinlerinden biri oldugunu ve beslenme oOnerilerinde diyetle alinan yag ve kolesterol aliminin
azaltilmast ve kompleks karbonhidratlardan alman kalori alimimin artirilmasi gerektigini
belirtmektedir (Rehal vd., 2012). Bu siirecte, kahvaltilik gevrekler de 6zellikle sabah kahvaltilarinda
giderek yayginlasan bir tiikketim aligkanlig1 haline gelmistir. Bu {irlinlere olan talep giderek artmakta
ve bu durum arastirmacilari iirlin ve lezzette daha fazla ¢esitlendirme ile kaliteli iirlinler gelistirmeye
tesvik etmektedir. 5-12 yas aras1 ¢cocuklarda, haftada {i¢c veya daha fazla kez hazir kahvaltilik gevrek
yiyenlerin, hi¢ kahvaltilik gevrek yemeyenlere gore daha az yag ve kolesterol, ancak daha fazla lif,
B, A ve D vitamini tiikettigi bildirilmistir (Rehal vd., 2012). Pratik hazirlanabilir oluslari, yiiksek lif
icerigi ve vitamin-mineral takviyesiyle zenginlestirilmis bilesimleri nedeniyle kahvaltilik gevrekler,
saglikli bir kahvalti segenegi olarak one ¢ikmaktadir. Tahil temelli bu tiriinler; nisasta, protein, yag
asitleri, mineraller, B ve E vitaminleri ile ¢esitli fitokimyasallar vb. besin 6gelerini belirli oranlarda
icermekte ve enerji degerlerinde ¢esitlilik olmaktadir (Budagova, 2022). Bu nedenlerle modern
beslenme aligkanliklarinda 6nemli bir yer tutan kahvaltilik gevreklerin lezzet maddeleri ve gesitli
katkilarla iirtin gesitliligi de her gecen gilin artmaktadir. Sekerle kaplanmis, mikro besinlerle
zenginlestirilmis veya meyvelerle zenginlestirilmis sisirilmis, pullanmis, parcalanmis veya ekstriide
edilmis misir, bugday, piring, yulaf veya diger tahillar genellikle kahvaltilik gevrek olarak
adlandirilir (Rehal vd., 2012).

Kahvaltilik gevrekler, 1. tiikketilmeden 6nce daha fazla pisirme veya 1sitma gerektiren geleneksel
(sicak) gevrekler ve 2. kutudan veya siit ilavesiyle tiiketilebilen hazir (soguk) gevrekler olarak
siiflandirilabilir. Soguk gevrekler daha ¢ok tercih edilmektedir. Herhangi bir ¢esitteki kahvaltilik
gevrekte en dnemli hammadde tahildir. Cogu kahvaltilik gevrek, tuz, maya, tatlandiricilar, aroma
vericiler, renklendiriciler, vitaminler, mineraller ve koruyucular gibi baska bilesenler igerir (Rehal
vd., 2012).
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Kahvaltihk Gevrek Tiirleri/Cesitleri

Tahil bazli kahvaltilik gevrekler, kullanim sekillerine gore iki ana gruba ayrilmaktadir: tiiketime
hazir ve pisirme gerektiren gevrekler. Tiiketime hazir olanlar; tahil gevrekleri, sisirilmis iriinler,
graniiller, parcalanmis ve ekstriide edilmis tahillar1 kapsarken;

1. Geleneksel Kahvaltilik Tahillar, Pisirmeye hazir tahillar

Bu tahillar, tiiketilmeden Once pisirilmesi veya 1sitilmasi gereken tahillardir (Rehal, 2012). Bunlar
yulaf ezmesi, bugday unu ve misir kirmasit gibi 6n islem goérmiis, ancak tiiketim Oncesi pisirme
gerektiren triinleri igermektedir (Budagova, 2022). Piyasadaki geleneksel tahillarin neredeyse
tamami (%99), yulaf (%81'den fazlas1) ve irmik (yaklasik %18) kullanilarak iiretilen iiriinlerdir.

o Yulaf gevrekleri,
. Bugday gevrekleri,
. Misir gevregi.

2. Tiiketime Hazir Tahillar (Soguk tahillar)

Hazir kahvaltilik gevrekler, asagidaki temel gevrek tiirlerine gore gruplandirilarak tanimlanabilir
(Rehal, 2012):

* Pul gevrekler
* Sisirilmis gevrekler

* Rendelenmis gevrekler.

Tahil tanelerinin sisirilmesi ve patlatilmasi eski bir geleneksel islemdir. Bu sisirilmis iiriinler iyi bir
atistirmalik yiyecek olarak kabul edilmektedir (Swarnakar vd., 2022). Kahvaltilik gevrek cesitlert;
yulaf ezmesi, misir gevregi, meyveli miisli, glutensiz yulaf ezmesi gibi {irlinlerdir Miisli; bir¢ok
tahil, kuruyemis, kuru meyve ve ¢esitli tohumlardan olusan kahvaltilik gevrek olup lif ve omega-3
yag asidi i¢erigi zengindir (Budagova, 2022). Hazir kahvaltilik gevreklerin kimyasal kompozisyonu,
bilgi amaciyla Tablo 1’de verilmistir.

Tablo 1. Tahil iiriinlerinin kimyasal kompozisyonu (%) (Rehal, 2012)

Uriin Tipi/cesidi Nem Nisasta Protein Lif Yag Seker Tuz

Pul gevrekler 3.0-8.0 40-80  8-16 4-25 4.0-80 0-28 0.25-1.10
Sisirilmig tahillar 3.5-6.0 32-80 7-15 2-8 0-4.0 0-55  0.0-0.50

Parcalanmis tahillar 2.5-6.5 45-88 4-20 7-11.5 0-7.6 0-23 0.0-1.14

Kahvaltilik Gevreklerde Kullanilan Gida Katki Maddeleri ve Saghga Etkileri

Kahvaltilik gevrekler, 6zellikle sehirlesmis ve hizli yasam tarzina sahip toplumlarda kahvalti 6giinii
icin 6nemli bir alternatif haline gelmistir. Bu iirlinlerin raf 6mrii, lezzet ve dokusunu iyilestirmek
icin ¢ok sayida katki maddesi kullanilmaktadir. Literatiirde arastirmasi sonucu, katki maddelerinin
biliyiik ¢ogunlugunun yasal sinirlar dahilinde kullanildiginda giivenli oldugu kabul edilmektedir
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(EFSA, 2013; FDA, 2021). Bununla birlikte, 6zellikle ¢ocuklar olmak iizere hassas tiiketici
gruplarinda katki maddelerine uzun siireli maruziyetin potansiyel etkileri konusunda bilimsel
endiseler devam etmektedir (WHO, 2023; Chassaing vd., 2015). Kahvaltilik gevrek iirlinlerinde
kullanilan katki maddeleri hem teknolojik gereklilikleri karsilamak hem de duyusal kaliteyi artirmak
amaciyla formiilize edilmektedir.

Bu calismada, gevreklerde yer alan katkilar, fonksiyonlarina gore degerlendirilmistir: tatlandiricilar,
renklendiriciler, koruyucular, emiilgatorler, kivam artiricilar/stabilizorler, vitamin-mineral
takviyeleri ve aroma ve lezzet maddeleri.

Tatlandiricilar: Tatlandiricilar, ¢ocuk {irlinlerinde yaygin olarak kullanilmakta, ilave seker
(sakkaroz, glukoz-fruktoz surubu) enerji degeri ve obezite riski agisindan sorun olusturabilmektedir
(International Agency for Research on Cancer (IARC, 2023). Alternatif olarak kullanilan yapay
tatlandiricilar (sodyum sakkarin, E954; aspartam, E951 gibi), kalori icermez ancak uzun vadeli
etkileri tartismalidir. Yapay tatlandiricilarin diyabet, metabolik bozukluk ve mikrobiyota iizerindeki
etkilerinin netlesmemis oldugu ve dikkatle izlenmesi gereken bir alan oldugu rapor edilmistir
(World Health Organisation, WHO, 2023). Diinya Saglik Orgiitii (WHO, 2023) bu katkilarin viicut
agirlig kontroliinde uzun siireli yarar saglamadigini belirtmistir. Aspartam, insan gida tedarikinde
en ¢ok incelenen yapay tatlandirict olup FDA bilim insanlari, aspartamin onayli kosullar altinda
kullanildiginda herhangi bir giivenlik endisesi olusturmadigini belirtmis (FDA, 2025), IARC ise
aspartami1 “muhtemel kanserojen” olarak smiflandirmistir (IARC, 2023), EFSA ve FDA gibi
kurumlar “bir kisinin yasami boyunca her giin tiiketilmesinin giivenli oldugu diisiiniilen bir madde
miktar1” olarak tanimlanan ADI degerinden daha az kullanildiginda aspartamin giivenli oldugunu
bildirmislerdir (EFSA, 2013; FDA, 2025). Aspartam 1siya dayamikli degildir ve isitildiginda
tatliligin1 kaybeder, bu nedenle genellikle unlu mamullerde kullanilmaz, ancak soguk kahvaltilik
gevreklerde kullanilabilir (FDA, 2025).

Renklendiriciler: Renklendiriciler, ¢ocuk {iriinlerinde yaygin olarak kullanilmaktadir. Ancak
sentetik boyalarin kullanimi 6zellikle ¢ocuk firiinlerinde sinirlandirilmalidir. Azo boyalarinin
popiilaritesi, bol miktarda canli renkle sonuclanan kimyasal ¢ok yonliiliiklerine dayanmaktadir.
Ayrica, diisiik maliyetlidirler, kolayca erisilebilirler, stabildirler, tutarlidirlar ve herhangi bir tat veya
hos olmayan kokuya sahip degildirler (Barciela vd., 2023). Bununla birlikte, gida azo boyalarinin
olumsuz saglik etkileri olabilir (Monisha vd., 2023). ADI sinirlarinin altinda, yapay boyalarin alimi
giivenlidir, ancak, daha yiiksek dozlar, 6zellikle ¢ocuklarda saglik sorunlarina neden olabilir.
Bildirilen olas1 saglik sorunlar arasinda alerji, dikkat eksikligi hiperaktivite bozuklugu (DEHB),
astim, sitotoksisite ve genotoksisite bulunmaktadir (Barciela vd., 2023). Sentetik azo boyalar (E102,
E110, E129 vb.), 6zellikle cocuk firiinlerinde sik kullanilir. AB ve Tiirkiye’de azo boyalarinin
kullanildig: iiriin etiketlerinde “cocuklarin dikkat ve aktivitesi iizerinde olumsuz etkiler olabilir”
uyarist zorunlu olmustur (EFSA, 2013; Tiirk Gida Kodeksi Gida Katki Maddeleri Yonetmeligi,
2023). ABD’de bu yonde bir etiket uyarisi bulunmamaktadir (FDA, 2021). Gida sanayisinde dogal
renklendiricilerin kullanim1 tesvik edilerek tiiketici sagligi korunmalidir (Shahidi ve Zhong, 2010).

Koruyucular: Gevreklerde mikrobiyal bozulma riski diisiik olsa da yaglarin oksidasyonunu
onlemek icin BHA — E320, BHT — E321 gibi baz1 antioksidanlar eklenir. Oksidasyona kars1 yaygin
kullanilan BHA ve BHT gibi sentetik antioksidanlarin (Cakmakci, 2022), hayvan deneylerinde
tiimor olusumlar ile iliskilendirildigi bildirilmektedir. Her ne kadar insanlara ait net kanitlar sinirh
olsa da bunlara alternatif olarak dogal antioksidanlarin tercih edilmesi daha giivenli bir yaklagimdir
(Shahidi, ve Zhong, 2010). GRAS statiilerine ragmen, BHA ve BHT, 6zellikle yiliksek dozlarda
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tilkketildiginde veya uygulandiginda potansiyel saglik riskleriyle iliskilendirilmistir. Uzun siireli
maruz kalmanin iireme toksisitesi, hormon bozukluklar1 ve kanser gibi saglik sorunlarina yol agtig1
bildirilmektedir (Environmental Working Group, EWG, 2025). BHA, IARC tarafindan “olasi1 insan
kanserojeni” olarak siniflandirilmistir (IARC, 2023). Ancak EFSA ve FDA gibi kuruluslar, bu
katkilarin belirlenen maksimum dozlarda giivenli oldugunu ifade etmektedir (EFSA, 2013; FDA,
2021; EWG, 2025).

Emiilgatorler: Lesitin (E322), mono-digliseritler (E471), polisorbat-80 (E433) gibi katkilar;
homojen yap1, kaplama stabilitesi ve lezzet dagilimi saglamak i¢in kullanilir. Son yillarda bazi
emiilgatdrlerin (6zellikle CMC ve E433) bagirsak mikrobiyotasi izerinde olumsuz etkiler ve glukoz
intolerans1 gibi sonuglara isaret ettigi hayvan deneyleriyle gosterilmistir (Chassaing vd., 2015).
Ancak bu bulgular insanlar i¢in heniiz yeterli kanit teskil etmemektedir. Emiilgatorler ve katki

karigimlarinin uzun siireli saglik etkilerini degerlendiren epidemiyolojik calismalar artirilmalidir
(Chassaing vd., 2015).

Stabilizorler, kivam artiricilar: Ksantan zamki (E415), guar zamki (E412), karragenan (E407)
gibi stabilizorler, lirlin dokusunu dengelemek ve paketleme sirasinda kirilmay1 6nlemek amaciyla
eklenir. Karragenan’in yiiksek dozlarda kolit benzeri inflamasyonlara yol agabilecegi hayvan
caligmalar1 bulunmakla birlikte, EFSA ve FDA bu katkiy1 genel gidalarda giivenli kabul etmektedir
(FDA, 2021). AB ise bebek mamalarinda tedbir olarak yasaklamistir (European Commission, 2011).

Vitamin-mineral takviyeleri: Fortifikasyon amaciyla eklenen vitaminler (B1, B3, B6, folik asit)
ve mineraller (demir, ¢inko) bunlarla ilgili yetersizliklerin 6nlenmesinde yararlidir. Kahvaltilik
gevreklerde zenginlestirme seviyesindeki artig, tliketicilerin multivitamin tabletlerini, yiiksek
oranda zenginlestirilmis bir gevrek markasiyla degistirmelerini saglayabilecegi belirtilmektedir
(Rehal vd., 2012). Ancak ¢ocuklarin yiiksek dozda fortifiye iiriin tiilketmesi bazi mikro besinlerde
tolere edilebilir {ist alim diizeylerinin (ADI) agilmasina neden olabilir.

Aroma ve lezzetlendiriciler: Vanilin, malt ekstrakti ve ¢ilek aromasi gibi katkilar, {irline lezzet
kazandirmak i¢in eklenir. Genellikle ppm diizeyinde kullanildiklarindan saglik a¢isindan dogrudan
etkileri sinirlidir. Ancak bazi bireylerde aroma kimyasallarina karst duyarlilik bildirilmistir (FDA,
2021). Gida sanayisinde dogal aroma ve lezzet maddelerinin kullanimi tesvik edilmelidir (Shahidi
ve Zhong, 2010; Cakmakei, 2022).

Avrupa Birligi, 1333/2008/EC sayih tiiziik ile katki maddelerinin hangi gidalarda hangi dozda
kullanilabilecegini diizenlemekte ve etiketleme kurallar1 koymaktadir. Tiirkiye’de Tirk Gida
Kodeksi Gida Katki Maddeleri Yonetmeligi ile, ABD’de ise katki maddeleri GRAS kriterlerine gore
siniflandirilir ve FDA tarafindan diizenlenir. Ozellikle tatlandiricilar, renklendiriciler ve
antioksidanlar gibi hassas katk1 gruplari i¢in ulusal diizenlemeler titizlikle uygulanmaktadir (FDA,
2021). Kisacasi 6zellikle cocuklara yonelik kahvaltilik iiriinlerde kullanilan seker, yapay tatlandirici
ve sentetik boya kullanimi sinirlanmali veya alternatif dogal katkilarla degistirilmelidir (McCann
vd., 2007). Tiiketicilerin katki maddeleriyle ilgili farkindalig1 artirilmali; 6zellikle ebeveynler,
cocuk tirtinlerini alirken etiketindeki igerik dikkatle incelemelidir.

Tablo 2°de kahvaltilik gevreklerde kullanilan bazi1 katki maddeleri; kullanim amaglari, saglikla ilgili
ozet degerlendirmeler ve Tiirkiye/AB/ABD mevzuatlarina gore yasal durumlar verilmistir.
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Tablo 2. Kahvaltilik tahillarda kullanilan bazi gida katki maddeleri / zenginlestirme bilesenleri

Gida Katki | Kullanim Ornek Katkilar | Saghk ile Tlgili | Mevzuat Kaynak
Maddeleri Simnifi | Amaci ve E Kodlar Notlar Notlar

(Tiirkiye/AB/A

BD)

Tatlandiricilar Seker tad1 | Sakkaroz, Obezite ve diyabet | TR/AB’de (IARC,
vermek; sekere | HFCS, riski; aspartam | smurli; Aspartam | 2023; FDA,
ikame, kalori | Aspartam FDA (2025) | igin 2025)
diistirmek (E951), Stevia | normal smirlar | fenilketonuri

(E960) i¢inde giivenli uyarisi  zorunlu.
ABD’de  ADI
belirlenmistir

Renklendiriciler | Gorilintisii cazip | Tartrazin Hiperaktivite, AB: E102, E129 | (EFSA,
hale getirmek, | (E102), alerji riski; E102- | vb. i¢in etiket | 2009)
karakteristik Karmosin E129 i¢in dikkat | uyarisi zorunlu;
renk vermek. (E122), Onerilir ABD’de uyan

B-karoten yok
(E160a)

Koruyucular Raf omriint | BHA  (E320), | Yiiksek dozda | TR/AB: En ¢ok | IARC 2B
uzatmak: BHT  (E321), | tiimor/hormonal 200 mg/kg; | smnifi
mikrobiyal Askorbik  asit | etki; BHA ABD: BHA
bozulmayr  ve | (E300) <200 ppm,
yaglarin etikette belirtme
oksidasyonunu zorunlu
Onlemek

Emiilgatorler Yag ve su fazimi | Lesitin  (E322), | Baz1 emiilgatorler | TR/AB: Onayh | (Chassaing
karistirmak; E471, Polisorbat | (E433) Dbagirsak | listede; ABD’de | vd., 2015)
homojen doku, | 80 (E433) florasini GRAS listesi,
parlak kaplama etkileyebilir alerjen kaynagi
saglamak belirtilmeli

Kivam artiricilar | istenen  kivami | Guar zamki | Karragenan baz1 | TR/AB: Bebek
olusturmak, (E412), Ksantan | arastirmalarda tirtinlerinde
karisimi zamk  (E415), | kolit ile | kisitlama; ABD:
stabilize etmek, | Karragenan iliskilendirilmistir | GRAS ancak
parcalari bir | (E407) etiket zorunlu
arada tutmak

Aroma ve lezzet | Ozgiin tat ve | Vanilin, Diisiik  dozlarda | TR/AB: Aroma

maddeleri, lezzet | koku Diasetil, Meyve | giivenli; yonetmeligi

artiricilar kazandirmak, oziitleri, MSG | hassas bireylerde | kapsaminda
lezzeti artirmak | (E621) bas  agrisi/mide | izlenir

agrist

Vitamin-mineral | Uriiniin  besin | A, D, E, K; B1- | Fazla TR: Goniilla

takviyeleri degerini B12; Demir, | vitamin/mineral zenginlestirme,
artirmak, Cinko, toksisite yapabilir | AB:
eksiklikleri Kalsiyum, Iyot (ozellikle A | 1925/2006/EC
onlemek vitamini, ¢inko) sinirlar var,
(zenginlestirme) ABD:  yaygin

zenginlestirme

Kahvaltilik Gevreklerin Zenginlestirilmesi

Tahil taneleri bazi vitamin ve mineraller i¢in iyi bir kaynak olustursa da bunlarin iglenmesi sirasinda
bazi besin maddelerinde kayiplar olusmaktadir. Bu nedenle hem kaybolani ilave etmek hem de
zenginlestirme amaciyla gevreklere bazi ilaveler yapilmaktadir. Zenginlestirme uygulamalarinda en
onemli nokta, hangi besin dgesinin ne miktarda katilacaginin tespitidir. Spesifik besin dgeleri ve
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miktarlar iirlinden iiriine degismekle birlikte, zenginlestirme ile elde edilen {iriinlerin bu besin
Ogelerini gilinliilk alinmasi gereken miktarlar agisindan en az %25 oraninda karsilamasi
gerekmektedir. Baz1 6zel durumlarda bu oran %45'e kadar ¢ikabilmektedir (Akbas ve Ozkaya,
2006). Kahvaltilik gevrekler genellikle vitamin ve minerallerle zenginlestirilir. Zenginlestirme
nedenleri; 1. gevrek yapiminda kullanilan tahil kaynaklarinin g¢ogunun, Oziinii ¢ikarmak igin
ogitiilmiis ve bu nedenle de vitamin igeriklerinin azalmis olmast, 2. tiiketicilerin gevreklerin dengeli
bir kahvaltinin "pargast”" oldugu yoniindeki Onerileri genellikle gormezden gelmeleri nedeniyle
gevreklerle dengeli bir kahvalti olmasini istemeleridir (Rehal, 2012). Zenginlestirme ile iiretim
sirasinda kaybolan bir besin maddesi takviye edilebildigi gibi, iirlinde bulunmayan bir besin
maddesi de ilave edilebilmektedir (Akbas ve Ozkaya, 2006). Zenginlestirmede iiriiniin rengi,
kokusu ve lezzeti olumsuz etkilenmemeli ve ilave edilen besin Ogeleri stabil olup, tiretim ve
depolama sirasinda meydana gelen kayiplar1 telafi edebilecek diizeylerde katilmalidir.
Zenginlestirilmis trlinlere dogru ilerleyen gidisat, gelismis iilke toplumlarmin c¢esitli kesimleri
tarafindan yonlendirilmekte olup hem tip ve diizenleyici topluluklar hem de gida isleyicileri, tiiketici
gruplar1 ve medyadan destek gormektedir (Rehal, 2012). Kahvaltilik gevreklerde zenginlestirme
seviyesindeki artis, tiiketicilerin multivitamin tabletlerini, yliksek oranda zenginlestirilmis bir
gevrek markasiyla degistirmelerini saglayabilecegi belirtilmektedir (Rehal, 2012). Hazir tahil
gevregi tikketen ¢ocuklarin, tilketmeyenlere kiyasla giinliik A, B6 vitamini, tiamin, niasin, riboflavin
ve demir alimlarinin daha yiiksek oldugu gosterilebilir. Karbonhidrat, lif, tiamin, riboflavin, folat,
kalsiyum, demir ve A, C ve E vitaminleri aliminin, kahvaltilik gevrek tiiketen tiim yas gruplarindaki
kigilerde, tiiketmeyenlere kiyasla daha yiiksek oldugu bulunmustur. Son iiriinde hangi besin
maddelerinin gerekli olduguna karar verildikten sonra, gida miihendisleri/teknologlari bu isi
tamamlamakla kalmay1p, ayn1 zamanda su hususlar1 dikkate almalidir (Rehal, 2012);

. Uriiniin koku, tat veya renk agisindan olumsuz etkilenmedigi,

o Eklenen besin maddesi takviyesinin, isleme ve depolama kayiplarini telafi edecek kadar
fazla miktarda kabul edilebilir diizeyde stabil olup olmadig,

J Son tirlinilin tiretiminin pratik ve ekonomik olarak stirdiirtilebilir olacag:.

Isleme kosullar1 ne kadar karmasik ve kotii olursa, bu amaclara ulasmak o kadar zorlasir.
Zenginlestirme yOntemi, saglam iiretim uygulamalarmin yani sira gida kimyasi ve iiriin ve siire¢
hakkinda 1yi bir bilgiye dayanmalidir. Hazir tahillarda, takviye paketinin vitamin kismi genellikle
iki asamada eklenir: hassas veya i1stya duyarli vitaminler, iiretim siirecinde hizla bozulma
gosterebildiginden bunlarin kayiplarinin onlenmesi i¢in, ekstriizyon asamasindan sonra sprey
seklinde uygulanirlar. Ayrica, istenmeyen tat ve kokular1 en aza indirerek iiriinii tiiketici i¢in daha
kabul edilebilir yapar. Mineraller ve stabil vitaminler genellikle ekstriizyondan 6nce kuru karisima
eklenir (Rehal vd., 2012).

Agir Metal Kontaminasyonu ve Mikotoksin Riski

Cok 6nemli bir husus olarak da gidalardaki agir metal kontaminasyonu, gida kalite kontroliiniin en
kritik konular1 arasindadir. Ancak, tahil bazli kahvaltilik 6giinlerin tiiketicilerinin toksik metallere
ne Ol¢iide maruz biraktigina dair veri kitlhigi bulunmaktadir. Ayrica, kirlenmis tarlalarda yetistirilen
tahillar, topraktan tahillarina toksik metaller tasiyabilir (Du vd., 2018). Sonug olarak, tahillar
diinyanin ¢ogu yerinde temel gida maddelerinin basinda geldigi icin, ozellikle yiiksek tiiketim
oranlar1 nedeniyle toksik metallere maruz kalmaya katkida bulunabilirler (Mousavi Khaneghah,
2020). Bu nedenle de kahvaltilik tahillarda ana bilesen olan tahillarin bu agidan giivenli oldugundan
emin olunmali, bu konularda arastirmalar yapilmalidir. Oduro vd. (2023) tarafindan yapilan bir
arastirma sonucunda, tahil bazl gidalarda (bugday, piring, yulaf, misir, dar1 ve sorgum) analiz edilen

AUGUST 21-22, 2025 / ISTANBUL AREL UNIVERSITY 68



ICoN-FAC 2025 INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

metallerin (As, Cd, Cr, Ni, Mn ve Pb) konsantrasyonlarinin FAO/WHO limitlerini astig1
belirlenmistir. Ozellikle Cd ve Ni igin tehlike katsayis1 (HQ) degerlerinin 1'in iizerinde oldugu,
dolayisiyla gesitli yas gruplar arasinda, 6zellikle de yeni yiirlimeye baslayan ¢ocuklarda olasi bir
olumsuz saglik etkisine igaret ettigi rapor edilmistir. Bu arastirmada sonucunda, 6zellikle Cd ve Ni
varlig1 agisindan tahil bazli kahvaltilik tiiketiminin siirekli izlenmesi ve yonetiminin gerekliligi
vurgulanmistir. Tahil bazli gidalardaki metallerin birincil kaynagi toprak oldugundan, siirekli olarak
cevresel izleme ve yonetimin 6nemi vurgulanmistir. Tahil bazli kahvaltiliklarda daha genis bir
kahvaltilik gevrek ve metal yelpazesini ele alan daha kapsamli ¢alisma Onerilmistir. Ayrica agir
metallerin olusturdugu gergek saglik risklerini belirlemek i¢in bireysel duyarlilik, genel beslenme
ve yagam tarzi gibi diger faktdrlerin de dikkate alinmasi gerekmektedir (Oduro vd. (2023).

Kahvaltilik gevreklerin faydalari disinda, icermesi muhtemel riskler agisindan degerlendirilmesi de
onemli bir zorunluluk olup stireklilik arz eden tiiketimlerin ortaya ¢ikarabilecegi tehlikelerin risk
analizleri ile ortaya konulmasi gereklidir (Budagova, 2022). Onemli biyolojik kaynakl1 riskler
olarak mikotoksinlerin arastirilmasi, 6zellikle tahil, kakao ve kuru meyve iceren ¢esitlerde 6n plana
¢ikmaktadir. Istanbul genelinde farkl ¢esitte 100 adet kahvaltilik tahi1l Srneginde 10 farkli mikotosin
varliginin arastirildigr bir ¢caligma sonucunda, 93 6rnegin mikotoksinler agisindan negatif oldugu
bulunmus ve tahillarin hasadi, depolanmasi, tahil bazli iiriinlerin islenmesi ve depolanmasi sirasinda
mikotoksin kontrollerinin siki sekilde devam ettirilmesi rapor edilmistir (Budagova, 2022).

Sonuc ve Oneriler

o Pratik hazirlanabilir oluslari, yiiksek lif igerigi ve vitamin-mineral takviyesiyle
zenginlestirilmis bilesimleri nedeniyle kahvaltilik gevreklerin saglikli bir kahvalti secenegi olarak
one c¢iktig1 ve tiikketimlerinin giderek arttig1 g6zoniine alinarak, tiretimlerinde kullanilan maddeler,
ozellikle gida katki maddeleri ve zenginlestirme bilesenlerinin, 6nemine dikkat ¢cekmek amaciyla
bazi Oneriler siralanmistir.

. Tiiketicilerin katki maddeleriyle ilgili farkindaligi artirilmali; 6zellikle ebeveynler, cocuk
iirlinlerini alirken igerik etiketlerini incelemelidir. Tiiketicilerin gida etiketlerindeki besin bilgileri
acik ve agiklayici olarak yazilmali, diinya geneline hitap edecek arastirmalar yapilmalidir.

. Kullanilan tatlilik veren maddeler, renklendirici ve diger katki maddeleri sinif ve miktarlar
gbzden gecirilmelidir: Cocuklara yonelik kahvaltilik {irtinlerde seker, yapay tatlandirici ve sentetik
boya kullanimi1 sinirlanmali veya alternatif dogal gida katki maddeleri/bilesenleri tesvik edilmelidir.

° Renklendiriciler, emiilgatorler, tatlandiricilar ve katki maddesi karisimlarinin ve risk
olusturan bulasanlarin uzun siireli saglik etkilerini degerlendiren ¢alismalar artirilmalidir.

o Hammaddeden gelebilecek riskler dikkate alinarak gerekli kontroller siirekli yapilmalidir.
Kullanilan tahillarla ilgili kapsamli agir metal varligi tespit edilmelidir: Tahil bazli gidalardaki
metallerin birincil kaynagi toprak oldugundan, siirekli olarak cevresel izleme ve yonetim
saglanmalidir. Tahil bazli kahvaltiliklarda genis bir kahvaltilik gevrek ve metal yelpazesini ele alan
kapsamli c¢alismalar yapilmalidir. Ayrica agir metallerin olusturdugu gercek saglik risklerini
belirlemek i¢in bireysel duyarlilik, genel beslenme ve yasam tarzi gibi faktorler de dikkate
alimmalidir.

. Yasal diizenlemeler giincellenmeli, denetim mekanizmasi daha isler hale getirilmelidir.
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Sonug olarak, kahvaltilik gevreklerdeki katki maddeleri, teknolojik zorunluluklarin yani sira tiiketici
taleplerine karsilik vermek i¢in formiilize edilse de bunlarin tiiketici saglig1 tizerindeki uzun dénem
etkileri de goz Oniinde bulundurulmalidir. Tiiketici sagligin1 6nceleyen arastirmalar/diizenlemeler
ve bilingli tiiketim politikalar1 gelistirilmeli, tretici ve tiiketicilere konu hakkinda egitimler
verilmelidir.
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Abstract. Ensuring food security is a global priority in the face of population growth, climate
change, and resource scarcity. Microbiological biotechnology offers innovative and sustainable
solutions for increasing agricultural productivity while preserving environmental health. This paper
explores the current trends and future prospects of using microbial biotechnologies—such as
biofertilizers, biopesticides, and growth-promoting bacteria—in agriculture. The results of
analytical and experimental studies show that these technologies significantly improve crop yields,
soil fertility, and food safety. Their application reduces dependence on chemical inputs and supports
the transition to eco-friendly farming. The study concludes that microbiological biotechnology has
great potential to play a leading role in ensuring food security in the coming decades.

Keywords.Food security, microbiological biotechnology, sustainable agriculture, microbial
biopreparations, biofertilizers, biopesticides, soil fertility, crop productivity, eco-friendly farming,
agricultural innovation.

Introduction. Today, ensuring food security is one of the most urgent global challenges. With
increasing population and limited natural resources, the need for sustainable agricultural practices
is becoming more critical. In this context, innovative approaches in microbiological biotechnology
are gaining wide application for improving productivity, protecting the environment, and reducing
dependency on chemical inputs.

Purpose.The main aim of this study is to analyze the innovative directions of microbiological
biotechnology in agriculture and to assess their potential for enhancing food security.

Methodology.The study employed analytical and comparative research methods. Scientific
literature, modern biotechnological developments, and current agricultural practices involving
microbial preparations were reviewed. The effectiveness of microbial biopreparations was evaluated
through both laboratory and field experiments.

Results.Analysis showed that biotechnology-based microbial products (such as nitrogen-fixing
bacteria, phosphate-solubilizing strains, and bioinsecticides) stimulate plant growth, enhance soil
fertility, and reduce the need for chemical fertilizers and pesticides. Moreover, they improve the
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quality of agricultural products without negative effects on human health, thus contributing to food
safety and sustainability.

Conclusion.Innovative directions in microbiological biotechnology play a vital role in ensuring
food security in agriculture. With continued scientific research and government support, this sector
holds great promise for improving agricultural efficiency and environmental sustainability in the
near future.
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Abstract

Learners with Asperger’s Syndrome often encounter obstacles in mainstream classrooms due to
sensory sensitivities, rigid patterns of thinking, and challenges in social communication. This paper
explores how multisensory teaching methods combined with structured classroom arrangements can
enhance learning outcomes and engagement. Drawing on principles from cognitive psychology and
neurodevelopmental research, it examines practical applications of visual tools, tactile resources,
auditory prompts, and movement-based activities. Case examples illustrate how predictable
routines, designated low-stimulation areas, and tailored adjustments can meet both sensory and
educational needs. The discussion also stresses the importance of teacher training and collaboration
with specialists such as occupational therapists. The aim is to offer a flexible, inclusive framework
that values neurodiversity and supports students with Asperger’s Syndrome in achieving their
academic potential.

Keywords: Asperger’s Syndrome, multisensory instruction, inclusive education, sensory
integration, teaching strategies

Introduction

This study focuses on Asperger Syndrome based on direct experiences with students diagnosed with
the condition or High-Functioning Autism (Klin & Volkmar, 1996; Munro, 1999; Moreno &
Sepulveda, 2003) in general education classrooms. These observations have highlighted the pressing
need for inclusive practices that address the unique challenges these learners face. Many such
students progress through school without formal recognition, with teachers—unfamiliar with the
condition—perceiving them as typical in appearance yet noticing distinct interests, unusual
behaviors, and communication differences that can lead to misunderstandings. Some may be
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mischaracterized as disruptive, while others struggle socially due to differences in tone, emotional
expression, or regulation.

The purpose of this article is to outline practical approaches for successfully integrating students
with Asperger Syndrome into mainstream educational settings. These recommendations draw from
both research literature and direct instructional experience, aiming to answer common teacher
concerns while providing actionable strategies.

Diagnostic definitions for Asperger Syndrome have historically come from the DSM-1V (American
Psychiatric Association, 1994) and ICD (World Health Organization, 1992). In the DSM-5,
Asperger Syndrome is no longer a separate diagnosis, now classified under Autism Spectrum
Disorder (ASD) (Ghaziuddin, 2010). For this discussion, the traditional DSM-IV-TR description is
used, defining the syndrome as a Pervasive Developmental Disorder characterized by challenges in
social interaction, verbal and non-verbal communication, and imaginative abilities—a triad of
symptoms widely cited in the literature (Alberta Learning, 2003; Winter, 2005; Bogdashina, 2005;
Pittman, 2007).

Key Characteristics of Asperger Syndrome

Students with Asperger Syndrome may share a pattern of traits that educators should be aware of to
offer meaningful support. According to Myles et al. (2005), these characteristics often include
intense, narrowly focused interests; low tolerance for frustration; difficulty adjusting to changes in
routine; and limited social skills. Figurative or abstract language may be misunderstood, and some
learners face motor coordination challenges. Emotional sensitivity is common, often presenting as
mood variability or heightened anxiety. Academic challenges may emerge due to issues with
attention, organization, or task completion, while speech may be notably formal or precise.

Characteristic Description

Narrow, intense interests Focus on specific subjects or activities

Low frustration tolerance Difficulty managing stress or unexpected changes
Difficulty adapting to change  Challenges when routines are disrupted

Poor social skills Trouble making friends and understanding social cues
Literal interpretation of language Struggle with abstract or figurative speech

Motor skill challenges Clumsiness or difficulty with fine motor tasks
Emotional sensitivity Vulnerability to mood swings and anxiety

Academic difficulties Problems with concentration or organizational skills
Pedantic speech Formal or unusual language use

Table 1: Common traits observed in students with Asperger Syndrome.

Educational Theories Informing Interventions
Theory of Mind

Theory of Mind, introduced by Premack and Woodruff (1978), refers to the capacity to understand
that others have distinct thoughts, beliefs, and emotions. Research indicates that many individuals
with Asperger Syndrome have difficulty with this skill (Baron-Cohen, Leslie, & Frith, 1985),
leading to misunderstandings in social exchanges. Educators can address these challenges by
explicitly teaching social norms, using role-play to practice emotional interpretation, integrating
social stories, and avoiding ambiguous or figurative language. Providing clear feedback and self-
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regulation strategies, as well as guided discussions about humor and empathy, can further develop
students’ social understanding.

Observed Difficulty Recommended Educational Approach
Difficulty predicting others’ behavior Teach explicit social rules and routines
Misinterpretation of social cues Use role-playing and social stories to build empathy
Problems sharing attention or understanding L

Use clear, concrete language and avoid idioms
sarcasm
Lack of awareness about impact of actions Provide feedback and teach self-regulation techniques
Trouble understanding deception or humor E)(():;tﬁglezwareness through - guided  discussion - and

Table 2: Theory of Mind difficulties and corresponding educational strategies.

Central Coherence

Frith’s (1989) Central Coherence theory proposes that individuals with Asperger Syndrome often
focus on specific details rather than integrating information into a broader context. While this can
be advantageous in detail-oriented tasks, it may also lead to rigid thinking and difficulty generalizing
skills. Teachers can mitigate these challenges by structuring lessons, incorporating visual aids,
breaking tasks into smaller steps, and providing multiple contexts for applying learned skills.
Encouraging flexible thinking and connecting detailed information to overarching themes can
support broader comprehension.

. Theory of Mind Structured Environment
Social Interaction — | ——
r C
b
( Weak Central Coherence| Visual Supports
Communication | \
p- { .
-
4 Executive Function Peer Training
Imagination \_ — \_ —
J -
-
Family Collaboration

Improved Social Skills

Self-Regulation Better Quality of Life

Figure 1: Educational Strategies for Supporting Students with Asperger Syndrome in Mainstream
Classrooms
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Methodology

This article employs a theoretical-descriptive approach, synthesizing findings from previous
empirical studies, psychological theories, and practical teaching guidelines to address the
educational needs of students with Asperger Syndrome (AS) in mainstream classrooms. The authors
review core diagnostic frameworks, including the DSM-1V and ICD-10 criteria, to outline the
disorder’s defining features—impairments in social interaction, communication, and imagination
(American Psychiatric Association, 2002; World Health Organization, 1992).

Drawing upon seminal psychological theories such as Theory of Mind (Premack & Woodruff, 1978;
Baron-Cohen et al., 1985), Weak Central Coherence (Frith, 1989), and Executive Function Deficits
(Ozonoff, 1997), the authors identify common cognitive and behavioral challenges in students with
AS. These theoretical perspectives are then translated into educational implications, supported by
practical interventions and classroom strategies described in prior literature (Cumine et al., 2000;
Attwood, 2009; Mesibov & Howley, 2010).

The methodology integrates qualitative case examples to illustrate individual differences among
students with AS, based on observational reports from existing studies (Cumine et al., 2000; Wall,
2007). Recommendations are drawn from validated educational programs, such as the TEACCH
model, and from collaborative frameworks involving teachers, families, and multidisciplinary
support staff (Tsang et al., 2007; Mesibov & Howley, 2010).

Discussion

The reviewed literature emphasizes that students with AS present heterogeneous profiles, requiring
tailored interventions that account for their unique strengths and challenges. Findings support the
use of structured teaching environments, consistent routines, and visual supports to facilitate
comprehension and reduce anxiety (Jordan & Powell, 1995; Mesibov & Howley, 2010).
Interventions should target pragmatic language use, emotional understanding, and social integration,
while minimizing unstructured and unpredictable situations that may cause stress (Attwood, 2009;
Winter, 2005).

The integration of Theory of Mind interventions can enhance social understanding, whereas
strategies based on Weak Central Coherence theory can help students link details to broader
concepts through explicit instruction and visual sequencing (Frith, 1989; Cumine et al., 2000).
Similarly, addressing Executive Function deficits through step-by-step task planning and explicit
goal-setting fosters autonomy and problem-solving abilities (Ozonoff, 1997; Félix, 2005).

An important implication is the necessity of coordinated efforts between mainstream teachers,
special education staff, and families. Teachers require professional development to apply evidence-
based strategies, while peers should be educated on inclusive practices to reduce bullying and
promote social acceptance (Dubin, 2007; Plimley & Bowen, 2007). These findings align with the
broader literature on inclusive education, which highlights collaboration and environmental
adaptation as critical to student success (Riviere, 2001; Paula, 2003).

Conclusion

Inclusion of students with AS in mainstream classrooms demands a systemic approach involving
the entire educational community—students, teachers, support professionals, and families
(Sepulveda, 2011). Schools should ideally offer small class sizes, structured teaching methods, and
predictable routines to accommodate the cognitive and social needs of these learners (Paula, 2003).
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No universal strategy exists that applies to all students with AS, as individual profiles vary
considerably. However, interventions grounded in the affective, relational, and cognitive
dimensions of the disorder can significantly improve social communication skills, self-regulation,
and overall quality of life within educational contexts (Attwood, 2009; Cumine et al., 2000). The
findings reinforce the importance of flexible, evidence-based practices that adapt to each student’s
developmental trajectory, ensuring equitable access to learning and participation in inclusive school
environments.
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Abstract

Diabetes mellitus, a chronic metabolic disorder, often leads to severe complications such as
neuropathy, nephropathy and retinopathy, primarily due to hyperglycaemia-induced oxidative stress
and inflammation. Identifying and targeting the molecular mechanisms underlying these
complications is crucial for developing effective therapeutic strategies. This study focused on
molecular docking and drug-likenesssADME-T tests of some compounds (Myo-Inositol, 2-
methoxy-4-vinyl phenol, 1-D-thioglucitol and 4-Piperidone) identified through GC-MS analysis of
Tephrosia bracteolata leaves. These compounds were docked against key molecular targets
associated with diabetic complications. The targets considered include Angiotensin Converting

AUGUST 21-22, 2025 / ISTANBUL AREL UNIVERSITY 80



ICoN-FAC 2025 INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

Enzyme (ACE), Dipeptidyl Peptidase 1V (DPP-1V), Sodium-Glucose Co-transporter-2 (SGLT-2),
Aldose reductase (AR) and Alpha-amylase (a-amylase). 3D Structures of ACE, DPP-IV, SGLT-2,
AR and a-amylase were obtained from protein databank (www.rcsb.org) with PDB ID: 1086,
3WQH, 7VSI, 3S3G and 1B2Y respectively. The SDF (structure-data file) structures of the ligands;
Myo-Inositol, 2-methoxy-4-vinyl phenol, 1-D-thioglucitol and 4-Piperidinone were obtained from
the PubChem database. Site-specific auto-docking was carried out and the binding affinities
(Kcal/mol) were determined using Autodock Vina from PyRX. The 2D diagrams of the molecular
interactions between targets and ligands were viewed with discovery studio 2024. Drug-likeness
and ADME-T analyses of the ligands were carried out using SwissADME Tool, The docking results
revealed that methoxy-4-vinyl phenol exhibited strong binding affinities towards ACE, DPP-IV,
SGLT-2 and AR while Myo-Inositol exhibited strong binding affinity towards a-amylase. ADME-
T analysis revealed that the compounds possess favorable ADMET profiles indicating good oral
bioavailability, metabolic stability and low toxicity. Furthermore, drug-likeness evaluation using
Lipinski’s rule of five and other criteria suggested that these compounds have promising drug-like
properties. It was concluded that this study underscores the therapeutic potentials of these
compounds in managing diabetic complications, making them suitable candidates for further drug
development processes.

Keywords: Drug-Likeness, ADME-T Studies, Molecular Docking, Myo-Inositol, 2-methoxy-4-
vinyl phenol, DPP-1V, SGLT-2
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Abstract

The aim of this work was to investigate the effect of treated wastewater irrigation on the
physiological and agronomic properties of Zea mays. An experimental reuse study was performed
using raw (RWW) and treated urban wastewater (TWW) by Trickling Filter ( TF ) process to
irrigate maize (Zea mays) in comparison to well water (WW) as a control over a period of 5 months.
The water quality was determined for irrigation based on sodium adsorption ratio (SAR), sodium
percentage (Na %) and residual sodium carbonate (RSC) indicating that all treatments were suitable
for irrigation purposes. In this study, we also assessed the agro-physiological and biochemical
proprieties of the crops. Hence, the highest productivity of maize and leaf area were obtained in
response to irrigation with RWW and TWW compared to WW; while macro-elements (TP, TKN,
and K) were also affected in maize irrigated with RWW compared to TWW and WW. However,
the plants irrigated with well water accumulate more Ca, Na, and Mg than those irrigated with RWW
and TWW. All the crops irrigated with three water treatments showed a relatively similar
concentration of micro-nutriments. The prevalence of total chlorophyll content in the plants
increased with well water irrigation. Nevertheless, the biochemical parameters (protein and sugar
content) were adversely affected in maize irrigated with RWW as compared to TWW and WW.
Moreover, the use of treated urban wastewater improves the physicochemical properties and fertility
of the soil compared to well water and enhances crop productivity.

Keywords: Zea mays; irrigation; treated wastewater reuse; physiological proprieties; agronomic
properties ; Trickling Filter.
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Introduction

Water is crucial for the development of crops. It is regarded as one of the most significant factors
affecting agricultural yields. To meet plant water requirements and prevent water stress, which
affects plant physiological and morphological processes and lowers crop yields, crop production
needs a constant supply of water (Sadras et al., 2016). Although municipal wastewater is usually
applied as a source of irrigation water for crops, it is also a source of nutrients (macronutrients N,
P, K, Ca, Mg and micronutrients Fe, Zn, Cu, Mn....), that are essential for both soil and plant
nutrition (Rezapour et al., 2021). However, the nutrient content of wastewater can exceed plant
needs. It can also cause excessive vegetative growth, lowering the quality of irrigated crops.
Therefore, the concentration of nutrients is present in the treated municipal wastewater as part of
the fertilization program for irrigated crops. The concentration of nutrients as well as toxic metals
content in wastewater depends upon on the water supply, the type and degree of wastewater
treatment, and the quality of the wastewater. Mohsin et al. (2021) find a significant accumulation of
N and P by two willow cultivars, including Salix schwerinii and Klara irrigated with WW under
greenhouse conditions. Furthermore, the study showed a very low metal concentration in soils after
growth season. The proportion of nutrients recovered varies greatly and is contingent on the nutrient
concentration in wastewater, nutrient loading, the timing of application and harvesting intervals, the
ability of plant species for nutrient uptake, and accumulation in aboveground biomass (Tzanakakis
et al., 2009). Usually, for the treatment process, each stage reduces the concentration of both N and
P. In this regard, wastewater should be monitored at least once at the beginning of the agricultural
season (FAO, 2003). Farmers always have access to water for crop irrigation because wastewater
is climate-independent (unlike rain), even during droughts (Verlicchi et al., 2012). By preserving
ideal soil moisture on their farms and fields, farmers can produce stable, greater agricultural yields
throughout the year (Ouda et al., 2016). Often, wastewater reuse generates enough water to satisfy
irrigation needs. Farmers may gain more finance from this, particularly in arid and semi-arid
countries such as Morocco. Despite the beneficial effects of wastewater reuse on soil and plant
growth due to the availability of nutrients with easy uptake (Vergine et al., 2017), there is significant
worry about its negative environmental effects and health hazards to the environment (Jiries et al.,
2009). Recovery and reuse of wastewater are typically described in terms of standards that have
been published or are suggested by regional authorities or international organizations. To meet those
standards, wastewater must be treated before it is used for irrigation.

Several technologies, including physical (Combined sewer overflow in urban watersheds) (Gasperi
et al., 2012); electrochemical (Electrochemical Oxidation) (Murthy et al., 2011); and biological
technology such as (Activated sledge, constructed wetland, multi-soil-layering) (EI Moussaoui et
al., 2019; Elfanssi et al., 2018; Zidan et al., 2022) processes of them has been applied to remove
effectively compounds from wastewater. However, when the aim is to use the wastewater again for
crop use, early elimination of organic particles and nutrients from the wastewater is frequently
unsuitable. Preserving organic particles as well as some nutrients like N and P can be interesting
and advantageous for soil and plants (Ahmali et al., 2020). The existing urban wastewater treatment
technologies are not efficient in removing organic particles and nutrients, so it is necessary to
investigate a novel wastewater treatment and reuse technology that can be both selective and
ecologically safe.

The Trickling Filter (T F) system is an innovative and cost-effective technology that requires simple
maintenance. It functions by using a porous medium to filter wastewater, serving as both a physical
filter and a platform for aerobic and anaerobic biological reactions. The TF system is specifically
designed for secondary treatment of wastewater (Song et al., 2020). The arrangement of soil mixture
layers, including soil, sawdust, charcoal, and iron particles, in alternating bricks with gravel layers
prevents clogging issues (An et al., 2016; Zidan et al., 2023). This system is a practical solution for
wastewater treatment in small communities and offers several advantages (An et al., 2016).
Numerous studies highlight the effectiveness of the TF system in treating various types of
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wastewater worldwide, positioning it as an emerging technology (Sbahi et al., 2022). Furthermore,
current research focuses on enhancing the TF technology by investigating the removal of
conventional pollutants. However, despite the extensive exploration of the TF field, no studies have
demonstrated the benefits of using Multi-Soil-Layering technology-treated domestic wastewater in
agriculture.
Numerous studies have investigated the impacts of both raw and treated wastewater on soil
properties and plant agronomic characteristics. One approach to enhance soil fertility and increase
crop yield is through the utilization of effective soil amendments, such as carbon-rich materials (Dai
etal., 2014; Jin et al., 2019). Preserving organic matter and essential nutrients like N and P can also
have beneficial impacts on both soil and plants (EI Moussaoui et al., 2017).
Abegunrin et al. (2013) conducted a study in southwestern Nigeria to examine the effects of kitchen
wastewater, rainwater, and groundwater irrigation on cucumber (Cucumis sativus) growth
parameters and soil properties. They found that while there were some negative effects on cucumber
growth parameters, the soil condition was not significantly impacted by the use of kitchen
wastewater compared to groundwater or rainwater. Pereira et al. (2011) investigated the impacts of
increasing wastewater irrigation rates on soil properties under tropical conditions. Their findings
revealed a reduction in soil acidity in areas irrigated with urban wastewater. Furthermore, research
conducted by Kouraa et al. (2002) in Morocco demonstrated a clear improvement in crop production
for potatoes and lettuce when irrigated with treated wastewater.

However, several researchers have investigated the profound impact of domestic wastewater,
whether it is raw or processed, on the physiological characteristics of crops. In their study, Castro
et al. (2013) investigated the impact of using treated domestic wastewater for irrigating lettuce
(Lactuca sativa L.) on soil properties and the lettuce crop. The researchers observed that the primary
adverse effect of employing treated wastewater was the elevation of salt and sodium levels in the
soil. In the same context, Abegunrin (2013) reported the effects of irrigation with treated
groundwater, rainwater, and kitchen wastewater on soil properties and cucumber (Cucumis sativus)
growth characteristics. It was found that the use of kitchen wastewater had no harmful effects on
soil quality compared to rainwater and groundwater. However, there were some adverse effects on
the growth indices of cucumbers. The study done by Munir et al. (2007) examined the effects of
long-term sewage irrigation on soil properties and crop quality parameters and found that irrigation
had an important effect on both the soil and crop parameters. According to Kouraa et al. (2002),
TWW reuse clearly improves the culture yield of lettuce and potatoes.
The main objective of this work is to evaluate the impact of irrigating treated wastewater using a
hybrid multi-soil-layering ( TF) technology on the physicochemical properties of soil and the agro-
physiological characteristics of maize (Zea mays) cultivated in an arid climate. The planned specific
objectives are: 1) to evaluate the physicochemical and microbial parameters of water and soil
irrigated with raw wastewater (RWW), treated wastewater (TWW), and well water (WW) to
determine their suitability for irrigation and potential impacts on soil quality; 2) to assess the agro-
physiological characteristics of maize crops irrigated with RWW, TWW, and WW, focus-ing on
parameters such as biomass parameters, nutrient content, and accumulation of protein and sugar
contents, to understand the effects of different water qualities on crop growth and productivity; 3)
to determine the potential of treated wastewater, processed using the multi-soil-layering (MSL)
technology, as a source of plant nutrients and soil fertilizers, aiming to reduce the need for additional
fertilizer application, improve soil fertility, and enhance the productivity of poorly fertile soils.

Material and methods
Experimental set-up

The effect of processed wastewater on soil properties and the agro-physiological properties of maize
(Zea mays) was investigated under arid conditions in three separate pot experiments. Maize (Zea
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mays) is a monoecious annual herbaceous plant from the grass family. It comes from North America.
It is a leguminous plant, with good nutritional quality, and high protein content, is more cultivated
in the world, and also benefits soil fertility (Harbouze et al., 2019). The experiment site is
Imintanoute (Marrakech, Morocco). This region has an arid climate, with an average annual rainfall
of 240 mm. Urban wastewater was treated with TF plant, which has been implemented at the
university since 2016 (Zidan et al., 2022; 2023). A test field is established across from the TF hybrid
and is designated for the cultivation of three plots (P1, P2, and P3), each measuring (3.65 m x 2.5
m) and separated by a 3m alley, each plot divided into four lines with 10 replications (Figure 1). In
total, three types of irrigation water were used to irrigate 120 corn trees: RWW, TWW, and WW.
Irrigation was applied twice weekly to keep moisture content levels in the three plots under study at
60% of field capacity, as suggested for arid regions with high temperatures based on prior studies
(Nasta et al., 2023). This reduced saturation level, which is controlled by air temperature, has been
found to boost maize growth, according to Xiong et al. (2020). The experiment was carried out in
2019, from March through July, which is a hot season of the year in Marrakech. The irrigation
technique employed was drip irrigation, and each irrigation treatment required 93 liters of water per
plot.
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Figure 1. Experimental setup of the maize plants, irrigated by the three water treatments (RWW:
raw wastewater (A); TWW: treated wastewater (B); Well water: WW (C))

Water sampling and analyses

Water samples were collected from the inlet and outlet of the wastewater treatment plant (hybrid
multi-soil-layering system), which represent, respectively, RWW and TWW. For WW, it was taken
from the tap connected with the well water. The depth of the well exceeds 55 m, and it is protected
from all the activities nearby. Ten samples were taken from each irrigation water source from March
to July. They were stored in sterile glass bottles for physicochemical analysis. The bottles were
transported in a cooler at a temperature of 4 °C to the analysis laboratory.

The WTW multi-340i/multiparameter set's probe (WTW Biiro-Weilheim, Germany) was used to
analyze in situ parameters. The chemical oxygen demand (COD) content was measured using the
dichromate open reflux method (APHA et al., 2005). The filtering method was used to quantify the
suspended solids concentration (TSS); the indophenol technique was used to measure NH4*
concentration; the diazotization technique was used to determine the concentration of NO3’;
regarding NO3-, this parameter was reduced to NO2 after passing via a cadmium-copper column
(Rodier, 2009). Kjeldahl mineralization, ammonium distillation, and an acidimetric titration were
used to estimate total Kjeldahl Nitrogen (TKN). The sum of NO2, NO3z", and TKN was used to
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compute total Nitrogen (TN). Potassium peroxodisulfate digestion was used to determine total P
(TP) (AFNOR, 1997). The technique described by APHA (1992) was used to evaluate exchangeable
anions (CI, COs, and HCO3). An inductive coupled plasma method (ICP-AES) was used to assess
the levels of exchangeable Na*, K*, Ca®*, Mg?*, heavy metals (Co, Ni, Pb, As, Cr, Be, and Al), and
micronutrients (Fe, Zn, Mn, and Cu).

The Na%, SAR, and RSC were determined as follows:

Eq. (A.1): Na% = [(Na* + K*)/(Ca** + Mg?* + Na* + K*)] X 100

Eq. (A.2): SAR = Na*/\/(Ca®* + Mg?*)/2

Eq. (A.3): RSC = (HCO3™ + C03%7) — (Ca** + Mg?")

Fecal coliforms, total coliforms, and fecal streptococci were determined using a spread plate method
and selective media including Lactose 2,3,5 Triphenyl Tetrazolium Chloride (TTC) (Panreac,
Spain), Tergitol agar (Himedia, India), and Bile Aesculin Agar (Biokar Diagnostics, France). The
dilution process was employed for RWW, and the filtering method employing a membrane (0.45
um) was applied for TWW and WW (Moroccan Standards, 2006). The number of bacterial
indicators was measured in colony-forming units (CFU) per 100 milliliters (log CFU/100 ml)
(Moroccan Standard 03.7.001, 2006).

Soil sampling and analyses

Twelve discrete soil samples were taken from each plot (three per line). Composite soil samples
were made as bulk aliquots (200 g) from the previously homogenized twelve discrete soil samples
taken from each plot. Soil samples were collected at 30 cm depth (Rocco et al., 2016). Soil sampling
was done before the irrigation experiment began (T0) and then after the irrigation took place by the
three different water qualities (RWW, TWW, and WW). The soil collection took place in the study
area by gathering the different samples in plastic bags before analysis. After combining certain
grams of soil with distilled water (1:2 w/v soil water for pH and 1:5 w/v soil water suspensions for
the EC), a multi-parameter probe (HI 9829, Hana; Romania) was used to measure the potential of
hydrogen (pH) and electrical conductivity (EC). The Kjeldahl technique was used to investigate
total N (Bremner, 1996). According to Nelson and Sommers (1982), the Smith-Weldon method was
used to analyze soil organic matter. P (P) was analyzed with the OLSEN extraction using 0.5 M of
NaHCOs (Olsen et al., 1954).

The concentration of Macro and micro-elements (Ca, Na, K, Mg, Mn, Zn, Fe, and Cu) was analyzed
using an inductive coupled plasma mass spectroscopy (ICP-AES).

Plant sampling and analytical methods

When the crops reached maturity, a total of eight plants were randomly selected from each field per
treatment (RWW, TWW, and WW). From each chosen plant, leaves at level four, measured from
the plant's height, were collected in a random manner. They were subsequently measured in the
laboratory.

Growth parameters such as root, aerial, and grain dry weights were measured when the crops
reached maturity. The maximum leaf area is calculated by the product of the maximum length and
width (Lmax and Imax), influenced by the coefficient 0.75 (Ruget et al., 1996). The plants underwent
48 hours of 70°C drying before being weighed to determine their dry weight. The amount of total
chlorophyll in the plant leaves was settled using acetone in tubes, followed by sedimentation for 48
hours. A spectrophotometer was used to measure chlorophyll a, b, and c at three different
wavelengths (470, 644, and 662 nm) (Upadhyaya & Panda, 2004). Ethanol and liquid N were used
for the plant's extraction determined for the examination of total proteins and sugar, followed by
centrifugation for 20 minutes and then left at -20° until analysis by Bradford reactor for the proteins
(Bradford, 1976), phenol, and H2SO4 for the total soluble sugars (DuBois et al., 1956). For the plant
grain, the total P was determined by the OLSEN extraction. The ash was melted in chloride acid
after being converted to ash by around 0.5 g of plant grain in a furnace for 6 hours at 500°C. Using
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the molybdate blue technique, a calorimetric determination of the P concentration was made
(Murphy & Riley, 1962). After color development at 100 °C for 10 minutes, the P concentration
was determined by reading the absorbance at 820 nm. The Kjeldahl technique was used to quantify
the concentration of N (Bremner, 1996). The P content was determined by observing the absorbance
at 820 nm following 10 minutes of color development at 100 °C. Using the Kjeldahl technique, the
concentration of N was determined (Bremner, 1996). Macro/Micronutrients (Ca, K, Mg, Na, Mn,
Fe, Zn, and Cu) and heavy metals were determined by the Inductive Coupled Plasma Analyzer (ICP-
AES). The ash was melted in chloride acid after being converted to ash by using 0.5 g of plant grain
in a furnace for 6 hours at 500 °C. Using the molybdate blue method, a calorimetric analysis of the
P concentration was made (Murphy and Riley, 1962). After color development at 100°C for 10
minutes, the absorbance at 820 nm was read to determine the P content. N (N) concentration was
measured using the Kjeldahl method (Bremner, 1996). Macro/micronutrients (Ca, K, Mg, Na, Mn,
Fe, Zn, and Cu) and heavy metals were identified using an inductive coupled plasma analyzer (ICP-
AES).

Statistical analysis

To examine the significant differences, the normality test has been verified before the Tukey test.
The Tukey test is employed at the significance level of a = 0.05. A notched boxplot test was used
to demonstrate the impacts of three water treatments on the characteristics of soil and plants.

RESULTS AND DISCUSSION
Suitability of Water for irrigation
Physicochemical analysis

The investigation of the new Trickling Filter TF technology in a Moroccan urban community unit
confirmed the efficiency of this technology to remove organic matter, nutrients, and fecal
contamination from domestic wastewater under an HLR between 160 and 250 L m day*. resulted
in significant organic matter removal as well as a significant reduction (p < 0.05) in N and P, with
an abatement of 97%, 79%, 76%, and 27%, respectively, for TSS, COD, TP, and TN. For fecal
bacteria indicators, the hybrid MSL system achieved high log removals, reaching 2.88 log units
during two years of monitoring (Zidan et al., 2022). The performance of the TF system was good,
and no clogging problem was detected during the monitoring period. The MSL system has the
capacity to disinfect domestic wastewater due to the implication of different mechanisms, including
filtration, precipitation, and biodegradation (Zidan et al., 2023). For example, the major part of
organic matter was reduced by biological degradation, especially in the upper parts where
oxygenated conditions were more developed, causing a proliferation of microorganisms and the
overgrowth of biofilms in the soil-based layer (SBL) (Sato et al., 2011). The performance of the
hybrid technology was very high due to the adsorption and precipitation of P through the addition
of iron metal to SBL (Zhang et al., 2020). The presence of nitrification and denitrification processes
has a significant impact on TN removal inside the TF system. Finally, the removal of coliforms in
the TF system is carried out by physical filtration, adsorption, and other processes, including
predation and microbial cell death (die-off) (Song 2020; Shahi et al. 2022).

Table 1 presents the physicochemical characteristics of three different water qualities used in the
experimental study. The pH values of the three types of water were within the WHO limits of 6.5—
8.5 (WHO, 2012). The (EC) and total dissolved solids (TDS) were higher in the RWW and WW
than TWW. The greater values of these two parameters could be a result of the geological
composition of the soil found in the groundwater of the study area.

Additionally, the EC values of three different water qualities were within the permissible limits of
Morocco's irrigation standards. The total hardness is due to the concentration of magnesium and
calcium in the different waters (Dudziak et al. 2019). The total hardness of treated water equals the
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hardness of hard water (350-550 mg CaCOzs/L). Regarding Na, K, Ca, and Mg, which are crucial
elements for plant production and better soil fertility, the results showed high concentrations in WW
compared to RWW and TWW.

The WW exhibited higher average concentrations of CaCOs, Na, Ca, Mg, Cl, HCO3, and TDS
compared to both the RWW and TWW. Additionally, the levels of Cl and HCO3 surpassed the limits
set by Morocco's irrigation standards. In the continental zone, particularly in the Marrakech region,
the natural salinization of groundwater by aquifer rocks (Hssaisoune et al., 2020) and anthropogenic
contamination from agricultural activities (EI Mokhtar et al., 2012) contribute to this phenomenon.
Such characteristics make it difficult to consider this well water as a reference of good water quality
to compare with.

The most important water indicators to measure water quality are organic matter, total P, and N.
COD, TSS, TP, NH4*, and NO3  were not detected in WW. The quality of the treated water
conformed to Morocco's irrigation standard limits. The concentration of chlorides was higher in
WW, and a significant difference was found between the three water qualities. The concentration of
chlorides in TWW and RWW was below the permissible limits of Morocco’s irrigation standards.

Table 1: Physicochemical characteristics of the three water treatments (RWW: raw wastewater;
TWW: treated wastewater; WW: WW) used for maize irrigation (mean + standard deviation)

The admissible
limit for wastewater
Parameters Unit RWW TWW WW reuse
pH 8.11+0.338 7.70 £0.372 8.60+0.12 6.5-8.4
EC (20°C) dS/m 1.109 + 0.003? 1.006 + 0.002° 1.65+0.003¢ 12
TDS mg/l 980+3.5582 672+3.87° 1020+4.982 7680
CaCOs mg/I 468+2.12 477+1.12 706+2°
COD mg/L 130.69 £42.77% | 27.74 £ 13.70° Not detected _
TSS mg/L 56.58+ 37.972 1.54+1.75° Not detected 2
NH,* mg/L 18.19 & 3.752 3.05+£2.17° 0.1 £0.02°
NO;3 mg/L 1.92 + 1.092 14.23 + 5.69P 0.02 +0.001° 30
TP mg/L 2.31 +£0.958 0.55+0.46° 0.10+0.02¢
Na meqg/L | 4.74+0.032 4.87 +0.0382 11.57 +£0.04°
Ca meg/L | 6.98 £ 0.052 6.49 £ 0.036° 9.58 £0.02°
K meq/L 0.82 +0.0412 0.72+0.031° 0.23 +0.024°
Mg meg/L | 2.96 +0.037a 2.97 £ 0.04a 4.28 + 0.03¢c
Cl mg/l 57+1.22 162+3.2° 863+2.1°¢ 350
COsz meg/L | 0.0+0? 0.3+0.012 0.1+0.02?
HCOs meg/L | 0.24+0.012 3.25+0.01° 2.44+0.03¢ 8.48 mg/I
Al g/l <0.001 <0.001 <0.001 0.005
B g/l <0.001 <0.001 <0.001 0.003
Be g/l <0.001 <0.001 <0.001 0.0001
Cd g/l <0.001 <0.001 <0.001 0.00001
Cr g/l <0.001 <0.001 <0.001 0.001
Cu g/l 0,001 <0.001 0,002 0.002
Fe g/l 0,001 <0.001 0,001 0.005
Zn g/l <0.001 <0.001 <0.001 0.002
Hg g/l <0.001 <0.001 <0.001 10-6
Li g/l <0.001 <0.001 <0.001 2.5%10°%
Mn g/l <0.001 <0.001 <0.001 0.0002
Mo g/l <0.001 <0.001 <0.001 0.00001
Ni g/l <0.001 <0.001 <0.001 0.002
Pb g/l <0.001 0.001 0,001 0.005
Total coliforms Log. 6.50+0.77 3.48+0.48 Not detected
Fecal coliforms Log. 544 +0.5 2.56 +0.40 Not detected 3
Total streptococci Log. 52+0.57 2.36+0.33 Not detected
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The different letters (a, b, and c) represent the significant difference according to the Tukey test at
p <0.05.

The concentrations of micronutrients (Fe, Mn, Cu, and Zn) and heavy metals (Al, Cd, Cr, Hg, Li,
etc.) are noted in Table 1. The results showed that the average concentration of micronutrients and
heavy metals was well within the standard limits for agricultural irrigation (Moroccan Standards,
2006).

The findings demonstrated that the average concentration of micronutrients and heavy metals was
within the permissible limits for irrigation of agricultural land (Moroccan Standards, 2006).

The microbiological characteristics of the three treatments of irrigation water are presented in Table
1. The average content of fecal bacteria in treated water was 3.48 & 0.48log/100 ml, 2.56 + 0.40 log
/100 ml and 2.36 + 0.33 log /100 ml for total coliform (TC), fecal coliform (FC), and fecal
streptococci (FS), respectively.

The comparison between the three irrigation water qualities shows that RWW contains a high
content of fecal bacteria, whereas WW was free from fecal contamination (not detected). However,
TWW quality was below the norms suggested by Moroccan standards for irrigating crops that are
destined for human consumption: 3 logs/100 ml for FC (Moroccan Standards, 2006).

Sodium absorption ratio (SAR)

SAR is defined as a monitoring indicator to determine water quality for the irrigation of crops and
to calculate the sodium hazard linked with the application of irrigation water for determining the
sodium hazard associated with an irrigation water application (Alam et al. 2012). In addition, if the
SAR value is less than 6, the water is suitable for irrigation. However, if the SAR is higher than 6,
the water can produce sodium accumulation in the soil, which could negatively impact soil
infiltration and cause soil crusting (Lesch & Suarez, 2009). Table 2 showed that values of SAR were
between 2.12 and 4.39 meq/L. The three types of water were within permissible limits for irrigation,
and soil sodification risk is considered slight to moderate.

Sodium percentage (Na %)

The proportion of sodium was determined using the Doneen method. The results of the sodium
percentage of the water samples are categorized into three categories: good (20-40 Na%), acceptable
(40-60 Na%), and doubtful (60-80 Na%) (Doneen, 1975). The sodium percentages of all treatments
were in the permissible range (40-60 Na%) (Table 2).

Residual sodium carbonate (RSC)

Other parameters are most important for evaluating the irrigation suitability of water, such as the
residual sodium carbonate (RSC), which helps identify the negative effects of carbonate (CO3s>) and
bicarbonate (HCO3) on the availability of water used for agricultural purposes (Raju, 2007).

The precipitation of magnesium and calcium ions is influenced by the high content of CO372 and
HCOs™ ions. When the content of Ca* and Mg?* ions is higher than the content of CO3 2 and HCO3~
ions in wastewater, the effluent is acceptable for irrigation.

According to Table 2, the RSC values are less than zero, which indicates that the three water
qualities are safe for irrigation practices and that there is a possibility that Ca?* and Mg?* ions did
not completely precipitate as carbonates.
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Table 2. SAR, Na%, and RSC values at the three irrigations’ water quality

Unit RWW TWW WW
SAR meg/L 2.12+0.028 2.24+0.03P 4.39+0.02¢
Na% (SSP) meq/L 44%+1%:2 46%+2%:? 53%:1%®
RSC meg/L -9.7+0.12 -5.9+0.2° -11.3+0.1°

Effect of water quality on irrigated soil

The properties of the soil collected before and after the application of the three different treatments
are summarized in Table 3.

A slight difference in pH was observed between the soils after the maize harvest. The soil irrigated
with WW showed the highest value of pH (8.54) compared to the soil irrigated with TWW (8.51)
and RWW (8.35). But no significant difference (p > 0.05). Compared to RWW and WW, irrigated
soil with TWW has a lower conductivity (Table 3). According to previous studies by Elfanssi et al.
(2018) and EIl Moussaoui et al. (2018), the primary contributor of salt accumulation in the soil is the
irrigation water. In our own research, we found that the average electrical conductivity (EC) of the
soil irrigated with TWW was 0.367 = 0.02 ds/m. This value indicates a low level of salinity, posing
no significant risk to crop yields. Overall, the water quality during the crop seasons was considered
quite satisfactory. Other researchers have also noted the inconsistent effects of irrigation on the soil
EC. For example, EI-Nahhal, (2013) noted that water irrigation increased soil salinity, measured as
the EC of the 1:5 soil extract in ds/m, due to the accumulation of less soluble salts in the topsoil
layer. The solubilization, transportation, and redistribution of salts within the root zone, as well as
additions from external sources such as irrigation water, could all be contributing to the increase in
soil salinity levels (Ganjegunte et al. 2017; Musslewhite et al. 2009). Additionally, Munir et al.
(2007) claimed that irrigation of wastewater for 2, 5, and 10 years increased the salt content of the
soil. Salts will continue to accumulate in the topsoil, which will negatively affect plant development,
soil productivity, and the activity of soil microorganisms (Durdan—Alvarez & Jiménez—Cisneros,
2014). There were significant effects on the total organic carbon (TOC) of the soil (p < 0.001) due
to different water irrigation applications. The TOC concentrations of the soils irrigated with RWW
were more significant than those of other irrigated soils (p<0.05). The parameters (TOC) dropped
significantly with TWW irrigation (3.38%) compared to soil irrigated by RWW soils (4.43%). The
soil irrigated with WW showed the lowest concentrations of organic matter (2.53%). The TKN and
TP concentrations of soil irrigated with RWW, TWW, and WW were higher than before irrigation
(Table 3), which is probably due to the fertigation effect. However, an increase in TKN and TP
concentrations was noticed on soil that had been irrigated with RWW compared with TWW and
WW (Table 3). It found a similarity between the organic matter and nitrogen contents of the soils.
In accordance with this topic, many investigations showed that, after wastewater use, there was an
increase in organic matter and N in soils, which was strongly related to the nutrients and organic
compounds in the wastewater irrigation used (El Moussaoui et al. 2019; Elfanssi et al. 2018;
Kiziloglu et al. 2008). Other studies, including short- and long-term investigations, claimed that
wastewater treatments enhanced soil fertility (Adrover et al., 2017; Chakrabarti, 1995; Kiziloglu et
al., 2008). According to the findings of Munir et al. (2007) and Segal et al. (2011) from their
experiments, the concentration of N and P in the soil increased as the duration of wastewater
irrigation prolonged. The researchers attributed this increase in the upper layer of soil to the
intensive application of wastewater.

The element contents (Na, Ca, and Mg) were significantly higher in WW-irrigated soils than in the
other soil treatments (RWW and TWW). Compared to soils irrigated with TWW and WW, soils
irrigated with RWW had higher K concentrations. The concentrations of the macro-elements in the
applied waters were likely the cause of the differences between the macro-element content in soils
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irrigated with RWW, TWW, and WW (Table 1). Burns et al. (1985) found in their experiment that
wastewater irrigation applied in this study increased N, P, and K in contents 4, 10, and 8 times more
than those recommended for forage crops. Regarding the concentrations of micronutrients reported
in Table 3, the plots tested in the three treatments had no significant differences. It should be
mentioned that, as reported in many studies, the accumulation of microelements and heavy metals
as a response to wastewater irrigation is evident, especially under long-term application, and can
lead to toxicity problems either because of heavy metals and/or high levels of nutrient accumulation
or because of deterioration of soil and crop quality parameters. Especially, accumulation of
microelements and heavy metals from wastewater application could be caused directly by the
wastewater composition or indirectly through increasing solubility of the indigenous insoluble soil
heavy metals (Friedel et al. 2000; Rattan et al. 2005; Lucho- Constantino et al. 2005; Mapanda et
al. 2005; Qian and Mecham 2005).

Table 3: Characteristics of the soil after the application of different treatments.

Parameters To RWW TWW WW

EC (ds/m) 0,327+0.042 0.565+0.03¢ 0.367+0.022 0.432+0.10P
pH 8.054+0.02 2 8.35+0.01° 8.51+0.03¢ 8.54+0.01¢
NTK (%) 1,1£0.112 8.90+0.28¢ 8.08+0.20° 7.66+0.10P
COT (%) 2,51+0.012 4.43+0.07° 3.38+0.03" 2.53+0.012
TP (mg kg-1) 187+0.302 240+0.40° 194+0.30° 190+0.10°
Ca% 19+0.032 20.85+0.04° 20+0.03° 25.48+0.02¢
Mg % 4,14+0.012 4.71+0.02° 5.2140.06° 5.49+0.01¢
K % 4,01£0.012 4.63+0.04¢ 4.3420.04¢ 4.1740.04°
Na % 0.67+0.012 0.68+0.02° 1.69+0.01¢ 1.76+0.03b
Fe % 9.32+0.012 9.34+0.022 10.03+0.02° 10.46+0.01¢
Mn % 0.02+0.012 0.04+0.01° 0.030.02° 0.05+0.01"
Cu (g/t) 3.8+0.20° 4+0.80° 5+0.40P 6+0.30°

Zn (g/t) 55+0.40? 59+0.202 56+0.30? 60+0.20?

The different letters (a, b, ¢) indicate the significant difference at p<0.05 by Tukey test.
Effect of irrigation water quality on maize (Zea mays) crop
Growth parameters

Figure 2 presents the biomass production (roots, aerial, and grain dry weight) and leaf area of maize
plants under different irrigation treatments: RWW, TWW, and WW during the experimental study.
Notably, there was a significant increase (p < 0.001) in maize biomass when irrigated with RWW,
followed by the TWW plots. The leaf area also showed a similar trend, reaching approximately
162.48 + 7.67 cm? when irrigated with RWW. In contrast, the leaf area was lower, not exceeding
152.26 + 2.45 cm? and 147.31 + 4.31 cm? when irrigated with TWW and WW, respectively. The
influence of wastewater irrigation on plant productivity varied depending on the chemical
composition of the irrigation water. The contrasting nutrient content among the different water
sources can account for the observed differences in productivity and growth. The results highlight
that the higher nutrient content in RWW, acting as a fertilizer source, contributed to an increase in
plant productivity.

Consistent with prior research, our findings demonstrate the positive impact of utilizing domestic
wastewater on biomass production compared to crop cultivation with well water. This aligns with
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the observations made by Rusan et al. (2007), who noted that barley irrigated with wastewater
exhibited taller biomass compared to barley irrigated with well water. The increase in biomass was
attributed to the nutrient content in the wastewater. Similarly, Abegunrin et al. (2013) reported
enhanced growth traits in cucumber irrigated with kitchen wastewater compared to groundwater.
Moyjiri et al. (2013) also found that irrigation with wastewater significantly increased root length
and shoot length in Lepidium sativum compared to plants irrigated with fresh water. These
improvements in biomass can be attributed to various factors, such as changes in cell wall
extensibility associated with protein composition (Hasegawa et al., 1984), reduction in
photosynthetic capacity (Erice et al., 2011), and alterations in hormonal metabolism (Wilkinson and
Davies, 2002). Zea mays exhibited better adaptation to the quality of treated wastewater, as it
benefited from the nutrients present, particularly nitrogen and phosphorus. These nutrients
significantly contribute to plant growth compared to the relatively limited growth associated with
well water.
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Fig. 2. The biomass production (roots, aerial parts, and grain dry) and leaf area of maize plants,
irrigated by the three water treatments (RWW: raw wastewater; TWW: treated wastewater; WW:
WW). The three letters (a, b, and ¢) represent a significant difference by notched boxplot test.

Macro and micronutrient parameters

Water quality was not found to be detrimental to plant health, taking into account macroelements
(N, P, K, Ca, Mg, and Na), which are considered necessary for the health of Zea mays (N, P, K, Ca,
Mg, and Na), as reported by Orhue (2005) and Rezapour et al. (2021). Domestic wastewater
application significantly affected the content of macro-elements (N, P, K, Ca, Mg, and Na) in Zea
mays (Fig. 3). Plants irrigated with RWW produced the highest amounts of N with 6.7 + 0.91%, P
with 6.2+1.1%, and K with 2.05+0.5%. However, the plants irrigated with WW had a high content
of Ca with 0.3+0.8%, Na with 0.44+0.95%, and Mg with 0.1+£0.82 %. Furthermore, compared to
RWW and WW, the TWW yielded a medium concentration of N (4.3+0.45%), P (5.62+1.2%, and
K (1.85+0.15%, Ca (0.17+£0.68%), Mg (0.5£0.87%), and Na (1£0.96%). This was the direct
consequence of the important amount of nutrients provided by irrigation with RW, TWW by the
multi-soil-layering system. Based on these results, it can be concluded that water irrigation
significantly affects Zea mays yield and mineral content. The enhancement of plant macronutrient

AUGUST 21-22, 2025 / ISTANBUL AREL UNIVERSITY 92



ICoN-FAC 2025 INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

content with domestic wastewater irrigation indicates that wastewater irrigation supplied the soil
with these nutrients, which improved plant growth and soil fertility (Orhue et al., 2005). Indeed,
plant growth and nutrient content can be enhanced by properly managed irrigation with preserved
nutrients in treated wastewater (Alawsy et al., 2018). Consequently, TWW-irrigated plants showed
medium levels of biomass production and nutrient content compared to those irrigated with RWW
and WW. As we discussed previously, these treated wastewaters by multi-soil-layering system, in
addition to the significant load of nutrients, meet standards for wastewater reuse in agriculture
(Blumenthal et al. 2000; Moroccan standards 2007). The micronutrient contents (Fe, Zn, Mn, and
Cu) of Zea mays treated by water of the three different qualities are shown in Fig. 4. These
micronutrients are necessary for plant nutrition only if they are required by the crops in much lower
quantities compared to macronutrients (Elfanssi et al., 2018). The metrics indicate that Zea mays
uptake a lower and similar content of micronutrients than RWW, TWW, and WW. These results
were in line with prior research investigating the effect of short-term irrigation on micronutrient
accumulation in plants (Adrover et al., 2012; Kiziloglu et al., 2008; Mapanda et al., 2005; Younas
et al., 2022). Additionally, the accumulation of micronutrients might be affected directly by
irrigation water quality or indirectly by an increase in the solubility of the native, insoluble soil
micronutrient (EI Moussaoui et al., 2019; Lucho-Constantino et al., 2005; Mapanda et al., 2005; Yu
et al., 2007).
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Fig. 3. The macronutrient contents of plant grain, irrigated by the three water treatments (RWW:
raw wastewater; TWW: treated wastewater; WW: WW)
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Fig. 4. The micronutrient contents (Fe, Mn, Cu, and Zn) of plant grain, irrigated by the three water
treatments (RWW: raw wastewater; TWW: treated wastewater; WW: WW)

Total Chlorophyll

Figure 5 illustrates the impact of the three water qualities on the total chlorophyll content of Zea
mays crops. The application of WW and TWW resulted in significantly higher chlorophyll content.
The obtained results confirmed that even after irrigation with WW and TWW, the chlorophyll
concentration in the plants remained higher. This indicates a greater potential for capturing light
energy and enhancing photosynthetic activity. Additionally, TWW did not demonstrate any
discernible effect on the photosynthetic activity of the plants under investigation. These findings
align with the research conducted by Jozwiakowski et al. (2020), who reported that potassium (K)
deficiency had the most significant inhibitory impact on photosynthesis in maize plants. Conversely,
the study did not observe any notable influence of phosphorus (P) content on overall chlorophyll
levels during a short-term deviation from optimal macronutrient levels. Previous studies have
utilized chlorophyll content to explain phenomena such as heavy metal stress (Mallick & Mohn,
2003), nutritional deficiencies in raw domestic wastewater (Elfanssi et al., 2018), and reclaimed
wastewater (Banon et al., 2011). Conversely, Ahmali et al. (2020) found that irrigation water with
high salinity can induce photosynthetic stress in plants, with total chlorophyll serving as an indicator
of this stress.
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Figure 5. Total chlorophyll leaves contents of the corn irrigated by the three water treatments
(RWW: raw wastewater; TWW: treated wastewater; Well water: WW).

Biochemical parameters
Sugar

Figure 6A shows the concentrations of sugars determined in Zea mays leaves obtained under
irrigation with WW, RWW, and TWWs. However, significant variations (P < 0.05) were observed
among treatments. Maize crops grown under irrigation with RWW and TWW showed comparable
concentrations of total sugars. Indeed, Zea mays irrigated with WW showed significantly lower
values of total sugar compared to those irrigated with RWW and TWW. The lower abundance of
sugars in Zea mays leaves might be ascribable to the salinity of the WW used for irrigation, which
showed a CI concentration exceeding the Moroccan legal limits for water reuse (Table 1). The high
concentrations of chloride (CI) present in the irrigation water could have resulted in a water deficit
within the maize plants. This salt stress can have detrimental effects on plant growth, including a
reduction in relative water potential, as observed in previous studies (ElI Sabagh et al., 2020).
Additionally, the negative impacts of salt stress can extend to the quality of both soil and water,
both in the short and long term, as highlighted by research conducted by Seleiman et al. (2021).

Protein

Figure 6B illustrates the impact of irrigation water quality on the protein content of maize leaves. It
was observed that plants irrigated with raw wastewater (RWW) exhibited higher protein
accumulation, reaching 22.01 + 2.53 mg/g. In contrast, the protein content in leaves irrigated with
TWW and WW did not exceed 13.23 + 1.33 mg/g and 12.90 + 2.03 mg/g, respectively. This
disparity suggests that while RWW induced physiological stress, TWW and WW did not adversely
affect the physiological state of maize, as supported by findings from Newson et al. (2015).

Similar observations have been reported by Suke et al. (2011), who found that maize protein content
increased with higher levels of NPK and biofertilizers. Rija et al. (2005) also reported comparable
outcomes in their study on the impact of sewage irrigation on crops such as Cicer arietinum, Lens
culinaris, and Vigna radiata. They attributed the rise in total protein and carbohydrate levels in leaf
samples from C. arietinum and L. culinaris to the activities of various microorganisms present in
sewage water, which convert organic matter into by-products such as CO2, NH3, H2S, NO3, POg,
SOs4, and CH4. Furthermore, Latef and Ahmad (2015) proposed that the higher concentrations of
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macronutrients in wastewater serve as cofactors for the enzymes involved in protein production in
maize plants.
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Figure 6. Sugar (A), and Proteins (B) leaves contents of crops, irrigated by the three water treatments
(RWW: raw wastewater; TWW: treated wastewater; Well water: WW).

Conclusions

In arid regions, treated wastewater is a valuable resource for irrigation as it provides water and some
nutrients (N, P, and K) to crops. The present study reveals significant variations in the
physicochemical and microbial characteristics of water and soil, as well as the physiological
responses of maize crops, among the three types of irrigation waters investigated (WW, RWW, and
TWW). The quality of TWW, treated using the Trickling Filter (TF) technology, has successfully
met the permissible limits for reuse in irrigation without posing any health risks according to
Moroccan standards. However, WW exhibits high salinity, with chloride concentrations surpassing
the legal limits for water reuse in Morocco.

Moreover, the values of RSC, SAR, and Na% indicate that all treatments are suitable for irrigation.
However, soil analyses reveal that soils irrigated with RWW contain elevated levels of
physicochemical parameters such as COT, NTK, and TP, which can be detrimental to plants when
they exceed specific thresholds. Despite the fact that RWW has a high nutritional value that can
promote plant growth, albeit with noticeable variations compared to TWW using the TF eco-
technology, irrigation with RWW leads to a decrease in overall chlorophyll content in maize, but
stimulates the significant accumulation of parameters such as total soluble protein and sugars. In
contrast, TWW demonstrates important nutritive value that has the potential to enhance plant
growth, reduce the need for fertilizer application (including the cost of mineral fertilization), and
increase the productivity of infertile soils. However, WW results in a lower abundance of sugars in
Zea mays leaves, which might be attributed to the salinity of the WW used for irrigation, thereby
questioning its use as a reference.

In conclusion, among the investigated irrigation water sources, TWW produced through the TF
process could be considered the most suitable option for water reuse in agriculture and can serve
as a valuable source of plant nutrients and soil fertilizers. TWW possesses significant nutritive value
that can enhance plant growth, reduce the need for fertilizer application and associated costs, and
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ultimately improve the productivity of infertile soils. Nonetheless, further research is necessary to
evaluate the long-term effects of TWW irrigation on soil and crops.
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A REVIEW ON THE EVALUATION OF DIFFERENT ANIMAL MANURE AND WHEY
IN BIOGAS PRODUCTION

Fatma Ersoz

Ardahan University, Department of Food Engineering, Ardahan, Tiirkiye

ABSTRACT

In the world, the human population is increasing daily, and fossil fuels are being depleted. For this
reason, there is a growing demand for new, alternative, and environmentally friendly energy
sources. Biogas is a gas produced from organic materials and is a renewable energy source. Biogas
can be used in the production of electricity and heat. Thus, it has the potential to be actively utilized
in meeting the basic energy needs of various technological areas. It is known that environmentally
friendly technologies are used in the production of biogas. Within the scope of this review study,
the utilization capacity of environmental wastes such as animal manure and whey for biogas
production is reported. Biogas is produced using a batch fermentation technique under suitable pH
and temperature conditions by mixing animal manure and whey. In the literature, numerous studies
have been conducted on the production of biogas from organic waste materials. In related studies,
biogas was produced by mixing different animal manure (swine and cow) with whey at various
ratios. It’s known that manure and whey are potential sources of pollution in water. Therefore,
converting waste into biogas is essential for both the disposal of environmental waste and the
production of a valuable energy source. This review study aims to present data on the evaluation of
whey, a significant waste product in the cheese production industry, and includes improvements in
waste disposal methods.

Keywords: Anaerobic, Animal manure, Biogas, Fermentation, Whey, Waste

INTRODUCTION

Fossil fuels are natural fuels formed from the remains of plants and dead animals, resulting from
geological processes in prehistoric times. They are used for various purposes, including heating,
electricity generation, and vehicular fuel. Fossil fuels are non-renewable energy sources rich in
carbon and are also known as mineral fuels. The types of fossil fuels can be listed as coal, coal
products, natural/derived gas, crude oil, and petroleum products (Demirbas, 2007). According to the
Energy institute-statical review of world energy (2025) report, the annual global use of current fossil
fuels is evaluated in terms of reserve/product ratios, it is reported that coal, oil and gas have 139, 56
and 49 years of reserves, respectively (Energy Institute - Statistical Review of World Energy (2025)
— with major processing by Our World in Data. “Gas” [dataset]. Energy Institute, “Statistical
Review of World Energy”). Due to the depletion and non-renewability of natural resources, a search
for a renewable and environmentally friendly resource has emerged. There has been an increasing
interest in renewable energy sources, such as biogas, in recent days.

Biogas is a gas that is produced from renewable energy sources and raw materials such as
agricultural waste, animal manure, municipal waste, plant material, sewage, green waste,
wastewater, and different food wastes (Pandit et al., 2022). Biogas production is defined as the
production of carbon dioxide and methane gas from organic waste through microbial fermentation
in an oxygen-free environment. (Jameel et al., 2024) Biogas is obtained from the biomass of
microorganisms in anaerobic conditions and reduces the dependence on fossil fuels (Stolze et al.,
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2015). Itis a clean, renewable, and reliable source, offering climate benefits. The biogas production
process, in which waste is utilized to produce energy, contributes to the local economy and waste
remediation (Zarkadas et al., 2016). Biogas production through microbial anaerobic fermentation
also helps reduce foul odor, pathogens and water pollution (Jameel et al., 2024). The part of the
digestion process, also known as digestate, is used as fertilizer and reduces the need for chemical
fertilizers (Li et al., 2013) and, is used as soil amendments.

METHODOLOGY

In the biogas production process, various wastes, including livestock waste (such as manure),
agricultural waste, wastewater, and food waste, are combined in specific proportions in an anaerobic
reactor and subjected to microbial fermentation under suitable temperature and pH conditions to
produce biogas. The schematic representation of the biogas production process is given in Figure 1.

( Livestock waste; )

W Mg

-
( Agricultural waste Electricty
\ / Vehicular fuel
—
Raw

Biomethane

oo | Biogas | -
upgrating system \

\

] Cooking gas

G)

 —

/ Anaerobic digestor

Figure 1. Schematic representation of biogas production, adapted from Upadhykav et al. (Upadhyay
et al., 2023) and October 2017 EESI report (https://www.eesi.org/papers/view/fact-sheet-
biogasconverting-waste-to-energy)

RO + Soilamendments

Digestate -[- Fertilizer

Several parameters must be taken into consideration during the anaerobic fermentation process.
These parameters are; waste type and characteristics (protein, lipid, carbohydrates and nutrients
content), digester microbiology and biochemistry (microorganism type and suitabilty), biogas
production and composition (methanol content (55-68%), CO2 (32-45%) amonnia (3%) and H>S),
digester types (covered lagoon fixed film, complete mix, plug flow, mixed system), temperature
(mesophilic and thermophilic), acidity vs. alkalinity (pH) (6.8-7.5 optimum; sodium/potassium
bicarbonate, calcium carbonate/hydrate...), retention time (15-21 days), agitation and loading
(Shelford et al., n.d.). The metabolic pathway of anaerobic digestion and fermentation is composed
of four parts, in which different microorganisms are responsible: hydrolysis, acidogenesis,
acetogenesis, and methanogenesis (Chen et al., 2023; Mudzanani et al., 2021).

In the dairy industry, whey is a waste from the cheese production process and contains water,
lactose, lactic acid, protein, citric acid, and minerals(Ganju et al., 2017) . Also, it’s known that both
whey and manure contain organic carbon, nitrogen, and phosphorus (Kavacik et al., 2010). Whey
and manure are the primary waste products of the dairy industry, and it is essential to ensure their
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recycling. In the dairy industry, the milk involved in cheese production processes converts into whey
at a ratio of approximately 80-90%. Buchanan et al. reported that approximately 180-190 million
tonnes of waste/year are generated (Buchanan et al., 2023). Livestock farming is a field with a wide
range, and manure constitutes a significant waste product for the livestock industry, with a high
pollution ratio. Although animal manure is highly nutritious for the soil, its direct use is limited due
to its foul odor (Fernandez-Rodriguez et al., 2021). The anaerobic digestion of this waste produces
bioenergy, soil amendments, and reduces greenhouse gas emissions. In this review study, we aim
to provide data on biogas production from a mixture of manure and whey. In Table 1, we summarize
the biogas production from mixtures of whey and manure with different ratios.

Media Methane .
Composition content Biogas Day Temperature pH Reference
2:1 whey- (Kavacik
manure ratio 60% 15mmd 5  34°C - et al.,
(8% total solid) 2010)
10% whey
90% cow
manure 78.7% 218dmdm’ 12 55°C 75 (Hublin_ et
3 al., 2012)
* 5g/dm
NaHCO,
270 L
-1 (Antonelli
100% whey 63% (kg-sv ) 9 32°C 7.45 et al,
(Total 2016)
accumulation)
50% whey 9789.5 cm3 Not (Machado
50% swine 76.3% (Total 65  20-26°C controlled et al.,
manure accumulation) 2022)
75% whey 294,75 mL (dos
25% swine (Total - 94  35°C 7.13 Santos et
manure accumulation) al., 2024)

Table 1. The summary of some studies on biogas production from the manure and whey

CONCLUSION AND DISCUSSION

Biogas production processes are complex and lengthy. In this process, the type of waste is crucial
for achieving maximum biogas production yield and the type of biogas produced. In this study, the
biogas production capacities of two types of waste were evaluated: cheese whey, a major by-product
of the cheese industry, and animal manure, the primary waste type of the livestock industry. It was
observed that anaerobic fermentation processes occurred at various temperatures and generally at
near-neutral pH values. It was observed that several factors influence the biogas yield and the
methane content ratio. However, the optimum pH value is close to neutral, and it is necessary to add
the agent, such as NaHCO3, to adjust the pH, as in the study by Hublin et al. (Hublin et al.,
2012).The reaction temperature was setted at mesophilic conditions as in the studies mentioned in
Table 1 (Antonelli et al., 2016; dos Santos et al., 2024; Kavacik et al., 2010). In a study conducted
by Machado et al. (Machado et al., 2022) the fermentation temperature was setted between 20-26°C
conditions, however the fermentation time is extended up to 65 days for biogas production. Another
critical parameter in biogas production is the initial substrate mixture. The ratio of whey and manure
in the substrate mixture directly affects the amount of produced biogas. The studies in the literature
demonstrated that biogas production can be performed with mixing with manure and whey with
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different ratio, such as 10% whey + 90% cow manure, 100% whey, 50% whey + 50% swine manure
and, 75% whey + 25% swine manure. The expected methane content in biogas produced from
waste, is likely to be between 50-70% by volume (Jameel et al., 2024). According to the table 1,
the methane content is between the expected ratio, so it is shown that both whey and manure are
suitable substrates for biogas production via the anaerobic digestion fermentation process. However,
it should be developed to increase the production level. Additionally, the type of manure, such as
swine or cow, is vital in terms of its carbon and nitrogen content. Biogas production through
anaerobic digestion offers several advantages, including low operational costs, waste evaluation,
and sustainable waste management, as well as serving as a renewable energy source. Therefore,
future studies should focus on enhancing biogas production and achieving products through a
shorter fermentation process.
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THE FUNCTIONAL CONTRIBUTION OF PLANT-MICROORGANISM SYMBIOSES
TO HEAVY METAL TOLERANCE AND PHYTOREMEDIATION PERFORMANCE

Dr,Ogr. Uyesi Sibel BOYSAN CANAL

Van Yiiziincii Y1l Universitesi, Ziraat Fakiiltesi

ABSTRACT

Introduction and Purpose:This section aims to elucidate the potential of microbe-assisted
phytoremediation as a synergistic strategy leveraging plant-microorganism interactions to enhance
the remediation of heavy metal-contaminated environments. Given the ecological harm caused by
anthropogenic metal pollution and the limitations of conventional methods, microbially mediated
approaches represent a sustainable, cost-effective, and ecologically sound alternative.

Result: The utilization of biological materials such as AMF (Arbuscular mycorrhizal fungus)
presents an economical, effective, and safe option for the removal of heavy metals. Thanks to the
unique chemical composition of amf, fungal biomass retains metal ions by forming metal complexes
with specific reactive groups on cell surfaces. AMF-supported phytoremediation is considered a
natural, ecologically sound, cost-effective, and comprehensive strategy to enhance the metal
removal efficiency of plants. Due to the potential of AMF to alleviate metal toxicity, their
inoculations enhance plant growth and alter the bioavailability of metals in soils. Mycorrhizal fungi
can colonize the roots of some hyperaccumulator plants in metal-contaminated soils and can provide
greater plant biomass and faster growth compared to non-mycorrhizal plants. AMF can thus have
an enhancing and progressive effect on phytoextraction and phytostabilization. In microbial studies,
another effective microorganism is endophytic bacteria. In soil contaminated with heavy metals, the
partnership between plants and bacteria causes changes in many vital functions, positively affecting
growth and development. Endophytic bacteria improve stress conditions by increasing the uptake
of nutrients that enhance the development and growth of hyperaccumulator plants in the presence
of heavy metals. For this purpose, effective (metal-resistant) endophytic bacteria are used on various
hyperaccumulator plants to enhance their phytoremediation potential.

Conclusion: Therefore, the symbiotic interactions between hyperaccumulator plants and
microorganisms such as AMF and endophytic bacteria significantly enhance the effectiveness of
phytoremediation, offering an environmentally friendly and sustainable strategy for the remediation
of heavy metal-contaminated environments

Keywords: Heavy metal, AMF, Endophytic bacteria, Phytoremediation

OZET

Amag¢ Bu boliimiin amaci, mikroorganizma ile bitki ortakliginin fitoremediasyonu iyilestirmek i¢in
mikrobiyal destekli yaklasimlarin potansiyelini arastirmaktadir. Tarimsal uygulamalar ve metal
isleme endiistrileri de dahil olmak iizere gesitli antropojenik kaynaklardan agir metallerin gevreye
yayllmast olumsuz etkilere neden oldugu bilinmektedir. Kirli ortamlardan agir metallerin
uzaklastirilmast i¢in kullanilan geleneksel teknolojiler genellikle verimli olsa da, genellikle
pahalidir ve biiylik miktarda toksik kimyasal {iriin {iretirler.
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Bulgular AMF (Arbiskiiler mikorhizal fungus) gibi biyolojik materyallerin kullanimi, agir
metallerin uzaklastirilmasi i¢in ekonomik, etkili ve giivenli bir se¢cenek sunar. Benzersiz kimyasal
bilesimi sayesinde, mantar biyokiitlesi, hiicre yiizeylerinde belirli reaktif gruplarla metal
kompleksleri olusturarak metal iyonlarini tutar. Sideroforlar, temel metal iyonlarini baglayarak,
bitki alimi i¢in ¢oziiniirliiklerini ve bioyararlanimlari artirir. Mikrobiyal destek, siderofor iiretebilen
mantarlar da dahil olmak tizere belirli mikroplarin kullanimimi igerir. AMF destekli
fitoremediasyon, bitkilerin metal giderme verimliligini artirmak i¢in dogal, ekolojik olarak saglam,
uygun maliyetli ve kapsamli bir strateji olarak kabul edilmistir. AMF' nin metal toksisitesini
hafifletme potansiyeli nedeniyle, asilamalari bitki biliylimesini artirir ve topraklardaki metal
biyoyararlanimini degistirir. Mikorizal mantarlar, metalle kirlenmis topraklardaki bazi hiper
akiimiilator bitkilerin koklerini kolonize edebilir ve mikorizal olmayan bitkilere goére daha fazla
bitki biyokiitlesi ve daha hizl biiyiime saglayabilir. Boylece fitoekstraksiyonu ve fitostabilizasyonu
artirict ve ilerletici etki yapabilir. AMF ayrica antioksidatif bilesikler, metalotiyoninler ve
fitosellatinler iiretimini artirarak agir metallere karsi bitki savunma mekanizmalarim iyilestirir.
Mikrobiyel ¢alismalarda bir baska etkin mikroorganizma endofitik ve PGPR bakterilerdir. Agir
metalle kirli toprakta, bitki ile bakteri ortaklig1 bir ¢ok hayati fonksiyon {lizerinde degisime neden
olarak biiytime ve gelisimi olumlu yonde etkiler. Bitkinin gelisimi ve biiylimesini artirmaya neden
olan besin elementi alimini artirarak stres kosullarini iyilestirir.

Sonu¢ Bu nedenle, akiimiilator bitkiler ile AMF ve endofitik bakteriler gibi mikroorganizmalar
arasindaki simbiyotik etkilesimler, fitoremediasyonun etkinligini énemli Olclide artirarak, agir
metallerle kirlenmis ortamlarin iyilestirilmesi i¢in g¢evre dostu ve siirdiiriilebilir bir strateji
sunmaktadir.

Anahtar Kelimeler: Agir Metal, AMF, Endofitik bakteri, Fitoremediasyon

GIRIS

Gergekte agir metaller, yogunlugu 5 g/cm®’ten daha yiiksek olan metaller igin kullanilir. Demir (Fe),
manganez (Mn), bakir (Cu), ¢inko (Zn) ve nikel (Ni) gibi agir metaller bitki bliylimesi ve islevi i¢in
gereklidir. Ancak Cd, Cr, As ve Pb gibi baz1 agir metaller bitki biiylimesi i¢in gerekli degildir ve
ozellikle yiiksek seviyeleri bitki biiylimesini olumsuz etkileyebilir. Agir metaller asir1 reaktif oksijen
tiirleri ve metil glioksil birikimi vardir, bu nedenle bitkisel hiicrelerde lipitlerin peroksidasyonu,
proteinlerin oksidasyonu, enzimlerin inaktivasyonu ve DNA hasar1 meydana gelir, bazen DNA
diger hiicre bilesenleriyle reaksiyona girer. Pestisitler, giibreler ve metalle kirlenmis kanalizasyon,
toprakta agir metal birikiminin baslica nedenleridir. Fosil yakitlarin yakilmasi, topraktaki bu agir
metalleri artirmigtir. Cd, Pb ve Zn konsantrasyonu son iki ylizyilda toprakta hizla artmistir
(Candelone ve ark.1995). Yiiksek konsantrasyonlarda agir metaller, bitkilerde protein yapisini
etkileyerek enzimlerin yapisini ve dolayisiyla islevselligini etkiler. H*~ATP azlar gibi plazma
membran proteinlerinin yapist agir metaller tarafindan degisiklige karsi hassas oldugundan; agir
metallerin toksik etkileri plazma membranin gecirgenligini ve islevini etkileyebilir. Ayrica, agir
metaller oksidatif strese (reaktif oksijen tiirlerinin {iretimi) neden olur, farkl: hiicresel bilesenleri ve
dolayisiyla bitki dokularini olumsuz etkiler (Sajedi et al., 2010). Topraktaki agir metal stresi sonucu
cesitli fizyolojik, biyokimyasal ve molekiiler siiregler bozulur. Bitki biiyiimesi engellenir ve bu agir
metaller diisiik tohum ¢imlenmesi, turgor kaybi, kloroz, nekroz, yaslanma ve en sonunda bitki
oliimii gibi ¢esitli kusurlara neden olur. Agir metaller, kok gelisimini engelleyerek kdklerin su ve
besin elementi alim kapasitesini azaltir. Kok hiicrelerinde birikim yapmasit kok uzamasint durdurur
(Bono ve Ashfag, 2013). Fitoremediasyon, agir metal kaynakli toksisitesini azaltmak i¢in kirlenmis
ortamlarda bitkilerin kullanildig1 bir yontemdir. Bu yontemde genellikle hiperakiimiilator olarak
bilinen, yiiksek miktarda agir metali biinyesinde biriktirebilmesine ragmen gelisimini siirdiirebilen
bitki tiirleri tercih edilir (Parmar ve Sing, 2015). Arbuskiiler mikorizal (AM) mantarlar, ¢ogu karasal
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bitkiyle simbiyotik iligki gelistiren toprak mantarlaridir. Boyle bir simbiyoz da, mantarlar konak
bitkiye karbon karsili§inda su ve besin saglar. Toprakta, karasal bitkilerin ¢coguyla simbiyotik iliski
gelistiren AMF bulunur. Bu simbiyozda AMF, konak bitkinin karbon (C) karsiliginda su ve besinleri
emme yetenegini onemli Ol¢iide artirabilir. Toprak agir metal iceriginin artmasi toprak bakteri ve
mantar poplilasyonun azalmasina neden olmaktadir. Ancak canli organizmalarda agir metal
toksisitesini gidermek veya metalle kirlenmis topragi tarima uygun hale getirmek igin c¢esitli
yaklagimlar uygulanmaktadir. Mantar biyo kiitlesinin kadmiyum, bakir, civa, kursun ve ¢inko gibi
agir metalleri cok verimli bir sekilde biriktirdigi bulunmustur (Li and Yuan 2006; Javaid et al. 2010).
AMF, besin alimini artirarak ve topraktaki agir metallerin fitostabilizasyonunu saglayarak, ayrica
agir metallerin emilimi ve detoksifikasyonu ile anag bitkinin agir metallerin stresine karsi hayatta
kalmasina yardimci olabilir (Miransari, 2011). PGPR (bitki biiyiimesini destekleyen kok
bakterileri), agir metal toksisitesine maruz kalan bitkilerde tolerans mekanizmalarinin
giiclendirilmesinde 6nemli bir rol {istlenmektedir. Bu amacgla, mikroorganizma kokenli
polisakkaritler, glikoproteinler, lipopolisakkaritler, peptitler ve sideroforlar gibi hiicre dis1 polimerik
bilesikler agir metallerle selat kompleksi olusturabilir. Bu komplekslesme, agir metallerin toprak
ortamindaki hareketliligini degistirerek bitkilerdeki toksik etkilerini azaltir (Ansari ve ark., 2023).
Endotifitik bakteriler, agir metalle kirli toprakta, azot fiksasyonu, IAA ve siderofor iiretimi, fosfat
coziindiirme gibi ¢esitli mekanizmalarla bitkinin biiyiime ve gelisimini artirabilirler. Endofitik
bakterilerin bitkiye sagladiklar1 besin elementleri agir metal stres kosullarinda biiylime ve gelismeyi
artirmaktadir. Bununla birlikte, kok bolgesinde, stoma diizenlemesi, kok morfolojisinin degismesi,
mineral besin elementi aliminda artisa neden olur (Rajkumar ve ark., 2009; Ma ve ark., 2016). Bu
boliimde arbiiskiiler mikorhizal mantarlarin, endofitik ve PGPR bakterilerin agir metal stres
kosullarinda hiperakiimiilator bitkilerin gelisimine biiylimesine iizerine etkileri ve fitoremediasyonu
artirmada etkileri inceleneceklerdir

BULGULAR
Fitoremediasyon Uzerine AMF Etkisi

AMF, bitki koklerini kolonize eden ve cesitli mekanizmalarla bitki biiyiimesini destekleyen,
ozellikle besin alimini 1yilestiren, biiylime hormonlari tireten ve bitkiyi patojenlerden koruyan bitki
biiyiimesini destekleyen kok bakterilerinin yararli toprak mikroorganizmalar1 arasindadir (Tiodar
ve ark,2021). Agir metallerle kirlenmis topraklarda, mikorhiza ile bitkiler arasindaki simbiyotik
iliski, mantar hiflerinin uzamasi yoluyla bitkinin emici ylizey alanini artirir (Hodge ve ark., 2015).
Mikorizal simbiyozdaki bitkiler, temel mikro ve makro besinlerin hareketliligini korurken toksik ve
asirt metalleri etkili bir sekilde hareketsizlestirebilir. Bu yetenek, bitki verimini dnemli 6l¢iide
artirabilir Mikorizal iliski nedeniyle bazi agir metallerin hareketsizlesmesi muhtemelen
mikorizosferdeki pH'in hafif artisindan kaynaklanmaktadir. Agir metaller ¢ogunlukla mantar
hiflerinde ve arbiiskiillerde birikir (Bono ve Ashfag, 2013).
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Fungal

- hyphae
Appressarium

AMF AMTF Bitki kiklerinde agir metal hareketine etkisi
1-Mantar vakoullerinde biriktirir
2-Mantar miselleri ve vesicle de biriktirir
3-Metallationin ve fitoselletinler -
4-Stoplazmada birikimi
S-Bitkide antioksidatif savunma

Sekil. Agir metal hareketini yonlendiren AMF(mantarlari).

AM mantarlarinin stres altinda bitki biiylimesini gelismesini 6nemli Ol¢iide artirabildigi de
belirtilmistir. AM mantarlarinin bitki bliylimesi ve ekosistem verimliligi {izerinde su etkileri vardir:
1) Bitki su ve besin alimini artirir, 2) toprak yapisin iyilestirir, 3) diger toprak mikroplariyla
etkilesime girer, 4) patojenleri kontrol eder (Smith ve Read, 2008). Mikorhiza mantarlari tarafindan
bitki koklerine agir metal hareketini yonlendiren mekanizmalar belirtilmistir. Bu mekanizmalari
strast ile 1) agir metaller hiicre duvarina veya mantar vakuollerinde birikebilir, genel olarak, agir
metaller bitkilerle simbiyotik iliski icinde yasayan mantar hiflerin de hareketsiz hale gelirler, bu da
agir metallerin sellasyon yoluyla hiicre duvarinda, vakuol de veya sitoplazmada tutarak bitkilerin
bunlara erisimini azaltir ve boylece bitkilerdeki metal toksisitesini azaltir (Punamiya ve ark., 2010).
2) AMF 'nin daha yiiksek bitki koklerinde kolonizasyonu, bitkinin koklerinde ve dig miselyum da
agir metallerin tutulmasi saglar. AMF, yiliksek miktarda agir metallerin yogunlastigi mantar
miselyumu ve vezikiiller gibi mikorizal yapilarda agir metalleri tutarak bitkilerde agir metal
toksisitesini iyilestirmek i¢in bir mekanizma gdsterir ve bu da agir metalin bitki dokularina mobilize
olmasin1 daha fazla 6nler (Vogel ve ark., 2006). 3) Metallotioneinler veya fitoselatinler mantar veya
bitki hiicrelerinde agir metallerin birikmesine neden olabilir. Mikorizal bitkilerin agir metalleri
emmesini saglayabilen diger ilging mekanizma, sadece yliksek bitkiler tarafindan iiretilen glutatyon
tiirevi peptitler olan fitoselatinlerin artan tiretimidir. Buna gore, bitkiler agir metalleri ve metaloitleri
sellatlayabilir (Garg ve Aggarwal 2011;Pollard ve ark. 2014). Agir metallerin sitoplazmadan tahsisi
her iki simbiontun plazmalemma veya tonoplastinda bulunan metal tasiyicilari tarafindan
gerceklestirilir (Schutzendubel ve Polle, 2002) Sekil 1. 5- AMF bitkide antioksidatif savunmay1
etkiler. Bitkiler, agir metal stresine karsi kendilerini korumak igin antioksidatif savunma
sistemlerine sahiptir. Bu savunma sistemleri, bitki hiicrelerinde bozulma ve islev bozukluguna kars1
koruyan glutatyon peroksidaz (GPX), katalaz (CAT), siiperoksit dismutaz (SOD), glutatyon
rediiktaz (GR), peroksidaz (POD) ve askorbat peroksidaz (APX) gibi ¢esitli enzimleri igerir
(Abdelhameed, ve ark., 2019). Bu antioksidan enzimler, metal stresi sirasinda oldukga aktiftir.
Genellikle, SOD siiperoksit radikallerini (O2") detoksifiye ederek stres kaynakli hiicresel hasari
onler. Stres esnasinda iiretilen H20; radikali ise APX veya CAT tarafindan suya doniistiiriiliir (Bi
ve ark., 2019). Cesitli arastirmacilar tarafindan yapilan ¢alismalar, AMF' nin antioksidanlarin
sentezini tesvik etme ve metal stresi altinda aktivitelerini artirma yetenegine sahip oldugunu
gostermistir. Wu ve ark., (2014) vyiirittikleri calismada, AMF' nin oksidatif stres altinda
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antioksidatif enzim aktivitesini artirdigin1 ve konukgu bitki giivercin bezelyesinde (Cajanus cajan)
radikal iiretimini azalttigin1 ve metal stresini hafifletmeye yardimci oldugunu bildirmislerdir.
Kadmiyum stresi kosullarinda AMF asilanmis aygicegi (Helianthus annuus L) bitkisinde MDA
diizeyinde azalma ile birlikte, SOD, CAT ve POD enzim aktivitelerini artirarak bitkiyi korumustur.
Kadmiyum nedeniyle azalan palmitoleik (C16:1), oleik (C18:1), linoleik (C18:2) ve linolenik
(C18:3) asit seviyeleri AMF ile normale donmiistiir (Abd-Allah ve ark., 2015).

Arbiiskiiler mikorizal (AM) mantarlar, ¢ogu yliksek bitki tiiriiyle karsilikli yarar esasina dayali
simbiyotik iligkiler kuran toprak kékenli mikroorganizmalardir. Bu simbiyozda mantarlar, konak
bitkiye su ve temel besin elementlerinin aliminda yardimei olurken, bitkiden fotosentez iiriinleri
olan karbonhidratlar1 alarak beslenirler. Mikorizal mantarlar, agir metallerle kirlenmis topraklarda
yetisen bazi hiperakiimiilator bitki tiirlerinin kok sistemini kolonize edebilmekte ve bu sayede
mikorizal olmayan bitkilere kiyasla daha yiiksek bitki biyokiitlesi {iretimi ve daha hizli biliylime
oranlar1 saglayabilmektedir (Riaz ve ark. 2021). Bitkiler, fitoremediasyon siireciyle agir metallerin
stresini hafifletebilir. Bitki koksapinda Cd'nin varligi, organik asitler de dahil olmak {izere kok
eksiidatlarinin iiretimini etkiler ve bu da Cd'nin biyoyararlanimini ve bitki tarafindan fito-
stabilizasyonunu (fito-immobilizasyon) veya daha sonra emilimini (fitoextraksiyonu) etkiler
(Visconti ve ark. 2022). AM mantarlari, kok eksiidatlarinin kombinasyonunu degistirerek bitkide
agir metaller i¢in biyoremediasyon potansiyelini artirarak, konuk bitkinin fitoremediasyon ve fito-
stabilizasyon (fitoimmobilizasyon) yetenegini artirabilir (Zeng ve ark., 2018). AMF asilamasi,
fitoremediasyonu gelistiren, bitki biiyiimesini destekleyen ve agir metal toksisitesine karsi toleransi
artiran umut vadeden bir aracili mikrobiyal yardim ve selasyon destek teknigidir. PGPR ve AMF'
nin EDTA selasyonuyla birlikte kullanilmasinin, yerel bitki tiirlerinin biiylimesini ve agir metal
alimini iyilestirdigi bulunmustur (Seth, 2012). Benzer olarak endofitik bakteri ile birlikte uygulanan
hiimik asit ve biochar gibi biostumulantlar fitoremediasyonu artirmada etkili oldugu bulunmustur
(Canal Boysan, ve ark., 2024). kadmiyum stresinin hafifletiimesinde Mikorizal mantarlarin etkisi,
kok eksiidatlarini etkileyerek olur; bu da 6rnegin metal ¢oziintirliigiinii etkileyerek fitoremediasyon
ve fitostabilizasyonu tetikleyebilir. Test edilen bitkiler, 6zellikle mikorizal olanlar, agir metalleri
hareketsizlestirebildikleri ve toprak {istii kisma tahsisini Onleyebildikleri i¢in Cdnin
fitoremediasyonu i¢in kullanilabilir. Mikorizal mantarlar, bitki biiylimesini ve besin alimim
(artirllmig  kok alm alani) artirarak test edilen bitkilerin fitoremediasyon potansiyelini
artirabilmektedir. Elde edilen bulgulara gore, mikorizal bitkiler (biberiye ve amarant) mikorizal
olmayan bitkiyle (siis lahanas1) karsilagtirildiginda, kirli topraktaki Cd stresini 6nemli dl¢iide azaltti.
Buna gore, biberiye kirlenmis topraklardaki agir metallerin bir biyomonitorti, hiper akiimiilatorii ve
fito-stabilizatorii olarak islev gorebilir (Nasiri ve ark., 2022) (Cizelge 1).

PGPR Bakterilerinin Fitoremediasyona Etkisi

PGPR bakterileri bitki ile yeterince iletisime gecerek kok bolgesinde kolonize olarak bitkinin
biliylime ve gelismesini tesvik eden bakterilerdir. Bitkilere besin saglama, fitohormon iiretimi ve
topraktaki agir metallerin bulunabilirligini degistirme ve biyolojik kontrolde 6nemli gorev alir (Feng
ve ark., 2021). Hiperakiimiilator bitkiler genellikle sinirli biyokiitle ve uzun biiyiime dongiileri gibi
zorluklarla kars1 karsiyadir (Ma ve ark., 2016). PGPR, azot fiksasyonu, fosfor ¢6ziiniirliigii ve demir
tastyici iiretimi yoluyla dogrudan besin saglar. Ayrica bitki bliylimesini desteklemek ve agir metal
direncini artirmak i¢in  bitki biiyiime hormonlarin1 diizenler Ayrica, PGPR, organik asit
salgilanmasi, biyosiirfaktan tiretimi ve redoks reaksiyonlar1 yoluyla bitkilerde agir metal birikimini
artirarak topraktaki agir metallerin biyoyararlanimin artirir. Buna gore, kok bakterilerinin bitkiler
tarafindan agir metallerin alimi {izerindeki yardimci etkisi, asagidaki mekanizmalari iceren gesitli
diizenleyici mekanizmalarin birlesiminden kaynaklanmaktadir.
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Biyolojik N fiksasyonu

Azot bitkilerin toprak {istii aksamini biiyliten ve gelistiren besin elementidir. Kok bakterileri toprak
enzimlerinden {iraz ve proteaz enzimlerinin aktivitesinin artmasina neden olarak azot fiksasyonunu
artirir (Jiang ve ark., 2008). Bununla birlikte akiimiilator bitki ile bakteri arasindaki simbiyoz bitkide
biyolojik azot fiksasyonunu artirabilir (Gomez-Godinez ve ark., 2019). Buna gore, N-fiksasyonuna
bagli olarak hiperakiimiilasyon yapan bitkilerin biyokiitlesini artirarak fitoremediasyon verimliligini
dolayli yoldan tesvik eder.

Fosfat Coziiniirliigii

P, bitkilerde ¢esitli enzimatik reaksiyonlarda 6énemli bir rol oynar (Ahemad, 2015). Buna karsilik,
topraktaki P'nin %75' bitki kullanimimna elverisli olmayan ¢6ziinmeyen kompleksler halinde
bulunur. Ek olarak, fosfat mineralleri, agir metal ile kirlenmis topraklarda komplekslesme
reaksiyonlart ve iyonik ¢okelme yoluyla agir metal iyonlariyla kolayca ¢éziinmeyen cokeltiler
olusturur (Li ve ark., 2021), bu da bitkilerin agir metal ile kirlenmis topraklardan P alimini
zorlastirir. Ozellikle, PGPR, topraktaki ¢oziinmeyen P'yi aktive ederek ve asitlestirme, selasyon ve
iyon degisimi yoluyla bitkiler icin kullanilabilirligini artirarak fosfat c¢oziiniirliiglini
kolaylastirmada 6nemli bir rol oynar (Ma vd., 2016).

Bitki Hormonlarinin ve Antioksidatif Enzimlerin Salgilanmasi ve Diizenlenmesi

PGPR, bitkilerde ¢esitli fizyolojik siirecleri diizenleyen IAA, gibberellin (GA), absisik asit (ABA)
ve etilen (ETH) gibi hormonlar iiretir (Shi ve ark., 2009). Ornegin, PGPR tarafindan iiretilen
[IAA'lar ve GA'lar bitki kok uzunlugunu ve hacmini artirarak toprak ve bitki kokleri arasindaki
temas alanin1 artirir ve bu da bitki besin durumunu iyilestirerek agir metal alimmi tesvik eder
(Goswami vd., 2016). Agir metal stresi kosullarinda, kok ve siirgiin biiylimesinde azalmaya neden
olan etilen iiretimi artis gosterir (Etesami ve ark., 2015)). PGPR bakterilerinin de farkl tiirlerinde
etilen seviyesini diisiirmeye neden olabilecek 1-aminosiklopropan 1- karboksilik asit (ACC)
deaminaz enzimine sahip oldugunu gostermistir (Glick, 2007). ACC deaminaz enzimi kok den
rizosfer bolgesine salgilandiginda etilen'in stres kosullarinda neden ayni1 zamanda siirgiin ve kok
biliylimesini de iyilestirebilir (Fan ve ark., 2018). Bakteriler agir metal streskosullarinda, siiperoksit
dismutaz (SOD), katalaz (CAT) ve peroksidaz (POD) gibi temel antioksidan enzimlerin
aktivasyonu veya serbest radikaller (O2 ), hidrojen peroksit ve hidroksil radikalleri (OH) gibi
zararli reaktif oksijen tiirlerinin (ROS) doniistiiriilmesini saglar (Zhu ve ark., 2023).

Endofitik bakteriler, agir metal kirliligine maruz kalmis topraklarda fitoremediasyon siire¢lerine
onemli katkilar saglamakta olup, ayn1 zamanda bitki biiyiimesini ve gelisimini destekleyici etkiler
gostermektedir (Afzal ve ark., 2019). Endofitler, bitki dokularinin i¢cinde yasayan, konakg¢iya zarar
vermeyen ve herhangi bir dis yap1 gelistirmeyen mikroorganizmalardir. Bitki-endofit simbiyozunda,
endofitler bitkilerden karbonhidrat alir ve bitkileri agir metal stres kosullarina kars1 direncini artirir
(Sharma ve ark. 2024). Bu yararli bakteriler, bitki biiylimesini ve sagligint hem dogrudan hem de
dolayli mekanizmalar araciligiyla artirma yetenegine sahiptir. Dogrudan etkileri; biyolojik azot
fiksasyonu, fosfor ve potasyumun ¢oziiniirliiglinlin artirilmasi, siderofor {iretimi ve fitohormon
sentezini igermektedir. Dolayli etkiler ise; antibiyotik tiretimi, hiperparazitizm, rekabet yoluyla
baskilama, ekzopolisakkarit salgilanmasi1 ve indiiklenmis sistemik direncin aktive edilmesi gibi
cesitli biyolojik miicadele stratejilerini kapsamaktadir (dos Santos ve ark., 2020).
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Mikroorganizmalar

Akiimiilator Bitki

Mikroorganizma Etkileri

KAYNAKLAR

Staphylococcus

Kolza

Bitki Biiylimesi ve Coziinmiis

Srivastava ve

arlettae (Brassica juncea (L.) fosfati tegvik ederek bitkilerde agir ark., (2013)
metal birikimini artirmaktadir

Enterobacter sp. Kolza Bitkilerin IAA,ACC enzim He ve

(Brassica hapus) treterek  agir metal biriktirme ark.,(2013)

yetenegini artirir.

Bacillus thuringiensi  Kizil agag IAA, sideroforlar,ACC iiretimi ve Babu ve

s GDB-1 (Alnus Firma) fosfor (P)Coziindirilmesi agir ark.,(2015)
metal birikimini artirmaktadir

Pantoea agglomeran  Kolza Bitki Biiytimesi ve antioksidatif Boysan Canal

s, G129K1-1
Bacillus mojavensis,
G106K1

(Brassica napus)

enzim  aktivitesinde(SOD,CAT
VE  APX)artiglar. Agir  metal
birikimini artirmaktadir.

ve ark.,(2024)

Glomus mosseae Kolza Mikorizal mantarlar bitki Nasiri ve
(Brassica oleracea)  biiyiimesini, besin maddesi alimmi  ark.,(2022)
Biberiye ve fitoremediasyon potansiyelini
(Salvia rosmarinus Onemli Ol¢lide artirarak —stresi
(Amaranthus sp) hafifletebilmistir.
Glomus intraradices  Berkheya coddi Mantar asilanmig bitkinin stirgiin -~ Turnau and
yas agirligi asillanmamig bitkiye Mesjasz-

gore daha fazla agir metal

konsantrasyonu daha yiiksek

Przybylowicz
(2003)

Zaefarian ve
ark.,(2013)

Glomus mosseae, Medicago sativa Asilanmus bitkilerde daha yiiksek
G. etunicatum, G. agir metal konsantrasyonu vardi ve
intraradices a G. mosseae agir metallerin
hartiga, ve G. stirglinlere taginmasini artirdi

fasciculatum)

SONUC

Agir metal stresi, sanayilesme ve asir1 kimyasal kullanimi sonucunda ortaya ¢ikan bir durumdur ve
diinyanin biiyiik alanlarini etkileyen 6nemli bir sorundur. Farkli yontemler agir metallerle kirlenmis
ortamlari iyilestirmek i¢in kullanilsa da, bitkiler ve mikroplarin tek bagina veya bir arada kullanildig:
biyolojik yontemler en etkili olanlar arasinda yer almistir. Bu bdliimde, en bol bulunan toprak
mantar1 tiri olan AMF mikorhiza mantarlarinin ve endofitik ve kok bakterilerin, akiimiilator
bitkileriyle simbiyotik iliski gelistirerek bitki biiyiimesi ve agir metal stres iizerindeki rahatlatici
etkileri sunulmus ve analiz edilmistir. Mikroorganizmalar ve akiimiilator bitkilerin simbiyozunun
daha iyi anlagilmas1 fitoremediasyon tekniklerinin iyilestirilmesine yardimc1 olacaktir.
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Abstract

Tomatoes are staple fruit and a major source of vitamins and minerals in many diets, yet they are
highly susceptible to spoilage, especially by fungi, due to their high moisture content and nutrient
richness. This study aimed to isolate and identify the predominant fungi responsible for the spoilage
of tomatoes obtained from Gada and Kanti markets in Kazaure metropolis. A total of 30 tomato
samples (15 from each market) were collected and analyzed using Sabouraud Dextrose Agar (SDA)
as the growth medium, following the modified method of Uzuegbu et al. (2002). Each sample's
injured or visibly spoiled part was inoculated on SDA plates, incubated at room temperature, and
observed for colony formation over a period of five days. Microscopic macroscopic examinations
revealed the presence of four predominant fungal genera: Aspergillus, Rhizopus, Penicillium, and
yeast (Saccharomycetes). Among these, Aspergillus and Rhizopus species were found to be the
most prevalent, with each having a frequency of 20%, followed by Penicillium (15.5%) and yeast
(11.1%). The findings indicate that Aspergillus and Rhizopus species are the primary agents of
tomato spoilage in these markets. This study underscores the need for improved storage and
handling practices to minimize fungal contamination and extend the shelf life of tomatoes in local
markets. Further research on antifungal treatments and natural preservation methods could aid in
reducing tomato spoilage and ensuring food safety.

Key words: Fungi, Tomato, Spoilage, Isolation
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ABSTRACT

Introduction and Purpose: Sustainable nutrition interventions can help to develop sustainable and
healthy nutritional patterns among nutrition and dietetics students—future nutritionist or dietitians
who are cited as strategic partners in collaborative actions for sustainable development. For this
purpose, in this research, we aimed to investigate the impact of sustainable nutrition education on
sustainable eating behaviors and sustainable food choice motives in undergraduate nutrition and
dietetics students.

Materials and Methods: This quasi-experimental study was conducted with undergraduate
students from the Nutrition and Dietetics Department of a public university in Tiirkiye between
November 2024 and January 2025. The students were divided into intervention (n=36) and control
(n=43) groups. The intervention group received sustainable nutrition education for two hours per
week (ten sessions). Self-reported data were collected pre- and post-education using a face-to-face
questionnaire. The Sustainable and Healthy Eating Behaviors Scale (SHEBS) and Sustainable Food
Choice Questionnaire (SUS-FCQ) were included. Participants self-rated their sustainable nutrition
knowledge, nutritional status, and overall health status on a scale from 1 (very poor) to 5 (very
good).

Results: Following the intervention, within the SHEBS sub-dimensions, the meat reduction score
significantly increased. The students’ self-evaluation of sustainable nutrition knowledge also
increased significantly after the intervention. However, although the scores showed an increasing
trend after education, there were no statistically significant differences between the total SHEBS
and SUS-FCQ scores.

Discussion and Conclusion: The class setting sustainable nutrition education in undergraduate
nutrition and dietetics students effectively increases their willingness to reduce meat consumption.
The findings of this study may be used to inform decision-makers in higher education to integrate
more comprehensive sustainable nutrition education and sustainable dietary practices into the
nutrition and dietetics curriculum.

Key Words: Dietitian; Environment; Nutritionist; Sustainability
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ABSTRACT

Opuntia ficus-indica is a tropical or subtropical plant and it belongs to the cactus family. Prickly
pear is the fruit of this cactus contains significant amounts of ascorbic acid, vitamin E, carotenoids,
dietary fiber, amino acids, and antioxidant compounds (flavonoids, betaxanthin and betalain) while
having hypoglycemic, hypolipidemic, and antioxidant properties. In this study it is aimed to evaluate
prickly pear in the production of functional fruit leather.

The fruit leather was produced using two different gelling agents (5% wheat starch and 5%
maltodextrin) and two different drying methods (only hot air and microwave + hot air). Fruit pulps
were dried in microwave oven at power levels of 100 W and 180 W and hot air at 60°C in
conventional oven. The changes in physicochemical, textural, and sensory properties of fruit
leathers produced by different methods were investigated.

Moisture, water activity, total ash, pH, total phenolics, total flavonoids, betalain contents and
antioxidant activity of fruit leather samples were evaluated. The highest betalain (0,53+0,02 pg/g)
and phenolic (30,19+0,16 mg GAE/100g) contents were determined at the sample dried at 180 W
for 90 seconds in microwave oven and than 60°C in tray drying oven for 90 minutes.

It is aimed to produce high-quality products in a shorter time and under hygienic conditions,
maximizing the utilization of bioactive compounds in the fruit. Overall, the production of functional
fruit leather from the highly nutritious prickly pear fruit has been successfully achieved.

Key Words: prickly pear, fruit leather, functional food product

INTRODUCTION

Opuntia ficus-indica is a tropical plant of North American origin, belonging to the subfamily
Opuntioideae of the family Cactaceae (Yahia & Saenz, 2011). The fruit has a thick, spiny pericarp
with numerous small stony seeds that vary in shape, size and colour (yellow, red, orange and purple).
Its weight varies between 100-200 g and the edible part constitutes 45-67% of the fruit. (Yahia &
Saenz, 2017). Hypoglycemic, hypolipidemic and antioxidative effects of prickly pear are due to the
soluble fibers, high amounts of betalain, flavonoids (kaempferol, quercetin, isorhamnetin), phenolic
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compounds, ascorbic acid, carotenoids, vitamin E, amino acids (proline, taurine, serine) and
minerals (mostly K, Ca, P) in its structure. (Cano et al., 2017; Fernandez-Lopez et al., 2010; Feugang
et al., 2006; Scaffaro et al., 2019). The chemical composition of the fruit depends on various factors
such as species, cultural practices, climatic conditions, age of the plant, harvest time and fruit
maturity. High sugar content (12-17%) and low acidity (0.03-0.12) are the characteristic features of
the fruit. The glucose is 53% of the reducing sugar in its structure, while the remainder is fructose
(Piga, 2004; Yahia and Sédenz, 2011). Studies on prickly pear (stem and fruit) extracts have shown
hypoglycemic activity. Consumption of the extract reduces glucose concentrations by promoting
glycogen formation in skeletal muscles and liver. Thus, its benefits for type 2 diabetes can be
explained by its potential to trigger insulin release, which converts glucose into glycogen. It has an
antioxidant effect thanks to its flavonoids (kaempferol, quercetin, and isorhamnetin). Phenolic
compounds can delay the prooxidative effects on proteins, DNA, and lipids by producing stable
radicals (Ennouri et al., 2006). Betalains are water-soluble nitrogenous chromo alkaloids found in
abundance in the flowers and fruits of plants of the Caryophyllales order and in small amounts in
the roots and stems. The fruit's colour ranged from green to yellow-orange and red to purple, is due
to the betalains it contains. The red-purple colour of the betalains is caused by betacyanins, while
the yellow-orange colour is caused by betaxanthins. (Stintzing et al., 2001). Betalains have
antioxidant, anti-inflammatory, anti-diabetic, and anti-carcinogenic properties (Garcia-Cayuela et
al., 2019). Vitamin E, tocopherols, and -carotene are also found in its fruits and seeds. In addition,
fruit is a good source of amino acids (proline, taurine, and serine) and minerals (calcium, potassium,
and magnesium) (Feugang et al., 2006). Potassium is a mineral not found in many foods that helps
regulate fluid balance and nerve signals in the body (Saenz, 2002). Dietary fibers consist of
indigestible carbohydrates such as cellulose, B-glucan, hemicellulose, gums, mucilage, pectin,
resistant starch, and oligosaccharides. Dietary fibers are known to reduce the risk of some types of
cancer, such as colon cancer. (Hernandez-Carranza et al., 2019). Ascorbic acid is very important
due to its antioxidant properties, although its amount varies depending on the maturity of the fruit.
(Cano et al., 2017).

Prickly pear fruit is generally consumed fresh, and its shelf life is limited to 3-4 weeks (Piga, 2004).
Because it is not suitable for long-term storage, researchers have tried to preserve it using different
methods. Not only the fruit but also the cladode part has been used for many years in the food
industry (fresh fruit, jam, refreshing drinks), the pharmaceutical industry (antidiabetic agent) and
the production of other industrial products (alcohol, soap, commercial colorant, pectin production,
etc.) (Lahsasni et al., 2004).

Drying is one of the oldest methods used to preserve the long-term benefits of a food product without
spoiling. Pestil (fruit leather) is obtained by adding thickening agents such as sugar and starch to
fruit juice or pulp, heating the mixture, spreading it thinly on cloths, and drying it in the sun (or
shade) (Yuksel et al., 2022). At this point, fruit leather, a source of vitamins, minerals and various
nutrients, is attracting the attention of those looking for a healthy snack. Moreover, fruit leather is
lower in calories (100 kcal per serving) than many other fruit-based snacks. (Cagindi & Otles, 2005;
Yuksel et al., 2022) Various formulations are used in fruit leather production, and these formulations
aim to improve flavour, adjust desired firmness, and prevent non-enzymatic browning reactions.
Various formulation studies have been conducted using one or more of the following ingredients in
fruit leather: corn syrup, honey, citric acid, pectin, maltodextrin, lecithin, vegetable oils, and
ascorbic acid. (Torres et al., 2015). For example, wheat starch or flour is added to achieve the desired
hardness and then heat treatment is applied to gelatinize the starch (Tontul & Topuz, 2017). Natural
white soil (molasses soil) containing CaCOs could be added to prevent Maillard reactions. (Cagindi
& Otles, 2005).
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In this study, to utilize the functional properties of prickly pear fruit and develop a healthy snack,
the different combinations of hot air and microwave drying methods is applied to produce fruit
leather.

MATERIALS AND METHODS
Material

Five hundred Opuntia-ficus indica fruit samples were purchased from a local producer in Cesme-
Izmir, Tiirkiye (38°18'N, 26°18'E; 12 m above sea level). 50 samples were stored for raw material
analysis. The remaining samples were washed, sorted, peeled, cut into pieces and their seeds were
separated. The fruit puree is obtained for fruit leather production.

Fruit Leather Production

The fruit leather production was carried out with two different thickeners (5% wheat starch and 5%
maltodextrin) and three different drying methods. Firstly, fruit puree and 5% wheat starch (as gelling
agents) were mixed and boiled at 90°C. Gelatinized mixture is poured into circle shaped glass
moulds (15 cm diameter, 4 mm thickness). Besides the samples added maltodextrin as a gelling
agent were mixed and directly poured into glass moulds. The mixtures were poured into muslin
sheets and were dried by three different conditions. Drying processes were applied in a tray dryer
(hot air) and a microwave oven using different combinations:

Codes Gelling Agents | Drying Conditions

WS Wheat starch Hot air (60°C, 1 m/s air flow, 180 min)

WS 100 W | Wheat starch Microwave oven (100W, 90 s) + Hot air (60°C, 90 min)
WS 180 W | Wheat starch Microwave oven (180W, 90 s) + Hot air (60°C, 90 min)
MD Maltodextrin Hot air (60°C, 1 m/s air flow, 180 min)

MD 100 W | Maltodextrin Microwave oven (100W, 90 sec) + Hot air (60°C, 90 min)
MD 180 W | Maltodextrin Microwave oven (180W, 90 sec) + Hot air (60°C, 90 min),

Drying times were determined to keep the moisture content of the fruit leather samples below 15%.

Physical and Chemical Analysis

Thickness: The thickness of fruit leathers was measured by taking the average of 5 different points
of the sample by using a caliper.

Proximate Analysis: Total dry matter analysis of fruit leather samples was carried out by
gravimetric method in a vacuum oven at 70°C temperature and 0.1 MPa vacuum pressure (AOAC,
2023). Water activity (aw) was determined by using water activity measurement set (Rotronic
Hygropalm, Bassersdorf, Swiss). Total ash content was carried out by gravimetric method (AOAC,
2023). The pH values of fruit puree were directly measured using a WTW brand 7110 model pH-
meter. Also 2 g of fruit leather sample was weighed into a beaker and 18 mL of deionized water
was added. Following the homogenization process, the pH probe was immersed into the solution
and the measurement wase recorded (Tontul & Topuz, 2017).

Ascorbic acid Analysis: Ascorbic acid (mg/100 g) content was determined by titrimetric method
(Cemeroglu, 2010)

Extract Preparation for total phenolics, total flavonoids and radical scavenging activity: 10
mL of methanol: water: acetic acid (300:100:10) was added to 2 g of sample weighed into centrifuge
tubes and kept in an ultrasonic water bath. The centrifuge tubes were then centrifuged at 4100 rpm
at room temperature for 15 min and the upper phase was transferred to a 50 mL volumetric flask.
The same process was applied to the residue two more times, the upper phases were collected and
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completed to a volume of 50 mL with methanol: water: acetic acid solution. The extracts were stored
at -20°C in amber bottles and used in the analyses of total phenolic, flavonoid, and antioxidant
activity (Rodriguez et al., 2015).

Total phenolic and total flavonoid compositions of prickly pear samples and fruit leathers were
determined according to Rodriguez et al. (2015). Determination of Free Radical Scavenging
Activity of samples was carried out by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method (Brand-
Williams et al., 1995; Cai et al., 2003).

Betalain Analysis: Determination of betalain content was carried out by spectrophotometric
method using the method described in Cai et al., (2003). For this purpose, 5 g of homogenized
sample was taken and 10 mL of a mixture of 80% methanol: 20% distilled water was added.
Homogenized for 10 s in a waring blender. Transferred to a centrifuge tube and centrifuged at 4000
g for 20 min at +4°C. The supernatant was filtered through an 0.45 pum membrane filter. The
absorbance value at 535 nm for betacyanin and 483 nm for betaxanthin determination was recorded
(Multiskan Go Microplate Spectrophotometer, Thermo Scientific, USA).

Betalain Content (mg/kg) = (A*(DH)*(MW)*(Vd)/€*(L)*(Wd))

A: The absorbance value at 535 nm and 483 nm wavelength

DF: Dilution factor

MW: Molecule weight (Betacyanin: 550 g/mol, Betaxanthin: 308 g/mol)

Vd: The volume of sample solution (mL)

€: Molar extinction coefficient (betacyanin: 60000 L/mol-cm, betaxanthin: 48000 L/mol-cm)
L: Light path (1 cm); Wd: Sample weight (g)

Colour Measurements: A Konica Minolta Chromometer CR-5 (Japan) device was used to measure
the colour of fruit samples and fruit leathers. The commonly used colour scales (L*, a*, and b*
values) were determined. Using these values, the AE value was calculated from the following
equation (Sarkar et al., 2020).

AE = J[(Lx—Lxref)2 + (a* —axref)? + (b*—b *ref)?]
L", a", b™: The colour values of samples

L"ef, @"ref, b rer : The colour values of reference fruit samples

Sugar Analysis: Sugar Analysis was performed by an HPLC-RID (Agilent 1260 Series, USA)
using an Aminex HPX-87P column (300x7,8 mm) with a 0.01 N H2SO4 mobile phase (flow 0.6
mL/min; injection volume 10 pL).

For sample preparation, 3 g of fruit or fruit leather samples were weighed into a beaker and 10 mL
of ultrapure water was added. The samples digested in a homogenizer, were transferred to a 50 mL
centrifuge tube, and after centrifugation at 4100 rpm for 15 minutes. This process was repeated three
times, and the supernatants were collected into a 50 mL flask. Sample solutions transfer to HPLC
vials after filtered through a 0.45 um membrane filter. Sugars were detected by refractive index
detector (RID). Glucose, fructose and sucrose contents of samples were calculated as g/100g using
calibration curves.

Texture Analysis: Texture Profile Analysis were performed by using TA.XT 2 Plus (Stable Micro
Systems, Surrey, UK) brand texture analyser. Measurement parameters are as follows: P/35
cylindrical prob; pre-test, test end post-test speeds are 0.5, 0.2 and 0.2 mm/s, respectively. Distance
20 mm, compression ratio 30%, cool down 5 s, trigger force 5.0 g. Hardness, elasticity, chewiness
values were calculated (Sarkar et al., 2020).
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Statistical Analysis: Statistical analyses were performed by SPSS version 20.0 program using
analysis of variance (ANOVA-p<0.05). Duncan's Multiple Comparison Test was used to determine
differences between samples.

RESULTS AND DISCUSSION

Prickly Pear Fruit Composition

Physical and chemical properties of prickly pear fruits are given in Table 1.
Table 1. Physical and chemical properties of prickly pears used in this research

Prickly pear

Mean + SD

References

Size (apical diameter), cm

8,06+0,69

Cano etal., 2017
Chougui et al., 2014

Weight, (9) 115,33+15,58

Piga et al., 2003
0 1

Total dry matter (%) 15,58+0,24 Chougui et al., 2014
Garcia-Cayuela et al., 2019

Brix (°Bx) 14,97+0,06 Coria Cayupén et al., 2011
Cano et al., 2017
Garcia-Cayuela et al., 2019

pH 3,93720,01 Cano et al., 2017

. - Feugang et al., 2006
0,

Titratable Acidity (%) 0,045+0,02 Bourhia et al.. 2020

Medina et al., 2007
0 ’

Ash (%) 0,404x0,012 MoBhammer et al., 2006

Water activity (aw) 0,881+0,002 Moussa-Ayoub et al., 2011

Ascorbic acid (mg/100 g) 23,61+3,22 Cemeroglu, 2010

Glucose (g/100g KM) 60,38+0,68

Fructose (g/100g KM) 24,30+0,27 Vohraetal., 2015

Sucrose (¢g/100G KM) 1,76+0,02

Total phenolic content
(mg GAE/100 g)

401,11+42,28

Osorio-Esquivel et al., 2011
Rodriguez et al., 2015

Total flavonoid content

Dehbi et al., 2013

(mg catechin equivalent/ 100 g) 23,23%1.91 Rodriguez et al., 2015

. Cai etal., 2003
Betalain (ug/g) 68,25+6,58 Garcia-Cayuela et al., 2019
DPPH radical scavenging activity (%) | 53,18+0,95 Osorio-Esquivel et al., 2011

Colour (L*, a*, b*)

L 34.95+1,07
a:27.76£0.23
b : 50,92+0.36

Belviranli, 2016

Some physical and chemical properties of prickly pear fruits leathers dried by different methods are
given in Table 2.
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Table 2. Some physicochemical properties of prickly pear leathers

Codes

Moisture

pH

aw

Ash

Thickness

AE

WS

13,57+0,454

5,98+0,0018

0,605+0,014

3,61+0,06°

0,65+0,014

40,33+0,88"

WS 100 W

13,4040,17A

5,97+0,001°

0,524+0,028

3,92+0,03¢

0,64+0,014

41,72+0,25%

WS 180 W

13,510,424

5,98+0,002¢

0,536+0,018

3,86+0,07°¢

0,640,014

42,27+0,28

MD

10,21+0,588

5,94+0,001F

0,462+0,01¢

4,57+0,074

0,53+0,01¢

27,77+0,04P

MD 100 W

10,43+0,538

5,99+0,0014

0,525+0,018

4,45+0,058

0,58+0,01®

29,78+0,39¢

MD 180 W

10,61+0,198

5,98+0,0028

0,521+0,008

4,40+0,098

0,58+0,028

30,15+0,08¢

The moisture content of the samples complied with the limit value (<15¢/100g) at which microbial
activity is not observed (Suna, 2019). The higher moisture content in the fruit leathers with wheat
starch as a gelling agent is thought to be due to the gel structure resulting from the heat treatment
applied during gelatinization.

The water activity value was also found to be above the limit value (0.80) for pathogenic
microorganism and mold growth (Cemeroglu, 2010). Ash contents in fruit leather samples were
found to range from 4.62% to 6.05%. Studies in the literature have found similar to our results of
ash content in the range of 0.2% to 4.62% (Cagindi & Otles, 2005; Demarchi et al., 2018; Kaya &
Maskan, 2003; Sarkar et al., 2020; Setiaboma et al., 2019). The pH values of the fruit leathers were
found to vary between 5.94 and 5.99.

The thickness of fruit leathers was found between 0.53-0.65 mm. Wheat starch contained fruit
leathers was found to be greater than samples contained maltodextrin (p<0.05). In the literature,
grape leather thickness was 0.60+0.05 mm (Kaya & Kahyaoglu, 2004), mango 0.369-0.403 mm (da
Silva Simao et al., 2019), apricot 0,49-0,68 and mulberry 1,46-1,72 (Cagindi & Otles, 2005). In
another study on grape leather thickness was found as 0.71-2.86 mm (Maskan et al., 2002).

The AE value expresses the total colour difference between the fresh fruit puree and fruit leather
samples, with the higher value indicating a greater difference. The AE values of the fruit leathers
were determined between 27.77 and 42.27. The AE values of the fruit leathers with maltodextrin
were found to be less than the samples with wheat starch (p<0.05). It is thought that the fruit leathers
containing starch were more affected by heat treatment.

AUGUST 21-22, 2025 / ISTANBUL AREL UNIVERSITY 126



ICoN-FAC 2025 INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

TPC- Total phenolic content (mg GAE/100 g)

3500 558 2955 3019 28
30,00 24,65 25,42
25,00
20,00
15,00
10,00
5,00

0,00
WS100W WS 180W MD MD 100 W MD 180 W

Figure 1. Total phenolic content of prickly pear leathers dried by different methods

Total phenolic contents in prickly pear leathers were determined in the range between 24.65 and
31.90 mg GAE/100 g. The highest total phenolic content was found in samples coded MD100W.

TFC- Total flavonoid content (mg catechin equivalent/100 g)
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Figure 2. Total flavanoid content of prickly pear leathers dried by different methods

Total flavonoid contents in prickly pear leathers were determined in the range between 11,81 and
20,54 mg catechin equivalent /100 g. Also, the highest total flavonoid content was found in samples
coded MD100W.

Betalain (ug/g)
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Figure 3. Betalain content of prickly pear leathers dried by different methods
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Betalain results in fruit leather samples were found in the range between 0.43 and 0.53 pg/g. The
highest betalain content was WS180W (p<0.05). Betalain stability was found to be preserved in the
sample with lower water activity.

Free Radical Scavenging Activity (um TE/g DM)
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Figure 1. Radical scavenging activity of prickly pear leathers dried by different methods

The radical-scavenging properties of antioxidants are the most important lipid oxidation inhibition
mechanism. DPPH radical scavenging activity (%) values of the fruit leather samples were found in
the range from 2.36 to 2.72 um TE/g DM. MD180W sample had the highest radical scavenging
activity (p<0.05). The free radical scavenging activity values were found to be higher in microwave-
dried samples than in hot air-dried samples. It is thought to be due to the shorter duration of
microwave-assisted drying.

Table 3. Fruit Leather Texture

Codes Hardness (g) Elasticity Chewiness (g.mm)
B AB
WS 1295,35+180,90 | 0,92+0,01 1219,68+53,48
A A
WS 100 W 1540,23 +32,87 | 0,96+0,01 1307,40£101,56
AB B
WS 180 W 1420,85+67,62 | 0,96+0,03 1176,18 £27,28
C C
MD 814,38+77,70 0,93+0,03 607,98+15,84
C C
MD 100 W 891,44+103,58 | 0.95+0,01 685,10£97,68
C C
MD 180 W 833,14+57,01 0,93+0,02 621,43+9,08

The hardness and chewiness values of the samples with starch were found to be higher than those
of the maltodextrin containing samples (p<0.05). Since the chewiness value is affected by the
hardness properties, it is known that the factors affecting the hardness value also affect the
chewiness property. Furthermore, it is expected that hardness and chewiness values would be higher
in thicker samples.
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Conclusion

This study investigated the effects of drying methods and gelling agents on the functional properties
of prickly pear fruit leather. While the drying time of the samples in hot air (60°C) was 180 minutes,
the time decreased to 90 minutes in microwave-assisted drying. Microwave drying is an alternative
method that reduces drying time and better preserves the bioactive components of the samples.
Microwave drying has been found to have positive effects on some chemicals properties such as
total phenolics, total flavonoids, betalain, and free radical scavenging activity. Furthermore,
considering the effects of gelling agents on fruit leather texture, using different amounts of
thickeners may be a good alternative for better properties. The products obtained not only provide
ideas for healthy and delicious alternatives for the food industry but also contribute new data to the
literature on new alternatives produced from prickly pear fruit.
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A NEW DIETARY THERAPY FOR CHRONIC RENAL FAILURE: INTESTINAL
DIALYSIS TECHNOLOGY

Aamir Jalal Al Mosawi

Advisor in Pediatrics and Pediatric Psychiatry, Baghdad Medical City and the Iragi Ministry of
Health

Recent advancements in chronic renal failure research have illuminated the possibility of achieving
significant urea lowering and clinical improvements with the use of a new dietary therapy.. The
journey of evidence-based medicine entails a understanding of the levels of available research
evidence and the application of this knowledge by physicians based on their qualifications and
clinical experience, in alignment with the needs and expectations of their patients. Developing an
evidence-based approach to the practice of medicine has become a key component of Medical
leadership as the practice of evidence-based medicine is the most important method of improving
medical practices, updating them and introducing innovations. Early during the 1990s, Gordon
Henry Guyatt ,Canadian physician emphasized that many practicing physicians have limited
understanding and use of the available evidence.

He emphasized the need for educating physicians about the use of research evidence to improve
clinical care. It is generally recommended that general practitioners, family doctors, and recently
board certified physicians have to use the best high level evidence (The strongest evidence) which
includes evidence from a meta-analysis or systematic review of randomized controlled trials. David
L Sackett and William M C Rosenberg emphasized that physicians in general have to use the best
possible evidence in their practice. They described the physician’s ability to appropriately use the
growing research evidence as the practice of evidence-based medicine. This is because updating
and innovating medical practices and patient care should, ideally be based on strong evidence, but
this is not always possible, and there is no best evidence to deal with many of the medical problems
that have no known effective or satisfactory treatment.

More expert doctors including expert consultants and advisor doctors can use less strong evidence
from published research including evidence from controlled and uncontrolled trials, and even the
evidence available from published case reports. Chronic renal failure results from a variety of
pathophysiological mechanisms and etiologies and is associated with progressive and irreversible
damage and loss of the kidneys’ tissue leading to failure of the kidneys to excrete waste products,
and also failure to perform some other functions. Failure of the kidneys to perform their excretory,
regulatory and endocrine functions leads to the development of the uremic syndrome which is the
complex clinical and biochemical manifestations resulting from the retention of nitrogenous waste
products, imbalance in the body content and distribution of water and electrolytes, and from
abnormalities of hormone functions as a consequence of chronic renal failure.

The most prominent features of the uremic syndrome (nausea, anorexia, vomiting and fatigue) result
from nitrogen retention with increase in plasma concentrations of the products of protein
metabolism especially urea. When blood urea exceeds 180 mg per deciliter patients generally
develop nausea, vomiting, and anorexia. These symptoms result from the accumulation of
nitrogenous waste products and can be relieved by restricting dietary protein intake and initially
anti- emetics may be needed. Ingested proteins are degraded into amino acids metabolized by the
liver and yield nitrogen mainly in the form of urea which represents 80% or more of the total
nitrogen excreted into the urine in patients with chronic renal failure maintained on diets containing
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40 grams or more of protein. 25 to 40 % of the manufactured urea are recycled through the
gastrointestinal tract and excreted fecally.

This extra-renal excretion of urea remains constant at less than 3 grams daily even in uremia despite
the marked increase in blood urea. What if we can increase this extra-renal excretion ? What if we
can use a dietary material to increase this extra renal excretion and shift the urinary excretion of
urea to the intestinal excretion. Peritoneal dialysis actually acts by shifting the urinary excretion of
urea to the peritoneal excretion with use of intra-peritoneal dialysis fluids. The use of a dietary
material to increase extra-renal excretion and shift the urinary excretion of urea to the intestinal
excretion has been increasingly called “Intestinal dialysis technology. Management of non-terminal
chronic renal failure is largely directed at compensating the diminished renal functions
conservatively through dietary and pharmacologic measures which include protein and phosphorus
restriction, calorie and water soluble vitamins supplementation, phosphate binders

, and correction of other abnormalities that may be associated with chronic renal failure such as
fluid and salt retention, hypocalcaemia, hyperkalemia and hypertension. The dietary interventions
in chronic renal failure are directed at diminishing the accumulation of the products of nitrogen
metabolism which are responsible for many of the symptoms and disturbances of uremia, and thus
preventing the development of the uremic symptoms and complications. In contrast to fats and
carbohydrate, which are metabolized to carbon dioxide, which is easily excreted even in uremic
subjects via the lungs and skin, the products of protein and amino acid metabolism depend largely
on the kidneys for excretion. Therefore, the most essential strategy to decrease the accumulation of
the products of nitrogen metabolism in chronic renal failure is dietary protein restriction,

and this can be achieved safely with avoiding consequences of protein deficiency through the
provision of low quantity of high quality protein diet. High biologic value proteins reduce the
accumulation of nitrogenous waste products and also acid load for renal excretion and helps in
maintaining a positive nitrogen balance. Egg protein has the highest biologic value (1 large egg
contains 6 grams protein), and therefore egg is the most useful protein for this purpose. It’s very
difficult and not really practical to limit the intake of proteins only to the high biologic value egg
protein, and preferably 50% of the protein intake should be provided as egg, and 50% provided with
the intake of vegetables, rice, and bread. Thus, avoiding restriction of caloric intake which may
lead to negative nitrogen balance, muscle wasting and growth failure in case of children.

Protein restriction decreases endogenous protein catabolism and the accumulation of nitrogenous
waste products, also reduces the phosphorus load and thus may prevent the onset of
hyperparathyroidism and renal osteodystrophy. Protein restriction also reduces the intake of
potential hydrogen ions, because every 10 grams of protein provides 7 milli-equavlents of hydrogen
ion in the form of sulfated amino-acids .Therefore, protein restriction helps to ameliorate acidosis.
The second important strategy in the dietary interventions in chronic renal failure is adequate intake
of carbohydrate and fats for their protein sparing effect which decreases endogenous protein
catabolism and the production of urea. Fats are less effective than carbohydrates in minimizing
protein catabolism, but they are given to provide essential fatty acids and to enhance the palatability
of the diet.

Dietary restrictions of sodium and potassium depend on the presence of oliguria, edema,
hypertension, and hyperkalemia. Pharmacologic therapies are used to prevent or correct
abnormalities which are expected to appear during the course of chronic renal failure including
anemia, iron and vitamin deficiency, hypocalcaemia, hyperphosphatemia, hypertension, acidosis,
growth retardation, and renal osteodystrophy. With appropriate dietary and pharmacologic
management, patients with non-terminal chronic renal failure can be maintained surprisingly well
and the transition from non-terminal chronic renal failure to terminal renal failure represents a small
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decrement of renal function resulting in a large physiologic hurdle for the patient. Dietary and
pharmacologic measures are only successful in non-terminal chronic renal failure.

The addition to these effective traditional measures, a dietary agent that enhances extra-renal fecal
nitrogen excretion can bridge this gap resulting from this small decrement of renal function and
obviating the need for dialysis for some time. There has been an accumulating evidence suggesting
that supplementation with dietary fiber including acacia gum can increases fecal nitrogen excretion
and lower serum concentrations of urea & other retained metabolites in chronic renal failure
patients. Increased fecal nitrogen excretion from the ingestion of dietary fiber has also been reported
in animals, normal humans and patients with cirrhosis. The daily excretion of urea 20 to 30 grams,
with extra-renal excretion less than 3 grams remains constant even in uremia. 25 to 45% of the urea
formed in the liver is hydrolyzed by bacteria within the colon and recycles at least once as ammonia.

Colonic bacteria ferment dietary fibers which provide energy substrate for bacterial nitrogen
incorporation and growth, in turn increasing fecal nitrogen mass and nitrogen excretion without
changing the type of bacteria. As early as the 1980s, it was well known that dietary fibers such
locust bean gum and ispaghula can lower urea in uremic patients on low protein diet by increasing
fecal nitrogen excretion through microbial fermentation in the large intestine and modifying the
enterohepatic cycle of nitrogen and increasing the amount of nitrogen eliminated as fecal waste. As
early as 1980, Hippocrates Yatzidis and his research group showed that dietary fiber (locust bean
gum) supplementation of chronic renal failure patients on low-protein diet reduced serum urea and
creatinine by 11 to 23% over 5 days of intake. Improvement of clinical symptoms was observed
during this period and deterioration was observed when supplementation was stopped.

The low palatability of locust bean gum was considered a serious disadvantage. Similarly patients
ingested ispaghula found it unpalatable, felt unwell, or had diarrhea. Therefore , these dietary fibers
were not considered to have a practical value for clinical use because patients found them
unpalatable or felt unwell when ingested them. In 1984, Rampton et al reported that six and 8 weeks
of ispaghula and arabinogalactan (Larch gum high molecular weight non-starch polysaccharides
consisting of arabinose and galactose monosaccharides) reduced mean plasma urea level in uremic
patients 19% and 11% respectively. In 1996, Tetens et al showed in an experimental study on rats
that dietary fiber (maize bran) supplementation caused a dose dependent significant increase in fecal
nitrogen excretion in association with reduction in nitrogen retention.

The shift in nitrogen excretion from urine to feces was explained largely by the degree of microbial
fermentation in the large intestine caused by dietary fiber that have modifying role on the
enterohepatic cycle of nitrogen. In 1996, Donna Bliss and the supervisors of her PhD dissertation
reported that acacia gum lowers urea level in patients with asymptomatic chronic renal failure on
low protein diet by increasing fecal nitrogen excretion. In contrast to locust bean gum and ispaghula,
patients found acacia gum palatable and its clinical use was considered applicable.

In the study of Donna Bliss, acacia gum supplementation was associated with lower serum urea,
and the patients had greater fecal masses and greater fecal nitrogen excretion in comparison with
period they were on low protein diet alone and in comparison with control patients on pectin
supplementation instead of acacia. The components of intestinal Dialysis include powdered acacia
gum, the urea lowering agent , the dietary therapies of chronic renal failure, and the pharmacologic
therapies of chronic renal failure which are also used during management with chronic
hemodialysis and peritoneal dialysis.

Early during the 2000s, children with chronic renal failure in Baghdad and Iraq were mostly treated
with intermittent peritoneal dialysis using temporary peritoneal catheters, and treatment was
associated with a significant and an unacceptable risk of morbidity and mortality, and many parents
were taking their children to die at home without subjecting them to dialysis. The combined use of
intestinal dialysis with intermittent peritoneal dialysis was the first reported use of intestinal dialysis
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in symptomatic uremia. This paper, described the use of intestinal dialysis plus intermittent
peritoneal dialysis to treat a seven year old boy with an extreme form of end-stage renal disease
(anuric with no renal function). Before publishing this paper, | shared my early experiences with
intestinal dialysis with pioneers of nephrology such as Ira Greifer who was the secretary general of
the International Association of Pediatric Nephrology and the executive editor of its journal.

Ira Griefer wrote ““ I was very pleased to receive your letter and know that you are working very
hard to bring the benefit of modern knowledge, techniques and treatment to children in your country
with Kidney and Urologic problems. Ira Greifer also wrote “ I was most fascinated by your use of
gum Arabic in children with chronic renal failure, in attempt to promote low protein diet. With this
experience and your general experience with acute glomerular nephritis in Iraqgi children, should be
considered for publication in our journal “Pediatric Nephrology”, if it was presented for review to
our editors.” Ira Griefer also sent me an application for membership in the International Pediatric
Nephrology Association, and | soon became the first Iraqi physician to be member of the
international association.

Despite the significant lowering of urea levels associated with intestinal dialysis, the process of urea
lowering is slow and its effectiveness remains much less than the traditional dialysis especially in
the more advanced stages of chronic renal failure. Therefore, the combined use of intestinal dialysis
with intermittent peritoneal dialysis was the first reported use of intestinal dialysis in symptomatic
uremia, and it was published during May,2002, in Pediatric Nephrology”. In this paper, before
referral, the patient was treated with peritoneal dialysis sessions intermittently whenever became
symptomatic with marked nausea, tachypnea (acidotic breathing), and generalized edema from fluid
overload. When the patient was symptomatic, blood urea usually ranged from 37.4 to 53.9 milli mol
per liter. After each 24-72 hour peritoneal dialysis session, blood urea usually fell to below 16.6
milli mol per liter.

During 108 days of anuria, the boy was treated with 12 sessions of intermittent peritoneal dialysis ,
average frequency: one session of dialysis every 9 days. When, | first saw the child, despite low-
protein diet and fluid restriction, he required 12 sessions of peritoneal dialysis. He was receiving
nifedipine 2 per kilogram body weight daily to control hypertension. His diastolic blood pressure
was reduced to 100 milli meter mercury. He was also given frusemide for 3 days, but the effect was
almost negligible. Propranolol was added at a dose of 2 mg per kilogram body weight daily and
lowered blood pressure to 120 over 80 milli meter mercury. Intestinal dialysis was initiated and
continued for 48 days. Dietary protein was restricted to 0.5 grams per kilograms body weight per
day given largely in the form of egg albumin.

Fluid and salt were also restricted. A high-caloric diet was encouraged, together with
supplementation of water-soluble vitamins, calcium, and iron. Acacia gum powder was given at a
dose of 0.5 gram per kilogram body weight daily in 2 to 3 divided doses. Acacia gum was diluted
with the minimal amount of water to make it acceptable. The patient became symptomatic with
anorexia, tachypnea (acidotic breathing), and edema 27 days after the initiation of intestinal dialysis.
His blood urea was 49.8 milli mol per liter, and he required a dialysis session. The child became
symptomatic and needed the second session of intermittent peritoneal dialysis after another 21 days.
The child found acacia gum acceptable, palatable, but taking it was associated with one or two
voluminous stools daily that had an unusual smell, similar to the smell of urine.

This effect of acacia on stool did not interfere with compliance. A suitable dose of acacia gum
powder was 0.5 grams per kilogram bodyweight daily. A trial of a higher dose of grams per kilogram
bodyweight daily in this patient was performed in an attempt to increase the efficiency of intestinal
dialysis. However, this increase resulted in abdominal distention and discomfort that interfered with
sleep at night. The dose of acacia gum powder was reduced again to 0.5 grams per kilogram
bodyweight daily. In this child, intestinal dialysis was associated with a beneficial antihypertensive
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effect. Before the initiation of intestinal dialysis, diastolic blood pressure was maintained at 80 milli
meter mercury with nifedipine and propranolol. Diastolic blood pressure was maintained at 80 milli
meter with intestinal dialysis alone for 3 weeks.

Compliance with all of the components of intestinal dialysis was better during the first 27 days of
therapy. After two weeks of the initiation of intestinal dialysis, It was necessary to stop
antihypertensive medications (nifedipine and propranolol) because the diastolic blood pressure
dropped to 45-50 milli meter mercury for no obvious reason (such as gastrointestinal bleeding).
Although the parents noticed the beneficial effect of intestinal dialysis, they couldn’t ensure the
child’s compliance with treatment. Non adherence to intestinal dialysis therapeutic components led
to severe hypertension (blood pressure 160 over 140 milli meter mercury) and the uremic symptoms
reappeared, and the child died shortly after an intermittent peritoneal dialysis session.

In 2004, a study reported the use of intestinal dialysis in three of six patients who had symptomatic
uremia that required at least one session of intermittent peritoneal dialysis despite low protein diet
and other conservative measures of symptomatic uremia. The aim was improving wellbeing and
reducing the need for dialysis. The three patients treated with intestinal dialysis aged between 11-
13 years (each with, oxalosis, cystinosis, and end-stage renal disease of undetermined etiology).
They had no reductions in urine output nor edema and were normotensive. Their pre -dialysis
creatinine clearance was less than 5 milli-liters per minute when calculated by a formula developed
by Cock and Gault. One of the patients complied with intestinal dialysis therapy for only 10 days
and died after 6 months despite treating him with intermittent peritoneal dialysis.

1-year dialysis freedom with intestinal dialysis was achieved in 2 of the patients. They had less
severe disease than the first reported patient treated with this method. They had excellent
compliance with the therapy, achieved improved wellbeing. Neither became acidotic or uremic, and
didn’t require dialysis with maintaining serum creatinine and urea levels not previously achieved
without dialysis. The other three patients were treated with intermittent peritoneal dialysis; all died
with in less than 6 months. Of the 2 surviving patients treated with intestinal dialysis, one patient
couldn’t comply with therapy and stopped most of the components of intestinal dialysis after one
year and died within one month despite treatment with intermittent peritoneal dialysis. The other
patient continued to be treated with intestinal dialysis and continued to experience improved
wellbeing and dialysis freedom during 6 completed years.

The achievement of four-year dialysis freedom was reported in 2007, and the achievement of six-
year dialysis freedom was reported in 2009. The patient who achieved six-year dialysis freedom
was an 11-year-old girl with terminal renal failure who initially required 4 sessions of intermittent
peritoneal dialysis to control uremic symptoms despite conservative measures. The parents refused
further treatment by dialysis. Thereafter, she was treated with intestinal dialysis, and during 6 years
of therapy, the girl continued in experiencing improved well-being and good participation in outdoor
activities. Mild uremic symptoms occurred only during periods of noncompliance. Periods of
decreased compliance with medical therapies were associated with anemia and renal osteodystrophy
& some degree of genue vulgum has resulted. The chronicity of her illness was confirmed by the
presence of small contracted kidneys, a finding that has not changed during the subsequent follow-
up.

In 2006, the use of intestinal dialysis was reported in 11 patients with symptomatic uremia aged 14
to 65 years was described. Two of them were on hemodialysis. The remaining patients were on low
protein diet combined with other medical treatments of chronic renal failure, including one patient
has undergone one peritoneal dialysis session before referral. The intestinal dialysis therapeutic
regimen included dietary proteins restriction to 0.5 grams per kilogram bodyweight with at least
50% of the total intake given as egg albumin. Protein and phosphorus restriction was primarily
achieved by restriction of meat, poultry, fish, milk, cheese, yogurt, and legumes. Additional
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restriction of potassium rich foods was made during elevations of serum potassium above 5 milli-
mol per liter. Powder acacia gum 1gram kilograms per day (Maximum 75 grams) in 2-3 divided
doses diluted with desired amounts of water.

The use of intestinal dialysis in this study was associated with amelioration of the uremic symptoms
and improved general wellbeing as long as the patients were compliant with the therapeutic protocol.
The patients were followed for 2-16 weeks. The most significant finding in this study was the
achievement of hemodialysis freedom in 2 of these patients, both of them has a vascular access, but
they considered hemodialysis to be associated with a significant amount of discomfort and suffering,
and they were not satisfied with the quality of life associated with hemodialysis. Two patients who
didn’t comply with the therapeutic protocol died, one during treatment with intermittent peritoneal
dialysis and one within one month after renal transplantation.The achievement of eight-year dialysis
freedom was reported in 2019. The use of intestinal dialysis in adult patients with symptomatic
uremia caused by insulin dependent diabetes was reported in 2020.

Thereafter, the successful use of intestinal dialysis in the treatment of intestinal dialysis has been
increasingly reported. Acacia gum is a complex polysaccharide obtained mostly from the dried
gummy material of the stem and branches of acacia trees (Senegal leguminosae). It is recognized as
safe by the FDA. It’s widely used in the production of foods such as puddings, candy, and
beverages. It has demulcent properties and therefore, it is often added to medicines. Acacia gum is
a water soluble fermentable polysaccharide resistant to gut enzymes, and thus can be described as
dietary fiber. The principle fermenter bacteria able to use acacia as the only carbohydrate source are
bacteriods and bifidobacterium. Recently, an article provided a practical treatment guide for
intestinal dialysis and a more detailed guideline was included in a book which has been translated
into several languages.

In conclusion, intestinal dialysis represents a promising, patient-centered innovation in the
management of chronic renal failure especially for those populations currently underserved by
conventional dialysis modalities. By leveraging the natural excretory capacity of the gut, supported
by accessible agents like acacia gum, this approach opens new avenues for safe, sustainable, and
affordable renal support and offers a novel, accessible approach. The early clinical pioneering work
has laid the foundation for this intervention which holds the potential to benefit countless patients
globally who are currently left without viable treatment options. | hope you are all satisfied for what
you came for.
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STUDY ANALYSIS OF THE SPREADING PROCESS OF ORGANIC GRANULAR
FERTILIZERS TO SUSTAINABLE ENVIRONMENT

Eglé Jotautiené
Vytautas Magnus university
ORCID number: 0000-0003-1692-4032

Raimonda Zinkeviciené
Vytautas Magnus university
ORCID number: 0009-0006-7750-839X

Conventional agricultural practices frequently lead to the depletion of soil resources. To compensate
for reduced soil fertility and to sustain crop yields, the application rates of mineral fertilizers are
often increased. However, this approach exacerbates soil degradation and contributes to broader
environmental harm, including nutrient runoff and pollution. A viable strategy for advancing
sustainable agriculture involves the use of organic fertilizers, which are derived from biological
waste products. Recent research is focused on optimizing the use of these organic materials,
particularly by developing more sustainable spreading methods.

Granulated organic fertilizers are usually spread with mineral fertilizer spreaders. However, the
physical characteristics (such as particle size, density, and moisture content) of organic granules
differ substantially from those of mineral fertilizers. These differences frequently result in
inconsistent spreading patterns and suboptimal coverage, as the organic pellets may not achieve the
intended working width or uniform distribution across the field.

The present study evaluated the dynamics of organic fertilizer application, analyzing the effects of
different fertilizer types and application rates on distribution uniformity. The results indicated that
poultry manure granules were distributed more uniformly across the soil surface compared to
granules derived from grain processing waste. The study also confirmed that the physical properties
of granulated fertilizers significantly affect the uniformity of their field application.

Keywords: spreading process, organic, granular, fertilizers

AUGUST 21-22, 2025 / ISTANBUL AREL UNIVERSITY 138



ICoN-FAC 2025 INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE
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Abstract

The experiment was conducted to study the effect of early acclimatization and the addition of
Ginseng (Panax ginseng) extract alone and with vitamins and minerals mixture to drinking water
on some productive traits of broiler chickens. A total of 540, one day old unsexed Ross 308 broiler
chicks were randomly allocated in to 12 sub treatment groups in 4 x3 factorial experiment to
evaluate the interaction between four types of early acclimatization by exposing the five day old
chick to 38-40 C° for 0,2,4 and 6 hours (assigned P0,P2,P4 and P6 resp.) and three type of ginseng
extract supplemented to the drinking water GO (control) without adding ginseng , ginseng extract
alone (G1) by dissolving 120 mg ginseng/litter water and ginseng extract with vitamins and
minerals mixture (G2) by dissolving 8mg ginseng and mixture of vitamins and minerals /litter
water, the experiment last for 6 weeks under cyclic temperature (25-34 -25 C°) . The results
revealed that body weight and body gain weight reduced in P2,P4,P6 compare with PO and
increased in G1,G2 compared with GO and the interactions between P and G were augmented in
G1,G2 with all group of P, also feed consumption show up diminished in P2,P4,P6 and increased
in G1,G2 compared with GO the interaction between P,G increased with G2 and decreased with G1
compared with GO meanwhile feed coefficient ratio improve in G1,G2 and the interaction with
G1,G2 improve with PO, P2,P4,P4 however water consumption increased in G and P and most the
interaction also increased in addition dressing percentage increased in all groups. In general some
resalts significantly P<0.05 effects and other mathematically effects. We concluded that early
acclimatization periods degrade productive traits while ginseng extract addition alone and with
vitamins and minerals augments these traits .

Keywords: early acclimatization, ginseng (Panax ginseng) extract, broiler chickens, productive
traits.
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MOLECULAR DOCKING STUDIES OF 3-DIAZO-1-METHYL-1,3-DIHYDRO-INDOL-2-
ONE FROM ANOGEISSUS LEIOCARPUS LEAVES AGAINST SOME
INFLAMMATORY MEDIATORS

lyiola Aanuoluwa Temitayo
Department of Biochemistry, Federal University of Technology, Minna, Niger State, Nigeria.

Precious Idakwoji

Department of Biochemistry, Faculty of Biological Sciences, University of Nigeria, Nsukka,
Enugu State, Nigeria.

Emmanuel lyiola
Department of Microbiology, University of llorin, llorin, Kwara State, Nigeria.

Hannah Nsude

Department of Biochemistry, College of Natural and Applied Sciences, Salem University, Lokoja,
Kogi State, Nigeria.

Micheal Adeyeye

Department of Science and Laboratory Technology (Biochemistry Option), School of Natural and
Applied Sciences, Federal Polytechnic, Bida, Niger State, Nigeria

Racheal Chinweuba

Department of Biochemistry, Faculty of Natural Sciences, Prince Abubakar Audu University,
Anyigba, Kogi State, Nigeria.

Abstract

Targeting key proteins in inflammatory pathways can be an effective strategy for developing new
anti-inflammatory therapies. This study focused on molecular docking of 3-diazo-1-methyl-1, 3-
dihydro-indol-2-one against key molecular targets such as cyclooxygenase 2 (COX-2),
prostaglandin E> (PDE) synthase, tumor necrosis factor (TNF-a), interleukin 1 beta (IL-1p) and N-
methyl-D-Aspartate (NMDA\) receptor. 3D Structures of COX-2 (PDB ID: 5IKR), NMDA receptor
(PDB ID: 5EWJ), PGE-Synthase (PDB ID: 4AL1), TNF-a (PDB ID: 5MUS), and IL-1p (PDB ID:
4G6J) were obtained from protein databank. The 3D format of 3-diazo-1-methyl-1, 3-dihydro-indol-
2-one and standard anti-inflammatory drug were downloaded from PubChem database in SDF file.
Molecular docking was performed using AutoDock Vina Software. The 2D diagrams and the 3D
(surface) views of the protein-ligand interactions renderings were done using Discovery studio
software and Pymol software respectively. The Physicochemical, lipophilicity, solubility,
pharmacokinetics and Lipinski drug-likeness of the compound and standard drug were determined
using SwisSADME Server. The docking results revealed that 3-diazo-1-methyl-1, 3-dihydro-indol-
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2-one exhibited strong binding affinity towards COX-2 (-7.2 kcal/mol). ADME-T analysis revealed
that the compound possesses favorable ADMET profiles indicating good oral bioavailability,
metabolic stability and low toxicity. It was concluded that 3-diazo-1-methyl-1, 3-dihydro-indol-2-
one could be a useful candidate for further development into an anti-inflammatory drug.

Keywords: 3-diazo-1-methyl-1, 3-dihydro-indol-2-one, COX-2, NMDA receptor, PGE synthase,
IL-1B, TNF-a
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ABSTRACT

Food-drug interactions are considered a significant research area at the intersection of pharmacology
and nutritional sciences. These interactions can directly affect drug absorption, metabolism,
distribution, and excretion, thereby influencing treatment outcomes. This study aims to determine
the knowledge and awareness level of individuals in Erzurum regarding food-drug interactions. A
cross-sectional survey was conducted with 400 participants. Data were collected via questionnaires
assessing demographics, knowledge, and awareness levels. The results revealed that knowledge and
awareness were generally low, especially among older individuals and those with lower education
levels, while healthcare professionals and young adults demonstrated higher awareness. The
findings highlight the need for educational interventions, public health campaigns, and simplified
information in drug prospectuses. This study provides guidance for policymakers and healthcare
professionals to reduce risks and improve public health outcomes.

Keywords: Food, Drug, Interaction, Public Health, Knowledge, Awareness

OZET

Gida ve ilag etkilesimleri, farmakoloji ve beslenme bilimlerinin kesisiminde énemli bir arastirma
alan1 olarak kabul edilmektedir. Bu etkilesimler, ilaglarin emilim, dagilim, metabolizma ve atilim
stireclerini etkileyerek bireylerin saglik durumunu ve tedavi basarisin1 dogrudan etkileyebilir.
Ozellikle siirekli ilag kullanan bireylerde ve kronik hastaliklara sahip kisilerde bu durum daha
belirgin bir sorun teskil etmektedir. Bununla birlikte, toplumun biiyiik bir kisminda bu konuda
yeterli bilgi ve farkindalik bulunmadig1 gézlemlenmektedir. Bu ¢alisma, gida-ilag etkilesimleri ile
ilgili toplumun bilgi diizeyini degerlendirmek ve bu alandaki bilgi eksikliklerinin saglik tizerindeki
olas1 sonuglarini analiz etmek amaciyla gerceklestirilmistir. Aragtirmada gida-ilag etkilesimlerinin
mekanizmalari ele alinmistir. Ozellikle baz1 gidalarin ilag metabolizmasinda rol oynayan enzim
sistemlerini (6rnegin, sitokrom P450 enzimi) nasil etkiledigi, ilacin biyoyararlanimini artirma veya
azaltma potansiyeline sahip oldugu detaylandirilmistir. Bunun yaninda bazi gidalarin ilaglarla olan
kritik etkilesimleri tizerinde durulmustur. Toplumun bilgi ve farkindalik diizeyini 6lgmek amaciyla
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400 kisiyle Erzurum ilini hastalarin bilgi, tutum ve uygulamalar1 sayacak sekilde yiiriitiilmiistiir.
Calismada anket yontemiyle katilimcilardan yas vb. bilgiler toplanmistir ve katilimcilara gida ilag
etkilesimlerine yonelik bilgi ve farkindalik diizeylerini 6lgen sorular sorulmustur. Bu ¢alisma
katilimeilarin biiyiik bir kisminin gida-ilag etkilesimleri hakkinda yetersiz bilgiye sahip oldugunu
ve ilag kullanim talimatlarina tam anlamiyla uymadigini ortaya koymustur. Ozellikle yash bireyler,
diisiik egitim diizeyine sahip gruplar bu konuda daha biiyiik bir bilgi eksikligi oldugunu gostermistir.
Sonug olarak, gida-ilag etkilesimleri konusunda toplumda farkindaligi artirmaya yonelik cesitli
oneriler gelistirilmistir. Saglik profesyonellerinin bu konuda egitim almas1 ve hastalar1 VI daha etkin
bilgilendirmesi gerektigi, toplumsal bilinci artirmak i¢in kamu spotlari, egitim programlari ve saglik
okuryazarligini tesvik eden kampanyalarin diizenlenmesi gerektigi vurgulanmistir. Ayrica, ilag
firmalarinin, prospektiislerde yer alan bilgileri daha sade ve anlasilir bir dilde sunmalar
onerilmektedir. Bu tez, toplum sagligina yonelik riskleri azaltmaya katki saglamayi ve saglik
hizmetlerinin kalitesini artirmaya yonelik politika yapicilar ve saglik profesyonelleri i¢in rehber bir
kaynak olusturmaktadir.

Anahtar Kelimeler: Gida, ilag, gida ilag etkilesimi, toplum sagligi, bilgi diizeyi, farkindalik diizeyi

GIRIS

Gida-ilag etkilesimi, ilag ve gidalarin birbirlerinin farmakolojik etkilerini degistirmesiyle ortaya
cikar. Bu etkilesimler; emilim, dagilim, metabolizma ve atilim siire¢lerinde gergekleserek tedavi
etkinligini azaltabilir veya toksisiteye yol agabilir (Ozaydin vd., 2016). Ornegin; azitromisinin
emilimi gidalarla %43 azalirken, teofilin yiiksek yagli gidalarla toksik diizeyde serbest kalabilir.
Diyet posast, digoksin ve asetaminofen gibi ilaglarin emilimini azaltirken; K vitamini warfarin gibi
antikoagiilanlarin etkisini zayiflatabilir. Greyfurt suyu CYP3A4 enzimini inhibe ederek ilag
biyoyararlanimini artirabilir (Verkempinck vd., 2022).

Risk gruplari arasinda yaslilar, cocuklar, gebeler, kronik hastaligi olanlar ve ¢oklu ilag¢ kullananlar
one ¢cikmaktadir. Egitim diizeyi, bilgi ve farkindalik tizerinde 6nemli bir belirleyicidir; diigiik egitim
seviyesine sahip bireylerde bilgi eksiklikleri daha yaygindir (Oztiirk & Aslan, 2024). Bu eksiklik,
tedaviye uyumsuzluk, yan etki artigi, hastanede kalis siiresinin uzamasi ve saglik maliyetlerinde
yiikselise neden olmaktadir (Biiylikyllmaz & Culha, 2018). Ayrica vitamin ve mineral etkilesimleri
de onemlidir: B12 eksikligi (metformin/antiasit kullanimi), folik asit eksikligi (metotreksat), D
vitamini ile atorvastatin diizeyi diisiisii, yliksek doz E vitamini ile kanama riskinde artis gibi 6rnekler
klinik acidan kritik sonuglar dogurabilmektedir (Thomas, 1995).

Sonug olarak, gida-ilag¢ etkilesimleri tedavi basarisin1 dogrudan etkileyen, halk sagligi agisindan
kritik bir konudur. Toplumda bilgi ve farkindalik diizeyinin artirilmasi; egitim, bilgilendirme ve
saglik profesyonellerinin rehberligiyle miimkiindiir.

Gida-ilag Etkilesimini Etkileyen Faktorler

Ilaglar gidalarla emilim, dagilim, metabolizma ve atilim asamalarinda etkilesime girerek tedavinin
etkinligini degistirebilir (Celik & Sanlier, 2014; McCabe et al., 2003).

. Emilim diizeyi: Greyfurt suyu CYP3A4’#i inhibe ederek ilaglarin emilimini artirirken,
yiiksek yagli gidalar lipofilik ilaglarin emilimini yiikseltir, antiasitli gidalar ise azaltabilir (Bailey et
al., 2013; Hathcock, 1985).

. Dagihim: Besin bilesenleri ilaglarin plazma proteinlerine baglanmasini etkileyebilir.
Ornegin sarimsak, warfarin baglanmasim azaltarak kanama riskini artirir (Kalantzi et al., 2006;
Alkis & GOk Durnali, 2016).
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. Metabolizma: Greyfurt CYP3A4 inhibisyonu ile simvastatin gibi ilaglarin toksisite riskini
artirirken, brokoli CYP1A2 indiiksiyonu ile teofilin metabolizmasini hizlandirabilir (Bailey et al.,
2013; Won et al., 2012).

. Atilm: Diyetteki sodyum ve protein diizeyi lityum, kinidin veya nitrofurantoinin
eliminasyonunu degistirir. Idrar pH’si1 etkileyen besinler de ilag atilimini 6nemli dlgiide etkiler
(Bellows & Moore, 2013).

. Farmakodinamik etkilesimler: K vitamini warfarinin etkisini azaltirken, levodopa
aminoasitlerle rekabet ederek etkinligini diisiirebilir (Oztiirk & Aslan, 2024; Corum & Uney, 2017).

Risk gruplari; yaslilar, gebeler, ¢ocuklar, kronik hastalar ve ¢oklu ilag¢ kullananlardir. Ayrica egitim,
yas ve meslek bireylerin farkindaligini etkileyen 6nemli faktorlerdir.

Egitim: Egitim seviyesi arttikca gida-ilag etkilesimlerine dair bilgi ve bilin¢ artmaktadir. Saglik
egitimi alan bireyler daha bilingli iken lise alt1 egitimlilerde yanlis kullanim yaygindir. Bu nedenle
egitim diizeyine uygun bilgilendirme stratejileri kritik 6neme sahiptir (Mekonnen et al., 2020).

Yas: Yasl niifusun artisiyla birlikte ilag kullanimi1 da artmistir. Yaslilarda organ fonksiyonlarinin
azalmasi ve ¢oklu ilag kullanimi gida-ilag¢ etkilesimlerini daha riskli hale getirir. Akilcl ilag
kullanim1 (AIK) ilkelerine uyum, beslenme plan1 ve hasta egitimi tedavinin giivenligi icin
zorunludur (Turnheim, 2003).

Meslek: bilgi diizeyi agisindan belirleyici bir unsurdur. Saglik ¢alisanlari genel olarak daha bilingli
olsa da, literatiirde doktor, hemsire ve eczacilarda dahi eksiklikler saptanmistir (Zawiah et al., 2020).

Gida-Ilag Etkilesimi ve Vitaminler

Vitaminler bagisiklik sistemi i¢in hayati olup, ilaglarla dnemli etkilesimlere girebilir (Yasar &
Melek, 2014):

. A vitamini: Tetrasiklin ile birlikte toksisite riskini artirir.

. B6: Oral kontraseptifler ihtiyaci artirir.

. B9 (Folat): Metotreksat ve bazi agri kesiciler emilimi azaltir.

. C vitamini: Aspirin ile birlikte emilimi azalir.

. D vitamini: Kortikosteroidler ihtiyaci artirir.

. E vitamini: Warfarin ve aspirinle birlikte kanama riskini artirir.

Takviye gidalarin bilingsiz kullanimi geri doniissiiz saglik sorunlarina yol acabileceginden dogru
bilgilendirme sarttir (Cetin, 2020).

Metilksantinler (Teofilin, Teobromin, Kafein) ve Ilag¢ Etkilesimleri

Metilksantinler (¢ay, kahve, kakao, ¢ikolata) ilaglarla etkileserek toksisite riskini artirabilir.

. Teofilin ve Teobromin: Cikolata ve baz1 antibiyotiklerle toksisite riskini ytikseltir.

. Kafein: Analjeziklerin emilimini artirabilir, anksiyolitiklerin etkisini azaltabilir.
Antikonviilsanlarla birlikte kullanildiginda yan etki riski artar.

. MAQO inhibitorleri ve antiaritmiklerle ¢ikolata/kafein alimi: Tasikardi ve diizensiz ritim
riskini artirir (Smith, 2020).

YONTEM

Aragtirma Subat-Temmuz 2024 tarihleri arasinda Erzurum’da yasayan 18—65 yas araliginda 400
goniillii birey iizerinde yiiriitiilmiistiir. Etik kurul onay1 Bayburt Universitesi Etik Kurulu’ndan
almmastir (04.04.2024, Karar No: 197738). Veriler, online anket ve yliz ylize goriismeler yoluyla
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toplanmistir. Anket formu; demografik bilgiler, bilgi testi ve farkindalik testinden olugmustur. Elde
edilen veriler SPSS 29.0 programu ile analiz edilmistir. Frekans, yiizde, ortalama ve standart sapma
degerleri hesaplanmis; gruplar arasi iliskiler Ki-Kare testi, Independent Sample t-testi ve ANOVA
ile incelenmistir. Istatistiksel anlamlilik diizeyi p<0,05 olarak kabul edilmistir.

BULGULAR

Katilimcilarin %55,7’s1 kadin, %44,3°1 erkek olup; en yiiksek oran %29 ile 25-34 yas grubundadir.
Katilimcilarin %63,7’si saglik hizmetleriyle ilgili bir meslek yapmamakta, %63,5’inin bilinen
kronik hastaligi bulunmamaktadir (Tablo 1)

Tablo 1. Katilimcilarin Demografik Ozellikleri

Degisken n %

Kadin 226 55.7
Erkek 180 44.3
18-24 73 17.8
25-34 119 29.0
35-44 109 26.6
45-54 109 26.6
Saglik Hizmetleri Meslek: Evet 147 36.3
Saglik Hizmetleri Meslek: Hayir 258 63.7
Kronik Hastalik: Evet 148 36.5
Kronik Hastalik: Hayir 258 63.5

Bilgi testinde en yliksek dogru cevap orant %70 ile ‘Bilgi sahibi olmak gerekli mi?’ sorusuna
verilmistir. En yiiksek yanlis orani ise %57,1 ile ‘Gida-ilag¢ etkilesimi 6liime yol agabilir mi?’
sorusudur (Tablo 2).

Tablo 2. Bilgi Sorularina Verilen Yanitlarin Dagilimi

Soru Dogru (%) Yanlis (%)
B1 Bilginiz var mi1? 46.8 53.2
B2 Bilgi gerekli mi? 70.0 30.0
B3 Ciddi yan etki yapar mi? 49.3 50.7

Farkindalik testinde en yiiksek dogru cevap orani %58,5 ile ‘Greyfurt bir¢ok ilagla etkilesime girer’
ifadesinde gorilmiistiir. En yiliksek yanlis orami ise %88,3 ile ‘Diyabet ilaglar1 kullananlarin
kacinmas1 gereken besin’ sorusudur (Tablo 3).

Tablo 3. Farkindalik Sorularina Verilen Yanitlarin Dagilimi

Soru Dogru (%) Yanlis (%)
C1 Riskli yas grubu 41.2 58.8
C2 Antiasit emilimi azaltir 34.4 65.6
C7 Greyfurt etkilesimi 58.5 41.5

Bilgi testi puanlari yasa gore anlaml farklilik gostermektedir. 18-24 yas grubunun bilgi diizeyi 35-
44 yas grubundan anlamli olarak yiiksektir. Saglik hizmetlerinde ¢alisanlarin bilgi diizeyi,
caligmayanlara gore daha yiiksektir (Tablo 4).
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Tablo 4. Bilgi Testi Sonuglar1 ve Demografik Degiskenler

Degisken Ortalama SS

Kadin 4.74 2.6

Erkek 4.24 2.56
18-24 yas 5.08 2.53
25-34 yas 4.8 2.67
35-44 yas 3.96 2.45
45-54 yas 4.38 2.62
Saglik Meslek: Evet 4.89 2.64
Saglik Meslek: Hay1r 4.28 2.55
Kronik Hastalik: Evet 4.49 25

Kronik Hastalik: Hayir 4.55 2.65

Farkindalik testi sonuglari cinsiyete gore anlamli farklilik gostermektedir. Kadinlarin farkindalik
diizeyi erkeklere gore daha yiiksek bulunmustur. Yas, saglik meslegi ve kronik hastalik durumuna
gore fark saptanmamustir (Tablo 5).

Tablo 5. Farkindalik Testi Sonuglar1 ve Demografik Degiskenler

Degisken Ortalama SS

Kadin 25 1.67
Erkek 2.16 1.71
18-24 yas 2.67 1.71
25-34 yas 2.39 1.73
35-44 yas 2.06 1.6

45-54 yas 2.36 1.74
Saglik Meslek: Evet 2.53 1.81
Saglik Meslek: Hayir 2.24 1.62
Kronik Hastalik: Evet 2.22 1.65
Kronik Hastalik: Hayir 241 1.73

Genel bilgi ve farkindalik diizeyleri kadinlarda, 18-24 yas grubunda ve saglik mesleklerinde
calisanlarda daha ytiksek bulunmustur. Kronik hastalik varligina gore anlamli bir fark goriilmemistir
(Tablo 6).

Tablo 6. Bilgi ve Farkindalik Testi Sonuglar1 ve Demografik Degiskenler

Degisken Ortalama SS

Kadin 7.24 3.74
Erkek 6.41 3.74
18-24 yas 7.75 3.67
25-34 yas 7.19 3.89
35-44 yas 6.02 351
45-54 yag 6.73 3.82
Saglik Meslek: Evet 7.42 3.98
Saglik Meslek: Hayir 6.52 3.6

Kronik Hastalik: Evet 6.72 3.64
Kronik Hastalik: Hayir 6.96 3.84

SONUC, TARTISMA VE ONERILER

Bu arastirma, Erzurum’daki bireylerin gida-ilag etkilesimlerine dair bilgi ve farkindalik diizeylerini
degerlendirmeyi amaglamistir. Literatiirde de goriildiigli iizere hem saglik profesyonellerinde hem
de 6grencilerde gida-ilag etkilesimleri konusunda bilgi eksiklikleri yaygindir (Beiro et al., 2024;
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Elajez et al., 2024; Jelinska et al., 2024; Syed et al., 2022; Alharbi et al., 2024). Bizim ¢alismamizda
da katilimcilarin genel bilgi seviyelerinin diisiik oldugu saptanmustir.

Cesitli caligmalarda saglik ¢alisanlarinin ve 6grencilerin gida-ilag etkilesimleri konusundaki bilgi,
tutum ve farkindalik diizeylerinin yetersiz oldugu goriilmektedir. Urdiin’de yapilan bir arastirmada
eczacilarin yaygin gida-ilag etkilesimleri hakkinda yeterli bilgiye sahip olmadiklari, hastane ve
toplum eczacilar1 arasinda anlamli fark bulunmadigi bildirilmistir (Zawiah vd., 2020). Katar’da
hemgireler lizerinde yapilan calismada katilimcilarin %356,4’liniin bilgi diizeyi tatmin edici
bulunmustur (Elajez vd., 2024). Malezya’daki eczacilar arasinda bilgi ve uygulama diizeyi arasinda
iliski oldugu, ancak cevaplarin tutarsizlik gosterdigi belirtilmistir (Khong vd., 2024). Saglik
profesyonelleri genelinde bilgi ve tutum diizeylerinin yetersiz oldugu da ifade edilmistir (Osuala
vd., 2021).

Ogrenciler arasinda yapilan arastirmalarda da benzer sonuglar elde edilmistir. Beslenme Bilimleri
ogrencilerinde bilgi eksikligi ve farkindalik diisiikligii saptanmistir (Beirdo vd., 2024). Tip fakiiltesi
ogrencilerinde gida-ilac etkilesimleri konusundaki bilgi diizeyinin yetersiz oldugu bulunmustur
(Jelinska vd., 2024). Suudi Arabistan’da eczacilik ve hemsirelik Ogrencileri {izerine yapilan
caligmalarda da bilgi diizeylerinin diisiik oldugu rapor edilmistir (Syed vd., 2022; Alharbi vd.,
2024).

Hasta gruplarinda yapilan aragtirmalarda ise gida-ilag etkilesimlerini tanimlayabilen hasta oraninin
%30-50 arasinda degistigi goriilmiistiir (Osuala vd., 2022). Warfarin kullanan bireylerde bilgi
ihtiyacinin yiiksek oldugu bildirilmistir (Mercan vd., 2011). Kardiyovaskiiler hastalarda
tamamlayici ve alternatif gidalarla ilaglarin birlikte kullaniminin yaygin oldugu ve potansiyel risk
olusturdugu belirlenmistir (Wood vd., 2003; Giiven vd., 2013).

Bizim ¢alismamizda da benzer sekilde saglik hizmetlerinde c¢alisan bireylerin bilgi diizeylerinin
daha yiiksek oldugu (p<0,05), yas gruplar1 arasinda o6zellikle 18-24 yas grubunun daha bilingli
oldugu (p<0,05), kronik hastalik varliginin baz1 sorularda bilgi ve farkindalik diizeyiyle anlaml
iliski gosterdigi saptanmistir. Ancak farkindalik testi ile meslek durumu ve kronik hastalik varlig
arasinda anlamli bir farklilik bulunmamastir (p>0,05

Analizler sonucunda; saglik alaninda calisanlarin ve gen¢ yas grubundaki bireylerin bilgi ve
farkindalik diizeylerinin daha yiiksek oldugu, kronik hastaligi olanlarda ise bazi sorulara verilen
yanitlarin anlamli farklilik gosterdigi belirlenmigtir. Egitim diizeyi, gida-ilag etkilesimlerinde
farkindalik ve bilgi artis1 saglayan 6nemli bir faktor olarak one ¢ikmaktadir.

Sonuglar, toplumda bu konuya dair farkindalik olusturulmas: gerektigini gostermektedir. Saglik
profesyonellerinin hastalar1 bilgilendirmesi, egitim materyalleri ve kamu spotlar1 hazirlanmasi
onerilmektedir. Gelecekte farkli demografik gruplar iizerinde yapilacak ¢aligsmalarin ve belirli ilag-
gida kombinasyonlarmin klinik etkilerini inceleyen arastirmalarin alana 6nemli katkilar saglayacagi
diistiniilmektedir.

Genel olarak, gida-ilag¢ etkilesimlerinin daha iyi anlasilmasi, tedavi etkinligini artiracak ve saglik
risklerini azaltacaktir.
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ABSTRACT

Introduction and Purpose: In recent years, increasing industrialization has shifted women's dietary
habits toward the consumption of ultra-processed foods (UPFs). These foods are low in nutritional
value but high in environmental impact. This situation poses significant risks in terms of obesity
development and sustainable nutrition. This study evaluated the relationship between UPF
consumption, sustainable nutrition levels, and obesity in women.

Materials and Methods: This cross-sectional study examined 183 normal-weight and 107
overweight or obese women, aged 19-65, living in Ankara. UPF consumption was assessed using
the "Highly Processed Food Consumption Short Screening Questionnaire," and adherence to the
Mediterranean diet and sustainable nutritional status were evaluated using the "MedQ-Sus-Tr" scale.
The women self-reported their height and weight, and the researcher measured their waist and hip
circumference. Correlation and regression analyses were applied to examine relationships between
variables.

Results: The consumption score for UPFs was significantly higher for overweight individuals than
normal-weight individuals (p=0.029). Overweight individuals were found to have lower adherence
to the Mediterranean diet (p = 0.001) and lower sustainable nutrition scores (p = 0.014).
Additionally, a significant negative correlation was observed between sustainable nutrition scores
and UPF consumption (r = —0.135; p = 0.020). Individuals with low adherence to sustainable
nutrition had higher waist circumferences and waist-to-height ratios (p < 0.05). Logistic regression
analysis revealed that high UPF intake increased the risk of being overweight (OR = 1.11; p =
0.016), while higher adherence to the Mediterranean diet reduced it (OR = 0.86; p = 0.008).

Discussion and Conclusion: The findings indicate that high consumption of UPFs increases obesity
risk in women and undermines sustainable eating habits. Encouraging sustainable dietary behaviors
and reducing UPF intake in the population constitutes a critical area for public health intervention.

Keywords: Ultra-processed food; Mediterranean diet; sustainable nutrition; obesity
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OZET

Amag ve Giris: Son yillarda artan sanayilesme ile birlikte kadin bireylerin beslenme aliskanliklar
besin degeri diisiik ancak cevresel yiikii yiiksek olan ultra islenmis besinlerin (UIB) tiiketimi
yoniinde degismistir. Bu durum hem obezite gelisimi hem de siirdiiriilebilir beslenme agisindan
onemli riskler dogurmaktadir. Bu ¢aligmada, kadin bireylerde UIB tiiketimi, Akdeniz diyetine uyum
ve stirdiiriilebilir beslenme diizeylerinin obezite ile iliskisi degerlendirilmistir.

Gereg ve Yontem: Kesitsel tanimlayici tlirde yiiriitiilen bu ¢alisma, 19—65 yas araliginda Ankara’da
yasayan 183’1 normal kilolu, 107’si fazla kilolu veya obez kadin bireyler ile gerceklestirilmistir.
UIB tiiketimi “Cok Islenmis Besin Tiiketimi Kisa Tarama Anketi”, Akdeniz diyetine uyum ve
stirdiiriilebilir beslenme durumu ise “MedQ-Sus-Tr” dlgegiyle degerlendirilmistir. Boy ve agirlik
beyana dayali, bel ve kalga gevresi arastirmaci tarafindan olgiilmiistiir. Degiskenler arasi iliskiler
icin korelasyon ve regresyon analizleri uygulanmistir.

Bulgular: Fazla kilolu bireylerin UIB tiiketim puani, normal kilolu bireylere gore anlaml diizeyde
daha yiiksektir (p=0,029). Akdeniz diyetine uyum (p=0,001) ve siirdiiriilebilir beslenme puanlari
(p=0,014) ise fazla kilolu bireylere gore daha diisiik bulunmustur. Ayrica, stirdiiriilebilir beslenme
puan: ile UIB tiiketimi arasinda negatif yonde anlamli bir iliski tespit edilmistir (r=—0,135;
p=0,020). Siirdiiriilebilir beslenmeye diisiik diizeyde uyum gosteren bireylerde bel ¢evresi ve bel-
boy oran1 daha yiiksek bulunmustur (p<0,05). Lojistik regresyon analizine gore, yiiksek diizeyde
UIB tiiketimi, fazla kilolu olma riskini artirmaktadir (OR=1,1145; p=0,016). Akdeniz diyetine
yiiksek uyum ise fazla kilolu olma riskini anlamli diizeyde azaltmaktadir (OR=0,8551; p=0,008).

Tartisma ve Sonuc: Elde edilen bulgular, yiiksek diizeyde UIB tiiketiminin kadin bireylerde
obezite riskini arttirdigimi ve siirdiiriilebilir beslenme aligkanliklarini olumsuz etkiledigini
gostermektedir. Bu bulgular hem bireysel saglik hem de cevresel siirdiiriilebilirlik hedefleri
acisindan UIB tiiketiminin azaltilmasi ve Akdeniz diyetine ydnelimin artirilmasinin énemini ortaya
koymaktadir. Toplumda siirdiiriilebilir beslenme aligkanliklarinin tesvik edilmesi hem bireysel
saglik hem de c¢evresel siirdiiriilebilirlik agisindan 6nemli bir miidahale alan1 olacaktir.

Anahtar Kelimeler: Ultra islenmis besin; Akdeniz diyeti; stirdiiriilebilir beslenme; obezite
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ABSTRACT

Introduction and Purpose: The industrialized food production system, which focuses on
increasing production with cheap labor and high technology without considering sustainable use of
natural resources, exacerbates the negative impacts of climate change. Studies assessing the
relationship between climate change and gender depict women as climate victims and emphasize
their vulnerability to the climate crisis. However, women's cooperatives are organizations where
women play an active role in combating food crisis exacerbated by climate change. According to
food sovereignty approach, women's cooperatives value the knowledge and experience of
producers, provide consumers with direct access to products, aiming for women's social and
economic empowerment. This presentation will examine the impact of work-family role conflict on
the sustainability of food-producing women's cooperatives and offer policy recommendations to
support work-life balance in women's cooperatives.

Materials and Methods: This presentation is based on a thematic analysis of existing studies in the
literature. This qualitative research design is instrumental in finding patterns and making critical
analysis of them. It makes possible to highlight similar and different findings on work and family
conflict in the working of women’s cooperatives specialized on food production and to make policy
recommendations on topic.

Results: Women'’s cooperatives are directly affected by gendered norms and expectations including
work and family role conflict. It creates obstacle for the empoverment of rural women and
negatively affects the working of women’s cooperatives focusing on sustainable food production.
Discussion and Conclusion: The view that women's primary responsibility is childcare prevents
young women from establishing cooperatives and working as cooperative members or managers.
Furthermore, because care work is invisible and devalued, most cooperative members and managers
with children work double shifts and experience work-family role conflict. Gender stereotypes and
prejudices that shape the behavior and attitudes of workers in the institutions and organizations with
which women's cooperatives interact are also among affect working conditions in women's
cooperatives. Designing macro policies to prevent work-family role conflict will positively affect
the sustainability of women's cooperatives specialized on food production in rural Turkey.

Key Words: Food Crisis; Women’s Cooperatives; Work-Family Conflict
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Abstract

This review explores livestock and dairy sector policies under Buharinomics—the economic
paradigm of President Muhammadu Buhari's administration (2015-2023)—highlighting key
developments, structural weaknesses, and emerging opportunities. Although, several flagship
initiatives like the National Livestock Transformation Plan (NLTP), Anchor Borrowers' Programme
(ABP), and RUGA settlements were introduced, their implementation was marred by policy
inconsistencies, infrastructural deficits, conflict, and low private sector investment. The paper
reveals that livestock productivity stagnated and Nigeria remained heavily reliant on dairy imports,
despite rising domestic demand. Key challenges include farmer-herder conflict, weak institutional
synergy, poor veterinary services, and inadequate market infrastructure. Nevertheless, opportunities
exist in climate-smart livestock systems, public-private partnerships, and regional market
integration. Recommendations include integrated rural land reforms, conflict-sensitive livestock
planning, and incentivized private sector investment.

Keywords: Agriculture; Government; Policy; Nigeria

Introduction
Background of the Study

Livestock and dairy production constitute a vital part of Nigeria's agricultural economy, contributing
significantly to national food security, employment, and rural livelihoods. The sector accounts for
approximately 7-10% of Nigeria’s GDP and provides livelihood support to more than 30% of rural
households (Eeswaran et al., 2022). Livestock, especially cattle, play multifunctional roles in
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Nigeria, including serving as sources of meat, milk, income, manure, traction power, and cultural
identity, particularly among Fulani pastoralists (Haruna et al., 2025). Despite this potential, Nigeria
remains heavily dependent on imported dairy products, spending over $1.5 billion annually on milk
and dairy imports due to low local production and processing capacity (Ogbimi & Oyewale, 2000;
Archibong et al., 2021; Haruna et al., 2025).

President Muhammadu Buhari’s administration (2015-2023) introduced what has been popularly
described as Buharinomics, an economic policy framework with strong nationalist, protectionist,
and agrarian overtones. The administration emphasized domestic food production, import
substitution, and rural economic revitalization, especially through its Agricultural Promotion Policy
(APP), Anchor Borrowers' Programme (ABP), and the National Livestock Transformation Plan
(NLTP) (Ojong & Anam, 2018; Gao et al., 2023). These interventions were intended to reposition
livestock and dairy production as central pillars of Nigeria’s drive toward food self-sufficiency and
economic diversification.

However, the Buhari era also witnessed a rise in violent farmer-herder conflicts, poor infrastructural
investments in the livestock value chain, weak policy coordination, and a lack of effective
implementation mechanisms (Ekpo & Tobi, 2019; Adesola & Onwutuebe, 2024). Initiatives like the
Rural Grazing Area (RUGA) scheme and cattle colony proposals were met with public backlash,
perceived ethnic bias, and governance ambiguity. As a result, much of the promise of Buharinomics
in transforming the livestock and dairy sector remained largely unfulfilled.

The Nigerian Dairy and Livestock Paradox

Nigeria has an estimated cattle population of over 20 million, with indigenous breeds such as White
Fulani, Sokoto Gudali, and Muturu being the most common (Abubakar et al., 2023). Despite this,
average milk yield per cow remains between 1-2 liters per day compared to over 20 liters in
industrialized systems, resulting in chronic supply-demand gaps. Factors contributing to this
productivity gap include poor animal genetics, inadequate feed and pasture systems, rudimentary
animal health services, and limited cold chain infrastructure (Haruna et al., 2025).

Additionally, Nigeria’s livestock system is predominantly extensive and nomadic, posing serious
environmental, security, and public health challenges. The transhumant nature of livestock
movement has fuelled protracted farmer-herder conflicts, particularly in the Middle Belt and North-
West regions, undermining food systems and rural stability (Buba, 2021; Peace, 2017).

The Buhari Administration’s Response

In response to these challenges, the Buhari administration rolled out several strategic initiatives
aimed at modernizing the livestock sector:

. National Livestock Transformation Plan (NLTP) (2019): Aimed at transitioning from open
grazing to ranching while integrating peace-building strategies.

. Anchor Borrowers' Programme (ABP): Although initially crop-focused, it later extended to
livestock actors, offering subsidized loans to encourage productivity.

. RUGA Policy (Rural Grazing Area): Intended to establish dedicated settlements for
pastoralists but failed due to widespread public resistance and lack of legal clarity (Ekpo & Tobi,
2019).

Despite the policy intentions, implementation has faced major setbacks—ranging from political
resistance at the state level to funding constraints and lack of stakeholder engagement (Ukase &
Ityonzughul, 2020).
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Problem Statement

Despite Nigeria’s abundant livestock population—estimated at over 20 million cattle, 43 million
goats, and 76 million poultry birds—productivity in the livestock and dairy sectors remains critically
low (Canton, 2021; Eeswaran et al., 2022). Under President Muhammadu Buhari's administration
(2015-2023), a host of ambitious agricultural policies were introduced, such as the National
Livestock Transformation Plan (NLTP) and the Anchor Borrowers' Programme (ABP), as part of
the broader Buharinomics strategy aimed at diversifying the economy, ensuring food self-
sufficiency, and reducing reliance on imports (Ojong & Anam, 2018; Gao et al., 2023). However,
the implementation and outcomes of these initiatives reveal significant structural and policy-level
shortcomings.

One of the core contradictions under Buharinomics is the persistent reliance on dairy imports, which
soared to over $1.5 billion annually by 2022, despite government claims of prioritizing local
production (Abubakar et al., 2023). Nigeria’s per capita milk consumption remains one of the lowest
in Africa at about 10 liters per annum, far below the global average of 50 liters, largely due to limited
local supply and poor processing capacity (Abubakar et al., 2023). Indigenous cattle breeds such as
the White Fulani and Sokoto Gudali have low milk yields, averaging only 1-2 liters/day, compared
to commercial breeds producing over 20 liters/day under optimal conditions (Haruna et al., 2025).

Furthermore, key policies like RUGA (Rural Grazing Area) and cattle colonies were politically
contentious, leading to widespread ethnic and regional resistance, especially in Southern and Middle
Belt states. These initiatives were perceived as attempts to institutionalize the dominance of Fulani
pastoralists, thereby eroding local land rights and inflaming identity-based tensions (Ekpo & Tobi,
2019; Ukase & Ityonzughul, 2020; Ajetunmobi et al., 2024). Consequently, the objectives of these
policies—to create secure grazing reserves, reduce conflict, and increase livestock productivity—
were largely unrealized.

Equally problematic was the escalation of farmer-herder conflicts, which intensified during Buhari’s
tenure and displaced thousands of pastoralists and farmers across northern and central Nigeria.
Between 2016 and 2022, more than 3,600 deaths were attributed to such conflicts, significantly
disrupting livestock routes and affecting dairy supply chains (Peace, 2017; Buba, 2021). These
conflicts were exacerbated by land degradation, climate change, and population pressures, all of
which were poorly addressed by existing policy frameworks.

In terms of institutional implementation, multiple challenges emerged:

. Fragmented coordination between federal and state governments

. Absence of effective monitoring and evaluation mechanisms

. Lack of private sector engagement and incentive frameworks for dairy value chain actors

. Poor investment in veterinary services, feed infrastructure, and cold chain logistics (Adesola

& Onwutuebe, 2024; Gao et al., 2023)

Despite the Buhari administration's rhetoric around agricultural revolution and livestock
modernization, most interventions remained policy statements with limited grassroots execution,
poor funding absorption, and negligible impact on household nutrition or dairy sufficiency. This
mismatch between policy ambition and practical implementation underscores a major governance
gap in Nigeria’s livestock and dairy development efforts.

Therefore, this study seeks to critically evaluate these gaps and highlight missed opportunities, while
providing evidence-based insights for restructuring the livestock sector through sustainable,
inclusive, and conflict-sensitive policy mechanisms.
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Justification of the Study

The strategic importance of livestock and dairy development to Nigeria's food security, employment
generation, rural development, and national economic diversification cannot be overstated. The
livestock sub-sector contributes significantly to agricultural GDP and provides nutrition, income,
and socio-cultural value to millions of Nigerians—particularly rural households and nomadic
communities (Eeswaran et al., 2022). Despite this significance, systemic inefficiencies, poor policy
implementation, and insecurity have limited its performance, especially during the Buhari
administration (2015-2023), a period marked by intense policy rhetoric but modest practical gains
in the livestock sector (Gao et al., 2023; Abubakar et al., 2023). Succinctly, this study is therefore
justified on several interrelated grounds:

1. Need for Critical Policy Evaluation

While multiple initiatives such as the National Livestock Transformation Plan (NLTP), the Anchor
Borrowers' Programme (ABP), and the RUGA scheme were introduced during Buhari’s tenure,
there is limited scholarly evaluation of their actual outcomes, implementation bottlenecks, and
regional impacts. Most government reports focus on project inputs and targets, rather than evidence-
based assessments of impact or sustainability (Ojong & Anam, 2018; Ukase & Ityonzughul, 2020).
This review provides a critical and independent academic lens to assess whether Buharinomics
achieved its objectives in the livestock and dairy sub-sector.

2. Persistent Dairy Import Dependence

Despite having over 20 million cattle and large grazing lands, Nigeria still imports over 60% of its
dairy requirements, placing a strain on foreign exchange reserves and exposing the country to global
price shocks (Haruna et al., 2025; Abubakar et al., 2023). This paradox underscores the failure of
past and recent policies to build a sustainable local dairy value chain. A detailed review of what
went wrong during the Buhari era can help redirect future strategies toward more resilient domestic
production systems.

3. Rising Farmer-Herder Conflicts

The proliferation of violent clashes between pastoralists and sedentary farmers during the Buhari
administration posed a serious threat to national cohesion, food security, and rural development.
Between 2016 and 2022, these conflicts resulted in thousands of deaths, mass displacement, and
destruction of property and farmland, especially in the Middle Belt region (Peace, 2017; Buba,
2021). While the government’s policies—Ilike RUGA and cattle colonies—aimed to resolve these
crises, they were met with fierce opposition and distrust. Understanding the socio-political roots of
these failures is essential for designing inclusive and conflict-sensitive livestock policies.

4. Weak Institutional Synergy and Policy Fragmentation

Another justification for this study is the lack of coordination between federal and sub-national
authorities, which significantly undermined the delivery of livestock programs. Land governance, a
critical aspect of livestock development (especially for ranching), is constitutionally controlled by
state governments, while many livestock initiatives were federally driven, leading to jurisdictional
conflicts (Ekpo & Tobi, 2019; Adesola & Onwutuebe, 2024). This study explores such institutional
disconnects and provides lessons for multi-level governance in agriculture.

5. Need for Forward-Looking, Evidence-Based Recommendations

As Nigeria moves into a post-Buhari political era, there is an urgent need to build forward-looking
policies informed by past lessons. This study not only evaluates the outcomes of livestock and dairy
interventions under Buharinomics, but also highlights opportunities for future reforms, including
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public-private partnerships, regional market integration (via AfCFTA), climate-smart livestock
systems, and digital traceability tools.

6. Academic and Policy Relevance

This research contributes to the growing body of literature on agricultural policy effectiveness in
Sub-Saharan Africa. It also provides critical insights for:

. Policy makers (e.g., Federal Ministry of Agriculture and Rural Development)
. Development partners (e.g., FAO, IFAD, ECOWAS)

. Private sector actors in the livestock and dairy value chains

. Scholars of agricultural economics, rural development, and political economy

By addressing both the policy architecture and on-ground realities, the study bridges a key gap
between theory and practice.

Objectives of the Study

. To review livestock and dairy policy interventions under the Buhari administration.
. To identify critical gaps in policy implementation.

. To explore future prospects for sustainable livestock development in Nigeria.

. To offer policy recommendations based on empirical evidence.

Scope of the Review

This review assesses the overall performance of livestock and dairy development policies under
Buharinomics. It investigates the alignment between policy intentions and outcomes, identifies key
structural and political barriers to implementation, and explores opportunities for future
transformation in the sector. Given the urgent need to enhance food security, reduce import
dependence, and resolve land-use conflicts, this analysis provides a timely and critical evaluation
of one of the most significant but underperforming sectors of Nigeria’s agricultural policy
landscape.

Theoretical Framework

This study is grounded in the Political Economy of Agricultural Policy Reform (PEAPR) and
Institutional Theory, both of which provide a robust lens for analyzing how political, economic, and
institutional dynamics interact to shape the outcomes of livestock and dairy policies under
Buharinomics.

Political Economy of Agricultural Policy Reform (PEAPR)

The Political Economy of Agricultural Policy Reform examines how power, interests, ideologies,
and resource control affect policy formulation and implementation, particularly in developing
countries. It assumes that agricultural policies are not formed in neutral or purely technocratic
environments but are instead shaped by the strategic interactions among various actors, including
the state, private sector, interest groups, and local communities (Anderson & Swinnen, 2008).

This theory is particularly relevant in the Nigerian context, where policy reforms such as the
National Livestock Transformation Plan (NLTP) and RUGA settlements were introduced with
economic objectives but became politically contentious due to ethno-regional tensions and historical
land grievances (Ekpo & Tobi, 2019). These policies were perceived by certain groups, especially
in Southern Nigeria, as promoting Fulani hegemony, thereby igniting resistance that undermined
implementation.
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Under President Buhari, who hails from a Fulani background, livestock-related policies were
heavily politicized and interpreted through ethnic lenses. The PEAPR helps explain why technically
sound policy ideas like ranching and dairy investment failed in practice due to the misalignment of
political incentives, social trust, and institutional legitimacy (Adesola & Onwutuebe, 2024).

Application: The theory reveals how the Buhari administration’s centralization of livestock
policies, without adequate local buy-in or institutional cooperation from state governments (who
constitutionally control land), created friction and hindered progress (Ukase & Ityonzughul, 2020).

Institutional Theory

Institutional Theory explores how formal rules (laws, regulations) and informal norms (traditions,
beliefs) influence organizational behavior and policy outcomes. In the context of livestock
development, institutional theory is relevant for understanding disconnection between policy design
and field-level implementation.

Nigeria’s agricultural policy space suffers from institutional fragmentation, where multiple agencies
(e.g., Federal Ministry of Agriculture, National Food Reserve Agency, State Ministries, and private
actors) operate with overlapping mandates, poor coordination, and limited accountability (Gao et
al., 2023). Institutional inertia—where old practices persist despite new policies—is another factor
that weakens reform effectiveness.

This theoretical framework is instrumental in explaining why the Anchor Borrowers’ Programme
(ABP), though well-funded and nationally promoted, recorded limited success in the livestock value
chain due to:

. Weak monitoring mechanisms

. Lack of data on pastoralist productivity

. Poor veterinary and extension service delivery systems (Eeswaran et al., 2022; Gao et al.,
2023)

Institutional theory also helps clarify why land governance complications—where land is controlled
by state governments under the Land Use Act of 1978—limited the ability of federal actors to
implement RUGA or ranching infrastructure (Ekpo & Tobi, 2019).

Application: The theory explains how institutional weaknesses—including the absence of cross-
ministerial coordination, poor extension services, and top-down policy rollouts—undermined
otherwise promising livestock transformation plans under Buharinomics.

Synergy of both Theories in this Study
Together, the Political Economy and Institutional Theory frameworks provide a dual lens:

. Political economy explains why policies were designed and contested, focusing on interests,
identities, and power.

. Institutional theory explains how policies failed or succeeded, focusing on structures,
routines, and implementation mechanisms.

This combined approach allows us to:

. Trace the influence of elite interests and identity politics on livestock policy choices
. Evaluate the roles of institutional design and administrative capability in shaping outcomes
. Understand the dynamics behind public backlash, policy failures, and missed development

opportunities
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Conceptual Framework

The conceptual framework for this study builds upon insights from the Political Economy of
Agricultural Policy Reform and Institutional Theory, illustrating the complex interaction between
policy interventions, institutional and socio-political dynamics, and livestock and dairy sector
outcomes under Buharinomics.

This framework helps to visualize how government-initiated livestock development programs are
influenced by both technical and non-technical variables—such as political will, institutional
capacity, land tenure systems, security, and community acceptance. It also emphasizes how these
intervening variables shape the effectiveness, sustainability, and inclusivity of livestock and dairy
development in Nigeria.

Key Constructs and Relationships
Table 1: Key constructs and relationships

Category Variables / Components
Inputs Policy reforms (NLTP, ABP, RUGA)
Federal investment
Technical support
Institutional Factors Federal-state coordination
Land use control
Bureaucratic capacity
Socio-Political Factors Ethnic/regional perceptions
Farmer-herder conflict
Community engagement
Processes Implementation design
Stakeholder involvement
Resource allocation
Outputs Increased milk production
Reduction in conflict
Ranching adoption
Outcomes Improved food security
Reduced dairy imports
Inclusive rural development

Source: Authors’ own synthesis, 2025
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Conceptual Framework Diagram
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Figure 1: Conceptual framework
Source: Python software, 2025

Explanation of the Model
1. Inputs refer to the policy instruments and resources deployed by the federal government
under Buhari—such as funding for ranching, policy blueprints, and subsidized loans.

2. These inputs are mediated by institutional factors like the level of collaboration between
federal and state governments, which is crucial in a decentralized land governance context.

3. Socio-political dynamics such as communal conflict, ethnic mistrust, and resistance to
centralized policies further influence whether policies are accepted or rejected.

4. Processes reflect how policies are implemented—whether inclusively, transparently, and
with sufficient stakeholder involvement.

5. The outputs refer to the immediate results such as ranching infrastructure, dairy collection
centers, or reduced transhumance.

6. Outcomes are the long-term impacts like food security, employment, and reduced reliance
on dairy imports.

The feedback loop in the diagram indicates that poor implementation or exclusionary politics can
trigger public distrust, institutional failure, and conflict—ultimately undermining policy success.
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Research Methodology

This section outlines the methodological approach employed in reviewing livestock and dairy
development under the Buhari administration (Buharinomics). A qualitative, desk-based research
design was adopted, drawing upon policy documents, academic literature, government reports, and
stakeholder analyses published between 2015 and 2024.

Research Design

This study employs a qualitative research design utilizing systematic review and policy analysis
techniques. The review approach is suitable for synthesizing evidence from multiple sources to
explore complex socio-economic and political phenomena—specifically, the relationship between
livestock policies and sectoral outcomes under Buhari’s economic doctrine.

Data Sources

The study relied on secondary data from a range of peer-reviewed journals, government
publications, and policy papers. Key sources included:

. Scholarly articles from journals such as SN Social Sciences, Food Reviews International,
and African Journal of Peace and Conflict Studies

. Reports from institutions like the International Crisis Group, Cambridge University Press,
and CGIAR

. Official government documents such as the National Livestock Transformation Plan (NLTP)
and Central Bank of Nigeria’s Anchor Borrowers' Programme (ABP) policy briefs

. Development partner documents including FAO and ECOWAS livestock investment
profiles

A total of 25 primary sources were systematically reviewed and selected based on relevance,
recency, and credibility.

Data Collection Procedure
Data was gathered using the following approach:

. Systematic Academic Search: Keyword queries such as "livestock development in
Nigeria"”, "Buharinomics”, "RUGA policy”, "NLTP", and "dairy sector Buhari" were used in
scholarly databases including Google Scholar, ResearchGate, Springer, and JSTOR.

. Policy Documents Review: Government reports, strategy documents, and legal frameworks
(e.g., Land Use Act, NLTP blueprint) were collected from official platforms like the Ministry of
Agriculture and Rural Development (FMARD), Central Bank of Nigeria (CBN), and National
Planning Commission.

. Content Validity Filtering: Only publications between 2015 and 2024 were considered to
ensure temporal relevance to the Buhari administration.

Data Analysis Technique

A thematic content analysis was conducted to categorize data into key policy interventions,
implementation outcomes, gaps, and future prospects. The following steps were taken:

1. Coding policy documents and articles into themes: e.g., "dairy import reduction”, "conflict
resolution™, "policy coordination”, etc.

2. Synthesizing data across documents to identify convergence and divergence of findings.

3. Triangulating academic insights with government reports and stakeholder opinions to

validate observations.
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This multi-level analytical approach ensured depth, rigor, and cross-verification of claims.
Ethical Considerations

As a desk-based study relying solely on secondary data, no primary human or animal subjects were
involved. However, proper academic integrity was ensured by:

. Citing all sources correctly

. Using reputable and peer-reviewed materials

. Avoiding biased or politically charged interpretations

. Maintaining objectivity throughout the analysis

Limitations

. Data Scarcity on Implementation Metrics: Many livestock projects under Buharinomics

lacked clear monitoring and evaluation indicators, limiting quantitative assessment.

. Regional Disparities: Policy implementation varied across states due to political resistance,
which may not be fully captured in federal-level documents.

. Access to Internal Government Reports: Some classified or unpublished strategy documents
were inaccessible, potentially narrowing the evidence base.

Results and Discussion

This section presents and interprets the major findings related to livestock and dairy policy outcomes
under the Buhari administration. Drawing upon a critical review of academic literature, government
reports, and empirical studies, the discussion focuses on:

. Implementation of key policies

. Institutional performance

. Livestock productivity and dairy value chain dynamics
. Conflict-related outcomes

. Future opportunities and innovations

Implementation of Key Livestock Policies under Buharinomics

Several livestock-focused policies were launched under Buhari’s presidency, yet their results were
mixed and often fell short of targets due to political, institutional, and operational challenges.

a. The National Livestock Transformation Plan (NLTP)

Designed in 2019 to transition Nigeria from open grazing to ranching and reduce farmer-herder
conflict, the NLTP aimed to establish 119 ranches in 7 pilot states. However, by 2023, only a few
pilot schemes were functional due to inadequate funding, poor state-level buy-in, and community
mistrust (Adesola & Onwutuebe, 2024; Ukase & Ityonzughul, 2020).

Finding: The NLTP lacked inclusive community consultation and faced resistance in Southern
states, where it was perceived as a strategy to resettle Fulani herders on ancestral lands.

b. Anchor Borrowers' Programme (ABP)

Although initially focused on crops, the ABP extended credit to livestock producers through the
Central Bank of Nigeria. However, disbursement to livestock actors was minimal, and the program
suffered from poor loan recovery and monitoring issues (Eeswaran et al., 2022; Gao et al., 2023).
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Finding: ABP's livestock arm was underutilized due to poor targeting, bureaucratic bottlenecks,
and weak extension service support.

C. RUGA Settlements and Cattle Colonies

These controversial policies were introduced to establish settlements for herders, but
implementation was suspended in 2019 after public backlash and fears of ethno-religious
domination (Peace, 2017; Ekpo & Tobi, 2019).

Finding: The politicization of livestock policy undermined public trust and exposed deep
governance deficits in participatory decision-making.

Institutional Performance and Governance Gaps

One of the most consistent findings across the literature is the failure of institutions to harmonize
federal initiatives with state and local realities. Under the 1978 Land Use Act, states retain authority
over land allocation, making federal livestock policies (e.g., ranching, grazing reserves) difficult to
enforce without state consent (Buba, 2021).

. Coordination between ministries—Agriculture, Environment, and Interior—was weak, and
monitoring frameworks were either non-existent or poorly enforced (Haruna et al., 2025).

. There was a clear absence of multi-stakeholder governance involving pastoralists, farmers’
associations, local chiefs, and NGOs.

Finding: Structural decentralization without institutional cooperation severely limited policy
effectiveness, especially in land-intensive initiatives like ranching.

Livestock Productivity and Dairy Sector Outcomes

Despite rhetoric around livestock transformation, national productivity indicators remained
stagnant:

. Milk yield among indigenous cattle breeds averaged just 1.5 liters/day, compared to 20-30
liters/day in commercial herds globally (Haruna et al., 2025).

. Nigeria’s annual dairy import bill rose to over $1.5 billion by 2022, with powdered milk
accounting for more than 85% of imports (Eeswaran et al., 2022).

. Only 15% of milk produced locally enters the formal processing sector—most is consumed
raw or wasted due to lack of cold storage and transportation (Ogbimi & Oyewale, 2000).

Finding: No significant improvement in dairy productivity occurred during the Buhari
administration, due to poor breed quality, inadequate feed systems, and lack of investment in the
dairy cold chain.

Conflict, Security, and Displacement Impacts

One of the gravest outcomes was the escalation of farmer-herder conflicts, especially in Benue,
Plateau, Kaduna, Zamfara, and Nasarawa states. From 2016 to 2022, over 3,600 lives were lost, and
over 300,000 people displaced due to these conflicts (Peace, 2017; Buba, 2021).

. Insecurity led to abandonment of grazing routes and markets, especially in the North West.

. Displacement of pastoralists led to urban migration and overcrowding in peri-urban abattoirs
and markets.

Finding: Security failures undermined the implementation of livestock policy, with persistent
violence reducing access to grazing land and disrupting the dairy supply chain.
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Missed Opportunities and Emerging Prospects

Despite underwhelming results, there are emerging innovations and future opportunities in the
sector:

a. Climate-Smart Livestock Systems

Technologies such as silage-making, improved pasture seeding, and livestock feed blocks have been
piloted successfully in Niger and Kaduna states (Eeswaran et al., 2022).

b. Digital Traceability and Livestock Health Monitoring

Mobile-based livestock health apps and RFID tagging have shown early success in disease tracking
and movement control, particularly in commercial ranches (Haruna et al., 2025).

C. AfCFTA and Regional Dairy Trade

With the African Continental Free Trade Agreement (AfCFTA), Nigeria could position itself as a
hub for regional livestock trade, provided domestic processing and gquality standards improve (Gao
etal., 2023).

Finding: While Buhari’s administration failed to achieve significant transformation, the sector still
holds potential—if guided by smarter governance, private sector engagement, and conflict-sensitive
programming.

Conclusion

The Buhari administration (2015-2023), operating under the ideological and economic framework
of Buharinomics, presented a bold policy shift toward agricultural self-sufficiency and rural
revitalization. However, while the administration invested heavily in programs such as the National
Livestock Transformation Plan (NLTP), Anchor Borrowers' Programme (ABP), and proposed
RUGA settlements, the outcomes in the livestock and dairy sectors were largely underwhelming.

This review reveals that policy intentions often outpaced institutional capacity and political reality.
The politicization of livestock initiatives—particularly those associated with Fulani pastoralism—
ignited regional tensions and undermined the legitimacy of federally driven interventions. Weak
coordination between federal and state authorities, combined with structural land governance issues,
further constrained effective policy rollout.

Moreover, despite policy efforts, livestock productivity, milk yield, veterinary coverage, and feed
availability remained critically low, with Nigeria still importing over 60% of its dairy needs as of
2023. Farmer-herder conflicts escalated under Buhari, intensifying insecurity and displacement, and
severely disrupting livestock markets.

Nonetheless, the post-Buhari era presents an opportunity to reframe livestock and dairy policy
through a more inclusive, decentralized, and conflict-sensitive approach, grounded in institutional
reforms and private sector partnerships.

Recommendations
Based on the findings, the following actionable recommendations are proposed:
Institutional and Governance Reforms

. Strengthen federal-state coordination through formal livestock governance councils that
include state ministries, traditional institutions, and livestock cooperatives.

. Decentralize policy implementation while aligning it with national strategy frameworks.
This would enhance ownership and reduce regional resistance.
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Land and Conflict Resolution

. Review the Land Use Act (1978) to allow for livestock development planning at the
community level while protecting farmers' land rights.

. Institutionalize peace-building mechanisms within livestock policies, including community
dialogue, compensation systems, and local security arrangements.

Dairy Value Chain Modernization

. Invest in breed improvement programs, such as crossbreeding local breeds with high-
yielding dairy species.

. Support cold chain infrastructure, milk collection centers, and rural processing hubs to
reduce waste and improve product quality.

. Incentivize private sector participation via tax reliefs, access to credit, and technical support
for dairy cooperatives and processors.

Capacity Building and Research

. Expand veterinary services and animal health systems, especially in conflict-prone and
underserved regions.

. Strengthen partnerships with universities and research institutions for data generation, feed
innovations, and extension systems.

Digital Integration

. Scale up digital livestock management platforms (e.qg., traceability, disease reporting, mobile
extension) as piloted in states like Niger and Kaduna.

Policy Implications
The review highlights several critical policy implications:
From Political Rhetoric to Operational Policy

Policymakers must bridge the gap between policy documents and field-level execution, avoiding
top-down impositions and ethnicized framings that create resistance.

Conflict Sensitivity in Policy Design

Given the role of livestock in communal conflict, all livestock-related policies must integrate
conflict risk analysis, peace-building components, and grievance redress systems.

Regional Integration Potential

Under the African Continental Free Trade Agreement (AfCFTA), Nigeria could become a regional
hub for livestock trade. However, this will require compliance with quality, disease control, and
traceability standards.

Private Sector as Driver, Government as Enabler

The future of livestock transformation lies in creating an enabling environment for private
investment, rather than relying on state-led interventions. This includes reforms in taxation,
financing, and regulation.

Data-Driven Policymaking

There is a pressing need for evidence-based livestock data systems to guide investment, track
productivity, and monitor interventions, currently lacking in Nigeria’s agricultural policy space.
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ABSTRACT

Bioethanol is a natural product mostly produced by the sugar fermentation process of agricultural
feedstock. The main source of sugar required to produce ethanol comes from fuel or energy crops.
The fuel crops grown for energy use includes sugar cane, bagasse, miscanthus, sugarbeet, sorghum,
molasses, corn stover, grain, wheat, straw, cotton and other biomass, as well as many types of
cellulosic waste. Crops available for human consumption being used presently as biofuel feedstock
may be replaced with halophytes as these plants have great capability to grow in saline soil and can
be irrigated with saline water. Significant and good quality of lignocellulosic biomass is produced
in halophytes which can be converted into bioethanol using enzymatic hydrolysis and microbial
fermentation. Halophytes have greatest potential in their utilization in restoration of degraded saline
locations, coastal stabilization, as a source of nonconventional cash-crop, food, forage, fodder,
oilseed and production of cheap biomass for sustainable agriculture. A vision of using halophyte
plants for bioethanol production can only be achievable if we can recognize alternate species that
can be cultivate on saline soils and would not compete with conventional agricultural resources.
Here, we review current progress and highlight the key species of halophytes of Algeria for greater
economic approach and energy efficiency use in near future.

Key words: bioethanol, biofuel, halophytes, lignocellulosic, Atriplex
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ABSTRACT

This research was conducted as part of the Master’s program in Fundamental and Applied
Toxicology. Its aim is to explore the consumption patterns of sports-related dietary supplements
among the population of Oran in Algeria. A prospective survey was carried out using a questionnaire
distributed online and in several fitness centers (Ma Fitness, Power Gym, and Fit Park). The results
show that most consumers are young adults aged between 18 and 35 years, with a male
predominance. The most commonly used supplements include protein powders (whey), amino acids
(BCAA, EAA), creatine and multivitamins. The main motivation for use is the enhancement of
physical performance and body appearance. However, the study revealed a lack of awareness
regarding potential risks, such as side effects, drug interactions, and overdosing. These findings
highlight the need for better regulation and targeted nutritional education for consumers.

Keywords: Dietary supplements, sport, consumption, risks, Oran, toxicology
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Ulcers are acid-induced lesions that develop on the mucous membrane and duodenum, often
accompanied by inflammation, leading to abdominal pain, bleeding and perforation. Current
treatments strategies for ulcers have limitations, including side effects, antibiotic resistance, and
recurrence. Therefore, there is a need for alternative therapeutic agents with minimal side effects.
Traditionally, medicinal plants which include Acacia nilotica, have been used for centuries to treat
wide range of ailments including ulcer. The aim of this study was to authenticate this claim by
investigating the effects of Acacia nilotica seed extract on indomethacin induced ulcer in Wistar
rats. The phytochemical composition of Acacia nilotica, total acidity, pH, gastric volume and
histopathological examinations were determined using standard methods. Six groups (three per
group) of rats were induced with ulcer and treated with a standard drug and different concentrations
of Acacia nilotica seed extract. Thereafter, the body weight of the animals were observed for a
period of 21 days and then, sacrificed. The result showed the presence of bioactive compounds such
as alkaloids, flavonoids, phenols, saponins and tannins with phenols having highest concentration
(274.73+0.22 mg/100 g) while alkaloids had the lowest concentration (13.20+0.15 mg/100 g). The
results also showed a significant (p < 0.05) increase in body weight in groups treated with Acacia
nilotica seed extract when compared to the untreated group. Again, Acacia nilotica seed extract,
particularly at the 400mg/kg body weight dose showed significant (p < 0.05) differences in the anti-
ulcerative effects, with total acidity (64.07+1.08 meqg/L)), pH (2.94+0.16), gastric volume
(7.40+0.47 ml) and mild gastric mucosal damage as compared to the untreated group; indicating
significant protection. The results demonstrate the potential of Acacia nilotica extract as the natural
source of antiulcer and this suggests that the plant could have relevance in the management of ulcer
disorders.

Keywords: Ulcer, Acacia nilotica, Phytochemicals.
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Abstract

Sweet potato (Ipomoea batatas (L.) Lam) is critical for food security in developing nations, yet
yields are limited by suboptimal propagation practices. Vine cutting is the main method, but
interaction between varietal genetics and cutting position on growth and yield is poorly understood.
This study investigated vine cutting position and variety effects on sweet potato performance in
southeast Nigeria. A 2x2 factorial experiment, conducted in 2024 at University of Nigeria, used a
randomized complete block design with three replications. Two varieties (Beauregard and Hannah)
were propagated using 30 cm top (apical) and basal cuttings. Beauregard outperformed Hannah
across all traits (P < 0.05), yielding 34.17% more roots (32. 55 vs. 24.26 Kg/plot), with larger tubers
(13.22 cm vs. 12.40 cm length). Top part cuttings surpassed basal, with 87 % more roots (102.60
vs. 55.00 No./plot) and 72% higher yield (35.89 kg/plot vs 20.92 kg/plot). A significant genotype x
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cutting position interaction (p < 0.05) revealed Beauregard-Top part of vine cutting combinations
as optimal achieving peak yield (44.97 Kg/plot) -123% higher than Beauregard-basal. Hannah
showed stability but lower yields. Strong correlations emerged between root yield and both root
number (r= +0.93**) and stem count (r= +0.92**), establishing these as reliable key yield
predictors. GGE biplot confirmed revealed Beauregard-Top part of vine cutting as the highest
yielding, most stable combination, and driving resources efficient tuber enlargement. In conclusion
top part cuttings of high performing varieties (e.g. Beauregard) synergistically enhance productivity
though optimized physiological vigor. This precision propagation strategy offers Smal holders a low
input solution to sustainably intensity sweet potato production, addressing both yield gaps and
climate resilience in tropical agroecologes.

Key words: Top part of vine, genotype x environment interaction, propagation efficiency, food
security, root yield, sustainable intensification.
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ABSTRACT

Global climate change is a major environmental problem that directly affects apricot production.
Rising temperatures, changing precipitation regimes and extreme weather events pose major risks,
especially during the flowering and fruit set periods of apricots. Warming climate conditions cause
flowering to occur earlier, which leads to damage to flowers due to late spring frosts and serious
yield losses.

Research conducted in Malatya, an important apricot production center in Tirkiye, shows that
temperatures have increased significantly in the last 40 years and that this situation has negatively
affected the crop pattern. Similarly, there have been declines in apricot production in European
production areas due to early flowering and frost damage.

Adaptation strategies such as preferring late-flowering varieties in apricot production against
climate change and developing irrigation and frost control techniques are of great importance.
Otherwise, serious declines in apricot production and economic losses will be inevitable in the
coming years.

In this compilation study, the effects of climate change on apricots were investigated.
Key Words: Global Climate Change, Apricot

AUGUST 21-22, 2025 / ISTANBUL AREL UNIVERSITY 172



ICoN-FAC 2025 INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

PLANT-BASED FUNCTIONAL FOODS: APATH TO BETTER NUTRITION AND
HEALTH

Marwa Waheed

Department of Food Science and Technology, Riphah International University, Faisalabad,
Pakistan

Muhammad Bilal Hussain
Azha Fatima
Farhan Saeed
Muhammad Afzaal
Department of Food Sciences, Government College University Faisalabad, Pakistan

Abstract:

Plant-based functional foods like flaxseed, chia, quinoa, and spirulina have been receiving growing
attention because of their impressive nutritional benefits and positive effects on health. These foods
are packed with bioactive compounds that provide a wide range of health benefits. Flaxseed, it’s
rich in omega-3 fatty acids, lignans, and fiber, which have been shown to support heart health, help
regulate blood sugar, and aid digestion. Chia seeds, are loaded with essential fats, antioxidants, and
fiber, making them great for heart health, managing weight, and reducing inflammation. Quinoa
stands out as a complete protein, offering a variety of amino acids along with important vitamins
and minerals like magnesium, iron, and zinc. This makes it an excellent choice for supporting
muscle repair, boosting the immune system, and maintaining strong bones. Similarly, spirulina, a
nutrient-dense blue-green alga, provides a wealth of proteins, vitamins (including B12, A, and K),
and minerals such as calcium and iron. It’s known for its immune-boosting properties, anti-
inflammatory effects, and potential detox benefits. These plant-based foods owe their health benefits
to the high concentrations of antioxidants, essential fats, and other bioactive compounds they
contain. Together, they help improve metabolic health and can reduce the risk of chronic diseases.
With more people shifting towards plant-based diets, these functional foods are being recognized
for their role in promoting health and offering sustainable alternatives to animal-based products.
This review explores the nutritional value, health benefits, and potential uses of Flaxseed, Chia
seeds, Quinoa, and Spirulina, highlighting their growing importance in modern diets for overall
wellness.

Keywords: Plant based Functional Foods, Nutritional importance, Health Benefits, Potential uses.
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Abstract

Strawberries are widely appreciated for their sensory appeal and nutritional value, making them a
key crop for both fresh consumption and food processing industries. However, differences in
cultivar characteristics can significantly influence postharvest quality and market suitability. This
study presents a comparative evaluation of two commercially important strawberry cultivars grown
in Morocco: FORTUNA and SABRINA. Three key physico-chemical parameters were analyzed—
pH, soluble solids content (°Brix), and average fruit weight—alongside sensory quality attributes
such as texture, flavor, and appearance. The results revealed notable differences between the two
cultivars. FORTUNA demonstrated higher °Brix values and better overall consumer acceptability,
while SABRINA exhibited greater firmness and acidity. These findings highlight the importance of
cultivar selection based on specific market or processing requirements, and contribute to improved
postharvest quality management strategies for strawberries under Moroccan growing conditions.

Keywords: Strawberry, FORTUNA, SABRINA, physico-chemical analysis, sensory evaluation,
pH, °Brix, fruit weight, postharvest quality, cultivar selection
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ABSTRACT

Climate-smart agriculture (CSA) is an approach to transform and reorient agricultural systems by
integrating precision agriculture technologies into the agricultural industry to support food security
by increasing resilience and resource use efficiency in agricultural production systems under the
impact of climate change. Based on the integration of multiple agricultural techniques for
sustainable productivity with less environmental impact, climate-smart agriculture supports
efficient water management and food security, promotes the resilience of agricultural systems to
climate change, and aims to increase agricultural production and reduce farm-related greenhouse
gas emissions. This agricultural system offers the opportunity to meet the world's food demands by
mitigating the impact of climate change, adapting and increasing productivity in the face of climate
variability through practices such as crop rotation and diversification, integrated crop-livestock
systems, fertilizer management, controlled and micro-irrigation, soil fertility management,
agroforestry, agroecological agriculture, family farming, regenerative farming systems, agri-based
circular bioeconomy, synthetic biology, digital technologies, hydroponics, intercropping, mixed
cropping, conservation agriculture, terracing, mulching, perennial plantation, nitrogen/fertilizer
reduction, minimum tillage, region-specific nutrient management and the use of cover crops. The
aim of this review is to compile scientific evidence and data on climate smart technologies widely
applied in climate resilient agriculture as a subset of climate smart agriculture strategies and to
compile, define and create future strategies in terms of food security, safety and sufficiency. This
article focuses on future sustainable food production and security, environmental protection,
strengthening resilience to climate variability and alternative agricultural techniques, highlighting
scientific and technological developments and research directions, and offering recommendations
for resilient, resource-efficient and sustainable food production trends.

Key Words: Climate smart agriculture, Climate change, Future foods; Sustainability, Food security,
Alternative production systems

INTRODUCTION

Agricultural food systems face three interconnected challenges: ensuring food security, promoting
environmental sustainability, and restoring soil fertility and health in the face of climate change.
Conventional practices and industrial agriculture have prioritized productivity over ecological
resilience, ultimately leading to inefficient resource utilization, soil degradation, and increased
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greenhouse gas emissions (Wang et al., 2025 a,b). In many cases, socio-economic vulnerabilities
can be as, or more, important than ecological vulnerabilities for climate change adaptation in
agriculture. Agriculture and food production systems are threatened by the impacts of climate
change, including extreme weather events such as droughts, heatwaves, irregular rainfall, and
floods, which pose serious risks to food security and livelihoods (Benitez-Alfonso et al., 2023; Arif
et al., 2025). Climate change further exacerbates the challenge of agricultural food production by
altering weather patterns, reducing water availability, and increasing the frequency and severity of
extreme weather events such as droughts, floods, and pests, which threaten crop yields and
agricultural productivity (Brown, 2023).

Today's dominant modern industrial agriculture systems, based on high input-high output, have
increased yields and food availability and have achieved significant growth over time, but current
food systems are not sustainable and cause many problems, especially environmental impacts.
Industrial agriculture causes excessive water and land use, pesticide pollution, soil degradation and
habitat destruction, depletion of natural resources, loss of biodiversity and the fragility of
agricultural systems, while also contributing to and being affected by the climate crisis (Fatima et
al., 2024; Qu et al., 2024). Agricultural food production is both affected by and contributes to
climate change, and the risks of crop loss increase with climate change, so there is an urgent need
to increase the resilience of food systems against climate change (Heinz et al., 2024). Food systems
contribute significantly to climate change through carbon emissions, and regenerative and
agroecological low-emission agricultural practices should be encouraged to develop sustainable
agriculture and strengthen climate resilience. In addition to being heavily affected by changing
climate conditions, agricultural production systems also contribute to global warming and
transformative food system changes are required. The main objectives of an agricultural system's
climate resilience are sustainability in production, adaptation to climate change and mitigation of
climate change.

Climate change negatively impacts all components of food systems, including the biodiversity and
ecosystem services of agricultural production systems, reducing the productivity and projected yield
of staple food crops. Climate change is the increase in sudden extreme weather events and gradual,
long-term changes in climate events. Climate change poses a significant challenge to global
agriculture and requires innovative approaches to ensure sustainable livelihoods and food security
(Bhatnagar et al.,, 2024). Climate change affects agricultural production through various
mechanisms, including rising temperatures, droughts, rising atmospheric CO2 levels, changes in
water resources, and changes in other factors such as humidity, extreme weather events, and climate
fluctuations. Climate change not only causes instability in food production through increased
temperatures and extreme weather events but also causes serious effects on agricultural production
by changing precipitation, evaporation, soil and water resources (Wang et al., 2025a). Climate
change increases the vulnerability of agricultural systems.

Integrated nutrient and water management, changing planting dates according to soil water content,
and alternative crop cultivation (Islam et al., 2022) have been suggested to improve food security
and health, strengthen resilience to climate variability and restore ecosystems. In the face of the
sustainability of agricultural systems and the challenges posed by climate change, it is increasingly
important to try to transform agriculture into an ecologically sustainable climate-resilient agriculture
(CRA) management model (Zong et al., 2022). Alternative systems such as climate-smart
regenerative agriculture, which combine biotechnology, engineering and farming technologies,
following the laws of nature, are needed to increase resilience to climate change, increase
sustainable productivity and improve ecological, economic and social processes along with food
security (Keshavarza and Sharafi, 2023). Climate change poses challenges for agriculture and
requires the development of resilient climate-smart agricultural systems, stress-tolerant crop
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varieties, and efficient water and resource management strategies to maintain food security, farmer
incomes, and environmental sustainability (Arif et al., 2025).

The need for innovative scientific solutions and technological approaches against threats in the
agriculture and food industry has revealed the transition to plant-based nutrition and digital
transformation trends in food production and consumption models (Hassoun et al., 2022). In recent
years, food trends have emerged, including unusual food sources such as insects, algae, food waste
and byproducts, production systems such as hydroponics, aquaponics, and aeroponics, and cell
cultures. However, digitalization and the shift to plant-based nutrition have received the most
attention. Since a sustainable food system depends on precision agricultural land use, adoption of
modern technologies such as information technology, land sensors, urban agriculture, hydroponic
technology, robotics, as well as precision or smart agricultural systems, can be useful in increasing
crop productivity.

Agricultural food systems today face three increasingly complex challenges: food security,
environmental sustainability and soil health, each occurring independently or often simultaneously,
and are interconnected (Wang et al., 2025 b). Overuse of synthetic agricultural chemicals and
continuous monoculture further degrade the chemical and biological integrity of soil, microbial
communities, and biodiversity, leading to nutrient imbalances, soil salinization, acidification, water
pollution, and habitat destruction

As climate change continues to pose challenges for agriculture, there is an urgent need to develop
sustainable strategies that increase crop productivity while reducing the negative effects of
stressors.This article focuses on future sustainable food production and security, environmental
protection, strengthening resilience to climate variability and alternative agricultural techniques,
highlighting scientific and technological developments and research directions, and offering
recommendations for resilient, resource-efficient and sustainable food production trends.
Additionally, this review also offers suggestions for future research and food trends in light of future
perspective

DIGITAL TECHNOLOGIES

Effectively combating climate change requires agricultural digitalization and a comprehensive
transformational approach encompassing a range of sustainability measures and innovations,
offering opportunities for efficiency, resource optimization and decision-making (Biiyiikozkan and
Uztiirk, 2024). The integration of digital technologies promotes data-driven decision-making,
promising efficiency gains and innovative solutions to complex challenges. Although it is at an early
stage, the food industry includes artificial intelligence (Al), internet of things (loT), big data (BD),
robotics, blockchain and smart sensors. Industry 5.0 has emerged as a transformative shift to
integrate advanced computational technologies such as artificial intelligence, the internet of things,
robotics, and big data with human-centered collaboration to achieve sustainable food production
systems (Singh et al., 2025). Integrating data-driven agriculture and robotic solutions (Martos et al.,
2021), reducing costs and making the agricultural sector energy efficient (Ragazou et al., 2022) are
among the strategic goals of agriculture 5.0.

The development of high technologies forms the basis of Agriculture 5.0, which is based on social,
environmental, and economic sustainability, enabling farmers to increase productivity while
minimizing environmental impacts and addressing challenges in the food production and supply
system (Balaska et al., 2023; Paudel et al., 2025). Innovative microclimate modeling, as an
alternative or complement to drone and sensor technologies, helps identify progression through key
phenological stages such as flowering, fruit fill, and physiological maturity, and how local climate
change may impact grape quality and productivity, in addition to detecting biotic and abiotic stresses
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(Fonseca et al., 2025). An important advantage of CSAF systems is the distribution of risk, as small
farms are not subject to growing only one crop.

DIGITALISATION IN AGRICULTURE AND THE FOOD INDUSTRY

Digitalization is used in primary production, food processing, distribution, and marketing stages; it
is constantly evolving to increase efficiency, reduce food safety risks, and improve the overall
sustainability of the vegetable supply chain (Hassoun et al., 2022). Many technologies such as Al,
loT, BD, blockchain, 3D printing, robotics and smart sensors are used by the entire vegatal supply
chain. Digital technology approaches that are safe and climate-adaptive provide agri-food producers
with a roadmap to develop climate-smart, resource-efficient, sustainable and stress-resilient agri-
food systems (Cakmakg1 et al., 2023).

New advanced digital technologies such as sensors, unmanned aerial vehicles, autonomous
monitoring devices, the Internet of Things (IoT), wireless sensor networks (WSN), remote sensing
(RS), unmanned aerial vehicles (UAVSs), big data analytics (BDA), machine learning (ML), deep
learning (DL), and artificial intelligence (Al) offer promising solutions for increasing productivity
and resource use efficiency while reducing greenhouse gas emissions (Cakmakg¢t and Cakmaket,
2023a). Digitalization of agriculture offers opportunities such as precision agriculture, predictive
analysis, supply chain optimization, decision support systems, farm management systems,
sustainable agriculture, financial management, and collaboration platforms (Paudel et al., 2025).
The integration of digital technologies such as sensors, drones, Decision Support Systems (DSSs),
and loT platforms enables the optimization of resource use, contribution to environmental
sustainability, optimization of resource use, risk management, reduction of chemical inputs, and
improved environmental traceability (Benos vd., 2024).

Recent technological advancements in big data analytics have led to a transformative revolution in
smart agriculture, enabling farmers to make informed data-driven decisions, manage sustainability
and supply chains, optimize resources, and increase productivity and sustainability (Paudel et al.,
2025). Big data reduces risks associated with climate variability, pests, and market fluctuations, and
supports informed resource allocation, climate change adaptation, and food security by developing
predictive models and alerts, as well as facilitating sustainable management throughout the entire
food supply chain. Big data enables farmers to optimize efficiency, productivity, and resilience
(Tantalaki et al., 2019); can improve crop management, irrigation strategies, and risk assessments
(Chergui and Kechadi, 2022); enables decision-making and smart agricultural practices (Wolfert et
al., 2017); optimizes yields while reducing costs by enabling targeted and efficient resource
allocation (Toscano et al., 2019); increases transparency throughout the supply chain; and supports
climate change adaptation and food security. Big data and digital technologies are reshaping
agriculture, increasing efficiency, sustainability, and competitiveness. Meanwhile, the integration
of technologies such as 10T, Al, and robotics is streamlining agricultural operations and
strengthening data-driven decision-making (Liu et al., 2021). It is clear that big data, which has the
potential to digitally transform the future of agriculture, will be the source of the next agricultural
revolution.

The agricultural sector, including the production, processing and distribution of agricultural
products, has undergone transformative change in recent years by adopting cutting-edge
technologies such as artificial intelligence (Al), big data, machine learning (ML) algorithms and the
Internet of Things (IoT), enabling improvements in production, making informed choices in
resource management, enhancing climate resilience and mitigating sustainability challenges
(Cakmake1 and Cakmake1, 2023a; Paudel et al., 2025).
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PRECISION AGRICULTURE TECHNOLOGIES AND ITS IMPACTS

Using cutting-edge technology and data analysis, precision agriculture increases agricultural
production, reducing waste while mitigating climate risks and minimizing negative environmental
impacts (Ammoniaci vd. 2021). Precision agriculture is a key component of digital agriculture,
which can play a significant role in addressing various problems facing agriculture, such as rising
production costs, labor shortages, and climate change. The rapid advancement of precision
agriculture technologies, including the Internet of Things (loT), drones, and artificial intelligence
(Al), is transforming the global agricultural landscape, increasing efficiency, sustainability, and
climate resilience, while optimizing resource use and reducing costs (Roy and Medhekar, 2025).
Supported by technologies such as smart farming using 10T, drones, Al, ML and robotics, precision
farming offers the ability to monitor and optimize every aspect of agriculture, from soil health to
irrigation systems, climate adaptation to efficient use of resources, crop yields and weed and pest
control. Precision agriculture (PA) technologies, including sensors, drones, GPS, and variable-rate
applications, can optimize resource use, reduce environmental impacts, increase agricultural
sustainability and productivity, and improve farm economics (Guaman-Rivera, 2023). Cutting-edge
technologies such as 10T, blockchain, Al, and PA have been reported to promote sustainability Roy
(2025), and PA practices have been reported to increase water and fertilizer efficiency and reduce
greenhouse gas emissions (Idier et al., 2024). Avances in Precision Agriculture technologies offer
innovative solutions to agricultural challenges such as climate change, resource inefficiency and
food security (Roy and Medhekar, 2025).

SUSTAINABLE FOOD SYSTEMS AND FARMING PRACTICES FOR CLIMATE
CHANGE RESILIENCE, AGRI-FOOD SECURITY AND STABILITY

Mitigation and adaptation to climate change require climate-smart and environmentally friendly
agricultural practices, such as coordinated management of nutrients, water and pests; improved
management of rangelands and forestry combined with restoration of degraded lands; and improved
soil quality, which improves productivity, adaptation and mitigation by regulating carbon, oxygen
and nutrient cycles. Furthermore, digital agriculture and artificial intelligence (Al) technologies are
increasing the climate resilience and mitigation potential of agri-food systems through monitoring,
fertilization, irrigation, and management (Biswas et al., 2024; Hong et al., 2025). Research shows
that integrated farming approaches significantly increase crop yields compared to conventional
practices. Many agricultural practices have been emerged to maximize agricultural food
productivity and stability, such as optimized irrigation, diversified cropping systems, improved soil
management, biochar application, multi-crop rotation, no-till or reduced tillage, straw management,
improved crop management, which are transformative towards climate-smart, equitable, and
resilient agri-food systems (Wang et al., 2025 b). However, strategies including crop diversification
should be adapted to local contexts and the integration of innovative and proven practices. Crop
varieties with increased stress tolerance must be urgently developed to ensure food security,
adaptation to climate change, and agricultural and environmental sustainability (Ngongolo
and Mmbando, 2024).

Nowadays, research on the use of biotechnology and sustainable agriculture to increase ecosystem
resilience against climate change is becoming widespread (Arif et al., 2025). Research has identified
key practices that increase productivity while reducing environmental impacts, such as optimized
fertigation, diversified cropping systems, organic amendments, Integrating legumes and cover
crops, and precise nitrogen management. Agricultural sector-specific policies, such as preventing
land use conversions, protecting soils, investing in low-emission technologies, improving nitrogen
use efficiency, integrated nutrient management, yield optimization, organic fertilization incentives,
and integrated monitoring systems, have been recommended (Mohammed et al., 2025). Innovative
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strategies such as soil and water conservation, crop rotation, development of stress-resistant crop
varieties, development of new varieties with increased productivity and disease resistance,
establishment of climate-resilient systems, forecasting weather conditions, analysis of climate
change impacts, and identification and use of climate-smart and climate-resilient technologies have
been adopted to respond to the impacts of climate change on food production and food security.
Applying climate-resilient techniques can improve soil organic content and structure, thus
improving soil health and fertility (Grover et al., 2024).

It has been emphasized that multifunctional urban agriculture increases biodiversity and climate
resilience, improves producer-consumer relations, reduces food insecurity, creates economic value
and strengthens social cohesion through agro-ecological practices. Urban agriculture is an important
sustainable food production strategy for addressing the challenges of climate change, food security,
and urban development, enhancing community well-being and urban biodiversity, and creating
green spaces (Bernaschi et al., 2025). In addition to providing fresh produce, urban agriculture
reduces food insecurity, improves nutrition, creates livelihoods, contributes to urban resilience by
reducing the urban heat island effect, increases biodiversity and improves air quality, and makes
cities more livable by addressing urban challenges such as waste management and climate change
adaptation. Cities should reduce their ecological footprint by focusing on shortening food supply
chains, promoting sustainable diets, and increasing local production capacity by converting rooftops
and other urban spaces into green spaces and urban farms and by adopting vertical farming and
hydroponic systems. By integrating agriculture into urban environments, cities, especially in
developing regions, can provide fresh produce and reduce food insecurity, improve waste
management and climate adaptation, and increase self-sufficiency and resilience.

Agroecology, which plays a transformative role in the food system, is critical to strengthening the
relationship between humans, agriculture and nature and developing a sustainable and resilient
urban food system (Marino et al., 2024). Prioritizing biodiversity, reducing chemical inputs, and
strengthening local production capacity address climate change challenges, mitigating
environmental impacts, and supporting economic self-sufficiency. Urban and peri-urban agriculture
contributes significantly to the city's landscape, ecological balance, air quality, environmental and
social sustainability, economy and social well-being (Marino et al., 2023).

Adaptation strategies in agriculture include crop rotation and diversification, resilient varieties,
selecting adapted cultivars, perennial plantation, intercropping, mixed cropping, cover crops,
controlled and micro-irrigation, integrated farming system, integrated crop-livestock systems,
improved water management, terracing and mulching, fertilizer and soil fertility management,
ecosystem-based adaptation strategies, region-specific nutrient management, impact mitigation
strategies against climate change, hydroponics, remote sensing-based land use analysis, sustainable
agroecological practices, and risk reduction through early warning systems. Meanwhile, a few
strategies have been developed to increase resilience and promote sustainable crop production,
including climate-smart agriculture (CSA), developing and growing climate-resilient crops,
biotechnological innovations, improving soil health, sustainable water management, improved
irrigation practices, the use of stress-tolerant beneficial microbes, agroecological practices, early
warning systems, and resilient supply chains. Some sustainable agricultural food production systems
and practices resistant to climate change are listed in Table 1.

CLIMATE-ADAPTED ALTERNATIVE CROPS

Diversification of agricultural systems and cultivation of alternative plants such as less used, wild
edible plants, and niche crops underutilized, or orphan crops are expected to have great potential in
increasing the resilience of plant systems against climate variability and change. Alternative plants
that are resistant to various environmental conditions, can grow in poor soil and high altitudes, and
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are adapted to climatic conditions are promising protein sources in reducing greenhouse gas
emissions, environmental impacts and meat consumption.For example, climate-adapted alternative
crops such as quinoa, durum wheat, almonds, pecans, lupins, borage and lentils can diversify the
sustainability of current production systems and lead to a transformation towards closing the nutrient
gap and climate-resilient agro-food systems (Heinz et al., 2024).

PREDICTIVE SYSTEMS FOR ABIOTIC STRESS IN CHANGING CLIMAT

Abiotic stresses such as drought, salinity, and extreme temperatures threaten crop productivity by
disrupting physiological processes and complicate sustainable agriculture under climate change.
Advances in technology, particularly artificial intelligence (Al) and machine learning models, are
improving stress management through stress prediction, irrigation optimization, and image-based
phenotyping approaches (Mushtaqg et al., 2025). Various new applications of modern technologies,
especially when combined with Al, machine learning (ML), remote sensing (RS), and the Internet
of Things (loT), are transforming precision agriculture by enabling data-driven, adaptive, and
sustainable agricultural practices (Pagano. Et al., 2023; Usigbe et al., 2024). New technologies
increase resource efficiency and climate resilience in orchards. Artificial intelligence and deep
machine learning have significant potential in managing abiotic stress and improving horticultural
resilience, especially under climate change (Mushtag et al., 2025). Smart water management
practices, shade management techniques, and optimized growing environments to reduce heat and
water stress can help mitigate the impact of climate events and extreme temperatures (Fonseca et
al., 2025).
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Table 1. Climate-resilient and environmentally friendly agri-food systems and practices.

Agri-food systems/ practices

Reference

Agricultural and Sustainable Intensification
Agroforestry systems

Agroecology

Developing and breeding climate- resilient crops

Climate-adapted alternative crops

Climate-Smart Agriculture

Climate- smart irrigation

Climate-resilient farming

Conservation tillage and agroecology

Conservation agriculture

Digital transformation of the agri-food system

Digitally integrated urban food systems, precision and vertical
farming

Diversified cropping system

Environment-smart agriculture
Improved water management

Microclimate modelling

Mixed crop—livestock systems

Organic Farming

Perennial alley cropping

Precision agriculture

Precision agriculture and technology adoption

Regional Food Systems
Regenerative Farming Systems
Reduced- tillage farming systems
Small-scale ecological farming
Soil management techniques

Stress- tolerant varieties

Urban and peri-urbanagriculture

Use of stress- tolerant beneficial microbes

Utilising climate data and early warning systems for agricultural
resilience

Integrated cropping strategies:

- enhancing system resilience by integrating existing and
novel Technologies

- promoting carbon source-to-sink strategies

- stimulating biological processes to enhance water and
nutrient use efficiency

- improving soil biochemical properties

reducing reliance on synthetic nitrogen

Duffetal., 2022; Cakmakgi et al., 2023a
Wang et al., 2022

Marino et al., 2024

(Goel et al. 2018;
and Mmbando, 2024
Heinz et al., 2024
Mabhaudhi et al., 2025
Driscoll et al., 2024

Roy and Medhekar, 2025
Hong et al., 2025

Arif et al., 2025
Vahdanjoo et al., 2025
Lepore et al., 2025

Ngongolo

Zhou etal. 2019; Frison and Clément,
2020; Tuan, 2024,
Islam et al., 2022
Gultekin et al.,
al.,2024

Fonseca et al., 2025

Bisht et al., 2020

Cakmake1 and Cakmake1, 2023b
Wolz et al., 2018

Erickson and Fausti, 2020
Demestichas and Daskalakis,
Michler et al., 2019

Bisht et al., 2020

Cakmakg et al., 2023
Jayaraman et al. 2021

Bisht, 2021

Blanco- Canqui and Ruis, 2018; Topp et
al., 2024

Wong et al., 2022

Bernaschi et al., 2025

2023; Sismani, et

2020;

Lietal., 2021; Riaz et al., 2023

Wang et al., 2025b

CLIMATE-RESILIENT AGRICULTURAL PRACTICES

Climate-resilient agriculture is a sustainable approach to food security that uses adaptation and
mitigation measures simultaneously, aiming to improve the current system by reorienting and
transforming it according to changing climate conditions (Islam et al., 2022). Adaptation measures
are climate resilient if they can increase agricultural productivity, achieve resource management,
reduce greenhouse gas emissions and improve carbon sequestration under changing climate
conditions without endangering social and environmental resources. The environmentally friendly
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integrated agricultural approach, which provides climate resilience and brings together corrective,
preventive, physical, biological, traditional and environmentally friendly agricultural practices,
reduces environmental problems and contributes to coping with current climate change conditions
(Islam et al., 2022). Agritech startups play a key role in the efficient use of resources and addressing
climate change challenges as they develop innovative solutions, such as drought-resistant crops and
climate-resilient methods, and when these advancements are integrated with agricultural science
principles. Climate-smart agriculture (CSA) practices include rainwater harvesting, agroforestry,
conservation agriculture, diversifying, composting, cover cropping, high-yielding crop varieties,
drought-resistant seeds, crop diversification, terracing, crop rotations, organic fertilizer, organic
farming, mulching, manure, minimum tillage, intercropping, relay cropping, row planting,
integrated pest management, irrigation, solar-powered drip irrigation systems, climate information
systems, integrated soil fertility management, zero tillage, and improved varieties (Bhatnagar et al.,
2024; Mabhaudhi et al., 2025). Climate-resilient agricultural practices are essential for ensuring
sustainable food production and food security and protecting natural resources and biodiversity.

CLIMATE-SMART AGRICULTURE

Climate-smart agriculture, which has the potential to promote sustainability and food security, is
considered a socially beneficial and environmentally friendly agricultural production method to
cope with climate change and extreme weather conditions. This system aims to increase the capacity
of agricultural production to adapt to climate change, strengthen the resilience of the agricultural
system, and sustainably increase agricultural productivity and farmers' income (Wang et al., 2025
a). Climate-smart agriculture (CSA) is resilient to climate change, produces lower greenhouse gas
emissions than conventional agriculture, and has the potential to increase farmers' crop yields and
food production. While climate-smart agriculture reduces food scarcity, climate change threatens a
stable food supply chain (Khan et al., 2025). Climate-smart agriculture, which emerged to address
the negative effects of climate change on agricultural systems, contributes to sustainable agricultural
development by integrating practices that increase agricultural productivity and resilience to climate
variability and reduce greenhouse gas emissions. Climate-Smart agriculture encompasses practices
such as agroforestry, intercropping, mulching, row cropping, crop rotation, water harvesting,
selecting adapted cultivars and improved varieties, and provides improvements in yields and
incomes for farmers, optimises productivity, reduces greenhouse gas emissions and increases
resilience to the impacts of climate change (Bhatnagar et al., 2024). Crop diversification across
broad agricultural sectors is one of the most effective adaptation measures. Smart agriculture
integrates and utilizes advanced technologies such as 10T, Al, and automated systems, which are
key components in optimizing resource efficiency and crop yields to increase agricultural
sustainability and productivity (Debangshi et al., 2023). 10T applications in agriculture, ranging
from wireless sensors to cloud computing and robotics, are revolutionizing traditional farming
practices (Dhanaraju et al., 2022), while UAVs offer the potential for automated operations when
integrated into smart farming systems (Islam et al., 2021), and loT-based smart farming, supported
by Al and ML, offers a sustainable solution to increase agricultural productivity while minimizing
environmental impact (Shahab et al. (2024).

DIVERSIFIED CROPPING SYSTEM

Crop diversification and reducing dependence on external inputs are approaches to reducing the
negative environmental impacts of intensive agricultural systems and represent one of the main
ways to increase climate resilience. Diversification of agri-food systems is the use of techniques
such as rotation extension, intercropping, multiple cropping, and the establishment of multi-service
cover crops. These systems can enhance the general robustness of agricultural production to drought
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and climate change due to the combination of different crop species and strains. Agro-ecological
practices such as crop-livestock integration, trees and intercropping can make cropping systems less
vulnerable (Altieri et al., 2015; Frison and Clément 2020), while more diverse cropping systems can
be developed through climate-smart approaches that include crop rotation, cover cropping and
conservation agriculture practices (Richard et al. 2022). Crop diversification increases the
environmental sustainability of crop systems and can potentially serve as a remedy against climate
change. Various cropping systems increase water retention capacity and productivity by improving
soil structure, increasing soil organic matter content, improving biological activity, and reducing
resource competition.

AGROFORESTRY

Environmental distress in rural areas, climate change mitigation, and adaptation necessitate the
adoption of integrated sustainable rural development strategies such as climate-smart agroforestry
(CSA) practices, which combine trees, crops, and sometimes animals. Overall, CSA applications as
a natural resource management technology have the potential to optimize different socio-economic
returns, increase and diversify food security, contribute to rural development, maintain
environmental services, transform agricultural systems and so on. CSA encompasses practices that
aim to increase farmers' profits and resilience, while also improving many environmental
parameters, including climate change mitigation and adaptation, biodiversity enhancement,
sustainable landscape management, and soil and water conservation (Octavia et al., 2022).
Agroforestry is an effective tool for overcoming the challenges associated with sustainable
agriculture and a changing climate (Sharma et al., 2023).

CSA practices are a path to mitigation and adaptation of climate change, the greatest challenge of
our time. CSA is location specific, incorporating a variety of models based on resource availability,
soil, water, plants, and prevailing climate, but common practices include multi-layered systems such
as annual and perennial crops under shade, home gardens, silvopastoral systems, living fences, and
windbreaks. CSA practices have many benefits in meeting daily needs, increasing the biodiversity
of flora and fauna, regulating microclimates, mitigating and adapting to climate change, promoting
soil and water conservation and soil health, and improving landscapes (Octavia et al., 2022; Santos
etal., 2022).

FAMILY FARMING AND SMALLHOLDER AGRICULTURE

Building the resilience of smallholder agriculture requires new crop technologies, zero tillage,
conservation agriculture, laser land leveling, site-specific nutrient management, drought-resistant
crops, water management, digital tools, rainwater harvesting, solar energy, and other technologies,
as well as science-based practices to prevent productivity declines (Prateek, 2025).

CONSERVATION AGRICULTURE

Conservation agriculture (CA), mulching, crop rotation/intercropping with cereals and legumes,
intercropping, and zero or minimum tillage and crop residue management practices are effective
methods to achieve climate-smart agriculture goals that preserve soil and water. Conservation
agriculture, based on crop rotation, soil cover, and no-till farming, is widely adopted due to its
advantages such as maintaining continuous physical cover on the soil surface and minimizing soil
disturbance, helping to combat climate change, facilitating crop management, saving energy, costs,
and time, and conserving soil and water.
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WATER HARVESTING AND IRRIGATION

Water harvesting, a vital strategy, is the method of collecting rainwater runoff from a specific area
for various purposes, using it immediately or capturing it in above-ground ponds, tanks, or reservoirs
for later use, or storing it in underground cisterns or shallow aquifers. Implementing appropriate
rainwater harvesting techniques improves irrigation efficiency, increases resilience to water
scarcity, is important for sustainable water management and agricultural productivity in response to
climate change

SHORT FOOD SUPPLY CHAIN

The global food system is undergoing significant transformations towards a Short Food Supply
Chain, which prioritizes sustainability, local sourcing, and direct producer-consumer relationships,
and aims to reduce intermediaries and physical distance between producers and consumers. These
supply chains have the potential to increase the profitability of small and medium-sized farms,
reshape the food industry, and create more resilient and inclusive food systems to global challenges
like climate change (Jia et al., 2024; Ge et al., 2022). As a promoter of sustainable agriculture and
a way to build resilience in the food system, practices such as crop diversification in the Short Food
Supply Chain increase productivity by reducing risks, improving soil health, and meeting consumer
demands, thereby reducing vulnerability to climate-related challenges (Tedesco et al., 2017).
Blockchain technology is important for improving transparency and traceability in short supply
chains, while the impact of digitalization, including digitization and smart management, for
agricultural supply chain security is considerable (Xie and Jin, 2023).

CONCLUSION

Sustainable food production, soil health and greenhouse gas reduction can be achieved by
integrating agricultural, biological and technological interventions such as diversified cropping
systems, organic fertilization, optimized fertigation, precision nitrogen management, conservation
tillage, biofertilizers and digital agriculture. Strengthening local food systems and expanding urban
agriculture practices can further enhance environmental and social resilience and a city's capacity
for self-sufficiency, ensuring the food system remains resilient in the face of urbanization and
climate change challenges. Enhancing the accessibility of precision agriculture technologies and
sustainable water management practices will be crucial in developing early warning systems and
climate data services, optimizing resource use, and increasing agricultural resilience. By taking an
integrated approach, leveraging innovation and strengthening adaptive capacities, the agricultural
sector can cope with climate uncertainties, develop more resilient agricultural systems and ensure
long-term productivity, food security and sustainability in the face of climate uncertainty and
change.

Strengthening the resilience of the food system to climate change requires, first of all, adopting
sustainable practices, increasing resource use efficiency, improving agricultural infrastructure,
improving water resources management, increasing crop resilience and promoting climate-smart
agricultural Technologies. In response to the adverse effects of climate change, climate-smart
agricultural practices, utilizing modern biotechnological tools and technologies, and developing
climate-resilient crops are vital for the sustainability of all life forms. There is a growing need for
innovative approaches to climate-resilient food production systems that prioritize productivity and
sustainability to meet food demands while minimizing environmental degradation. Artificial
intelligence is revolutionizing agriculture by enabling precise, data-driven input applications that
optimize crop growth and reduce waste. Emerging digital technologies like sensors, uncrewed aerial
vehicles, GPS-guided systems autonomous monitoring devices, and advanced data analytic offer
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promising solutions for improving productivity and resource use efficiency while reducing GHG
emissions.
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ABSTRACT

The circular bioeconomy is a sustainable production and consumption strategy based on limited
resources that promotes more sustainable use of resources using the principles of reduction, reuse,
recycling, and recovery. Circular economy in food systems means sustainable management of soil,
reduction of waste, reuse of food, better utilization of by-products and food waste, development of
advanced technologies and processes for the reuse of waste biomass, nutrient recycling and diverse
and efficient changes in diets to increase agricultural productivity and ensure food security.
Adopting the principles of a circular economy can ensure the preservation of natural capital and the
promotion of system efficiency, increase resource efficiency by optimizing resource use, and
minimize waste generation and environmental impact. Sustainable and circular economy plays a
vital role in the development of agriculture and food production and in mitigating climate change
through sustainable practices in the food industry, sustainable food production systems and resilient
agricultural practices. The biggest advantages of the circular economy for the food sector are
reducing environmental impact and significantly increasing resource efficiency, profitability and
sustainability. In this review, opportunities for the security and protection of food systems,
sustainable consumption, resilient and diverse ecosystems, sustainable resource management,
improvement of soil microbiota structure, recovering and recycling biomass into new production
cycles, converting waste into high-quality products, development of optimized microbial inoculants
with bioengineering strategies are discussed on the basis of new approaches, innovative
interpretations, future possibilities and technologies. This article focuses on new strategies based on
bio-based and circular bioeconomy approaches for sustainable management of depleted soils,
optimization of renewable resources, plants, all wastes and by-products to improve agricultural
sustainability.

Key Word: Circular bioeconomy, Resource efficiency, Microbial inoculants, Resilient agricultural
practices, Reuse; Recycling

INTRODUCTION

As a result of rapid population growth and other human activities, a large amount of waste, a
significant portion of which is organic, is generated from various sectors, and the waste produced is
usually disposed of in an open area, which poses a serious concern and threat to humans, animals
and the environment. In the context of developing low-cost and efficient technologies for waste
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disposal, the production of value-added bioproducts such as bioplastics, biocompost, and organic
acids, and the conversion of bioorganic waste into value-added bioproducts, are gaining increasing
importance (Ashokkumar et al., 2022). Bioeconomy, which offers the opportunity to use resources
more efficiently and environmentally friendly by developing new bio-based industries, involves the
use of renewable agricultural waste biomass for the sustainable production of food, feed, paper,
energy and industrial goods.

One way to build a more resilient and sustainable future and mitigate climate change is to transition
to a bioeconomy that uses renewable biological resources and low-carbon value chains to meet food,
energy and material demands (Warchold and Pradhan, 2025). An integral part of the bioeconomy,
the circular economy aims to minimize waste and maximize resource efficiency through a
continuous material cycle, treating products and resources as capital in constant circulation rather
than as waste (Mesa et al., 2024). As a holistic approach that supports sustainable consumption
patterns and economic growth through bio-based innovations, CBE contributes to food security and
climate change mitigation by replacing fossil resources with biological alternatives and optimizing
resource use.

Food safety and security are becoming an increasingly global issue, and the need for environmental
efficiency-maximizing output and benefits while minimizing negative environmental impacts-is
growing. The circular bioeconomy, which integrates principles from the circular and bioeconomy
to enhance sustainability in the food sector, has emerged as a promising strategy (Barra and Falcone,
2024).

The circular bioeconomy approach, which reduces waste and increases energy production and other
healthcare products, supports this approach. Circular bioeconomy is an economic strategy that
supports sustainable development by using biomass as a carbon feedstock instead of fossil fuels,
preserving existing limited resources and thus protecting the environment (Nagarajan et al., 2024).
Circular economy is based on the theory of "Reuse-Repair-Renew-Recycle”, focusing on the use of
outputs of one process as inputs of another process or waste outputs as resources, and focusing on
the production from waste of industrial systems, resilience through diversity, use of renewable
energy sources (Pomoni et al., 2024). Circular economy is a system that is based on the principle of
cyclicity in the agricultural sector, is restorative, regenerative, understandable, and can sustain and
develop ecosystem services (Morseletto, 2020). Circular economy aims at resource efficiency and
optimization, waste reduction, minimizing waste and maximizing resource use, efficient resource
cycling and reuse, and increasing the productivity and resilience of farm families (Pedro et al., 2024;
Siankwilimba et al., 2025).

Environmental problems caused by the use of synthetic chemicals can be improved through a
circular sustainable bioeconomy model through the valorization of renewable resources such as
agricultural waste biomass (Sarangi et al., 2023). Innovation in circular economy approaches
promotes waste reduction, increases resource efficiency, improves food availability and sufficiency,
creates new revenue streams and encourages the development of value-added products from by-
products, contributing to more sustainable growth and food supply chains (Said et al., 2025;
Siankwilimba et al., 2025; Nguyen et al., 2025). The biobased economy not only focuses on the
sustainable production and use of biological resources, but also on the sustainable production of
chemicals, materials, and fuels from biomass, which can help mitigate climate change, reduce
negative environmental impacts, and reduce dependence on fossil fuels.

Circular and sustainable agriculture, integrating emerging technologies and supported by nature-
based solutions, has the potential to enhance food security, increase soil fertility, mitigate climate
impacts, promote environmental resilience, protect biodiversity, reduce pollution, and serve as a
critical mechanism for carbon sequestration (Nassary, 2025). In the agricultural sector, extracting
resources in a way that does not interfere with the ecosystem's regenerative capacity, preventing
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waste of food and non-food products, prioritizing human needs, safely reusing and recycling
abundant waste, and designing processes that mimic natural flows to reduce energy consumption
parameters have been proposed to achieve a circular bioeconomy and sustainable development
(Muscat et al., 2021). Recycling is a key component of the circular economy and adds value to
existing products and materials by reincorporating surplus materials into the production process to
reduce the use of primary products and materials (Pomoni et al., 2024). The second popular and
traditional way is the refurbishment of old and used product or products that restores the value of a
component. In addition to the careful use of resources and increasing their efficiency, protecting and
enhancing natural capital such as air quality, reducing water pollution, and protecting biodiversity
is an important part of the circular economy strategy (Pomoni et al., 2024).

Waste biomass from agricultural sources offers promising potential for producing sustainable
chemicals and fuels. Biomass to biofuel and bioenergy conversion technologies focus on converting
agricultural, industrial and municipal waste into renewable energy, reducing environmental impacts
and promoting sustainability (Kag et al., 2024). The use of organic wastes, such as renewable wood,
plant and algae biomass, food, kitchen, garden, agricultural and animal waste, which cause
environmental problems including air, soil and water pollution, is a reliable approach to ensuring
energy security, pollution regulation, process economy, sustainable production and social
development. It is critical to effectively manage organic waste to prevent depletion of natural
resources, reduce the hazard to human health and environmental burdens, and maintain the overall
balance of the ecosystem.

Ecology and food security issues can be addressed with a viable solution through a circular
bioeconomy that supports the energy-environment nexus and provides a cleaner and lower carbon
footprint. Agricultural, industrial, and even urban waste can all be used to produce biogas, biodiesel,
and fertilizer. Agricultural waste, a common source of organic waste, can be used as agricultural
land, biogas production, soil erosion prevention, mulching, feed and compost, and provides
economic and strategic benefits in the production of a wide variety of products (Pomoni et al., 2024)
.Circular economy is a very promising strategy to ensure sustainable development, restoration and
renewal of agriculture and contributes to ensuring sufficient and secure food of high nutritional
value without the threat of resource depletion and ecosystem destruction.

Artificial intelligence (Al) and machine learning are transforming biomass-to-energy conversion by
optimizing processes, resources, and costs through computational simulations and modelling (Al-
Othman et al., 2022; Entezari et al., 2023). One of the fundamental perspectives defining Industry
5.0, which focuses on sustainability, waste reduction, and the creation of high-quality, personalized
products, is bioeconomy and sustainability, which aims to establish a balance between ecology,
industry, and the economy by using biological resources for industrial purposes (Singh et al., 2025).
Bioeconomic principles are essential for combating climate change, addressing resource constraints,
promoting circular economies, preserving biodiversity, and ensuring sustainable food production
(von Braun, 2018; Demir et al., 2019).

BENEFITS OF IMPLEMENTING A CIRCULAR ECONOMY

Circular bioeconomy (CBE) minimizes energy use for product production and extraction of natural
resources, and emissions that pollute soil, water, and air, thus creating environmental and natural
resource security and economic opportunities. Some of the benefits of the Circular Economy are
shown in Figure 1. The circular economy focuses on minimizing the use and waste of resources and
food; eliminating, reducing, reusing and recovering waste; recycling outputs; protecting,
reproducing and repairing resources, and contributes to the sustainability of the environment,
economy and society (McCarthy et al., 2019; Tomic and Schneider, 2020; Sherwood, 2020; Pomoni
etal., 2024).
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On the other hand, it is to develop biodegradable, renewable and sustainable packaging materials
and thus to ensure the preservation, improvement and protection of food quality during
transportation, distribution and storage processes. As a promising path for sustainable development,
the circular bioeconomy plays a role in developing innovative food products from biological
sources, extending product life with biodegradable films and bio-based compounds, and improving
food safety through sustainable packaging, increasing plant yields, optimizing resource use,
increasing profitability, and creating new revenue streams from waste (Nguyen et al., 2025).

CBE offers sustainable solutions that conserve resources, improve food production processes,
increase social well-being, expand food choices, and produce new food products from biobased
materials or waste through Biorefineries that convert biomass into energy or other biobased products
and the production of bio-based products (Ahmad and Ashraf, 2023; Wu et al., 2023). It has been
demonstrated that CBE applications can significantly benefit food systems by increasing food
availability and sufficiency at all stages of food supply chains, reducing costs, increasing
profitability for food providers, and reducing environmental footprints (Nguyen et al., 2025). A
circular food system reduces waste to sub-zero levels and addresses environmental, social and
economic challenges, thereby enhancing food safety and security while promoting the
environmental, social and economic well-being of all stakeholders involved (Cusenza et al., 2021).
CBE improves the environmental performance of the food industry by supporting the efficient use
of natural resources, encouraging the development of biobased food products, improving water use
efficiency, promoting natural regeneration and assisting natural capital regeneration, and reducing
carbon emissions (Arsic et al., 2023; Zabochnicka et al., 2023).

CIRCULAR BIOECONOMY PRACTICES AND SUSTAINABLE FOOD SYSTEMS

Waste from fruits and vegetables can be used as bioenergy, biofuel, animal feed or soil fertilizer
(Pettersson et al., 2024). CBE minimizes food waste through resource-efficient biorefinery
practices, allowing the recovery of surplus or unsold food biomass and the production of high-value
compounds for use in other industries, and can increase profitability by creating new revenue
streams and reducing input costs (Gubitosa et al., 2024; Lamine et al., 2024; Gugel et al., 2024). For
example, valuable compounds for the pharmaceutical industry such as proline, alpha-linolenic acid
and alpha-amyrin can be obtained from citrus residue biomass with CBE technologies (Lamine et
al., 2024), banana peel powder can be converted into bioplastic films with a very simple process
(Silva et al., 2024), various bioactive compounds can be obtained from broccoli by-products
(Vasquez et al., 2024) and plum processing waste can be used to produce biocomposite edible films
(Sheikh et al., 2023).

Turning waste into secondary raw materials can completely or partially reduce economic and
ecological problems, while underexploited and wasted bioresidues contributes to the recovery of
high value-added biosource molecules on the one hand, and the reduction of pollutant effects on the
other, thus promoting sustainable development and bioeconomy with a zero-waste integrated
approach (Lamine et al., 2024). Crop stover, which constitute a significant portion of agricultural
waste, can be converted into biofuels and bio-based chemicals, reducing environmental pollution
and contributing to both environmental sustainability and economic growth in the agricultural
sector. By adopting circular practices, such as using animal waste as fertilizer or converting it into
biogas for energy production, the livestock sector can effectively reduce waste and mitigate its
environmental impact, creating a significant resource for climate-smart agriculture.
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WASTE-TO-BIOFUEL AND OTHER BIO-BASED PRODUCT CONVERSION
TECHNOLOGIES AND WASTE MANAGEMENT STRATEGIES

The concept and strategies of bioeconomy, which align agricultural practices with economic
pathways that use and regenerate biological resources more effectively, have become an urgent
need. Generally, the bioeconomy mainly uses non-waste biomass, while the circular bioeconomy
uses waste from biomass, which increases material cycles and reduces resource depletion and loss
of byproducts and waste (Temmes and Peck, 2020; Muscat et al., 2021). Converting biomass into
renewable energy products is vital to achieve sustainable development and circular economy goals.
Key mechanisms for CBE targets include the production of innovative new food products from
biological sources to expand dietary options, extend product life and availability, improve food
safety and shelf life, and increase crop yields through biological and organic inputs (Nguyen et al.,
2025).

Among the technologies for converting plant and algae-derived materials and the organic part of
municipal solid waste into biofuels, options such as ethanol production from waste through
hydrolysis and fermentation, biogas production through anaerobic fermentation, and biodiesel
production through transesterification have come to the fore (Ashokkumar et al., 2022). Advanced
pretreatment methods, improving cellulose and hemicellulose availability, appropriate bioreactor
design, innovations in biocatalysts, nanotechnology, ‘'omics technologies' and database systems
increase the efficiency of biomass conversion to biofuels and useful bioproducts (Chaudhary et al.,
2025). Innovations in biochemical and thermochemical processes and their integration with
nanotechnology and artificial intelligence, bioreactor design, advanced biocatalysts, and hybrid
systems increase efficiency, reduce energy consumption, and minimize waste.

Combustion, enzymatic hydrolysis, fermentation, gasification, anaerobic digestion, pyrolysis and
hydrothermal conversion are some of the commonly used biomass conversion technologies
(Chaudhary et al., 2025). A biochemical conversion process, which involves pretreatment and then
the use of microbes and their enzymes, is necessary to convert organic biomass into products of
higher economic value. Therefore, it is necessary to focus primarily on technical, chemical and
biological processes to produce biobased products from biological waste.

Microorganisms could enzymatically convert biomass into various organic substances (Ren et al.,
2019), and various phenolic compounds are produced from agricultural industrial wastes through
various fermentation/microbial bioconversion strategies (Saeed et al., 2021). With a circular
bioeconomy, algae-based biofuels with higher photosynthetic efficiency and the ability to grow in
saltwater and wastewater can accelerate the transition to a more sustainable economy due to lower
greenhouse gas emissions (Abdullah et al., 2024). The utilization of waste biomass and the
production of high-value components are carried out by applying physical, chemical, and
biochemical procedures, but the development of integrated biorefinery models is very important,
and microbial bioconversion is the most effective method for valorizing lignocellulosic biomass.
Various studies targeting productive microbial species, process pathways, and ideal product residues
characterize solid-state fermentation as an efficient microbial transformation approach for the
utilization of agricultural wastes (Sarangi et al. 2023). However, it is necessary to select and develop
criteria for suitable and compatible substrates, strains and optimum process parameters that facilitate
the appropriate growth of the relevant microbes for the desired metabolites. A critical aspect of CBE
is using biomass as a renewable carbon and energy source in industrial plants known as advanced
multi-process biorefineries.

Glycoside hydrolases, polysaccharide lyases, cellobiose dehydrogenases, ligninase, xylanase and
other hydrolytic oxidative enzymes produced by microorganisms play an important role in
biochemical transformation and are used to produce valuable products by degrading cellulose,
hemicellulose and lignin (Vasi¢ et al., 2021). Integration of genetic engineering, synthetic biology,
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and omics technologies (genomics, proteomics, transcriptomics, and metabolomics) supporting a
circular bioeconomy improves crop yields, microbial metabolism, and inhibitor tolerance (Amer
and Baidoo, 2021).

CONVERTING DAIRY WASTES INTO AMINO ACID FERTILIZERS AND OTHER
BIOBASED PRODUCTS

Climate change, dwindling mineral resources, increasing sustainability requirements and high
fertilizer prices are encouraging agriculture to develop new nutrient sources such as dairy waste.
The dairy industry generates significant amounts of waste, leading to both environmental and
economic challenges. Organic waste generally decomposes quickly and poses a serious threat to
the environment and human health. For example, while slaughterhouse waste, manure or untreated
sewage sludge poses risks to soil and living beings, whey is the main pollutant from dairy processing
industries that can harm the environment due to its high organic content and larger volume. More
than twenty human diseases, including asthma, heart attacks, emphysema, malaria, and respiratory
allergies, have been identified as being linked to improper solid waste disposal (Ashokkumar et al.,
2022). Although not applied directly, milk waste can be used in plant nutrition as a valuable source
of macronutrients and biostimulants such as free amino acids and short peptides that support plant
growth. Dairy industry wastes are rich in organic salts, proteins, carbohydrates, fatty acids,
macronutrients such as nitrogen, phosphorus, and potassium, as well as lactose and soluble vitamins.

Biofertilizers based on free amino acids and peptides can be produced from dairy wastes such as
milk sludge, whey and milk wastewater as fertilizers through chemical and enzymatic hydrolysis,
improving soil health, increasing crop yields and reducing dependence on synthetic fertilizers;
supporting the circular economy by converting dairy waste by-products into valuable inputs for
sustainable agriculture (Gil et al., 2024). The main biotechnology applications in the utilization of
dairy industry wastes include the production of bioplastics (biofilms), biofertilizers, biofuels,
biomass, single-cell proteins, organic acids, bioactive peptides, polysaccharides, and biosurfactants.
Turning dairy waste into innovative fertilisers can reduce the need for synthetic fertilisers, waste
disposal challenges and environmental pollution, and improve soil health, help mitigate climate
change, increase resource efficiency and improve food security (Gil et al., 2024).

ARTIFICIAL INTELLIGENCE IN BIOFUEL AND BIOENERGY PRODUCTION AND
MANAGEMENT

In the biofuel and bioenergy industries, artificial intelligence (Al) technologies, including machine
learning (ML) and deep learning, are integrated into various stages of biofuel production, from raw
material selection to conversion and waste management, improving efficiency and promoting
sustainability (Khanal et al., 2023). These technologies improve biofuel production and supply chain
management through optimization of biomass-to-bioenergy processes, predictive modelling, real-
time monitoring, and simulations of parameter variations (Chaudhary et al., 2025). ML algorithms
can model biochemical and thermochemical transformation mechanisms such as anaerobic
digestion, pyrolysis, and gasification, increasing bio-oil yield by improving operational parameters
(Okolie, 2024), while Al-supported monitoring and control systems enable efficient biofuel
production by adapting to variable conditions and optimizing waste management and emissions
regulation in biofuel production. Additionally, technologies such as Big Data, 10T, and ML improve
bioprocesses by optimizing biomass content, microbial yield, and anaerobic digestion efficiency.
Al tools also improve sustainability by enabling real-time optimization of processes, predicting
biomass availability and quality, assisting in resource management, and increasing process
efficiency, stability, and scalability.
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Artificial intelligence (Al), used in circular economy applications such as smart waste bins, waste
production models, waste separation robots, waste monitoring and tracking, plastic pyrolysis,
resource recovery and smart cities, can reduce costs and distance in waste logistics operations, save
time and significantly improve energy conversion processes (Fang et al., 2023). If the design and
applications are carried out appropriately, artificial intelligence increases the efficiency and cost-
effectiveness in smart city waste management systems (Bilgili et al., 2024).

Integrating circular economy principles supported by digital technologies with information logistics
has been shown to enhance sustainability by optimizing information flows, reducing waste, and
increasing resource efficiency in supply chains (Roy and Sarker (2025). Al tools also enhance
sustainability by enabling real-time optimization of processes, predicting biomass availability and
quality, assisting in resource management, and increasing process efficiency, stability, and
scalability (Chaudhary et al., 2025).

BYPRODUCTS FROM THE AGRICULTURAL AND FOOD SECTORS

As promising resources for the circular bioeconomy, organic content found in by-products and waste
from agriculture and food sectors is an abundant source of bioactive and greener phenolic
compounds that can exhibit anti-inflammatory, antioxidant, cardioprotective, anticancer potential
and many other important applications (Sarangi et al., 2023). Agricultural wastes can be used to
produce a variety of beneficial polyphenols, flavonoids, stilbenes, and lignans. Food waste,
consisting of proteins, carbohydrates, lipids and other inorganic elements, can be converted into
bioactive compounds such as pigments, antioxidants, polysaccharides and polyphenols, biofuels or
bioenergy such as biodiesel, biomethane, biohydrogen and biogas, and bioplastics (Sharma et al.,
2021). Agricultural wastes are sources of industrially and pharmaceutically important phenolic
compounds belonging to the class of aromatic acids or phenylpropanoids. Indeed, microbial
bioconversion, enzymatic hydrolysis, and fermentation have enabled the production of phenolic
compounds such as fumaric acid, coumaric acid, vanillin, salicylic acid, vanillic acid, caffeic acid,
and sinapic acid (Zulkarnain et al., 2016; Nascimento et al., 2019). Approaches to the utilization of
farm waste have enabled the biosynthesis of beneficial compounds used in the food, cosmetics, and
pharmaceutical industries, including phenolics, antioxidants, structural polymers, signalling
compounds, attractants, and defense response chemicals. Kiwi and strawberry agro-industrial
byproducts have been shown to be sources of antioxidant, antimicrobial, and anti-inflammatory
properties due to their content of phenolic compounds, vitamins, volatile compounds, minerals, and
dietary fiber (Villamil et al., 2021; Chamorro et al., 2022). Lignocellulosic biomass is a preferred
resource for producing useful products in the growing circular bioeconomy (Srivastava et al., 2020).

LIMITATIONS

With the increasing demand for biofuels and bio-based chemicals, it can significantly reduce
greenhouse gases from fossil fuels but increase agricultural water use and loss of forest areas
(Tobben et al., 2024). While CBE is often seen as a catalyst for Sustainable Development Goal
progress, current practices remain inadequate and demonstrate only a moderate transformational
role (Warchold and Pradhan, 2025). Despite advances, biomass conversion has challenges such as
feedstock variability, logistics, high processing costs, scaling of technologies, and technical
limitations (Singh, et al., 2022). Although enzymatic hydrolysis has many advantages in
biochemical transformation, its optimization depends on the type of feedstock and enzymatic
efficiency is limited by changes in the source microorganism profiles, which are affected by species,
strains and carbon sources (Guo et al., 2023).
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CONCLUSION

A circular economy in food systems means reducing waste, reusing food, better utilizing by-
products and food waste, nutrient recycling, and diverse and productive changes in diets. The
production of bioplastics from renewable and biodegradable resources through circular bioeconomy
and technological innovations stands out as an important strategy for sustainability. Combining
sustainable agricultural practices, circular bioeconomy and technological innovations is essential to
address global challenges related to food security and the use of natural resources. Agriculture, the
biomass production sector, has a transformative potential for the bioeconomy, and agricultural waste
management based on circular bioeconomic principles can eliminate harmful trends such as waste
burning and uncontrolled animal waste disposal, reduce environmental degradation, and contribute
to food and health security, rural employment, and agricultural resilience. Circular bioeconomy
plays a vital role in protecting natural capital, promoting system efficiency, increasing resource
efficiency by optimizing resource use, mitigating climate change, reusing waste biomass and
converting it into high-quality products, developing sustainable food production systems and
resilient agricultural practices, and reducing waste production and environmental impact.
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ABSTRACT

Introduction and Purpose: Adulteration is a practice that compromises the naturalness and
reliability of food, posing a threat to human health. It occurs through the alteration of food
components, substitution with other substances, or the reduction of quality. It is generally carried
out for economic gain and adversely affects both the nutritional value and consumer health. In this
study, it was aimed to determine species- and tissue-based adulteration in meat products offered for
sale in butcher shops and delicatessens in the province of Kayseri.

Materials and Methods: In this study, adulteration practices in meat products sold in butcher shops
and delicatessens in Kayseri Province were investigated, particularly the presence of unspecified
animal species and undesirable tissues such as hair, skin, liver, cartilage, and bone. Within this
scope, a total of 15 randomly selected establishments were visited in groups of five at different dates
between January and March 2025, and a total of 109 samples were evaluated using PCR and
histological analyses.

Results: According to the PCR results, cattle DNA was detected in 108 out of 109 samples (99%),
while sheep or buffalo DNA was found in only 6% of the samples. No DNA belonging to horse,
donkey, pig, or goat was detected in any of the samples. Histological analysis of sausage samples
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revealed 80% fat, 77% nerve/tendon tissue, 16% cartilage, and 5% bone tissue, with kidney and
uterus tissues also observed in some samples. In salami samples, 73% fat and 18% cartilage tissue
were identified, while nerve tissue was detected at low levels. In frankfurter samples, 50% fat and
67% nerve tissue were determined, with no cartilage observed. In minced meat samples, 75% fat
and 50% nerve tissue were detected, whereas in meatball samples 58% fat, 88% nerve/tendon tissue,
8% cartilage, and 4% bone with lymphoid tissue were identified.

Discussion and Conclusion: In this study, although the rate of species-level adulteration in the
analyzed samples was found to be low, tissue-level adulteration was widespread and negatively
affected product quality. It is considered that the increased effectiveness of official inspections in
recent years, public awareness activities, and the deterrent effect of imposed penalties have played
an important role in the low rates of species-level adulteration. Therefore, the combined use of PCR
and histological methods stands out as an effective control approach for both label accuracy and
quality assessment. It is recommended that legislation be more strictly enforced and that molecular
techniques be integrated into routine inspections.

KeyWords:
Meat Products, Adulteration, PCR, Histological Analysis, Molecular Analysis

OZET

Giris ve Amac: Tagsis, gidanin dogalligini ve giivenilirligini bozan, insan sagligini tehdit eden bir
uygulamadir. Gidanin bilesenlerinin degistirilmesi, baska maddelerle ikame edilmesi veya
kalitesinin disiiriilmesiyle ortaya ¢ikar. Genellikle ekonomik kazang¢ amaciyla yapilir ve hem besin
degerini hem de tiiketici sagligini olumsuz etkiler.Bu ¢alismada, Kayseri ilindeki kasap ve sarkiiteri
isletmelerinde satisa sunulan et {iriinlerinde tiir ve doku bazli tagsisin belirlenmesi amag¢lanmaistir.

Gere¢ ve Yontem: Calismada, Kayseri ilindeki kasap ve sarkiiteri isletmelerinde satilan et
irlinlerinde tiir belirtilmeyen hayvanlara ait et ve kil, deri, karaciger, kikirdak, kemik gibi
istenmeyen doku varliklarini igeren tagsis uygulamalari arastirilmistir. Bu kapsamda, Ocak—Mart
2025 tarihleri arasinda rastgele segilen toplam 15 isletme, farkli tarihlerde beserli gruplar halinde
ziyaret edilmis ve toplam 109 6rnek PCR ve histoljik analizler ile degerlendirildi.

Bulgular: PCR sonuglarina gore, 109 6rnegin 108’inde (%99) sigir DNA’s1 tespit edilmistir; koyun
veya manda DNA’s1 ise yalnizca %6 oranindaki 6rneklerde bulunmustur. At, esek, domuz ve kegiye
ait DNA'ya ise hicbir 6rnekte rastlanmamistir. Sucuk 6rneklerinin histolojik analizinde %80 yag,
%77 sinir/tendon dokusu, %16 kikirdak ve %5 kemik dokusu tespit edilmistir; bazi 6rneklerde
bobrek ve uterus dokusu da gozlenmistir. Salam 6rneklerinde %73 yag ve %18 kikirdak dokusu
bulunmus; sinir dokusu diisiik seviyelerde tespit edilmistir. Sosis drneklerinde %50 yag ve %67
sinir dokusu belirlenmis, kikirdak dokusuna rastlanmamistir. Kiyma orneklerinde %75 yag ve %50
sinir dokusu; kofte orneklerinde ise %58 yag, %88 sinir/tendon, %8 kikirdak ve %4 kemik ile
lenfoid doku tespit edilmistir.

Tartisma ve Sonuc¢: Calismada, analiz edilen Orneklerde tiir diizeyinde tagsis orani diisiik
bulunmasina ragmen, doku diizeyinde tagsis yaygin olup iiriin kalitesini olumsuz etkilemektedir.
Tiir diizeyindeki diisiik tagsis oranlarinda, son yillarda artirilan etkin resmi denetimlerin,
kamuoyuna yonelik bilgilendirme faaliyetlerinin ve uygulanan cezai yaptirimlarin caydirici
etkisinin dnemli rol oynadig1 degerlendirilmektedir. Bu nedenle, PCR ve histolojik yontemlerin
birlikte kullanim1 hem etiket dogrulugu hem de kalite kontrol agisindan etkili bir denetim yaklagimi
olarak one ¢ikmaktadir. Mevzuatin daha siki uygulanmasi ve molekiiler tekniklerin rutin
denetimlere entegre edilmesi dnerilmektedir.

Anahtar Kelimeler: Et Uriinleri, Tagsis, PCR, Histolojik Analiz, Molekiiler Analiz
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Abstract:

Throughout their lives, plants interact with various organisms, which can negatively or positively
impact their health, leading to significant agricultural losses. Biological control, particularly through
the use of antagonistic actinomycetes, represents a promising method to combat these
phytopathogens. Therefore, this study aims to screen new strains of actinomycetes isolated from
Saharan soil, which produce bioactive molecules that inhibit some phytopathogenic agents.

For the isolation of Saharan actinomycetes, several soil samples were collected from various oases
in Algeria. These samples were treated using the CaCO3 method and subjected to a series of decimal
dilutions, and subsequently inoculated onto the CHV medium with or without selective agents, with
incubation carried out at 30°C for 21 days. The antimicrobial activity of actinomycetes against these
pathogens was assessed using the cross streaking method on ISP2 and YGB mediums. Incubation
was done at 30°C for 24 hours for bacteria and up to 3 days for fungi (Aouiche et al 2013).

This method of isolation among us has resulted in obtaining a significant number of actinomycete
isolates with the potential to inhibit phytopathogenic bacteria and fungi, with the inhibition diameter
reaching up to 40mm for some strains on the solid YGB medium.

The intensity of the variable activity largely depends on the type or group to which the strains
belong. These variations in the number of activities are due to the fact that a strain of actinobacteria
can produce several antimicrobial molecules with different modes of action depending on the
composition of the culture medium (Berdy, 2005 and 2012).

In view of the results obtained, we can consider that our actinomycete isolates have the ability to
inhibit certain phytopathogenic agents. The production, extraction, and characterization of these
bioactive molecules is the subject of our current research.

Keywords: Actinomycetes, Bioactive molecules, Phytopathogenic agents, Biological control.
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Abstract

sorghum one of the most commonly cultivated and consumed cereals throughout the world.
Though phytochemicals and antioxidants in the cereal grains have not been studied as in fruits and
vegetables, given the role of wheat in our diet plate, it is a given of primary importance to understand
the chemistry of our major food of sorghum. The presence of diverse polyphenols and their action
against leading cause of death, including heart diseases, cancer, obesity, and diabetes, widens the
scope ofsorghum . Phytochemicals such as phenolic acids, alkylresorcinols, flavonoids,
phytosterols, and carotenoids are present in whole wheat. The majority of phytochemicals are
located in the wheat bran/germ fraction, and they are the leading contributors to the health promoting
activities. However, the presence of anti-nutrients and binding of phenolic acids with protein may
have adverse effect on health. This review mainly focuses on studies that have been carried out in
the past decade to present, emphasizing the importance of and whole sorghum based products in
preventing major diseases and disease conditions, potentials threats, current lacks, and future
prospects.Deficiencies of micronutrients such as iron, zinc, and vitamin A (“hidden hunger”) afflict
over three billion people. Currently there is an increasing preference among consumers for foods
that contain not only traditional nutrients but also provide other compounds that are beneficial to
health and well-being. Food systems that feed the world must be changed in ways that will insure
that balanced nutrient supplies are available continuously to all people in adequate, affordable
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amounts. This paper reviews about the most important wheat grain components and their nutritional
value. The opportunities of plant breeding and other technologies to improve the nutritional quality
of sorghum are also discussed.Sweet sorghum (Sorghum bicolor) is a highly adaptable sugar crop
with significant potential for bioenergy and ethanol production. Notably resilient, it thrives under
marginal growing conditions, including water deficits, waterlogging, salinity, and alkalinity. Its key
advantage is a high ethanol yield potential of up to 6000 L ha™', offering an energy output more than
three times greater than the input invested.This crop exhibits considerable genetic diversity, with
reported variations in crucial traits such as Brix (13-24%), juice sucrose concentration (7.2-15.5%),
total stalk sugar yield (up to 12 Mg ha™), fresh stalk yield (24-120 Mg ha™"), and total biomass yield
(36-140 t ha™"), indicating strong potential for further agronomic improvement.Despite its promise,
the transition of sweet sorghum to a large-scale bioenergy crop faces challenges. The primary
constraints are the lack of adequate technology for the harvest, transport, and storage of its vast
quantities of biomass and juice, particularly within a short harvest window. Furthermore, while
ethanol conversion can be achieved either by fermenting expressed stem juice or directly fermenting
chopped stalks, the integration of sweet sorghum processing into existing corn ethanol infrastructure
has not yet been realized.

Keywords: sorghum; bioenergy crop; ethanol; biomass yield; sugar; fermentation

Introduction

Sweet sorghum is a widely adapted sugar crop with potential for bio-energy production. Sweet
sorghum was introduced to the United States in the 1850s for syrup production [1]. Production
peaked at about 136 million L yr'! of syrup in 1946, substituting for sugar during World War II [2].
Sweet sorghum production declined steadily after the war because of low sugar prices coupled with
inadequate advancement in harvesting and processing technology. Sweet sorghum is now of interest
for ethanol production to be mixed with gasoline or to produce ethyl fert-butyl ether (ETBE), an
octane additive to gasoline.

Sweet sorghum is often competitive with corn (Zea mays L.) and grain sorghum for ethanol yield
when grain yield is less than 9 Mg ha™!, and for water and nitrogen use efficiency [3]. Sweet sorghum
can easily substitute for corn or grain sorghum in many annual cropping systems while adding to
crop diversity.

Currently most ethanol produced in the US is from corn grain with federal subsidies. Energy gains
with production of ethanol from grain are modest typically ranging from 30 to 80%, depending
partly on the efficiency of use of the distillers grain co-product. Sweet sorghum can be produced at
less cost than corn with higher energy gains [3]. Rather than producing starch, sweet sorghum
carbohydrates are stored in the stalk as sugar with sugar concentrations of 12-20% [4]. Sweet
sorghum has the potential to produce up to 6000 L ha! of ethanol [2], equivalent to corn grain yields
of approximately 20 Mg ha'!. Sweet sorghum can yield more ethanol per unit area of land than many
other common energy crops including corn (Table 1)
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Table 1. Crop and ethanol yield of sweet sorghum compared to major potential energy crops (after
Kersenbrock, [57]).

Crop Crop Yield (Mg ha?) Ethanol Yield (L ha?)
Sugar cane 125" 5860

Sweet sorghum 7.60" 3560

Sugar Beets 7.10" 3300

Corn (grain) 5.70 2220

Grain Sorghum (Grain) 3.70 1370

Wheat (grain) 2.00 790

“Yield is given in tones of fermentable sugars per hectare which is roughly 16% of the fresh plant
weight

Seasonal availability, the need to transport and maybe store much mass, and storability of sweet
sorghum constrain sweet sorghum as a bio-energy crop.

Sweet Sorghum Production

The agronomic principles and production practices for sweet sorghum and grain sorghum are similar
[2]. Sweet sorghum can produce grain as well as sugar. Reddy et al.

[5] reported much diversity among sweet sorghum genotypes with ranges in India of 13 to 24%
for Brix (a measure of sugar and soluble starch in plant sap based on light refraction; a typical Brix
measure for sweet sorghum sap is 85% sugar and 15% soluble starch), 7.2 to 15.5% for sucrose
concentration in juice, 24 to 120 Mg ha™! for fresh stalk yield, 36 to 140 t ha! fresh biomass yield,
and 27.1 to 47.6 Mg ha™! mill-ready stalk yield. Plant height can be as tall as 480 cm [6] and stalks
can be more than 45 mm thick [7].

Sweet sorghum is relatively well-adapted compared with corn to marginal growing conditions such
as water deficit stress, water logging, salinity, alkalinity, and other edaphic constraints but yields are
typically highest in deep, well-drained soils with good fertility. This adaptability and resilience often
makes sweet sorghum more suited for biofuel than corn. After harvesting, the stalks of most
cultivars can ratoon to produce another crop under suitable environments although ratoon yields are
typically less than with first harvest.

Planting date and length of growing period

A base temperature of 13°C has been used for calculating sweet sorghum growing degree days and
thermal time [8,9]. Lueschen et al. [10] reported that rapid emergence and vigorous seedling growth
occurs when soil temperature is above 18°C at planting and that planting for mid-to-late September
harvest maximized stalk Brix values in the upper Midwest.

Sugar yield is generally favored by earlier planting. Early planting increased yield significantly [8]
and yield increased with increased radiation during the reproductive stage of the crop. Ricaud and
Arenneaux [11] reported mean stalk yields across several cultivars in Louisiana to be 56 and 49 Mg
ha! with 26 Apr and 25 May planting, respectively. Yield of stalk sugar in excess of 10 Mg ha™! was
observed for early sown crops and the sugar yield dropped to 3 Mg ha™! for late planted crops [8].
Juice yield was not affected by planting date in Mississippi but sugar yield was highest for early
May planting [12] and similar for April and June planting [13]. Stalk and sugar yields were
significantly depressed by delaying planting to mid June. In another study, delayed planting reduced
dry matter yield but had little effect on Brix and sap content [10]. They found 13% higher
fermentable carbohydrate and ethanol yields from earlier compared with later planting dates and
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recommended early planting of late-maturing sweet sorghum cultivars, despite the problem of
lodging, for high sugar yields in the upper Midwest.

Sugar concentration of sweet sorghum increased as a function of the duration of growth and
generally decreased with delayed planting irrespective of sampling stage [ 14, 15]. Planting date can
influence sugar yield by (i) altering phenology and development time since the rate of sugar
accumulation is nearly constant and (ii) by the amount of radiation received during early
reproductive growth, especially for genotypes with long pre-anthesis growth periods. Concentration
and accumulation of sugars were near linear functions of either time of growth or the total radiation
received. Long season, tall and thick stalk sweet sorghum cultivars were reported to be best for
production of highly recoverable concentrated sugars [ 14, 15]. Total intercepted radiation bracketing
the growth stages of boot and early seed formation accounted for 75% of the variation in sweet
sorghum yield [16].

Plant population and stand establishment

Uniform seedling emergence and stand establishment is important but relatively difficult to achieve
for sweet sorghum because of small seed size and often low germination rate compared to grain
sorghum, especially with constraints such as soil crusting, limited soil water after planting, uneven
planting depth, weed competition, and insect pests. Poor stand establishment in sweet sorghum can
lead to slow early growth. Agronomic management enhancing emergence and seedling
establishment is critical.

Sorghum has vigorous growth and is aggressively competitive after the fifth leaf stage.

In Turkey, biomass yield was more with 15 plants m than with lower plant populations when sweet
sorghum was planted in 65-cm rows [17]. Lueschen et al. [10] did not find an effect of seeding rate
on sweet sorghum fermentable carbohydrate or ethanol yield. Ferraris and Charles-Edwards [8]
found plant density effects on sugar concentration to be slight. Others, however, found a drop in
Brix, sucrose content, sugar yield, and juice content with increased plant density [18, 19]. The stalk
and water soluble carbohydrate yield of sweet sorghum with 8 and 16 plants m? was increased as
row spacing decreased from 105 to 35 cm [20]. Stalk and water soluble carbohydrate yield were
greater with 16 compared with 8 plants m™. The benefit with 35-cm rows was attributed to greater
photosynthetic productivity before anthesis resulting in higher yield at anthesis and the production
of taller, thicker stalks, the volume of which was closely

related to post-anthesis carbohydrate accumulation. Broadhead and Freeman [ 18] reported increased
stalk yield and Brix by growing sweet sorghum in 52.5 cm rows compared with wider row spacing
but plants in wider rows weighed more and had more juice and less lodging. However, Freeman and
Broadhead [6] reported results from Mississippi that indicated as much stalk and sugar yield with
76-cm compared with narrower row spacing, but reduced yield with 105-cm row spacing.

1.1 Resource use efficiency

Geng et al. [15] reported sweet sorghum root growth and extraction of available water to 270 cm
depth under water deficit conditions with less yield loss compared to corn, sugarbeet, and
fodderbeet. Reddy et al. [21] found that sweet sorghum requires 310 compared to 370 kg water kg’
! dry matter for corn. When fertilized and irrigated adequately, sweet sorghum produced 10.0 Mg
hexose ha™! compared to 8.15 for corn [15]. Under water deficit conditions, sweet sorghum
extracted more soil water and had 29% more hexose yield compared with corn. Smith and Buxton
[3] found that total sugar and ethanol yield were similar under non-irrigated and irrigated conditions
even though total biomass yield was increased with irrigation.

Response to applied nutrients varies with location. Biomass yield was increased in Louisiana by
40% by applying 100 kg ha™! N with no further increase with an additional 100 kg ha! N but an
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additional 10% increase with addition of 90 kg ha™! K [11]. Total sugar yield was increased by 50%
by applying 100 kg ha! N with a further increase 4% with an additional 100 kg ha! N and an
additional 13% increase with application of 80 kg ha™! K. Nutrient uptake at soft dough stage ranged
from 109 to 214 with a median of 142 kg ha™! for N, 11 to 31 with a median of 18 kg ha™! for P, and
60 to 161 with a median of 113 kg ha™! for K [22].

In Turkey, biomass yield was increased by 16% and stalk diameter by 7% with application of 100
kg ha™! N; the effect on sugar yield was not reported [17]. Geng et al.

[15] found that sweet sorghum required 36% of the fertilizer N required by corn to maximize hexose
yield while producing 23% more hexose yield than corn. In other studies, N application did not
affect fermentable sugar yield [3], total and stalk dry matter yield at harvest [9], or fermentable
carbohydrate and ethanol yield [10]. Freeman and Broadhead [6] reported results from Mississippi
where stalk yield was increased by 24% with the application of 45 kg ha™! N but no further increase
occurred with an additional 45 kg ha'! N or with P application. High rates of N application decreased
the total dissolved solids in juice [23]. Similar lack of N response was observed when sweet sorghum
was intercropped with alfalfa [24]. However, farmers producing sweet sorghum for syrup generally
apply 34 to 56 kg ha™! of fertilizer N [19]. Yoneyama et al. [25], using the '°N natural abundance
technique, found that from 0-18% of sweet sorghum N may be derived from the atmosphere through
associative N fixation depending on the variety.

Lime application increased sweet sorghum fresh and dry biomass yield and the juice sugar extracted
from stalks grown on soil with a pH of 5 [26]. In this study, surface soil organic matter was 10 g kg
!'soil and N application with no lime applied depressed yield.

Harvesting, Juice Extraction, and Transport
Harvesting and stalk handling
Harvesting can be done any time from early dough stage to physiological maturity

[27] without much effect on sugar yield. Using modeling, Shih et al. [28] found that biomass yield
of sweet sorghum can be estimated from leaf area index and stalk length for scheduling of harvest.

Traditionally, harvesting of sweet sorghum for syrup included topping the plants and stripping the
leaves before crushing the stalks for sugar extraction [1]. Two to three plantings with intervals of
about two weeks insured staggered maturation and prolonged harvest without much effect on juice
yield [27]. The crushers varied from simple machines with two wooden rollers to those with three
metal rollers. These harvesting and processing procedures were time-consuming and labor intensive
[29, 30]. Kuepper [19] suggested three actions during stalk processing that could lead to a
comparable syrup yield without removing leaves: 1) wilting leaves on the cut stalks before crushing;
2) settling juice for at least two hours and discarding the sediment; and 3) using alpha- amylase
enzymes during preheating of the juice. Removal of leaves and head may not be essential when
sweet sorghum is used for ethanol production since juice taste is not an issue.

Bennett and Anex [31] found that harvesting and post-harvest handling of 50 to

100 Mg ha'! of biomass with short harvest windows in temperate zones are major challenges to
economically efficient sweet sorghum production. Transport costs may be reduced by in-field
extraction of juice, but sugar extracted may be 30-40% less than with larger stationary extraction
equipment [32].

Stage of maturity had no effect on stalk yield following flowering, but extraction decreased, and
Brix and starch increased, with maturity [27]. Sucrose increased with maturity through the dough
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stage and purity increased from flower to milk stage. Syrup production is optimized if sweet
sorghum is harvested during the late milk to hard dough growth stage [12, 33].

Extraction and purity decreased respectively by 3% and 5% during 24 hours in storage, and sucrose
and starch decreased respectively by 0.5% and 0.1% during 48 hours in storage [27]. Juice purity
was similar for stalks harvested in the milk, dough, and physiological maturity if the stalks were not
stored. After 24 hours of storage, however, juice purity was 70 and 73% less for stalks harvested in
the milk compared with the dough and physiological maturity stages, respectively. Broadhead [13]
reported no effect on juice yield, extraction, or purity due to delaying stalk harvest until
physiological maturity but Brix was reduced by 6% and sucrose by 4% if harvest was delayed until
3-4 weeks after physiological maturity.

Sugar loss is slow in harvested intact stalks but rapid in chopped stalks [31]. Sugar loss from heaped
stalks was just 3% in four days [22]. No significant sucrose inversion was observed from storing
mature stalks outdoors for up to 24 hours after cutting. Little sucrose was lost with outdoor storage
of mature stalks for up to 48 hours.

Sweet sorghum fermentable sugar loss can occur following expression of the juice because of
microbial activity resulting in change of odor, discoloration, and foaming.

Sulfur dioxide at 3000 ppm was found to preserve chopped sweet sorghum in ambient storage for
two months with negligible drop in fermentable sugar content. Sweet sorghum

stalks can be stored as silage without appreciable sugar loss when treated with acrylic acid to inhibit
fermentation [34].

1.2 Juice expression, handling and processing

The process of crushing and pressing juice from sweet sorghum is called expression. Historically,
expression of sweet sorghum juice for syrup was a community activity where local farmers brought
stalks to an expression facility and provided the labor needed for expression and cooking the juice.

Sweet sorghum harvest may consist of removing the whole or chopped stalks.

Alternatively, stalks may be crushed and pressed in the field, removing the juice or removing the
juice and the pressed stalk residue. Whole stalk harvest should be followed by juice expression
within one or two days of storage to minimize sugar loss to respiration. Forage harvest equipment
may be modified to increase the length of stalk segments and used to harvest sweet sorghum but
juice expression should follow soon after. Modified forage harvesters that cut stalks into billets may
be used for chopping and harvesting sweet sorghum stalks [31] before transporting to a central
location where juice expression could follow soon after.

Roberts [30] designed a self-propelled harvester that expresses the juice in the field for reduced
storage loss and reduced labor requirement while leaving the residue in the field for ground cover
and nutrient recycling. Kundiyana et al. [32] proposed a field harvester capable of expressing juice
into large bladders for juice storage and fermentation. Mobile units would then be used for
distillation although quality control and ethanol recovery efficiency might be less than with
established facilities.

Removal of panicles and leaves, as typically done in sugar cane harvest, improves juice expression
efficiency [29]. Expression efficiency may be improved by repeated re- watering and re-expression.
Jankins [35] recommended maceration of the stalks before expression by crushing, cutting or
shredding to increase the bulk density of the stalks and the efficiency of expression. Plant water
content is important to juice expression with low efficiency for sugar cane when plant water content
is below 45% [35]. Therefore, more sugar is flushed from the plant material with repeated wetting
and expression following the initial expression.
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Bennett and Anex [31] compared harvesting systems for stalks and found harvest with a self-
propelled 4-row forage harvester to be economically competitive. They estimated that, when co-
product value was included, the net farm-gate cost of fermentable carbohydrates ranged from $6.9
to $24 Mg!. These costs were considerably less than comparable net farm-gate fermentable
carbohydrate costs for corn. Moreover, if sweet sorghum feed stocks are located in close proximity
to processing facilities, the lower fermentable carbohydrates costs will be sufficient to offset
increased transportation costs associated with moving wet biomass. Mobile juice harvesting
alternatives were not found to be economically competitive.

Sugar yield

In Louisiana, wet and dry weight yield ranged from 47-103 Mg ha™! and 10-31 Mg ha™!, respectively
at soft dough stage [22]. Dry matter yield at flowering was only 22 to 30% of yield at soft dough.
Total sugar content in stalks ranged from 8.3 to 14.0% at flowering and 12.8 to 16.6% at soft dough.
Total sugar yield in stalks ranged from 4.3 to

8.5 Mg ha! at flowering and from 6.6 to 11.7 Mg ha™! at soft dough.

Smith et al. [36] evaluated 4-6 sweet sorghum cultivars across the continental USA and Africa and
found total sugar yield ranging from 4 to 10.7 Mg ha! for continental USA and up to 12 Mg ha™! for
Hawaii. These yields are equivalent to ethanol yields of 2129 to 5696 L ha™!' indicating strong
potential of sweet sorghum to provide fermentable carbohydrates across much of the US. The
potential ethanol yield obtained from sweet sorghum is reported to be comparable to that of maize
[36].

Vermerris et al. [37] reported biomass yields of sweet sorghums of 20 to 119 Mg ha™! with juice
contents of 65 to 80%. The combined sugar content of the juice varied between 9 and 15%. Sugar
yields varied from 4 to 17 Mg ha'!. Bagasse represented approximately two-thirds of the dry matter.
Fermentation of the sugar in the juice yielded 3740 to 5610 L ha™.

Sugar content of sweet sorghum ranged from 14 to 20% of the plant mass [3]. Reddy et al. [5]
reported that expressed sweet sorghum juice varied from 16-23% Brix. Smith and Buxton [3]
reported sugar yields of sweet sorghum as high as 6 Mg ha™! with a sugar composition of 54%
sucrose, 26% glucose, and 20% fructose.

The concentration of stalk sugar varies with the cultivar and the stage of growth of the plant. Early
cultivars tend to have peak stalk sugar concentration just before flowering while late maturing long
season cultivars tend to add sugar to the stalks until maturity [2]. Lingle [38] reported that stalk
sugar content is often the lowest at boot stage and the highest at the soft dough stage. Ricaud et al.
[22], however, found total sugar content in stalks ranged from 8.3 to 14.0% at flowering, 12.8 to
16.6% at soft dough.

Depending on the cultivars, the best growth stage to harvest sweet sorghum could range from early
milk stage to hard dough stage [12, 33].

Sugar content of stalk varies according to growth stage, the plant part or internodes sampled, and
the physiology of the plant [38, 39]. In primary culms of the cultivar Rio, sucrose concentration
was found to increase seven-fold between the boot and mid-grain filling stages and the increase was
associated with stage of growth mediated decline in key enzymes involved in sucrose metabolism,
mainly soluble acid invertase and sucrose synthase [38]. The onset of sucrose accumulation was
associated with the onset of the reproductive phase of growth and the decrease in acid invertase
activity [38].

Concentrations of carbohydrates are not uniform along the stalk of sweet sorghum [40]. Compared
to grain sorghum, the concentration of nonstructural carbohydrates is 1.4 times higher in the upper
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and to 2.7 times higher in the lower internodes of sweet sorghum. Some sweet sorghum cultivars
partitioned a significant amount of carbon to nodal tillers [40]. Coleman [41] reported greater total
sugar and sucrose concentration in the upper compared with the lower internodes at physiological
maturity. Krishnaveni et al. [42] reported that in a plant of 11 internodes, the highest concentration
of sugar was at the 7™ internode. This could be related to a high enzymatic activity at the younger
internodes making these internodes primary or secondary sinks [38]. Tarpley et al. [33] argued that
mechanisms more complicated than enzymatic activities and sink strength may have been involved
and suggested further investigation.

In general, sugar yield increases as the plant matures while juice yield is reduced [43]. Stalk sugar
content of juice increased continuously until frost kill but stalk sugar content declined after frost kill
[44]. Sugar content of the stalk was usually higher at the middle stalk while the top 30-45 cm has
lesser yield and thus can be discarded without

significant loss of sugar or juice yield [43]. Sugar yield at dough stage increased linearly as
photosynthetically active radiation increased from 20 to 80 Mj plant™! and sugar content increased
with early sowing and longer growing periods [8]. Thus, the relationship of sugar accumulation and
length of growing season was linear.

De-heading of sweet sorghums at anthesis significantly increased the number of productive tillers,
main stalk diameter by 20%, juice yield by 30%, and sugar yields by 10% in India although
concentrations of Brix and sucrose and juice purity were decreased by about 5% with deheading
[45). As long as the terminal meristem developed, the internodes increased in biomass and plant
height increased especially in late maturing cultivars [46]. Sugar continued to accumulate in the
fully developed internodes well into seed development [2]. In another study, de-heading increased
Brix and concentration of sucrose and starch at milk, dough and physiological maturity growth
stages [47]. De- heading also reduced plant lodging and increased tillering both of which contributed
to increased juice yield. De-heading reduced the stalk water content and therefore the juice without
affecting the sugar yield [2, 47].

Fermentation and energy yields from juice

The theoretical yield of ethanol, which has a weight of 789.3 g L', was 719.6, 646.1, and 680.3 L
Mg ! starch, glucose or fructose, and sucrose, respectively [3]. The ethanol yield of maize was about
0.37 Lkg'. Smith and Buxton [3] estimated that 5% of the sugar is used to produce microbial growth
and non-ethanol products. Monti and Ventura [48] used the following values in energy calculations:
16 Mj kg'!' of biomass combustion; 18.5 Mj kg! for gasified wheat straw; ethanol yield of 0.36 L
kg of wheat;

18.3 Mj kg! for processing wheat to ethanol, including drying of the by-product; 7 Mj kg™! energy
content of fresh bagasse of 50% dry weight; and 3.2 Mj kg™! theoretical ethanol energy yield of fresh
bagasse.

Conversion of sweet sorghum juice to alcohol can be accomplished either by fermenting the juice
or by fermenting the chopped stalks in a solid state process. Solid state fermentation is a process in
which microbial growth and product formation occur on the surfaces of solid substrates instead of
liquid. Some studies have indicated superior alcohol conversion efficiency from chopped sweet
sorghum than the corresponding juice [49]. Heating juice to 85°C increased fermentation efficiency
and the inclusion of yeast improved juice fermentation at all temperatures [49]. The addition of yeast
reduced the temperature effect on fermentation yield and fermentation yield was maximized by
heating juice to 60° C with addition of 0.25 g L! of yeast.

The US Department of Energy estimated potential ethanol yield of 5590 L ha™! from sweet sorghum
[50]. The net energy ratio for sweet sorghum was estimated to exceed 1.0, with two units of energy
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recovered in the ethanol for each unit used for crop production and processing [51]. Several sweet
sorghum cultivars have the potential of producing greater than 25 Mg dm ha™! year! [7]. In Iowa
[52], yields of 11 sweet sorghum cultivars grown at six site-years ranged from 15.8 to 18.4 Mg ha'!
of dry matter,

7.1 to 8.2 Mg ha! of total sugar, and 3850 to 4410 L ha™' of ethanol production based on the
assumption of 95% extraction of sugars and 1.76 kg fermentable carbohydrate per liter of ethanol
produced. Lueschen et al. [10] reported yields of 20 to 25 Mg ha! dry biomass and 3050 to 4000 L
ha'! ethanol.

Bi-product uses

In addition to producing carbohydrates that can be easily fermented to ethanol, sweet sorghum has
high biomass yield, some grain yield, and bagasse remaining after juice expression that can be an
energy source for ethanol processing facilities [31]. Some sweet sorghum co-products may be used
for animal feed. The bagasse can be used in paper production, biofuel, livestock feed, or for soil
application. The grain can be used for ethanol production as well as food or feed.

With the development of hybrid sweet sorghum varieties, the potential for high sugar (ethanol) yield
as well as co-production of grain has increased as demonstrated in China where sweet sorghum
biomass and grain yields of 25 and 5 Mg ha’!, respectively, were obtained in a production
environment with similar latitude to the Midwest [53]. At this level of production the income
generated from grain yield as a co-product and other co-products from processing will cover the
cost of producing the crop making whatever income generated from ethanol a profit.

Energy requirements and costs

Reed et al. [54] estimated crop production input of energy L™! potential ethanol as 6.42, 5.25, 6.35,
and 5.95 MJ L"!, respectively, for corn, sweet sorghum, fodder beet (Beta vulgaris L.), and sugar
beet (Beta vulgaris L.) grown in California. The respective theoretical ethanol yields for these crops
were 4814, 5784, 7782, and 6886 L ha™.

Estimated energy consumption for sweet sorghum compared to corn production was greater for fuel
and transportation but less for N fertilizer and irrigation. Energy required for converting the product
to ethanol was not estimated.

Monti and Venturi [48] compared energy efficiency of sweet sorghum, fiber sorghum, and wheat
with and without N applied, assuming gasification of the crop residues. The net energy supplied was
17, 40 and 50% greater with sweet sorghum compared with fiber sorghum, wheat with no N, and
wheat with N applied, respectively. The energy efficiency of ethanol production was estimated to
be 90% compared with gasification. Table 2 and 3
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Table 2. Energy input requirements for sweet sorghum, corn, and wheat in California.

Sweet Corn

sorghum
Fermentable carbohydrate yield (Mg ha'l) 9.71 8.09
Potential ethanol yield (L ha?) 5,784 4814
Potential ethanol yield (Mj ha'%) 133,000 111,000
Energy input in N Fertilizer (Mj L) 0.72 2.34
Energy input in irrigation pumping (Mj L) 0.79 1.01
Energy input in liquid fuel for operation (Mj LY 245 1.85
Total production energy input (Mj L) 5.25 6.42

Source: Reed et al., [54]

Table 3. Comparison of sweet sorghum to some other food and biomass crops for energy yield and
energy yield efficiency.

Energy UsefEnergy production perEnergy net gain® |Energy gain per
Crop Efficiency (MJ/ Kkgenergy consumed ® invested ©
DM)?
Sweet sorghum 0.74-0.91 5.66 3.90 3.63
Sugar cane 4.53 2.43
Corn 1.53
'Wheat 0.96-1.28
Cassava 1.71 1.16
@ Monti, G. Venturi, [48] °J.D. De Silva et al. [58] ¢ Drew Lyon Personal

shows potential energy and input energy requirements of sweet sorghum as compared to some other
energy crops.

Geng et al. [15] compared sweet sorghum with other crops for production costs near Davis CA. The
cost ha! of sweet sorghum production was greater than for corn because of high harvest costs.
However, hexose yield was greater with sweet sorghum and the costs L' were very similar.

Rahmani and Hodges [55] calculated the cost of ethanol energy production to be

$0.48, $0.53, $0.58 L! respectively for corn, sugarcane and sweet sorghum under best production
potential scenarios in Florida. Processing and harvesting were major expenses for sweet sorghum.
The processing cost of sugarcane juice to ethanol was estimated to be

$0.13 L' in Florida [55] and a similar cost may apply to converting sweet sorghum juice to ethanol.
Less N and water is required to produce sweet sorghum compared to other crops, such as corn, sugar
beet, and sugarcane which contribute to sustainability and an improved energy balance (higher net
energy) for sweet sorghum.

Limitations of Sweet Sorghum Bioenergy

The primary limitations of sweet sorghum for bioenergy include seasonality of harvest and large
masses to be transported and stored. Fermentation of the expressed juice must be initiated quickly
after harvest to avoid sugar loss. Wu et al. [56] reported as much as 20% loss of fermentable sugars
from storing fresh juice at room temperature for about 3 days and up to 50% loss during one week
of juice storage. In temperate climates, the harvest window for sweet sorghum is limited by length
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of the growing season. Seed production is costly because of low seed yield and usually very tall
plants. Few open pollinated or hybrid cultivars are available for production. An advantage of sweet
sorghum is that ethanol distillation and distribution may be integrated into the existing grain-based
ethanol processing system to take advantage of existing infrastructure in the short term
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OZET

Giris ve Amag: Kiiresel 1sinma, insan kaynakli sera gazi (GHG) emisyonlarinin artmasiyla
tetiklenmekte ve ciddi iklim dengesizliklerine ve c¢evresel bozulmalara yol agmaktadir. Besin
iiretimi -0zellikle de tarim ve hayvancilik faaliyetleri- bu emisyonlarin 6nemli bir kaynagini
olusturmaktadir. Bu c¢alismanin amaci, besin iiretim siireg¢lerinden kaynaklanan karbon
emisyonlarmin kiiresel iklim degisikligine nasil katki sagladigin1 incelemek ve olasi azaltma
stratejilerini detayli bicimde tartigmaktir.

Gereg ve Yontem: Bu ¢aligma, bilimsel literatiiriin kapsamli bir derlemesine dayanmaktadir. Piring
tarimi, sentetik giibre kullanimi ve anmiz yakma gibi temel tarimsal uygulamalar ile, enterik
fermantasyon, giibre yonetimi ve yem liretimi gibi hayvanciliga 6zgii faaliyetler, karbon ayak izi ve
sera gazi emisyonlari acisindan degerlendirilmistir.

Bulgular: Tarimsal faaliyetlerin metan (CH4) ve diazot monoksit (N2O) emisyonlarina 6nemli
oOlgtide katki sagladigi; hayvanciligin ise hem sindirim siireglerinden kaynaklanan dogrudan hem de
yem tedarik zinciri ve atik yonetimi yoluyla olusan dolayli emisyonlara neden oldugu tespit
edilmistir. Tiirkiye gibi gelismekte olan iilkelerde besin iiretiminin ulusal sera gazi envanterindeki
pay1 giderek artmaktadir.

Tartisma ve Sonug: Besin {iretiminin karbon ayak izinin azaltilmasi, siirdiiriilebilir tarim
uygulamalari, biyogaz sistemleri, giibre yonetiminin iyilestirilmesi ve yem optimizasyonunu i¢eren
biitiinciil bir yaklasim gerektirmektedir. Toplumsal farkindalik, politika tesvikleri ve uluslararasi is
birligi bu siirecte kritik 6neme sahiptir. Bu dnlemler, yalnizca iklim tizerindeki olumsuz etkileri
azaltmakla kalmayacak, ayn1 zamanda siirdiiriilebilir beslenme ve kiiresel besin glivenligine de katk1
saglayacaktir.

Anahtar Kelimeler: Besin Uretimi, Karbon Ayak Izi, Sera Gazi Emisyonlari, Hayvancilik, Iklim
Degisikligi

ABSTRACT

Introduction and Purpose: Global warming is driven by anthropogenic greenhouse gas (GHG)
emissions and results in significant climate instability and environmental degradation. Food
production—particularly agriculture and livestock—constitutes a major source of these emissions.
This study aims to examine how carbon emissions arising from food production processes contribute
to global climate change and to discuss potential mitigation approaches in detail.

Materials and Methods: This work is based on a comprehensive review of scientific literature. Key
agricultural practices such as paddy rice cultivation, synthetic fertilizer application, and stubble
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burning, as well as livestock-related activities including enteric fermentation, manure storage, and
feed production, were assessed in relation to their carbon footprint and GHG emissions.

Results: Agricultural activities are found to significantly contribute to methane (CH4) and nitrous
oxide (N20) emissions, while livestock operations produce both direct emissions from digestive
processes and indirect emissions via feed supply chains and waste handling. In developing countries
such as Turkey, the share of food production in the national GHG inventory is steadily increasing.

Discussion and Conclusion: Reducing the carbon footprint of food production requires an integrated
approach involving sustainable agricultural practices, biogas systems, improved manure
management, and feed optimization. Public awareness, policy incentives, and international
cooperation are also essential. These measures will not only mitigate climate impacts but also
support sustainable nutrition and global food security.

Keywords: Food Production, Carbon Footprint, Greenhouse Gas Emissions, Livestock, Climate
Change

GIRIS
Gilinlimiizde bireylerin en temel arzusu, saglikli bir ¢evrede uzun ve kaliteli bir yasam slirmektir.
Ancak yasam standartlarini siirekli olarak yiikseltme istegi, dogal kaynaklarin bilingsizce

tiiketilmesine ve ¢evrenin kirlenmesine yol agmaktadir. Bu siireg, atmosfere salinan karbon

emisyonlarini artirarak kiiresel 1sinmay1 hizlandirmakta ve beraberinde cesitli gevresel felaketleri
getirmektedir (Chophel, 2022).

Kiiresel 1sinma; insan faaliyetleri sonucu atmosfere salinan sera gazlarinin (CO2, CHa, N2O, Os,
CFC’ler ve H20 buhar1) dogal sera etkisini gliglendirmesiyle ortaya ¢ikan, diinyanin ortalama ylizey
sicakligindaki artis ve buna bagli iklim degisiklikleri olarak tanimlanmaktadir. Ozellikle sanayi
devriminden gilinlimiize kadar gecen slirecte, sera gazi emisyonlarindaki artig belirgin bir sekilde
gozlenmistir (Manabe, 2019).

Kiiresel iklim degisikliginin etkileri ¢ok boyutludur. Bu kapsamda; tropikal kasirgalarin sayis1 ve
siddetinde artislar, meteorolojik kokenli dogal afetlerin (don, ani ve siddetli yagis, dolu, yildirim,
firtina, ¢1g vb.) sikliginda ve etkisinde yiikselisler rapor edilmektedir. Ayrica kurakliga bagl
tarimsal verimlilik kayiplari, yiiksek sicakliklarin tetikledigi orman yanginlar1 ve ozon, ultraviyole
isinlart ile hava kirliligine bagli saglik sorunlart da 6nemli sonuglar arasindadir. Bunun yani sira,
konfor sicakliklarini saglamak amaciyla artan enerji tiiketimi, buzullarin erimesiyle yiikselen deniz
seviyelerinin kiy1 bolgelerinde yaratacagi riskler ve biiyiik okyanus akimtilarmin yapisindaki
degisimlerin kiiresel iklim desenlerini bozma olasilig1 ciddi tehditler olusturmaktadir. Ayrica
atmosferdeki yogun kirlilik sonucu ortaya ¢ikan asit yagmurlari, toprak ve yeralt1 sularinin kimyasal
bilesiminde bozulmalara neden olarak ekosistemlerin igleyisini olumsuz etkilemektedir (Adedeji ve
ark., 2014 ve Gahlawat ve Lakra, 2020).

Bu ¢alismanin amaci, kiiresel iklim degisikliginin olusumunda 6nemli bir rol oynayan karbon
salimmminin 6zellikle besin iiretiminden kaynaklanan boyutlarini ortaya koymak ve bu alanda
literatiir temelli bir degerlendirme yapmaktir.
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KAVRAMSAL CERCEVE
Karbon Ayak Izi Tanimi

Karbondioksit (CO2), 1s1 tutma kapasitesi, atmosferdeki yogunlugu ve uzun siire kalicilig1 nedeniyle
cevre lizerinde en 6nemli etkiye sahip sera gazidir. Bu 6zellikleri, dogal ekosistemlerde uzun vadeli
tahribatlara yol agmakta ve biyolojik kapasitenin agilmasina neden olmaktadir (Miiller ve ark.,
2020).

Karbon ayak izi, insan faaliyetleri sonucu ortaya ¢ikan ve bir {iriiniin yasam donglisli boyunca
dogrudan veya dolayli sekilde olusan toplam CO- emisyonlarini ifade eder. Olgiim birimi “kg CO--
esdeger” veya “ton CO:-esdeger” olarak tanimlanmaktadir (Giliven ve ark., 2016). Sera gazi
emisyonlarmin en onemli kaynaklar1 arasinda enerji iliretimi, 1sinma amaciyla fosil yakitlarin
kullanimi, sanayi faaliyetleri, ulasim, arazi kullanim degisiklikleri, atik yonetimi ve tarimsal
uygulamalar (aniz yakma, ¢eltik tiretimi, hayvancilik ve giibre kullanimi1 gibi) yer almaktadir
(Gotasa ve ark., 2021). Karbon ayak izi hesaplamalari, bireylerin ve kurumlarmm kaynak
kullanimlarin1 takip etmesine ve siirdiiriilebilirlik diizeylerini degerlendirmesine olanak
saglamaktadir. Bu parametreler sayesinde hangi alanlarda ¢evresel zararin yogunlastigi
belirlenebilir ve bireyler ile kurumlar gerekli 6nlemleri alarak sorumluluklarini yerine getirebilirler
(Gtiven ve ark., 2016).

Karbon ayak izi iki temel kategoride incelenmektedir: kisisel ve kurumsal karbon ayak izi. Kisisel
karbon ayak izi, bireylerin giinliilk yasamda tiikketimleri sonucu atmosfere salinan emisyon miktarini
ifade eder. Bu kavram, kisisel biling ve farkindalik ile emisyonlarin azaltilmasinda kritik 6neme
sahiptir. Kisisel karbon ayak izi iki alt basliktan olusur: Birincil ayak izi, evsel enerji tiikketimi ve
ulagim faaliyetleri (otomobil, ugak vb.) sonucu dogrudan ortaya ¢ikan CO: emisyonlarini kapsar.
Ikincil ayak izi, bireylerin kullandig1 iiriinlerin iiretim, dagitim ve bertaraf siireglerinden
kaynaklanan dolayli emisyonlar1 ifade eder (Chuvieco ve ark., 2021). Kurumsal karbon ayak izi ise,
kurumlarin yillik faaliyetleri sonucu ortaya ¢ikan emisyonlar1 kapsar. Uc temel alt bileseni
bulunmaktadir: Dogrudan Karbon Ayak Izi: Kurumlarin enerji tiiketimi (1s1nma, iiretim siiregleri)
ve kuruma ait araglarin fosil yakit kullanimiyla ortaya ¢ikan emisyonlardir. Dolayli Karbon Ayak
Izi: Elektrik tiiketimi, satin alinan buhar, sogutma ve sicak su kullanimiyla iligkili emisyonlari
kapsar. Diger Dolayli Karbon Ayak izi: Kurumlarin kullandigi hammaddeler, basili materyaller,
tageron faaliyetler, kiralik araglarin tiiketimleri ve calisanlarin is amacli seyahatlerinden
kaynaklanan emisyonlari igerir. Bu kategorideki emisyonlarin hesaplanmasi zor olmakla birlikte,
artan diizenlemeler ve veri seffaflifi sayesinde kurumlar arasinda hesaplanabilirligi giderek
artmaktadir (Harangozo ve Szigeti, 2017 ve KlaaBlen ve Stoll, 2021).

Tarimsal Uretimde Sera Gazi Salinimi

Tarim sektorii, iklim degisikliginden en fazla etkilenen alanlardan biri olmakla birlikte ayni
zamanda iklim degisikligine yol acan O6nemli bir faktordiir. Toprak isleme, gilibreleme, pestisit
kullanimi, iirlin arz zinciri, enerji tliiketimi ve hayvansal {iretim siiregleri tarimsal sera gazi
emisyonlariin baglica kaynaklaridir (Yue ve ark., 2017).

Tiirkiye’de tarim sektorii 6zellikle N2O ve CHa emisyonlart acisindan dikkat cekmektedir. Tarimsal
faaliyetler, atiklarla birlikte N.O saliniminda %79,4, CH4 saliniminda ise %46,5 oraninda paya
sahiptir. Tarimsal siireglerde CO: emisyonlar1 ise makinelerin ¢alistirilmasi, inorganik giibrelerin
iiretimi ve tarim kimyasallarinin kullanimindan kaynaklanmaktadir (Sahin ve Avcioglu, 2016).
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Ozellikle piring tarimi, sera gazi emisyonlarinin énemli bir kaynagidir. Sulu piring tarlalarinda
organik maddelerin oksijensiz ortamda ayrismasi metan salinimina yol agmaktadir. Sulama
sirasinda toprak ve sudaki oksijenin azalmasiyla metanojenik bakteriler devreye girmekte ve metan
iiretimini artirmaktadir. Salinan metan miktari, organik madde miktar1 ve sulama rejimi gibi
faktorlere bagl olarak degismektedir (Bayrag ve Dogan, 2016).

Diger 6nemli tarimsal emisyon kaynaklari; aniz yakilmasi, tarimsal topraklarda yogun azotlu giibre
kullanim1 ve biyokiitlenin a¢ik alanda yakilmasidir. Aniz yakilmasi1 hem topraktaki organik madde
kayiplarina yol agmakta hem de atmosfere yogun CO- salinimina neden olmaktadir. Mevcut yasal

yasaklara ragmen iilkemizde aniz yakma uygulamasi yayginligini stirdiirmektedir (Gottipati ve ark.,
2021).

Azotlu giibre kullanim1 da 6nemli bir ¢evresel sorun olusturmaktadir. Yanlis ve yogun kullanim,
toprak ve su kirliligine, biyolojik c¢esitliligin azalmasina ve sera gazi emisyonlarinin artmasina
neden olmaktadir. Coziim olarak yavas salimimli gilibreler, nitrifikasyon ve iireaz inhibitorleri
onerilmekte ve bu yontemlerle azot kayiplarinin azaltilmasi hedeflenmektedir (Sahin ve Avcioglu,
2016).

Hayvancilik Kaynakli Sera Gazlari

Hayvansal iiretim, artan niifus ve yiikselen protein talebiyle birlikte kiiresel 6lgekte giderek biiyiiyen
bir sektdr haline gelmistir. Bu biiylime yalnizca gida giivenligini saglamaya katki sunmakla
kalmamakta, ayn1 zamanda sera gazi emisyonlarini da énemli dl¢iide artirmaktadir. Ozellikle metan
(CHa4) ve diazot monoksit (N2O) emisyonlari, kiiresel 1sinmanin hizlanmasinda kritik bir role
sahiptir. Cesitli ¢alismalar, tarimsal kaynakli sera gazlari i¢inde hayvanciligin payini oldukga
yiiksek gostermektedir. Kiiresel dlgekte metan ve N>O’nun iklim degisikligine katkisinin %17-27
arasinda oldugu, bu katkinin ise yaklasik %21’inin dogrudan hayvansal {iretim faaliyetlerinden
kaynaklandig bildirilmektedir (Herrero ve ark., 2016).

Hayvanciligin iklim degisikligine katkisinda en 6nemli siireglerden biri enterik fermantasyondur.
Bu biyolojik stireg, 6zellikle gevis getiren hayvanlarin (s1g1r, koyun, keg¢i, manda vb.) sindirim
sistemi icerisinde gerceklesmekte ve yiiksek miktarda metan gazi iiretmektedir. Tiirkiye 6zelinde
yapilan degerlendirmeler, ruminant kaynakli metan emisyonunun yaklasik %85’inin enterik
fermantasyondan kaynaklandigini ve bu emisyonun %76’sinin sigir popiilasyonuna ait oldugunu
ortaya koymaktadir (Yalginkaya, 2024). Bu durum, hayvancilik politikalarinin sera gazi azaltim
hedeflerinde kritik bir unsur oldugunu gostermektedir.

Bunun yani sira, hayvansal gilibre yonetimi de sera gazi emisyonlarmin 6nemli bir kaynagidir.
Ozellikle giibrelerin oksijensiz kosullarda depolandig1 alanlarda, sicaklik ve nemin artisiyla birlikte
metan ve N2O salinimlar1 hizlanmaktadir. Sigir, koyun ve manda gibi ruminantlardan elde edilen
giibrelerin yani sira, domuz ve tavuk gibi monogastrik hayvanlarin giibreleri de uygun olmayan
kosullarda depolandiginda onemli miktarda emisyon agiga ¢ikarmaktadir (Pratt ve ark., 2015).
Giibrelerin acgikta depolanmasi, anaerobik pargalanmayi artirmakta ve hem hava kalitesi hem de
iklim agisindan olumsuz sonuglar dogurmaktadir.

Hayvanciligin sera gazi emisyonlarina katkisi yalnizca dogrudan siireclerle sinirlt degildir. Hayvan
yeminin iiretimi ve lojistigi de dnemli bir dolayli emisyon kaynagidir. Yem bitkilerinin iiretiminde
kullanilan suni glibreler, fosil yakit temelli enerji tiiketimi nedeniyle CO: emisyonlarini
artirmaktadir. Ayrica yem i¢in yapilan asir1 otlatma ve mera agma faaliyetleri, toprakta karbon
depolama kapasitesini diisiirmekte, orman ve cayir ekosistemlerinin bozulmasina yol agmaktadir.
Bu durum hem biyogesitliligin azalmasina hem de karbon dongiisiiniin zayiflamasina sebep
olmaktadir (Ejedegba, 2024).
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Ozetle, hayvancilik sektorii; enterik fermantasyon, giibre ydnetimi ve yem {iretimi siirecleri
araciligiyla hem dogrudan hem dolayli yollardan sera gazi emisyonlarin1 artirmakta ve kiiresel
1sinmayi tetiklemektedir. Bu nedenle, siirdiiriilebilir hayvancilik uygulamalari, metan emisyonunu
azaltmaya yonelik yem katkilari, giibrelerin biyogaz tesislerinde degerlendirilmesi ve meralarin
dengeli kullanimi gibi yontemler, iklim degisikligiyle miicadelede stratejik oneme sahiptir.

Tiirkiye’nin Karbon Ayak Izi ve Kyoto Protokolii

Kiiresel Ayak izi Ag1 (Global Footprint Network), her y1l 150°den fazla iilkenin biyolojik kapasite
talebini ve ekolojik ayak izini hesaplayarak Ulusal Ayak izi Hesaplarini yayimlamaktadir. Bu
hesaplamalar, iilkelerin tiiketim kaliplarinin ekosistemler iizerindeki baskisini ve mevcut
biyokapasite ile olan dengesini ortaya koymaktadir. Tiirkiye 6zelinde yapilan degerlendirmeler,
ekolojik ayak izinin biyolojik kapasitesinin yaklasik iki katina ulastigini gostermektedir. Bagka bir
ifadeyle, Tiirkiye’de bir yil i¢inde tiiketilen dogal kaynaklarin yeniden {iretilebilmesi ve atmosfere
salinan karbonun ekosistemlerce tutulabilmesi i¢in mevcut biyokapasitenin iki katina ihtiya¢ vardir.
Bu durum, iilkenin iiretim ve tiiketim yapisinin siirdiiriilebilirlikten uzak oldugunu ve ekosistem
iizerinde yogun baski olusturdugunu ortaya koymaktadir. Tiirkiye’nin toplam ekolojik ayak izi
icinde karbon ayak izi %46 ile en biiylik payr olusturmaktadir ve kisi basina yaklagik 1,17 kha
degerine karsilik gelmektedir (Oztiirk ve Toprak, 2025).

Kiiresel dl¢ekte sera gazi emisyonlarini sinirlamaya yonelik en 6nemli hukuki diizenlemelerden
biri Kyoto Protokoliidiir. 1997 yilinda imzalanan ve 2005 yilinda yiiriirliige giren bu protokol, iklim
degisikligiyle miicadelede uluslararasi is birliginin g¢ercevesini belirlemistir. Protokol, 6zellikle
sanayilesmis tilkelere 2008—2012 yillar1 arasinda sera gazi salinimlarin1 1990 seviyelerinin en az
%S5 altina indirme yiikiimliliigli getirmistir. Bunun yani sira, fosil yakit kullantminin azaltilmasi,
enerji verimliliginin artirtlmasi ve yenilenebilir enerji kaynaklarinin yayginlagtirilmasi temel
hedefler arasinda yer almaktadir (Bayra¢ ve Dogan, 2016 ve Kayakus ve ark., 2023). Ayrica Kyoto
Protokoli, esneklik mekanizmalari (Emisyon Ticareti, Ortak Ydritme ve Temiz Kalkinma
Mekanizmasi) araciligiyla iilkelerin hedeflerine piyasa temelli ¢oziimlerle ulagsmasini miimkiin
kilmistir (Kayakus ve ark., 2023).

Sera gazlar1 igerisinde en biiyiik tehdit, atmosferdeki yogunlugu ve uzun siireli kalicilig
nedeniyle karbondioksit (CO2)’tir. CO2, diger sera gazlarina kiyasla i1sinma tiizerindeki etkisi
bakimindan daha belirleyici olup kiiresel 1sinmanin en kritik faktorii olarak goriilmektedir. Bununla
birlikte, metan (CHa) ve diazot monoksit (N20) gibi diger sera gazlarinin kiiresel 1sinma potansiyeli
CO-’ye kiyasla ¢ok daha yiiksek olmakla birlikte, atmosferdeki yogunluklar1 daha diisiiktiir.
Ozellikle metan, antropojenik faaliyetler sonucunda (tarim, enerji, atik ydnetimi vb.) kiiresel metan
emisyonlarinin yaklagik %60’ m1 olusturmaktadir; geri kalan %40°lik kisim ise dogal kaynaklardan
(6rnegin batakliklar, okyanuslar, termitler ve hidratlar) salinmaktadir (Aydin ve ark., 2011 ve
Karakurt ve ark., 2012).

Bu cergevede degerlendirildiginde, Tiirkiye’nin karbon ayak izi yogunlugu hem enerji liretim ve
tilketim aligkanliklar1 hem de tarimsal ve endiistriyel faaliyetlerden kaynaklanmaktadir. Kyoto
Protokolii’niin hedefleri dogrultusunda, fosil yakitlara bagimliligin azaltilmasi1 ve yenilenebilir
enerji kullaniminin artirilmasi, Tiirkiye’nin ekolojik ayak izini biyolojik kapasite sinirlariyla
uyumlu hale getirebilmesi agisindan biiyiik onem tagimaktadir.
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METODOLOJI

Bu ¢alisma, tarimsal iiretim ve hayvanciliga bagli karbon ayak izi ve sera gazi emisyonlarini
inceleyen ulusal ve uluslararas1 bilimsel literatiiriin kapsamli bir derlemesine dayanmaktadir.
Literatiir taramas1 PubMed, Scopus, Web of Science, ScienceDirect ve Google Scholar gibi 6nde

2% <6

gelen veri tabanlar1 kullanilarak gerceklestirilmistir. Tarama siirecinde “rice cultivation”, “synthetic

2% ¢ %9 ¢ 2 ¢

fertilizers”, “stubble burning”, “enteric fermentation”, “manure management”, “feed production”,
“carbon footprint”, “greenhouse gas emissions” ve “climate change” gibi anahtar kelimeler ve
bunlarin Tiirk¢e karsiliklar1 kullanilmistir. Calismaya, 2000-2024 yillar1 arasinda yayimlanmis,
hakemli dergilerdeki arastirma ve derleme makaleler, uluslararasi kuruluslarin (FAO, IPCC, UNEP)
raporlar1 ve metodolojik agidan gii¢lii olan diger bilimsel kaynaklar dahil edilmistir. Yontemsel
tanimlamalar1 yetersiz, yalnizca anekdot niteliginde bilgi sunan veya tarimsal siireclerle dogrudan

iliskili olmayan yayinlar kapsam disinda birakilmaistir.

Uygun bulunan calismalar, {i¢ ana baslik altinda siiflandirilmistir: bitkisel iiretime iligkin
uygulamalar (piring tarimi, sentetik giibre kullanimi, aniz yakma), hayvanciliga 6zgii faaliyetler
(enterik fermantasyon, gilibre yonetimi, yem iiretimi) ve genel tarimsal uygulamalar (enerji
kullanimu, su tiiketimi, atik yonetimi). Bu kaynaklarda raporlanan sera gazi tiirleri (CO2, CHa4, N20)
ve karbon ayak izi degerleri karsilastirmali olarak degerlendirilmistir. Ayrica, farkli ¢aligmalarda
kullanilan metodolojiler (6rnegin yasam dongiisii analizi ve emisyon faktorleri yaklasimi) dikkate
alinarak bulgular sentezlenmistir.

Elde edilen veriler, [PCC’nin sera gazi emisyon faktdrleri ve FAO nun siirdiiriilebilir besin iiretimi
kilavuzlar1 temel alinarak analiz edilmistir. Boylece hem tarimsal hem de hayvansal iiretim
stireclerinin c¢evresel ylikleri sistematik bigimde karsilastirilmistir. Calisma yalnizca daha once
yayimlanmig verileri i¢erdiginden etik kurul onayi gerekmemektedir. Bununla birlikte literatiir
secimi, seffaflik, tekrarlanabilirlik ve bilimsel gegerlilik ilkeleri ¢ercevesinde yiiriitiilm{istiir.

TARTISMA ve SONUC
Tarim Kaynakli Emisyonlarin Azaltilmasi

Tarimsal iiretim siirecleri, 6zellikle piring yetistiriciligi ve aniz yakma uygulamalar1 nedeniyle
onemli miktarda sera gazi1 salinimina neden olmaktadir. Ancak bu emisyonlarin azaltilmasi
miimkiindiir. Cin ve Japonya gibi piring tarimimin yogun oldugu bélgelerde yaygin olarak
kullanilan “midseason drenaji” yontemi, tarlanin biiyiime doneminde belirli araliklarla
kurutulmasini saglayarak metan tiretimini kayda deger 6l¢iide diisirmektedir (Chiodi ve ark., 2016).
Benzer sekilde Hindistan’in kuzeydogusunda uygulanan aralikli sulama teknigi de atmosferdeki
metan salinimini azaltici bir yontem olarak dne ¢ikmaktadir. Aragtirmalar, yagmur suyuna dayali
piring tariminin siirekli su altinda tutulan piring tarlalarina kiyasla daha diisiik metan emisyonu
drettigini gostermektedir. Bunun temel nedeni, piring tarlalarinin sulu kaldig: siirece oksijensiz
ortamda ger¢eklesen mikrobiyal faaliyetlerin organik bilesenleri hizla pargalayarak yogun metan
olusumuna yol agmasidir. Dolayisiyla, piring tariminda kullanilacak organik girdilerin oksijenli
kosullara uyumlu olmasi, emisyon azaltiminda 6nemli bir strateji olarak goriilmektedir. Ayrica,
piring tarlalarindaki metan emisyonlarinin toprak yapisi, sicaklik, nem diizeyi ve iklim kosullar1 gibi
cevresel faktorlerden de etkilendigi bilinmektedir (Sah ve Devakumar, 2018).
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Tarimsal uygulamalar arasinda aniz yakma da Onemli bir sera gazi kaynagidir. Aniz yakma
sirasinda atmosfere salinan CO2, CHa4 ve N2O emisyonlar1 ¢evre kirliligini artirmakta ve ekosistem
dengelerini olumsuz etkilemektedir. Bu durum, yalnizca sera gazi emisyonlarini artirmakla
kalmamakta, ayn1 zamanda topragin verimliligini diisiirerek stirdiiriilebilir tarima zarar vermektedir.
Sorunun ¢6ziimii i¢in iireticilerin bilinglendirilmesi ve mevcut yasal diizenlemelerin etkin bigimde
uygulanmas1 gerekmektedir. Ozellikle yerel yonetimlerin ve tarmmsal egitim programlarinin
desteklenmesi, aniz yakmanin yerine topragi koruyan alternatif yontemlerin tesvik edilmesi sera
gazi saliimlarini azaltmada kritik 6neme sahiptir (Sahin ve Avcioglu, 2016).

Hayvancilik Kaynakli Emisyonlarin Azaltilmasi

Hayvancilik, kiiresel sera gazi emisyonlarinin en 6nemli kaynaklarindan biridir. Bu sektorde
ozellikle enterik fermantasyon ve giibre yonetimi yoluyla ortaya ¢ikan metan ve N2O salinimlari
dikkat cekmektedir. Emisyonlarin azaltilmasi i¢in ¢esitli stratejiler gelistirilmistir. Bunlardan ilki,
hayvan beslenmesinde kullanilan yem katki maddelerinin metan iiretimini sinirlayici sekilde
segilmesidir (White ve Hall, 2017). Ornegin, hayvan diskilar1 anaerobik kosullarda biyogaz iiretimi
icin yiiksek potansiyele sahiptir. Bu yontem yalnizca sera gazi salinimini azaltmakla kalmamakta,
ayn1 zamanda enerjide disa bagimliligi diisiirerek ekonomik fayda da saglamaktadir. Almanya,
Fransa, Isvicre, Italya ve Avusturya basta olmak iizere bircok Avrupa iilkesinde hayvansal atiklar
anaerobik aritim tesislerinde biyogaz iiretimi i¢in kullanilmakta, Danimarka’da ise merkezi biyogaz
tesisleri araciligiyla ¢iftliklerden toplanan giibre islenerek dogal gaz sebekesine aktarilmakta ve yan
iirlin olan giibre tekrar tarimda degerlendirilmektedir. Benzer sekilde Cin, Hindistan ve Brezilya
gibi iilkelerde de biyogaz teknolojisi yaygin sekilde kullanilmakta ve bu alandaki arastirmalar hizla
devam etmektedir (Honan ve ark., 2021 ve Llonch ve ark., 2017).

Sindirim sisteminde besin madde kullanim etkinliginin artirilmasi, dogrudan hayvan kaynakli sera
gazi salimimlarinin azaltilmasinda temel bir ilkedir (White ve Hall, 2017). Cesitli gallsmalar rasyon
kompozisyonunun metan iiretimi iizerinde belirleyici oldugunu ortaya koymaktadir. Ornegin,
Beauchemin ve McGinn (2005) kaba yem oraninin artmasinin metan iretimini yiikselttigini;
McGinn ve ark. (2004) ise rasyona yag ilavesinin mikrobiyal faaliyetleri degistirerek metan
iretimini azaltabilecegini bildirmistir. Shinkai ve ark. (2012), kaju yemisinden elde edilen aktif
bilesenlerin siit sigir1 rasyonlarina eklenmesiyle metan emisyonlarinin %20 oraninda azaldigim
rapor etmistir. Benzer sekilde Morgavi ve ark. (2011), saponin iceren bitkilerin (Yucca schidigera,
Sapindus saponaria, ¢cay) koyun rasyonlarinda metan tiretimini %10-27 diizeyinde diisiirdiigiinii
gostermigtir. Christophersen ve ark. (2008) ise koyunlarda tahil oraninin artirilmasiyla rumen
pH’sinin diismesi ve protozoa popiilasyonunun azalmasi sonucu metan iiretiminin geriledigini
ortaya koymustur.

Hayvanciliga bagl sera gazi saliniminin azaltilmasinda one ¢ikan stratejiler arasinda sunlar yer
almaktadir: Giibreyle topraga birakilan azot miktarinin azaltilmasi, hayvan basina verimliligin
artirilarak toplam hayvan sayisinin diisliriilmesi, yem rasyonlarinda kaba yem oraniin azaltilip
kesif yem oranlarinin artirilmasi, tanen ve saponin gibi ikincil metabolitlerce zengin yem bitkilerinin
kullanilmasi, bitkisel yaglar ve ugucu yaglar gibi alternatif yem katkilariin rasyona dahil
edilmesidir (Llonch ve ark., 2017).

Bu 6nlemlerin yani sira, iklim degisikliginin etkilerini azaltmada karbon yutaklarinin korunmasi ve
gelistirilmesi biliylik 6nem tasimaktadir. Ormanlar, sulak alanlar, deniz ve kiy1 ekosistemleri,
cayirlar ve turbaliklar karbon tutma kapasitesine sahip ekosistemlerdir. Bu alanlarin korunmasi ve
rehabilite edilmesi, sera gaz1 emisyonlarinin azaltilmasina yonelik tarimsal ve hayvansal tedbirlerle
birlikte iklim degisikligine kars1 daha etkili bir ¢6ziim sunmaktadir (VijayaVenkataRaman ve ark.,
2012).
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Sonugta, kiiresel 6lgekte sera gazi salinimlarinin sinirlandirilmasi saglansa dahi, atmosferde mevcut
gazlarin etkisinin uzun yillar devam edecegi Ongoriilmektedir. Bu nedenle, emisyon azaltim
stratejileri ile uyum politikalarinin es zamanl yiiriitiilmesi gerekmektedir. Basarili bir sera gazi
yonetimi, yalnizca g¢evresel siirdiiriilebilirligi desteklemekle kalmayacak, ayn1 zamanda tarimsal
iiretim sistemlerinin dayanikliligini da artiracaktir.

Sonug ve Oneriler

Kiiresel 1sinma ve iklim degisikligi, giinlimiiziin en ciddi ¢evresel tehditleri arasinda yer almaktadir.
Bu tehdidin azaltilmasinda karbon ayak izinin diisiiriilmesi temel adimlardan biridir. Bu ¢alisma,
ozellikle piring tarimi, sentetik giibre kullanimi, aniz yakma gibi bitkisel iiretim stirecleri ile enterik
fermantasyon, gilibre yonetimi ve yem iretimi gibi hayvanciliga 6zgii faaliyetlerin sera gazi
emisyonlarinin baslica kaynaklari oldugunu ortaya koymaktadir. Bu baglamda, artan niifusun besin
gereksinimlerini  karsilamak amaciyla bagvurulan uygunsuz iiretim yoOntemlerinin ¢evresel
stirdiiriilebilirligi tehdit ettigi goriillmektedir.

Karbon ayak izini azaltmak i¢in Oncelikli olarak {iretim alanlarinda daha siirdiiriilebilir
uygulamalarin hayata gecirilmesi gereklidir. Organik ve ¢evre dostu giibrelerin kullanimi, piring
tariminda su yoOnetimi ve alternatif ekim tekniklerinin benimsenmesi, hayvancilikta ise yem
formiilasyonlarinin gelistirilmesi, metan emisyonunu azaltan besleme stratejilerinin uygulanmasi ve
giibre yoOnetiminde biyogaz teknolojilerinin kullanilmasit 6nemli katkilar saglayacaktir. Ayrica
iireticilerin, ¢iftcilerin ve tiiketicilerin bilinglendirilmesi, bu doniisiimiin basarisi agisindan kritik bir
Ooneme sahiptir.

Politika yapicilarin, ¢evresel etkisi diislik iiretim sistemlerini tesvik eden destek mekanizmalari
gelistirmesi ve karbon salinimin1 azaltmaya yonelik yasal diizenlemeleri giiclendirmesi de biiyiik
onem tasimaktadir. Bununla birlikte, tiiketicilerin bilingli tercihler yapmalari, diisiik karbon ayak
izine sahip besinleri talep etmeleri ve israfi azaltmalari, gida sistemlerinde cevresel yiikiin
azaltilmasina dogrudan katki saglayacaktir.

Sonug olarak, besin iiretiminde siirdiiriilebilirlik odakli bir yaklasim benimsenmedikge, kiiresel
1sinmanin dnlenmesi miimkiin goriinmemektedir. Hem {iretici hem tiiketici hem de karar vericilerin
ortak sorumluluk almasi, gelecegin saglikli ve yasanabilir bir diinya olabilmesi i¢in zorunludur.
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NUTRACEUTICAL APPROACH TO OXIDATIVE STRESS, INSULIN RESISTANCE,
AND INFLAMMATION

METABOLIK SENDROMDA KOENZIM Q10'UN TEDAVISEL POTANSIYELI:
OKSIDATIF STRES, INSULIN DIRENCI VE INFLAMASYONA NUTRASIYONEL BiR
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OZET

Giris ve Amag: Koenzim Q10 (CoQ10), mitokondriyal elektron tasinmasi ve hiicresel enerji
iiretiminde 6nemli bir rol oynayan lipit ¢oziiniir bir bilesiktir. Biyokimyasal islevinin 6tesinde,
CoQ10 hiicresel savunma mekanizmalarina katkida bulunan giicli bir antioksidan gorevi
gormektedir. Son yillarda, metabolik sendrom (MetS)un cesitli bilesenlerini hafifletmedeki
potansiyel rolii nedeniyle CoQ10'a olan ilgi artmistir. Bu derleme, CoQ10un biyokimyasal,
fizyolojik ve terapdtik etkilerini 6zetlemeyi amaglamaktadir, Ozellikle obezite, hipertansiyon,
insiilin direnci ve kardiyovaskiiler saglik {izerindeki etkilerine vurgu yapilmaktadir.

Gereg ve Yontem: Bu yapilandirilmis literatiir incelemesi, PubMed, Scopus ve Web of Science gibi
baslica bilimsel veritabanlar1 kullanilarak gergeklestirilmistir. “Koenzim Q10”, “metabolik
sendrom”, “oksidatif stres”, ‘hipertansiyon’ ve “insiilin direnci” gibi anahtar kelimeler kullanilarak
giincel ve ilgili hakemli makaleler secilmistir. Calismalar, metodolojik kaliteleri ve klinik alaka

diizeyleri temelinde degerlendirilmistir.

Bulgular: Kanitlar, CoQ10 takviyesinin endotel fonksiyonunu iyilestirdigini, oksidatif stresi
azalttigim1 ve kan basincini diizenledigini gostermektedir. Ayrica, insiilin duyarliligini ve lipit
profillerini iyilestirmede umut verici sonuglar gostermistir. Buna ek olarak, dokuya 6zgii emilim ve
dagilim modelleri, klinik etkinligini etkilemektedir.

Tartisma ve Sonug: CoQ10, MetS’li bireyler i¢in umut verici bir yardimcei tedavi olarak ortaya
cikmaktadir ve minimal yan etkilerle kardiyometabolik ve antioksidan faydalar sunmaktadir. Enerji
metabolizmasi, mitokondriyal fonksiyon ve redoks homeostazindaki rolii, onu 6nleyici ve terapotik
stratejilerde onemli bir molekiil olarak konumlandirmaktadir. Cesitli hasta popiilasyonlarinda
optimal doz miktari, biyoyararlanim ve uzun vadeli glivenligini belirlemek i¢in daha fazla
randomize kontrollii galigma yapilmasi gerektigi diisiiniillmektedir.

Anahtar Kelimeler: Beslenme; Koenzim Q10; Metabolik Sendrom; Nutrasétikler; Oksidatif Stres

ABSTRACT

Introduction and Purpose: Coenzyme Q10 (CoQ10) is a lipid-soluble compound that plays a pivotal
role in mitochondrial electron transport and cellular energy production. Beyond its biochemical
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function, CoQ10 acts as a potent antioxidant that contributes to cellular defense mechanisms. Recent
years have seen increased interest in CoQ10 for its potential role in mitigating various components
of metabolic syndrome (MetS). This review aims to summarize the biochemical, physiological, and
therapeutic effects of CoQ10, with a particular emphasis on its implications in obesity, hypertension,
insulin resistance, and cardiovascular health.

Materials and Methods: This structured literature review was conducted using major scientific
databases including PubMed, Scopus, and Web of Science. Recent and relevant peer-reviewed
articles were selected using keywords such as “Coenzyme Q10,” “metabolic syndrome,” “oxidative
stress,” “hypertension,” and “insulin resistance.” Studies were evaluated based on their
methodological quality and clinical relevance.

Results: Evidence suggests that CoQ10 supplementation improves endothelial function, reduces
oxidative stress, and regulates blood pressure. It has also shown promise in enhancing insulin
sensitivity and lipid profiles. Additionally, tissue-specific absorption and distribution patterns
influence its clinical efficacy.

Discussion and Conclusion: CoQ10 emerges as a promising adjunctive therapy for individuals with
MetS, offering cardiometabolic and antioxidative benefits with minimal side effects. Its role in
energy metabolism, mitochondrial function, and redox homeostasis positions it as a crucial molecule
in preventive and therapeutic strategies. Further randomized controlled trials are warranted to
establish optimal dosing, bioavailability, and long-term safety in diverse patient populations.

Keywords: Coenzyme Q10; Metabolic Syndrome; Nutraceuticals; Nutrition; Oxidative Stress

GIRIS

CoQ10, en sik kullanilan besin desteklerinden biri olup hiicresel biyoenerjide merkezi bir rol
istlenmektedir. Mitokondriyal enerji iiretiminde goérev almakla birlikte gli¢lii bir antioksidan
ozellige sahiptir. Ancak lipofilik yapis1 ve yliksek molekiiler agirligi nedeniyle, diyet yoluyla
alindiginda gastrointestinal sistemde emilimi sinirhi ve yavas gerceklesmektedir. Buna karsin,
takviye formunda ¢ozeltilmis halde bulunan CoQ10’un biyoyararlanimi daha yiiksektir. Deneysel
caligmalar, 6zellikle yiiksek doz uygulamalarinda, CoQ10’un kalp ve beyin mitokondrisi basta
olmak tizere farkli dokular tarafindan etkin bi¢imde alindigini1 gostermektedir (Cirilli ve ark., 2021).

Giliniimiizde CoQ10 {izerine yapilan arastirmalar hem tanisal hem de terapotik acidan artis
gostermistir. Ozellikle kardiyovaskiiler ve ndrodejeneratif hastaliklarda faydali etkilerine iliskin
giiclii bilimsel kanitlar bulunmaktadir. Son yillarda yapilan ¢aligmalar ise, CoQ10 takviyesinin
MetS tedavisinde umut verici bir potansiyel tasidigini ortaya koymaktadir (Casagrande ve ark., 2018
ve Dai ve ark., 2022). Bu baglamda, bu calismada CoQ10’un kimyasal, metabolik ve fizyolojik
ozellikleri 1ile birlikte, MetS Tizerindeki terapdtik etkilerinin ayrintili olarak incelenmesi
amaclanmaktadir.

KAVRAMSAL CERCEVE
Metabolik Sendrom

MetS, dislipidemi, arteriyel hipertansiyon, insiilin direncine eslik eden hiperglisemi ve abdominal
obezite gibi c¢esitli klinik belirti ve semptomlarla karakterize kompleks bir sendromdur. Aym
zamanda mitokondriyal disfonksiyonun gelisiminde onemli rol oynayan coklu patofizyolojik
mekanizmalar1 igermektedir. MetS’te tiimor nekroz faktorii-o. (TNF-a), interlokin-6 (IL-6) ve
monosit kemotaktik protein-1 (MCP-1) diizeylerinde artigla seyreden inflamatuvar yanitlar,
ozellikle obezite ve metabolik bozukluklarda adiposit disfonksiyonu ile insiilin direncinin

AUGUST 21-22, 2025 / ISTANBUL AREL UNIVERSITY 230



ICoN-FAC 2025 INTERNATIONAL CONGRESS ON NUTRITION, FOOD, AGRICULTURE AND CLIMATE

gelisiminde kritik rol oynamaktadir. Adipositlerdeki inflamasyon, azalmis mitokondriyal biyogenez
ve bozulmus enerji homeostazi ile iligkilendirilmistir (Casagrande ve ark., 2018).

MetS’nin patogenezinde insiilin direnci temel belirleyici mekanizmalardan biridir. Dislipidemi,
hiperglisemi, hipertansiyon ve obezite gibi MetS’i olusturan tiim bilesenler insiilin direncinin bir
sonucu olarak ortaya c¢ikmakta ve bu tablo, endotel disfonksiyonu ile ateroskleroz siirecini
hizlandirarak klinikte koroner arter hastaligi, inme ve periferik arter hastaligi gibi yiiksek
mortaliteye sahip komplikasyonlara yol agmaktadir (Earl ve ark., 2005 ve Jakubiak ve ark., 2021).

Tam kriterleri acisindan, Ulusal Kolesterol Egitim Programi1 (NCEP) Erigkin Tedavi Paneli, MetS
tanist i¢in bes kriterden en az {igiiniin bulunmasimi yeterli gérmektedir. Bu kriterler; abdominal
obezite (bel cevresi: kadinlarda >88 cm, erkeklerde >102 cm), diisiik HDL kolesterol diizeyleri
(erkeklerde <40 mg/dL, kadinlarda <35 mg/dL), hipertansiyon (=130/85 mmHg), hiperglisemi
(aclik plazma glukozu >110 mg/dL) ve plazma trigliserit diizeyinin >150 mg/dL olmasidir (Ion ve
ark., 2023 ve NCEP Adult Treatment Panel, 2002).

Epidemiyolojik veriler, MetS’in kiiresel ¢apta yaygin bir saglik sorunu oldugunu gostermektedir.
NCEP kriterlerine gére Amerika Birlesik Devletleri’nde yapilan bir ¢calismada MetS prevalansi
erkeklerde %33,7, kadinlarda %35,4 olarak bildirilmistir (Neeland ve ark., 2024). Tiirkiye’de
Metabolik Sendrom Dernegi tarafindan gerceklestirilen 4057 bireyi kapsayan genis dlcekli saha
calismasinda ise MetS prevalans1 kadinlarda %43,5, erkeklerde %41,4 bulunmustur. Ozellikle 60—
64 yas araliginda prevalansin en yiiksek diizeye ulagsmasi, yaslanmanin MetS gelisiminde dnemli
bir risk faktorii oldugunu dogrulamaktadir (Engin, 2024 ve Oguz ve ark., 2010).

Koenzim Q10

CoQ10’un varligr ilk kez Frederick Crane ve arkadaslar1 tarafindan 1957 yilinda mitokondriyal
membranlarda tanimlanmistir. Bu molekiil, lipitte ¢oziinebilen ve énemli metabolik rollere sahip
benzokinon tlirevlerinden biridir. CoQ10’un kimyasal formili 2,3-dimetoksi-5-metil-6-
poliizoprenil-1,4-benzokinon olup, dogada yaygin bulunmasindan dolayr Latince “her yerde
bulunan” anlamina gelen ubikinon olarak da adlandirilmaktadir. CoQ10, biyokimyasal a¢idan
dokularda hem indirgenmis formda (ubikinol) hem de okside formda (ubikinon) bulunabilen bir
redoks molekiiliidiir. Molekiiliin adindaki “10”, poliizopren zincirinde yer alan izopren iinitelerinin
sayistm1 ifade etmektedir. Insanlarda bu zincir 10 iiniteden olustugu ig¢in CoQ10 olarak
adlandirilmaktadir. Yapisal olarak K vitaminine benzerlik gdstermesine karsin, viicutta endojen
olarak sentezlenebilmesi nedeniyle vitamin siifina dahil edilmez (Raizner, 2019).

CoQ10, insan viicudunda tiim dokularda bulunmakla birlikte 6zellikle enerji gereksinimi yiiksek
organlarda (kalp, bobrek, karaciger, kas dokusu) yogun olarak yer almaktadir. Mitokondri, en
yiiksek CoQ10 konsantrasyonuna sahip hiicresel organeldir. CoQ10, adenozin trifosfat (ATP)
sentezinde oksidatif fosforilasyon siirecine katilan mitokondriyal enzim kompleksleri i¢in temel bir
kofaktordiir. Bu nedenle kalp kasi gibi yiiksek metabolik aktivite gosteren dokularda hiicresel enerji
tiretiminde kritik rol {istlenir (Varela-Lopez ve ark., 2016).

Biyoenerjik fonksiyonlarinin yani sira CoQ10’un indirgenmis formu olan ubikinol, gii¢lii bir
lipofilik antioksidan 6zellige sahiptir. Bu form, viicuttaki diger antioksidanlar1 (6r. a-tokoferol,
askorbat) geri doniistiirerek antioksidan savunma sistemini destekler. Ayni zamanda hiicre
membranlarin1 oksidatif hasara kars1 korur, lipid peroksidasyonunu inhibe eder, kalsiyum
kanallarinin dolayli regiilasyonuna katkida bulunur ve a-tokoferoliin rejenerasyonunda gorev alir.
Ek olarak, hiicre sinyalizasyonu, gen ekspresyonunun diizenlenmesi ve membran stabilizasyonu
gibi biyolojik islevlerde de rol almaktadir (Casagrande ve ark., 2018).
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Biyoyararlanimi ve Tasimimi

CoQ10 lipofilik bir molekiil oldugundan, gastrointestinal sistemdeki emilim mekanizmas1 yagda
¢ozlinen vitaminler (6zellikle E vitamini) ile benzerlik gostermektedir. Emilim, lipitlerin varligiyla
artis gosterir. Ince bagirsakta pankreas enzimleri ve safra tuzlari, yaglarm emilimi igin gerekli olan
emiilsiyon ve misel olusumunu kolaylastirir. CoQ10 i¢in bagirsak boyunca belirli bir emilim bolgesi
tanimlanamamustir. Emilim sonrasinda, tipki E vitamini ve diger lipofilik bilesiklerde oldugu gibi
CoQ10 silomikronlar araciligiyla lenf sisteminden dolasima tasinir. Karacigerde metabolize
olduktan sonra plazma lipoproteinlerine baglanir; bunun yaklasik %58’1 LDL, %26’s1 ise HDL
fraksiyonuna dahil edilir. Daha sonra dalak, akciger ve bobrek gibi dokulara dagilim gosterir. Oral
alimdan sonra plazma CoQ10 diizeyleri 1-2 saat i¢inde yiikselmeye baslar, 6-—8 saat igerisinde
maksimum seviyeye ulasir ve yaklasik 34 saate kadar uzayabilen bir yarilanma dmriine sahiptir
(Bhagavan ve Chopra, 2006).

Bununla birlikte, CoQ10’un suda diisiik ¢oziiniirliigli ve yiiksek molekiil agirlig1 biyoyararlanimini
kisitlamaktadir. Ratlarda yapilan ¢aligmalarda, oral yolla alinan CoQ10’un yalnizca %2-3 oraninda
emildigi rapor edilmistir (Arenas-Jal ve ark., 2020). Insan calismalarinda ise besinlerle birlikte
alinan CoQ10’un yaklasik %6’smin absorbe edildigi bildirilmistir (Alcazar-Fabra ve ark., 2016).
Emilim diizeyi, kullanilan formiilasyona bagl olarak degisiklik gosterebilir; CoQ10’un toz formu,
suda ¢oziinebilir formlari, yag emiilsiyonlar1 veya nanopartikiil preparatlar1 farkli biyoyararlanim
diizeyleri sunmaktadir. Ornegin, polisorbat 80 gibi emiilgatdrlerin eklenmesi biyoyararlanimi
artirabilmektedir (Raizner, 2019). Ayrica, indirgenmis form olan ubikinol, oksitlenmis form
(ubikinon)’a kiyasla daha yiiksek biyoyararlanima sahiptir (Langsjoen ve Langsjoen, 2014).

Besinlerle alindiginda CoQ10 baslangigta oksitlenmis formda bulunur, eritrositlerde ubikinol
formuna indirgenir. Ubikinoliin emilim etkinliginin ubikinona goére daha yiiksek oldugu
gosterilmistir. Diyetin icerigi de emilim oranini etkilemektedir; yag igceren bir 6giinle birlikte
alindiginda CoQ10 emiliminin yaklasik ii¢ kat arttig1 bildirilmistir (Raygan ve ark., 2016).

Dagilim1 ve Metabolizmasi

Insanlarda ve hayvanlarda CoQ10 tiim dokularda farkli miktarlarda bulunur. Insanlarda ve uzun
omiirlii diger memelilerde baskin homolog CoQ10’dur. CoQ10 o6zellikle mitokondrilerin i¢
membranlarinda yogunlagmistir. insan dokularinda en yiiksek konsantrasyon kalp, karaciger ve
bobrekte gozlenirken, en diisiik diizeyler akciger dokusunda saptanmistir (Bhagavan ve Chopra,
2006).

CoQ10, tiim dokularda bulunmakla birlikte 6zellikle yiiksek enerji gereksinimi ve yogun metabolik
aktiviteye sahip kalp, bobrek, karaciger ve kas gibi dokularda daha yiiksek konsantrasyonlarda yer
almaktadir. Bu dokularda CoQ10 ¢ogunlukla indirgenmis formu olan ubikinol seklinde bulunur ve
esas olarak mitokondri i¢inde yogunlasir. Bu durum, molekiiliin mitokondriyal fonksiyonlar
acisindan  kritik roliinii yansitmaktadir. Insanlarda CoQ10 metabolizmas: tam olarak
aydinlatilamamis olsa da, hayvan modelleri lizerinde yapilan ¢aligmalar CoQ10’un tiim dokularda
metabolize edildigini gostermektedir. Viicuttan atilimi1 esas olarak safra ve feces yoluyla
gerceklesirken, daha kiigiik bir kismi idrarla uzaklastirilmaktadir (Alcazar-Fabra ve ark., 2016 ve
Arenas-Jal ve ark., 2020).

Fonksiyonlari

CoQ10, mitokondriyal solunum zincirinin temel bilesenlerinden biridir ve i¢ mitokondriyal
membranda elektron ve proton transferinde goérev alarak enerji iiretiminde kritik bir rol oynar.
Hiicresel redoks reaksiyonlarinda, enerji metabolizmasinda ve hiicre biiylimesinde islev gérmesinin
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yani sira, ¢esitli calismalar CoQ10’un apoptozu baskilayarak hiicre 6liimiinii engelleyebildigini
gostermistir. Ayrica, hiicre dis1 askorbatin rediikte formda tutulmasina ve sitozolik NAD*/NADH
oraninin diizenlenmesine katki saglamaktadir (Toprak ve Ayaz, 2019).

Dogal bir lipofilik antioksidan olan CoQ10, 6zellikle indirgenmis formu (ubikinol) ile membran
fosfolipid tabakasini ve yapisal biitiinliigiinii oksidatif hasardan korur. Hiicre membranlarinda
cogunlukla doymamis yag asidi zincirlerine yakin konumlanarak lipid peroksidasyonunu engeller.
Lenfosit ve monositler {izerindeki etkileri de dikkate degerdir; CoQ10’dan zengin lenfositlerde
oksidatif DNA hasarinin azaldig1 ve onarici enzimatik aktivitelerin arttig1 rapor edilmistir (Raygan
ve ark., 2016). Buna ek olarak, CoQ10 hiicre ig¢i sinyalizasyon ve gen ekspresyonunun
diizenlenmesinde de gorev alir. Elektron transferi sirasinda olusan semikinon formlarmin
oksidasyonu, hidrojen peroksit (H20-) iiretimine yol agabilir. Bu reaktif oksijen tiirii, niikleer faktor
kappa B (NF-kB) gibi transkripsiyon faktorlerini aktive ederek gen ekspresyonunu uyarmakta ve
hiicresel adaptasyon siire¢lerinde rol oynamaktadir (Casagrande ve ark., 2018).

Kaynaklar1

CoQ10, insan organizmasinda hem endojen hem de eksojen kaynaklardan saglanmaktadir. Endojen
olarak, asetil-KoA ve tirozin lizerinden kolesterol biyosentezi ile ortak yolaga sahip bir metabolik
stirecte sentezlenmektedir. Eksojen kaynaklar arasinda ise kirmizi et, kiimes hayvanlar1 ve balik en
zengin diyet kaynaklarini olusturmaktadir. Ticari CoQ10 ise ii¢ farkli yontemle elde edilmektedir:

hayvan dokularindan ekstraksiyon, mikroorganizma fermantasyonu ve kimyasal sentez (Ercan ve
Sedef, 2010).

CoQI10 igin giinliik 6nerilen spesifik bir alim miktar1 bulunmamaktadir. Bununla birlikte, diyet
yoluyla alman CoQ10 miktarmin ortalama 3-5,5 mg/giin arasinda oldugu, bunun %50’den
fazlasinin kirmizi et ve kiimes hayvanlarindan, geri kalan kisminin ise balik, siit iiriinleri, yaglar,
meyve ve sebzelerden saglandig: bildirilmistir. Isveg’te yapilan bir calismada ortalama alimin 2—20
mg/glin arasinda degistigi belirlenmistir. Ancak bu miktar, serum CoQ10 diizeylerini terapotik etki
gosterecek diizeye c¢ikarmak i¢in yetersizdir. Nitekim, serum CoQ10 diizeyinde anlaml1 bir artisin
saglanabilmesi i¢in giinde yaklasik 100 mg CoQ10 takviyesi gerekmektedir. Kandaki fizyolojik
seviyeler yaklasik 1 pg/mL iken, terapotik etkinlik i¢in bu diizeyin 2 pg/mL civarinda olmasi
gerektigi bildirilmektedir. Diyetle bu diizeye ulasmak oldukc¢a giigtiir; drnegin, ringa balig1 gibi
CoQ10 agisindan zengin besinlerin tiiketimi bile bu miktar1 karsilamada yetersiz kalmaktadir
(Raizner, 2019).

CoQ10’un tiim dokularda sentezleniyor olmasi, normal kosullarda viicudun eksojen kaynaklara
bagimli olmadigin1 gostermektedir. Ancak endojen biyosentez yasla birlikte azalma egilimine
girmekte ve cesitli patofizyolojik durumlarda dokulardaki CoQ10 seviyeleri kritik diizeylere
diisebilmektedir. Genetik mutasyonlar, yaslanma, kanser ve 6zellikle statin grubu ilaglar bu diisiiste
onemli rol oynamaktadir. Statinler, kolesterol biyosentezinde hiz kisitlayici1 basamagi inhibe
ettiklerinden, yalmizca kolesterol diizeylerini degil ayni zamanda CoQ10 seviyelerini de
azaltabilmektedir (Varela-Lopez ve ark., 2016).

Dolayisiyla, CoQ10’un endojen sentezi, toplam viicut havuzuna diyetle alinan CoQ10’dan ¢ok daha
fazla katkida bulunmaktadir. Normal kosullarda diyetle alman CoQ10’un viicut diizeylerine
katkisinin %1°den az oldugu bildirilmistir. Bu nedenle, serum veya doku seviyelerinin riskli
diizeylere diistiigii durumlarda eksojen takviye ile destek saglanmasi gerekmektedir (Raizner,
2019). Doz ve Giivenirlik

CoQ10, giiniimiizde farkl: ticari formlarda — toz, kapsiil ya da yag c¢ozeltisi — ve hem indirgenmis
(ubikinol) hem de oksitlenmis (ubikinon) formda piyasada bulunmaktadir. Coziinmiis
formiilasyonlarin biyoyararlanimi, toz veya kristalize formlara gore belirgin sekilde daha yiiksektir.
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Klinik ve farmakokinetik ¢aligmalar, ubikinol formunun ubikinona kiyasla daha iyi emildigini ve
plazma konsantrasyonlarint daha hizli yiikselttigini gostermistir. Ayrica, plazma CoQ10
diizeylerindeki artis ile alinan doz arasinda belirli bir esige kadar dogrusal bir iliski bulunmakta,
¢Ozlinmiis formiilasyonlar daha yiiksek plazma diizeyleri saglamaktadir (Langsjoen ve Langsjoen,
2014).

Cesitli klinik arastirmalarda farkli hastalik gruplarinda CoQ10’un farkli dozlarda uygulandig:
bildirilmistir. Genel olarak 22400 mg/giin dozlarinin giivenli kabul edildigi, yan etkilerin ise
cogunlukla 1200 mg/giin iizerindeki dozlarda daha sik goriildiigii rapor edilmistir (Sifuentes-Franco
ve ark., 2022). Bununla birlikte, CoQ10 hem bir besin bileseni hem de farmasétik bir ajan olarak
oldukca giiclii bir giivenlik profil sergilemektedir. Saglikli yetiskinlerde plazma CoQ10 referans
aralig1 0,40—1,91 mmol/L arasinda degigsmekte olup, terapdtik etki i¢in genellikle 6giinlerle birlikte
giinde iki kez 100 mg CoQ10 kullanim1 6nerilmektedir (Cirilli ve ark., 2021 ve Villalba ve ark.,
2010).

Kardiyovaskiiler hastaliklarla iligkili klinik ¢aligmalarda giinliik 100400 mg CoQ10 kullanildigs,
norodejeneratif hastaliklar (Parkinson, Huntington, amyotrofik lateral skleroz) s6z konusu
oldugunda ise 600-3000 mg/giin gibi daha yiliksek dozlarin uygulandig: bildirilmektedir (Cirilli ve
ark., 2021 ve Raygan ve ark., 2016). Hayvan modellerinde yapilan kronik yiiksek doz
caligmalarinda, CoQ10’un kalp ve beyin mitokondrileri dahil olmak iizere bir¢ok dokuda biriktigi
ve yalnizca biyokimyasal diizeyde degil, ayn1 zamanda fonksiyonel iyilesmelere de yol agtigi
gosterilmistir (Arenas-Jal ve ark., 2020; Hou ve ark., 2023 ve Raizner, 2019). Bu bulgular,
CoQ10’un yiiksek gilivenlik profili sayesinde farkli klinik alanlarda genis bir kullanim potansiyeline
sahip oldugunu ortaya koymaktadir.

Yan Etkileri

CoQ10 takviyeleri genel olarak oldukga giivenli kabul edilmektedir. Endojen olarak sentezlenmesi
ve organizma tarafindan iyi tolere edilmesine ragmen, gesitli klinik ¢alismalarda nadiren hafif
diizeyde yan etkiler rapor edilmistir. Ozellikle gebelik, emzirme dénemi ve cocukluk caginda
giivenli kullanim1 konusunda yeterli kanit bulunmadigindan, bu gruplarda dikkatle uygulanmalidir.
Bildirilen yan etkiler arasinda dispepsi, ishal, bulanti, kusma gibi gastrointestinal sikayetlerin yani
sira bas agrisi, bas donmesi ve alerjik deri dokiintiileri yer almaktadir (Raizner, 2019).

Ayrica CoQ10’un antiplatelet ve hipotansif etkileri olabilecegi i¢in, bu takviyeyi kullanan hastalarin
klinik olarak izlenmesi 6nerilmektedir. Bunun yani sira, CoQ10 ve kolesteroliin ayn1 biyosentetik
yol olan mevalonat yolunu paylasmasi nedeniyle, HMG-CoA rediiktaz inhibitorleri (statinler) ile
birlikte kullanim sonras1 serum CoQ10 diizeylerinde belirgin diisiisler gézlenmistir. Bu durum,
ozellikle statin tedavisi alan bireylerde CoQ10 desteginin 6nemini ortaya koymaktadir (Casagrande
ve ark., 2018).

METODOLOJI

Bu calisma, MetS CoQ10’un terapotik potansiyelini inceleyen ulusal ve uluslararasi literatiiriin
kapsamli bir degerlendirmesine dayanmaktadir. PubMed, Scopus ve Google Scholar gibi veri
tabanlarinda yapilan taramalarda “Coenzyme Q10”, “ubiquinone”, “ubiquinol”, “metabolic

syndrome”, “hypertension”, “oxidative stress”, “insulin resistance” ve “inflammation” anahtar
kelimeleri kullanilmistir.

Bu konuda yayimlanmis randomize kontrollii ¢alismalar, klinik denemeler, meta-analizler ve
derleme makaleler incelenmis, CoQ10’un MetS ile iliskili oksidatif stres, insiilin direnci ve
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inflamasyon tizerindeki etkilerini degerlendiren yayinlar dikkate alinmistir. Bulgular, ilgili biyolojik
mekanizmalar ¢er¢evesinde sentezlenerek sunulmustur.

TARTISMA ve SONUC
Hastaliklar Uzerindeki Etkisi
Hipertansiyon

CoQ10, arteriyel vazodilatasyonda rol oynayan nitrik oksit (NO) sentezini indiikleme ve endotelyal
fonksiyonlar1 iyilestirme kapasitesi nedeniyle hipertansiyonla iliskilendirilen énemli bir bilesiktir.
Klinik caligmalar, CoQ10 takviyesinin kan basincini disiiriicii etkiler gosterdigini ve yiiksek
dozlarda dahi ciddi yan etkilere yol agmadigini ortaya koymustur (Rosenfeldt ve ark., 2007 ve
Young ve ark., 2007). Bu konuya yonelik olarak yayimlanan 12 randomize kontrollii ¢aligmay1 (362
birey) iceren bir meta-analiz, CoQ10 takviyesinin sistolik ve diyastolik kan basincinda anlaml
diisiis sagladigini gostermistir (Rosenfeldt ve ark., 2007).

Ayrica, klinik goézlemler CoQ10’un hipertansiyonlu bireylerde etkinligini desteklemektedir.
Ornegin, sistolik hipertansiyonu olan hastalarda 120 mg/giin CoQ10 takviyesi ile 12 hafta siiresince
yapilan izlemde sistolik kan basincinda 17,8 mmHg, diyastolik kan basincinda ise 2,6 mmHg’lik
anlamli azalma rapor edilmistir (Burke ve ark., 2001). Hipertansiyon ve koroner arter hastalig
birlikteligi olan bireylerde yapilan bir bagka calismada ise sistolik basin¢ta 16 mmHg, diyastolik
basingta 9 mmHg diisiis gézlenmis ve bu bulgular istatistiksel olarak anlamli bulunmustur (Singh
ve ark., 1999). Daha kiigiik 6lgekli arastirmalarda da benzer sekilde, kan basinci tizerine olumlu
etkilerin yani sira, hipertrigliseridemisi olan hastalarda C-reaktif protein ve kreatinin diizeylerinde
azalma saptanmistir (Cicero ve ark., 2005).

Her ne kadar CoQ10 dogrudan bir antihipertansif ila¢ olarak tanimlanmasa da, hipertansiyon
patofizyolojisinde rol oynayan bazi metabolik siirecleri olumlu yonde etkileyebilmektedir. Endotel
ve vaskiiler diiz kas hiicrelerinde gevsemeyi artirarak periferik vaskiiler direnci azaltir. Ayrica
hipertansif bireylerde asir1 tiretilen serbest radikallerle etkilesime girerek nitrik oksit ve siiperoksit
arasindaki zararli reaksiyonu engeller; boylece NO biyoyararlanimini koruyarak vazodilator etkinin
devamliligini1 saglar. Bunun disinda, CoQ10’un kan viskozitesi, diyastolik fonksiyon, aldosteron
sekresyonu ve renal sodyum tutulumu gibi mekanizmalar iizerinde de diizenleyici etkiler
gosterebilecegi belirtilmektedir (Kumar ve ark., 2009).

Obezite

Obezite, plazma CoQ10 diizeylerinde azalma ile iliskilendirilebilmektedir. Bariatrik cerrahi sonrasi
yapilan ¢aligmalarda obez bireylerde plazma kolesterol diizeylerinde diizelme goriilmesine ragmen,
CoQ10 diizeylerinde anlamli bir azalma rapor edilmistir. Bu durumun, cerrahi sonrasi lipid
emiliminin azalmasina bagl olabilecegi 6ne siiriilmektedir (Raygan ve ark., 2016). Ancak MetS’li
bireylerde yapilan bazi ¢aligmalarda, plazma CoQ10 diizeylerinde belirgin bir degisim olmadigi
bildirilmistir (Bour ve ark., 2011).

Obez bireylerde yiiriitiilen klinik arastirmalar, CoQ10 takviyesinin viicut agirligi lizerine umut
verici etkiler gosterebilecegini ortaya koymustur. Morbid obez bireylerde yalnizca enerji kisitlamasi
uygulananlarla karsilastirildiginda, enerji kisitlamasina ek olarak CoQ10 takviyesi alanlarin iki ay
sonunda daha fazla agirlik kayb1 yasadigi belirlenmistir (Sohet ve Delzenne, 2012).

Hayvan modellerinde ise bulgular kismen farklidir. Obez farelerde yapilan ¢aligmalarda, CoQ10
takviyesinin viicut agirligr lizerinde dogrudan bir etkisi gézlenmezken; serum lipid diizeylerini
diisiirdiigli, glukoz ve insiilin metabolizmasini iyilestirdigi rapor edilmistir (Moazen ve ark., 2015
ve Raizner, 2019). Yiiksek yagl diyetle beslenen obez farelerde ise CoQ10’un insiilin duyarliligin
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artirict ajanlarla birlikte uygulanmasi, viicut agirhiginda ve adipozitede artis1 engellemis; bu etki,
adipoz dokuda lipid oksidasyonunun artisiyla iligskilendirilmistir (Hou ve ark., 2023). Ayrica,
adiposit farklilagmasinin azalmasi ve reaktif oksijen tiirlerinin baskilanmasi, CoQ10’un obeziteye
kars1 koruyucu potansiyelini destekleyen mekanizmalar olarak degerlendirilmektedir (Zila-
Velasque ve ark., 2024).

Diyabet

Tip 2 diyabetli dislipidemik hastalarda yiiriitilen iki klinik miidahale calismasinda CoQ10
takviyesinin HbA1c diizeylerinde anlamli iyilesme sagladigi rapor edilmistir (Mehmetoglu ve ark.,
2011 ve Moazen ve ark., 2015). Ancak diger bir ¢alismada, CoQ10 desteginin glisemik kontrol
iizerinde belirgin bir etkisi olmadig: bildirilmistir (Kolahdouz ve ark., 2013). Bu farkli sonuglar,
hasta profili, uygulanan dozlar ve ¢alisma siireleri gibi faktorlere bagl olarak degisiklik gosterebilir.

Deneysel diyabet modellerinde elde edilen bulgular ise daha tutarlidir. Diyabetik hayvanlarda
yapilan ¢alismalarda CoQ10 takviyesinin oksidatif stresi azalttigi, trigliserit, total kolesterol, LDL
ve VLDL kolesterol diizeylerini diisiirdiigii, buna karsilik HDL kolesterol diizeyini yiikselttigi ve
genel kan parametrelerinde iyilesme sagladigi gozlenmistir (Gholami ve ark., 2019 ve Zahedi ve
ark., 2014). Bu sonuglar, CoQ10’un diyabetle iliskili dislipidemi ve metabolik bozukluklarin
yonetiminde potansiyel bir destekleyici ajan olabilecegini gostermektedir.

Inflamasyon

Inflamasyon, endojen ya da eksojen faktorlerin dokulara zarar vermesi sonucu ortaya ¢ikan ve
bozulan homeostazin yeniden saglanmasina katkida bulunan fizyolojik bir yanittir. Bu siiregte timor
nekroz faktorii-o. (TNF-a), interlokin-1 (IL-1) ve interlokin-6 (IL-6) gibi gesitli proinflamatuar
sitokinler tretilmektedir. CoQ10 takviyesinin inflamasyon ftizerindeki etkileri incelendiginde,
interlokin-5, trombin, vitronektin, vitronektin reseptorii ve C-reaktif protein (CRP) gibi molekiiller
tizerinde diizenleyici etkiler gosterdigi saptanmistir. Ayrica CoQ10’un, IL-6 ve prostaglandin E2
gibi proinflamatuar mediyatorlerin iiretimini azalttig1 bildirilmistir (Sifuentes-Franco ve ark., 2022).

Akut inflamasyon modelleri lizerine yapilan hayvan deneylerinde, CoQ10 takviyesi mortalite
oranlarini ve oksidatif stresi azaltmis, ayn1 zamanda lipid peroksidasyonu {izerinde koruyucu bir
etki gostermistir. ilging bir sekilde, CoQ10’un mikroRNA diizenleyici rolii de ortaya konmustur.
MikroRNA’lar, transkripsiyon sonrast gen ekspresyonunu diizenleyen ve hiicre proliferasyonu,
insiilin sekresyonu, dogustan gelen bagisiklik ve inflamasyon gibi siireclerde kritik islevlere sahip
yaklagik 22 niikleotidlik kodlamayan RNA’lar olup, CoQ10’un 6zellikle miRNA-146a iizerinde
diizenleyici bir etkiye sahip oldugu rapor edilmistir (Schmelzer ve ark., 2009).

CoQ10’un antiinflamatuar etkileri, diger antioksidan bilesiklerle birlikte alindiginda daha da
giiclenmektedir. Yiiksek yagli ve kolesterol acisindan zengin bir diyet ile birlikte CoQ10 ve E
vitamini uygulanan deneklerde, serum CRP ve sitokin seviyelerinde belirgin azalmalar gozlenmistir
(Sangouni ve ark., 2022).

Yag dokusunda inflamasyon siirecinde makrofaj infiltrasyonu ve fibroblast aktivasyonu, adip6z
dokunun kronik iltihaplanmasini tetikleyen temel mekanizmalardandir (Casagrande ve ark., 2018).
Ayrica CoQ10, preadiposit farklilagmasi sirasinda enerji tiretimi i¢in gerekli ATP nin saglanmasina
katkida bulunur. Ancak obez bireylerde, artmis yag depolanmasi ve mitokondriyal disfonksiyon
nedeniyle CoQ10 diizeylerinin azaldigr goriilmektedir (Mehmetoglu ve ark., 2011). Bu
disfonksiyona, asir1 enerji alimi, reaktif oksijen tiirlerinin artisi, toksik lipid tiirlerinin iiretimi,
endoplazmik retikulum stresi, inflamatuar siirecler ve mitokondriyal fisyon gibi faktorler yol
acabilmektedir (Sangouni ve ark., 2022).
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Ozetle, CoQ10 inflamasyonu baskilamada; adipogenez ve adiposit farklilasmasini azaltma, yag
oksidasyonunu ve enerji harcamasini artirma yoluyla metabolik dengeye katkida bulunabilir. Bu
ozellikleri, obezite ve MetS ile iliskili inflamatuar siire¢lerin yonetiminde CoQ10’u dnemli bir
nutrasotik aday haline getirmektedir (Casagrande ve ark., 2018).

Metabolik Sendrom Uzerine Etkileri

MetS, abdominal obezite, hiperglisemi, dislipidemi ve arteriyel hipertansiyon gibi birbirini
tetikleyen risk faktorlerinin bir araya gelmesiyle karakterize kompleks bir klinik tablodur. MetS,
kardiyovaskiiler olaylar ve Tip 2 diyabet geligsme riskini yaklagik 2—6 kat artirmaktadir (Casagrande
ve ark., 2018). Son yillarda MetS ile birlikte karaciger degisikliklerinin, 6zellikle de non-alkolik
yagl karaciger hastaliginin goriilme sikliginda da artis rapor edilmistir (Zila-Velasque ve ark.,
2024).

Diyabetik hiperglisemi ve metabolik bozukluklar, antioksidan savunma sisteminin yetersiz
aktivasyonu ve mitokondriyal fonksiyon kaybi ile iligkilidir (Raygan ve ark., 2016). Diyabetik
bireylerde diisiik CoQ10 konsantrasyonlarinin rapor edilmesi, mitokondriyal fonksiyon bozuklugu
ile paralellik gostermektedir (Casagrande ve ark., 2018). Klinik ¢aligmalarda, 8 hafta boyunca giinde
100 mg CoQ10 takviyesi verilen MetS, Tip 2 diyabet ve koroner arter hastaligi olan obez bireylerde
insiilin, HOMA-IR ve HOMA-B degerlerinde anlamli iyilesmelerin yani sira plazmada toplam
antioksidan kapasitenin arttig1 gozlenmistir (Masenga ve ark., 2023). Benzer sekilde, Tip 2 diyabetli
kadinlarda yapilan 12 haftalik bir calismada, 100 mg/giin CoQ10 takviyesi aclik glikozu, HOMA-
IR, toplam kolesterol, LDL kolesterol ve ferritin diizeylerini disiirmiis; HDL kolesterol
seviyelerinde ise artig saglamistir (Gholami ve ark., 2018). Bagka bir calismada da Tip 2 diyabetli
bireylerde aglik glikoz diizeylerinde anlamli diisiisler kaydedilmistir (Zahedi ve ark., 2014).
Bununla birlikte, CoQ10’un glisemik kontrol iizerindeki etkisini kesin olarak ortaya koymak i¢in
daha genis 6l¢ekli klinik arastirmalara ihtiyag¢ vardir.

MetS’de endotel disfonksiyonu ve arteriyel hipertansiyonun gelisiminde glukoz intolerans: ve
oksidatif stres 6nemli rol oynamaktadir. CoQ10’un antihipertansif etkilerini degerlendiren meta-
analizlerde, takviye sonrasi sistolik ve diyastolik kan basincinda azalma egilimi rapor edilmistir
(Rosenfeldt ve ark., 2007). Ornegin, 10 hafta siireyle giinde iki kez 50 mg CoQ10 verilen hastalarda
kan basincinda anlamli diisiis gézlenmistir (Tabrizi ve ark., 2018). Ancak bir ¢alismada 12 hafta
stiren 100 mg/giin CoQ10 takviyesinin MetS hastalarinda kan basinci {izerinde anlamli bir etki
olusturmadig bildirilmistir (Young ve ark., 2012). Bu farkli sonuglar, CoQ10’un antihipertansif
etkilerinin bireysel farkliliklar, hastalik evresi ve uygulanan dozlarla iligkili olabilecegini
gostermektedir.

Lipid metabolizmas: iizerine yapilan aragtirmalar da benzer sekilde heterojen bulgular sunmaktadir.
CoQ10’un yag asidi oksidasyonunu ve PPARa aracili lipolizi artirarak lipid profili ilizerinde
tyilestirici etkilere sahip olabilecegi bildirilmistir (Moazen ve ark., 2018). Bazi ¢aligmalarda toplam
kolesterol ve LDL kolesterol seviyelerinde diisiis, HDL kolesterol seviyelerinde artis gézlenmis
(Kolahdouz ve ark., 2013); ancak bagka arastirmalarda 8 haftalik takviyenin lipid parametreleri
lizerinde belirgin bir etki géstermedigi rapor edilmistir (Moazen ve ark., 2018).

Sonug olarak, CoQ10 yalnizca giiglii antioksidan 6zellikleriyle degil, ayn1 zamanda inflamatuar
yanitlarin modiilasyonu, lipid metabolizmasinin diizenlenmesi ve endotel fonksiyonunun
tyilestirilmesi yoluyla da MetS tedavisinde potansiyel bir adjuvan olarak degerlendirilmektedir.
Bununla birlikte, mevcut bulgular celiskili olup, MetS tedavisinde ideal dozun belirlenmesi, uzun
donem giivenlilik ve etkinlik verilerinin ortaya konmasi i¢in daha fazla randomize kontrolli
caligmaya ihtiyag¢ vardir.
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ABSTRACT

Introduction and Purpose: Type 2 diabetes mellitus has emerged as a major global public health
issue due to its rapidly increasing prevalence and the microvascular and macrovascular
complications it causes. In addition to impairing quality of life, this chronic condition imposes a
significant burden on healthcare systems. Achieving glycemic control is crucial for preventing
complications and slowing disease progression. However, the treatment process is often
complicated by interindividual variability, highlighting the need for personalized approaches to
diabetes management. In recent years, intermittent fasting (IF) protocols have garnered attention for
their potential benefits, including weight loss, enhanced insulin sensitivity, and improvements in
various metabolic parameters. Different IF models are increasingly being studied for their ability to
support glycemic control in individuals with type 2 diabetes and may also help reduce
cardiometabolic risk factors. Nevertheless, the literature has yet to reach a clear consensus regarding
the safety and efficacy of IF in this population. In particular, the risk of hypoglycemia in individuals
using insulin and/or oral antidiabetic medications necessitates careful evaluation of these dietary
interventions. Moreover, due to biological differences, lifestyle factors, and variable treatment
responses among individuals, the personalization and long-term sustainability of IF protocols
remain topics of ongoing debate.

Scope of the Review: This review comprehensively examines the effects of intermittent fasting
models on blood glucose regulation, their feasibility, adaptability to individual needs, and
sustainability in the management of type 2 diabetes.

Keywords: Glycemic Control, Intermittent Fasting, Type 2 Diabetes Management.
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OZET

Giris ve Amac: Tip 2 diyabetes mellitus, hizla artan prevalansi ve yol actig1 mikrovaskiiler ve
makrovaskiiler komplikasyonlar nedeniyle 6nemli bir kiiresel halk saglig1 sorunu olarak ortaya
cikmistir. Yasam kalitesini olumsuz etkilemesinin yani sira bu kronik durum, saglik sistemleri
izerinde de ciddi bir yiik olugturmaktadir. Komplikasyonlarin 6nlenmesi ve hastaligin ilerleyisinin
yavaslatilmasi i¢in glisemik kontroliin saglanmasi kritik 6neme sahiptir. Ancak, bireyler arasi
farkliliklar tedavi siirecini karmasik hale getirmekte ve diyabet yonetiminde kisisellestirilmis
yaklasimlarin gerekliligini ortaya koymaktadir. Son yillarda, aralikli orug¢ (AO) protokolleri; kilo
kaybi, insiilin duyarliliginda artis ve c¢esitli metabolik parametrelerde iyilesme gibi potansiyel
yararlar1 nedeniyle dikkat ¢ekmektedir. Farklt AO modellerinin tip 2 diyabetli bireylerde glisemik
kontrolii destekleme potansiyeli artan sekilde arastirilmakta olup, ayn1 zamanda kardiyometabolik
risk faktorlerini azaltmaya da katkida bulunabilecegi diisiiniilmektedir. Bununla birlikte, mevcut
literatiirde AO’nun bu hasta grubunda giivenilirligi ve etkinligi konusunda net bir uzlasiya
vartlamamustir. Ozellikle insiilin ve/veya oral antidiyabetik ilag kullanan bireylerde hipoglisemi
riskinin varligi, bu beslenme yaklasimlarinin dikkatli bir sekilde degerlendirilmesini zorunlu
kilmaktadir. Ayrica, biyolojik farkliliklar, yasam tarzi etkenleri ve tedaviye verilen yanitlarin
degiskenligi nedeniyle AO protokollerinin kisisellestirilmesi ve uzun vadede siirdiiriilebilirligi halen
tartismali konular arasinda yer almaktadir.

Derlemenin Kapsami: Bu derleme, aralikli oru¢ modellerinin kan sekeri regiilasyonu tizerindeki
etkilerini, uygulanabilirligini, bireysel gereksinimlere uyarlanabilirligini ve tip 2 diyabet
yonetiminde siirdiiriilebilirligini kapsamli bir sekilde incelemektedir.

Anahtar Kelimeler: Glisemik Kontrol, Aralikli Orug, Tip 2 Diyabet Y 6netimi.

GIRIS

Tip 2 diabetes mellitus (DM), insiilin eksikligi veya insiilin etkisindeki defektler nedeniyle
karbonhidrat, yag ve proteinden yeterli diizeyde yararlanilamayan, siirekli tibbi bakim gerektiren
kronik bir metabolizma hastaligidir (Giinalay ve ark., 2016). Diabetes mellitus giderek artan sikligi,
kontrolsiiz birakildiginda mortalite ve morbiditeyi artiran komplikasyonlar1 ve hem birey hem de

toplum iizerinde olusturdugu ekonomik yiik nedeniyle dnemli bir halk sagligi sorunu olarak
degerlendirilmektedir (Tiimer & Colak, 2012).

Son yillarda sosyo-ekonomik diizeyin artmasi ve yasam tarzi degisiklikleri sonucunda tip 2 diyabet
prevalansi hizla yiikselmektedir. Diinya genelinde 2017 yil1 verilerine gore 18-99 yas aras1 451
milyon diyabetli birey bulundugu, bu saymin 2045 yilinda 693 milyona ulasacagi 6ngoriilmektedir
(Y1lmaz ve ark., 2019).

Tip 2 DM’nin, tan1 konmadan yaklasik 9-12 y1l 6nce basladigi kabul edilmektedir. Bu donemde
mikrovaskiiler komplikasyonlar genellikle belirlenemediginden, tani aninda hastalarin %15—
20’sinde retinopati, %5—10’unda proteiniiri saptanabilmektedir. Bu komplikasyonlarin
ilerlemesinin 6nlenmesi ve yasam kalitesinin artirilmasi i¢in glisemik kontroliin saglanmasi en etkin
yontem olarak kabul edilmektedir. Ancak kronik komplikasyonlar gelistikten sonra tedavi
zorlagmakta, saglik harcamalarinda diyabetli bireylerin pay1 hizla artmaktadir (Ersoy ve ark., 2006).

Obez bireylerde diyabet insidansi, obez olmayanlara gore 3—4 kat daha fazladir. Yapilan ¢aligmalar,
asir1 kilonun ve obezitenin tip 2 DM ile giiclii bir sekilde iligkili oldugunu ortaya koymaktadir.
Kesitsel ve uzunlamasina arastirmalar, beden kitle indeksi (BK1) ile tip 2 DM riski arasinda pozitif
bir iliski oldugunu gostermektedir. Cogu aragtirmaci, 6zellikle yag hiicrelerinin insiiline duyarsizlig
nedeniyle obez bireylerde insiilin direncinin gelistigini 6ne siirmektedir. Bu baglamda, obeziteye
bagli kronik hastaliklarin giderek yayginlagsmasi kiiresel ¢apta bir saglik stratejisinin gerekliligini
ortaya koymaktadir (Zang ve ark., 2022).
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Son yillarda enerji miktarindan ziyade enerji alimmin zamanlamasma odaklanan aralikli orug
(intermittent fasting, IF) diyetlerinin; kilo kaybin1 tesvik ettigi, insiilin direncini azalttigi, glisemik
kontrolii iyilestirdigi ve kardiyometabolik hastalik riskini diisiirdiigii gosterilmistir. Bu etkilerinin
yan sira, [F protokolleri 6zellikle obez bireyler arasinda popiiler hale gelmistir. Ancak metabolik
sendrom, prediyabet ve tip 2 DM’li kisilerde IF’nin etkilerini degerlendiren ¢alismalar sinirlt olup,
DM yo6netiminde kullanima ile ilgili literatiir olduk¢a azdir (Sevindik & Ugcar, 2024).

Tip 2 DM ve Glisemik Regiilasyonun Onemi

DM, yasam tarzi degisikliklerine bagl olarak modern toplumda olduk¢a yaygin hale gelmistir.
Insiilin eksikligi, insiilin direnci veya her ikisinin sonucu olarak gelisen kronik hiperglisemi ile
karakterize metabolik bir hastalik grubudur. DM’nin 6nciilii olan prediyabet de en az tip 2 DM kadar
onemli olup, ilerlemesini 6nlemek igin yonetilmesi gerekmektedir (Ojo ve ark., 2022).

Tip 2 DM, obezite ile yakindan iliskili olup mikrovaskiiler, makrovaskiiler ve noropatik
komplikasyonlarin gelisimini siirlamak i¢in uzun siireli tibbi miidahale gerektiren kronik bir
hastaliktir. Bu komplikasyonlarin nedenleri arasinda insiilin direnci, yetersiz insiilin sekresyonu ve
uygunsuz glukagon salinimi1 bulunmaktadir (Furmli ve ark., 2018).

Glisemik kontroliin yetersizligi, akut komplikasyonlarla &liime, kronik komplikasyonlarla ise
yasami tehdit eden organ hasarina yol acabilmektedir. Bu nedenle diyabet tedavisinin temel amaci
glisemik kontrolii saglamak, komplikasyonlar1 6nlemek veya ilerlemesini yavaslatmaktir. Yapilan
caligmalar, etkin glisemik kontroliin komplikasyonlar1 dnleyebilecegini veya geciktirebilecegini
gostermektedir. Ancak ila¢ tedavisine ragmen hem diinyada hem de Tiirkiye’de bir¢ok diyabetli
bireyde glisemik kontroliin saglanamadig bildirilmektedir (Aver & Selguk, 2016).

Glikoz homeostazinin bozulmasi sonucu, hastalarda hastaneye yatis ve 6liim dahil olmak tlizere ciddi
komplikasyonlara yol acabilen yiiksek serum glikoz seviyeleri gdzlenmektedir. Diyet kalitesi ve
miktar1 diyabet patogenezinde merkezi rol oynamaktadir. Bu nedenle, enerji kisitlamasi ve 6zellikle
aralikli orug (IF) gibi beslenme yaklasimlari arastirmacilarin ilgisini ¢ekmektedir (Saeed ve ark.,
2021).

Aralikh Oru¢ ve Metabolik Etkileri

Aralikl orug (IF), kilo kaybi ve insiilin duyarliligini artirma gibi metabolik faydalar1 bulunan, kalori
miktarindan ¢ok alim zamanlamasina odaklanan bir beslenme modelidir (S6zer & Avuk, 2023).
Ozellikle 5:2 diyeti ve zaman kisitli beslenme (time-restricted eating, TRE) yontemlerinin tip 2
DM’1i bireylerde glisemik kontrolii iyilestirdigi bildirilmektedir (Celik & Koksal, 2020). Kisa siireli
kalori kisitlamast ile elde edilen kilo kaybi, kan sekeri ve HbAlc seviyelerinin diismesine, hatta tip
2 DM’nin remisyonuna katki saglayabilmektedir (Pammer ve ark., 2024).

Prediyabetin ilerlemesini Onlemede ve tip 2 DM’nin yonetiminde kapsamli yasam tarzi
degisiklikleri giivenli ve etkili bir yaklasim olarak kabul edilmektedir. Bu baglamda Akdeniz diyeti,
cok diistlik kalorili diyetler, diizenli egzersiz ve enerji kisitlamas1 geleneksel olarak onerilmektedir
(Ojo ve ark., 2022).

Aralikli orug, istenildigi kadar beslenme donemleri ile kisith enerji alimini igeren bir yontem olarak
tanimlanmakta; kan sekeri diisiisii, insiilin duyarliliginin artis1, yaglanma azalmasi, inflamasyonun
azalmasi, oksidatif stresin diigmesi ve yag asidi oksidasyonunun artis1 gibi ¢cok sayida metabolik
fayda saglamaktadir (Patel ve ark., 2024). Ayrica IF’nin insiilin ve leptin gibi hormonlarin
sitkadiyen ritimlerini diizenledigi, tokluk ve a¢lik durumlarinin bu hormon seviyelerindeki
degisikliklerde rol oynadig: bildirilmektedir (Joaquim ve ark., 2022).

Araliklt Oru¢ Modelleri

Aralikli orug, beslenme ve aclik donemlerini igeren bir beslenme sekli olup farkli uygulama
protokolleri mevcuttur. Bunlar arasinda zaman kisithi beslenme (time-restricted eating, TRE),
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alternatif gilin aglig1 (alternate-day fasting, ADF), modifiye aclik (5:2 diyeti) ve Ramazan orucu gibi
farkli uygulama bigimleri yer almaktadir. Her modelin etkisi bireylerin metabolik durumuna,
genetik O0zelliklerine ve yasam tarzlarina bagl olarak degisebilmektedir (Giil & Akyiiz, 2022).

Zaman Kisith Beslenme (TRE)

Zaman kisitli beslenme, giiniin belirli saatlerinde aglik, belirli saatlerinde ise beslenmenin
uygulandig1 bir modeldir. Genellikle 4, 6, 8 veya 10 saatlik beslenme periyotlari tercih edilir ve bu
slire disinda bireyler kalori tiiketmezler. Aglik donemlerinde bol s1vi tiiketimi tesvik edilir (Ezpeleta
ve ark., 2024). Uygulanan protokole gore aglik siiresi 20 saate kadar uzayabilmektedir. En sik
kullanilan yontemler 16:8, 18:6 ve 20:4 modelleridir (Sevindik & Ugar, 2024).

Erken zamanli beslenme (6r. 18:6, 20:4), ge¢c zamanli beslenmeye kiyasla kan glukozu, aglik
insiilini, insiilin direnci ve HbAlc ilizerinde daha olumlu etkiler gostermektedir (Ezpeleta ve ark.,
2024; Fanti ve ark., 2021). Sutton ve arkadaslarinin prediyabetli bireyler {izerinde yiriittiikleri bir
calismada, zaman kisith beslenmenin viicut agirhigi kaybi olmaksizin  kardiyometabolik
parametreler iizerinde olumlu etkiler sagladigi; aclik insiilini, insiilin direnci, sistolik ve diyastolik
kan basincinda diisiislere yol actigi rapor edilmistir (Celik & Koksal, 2020). Ayrica bu beslenme
seklinin HbAlc, inflamatuar belirtecler, aclik-tokluk hormonlar1 ve kan basinci {izerinde olumlu
etkileri oldugu da belirtilmektedir (Celik & Koksal, 2020).

Alternatif Giin Achg1 (ADF)

Alternatif giin acligi, bir giin agligin (enerjinin %0-25’inin alindig1) diger giin ad libitum (enerji
kisitlamasi olmaksizin) beslenmenin uygulandigi bir yontemdir. A¢lik ve beslenme periyotlarinin
stiresi 20—40 saat arasinda degisebilmektedir. Yapilan ¢alismalarda ADF’nin HbA 1¢, aglik insiilini,
inflamatuar belirtegler, aclik-tokluk hormonlar1 ve kan basinci iizerinde olumlu etkiler sagladigi
bildirilmektedir (Celik & Koksal, 2020).

Modifiye Achk (5:2 Diyeti)

5:2 diyeti, haftanin 5 giinii ad libitum beslenme, 2 giinii ise enerji kisitlamasi ile uygulanan bir
modeldir. Aclik giinlerinde giinliik enerji ihtiyacinin %20-25’1 alinir. Aclik giinleri ardisik veya
ardisik olmayan giinler seklinde diizenlenebilir (Kalayci1 & Altun, 2021).

Stirekli enerji kisitlamasi (continuous energy restriction, CR) ile 5:2 diyet karsilastirildiginda;
insiilin, HOMA-IR, HbAlc, C-reaktif protein (CRP), total kolesterol (TK), trigliserid (TG), LDL,
leptin, sistolik ve diyastolik kan basinci degerlerinde benzer sekilde azalmalar elde edilmistir.
Ayrica viicut agirlig1 ve viicut bilesiminde saglanan olumlu degisimler de CR ile karsilastirildiginda
paralellik gostermektedir (Celik & Koksal, 2020).

Ramazan Orucu

Ramazan orucu, zaman kisitli beslenmenin dini bir formu olarak kabul edilmektedir. Bu siirecte
sahur ve iftar arasinda besin alimi tamamen kisitlanirken, iftar ile sahur arasinda beslenme serbesttir.
Cografi konuma bagl olarak aclik siiresi 10-20 saat arasinda degismektedir. Enerji kisitlamasi
zorunlu olmasa da, 6&iin sayisinin azalmasi nedeniyle viicut agirhiginda diisiis goriilebilmektedir.
Cesitli calismalar Ramazan orucunun aglik glukozu, HOMA-IR, LDL, HDL ve trigliserid diizeyleri
iizerinde olumlu etkiler sagladigini gostermektedir (Celik & Koksal, 2020).

Uzamis Aglik

72 saate kadar siirebilen uzamis aglikta enerji kaynaklarinin biiyiik boliimii yaglardan saglanmakta,
hiicresel diizeyde onarim siirecleri hizlanmakta ve otofaji mekanizmalar1 aktive olmaktadir. Bu
durum diyabet ve metabolik bozukluklarin yonetiminde potansiyel faydalar saglayabilmektedir.
Ancak, uzamis acligin diyabet tedavisindeki uzun vadeli etkinligi konusunda daha fazla ¢alismaya
ihtiyag vardir (Vendelbo ve ark., 2012).
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Glisemik Regiilasyon Uzerindeki Etkileri

Aralikl1 orug (AO) protokollerinin HbAlc, aglik insiilini, inflamasyon ve oksidatif stres iizerinde
olumlu etkiler gosterdigi, insiilin duyarliligini artirarak glisemik kontrolii iyilestirdigi ve
kardiyometabolik riskleri azalttig1 bildirilmektedir (Celik & Koksal, 2020; Sevindik & Ugar, 2024;
Soy & Ekici, 2024).

Insiilin Sinyal Yollarinin Diizenlenmesi ve Glukoz-insiilin Duyarlilig

Bu orug¢ protokolleri, besin mevcudiyetine yanit olarak metabolizmay1 diizenleyen hiicresel bir
enerji sensorii olan AMP-aktive protein kinazi (AMPK) aktive etmektedir (Hardie, 2011; Long &
Zierath, 2006). AMPK aktivasyonu, glukoz alimini artirmakta, yag asidi oksidasyonunu
desteklemekte ve karacigerde glukoz tretimini baskilamaktadir (Towler & Hardie, 2007). Orug,
glukoz kullanimindan yag asidi ve keton kullanimina metabolik bir gecisi indiikleyerek glukoz
toleransini ve insiilin duyarliligin1 gelistirmektedir. Ayrica, aralikli orug biiyiime hormonu/insiilin-
benzeri biiylime faktorii-1 aksini diizenleyerek yaslanmay1 geciktirebilir, kanser riskini azaltabilir
ve ¢esitli sinyal yollarini etkileyerek oksidatif stres ile inflamasyonu azaltmaktadir (Ciastek ve ark.,
2025).

Enerji aliminin kisitlanmast, insiilin seviyelerini diisiirerek glisemik homeostazi iyilestirir ve insiilin
duyarliligini artirir. Bu stirecte, glikozun depolanmasi ve kullaniminda iskelet kasi, karaciger ve
beyaz yag dokusundaki reseptorler rol oynar. Obez bireylerde zaman kisitli beslenme (TRE) lipid
oksidasyonunu artirir, plazma glikozunu diisiiriir ve insiilin duyarliligini gelistirir. Ayrica glukagon
saliniminin artmasi, karacigerde glikojen yikimi ve keton cisimcikleri iiretimini tetikler; bu dongii
pankreas B-hiicrelerinin dinlenmesini saglayarak daha dengeli bir insiilin yanitina yol agar.

AO’nun insiilin seviyelerini diistlirerek insiilin duyarliligini artirabilecegi ve glukoz metabolizmasini
optimize edebilecedi gosterilmistir. Insiilin, glikozun depolanmasi ve kullanilmasinda temel bir rol
iistlenmekte olup etkilerini 6zellikle iskelet kasi, karaciger ve beyaz yag dokusundaki reseptorler
aracihi@iyla gostermektedir (Petersen & Shulman, 2018). Aralikli aglik ile enerji aliminin azalmasi,
uzun vadede insiilin tiretiminin diismesine yol agarak glisemik homeostazda iyilesme saglayabilir
(Sevindik & Ugar, 2024). Ayrica obez veya asir1 kilolu bireylerde zaman kisitli beslenmenin (TRE)
lipid oksidasyonunu artirdigi, plazma glikoz seviyelerini diisiirdiigii ve insiilin duyarliligini
iyilestirdigi rapor edilmistir (Rovira-Llopis ve ark., 2024).

HbAlc ve Achik Glukozu

Arastirmalar, AO’nun HbA 1¢ ve aglik glukoz seviyelerini diisiirebildigini gostermektedir. Carter ve
ark. (2018) tarafindan yiiriitiilen ¢alismada, 12 ay boyunca uygulanan modifiye aclik diyeti (5:2) ve
stirekli enerji kisith diyet karsilastirilmis; her iki grupta da HbA1c diizeyleri azalirken, AO grubunda
daha fazla kilo kayb1 gozlenmistir. Benzer sekilde Guo ve ark. (2024), 5:2 protokoliiniin HbAlc
diizeylerinde anlaml1 azalma sagladigini ve siirekli enerji kisitlamasina kiyasla daha etkili oldugunu
bildirmistir.

Inflamasyon ve Oksidatif Stres

AO’nun antiinflamatuar ve antioksidan etkileri, diyabete bagli komplikasyonlarin 6nlenmesinde rol
oynayabilir. Enerji kisitlamas1 ve aglik donemleri otofajiyi aktive ederek mitokondriyal
fonksiyonlarin korunmasina, DNA onarimima ve hiicresel yenilenmeye katkida bulunmaktadir
(Devran & Saka, 2023). Sutton ve ark. (2018) tarafindan yapilan bir ¢alismada, erken zaman kisith
beslenme (6 saatlik beslenme penceresi, 6gleden sonra 15.00’ten 6nce sonlanan aksam yemegi)
prediyabetli erkeklerde kilo kaybi olmaksizin insiilin duyarliligini, inflamatuar belirtecleri ve
oksidatif stresi iyilestirmistir.
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Sirkadiyen Ritim ve Metabolik Etkiler

Zaman kisitli beslenme, sirkadiyen ritimleri destekleyerek metabolik sagligi olumlu etkileyebilir.
Diizensiz yeme aligkanliklarinin metabolik sendrom riskini artirdigi gozlemsel calismalarla
gosterilmistir (Wilkinson ve ark., 2020). Bu bulgu, AO’nun biyolojik saat ile uyumlu bir beslenme
modeli olarak 6nemini ortaya koymaktadir.

Bireysellestirilmis Yaklasim m, Siirdiiriilebilir Strateji mi?

AO’nun Tip 2 diyabet yonetiminde etkili bir strateji oldugu kabul edilmekle birlikte, farkli
protokollerin uzun vadeli glisemik kontrol {izerindeki etkileri halen tartismalidir. Wang ve ark.
(2021), AO’nun siirekli enerji kisitlamali diyetler ile benzer glisemik sonuglar sagladigini, ancak
kilo kaybinda daha {istiin oldugunu belirtmistir. Bununla birlikte, uzun donem uyum ve yasam
tarzina entegrasyonun basarinin belirleyici unsurlart oldugu vurgulanmaktadir.

Kisisellestirilmis beslenme stratejilerinin 6nemi, bireylerin postprandiyal glisemik tepkilerindeki
farkliliklarla agiklanabilir. Wilkinson ve ark. (2020), metabolik sendromlu bireylerde
kisisellestirilmis zaman kisithh beslenmenin glisemik kontrolii iyilestirdigini rapor etmistir. Bu
nedenle, aralikh achk protokollerinde bireysellestirilmis yaklasimlarin kisa vadede etkili
oldugu, ancak uzun vadede siirdiiriilebilir yasam tarzi stratejilerine doniistiiriilmesinin
komplikasyonlarin 6nlenmesinde daha faydal olabilecegi anlasiimaktadir.

Aralikli Orug lle Tlgili Potansiyel Riskler ve Yan Etkileri

Aralikli orug yontemleri, hipoglisemi riski, besin dgeleri yetersizlikleri ve kas kaybi1 gibi olumsuz
etkilerle iliskilendirilebilmektedir. Bu nedenle 6zellikle diyabetli bireylerde s6z konusu yontemlerin
uygulanmasi sirasinda dikkatli bir izlem gereklidir. Ayrica, antidiyabetik ilaglarin dozaj
ayarlamalar1 da 6nemli bir rol oynamaktadir.

Hipoglisemi

Aralikli aglik diyetleriyle iliskili en nemli risk hipoglisemidir. Ozellikle insiilin (hem bolus hem
bazal) ve siilfoniliireler (kisa etkili meglitinidler dahil) kullanan hastalarda hipoglisemi goriilme
olasihig yiiksektir (Kalayci & Altun, 2021). Insiilin ve siilfoniliireler disindaki ilag gruplarinda ise
aralikli aclik sonrasi hipoglisemi riski daha diisiiktiir. Bu nedenle, diyabetli bireylerde aclik
donemlerinde antidiyabetik ilag ve insiilin dozlarinin giin ve miktar agisindan yeniden diizenlenmesi
gerekmektedir.

Yakin dénemde yapilan bir meta-analiz sonucuna gore, ozellikle insiilin kullanan tip 2 diyabetli
(T2DM) bireylerde aralikli aclik uygulamalarimin giivenligi konusunda kesin bir yargiya
varilamamistir. Bununla birlikte, Corley ve ark. (2018) tarafindan yapilan bir ¢alismada, ardigik ve
ardisik olmayan iki giinliik aralikli aglik protokolii uygulanan T2DM’li bireylerde hipoglisemi
oranlarinin kabul edilebilir diizeylerde oldugu bildirilmistir. Ayrica, uygun diyet tedavisi, hasta
egitimi ve antidiyabetik ilaglarin titrasyonu ile hipoglisemi riskinin azaltilabilecegi gosterilmistir

Diyabetli bireylerde kademeli aralikli aglik protokolii uygulanabilmektedir. Bu yaklasima gore, ilk
dort hafta boyunca giinliik kan glukoz izlemi esliginde 12 saat aglik — 12 saat besin alimi olacak
sekilde bir plan yapilabilir. Kan glukoz regiilasyonu saglanabilirse aclik siiresi 16 saate ¢ikarilarak
“zaman kisitl beslenme” modeline (16:8) gecilebilir. Daha ileri donemlerde ise, bireyin glukoz
yanitina gore erken zaman kisith beslenme (18:6) veya periyodik aglik modelleri
uygulanabilmektedir. Antidiyabetik ila¢ kullanan hastalarda mutlaka doz ayarlamalar1 yapilmalidir.
Bu protokol, diyabetli bireylerde uygulanabilecek Ornek bir aralikli aclik modeli olarak
degerlendirilmektedir (Soy & Ekici, 2024).

Besin Ogesi Eksiklikleri ve Kas Kaybi

Aralikli aglik uygulamalarinin bir diger olasi riski vitamin—mineral yetersizlikleri ile yetersiz protein
alimina bagh kas kaybidir. Protein alimina dikkat edilmemesi durumunda 6zellikle kas kiitlesinde
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kayip meydana gelebilir. Bu nedenle, bireylerin haftada ka¢ giin aclik uyguladiklar1 ve beslenme
giinlerinde (ad libitum giinlerde) tiikettikleri besinlerin igerigi 6nemlidir. Gerektiginde vitamin ve
mineral destegi Onerilebilmektedir (Veronese & Reginster, 2019). Bunun yaninda, yetersiz enerji
alimi ve sivi tiiketiminin de cesitli riskler barindirdigi bildirilmektedir. Dehidrasyona bagh
gelisebilecek bas donmesi, bulanti, uykusuzluk, senkop, diisme, migren tipi bas agrilari, giigsiizliik
ve agir1 aglik hissi gibi durumlar, diyabet hastasi olsun ya da olmasin tiim bireylerde goriilebilecek
olumsuzluklar arasinda yer almaktadir (Oakley, 2018).

SONUC

Bu calismada, aralikli orug¢ (AO) ve uzamis aglik protokollerinin (6zellikle 72 saatlik aglik) tip 2
diyabetli bireylerde glisemik regiilasyon iizerindeki etkileri ele alinmistir. Bulgular, bu tiir diyet
yaklasimlarimin glisemik kontrolii iyilestirebilecegini ve T2DM tedavi siirecine katki
saglayabilecegini gostermektedir. Ozellikle zaman kisith beslenme (TRE) ve uzamis aghk
uygulamalarinin HbAlc diizeylerini diisiirmede ve insiilin duyarliligini artirmada etkili oldugu
bildirilmistir.

Aralikli oru¢ ve uzamis aglik, insiilin diizeylerinde azalma saglayarak insiilin duyarliligini
artirmakta, bu da glukoz metabolizmasinda iyilesmeye yol agmaktadir. 72 saatlik aclik
protokollerinin, uzun siireli kalori kisitlamalariyla benzer sekilde kan glukozunu diisiirdiigii ve
metabolik parametreleri iyilestirdigi belirtilmektedir. Ayrica bu tiir protokoller inflamasyon ve
oksidatif stresi azaltarak T2DM’nin ilerleyisinde rol oynayan mekanizmalar {izerinde olumlu
etkilere sahip olabilir.

Bununla birlikte, bireyler arasinda biyolojik yanit farkliliklarinin bulunmasi 6nemli bir sinirliliktir.
Bazi hastalar bu yontemleri siirdiiriilebilir bulurken, bazilar i¢in uygulama zorluklart mevcuttur.
Ayrica, insiilin ve siilfoniliire kullanan hastalarda hipoglisemi riskinin artabilecegi géz Oniinde
bulundurulmalidir.

Literatiirde Ramazan orucu gibi dini oruglarin da kisa siireli aralikli aghiga benzer metabolik etkiler
olusturabildigi bildirilmektedir. Ancak, 72 saatlik aglik gibi daha uzun siireli protokollerin
metabolik sendrom ve kardiyometabolik hastaliklar iizerindeki uzun vadeli etkilerini degerlendiren
daha fazla calismaya ihtiyag¢ vardir.

Gelecekteki arastirmalarin, farkli aralikli oru¢ modellerinin (6r. 5:2 diyeti, alternatif giin orucu) daha
genis hasta gruplarinda uygulanarak siirdiiriilebilirlik ve uzun vadeli glisemik kontrol {izerindeki
etkileri incelemesi Onerilmektedir. Ayrica, kardiyometabolik saglik gostergeleri lizerindeki etkiler,
bireyler aras1 yanit farkliliklar1 g6z 6niinde bulundurularak degerlendirilmelidir.
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Abstract

Coloring food additives are added to various types of products to restore the natural color lost during
food production and storage, enhance visual appeal by strengthening weak color, or compensate for
natural color variations/provide a standard color. The use of these additives is strictly regulated in
the European Union, the United States, and many countries worldwide. Owing to growing concerns
about the safety of some commonly used legal food dyes, there is a trend to replace synthetic dyes
with natural products. The most significant food safety concerns regarding food dyes are the lack of
uniform regulation of legal food dyes worldwide, the potential link between artificial colors and
hyperactive behavior, the replacement of synthetic colors with natural ones, and the presence of
emerging harmful illegal dyes. The use of additives poses no risk to consumers if they comply with
legal regulations and are used in limited quantities. Therefore, it is everyone's right to have concerns
about food additives addressed on the basis of research and to address their concerns with factual
information. While colorants are added to many foods today, their most common use is in the
confectionery/candies industry. Natural colorants are often added to candies, especially those
enjoyed by children, and artificial colorants are often added today as the trend toward processed
foods increases. The relationship between artificial colorants and health has been a topic of debate
for years, and research has focused on their effects on hyperactivity, allergies, cancer, and children’s
attention and activity levels. The purpose of this review is to increase consumer awareness by
providing information about various concerns arising from the use of especially those used in
candies.

Key Words: Food additive, Colorants, Artificial colorants, Candies, Food safety, Health

Ozet

Renklendirici gida katki maddeleri, gidalarin iiretim ve depolanmalari sirasinda kaybolan dogal
rengi yeniden kazandirmak veya zayif olan rengi kuvvetlendirerek gorsel cekiciligi artirmak veya
dogal renk farkliliklarini telafi etmek/standart renk saglamak amaciyla farkli iiriin tiirlerine
eklenmektedir. Bu katki maddelerinin kullanimi Avrupa Birligi, Amerika Birlesik Devletleri ve
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diinya capinda birgok iilkede siki diizenlemelere tabidir. Yaygin olarak kullanilan baz1 yasal gida
boyalarinin giivenligi konusunda artan endiseler nedeniyle sentetik formlarin dogal iiriinlerle
degistirilmesi egilimi vardir. Gida boyalar1 konusunda en 6nemli gida giivenligi endiseleri; diinya
capinda yasal gida boyalariyla ilgili tek tip diizenlemenin olmamasi, yapay renklerin hiperaktif
davranisla olast baglantisi, sentetik renk maddelerinin dogal olanlarla degistirilmesi ve yeni ortaya
c¢ikan zararl yasadis1 boyalarin varhigidir. Katki maddelerinin kullanimai, yasal diizenlemelere uygun
olmasi halinde ve belirlenen miktarlardan fazla kullanilmamasi durumunda tiiketiciler i¢in tehlike
olusturmamaktadir. Bu nedenle gida katki maddeleri ile ilgili endiselerin arastirma sonuglarina
dayandirilarak ve endigse kaynaklarinin gercek bilgiler ile giderilmesi her kesimin hakkidir.
Giiniimiizde renklendiricilerin birgok gidaya eklenmesinin yani sira en yogun kullanildigi alan
sekerleme endiistrisidir. Ozellikle gocuklarin severek tiikettigi sekerlemelere dogal renklendiriciler
ve hazir gidalara olan egilimin arttig1 giiniimiizde ise ¢ogunlukla yapay renklendiriciler ilave
edilmektedir. Yapay renklendiricilerin saglikla iliskisi yillardir tartisma konusu olmus ve
hiperaktivite, alerji, kanser, ¢ocuklarin dikkat ve aktiviteleri izerindeki etkileri {izerine arastirmalar
yogunlagmistir. Bu derlemenin amaci, Ozellikle sekerlemelerde kullanilan renklendiricilerin
kullanimindan kaynaklanan cesitli endiseler hakkinda bilgi vererek tiiketicileri bilinglendirmektir.

Anahtar Kelimeler: Gida katki maddesi, Renklendiriciler, Yapay renklendiriciler, Sekerleme, Gida
giivenligi, Saglik

GIRIS

Renk, gidalarda tiiketicinin ilk dikkatini ¢eken, se¢imini, yeme istegini dogrudan etkileyen en
onemli duyusal Ozelliklerden olup genellikle iirliniin pazarlanmasinda onemli bir rol oynar
(Akpunar, 2015; Cakmakgi, 2022; Silva vd., 2022). Tiiketiciler her gida maddesi i¢in alisilmis renk
istemekte, Ozellikle ¢ocuklar albenili yiyecek ve iceceklere i¢giidiisel olarak her zaman daha fazla
ilgi duyarlar (Saleem 2013; Cakmake¢i vd., 2025). Gidalarin rengi genellikle iriiniin lezzeti,
glivenligi ve besin degeri ile iliskilendirilir (Sigurdson vd., 2017). Renk, gida kalitesinin
algilanmasini etkiler ve lezzetle ilgili oldugu algilandigindan istah1 da uyarir (Downham ve Collins,
2000). Renk gorsel cekiciligi arttirir ve bu nedenle de gidalardaki renk kaybini/farkliliklarim
onlemek icin gidalara yasalarla izin verilmis olan ve belli miktarda renk maddesi katilabilir
(Oplatowska Stachowiak ve Elliott, 2017; Cakmakei, 2022). Renklendiricilerin kullanima,
renklendiricilerin sarap ve sekerlemelere eklendigi Eski Misir dénemine (MO 1500) kadar
uzanmaktadir (Downham ve Collins, 2000; Sigurdson ve ark., 2017). Eski Misir yazitlarinda
ilaglarin renklendirilmesi anlatilirken, sarabin renklendirilmesi MO 400'de Romalilar tarafindan
tanimlanmistir (Sigurdson vd., 2017).

Teknolojik islem goren gida maddelerinde renk kaybi olmakta, bu nedenle gida iiretim prosesine
bagli olarak dogal halde bulunan rengi arttirmak veya kaybolani yerine koyarak gidanin rengini
korumak/cazip hale getirmek ve iiriinde standart renk olusturmak igin veya renksiz gidalara renk
kimligi kazandirmak ve isleme veya depolama sirasinda olusan kayiplar telafi etmek gibi ¢esitli
amaclarla renklendiriciler kullanilir (Sigurdson vd., 2017; Cakmake1, 2022; Markovi¢ vd., 2023).

Gecmiste gida renklendiricileri safran, kirmizi biber, zerdegal, pancar 6zii ve ¢esitli ¢igekler gibi
dogal kaynaklardan elde edilmis (Burrows, 2009; Sigurdson vd., 2017), "Mauveine" ad1 verilen mor
bir pigment olan ilk sentetik renk maddesi ise 1856'da Ingiliz kimyager Sir William Henry Perkin
tarafindan gelistirilmis ve endiistriyel uygulamalar icin binlerce yeni renklendirici bilesigin
sentezlenmesine yol agmustir (Oplatowska-Stachowiak ve Elliott, 2017). Bu sentetik
renklendiriciler, diisiik iiretim maliyetleri, yiiksek renklendirici giicleri ve kimyasal
kararliliklari/yiiksek stabiliteleri ve ayrica iirline istenmeyen bir tat vermeden giiglii bir renk
katmalari nedeniyle gida renklendiricileri olarak popiilarite kazanmistir (McCann vd., 2007, Potera,
2010; Barciela vd., 2023). Tiiketici algis1 ve talebi, sentetik renklendiricilerin dogal kaynaklardan
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elde edilenlerle degistirilmesini saglamistir. Bu doniigiim, tliketicilerin daha "dogal" {irlinlere olan
talebi, sentetik renklendiricilerin ¢ocuklarin dikkati ve hiperaktivitesi ile olasi baglantilari ve hassas
popililasyonlarda sentetik renklendiricilerin alerjenligi ile iliskili olabilir (McCann vd., 2007, Potera,
2010; Markovi¢ et al., 2023; de Oliveira vd., 2024). Giliniimiizde kullanilan sentetik renklendiriciler
uzun siireli giivenlik degerlendirmelerine ve siki diizenlemelere sahip olsa da gida enddistrisi degisen
pazar taleplerini ve yasal kisitlamalar1 karsilamak igin alternatifler aramaktadir (Sigurdson vd.,
2017).

Dogal pigment uygulamalari, daha diisiik stabilite, renklendirme giiciiniin zayifligi, renk
homojenliginin saglanamamasi, gida bilesenleriyle etkilesimler ve istenen renk tonlarini
yakalayamama gibi nedenlerle smirli olabilir (Sigurdson vd., 2017; Silva vd., 2022). Dogal
renklendiriciler, gida bilesenleriyle veya aroma/koku maddeleriyle etkilesime girme, suya karsi
kararsizlik gosterme ya da 1s1k ve sicakliga maruz kalindiginda bozulma gibi bazi dezavantajlara
sahip olmasina ragmen giivenilirlikleri, fonksiyonel 6zellikleri, biyolojik potansiyelleri ve saglik
acisindan olumlu etkileri nedeniyle talep gormektedirler (Silva vd., 2022). Dogal renk maddeleri
dogadan elde edilir ve daha basit ya da daha karmasik ekstraksiyon islemleriyle izole edilebilirken,
sentetik renk maddeleri, dogada bulunmazlar ve kimyasal olarak sentezlenmektedir; toz, macun
veya graniil formda bulunabilmeleri ve suda ¢ozilinebilir olmalar1 gibi avantajlara sahiptirler (Silva
vd., 2022). Orta ve uzun vadede ¢ok sayida yan etki ve toksisite (alerjik reaksiyonlar, davranigsal
ve norobiligsel etkiler), sentetik renklendiricilerin kullanimiyla iliskilendirilmistir; halbuki dogal
olarak elde edilen benzerleri, bir saglik destekleyicisi olarak nispeten yiiksek kaliteli ve etkili bir
katki saglamaktadir (Silva vd., 2022). Kiigiik ¢ocuklar, hizli biiyiime hizlar1 ve farkli gida alim
egilimleri nedeniyle yetiskinlere gore daha fazla kimyasal maddeye maruz kalabilirler. Bu nedenle,
maruziyet degerlendirmeleri bu yas grubunda 6zellikle dnemlidir (Martyn vd., 2013). Bu derlemede,
gidalarda kullanimina izin verilen sentetik ve dogal gida renklendiricilerin saglik tizerine etkilerine
dikkat ¢ekmek istenmistir.

YASAL DUZENLEMELER

Gida renklendiricileri/boyalari, tiiketici giivenligini garanti altina almaktan sorumlu diizenleyici
kuruluslar tarafindan test edilmis/edilmektedir. Bununla birlikte, bu renklendiricilerin giivenligi
tartigmali olmaya devam etmektedir (Barciela vd., 2023). Gida boyasi diizenlemeleri diinya
genelinde farklilik gosterdiginden, tiim pigmentlerin evrensel olarak yasal olup olmadig: tartisilmasi
giictiir. Latin Amerika ve Avrupa'daki birgok iilke, Codex Alimentarius veya Gida ve Tarim Orgiitii
(FAO)/ Diinya Saglik Orgiitii (WHO) Gida Katki Maddeleri Ortak Uzmanlar Komitesi'nin (JECFA)
sartnamelerini benimsemistir (Wrolstad ve Culver, 2012). Amerika Birlesik Devletleri, Kore ve
Japonya gibi digerleri ise gida boyasi katki maddelerini bagimsiz olarak diizenlemektedir (Wrolstad
ve Culver, 2012).

Bircok sentetik bilesigin insanlar icin toksik ve zararli oldugu gosterildiginden, gelismis tilkelerde
renklendiricilerin gida katki maddesi olarak kullanimi, tilkeden iilkeye degisen mevzuatlarla siki bir
sekilde kontrol edilmektedir (Oplatowska-Stachowiak ve Elliott, 2017). Avrupa Gida Giivenligi
Ajans1 (EFSA) ve Amerika Birlesik Devletleri Gida ve Ilag Dairesi (FDA), gida katki maddeleri
konusunda diinyadaki iki temel diizenleyici kurumdur. Bu kurumlar, giivenlik diizenlemelerini
uygular, bilimsel verileri inceler, potansiyel toksisiteyi degerlendirir ve insanlarin gida katki
maddelerine maruz kalma olasiligini tahmin eder. EFSA, sadece isimlendirmenin tesinde, her gida
katki maddesine "E" harfi ve bir sayidan olusan 6zel bir tanimlama kodu verir. Renklendiriciler
E100'den (Kurkumin) E180'e (Litolrubin BK) kadar degisir. Yapay gida renklendiricileri, (EC)
1333/2008 Yonetmeligi ile kisitlanmistir.

Tiirkiye'de gida katki maddelerinin kullanimimi diizenleyen “Tiirk Gida Kodeksi Gida Katki
Maddeleri Yonetmeligi'ne gore, gida etiketindeki igerik tablosunda gidaya eklenen katki maddesinin
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admi veya E kodunu isleviyle birlikte yazmak zorunludur. Herhangi bir karisiklig1 6nlemek igin,
gida katki maddelerini tanimlayan E kodu kullanilir ve gida katki maddelerinin kullanim sinirlar
uluslararas1 kuruluglar tarafindan belirlenen giinliik alinabilir maksimum doz (Acceptable Daily
Intake, ADI) degerlerine gore belirlenir (Baygut ve Bilici, 2022; Cakmake1, 2022). ADI, "insanlarin
tiim yagsamlar1 boyunca herhangi bir saglik riski olusturmadan giinliik olarak tiiketebilecekleri bir
maddenin miktar1" olarak tanimlanir. ADI degeri; mg/kg viicut agirhigi/giin olarak ifade edilir
(Martyn vd., 2013).

SEKERLEMELER

Diinya genelinde genis bir iiriin yelpazesi igeren sekerleme sektoriinlin ¢cocuklar basta olmak iizere,
her yastan genis bir tiiketici kitlesi bulunmaktadir (Glines vd., 2018). Tiiketici tercihine gore
gelistirilmis ¢ok fazla sekerleme cesidi vardir. Sert, yumusak ve dolgulu ve kaplamali karisik
sekerlemeler oldugu gibi helva, ¢iklet, lokum, ¢ikolata vb. iiriinler de sekerleme cesitleridir (Elgiin,
2013). Sekerleme iiriinleri; seker (sakkaroz) ve iliztim sekerinin (glukoz) veya sadece sekerin
pisirilmesinden sonra sitrik asit, tartarik asit veya potasyum bitartarat ilave edilerek kesilmesi
sonucu olusan hamura, liretilecek {iriiniin ¢cesidine gore siit, siit tozu, jelatin, yag ve aroma maddeleri
gibi katkilarin eklenerek sekillendirilip ambalajlanmasi1 sonucu elde edilen gida maddeleridir.
Sekerlemelerin ana yapist karbonhidrattir. Glukoz; sakkarozun kristalizasyon riskini azaltmakta,
islenmesini ve sekil verilmesini kolaylastirmaktadir. Istenen yapryr saglama ve islemi
kolaylastirmak amaci ile lesitin, mono ve disakkaritler gibi emiilgatorler kullanilmaktadir (Elgiin,
2013).

Sekerleme tiiketiminin dis ¢iiriimesi, Tip 2 diyabet, kardiyovaskiiler hastaliklar ve metabolik
sendrom gibi sagliga zararli etkilerinden dolay1 giiniimiizde sekerlemelere daha saglikli bir form
kazandirmak icin fonksiyonel sekerleme sektorii gelismeye baslamistir (Onder ve Aydar, 2022).
Sekerleme tiretiminde bir¢ok faktdr bulunmaktadir. Sekerleme iiretiminde iiriin kalitesini etkileyen
onemli faktorler; formiilasyon, islem siiresi ve sicakligi ile son {iriiniin nem igerigidir (Y1lmaz vd.,
2019). Sekerleme {iriinlerinin renklendirilmesinde kullanilan renklendiricilerin iiriin bilesimi, katki
maddeleri ve islem parametrelerine karsi stabil olmalar1 gerekir.

Amarant, Penso 4R, Allure Red AC, Sunset Yellow FCF, Tartrazin ve Karmoisin en sik kullanilan
renklendiriciler olup bir arastirmada, sekerleme iriinlerinde yaygin olarak Karoten tiirevleri (B-
karoten, E160a) ve Titanyum dioksit (E171) olmak iizere iki dogal gida boyasina rastlandig:
belirtilmistir (AbuKhader vd., 2021).

Yapay renklendiriciler saglik sorunlarinin ortaya ¢ikmamasi igin belirlenmis ADI degerinin bile
altinda kullanilmalidir. Yetigkinlere kiyasla ¢cocuklar daha fazla yiyecek tiiketir, daha fazla su iger
ve viicut agirligi birimi basma daha fazla hava solurlar. Dolayisiyla c¢ocuklarin, gelecekte
yetiskinlere gore yapay renklendiricilere ve bunlarin olusturabilecekleri zararlara daha fazla maruz
kalabilecekleri unutulmamali ve beslenmelerine ve gida iceriklerine dikkat edilmelidir. Bu nedenle
sentetik renk maddeleri konusunda daha hassas olunmali ve daha detayli arastirmalar yapilmalidir.

SAGLIK UZERINE ETKILERI

Gida renklendiricilerini saglik riskleri agisindan degerlendiren ¢alismalarda farkli goriisler ortaya
cikmis ve sagligi olumlu yonde etkileyen renklendiriciler olduguna dair ¢aligmalara da rastlanmistir.
Karotenoidin cildi korudugu ve hiicre gelisiminde 6nemli olan A vitamininin Onciisii olarak bilinen
karotenin kesfiyle ortaya ¢ikmistir (Solymosi vd., 2015). Kurkuminin antioksidan etkisinin oldugu,
antikanseojenik, yaralar ve yaniklar konusunda terapotik ozelliklere sahip oldugu belirtilmistir
(Baygut ve Bilici, 2022). Ancak giinliik beslenmemizin bir pargas: haline gelen bazi gidalar
renklendirilirken 6zellikle genotoksik veya kanserojen 6zelliklere sahip olabilecek sentetik olanlarla
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renklendirilir. Bu, halk saghig1 icin bir risk teskil edebilir. Ozellikle ¢ocuklar, son 50 yilda
yayginlasan yapay gida renklendiricilerinin ana tiiketicileridir (Malabadi vd., 2022). Piyasadaki bazi
gidalar asir1 miktarda yapay renk katkisi igerebilmekte ve yapilan arastirmalara gore, alerjenite,
cocukluk hiperaktivite sendromu, norotoksisite, genotoksisite ve kanserojen etki
gosterebilmektedir. Ayrica gida zehirlenmesinin baslica nedenlerinden biri olabilmektedirler
(Markovi¢ vd., 2023). Eritrosin, Karmoisin ve Tartrazin gibi gida renklendiricilerinin karaciger
kanserine neden olabilecegi belirtilmektedir (Malabadi vd., 2022).

Cok sayidaki aragtirma sonucuna gore (Silva vd., 2022), bazi sentetik renklendirici katk1 maddeleri,
cocuklarda hiperaktivite ve hatta mutajenik ve/veya kanserojen patolojilere neden olabilen alerjenik
saglik sorunlarina neden olabilmektedir. Bu nedenle, baz1 gida giivenligi ¢alismalari, baz1 sentetik
gida katki maddelerinin yasaklanmasina neden olmustur. Sentetik boyalarin saglik tizerindeki yan
etkilerinin iistesinden gelmek i¢in, bunlarin dogal gida boyalariyla degistirilmesi siklikla bagvurulan
bir secenektir. Ornegin, kirmizi1 renklendirici olarak Pancar Kirmizisi'ndan (E162) ve yesil gida
boyast olarak klorofillerden (E140) elde edilenlerin kullanimi artirilmistir. Bununla birlikte, dogal
boyalar da gida giivenligi ¢aligmalarinin bir hedefi olup, bazi katki maddeleri daha yiiksek giivenlik
garantilerine sahip olanlarla degistirilmektedir. Son zamanlarda annatto, likopen {izerinde
arastirmalar devam etmektedir (Silva vd., 2022).

Betanin, suda ¢6ziinen ve etanolde ¢ézlinmeyen, kirmizi veya koyu kirmizi (pH 4 ile 5 pH arasinda
parlak mavimsi kirmizidir, pH arttikca mavi-mor ve alkali seviyelerde hidrolizle bozunmasi sar1-
kahverengi bir renk iiretir). Bu gida boyasi 6zellikle dondurma ve aromali siit tirlinleri gibi ¢ocuklara
yonelik gida iirlinlerinde kullanilir. Tartrazin igeren bir karisima maruz kalmanin 3 ve 8 - 9 yas arasi
cocuklarda hiperaktiviteyi artirdigi, tartrazinin tdrtikeri ve alerjik bir reaksiyonda histamin
salimiminin neden oldugu dudak, dil, bogaz ve boyun sismesini tetiklediginden siiphelenildigi
belirtilmektedir (Silva vd., 2022). AbuKhader vd. (2021) de daha ¢ok cocuklarin tiikettikleri
sekerleme triinlerinde en ¢ok bulunan sentetik renklendiricilerin Brilliant Blue FCF (E133) ve
Allura Red AC (E129) oldugunu belirlemislerdir.

Azo boyalarinin yaklasik %65'i mesrubat, regel, sekerleme, tursu vb. {irlinlerde gida katki maddesi
olarak kullanilmaktadir. En yaygin kullanilan gida azo boyalar1 Tartrazin (E102), Sunset Yellow
(E110) olup her iki boya da EFSA ve FDA tarafindan onaylanmistir. Karmoizin (E122), Amaranth
(E123), Ponceau 4R (E124), Allura Red AC (E129), Brillant Blue (E 133) ve HT Brown (E 155) de
gida islemede yaygin olarak kullanilir (Barciela vd., 2023). Azo boyalarmin popiilaritesi, bol
miktarda canli renkle sonuclanan kimyasal c¢ok yonliiliiklerine dayanmaktadir. Ayrica, diisiik
maliyetlidirler, kolayca erisilebilirler, stabildirler, tutarlidirlar ve herhangi bir tat veya hos olmayan
kokuya sahip degildirler (Barciela vd., 2023). Bununla birlikte, gida azo boyalarinin olumsuz saglik
etkileri olabilir (Monisha vd., 2023). ADI sinirlarinin altinda, yapay boyalarin alim1 giivenli olabilir.
Ancak, daha yiiksek dozlar, 6zellikle cocuklarda saglik sorunlarina neden olabilir. Bildirilen olas1
saglik sorunlar1 arasinda alerji, dikkat eksikligi hiperaktivite bozuklugu (DEHB), astim, anksiyete,
sitotoksisite ve genotoksisite bulunmaktadir (Barciela vd., 2023).

de Oliveira vd. (2024), arastirma sonuclarinin, sentetik renk katki maddelerinin bir dizi saglik
sorunuyla dogrudan baglantili oldugunu ve ¢ocuklarda kanserojen, alerjenik, mutajenik, sitotoksik
aktiviteler gibi patolojik durumlara yatkinlik ve ayrica gastrointestinal ve solunum problemleri dahil
olmak iizere patolojik durumlara yatkinlik ve tan1 konmus bozukluklari olan ve olmayan ¢ocuklarda
davranig degisiklikleri gibi daha biiyiik bir etkiye sahip oldugunu ortaya koydugunu belirtmislerdir.
Otizm Spektrum Bozuklugu ve Dikkat Eksikligi Hiperaktivite Bozuklugu gibi hastaliklar1 olan
cocuklarda sentetik boyalara maruz kalmanin, mevcut semptomlari kotiilestirebilecegi ve hastaligin
yonetimini zorlastirabilecegi belirtilmistir. Ayrica, hastalifi olmayan c¢ocuklarda bile sentetik
boyalarin, davranigsal, metabolik ve beslenme gelisimlerini etkileyerek saglik riski olusturabilecegi
belirtilmistir. Bu nedenlerle ebeveynler, bakicilar ve saglik profesyonelleri i¢in devletin de
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katkistyla egitim ¢alismalari, sentetik boyalarin tiiketimiyle iliskili potansiyel risklerin farkinda
olmalar1 ve ¢ocuklarin bu katki maddelerine maruziyetini azaltmak i¢in dnlemler almalar1 agisindan
onemlidir (de Oliveira vd., 2024).

Cogu gida boyasi toksisite ¢alismalarinda herhangi bir olumsuz etkiye neden olmazken, boyalardaki
olasi kirleticiler konusunda bazi endiseler vardir. Ponzo 4R, Kosineal Red A, Sunset Yellow FCF /
Orange Yellow S ve Tartrazinin kansere neden oldugu bilinen maddeler olan kirleticiler igerebilir.
Kirleticilerin diisiik seviyelerde bulunmasi ve bu seviyelerin giivenli oldugu varsayildigindan
boyalarda bulunmasina izin verilir (Dey ve Nagababu, 2022). Gida katki maddeleri i¢in sagliga
zararlidir gibi kesin bir ifade dogru degildir. Bu konuda 6nemli olan kullanilan maddenin izin

verilmis olmasi ve dozudur. Dozdan sonra énemli etki ise dogru gidada kullanimidir (Cakmakgi,
2022).

Gida boyalart ve diger bazi katki maddeleri, heniliz tolerans gelistirmedigimiz cok kii¢iik
molekiillerden yapilir. Bu gida katki maddeleri, metabolizmadan sonra viicut proteinlerine veya gida
iiretimi sirasinda gida proteinlerine baglanabiliyorlarsa, immiinolojik toleransin bozulmasinin ana
nedeni haline gelirler. Bu immiinolojik reaktivitelere Onemli Olc¢lide ancak gizlice katkida
bulunduklar1 diistiniilmektedir (Vojdani and Vojdani, 2015). Ek olarak, Tartrazin 6zellikle aspirin
intolerans1 olan hastalarda potansiyel bir astim ve iirtiker tetikleyicisi olarak belirtilmistir. Bu
reaksiyonlar Tartrazin ve diger gida renklendiricileri igeren gidalar veya liriinler tiiketildikten sonra
meydana gelmistir (Elhkim, 2007).

Kullanimi yaygin olan bazi renklendiriciler ¢ocuklarda hiperaktivite semptomlariyla Dikkat
Eksikligi Hiperaktive Bozuklugu’na (DEHB) neden olabildigini gosteren bir c¢alismada bu
bozukluga sebep olabilecek renklendiricilerden en dnemlilerinin Tartrazin (E102), Patent Blue V
(E131), Brilliant Blue (E133), Allura Red (E129), Eritrosin (E127), Sunset Yellow (E110), Ponzo
4R (E124) ile Karminik asit, Karmin (E120) oldugu belirlenmis, renklendiricilerin 6zellikle 3-9 yas
cocuklarda hiperaktivite gibi davranig bozukluklarina neden olduklar1 bildirilmistir (Biiyiikdere ve
Ayaz, 2016).

Lok vd. (2011), Cin'in Hong Kong eyaletinin ii¢ bolgesinde 8 - 9 yas araligindaki 6grencilerin yapay
renklere maruziyetlerini incelenmisler ve Sunset Yellow harig, ortalama bir ilkokul 6grencisinin
yapay renklere maruz kalma orani, yaslarina gére ADI'den 6nemli 6lclide diisiik bulunmustur.
Verilere gore, 9 yasindaki erkek cocuklarin giinliik ortalama Sunset Yellow (E110) alimi, ADI
esiginden %351 daha fazla bulunmus olup bu yapay renklendiricinin yiiksek seviyelerini igeren
mesrubat ve jole gibi {iriinlerin artan tiiketimi, 6ncelikle Sunset Yellow'un daha yiiksek tiiketilme
sebebi olarak belirlenmistir.

Kist-van vd. (2015) tarafindan Hollanda, Amsterdam’da yiiriitilen bir ¢alismada,
stipermarketlerden, bakkallardan ve Tiirk ve Fas diikkanlarindan alinan 550 {riiniin 73'G (%13),
cogunlukla sekerlemelerde (%33) ve (gazli) iceceklerde (%31) yapay gida renklendiricileri
bulundugu belirlenmistir. En sik karsilasilanlarin ise Brilliant Blue (E133), Patent Blue (E131) ve
Indigotin (E132) oldugu goriilmiistiir. Ortalama alim miktart 0,02-0,96 mg/kg/giin arasinda
degismis olup, bu miktar ADI'nin (5-15 mg/kg/giin) altindadir. Cocuklarin higbiri sar1, turuncu veya
kirmiz1 yapay gida boyasi tilkketmemistir. Sonuglar: Amsterdam'daki ¢cocuklarda yapay gida boyasi
tiikketimi, kabul edilebilir giinliik alimin (ADI) oldukca altindadir ve Brilliant Blue (E133), Patent
Blue (E131), Indigotine (E132) ve Green S (E142) ile sinirli oldugu belirtilmistir.

Boussada vd. (2017), Tartrazinin hala ilag, kozmetik ve gida sektoriinde en sik kullanilan
renklendirici maddelerden biri oldugunu hem kemirgenlerde hem de insanlarda iireme sistemi
islevlerinde bazi bozukluklar dahil olmak iizere bir dizi zararli sonucu oldugu tespit edildigini
belirtmistir.

Bradman vd. (2022), ABD'de yasayan ¢ocuklarin ve yetigkinlerin saglik ve beslenme durumunu
belirlemek i¢in iilke genelinde yaklagik 5.000 kisiden olusan bir 6rnege anket uyguladi. Bunlar
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FDA ve WHO tarafindan 6nerilen ADI degerlerini karsilagtirdilar. ABD'de gidalarda genel kullanim
icin onaylanmis yedi FD&C (Federal Gida, ila¢ ve Kozmetik Yasasi, FDA) renk katki maddesi
bulundugunu ve bunlarin Brilliant Blue, Indigo Carmine, Fast Green, Eritrosin, Allura Red,
Tartrazine ve Sunset Yellow oldugu ve tiiketiciler i¢in gida renklerine yonelik en yiliksek tahmini
maruziyetler Allura Red, ardindan Sunset Yellow ve Tartrazine oldugunu, en diisiilk maruziyetlerin
Fast Green i¢in bulundugunu belirtmislerdir. Genel olarak, ¢ocuklarin Allura Red ve Erythrosine'e
ve diger bes gida rengine yonelik tahmini maruziyetleri yetiskin kadinlara kiyasla daha yiiksek
bulunmustur.

Ahmed vd. (2023), Suudi Arabistan'da 6 ila 17 yas arasindaki okul ¢agindaki ¢ocuklarda yapay gida
renklerinden Karmoisine (%32,3) ve Sunset Yellow (%30,1)'un en sik alinan, Eritrosin (%0,05) en
az alinan renk maddesi oldugu ortaya ¢ikmustir. izin verilen renk maddelerinin ¢ogunun 6-11 yas
grubunda ADI degerini astig1, 12-17 yas grubunda ADI degerleri i¢cinde oldugu, bunun da okul
cocuklariin ortalama giinlilk yapay renklendirici tiiketiminde yasa bagli azalmalar oldugunu
gosterdigi belirtilmistir (Ahmed vd., 2023).

Renklendiricilerin saglik {izerine etkilerini gosteren bazi arastirma sonucglarindan derlenen bilgiler
Tablo 1’de verilmistir.

Tablo 1. Bazi renklendiricilerin saghga etkileri

Renklendirici

E 102 Tartrazin
E110 Sunset Yellow
E 127 Eritrosin

E 129 Allura Red

Saghga Etkisi Kaynak
Kobylewski ve Jacobson (2012)

Kanserojenik etki

Astim, rinit (saman nezlesi = AbuKhader vd., 2021
dahil) veya tirtikeri (kurdesen)

kotiilestirebilir veya

tetikleyebilir

E 129 Allura Red

E 102 Tartrazin
E 110 Sunset Yellow

E 120 Karminik asit, Karmin
E 124 Ponzo 4R
E 127 Eritrosin

Hiperaktivite,
DEHB (Dikkat Eksikligi ve
Hiperaktivite Bozuklugu),

Biiyiikdere ve Ayaz (2016),

E 129 Allura Red

E 131 Patent Blue V

E 133 Brilliant Blue

E 133 Brilliant Blue FCF Hiperaktivite ve deri = AbuKhader vd., 2021
dokiintiileri

Ureme sisteminde bozukluk

Kanserojenik etki

Boussada vd (2017)
Reza vd. (2019)

E 102 Tartrazin
E 122 Karmoisin
E 102 Tartrazin
E 122 Karmoisin
E 127 Eritrosin,

Karaciger kanseri Malabadi vd. (2022)

SONUC

Gida triinlerinde kullanilan renklendirici katki maddeleri, tiiketici tercihlerinde 6nemli bir rol
oynamaktadir. Yapilan arastirmalar, katki maddesi olarak renklendiricilerin hemen hemen biitiin
gidalarda yer aldigini, Ozellikle g¢ocuklarin c¢okga tiikettigi ve renk yoniinden zengin olan
sekerlemelerde birgok sentetik renklendirici kullanildigini gostermektedir. Renklendiricilerin
gidalarda kullanimi, olumlu etkilerin yani sira riskli etkileriyle 6n plana ¢ikmaktadir. Bununla
birlikte, saglikli, glivenli ve kaliteli {irlin imajiyla yakindan iligkili olan dogal renklendiricilere olan
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tercihler, ¢ok sayida sentetik boyanin insan sagligi lizerindeki yan etkilerinin tespit edilmesiyle
keskin bir sekilde artmistir. Dolayisiyla, gida endistrilerinin karsilastigi zorluk goz Oniine
alindiginda, zengin renkli pigmentlerin 6zellikleri nedeniyle ortaya ¢ikan teknolojik sinirlamalari
asmak icin alternatifler gelistirilmelidir. Bu kisitlamalarin iistesinden gelmek i¢in, yalnizca gida
renklendirici katki maddelerinin kararliligin1 ve depolama sirasindaki nihai ¢ekiciligini degil, aynm
zamanda giivenligini de artirmak ic¢in 0zel kaynaklar ve islemler gelistirilmelidir. Nitekim, gida
boyalarimin kullanimi, kisa ve uzun vadedeki tim etkileri géz oniinde bulundurularak ve yasal
cerceve dahilinde belirli siirlar iginde ve belirli bir islevi yerine getirecek sekilde
gerceklestirilmelidir. Bunun yani sira, tliketiciler sentetik boyalarin neden oldugu istenmeyen ve
zararh etkiler konusunda giiclii bir algiya sahip olsalar da dogal pigmentlerin giiclii avantaji, sagligi
iyilestirici/koruyucu etkilerinin kesin olarak gosterilmesini gerektirmektedir. Ozellikle cocuklarin
tilkettigi gidalarda/6zellikle cok tiikettikleri sekerlemelerde renklendiricilerin riskli etkilerine karsin
ebeveynlerin bilinglendirilmesi gerektigi, ireticilerin ise siirekli olarak denetlenmesi gerektigi
ortaya ¢cikmaktadir. Kisaca, yapay renklendiricilerin giivenligi, olasi olumsuz ve toksik etkileri
nedeniyle tartigmalidir. Bu nedenlerle, tutarli veriler, kullanimlarina alternatifler ve
giivenilirliklerini saglamak icin bu renklendiriciler hakkinda daha fazla arastirmaya ihtiyag
bulundugu anlasilmaktadir.
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THE IMPACT OF EXCESSIVE SCREEN TIME ON EATING HABITS
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Abstract

In the context of the increasingly frequent use of digital devices, recent research draws attention to
the negative effects of prolonged exposure to screens. Beyond the impact on physical and mental
health, an increasingly important aspect of interest is the influence of these devices on eating
behaviour. This paper is based on the analysis of the specialized literature and synthesizes the
conclusions of relevant studies investigating this link. The studies examined highlight a clear
association between the time spent in front of screens and the development of unhealthy eating
habits. Eating in front of devices affects the perception of hunger and satiety, which favours
overeating. Children who use screens for more than an hour a day are more likely to consume ultra-
processed and high-calorie foods, with a reduced intake of fruits and vegetables. Online content,
such as "#whatieatinaday" or advertisements with influencers, contribute to the formation of a
distorted body image and can stimulate disordered eating behaviours. Also, prolonged exposure to
screens is correlated with an unbalanced diet, an increased consumption of high-calorie snacks and
sweetened beverages. These behaviours can lead to obesity, metabolic disorders and dental
problems. In conclusion, the specialized literature shows that excessive exposure to screens
negatively influences eating behaviour, favouring unhealthy choices and contributing to nutritional
imbalances and important risks for physical and mental health. These conclusions emphasize the
need for preventive measures and adapted educational programs.
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ABSTRACT

Food waste is a complex global problem that significantly affects environmental, economic, and
social sustainability. Approximately 1.3 billion tons of food is wasted each year worldwide, leading
not only to economic losses but also to the inefficient consumption of natural resources and an
increase in greenhouse gas emissions. The aim of this review is to evaluate the impacts of food
waste reduction on sustainable agricultural practices and climate resilience through a comprehensive
literature review.
A narrative review methodology was applied by examining current national and international
literature published between 2010 and 2024. Scientific databases including PubMed, Scopus, Web
of Science, and Google Scholar were scanned using keywords such as “food waste,” “sustainable
agriculture,” “climate resilience,” “resource efficiency,” and “emissions reduction.” Particular
attention was given to peer-reviewed studies involving technological tools (e.g., Global Farm Loss
Tool), long-term agricultural impact analyses, and national policy reports. Data were synthesized
thematically to assess the ecological, economic, and policy-related outcomes of food waste
reduction.

The findings revealed that reducing food waste contributes positively to soil health, biodiversity,
and water efficiency while also significantly decreasing greenhouse gas emissions. Tools like
WWE’s Global Farm Loss Tool enable better tracking of post-harvest losses and guide intervention
strategies. In Turkey, climate-related yield losses in cereal crops have been shown to threaten
national food security. Studies also highlighted that improved consumer awareness and integrated
agri-food policies are essential for reducing waste throughout the food supply chain.
This review underscores that reducing food waste is not only an environmentally conscious decision
but also a strategic priority for achieving economic efficiency and social equity. Promoting circular
agriculture, adopting smart technologies, and educating consumers are critical steps toward long-
term sustainability.

2% ¢

In conclusion, food waste reduction plays a central role in strengthening the resilience of agricultural
systems against climate change and should be incorporated into national and international
development frameworks.
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OZET

Gida israfi, ¢evresel, ekonomik ve sosyal siirdiiriilebilirligi 6nemli 6l¢iide etkileyen karmasik bir
kiiresel sorundur. Diinya c¢apinda her yil yaklasik 1,3 milyar ton gida israf edilmekte ve bu durum
yalnizca ekonomik kayiplara degil, ayn1 zamanda dogal kaynaklarin verimsiz tiiketimine ve sera
gazi emisyonlarinda artisa da yol agmaktadir. Bu incelemenin amaci, kapsamli bir literatiir taramasi
yoluyla gida israfinin azaltilmasimnin siirdiiriilebilir tarim uygulamalar1 ve iklim dayaniklilig
iizerindeki etkilerini degerlendirmektir.

2010-2024 yillar1 arasinda yaymlanmig giincel ulusal ve uluslararasi literatiirli inceleyerek anlatisal
bir inceleme metodolojisi uygulanmistir. PubMed, Scopus, Web of Science ve Google Akademik
gibi bilimsel veri tabanlari, "gida israfi", "stirdiiriilebilir tarim", "iklim dayaniklilig1", "kaynak
verimliligi" ve "emisyon azaltimi" gibi anahtar kelimeler kullanilarak taranmustir. Teknolojik
araclar1 (6rnegin, Kiiresel Ciftlik Kayb1 Aract), uzun vadeli tarimsal etki analizlerini ve ulusal
politika raporlarin1 iceren hakemli ¢aligmalara 6zellikle dikkat edilmistir. Veriler, gida israfinin
azaltilmasimin ekolojik, ekonomik ve politika ile ilgili sonuclarini degerlendirmek i¢in tematik

olarak sentezlendi.

Bulgular, gida israfinin azaltilmasinin toprak sagligina, biyolojik cesitlilige ve su verimliligine
olumlu katkida bulunurken ayni1 zamanda sera gazi emisyonlarin1 6nemli 6l¢iide azalttigini ortaya
koydu. WWF'nin Kiiresel Ciftlik Kaybi Araci gibi araclar, hasat sonrasi kayiplarin daha iyi
izlenmesini sagliyor ve miidahale stratejilerine rehberlik ediyor. Tiirkiye'de, tahil iiriinlerinde iklim
kaynakli verim kayiplarinin ulusal gida giivenligini tehdit ettigi gosterilmistir. Caligmalar ayrica,
gida tedarik zinciri boyunca israfi azaltmak i¢in gelismis tiiketici bilincinin ve entegre tarim-gida
politikalarinin sart oldugunu vurgulamistir.

Bu inceleme, gida israfinin azaltilmasinin yalnizca ¢evreye duyarli bir karar degil, ayn1 zamanda
ekonomik verimlilik ve sosyal adalete ulagsmak icin stratejik bir 6ncelik oldugunu vurgulamaktadir.
Dongiisel tarimi tesvik etmek, akilli teknolojileri benimsemek ve tiiketicileri egitmek, uzun vadeli
strdiirtilebilirlige dogru kritik adimlardir.

Sonug olarak, gida israfinin azaltilmasi, tarimsal sistemlerin iklim degisikligine kars1 dayanikliligini
giiclendirmede merkezi bir rol oynamaktadir ve ulusal ve uluslararasi kalkinma cercevelerine dahil
edilmelidir.

Anahtar Kelimeler: Gida Israfi; Siirdiiriilebilir Tarim; Iklim Dayamklihg; Cevresel
Stirdiiriilebilirlik; Kaynak Verimliligi

GIRIS

Gida israfi, glinlimiiziin en 6nemli strdiiriilebilirlik sorunlarindan biri olarak kiiresel Olcekte
cevresel, ekonomik ve sosyal alanlarda ciddi etkiler yaratmaktadir. Birlesmis Milletler Gida ve
Tarmm Orgiitii (FAO, 2011) verilerine gore her yil diinya genelinde iiretilen gidanin yaklasik iigte
biri, yani 1,3 milyar ton, tedarik zincirinin farkli agamalarinda kaybolmakta veya israf edilmektedir.
Bu israf, yalnizca ekonomik olarak yilda yaklasik 940 milyar ABD dolar1 degerinde kayba karsilik
gelmekte (Lipinski et al., 2013), ayn1 zamanda 250 km? tatli suyun, 1,4 milyar hektar tarim alaninin
ve milyonlarca ton giibrenin bosa kullanilmasina neden olmaktadir (Kummu et al., 2012). Cevresel
acidan, israf edilen gidalarin iiretimi sirasinda kullanilan enerji, su ve toprak kaynaklarinin bosa
harcanmasi, ekosistem iizerinde biiylik bir ylik olusturmaktadir. FAO (2013) raporuna gore, gida
israfi tek basina kiiresel sera gazi emisyonlarinin yaklasik %8’inden sorumludur ve bu oran, gida
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israfin1 diinya iilkeleri arasinda karbon saliminda iiciincii siraya yerlestirmektedir. Ayrica atik
gidalarin ¢Op sahalarinda ayrismasiyla ortaya g¢ikan metan gazi, kiiresel 1sinma potansiyeli
karbondioksitten yaklasik 25 kat daha yiiksek olan giiglii bir sera gazidir (Porter et al., 2016).
Ekonomik acidan, gida israfi hem iiretici hem de tiiketici diizeyinde maliyet artisina yol agmaktadir.
Gelismis {ilkelerde israfin biiylik boliimii tiiketici asamasinda gerceklesirken, gelismekte olan
iilkelerde yetersiz hasat teknikleri, depolama ve nakliye altyapisindaki eksiklikler nedeniyle iiretim
ve tedarik asamalarinda yogunlasmaktadir (FAO, 2019). Omegin, Sahra Alt1 Afrika’da gida
kayiplarmin %70’ten fazlasi hasat sonrast donemde meydana gelirken, Avrupa ve Kuzey
Amerika’da israfin %50’si tiiketici kaynaklidir (Parfitt et al., 2010). Sosyal agidan, gida israfi ve
gida giivensizligi arasindaki ¢eliski dikkat cekicidir. Diinya genelinde yaklagik 828 milyon insan
yetersiz beslenme ile kars1 karsiya iken (FAO, 2022), her yil iiretilen gidanin {igte birinin ¢ope
gitmesi, gida sistemlerindeki adaletsizligin acik bir gdstergesidir. Israf edilen gidanin yalnizca dortte
biri bile kurtarilabilseydi, diinyadaki aglik sorununun oOnemli o6lciide hafifletilebilecegi
belirtilmektedir (Gustavsson et al., 2011). Tiirkiye 6zelinde, TUIK (2024) verilerine gore yillik gida
israfi miktar1 yaklasik 18 milyon ton, kisi basina diisen israf miktar1 ise 93 kilogramdir. Israfin
%401 hanehalki kaynakli olup, bu durum tiiketici davraniglarinin israf tizerindeki etkisini ortaya
koymaktadir. Geri kalan israf, {retim, depolama, isleme ve dagitim asamalarinda
gerceklesmektedir. Tiirkiye’de soguk zincir altyapisinin her bolgede yeterince gelismemis olmast,
ozellikle sebze-meyve gibi hizli bozulan {irtinlerde kayiplarin artmasina neden olmaktadir. Ayrica,
perakende sektoriinde gorsel kusurlu {iriinlerin pazara sunulmamasi da tiikketim oncesi kayiplari
artiran bir diger faktordiir (T.C. Tarim ve Orman Bakanhigi, 2021). iklim degisikligi baglaminda,
Tiirkiye cografi konumu itibariyla Akdeniz Havzasi’nda yer almakta ve bu bolge, iklim
degisikligine kars1 en kirllgan bolgelerden biri olarak tanimlanmaktadir (Tiirkes et al., 2018).
Kuraklik, ani sicaklik degisimleri ve asir1 yagis gibi iklim olaylari, tarimsal {iretimde hem miktar
hem de kalite kayiplarina neden olmaktadir. Gida israfinin azaltilmasi, mevcut tarimsal kaynaklarin
daha verimli kullanilmasini saglayarak bu olumsuz etkileri hafifletebilir ve tarim sistemlerinin iklim
dayanikliligini giiclendirebilir (Wheeler & von Braun, 2013; Vermeulen et al., 2012). Sonug olarak,
gida israft yalnizca g¢evresel bir problem degil, ayn1 zamanda ekonomik kaynaklarin verimsiz
kullanim1 ve sosyal adaletsizliklerin derinlesmesi anlamina gelen ¢ok boyutlu bir sorundur. Bu
nedenle israfin azaltilmasi, stirdiiriilebilir tarim uygulamalar ile iklim dayaniklilig1 stratejilerinin
merkezinde yer almalidir.

YONTEM

Bu calisma, anlat1 temelli bir literatiir taramasidir. 2010-2024 yillar1 arasinda yayimlanmig ulusal
ve Uluslararas literatiir incelenmistir. Arastirma siirecinde PubMed, Scopus, Web of Science ve
Google Scholar veri tabanlarinda 'food waste', 'sustainable agriculture', 'climate resilience', 'resource
efficiency’ ve 'emissions reduction’ anahtar kelimeleri kullanilmistir. Dahil etme kriterleri; hakemli
dergilerde yayimlanmis olmasi, tarim ve iklim iligkisini incelemesi ve gida israfi azaltimina yonelik
veri saglamasidir. Tiirkiye’ye ait istatistikler icin FAO ve TUIK veri setlerinden yararlanilmistir.

GELISME

Avrupa ve Kuzey Amerika’da kisi basma yillik gida israfi 95-115 kg iken, Sahra Alt1 Afrika ve
Giliney/Giineydogu Asya’da bu miktar 6—11 kg’dir (Kummu ve ark., 2012).

Gida israfinin cevresel etkileri yalnizca atigin kendisi ile sinirli degildir; tiretim asamasinda
kullanilan su, enerji ve toprak gibi kaynaklarin da bosa harcanmasina yol agar (Porter ve ark., 2016).
Kiiresel gida israfi, toplam tatli su kullaniminin %24’iinii, tarim alanlarmin %?23’{inii ve giibre
kullaninminin %23’{inii bosa harcamaktadir (Kummu ve ark., 2012). Ayrica israf edilen gidalar,
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kiiresel sera gazi1 emisyonlarinin yaklasik %6’sina denk gelen 3,3 milyar ton CO- esdegeri emisyon
iretmektedir (FAO, 2013).

Iklim degisikligi, kuraklik, asir1 yagis, sicaklik dalgalanmalari ve zararli organizma artiglar1 gibi
faktorlerle tarimsal iiretimi tehdit etmektedir (Wheeler & von Braun, 2013). Gida israfinin
azaltilmasi, mevcut kaynaklarin daha verimli kullanimina imkan taniyarak tarim sistemlerinin iklim
soklarina kars1 dayanikliligini artirabilir (Vermeulen ve ark., 2012).

Sosyoekonomik agidan bakildiginda, gida israfinin 6nlenmesi hanehalk: giderlerini azaltmakta,
iiretici gelirlerini artirmakta ve kirsal kalkinmaya katkida bulunmaktadir (Priefer ve ark., 2016).
Dongiisel ekonomi yaklagimi kapsaminda, gida atiklarin hayvan yemi, kompost veya biyogaz
iretiminde kullanilmas1 hem ekonomik hem de ¢evresel faydalar saglamaktadir (Ellen MacArthur
Foundation, 2013).

Gida israfi yalnizca cevresel ve ekonomik bir mesele degil, ayn1 zamanda etik bir sorundur. Bir
yanda milyonlarca insan aglikla miicadele ederken, diger yanda tiiketilebilir gidalarin ¢ope atilmast,
gida adaletsizligini derinlestirmektedir. Bu durum, Birlesmis Milletler'in siirdiiriilebilir kalkinma
hedeflerinden biri olan "Ac¢liga Son" ilkesiyle dogrudan ¢elismektedir. Gida israfinin azaltilmasi,
sosyal esitsizliklerin giderilmesi ve gida hakkinin savunulmasi agisindan da hayati 6neme sahiptir

Tablo 1. Ulkelere Gore Gida israfi ve Politika Onlemleri

Bolge/Ulke Yihk Gida  Israfi Kisi Basina Israf (kg) Politika/Program
(Milyon Ton) Ornegi

Avrupa Birligi 88 173 AB Farm to Fork
Stratejisi

ABD 60 185 USDA-EPA Food Loss
and Waste 2030

Cin 35 25 Clear  Your Plate
Kampanyas:

Tiirkiye 18 93 Gidani Koru
Kampanyas:

Sahra Alt1 Afrika 6 10 Yerel Depolama ve

Tasima Iyilestirmeleri

TARTISMA

Bu ¢alismanin bulgulari, gida israfinin azaltilmasinin siirdiiriilebilir tarim ve iklim dayaniklilig
iizerinde belirgin olumlu etkiler yarattigini ortaya koymaktadir. Elde edilen sonuglar, mevcut
literatiirdeki birgok caligma ile paralellik gostermektedir. FAO (2019) raporunda, gida kayiplariin
%25 oraninda azaltilmasinin tarim sektdriiniin sera gazi emisyonlarinda %8’e varan bir disiis
saglayabilecegi belirtilmektedir. Benzer sekilde Kummu ve ark. (2012), gida israfinin kiiresel tath
su kullaniminin %24’iinii, tarim alanlarinin %23’iinii ve giibre kullaniminin %23’ilinii bosa
harcadigin1 ortaya koymustur. Bu bulgular, ¢alismamizda vurgulanan “israfin azaltilmasinin
ekolojik kaynak verimliligini artiracagr” sonucunu desteklemektedir.

Tiirkiye baglaminda, “Gidan1 Koru” kampanyasi gibi farkindalik artirma girisimleri israfin
onlenmesine yonelik 6nemli bir adim olsa da, uygulamalarin heniiz tedarik zincirinin tiim
halkalarim1 kapsayacak diizeyde olmadigi goriilmektedir. Avrupa Birligi’nin “Farm to Fork”
stratejisi, lUretimden tiiketime kadar tiim asamalarda israfi dnlemeye yonelik somut ve Ol¢iilebilir
hedefler igerirken (European Commission, 2020), Tiirkiye’de benzer stratejilerin yasal zemine
oturtulmasi ve sektorler arasi koordinasyonun giiglendirilmesi gerekmektedir.

Calisma ayrica, teknolojik ¢oziimlerin 6nemini ortaya koymaktadir. WWF tarafindan gelistirilen
Global Farm Loss Tool gibi dijital izleme araglar, ciftlik diizeyinde kayiplarin dlciilmesini ve
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miidahale stratejilerinin belirlenmesini kolaylagtirmaktadir (WWF, 2020). Tirkiye’de bu tiir
araclarin yayginlastirilmasi, 6zellikle hasat sonrasi kayiplarin azaltilmasi agisindan kritik bir rol
oynayabilir. Soguk zincir altyapisinin gelistirilmesi, lojistik siireglerin iyilestirilmesi ve iretici
egitimi ile entegre edilmesi, tarimsal verimliligin artmasina ve israfin azalmasia katki
saglayacaktir.

Bunun yani sira, tiiketici davranislar1 da israfin boyutunu dogrudan etkilemektedir. WRAP (2021)
verilerine gore, gelismis iilkelerde gida israfinin yarisindan fazlast hanehalki diizeyinde
gerceklesmektedir. Tiirkiye’de TUIK (2024) verileri, hanehalki kaynakli israfin toplam israfin
%40’ 1mna ulastigin1 gostermektedir. Bu durum, farkindalik kampanyalarinin sadece iiretici ve
perakendeci boyutunda degil, tiiketici aliskanliklarin1 degistirecek sekilde kurgulanmasi gerektigini
gostermektedir.

Son olarak, gida israfinin sosyal etkileri de goz ardi edilmemelidir. Diinya genelinde 828 milyon
insan yetersiz beslenme ile karsi karsiya iken (FAO, 2022), israf edilen gidanin yalnizca dortte
birinin kurtarilmasi bile aglik sorununu 6nemli 6l¢iide hafifletebilir. Bu baglamda, gida bagis
aglarinin giiclendirilmesi, fazla gidanin ihtiyag¢ sahiplerine ulastirilmasi ve yasal diizenlemelerle bu
stirecin kolaylastirilmas: hem sosyal adalet hem de c¢evresel siirdiiriilebilirlik agisindan fayda
saglayacaktir.

SONUC VE ONERILER

Bu calisma, gida israfinin azaltilmasinin siirdiiriilebilir tarim uygulamalar ve iklim dayaniklilig
tizerinde ¢ok boyutlu etkiler yarattigini ortaya koymaktadir. Bulgular, israfin azaltilmasinin yalnizca
cevresel faydalar saglamakla kalmadigini; ayn1 zamanda ekonomik verimliligi artirdigini, dogal
kaynaklarin korunmasina katkida bulundugunu ve sosyal esitligi destekledigini gostermektedir.

Politika ve Yasal Diizenleme Onerileri:

o Ulusal Gida Israfi Azaltma Stratejisi: Uretimden tiiketime tiim asamalar1 kapsayan,
olgiilebilir hedeflere sahip ve yasal zemine oturtulmus bir ulusal strateji gelistirilmelidir.

o Bagis Tesvikleri: Perakende ve gida hizmeti sektorlerinde satilamayan ancak giivenli
gidalarin bagisini tesvik eden vergi indirimleri ve lojistik destek mekanizmalari olugturulmalidir.

o Gorsel Kusurlu Uriinlerin Pazara Girisi: Estetik standartlara uymayan ancak giivenli
gidalarin satisinin tesvik edilmesi ile iiretim agamasinda kayiplar azaltilabilir.

Teknolojik ve Operasyonel Oneriler

o Dijital Izleme Sistemleri: Global Farm Loss Tool gibi teknolojiler Tiirkiye’de
yayginlastirilarak iiretim ve dagitim asamalarinda kayiplar izlenebilir.

o Soguk Zincir Altyapisi: Ozellikle sebze-meyve gibi kisa omiirlii iiriinlerde soguk zincir
yatirimlart artirilmalidir.
o Lojistik Optimizasyonu: Tasima siirelerini ve bozulma riskini azaltacak rota

planlamalar1 ve depolama sistemleri gelistirilmelidir.

Toplumsal ve Egitim Odakli Oneriler

o Farkindalik Kampanyalari: Hanehalki diizeyinde israfi azaltmaya yonelik ulusal medya
kampanyalar1 ve sosyal medya projeleri yliriitiilmelidir.
¢

Miifredat Entegrasyonu: ilkégretimden itibaren gida israfi ve siirdiiriilebilir tiiketim aliskanliklar1
egitim programlarina dahil edilmelidir.

o

Yerel Yonetim Projeleri: Belediyeler, fazla gidanin bagis aglarina aktarilmasimi kolaylastiracak
altyapilar olusturmalidir.
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Uluslararast Isbirligi

o Bilgi ve Teknoloji Paylasimi: Diger iilkelerde basariyla uygulanmis israf azaltma
programlarinin Tiirkiye’ye adapte edilmesi i¢in isbirlikleri yapilmalidir.
o)

Kiiresel Siirdiirtilebilirlik Hedefleri ile Uyum: Gida israfinin azaltilmasi, Birlesmis Milletler
Stirdiiriilebilir Kalkinma Hedefleri’nin (SKH 12.3) bir parcasi olarak ulusal kalkinma planlarina
entegre edilmelidir.

Sonug olarak, gida israfi ile miicadele, yalnizca g¢evreyi koruma c¢abasi degil, ayni zamanda
ekonomik kalkinma, sosyal adalet ve iklim degisikligine uyum stratejilerinin temel unsurlarindan
biridir. Tiirkiye’de atilacak adimlarin hem yerel hem de kiiresel diizeyde 6nemli katkilar saglayacagi
aciktir.
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Morocco is one of the most biodiverse countries in the Mediterranean region, particularly regarding
its snake fauna. The country is home to eight venomous snake species, seven of which belong to the
Viperidae family, responsible for approximately 80% of viper envenomation cases. According to
the Moroccan Poison Control and Pharmacovigilance Centre, Cerastes cerastes (the Sahara horned
viper) and Daboia mauritanica are considered among the most dangerous species, being the most
frequently implicated in reported envenomation cases in the Kingdom. These vipers cause a wide
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range of local and systemic symptoms, including oedema, blistering, dermonecrosis, myotoxicity,
and hemorrhagic diathesis, often associated with defibrinogenation and thrombocytopenia. Current
treatment guidelines address the clinical manifestations of viper envenomation as a single clinical
syndrome, without distinguishing between the specific effects of different species. However, for
more effective clinical management, a detailed characterization of the toxicological and biological
profiles of each viper species is essential.

In this context, we investigated the lethality, as well as the hemorrhagic, oedematous, and myotoxic
activities of C. cerastes and D. mauritanica venoms. Our results show that the median
intraperitoneal lethal doses (LDso) for C. cerastes and D. mauritanica venoms are 36.30 pg/mouse
and 48.64 pg/mouse, respectively. The minimum hemorrhagic doses (MHD) were 0.35 pg/mouse
for C. cerastes and 1.74 pg/mouse for D. mauritanica, while the minimum oedematous doses
(MED) were 1.37 pg/mouse and 3.05 pg/mouse, respectively. These findings indicate that C.
cerastes venom is more toxic and hemorrhagic, and induces death significantly faster than D.
mauritanica venom.

The LDso values and associated pathophysiological data obtained in this study can support the
development of a specific antivenom targeting bites from these two medically significant viper
species in Morocco.

Keywords: Viper, Envenomation, In vivo toxicity, Hemorrhage, Oedema, Pathophysiology.
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Abstract

Type 2 diabetes is a rapidly growing disease, with increasing associated complications and
healthcare costs. Lifestyle and medical nutrition therapy are the cornerstones of type 2 diabetes
prevention and treatment, and the American Diabetes Association has made several
recommendations on medical nutrition therapy for diabetes; these recommendations emphasize the
importance of reducing major and minor vascular complications in diabetic patients. Four types of
diets were reviewed for their effects on diabetes: the Mediterranean diet, the low-carbohydrate/high-
protein diet, the plant-based diet, and the vegan diet. In this research, survey data were collected on
January 18, 2023 by posting a Google form on social media, WhatsApp, Telegram, and the link sent
to all files. All the questionnaire questions were directed to groups of diabetic patients, three
questions were about distinctive things for example (age, healthy diet, and exercise), and the
remaining questions (11) were about their knowledge and information about type 2 diabetes, and
the study ended on February 25, 2023, and the researchers selected 123 questionnaires from different
Iragi governorates. (49 _43) 30.9% have diabetes in a year, 71.5% females and 28.5% males. 42%
do not exercise and 57% exercise, 4.1% use a healthy diet and exercise, 38% use metformin, 26%
use amaryl, 43% use daunil, 28% use empagliflozin. This study shows that young Iraqgi participants
(aged 40-50 years) have good knowledge about the causes and symptoms of type 2 diabetes but
have poor knowledge about the importance of healthy diet and exercise in maintaining blood sugar
levels. Elements such as chromium, magnesium, and zinc contribute to improved insulin sensitivity
and glucose regulation. Additionally, dietary fiber and omega-3 fatty acids support glycemic control
and reduce inflammation. Incorporating these nutrients through a balanced diet may enhance
diabetes management and reduce the risk of complications.

Keywords: Diabetes, health care costs, Metabolism, Treatments and Medications Diabetes.
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ABSTRACT

Urbanization is considered one of the main indicators of economic development and social
transformation in modern societies. As the global urban population expands, the vulnerability of
food supply chains intensifies, making food security one of the most fundamental challenges for
modern societies. In megacities like Istanbul, where this global trend is particularly pronounced,
the need to establish local and sustainable food systems has become critically important. In this
context, this research aims to propose a viable model for a resilient food future by analyzing
Istanbul's unique urban dynamics and food system challenges through a qualitative research
design. The analysis reveals that the fundamental problems in Istanbul's food system are an
increasing dependency on external food supplies, long and fragile supply chains vulnerable to
shocks such as logistical costs and natural disasters, the declining competitiveness of small-scale
producers, and a lack of integration between urban planning policies and food security objectives.
In light of these findings, the study recommends establishing a legal basis for integrated urban and
food planning, promoting innovative urban agriculture practices like vertical farming and rooftop
gardens with financial incentives, creating local food networks that support small producers
through cooperativization, and increasing social awareness via food literacy programs. The
research makes a significant contribution to the literature by providing a feasible, holistic, and
participatory strategic framework for Istanbul, and it holds potential impact for the development
of urban food policies by offering a scalable reference model for other metropolises facing similar
challenges.

Keywords: Urbanization, Food Security, Sustainable Food Systems, Urban Agriculture, Istanbul.

OZET

Kentlesme, modern toplumlarda ekonomik gelisme ve sosyal doniigiimiin temel gostergelerinden
biri olarak kabul edilmektedir. Kiiresel 6lgekte kent niifusunun artmasi, gida tedarik zincirlerinin
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kirilganligini derinlestirmekte ve gida giivencesini modern toplumlarin en temel sorunlarindan biri
haline getirmektedir. Bu kiiresel egilimin en belirgin sekilde yasandigi Istanbul gibi mega
kentlerde, yerel ve siirdiiriilebilir gida sistemleri olusturma ihtiyaci kritik bir 6nem kazanmistir.
Bu baglamda, bu arastirma, Istanbul'un 6zgiin kentsel dinamiklerini ve gida sistemi zorluklarini
nitel bir arastirma deseniyle analiz ederek, direncli bir gida gelecegi i¢in uygulanabilir bir model
onermeyi hedeflemektedir. Yapilan analizler sonucunda, Istanbul'un gida sistemindeki temel
sorunlarin; gida tedarikinde disa bagimliligin artmasi, lojistik maliyetler ve dogal afetler gibi
soklara karsi1 kirilgan olan uzun tedarik zincirleri, kiiciik iireticilerin rekabet giiciinii yitirmesi ve
kent planlama politikalar ile gida giivencesi hedefleri arasindaki entegrasyon eksikligi oldugu
saptanmistir. Bu bulgular 1s181inda ¢alisma, biitlinlesik kent ve gida planlamasinin yasal bir zemine
oturtulmasini, dikey tarim ve ¢at1 bahgeleri gibi yenilik¢i kent tarimi uygulamalariin finansal
tesviklerle yaygilastirilmasini, kooperatiflesme yoluyla kiiciik iireticilerin desteklendigi yerel
gida aglarinin  kurulmasmmi ve gida okuryazarlifi programlariyla toplumsal farkindaligin
artirilmasim onermektedir. Calisma, Istanbul dzelinde uygulanabilir, biitiinciil ve katilime1 bir
stratejik cergeve sunarak literatiire onemli bir katki saglamakta ve benzer sorunlarla yiizlesen diger
metropoller i¢cin de Olceklenebilir bir referans modeli sunarak kentsel gida politikalarinin
gelisimine potansiyel bir etki yaratmaktadir.

Anahtar Kelimeler: Kentlesme, Gida Giivencesi, Surdiirilebilir Gida Sistemleri, Kent Tarima,
Istanbul.

GIRIS

Gilinlimiizde yasanan ¢evresel, ekonomik ve sosyal olaylar, gida sistemlerinin siirdiiriilebilirligine
(g1da istikrarina) daha fazla 6nem verilmesini gerektirmistir (Kayisoglu & Tiirksoy, 2023). Gida
sistemleri ancak ekonomi, sosyal ve cevre konulari ile bunlarin kesisim alanlarinin ve insani
degerlerin dikkate almmasiyla siirdiiriilebilir hale gelebilir (inan, 2025). Bu ¢alisma,
stirdiiriilebilirlik, kent tarimi ve gida gilivencesi gibi kavramlarin daha iyi anlasilmasi ve gida
sistemlerinin siirdiiriilebilirligi baglaminda birbirleriyle olan iliskilerini agiklamaktadir.

Stirdiiriilebilirlik, ilk olarak 1970'lerde ekonomik faaliyetlerin ¢evreye olan etkilerini azaltma
cabas1 olarak anlasilmistir (BM, 1972). 1987 yilinda Diinya Cevre ve Kalkinma Komisyonu
(WCED) raporunda, "gelecek nesillerin kendi ihtiyaglarini karsilama yeteneginden odiin
vermeden, bugiiniin ihtiyag¢larini karsilayan kalkinma" olarak tanimlanmistir (WCED, 1987). Gida
Giivencesi ise, Gida ve Tarim Orgiitii (FAO) tarafindan 1996 yilinda yapilan Diinya Gida
Zirvesi'nde kabul edilen tanima gore, "tiim insanlarin her zaman aktif ve saglikli bir yasam igin
beslenme ihtiyaglarini ve gida tercihlerini karsilayacak yeterli, giivenli ve besleyici gidaya fiziksel,
sosyal ve ekonomik olarak erisimi" olarak tanimlanmaktadir (FAO, 1996; Guliyev, 2019). Kent
tarimi ise, kent alanlar1 icinde ve cevresinde, kentsel kaynaklar1 kullanarak bdolgenin gida
ihtiyaglarini karsilamay: hedefleyen tarimsal iiretim faaliyetleridir (Tandogan & Ozdamar, 2022).

Diinya genelinde kentlesme, ekonomik ve sosyal kalkinmanin itici giici olmakla birlikte,
beraberinde ciddi zorluklar da getirmektedir (Szabo, 2015; Djan, 2023). Hizl niifus artisi, cevresel
baskilar ve iklim degisikligi gibi kiiresel 6lgekli krizler, gida sistemlerinin kirilganligint gozler
oniine sermektedir (Inan, Konyali & Celik, 2023). Ozellikle biiyiik metropoller, gida arzi, lojistik,
erigilebilirlik ve siirdiiriilebilirlik konularinda benzeri goriilmemis zorluklarla yilizlesmektedir
(Szabo, 2015; Wei, Wei, Ye & Fan, 2025).
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AMAC VE KAPSAM

Bu arastirmanin temel amaci, hizla biiyiiyen Istanbul'da gida sistemlerinin daha siirdiiriilebilir hale
getirilmesi i¢in somut oneriler sunmaktir. Bu amagla, artan niifusun, azalan tarim arazilerinin ve
karmasik gida zincirlerinin gida giivencesine etkileri incelenmektedir. Calisma, Istanbul'un
mevcut gida sistemini analiz ederek, gelecekteki gida gilivenligini tehdit eden ana sorunlari
belirlemeyi hedeflemektedir.

KENTSEL TARIMIN COK BOYUTLU DEGERLENDIRILMESI

Kentlesme siireclerinin gida gilivencesi {iizerindeki etkileri incelenirken, kentsel tarim
uygulamalarinin sundugu potansiyel ¢oziim yollar1 ¢evresel, sosyal ve ekonomik boyutlariyla
kapsamli bir sekilde ele alinmaktadir. Giiniimiizde kentsel tarim, kiiresel dlgekte siirdiiriilebilir
kent gelisimi politikalarinda 6nemli bir strateji olarak goriilmektedir (Hodgson vd., 2011).

Cevresel Boyut: Kentsel tarim, kent ekosisteminin iyilestirilmesine énemli katkilar sunmaktadir.
Bu uygulamalar, yesil alanlarin artirilmasiyla kent peyzajini zenginlestirirken, hava kalitesinin
iyilesmesine yardimci olmakta ve biyolojik ¢esitliligi desteklemektedir (Hodgson vd., 2011).
Ayrica, siirdiiriilebilir tarim tekniklerinin kullanimiyla topragin verimliligi artirilmakta ve suyun
etkin kullanimi tesvik edilmektedir. En 6nemlisi, yerel gida iiretimi sayesinde uzun mesafeli
tasimadan kaynaklanan karbon emisyonlar1 azaltilarak kentin ekolojik ayak izi kiigiiltiilmektedir.
Bu baglamda, atil durumdaki araziler ve bina catilar1 gibi alanlarin degerlendirilmesi,
stirdiiriilebilir kentsel kalkinma hedefleri agisindan kritik oneme sahiptir (Tint Mimarlik, 2024).

Sosyal Boyut: Kentsel tarimin sosyal faydalari, bireysel ve toplumsal diizeyde kendini
gostermektedir. Topluluk bahgeleri ve benzeri uygulamalar, komsuluk iliskilerini giiclendirerek
sosyal dayanigmay1 artirmakta ve kent sakinlerini bir araya getirmektedir (Sdumel vd., 2022).
Ayrica, gida giivencesini pekistirerek bireylerin taze, glivenli ve besleyici gidalara erigimini
kolaylastirmaktadir. Gida tedarik zincirindeki olasi kesintilere karsi bir tampon gorevi gorerek
kentsel direncliligi artirmaktadir. Egitim ve bilinglendirme araci olarak da islev goren kentsel
tarim, Ozellikle ¢ocuklar icin gida iiretimi siiregleri hakkinda uygulamali 6grenme imkani
sunmakta ve gida okuryazarligini yayginlastirmaktadir (Amoah Bekoe & Yeboah, 2023).

Ekonomik Boyut: Ekonomik ag¢idan bakildiginda, kentsel tarim yeni istihdam olanaklar
yaratmakta ve yerel ekonomiyi canlandirmaktadir. Kiiciik 6l¢ekli girisimciligi destekleyerek yerel
pazarlarin gelisimine katkida bulunmakta ve tiiketiciler i¢in gida maliyetlerinin diisiiriilmesine
olanak tanimaktadir. Sirdiiriilebilir gida sistemlerinin bir pargasi olarak, bu uygulamalar
ekonomik stirdiriilebilirligi desteklemekte ve turizm ile egitim gibi sektorlerle entegre olma
potansiyeli tagimaktadir (Amoah Bekoe & Yeboah, 2023). Tiirkiye'de yapilan arastirmalar da bu
potansiyeli vurgulamaktadir (Yiiksel & Ertas, 2022).

Kentsel Tarimin Riskleri: Tiim potansiyel faydalarina ragmen, kentsel tarim uygulamalar1 bazi
riskleri de beraberinde getirmektedir. Kentlesmenin yogun oldugu alanlarda toprak, su, enerji ve
emek gibi kaynaklar iizerinde rekabet yaratabilir. Ayrica, kent ortaminin getirdigi altyapi
yetersizlikleri ve kirlilik (hava ve toprak kirliligi gibi) sorunlari, iiretilen {irlinlerin giivenligini
olumsuz etkileyebilir. Bu risklerin yonetimi, kentsel tarim stratejilerinin planlama asamasinda
dikkate alinmasi gereken onemli bir husustur. Tiirkiye'deki mevzuat ve planlarda bu risklere
yonelik net bir ¢cer¢evenin olmadigi belirtilmektedir (Giiltekin, 2021).
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BULGULAR VE TARTISMA
Uluslararasi Karsilastirmali Ornekler

Kiiresel kentlesme siireci, sehirlerin gida giivencesinde benzer zorluklar yaratmaktadir. Bu
baglamda, Istanbul icin ¢6ziim yollar1 gelistirmek amaciyla bazi uluslararasi ornekler
incelenmistir:

Addis Ababa (Etiyopya): Plansiz kentlesme ve zayif altyapi, yliksek gida giivencesi riskleri
tasimaktadir. Topluluk bahgeciligi ve mikro kredi programlar1 gida erisimini artirmaktadir (Abebe,
2024).

Mumbai (Hindistan): Yiiksek niifus yogunlugu ve karmasik tedarik zincirleriyle miicadele
etmektedir. "Ciftgi Pazar1" girisimleri, tedarik zincirini kisaltmis ve fretici-tiiketici bagini
giiclendirmistir (Choithani, Jaleel & Rajan, 2024).

Jakarta (Endonezya): Tarim arazilerinin yapilasmaya acilmasi ve su kirliligi, gida {iretim
kapasitesini etkilemektedir. Kent yonetimi, dikey tarim ve c¢ati seralariyla yerel iretimi
desteklemektedir (Putra vd., 2020).

Afrikali Mega Kentler (Ortalama): Gidanin ¢ogunlukla kirsal veya ithalat yoluyla saglanmasi
tedarik zincirlerini kirilganlastirmaktadir. Kiigiik 6l¢ekli gida pazarlari ve gida isleme kapasiteleri
yerel ¢oziimler sunmaktadir (Djeufack Dongmo & Avom, 2024).

Ankara (Tiirkiye): Istanbul'a kiyasla daha planli ve diizenli tarim alanlarina sahiptir. "Baskent
Ankara'da Kent Tarim1" projesi, yerel iireticiyi destekleyerek gida akisini glivence altina almay1
amaglamaktadir (Yiiksel & Ertas, 2022).

Istanbul'un Gida Sistemindeki Temel Sorunlar

Artan Disa Bagimlilik: Hizla artan niifus, kentin gida ihtiyacinin biiyiik bir kismini ¢evre illerden
ve yurt disindan karsilamasini zorunlu kilmaktadir (Abebe, 2024; Choithani, Jaleel & Rajan, 2024;
Djeufack Dongmo & Avom, 2024; Erokhin, Tianming, Chivu & Andrei, 2022; Farooq & Rashid,
2024; Kang, Duan & Yun, 2023; Lee, Zeng & Luo, 2024; Macalou, Keita, Coulibaly &
Diamoutene, 2023; Magigi, 2013). Kent i¢i ve yakin g¢evresindeki tarim arazilerinin kaybi, bu
bagimlilig1 daha da derinlestirmektedir (Safdar vd., 2023).

Kirilgan Tedarik Zinciri: Uzayan tedarik zincirleri, gidanin kalitesinde kayiplara ve atiklarin
artmasina neden olmaktadir (Ttimenbatur, 2022). Dogal afetler veya ekonomik dalgalanmalar
karsisinda sistemin dayaniklilig1 zayiflamaktadir (Inan, Konyali & Celik, 2023).

Kiiciik Ureticilerin Rekabet Giiciiniin Azalmasi: Kentlesme ve endiistriyel tarrmin yayginlagmast,
kiiciik 6l¢ekli tireticilerin geleneksel pazarlara erisimini ve rekabet giiclinii azaltmaktadir (Engdaw
& Kebede, 2018). Bu durum, gida fiyat enflasyonunu tetikleyebilmektedir.

Politika ve Uygulama Bosluklari: Mevcut kent planlama politikalari, tarim arazilerinin korunmasi
ve gida giivencesi hedefleri arasinda bir entegrasyon kuramamaistir. Tarimsal tiretimi tesvik eden
ulusal politikalar ile kentsel biiylime odakl1 yerel politikalar arasinda uyumsuzluk bulunmaktadir
(ilhan & Kerimoglu, 2023). Tiiketicilerin bilingli satin alma kararlarini siirdiiriilebilir politikalar
{izerindeki rolii goz ard1 edilmektedir (Inan, 2025).

SONUC VE ONERILER

Gergeklestirilen arastirma, Istanbul gibi biiyiik metropollerde artan niifus, azalan tarim alanlar1 ve
yiikselen gida talebi karsisinda siirdiiriilebilir gida sistemlerinin gelistirilmesinin kritik bir
gereklilik oldugunu ortaya koymustur. Calisma kapsaminda incelenen biitlinciil yaklagim ve
yenilikgi stratejiler, bu hedefe ulasmada temel bir yol haritas1 sunmaktadir. Dikey tarim ve cati
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bahgeleri gibi modern kent tarimi uygulamalarinin yayginlagtirilmasi, yerel iireticilerin
desteklenmesi ve gida okuryazarliginin artirilmasi gibi somut oneriler, kentin gida giivencesini ve
dayanikliligin1 artirmada belirleyici bir rol oynayacaktir. Bu bulgular, Istanbul'un gida sisteminin
hem cevresel hem de sosyal agidan daha saglam bir yapiya kavusturulmasi i¢in biitlinlesik bir
planlama ve katilimer siireclerin kaginilmaz oldugunu gostermektedir.

Arastirmanin ortaya koydugu temel sorunlar ve dinamikler 1s131nda, Istanbul'un gida direncini
artirmak i¢in gelistirilen ve bu ¢alismanin temel katkisini olusturan ¢6ziim Onerileri sunlardir:

Biitiinlesik Planlama: Kent ve gida planlamasi entegre edilmeli, tarim arazilerinin korunmasina
yonelik yasal diizenlemeler giiclendirilmeli ve gida giivenligi, kentsel politikalarin merkezine
alinmalidir.

Kent Tariminin Tesviki: Dikey tarim, ¢at1 bahgeleri ve topluluk bahgeleri gibi yenilik¢i kent tarimi
uygulamalar1 yayginlastirilmali, bu alanlarin hayata gecirilmesi igin tesvik ve destek
mekanizmalar1 olusturulmalidir.

Yerel Uretici Destegi: Kiigiik iireticilerin pazara erisimi kolaylastirilmali, kooperatiflesme
desteklenmeli ve tiiketicilerle dogrudan baglanti kurmalarini saglayan yerel gida aglar
giiclendirilmelidir.

Gida Atiklariin Azaltilmasi: Lojistik siirecleri optimize edilmeli, tiiketici diizeyinde farkindalik
kampanyalar1 diizenlenmeli ve gida bankacilig1 sistemleri gii¢lendirilerek gida kaybi ve atiklari en
aza indirilmelidir.

Tiiketici Bilinglendirme: Gida okuryazarlifi ve siirdiiriilebilir tiiketim konularinda egitim
programlar1 gelistirilmeli, yerel ve mevsimlik {rlin tiketimini tesvik eden kampanyalar
diizenlenmelidir.

Dayanikli Tedarik Zincirleri: Yerel kaynak kullanimi artirtlmali, alternatif dagitim kanallari
gelistirilmeli ve Ozellikle afet durumlarina karst acil eylem planlar1 olusturularak gida tedarik
zincirleri soklara karst daha direncli hale getirilmelidir.

Gida inovasyonu ve Teknoloji: Akilli tarim uygulamalari, yeni nesil gida isleme teknikleri ve
strdiiriilebilir ambalaj ¢oziimleri gibi gida teknolojilerine yatirim yapilarak verimlilik ve
stirdiiriilebilirlik artirilmalidir.

Bu ¢alisma, Istanbul'un gida sisteminin siirdiiriilebilirligi {izerine genel bir cergeve sunmaktadir.
Ancak, bu alanda daha derinlemesine arastirmalara ihtiya¢ duyulmaktadir. Gelecekte yapilacak
caligmalarin, kentsel tarim projelerinin ekonomik getiri analizleri, gida tedarik zincirindeki lojistik
modellerin gelistirilmesi ve farkli paydaglarin (iireticiler, tiiketiciler ve yerel yonetimler)
strdiiriilebilir gida sistemlerine yonelik tutum ve davraniglarinin incelenmesi gibi konulara
odaklanmas1 dnerilmektedir. Bu 6nerilen calismalar, Istanbul'un siirdiiriilebilir gida sistemlerini
daha biitiinciil bir sekilde anlamak ve kentin gida glivencesini pekistirecek daha etkin politikalar
gelistirmek i¢in 6nemli bir zemin olusturacaktir.
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