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REF: Akademik Tesvik

Ilgili makama;

Uluslararas1 Multidisipliner Cevre Ve Kenevir Kongresi, 20-22 Mayis 2024 tarihleri arasinda
Ankara’da 14  farkli  ilkenin (Tirkiye 32  bildiri- Diger tlkeler 42  bildiri)

akademisyen/aragtirmacilarinin katihmiyla gerceklesmistir

Kongre 16 Ocak 2020 Akademik Tesvik Odenegi Ydnetmeligine getirilen “Tebliglerin sunuldugu
yurt icinde veya yurt disindaki etkinligin uluslararasi olarak nitelendirilebilmesi i¢in Tiirkiye
disinda en az bes farkli lilkeden sozlii teblig sunan konugmacinin katilim saglamasi ve tebliglerin
yaridan fazlasimin Tiirkiye disindan katilimcilar tarafindan sunulmasi esastir.” degisikligine uygun

diizenlenmistir.
Bilgilerinize arz edilir,
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TURKIYE CUMHURIYETI NiN YOZNCG YiLI

T.C.
OSTIM TEKNIK UNIVERSITESI 1&}‘
\’ Rektorliik

Sayr :E-99650833-100-27400 03.02.2024

Konu : Uluslararast Multidisipliner Kenevir
Aragtirmalar1 Kongresi Hk.

IKTISADI KALKINMA VE SOSYAL ARASTIRMALAR
ENSTITUSU BASKANLIGI'NA

Universitemiz Teknoloji Transfer Ofisi ile IKSAD (lktisadi Kalkinma ve Sosyal Arastirmalar Enstitiisii) is
birliginde 21-22 Mayis 2024 tarihlerinde Prof. Dr. Ahmet KARADAG Baskanliginda “Uluslararas Mu1t1d1s1p11ner
Kenevir Arastirmalar1 Kongresi (International Multidisciplinary Environment and Hemp Congress) ” adiyla
diizenlenmesi planlanan kongre 18.01.2024 tarih ve E-99650833-051-26778 sayil1 Rektorliik Oluru ile uygun

gOrilmiistiir.

Tgili kongrede OSTIM Teknik Universitesi'ni Diizenleme Kurulu ve Bilim Kurulu igerisinde temsil etmek

tizere asagida isimleri yazili akademik personelimizin gorevlendirilmesi uygundur.
Geregini bilgilerinize rica ederim.

DUZENLEME KURULU

1. Prof. Dr. Sinan Kivrak — Miihendislik Fakiiltesi, Elektrik ve Elektronik Miihendisligi
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BILIM KURULU

1. Prof. Dr. Birol Kilkis - Miihendislik Fakiiltesi, Makine Miihendisligi Bolimii
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3. Dr. Pelin Téren Ozgiin — Miihendislik Fakiiltesi, Malzeme Bilimi ve Miihendisligi

4. Dr. Cigdem Serdengegcti — Meslek Yiiksekokulu, Biyomedikal Cihaz Teknolojisi Programi
5. Dr. Egehan Ozkan Alkas — Iktisadi ve Idari Bilimler Fakiiltesi, Yonetim Biligim Sistemleri
6. Ogr.Gor. Ayse Atabey — Meslek Yiiksekokulu, Lojistik Programi

Prof. Dr. Murat Ali YULEK
Rektor

Bu belge, giivenli elektronik imza ile imzalanmustir.

Belge Dogrulama Kodu : 8D11-289G-8L5M Belge Dogrulama Adresi : https://www.turkiye.gov.tr/ostim-teknik-universitesi-ebys

Adres: OSTIM Teknik Universitesi OSTIM, 06374 Ankara Bilgi i¢in :Ali Osman KARCI
Telefon No : +90 312 386 10 92 Fax No : +90 312 386 10 93 Midiir
e-Posta : info@ostimteknik.edu.tr Internet Adresi : https://ostimteknik.edu.tr Dabhili No:0 312 386 10 92 - 1902

Kep Adresi : ostimteknik@hs01.kep.tr
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ONEMLI, DIKKATLE OKUYUNUZ LUTFEN / IMPORTANT, PLEASE READ CAREFULLY

Onemli, Dikkatle Okuyunuz Liitfen
v" Kongremizde Yazim Kurallarina uygun gonderilmis ve bilim kurulundan gecen bildiriler icin online (video
konterans sistemi {izerinden) sunum imkam saglanmastir.
Online sunum yapabilmek icin https://zoom.us/join sitesi iizerinden girig yaparak “Meeting ID or Personal
Link Name” yerine ID numarasini girerek oturuma iatllabilirsiniz.
Zoom uygulamast iicretsizdir ve hesap olusturmaya gerek yoktur.
Zoom uygulamasi kaydolmadan kullanilabilir.
Uygulama tablet, telefon ve PC’lerde calisiyor.
Her oturumdaki sunucular, sunum saatinden 15 dk 6ncesinde oturuma baglanmis olmalarn gerekmektedir.
Tiim kongre katihmcilar1 canh baglanarak tiim oturumlar: dinleyebilir.
Moderator — oturumdaki sunum ve bilimsel tartisma (soru-cevap) kismindan sorumludur.

AN N NN RN

kat Edilmesi Gerekenler- TEKNiK BiLGILER
Bilgisayarinizda mikrofon olduguna ve ¢aligtigina emin olun.
Zoom'da ekran paylagsma 6zelligine kullanabilmelisiniz.
Kabul edilen bildiri sahiplerinin mail adreslerine Zoom uygulamasinda olusturdugumuz oturuma ait ID numarasi
gonderilecektir.
Katilim belgeleri kongre sonunda tarafimza pdf olarak gonderilecektir
Kongre programinda yer ve saat degisikligi gibi talepler dikkate alinmayacaktir

Di

=

SASEEANE NN

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.
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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.
v Requests such as change of place and time will not be taken into consideration in the congress program.

Before you login to Zoom please indicate your name_surname and HALL number,

exp. Hall-1, Merve KIDIRYUZ
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OSTIMTECH

KENEVIR FORUMU

Kenevir Forumu, Tiirkiye'de

20 MAYIS 2024 kenevir endiistrisi ve kenevirle ilgili
o konulari ele alarak, Ureticilerden
@ 09.30 - 16.30 arastirmacilara, isletmecilerden

politika yapicilara kadar genis bir
Q 3. Kat Konferans Salonu katilimci kitlesini bir araya getiriyor.

Program Akisi

09.30-10.00 Kayit ve Acilis

l. Oturum
LU Anadolu’da Kenevir: Gunumuz Turkiye’sinde Kenevir Algisi

10.50- 11.00 Ara

[I. Oturum
Tirkiye’de Kenevir Tarimi: Toprak ve Cevre

12.00-13.30 Ogle Yemegi

[Il. Oturum
13.30-14.10 Endustride Kenevir: Biyokutlenin Surduralebilir Malzeme Cesitliligi ile
Ekonomiye Kazandiriimasi

14.10-14.20 Ara

V. Oturum
AT et e e Saglik, Kozmetik ve Gida Endistrisi

15.00-15.10 Ara

V. Oturum
JEtiR sl Kenevirin Mucizesi: Kannabinoidler

11.00- 11.40

* % DT TR DRI T

TEKNOLOJI
OSTIM TEKNIK -QD- TRAMSFER OFIS|
UNIVERSITESI
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CONGRESS PROGRAM

Opening Ceremony

Ostim Technical University
Date: 21.05.2024
Ankara Time: 13:30

MODERATOR

Prof. Dr. Muhammet UZUN
Marmara University (TURKIYE)

***k

Adjunct Prof. Lesli R. ROBINSON
IKSAD New York

Dr. Mustafa Latif EMEK
President of IKSAD

Prof. Dr. Tanveer Hussain
National Textile University/Rector (PAKISTAN)

Prof. Dr. Muhammad Nauman Aftab
Government College University (PAKISTAN)

Prof. Dr. Rahmatullah Qureshi
Pir Mehr Ali Shah Arid Agriculture University (PAKISTAN)
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Ankara Local Time: 1330-1500

/

FACE TO FACE OSTIM TECHNICAL UNIVERSITY

Moderator: Prof. Dr. Yiicel GUNEY

Title Author(s) Affiliation
EFFICIENT UTILIZATION OF Lect. Ozgenur DINCER SAHAN Yozgat %‘}Zﬁ’%g%“’e““y
LIGNOCELLULOSIC HEMP: Prof. Dr. Ahmet KARADAG Government College University
PRETREATMENT Attia HAMID PAKISTAN
PRODUCTION PROCESS OF Lect. Ozgenur DINCER SAHAN Yozgat Bosok omversity
BIOETHANOL AND BIOBUTANOL Prof. Dr. Ahmet KARADAG Government Colloge University
FROM INDUSTRIAL HEMP Attia HAMID PAKISTAN
DEVELOPMENT OF THERMAL
STABILITY OF HEMP FIBER AND Anil KARTAL totanbul University Corrah
HURD WITH SURFACE Duygu YILMAZ St e oy erranpasa

MODIFICATION METHODS AND
COMPOUNDING WITH

Mehmet Emin OZ
Ahmet Fatih AYAS

TURKIYE
Biolive Biological ve Chemical
Technologies Inc. TURKIYE

ACRYLONITRILE-BUTADIENE- Buse KAYMAZ
STYRENE COPOLYMER .
A POLITICAL AND STRATEGIC Bahattin Gékhan TOPAL OSTIM Technical University

PLANT: HEMP

Saim KARABULUT

TURKIYE
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/ 21.05.2024 ]
®/ Ankara Local Time: 133°-15° /

FACE TO FACE OSTIM TECHNICAL UNIVERSITY

Moderator: Ufuk KOCA CALI%KAN
Title Author(s) Affiliation

FROM A NATIONAL .
PHARMACEUTICAL STRATEGY Yavuz Gékalp YILDIZ Istanbul University TURKIYE
PERSPECTIVE: MEDICAL CANNABIS
Seher SAHIN
THE INHIBITION OF LIPID Deniz ATAKOL
DROPLET FORMATION BY Ozen OZENSOY GULER Ankara Yildirim Beyazit
CANNABINOIDS: A NEW APPROACH Asuman SUNGUROGLU University TURKIYE
IN CANCER THERAPY Mustafa Emre ERCIN
Ender SIMSEK
INVESTIGATING THE .
THERAPEUTIC EFFECTS OF Gokhan CALISKAN Igdir University TURKIYE
CANNABIDIOL ON SPORTS Ufuk KOCA CALISKAN Gazi University TURKIYE
PERFORMANCE AND RECOVERY
ECO-FRIENDLY INDUSTRIAL HEMP Gulizar Kurtoglu AKKAYA Necmettin Erbakan University
SUPPORTING THE CIRCULAR tbrahim ERDAL TURKIYE
ECONOMY
THE ROLE OF HEMP-BASED . . . :
MATERIALS IN BUSINESS Nida I%hsanur GOZETLIK OSTIM Technical University
STRATEGIES: ENVIRONMENTAL ehra YILDIZ TURKIYE
Ayse Asel BINER

AND ECONOMIC IMPACTS
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Ankara Local Time: 1330-1500

/

FACE TO FACE OSTIM TECHNICAL UNIVERSITY

Title

Moderator: Prof. Dr. Ahmet KARADAG

Author(s) Affiliation
USE OF HEMP IN EXISTING
BRANCHES OF INDUSTRIES IN
ORDER TO DEVELOP THE HEMP Independent Researcher
INDUSTRY, TO COMPENSATE THE Fahri AKMANSOY istanbul TURKIYE
LOST TIME AND TO REACH THE
HEMP INDUSTRY WHERE IT NEEDS
TO BE AS SOON AS POSSIBLE
ENHANCING FABRIC STRUCTURES Iraz CINAR
DERIVED FROM TURKISH HEMP Basak EROL Sun Textile Industry and Trade
FIBERS WITH ECO-FRIENDLY Melike Oya KADER A.S. Torbali, Izmir TURKIYE
NATURAL DYE APPLICATIONS Bekir BOYACI
INTERACTION OF CHITOSAN } )
MONOMER WITH Ti+2, Al+2, Pb+2 Uday HACHUSEYIN . . . .. .
And As+3 Tons: A COMPUTATIONAL Ergiin KASAP Gazi University TURKIYE
STUDY
GREEN SYNTHESIS OF SILVER . <
NANOPARTICLES AND Caigatay SAGIR . .
PRODUCTION OF NANOFIBERS BY rem CAN . ) Necmettin E_rbakan University
Assoc. Prof. Dr. Fatih ERCI TURKIYE
ELECTROSPINNING AS AA Prof. Dr. Erdal KOCABAS
FUNCTIONAL MATERIAL T




INTERNATIONALMULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS
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[ 22.05.2024 | HALL-1 | SESSION-1 ]
@/ Ankara Local Time: 1090-1200 /

Meeting ID: 814 6814 3456 / Passcode: 478972
Moderator: Observer

Author(s) Affiliation

EXAMINATION OF HEMP-BASED
GARMENT FABRICS AS FORENSIC Zeynep Yoney . . :
EVIDENCE AND COMPARISON WITH Soner Kizil Uskudar University TURKIYE
OTHER TYPE FABRIC
TAXONOMY OF CANNABIS Muhyettin SENTURK Mersin University TURKIYE
CANNABIDIOL INTERACTS
SYNERGISTICALLY WITH Ali AYDIN Yozgat Bozok University
CISPLATIN IN VARIOUS BONE CELL Prof. Dr. Ahmet KARADAG TURKIYE
LINES
AN INDUSTRIALISATION MOVE IN
THE ATATURK ERA: “KENDIR VE Assoc. Prof. Dr. Mahmut Bolat Kirgehir Ahi Evran University
KETEN SANAYI TURK ANONIM Aysel Cakan TURKIYE
SIRKETI”
ANALYSIS OF METALS
ADSORPTION ON CHITOSAN DIMER Sevgi IPEK i
BY USING DENSITY FUNCTIONAL Ergiin KASAP Gazi University TURKIYE
THEORY
THE OIL CONTENT AND POTENTIAL Dudu Altintas Giindiiz R
HEALTH EFFECT OF HEMP OIL Ufuk KOCA CALISKAN Gazi University TURKIYE
EFFECT OF WASTE HEMP FIBER Yagmur Bagar Bursa Uludag University
USE ON SOME CEMENTITIOUS Yahya KAYA TURKIVE
SYSTEM PROPERTIES Ali MARDANT
GEOSYNTHETICS PRODUCED FROM Eren BAYRAKCI . . L
NATURAL FIBERS: PAST TO Dr. Eren BALABAN Eskisehir Technical University
FUTURE Mehmet Inang ONUR TURKIYE
Yicel GUNEY
EFFECTIVE UTILIZATION OF HEMP Attia HAMID Government College University
SEED MEAL (CANNABIS SATIVA) IN 5 DINCER SAHAN PAKISTAN
POULTRY FEEDS (BROILERS AND p Z%‘eg‘” Ahime: RARADAG Yozgat Bozok University
LAYING HENS) rof. Dr. Ahmet TURKIYE
HEMP-BASED FIBER-REINFORCED
POLYMER COMPOSITES IN SEISMIC Onur KAPLAN Eskisehir Technical University
RETROFITTING OF EXISTING TURKIYE
BUILDINGS
EVALUATION OF THE USE OF Ayse Meryem OZDEMIR Indepe%‘%ﬁggi"mher
NATURAL FIBERS IN SOIL Eren BAYRAKCI Eskischir Technical University
IMPROVEMENT Yiicel GUNEY TURKIVE
Nigsantag: University TURKIYE
THE PLACE OF NATURAL . - = Adana Alparslan Tirkes
COMPOSITE HEMP FIBERS IN THE | Assist. Prof. Dr. Ozlem OZKAN Science and Technology
CONSTRUCTION SECTOR AND ITS ONUR . University TURKIYE
IMPORTANCE IN TERMS OF Dr. Ethem ILHAN SAHIN University of Adiyaman
. . . y y ,
SUSTAINABILITY Assist. Prof. Dr. Mihriban EMEK Gélbas: Vocational School,
TURKIYE

All participants must join the conference 10 minutes re 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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i

Ankara Local Time: 1090-1200

/

Meeting ID: 814 6814 3456 / Passcode: 478972
Moderator: Assist. Prof. Dr. Yeliz SAHIN

A DECISION SUPPORT SYSTEM
THAT DETECTS CHANGES IN
AGRICULTURAL PLANTING AREAS
DUE TO CLIMATE CHANGE AND
MAKES ECOMMENDATIONS FOR
NEW AGRICULTURAL PLANTING
AREAS (ADAPT-AG)

Author(s)

Mehmet Emre
Ali Cengiz Ristemli
Ahmet Seyhan Koéke¢i
Ferid Baran Hanc1
Elif Ozbek

Affiliation

OSTIM Technical University
TURKIYE

SYNTHESIS OF ACTIVATED
CARBON FROM HEMP STALK

Yasemin Aykut
Assoc. Prof. Dr. Ayse Bayrakgeken

Atatiirk University TURKIYE

THE ROLE OF HEMP IN
ELECTROCHEMICAL STUDIES

Yasemin Aykut
Assoc. Prof. Dr. Ayse Bayrakg¢eken

Atatiirk University TURKIYE

EVALUATION THE POTENTIAL OF
INDUSTRIAL HEMP (CANNABIS
SATIVA L.) AS A FORAGE SOURCE

Dr. Erding ALTINCEKKD
Dr. Omer OZBEK

Central Research Institute of
Food and Feed Control, Bursa
TURKIYE
Bati Akdeniz Agricultural

HEMP YARN PROPERTIES FOR
SUSTAINABLE FASHION

Bahar Asilioglu
Turkan Ozger

IN RUMINANT NUTRITION Research Institute, Antalya
TURKIYE
A CASE STUDY ON WET-SPUN Aysun Genctiirk YKK Metal and Plastic

Products Industry and Trade
Inc. R&D Design Center,

Tekirdag TURKIYE
APPLICATIONS Muhammet Uzun Marmara University TURKIYE
A CLINICAL PHARMACY . Agr: Ibrahim Cegen Universit
PERSPECTIVE ON MEDICAL Assist. Prof. Dr. Yeliz SAHIN gr1 tbra ,}%R%?E TIVersity
CANNABIS
DIFFERENT CYTOKINE

CONCENTRATIONS IN CANNABIS
INDICA LAM. EFFECT ON
CANNABIDIOL (CBD) VALUES IN
CALLUS CULTURES

Lect. Tuba OKUTAN
Prof. Dr. Okkes YILMAZ
Assoc. Dr. Aykut TOPDEMIR

Firat University TURKIYE

POTENTIAL EFFECT OF Cannabis
sativa L. FOR THE TREATMENT OF
DENTAL AND ORAL DISEASE

Demet Erdonmez
Ufuk Koca Caliskan

Diizce University TURKIYE

EMERGING VALUE CREATION AT
OSTIM INDUSTRIAL ZONE; THE
ECONOMIC IMPORTANCE AND

STRATEGIC ROLE OF INDUSTRIAL

AND INSTITUTIONAL GREEN

CAMPUSES IN PRACTICE’

Assist. Prof. Dr. Zeliha SAHIN
CAGLI

OSTIM Technical 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.
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/

i

Ankara Local Time: 1090-1200

/

Meeting ID: 814 6814 3456 / Passcode: 478972
Moderator: Full-Professor PhD. Habil. Cristina Raluca Gh. Popescu

LOW COST BIOETHANOL
PRODUCTION FROM VARIOUS
PLANT BIOMASS INCLUDING HEMP

Author(s)

Affiliation

Government College Universit
BY NANO-COUPLED RECOMBINANT Muhammad Nauman Aftab PAKISTAN
B-GLUCOSIDASE FROM
CLOSTRIDIUM CLARIFLAVUM
ANAS Institute of History and
HEMP-A KEY ELEMENT OF
ANCIENT RELIGIOUS RITUALS Musharraf HASANOVA Ethnology named after A. A.

Bakikhanov AZERBAIJAN

INDUSTRIAL HEMP AGRONOMY
AND FIBRE VALUE CHAIN IN
PAKISTAN: CURRENT PROGRESS,
CHALLENGES, AND PROSPECTS

Dr. Saddam Hussain

Dr. Saddam Hussain

EXTENSIVE POWER OF COMMON
AGRICULTURAL POLICY AND HEMP
PRODUCTION IN EUROPEAN
UNION: CASE OF FRANCE AND
MAKING A CONTRIBUTION TO THE
EUROPEAN GREEN DEAL
OBJECTIVES

Full-Professor PhD. Habil. Cristina
Raluca Gh. Popescu

Bucharest University
ROMANIA

THE HEALTH-ENVIRONMENT
NEXUS: TACKLING VITAL HEMP
POLICIES, ADDRESSING CUTTING-
EDGE RESEARCH FOR
SUSTAINABLE DEVELOPMENT,
AND MANAGING DECISIVE HUMAN
RIGHTS

Full-Professor PhD. Habil. Cristina
Raluca Gh. Popescu
Emeritus Full-Professor PhD.
Gheorghe N. Popescu

Bucharest University
ROMANIA

SALT STRESS AFFECTED SEEDLING
ESTABLISHMENT AND FORAGE
PRODUCTION OF SOME HALO-

FORAGE SPECIES

M.H. Banakar
M.d. Babaei-Zarch
Amir Parnian

National Salinity Research
Center, Agricultural Research,
Education and Extension
Organization IRAN

INFERENCE ON SOME
ENVIRONMENTAL FACTORS ON

ANNUAL RAINFALL IN NIGERIA

All participants must join the conference 10 minutes

David, I. J.
Mathew, S.
Ikwuoche, P. O.

Kwararafa University
NIGERIA

re the session time.

Every presentation should last not longer

12 minutes.

Kindly keep your cameras on till the end of the session.
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Ankara Local Time: 1090-1200

/

Meeting ID: 814 6814 3456 / Passcode: 478972

EXPLORING STRUCTURAL,
ELECTRONIC, AND OPTICAL
PROPERTIES OF LEAD-FREE
PEROVSKITE CH3NH3SNBR3

UNDER COMPRESSIVE STRAIN

Moderator: Obi, Maryjane A.

Author(s)

Khalid Said
Souad Elkhattabi

Affiliation

Sidi Mohamed Ben Abdellah-
Fez University MOROCCO

SYNERGISTIC EFFECT OF GARLIC
EXTRACT AND FOLIAR
APPLICATION OF ASCORBIC ACID
ON THE GROWTH OF OKRA
(ABELMOSCHUS ESCULENTUS L.)
UNDER DROUGHT STRESS

Aatika Naseem
Dr. Sammina MAHMOOD
Rabiya Izhar

University of Education
PAKISTAN

AGROECOLOGICAL CONDITIONS
FOR OPTIMAL CULTIVATION OF
INDUSTRIAL HEMP (Cannabis sativa
L.) IN THE TERRITORY OF THE
REPUBLIC OF SERBIA

Radmila Pivié
Vladan Ugrenovié
Aleksandra Stanojkovié-Sebié

Institute of Soil Science

SERBIA

EVALUATING THE SENSORY
ATTRIBUTES AND CONSUMER
ACCEPTANCE OF COCOA-
TIGERNUT-DATE BEVERAGE
POWDER BLENDS COMPARED TO A
COMMERCIAL COCOA POWDER
PRODUCT (MILO)

Obi, Maryjane A.

Obi, Maryjane A.

THE EFFECT OF DIFFERENT
AMOUNTS OF PALM LEAF ASH ON
INDICATORS RELATED TO
GERMINATION OF WHEAT

Mohammad Javad Babaie-Zarch
Mohammad Hossein Banakar
Amir Parnian

National Salinity Research
Center, Agricultural Research
IRAN

PHYTOCHEMICAL CONSTITUENTS
AND EFFECTS OF METHANOL
EXTRACT OF CALOTROPIS
PROCERA FLOWER ON
HEMATOLOGICAL PARAMETERS IN
ALLOXAN-INDUCED DIABETES IN
WISTAR RATS

HAMZAH R. U.
BUSARI M. B.
YUSUFR. S.
NWOYE G. N.
IGHO O.

Federal University NIGERIA
Federal University NIGERIA
Bauchi State University
NIGERIA
Federal University NIGERIA
Federal University NIGERIA

THE IMPORTANCE OF HEMP AND
CORK IN INNOVATIVE MATERIALS
IN THE FIELD OF CIVIL
ENGINEERING: ADDRESSING THE
ISSUE OF DEPLETION AND
PROPOSING SOLUTIONS THROUGH
REPLACEMENT WITH PNEUMATIC
WASTE OR RUBBER WASTE

All participants must join the conference 10 min
Every presentation should last not longer tha

Abdelmoutalib BENFRID
Mohamed BACHIR BOUIADJRA

ATRST University ALGERIA

re the session time.
0-12 minutes.

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

Meeting ID: 814 6814 3456 / Passcode: 478972
Moderator: Lect. PhD Irina-Ana DROBOT

Author(s)

Affiliation

DEVELOPMENT OF PHOSPHATE-
BASED PHOTOCATALYSTS FOR THE
DEGRADATION OF ORGANIC
POLLUTANTS IN WASTEWATER

Abdessalam BOUDDOUCH
Brahim AKHSASSI
Bahcine BAKIZ
Frédéric GUINNETON
Sylvie VILLAIN
Jean-Raymond GAVARRI
Abdeljalil BENLHACHEMI

Chouaib Doukkali University
MOROCCO
Ibn Zohr University MOROCCO
Ibn Zohr University MOROCCO
Toulon University FRANCE
Toulon University FRANCE
Toulon University FRANCE
Ibn Zohr University MOROCCO

STUDY OF THE CHEMICAL
INHIBITION OF SCALING
PHENOMENON IN TREATED
WASTEWATER PIPES

Mustapha Nassiri
Sara Darbal
ITham Karmal
Mohamed El house
Said ben-aazza
M'barek belattar
Abdallah Hadfi
Ali Driouiche

Ibn Zohr University MOROCCO

IN SILICO INVESTIGATION ON THE
BENEFICIAL EFFECTS OF THE

Jamal Zrinej
Ouabane Mohamed

PLANT PLUMBAGO ZEYLANICA Larbi El Mchichi Moulav Temail Universit
AGAINST PROSTATE CANCER: Abdelhamid Qara yMOROC o Y
MOLECULAR DOCKING, Chakib Sekkate
MOLECULAR DYNAMICS Tahar Lakhlifi
SIMULATION, AND ADMET STUDIES Mohammed Bouachrine
Khadija KHADDAM ALLAH
DESIGN AND MODELING OF NEW Rachid HALOUT .

HEMP-BASED COMPOUNDS Amine BALLARI S%‘ilz%‘;l};i‘glrzi Bl‘f/}lo‘?{bggléa(})‘
AGAINST COLORECTAL CANCER BY Mustapha ERREBBANE Sid Mot d%en Abdellah-
THE APPLICATION OF STATISTICAL Abdelmoula EL ABBOUCHI Fez University MOROCCO

METHODS Samir CHTITA
Souad EL KHATTABI

PROMOTION OF CONCERN FOR THE
ENVIRONMENT

Lect. PhD Irina-Ana DROBOT

Technical University of Civil
Engineering Bucharest
ROMANIA

IMPACT OF VARIETIES ON GROWTH
AND YIELD OF TOMATO THROUGH

Mosa. Murshida Khatun
Md. Abdul Baree
Md. Saidul Islam

Rajshahi University

BUILDINGS FOR ENHANCED

PUBLIC HEALTH
All participants must join the conference 10 minut
Every presentation should last not longer than 10-12 minutes.

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

Tallal Abdel Karim Bouzir

THE MANAGEMENT OF ORGANIC . BANGLADESH
MANURE Md. Abdul Kaium
Md. Sharif Ahmed
D%g?gﬂﬁg%%gg%g%gl\] Melik Sami Mohamed Khider Biskra
Khelil Sara University ALGERIA

Blida University ALGERIA

fore the session time.
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Ankara Local Time: 1230-1430

/

Meeting ID: 814 6814 3456 / Passcode: 478972
Moderator: Assist. Prof. Dr. V.S. Angulakshmi

VALORIZATION OF USED WATER IN
IRRIGATION, CASE OF THE STEP OF

Author(s)

Belalite Halima

Affiliation

Mila University Centre
ALGERIA

SIDI MEROUANE, WILAYA OF MILA, Ath Ali . .
EAST ALGERIA amena Ak Batna 2 University ALGERIA
WATER AND SUSTAINABLE . .
DEVELOPMENT A COMBINED . Batna 2 University ALGERIA
ATHAMENA Ali Mila University Centre
RELATIONSHIP. IMPACT OF THE .
BELALITE Halima ALGERIA
MOBILIZATION OF SURFACE . . .
GAAGALI Aissam CRSTRA University ALGERIA
WATER RESOURCES IN SEMI-ARID AOUISST Hani Amj CRE Annaba Uni i
AREAS: CASE OF THE FOUM TOUB ant Am ‘ﬁ%gﬁvem y
REGION, NORTHEAST OF ALGERIA
PSGR Krishnammal Colllege
SYNTHESIS OF COPPER Assist. Prof. Dr. V.S. Angulakshmi for Women INDIA
NANOPARTICLES FROM A Prof. Dr. S. Kalaisel M. K Coll ¢
BIODEGRADABLE WASTE ssoc. Prof. Dr. S. Kalaiselvan - Kumarasamy College o
Engineering INDIA
IN VITRO A-AMYLASE AND Prof. Mohammed Dalli
HEMOGLOBIN GLYCATION ol. Mohammed Jalll Higher Institute of Nursing
Prof. Nour Elhouda Daoudi .
Professions and Health

INHIBITORY POTENTIAL OF

NIGELLA SATIVA ESSENTIAL OIL, Prilf”,oi Sﬁjigﬁﬁ ﬁfﬁni Techniques MOROCCO
AND MOLECULAR DOCKING D'r 1}\7/Iohamme d Roubi Mohammed First University
STUDIES OF ITS PRINCIPAL Prof. Nodia Geooen MOROCCO
COMPONENTS : Y
BIO-PLASTIC ADOPTION: THE
INTERPLAY OF ALTRUISM, Muhammad Imran University of Veterinary and

INNOVATIVENESS, AND
ENVIRONMENTAL MOTIVATION
AMONG YOUNG CONSUMERS

Musarrat Parveen

Animal Sciences PAKISTAN

RECYCLING OF WASTE COMPOSITE

MATERIALS FOR USE AS FILLER IN

GLASS-POLYESTER COMPOSITES
FOR NAVAL USE

Moncef BRINIS
Younés MENAIL
Djaber BOUHAFARA
Farouk MESRAFET

Badji Mokhtar Annaba
University ALGERIA
Badji Mokhtar Annaba
University ALGERIA
Annaba Graduate School of
Industrial Technologies Plaine
Ouest ALGERIA
Badji Mokhtar Annaba

University ALGERIA

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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Meeting ID: 814 6814 3456 / Passcode: 478972
Moderator: Mourad ARABI

Author(s)

Affiliation

FABRICATION OF HYDROGELS
USING COMMIPHORA WIGHTII
RESIN, EVALUATION OF THEIR
MICROBIAL AND HEMOLYTIC
PROPERTIES

Ayesha Sadiqa
Noreen Sajjad

Lahore University PAKISTAN

SNAIL SHELL CARBON
ADSORPTIVITY IN HEAVY METAL
DIMINUTION FROM INDUSTRIAL

PAINT WASTEWATER

Adedipe, J.0
Aderemi, AM

Federal College of Forestry
NIGERIA

Madalina Alexandra DAVIDESCU

Claudia PANZARU ”Ton Ionescu de la Brad”
PRESERVING INDIGENOUS CATTLE: Bogdan Iosif DOBOS University of Life Sciences
SAFEGUARDING BIODIVERSITY Bianca Maria MADESCU ROMANIA
AND ENHANCING FOOD SECURITY Daniel SIMEANU Gheorghe Asachi Technical
Cristina SIMEANU University of lasi ROMANIA
Alexandru USTUROI
Aliko Dangote University of
Science and Technology
Aliyu Ahmad NIGERIA
EVALUATION OF ANALGESIC Firdausi Yusuf Kaduna State University
ACTIVITY OF METHANOLIC Nasiru Salihu NIGERIA
EXTRACT OF TRICHODESMA Sadiq Bashir Babuga Dutse Medical Science Federal
AFRICANUM PLANT IN MICE Zulaihat Lawan University NIGERIA
Muhammad Nuhu Sheikh Isyaka Rabiu University
NIGERIA

Bayero University NIGARIA
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ONSOZ

M.O. 8000’li yillara dayanan kenevirden iiretilmis kumas kalintilar1 kenevirin insanlik tarihi
kadar eski, otesi kadim cografyamizin bir bitkisi olarak kenevir (kendir) dncelikle tohumu ve
lifleri i¢in yetistirilen ilk kiiltiir bitkilerinden biri olma kimligi tagimaktadir. Kenevir lifleri tarih
boyunca iilke ekonomilerini etkileyecek boyutu ile tekstil tiretiminde ¢ok 6nemli yer tutarak
19. yy. sonlarina kadar diinya iizerindeki tiim tekstil {iriinlerinin %80’inin hammaddesini
olusturmustur. 20. yy. baslarinda gelisen teknoloji ile birlikte pamuk lifinin kullanilmaya
baslanmasiyla daha ince iplikler iiretilmis, daha hafif elbiselerin iiretimi miimkiin hale
gelmistir. 1930’Ilu yillarda c¢ikarillan esrar karsiti yasalarla kenevir tarimi biiyiik sekteye
ugramis, Ustelik savas sanayisine paralel olarak kapital diinyanin gelistirdigi sentetik liflerle
beraber kenevir tekstili eski onemini kaybetmeye baslamistir.

Bununla birlikte, kenevir (Cannabis), Hiristiyanliktan once ilk olarak Asya'da, 6zellikle
Hindistan'da tibbi amaglarla kullanilmig bir bitki olarak bilinirdi. 19. yilizyilin son on yilinda
yaygin olarak bulunan Cannabis ekstraktlarinin veya tentiirlerinin kullanimi, kenevirin bati
tibbina girisinin doruk noktasina ulastig1 son nokta olmustur. Ancak, bat1 tibbinda Cannabis
kullanimi, farkli bitki materyallerinden tutarlt sonuglarin tam alinamamasi nedeniyle 20.
yiizyilin ilk on yilinda 6nemli 6lgiide etkisini kaybetmistir. Ancak, Bat1 tibbinda kenevir
kullanimi, 1965 yilindan bu yana, Cannabis bilesenlerinin kimyasal yapilarinin
belirlenebilmesi ve ayristirma tekniklerinin gelisimine bagli olarak saf bilesiklerinin elde
edilmesi ile saglik icin bu bitkiye yonelik bilimsel arastirmalarda énemli derecede bir artis
gozlemlenmistir. Bu arastirmalarla birlikte, bat1 tibbinda kenevir kullanimina ilgi 1990l
yillarda beyindeki endojen bir kannabinoid sisteminin ve kannabinoid reseptorlerinin
tanimlanmasiyla yeniden canlanmaya baslamistir. Sonugta, tedavi, etkinlik ve gilivenlik
faktorleri bilimsel olarak belirlenmeye basladigindan beri, Cannabis tiirevlerinin ilag olarak
kullanilmasina yonelik yeni ve daha diizenli bir dongili gozlemlenmektedir.

Ulkemizde, kenevir 1961 yilinda 20.800 ha alanda 10.700 ton lif ve 5.000 ton tohum amagch
iretimi gerceklestirilmistir. 1988 yilinda 1200 ton olan kenevir tohumu iiretimimiz, 2015
yilinda 1 tona diigmiistiir. 2017 yilinda toplam 12 hektar alanda ekim alani sadece 10 hektar lif
ve 2 hektar tohum amach kenevir iiretilirken, 2023 itibariyla da toplam kenevir ekim alan1 5600
dekar olarak gerceklesmistir. Ancak, tiim diinyada oldugu gibi, iilkemizde de; yiiksek is giicii,
mekanizasyonun eksikligi, pamuk bitkisiyle rekabet edememe, sentetik lif ve elyafin daha ucuz
olmasi, dahasi psikoaktif THC igerigi nedeni ile iiretiminde bir¢ok zorluklarla karsilagiimasi
kenevir tarimini nerde ise bitme noktasina getirmistir.

Kenevirle ilgili olumsuz, olumsuz oldugu kadar da kasitli ve yanl sergilenen tutuma ragmen
onun insanlik i¢in ne ifade ettigini gbz ardi etmek, dahasi yok saymak pek miimkiin
goziikememistir. SOYLE KI;

Kenevir, biitiin biyokiitlesi ¢cok ¢esitli alanlarda ve ¢ok ¢esitli amaclarda kullanma potansiyeli
oldukca yiiksek olan bir bitki ¢esididir. Kenevirin tiptan eczacilifa, kozmetikten temizlik
tirlinlerine, tarimdan gidaya, tekstilden kagida ve her cesitte biyomalzemeden kaportaya varan
yelpazede nitelikli ve siirdiiriilebilir yiizlerce {iriiniinden bahsetmek miimkiindiir. Ayni
zamanda kenevir; makul su ayak-izine sahip, ekildigi topragi onaran ve yenileyen,
yetistirilmesinde ila¢ kullanimi1 gerekmeyen, dolayisiyla da ekildigi toprag: ve yeralti sularinin
kirlenmesine neden olmadig: gibi bulundugu ortamin oksijen kalitesini oldukca yiikselten ve
radyosyonu tutan essiz bir bitkidir. Dahasi, kenevirin nerde ise biitiin biyokiitlesinin saglik ve
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gida kullanimlar1 i¢in ¢ok Onemli bilesenlere sahip olmasi onu mucize bir bitki haline
getirmektedir.

Kenevirde bulunan bir¢ok faydali bilesenin yaninda esas olarak glandiiler trikomlarda bulunan
kannabinoidlerin birgok yararlari, bu bitkiyi daha saglik yasam icin hem gida takviyesi, hem
de tipta, eczacilikta ve kozmetikte kullanimi ile insanlarin odagi haline getirmistir. Ayni
zamanda, kenevir tohumunun, 6zellikle doymamis yag asitleri basta olmak {izere protein,
vitamin ve karbonhidrat igeriklerinin zenginligi sayesinde insanlar1 daha ¢ok kenevir {irtinlerini
kullanmaya sevk etmistir.

Bunlarin yaninda, kenevirin en genel psikoaktif bileseni olan delta-9-tetrahidrokanabinolden
(6’-THC) dolay1 bir uyusturucu hammaddesi olarak nitelendirilmesi, hi¢ de hak etmedigi bir
kimliktir. Ciinkii ¢°-THC’nin &zellikle antikanser aktiviteleri de dahil tiptaki ¢esitli
kullanimlar1 basta olmak tizere diger kannabinoidlerin bircok 6nemli ve faydali 6zellikleri
dahil, biyokiitlenin diger oldukc¢a 6nemli bilesenleri uyusturucu algisinin yersizliginin en net
resmidir. Ustelik, psikoaktif 6~ THC nin karasiz bir kimyasal olmasi, kimyasal olarak daha
kararl ancak psikoaktivitesi daha diisiik izomeri ¢°-THC’ye kolaylikla déniismesi, kenevirin
“esrar” algistyla 6n plana ¢ikmasini hi¢ hak etmediginin agik bir diger gostergesidir.

Ozetle, kenevir diinyada 25.000'den fazla iiriinde hammadde olarak kullanilmakta, 2017
yilinda 4 milyar dolar1 bulan diinya endiistriyel kenevir pazarinin, 2025 yilinda 11 milyar dolar1
bulmasi1 beklenmektedir (bu verilere tibbi kenevirden elde edilen-edilmesi muhtemel diinya
Pazar payr déhil degil!). Dolayistyla da, Ulke olarak, tarmm kiiltiiriinii iyi bildigimiz kenevire,
akilct ve dinamik yaklagimlarla bu alanda iilkemize kazandiracagimiz yeni ve yenilik¢i
sektorlerle kenevirin iilke ekonomisine katma degerini en iist seviyeye cikartmak pekala
miimkiin goziikkmektedir.

Ulkemizde ilk kez Ostim Universitesi evsahipligi ve IKSAD organizatorliigiinde yapilan “I.
Miiltidisipliner Cevre ve Kenevir Kongresi’ne “Kenevir Forumu” 6zelinde 20’si konusmaci
50’nin tizerinde katilimci, “Akademik”™ olarak da 113 bildiriden kabul edilen 74 bildirinin
42’sinin 14 farkli tilkeden bilim insanlarinin ¢aligmalarinin sunumlari damgasini vurmustur.
Bu ¢ercevede, bu kongrenin hem “Kenevir Forum” oturumlari, hem de “Akademik” sunumlarla
kenevire yonelik politik yada apolitik durus sergileyen Entelektiiellerimiz ve yatirimlart olan
Sanayicilerimizle bilimsel calismalariyla katilim saglayan Akademisyenlerin birlikte ve
birarada oldugu 6nemli bir toplant1 hiiviyeti kazandigini diisiinmekteyiz. Bu vesile ile “Kenevir
Forum”una ve “Bilimsel Calismalary” ile kongremize deger katan tiim Katilimcilara en kalbi
tesekkiirlerimizi sunuyoruz. Ozellikle de, Ostim Universitemiz Rektorii Sayin Murat Yiilek ve
IKSAD Baskani: Mustafa Latif Emek’in sahsinda kongremize bugiine kadar biiyiik emek ve
cabalar ile katki sunan tiim kongre ekibine ¢ok tesekkiir ediyoruz. Ayrica, Kongre Diizenleme
Kurulu ve Bilim Kurulundaki tiim Akademisyenlere de katkilarindan otiirii siikranlarimizi
iletiyoruz.

Prof. Dr. Ahmet KARADAG
Kongre Baskani



INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP
CONGRESS
20-22 / MAY /2024 /| ANKARA

FOREWORD

Residues of hemp fabric dating back to around 8000 BC indicate that hemp, as an ancient plant
of our geography, is as old as human history itself. Hemp (Cannabis), primarily cultivated for
its seeds and fibers, is one of the first cultivated plants in history. Throughout history, hemp
fibers played a crucial role in textile production, constituting up to 80% of all textiles
worldwide until the late 19th century. With advancements in technology in the early 20th
century, the use of cotton fibers began, enabling the production of finer yarns and lighter
fabrics. In the 1930s, anti-marijuana laws significantly disrupted hemp cultivation, and
alongside the synthetic fibers developed by the capitalist world parallel to the war industry,
hemp textiles began to lose their former importance.

However, hemp (Cannabis) was known primarily in Asia, especially in India, before
Christianity, as a plant used for medicinal purposes. The widespread use of Cannabis extracts
or tinctures in the last decade of the 19th century marked the peak of hemp's introduction to
Western medicine. Nevertheless, the use of Cannabis in Western medicine declined
significantly in the early 20th century due to inconsistent results from different plant materials.
However, interest in hemp use in Western medicine was revived in the 1990s with the
identification of an endogenous cannabinoid system in the brain and cannabinoid receptors.
Subsequently, a new and more systematic cycle has been observed in scientific research for the
use of Cannabis derivatives as medicines, as treatment efficacy and safety factors began to be
scientifically determined.

In our country, hemp was cultivated on 20,800 hectares producing 10,700 tons of fiber and
5,000 tons of seeds in 1961. By 1988, our hemp seed production had decreased to 1,200 tons,
dropping further to 1 ton by 2015. In 2017, hemp was cultivated on a total area of 12 hectares,
consisting of 10 hectares for fiber and 2 hectares for seed production, while as of 2023, the
total hemp cultivation area reached 5,600 hectares. However, as in the rest of the world, hemp
cultivation in our country has been brought almost to the brink due to various difficulties,
including high labor costs, lack of mechanization, inability to compete with cotton, cheaper
synthetic fibers, and challenges in cultivation due to the psychoactive THC content.

Despite the negative and sometimes intentionally biased portrayal of hemp, it is hardly possible
to ignore or disregard what it means for humanity. Hemp is a plant with high potential for use
in a wide range of fields and purposes with its entire biomass. Hemp can be utilized in
medicine, pharmacy, cosmetics, agriculture, food, textiles, paper, and a variety of biomaterials,
contributing to hundreds of sustainable and high-quality products. Moreover, hemp has a
reasonable water footprint, repairs and replenishes the soil it is grown in, requires no pesticide
use, thus does not pollute the soil and groundwater, significantly improves oxygen quality in
its environment, and absorbs radiation, making it a unique plant.

Furthermore, the many benefits of cannabinoids, primarily found in glandular trichomes in
hemp, have made this plant a focus of attention for health and dietary supplements, as well as
for use in medicine, pharmacy, and cosmetics. In addition, the classification of hemp primarily
as a drug raw material due to delta-9-tetrahydrocannabinol (6°~-THC), its most general
psychoactive component, is an undeserved identity. This is because the chemical instability of
psychoactive ¢°-THC and its easy conversion to the chemically more stable but less
psychoactive isomer ¢5-THC, along with many other important and beneficial properties of
cannabinoids, clearly illustrate the unjustifiability of the drug perception associated with hemp.

In summary, hemp is used as a raw material in over 25,000 products worldwide, and the global
industrial hemp market, which reached $4 billion in 2017, is expected to reach $11 billion by
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2025 (excluding the potential market share derived from medical hemp!). Therefore, it is quite
possible for our country, with its well-known agricultural culture, to maximize the added value
of hemp to the national economy through rational and dynamic approaches and innovative
sectors that we can introduce in this field.

The "l. Multidisciplinary Environment and Hemp Congress,” held for the first time in our
country under the auspices of Ostim University and organized by IKSAD, left its mark with
over 50 participants, including 20 speakers in the "Hemp Forum™ specifically, and 74 out of
113 papers accepted academically, presented by researchers from 14 different countries. In this
context, we believe that this congress has gained importance as a significant meeting where
our Intellectuals and Industrialists who adopt a political or apolitical stance towards hemp, and
Academicians contributing with scientific studies in both "Hemp Forum™ sessions and
"Academic" presentations, gathered together. On this occasion, we extend our heartfelt thanks
to all Participants who contributed value to our "Hemp Forum™ and "Scientific Studies" at the
congress. We particularly thank Ostim University Rector Mr. Murat Yiilek and IKSAD
President Mustafa Latif Emek, and through them, all members of the congress team who have
contributed greatly to our congress with their efforts and endeavors. Additionally, we express
our gratitude to all Academicians in the Congress Organization Committee and Scientific
Committee for their contributions.

Professor Ahmet KARADAG, PhD
HEAD OF CONGRESS
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Abstract

Introduction and Purpose: Sustainable building materials, while helping to alleviate the
environmental crisis with the durability and recycling opportunities they provide throughout
their life cycle, also offer long-term solutions. Simultaneously, they support economic and
social sustainability by providing economic advantages such as energy efficiency and low
maintenance costs, as well as social opportunities like healthy living conditions and local
employment opportunities. In this context, sustainable building materials play a significant role
in both protecting the environment and promoting economic and social development. This study
aims to demonstrate how the hemp plant, known for its environmentally friendly and
sustainable approach, can play a role in improving the overall efficiency and sustainability of
the construction industry, by extensively addressing its potential use areas in the sector.

Materials and Methods: In line with the literature, the physical and chemical features of the
hemp plant, which can be used as a construction material, has been researched. Its areas of use
in the construction sector have been identified, evaluations have been made in the context of
sustainable materials, and suggestions have been made.
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Findings: Hemp, thanks to its high isolation properties, preserves the indoor temperature as a
natural insulation material and provides energy savings. It is resistant to fire and thanks to its
non-flammable features, it also offers fire safety advantage. In addition, with its moisture
absorption feature, it prevents rot and mold formation, and with its flexible design features, it
demonstrates the characteristics of an ideal material that adapts to different architectural styles.

Discussion and Conclusion: With today's technology, the sustainable building materials used
reduce negative environmental impacts and prevent depletion of natural resources. It can
contribute by representing significant progress with efforts to build a sustainable future for the
preservation of environmental balance.

Key Words: Natural composite, Hemp, Sustainability, Building material.

Ozet

Giris ve Amac: Siirdiiriilebilir yap1 malzemeleri, yasam dongiisii boyunca sagladiklari
dayaniklilik ve geri doniisiim olanaklariyla ¢evre krizinin hafifletilmesine yardimci olurken,
uzun vadeli ¢oziimler de sunmaktadir. Ayni zamanda, enerji verimliligi ve diisiikk bakim maliyeti
gibi ekonomik avantajlar ile saglikli yasam kosullar1 ve yerel istihdam olanaklar1 gibi sosyal
imkanlar da saglayarak ekonomik ve sosyal siirdiiriilebilirligi desteklemektedir. Bu baglamda,
stirdiiriilebilir yap1 malzemeleri hem ¢evreyi koruma hem de ekonomik ve sosyal gelismeyi
tesvik etme konusunda 6nemli bir role sahiptir. Bu ¢alisma, ¢evreye duyarli ve siirdiiriilebilir
bir yaklasim olan kenevir bitkisinin insaat sektoriindeki potansiyel kullanim alanlar1 kapsamli
bir sekilde ele alinarak, bu sektdriin genel verimliligini ve stirdiiriilebilirligini artirmada nasil
bir rol oynayabilecegini gdstermeyi amacglamaktadir.

Gerec¢ ve Yontem: Literatlir kapsam1 dogrultusunda, yap1 malzemeleri olarak kullanilabilen
kenevir bitkisinin fiziksel ve kimyasal dzellikleri arastirilmistir. Insaat sektoriindeki kullanim
alanlari tespit edilip siirdiiriilebilir malzemeler baglaminda degerlendirmeler yapilarak oneriler
getirilmigtir.

Bulgular: Kenevir, yiiksek izolasyon 6zellikleri sayesinde dogal bir yalitim malzemesi olarak
i¢ ortamin sicakligin1 korur ve enerji tasarrufu saglamaktadir. Yangina kars1 direnglidir ve alev
almayan ozellikleri sayesinde yangin giivenligi avantaji da sunmaktadir. Ayrica, rutubet emme
ozelligiyle c¢iirime ve kiif olusumunu Onlerken, esnek tasarim o6zellikleri ile farkli mimari
tarzlara uyum saglayan ideal bir malzeme 6zelligi gosterir.

Tartisma ve Sonuc¢: Giinlimiiz teknolojisiyle birlikte kullanilan siirdiiriilebilir yap1
malzemeleri, ¢evresel olumsuz etkileri azaltip dogal kaynaklarin tiikenmesini 6nler. Cevresel
dengenin korunmasi i¢in siirdiiriilebilir bir gelecek insa etme ¢abalariyla 6nemli bir ilerlemeyi
temsil ederek katki saglayabilir.

Anahtar Kelimeler: Dogal kompozit, Kenevir, Siirdiiriilebilirlik, Yap1 malzemeleri.

INTRODUCTION

Sustainability is the understanding of using natural resources to meet today's needs while
considering the needs of future generations and maintaining environmental, economic, and
social balance. This understanding is based on the principle of preventing the consumption of
tomorrow's resources while using today's resources, and ensuring future generations have
access to the same resources. This approach, which protects the environment and includes
economic progress, ensures the well-being of both current and future generations [1].
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Today, while the consumable parts of many plants, trees, and fruits are used, the fibrous parts
are often left as waste in nature. This not only pollutes the environment, but also overlooks
potential uses of the fibrous parts. The other resources used as alternatives to such materials are
causing an increase in costs and the depletion of our natural resources. It is necessary to
investigate how waste suitable for a sustainable environment can be utilized more efficiently

[2].

Various wastes can be transformed into a completely new substance different from their original
forms. This process, called recycling, prevents resource waste and also supports efforts to raise
living standards. Advanced countries facing global problems such as energy crisis, have
researched and developed various methods for waste recovery and reuse. These methods have
both enabled more efficient use of energy resources and provided the opportunity for increased
environmental sustainability [3].

Hemp, which stands out as a sustainable building material, is seen as a renewable and
environmentally friendly alternative, and its potential in the construction sector is quite large.
It offers a unique environmental profile due to its rapid growth rate and carbon absorption
capacity. Thus, it makes a significant contribution to the construction industry, especially the
green building movement that encourages the use of sustainable materials. The use of hemp can
help reduce the environmental footprint of the construction sector. It can also be an important
step in combating climate change, helping the construction industry move towards a more
sustainable future.

MATERIALS AND METHODS:
HEMP

Hemp is a plant used by various civilizations throughout history to meet different needs. Hemp
is a species usually annual, belonging to the Cannabaceae family. It is a dicotyledonous and
herbaceous plant genus. The plants can grow from 50 cm to 3m. The plant genus is dioecious
and the plants are divided into male and female. The male plant produces pollen while the
female plant flowers [4]. Figure 1 shows a) Flowered hemp male plant, b) Flowered hemp
female plant appearances.

Figure 1. a) Flowered hemp male plant, b) Flowered hemp female plant [5]
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With the start of the use of female hemp plants as marijuana, cultivation areas have been
restricted over time. The leaves are used for pleasure, the stems as a source of fiber, and the
seeds as a source of oil, bird feed, and snacks. Marijuana is secreted from the silver-colored
glands in the leaves and flower perigon leaves at the tips of female hemp plants. About 15%-
20% of the hemp stem is fiber. The fibers are generally yellow and brown in color. The unique
structure of hemp consists of an outer layer of bast fibers surrounded by a woody core fiber
called shive, and an inner layer called pith [5].

Just like in Turkey, the cultivation of hemp has been banned in various countries around the
world due to its use for drug purposes. However, in Turkey, the production of its fiber, stalk,
and seeds has never been banned, it is only stated that the production should be under control
and licensed. The banned part is cultivation for marijuana or drug purposes. Therefore, the
production, cultivation, use, and trade of leaves and especially flowers suitable for use as drugs
have been banned in any way [6].

Although hemp fiber is a natural cellulose fiber, it contains significant amounts of non-
cellulosic substances in its structure. The properties and behaviors of hemp fibers are shaped
by the components they contain and also affect the production process. Knowing the properties
and functions of the components that make up the hemp fibers well is extremely important in
order to be able to predict more accurately and effectively under which conditions and in which
applications they can be used best [7].

In addition to the consumption of hemp seeds and oil as food, it has rapidly spread
geographically thanks to its use in textiles, shipping, and paper production. Today, there are
different uses for the hemp plant in various industries. Hemp oil is used in the food, cosmetic,
pharmaceutical industries, as well as for bioplastics, varnish, paint; hemp seeds are used in the
food and livestock sectors. In other sectors, hemp fibers are used as reinforcing elements in
composite materials, insulation materials, textile products, paper production, floor coverings
such as carpets, linoleum, or hemp particles are used as compressed boards in structures [4],
[8]. Hemp seeds are given in Figure 2, hemp fibers in Figure 3, and hemp wood and stalks in
Figure 4.

Sekil 2. Hemp Seed
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Sekil 4. Hemp wood and stems

In accordance with the literature, the physical and chemical structure of the hemp plant, which
can be used as construction materials, has been researched and its areas of use in the
construction sector have been determined. Suggestions have been made through evaluations in
the context of sustainable materials.

FINDINGS
Physical Structure of the Hemp Fiber

Hemp fibers are high-strength natural fibers that increase in strength as they age, are not greatly
affected by temperature, and are resistant to high temperatures [8],[9].

Tablel. Physical Properties of Hemp Fiber

Hemp Length Intensity Tensile Young Moisture
Fiber (mm) (9/cmd) strength Modulus (%)
(Mpa) (Gpa)
5-55 1,4 550-1110 30-70 8

Chemical Structure of the Hemp Fiber

The chemical composition of hemp fibers contains 70-74% cellulose, 15-20% hemicellulose,

3.5-5% lignin, and 0.8% pectin [10].
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Table 2. Chemical Properties of Hemp Fiber

Hemp
Fiber

Cellulose (%)

Lignin
(%)

Hemicellulese
(%)

Pectin
(%)

70-74

3.5-5,7

15-20

0.8

Use of Hemp Plant in the Construction Sector

Hemp is a versatile industrial plant, its usage is gradually increasing in various fields due to its
wide range of applications. The importance and usage of hemp worldwide have significantly
increased, especially lately. This situation has expanded the diversity of hemp usage and created
many new product and service categories based on hemp in the industry. Hemp plays a
significant role in various industrial sectors such as food, construction, textiles,
pharmaceuticals, composite materials, and cosmetics. Hemp, with its various uses, has brought
a significant increase in its cultivation and planting areas by encouraging the expansion of its
cultivation areas. [7].

Hemp, as a construction material, offers solutions to various problems faced by current
construction standards, bringing hemp products to the forefront in use due to properties such as
lightness, mold resistance, and breathability due to its porosity [6]. Since hemp has the ability
to absorb and release moisture without degradation, it gains fire-resistant properties when
mixed with lime and can be applied in areas such as walls and roofs in buildings due to its
lightness [11].

In the construction industry, the stalk, fiber, and shives of hemp are used. Fibers are obtained
from hemp stalks and a material called hemp concrete is obtained by fusing with cement and
lime obtained in the form of particles of a certain size. The fibers used in the concrete are usually
50-80 mm long. From the stalk, fiber, and shives of hemp, hemp-based interior and exterior
insulation materials, bricks, and briquettes are produced. At the same time, boutique houses and
some organic boards, highland houses in tourist areas, and structures for special camping areas
are made from hemp-added materials.

Hemp building material is obtained by blending the inner woody seed of the hemp plant with a
lime-based binder and water. This building material is shaped into blocks and left to cure, and
then loaded onto pallets and delivered to the construction site [12].

In Europe and America, instead of ytong or perforated bricks, hemp bricks with much higher
insulation are used. In addition, these bricks can be preferred often as they have very high fire
resistance. Apart from bricks, insulation materials that can be laid and mounted as an alternative
to glass wool material are produced. The insulation values of these types of materials are quite
high and the use of hemp-based products is rapidly expanding in the construction sector.
Innovative manufacturers and researchers are discovering the potential of hemp and developing
new products and applications [13].

It performs better in many ways compared to traditional building materials. Hemp absorbs a
large amount of carbon dioxide from the atmosphere as it grows. The carbon content of hemp
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is higher than most traditional building materials. Hemp prevents bacteria breeding by
preventing mold formation and maintaining proper levels of humidity. There is no need for a
ventilation system to achieve this effect. The building material made from hemp can be used as
a material that provides indoor thermal comfort because it has very good thermal properties.
When used as a building material in architecture, it has a good design flexibility and is more
aesthetically pleasing than traditional architecture. In concrete houses made using hemp,
winters are warm and summers are cool. The production and use of hemp products are very low
and effective processes. It has a very high efficiency in waste recycling, and it has better fire
resistance than traditional houses [14].

It is known that hemp fiber, when used in high proportions, allows for the production of low-
density composites, providing high strength and hardness performance. Also, due to its flexible
feature, it is resistant to breakage during processing [15, 16, 17]. Thanks to its biodegradability,
which allows for longer use time, and its low heat transfer coefficient, hemp fiber displays high
performance as a thermal insulation material compared to other plant fibers [18]. Indeed,
because of this superior feature, hemp fiber is chosen as an insulation material in the
construction industry. Hemp is easily applied in structural framing systems as a useful insulation
material. During the assembly process, due to its flexibility and durability, it can be easily
adjusted in different sizes and shapes that can be comfortably cut, with the ability to not create
gaps requiring little maintenance, and is used in various areas including insulation material in
flooring, wall and roof coverings due to its lightness. Without losing any structural features, it
allows up to 20% of air and moisture to penetrate into its structure due to its porous structure.
It facilitates the extraction of moisture from the wall structure by allowing air circulation. Also,
in terms of sound insulation, it weakens the sound waves in the air passing through it [19].

DISCUSSION AND CONCLUSION

Hemp, which demonstrates high thermal insulation performance, is a plant with a low density
fibrous structure. It can be used in many different areas as a construction element. It is used in
many architectures as a construction element in walls, roofs, floors, panels and boards, as a
filler and reinforcement element. When used in walls, attics and floors, it increases the thermal
insulation of buildings, when used in the form of panels and boards, it increases the durability
of structures, and when used as a filler and reinforcement element, it is widely used in many
different architectural designs by increasing the overall safety and durability of structures.

Insulation materials that have high insulation performance and require low production energy
play an important role in creating healthy living conditions, thanks to their ability to provide
thermal and acoustic comfort [20]. The environmentally friendly features and sustainable
qualities of these materials make them a priority among local insulation options. Therefore,
efforts to research, develop, and produce such local and sustainable insulation materials should
be increased. The widespread use of these materials both saves energy and helps contribute to
the overall welfare of our society by improving the quality of life. Studies to be conducted on
this subject will have the potential to revitalize the local economy and make significant
contributions to environmental protection efforts.

In conclusion; the use of sustainable building materials is an important step towards enhancing
environmental and economic sustainability in the construction sector. The adoption of these
alternative materials carries great importance in terms of effectively managing natural resources
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while meeting the needs of future generations and preserving the environmental balance. The
building sector offers a great opportunity for a greener and longer-lasting future with the use of
sustainable materials. The use of these materials reduces the amount of waste and carbon
emissions by increasing energy efficiency. Therefore, the use of sustainable building materials
helps to create a healthier and more livable world for both today's and future generations.
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Abstract

Nanoparticles of Copper oxide were prepared by eco-friendly synthesis using sugarcane
bagasse extract. SEM analysis of nanoparticles was demonstrated with an average diameter of
about 63nm. Further characterization was done with X- Ray diffraction. XRD studies used to
find the crystalline size of the nanoparticles. FTIR Spectroscopy was used to understand the
functional group. Antibacterial activities of the synthesized copper oxide nanoparticles were
evaluated against E.coli and Staphylococcus aureus.

Key Words: Copper nanoparticle, Sugarcane bagasse, Antibacterial activity.
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Abstract

Although the use of biological resources together with petroleum-derived plastics is increasing,
one of the obstacles to the widespread use of applications in this field is the low thermal
resistance of bio-sourced materials. Additionally, there are not enough studies on the use of
these materials together with engineering plastics processed at high temperatures. Besides, the
hemp plant is a plant that grows quickly and has a strong fibre structure and thus has the
potential to be used in the industrial field. In this study, it was aimed to increase the thermal
resistance of hemp fibres and fibre waste defined as scrap by modifying them with various
methods. For this purpose, the study was conducted on applying alkaline and silanization
processes to hemp fibers and fiber wastes and then evaluating them with FTIR, TGA and SEM
analyses. Finally, a mixture was created with acrylonitrile-butadiene-styrene (ABS) polymer,
an engineering plastic, and examined its mechanical properties. The cellulose, hemicellulose
and lignin ratios in the structure of hemp fibres and fibre waste were determined by the Klason
lignin method. Then, grinding, alkalization and silanization processes were applied to these
structures, and dried in an oven at 80 °C. SEM, TGA and FTIR analyses were performed for
morphological and thermal examination of the modified structures. In addition, modified hemp
structures were mixed with ABS processed at high temperatures and examined its mechanical
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properties by applying a tensile test. After the modification processes, it was observed in the
SEM images of hemp fibre and fibre waste that surface roughness was eliminated, impurities
were removed and a stable fibre structure was obtained for both hemp structures. According to
TGA results, thermal stability was improved and in the FTIR results, the changes in the densities
of C-C, C-H, and C-O single and double bonds in the aromatic and aliphatic chain structure at
various wavelengths was shown. Then, compared to the pure ABS polymer in terms of elastic
modulus and tensile strength, the blend with hemp fibre resulted in increased properties, while
the structure containing fibre waste resulted in lower mechanical value. In the mixture with
ABS, while the hemp fibre structure gives relatively higher mechanical value, it was found that
the structure containing fibre waste is more advantageous in terms of cost and is suitable for
use in applications where high mechanical properties are not required.

Keywords: Bioplastic, Hemp Fiber, Silane, Thermal Improvement.

INTRODUCTION

Concerns about petroleum-derived materials such as resource depletion and environmental
problems are increasing, and this increases the importance of alternative resources. Although
the use of biological resources together with petroleum-derived plastics is increasing, one of
the obstacles to the widespread use of applications in this field is the low thermal resistance of
bio-sourced materials (Kaddouri et al., 2024). Additionally, there are not enough studies on the
use of these materials together with engineering plastics processed at high temperatures.
Besides, the hemp plant is a plant that grows quickly and has a strong fibre structure and thus
has the potential to be used in the industrial field. (Keller, 2013)

In this study, it was aimed to increase the thermal resistance of hemp fibres (HF) and fibre waste
(FW) defined as scrap by modifying them with various methods. For this purpose, the study
was conducted on applying alkaline and silanization processes to hemp fibers and fiber wastes
and then evaluating them with FTIR, TGA and SEM analyses. Finally, a mixture was created
with acrylonitrile-butadiene-styrene (ABS) polymer, an engineering plastic, and examined its
mechanical properties.

MATERIALS AND METHODS
Materials

Hemp fiber and hemp fiber waste were utilized as primary bio-sources and reinforcement
materials. Sodium hydroxide (NaOH) and aminopropyltrimethoxy silane were employed
during the modification steps to enhance the properties of the hemp structures. The modified
hemp structures were then compounded with acrylonitrile-butadiene-styrene (ABS) copolymer
to form composite materials. A pin mill was used for the grinding process to ensure a consistent
particle size of the bio-sources. Additionally, sulfuric acid (H2SO4) was used for the Klason
lignin determination, aiding in the chemical analysis of the lignin content in the fibers. These
materials and methods were selected to improve the thermal stability, mechanical properties,
and overall performance of the hemp-based composites.

Methods

The cellulose, hemicellulose and lignin ratios in the structure of hemp fibres and fibre waste
were determined by the Klason lignin method. Then, grinding to under 200 microns size,
alkalization with 1M NaOH and silanization with 0.75 M amino silane were applied to these
structures, and dried in an oven at 80 °C. After these processes, material properties were
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examined with SEM, FTIR and TGA. After that, modified materials were compounded with
ABS at 210 °C temperature using an extrusion machine. The resulting composites were then
subjected to mechanical testing to evaluate their performance characteristics.

The properties of the modified hemp structures were analyzed using Scanning Electron
Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR), and Thermogravimetric
Analysis (TGA). SEM provided insights into the surface morphology and structural changes,
FTIR was used to identify functional groups and confirm the chemical modifications, and TGA
assessed the thermal stability of the hemp structures.

Characterization

A small piece of the modified and unmodified hemp structures was examined with a Zeiss EVO
LS 10 scanning electron microscopy (SEM). The test pieces were coated with thin layer gold
on the surface to provide electrical conductivity. Perkin Elmer Spectrum 100 FTIR device was
used for FTIR analysis. The absorption peaks in the FTIR spectrum show the functional groups
of the components of lignocellulosic materials such as cellulose, hemicellulose, lignin. TGA
analysis was performed to examine the thermal properties of the modified hemp structures. In
the study, SII Nanotechnology SI16000 Exstar TG/DTA 6300 TG/DTA device was used. In this
analysis carried out in a nitrogen atmosphere, the device was operated with a temperature
increase rate of 10 °C/min and the percentage change in sample weight depending on
temperature was calculated in the temperature range of 30-600 °C.

RESULTS

As a result of the Klason lignin method, hemp fibre contains 72% cellulose, 18% hemicellulose,
8% lignin, and 2% ash content and fibre waste contains 48% cellulose, 18% hemicellulose, 30%
lignin and 4% ash content.

The effect of the modification process on the surfaces of hemp structures is shown in the SEM
images given in Figure 1. As seen in Figure 1, there are significant amounts of impurities on
the surfaces of unmodified hemp structures. It has been shown that the applied modification
methods play an effective role in removing surface impurities. In addition, it was clearly
observed that the fibril bundles of the modified structures are separated from each other as a
result of fibrillation. This situation can be observed effectively in hemp fiber. The reason for
this may be that the modification processes were more efficient for the hemp fiber and thus
caused the fiber to fibrillate. In addition, it is thought that after the applied modification process,
surface impurities and rough surface are removed, and functional groups were formed on the
fiber structures. In this way, the modified surface can interact with the polymer, and it is
predicted that this situation may increase the bond formation between hemp structures and the
polymer matrix. The similar situations have been shown in other studies and reported in other
biosourced structures (Cai et al., 2015; Williams et al., 2011; Asim et al., 2016; lkramullah et
al., 2018; Reddy et al., 2013; Srinivasa and Bharath 2013; Tenazoa et al., 2021). ). In these
studies, it is stated that similar structures undergo fibrillation with the modification processes
applied. These changes can increase the interaction of hemp structures with the polymer matrix,
it is thought that they will contribute positively to the polymeric composites to be produced.
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Figure 1 SEM images of a) fiber, b) hurd, c) modifed fiber, and d) modified hurd

FTIR results of hemp structures are shown in Figure 2. The signals in the spectrum of the main
components such as cellulose, hemicellulose and lignin for hemp structures are
comprehensively available in the studies in the literature (Sudha and Thilagavathi, 2016; Bakri
etal., 2016; Sepe et al., 2018; Tenazoa et al., 2021; Bartos et al., 2021; Asim et al., 2016). When
the signals for FTIR spectra are examined, the wide absorption band region between 3600 cm"
1and 3000 cm™? indicates -H and -OH bond groups. These regions generally contain the main
functions of phenol, alcohol and water. The signals in these regions decreased or disappeared
as a result of the modification process. Changes in this region indicate the removal of phenolic
and aliphatic hydroxyl groups in the fiber due to modification. The regions of 2900 cm™ and
2850 cm™ indicate the C-H and O-H bond structure in the functional alkane and carboxylic acid
structure found in the cellulose and lignin structure. After the modification, the changes of the
peaks at 1750 cm™ and 1700 cm™ for the fiber are attributed to the C=0O bonds in the
hemicellulose structure. The 1700 - 1600 cm regions are defined as C=C, which are called the
functional groups of alkenes. The regions 1420 - 1300 cm™ represent C-H bends found in
functional alkane groups. Functional alcohol groups are characterized as 1050 - 1000 cm™ CO
bonds, and decreases in the peaks in these regions were observed. Additionally, after the
modification process, the color of the hemp structures changed. The change in color of these
structures is due to the removal of lignin structures that act as natural dye within the structure.
When the FTIR spectra of the modified structures are examined, it is known that the most
intense regions in the spectrum of silane are the regions of approximately 1050 - 1000 cm™* and
800 - 650 cm™, where the C—O, Si—O and Si—C bonds. These peaks are not visible in the spectra
of silane-modified structures, probably because they overlap with the signals of the organic
component of hemp fibers. Consequently, when it is evaluated in general, the changes in the
intensities of FTIR spectra show that the modification of hemp structures was carried out
successfully.
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Figure 2 FTIR results of a) hurd, b) fiber, ¢) modifed hurd, and d) modified fiber

Figure 3 shows the TGA analysis curve for untreated hemp fiber, while Figure 4 shows the
analysis curve of modified hemp fiber. The first curve that appears is due to the release of
moisture contained in the structures. Afterwards, it is observed that the hemicellulose structure
deteriorates in the temperature range of 200 - 320 °C, and the cellulose and lignin structure also
decomposes in the temperature range of 260 - 350 °C. In Figure 4, it is concluded that there is
an increase in the degradation temperature of the material and the modification developed the
thermal properties. According to TGA results, the thermal stability and resistance were
improved from 250 °C to 350 °C for hemp fiber and from 250 °C to 320 °C for fiber waste.
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Figure 4 TGA graph of modifed hemp fiber

In this study, hemp structures were added with a 22% weight ratio as bio-sourced in the
biocomposite formula and their properties were examined. After the compounding process,
compared to the pure ABS polymer in terms of elastic modulus and tensile strength, the blend
with hemp fibre resulted in increased properties, while the composite material containing fibre
waste resulted in lower mechanical value. As a result, in terms of tensile strength, ABS
copolymer showed 50.5 MPa, ABS/hemp fiber composite 74.1 MPa, and ABS/fiber waste
composite 48.7 Mpa. Test results are shown in Table 1. Due to the strength provided by the
fiber structures, the hemp fiber reinforced composite material exhibited higher tensile strength.
The reason why the composite material containing fiber waste results in low mechanical value
can be shown as the inability of fiber waste to create effective bonding interaction with the ABS
copolymer.

Table 1 Mechanical properties of ABS and compounded materials

ABS ABS/HF ABS/FW
Tensile Strength at Break 50.5 74.1 48.7
(MPa)
Elastic Modulus 2.7 4.18 3.8
(GPa)

In this study, various tests were applied to the modified hemp structures and the produced
biocomposites and their properties were examined. Regarding this, it was concluded that the
modification processes are effective and can be compounded with ABS polymer processed at
high temperatures.

CONCLUSION AND DISCUSSION

As a result of the study, the fiber and fiber waste of hemp were analyzed and the efficiency of
the modification process was evaluated. It is seen that the modified fiber and the fiber waste
have superior properties to the unmodified structures in terms of surface properties and thermal
resistance. In addition, it was determined that the modification process played an active role in
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the removal of non-cellulose structures. According to the improvement of surface properties
and increase in thermal resistance, it is thought that the modification process improves the fibers
and provides an advantage in processing with an extruder carried out at high temperatures to
produce polymer-based composite materials. In terms of mechanical properties, the composite
material containing hemp fiber resulted in higher mechanical properties. However, it has been
shown that composite structures containing fiber waste can be used in applications requiring
cost advantage.
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Abstract

Indigenous cattle breeds play a crucial role in maintaining biodiversity and enhancing food
security worldwide. This paper explores the significance of indigenous cattle for biodiversity
conservation and food security, highlighting their unique characteristics and contributions to
sustainable agriculture.

Significance of Indigenous Cattle:

Biodiversity Conservation: Indigenous cattle breeds possess diverse genetic traits adapted to
specific environmental conditions and traditional farming practices. Preserving these breeds
ensures the maintenance of genetic diversity within cattle populations, which is essential for
resilience to environmental stressors and disease resistance.
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Adaptation to Local Environments: Indigenous cattle have evolved over generations to thrive
in diverse ecological settings, including harsh climates, rugged terrains, and limited-resource
environments. Their resilience and ability to utilize locally available feed resources contribute
to the sustainability of agricultural systems and resilience to climate change.

Cultural Heritage: Indigenous cattle breeds are deeply rooted in cultural traditions and
livelihoods of communities around the world. They often hold symbolic and spiritual
significance, representing cultural identity and ancestral connections. Preserving indigenous
cattle breeds helps safeguard traditional knowledge and cultural heritage associated with
livestock husbandry.

Food Security: Indigenous cattle play a vital role in providing nutritious food, such as milk,
meat, and by-products, to millions of people, particularly in rural and marginalized
communities. Their contributions to small-scale agriculture and subsistence farming systems
contribute to household food security and livelihoods, enhancing resilience to food crises and
economic shocks.

Challenges and Conservation Strategies:

Genetic Erosion: Indigenous cattle breeds face threats from genetic erosion due to
crossbreeding with exotic breeds, habitat loss, and changing agricultural practices.
Conservation efforts focused on genetic preservation, breed improvement, and sustainable
breeding programs are essential to prevent further loss of genetic diversity.

Market Pressures: Economic incentives favoring high-yielding exotic breeds often lead to the
marginalization of indigenous cattle breeds in commercial livestock production systems.
Promoting value-added products, eco-labeling schemes, and market incentives for indigenous
cattle products can enhance their economic viability and market competitiveness.

Policy Support: Adequate policy frameworks and institutional support are critical for promoting
the conservation and sustainable use of indigenous cattle breeds. Policies should address issues
such as breed registration, access to grazing lands, genetic resources management, and market
access for indigenous cattle products.

Table 1. The most important aspects of preserving indigenous cattle.

Aspect Description References
L. Biodiversity = Indigenous cattle breeds possess diverse genetic traits adapted to specific = 1, 2
Conservation environments, contributing to genetic diversity within cattle populations.

2. Adaptation to Local Indigenous cattle have evolved to thrive in diverse ecological settings, 3,4

Environments showcasing resilience to environmental stressors and utilization of local
feed resources.
3. Cultural Heritage Indigenous cattle breeds hold cultural significance, representing ancestral | 5, 6

connections and traditional knowledge associated with livestock husbandry.

4. Contribution to Food = Indigenous cattle provide nutritious food, including milk, meat, and by- 7, 8
Security products, supporting food security and livelihoods in rural and marginalized
communities.

In conclusion, indigenous cattle breeds represent invaluable assets for biodiversity
conservation, cultural heritage preservation, and food security enhancement. Their unique
genetic traits, adaptation to local environments, and contributions to sustainable agriculture
underscore the importance of prioritizing their conservation and sustainable utilization. By
addressing the challenges and implementing effective conservation strategies, we can ensure
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the resilience and continued contributions of indigenous cattle to global food security and
livelihoods.

Key words: biodiversity, conservation, food security, indigenous cattle
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Ozet

Kenevir algisal olarak uyusturucu ile bir arada degerlendirilen bir bitki gibi goriinse de icerigi
ve kullanim alanlaria bakildiginda aslinda stratejik ve politik bir bitkidir. Algisal sorunlar,
yasal olarak ekiminin zor olmas1 ve altyap1 eksikligi olsa da cevresel, ekonomik, sosyal ve
saglik alaninda farkli etkileri vardir. Karbon yakalama 6zelligi, siirdiiriilebilir yapisi, toprak
iizerindeki verimlilik acisindan cevresel bir iirlindiir. Farkli sektorlerde kullanim saglamasi,
ciftgiler i¢in yiiksel gelir saglamasi, bolgesel bir ekim {iriinii olmasi agisindan kalkinma
odaklidir. Tip, kozmetik ve gida alaninda kullanilan saglikli bir tiriindiir. Tiirkiye 1960’11 yillarin
sonunda hashas ekimi ile ilgili Amerika Birlesik Devletleri tarafindan baski altina alinmas,
donemin ABD Bagskani Richard Nixon tarafindan Tiirkiye Bagbakani Siileyman Demirel’e
mektup yazilarak hashas (kenevir) ekimine yonelik kisitlama yapilmasi istenilmis, Basbakan
Demirel tarafindan “Tiirkiye’de 120 ton afyon yetisiyor. Bu, sizin genglige bir hafta yetmez!”
ifadesi ile teklif red edilmistir. 1971 yilinda askeri miidahale ile Nihat Erim hiikiimeti kenevir
ekimini durdursa da 1974 yilinda Biilent Ecevit tarafindan ekim yeniden baslatilmig. Dénem
arastirmacilar ABD'nin ve Bati toplumlarinin ambargo nedeninin altinda aslinda kenevir ekimi
oldugu savi1 ¢ok giicliidiir. Zira 1980 darbesi sonrasinda kenevir ekimi yeniden yasaklanmuistir.
2016 yilina gelindiginde Tiirkiye 19 il belirleyerek izine tabi olacak sekilde kenevir ekimini
yeniden yasallastirmistir. Bu c¢alismada; kenevirin Tirkiye’deki tarihsel durumu politik ve
stratejik bakis agisi ile ele alinacak, ekonomik degeri acisindan kalkinmaya saglayacag: etki
tizerindeki rolii arastirilacaktir.

Abstract

Although cannabis is commonly perceived as a plant associated with drugs, it is in fact a
strategic and political plant when viewed through the lens of its content and areas of use. Despite
the existence of perceptual challenges, the difficulties associated with legal cultivation and the
lack of infrastructure, it has a multitude of environmental, economic, social, and health impacts.
From an environmental perspective, it can be considered a product due to its carbon capture,
sustainable structure, and productivity on soil. It is development-oriented in terms of its use in
different sectors, providing high income for farmers, and being a regional cultivation product.
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It is a healthy product used in medicine, cosmetics, and food. At the end of the 1960s, Turkey
was subjected to pressure from the United States of America regarding poppy cultivation. In a
letter to Turkish Prime Minister Siilleyman Demirel, then-US President Richard Nixon
requested restrictions on poppy (hemp) cultivation. Prime Minister Demirel responded with a
rhetorical question, "120 tons of opium grows in Turkey. This is not enough for your youth for
a week!" and the proposal was rejected. In 1971, the military intervention led to the cessation
of hemp cultivation by the Nihat Erim government. However, in 1974, Biilent Ecevit initiated
aresumption of this practice. Historians of the period have persuasively argued that the rationale
behind the embargo imposed by the United States and Western societies was, in fact, hemp
cultivation. Following the 1980 coup, hemp cultivation was once again prohibited. By 2016,
Turkey had re-legalized hemp cultivation in 19 provinces, subject to a permit. This study will
examine the historical situation of hemp in Turkey from a political and strategic perspective,
and investigate its role in terms of its economic value and its impact on development.
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Abstract

The demand for alternative energy is steadily rising in both transportation and industrial sectors.
Among the leading sources, biofuel stands out, utilizing thermostable cellulases to convert
cellulosic material into fermentable sugars. In this study, a 1.4 kb fragment of the thermophilic
strain Clostridium clariflavum, encoding endo-1,4-B-glucanase, was cloned and expressed in E.
coli using the pET-21a(+) vector through standard procedures. The B-glucanase was then
purified via precipitation with ammonium sulfate and affinity chromatography (immobilized
metal ion). Various techniques including agarose gel electrophoresis, SDS-PAGE, enzyme
assays, scanning electron microscopy, saccharification, and immobilization were employed to
analyze the enzyme. The purified enzyme exhibited a 2.42-fold purification, with a specific
activity of 28.71 U mg-1, 26.31% recovery, and a molecular weight of 52 kDa. It demonstrated
stability at 75°C and pH 5-10, showing heightened activity in the presence of Zn*? and Mg"?,
while being less active in the presence of Mn*2, Cu*?, and Co*?, and significantly affected by
EDTA. Saccharification experiments using 50 units of the enzyme at 60°C for 72 hours yielded
a saccharification percentage of 21.7% and 20.4 % for pre-treated Saccharum munja (soft part)
and hemp respectively, as analyzed by scanning electron microscopy. Upon enzyme
immobilization with magnetic nanoparticles, improved saccharification percentage and
reusability were achieved. The saccharification process was repeated 12 times using the
immobilized B-glucanase, retaining at least 50% enzyme activity, leading to a significant
reduction in the cost of biofuel production. Furthermore, the yeast strain Wickerhamomyces
anomalus was employed to maximize bioethanol production (3.734+0.10 g/L). These findings
underscore the efficacy of recombinant B-glucanase in biofuel production and highlight the
potential of repeated saccharification processes using immobilized enzymes for cost-effective
production.

Key words: B-glucosidase, hemp, nano-particles, Clostridium clariflavum




INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS
20-22 / MAY /2024 / ANKARA

ENHANCING FABRIC STRUCTURES DERIVED FROM TURKISH HEMP FIBERS
WITH ECO-FRIENDLY NATURAL DYE APPLICATIONS

Iraz CINAR
Sun Tekstil Sanayi ve Ticaret A.S., Torbali/Izmir
ORCID ID: https://orcid.org/0009-0002-8322-1994

Basak EROL
Sun Tekstil Sanayi ve Ticaret A.S., Torbali/Izmir
ORCID ID: https://orcid.org/0000-0003-0983-3933

Melike Oya KADER
Sun Tekstil Sanayi ve Ticaret A.S., Torbal/Izmir
ORCID ID: https://orcid.org/0000-0001-5616-5806

Bekir BOYACI
Sun Tekstil Sanayi ve Ticaret A.S., Torbal/Izmir
ORCID ID: https://orcid.org/0000-0003-4557-0990

Abstract

Introduction and Purpose: The textile industry is one of the largest and most polluting sectors,
contributing to pollution such as water pollution and greenhouse gas emissions. As a response,
the sustainability of natural fibers like hemp is becoming increasingly crucial. Hemp offers
multiple annual harvests, high yields, requires minimal pesticides, is easy to cultivate, and has
a low carbon footprint, making it an ideal candidate for eco-friendly fabric production. This
study was aimed at contributing to gate-to-gate sustainability by dyeing fabrics obtained from
Turkish hemp fibers with natural dyes.

Materials and Methods: Eight different natural colorants—oad, hibiscus, Alkanna tinctoria,
Lawsonia inermis, Beta vulgaris, Glycyrrhiza, Cortex Granati fructuum, and Curcuma longa—
were examined in two groups as substantive and mordant dyes. The natural colorants were
applied to knitted hemp-blended fabrics without mordant, with a biomordant, and with a
conventional mordant in the laboratory-type sample-dyeing machine using three different
prescriptions. In the dyeing process with mordant dyes, alum and vinegar are used as
conventional and natural mordants, respectively. The most eco-friendly processes were
determined by performing color fastness tests on the samples obtained.

Results: The color fastness tests of the dyed samples revealed that most combinations met
expected results from laundering (ISO 105 C06), water (ISO 105 EO1), and rubbing (ISO 105
X12). All samples except those dyed with oad and Cortex Granati fructuum had rather poor
color fastness to artificial light (ISO 105 B02).
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Discussion and Conclusion: Cumulative analysis revealed that the samples dyed with oad and
Cortex Granati fructuum had the highest color fastness results for all the tests. Specifically, it
was proved that oad was effective for low-temperature dyeing without mordant using minimal
dyestuft, while Cortex Granati fructuum was optimal for high-temperature dyeing under similar
conditions. Consequently, it was recognized that substantive dyes yielded the highest results
and that mordant dyes were inappropriate for these applications.

Key Words: Natural Colorant; Mordant; Biomordant; Hemp; Color Fastness
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Abstract

Electrocoagulation is used to treat Congo red and crystal violet. The objective is to optimize the
optimal parameters: pH, current density and electrolysis time. The treatment is carried out with
the iron and aluminum electrode. the iron electrode gave better yields on the treatment of two

dyes compared to the aluminum electrode. the sludge underwent IR, SEM and XRD analyzes
in order to know the mechanism of the reaction.

Keywords: Electrocoagulation, Electro-flocculation, dyes, sewage sludge, wastewater.
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Abstract

In a world yearning for a widespread progress and advancement in many areas and disciplines,
a crucial question arises: can we evolve without sacrificing the environment? Unsustainable
land management practices, depletion of natural resources, and improper waste disposal, along
with other human behaviors foremost, such as the businesses and industries, exacerbate
environmental challenges.
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A promising path for mitigating these challenges, renewable energy, sunlight and wind as
examples are replenished, natural sources offering a path towards sustainability. The sunlight,
abundant and freely available, the energy source behind the photovoltaic panels, the solar
panels. A solar cell, have the ability to convert sunlight directly into electricity, a process known
as the photovoltaic effect through the application of semi-conductor materials. By connecting
numerous solar cells, series of panels are formed capable of powering homes, businesses and
large-scale utility projects. The well-established type of solar cells, silicon-based solar cells, the
dominant in this industry is reaching the theoretical efficiency limit. With the aim of pushing
the boundaries of efficiency, new materials and technologies are constantly explored. Our
ongoing research is driven towards the perovskite-based solar cells, the perovskite material has
intriguing optical and electronic properties, in order to predict and understand the material’s
behavior, we work with the density functional theory (DFT), a series of analysis and
calculations to explore the various perovskite compositions and their potential. Moreover, due
to compositional flexibility, the crystal has diversity of options related to processing different
architectures for the solar cell. Therefore, the perovskite as an energy material, become a new
player in solar cell technology, towards a more reliable and sustainable option, overcoming
stability hurdles and seeking lead-free alternatives. We explore and delve into the perovskite-
based solar cells, thus significantly contributing to the renewable energy sector.

KEYWORDS: Renewable energy, Sustainability, Photovoltaics (PV), Cell architectures,
Perovskite solar cells, Density functional theory (DFT).
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Abstract

Composite materials occupy a preponderant place in several technological sectors, such as
space, aeronautics, automobiles, rail, naval and many others. The production of composite parts,
like all other design processes, generates shavings and waste that is difficult to recycle. This
waste generates chemical pollutants during its incineration and visual pollutants when it is piled
up. It is also an economic loss which is reflected in the cost of parts. Their recycling can be a
socio-economic solution of capital importance. For this purpose, the crushing and incorporation
of waste as filler was adopted. The study we carried out consists of loading a polyester resin
used in the field of shipbuilding, at different particle sizes and at different percentages. This
resin was subsequently used to produce various laminate plates, which were cut with a diamond
disc to produce standardized test pieces. These specimens underwent various mechanical tests
to highlight their resistance characteristics. These tests (traction, resilience, hardness, pyrolysis,
and microscopy) have demonstrated that the fillers incorporated in the polyester resin are a
positive contribution to the composite material used for shipbuilding. This study, which
highlights the importance of recycling waste from composite materials, will allow the
incorporation of filler in certain parts used for the construction of boats in the shipyard which
supervised the latter.

Keywords: Recycling, composite, glass, polyester, traction, resilience.
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Abstract

The present work, is about the dosage of the phenolic compounds of two Saharan plants,
Anvillea radiata and Astragalus armatus and their insecticidal (Aphis gossypii) and microbial
(Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa. Candida albicans)
effectiveness. The dosage of the total polyphenols and flavonoids is carried out by the method
of Folin-Ciocalteu and AICI3 respectively, the phenol contents of Anvillea radiata ethanol =
91.06 + 13.8., Astragalus armatus ethanol = 82.17 + 10.8, Anvillea radiata chlorophorme =
24.17 + 4.12 and Astragalus armatus chloroform = 35.28 + 13.3ugEGA / mg DM. While the
flavonoid contents remain low for all extracts (Anvillea radiata ethanol = 5.40 + 2.8, Astragalus
armatus ethanol = 0.3125 = 0.2, Anvillea radiata chloroform = 1.6 £+ 0.6 and Astragalus armatus
chloroform = 0.312 + 25.7 ug EGA / mg DM). Both chloroform and ethanolic extracts from A.
radiata revealed antibacterial activity against staphylococcus aureus bacilli, with zones of
inhibition of 10 + 2.6 mm and 16.5 + 2.1mm respectively,on the other hand the four extracts of
the two plants showed an insecticidal effect for the three doses.

Key words: Characterization; antioxidants; phenolic compounds; flavonoids; Saharan plants
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Abstract

Nigella sativa is plant that is endowed with various pharmacological activities including
antioxidant, anticancer, anti-inflammatory, antibacterial, antidiabetic, and immunostimulant.
This study aims to investigate the antidiabetic activity of the N. sativa essential oil on two key
enzymes the a-amylase and hemoglobin glycation. After the extraction procedure, the N. sativa
essential oil, were subject to qualitative and semi-quantitative analysis using GC/MS, for the
identification of the different bioactive compounds. This was followed by an evaluation of the
in vitro inhibition capacity of the a-amylase and the hemoglobin glycation. Finally, a molecular
docking study was conducted to determine the bioactive compounds responsible for the
antidiabetic activity. The extracted essential oil showed the presence of different bioactive
compounds including a-phellandrene (29.6%), B-cymene (23.8%), 4-caranol (9.7%), thymol
(7%). The N. sativa essential oil was found to be endowed with antidiabetic properties, the IC50
value for the a-amylase inhibitory activity was 0.809 mg/mL, indicating an inhibitory impact
of the enzyme. The IC50 value for the N. sativa essential oil’s hemoglobin antiglycation activity
was 0.093 mg/mL. For most predominating phytochemicals present in the N. sativa essential
oil, molecular docking studies against human pancreatic a-amylase and human hemoglobin
enzymes revealed that these compounds can serve as lead molecules to develop new
antidiabetic compounds.

Keywords: Nigella sativa; Essential oil; a-amylase; hemoglobin glycation; diabetes.
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Abstract

The field of discovery of new therapeutic compounds has evolved due to the application and
development of statistical methods which make it possible to analyze and process the
experimental data of compounds in order to predict and improve their therapeutic activities.
QSAR is among the most used methods in this field, this method allows the development of the
relationship between the structural descriptors of molecules and their biological activities IC50
(half-maximal inhibitory concentration) in order to predict new analogues with the desired
activity values by modifying the chemical structure of compounds. Additionally, a molecular




INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS
20-22 / MAY /2024 / ANKARA

docking study is a method used to predict the most favorable conformation between the
proposed compounds and the protein responsible for biological activity. In addition, the study
of the pharmacokinetic and ADME-Tox (Absorption, Distribution, Metabolism, Excretion and
Toxicity) properties of compounds is essential to evaluate the distribution, metabolism,
elimination and toxicity of compounds in the body. Simultaneously, in previous research, the
application of these statistical methods has facilitated the process and minimized the costs of
drug discovery based on various bioactive plants, including cannabis, a plant cultivated and
used as a result of its richness in active compounds, which exhibits a wide range of therapeutic
properties, such as anti-inflammatory, anesthetic, and antiproliferative activity against human
cancer cell lines, namely HCT-116 colorectal cancer cell lines. Colorectal cancer, is the third
most common malignant cancer, with increasing incidence rates among young adults aged less
than 50 years worldwide. Fortunately, preliminary studies by researchers have verified the
antiproliferative activity of compounds synthesized from hemp against HCT-116.

Keywords: Hemp, Colorectal Cancer, Drug-Design, Molecular Modeling, QSAR, Molecular
Docking, ADME-Tox.
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Abstract

Infertility is a disease of the reproductive system and is defined as the failure to achieve a
pregnancy after 12 months or more of regular unprotected sexual intercourse or the inability to
stay pregnant. This research investigates the therapeutic potential of methanol extract of
Eucalyptus globulus leaf in mitigating ethanol-induced infertility in albino rats. Determination
of acute toxicity profile, hormonal analysis and semen profile of the of methanol extract of
Eucalyptus globulus leaves (MEEGL), was carried out using standard method. The percentage
yield of Eucalyptus globulus leaves is 36.7%. Qualitative phytochemical analysis of Eucalyptus
globulus leaves revealed that flavonoids, tannins, and phenols were highly detected, then
alkaloids, terpenoids and glycosides were moderately present, whereas saponins, steroids and
hydrogen cyanide were slightly detected. The results showed that median Lethal dose (LD50)
of the ethanol extract shown not toxic effect up to the dose of 5000 mg/kg body weight. The
result showed that groups treated with 200, 400 and 600 mg/kg body weight of extract show a
significant (P>0.05) disease in stem sluggish and dead sperm with corresponding increase in
active sperm, normal and sperm count when compared with untreated group. The result shows
a significant increase in testosterone level, Luteinizing hormone and follicle stimulating
hormone level when compared with untreated group. It is concluded that the methanol extract
of the Eucalyptus globulus leaves has considerable anti-infertility effects on ethanol induced
infertility, confirming the reason for its wide use in the traditional treatment of impotence and
other related diseases conditions.

Keywords: Infertility, sperm count, Eucalyptus globulus, Methanol extract
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Abstract

Hemp, a highly resilient and fast-growing plant variety that can be cultivated in various climates
and soil types, is an annual crop that requires low labor and has an intensive production process.
It can be harvested within a short period (70-90 days). During its cultivation, hemp absorbs
carbon dioxide from the atmosphere and can serve as a carbon sink by storing it throughout its
lifespan. Therefore, it plays a significant role in reducing greenhouse gas emissions and
combating climate change. Hemp has over 25,000 product varieties in the global market and
can be used to produce textiles, paper, food, medicine, and many other industrial products,
making its applications quite extensive. Industrial hemp is also utilized as biomass, besides
fiber and seed, reducing competition with other food and feed crops on arable lands. It has been
reported to cause less harm to the environment, prevent soil compaction, and contribute to the
preservation of agricultural biodiversity. Moreover, in countries with limited energy resources,
hemp biomass can be utilized as an energy source. Hemp is a versatile and sustainable plant,
serving as an important tool in the fight against climate change.

However, due to misinformation about hemp, significant regulations have been imposed
worldwide, resulting in adverse economic consequences for businesses involved in hemp
production, making it almost unprofitable. As the number of businesses operating in this field
increases, the number of products and customer potential will also expand, contributing to
reaching the 2030 climate change targets effectively.

This study will investigate the role of hemp-based materials in businesses from both economic
and environmental perspectives.




INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS
20-22 / MAY /2024 / ANKARA

A DECISION SUPPORT SYSTEM THAT DETECTS CHANGES IN

AGRICULTURAL PLANTING AREAS DUE TO CLIMATE CHANGE AND MAKES

RECOMMENDATIONS FOR NEW AGRICULTURAL PLANTING AREAS (ADAPT-
AG)

Mehmet Emre
OSTIM Technical University, Faculty of Engineering, Department of Artificial Intelligence
Engineering, Ankara, Turkey
https://orcid.org/0009-0001-4695-3267

Ali Cengiz Riistemli
OSTIM Technical University, Faculty of Engineering, Department of Software Engineering,
Ankara, Turkey
https://orcid.org/0009-0008-2247-5898

Ahmet Seyhan Kokcii
OSTIM Technical University, Faculty of Engineering, Department of Artificial Intelligence
Engineering, Ankara, Turkey
https://orcid.org/0009-0006-2954-9074

Ferid Baran Hanc1
OSTIM Technical University, Faculty of Engineering, Department of Artificial Intelligence
Engineering, Ankara, Turkey
https://orcid.org/0009-0004-4318-3334

Elif Ozbek
OSTIM Technical University, Faculty of Engineering, Department of Artificial Intelligence
Engineering, Ankara, Turkey
https://orcid.org/0009-0009-0097-356X

Abstract

Climate change presents significant challenges to agricultural plantations globally, impacting
productivity, sustainability, and socio-economic aspects. This study evaluates the performance
of MLANN, CNN, RNN, SVM, KNN, and RF methods with fixed datasets to select optimal
methods. Analysis reveals that MLANN, SVM, and RF methods yield optimal outcomes,
suggesting their suitability for future system development. The research emphasizes leveraging
these methods for enhanced plantation resilience and sustainability. By integrating Al
technologies and sustainability indicators, proactive measures can be implemented to address
climate change impacts on biomass carbon sequestration, biodiversity conservation, and
plantation productivity. The study underscores the importance of understanding and managing
climate change effects on agricultural systems, emphasizing the role of MLANN, SVM, and
RF methods in developing resilient plantation systems.

Key Words: Climate Change, Al, Decision Support System, Agricultural Planting Areas
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Abstract

The exceptional optoelectronic properties of halide perovskites, characterized by their general
formula ABX3, have garnered significant attention in the field of solar energy. However, their
commercialization has been hindered primarily by a significant obstacle — their lack of stability,
largely attributed to the use of specific elements. Lead-based perovskite solar cells, renowned
for high efficiency due to the presence of lead in the B site of the perovskite structure, this very
element is toxic and exhibits inherent instability therefore it poses a significant environmental
challenge. Consequently, the quest for lead alternatives commenced, focusing on synthetic
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design strategies involving elements like tin, germanium, bismuth, as well as their
combinations. Double perovskites are also regarded as viable alternatives to lead perovskites in
this context. Similar to lead-based perovskites, they exhibit favorable properties. However, it is
worth noting that double perovskites offer the advantage of avoiding the use of toxic elements
like lead while still demonstrating promising stability and efficiency characteristics. In this
study, we introduce a range of lead-free perovskite materials as potential solutions to tackle the
issues of instability and toxicity associated with lead-based perovskites. Our objective is to
explore alternative materials that can offer improved environmental compatibility without
compromising on performance of the solar cell, we rely on powerful simulation tools like the
Solar Cell Capacitor Simulator (SCAPS) that plays an important role in modeling and
simulating the behavior of these devices. By allowing to input the properties of various
perovskite materials and device structures, SCAPS can also predict the cell's performance under
different conditions. This information is invaluable for identifying promising designs and
optimizing factors like layer thickness or material composition to achieve the highest possible
efficiency. By investigating these lead-free perovskite options, we aim to contribute the
development of more sustainable and stable perovskite-based photovoltaic technologies.

Key Words: Photovoltaic energy, perovskite solar cells, lead-free, stability, efficiency,
modelling, SCAPS.
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Abstract

The Kingdom of Yugoslavia was once one of the largest producers and exporters of the hemp
in Europe. The largest areas in the former Yugoslavia were 100.000 ha (in 1949), but they were
constantly reduced later. In the territory of the Republic of Serbia and AP Vojvodina, hemp was
grown on about 50.000 ha. The main reason why the culture of hemp plant had such a large
presence was, above all, favorable soil and climatic conditions. Today, due to various
restrictions and prohibitions, industrial hemp is grown on only about 1.000 ha in the mentioned
area.

Industrial hemp (Canabis sativa L.) differs from indian hemp in its function, cultivation
technology, application, as well as in the amount of psychoactive substance (THC) which is not
higher than 0.3%. The best soils for the cultivation of hemp are chernozems, alluvial soils and
meadow chernozems, which are represented in the study area on a total of 1.731.900 ha,
approximatelly. For cultivation, it requires well-prepared and fertilized soil whose pH value
ranges from 5.8 to 7.0. Hemp is also an indicator of soil fertility, given that if the soil is
heterogeneous (uneven), its cultivation varies considerably in height and overall development.

Climatic conditions of the mentioned area are also one of the important conditions for growing
industrial hemp. They are appropriate and favorable, because the conditions of the length of
daylight, the minimum germination temperature (1-2°C) and the optimal temperature for
intensive vegetative growth of about 20 °C are met. Hemp requires a lot of moisture in the soil,
but it also reacts negatively to excessive moisture, especially in the first period of growth and
development. From the above mentioned, it can be accepted the fact that the agroecological
conditions for growing industrial hemp are satisfying and provide potential for the development
of the Serbian economy.

Key words: soil, climate factors, hemp
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Abstract

Recent years have seen increased interest in the medical applications of cannabinoids isolated
from hemp inflorescences. Cannabidiol (CBD), one of the non-psychotropic cannabis-derived
compounds, exhibits antiepileptic, anticancer, anti-inflammatory, and antimicrobial properties.
This study aimed to elucidate the anticancer properties of CBD in bone cancer cell lines (Saos-2,
SW1353, and MG-63), both as a monotherapy and in combination with cisplatin (CIS). The
Chou-Talalay method for combination was used for determining synergism at all doses. Hemp
inflorescence were cultivated by Yozgat Bozok University Hemp Research Institute and air-dried
in a room protected from sunlight. Decarboxylated plant material was obtained by heating at
105°C for 1 hour. Supercritical CO; extraction (scCO2) system was used to obtain crude hemp
extract. A simple winterization process called dewaxing was performed at -20°C for 48 hours and
the precipitated wax was removed using filtration. The enriched cannabinoid fraction from crude
hemp extract was obtained using a molecular distillation system. CBD was isolated from the
enriched cannabinoid fraction via a medium-pressure flash chromatography system. After
removing the solvent from the separated CBD using a vacuum concentrator, its purity was
checked by HPLC. MTT assay was performed by our research group to measure the anticancer
effect of CBD and CIS on cell proliferation (NCI-60 screening method). The safety of CBD and
CIS was tested in human normal epithelial amniotic cells (FL) in LDH assays. Additionally, DNA
Laddering, Tunnel, Cell migration, Topoisomerase I, and DAPI staining were performed to reveal
the mechanism of action of these combinations. Accordingly, the results indicate that CBD
reduces the viability and proliferation of bone cells and exerts synergistic interactions with CIS.
CBD did not cause significant cytotoxicity in the FL cell line. As a result, CBD can be considered
as part of bone cancer treatment as adjuvant therapy when combined with CIS.

Keywords: Hemp, Cannabidiol, Cisplatin, Anticancer, Combination

INTRODUCTION

Osteosarcoma is a malignant tumor that can present with bone and joint pain and a local mass
in the bone. Although it occurs at all ages, the incidence is highest in adolescents and the most
common sites are the distal femur, proximal tibia, and proximal humeral metaphysis. Due to
the poor prognosis of osteosarcoma with its early metastasis and unresponsiveness to treatment,
this aggressive malignancy has become a major cause of death in adolescents and young adults.
Standard treatment for osteosarcoma consists of surgery, radiation therapy, and adjuvant




INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS
20-22 / MAY /2024 / ANKARA

chemotherapy, similar to general cancer treatment. Because patients with bone cancer do not
respond well to primary chemotherapy, the 5-year survival rate in patients receiving secondary
treatment decreases from 75% to 25%. Therefore, further research on the combination approach
of innovative treatment strategies for osteosarcoma is urgently needed (1-5).

Plant metabolites are candidate molecules that can be used in new anticancer drug development
studies due to their very different structural features that can enter into unique interactions with
biomolecules in their spatial arrangements. Medical cannabis, which has such molecules, has
been used in pharmacological studies for many years. Phytocannabinoids are secondary
metabolites with psychoactive and non-psychoactive pharmacological effects obtained from
Cannabis sativa. CBD is the main non-psychoactive compound. For this reason, it is legally
approved for use in research and is frequently trialed as a pain reliever in inflammatory diseases
and as a chemotherapeutic in patients with different types of cancer (6-8).

Today, combined treatment methods with effective molecules have resulted in significant
clinical results. Interaction studies of many secondary metabolites and currently used FDA-
approved drugs, whose preclinical studies are ongoing, have led to new, more powerful
pharmacologically effective molecules. In addition, in disease regimes that are difficult to treat,
such as bone cancers, revealing some unknown properties of molecules that have proven
effective in other diseases on bone cancers may make positive contributions to the treatment
processes. Therefore, the cannabis metabolite cannabidiol (CBD) and cisplatin (CIS), which
have significant pharmacological effects, may have the potential to be a new combination due
to their different structural properties and the way they form new, unique, and powerful
chemical associations. This project examined the combined effects of CDB and CIS molecules
using the human bone osteosarcoma cell line (Saos-2, SW1353, and MG-63) and the FL normal
cell line.

MATERIAL and METHODS

CBD isolation

The hemp inflorescences were dried in a clean room away from sunlight for three months. After
drying, it was pulverized to a size of 80 mesh using a grinder and stored in vacuum at a room
temperature. The samples were then left for decarboxylation at 105 degrees for 1 hour in an
oven to convert CBD-A to CBD. After the decarboxylation process, a total of 150 g of dry hemp
sample was placed in a 2 L supercritical extractor container and set up 230 bar, 50°C and 50
kg/h cycle conditions. Thus, we obtained approximately 2 g of extract from 150 g of product.
Since supercritical CO; extraction also extracts plant waxes, the extracts were dewaxed through
the winterization process before proceeding with the subsequent processes. To separate the
solidified wax, the solution was filtered through filter paper in a vacuum. Then, the molecular
distillation method was used to separate the terpenes and chlorophylls that come with
phytocannabinoids during extraction. During purification, flash chromatography used ethanol
and water as solvents to separate phytocannabinoids from each other. Once the molecules have
been separated, rotary evaporators were used to remove this solvent from the
phytocannabinoids. When the required purity analyses were checked using HPLC (2.7 um,
4.6x150 mm, NexLeaf CBX, PDA detector, mobile phase acetonitrile: water (9:1), analysis
time: 15 min), a single peak belonging to CBD was observed and isolation its efficiency was
measured as 80%. CBD samples obtained as a result of flash chromatography were dissolved
in DMSO to 20 mg/mL for use in subsequent studies.
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Cell proliferation assay of binary drug combinations

The antiproliferative effects of CBD alone and in binary combinations with cisplatin were
examined using two human bone osteosarcoma cell lines (MG-63 [ATCC CRL-1427] and Saos-
2 [ATCC HTB-85]), one human bone chondrosarcoma cell line (SW-1353 [ATCC HTB-94)),
and one normal cell line (FL [ATCC CCL-62]). The data obtained from the MTT test were
analyzed with CalcuSyn software. To obtain the optimal combination ratio, the Total Growth
Inhibition (TGI) of these molecules was used as the recommended equipotency ratio. Therefore,
for two-drug combinations that were conducted at the same time, the ratios used were, for
example, A+B (a:b), B+C (b:c), and A+C (a:c). Absorbance data were loaded for automated
calculation of the slope of the median-effect plot (m), the dose that produces a 50% effect such
as TGI (Dm), and the linear correlation coefficient of the median-effect plot () parameters, as
well as the combination index (CI) and dose reduction index (DRI) using CalcuSyn (9).

Cytotoxicity test

Whether the drug/combo to be tested are cell cytotoxic or cytostatic was determined by the
LDH method (10). An increase in the amount of cells that die during the incubation period,
depending on the substance tested, will result in an increase in LDH in the culture supernatant.
Lactate dehydrogenase (LDH) is a cytoplasmic enzyme that is found in most cells and is stable.
For this purpose, the LDH cell cytotoxicity kit was used according to the manufacturer's
procedure.

DNA fragmentation by agarose gel electrophoresis

DNA laddering activity of the drug/combo was evaluated by using a DNA laddering assay in
accordance with the standard method. Briefly, 7.5 x 10° cells were placed into 25 cm? culture
flasks and treated with TGI concentrations of the compounds at 37°C with 5% CO; overnight.
First, DNA-containing precipitate was extracted from the digest with a 50 pL phosphate-citrate
buffer and centrifuged at 1500 x g for 5 minutes, and then 40 pL of supernatant was transferred
to a microcentrifuge tube. Tween20 (5 pL) solution (0.25% in ddH>0O) and RNase A (5 pL)
solution were added to the supernatant and then incubated at 37°C for 30 min. Next, proteinase
K (5 pL) was added to each tube and re-incubated at 37°C for 5 min. Finally, the DNA-
containing precipitate of the microcentrifuge tube was added to 5 pL of loading buffer and
loaded to 1.5 % agarose gel containing 0.5 pg/mL ethidium bromide and electrophoresed at 200
mA for 40 min. After electrophoresis, DNA fragmentation on gels was imaged using a UVP gel
imaging system (11).

Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay
For in vitro detection of apoptosis at the single-cell level was assessed using TUNEL assay and
was performed according to the manufacturer’s protocol (13, 14).

Migration assay

A wound-healing assay was used to determine the effect of the compounds on the migration of
cells. It is a method based on measuring the proliferation ability of cells in the medium
containing the test substance. Cells are loaded at 70,000 cells / 200 pL in each well of the 24-
well plate with coated poly-L-lysine and incubated for 24 hours. After incubation, the cell
monolayer in a straight line scraped to create a scratch with a sterile pipet tip. The cell debris
was removed and the edge of the scratch was smooth by washing the cells with medium for the
in vitro scratch assay. Then, the old medium is discarded and approximately 1 mL of fresh
medium is added and test molecules are placed at the GI50 dose. From this moment, the
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specimens begin to be photographed. Photographs were taken on scratch, in which the test
substances were put every 24 hours, until the gap in the scratch, which was used as a control,
was filled (12, 14).

DNA topoisomerase I inhibition assay

DNA topoisomerase I inhibitory activities of the compounds in cell-free systems were evaluated
by using topoisomerase I assay kit. The principle of the assay is to measure the conversion of
supercoiled pHOT1 plasmid DNA to its relaxed form in the presence of DNA topoisomerase I
alone and with test compounds. The supercoiled substrate (pHOT1 plasmid DNA) and its
relaxed product can easily be distinguished in agarose gel because the relaxed isomers migrate
more slowly than the supercoiled isomer (13, 14).

DAPI staining

DAPI stains and visualizes cell nuclei in fluorescence microscopy. Fixed cells are typically
incubated in DAPI for 10 minutes, then rinsed in PBS three times to remove excess stain. Once
mounted, antifade reagents can be added. Samples can then be visualized under a fluorescence
microscope with a blue/cyan filter for DAPI.

RESULT and DISCUSSION

Characterization of the CBD cannabinoid

The CBD cannabinoid was assigned to appropriate peaks (expected retention time) in the
chromatogram, as shown in Figure 1. Accordingly, the amount of CBD obtained was measured
as 517.81 ppm.
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Figure 1. HPLC purity analysis result of CBD (A4). CBD calibration curve (B).

Evaluation of the synergy according to mass-action methodology

Accordingly, the anticancer activity of the CBD and CIS on Saos2, MG63 and SW1353 bone
cancer cell lines (GI50 values between 4,51-6,68 uM, TGI values between 9,84-25,79 uM and
LCS50 values 32,13-682,41 uM) is shown in Table 1. The antiproliferative effect they exhibit in
FL and MRCS5 normal cell lines (GI50 values between 3,39-10,88 uM, TGI values between 11-
94-37,86 uM and LC50 values 124,91-639,10 uM) is shown in Table 2. This result shows that
CBD has less antiproliferative effect on normal cells than on cancer cells. As stated in the NCI60
screening methodology, high Lethal Concentration (LC50) values indicate that the test
substances have less cytotoxic effects and is a desired situation. Low GI50 values indicate that
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the cytostatic effects of the test substances are greater, and this is also a desired situation. When
we look at the effect of CBD on the normal cell line FL. and MRCS5 in terms of NCI60 survival
parameters, it can be said that the GI50, TGI, and LC50 values are within the desired levels
(Tables 1 and 2).

After performing the MTT cell proliferation assay for each drug alone against cells, CalcuSyn
software was used to both generate single drug dose-effect curves and calculate mass-action
law parameters (Dm), (m), and (r) (Tables 3, 4, and 5). As shown in Table 5, CBD and CIS
inhibited cell growth in a dose-dependent manner. In MG63 cells, the Dm values (TGI) of the
tested drugs were found to be 15,79 for CBD. The potencies (Dm values) of the drugs in this
table are listed from largest to smallest as follows: CBD > CIS. When the Dm values of these
drugs in Saos2 cells were examined in the same table, the Dm values were found to be 17,63
for CBD and the order of potency (Dm values) was; CBD > CIS. In SW-1353 cells, the Dm
values (TGI) of the tested drugs were found to be 16,23 for CBD. The potencies (Dm values)
of the drugs in this table are listed from largest to smallest as follows: CBD > CIS. The dose-
effect curves of the tested drug on the cells were flat sigmoidal (m < 1). All () values of the
curves were above 0.95, indicating acceptable compliance with the mass-action law.

Table 1. GI50, TGI and LC50 values for compounds against Saos2, SW1353 and MG63
(uM) Saos2 SW1353 MG63

GI50 TGI LC50 | GI5S0 TGI LC50 | GI5S0 TGI LC50
CBD 5,21 11,38 57,15 | 4,51 9,84 32,13 | 4,61 10,07 42,88
CIS 5,92 14,71 524,62 | 5,04 25,79 682,41 | 6,68 13,49 492,34

Table 2, GI50, TGI and LC50 values for compounds against FL and MRC5

(uM) FL MRC5

GI50 TGl  LC50 | GI5S0  TGI LC50
CBD 3,49 12,69 12491 | 339 13,06 193,20
CIS 6,53 3786 639,10 | 10,88 11,94 573,98

Table 3. Drug and Drug Combos

Drug Combo
CBD (160) CBD + CIS (16:8)
CIS (80)

Table 4. The combination index method

Range of CI* Description Range of CI* Description
<0.1 Very strong synergism 1.10-1.20 Slight antagonism
0.1 -03 Strong synergism 1.20 - 1.45 Moderate antagonism
0.3-0.7 Synergism 1.45-33 Antagonism
0.7-0.85 Moderate synergism 33-10 Strong antagonism
0.85-0.90 Slight synergism 10> Very strong antagonism
0.90-1.10 Nearly additive

The results of the single-drug cytotoxicity test met the prerequisites of the Chou-Talalay method
to initiate in vitro pharmacodynamic drug interaction analysis. Therefore, we tested all possible
combinations of dual drugs in a fixed-ratio combination design. All curves were smooth
sigmoidal (m<1) with a linear correlation coefticient () above 0.95. The parameters (m, Dm,
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and r), combination index (CI), and Fa-DRI table of this study for CBD and CIS combinations
are presented in Table 5. The Chou-Talalay method for drug combination is based on the median
effect equation, which provides the theoretical basis for the combination index (CI), which
allows the quantification of drug interactions where CI<1, =1, and >1 indicate synergy, additive
effect and antagonism. Firstly, this study focused on the evaluation of the synergistic-
antagonistic effect of CBD and CIS combinations with CI values for fa = 0.5. Accordingly,
when the combinations tested in MG63 cells were examined at fa = 0.5; Synergism was seen
between CBD and CIS (0,92). When the combinations tested in Saos2 cells were examined at
fa = 0.5; Synergism was seen between CBD and CIS (0,65). When the combinations tested in
SW1353 cells were examined at fa = 0.5; Synergism was seen between CBD and CIS (0,69).
Secondly, this study focused on the appropriate Dose Reduction Index (DRI) from many
synergistic dual and triple drug combinations based on real experimental data points. The results
are shown in the Fa-DRI table (Table 6). Dose reduction index (DRI), DRI=1, >1, and <I
indicate no dose reduction, appropriate dose reduction, and inappropriate dose reduction,
respectively, for each drug in the combination. The main aim of combination therapy is to
provide synergistic effects (CI < 1), and reduce the dose of specific toxic drugs (DRI > 1) and,
as a result, eliminate the possibility of drug resistance. Therefore, only the DRI values of
synergistic combinations are focused here.

Table 5. Parameters were calculated from the median-effect equation and the median-effect plot* **.
Combination Index (CI) Values at

EDS0 ED75 ED90 Dm m r
CBD N/A N/A N/A 15,7931 1,0283 0,98337
MG63 CIS N/A N/A N/A 47,02353 1,4528 0,85099
CBD+CIS 092264  0,65351 0,46978 12,47618 1,63446  0,95865
CBD N/A N/A N/A 17,6306  1,07769  0,99342
Saos2 CIS N/A N/A N/A 45,96013 1,35586  0,84741
CBD+CIS  0,65932  0,75366 0,86736  9,75343  0,98406 0,96114
CBD N/A N/A N/A 16,2392 1,15511  0,98489
SW1353 CIS N/A N/A N/A 54,03418 1,424 0,85331
CBD+CIS  0,69087  0,83602 1,01588  9,75343  0,98406 0,96114

*Dose and effect data were obtained from the MTT assay and were subjected to CalcuSyn
analysis.

“*Parameters were calculated from the median-effect equation and the median-effect plot. “m”
is slope, signifies shape; “Dm” is TGI (uM), signifies potency; and r is linear correlation
coefficient, signifies conformity.

Table 6. Dose-Reduction Index (DRIa) for each drug in the combination*

MG63 Drug alone Dose Reduction Index (DRI)
Fa CBD CIS CBD CIS

0,5 15,79 47,02 1,266 7,538

Saos2 Drug alone Dose Reduction Index (DRI)
Fa CBD CIS CBD CIS

0,5 17,6306 45,9601 1,808 9,424

SW1353 Drug alone Dose Reduction Index (DRI)
Fa CBD CIS CBD CIS

0,5 16,23 54,03 1,665 11,08

"Dose-reduction index (DRI) was calculated from the DRI equation and algorithm using
CalcuSyn software. DRI=1, >1, and <1 indicates no dose-reduction, favorable dose-reduction,
and not favorable dose-reduction, respectively, for each drug in the combination.
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Accordingly, as can be seen from the DRI values at 50% inhibition (fa = 0.5) for MG-63 cells,
1,266 times less CBD and 7,538 times less CIS are required to achieve a 50% inhibition rate in
the combination of CBD and CIS (Table 6). The combination of CBD and CIS yielded favorable
DRIs ranging from 1,808-9,424-fold dose reduction at fa = 0.5 in Saos2 cells (Table 6). At 50%
inhibition (fa = 0.5) for SW-1353 cells, the combination of CBD (1,665-fold dose reduction)
and CIS (11,08-fold dose reduction) yielded favorable DRIs (Table 6). These results show that
in the near future, the combined use of CBD has the potential to be used to significantly increase
the effectiveness of chemotherapeutics in the treatment of bone cancer.

Cytotoxic activity of the drug/combo

The measurement of the cytoplasmic LDH enzyme mixed with the extracellular environment
as a result of drug/combo-induced membrane deformations provides some information about
their cytotoxic activities. The cytoplasmic lactate dehydrogenase activity is measured with the
help of an LDH cytotoxicity kit. In this study, cytotoxicity induced by drug/combo was
measured using TGI concentrations. Accordingly, drug/combo that was found to be effective in
the MTT proliferation test showed moderate cytotoxicity values varying between about 10 - 13
% for bone cell lines at TGI concentration (Table 7).

Table 7. % Cytotoxicity for tested drug/combo at TGI concentrations against the cells

% Cytotoxicity MG63 Saos2 SW1353
CBD 1242.1 10+£2.4 13£2.3
CIS 12422 13+£2.0 12+£2.3
CBD+CIS 12+1.8 12£1.9 11£2.0

Effect of the drug/combo on Cell Morphology

In this study, the morphological effects of the drug/combo on bone cancer cells Saos2 was
observed and photographed 24 hours after application. Observed morphological alteration
images here were distinguished in all cell lines treated with the drug/combo. Some of them like
weak cell attachment or floating cells, decreasing cell volume, and cell blebbing were
determined in the majority of the cells (Figure 2). The changes that occurred in the cell
morphology by applying TGI doses of the drug/combo indicate that the CIS+CBD combo was
more effective than CIS and CBD individual drugs. (Figure 2).
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Figure 2. Effect of the drug/combo on the morphology of Saos2 cell lines. DMSO treated cells
as controls. All scale bars show 100 um.

Effect of the combo on cell migration

Cell migration capacity is an important characteristic in cancer and is also a target of new
anticancer agents. Cancer cells with migration capacity can escape the apoptosis mechanism.
Therefore, one of the goals of newly developed anticancer drugs is to significantly reduce the
migration capacity of cancer cells. Here, it has been observed that the combination of CIS+CBD
reduces cell migration (Figure 3).
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Figure 3. Effects of the combo on cell migration on Saos2 cell line. All scales are 100 pm.

Evaluation of the TUNEL assay results of the drug/combo

We performed a TUNEL assay to investigate whether drug/combo inhibits cell proliferation by
apoptosis. Saos2 cell lines were incubated with TGI concentrations of the drug/combo
overnight and apoptosis was detected using a TUNEL assay. As shown in Figure 4A, Saos2
cells treated with drug/combo exhibited brown stains, indicating the fragmented DNA in
apoptotic cells, whereas no apoptotic signal was observed in the cells treated with DMSO.
According to the TUNEL assay, the antiproliferative activity of the combo is stronger than
individual CIS and CBD.

Evaluation of the DAPI staining results of the drug/combo

The application of drug/combo on Saos2 cells was followed by staining with DAPI (blue)
fluorescent dyes to determine their effect on cell death. As shown in Figure 4B, upon
examination of the DAPI staining, it was observed that the application of drug/combo to Saos2
cells increased cell death (the nuclei of the treated cells with drug/combo appeared densely
stained blue). In summary, the application of combo resulted in more increased cell death
compared with CIS treatment.

Determination of topoisomerase I inhibition activities of the drug/combo

In this study, the effects of drug/combo on topoisomerase I activity were determined using the
topoisomerase I inhibition test. According to the test results, it is seen from Figure 4C (upper)
that the CBD and CIS partly inhibited the DNA relaxing activity of topoisomerase I at TGI
concentrations. According to these results, it can be said that topoisomerase I inhibition is
responsible for part of the anticancer effect of CBD.

Determination of DNA laddering potentials of the drug/combo

In this study, the presence of the apoptotic mechanism based on the antiproliferative activity of
the drug/combo was investigated using a DNA banding (DNA laddering) experiment. For this
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purpose, DNA was isolated from Saos2 cells treated with the respective drug/combo at TGI
concentrations. As seen in Figure 4C (bottom), when compared with the DNA isolated from
untreated control cells, a significant banding was observed in the DNA samples isolated from
cells treated with combo compared to the individual. These findings support the
antiproliferative activity of the combo stronger than individual CIS and CBD.
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Figure 4. Phase-contrast images of the Saos2 cancer cell line examined by colorimetric TUNEL
assay (A). TUNEL-positive cell nuclei with dark brown were observed under a phasecontrast
microscope. All scales are 100 um. DAPI staining in Saos2 cancer cell lines (B). Treatment
with combination for 24 h showed increase in apoptosis evident from the brightly stained nuclei
in comparison with control. Inhibition of recombinant human topoisomerase | activity by
drug/combo (C, upper). Effects of the drug/combo on DNA laddering in Saos2 (C, bottom) cell
lines.

CONCLUSIONS

Consequently, combining drugs could be pivotal in achieving complete remission in bone
cancer patients who are debilitated due to suboptimal treatment practices. As a result, drug
combinations may constitute a driving force to achieve complete remission in bone cancer
patients who are weak due to poor treatment practices. It is clear that the in vitro use of CBD
and CIS combination applications presented in this study provides great benefits compared to
conventional monodrug applications (15). However, these findings require validation through
in vivo studies. One notable advantage of using drug combinations is the potential for reduced
side effects, as each drug may operate through distinct mechanisms. Overall, the results indicate
that the CBD and CIS combination has considerable clinical potential for the treatment of bone
cancers and warrants further preclinical and clinical investigations.
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Abstract

Generally, the hill reservoir is a work for improving existing agriculture through irrigation of
small areas and therefore improve irrigated land, it may have other objectives. The off-road
feasibility study (region) remains fundamental before embarking on any applied research
project. Our proposed work is a socio-economic importance for Timgad region. The results of
this work are a useful scientific contribution by both socio-economic operators and policy
makers to any development plan. In the study area, Water resources are closely related to the
geological formations, hydrological and geotechnical study of the area, so the analysis of these
is essential. The main objective of the establishment of the retaining Foum Toub is to contribute
to the irrigation of the plain of Foum Toub, regulate the flow of Oued Foum Toub and minimize
the silting of the dam Koudiet Lemdaour. For this, the sites selected for the construction of this
work are represented by an impermeable bedrock. Loose material, favorable to serve as borrow
areas are located in the surrounding depressions and the sandstone that can be used as the dike
construction materials.

Key words: Feasibility, hill reservoir, Foum Toub, Timgad.
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EVALUATION OF THEIR MICROBIAL AND HEMOLYTIC PROPERTIES
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Abstract

Skin wounds are becoming a major concern for wound healing and healthcare, as they rank
among the world's top causes of death. In this study a set of hydrogel materials have been
prepared from biopolymer known as guggul gum (Commiphora Wightii Resin) and acrylic
acid/acrylamide copolymers by means free-radical polymerization. Ammonium persulphate
radical was used as an initiator and N’-N methylenebisacrylamide as crosslinker linker in the
synthesis process. The synthesized hydrogels were characterized via Fourier Transform Infrared
(FTIR), Raman, X-ray diffractometer (XRD) and Energy dispersive X-ray spectroscopy (EDX)
and scanning electron microscopy (SEM). The optimization process was carried out by varying
the quantity of guggul gum. The surface morphology was highly porous and rough due to
presence of guggul gum. EDX analysis confirmed the presence of carbon, hydrogen and
oxygen. Furthermore, swelling behavior and biodegradability were also evaluated using
aqueous and PBS media at different pH and 37 °C. These hydrogels showed a very remarkable
antibacterial activity against Staphylococcus aureus and Escherichia coli. The properties of
hydrogels were enhanced by increasing the quantity of guggul gum. The hemolysis was less
than 5 % which proved them safe for healing purposes. These hydrogels could be used as
dressing materials in applications related to wound healing.

Keyword: Guggul gum, Hydrogels, hemolysis, Wound dressing,
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Abstract

Until recently, the "Cannabis Sativa L." plant, which was considered the starting product of
"drug addiction” and classified as a banned plant, has undergone a rapid transformation in the
last 20 years regarding its cultivation and usage permissions. The factors causing this rapid shift
towards "liberalization™ are among the major curiosities. At the same time, this liberalization
is associated with illusions of legalizing illegal trends and significant misinformation.

Hemp is one of the main products of the lands of Anatolia. People living in these lands have
had intense interactions with hemp for centuries. Thus, the discussions today are more about
legal and administrative interactions in this geography than social interactions. Briefly
highlighting recent developments without going into the details of the historical process; Hemp
discussions that started in Turkiye in 2016 peaked with the support of President Recep Tayyip
Erdogan from 2019 onwards!. Following this support, the "hemp wind" began to blow
everywhere. Especially since there was no industrial hemp infrastructure (which was
established in the early years of the Republic but collapsed due to wrong policies), this breeze
eventually gave way to disappointments. Subsequently, when the "cannabis as a drug active
ingredient” law was enacted on March 23, 2023, interest started to shift towards "medical
cannabis”. While the regulations to implement this law were being worked on in Turkey, a
"hemp freedom” based on relaxed medical rules occurred in many European Union countries.
Even though Turkiye is not a full member of the EU, the integration with the Union has made
it mandatory to make legal and administrative arrangements in this area.

In the context of these legal and administrative regulations, examining the trends of
"liberalization in hemp" related to the medical effectiveness of the "Cannabis Sativa L." plant
has become important.

Conceptual Definition

"Industrial hemp™ is cultivated for the production of various industrial products or food, and
there is a significant difference in its genetic makeup from forms that have psychoactive effects.
"Medical Cannabis"” refers to strains suitable for pharmaceutical applications, involving a
technical and controlled long-term cultivation process. For industrial hemp cultivation, a
balance is maintained between the amount of tetrahydrocannabinol (THC) produced and the
amount extracted, where the THC content does not exceed 0.2% and contains psychoactive

1 "On January 9, 2019, President Recep Tayyip Erdogan made a statement about hemp, saying: 'We destroyed
hemp in our country. Hemp was used to produce textiles like undershirts and vests because it absorbs sweat
differently. Friends appearing as foes took hemp production out of our country. We are importing hemp. If there
are things that need to be done based on hemp, they are being done with imported products. The Ministry of
Agriculture and Forestry is starting to work on this. Someone had to start this work. Now, we are also undertaking
this task.'
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substances?. The term "medical cannabis" used in our study includes this classification.

Cannabinoids found in the hemp plant are also linked to "specific receptors™ in the human
brain and body, connecting to cannabinoid receptors located throughout the body. These are
biologically derived from the plant, and are the main active ingredients in both medical
applications and pharmaceutical preparations.

Cannabinoids are medically categorized into three types:

Phytocannabinoids, which are naturally occurring cannabinoids derived from the flora of the
plant. These include chemicals thought to protect the plant from UV radiation, pests, and
herbivores.

Endocannabinoids®, which are cannabinoids produced by the human body itself.
Endocannabinoids are vital in regulating sleep, mood, pain control, and dependency responses.
In cases where endocannabinoids are produced sufficiently by the body, synthetic cannabinoids
can be offered as an alternative, which mimics the main psychoactive component of cannabis,
THC.

Synthetic Cannabinoids are artificially created chemicals that act on the same receptors as THC
and play a role in compensating for a deficiency of endocannabinoids in the body.

Interactions of Cannabinoids

Cannabinoids are compounds that can be either plant-derived or synthetically produced,
primarily including components such as THC, CBD, CBN, CBG, CBL, and CBC. These
compounds interact with the endocannabinoid system in the human body, which regulates many
different functions, especially within the nervous system and the immune system?.

Receptors and Cannabinoid Interactions

Cannabinoids bind to specific receptors in the endocannabinoid system, particularly CB1 and
CB2 receptors: CB1 receptors are primarily found in the brain and spinal cord, as well as in
some peripheral tissues. Activation of CB1 receptors can regulate the release of
neurotransmitters, which are chemicals that facilitate communication between neurons or
between a neuron and another type of cell, thus influencing functions such as pain, memory,
motor control, and sensory perception. The psychoactive effects of THC are due to the
activation of these receptors. CB2 receptors are mainly located in immune system cells and
some peripheral tissues outside the neurons. Activation of CB2 receptors can modulate immune
responses such as inflammation and pain.

2 European Monitoring Centre for Drugs and Drug Addiction. Medical use of cannabis and cannabinoids: questions
and answers for policymaking. Luxembourg: Publications Office of the European Union; 2018.

3 "In the human brain and body, 'specific receptors' are protein structures that recognize certain molecules or stimuli
and, as a result of this recognition, initiate a specific response within the cell. These receptors enable cells to
perceive environmental signals and respond appropriately.”

* Gary Starr, Stephen Dahmer, Understanding Medical Cannabis,1st Edition, Routledge, 2020

5 Mechoulam R, Parker LA. "The Endocannabinoid System and the Brain." July 2012,Annual Review of
Psychology 64(1); Roger G Pertwee , "Targeting the endocannabinoid system with cannabinoid receptor agonists:
pharmacological strategies and therapeutic possibilities™, Philos Trans R Soc Lond B Biol Sci,2012 Dec
5;367(1607):3353-63; Vincenzo Di Marzo , Fabiana Piscitelli‘ "The Endocannabinoid System and its Modulation
by Phytocannabinoids, Neurotherapeutics”, 2015 Oct;12(4):692-8; Ligresti A., et al. "From Phytocannabinoids to
Cannabinoid Receptors and Endocannabinoids: Pleiotropic Physiological and Pathological Roles Through
Complex Pharmacology." Physiol Rev, 2016 Oct;96(4):1593-659.
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Specific Effects of Cannabinoids

THC and its derivatives (A8-THC, A8-THCA, A9-THC, THCA-A/B/C4, THC-C1, THCV,
THCVA) have psychoactive effects. Their high affinity for binding to CB1 receptors allows
them to exert significant effects on the central nervous system, helping to reduce pain, decrease
nausea, suppress appetite, and reduce inflammation.

CBD and its derivatives (CBDA, CBDM, CBD-C1, CBDV, CBDVA) are not psychoactive
compared to THC and have anti-inflammatory, anxiolytic (anxiety-reducing), antiepileptic, and
antipsychotic effects. They do not show strong direct binding to CB1 and CB2 receptors, but
can indirectly affect the endocannabinoid system by enhancing or reducing the activity of
certain receptors (such as serotonin receptors). Research continues on CBDV and CBDVA for
the treatment of epilepsy and other neurological conditions.

CBN, which forms through the oxidation of THC, is typically found in aged cannabis products.
CBN is known for its low affinity for CB2 receptors and is claimed to have effects such as pain
reduction and sleep regulation.

CBG, considered the "parent molecule™ of cannabinoids, and its derivatives (CBGM, CBGA,
CBGAM, CBGV, CBGVA) are thought to have antibacterial properties, and some studies
suggest they may have antitumoral and anti-inflammatory effects on certain types of cancer.

CBL and its derivatives (CBLA, CBLV) are less researched cannabinoids, and definitive
information about their potential therapeutic effects is limited. These compounds are proposed
to have anti-inflammatory and neuroprotective properties that could reverse or prevent further
neuron damage.

CBC and its derivatives (CBCA, CBCV, CBCVA) are suggested to have potential in fighting
inflammation and reducing pain. CBCA is the acidic precursor of CBC and is thought to have
similar effects. Research continues on CBCV and CBCVA, which are variants of this structure,
believed to possess similar biological activities to CBC.

Medical Uses of Cannabis and Clinical Research

It is important to consider current research on the interactions of cannabinoids with specific
cellular systems and receptors such as the limbic system, lysophosphatidylinositol, and GPR55°.

The limbic system plays a central role in functions such as emotions, memory, motivation, and
pleasure. THC binds to CB1 receptors, which are highly concentrated in various areas of the
limbic system, influencing mood, motivation, and perception of pleasure, and plays a role in
managing psychological conditions like anxiety and depression. It is suggested that THC's side
effects on the limbic system include temporary memory loss and mood changes. The effects of
CBD on the limbic system are generally associated with its anxiolytic (anxiety-reducing) and
antipsychotic properties, and it is claimed to have therapeutic effects on stress, anxiety, and
depression.

Lysophosphatidylinositol is a lipid molecule that plays a role in intracellular signal

6 Stahl, S. M. "Stahl's Essential Psychopharmacology: Neuroscientific Basis and Practical Applications." ; Lutz,
B., Marsicano, G., Maldonado, R., & Hillard, C. J. (2015). "The endocannabinoid system in guarding against fear,
anxiety, and stress." Nature Reviews Neuroscience, 16(12), 705-718; O'Sullivan, S. E. (2007). "Cannabinoids go
nuclear: evidence for activation of peroxisome proliferator-activated receptors.” British Journal of Pharmacology,
152(5), 576-582; Ryberg, E., Larsson, N., Sjogren, S., Hjorth, S., Hermansson, N. O., Leonova, J., ... & Greasley,
P. J. (2007). "The orphan receptor GPR55 is a novel cannabinoid receptor.” British Journal of Pharmacology,
152(7), 1092-1101; Kapur, A., Zhao, P., Sharir, H., Bai, Y., Caron, M. G., Barak, L. S., & Abood, M. E. (2009).
"Atypical responsiveness of the orphan receptor GPR55 to cannabinoid ligands." Journal of Biological Chemistry,
284(43), 29817-29827.
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transmission, and GPR55 (G protein-coupled receptor 55) is a G protein-coupled receptor found
in the human body that plays a role in various biological functions. Both can interact with
cannabinoids to influence various physiological processes. The effects of GPR55 on cancer
biology are a significant research topic. Activation of this receptor can trigger cell proliferation
in a negative sense in cancer types. Ongoing studies suggest that while THC can activate cell
proliferation, CBD and CBG are able to block GPR55 receptors, contributing to their
anticancer, neuroprotective, and anti-inflammatory effects.

Diseases Thought to Be Treatable with Cannabis:
Antitumoral Effects of Cannabinoids’

Research indicates that THC and CBD can trigger the process of apoptosis (programmed cell
death) in brain tumor cells. For example, a 2014 study demonstrated that THC caused cell death
and slowed tumor growth in glioma cells. CBD has been noted to inhibit the growth and
proliferation of tumor cells and also prevent invasion and metastasis. A 2009 study showed that
CBD reduced the emergence of glioblastoma cells—a primary malignant brain tumor that can
develop in the brain or spinal cord—and triggered cell death. Some studies suggest that
cannabinoids, particularly THC, can slow tumor growth by obstructing blood flow to tumors.

THC, CBD, and Cancer®

It has been shown that THC can induce apoptosis (programmed cell death) and halt cell growth
in various cancer cell types. Laboratory studies on brain, lung, and pancreatic cancer cells have
documented these effects of THC. CBD is also thought to combat cancer through mechanisms
similar to THC, additionally stopping the cell cycle and inhibiting tumor angiogenesis
(formation of new blood vessels). Moreover, CBD is said to show synergistic effects with
traditional cancer treatments; for instance, when used with radiotherapy, CBD enhances its
efficacy against tumor cells and displays relatively low toxicity towards normal cells,
potentially offering an advantage in reducing side effects.

" Velasco, G., Sanchez, C., & Guzman, M. (2012). "Towards the use of cannabinoids as antitumour agents." Nature
Reviews Cancer, 12(6), 436-444.; Massi, P., Solinas, M., Cinquina, V., & Parolaro, D. (2013). "Cannabidiol as
potential anticancer drug." British Journal of Clinical Pharmacology, 75(2), 303-312.; Ligresti, A., Moriello, A. S.,
Starowicz, K., Matias, 1., Pisanti, S., De Petrocellis, L., ... & Di Marzo, V. (2006). "Antitumor activity of plant
cannabinoids with emphasis on the effect of cannabidiol on human breast carcinoma." The Journal of
Pharmacology and Experimental Therapeutics, 318(3), 1375-1387.; Caffarel, M. M., Andradas, C., Mira, E., Pérez-
Goémez, E., Cerutti, C., Moreno-Bueno, G., ... & Sanchez, C. (2010). "Cannabinoids reduce ErbB2-driven breast
cancer progression through Akt inhibition." Molecular Cancer, 9(1), 196.; Ed.: Rosaria Meccariello ve Rosanna
Chianese, "Cannabinoids in Health and Disease", IntechOpen, EBOOK (PDF) ISBN978-953-51-4198-3,15 June
2016

8 Velasco, G., Sanchez, C., & Guzman, M. (2012). "Towards the use of cannabinoids as antitumour agents." Nature
Reviews Cancer, 12(6), 436-444.; Caffarel, M. M., Andradas, C., Mira, E., Pérez-Gomez, E., Cerutti, C., Moreno-
Bueno, G., ... & Sanchez, C. (2010). "Cannabinoids reduce ErbB2-driven breast cancer progression through Akt
inhibition." Molecular Cancer, 9(1), 196.; Massi, P., Solinas, M., Cinquina, V., & Parolaro, D. (2013). "Cannabidiol
as potential anticancer drug." British Journal of Clinical Pharmacology, 75(2), 303-312.; Ligresti, A., Moriello, A.
S., Starowicz, K., Matias, 1., Pisanti, S., De Petrocellis, L., ... & Di Marzo, V. (2006). "Antitumor activity of plant
cannabinoids with emphasis on the effect of cannabidiol on human breast carcinoma." The Journal of
Pharmacology and Experimental Therapeutics, 318(3), 1375-1387.; Whiting, P. F., Wolff, R. F., Deshpande, S., Di
Nisio, M., Duffy, S., Hernandez, A. V., ... & Schmidlkofer, S. (2015). "Cannabinoids for Medical Use: A Systematic
Review and Meta-analysis." JAMA, 313(24), 2456-2473.; Sara Jane Ward, Aron H Lichtman, Daniele
Piomelli, Linda A Parker, "Cannabinoids and Cancer Chemotherapy-Associated Adverse Effects”, JNCI
Monographs, Volume 2021, Issue 58, December 2021, 78-85
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THC, CBD, and Parkinson's®

Research has highlighted that cannabinoids, particularly CBD, exhibit antioxidant properties
and can reduce damage from oxidative stress. Dopaminergic neurons, which increase
dopamine-related activity in the brain, are sensitive to such damage; thus, studies suggest that
CBD's neuroprotective effects might slow the progression of Parkinson's disease. Inflammation
in Parkinson's disease accelerates neuron loss, while CBD and other cannabinoids are reported
to decrease activation of microglial cells in the brain—which protect the nervous system against
foreign substances and microorganisms but can be harmful when overly active—thus reducing
inflammation and potentially alleviating symptoms and slowing disease progression. Some
studies, especially those on THC, indicate that it can directly affect motor functions and
alleviate symptoms such as muscle stiffness, tremors, and movement difficulties.

THC, CBD, and Alzheimer’s*°

Alzheimer's disease is a progressive neurodegenerative disease characterized by the gradual
death of neurons in the brain, resulting in dementia. Researchers have explored the potential
benefits of cannabinoids, especially CBD and THC, in managing the symptoms of Alzheimer’s
and slowing its progression. CBD acts as a powerful antioxidant, reducing damage caused by
free radicals and aiding in neuron protection. CBD can also halt the formation of beta-amyloid
plaques, which play a central role in the pathology of Alzheimer’s disease. THC and CBD have
been found to modulate microglial cell activity, reducing inflammation and limiting neuronal
damage. Additionally, some studies suggest that cannabinoids may stop the increase of tau
protein in the brain. Small-scale clinical trials on individuals with Alzheimer’s have shown that
cannabinoids can improve behavioral and psychological symptoms, with THC specifically
noted to reduce memory loss, irritability, and aggressive behavior.

9 Chagas, M. H. N., Zuardi, A. W., Tumas, V., Pena-Pereira, M. A., Sobreira, E. T., Bergamaschi, M. M., ... &
Crippa, J. A. S. (2014). "Effects of cannabidiol in the treatment of patients with Parkinson's disease: An exploratory
double-blind trial." Journal of Psychopharmacology, 28(11), 1088-1098.; Lotan, 1., Treves, T. A., Roditi, Y., &
Djaldetti, R. (2014). "Cannabis (medical marijuana) treatment for motor and non-motor symptoms of Parkinson
disease: An open-label observational study." Clinical Neuropharmacology, 37(2), 41-44.; Zeissler, M. L.,
Eastwood, J., McCorry, K., Hanemann, C. O., Zajicek, J. P., & Carroll, C. B. (2019). "Cannabidiol (CBD) as a
Promising Anti-Dopaminergic Agent: Implications for Parkinson’s Disease." Neuropharmacology, 1(1), 1-11;
Fernandez-Ruiz, J., Sagredo, O., Pazos, M. R., Garcia, C., Pertwee, R., Mechoulam, R., & Martinez-Orgado, J.
(2013). "Cannabidiol for neurodegenerative disorders: Important new clinical applications for this
phytocannabinoid?" British Journal of Clinical Pharmacology, 75(2), 323-333.; Crippa, J. A. S., Hallak, J. E. C,,
Zuardi, A. W., & Moreira, F. A. (2016). "Cannabinoids and Parkinson's Disease." In Cannabinoids in Neurologic
and Mental Disease (pp. 173-186). Academic Press.

0 Cao, C,, Li, Y., Liu, H., Bai, G., Mayl, I, Lin, X., ... & Cai, J. (2014). "The potential therapeutic effects of THC
on Alzheimer's disease." Journal of Alzheimer's Disease, 42(3), 973-984.; Esposito, G., De Filippis, D., Carnuccio,
R., Izzo, A. A., & Tuvone, T. (2006). "The marijuana component cannabidiol inhibits beta-amyloid-induced tau
protein hyperphosphorylation through Wnt/beta-catenin pathway rescue in PC12 cells." Journal of Molecular
Medicine, 84(3), 253-258.; Aso, E., & Ferrer, 1. (2014). "Cannabinoids for treatment of Alzheimer's disease:
moving toward the clinic." Frontiers in Pharmacology, 5, 37.; Watt, G., & Karl, T. (2017). "In vivo Evidence for
Therapeutic Properties of Cannabidiol (CBD) for Alzheimer's Disease." Frontiers in Pharmacology, 8, 20.;
Campbell, V. A., & Gowran, A. (2007). "Alzheimer's disease; taking the edge off with cannabinoids?" British
Journal of Pharmacology, 152(5), 655-662.; Ed.: Linda A. Parker, "Cannabinoids and the Brain", MIT Press; 1st
edition (14 Feb. 2017)
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THC, CBD, and Multiple Sclerosis (MS) *

MS is a chronic inflammatory disease of the central nervous system, characterized particularly
by damage to the myelin sheath, the protective covering of nerve fibers in the brain and spinal
cord. Cannabinoids, especially THC and CBD, have been effective in reducing spasticity
(muscle stiffness) and pain in MS patients. For example, Sativex (nabiximols), an oral spray
containing THC and CBD, has been approved in many countries for the treatment of
"neurogenic movement disorders™ (spasticity) associated with MS. Clinical studies have shown
that this medication significantly reduces spasticity symptoms in MS patients. Research has
highlighted CBD's anti-inflammatory properties and potential neuroprotective effects. CBD can
slow the progression of MS by inhibiting microglial cell activation and reducing the production
of cytokines, a group of proteins and peptides involved in cell communication that are
inflammatory. Additionally, cannabinoids are thought to be able to reduce damage to the myelin
sheath and support the survival of nerve cells.

THC, CBD, and Epilepsy!?

Particularly CBD has come to the forefront in the treatment of this condition and has been
approved for the treatment of certain types of epilepsy. Studies indicate that CBD has the
potential to reduce epileptic seizures and can be effective especially in forms of epilepsy that
are resistant to treatment. Epidiolex (a medication containing pure CBD) has been evaluated in
various clinical studies and has shown significant efficacy in treating challenging types of
epilepsy such as Dravet syndrome and Lennox-Gastaut syndrome. These studies have
demonstrated that CBD significantly reduces the frequency of seizures.

11 Zajicek, J., Fox, P., Sanders, H., Wright, D., Vickery, J., Nunn, A., & Thompson, A. (2003). "Cannabinoids for
treatment of spasticity and other symptoms related to multiple sclerosis (CAMS study): multicentre randomised
placebo-controlled trial." The Lancet, 362(9395), 1517-1526.; Rog, D. J., Nurmikko, T. J., Friede, T., & Young, C.
A. (2005). "Randomized, controlled trial of cannabis-based medicine in central pain in multiple sclerosis."
Neurology, 65(6), 812-819.; Koppel, B. S., Brust, J. C., Fife, T., Bronstein, J., Youssof, S., Gronseth, G., & Gloss,
D. (2014). "Systematic review: Efficacy and safety of medical marijuana in selected neurologic disorders: Report
of the Guideline Development Subcommittee of the American Academy of Neurology." Neurology, 82(17), 1556-
1563.; Pryce, G., & Baker, D. (2015). "Emerging properties of cannabinoid medicines in management of multiple
sclerosis." Trends in Neurosciences, 38(4), 272-282.; Russo, M., Calabro, R. S., Naro, A., Sessa, E., Rifici, C.,
D'Aleo, G., ... & Bramanti, P. (2015). "Sativex in the management of multiple sclerosis-related spasticity: An
overview of the last decade of clinical evaluation." Multiple Sclerosis and Related Disorders, 17, 22-31.

12 Devinsky, O., Marsh, E., Friedman, D., Thiele, E., Laux, L., Sullivan, J., ... & Wong, M. (2016). "Cannabidiol
in patients with treatment-resistant epilepsy: an open-label interventional trial." The Lancet Neurology, 15(3), 270-
278.; Devinsky, O., Cross, J. H., Laux, L., Marsh, E., Miller, 1., Nabbout, R.,.. & Wright, S. (2017). "Trial of
cannabidiol for drug-resistant seizures in the Dravet syndrome." New England Journal of Medicine, 376(21), 2011-
2020.; Stockings, E., Zagic, D., Campbell, G., Weier, M., Hall, W. D., Nielsen, S., ... & Degenhardt, L. (2018).
"Evidence for cannabis and cannabinoids for epilepsy: a systematic review of controlled and observational
evidence." Journal of Neurology, Neurosurgery & Psychiatry, 89(7), 741-753.; Klotz, K. A., Schulze-Bonhage, A.,
& Antonio-Arce, V. S. (2018). "Cannabidiol for epilepsy: New hope on the horizon?" Seizure-European Journal
of Epilepsy, 58, 6-8
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THC, CBD, and Chronic Pain'®

The pain-relieving ability of cannabinoids is linked to their effects on both the central and
peripheral nervous systems. Particularly, THC and CBD have effects that modulate pain signals
and reduce pain perception. These effects occur through cannabinoid receptors CB1 and CB2
in the body. THC's binding to the CB1 receptor can reduce the transmission of pain signals
from neurons, thus lowering pain perception. The activation of the CB2 receptor located in
peripheral tissues and immune cells can also modulate inflammatory processes and reduce
inflammatory pain. Considering three major types of pain; it has been noted that products
containing THC are effective in neuropathic pain arising from nerve damage. In managing
chronic pain associated with chronic rheumatic diseases, the anti-inflammatory effects of CBD
may be significant. The use of cannabinoids for managing pain in cancer patients is considered,
especially in situations where traditional painkillers do not work or as an alternative option
against developing tolerance.

Legal Status and Regulations: Parameters of Cannabis Liberalization

The liberalization of cannabis over the past 20 years can be viewed as a broad process
influenced by many factors. Analyzing this process includes several key parameters from both
societal and scientific perspectives:

Increase in Scientific Research: Research on cannabis, particularly its active ingredients
cannabidiol (CBD) and tetrahydrocannabinol (THC), has helped us better understand their
medical benefits. For instance, the effectiveness of cannabis-based treatments for conditions
like some types of epilepsy, chronic pain, and multiple sclerosis (MS) has been demonstrated.
These findings have encouraged the relaxation of regulations on the medical use of cannabis.

Transition to the Robotic Era and Artificial Intelligence: While speculative, the association of
cannabis liberalization with the social issues that could be exacerbated by the transition to the
robotic era and artificial intelligence suggests the presence of socio-economic and political
dynamics. The chaotic environment created by numerous factors, where future anxiety
predominates, can detach individuals from society and lead to despair. This despair accelerates
the dissolution of identities and personalities, deepening anxiety about the future within the
difficulties of living in the present. Anxiety disorders, psychological issues, and the masses of
disempowered individuals along with cannabis... In this context, the potential for cannabis to
become a control tool is considered.

Change in Social Perception: Especially in Western societies, perceptions regarding the
prohibition of cannabis have shifted. The stigmatization of cannabis as an illegal substance,
particularly leading to the incarceration of large populations for minor offenses, has faced
increasing criticism. Furthermore, arguments that cannabis is less harmful than legal alcohol

13 Whiting, P. F., Wolff, R. F., Deshpande, S., Di Nisio, M., Duffy, S., Hernandez, A. V., ... & Kleijnen, J. (2015).
"Cannabinoids for Medical Use: A Systematic Review and Meta-analysis." JAMA, 313(24), 2456-2473.; Andreae,
M. H., Carter, G. M., Shaparin, N., Suslov, K., Ellis, R. J., Ware, M. A., ... & Sacks, H. S. (2015). "Inhaled Cannabis
for Chronic Neuropathic Pain: A Meta-analysis of Individual Patient Data." The Journal of Pain, 16(12), 1221-
1232.; Miicke, M., Phillips, T., Radbruch, L., Petzke, F., & Héuser, W. (2018). "Cannabis-based medicines for
chronic neuropathic pain in adults." The Cochrane Database of Systematic Reviews, 3, CD012182.; Hill, K. P.,
Palastro, M. D., Johnson, B., & Ditre, J. W. (2017). "Cannabis and Pain: A Clinical Review." Cannabis and
Cannabinoid Research, 2(1), 96-104.; Russo, E. B. (2008). "Cannabinoids in the management of difficult to treat
pain." Therapeutics and Clinical Risk Management, 4(1), 245-259.; M.Kostenberger, G. Nahler, T. M. Jones, S.
Neuwersch & R. Likar , The Role Of Cannabis, Cannabidiol And Other Cannabinoids In Chronic Pain. The
Perspective Of Physicians, Journal Of Neuroimmune Pharmacology, 31 August 2021,Volume 17, Pages 318-333,
(2022)
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and tobacco have become popular. On the other hand, governments and policymakers often use
various tools to gain public support and ensure social peace during periods of societal change.
The liberalization of cannabis can serve as such a political tool, having the potential for broad
social acceptance, especially among younger generations.

Social Adaptation and Restructuring: The potential economic contributions of the cannabis
industry have driven many countries to legalize this plant. Cannabis offers a wide range of
products from clothing and biofuels to food products and building materials. Moreover, the
legalization of cannabis has been seen to increase tax revenues and employment. Changes in
the economic structure require societies to adapt to new conditions. The liberalization of
cannabis during such a transformation period could potentially facilitate social adaptation and
ease the transition to new economic conditions.

International Trends and Comparative Law: The legalization of cannabis in some countries has
played a pioneering role in similar legal changes in other countries.

Legal and Criminal Justice Reforms: The unfair aspects of enforcing cannabis prohibitions,
particularly the disproportionate impact on ethnic minorities, have led to legal reforms in many
countries. These reforms are often considered as part of broader criminal justice reforms.

Is Regulation Needed in the Medical Cannabis Field?

Humanity is experiencing rapid change and transformation. The swift transition, for which
people are psychologically and socially unprepared, takes them out of their accustomed
environments without adaptation, leading to significant sociological change. This structural
transformation will shake socio-political structures as much as perceptions. In this context,
countries that do not regulate the field of medical cannabis could face certain dangers and
drawbacks:

Increase in lllegal Trade: Lack of regulations could encourage the illegal acquisition and
distribution of medical cannabis, strengthening elements of organized crime.

Patient Safety Issues: Absence of regulatory standards on the quality, purity, and dosage of
medical cannabis could endanger patient safety. Fake or contaminated products can lead to
health issues. Moreover, regulations in neighboring countries could cause confusion and legal
conflicts, affecting patients' travel to these countries.

Medical Oversight: The lack of scientific research and oversight on the medical use of cannabis
could hinder the development of effective treatments, leading to dependency in this field.

Legal Uncertainties: Without regulations, protecting the legal rights of both patients and
healthcare providers becomes challenging. This can create legal uncertainties, complicating the
protection of individuals' rights and potentially hindering patients from using cannabis-based
medicines.

Public Health Impacts: Without adequate regulations, misuse of medical cannabis could
increase, leading to widespread public health issues.

CONCLUSION

Particularly in the last 20 years, medical advancements in treating conditions like chronic pain,
cancer pain, depression, anxiety, sleep issues, and neurological disorders have highlighted an
increasing focus on research related to cannabis and cannabinoids. The rising interest of patients
in products derived from cannabis and cannabinoids and the positive effects of these solutions
have also led to a shift in scientific research in this direction.
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Due to the evolution of international drug control, the use of cannabis or cannabis-based
products for specific medical indications is not prohibited today. International law provides a
general regulatory framework for the cultivation and marketing of cannabis, while EU law
establishes the criteria for allowing the marketing of medical products, including those
containing cannabinoids, in EU member states. However, magistral and official formulas are
exempt from EU marketing authorization rules and are left to the discretion of EU member
states, resulting in varying access to these medical products containing cannabinoids across EU
countries.

On one hand, although some EU member states have approved it for medical use, many
countries avoid approving or licensing drugs produced from synthetic cannabinoids. It is also
important to consider that cannabinoids are included in the EU "Novel Food Catalogue.”

Moreover, there is a widespread misconception that all cannabinoids derived from "Cannabis
Sativa L." contain psychoactive substances. Studies and regulations are being conducted on
cannabinoids other than THC to demonstrate that they are not psychoactive. For example, in
2018, the World Health Organization's Expert Committee on Drug Dependence (WHO-ECDD)
recommended that preparations recognized as pure CBD should not be subject to international
drug control due to their lack of psychoactive properties and the absence of any reported abuse
or dependence cases**. Consequently, it would not be correct to categorize THC and CBD in
the same category. Following this decision, the UN Commission on Narcotic Drugs, consisting
of 53 countries, reviewed the classification of cannabis and its derivatives based on the
recommendations of the World Health Organization. The WHO has advised removing cannabis
from Schedule 1V of the 1961 Single Convention on Narcotic Drugs.

The basic rule of a correct strategy is: ‘Correct cannot be produced with incorrect inputs.'

Considering advancements in pharmaceutical chemistry and the ethical impacts of technologies
and treatments; the influence of genomics on drug discovery and the transition to personalized
treatment plans; and the importance of interdisciplinary research and collaboration in guiding
future pharmaceutical breakthroughs, it is evident that a feasible legal-regulatory framework is
essential for cannabis. In this context, we must consider that cannabis, especially in the
production of molecules, will be an important element in the national pharmaceutical industry
strategy, which is as important, if not more so, than the national defense industry.

14 www.who.int/medicines/access/control-substances/ecdd_41_meeting/en/
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Ozet

Diinyanin en eski bitkisel hammadde kaynaklarindan biri olan kenevir (kendir) Tiirk tarimi i¢in
de biiyiik 6nem arz etmistir. Ulke tarim1 ve sanayisine yonelik bir¢ok énemli kararm alindig
Cumhuriyet Dénemi baslarinda, kenevir alaninda yerli bir sanayi olusturulamamustir. Ozellikle
Kastamonu’da ciddi bir kenevir iiretimi yapilmasina ragmen tiretilen kenevir, hammadde olarak
ihra¢ edilmistir. Kenevirin i¢ piyasada islenememesi ve islenmis kenevir iirlinlerine duyulan
ithtiyag, ithalati zorunlu kilmistir. Bu sikinti kenevirin islenmesine yonelik yerli sanayiye
duyulan ihtiyaci ortaya ¢ikarmis ve bu ihtiyact gidermek adina da Cumhuriyet’in ilk yillarindan
itibaren gerceklesen hizli sanayilesme siirecinin bir iirlinii olarak Cumhuriyet’in ilaninin 10.
yilinda 300.000 lira sermaye ile “Kendir ve Keten Sanayi Tiirk Anonim Sirketi” kurulmustur.
31 Ekim 1933’te istanbul’da kurulan ve iiretime baslayan sirket Tiirkiye ekonomisine senelerce
hizmet etmis ve kendir, keten, jiit, manila, sizal ve emsalinden ip, sicim, urgan ve halat imal
etmistir. Fabrika, ayakkabicilara kundura ipi ve Istanbul ve Ege’nin cesitli fabrikalarmmn ipe
yonelik tiim iriinlerini temin etmesinin yaninda deniz yollarinin, askeriyenin ve petrol
sirketlerinin de halat ihtiyacini karsilamistir. Bu siiregte sirket, dort defa Izmir Fuarma, ii¢ defa
da Selanik Panayirina katilmis ve iiriinlerinin kalitesinden dolayr izmir’den altin madalya ile
Selanik’ten ise iki kez fevkalade miikafatla donmiistiir. Fabrika kurulusundan itibaren 300-600
arasinda is¢i istihdami saglamis olmasinin yani sira bulundugu bolgenin gelismesinde de etkin
bir rol oynamistir. Ulke ekonomilerini derinden etkileyen II. Diinya Savasi yillarinda kenevir
fiyatlarinda artis yasanmis ve bu artis fabrikanin iiretiminde ciddi diisiise neden olmustur. Savas
sonrast donemde iiretimde diisiis devam etmekle birlikte fabrika {liretimine devam etmistir. Bu
caligmada Kendir ve Keten Tiirk Anonim Sirketi’nin kurulusu ve faaliyetleri, nitel arastirma
yontemlerinden dokiiman analizi metodu kullanilarak ve arsiv belgeleri, siireli yayinlar ve telif-
tetkik eserlerden faydalanilarak incelenmistir.

Anahtar Kelimeler: Kenevir, Keten, Atatiirk Donemi, Tarim, Sanayi.
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Abstract

Hemp, one of the oldest vegetable raw material sources in the world, has also been of great
importance for Turkish agriculture. In the early Republican Period, when many important
decisions were taken for the country's agriculture and industry, a domestic industry could not
be established in the field of hemp. Although there was a serious hemp production especially in
Kastamonu, the hemp produced was exported as raw material. The inability to process hemp in
the domestic market and the need for processed hemp products necessitated imports. This
problem revealed the need for a domestic industry for the processing of hemp, and in order to
meet this need, "Kendir ve Keten Sanayi Tiirk Anonim Sirketi" was established with a capital
of 300,000 liras in the 10th year of the proclamation of the Republic as a product of the rapid
industrialisation process that took place from the first years of the Republic. Founded on 31
October 1933 in Istanbul and starting production, the company served the Turkish economy for
many years and manufactured ropes, twines, ropes and ropes from hemp, flax, jute, manila,
sizal and the like. In addition to supplying shoemakers with shoelaces and various factories in
Istanbul and the Aegean region with all their rope-related products, the factory also met the rope
needs of shipping lines, the military and oil companies. During this period, the company
participated four times in the Izmir Fair and three times in the Thessaloniki Fair and returned
from Izmir with a gold medal and from Thessaloniki with two extraordinary awards due to the
quality of its products. Since its establishment, the factory has employed between 300-600
workers and played an active role in the development of the region in which it is located. During
the years of World War II, which deeply affected the economies of the country, hemp prices
increased and this increase caused a serious decrease in the production of the factory. Although
the decline in production continued in the post-war period, the factory continued its production.
In this study, the establishment and activities of Kendir ve Keten Tiirk Anonim Sirketi were
analysed by using the document analysis method, one of the qualitative research methods, and
by making use of archival documents, periodicals and copyrighted works.

Key Words: Hemp, Flax, Atatiirk Period, Agriculture, Industry.
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Abstract

Over the past decades, the increasing in the development of industry has led to a growing
demand for energy and environment destruction especially the water pollution because of the
considerable amounts of colored wastewater being discharged into the environment [1].

For this reason, various degradation techniques including advanced oxidation processes
(AOPs), and in particular photocatalysis, have been proposed as alternatives for the efficient
degradation of dyes ,and thus for purifying wastewater, during recent years[2].
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The photocatalysis is one of the most useful advanced oxidation techniques and is another way
of using photons to clean up the air or water. Indeed, photons are absorbed by a photocatalyst,
most often in a heterogeneous medium, liquid-solid or gas-solid [3,4]. During the last years, we
have developed many photocatalysts based on phosphate [5,6].

In the case, the objective of this work is to study the photocatalytic activity of bismuth
phosphate (BiPO4) as a phosphate-based material. To understand the correlation between the
structural, morphological and the photocatalytic activity of BiPO4 powders. The photocatalysts
prepared by co precipitation and solid-state reaction were analyzed by X-ray diffraction (XRD),
scanning electron microscopy (SEM), Raman and photoluminescence spectroscopy (PL). The
photocatalytic activity of BiPO4 prepared by two methods are tested for the degradation of
Rhodamine B and orange G as polluting dyes in aqueous medium. The degradation efficiency
and photoluminescent properties of BiPO4 powder prepared by different methods are compared
and the results of characterization techniques are discussed.

Keywords: Environment, phosphate, bismuth phosphate, organic pollutants, photocatalytic
properties.

Acknowledgments

«This project was financially supported by CAMPUS FRANCE (PHC TOUBKAL 2018
(French-Morocco bilateral program) Grant Number: 38999WE) ».

References

1. E. Amaterz, A. Tara, A. Bouddouch, A. Taoufyq, B. Bakiz, A. Benlhachemi, and O. Jbara,
Rev. Environ. Sci. Biotechnol. 19, 843 (2020).

2. C. A. Martinez-Huitle and E. Brillas, Appl. Catal. B Environ. 87, 105 (2009).

3.J. Li, W. Cui, P. Chen, X. Dong, Y. Chu, J. Sheng, Y. Zhang, Z. Wang, and F. Dong, Appl.
Catal. B Environ. 260, 118130 (2020).

4.Y. Liu, Y. Zhu, J. Xu, X. Bai, R. Zong, and Y. Zhu, Appl. Catal. B Environ. 142-143, 561
(2013).

5. A. Bouddouch, E. Amaterz, B. Bakiz, A. Taoufyq, F. Guinneton, S. Villain, J. Gavarri, M.
Ezahri, J. Valmalette, and A. Benlhachemi, Water Environ. Res. 92, 1874 (2020).

6. B. Akhsassi, A. Bouddouch, Y. Naciri, B. Bakiz, A. Taoufyq, C. Favotto, S. Villain, F.
Guinneton, and A. Benlhachemi, Chem. Phys. Lett. 139046 (2021).




INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS
20-22 / MAY /2024 / ANKARA

PHYTOCHEMICAL CONSTITUENTS AND EFFECTS OF METHANOL EXTRACT
OF CALOTROPIS PROCERA FLOWER ON HEMATOLOGICAL PARAMETERS IN
ALLOXAN-INDUCED DIABETES IN WISTAR RATS

HAMZAH R. U.

Department of Biochemistry Federal University of Technology Minna, Niger State PMB 65,
Nigeria
African Centre of Excellence for Mycotoxin and Food Safety, Federal University of
Technology Minna, Nigeria

BUSARI M. B.

Department of Biochemistry Federal University of Technology Minna, Niger State PMB 65,
Nigeria
African Centre of Excellence for Mycotoxin and Food Safety, Federal University of
Technology Minna, Nigeria

YUSUFR. S.
Bauchi State University Gadau, Bauchi State, Nigeria

NWOYE G. N.

Department of Biochemistry Federal University of Technology Minna, Niger State PMB 65,
Nigeria

IGHO O.

Department of Biochemistry Federal University of Technology Minna, Niger State PMB 65,
Nigeria

Abstract

Diabetes remains life threatening disease all over the world. Herbal medicine is one of the
options to curtail the diabetes complication in developing countries. Calotropis procera is one
of such plant used locally for diabetes management. Phytochemical constituents of methanol
extract of calotropis procera flower (MECPF) was carried out using high performance liquid
chromatography (HPLC). The effects of the extract were then carried out on haematological
parameters in alloxan-induced diabetes in Wistar rats. Thirty Wistar rat were divided into six
groups of five animals each for the experiment and five of the group were made diabetes by
administering1 80 mg/kg body weight (b.w) of alloxan intraperitoneally. After 72 hours of
alloxan administration, four groups of the hyperglyceamic rats were orally administered with
100, 200 and 400 mg/kg bw of MECPF along with 500 pg/kg bw of glibenclimide. The
remaining diabetic and none-diabetic groups were however given 0.2 mL of normal saline
orally. On the 7" day, the experimental rats were euthanized and the blood sample was collected




INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS
20-22 / MAY /2024 / ANKARA

via cervical dislocation for total blood counting. The HPLC analysis of MECPF revealed the
presence calotropin, calotropenin, calotropagenin, procesterol, calotoxin, caffeic acid,
epicatechin, beta-sitosterol, stigmasterol, alpha-amyrin, calactin, quercetin, kaempferol,
isorhamnetin, luteolin, lineolone, uscharidin, voruscharin and uscharin. Alloxan significantly
(p > 0.05) reduced the PCV (31.00%), HB (4.47 g/dl), RBC (5.16 g/dl), MCHC (32.50 g/dl),
PLT (134.00 cells/ul) with elevation of MCV (52.33), MCH (43.50 pg/cells), TWBC (17.23
cells/ul), L (34.00 cells/ul) in normal saline treated diabetic rat when compared with those
treated with the MECPF. However, MECPF was able to revert the alteration of these
hematological indices. The 200 and 400 mg/kg bw exhibit higher activities which compared
well with the standard drug glibenclimide. Therefore, the reversion of the altered hematological
parameters in alloxan-induced diabetes in rats by MECPF could be linked to its
phytoconstituents. Hence, MECPF could be explored further for the management of diabetes.

Keywords: Calotropis procera, Diabetes, Phytoconstituent, Alloxan, Haematology.

Introduction

Diabetes mellitus is a group of metabolic diseases characterized by hyperglycemia resulting
from defects in insulin action, insulin secretion, or both. It has been approximated that 451
million people 18-99 years have diabetes and that 693 million people are expected to have
diabetes in 2045 around the world (Chen et al., 2022). It was estimated that almost half of all
people (49.7 %) living with diabetes are undiagnosed. Moreover, there were an estimated 374
million people with impaired glucose tolerance (IGT) and it was projected that almost 21.3
million live births to women were affected by some form of hyperglycemia in pregnancy. In
fact, diabetes is one of the most common causes of death worldwide (Lin et al., 2020).

One of the complications of diabetes mellitus include breakdown of hematopoietic system,
increased oxidative stress, dyslipidemia, hyperglycemia and various other metabolic diseases.
Unfortunately, no successful cure for diabetes mellitus has yet been found but can be managed
using oral anti-diabetic drugs, insulin, herbs and diet modification. Although, many
antihyperglycemic drugs and insulin stimulants are available, but the adverse side effects
sometimes associated with these drugs have prompted an interest in the use of alternative
natural products (Chinsembu, 2019).

Medicinal herbs are gaining more attention in the management of diabetes due to their widely
acceptability and low toxicity. Medicinal plants have evolved over the centuries as essential
parts of African civilization and are widely recognized today as representing its cultural and
scientific heritage. These medicinal plants are considered as ingredients which can be used in
drug development and synthesis (Al-Snafi, 2018).

Calotropis procera commonly called milkweed is a perennial shrub of Apocynaceae family and
subfamily of Asclepiadaceae. It is a xerophytic, evergreen plant that is typically found in semi-
arid and arid environments (Rowalily ef al., 2020). Traditionally, the root bark, leaves and stem
back of Calotropis procera are used in India to treat a variety of illnesses, including fever,
leprosy, malaria, and snakebite (Parrotta, 2001). Pharmacologically, various part of Calotropis
procera have been reported to have antimicrobial activity, antifungal activity, anti-
inflammatory activity, antioxidant activity, neuroprotective activity, anti-diabetic activity,
cardiac activity, and anti-cancer activity (Niraj et al., 2024). In Nigeria, the flower of Calotropis
procera is being used as antidiabetic agent but little scientific evidences to back up the claim.
Therefore, this study is aim at determining the phytochemical constituents and effects of
methanol extract of calotropis procera flower on hematological indices in alloxan-induced
diabetes in Wistar rats,
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Materials and Methods
Materials
Collection of plant Materials

The fresh flowers of Calotropis procera were collected within the premises of Federal
University of Technology Minna, Niger State, Nigeria, Bosso Local Government Area. on
October 2023. A taxonomic aid provided by Abdullah et al. (2003) was used to authenticate the
plant materials by a Botanist in Biological Science Department, Federal University of
Technology Minna, Niger State. The flowers were removed from the stalk, air dried, ground
into powdered form, using a blender, and stored for future use.

Figure 1: Calotropis procera Flower

Preparation of plant sample

Fresh Calotropis procera flowers were collected, washed and then air dried at room temperature
of 25°C for three weeks. Afterwards, the dried flowers pulverized using a rotary blender. The
powdered flower was kept in a plastic tight container till further use.

3.2.3 Extraction of C. procera flower

Briefly, 250 g of C. procera flower powder was macerated with 1,500 mL of absolute methanol.
The extract was filtered with filter paper after which the methanol was evaporated under
reduced pressure in a rotary vacuum evaporator.

Experimental Animals

Wistar albino rats of weight (79g — 174g) were used for experiment and were obtained from
Animal house center of the Department of Biochemistry in the Federal University of
Technology, Minna. The Wistar rats were allowed to acclimatize in the Department of
Biochemistry laboratory, Federal University of Technology, Minna, for one (1) week.
Internationally accepted principles for laboratory animal use and care as contained in the
Canadian Council on Animal Care guidelines on animal use protocol review (1997) and as also
described by Adamu et al. (2010) was followed during the uses of the animals.

Induction of Diabetes

The rats were placed on overnight fasting with but was allowed access to water. Exactly 180
mg/kg bodyweight of alloxan monohydrate was administered intraperitonially to rats in the
respective groups except the normalglyceamic group which was given alloxan equivalent
volume of cold physiological saline. Fasting blood glucose was checked after 72 hours and rats
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with blood glucose > 150 mg/dl were considered diabetic and selected for the study. The
treatment went on daily for seven days and the animal euthanized on the 7 day.

Animal Grouping and treatment of animals

The animal grouping and their respective treatment is shown below:
Group 1: Non-diabetic + 0.2 mL of distilled water

Group 2: Diabetic + 500 pg/kg bw. of glibenclimide

Group 3: Diabetic + 0.2 mL of distilled water

Group 4: 100 mg/kg bw. of methanol extract of C. procera flower
Group 5: 200 mg/kg bw. of methanol extract of C. procera flower
Group 6: 400 mg/kg bw. of methanol extract of C. procera flower

RESULTS
HPLC profiling C. procera flower

The HPLC analysis of methanol extract of calotropis procera revealed nineteen compounds
with phenolic compounds in abundance (Table 1). Phenols, sterols, glycoside, alkaloids are
majorly the classes of compounds present in MECPF.

Table 1: HPLC profiling C. procera flower

Phenolics Retention Area Height External units
Calotropin 3.700 2570.5060 52.269 0.0000 %
Calotropenin 5.883 701.5710 12.548 0.0000
Calotropagenin 7.966 833.6570 16.497 0.0000
Procesterol 9.116 93.8850 5.058 0.0000
Calotoxin 9.950 75.1300 4.492 0.0000
Caffeic Acid 10.500 144.7200 4.139 0.0000
Epicatechin 11.300 85.7700 3.843 0.0000
Beta-Sitosterol 11.850 125.1210 4.023 0.0000
Stigmasterol 12.333 69.6140 3.613 0.0000
Alpha-Amyrin 12.816 67.2000 3.776 0.0000
Calactin 13.466 67.7580 3.387 0.0000
Quercetin 15.500 839.7910 14.507 0.0000
Kaempferol 17.233 2685.2335 36.596 0.0000
Isorhamnetin 19.400 170.3135 6.196 0.0000
Luteolin 19.950 73.7525 5.151 0.0000
Lineolone 20.500 147.6340 4.697 0.0000
Uscharidin 21.066 75.0620 4.289 0.0000
Voruscharin 21.416 155.9395 4.597 0.0000
Uscharin 23.083 106.4570 4310 0.0000

Effect of MEDPF on Red Blood Cell Indices in Diabetic Rats

The effects of MEDPF on red blood cell indices in diabetic rats is shown in Table 2.
Administration of alloxan significantly reduced the levels of HB, PCV and RBC. However,
after 7 days treatment with methanol extract of Calostropis procera, restorations of these
parameters were observed. The reversion of these parameters depend on dosage given to the
rats. The least reversion was observed in 100 mg/kg bw. of the extract while 400 mg/kg bw.
showed high restorative values.
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Table 2: Effect of MEDPF on Red Blood Cell Indices in Diabetic Rats

GROUP HB (g/dl) PCV (%) RBC (cells/pl)
1 12.91 + 0.58¢ 39.5+0.50¢ 11.55+0.78¢
2 11.00 + 0.81° 38.50 + 0.50° 9.32 + 0. 68°
3 4.47£1.09° 31.00 + 1.00? 5.16 + 0.30°
4 6.69 £ 0.64° 35.50 + 1.50° 5.34+0.19°

5 8.32+£0.24° 36.5+0.50° 8.44 +0.14°

6 11.19 + 1.64° 38.5+0.50° 9.48 + 0.08¢

Value is represented as mean =+ standard deviation (SD) of five animals. Value on the same
column with the same alphabet superscript is not significantly (p < 0.05) difference

Group 1: Non-diabetic + 0.2 mL of distilled water, Group 2: Diabetic + 500 pg/kg bw. of
glibenclimide, Group 3: Diabetic + 0.2 mL of distilled water, Group 4: 100 mg/kg bw. of
MECPF, Group 5: 200 mg/kg bw. of MECPF, Group 6: 400 mg/kg bw. of MECPF.

Effect of MEDPF on White Blood Cell Indices in Diabetic Rats

The effects of MEDPF on white blood cell indices in diabetic rats is shown in Table 3.
Administration of alloxan significantly (p < 0.05) reduced the levels of MCHC and PLT with
significant (p < 0.05) elevation of MCH, TWBC, L and MCV. However, after 7 days treatment
with methanol extract of Calostropis procera, these parameters were restored and some of these
parameters were compared well with standard drug treated drugs. The highest restoration of
these parametres was also observed in 400 mg/kg bw.

Table 3: Effect of MEDPF on White Blood Cell Indices in Diabetic Rats

Group  MCH (pg/cells) MCHC (g/dl)  PLT (cells/ul) TWBC L (cells/ul) MCYV (fl)
(cells/ul)

1 31.50 £ 0.507 41.50 £1.50°¢  153.50 £ 2.50°¢ 7.17+£021*  21.50£0.50*  40.50 £0.50%°
2 31.00 + 1.00? 38.00 = 1.00° 155.00 +2.00° 7.88+£0.17%°  21.50+£0.50*  39.00 £ 1.00?
3 43.50 = 2.50¢ 32.50 £ 1.50? 134.00 + 3.00? 17.23£1.53¢  34.00+£2.00¢ 52.33+1.534
4 36.00 £ 1.00° 38.00 = 0.00° 151.50 £1.50>  7.02+£0.14%>  21.00+1.00°  39.00 + 0.00?
5 35.50 = 0.50° 42.50 = 1.50¢ 147.50 = 2.50° 8.13+0.07° 25.50+0.50°  39.50 + 0.50°
6 34.00 + 1.00° 40.00 £1.00>¢ 14850 £0.50°  6.38+1.33¢ 23.50£0.50>  39.50 + 0.50°

Value is represented as mean =+ standard deviation (SD) of five animals. Value on the same
column with the same alphabet superscript is not significantly (p < 0.05) difference

Group 1: Non-diabetic + 0.2 mL of distilled water, Group 2: Diabetic + 500 pg/kg bw. of
glibenclimide, Group 3: Diabetic + 0.2 mL of distilled water, Group 4: 100 mg/kg bw. of
MECPF, Group 5: 200 mg/kg bw. of MECPF, Group 6: 400 mg/kg bw. of MECPF.
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DISCUSSIONS

Alloxan monohydrate, an analogue of glucose induces chemical diabetes in many animal
species by its toxic action onpancreatic beta cells involved in oxidation of essential sulphydryl
(-SH) groups, inhibition of glucokinase enzyme, generation of free radicals and disturbances in
intracellular calcium homeostasis (Busari ef al., 2015). The underlying mechanism involves the
selective uptake of the compound due to its structural similarity to glucose as well as highly
efficient uptake mechanism of the pancreatic beta-cells (Busari et al., 2015). During diabetes,
the immune system and several haematological parameters change (Mansi and Lehham, 2008).
Additionally, toxicological research has shown that ingesting medications/medicinal plants can
change the usual haematological values (Ajagbona et al., 1999). Therefore, haematological
measures may be crucial in determining a drug’s adverse effects and those of medicinal plants
and their extracts (Yakubu et al, 2007). The increase in RBCs may be attributable to the
extract’s stimulation of the formation of stromal cells and macrophages in the bone marrow’s
erythropoietin and colony-stimulating factor (Usman and Osuji, 2007). Hence, the extract might
triggers stem cells in the bone marrow to produce red blood cells (Lodish ef al., 2010). White
blood cell (WBC), packed cell volume (PCV), and haemoglobin (Hb) concentration values were
lowered in diabetic rats in the current investigation. However, treatment with the methanol
extract from C. procera reversed the WBC, PCV, and Hb concentration values in diabetic rats.
This is consistent with earlier studies that have established the incidence of anaemia in people
with diabetes (Merlin et al., 2007). Furthermore, MCV determine the size of RBCs, while MCH
indicates the concentrations as well as weight of haemoglobin in the RBCs (Busari et al., 2021).
The alteration of MCH and MCYV as obtained actually reflected the previous alteration in RBC,
PCV and HB observed in this study. Significant increase of WBC and L in alloxan-induced
diabetic rats might be as a result of the inflammatory response induced-defense mechanism in
response to alloxan-induced toxicity.

The presence of the various phytochemicals might be responsible for these gradual change in
the haematological parametres after treatment with the extract of C. procera. Phenolics such as
caffeic acid, Kaempferol, quercetin and luteolin are found appreciably in the extract. Most of
these phenolic compounds possessed antioxidant, anti-inflammation and antidiabetic activities.
Hence, there is possibility of these compounds to have quenched the reactive oxygen species
induced by the alloxan. Specifically, calotoxin was reported to have possessed antidiabetic
activity in vitro by inhibiting dipeptidyl peptidase-I1V (Sewidan et al., 2020). It can be concluded
from this experiment that the methanol extract of C. procera could reverse the altered
haematological parametrs in alloxan-induced diabetes in Wistar rats.
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Abstract

Callus cultures created under in vitro conditions enable the production of pharmaceutically
valuable secondary metabolites. This study Cannabis indica Lam. It aims to determine the
cannabidiol (CBD) values of callus cells of. Cannabis indica Lam cultured on MS (Murashige
and Skoog) medium. Female leaf explants were left for callus induction in media containing
naphthalene acetic acid (NAA), thidiazuron (TDZ), benzylaminopurine (BAP), kinetin (KiN)
in different concentrations and combinations for 5 weeks. It was determined that the cannabidiol
values in the methanol:chloroform extracts of callus tissues obtained from the applied cytokinin
combinations were higher at 2 mg/L TDZ + 0,5 mg/L NAA concentration than other application
concentrations. It has been recorded that CBD values at 0,5 mg/L QUIN + 0,5 mg/L NAA
concentration are lower than other application concentrations. We think that in future studies,
different chemical elicitor treatments to callus tissues grown in TDZ combinations with high
CBD values can meet the need in CBD usage areas.

Key Words: CBD, TDZ, BAP, Cannabis indica Lam.

Ozet

In vitro kosullarda olusturulan kallus kiiltiirleri, farmasétik agidan degerli olan sekonder
metabolitlerin iiretilmesine olanak saglamaktadir. Bu ¢alisma Cannabis indica Lam. 'in kallus
hiicrelerinin kannabidiol (CBD) degerlerinin belirlenmesini amaglamaktadir. MS (Murashige
ve Skoog) besiyerinde kiiltiire alinmig Cannabis indica Lam. disi yaprak eksplantlari, farkli
konsantrasyon ve kombinasyonlarda naftalin asetik asit (NAA), thidiazuron (TDZ)
benzilaminopurin (BAP), kinetin (KiN) igeren besiyerlerinde 5 hafta boyunca kallus
indiiksiyonuna birakilmistir. Uygulanan sitokinin kombinasyonlarinda elde edilen kallus
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dokularmin methanol: kloroform ekstrelerindeki kannabidiol degerlerinin 2 mg/L TDZ+ 0,5
mg/L NAA konsantrasyonundaki degerlerinin diger uygulama konsantrasyonlarina gore
yiiksek oldugu tespit edilmistir. 0,5 mg/L KIN + 0,5 mg/L NAA konsantrasyonundaki CBD
degerlerinin ise diger uygulama konsantrasyonlarina gore diisiik oldugu kayit altina alinmistir.
Ileride yapilacak calismalarda CBD degerlerinin yiiksek oldugu TDZ kombinasyonlarinda
yetistirilen kallus dokularina farkli kimyasal elisatér muamelerinin CBD kullanim alanlarindaki
ihtiyacin karsilanabilecegini diisiinmekteyiz.

Anahtar Kelimeler: CBD, TDZ, BAP, Cannabis indica Lam.

INTRODUCTION

Hemp herb, also known as ‘cannabis' or ‘hemp' in English, belongs to the Cannabinaceae family;
It is an annual, herbaceous, dioecious, flowering plant (Tanker et al., 2007). The female flowers
of this dioecious plant, which has male and female flowers in different individuals, are
surrounded by dense leaves and there are trichomes that secrete resin around these flowers.
(Clarke 1981; Raman 1998). The Cannabis plant was named Cannabis sativa L. for the first
time in 1753 by Carlous Linnaeus. In 1785, French biologist Jean-Baptiste Lamarck described
the Cannabis indica species, which originated in India and was morphologically different from
C. sativa. In 1924, Janischevsky discovered the Cannabis ruderalis species in Russia, which
had different characteristics than the other two species (Anderson, 1980). C. sativa is the most
widely produced species used mainly in oil and fiber production. C. indica is a species known
as 'Indian hemp', which is between 0,90 and 2,5 m tall, is pyramid-shaped and frequently
branched, is rich in psychoactive ingredients and is not suitable for fiber production. C.
ruderalisise is the species known as ‘wild hemp’, its body is shorter, more differentiated than
the other two species, and shows sparse branching (Caliskan &Yildirim, 2020).

Cannabis species have a very high economic value as they are rare plants due to their superiority
in all areas of use (Gonen, 2009). It is known that the flowers and resin of Cannabis species
were used in various religious rituals for meditation purposes when the biochemical contents
of Cannabis species were not yet defined (Touw, 1981). Sources have revealed that in ancient
civilizations, these plant species were used in the treatment of fatigue, rheumatism and malaria,
and that the seed oil was used as an anti-inflammatory in eczema and psoriasis due to its protein
content (Abel, 1980; Epstein, 2010). In his book El-Kanun Fi't-Tib, Ibn Sina wrote that a
compress made with boiled hemp root reduces fever (Caliskan & Yildirim, 2020; Sina, 1143).

The first negotiations were held at the 1912 Hague Convention congress to restrict the
production and prohibit the consumption of Cannabis plants due to their psychoactive substance
content, and these prohibitions became clear with the laws created in the following processes.
(Elmas et al., 2023; League of Nations, 1937). In 1964, despite legal restrictions, Gaoni and
Mechoulam determined the chemical structure of tetrahydrocannabinol (THC), the main
component that causes the euphoric effect of cannabis, and started a new process (Gaoni &
Mechoulam, 1964).

The structure of cannabidiol (CBD) is similar to A9-tetrahydrocannabinol (THC). However, it
does not have the ability to bind strongly to CB1 receptors like THC (Pertwee, 2008; Casajuana
et al., 2018). A study showed that Parkinson's disease, multiple sclerosis, and tremors caused
by extreme emotional stress decreased by 20-50% in patients given 100-600 mg of CBD daily
(Consroe, 1986). Research has shown that CBD; It has been shown to have anticonvulsant,
antispasmodic, anxiolytic, antiemetic, antirheumatic and neuroprotective properties (Pertwee,
2008). Additionally, studies on Alzheimer's, some types of cancer and infertility are ongoing
(Laun et al., 2019). Clinical studies with CBD have gained popularity in recent years because
it does not have a psychoactive effect but has strong anticonvulsant activity.
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It is noteworthy that CBD, which is non-psychoactive and has a relatively high concentration
compared to THC, is more promising in clinical applications (Scuderi et al., 2009). CBD
reduces the effect of THC and has an antipsychotic effect against it. Preparation of standard
formulations with adequate THC dosage makes the use of the plant widespread. Current
formulations are known to be well tolerated (Flores & Verpoorte, 2008; Kiskova et al., 2019;
Fraguas & Torres 2018; Suryadevara et al., 2017).

One of the unique characteristics of plants is that secondary metabolites are produced in a wide
variety of different numbers. Plant callus cultures have the advantage of obtaining much more
material from a limited number of materials. In addition, it provides the opportunity to produce
the desired products all year round, despite seasonal restrictions. While some secondary
metabolites are more difficult to obtain from organized organ tissues, they are easily obtained
from callus cultures (Sokmen & Giirel, 2001; Koo et al., 2005; Keskin & Kunter, 2007; Maharik
et al., 2009; Cetin et al., 2011).

Due to the rapid consumption of many medicinal aromatic plant populations containing
secondary metabolites of interest to the pharmaceutical industry, production in plant tissue
cultures with new approaches for the sustainable production of high-value molecules has
become important (Nosov et al., 2023). Using different in vitro culture techniques instead of a
whole plant in the production of high-value secondary metabolites is the most effective
alternative source. The advantages of this technique over traditional production are; It is
independent of soil and climatic differences and environmental conditions, offers continuous
production in quality and quantity, allows the discovery of new compounds that are not
normally found in the donor plant, is not affected by agricultural policies and restrictions, and
offers rapid production in a short time (Rao & Ravishankar, 2002).

In this study, Cannabis indica Lam, whose cultivation is restricted by legal regulations. It was
aimed to determine the appropriate cytokinin and its concentrations in order to produce
cannabidiol, which has high economic value, in callus tissues obtained from the plant.

MATERIALS AND METHODS

This research study was conducted at Firat University Plant Tissue Culture Laboratory and
Greenhouse.

Surface Sterilization and Culturing

Cannabis indica Lam grown in the greenhouse to start in vitro culture. Surface sterilization of
plant leaves is required. Female leaves to be used as explant sources were washed under running
tap water, disinfected with 70% ethanol, and taken into a laminar flow cabinet. Seed
sterilization was achieved by treating sodium hypochlorite (5%), one of the disinfectants
commonly used for seed sterilization, for 15 minutes. Distilled water was used 3 times with 5-
minute intervals for surface washing (Chaohua et al., 2016).

By adding 3% sucrose and 6.8 g/L agar as carbon source, it was planted in Murashige and
Skoog (MS) nutrient medium (Murashige & Skoog, 1962), prepared with the plant growth
regulators in Table 1, and callus induction was initiated by taking it to the callus climate
chambers.
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Table 1. Medium contents prepared for Cannabis indica Lam. callus tissue induction

Groups  Medium content (mg/L)

Control

0,5 Kin + 0,5 NAA

0,5 BAP+ 0,5 NAA
0,5TDZ + 0,5 NAA

1Kin + 0,5 NAA
1 BAP + 0,5 NAA
1TDZ +0,5 NAA
2 Kin +0,5 NAA
2 BAP+0,5 NAA

2TDZ +0,5 NAA

© © N ok W=

Analysis of CDB with HPLC Device

Cannabis indica Lam grown in greenhouse. To extract cannabinoids from male and female plant
parts and callus tissues grown on media, weigh approximately 25 mg of powdered samples
using an analytical balance; 10 mL of methanol-chloroform solvent 9:1 (Backer et al., 2009)
and 8:2 (v/v) was added. The organic phase containing cannabinoids from plant parts and callus
tissues shredded in the homogenizer was collected in a 25 mL falcon tube. After the collected
organic phase was centrifuged at 3000 rpm, it was taken into another tube, its solvent was
evaporated under nitrogen flow, and it was dissolved in 1 ml of Acetonitrile and analyzed by
HPLC-UV device.

For HPLC analysis of cannabidiol, a C18 HPLC column was used with the column oven
temperature set at 35 °C and the autosampler temperature at 4 °C. The wavelength of the PDA
detector was set to 220 nm and a mixture of water (0.085% H3PO4 and Acetonitrile (0.085%
H3PO4) was used as the mobile phase. Mobile phase Gradient elution: 70% of B for up to 3
minutes, % of B for up to 7 minutes. 85 is programmed as 95% of B for up to 8.00 minutes and
70% of B for up to 10 minutes. After the analysis of the CBD is done with the HPLC — UV
system, the calculations are carried out using Lab Solutions LC/GC 5.97. program (Shimadzu,
Kyoto, Japan).

RESULTS AND DISCUSSION

Cannabis indica Lam. grown in Firat University Plant tissue culture laboratory and greenhouse.
The plants were matured and male and female individuals were separated. The amount of CBD
in the stem, leaf and flower parts of female and male plants was determined by HPLC device
(Table 2).
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Table 2. Cannabis indica Lam. CBD values (ug/g) of 9:1 to 8:2 methanol:chloroform extracts
of different parts of the plant

Methanol: Chloroform

Plant Parts 9:1 8:2
Female Flower 855,00 £+ 46,02 1364,66 = 10,30
Female Leaf 386,00 + 1,38 563 +£2,98
Female Body 86,44 + 3,64 0,67 = 0,00
Male Leaf 8,60 +2,18 6,89+ 1,94
Male Body 0,88 0,29 0,33 +0,01
Male Flower 0,27 £ 0,01 0,38+ 0,00

It was determined that the 1364.66 + 10.30 ug/g CBD value in the 8:2 methanol:chloroform
extracts of female flowers was higher than other plant parts. It is known that the main
production sites in Cannabis species are the epidermal glandular hairs located on the leaves,
flowers, bracts and stem of the plant (Fairbairn, 1972). This resin, which has psychoactive
properties and medicinal effects, is located mainly in the flowering branch tips and bracts of
the female plant. In the leaves of male plants, resin secretion is very low. Cannabinoids are
found in the tepals, stamens and pollen of male plants, but this amount is not as intense as in
female plants (Dayanandan & Kaufman, 1976). These studies can also be supported for the
CBD values in Table 2.

Unlike the study conducted by Backer et al. in 2009, when the results of 9:1 and 8:2
methanol:chloroform were compared, it was determined that the most suitable solvent ratio was

8:2 (Figures 1 and 2).
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Figure 1. CBD chromatograms of 8:2 methanol:chloroform extracts of Cannabis indica Lam.
female flowers
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Figure 2. CBD chromatograms of 9:1 methanol:chloroform extracts of Cannabis indica Lam.

female flowers

Table 3. Cannabis indica Lam. stimulated with different cytokinin combinations CBD values
(ug/g) of 8:2 methanol:chloroform extracts of callus tissues

Callus Weight per Magenta (g)

0,5 Kin + 0,5 NAA 4,11 £ 0,03

0,5 BAP+ 0,5 NAA 9.83+0,11

0,5TDZ + 0,5 NAA 7.3+0,19

1 Kin+0,5NAA necrosis

1 BAP + 0,5 NAA 11,42 +0,08

1TDZ +0,5 NAA 17,27 + 0,04

2 Kin + 0,5 NAA necrosis

2 BAP+ 0,5 NAA 19,39+0,03
18,58 + 0,09

2TDZ +0,5 NAA

CBD (ug/g)
0,34 +0,08
0,36 0,01
0,62 + 0,00
0,38 0,03
0,47 +0,01
0,34 + 0,00
1,01 £ 0,04

Necrosis observed at different kinetin concentrations showed that; Cannabis indica does not
have the appropriate cytokinin content for lam callus induction. The increased callus induction
at high TDZ concentrations also directly affected the CBD contents.
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CONCLUSION

The study data showed that CBD values in callus tissues; It has been determined that CBD
values can be improved by applying the correct concentration of appropriate plant growth
regulators and plant callus tissues can also be used in isolation and purification processes.
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Abstract

The increasing occurrence of drought has sparked significant interest among numerous
researchers in understanding the mechanisms enabling plants to adapt to this stress or to select
varieties that exhibit effective genetic resistance to various production-specific obstacles.

This study aims to evaluate the effect of water stress induced by polyethylene glycol (PEG
6000) at different concentrations on the germination of select legume species in Algeria. Water
stress is a major limiting factor for plant growth in arid and semi-arid regions such as Algeria.
Understanding the response of local legume ecotypes to this water stress can help identify
varieties best suited to drought conditions in the region.

The experiment was conducted under controlled conditions by germinating four legume species
(4X4 Bean, Chickpea, Sidi Aich Faba bean, and Kalvedon Wonder Pea) in Petri dishes with
varying concentrations of PEG 6000 to simulate water stress (0%, 5%, 10%, 15%, 20%) for a
period of 7 days. Germination parameters such as germination rate, germination speed,
germination kinetics, and seedling vigor will be evaluated and compared among the different
ecotypes subjected to various dilutions of PEG 6000.

The results of this study revealed significant variations in the germination response of legume
species exposed to different dilutions of PEG 6000. The "Sidi Aich Faba bean" and "4X4 Bean"
species exhibited better tolerance to water stress compared to "Chickpea" and "Pea" species,
which proved to be more sensitive. These findings suggest that these varieties could be used in
the selection of locally adapted legume cultivars for drought conditions in Algeria.

In conclusion, this study has contributed to enhancing our understanding of the effect of water
stress induced by PEG 6000 at different concentrations on the germination of legume ecotypes
in Algeria. The obtained results could have significant implications for the development of
drought-resistant varieties, thereby improving agricultural productivity and the sustainability of
cropping systems in arid and semi-arid regions of the country.

Keywords: water stress, PEG 6000, legumes, germination, resistance
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Abstract

The measured increase in drought stress accentuated with crop production threats as well as
agricultural soil damage, leads to great attention globally. Strategies based on soil amendment
along with alleviation of harmful impacts of drought from crop are required to be established.
Current study focused on garlic extract as soil modifier with ascorbic acid spray to alleviate the
impact of drought stress on Okra (4belmoschus Esculentus L.). Soil was amended with garlic
extract two weeks before the experiment. field experiment with three replications was
conducted by considering three levels of drought stress (50%, 30%, and 10% of field capacity)
along with control. Whole set of experiment was divided into two splits; with ascorbic acid
(AsA-150mg/L) and without ascorbic acid. The impact of drought was estimated by measuring
seed germination parameters (mean germination time, germination percentage, plumule and
radicle Length, seedling fresh and dry weight, and vigor index), morphological (root and shoot
length, plant fresh and dry weight, no. of leaves, leaf fresh and dry weight), physiological
(membrane stability index%, electrolyte leakage%, chlorophyll a and b, and carotenoids), and
enzymatic and non-enzymatic antioxidants including Catalase, Superoxide dismutase,
Peroxidase, Malondialdehyde, Hydrogen peroxide, and Total Sugars) were studied. In
morphology Root, Shoot length, and fresh and dry weight of plant decrease with drought stress.
Its lower level of photosynthetic pigments and membrane stability lead to an increase in
electrolyte leakage. The level of studied antioxidants including (SOD, POD, Apx, catalase),
total sugars, and oxidants (MDA, H>05) increases with drought stress. These effects of drought
stress were more evident at the T3 level. Both mitigators alleviate the negative effects. The
germination percentage and germination rate improved with mitigators, and MGT was reduced
by mitigators application. The improved Plumule length and radicle length fresh and dry weight
were also observed. In biochemical parameters, mitigators reduce the effect of drought stress
by upregulating the level of antioxidants and reducing the ROS.

Key words: ascorbic acid, foliar application, drought, garlic extract
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Abstract

The purpose of this paper is to look at ways in which supranational organizations such as the
European Union, of which Romania, the country where the author of the present paper lives, is
a member, creates its environmental policies and raising awareness campaigns while creating a
strong relation between environmental health and our own health. Our well-being, both
psychological and physical, depends on our relationship with the environment, or so we are led
to believe. Health and environmental policies are, eventually, intertwined. Especially in urban
areas, we are frequently exposed to pollution of various kinds, air pollution, or noise pollution,
being clearly felt when there is constantly heavy traffic. Practices such as allowing pedestrian
streets events and promoting walking in parks and using bikes on beautiful days during
weekends and holidays in the city work to leaving us experience the benefits and well-beings
of such activities. In turn, such activities lead us to have a stronger connection with the
environment and a stronger conviction that, indeed, any action of taking care of it, no matter
how small, does matter. We could conclude that health and environmental policies, as well as
political decisions taken at world level, as well as promotion of certain values and principles
can have an evolutionary interpretation. They have an adaptive function, since having citizens
obey these rules can be for our own good, for our own survival as a species, now, as well as in
the future. We are definitely made aware of this aspect and we instinctively feel obeying these
rules is the right way to act.

Keywords: Mainstream, Subcultures, Evolutionary psychology, Ideology

INTRODUCTION

Environmental care can be considered, in today’s world, a value which is universal around the
world, regardless of culture and country. We can claim that we are living in an international,
and even in a worldwide spread community, where we have certain culture identity
manifestations applied at a large, world scale. Baciu (2012) devised the culture identity
manifestations grid, which include those elements that can distinguish one culture from another,
and which are grouped in the following categories: values, rituals, traditions, practices,
symbols, and personalities.

While environmental care is the main value promoted ideologically, through supranational
organizations such as the European Union, and through their policies, we can see that
environmental care as a value is reinforced through various symbols, practices, rituals, and
established traditions, present and established throughout communities. We can claim that
enviornmental care is present everywhere as a consequence of globalization. We may complain
that the world in becoming increasingly alike, with life in cities and the look of cities
increasingly similar, to the point where we may not know where we are and fail to feel the
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specificity of the place, yet environmental care can be a positive aspect in which we lead an
increasingly similar lifestyle.

We may understand today’s world as being formed by levels. The two main levels are an
international, global one, where everything is alike everywhere we are, and the other level is
the nationalistic one, where we can witness the specific traditions and part of the specfic
lifestyle, symbols, and values in a certain country. We can claim that the level where we are all
alike, through sharing the same values and practices, and the level we can find a similar lifestyle
and look of the urban area, through the use of a similar architecture, is the level which ensures
a secure environment for us, as we notice familiar elements, which can bring us comfort. The
level where there are differences is just as comfortable to see differences among cultures, yet
to also hang on to famuiliar elements and values, so that we can reduce or even avoid the
experience of culture shock.

Ideologically induced values and practices can be considered as part of living in a world,
globalized community. These ideological values and practices are created and reinforced
through promotion activities through environmental care policies, which also include
promoting them at the level of the entire society through other means, including cultural means,
e.g. through the presence of these issues in school textbooks, children’s story books, school
project-based activities related to environmental care, and so on. Environmental care policies
can also intersect with other policies, such as those related to the health of the European Union
citizens, e.g. those policies related to not leading a much too sedentary lifestyle, not spending
all our time in the traffic pollution environment of the big cities, where chemical substances
from car fuel can be harmful once we inhale them, and where noise pollution can lead to us
being very stressed (Jariwala et al, 2017). In turn, stress has both psychological and
physiological consequences, since, on the one hand, it makes us anxious and worried, or
irritable, which can lead to us having various physical health issues such as high blood pressure
and hair loss (Wang et al, 2023). Additionally, living in a chemically polluted environment can
lead to us having skin and hair issues, as well as respiratory issues. We can also suffer more
from heat in the cities and not have a comfortable environment if we lack green spaces. All of
these issues are presented to us citizens in popular science articles, as well as in works of fiction,
and various other events such as workshops and conferences, which are part of raising
awareness campaigns. It can be noticeable how environmental care and health notions related
to it have been popularized for the general public through materials accessible to anyone, and
not meant just for specialists in the field.

RESEARCH AND FINDINGS

Supranational environmental agencies can be global or regional, and they can be found all over
the world, grouped by continents and areas such as Europe, where Asia, the United Nations,
Africa, the Carribbean, Antarctica, Oceania, and so on. As an example, for the United Nations,
we have agencies such as the Food and Agriculture Organization, the Global Environment
Facility, United Nations Environment Porgramme, United Nations Framework Convention on
Climate Change Secretariat, and others. In the case of the European Union, the European
Commission and the European Environment Agency are the main environmental agencies.
Additionally, under the European Commission we have the following sub-divisions:
Directorate-General for Climate Action, Directorate-General for Energy, Directorate General
for the Environment, and Directorate-General for Maritime Affairs and Fisheries.

Why can these all agencies be mentioned under the larger category of supranational
environmental agencies? It is for the same reason why environmental care policies can be
considered in relation to the health of all human beings living on earth. We may not realize how
many of aspects of our lives are intertwined with nature, and how much we depend on, and so
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does our health and our entire lifestyle on nature and on a healthy environment. While there has
been a wide-scale move from rural to urban areas of the population worldwide, which still
continues, this does not mean we are less dependent on nature. Not even the highly processed
food and various facilities and comfortable life, as well as enough food resources do not make
us completely separate from nature. Nature’s health and our own health remain interrelated, as
we can see from the promotion of healthy diets and lifestyles present within subcultures.
Subcultures such as vegetarian, vegan, raw vegan, fruitarian, zero waste, green movement,
focus on the dimension of caring for the environment, as well as for what is natural and for
what is healthy and not too much processed food or not processed food at all. According to
these subgroups, the main value is eating healthy, natural foods, likely with the least
intervention on the environment through our activity and lifestyle, and to consider care for
animals as well. We all know how we are constantly being made aware of species that are
disappearing or that are endangered. We are also becoming more and more sensitive to feeling
sympathetic to animals. This could be since, with today’s technological advancements and
comfortable living conditions in the city, we no longer need to hunt to survive, as life had to go
on in the past times. Nowadays, we tend to behave in a more understanding way towards the
environment, so that we intervene as little as possible on it.

Issues such as pollution, climate change, recycling, are all over the place, in the news, in our
everyday talks, in mass-media. They are popularized everywhere and they even become part of
conspiracy theories. In the case of environmental care, however, even conspiracy theories which
claim under various dystopic scenarios how we human beings, through various practices,
destroy our own planet, home, and our own living environment, together with our own health
and well-being, can be regarded as raising awareness through a fantasy, fiction, or science-
fiction type of scenario to an ongoing and current problem that should preoccupy us all.

While nowadays environmental care issues are mainstream, and even portrayed as the proper
way to behave, and environmental case based lifestyles and subcultures form subgroups and
sub-communities that are tolerated and even allowed to coexist in parallel with the mainstream,
considering the degree of their radically different lifestyle, compared to the common-sense or
minimal actions everyone is doing to protect the environment, e.g recycling, we may find it
surprising to know that it all started as a counterculture movement. The green movement
opposed the mainstream lifestyle, social behaviours, as well as rules and conventions. The
environmentalists at the time were truly opposed to the mainstrea culture and society, as they
had in mind to fight against the industrial development in order to stop climate change and to
preserve the American wilderness (Kirk, 2007). Clearly, such ideas set them in a clear
opposition to mainstream society and they could be considered rebels, if not complete outcasts,
wishing, on top of it all, to change and ruin all the technological progress society could benefit
from in order to have a comfortable lifestyle. The time of the modern environmental movement
in America had its peak after the time of the Second World War.

Some environmentalists had a utopic vision, which was also considered impractical, and
unrealistic, of preserving the world by returning to nature and by discarding all development of
industrialization and modern life. This was the vision of the Transcendentalists in American
culture, in the early 1800s, who opposed through their vision of return to nature the developing
Industrialization Age. Ralpho Waldo Emerson and Henry David Thoreau believed that we could
preserve the world by preserving the wilderness, or the natural environment, leaving it as
untouched as possible by human activity (Lallanilla, 2020).

Of course, this can be understood as an idealistic, utopic vision of returning to Paradise, during
the time when we were all innocent, and unknowing of all technological development which
left, eventually, its mark on the environment and, consequently, on our health as well.
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Environmental care organization Greenpeace began in 1977 with an anti-whaling campaign, in
Canada (Zelko, 2013). What characterized this movement was using non-violence in order to
protest (Zelko, 2013), which was considered, after World War II, something unusual.
Nowadays, we can find many such manifestations of protests just with billboard adds and
people gather in squares, and, what is more, they are under the watch of the police. They simply
express themselves and need the watch of the police so that they do not resort to violent,
physical action. They simply attract attention to the issue they support by getting out in the
street and by being a quite large group, so that they show that they are solidary.

We can speak, nowadays, of a more permissive society, which allows subcultures to coexist
with the mainstream, as well as everyone to express their opinions without needing to resort to
violence. Protest manifestations are more about expressing personal opinions and raising
awareness by various groups and communities to issues that should be of concern to the
authorities, to the state, and to others that share the same mindset. This can be seen as the result
of an individualist society, where individuals are accepted as being different, and allowed to
express their different opinions, lifestyle choices, values, and principles, and, more than
anything, to live according to them.

In spite of the environmental care policies being considered as the norm nowadays, in our
globalized, interconnected world, we can still see extreme lifestyles of environmentalists,
present under the form of subcultures which are tolerated alongside the mainstream culture.
While we can claim that the environmentalists have had their victory on imposing themselves
and changing the mainstream mindset and lifestyle, there are still some sub-groups which go to
extremes in living an environmentalist’s lifestyle.

As an example, zero waste subculture promotes a style in which we should practice wasting
less and, ultimately, throwing away less waste which otherwise would have a negative impact
on the environment (Korst, 2012).

Wight (2017) shows how those preoccupied by envronmental care in America believe that by
getting eco-friendly products they can help. Switching from usual products to green
consumerism can, therefore, for them, be regarded as a solution. Thus, for the environmentalists
in America, during our contemporary times, there can be alternatives, or translations, for all
regular products, including clothes, food, and cars, based on choosing the environmentalist
version of them all. Wight (2017) present the following scenario:

What does it mean to be an environmentalist in contemporary America? According to one
popular theory, modern greens can awake and slip comfortably into $245 “eco-501” Levi’s
jeans and $200 organic cotton Patagonia pullovers. After consuming a guilt-free breakfast of
organic tropical fruit (regardless of season) and Fair Trade coffee, they might commute to work
in a Lexus hybrid. Environmentalists have so emphasized the importance of lifestyle choices
and shopping that “consumer agency” is now the most pervasive form of eco-activism.

Consumerism has, indeed, become part of our lifestyle all over the world, with the move from
rural to urban areas. Nowadays, we do not work to provide all resources for ourselves, including
food and clothes, as well as means of transport. Instead, we rely on another need for other
resources, namely those provided by means of services. We do work to provide for ourselves,
yet we work in order to get money, which we can later on use in order to get what we need.

Some environmentalists believe that we can only get non-processed, natural food if we provide
it for ourselves, meaning if we plant our own fruits and vegetables, and prepare all of our own
food, in order to know what it contains.
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This can be an example of an extreme case.

Still, the connection between environmental care policies and health policies can be regarded
as extending to the way agricultural policies can work, under the conditions where the climate
and the soil, function of the degree of pollution or other climate changes which are believed to
be caused by careless human attitude towards nature can be visible at all times. This is because
once we use harmful substances, or do not take care how we recycle or store them, the entire
environment, soil included, will be affected by pollution. Once the soil is affected by harmful
human activity and pollution, then it can lack some nutrients, and cause plants we use for food
to lack nutrients which they would otherwise provide us with naturally. The way fruits and
vegetables are grown and taken care of using modern methods and contemporary technology
can affect the quality and nutrients in them. As an example, heavily treated fruits and vegetables
which are not available in a natural way during a certain season, but we can find them at the
supermarket and for sale in other stores can signal the fact that they may not be healthy due to
all the subtances used to help treat them and preserve them.

Agricultural policies can be intertwined with environmental care policies, since the quality of
the soil can ensure the health fruits and vegetables can bring to the citizens of a supranational
organization such as the European Union. As an example, it is believed that the soil nowadays
does not contain enough magnesium, hence all the leafy greens such as spinach cannot provide
us with the sufficient amount of magnesium. As a result, we all need to take magnesium
supplements. This is due to the pH of the soil not being enough as a consequence of pollution
(Yaron et al, 1996).

Connections between the environment and health of the human beings can be related to
environmental pollution and changes in the functioning of our immune system, which can
become low (Glencross et al, 2020). We can also get cancer due to harmful substances, e.g. we
can get lung cancer from air pollution (Cohen & Pope, 1995).

There can also be links between the availability of green spaces and our physical health. Green
spaces such as parks can invite us to have physical activities, at least during the weekends, such
as jogging and riding bikes, or other eco-friendly vehicles, which do not pollute the
environment, since they are electric, or can be riden through our own force like usual, not
electric, bikes, or simply walking. We are also encouraged by city halls in urban areas to take
part in events during weekend such as pedestrian streets, where a portion of a certain boulevard
is closed temporarily for traffic, and sometimes marathons are organized, or cycling races, or
people are simply allowed to take walks or use their environmentally friendly vehicles instead
of their cars.

Environmental care is not only promoted at the level of European Union policies, as well as at
the level of supranational environmental agencies only. In the case of pedestrian streets events,
the environmental care is promoted through entertainment. Other ways of promoting
environmental care is through raising awareness of our own health, related to the way we can
be less sedentary, breathe in healthier air, live in an environment with less harmful chemical
substances, have healthier, less processed food, as well as live in a less noisy and more peaceful
environment. We are also told to take care of recycling and not making too much waste. Even
if we do not adopt the radical lifestyle of various subcultures, we can still realize, as we find
out about their living style, that we need to pay attention to the way we interfere with our natural
environment.

CONCLUSIONS

The relationship between human beings and nature has been noticeable throughout history. We
have seen it as either hostile and needing to be tamed, or in need to be protected by us, as we
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have affected it with out highly developed technology. We have realized how each and every
element in nature has its own role in the cycle of nature and that we need to take care not to
destroy the delicate balance in nature. As an example, once we throw waste and dangerous
substances in natural waters, we can lead to entire human communties to become sick.
Additionally, the food in the waters, either in lakes, rivers and the sea, such as fish and other
creatures, can become contaminated, as the sea creatures get sick. Once pollution reaches a high
degree, then the water can become harmful to drink, and also the soil and the air can lead to us
and the plants and animals we can have as food to become unhealthy. The natural cycle
continues regardless of how highly developed we have become from a technological point of
view. The topic of the relationship between various deathly diseases and malformations at birth
and the polluted, unhealthy environment have become more and more frequently raised, as they
are of crucial importance to the surviva of our species.

Ideology can set up rules and conventions through environmental care and health policies in
order to help us improve our well being, be capable of working and, ultimately, surviving,
ourselves and through our efforts the entire community. Therefore, we can claim that the various
policies set up by supranational organizations such as the European Union, together with the
various rules and punishments for not abiding by them all have an evolutionary psychology
(Confer et al, 2010) purpose. This is because we feel the need to set up laws and rules through
these polcies, but also to obey them. We obey them also because we become persuaded by
individuals’ and communities’ examples around us, who are preoccupied by environmental
care. Environmental care can be seen as the core point, or the basis for our well being and,
ultimately, for our survival.

The fact that we react to our environment, be it urban, natural, indoors, outdoors, etc shows
how we are built to enjoy a natural environment, where we feel a sense of well-being. We feel
relaxed by the sounds of nature, which sis why we can find videos for relaxation based on
sounds in nature. We enjoy fresh nature, without pollution, instinctively. We can claim that this
instinct has an evolutionary psychology purpose as well.

We can see the eagerness with which environmental care activities have been taken over by the
majority, under the influence of the others or due to their own convictions, via one way of
promotion by the supranational organizations or another.
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Abstract

Due to their promising physical and mechanical properties, composite materials are widespread
in many engineering fields, with advanced technical applications in civil, mechanical,
aerospace, and biomedical scenarios. Seismic retrofitting using composite materials is one of
the most common applications in civil engineering. Fiber-reinforced polymer composites (FRP)
are used to retrofit structural elements in reinforced concrete buildings such as columns and
beams by external confinement which substantially enhances both the axial compressive
strength and the ductility of the concrete elements. Although carbon (CFRP) and glass (GFRP)
are the most employed synthetic fibers, in recent years, the studies on the use of natural fibers
(hemp, flax, jute, bamboo, coconut, etc.) in seismic retrofitting have increased. The most
important reasons for this increment are attractive physical and mechanical properties, cost-
effectiveness, easy availability, easy recycling, and lightweight features of natural fibers. When
environmental impacts are considered, natural fiber utilization is less harmful to the
environment and supports sustainable development compared to synthetic fibers. Natural fibers
are renewable materials and can be easily found almost everywhere on the earth. They do not
require non-renewable fossil resources for their production. Hemp is one of the most promising
natural fibers in terms of industrial applications. There are many studies in which hemp fibers
are used to improve and strengthen some properties of concrete, reinforced concrete structural
elements, masonry, and timber structures. In this study, a comprehensive overview of hemp
fiber usage in civil engineering applications has been conducted, concentrating on hemp-based
fiber-reinforced polymer composites (HFRP) in seismic retrofitting of existing buildings. The
pros and cons of hemp fiber usage in seismic retrofitting and hemp’s potential to replace
synthetic fibers such as carbon and glass have been discussed.

Key Words: Hemp, Natural Fibers, Seismic Retrofitting, Fiber-Reinforced Composites
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Abstract

Lignocellulose is a sustainable, low-cost, renewable alternative resource used for producing
renewable fuels and value-added products. The cell wall of lignocellulosic biomass, consisting
of cellulose, hemicellulose, and lignin, naturally provides protection against pathogens. The
efficient utilization of such lignocellulosic material can also be viewed as a goal for converting
waste or idle products into high-value-added products. This approach can enable industrial
revenue to be much more effective and efficient, in addition to enhancing industrial production
diversity.

While the lignin structure in biomass provides rigidity to the plant, its attachment to cellulose
through cross-links greatly hinders access to cellulose. Industrial hemp (Cannabis sativa L.),
distinguished by its high cellulose and low lignin content compared to other plants, is a
significant lignocellulosic biomass. Thus, the low lignin content of the hemp plant provides a
considerable advantage for bioenergy production compared to other lignocellulosic biomass.
The physicochemical cross-links between macropolymers in hemp biomass provide resistance
against enzymatic attack and microbial digestion, but this chemical barrier can be overcome by
breaking down these bonds through pretreatment processes. Pretreatment, by breaking down
and dissolving hemicellulose and lignin, and making cellulose more accessible to enzymes and
species, enables various applications. Therefore, during the production of biofuels, textiles, and
paper from biomass, the lignin structure should be removed, and access to cellulose should be
ensured.

Altering the structural characteristics of the plant cell wall to loosen the cellulose structure of
biomass and convert it into fermentable sugars for use in different applications is an important
issue, and this can be accomplished through a pretreatment. Pretreatment is a costly stage, but
it is a crucial process in changing the structure of biomass by increasing enzyme accessibility
to cellulose during saccharification, exposing the cellulose structure, and degrading the lignin
structure bound to cellulose through cross-links.
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Today, there are various methodological technologies available for pretreatment, including
physical, chemical, and biological methods. An effective pretreatment process requires
removing cellulose from its structure, preventing the formation of inhibitors that hinder the
hydrolysis of carbohydrates, and being cost-effective.

In this paper, pretreatment technologies used to produce cellulose fibers with optimal chemical
and physical properties, well-separated from lignin, are evaluated concerning the
morphological structure of industrial hemp and current data. The analyses of the results of the
pretreatment applied to the 'vezir' variety of hemp plants are interpreted based on the conducted
studies.

Keywords: Industrial hemp, Vezir Variant, Lignocellulose, Pretreatment

INTRODUCTION

Lignocellulose is a cheap, renewable and organic raw material that is abundant worldwide
(Bhatia et al., 2019). Lignocellulotic biomass has the potential to reduce greenhouse gas
emissions, improve the economy, respond positively to energy demand by being converted into
usable valuable chemicals, fuels and energy (Patel et al., 2019). Lignocellulosic biomass
includes residues such as forest waste, garden waste, agricultural waste, municipal waste and
paper waste. Cellulose fibers, which constitute the most important structure of lignocellulosic
biomass consisting of cellulose, hemicellulose and lignin, are connected to the hemicellulose
and lignin structure by physical and chemical bonds. Lignin is the element that is a major
obstacle to the hydrolysis of cellulose and hemicellulose in the plant cell wall by enzymes (Kirk
and Farrell, 1987). Therefore, it is extremely important to partially or completely remove lignin
by lignocellulosic pretreatment to reach the sugar building blocks of cellulose and
hemicellulose. The pretreatment process of lignocellulosic feedstock has a major role in the
fields of biofuel, biorefinery, paper industry, wastewater treatment, biodegradation and
bioremediation (Sharma et al., 2019). Physical, chemical, physicochemical and biological
methods are used for the pretreatment of lignocelluloses. Physical methods include mechanical
digestion, microwave and pyrolysis methods. This method is based on the principle of reducing
particle size to provide more surface area. Chemical methods include the use of concentrated
and diluted various acids and alkalis to reveal the cellulosic content of biomass, as well as ionic
liquids and organosolv processes. Physico-chemical processes include steam explosion, AFEX,
CO» explosion and electrical catalysis. Microorganisms and enzymes are mostly used in
biological processes. Mushrooms are generally used to eliminate lignin structure (Adigiizel,
2013; Taymaz and Uslu, 2019). The use of alkali in the pre-treatment method of lignocellulose
biomass is more preferred because it uses less energy and the process is relatively inexpensive.
The main feature of the alkaline pretreatment method is that lignocellulose undergoes
delignification, releasing carbohydrates, and also eliminating the lignin structure by breaking
down the bonds between lignocellulosic materials (Kim et al., 2016). Sodium hydroxide
(NaOH) has been extensively studied in the alkaline pretreatment method used in the
biotransformation of lignocelluloses. NaOH 1is very effective in processing hardwood and
agricultural waste (Gupta and Lee, 2010).

Industrial hemp plant is a source of lignocellulosic raw materials with potential for use in
biofuel, paper and textile sectors. The hemp plant is superior to other ligocellulosic raw
materials thanks to its high cellulose (70%) content and high biomass efficiency. Many studies
have reported different pretreatment methods, including various acid and alkaline methods,
liquid hot water, steam explosion, ionic liquids, to enhance the enzymatic hydrolysis of
cannabis plants (Spos et al., 2010 ; Zhao et al., 2020a ; Aasim et al., 2023). The increase in
sugar yield depends primarily on the pretreatment process used and then on the enzymatic
hydrolysis process. Zhao et al. (2020a) compared liquid hot water (LHW), H 2 SO 4 and NaOH
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pre-treatment methods on hemp fibers and highlighted the advantages and disadvantages of
each method. As a result of the study, they observed that NaOH pretreatment increased glucose
yield more than other pretreatment methods. In this study, NaOH pre-treatment method was
applied using vezir, the first industrial hemp variety registered in the country, and its
morphological characteristics were compared.

RESEARCH AND FINDINGS
Obtaining Hemp

The hemp material used in the study was obtained from Yozgat Bozok University, a university
specialized in "Industrial Hemp". Vezir variety cannabis plants were planted in special
cultivation areas and harvested in 2022. Plants harvested for use in the experiments were dried
in a suitable environment to equalize moisture levels.

Obtaining Hemp Fiber

The process of separating the fibers from the stems by mechanical methods was carried out
within the Faculty of Agriculture of Yozgat Bozok University. As a result of the process
performed here, the woody (tow) parts of the stems were removed and fibers were obtained.

Preparation of Hemp Fibers

After cleaning the hemp fibers from tows, they were washed three times and dried. The dried

fibers were ground into fine powder by ball milling. The powder sample was characterized by
SEM, EDX.

Figure 1. Raw fiber image.

Applying Chemical Pre-Treatment to Hemp Fibers

Hemp fibers were subjected to chemical treatment and structures such as lignin and pectin in
the fiber content were removed and the results were compared.

When the literature is examined, plant fibers are chemically treated with ethylene, oxalic acid,
sulfuric acid, hydrochloric acid, sodium hydroxide, sodium sulfite, etc. Pretreatment process
was carried out using chemicals such as (Zhao et al., 2020b; Ji et al., 2021). Alkaline
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pretreatment process is one of the most commonly used methods because it uses less energy, is
relatively cheap, and is not risky to use. In our study, Pakarinen et al. (2012) 2% NaOH was
prepared according to the method used and the fiber-solution mixture was autoclaved at 121°C
for approximately 90 minutes. The solution coming out of the autoclave was neutralized with
37% HCI, washed three times with pure water and filtered. The upper part of the solution that
reached to room temperature was filtered and the fiber precipitated at the bottom was dried and
kept in the oven at 50° C for 1 day. SEM analysis was performed at Yozgat Bozok University
to evaluate the changes in the structure of the pretreated fiber. Before SEM analysis, the samples
were coated with a thin layer of gold to prevent any distortion, ensure equal distribution of the
sample, and ensure homogeneous imaging.

Figure 2. Pre-treated fiber image.

CONCLUSION

Surface modification can be analyzed by SEM. Untreated raw fiber has a rougher surface due
to the presence of wax, pectin, lignin and other contaminants (Agus Suryawan et al., 2017). The
electron microscopy image of the natural sample showed a regular, highly compressed, woody,
smooth structure representing an extremely well-organized surface structure (Figure 3). SEM
images of hemp biomass after pretreatment showed that the surface area of the biomass was
partially purified, the network-type features disappeared, and the hemicellulose and cellulose
inner regions became loose (Figure 4). It is possible to say that 2% NaOH increases the surface
area by disrupting the connection between lignin and hemicellulose and provides a cleaner
surface structure.

EDX analysis was performed on the fibers to observe its result regarding the amount of carbon
as well as oxygen present in the fiber. The oxygen and carbon ratio (O:C) defines the amount
of lignin and hemicellulose in natural fibers. EDX analysis of untreated raw fibers and
processed fibers is shown. The higher the ratio (O:C) of any natural fiber, the lower the amount
of lignin and hemicellulose in that fiber. For alkali-treated fibers, the O:C ratio increases When
the elemental trace values in Table 1 are examined, the O:C ratio of the raw vezir fiber was
found to be 0.62, while the O:C ratio of the vezir processed fiber was found to be 0.83 (Table
1). This result showed that the O:C ratio of alkali-treated fibers increased and therefore lignins
were removed.
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Figure 3. SEM image of raw fiber.
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Figure 4. SEM image of the pretreated fiber.

Table 1. Raw and post-pretreatment EDX analysis of vezir variety fiber

Vezir raw fiber Vezir pretreated fiber

Element Weight % Atomic % Element Weight % Atomic %
C 61.23 67.97 C 54.33 61.40

(0] 38.21 31.84 (0] 45.11 38.27
NaK 0.33 0.11 NaK 0.56 0.33

C:0 0.62 C:0 0.83
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In the study, as a result of the morphological and elemental analysis of the vezir variety cannabis
plant, it was observed that lignin removal was partially achieved. Biomass pretreatment is an
important step in the biological processing of feedstocks for biofuels and other bioproducts.
Although each pretreatment method has its own advantages and disadvantages, it is not possible
to choose a single method for all raw materials. Comparisons can be made by applying various
pre-treatment methods to the industrial hemp plant. It is thought that the sugar yield will be
high in the enzymatic hydrolysis of pre-treated industrial hemp. With further studies, new,
cost-effective and environmentally friendly pre-treatment processes can be developed. It is very
important to develop effective pretreatment processes and understand the mechanisms that
occur in these pretreatment processes, and a better understanding of the chemical composition
of lignocellulosic biomass is needed.
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Abstract

One of the important elements of sustainable development goals (SDGs) is adoption of the
sustainable consumption practices (United Nations, 2015). Sustainable consumption implies
that goods and services should be consumed in a way that they have minimal impact on the
environment. That means promotion of waste reduction, use of renewable resources, and
curtailing emissions of greenhouse gases (GHGs). The increasing use of plastics and landfills
filled with plastic waste and their environmental impact has been growing concern for globally
community. According to an estimate, 8 million metric tonnes of plastic waste are released into
oceans each year (Jambeck et al., 2015). The extensive use of plastics is a major source of
environmental pollution and became a growing concern for countries around the world that
requires immediate response. Several measures have been taken so far to reduce ever-increasing
use of plastics. In this regard, bio-plastics have been introduced in many parts of the world as
an alternative to conventional plastics. Bioplastics are plastic materials produced from
renewable biomass sources which are environmentally friendly compared to conventional
plastic. This study aims to analyze the impact of Altruism, Innovativeness, and environmental
motivation on consumer switching intention in the context of bio-plastic. The data was collected
by questionnaire survey (N=400) from young consumers of Lahore. Data were analyzed by
using Smart-PLS by applying the structural equation model (SEM). Findings indicate that
altruism, innovativeness, and environmental motivation have a significant impact on
consumers’ switching intentions.

Keywords: Sustainable Consumption, Bioplastics, Consumer Behavior, Consumption value,
Pakistan.
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Abstract

Rainfall pattern changes over the years have been one of the global climate change concerns.
In this study, the effect of some environmental factors namely temperature, carbon dioxide
emission, and quantity of crude oil production are examined to see their effect on yearly rainfall
pattern in Nigeria. The method of multiple regression analysis is applied to the data that span
from 1971 to 2022. The expected outcome is that all selected environmental factors will
negatively affect rainfall and the model to explain a large percentage of variability of these
factors on rainfall.

Keywords: CO; emission; Rainfall; Temperature; Crude oil production; Regression
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Abstract

Water is one of the abundantly available substances in nature and also one of the basic
necessities of life. The different water sources were collected in three (3) different provinces in
Aliero metropolis, namely; Nasarawa, Kali and Tudun Wada sites. This was aimed to determine
bacteriological quality, identify coliforms and to detect antibiotic sensitivity of the identified
coliforms from water samples. Many organisms were identified in different water sources of
Aliero metropolis. These were Escherichia coli, Citrobacter spp, Enterobacter spp, Bacillus
spp,and Pseudomonas and all were found in different water sources giving a number of each
specie (n=12) for Escherichia coli (n=7), Citrobacter spp, (n=6) Entrerobacter spp, (n=4)
Pseudomonas spp, (n=3) and Bacillus spp. The presence of these bacterial species is a strong
indication of poor hygiene by the ground water resources. Therefore, regular monitoring and
assessment of drinking water is primarily a health based concern which protects public health
through ensuring provision of quality water.

Keywords: Water, Coliforms, Antibiotic, Site
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USE OF HEMP IN EXISTING BRANCHES OF INDUSTRIES IN ORDER TO
DEVELOP THE HEMP INDUSTRY, TO COMPENSATE THE LOST TIME AND TO
REACH THE HEMP INDUSTRY WHERE IT NEEDS TO BE AS SOON AS
POSSIBLE

Fahri AKMANSOY
Independent Researcher Istanbul TURKIYE

Abstract

Introduction and Purpose: Situation tests have been carried out regarding the studies carried
out so far for the development of the hemp industry. Mistakes have been identified regarding
the hemp industry not being where it should be. The reasons for these errors and time losses
have been determined.

Materials and Methods: Recommended practices for the development of the hemp industry
are stated. Information about the ways and methods necessary to implement this
recommendation is given.

Results: Starting everything from scratch and wasting time for the development of the hemp
industry will cause new time losses for sectoral developments. To prevent this situation,
established industries in our country should be directed to hemp use. If this method is followed,
the lost time will be compensated and the hemp industry will be developed.

Key Words: Hemp industry, sectoral developments, compensation for time losses

INTRODUCTION

In this presentation, I will first determine the situation, then indicate where the problem
originates from, then give information about the industrial branches where hemp can be used
directly and without requiring much additional investment, and finally state my solution
suggestions on the subject.

After our President, Mr. Recep Tayyip Erdogan, brought hemp to the country's agenda, hemp
and hemp industry attracted the attention of many people and some studies on this subject were
started. Those who are interested in this subject were amazed by the preliminary information
they acquired as a result of their research, and their interest increased as they learned about the
potential of hemp. This information gained everyone's appreciation in a short time, and as the
information spread, hemp became more popular with more people.

As in many similar issues, hearsay information on this issue, judgments made by those who do
not have sufficient knowledge on the subject, and findings that may even be considered
unrealistic about hemp began to be spread around in a short time. In addition, there are also
those who see their dreams about the possible potential of hemp as a real business idea and
those who think that these unfounded thoughts are a real project.

The hemp issue, which quickly came to the fore and spread at the same speed, began to lose
interest after the facts began to be seen a little more. During the process until the issue was fully
understood, the people I mentioned above and their negative effects caused many projects
containing serious value to be wasted, possible potentials were damaged, and as a natural result
of all these negativities, time and human energy were wasted.
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I. WHAT HAS BEEN DONE WRONG

1.Those who are not fully informed about hemp and the hemp industry and who do not do the
necessary research on this subject only deal with the issue based on hemp's possible potential
and ignore the current situation and the development process that needs to be covered,

2. Those who first realized the potential of hemp were greedy and wanted to use the information
they acquired for their personal benefit.

3. Those who prioritize their personal interests over social interests rush to achieve their goals,
do not work to disseminate information to the public, keep the information to themselves, and
behave in ways that shift the risk and work to others.

4. As a result of the emergence of those who want to use the potential of hemp for their
individual interests rather than for the public good, this area, which can be considered new, is
polluted in a short time and causes the work that needs to be done to be disrupted.

5. Neglecting studies on existing industrial branches in which hemp can be used and following
a wrong path, such as the need to start everything from scratch. All actions regarding the issue
are designed and implemented according to this wrong strategy,

6. Acting only according to dreams about possible potentials, without examining the current
structure and developments in the world, without looking at the experiences of other countries
in the hemp industry, without consulting information about the paths and methods followed in
different countries,

7. Approaching the issue from the perspective of a street vendor or small tradesman, rather than
from an industrialist mentality,

8. In this regard, people who are in the theoretical part of the work, those who work in the
academic field, those who hold political authority, businessmen who think their capital
structures are suitable for this job, consultants who do not have complete knowledge,
researchers who do not have a technical perspective, farmers and people in the bureaucracy are
almost They all engaged in similar behavior. The most interesting part is that everyone lost a
bird in their hands for the sake of two birds they saw on the branch.

After all these and similar things had happened, those who made mistakes regarding the topics
I mentioned above suddenly abandoned their foolish work and returned to their previous
positions faster than they had started. The interesting thing is that they continued their lives
where they left off, as if nothing had happened and they had done nothing. They did not hesitate
to accuse him of the meaningless and ridiculous things they did and without paying attention to
the damage they caused to the hemp industry.
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Due to the greed for short-term gains made for this purpose, long-term losses have become
inevitable. As a result of these types of negativities I mentioned, serious time was lost in terms
of the development of the hemp industry. At the end of this process, it became clear that the
direct and indirect contributions of hemp to our country in every field were delayed.

II. WHAT ARE THE REAL REASONS OF THESE NEGATIVENESS THAT I
MENTIONED?

1. OBSTACLES AND OBSTACLES WITHIN THE BUREAUCRACY;

a) Among the provinces where hemp cultivation is permitted, there are no standards for the
conditions required from those who will cultivate and each person has a different voice,

b) People in the relevant official authorities try to make those who want to produce as much as
they can and regret their attempt, and create difficulties for those who want to produce at every
stage of the work.

c) Treating those who apply for hemp cultivation as potential drug dealers,

d) Making veiled threats to keep producers on edge during the breeding process.

e) Telling producers about disposal methods that they do not even know or understand and
trying to dissuade them from doing so,

f) Intimidating producers regarding the controls to be carried out,

g) Prejudicing and intimidating them that even if nothing happens to them in the first period,
they will have difficulties in the following periods,

2. INDIVIDUAL BENEFIT ACCOUNTS;

As in many issues with serious potential regarding our country's economy and future, individual
interests have taken precedence over public interests.

3. ACADEMIC DEFICIENCY;

Academicians should act according to their individual interests instead of acting according to
their scientific perspective and the future of our country,
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4. LOW PROFILE PERSONS AND PEOPLE WITHOUT INFRASTRUCTURE TRY TO
ENTER THIS FIELD, THINKING THEMSELVES AS INDUSTRIALISTS;

The short-sighted approach of people who lack an industrialist mentality, resulting from their
dreams and enthusiasm for making big profits in the short term, hinders the work to be done in
this field.

S. EVENIFIT IS POSSIBLE FOR EVERYONE TO COOPERATE, THEY PREFER TO
STAY AWAY FROM COOPERATING

No system can be established and the work done in this field cannot be sustainable because
those who enter or want to enter this field, which can be considered new in many respects and
has high potential for added value, pursue monopoly ambitions instead of cooperation,

6. INDUSTRIALIST-UNIVERSITY COOPERATION HAS NOT BEEN BUILT

Industrialists failed to be like industrialists. Besides, the scientists did not behave like scientists.

7. ATTEMPTING TO PURSUE BIG DREAMS WITHOUT CONDUCTING THE
NECESSARY R&D STUDIES AND CREATING THE  NECESSARY
INFRASTRUCTURE FOR THE INDUSTRY,

8. WHILE IT IS POSSIBLE TO EVALUATE THE CURRENT POTENTIALS, THEY
WERE NOT GIVEN ATTENTION AND TIME WAS WASTED FOR SECTORS
WITHOUT READY INFRASTRUCTURE.

For example, while it is possible to be successful in the short term in the field of chipboard,
interest is shown in medical cannabis instead of being shown interest in this and working on it.

ITI. SOLUTION OFFERS

*Does not require any R&D work for the areas in which it will be used,
*Requires a small additional investment cost to become a semi-finished product,
«It has been tried in many places before and has proven itself positively,
*Transportation cost is much more economical and easier than its equivalent,
*The acquisition time is very short compared to its equivalents,

*Has positive effects on reducing general costs,

*Once finished, it is more durable and longer-lasting than other options produced from
equivalent materials,

*Providing many direct and indirect benefits during and after its production as raw material,

There is no other option other than hemp with the above-mentioned properties.
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IV. WHAT ARE THE OPPORTUNITIES WE HAVE WITH HEMP?

In this section, the sectors where hemp can be used directly after its production will be
discussed. What I want to do here is to make suggestions for making existing industries
compatible with hemp, rather than waiting to establish a new industry from scratch.

There is no need for investment to establish a new factory because we have a ready-made
factory,

As of the current situation, there is idle capacity in many factories,
There is ready-made knowledge about production,

The personnel in the enterprises are sufficient for this job and there is no need for additional
personnel.

There is no need for a new study on marketing and sales,
It is possible for products to be put on the market as soon as they are produced,

V. IDENTIFICATION OF INDUSTRIAL AREAS WHERE HEMP WILL BE
DIRECTLY USED,

a) Particle board sector

Ensuring coordination of the provinces that have permission for hemp cultivation with
the provinces where particle board production facilities are located.
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b) Paper sector,

Locations of paper mills in Turkey [2]

¢) Building material,
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Kenevir harci yapiminda kullanilan malzemeler

Baglayici malzeme Su

1) Filling material for wall manufacturing,
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iii) Insulation material for heat, water, sound, fire and radiation insulation,
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iv) Plaster material for interior and exterior surfaces,

d) Fighting against erosion,

1) Fighting against erosion by planting,
i1) Making earth blankets,
e¢) Cleaning and rehabilitating the soil

e) Use as animal bedding and animal feed,




INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS
20-22 / MAY /2024 / ANKARA

LU
. S

29X

IACoop com for rin

INDUSTRY

1. Finding research conducted in different countries, adapting the information obtained
to our country, collaborating with people and institutions that have achieved success in
different countries,

2. Creating suitable environments for technology transfers from countries that are ahead
of us in the hemp industry,

3. Organizing cooperatives to make the hemp industry sustainable

(Establishment and operationalization of the Akmansoy Model, which will be established
jointly by industrialists and producers and is within the culture of partnership),

3.a) Cooperativeism,
3.b) Planned production,
3.¢) Finding new options for cultivation,
3.d) Treatment of the soil,
3.e) Increasing product yield by alternating planting,
3.f) Using less pesticides,
f.1) Its importance in terms of soil health,
f.ii) Its importance for the health of humans and other living things,
f.ii1) Its importance in terms of seed health,
f.iv) Reducing costs,

4. Since every element of hemp appeals to many industries, a sub-industry that will
support the system should also be established in addition to the main industry for which
work will be carried out.

CONCLUSION AND DISCUSSION

The point I am underlining here is that in order for the hemp industry to develop and get to
where it needs to be, it would be more rational to direct existing industries to hemp, rather than
establishing something new from scratch.
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Directing companies that already have facilities, have reached a certain commercial
experience, have a place in the market, have a suitable structure for new investments, need to
reduce costs and have institutionalized sectoral organizations to hemp will be extremely
beneficial for them, our country and the future of our economy.lt is possible to list the possible
developments that may occur as a result of this development of the hemp industry as follows;

1. The development of the hemp industry will accelerate and the lost time will be compensated,

2. Coordinating the provinces where the facilities are located and the provinces where
production is carried out will reveal local and regional development, economic balance between
the provinces will be ensured and cooperation potentials will be brought to our economy,

3. Industrialists will be free from raw material supply and producers will be free from marketing
concerns. Future concerns for the parties will be eliminated,

4. Thanks to the direct and indirect benefits of hemp, the damage caused by previous wrong
practices in our soil will be treated and improvements will occur in dozens of areas, from plant
sociology to human health.

5. Thanks to the savings that hemp will provide, the profitability of our producers will increase
and their competitiveness in the international arena will increase,

6. Thanks to the use of hemp, our external dependence in many areas will first be minimized
and then reduced to zero. In this way, our foreign exchange loss will be prevented and the
money given abroad will be directed to the domestic market.

7. Spreading capital to the base and making agriculture productive and profitable will prevent
migration from villages or small cities to big cities.
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Abstract

The aim of the research was to evaluate the analgesic activity of the methanolic plant extract of
Trichodesma africanumun mice. The oral acute toxicity (LD50) test of the extract was carried
out using OECD 425 (2008) Guideline. Phytochemical screening was carried out to test for the
presence of chemical constituents. The analgesic activity was evaluated using Acetic acid
induced writhing and Hot plate induced pain methods. The oral LD50 of the extract was found
to be greater than 5000 mg/kg in mice. The methanolic extract of Trichodesma africanumat
250, 500, and 1000 mg/kg body weight produced significant (p < 0.05, p < 0.01) and dose
dependent inhibitions of the acetic acid induced abdominal contractions and at 250 and 500
mg/kg increased pain reaction time in hot plate test in mice. The result indicates that the
methanolic extract of Trichodesma africanum has analgesic activity and justifies its traditional
use in management of pain.

Key words: Analgesic activity, Trichodesma africanumat

BACKGROUND

The use of medicinal plants in the treatment of ailments associated with pain is well known
throughout history (Almeida et al., 2001). Such plants have played important roles in drug
discovery. Research and studies on them are logical research strategies in the search for new
drugs (Elisa et al., 1995). In rural areas, medicinal plants play a vital role in primary healthcare
services; they serve as therapeutic agents as well as important raw materials for manufacture of
traditional and even modern medicine (Sofowora, 1993). Medicinal and aromatic plants have
been used for many centuries and are still popular in today’s alternative therapies. Herbal
remedies and alternative medicines are used throughout the world and in the past herbs often
represented the original sources of most drugs (Sa’ad et al., 2005).
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Pain, as defined by the International Association for the Study of Pain (IASP), is “an unpleasant
sensory and emotional experience associated with actual or potential tissue damage, or
described in terms of such damage” (Cox et al., 2006). It is a universal human experience that
in the short term serves to protect an individual from harm, but in the long term can become a
debilitating condition (Cox et al., 2006). Pain is an unpleasant sensory and emotional feelings
suffering and emotional state of risks connected with anxiety (Domzat et al., 2007). Pain has
many forms. It warns against damage to the body, which is important for avoiding injuries and
consequently for survival. Untreated chronic pain can cause injuries which can be unpleasant
for the patient, or it can alter a persons life, reduce the quality of life, and also have an impact
on the patients family (Thor et al., 2007). The word “pain” for the patient means disease and
suffering, for the doctor it is a symptom, and for the physiologist it is a kind of feeling that has
its own anatomical and physiological system which begins with the receptors and ends up in
the brain cortex. The intensity of pain is difficult to measure and an individual's perception of
pain depends on the individual's emotional state, circumstances under which the pain was
acquired, and whether it is perceived as a threatening signal. The perception of pain depends on
such factors as arousal, attention, distraction and expectation (Domzat et al., 2007).

Trichodesma africanum (L.) Sm., also known as African barbell in English and Lozeka in
Arabic, belongs to the Boraginaceae family. This erect, harshly scabrid, annual, short-lived
perennial herbaceous plant is of about 1 m in height. It forms branches mainly from the base
and has a fistular stem which is densely covered with prickly stiff hairs of about 2 mm in length.
The leaves of this plant are simple with entire margins that are covered on both surfaces with
erect patent, prickles (Al-Yahya et al., 1990). T. africanum has been reportedly used in the folk
medicine of several countries for the treatment of many clinical conditions including a cough
and common cold (EI-Ghazali et al., 2010). In Iran, roots and leaves of 7. africanum have been
used for the treatment of several clinical conditions including common cold, chest congestions,
chickenpox, scarlet fever, measles, bone fractures, headache, abdominal pain, mouth ulcer, and
constipation (Safa et al, 2013). In Nigeria, it has been used to induce diuresis (Soladoye ef
al., 2008). In Pakistan, it has been described for the treatment of severe respiratory tract diseases
(Tareen et al., 2010).

Conventional treatment of pain by synthetic drugs may cause side effects and may not be
universally affordable (Daniel et al., 2017). An national health survey (NHS) digital survey
found that (NHS digital, 2019) the prevelence of pain among adults was 34% and it was more
common in women (38%) than in men (30%). Some of the adverse effect caused by synthetic
analgesics on long term use include Gastrointestinal disturbance in patients that has prior
history of ulcer which is found in 10-30% of patients taking Non-steroidal antiinflammatory
drugs (NSAIDs) (Sostres et al; 2010), cardiovascular diseases these include MI,
thromboembolic events, and atrial fibrillation. Diclofenac seems to be the NSAID with the
highest reported increase in adverse cardiovascular events (Harirforoosh ef al., 2013), renal
adverse effect in patient with renal dysfunction. Others include hepatic disfunction,
hematologic adverse effect, anaphylactoid reaction etc (Sriuttha et al.,, 2018; Berkes et al.,
2008). Common side effects of opioid administration include sedation, dizziness, nausea,
vomiting, constipation, physical dependence, tolerance, and respiratory depression. Physical
dependence and addiction are clinical concerns that may prevent proper prescribing and in turn
inadequate pain management. Various parts of plants such as leaf, stem, bark, root, etc. are
being used to prevent, alleviate symptoms or revert abnormalities back to normal. Example of
plants use in the treatment of various diseases include cryptolepis sanquinolenta (Ghana
Quinine).

Roots and leaves of 7. africanum have been used for the treatment of several clinical conditions
including common cold, chest congestions, chickenpox, scarlet fever, measles, bone fractures,
headache, abdominal pain, mouth ulcer, and constipation (Safa et al/ ., 2013). However,
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extensive literature research reveals no published data on methanolic extracts of Trichodesma
africanum in management of pain. This study therefore, evaluated the analgesic properties of
the methanolic extract of Trichodesma africanum in mice as compared to the standard drugs,
aspirin and morphine with a view to developing newer more efficacious, safer and affordable
analgesic drugs or the discovery of lead compounds for the synthesis of new analgesic drugs.
The aim of the research was to evaluate the analgesic activity produced by administration of
methanol extract of Trichodesma africanum plant in mice.

MATERIALS AND METHOD
Reagents and Chemicals

All the reagents and chemicals used for the study were obtained from representatives of
reputable chemical companies in Nigeria. The reagents and chemicals include:

Trichodesma africanum plant (Boraginacaea), Methanol A.R(sigma alorich, lot no 82890,
Europe), Acetylsalicylic acid (Aspirin) (manufactured by Bond chemical ind. Ltd), Morphine,
Dragendoffs reagent, Concentrated sulphuric acid, Concentrated Hydrochloric acid, Lead sub-
acetate solution, Chloroform, 10% ammonium solution, Glacial acetic acid containing traces of
ferric chloride, 10% Sodium hydroxide, Ferric chloride solution, Acetic anhydride, 1% aqueous
hydrochloric acid and Molisch's reagent.

Routes of administration used: -

v Oral
v Intraperitoneal
Experimental Animals

Albino swiss mice (17-30g) of both sexes were obtained from the Animal House facility of the
Department of Pharmacology and Toxicology, Kaduna state University, Kaduna. Nigeria. All
animals were kept in clean dry cages maintained in a well-ventilated animal house at room
temperature and a 12-hour dark/light cycle. The mice were acclimatized for one week prior to
actual experiment and had ad libitum (when desired) access to food and water. All experimental
procedures were reviewed and approved by the University Animal Ethics Committee, Faculty
of Pharmaceutical Sciences, Kaduna State University, Kaduna. All experiments conformed to
the principle for research involving the use of animals.

PLANT MATERIAL COLLECTION

Trichodesma africanum whole plants was collected in December, 2021 at Samaru, Zaria Local
Government Area, Kaduna state. The plant was identified and authenticated by Mallam Umar
S. Gallah in the Herbarium of Department of Pharmacognosy and Drugs Development, Faculty
of Pharmaceutical Sciences, Kaduna State University, Kaduna, and was given a voucher
specimen number of KASU/PCG/054.

1.1. PLANT PREPARATION AND EXTRACTION

The plant (Trichodesma africanum) was air-dried in the shade until constant weight was
obtained. It was then size reduced into powder using a wooden pestle and mortar. Then 400g of
the dried powder was weighed and subjected to maceration for 48 hours with 2L of 70%
Methanol with occasional shaking. The mixture was filtered using a Muslin cloth followed by
Whatman filter paper and then dried on a water bath at a temperature of 50°%. The dried extract
was transferred into an air-tight container for storage until required. Percentage yield was
calculated as follows:
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% Yield = Weight of extract (g) x100

Weight of powdered plant material (g)
1.2. PHYTOCHEMICAL SCREENING OF CRUDE PLANT EXTRACT

Phytochemical screening of the plant extract was carried out at the Department of
Pharmacognosy and Drugs Development, Faculty of Pharmaceutical sciences, Kaduna State
University, Kaduna using the method described by Trease and Evans (1996). The Extract was
screened for the presence or absence of alkaloids, flavonoids, saponins, tannins, glycosides,
steroids, triterpenes, anthraquinones and carbohydrates

EVALUATION OF ANALGESIC ACTIVITY
Acetic Acid Induced Writhing Test

The method described by Koster was used for the evaluation of analgesic activity in mice
(Koster et al., 1959). The experimental animals were weighed and randomly divided into 5
groups consisting of 5 mice in each.

o Group | (Negative control) received normal saline (10 mL/kg).

o Group Il received methanol extract at doses of 250 mg/kg orally.

o Groups 111 received methanol extract at a dose of 500 mg/kg orally.

o Group 1V received methanol extract at a dose of 1000 mg/kg orally.

o Group V (positive control) received standard drug Aspirin (300 mg/kg).

All treatments were administered orally. 1Thour after administration of standard drug and test
samples, each mouse was injected with 0.6% acetic acid at the dose of 10 mL/kg body weight
intraperitoneally. The number of writhing responses produced by each mouse was recorded for
10 minutes commencing just 5 minutes after acetic acid injection.

% inhibition= Wc-Wt
We

Where W is number of writhing, ¢ is control and t is test

x 100

Hot plate-induced Pain Test in Mice.

This is one of the most commonly used methods for evaluating central analgesic activity of a
drug. In this method heat was used as a source of pain. Mice were divided into 5 groups of 5
each. First group served as negative control (10 ml/kg Distilled water), second group received
methanol extract at 250 mg/kg, third group received methanol extract at 500 mg/kg, fourth
group received methanol extract at 1000mg/kg and fifth group served as positive control
(morphine) at 10 mg/kg. After 1 hour, animals were individually placed on a hotplate
maintained at a temperature of 55+ 0.5 °C, and were placed not more than 20 seconds (cut off
time) on the hotplate, in order to avoid damage to the paws. The time taken to flick the hind
paw or lick or jump from the hot plate was considered as the reaction time of the particular
animal. The reaction time was recorded at 0, 30, 60, 90,120- and 150-min interval. An analgesic
increases the reaction time. Percent decrease in reaction time was taken as index of pain
perception at each interval (Kumae et al., 2011).

1.3. STATISTICAL ANALYSIS

Values where expressed as mean + standard error of mean (Meant+ SEM). Difference in mean
were analyzed using either one way or repeated measures ANOVA followed by Dunnette and
bornferoni's post hoc test. Values of p<0.05 where considered significant.
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RESULTS
Table 1: Phytochemical constituents of the methanolic extract of Trichodesma africanum
(Boraginacaea)
Phytochemical constituents Tests Presence/Absence
Carbohydrates Fehling’s test +
Saponins Frothing test +
Flavonoids Ferric chloride test +
Sodium chloride test +
Tannins Lead sub-acetate +
Terpenoids/steroids Salkowski's test +
Alkaloids Dragendoff’s test +
Anthraquinones Bontrager’s test -
Cardiac glycosides Keller-killiani test +
KEY;
+ = Present
- = Absent

Acute toxicity

No death was recorded in the mice treated orally with varying doses (2000 and 5000 mg/kg) of
the methanol extract of Trichodesma africanum. The extract was well tolerated by the mice
without any overt signs of toxicity.

Table 2: Effect of Acute oral administration of methanolic extract of Trichodesma
africanum in mice (LD50 Determination)

Onset of toxicity Signs and symptoms of
S/IN Dose mg/kg Duration of toxicity Mortality
toxicity
1 2000 Nil Nil Nil Nil
2 2000 Nil Nil Nil Nil
3 5000 Nil Nil Nil Nil

The estimated LDso Value for methanolic extract of Trichodesma africanum is > 5,000 mg/kg

Effect of Trichodesma africanum on Acetic acid induced writhing test in mice

A one-way ANOVA was conducted to compare the analgesic effect of trichodesma africanum
at different doses on the number of constriction of mice. An analysis of variance showed that
the effect of trichodesma africanum on the number of constriction of mice was significant.

Post hoc comparisons using the Tukey test found that the mean value of number of constrictions
was significantly different between extracts. At 250 mg/kg it's significant at p <0.05, 500 mg/kg
was significant at p < 0.001, and extract 1000 mg/kg at p < 0.001. There were no statistically
significant differences in the mean number of constrictions among other treatment groups.
Taken together, these results suggest that at a dose of 250 mg/kg and above the extract reduced
the number of constrictions thus possess an analgesic effect.
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Figure 1: Acetic Acid induce writhing in Mice

Values are meant SEM,*p<0.05 and ***p<0.001 are significant. NS=normal saline, ASA=
Acetylsalicylic acid, TAE trichodesma africannum extract.

As shown in the figure above, the analgesic activity of the extract was dose dependent with the
extract at a dose 1000 mg/kg observed to have the highest analgesic activity.
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Figure 2: Hot plate induced pain in Mice
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As shown in the figure above, the analgesic activity of the extract was observed to have
significance at a dose of 250 mg/kg and 500 mg/kg at 60 mins and 500 mg/kg at 150 mins.

Figure 2: Effect of Trichodesma africanum on hot plate induced pain in mice.

Post hoc comparisons using the Burnferoni test found that Extract 250 mg/kg and 500 mg/kg
showed statistically significant differences (p<0.05) in analgesic activity compared to the
negative control (Normal Saline) after the 60" minutes. Similarly, the positive control
(Morphine) showed comparative statistically significant differences in comparison with the
negative control. Extract 500 mg/kg also showed statistically significant difference in analgesic
activity after 150" minutes. There were no statistically significant differences among other
treatment groups before and after the 60" minutes except as indicated above.

It can be concluded from the analysis and interpretation that the extract possesses an analgesic
effect at a dose of 250 mg/kg and 500 mg/kg. Effect was observed more on the 500 mg/kg dose.

DISCUSSION

The therapeutic importance of medicinal plants is often attributed to the combination of their
active constituents (Essien et al., 2015). Different flavoniods isolated from medicinal plants
have shown remarkable antipyretic, analgesic and anti-inflammatory activities (Essien et al.,
2015). The phytochemical screening of this plant revealed the presence of some important
constituent such as carbohydrates, saponin, flavanoids, tannins, terpenoids/steroids, alkaloids,
cardiac glycoside but absence of Anthraquinones. Recently discovered analgesic substances
include, alkaloids, flavonoids and terpenoids. Previous studies have demonstrated that
systematically administered various flavonoids, including rutin, quercetin, pectolinarin and
gossypin, all produced significant anti-nociception in different pain test (Calixto et al., 2000).

The present study was designed to evaluate the analgesic potential of methanolic extract of
T africanum in Swiss albino mice. To evaluate the analgesic activity of the methanolic extract,
acetic acid-induced pain test was used to induce abdominal writhing in Swiss albino mice and
hot plate test was also used to induce pain in the mice. The acetic acid-induced writhing model
has been widely utilized as a standard assay to explore compounds with peripheral
antinociceptive activity from natural sources (Ayumi et al. 2020). It was widely employed to
evaluate the antinociceptive activity of triterpenoid saponins (Wang et al. 2006; Speroni et al.
2007; Yang et al. 2008; Chen et al. 2018). The injection of acetic acid stimulates peripheral
tissue damage, which further promotes the synthesis of eicosanoids — an important mediator in
pain and inflammation, and then results in the release of various inflammatory mediators and
prostaglandins — a main substance sensitizing the nociceptive neuron and inducing hyperalgesia
—which plays a key role in the writhing behaviors in this test (Berkenkopf and Weichman 1988).
When acetic acid is intraperitoneally injected into the experimental animal the following
characteristics are observed as indicators of pain; contraction of abdominal muscle, elongation
of body part and extension of the hind limbs. Therefore, such presentation is thought to be
mediated by peritoneal receptors (Bentley ef al., 1983). It has been proposed that acetic acid
acts indirectly by releasing endogenous substances responsible for exciting the nerve endings
and causing pain, but also excites neurons that are sensitive to drugs (Collier ef al., 1968). The
T africanum extract in this study exhibited analgesic activity by reducing the number of
abdominal writhes in acetic acid induced pain in mice after treatment with the extract. After ten
minutes of the test period, the 7. africanum extract at 250 mg/kg decreased the number of
writings by 23.3% while 500 mg/kg decreased the number by 42.0% and at 1000 mg/kg of the
extract, it demonstrated the highest analgesic activity by reducing the number of writhing by
55.2%. The analgesic activity of the extract was dose dependent with the extract at a dose of
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1000 mg/kg observed to have the highest analgesic activity. The extract demonstrated analgesic
activity by reducing the abdominal writhes by 55.2% compared to aspirin (reference drug)
which caused 62.8% reduction in abdominal writhes. And this finding is supported by similar
analgesic effect reported by Xishan et al., 2023 on antinociceptive activity of Dolichos trilobus
L (Leguminosae) on acetic acid induce pain in mice.

The hot plate test involves higher brain function, and is considered to be a supraspinally
organized response (Eddy et al., 1953). The hot plate model has been employed extensively for
the screening of compounds exhibiting analgesia by central mechanism, where elevation in pain
threshold of mice towards heat is determined. It is well known fact that, the response (paw
licking, jumping) by mice to noxious thermal stimuli in hot plate method is supra-spinally
mediated response (Wani et al., 2012). The analgesic effect exhibited by the extracts in hot plate
test could be due to their interaction with various receptors present in supra-spinal sites. Both
are considered to be supraspinally integrated responses. Stimulation of hot plate generates a
noninflammatory and acute nociceptive response appeared as paw licking and jumping
behaviors occurring at the supraspinal level (Le Bars ef al. 2001). Therefore, a drug or substance
possesses centrally mediated activity as opioids if its paw withdrawal threshold increased
(Abdul Rahim et al. 2016). The antinociceptive activity of triterpenoid and saponins were
widely evaluated by this animal model (Wang et al., 2006; Speroni et al., 2007; Yang et al.,
2008; Arrau et al., 2011; Chen et al., 2018).118The hot plate procedure possesses an advantage
over other methods of thermal stimulation, such as the tail flick (D'Amour et al., 1941), in that
the hot plate test can be applied repeatedly in the same animals over a short period of time (2—
3 h) without causing tissue injury.

The result for the hot plate analysis showed that Extract at 250 mg/kg and 500mg/kg showed
statistically significant differences in analgesic activity compared to the negative control
(Normal Saline) after the 60™ minutes. Similarly, the positive control (Morphine) showed
comparative statistically significant differences in comparison with the negative control.
Extract 500 mg/kg also showed statistically significant difference in analgesic activity after
150" minutes. There were no statistically significant differences among other treatment groups
before and after the 60™ minutes except as indicated above. It can be concluded from the
analysis and interpretation that the extract possesses an analgesic effect at a dose of 250 mg/kg
and 500 mg/kg. Effect was observed more on the 500 mg/kg dose. The analgesic effect may be
attributed to some of these constituents, and this finding is supported by similar analgesic effect
reported by Razafindrakoto ef al, 2021 on Antioxidant, analgesic, anti-inflammatory and
antipyretic properties, and toxicity studies of the aerial parts of Imperata cylindrica (L.) Beauv.

CONCLUSION

The methanolic extract of 7. africanum demonstrated analgesic activities on acetic acid-induced
pain and hot plate induce pain in swiss albino mice. The extract reduced the number of
abdominal writhings and pain sensitization significantly when compared to the reference drugs
(diclofenac and morphine). This study therefore concludes that the medicinal plant possesses
analgesic properties. Suppression of pain in this study could be attributed to phytochemical
constituents present in the extract. Therefore, it is possible to obtain analgesic agent from the
plant and serve as an alternative bio-resource in managing pain. The study thus, scientifically
confirms the traditional use of the medicinal plant in management of pain.
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Abstract

Geosynthetics are used for various application in geotechnical engineering to improve bearing
capacity of soils, to construct more durable highway sections. Reinforced earth walls are also
constructed using geosynthetics. Natural fibers such as coir, jute, sisal and flax are being used
to produce geosynthetic to be used in applications in recent years. Natural geosynthetics share
in the market increases day by day since they are environmental friendly than their synthetic
counterparts. However, natural geosynthetics are susceptible to biodegradation which limits
their service life. Hence, there are numerous studies regarding using natural geosynthetics in
various applications in geotechnical engineering such as increasing soil strength, their effect to
road subgrade behavior and interface characteristics with various soils. Since natural geotextiles
are naturally biodegradable, several researchers attempted to increase their service life by
applying natural and chemical substances to them. Then, increase in service life is determined
by soil burial tests and carrying out weighing and tensile tests. However, lack of studies about
hemp is seen in the literature. Therefore, hemp as a possible new natural material is introduced
to produce geosynthetics in this study. Studies related to hemp fibers investigating possible
production of hemp geotextiles are discussed. Advantages of hemp fibers to those such as jute
and coir fibers regarding their tensile strength and biodegradation also compared with jute and
coir fibers.

Keywords: Natural Geosynthetics, Hemp, Biodegradation, Tensile Strength

INTRODUCTION

Geosynthetics which are defined as a planar product manufactured from polymeric material to
be used in geotechnical engineering (ASTM D4439). Geosynthetics are mainly produced from
polymers which are derived from hydrocarbons. However, fiberglass and rubber might be used
to produce geosynthetics (Koerner, 2005). Geosynthetics are used in numerous geotechnical
engineering applications such as reinforcement, separation, filtration, drainage, fluid barrier and
protection (Shukla and Yin, 2006). There are eight types of geosynthetic products such as
geotextiles, geogrids, geonets, geomembranes, geosynthetic clay liners, geopipe, geofoam and
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geocomposites (Koerner, 2005). Those products are used in at least one of the geotechnical
applications given above.

Statistical data gathered from 1970 to 1990 shows that geotextiles are the most produced type
of geosynthetics in North America with a total production of 600 million of square meters in
1970. Similar trend is observed in Western Europe between 1970 to 1995. 400 million square
meter geotextile consumed in 1995 in Western Europe. These numbers show that demand and
consumption of geotextile increase year by year.

Beside from synthetic polymers, natural materials are also used to produce geosynthetics. Those
type of materials are also called as geonaturals (Shukla and Yin, 2006). Geonaturals are mostly
produced from coir and jute fibers while cotton, wool, kenaf, sisal fibers are also used in
geotextile production (Shukla and Yin, 2006; Rawal and Anandjiwala, 2007; Shirazi et al.,
2019; Alajmi et al., 2022). Using natural material to produce geotextile has taken attention due
to increased awareness of sustainability (Lal et al., 2017). Geonatural geotextiles provides equal
tensile strength and Young’s modulus with respect to their synthetic counterparts. However,
consumption of geonaturals covers 5-6% of total geotextile consumption (Chakravarthy et al.,
2020).

It is clear that we should consider sustainability and cleaner production to control or even reduce
the effects of climate change. Therefore, instead of geotextiles produced from fibers which are
obtained from crude petroleum oils, geonaturals will be preferred more day by day. Therefore,
this study aims to explain current state of art regarding natural geotextiles and their future with
new natural fibers to be used to produce natural geotextiles.

COIR GEOSYNTHETICS

Coir geotextiles are produced from coir fibers. Coir fibers are obtained from coconut husk
which is waste material (Subaida et al. 2009). Coir fibers have high lignin content which
provide durability against degradation more than other fibers (Subaida et al. 2009). Coir fibers
presents higher strength against tear than other natural fibers (Anusudha et al 2020).

Subaida et al. (2008) investigated behavior of woven coir geotextiles and geogrids under direct
shear and pull-out conditions. Five different type of coir geonaturals were produced as
geotextile and geogrid. Geonaturals were tested three different granular soil to evaluate their
interactions with three different granular soils. Angle of friction of sands are reported as 41, 42,
49 degrees in the study. Direct shear tests were conducted using 60*60*50 mm direct shear box
and under 100, 200 and 300 kPa normal stress. Pull — out tests were conducted under 10, 20
and 30 kPa normal stress. Direct shear test results showed that, maximum contact efficiency is
provided when opening size of the geonaturals is slightly larger than the particle size of soil
used in this study. Results of pull-out tests revealed two different type of behavior with respect
to geonatural type. In case of geotextile, pull-out results were independent from particle
diameter of soil, however largest pull-out force is obtained fine granular soil.

Lal et al. (2017) investigated contribution of geotextile and geocell to bearing capacity of sand.
Sand is prepared at 60% relative density inside the loading tank with a dimension of
750%750*750 mm. Footing width is selected as 150*150*150 mm so that the boundary
conditions do not affect test results. Effect of distance from the base of footing to the
reinforcement, width of the geotextile and geocell, number of geotextile layer, height of geocell
and distance between geotextile layers to bearing capacity were investigated in this study.
Results of this study shows that geocell increases bearing capacity of sand more than geotextile
reinforcement. Maximum increase of bearing capacity is observed when geocells are used as
reinforcement. Maximum improvement factor is observed when distance of geocell and
geotextile equals to 0.1 and 0.25 times of foundation width (B) respectively. The highest bearing
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capacity is achieved if the geocell height equals to 0.67B or 4 layers of coir geotextiles are used.
However, it is also reported that, increasing height of geocell contributes more than increasing
number of geotextile.

Subaida et al. (2009) investigated behavior of unpaved roads reinforced with woven coir
geotextiles in laboratory. Their test program investigated effect of loading scheme, type of coir
geotextile and location of geotextile. It is shown that inclusion of woven geotextile increased
bearing capacity especially in thin sections. Permanent plastic deformations significantly
lowered when geotextile is used because, geotextile prevented lateral spread of foundation soil.
Geosynthetic location is found to be important in this study. Optimum depth of coir geotextile
found to be 1/3 of the foundation width.

Tiwali and Satyam (2020) used coir geotextiles treated with lime and silica fume to reduce
swelling pressure of soils. Constant volume swelling pressure, CBR and large scale direct shear
tests were carried out to see the influence of coir geotextiles. Placement depth of geotextiles
were also changed during the study find optimum placement depth. Single and double layer
geotextiles were placed at one third and half of samples. Swelling pressure decreased by
introducing geotextiles in to samples. Clay sample without geotextile has swelling pressure
around 70 kPa however, it decreases to around 10 kPa when two-layer geotextile treated with
lime were placed. Silica fume treated geotextile did not reduce swelling pressure significantly
when compared with untreated geotextile. Similarly, soaked CBR value increases with
geotextile, lime treated geotextile gives higher CBR values due to pozzolanic reaction of
hydrated lime. Silica fume treated caused small variation in CBR values than untreated
geotextile due to higher specific surface area of silica fume. CBR value equal to 1.5% for pure
clay while it increases to 6.5% for lime treated double layer geotextile application. When the
authors evaluated shear strength of samples, it is seen that geotextile inclusion increased the
shear strength. The increment was equal to 96% compared to untreated sample under 24.63 kPa
normal stress. Similar behavior was observed for higher normal stresses. It is seen that, there is
not significant difference between silica fume and lime treatment.

Saikia et al. (2019) conducted plate load tests using coir geotextiles at the interface of aggregate
and sand layer. Thickness of aggregate layer varied as 10 cm, 15 cm and 20 cm, while sand
layer kept constant as 80 cm. Coir geotextiles are used in single- and double-layer configuration.
Results showed that coir geotextile increased bearing capacity of soil. The maximum
contribution of double layer coir geotextile was observed when it is used with 15 cm aggregate
layer thickness.

Lekha and Kavitha (2006) investigated strengthening clay dykes with environment friendly coir
geotextiles by conducting field studies. Researchers thought that coir geotextile will function
until the primary consolidation of clay which will provide safety of dykes. North Dakota
penetration test is used to determine penetration resistance of geotextile protected or
unprotected dykes. Penetration resistance of dykes increases with time when coir geotextile is
used. As the water level increases in neighboring canal, protected and unprotected loses
penetration resistance. Beside that, penetration resistance decreases faster in case of unprotected
dykes. After one year of observation, it is seen that, protected dykes with geotextiles have higher
penetration resistance than unprotected dykes.

Visvanathan et al. (2020) investigated behavior of a low volume road sections without or with
coir geotextiles. Study covered a road section with a length of 1.736 km with two different type
of coir geotextile and eight different subgrade thicknesses. Static plate loading tests, CBR tests
and dynamic cone penetration tests were carried out. Tests results are compared with each other
considering geotextile type and subgrade thicknesses. Coir geotextiles used in this study
increased bearing capacity of all sections considered in this study. CBR test results and dynamic
cone penetration test results supported those findings. Coir geotextile with a higher weight per
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square meter, tensile strength and less opening size outperformed the other type of coir
geotextile used in this study. Both type of coir geotextile resulted reduction of aggregate layer
thickness. Therefore, it is stated that, coir geotextile can be a good alternative to use under road
subgrades which will reduce demand to natural resources such as aggregates.

Vinod and Bhaskar (2011) investigated effect of coir geotextile to bearing capacity of sand.
Geotextiles and sand placed in test tank which have 600 mm length, 600 mm width and 500
mm depth in dimensions. Footing dimension are selected as 100 mm * 100 mm so that the test
will not be affected by boundary conditions. Geotextiles were used in single layer configuration
but, their length and depth of burial changed during tests. According to loading test, bearing
capacity of footing increased 300% when single layer geotextile is introduced. It is found that,
optimum depth of coir geotextile should be between 0.33 to 0.5 times of footing width. Beside,
optimum coir geotextile width found to be two times of the footing width. When multiple coir
geotextile layers are placed, the optimum layer number is found as four layers. Four layers of
geotextiles maximize bearing capacity of footing when they are placed 0.5 times of footing
width below the footing level.

Vinod and Minu (2010) determined contribution of coir geotextile to California Bearing Ratio
(CBR). Five different types of coir geotextile were used and their contribution to four different
soils such as soft clay, clay, lateritic soil and sand over soft clay. Results of this study proves
that, CBR values of soils can be improved using coir geotextiles. Woven coir geotextiles
provided higher CBR values than coir geogrids produced by hand.

Anusudha et al. (2019) carried out small scale plate loading test so that increase of bearing
capacity of a high plastic organic soil due to effect of coir geotextile. Woven coir geotextile is
used throughout the study. Loading tests were performed for only subsoil and subgrade soil
over subsoil. Coir geotextile were placed at interface of subgrade and subsoil in the second case.
Two types coir geotextile used in the study. Finite element method is also employed to simulate
tests carried out. Vertical deformations decreased as much as 38% when coir geotextile is
employed.

Sridhar and Prathapkumar (2017) used coir geotextiles to increase bearing capacity of granular
soil. Bearing capacity of sand is evaluated for different coir geotextile layer configuration.
Bearing capacity and settlement reduction is compared for different total depth of burial of coir
geotextiles. Effect of number of coir geotextile layer was also evaluated in this study. It is seen
that, increase of coir geotextile layers resulted increase in CBR values, decreased settlement
reduction factors. Optimum number of coir geotextile layers are found as 3-4 with respect to
bearing capacity and settlement reduction factor. Further increase of coir geotextile number
results marginal changes in bearing capacity increase and settlement reduction.

Arora et al. (2019) investigated change in bearing capacity of sand when chemically treated
coir geotextile is used as a reinforcement. Sodium hydroxide and sodium permanganate used
for treating woven and non-woven geotextiles. Coir geotextiles were treated in three different
ways. Coir geotextiles were only treated with sodium hydroxide, coir geotextiles were only
treated with sodium permanganate and coir geotextiles were treated both sodium hydroxide and
sodium permanganate. Chemically treated coir geotextiles were dried at room temperature.
Sand and silty sand is used in the study which are compacted at optimum water contents. Woven
and non-woven coir geotextiles that are placed in interface of silty sand and sand, however the
highest bearing capacity is achieved when geotextile is treated with both sodium hydroxide and
sodium permanganate.

Vivek et al. (2019) investigated using p-aminofenol, sodium periodate and sodium hydroxide
treated and untreated coir geotextiles in unpaved roads. Monotonic loading is performed over
two layer of soil placed inside a loading tank. Clay is placed beneath sand. Untreated and treated
coir geotextiles are placed at interface of clay and sand. Bearing capacity of unpaved road
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section is improved after 9 mm and 13 mm of deformation when treated and untreated coir
geotextiles were used. It is said that, coir geotextile could be useful when they are especially
used in rutted road sections.

Anusudha et al. (2020) investigated effect of coir geotextile in improving unpaved low volume
roads and improving subsoil’s modulus by carrying out Benkelman Beam Test, static plate load
test and field test. Two different coir geotextiles which have different unit area weight is used
in study. Tests were conducted at different locations with different traffic, subsoil, granular soil
thickness and used coir geotextile. Test results revealed that, elasticity modulus of subsoil
increases significantly by adding coir geotextile. Increased elasticity modulus is used in design
software (KENLAYER) to obtain design charts. It is found that, woven coir geotextiles increase
elasticity modulus of road section, which reduces degradation of road section. It is stated that,
using coir geotextile would reduce construction costs.

Jaswal et al. (2022) also investigated effect of untreated and treated coir geotextile into bearing
capacity. Two woven and two non-woven coir geotextiles are used in study. Coir geotextiles are
treated with bitumen emulsion and unsaturated polyester resin, then placed at interface between
sand and clay. It is seen that, bearing capacity of soil with woven geotextile increased more than
soil with nonwoven geotextile. It is also stated that, treated geotextile caused more increase in
bearing capacity than untreated geotextile caused which results reduction in sand layer.

Harinder et al. (2022) carried out a study to reveal effect of coir geotextile to static and dynamic
performance of embankment. California Bearing Ratio (CBR) and rut depth tests were
conducted during study. Results of the study proves that addition of coir geotextile slows down
settlement, reduces residual deformation and rutting depth. CBR values increases when coir
geotextile is installed. Harinder et al. (2022) also states that, implementation of coir geotextile
into design reduces maintenance costs of flexible pavements and increases service life of
flexible pavements.

Singh et al. (2021) also investigated CBR behavior of soils reinforced with coir geotextiles with
different layer arrangements. CBR tests were also carried out for soils mixed with marble dust.
Marble dust inclusion increases CBR of soils while it reduces maximum dry density. Maximum
CBR increase is measure when coir geotextile placed H/3 from surface of soil sample. In case
of double layer reinforcement, the highest CBR i1s measured when coir geotextile is placed H/3
and 2H/3 depth from the soil surface.

Beena and Babu (2008) investigated effect of coir geotextiles to consolidation of clays. Coir
geotextiles were placed in rectangular and circular patterns. It is seen that consolidation process
becomes quicker due to coir geotextile.

JUTE GEOSYNTHETICS

Jute fibers have high tensile strength and modulus. Although jute fibers are biodegradable, they
are annually renewable and available at low cost (Basu et al. 2009).

Bera et al. (2009) investigated effect of jute geotextiles to unconfined compression strength of
fly ash. Different number of jute geotextile were placed inside the fly ash samples. Effect of
saturation degree, sample curing time, size of samples was also investigated in the study. It is
found out that the sample size effects the unconfined compression strength (UCS) of samples
when jute geotextiles were used. Addition of four layers of jute geotextiles increases UCS
around 525%. Researcher also proposed an equation to predict the UCS of fly ash samples
depending on number of jute geotextile layers.

Basu et al. (2009) investigated performance of jute and high density blended geotextile in
construction of unpaved rural roads. Road section constructed in this study consist of 100 mm




INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS
20-22 / MAY /2024 / ANKARA

compacted top layer, 100 mm compacted subgrade, 5 mm backfill, geotextile and earthen
subbase. CBR tests were carried out in laboratory and in the field after 11 and 18 months after
the construction. It is seen that produced hybrid geotextile increased CBR values of road section
even after 18 months later. It also seen that, road surface was intact even after 18 months while
rutting was observed at section without geotextile. Investigation pits showed that, jute fibers
were degraded but, during degradation, a hard cake of soil seen. Hard cake soil is responsible
for CBR increment and intact road surface.

Mechanical properties of jute and polypropylene hybrid nonwoven geotextiles were
investigated by Rawal and Sayeed (2013). Hybrid geotextiles were produced by mixing jute
fibers and polypropylene fibers at different ratios. Artificial circular and horizontal cuts were
induced and then mechanical properties were evaluated by wide width tensile test and CBR
puncture tests. Each tests were repeated for five times. Tensile test results showed that tensile
strength and tensile modulus of produced hybrid geotextiles are higher in the cross-machine
directions. It is also shown that if jute/polypropylene ratio equals to 40/60, almost equal tensile
strength were determined for virgin and damaged geotextiles. It is also reported that higher
tensile modulus is determined in case of 40/60 jute/polypropylene geotextile. Results prove
that, natural jute fibers improved tensile modulus of hybrid geotextile while insignificant
reduction is observed in tensile strength. Induced damage resulted lower tensile properties.
Reduction was higher in case of horizontal cut than circular cut.

Basu et al. (2019) produced a hybrid geotextile from jute and high density polyethylene (HDPE)
fibers to stabilize river embankment. HDPE fibers were employed in machine direction and jute
fibers were employed in cross machine direction during production. Produced geotextile were
used for slope stabilization of river embankment. Studied embankment constructed without any
trench or impervious core which makes it susceptible for failure. Therefore, it is decided that
the embankment will be covered with geotextile produced from jute and HDPE fibers. Six
different type of hybrid geotextiles were produced whose tensile strength varies between 9.23
kN/m to 10.70 kN/m in machine direction while, it is between 17.38 kN/m to 38.11 kN/m in
cross machine direction. The elongation of hybrid geotextile is higher than only HDPE
geotextile. The elongation varied between 38.11% to 17.38% in machine direction while it
changes from 7.25% to 18.66% in cross machine direction. CBR resistance of the hybrid
geotextiles were found to be higher than pure jute and pure HDPE geotextiles. After the
geotextiles were installed, river embankment was monitored for 8 years. Reinforced sectioned
showed no sigh of collapse or rain cuts. Installed hybrid geotextile provided compacted hard
soil layer at different section of river embankment at varying thicknesses. Those compacted soil
layers has higher shear strength changing from 0.8 kg/cm?2 to 4 kg/cm?2. Increased shear strength
resulted higher safety against slope failure.

Buragadda and Thyagaraj (2019) investigated effect of jute geotextile to sand’s bearing capacity
considering location of top reinforcement layer from footing, vertical spacing of geotextiles,
number of reinforcement layers and width of reinforcement. Jute geotextile having 13.8 kN/m
and 12.5 kN/m tensile strength at machine direction and cross machine direction respectively.
900 * 900 *900 mm loading tank is used with a footing 50, 100, 150 mm loading plate diameter,
so that boundary conditions do not affect test results. The highest bearing capacity of footing is
achieved when jute geotextile is placed 0.3 times the footing diameter. If more than on layer is
used to reinforce sand base, optimum distance between layers is found as 0.3 times the diameter.
Optimum number of reinforcement is also determined in this study with respect to bearing
capacity. Increasing number of reinforcement led to higher bearing capacity, however, after four
layers of geotextile, increase of bearing capacity becomes insignificant. This means that
optimum number of reinforcement layer equals to in this study. Optimum reinforcement width
also determined as 3.5 time of footing diameter considering bearing capacity ratio.
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Muthukumar et al. (2019) produced geocell and evaluated their contribution to sand’s bearing
capacity by carrying out laboratory plate loading tests. Effect of thickness of sand layer between
geocell and footing, width and height of geocell is investigated in this study. Steel tank and
footing with dimensions 500 mm * 500 mm * 500 mm and 100 mm * 100 mm * 10 mm were
used respectively in this study. Jute geocell was produced by stitching geotextile strips using
yarns. Plate load test result showed that, maximum improvement in soil bearing capacity is seen
if distance between footing and geocell equals to 0.1 times of footing width. It is seen that, as
the width of geocell increases, bearing capacity of geocell reinforced sand increases. However,
if width of geocell is more than four, insignificant increase is seen. Similar behavior is observed
in case of height of geocell. Bearing capacity of geocell reinforced sand increases if the height
of the geocell increases up to 0.6 times of the footing width. After this threshold value, soil
bearing capacity insignificantly increases.

Gupta et al. (2021) investigated effect of Alkali Activated Binder (AAB) coated jute geotextile
on subgrade stabilization. Water/solid (w/s) ratio of AAB were chosen as 0.35, 0.40, 0.45. AAB
with a different water contents were applied to jute geotextiles. Tensile strength and contribution
to bearing capacities of jute geotextiles were evaluated. Interface shear characteristic were also
evaluated. Sand classified as poorly graded sand (SP) according to unified classification system.
Bearing capacity tests were carried out using steel tank with dimensions 1.2 m length, 0.91 m
width and 0.91 m depth. AAB treatment increased tensile strength of jute geotextile. Interface
friction angle between sand and untreated jute geotextile is higher than sand’s friction angle.
Interface friction angle decreases AAB treatment along with increasing w/s ratio, while
cohesion increases. Load test showed that, AAB treatment increased bearing capacity, however
the highest increase is observed when jute geotextile treated with AAB if w/s ratio equals to
0.35.

Midha et al. (2017) investigated performance of chemically treated jute geotextile in unpaved
roads. Unpaved road is simulated as stone aggregates while soil base is simulated with natural
soil which consist of sand, silt and clay. Rain conditions are also taken into consideration which
is satisfied by applying 50 mm and 100 mm/h rainfall intensity. Geotextiles are placed between
natural soil and stone aggregate. Geotextiles are placed inside a sand layer in some tests.
Chemical treatment of jute geotextiles is carried out by applying resorcinol, cheshewnut shell
liquid and condensed tannin solution. This process is called as transesterification. Other group
of geotextiles were coated by bitumen. Geotextiles were removed from the design models after
30, 60 and 90 days. Removed geotextiles were subjected to tensile test. Transesterified jute
geotextiles reached tensile strength of 7000 N/m and 6500 N/m in warp and weft directions
respectively. Bitumen coated geotextiles’ tensile strength is measured as 9000 N/m and 8000
N/m in warp and weft directions respectively. Samples removed after 90 days and subjected to
100 mm/h rainfall intensity experienced reduction in their tensile strength. Tensile strength of
transesterified jute geotextiles determined as 3235 N/m and 1590 N/m in warp and weft
directions respectively. Those values correspond to 46.22% and 24.45% of initial tensile
strength. In case of bitumen coated jute geotextiles retained 58.5% and 47.12% of their initial
tensile strength after 90 days of burial and 100 mm/h rainfall conditions. Those values given
above results when sand layer presents. If sand layer does not used in model, all geotextiles
underwent higher degradation. Lower rainfall intensity resulted higher retention of tensile
strength of samples. Similar results are determined for puncture diameter.

GEOSYNTHETICS FROM OTHER FIBERS

Mwasha and Petersen (2010) investigated behavior of environmental friendly geotextile
produced from sisal fibers. Behavior of an embankment reinforced with sisal geotextile is
observed. Embankment is constructed from quartz sand while subsoil is obtained from Caroni
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swamp which needs improvement. Tensile strength of sisal geotextile is investigated after it is
buried under different soils for different time durations. It is concluded that, under external
loads; sisal geotextile reinforced embankment, while subsoil consolidated at the same time.
Therefore, even sisal geotextile is fully degradated, soft soil will consolidate and gain strength.
Therefore, sisal geotextile can be used for reinforcing embankments.

PREVENTION FROM BIODEGRADATION

It is clear that the geonaturals performs as well as their synthetic counterparts, however service
life of geonaturals are very limited and they biodegrade quickly. Therefore, increasing
geonaturals service life has taken a lot of interest in the literature. Those studies covered and
investigated variety of technics covering geonaturals by natural or synthetic substances. Those
studies and their results are summarized below.

Saha et al. (2012) developed a method to increase durability of jute geotextiles against acidic
solutions, alkali solutions, biological degradation and physical degradation. The new method is
called as transesterification. Transesterification is a chemical treatment process to produce more
durable natural geotextiles. Jute fabrics were dipped in a solution which consisted sodium
hydroxide, plant tannin, cashew nut shell, liquid, resorcinol, neem oil and formaldehyde. The
treatment applied to jute fabrics yielded higher tensile strengths after samples were subjected
to acidic and alkali solutions. Treated samples retained 50% of their initial tensile strength
while, untreated ones retained only 15% of their initial tensile strength. Chemical treatment also
increased durability of jute geotextiles against salinity solutions. Treated samples retained 48%
of their initial tensile strength after biological degradation for 200 days while, tensile strength
of untreated samples could not be measured after 90 days due to total degradation.

Marques et al. (2014) investigated effects of climatic condition of southern Brazil on
degradation of coir geotextiles. Effect of seasonal changes in weather conditions and lime
treatment of coir geotextiles were evaluated by tensile tests. Untreated coir fibers retained 23%
of their initial tensile strength while, treated fibers retained 19% of their initial tensile strength
after 12 months of exposure to climatic conditions. Researchers are also reported that,
biodegradation is faster during heavy rain season. It is also revealed by the researchers that,
lime treatment of geotextile changes biodegradation in first 3 months while, it does not affect
long term behavior.

Joshi and Midha (2022) conducted a study to increase serviceability life of jute geotextiles that
are used in road construction. In order to do so, CA-chitosan treatment applied to jute
geotextiles. Degradation of treated geotextiles were evaluated under different rainfall
conditions, different road sections and different time intervals. Degradation of treated jute
geotextiles were evaluated by retained tensile strength after burial. CA-chitosan treatment
resulted in higher tensile strength. However, all samples lost tensile strength after burial.
However, geotextiles buried inside sand layer retains higher tensile strength. Higher strength
decrease observed when rainfall is higher at the same time duration. CA-Chitosan treated jute
geotextile’s tensile strength is measured as 1400 kN/m in warp direction, however it decreases
to 712 kN/m after 90 days of burial and 100 mm rainfall without sand layer. If the geotextile is
placed within a sand layer, retained strength is measured as 786 kN/m at same conditions.
Puncture diameter is also decreased due to CA-chitosan treatment, but increases as burial time
increases.

Chakravarthy et al. (2021) investigated change of durability of jute geotextile when jute
geotextile is treated with alkali-activated binder (AAB). Three different water to solid ration is
used to produce alkali-activated binder. F type fly ash, sodium silicate, and sodium hydroxide
is used to produce AAB. Jute geotextile is coated with produced alkali-activated binder and
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then buried into soil. Samples were remained buried for 30, 90 and 180 days. Durability of
buried samples were evaluated by stereomicroscopy, FTIR, Scanning electron microscope
(SEM) mass per unit area tensile strength and elongation at break. When the jute geotextiles
were covered with AAB, significantly changes surface morphology. Voids of jute geotextiles
are reduced by application of AAB which also affects permeability of geotextiles. Permeability
of jute geotextiles decreases with the AAB treatment. The lowest permeability of treated jute
geotextile is determined when the water to solid ratio equals to 0.40. SEM analysis showed that,
as the water to solid ration increases formation of unreacted fly ash particle decreases. Weight
loss of samples also observed in the study. Untreated jute underwent 6% of weight loss, while
weight loss of treated jute geotextile was less than 1% if water to solid (w/s) ratio equals to 0.35
which is the lowest of all treated samples. Similarly, the highest tensile strength is measured
when w/s equals to 0.35. It should also be noted that, initial tensile strength of samples increases
if they are treated with AAB. In similar research conducted by Chakrabarthy et al. (2021)
evaluated resistance of AAB treated and natural jute geotextiles against acid and alkali attack.
Treated and untreated jute geotextiles were also subjected to soil burial and compost soil burial
tests. Hydrolysis test were also run over all samples. Weight loss, tensile strength and elongation
at break were evaluated to determine degradation of samples. The highest weight loss was
observed for samples subjected to acid attack. Natural geotextile lost 80% of their initial weight
if subjected to acid attack after 90 days. If the jute geotextiles coated by AAB, they retain more
weight than uncoated samples. However, if w/s ratio equals to 0.35, the lowest weight loss is
observed under acid attack and soil burial after 90 days. In case of alkali attack and compost
burial, the lowest weight loss is observed for AAB with 0.40 w/s ratio after 90 days. However,
in those cases, the lowest weight loss is calculated for other w/s coated jute geotextile for 30
day and 60 day of exposure. Tensile strength of AAB treated jute geotextile increases up to 15
kN/m from 7 kN/m. Samples can not retained their tensile strength when they subjected to acid
attack for 30 days. Alkali attack also decreased tensile strength of treated samples, however
tensile test can be still performed even after 90 days of exposure. AAB with 0.35 w/s ratio has
the highest resistance to environment effects after 90 days.

Gosh et al. (2014) used bitumen to increase service life of non-woven jute geotextiles. Burial
tests were performed by compost soil which consists of fertile garden soil, cow-dung manure
and sand. Bitumen emulsion increased tensile strength of non-woven jute geotextiles, however
decreased permeability, permittivity. Bitumen treated non-woven jute geotextile retained almost
60-70% of tensile strength as well as puncture resistance. Bitumen coating provided a protective
barrier against microbes, soil and moisture between jute fibers.

Khan et al. (2022) investigated improvement of biodegradation of flax fibers by coating
chitosan and linseed oil. Researchers states that, if correct treatment method is chosen, service
life of flax fibers can be doubled.

Renourad et al. (2017) also investigated biodegradation of flax fibers. Cellulosic coating and
antibacterial substance were applied to fibers. Cellulosic and antibacterial coating were applied
separately and together to fibers. Cellulose coating increased resistance to biodegradability of
flax yarns while antibacterial substance did not make any difference. Service life of flax yarns
increased because biodegradability occurred in coating at the initial stages, then flax yarns
biodegrades. Antibacterial coating did not work because, it did not provide any bonding with
flax yarns. However, when antibacterial substance applied after cellulose coating, it prevented
bacterial growth. It is concluded that natural subtances can be used to prevent biodegradation
of flax yarns.

Renourad et al. (2014) investigated biodegradation flax fibers using Aspergillus niger cellulase
and exposed to Cellvibrio bacteria. Chitosan treatment is also applied to fibers so that, its effect
to biodegradation of flax yarns. Three different type of chitosan is used such as low molecular
weight, medium molecular weight and high molecular weight. It is revealed that, chitosan
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application provided protective layer over flax fibers which reduces biodegradation. Therefore,
potential flax fibers could be more resistive to biodegradation when chitosan treatment is
applied. It is also said that, chitosan coating method is more environmental friendly than its
synthetic counterparts.

Vivek et al. (2020) conducted durability study on coir geotextiles. Two different of woven coir
geotextile and two different non-woven coir geotextile were used in the study. Chemical
treatment was also employed over the samples. Paminofenol, sodium periodate and sodium
hydroxide is used for chemical treatment of samples. Untreated and treated samples were buried
in interface of sand-clay interface. Samples were removed from soil after 2, 6, 8 and 12 months
after and subjected to tensile test. All samples lost their tensile strength after they are removed
from soil. It is found out that reduction of tensile strength in weft direction is higher than tensile
strength reduction in warp direction in case of woven coir geotextiles. Similar behavior is
observed in case of non-woven coir geotextiles too. Reduction in tensile strength were higher
in chemically treated samples than untreated samples in case of woven geotextiles. However,
in case of non-woven samples, untreated samples tensile strength reduction was higher in
untreated samples than treated samples.

Sayida et al. (2020) investigated biodegradation of coir geotextiles buried in five different soil
types. Bio-degradation is reported as reduction in tensile strength and CBR value. Surface
morphology of virgin samples and buried samples were also reported in their study. Coir
geotextile samples were buried for 135 days, which resulted 30% to 95% reduction in tensile
strength. Test results of samples removed earlier showed that, rate of biodegradation is lower,
however, increases by time. CBR value decreases by time due to biodegradation. In their field
tests, coir geotextile is found after years which proves that, laboratory tests overestimates
biodegradation of sample.

Ghosh et al. (2014) used bitumen emulsion increase durability of jute geotextiles. Physical,
mechanical and hydraulic properties of bitumen impregnated jute geotextiles are determined.
Pure jute and bitumen impregnated jute samples are buried in soil for 21, 30, 90, 180, 270 and
365 days. Bitumen impregnated jute geotextiles retains 60% to 70% of their initial tensile
strength which shows bitumen impregnation increases durability of jute geotextiles.

Thakur et al. (2021) also investigated bitumen impregnation to increase service life of jute
geotextiles. Compost soil is prepared by mixing garden soil, cow dung and sand is mixed by
2:1:1. Treated and untreated soils are buried for 21 days. Bitumen impregnation increased
tensile strength and elasticity of jute geotextiles. When bitumen is impregnated 0.5 kg/m2 and
0.6 kg/m2, samples lost 17.03% and 14.49% respectively.

Sumi et al. (2018) used cashew nut liquid to modify coir geotextiles surface to increase their
long term performance. Untreated and treated geotextiles were placed to acidic, alkaline, salty
environmental and subjected to wetting drying cycles. Biodegradation is then evaluated by
carrying out tensile strength tests. Untreated and treated samples were placed at different depths
during soil burial tests. Results showed that, untreated samples biodegraded faster when they
are buried at lower depths of soil where microorganisms are more active. It is also seen that,
treated samples retained 70% to 80% of their initial tensile strength while untreated samples
retained 12% of their initial tensile strength after one-year burial duration. Alkaline conditions
marginally affected biodegradation rate of samples than acidic conditions.

FUTURE: HEMP GEOSYNTHETICS

Hemp fibers were used to produce sail and ropes to be used in ships because they have high
strength and durable to salty environment (Peev, 2012). Hemp fibers constitutes from cellulose,
hemicellulose, lignin and pectin. Hemp fibers are resistant to heat and UV light. Hemp fibers
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are resistant to microorganisms and alkaline, but weak to acidic environment (Karakaya, 2021;
Mangut and Karahan 2011).

It is also known that, hemp fibers have higher strength than coir, jute and cotton. Hemp fibers
elasticity modulus is also higher than other natural fibers. Mechanical properties of several
natural fibers provided below from Hao et al (2018).

Table 1. Mechanical properties of natural fibers.

Tensile

Fiber Densigy Elongation Strength Elasticity

Type (g/cm®) | (%) (MPa) Modulus (GPa)
Hemp 1.47 4 690 70

Cotton 15 7 400 12.6

Jute 1.3 1.8 773 26.5

Coir 1.2 30 593 6

Mechanical properties of hemp fibers are also compared with polypropylene (PP) fibers and

high density polyethylene (HDPE) fibers in Table 2 (Ku et al. 2011).

Table 2. Comparison of mechanical properties of Hemp fibers with synthetic fibers

Fiber Density Elongation Tensneh Elazt'?'ty

Type (g/cm?) (%) Strengt Modulus
(MPa) (GPa)

Hemp 1.47 4 690 70

PP 0.899-0.920 | 15-700 26-41.4 0.95-1.77

HDPE | 0.94-0.96 2-130 14.5-38 0.4-1.5

It 1s clear from Table 2 that, hemp fibers have better mechanical strength than synthetic fibers
as well. Therefore, hemp fibers can be used for production of natural geotextiles. Similar
conclusions have been drawn by Ouagne et al. (2017). Hemp yarns found to have higher
mechanical properties than flax yarns. When hemp yarns subjected to cellulase or bacterial
attacks, hemp yarns strength were measured 2 times of coir yarns and tensile modulus was
measured 3 times more than coir yarns. When hemp yarns are protected by chitosan, hemp
yarns did not show significant strength and young modulus loss. Therefore, authors stated that,
hemp can be used to produce geotextiles. Gregoire et al. (2021) investigated effect of hemp
fiber production methods and effect of production method to mechanical properties of hemp
fibers. It is reported in this study that, production method influences mechanical properties of
hemp fibers. The lowest tensile strength and tensile modulus are measured as 500 MPa and 30
GPa respectively. It is concluded in this study that the hemp can produce long fibers and those
fibers can be used in load bearing composites. Gregoire et al. (2020) used different process
parameters to produce hemp fibers and evaluated mechanical properties. Therefore, production
method that provides the highest mechanical properties is determined in this study. It is seen in
this study that, the highest tensile strength and modulus is measured for raw hemp fibers, while
as the process steps increases those measured properties decreases due to kinks occur during
process. It is concluded in this study that, fibers from hemp can be used to produce load bearing
geotextiles.

As can be seen from the literature, hemp fibers can be used to produce geotextiles. There is
another aspect to be considered regarding hemp which is its environmental effects. Therefore,
properties such as required amount of water to produce, CO2 footprint for primary production
and fabric production, and required fabric production energy should be compared with other
natural fibers. This comparison may be seen on Table 3.
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Table 3. Eco-Properties of Hemp, Coir and Jute Fibers (Ashby, 2013)

Embodied COz Fabric Fabric
Fiber Energy, footprint for | Water Production Production | Net Heat of Combustion
Twna Primary primary Usage Ener COz Combustion CO: (kg/kg)
yp Production | production | (L/kg) (MJ/IES/) Footprint (MJ/kg) 2 (Kgikg
(MJ/kg) (kg/kg) (kg/kg)
Hemp |  10-12 0.37-0.41 23%%% 248-273 | 0.198-0218 | 17-17.9 1.39-1.46
Coir 7.2-7.96 0.427-0.472 2331%% 2.48-2.73 0.198-0.218 14.2-14.9 1.39-1.46
Jute | 30-33 1214 | 5000 | 248273 | 01980218 | 169177 | 139-146

It is clear from Table 3 that the coir requires the least energy to produce. It can also be said that
there is insignificance difference between hemp and coir fibers for required energy to produce.
However, jute requires three times more energy than hemp and coir. Although there is an
insignificant difference with coir, CO2 footprint of hemp is the lowest. Required fabric
production energy and fabric production CO?2 is equal for all fibers. It can be concluded that,
hemp geotextiles can definitely replace jute geotextiles and can be a good alternative for coir
geotextiles.

CONCLUSION

This study primarily focusses on natural geotextiles considering where they are used, how they
contribute to soil’s shear strength, which processes are employed to prevent from bio-
degradation. After that, hemp fibers are taken into consideration as an alternative fiber to
produce geotextile. Following conclusions can be drawn from this study.

o Amount of natural fibers used to produce natural geotextiles increases day by day.

o Natural geotextiles increase bearing capacity of foundations.

o Natural geotextiles increase CBR of road bases.

o Natural geotextile degrades by time. Degradation differs if it is measured in field or

laboratory. Natural geotextiles subjected to laboratory soil burial tests degrade faster than those
buried in the field.

o Degradation of natural fibers can be slowed down by coating natural geotextile with
natural and chemical substances.

o Hemp fibers shows better mechanical properties than coir fibers even after degradation.
. Although, coir and jute fibers are mostly used in geotechnical applications, hemp fiber’s

mechanical properties are superior to them. Therefore, hemp fiber can be an alternative to coir
and jute fibers to geotextile production.

o Hemp fibers show better environment friendly properties than jute fibers, while it is
estimated that, hemp is estimated as environmental friendly as coir fiber. However, since hemp
fibers are superior in mechanical properties, it could still be a better option for geotextile
production.

From the conclusions given above, it can be said that the hemp fibers will be a better option to
produce geotextiles in the future.
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Abstract

The Common Agricultural Policy (CAP) of the European Union (EU) focuses on pivotal issues
surrounding the environment, the countryside, and the food. What is more, the CAP is the result
of a successful partnership between the society, the environment, and the agriculture, which
targets numerous vital aspects, such as: first of all, ensuring a stable supply of food, for the
benefit of the individuals and the communities; second of all, supporting the farmers and finding
solutions to boost their income, hence centering on encouraging more people to come and join
these groups of people working in agriculture; third of all, keeping the rural areas attractive,
sustainable, and vibrant, with the desire to promote at the highest levels possible the Sustainable
Development Goals (SDGs); and, fourth of all, protecting the environment which implicates
respect for biodiversity, great concern for ecosystems, solidarity, and support for innovating for
sustainable growth. Furthermore, the current research is dedicated to analyzing today’s situation
of the Hemp Production in EU, while highlighting the tremendous benefits of Hemp for the EU
sustainability and sustainable development. At a general level, the paper presents the immense
opportunities that the Hemp Production offers to the farmers, the consumers, and the industrial
sectors, mainly placing the accent on the solutions that Hemp Cultivation brings to the success
of the European Green Deal Objectives. At a particular level, the current scientific work sheds
a new light on the case of France — one of the largest Hemp producers in Europe, while
addressing the economic situation of the top Hemp cultivating countries, namely: Canada,
China, France, and United States of America (USA). One of the major objectives of this
research is to focus on the great environmental effects of growing Hemp, which also reside in
crucial economic benefits, given the fact that this activity is seen as an environmentally friendly
one.

Keywords: Hemp; Common Agricultural Policy (CAP); Sustainable Development Goals
(SDGs); Crop Rotation Patterns; Improving Health; Supporting Local Wild Plants; Sustainable
Waterways; Improving Local Soil Quality; Higher Quality Harvests; Organic Growth.

INTRODUCTION

In this day and age, sustainability and sustainable development are playing crucial roles in the
society (Popescu, 2023). In addition, the Sustainable Development Goals (SDGs) have shown,
on far too numerous occasions until present days, the opportunities they bring to the society as
a whole and the chances that they bring for a better and a safer future for all (Popescu, 2022a).
In essence, it is of utmost importance for people and communities to finally understand that
there is absolutely nothing more precious than health itself, peace of mind, and a clean
conscious (Popescu, 2022b); additionally, in the same given context, it is of paramount
necessity to finally realize that even though medicine and science have evolved rapidly and
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great advancements have been made in all areas in the last decades, health cannot be bought
and the initial state of being (the initial state of health) once disrupted and affected (in terms of
health and well-being) may only be slightly supported towards more positive outcomes, but
never fully restore (never brought to the initial state of being, once affected and disrupted)
(Popescu, 2022¢). Besides all these, although the society and the economy have evolved at such
a fast pace over the last years, it should also be acknowledged that the achievements and the
developments made are not necessary in a good way and do not necessarily reflect positive
effects on the people and on the environment (Popescu et al., 2017). On the one hand, there is
the pivotal need to address the pressing case of individuals’ and communities’ happiness, health,
mental health, and well-being, given the importance that happiness, health, mental health, and
well-being play in these days social and economic context (Wernicke, 2021). On the other hand,
there is the paramount necessity to consider the health of the environment as well as the
situation of ecofriendly activities and actions meant to contribute to the preservation of the
resources, the biodiversity, and the ecosystems (Trbojevié-Ivié, 2023). What is more, each and
every time the individuals, the communities, and the environment interact the outcomes targeted
should reflect care towards the Planet as well as great respect towards nature and natural habitats
(Thoron & Barrick, 2023). Furthermore, it is high time to acknowledge that every single activity
and every single action performed by people will sooner or later influence the environment and
will ultimately be reflected one way or another in the happiness, health, mental health, and well-
being status of individuals and communities (Simonovic & Vukovic, 2020). Unfortunately,
today it has become clear that all those wrong decisions and/or all those steps taken without
really considering the medium-term and the long-term effects of the human actions and the
human activities on the Planet have ultimately come to hunt the present generations and will
for sure be of great concern and worry for the future generations to come (Popescu et al.,
2015b).

In continuation to all the aforementioned aspects and ideas that were highlighted in the lines
above, today the Common Agricultural Policy (CAP) of the European Union (EU) focuses on
pivotal issues surrounding the environment, the countryside, and the food. Besides all these,
there are vital connections between the success of the SDGs and the pillars and the principles
that may be encountered at the basis of the CAP of the EU (Popescu & Popescu, 2019b). What
is more, the CAP is the result of a successful partnership between the society, the environment,
and the agriculture, which targets numerous vital aspects, such as: (a) first of all, ensuring a
stable supply of food, for the benefit of the individuals and the communities; (b) second of all,
supporting the farmers and finding solutions to boost their income, hence centering on
encouraging more people to come and join these groups of people working in agriculture; (c)
third of all, keeping the rural areas attractive, sustainable, and vibrant, with the desire to promote
at the highest levels possible the SDGs; and, (d) fourth of all, protecting the environment which
implicates respect for biodiversity, great concern for ecosystems, solidarity, and support for
innovating for sustainable growth. Furthermore, the current research is dedicated to analyzing
today’s situation of the Hemp Production in EU, while highlighting the tremendous benefits of
Hemp for the EU sustainability and sustainable development. At a general level, the paper
presents the immense opportunities that the Hemp Production offers to the farmers, the
consumers, and the industrial sectors, mainly placing the accent on the solutions that Hemp
Cultivation brings to the success of the European Green Deal Objectives. At a particular level,
the current scientific work sheds a new light on the case of France — one of the largest Hemp
producers in Europe, while addressing the economic situation of the top Hemp cultivating
countries, namely: Canada, China, France, and United States of America (USA). One of the
major objectives of this research is to focus on the great environmental effects of growing
Hemp, which also reside in crucial economic benefits, given the fact that this activity is seen as
an environmentally friendly one.
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In the history of mankind, there are far too numerous cases in which the environment has come
to claim those zones that were once inhabited regions, those once prosperous regions and/or
those areas which were strongly industrialized and/or where people’s dwellings were found
(Popescu, 2019). In essence, it ought to be emphasized that nature has always had the power to
reclaim those areas once lost and to which individuals and communities have brought changes
and which were transformed by humans for their economic, financial, and social purposes
(Fathelrahman et al., 2023). These can easily demonstrate the fact that nature has the great
capacity to regenerate, it is capable to reclaim its resources and produce new ones, it possesses
an immense capacity to heal and reinvent itself, and it represents a positive example of
reassessing and reshaping itself depending on the circumstances (Garzilli et al., 2020). First of
all, a very interesting case in this matter is the one of a small Chinese fishing village named
Houtouwan which was abandoned in the 1990s primarily due to its isolation from the mainland
and which was reclaimed by nature with absolutely marvelous results (World Natural Heritage
Nomination (WNHN) & United Nations Educational, Scientific and Cultural Organization
(UNESCO), 2007). Second of all, the Angkor Archeological Park Ta Prohm in Cambodia
fosters the Ta Prohm temple — which was initially known as RaJavihara (royal temple), where
nature successfully reclaimed the territory and where today can be seen beautiful and gigantic
trees, such as figs, banyans and kapok trees together with animals that are thriving in the nearby
forests among which could be mentioned the muntjac deer, the wild boar, the leopard cats, the
pileated gibbons, the silvered langurs, the smooth-coated otters, the hornbills, and the green
peafowls (Authority for the Protection of the Site and Management of the Region of Angkor
(APSARA or the APSARA National Authority), 2021). Interestingly, today there are numerous
valuable documentaries on this particular subject and among them could be mentioned the
highly captivating, extremely fascinating, and by far spellbinding documentary series very
suggestively entitled Abandoned Engineering (Like a Shot Entertainment (Production
Company), 2016-present days).

There are several research questions (RQ) that were chosen for this current scientific research,
as follows: (a) first of all, (RQ1) targets what is hemp and what are the benefits of hemp and
hemp production at a global level; (b) second of all, (RQ2) focuses on what is the power of the
CAP and what are the advantages of the hemp production in the EU; and (¢) third of all, (RQ3)
has the intention to bring to light what is the case of France in terms of hemp and hemp
production and what does making a contribution to the European Green Deal objectives in the
case of France as well as in the case of other countries implicate. Also, there are several
keywords or key concepts which are regarded as a main focus for this current scientific research
paper, as seen in the lines below: hemp; Common Agricultural Policy (CAP); Sustainable
Development Goals (SDGs); crop rotation patterns; improving health; supporting local wild
plants; sustainable waterways; improving local soil quality; higher quality harvests; and organic
growth.

This section represented by the introduction is followed by the conceptual framework, also
known as the literature review section or the background section, the research and findings, the
conclusion, and the references. It is believed that all these sections are vital for this current
research and they all have the great power to show the importance and the novelty of the current
scientific work performed.

CONCEPTUAL FRAMEWORK

This particular section which is represented by the conceptual framework, also known as the
literature review section or the background section, having a pivotal role for the current
scientific research due to the fact that it sheds a new light on several key concepts and major
connections, such as: the Common Agricultural Policy (CAP) of the European Union (EU); the
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importance and the role of the CAP as the result of a successful partnership between the society,
the environment, and the agriculture, which targets numerous vital aspects which are paramount
in today’s context; and the benefits of Hemp and the Hemp Production in the EU and at a global
level.

First of all, it ought to be highlighted that the EU Member States are extremely preoccupied
with the health and preservation of the environment, focusing ever since the beginning on
creating a safer environment for all, while seeking solutions in terms of better protecting the
environment with the aid of the circular economy (Council of the European Union & European
Parliament, 2024). What is more, due to the fact that recent studies have shown on numerous
occasions the alarming levels of pollution, the EU Member States have successfully
implemented over the years numerous rules and regulations transposed, for example, in the
form of Directives, which are intended to set limits of pollution as well as to find alternative
solutions to the use of resources and industries believed to have caused the disastrous
climatically situation in which humankind finds itself today (Akkaya, 2024; Directorate-
General for Environment (European Commission) & European Commission, 2024; European
Union, 2024).

Second of all, the CAP is highly centered on supporting the farmers and on ensuring Europe’s
food security, in times in which the SDGs play a vital role in fostering equality, while striving
to ensure that everyone will have access to resources and will be able to enjoy peace and
prosperity (Committee on Agriculture and Rural Development (EP Committee) et al., 2024;
Directorate-General for Health and Food Safety (European Commission) & FEuropean
Commission, 2024a, 2024b). Moreover, the CAP was launched in 1962 and represents a bold
and a vital partnership, on the one hand, between agriculture and society, and, on the other hand,
between Europe and the Europe’s farmers (European Commission & Directorate-General for
Agriculture and Rural Development, 2024a, 2024b, 2024c; European Commission ef al, 2024).
Furthermore, the aims of the CAP are displayed in the lines below, as follows: (a) providing
support to farmers and help the enhancement of agricultural productivity, essentially targeting
a stable supply of food that ought to be affordable; (b) safeguarding Europe’s farmers in a way
in which these people will be able to reasonable living, hence being determined to continue
their existence and continue working in agriculture; (c) helping tackle climate change as well
as finding solutions capable to sustainably manage the natural resources; (d) maintaining the
rural areas and the landscapes across the EU, so that agriculture will continue supporting life in
EU and even help increase the standards of living in Europe with the help of agriculture, while
caring for the environment; and (e) keeping the rural economy alive by opening and by
promoting the already existing jobs in farming, agri-food industry, and other associated and
important sectors which are pivotal to agriculture (European Commission & Directorate-
General for Agriculture and Rural Development, 2017b, 2012, 2021; European Commission &
Directorate-General for Communication, 2017a, 2018).

Third of all, a very powerful example in terms of Hemp Cultivation and Hemp Production is
offered by China, given the fact that these days China is the world’s largest producer of hemp,
having a long and an extensive tradition in this regard, thus playing a key role due to its
significant position occupied as major global hemp producer. In addition, it ought to be
mentioned that Hemp Cultivation and Hemp Production can vary due to several pivotal factors
among which could be emphasized the following crucial ones: agricultural methods and
practices, regulations, and market demand in different countries (Akroush et al., 2020; Ajaz et
al., 2024; Bashir & Bashir, 2023; Byrd et al., 2024).

In the lines below the Table no. 1: Hemp Production in EU, while Highlighting the Tremendous
Benefits of Hemp for the EU Sustainability and Sustainable Development, is placed in order to
bring to the attention the vital role played by hemp and hemp production in EU as well as the
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advantages and the benefits hemp and hemp production which are capable to strengthen the
position played by EU sustainability and sustainable development at the very core of the SDGs.

Table no. 1: Hemp Production in EU, while Highlighting the Tremendous Benefits of
Hemp for the EU Sustainability and Sustainable Development

Hemp Production in EU

Highlighting the Tremendous Benefits of Hemp for
the EU Sustainability and Sustainable Development

Hemp Production in the EU, with up-to-date general
figures:

Hemp Production in the EU is regarded as vital and,
according to most recent figures, “the area dedicated to
Hemp Cultivation has increased significantly in the EU
from 20,540 hectares (ha) in 2015 to 33,020 ha in 2022”
(which is regarded as a 60% increase while compared with
the area dedicated to Hemp Cultivation in the year 2015)
(European Commission, 2024; European Commission &
Directorate-General ~ for  Agriculture and  Rural
Development, 2022a, 2022b, 2023);

Hemp represents a crop grown across Europe which
brings numerous advantages to the society and the
environment (Obayelu & Ayansina, 2022);

Akey example is the following one: Hemp’s Nutritional
Benefits are worldwide known due to the plant’s
richness in magnesium, phosphorus, potassium, iron,
and zinc as well as the plant’s abundance in vitamins B
and E, which implicate that Hemp Seeds protect the
brain and help with certain neurological conditions,
such as Alzheimer’s disease and Parkinson’s disease
(Dali, 2023; General Court (Court of Justice of the
European Union), 2024; Grant, 2023; Gwala, 2023);

Hemp Production in the EU, with up-to-date figures
showing the growth per country:

According to the most recent data, between 2015 and
2022, “the production of hemp increased from 97,130 tons
to 179,020 tons” (which represents, in essence, an 84.3%
increase from 2015 to 2022);

In addition, “France is the largest producer, accounting for
more than 60% of EU production, followed by Germany
(17%) and The Netherlands (5%)”, which places France
on a key position while compared to other global
competitors, such as the top Hemp cultivating countries,
namely: Canada, China, France, and United States of
America (USA) (European Commission, 2024; European
Commission & Directorate-General for Agriculture and
Rural Development, 2022a, 2022b, 2023; Satapathy,
2020);

Another example: Hemp Seeds are abundant in
vitamins, minerals, and nutrients which can provide
significant health benefits in the following areas: (a) the
immune system his helped by Hemp Oil which is rich
in vitamin E; and (b) the body cell damage is slowed
down or even stopped when the body consumes Hemp
Oil which is also rich in antioxidants, which help reduce
free radicals (European Commission & Directorate-
General for Agriculture and Rural Development, 2000,
2011; European Commission ef al., 2024; Sharma et al.,
2023);

Another example: The Hemp Plants have the ability to
grow in soils poor in nutrients and have the potential to
sequester carbon due to the dense canopy and the rapid
growth, being more efficient than trees to sequester
carbon and to produce, in turn, oxygen (Australian
Government & Parliament of Australia, 2024; United
Kingdom Government, 2022).

Hemp has numerous usages, such as: (a) is used to make a
variety of commercial and industrial products, among
which could be brought to the attention biofuel, bio-
plastics, clothing, food, insulation, paper, ropes, shoes, and
textiles; (b) it is a healthy addition to people’s diet and as
food (for instance, eating Hemp Seeds) has numerous
advantages to those consuming it as long as the
consumption process is done wisely, based on the fact that
is high in calories and fat; and (c) Hemp Seeds
consumption may interfere with some medication, which
requires caution when deciding to be eaten on a regular
basis (European Commission, Directorate-General for
Research and Innovation, Knudsen et al., 2024; European
Commission & Directorate-General for Regional and
Urban Policy, 2023; European Commission & European
Innovation Council and SMEs Executive Agency et al.,
2024a; 2024b; European Commission & European
Research Executive Agency, 2024; Popescu, 2017, 2022f,
2021a).

Another major example supporting the SDGs: Hemp is
believed to have the capacity even eradicate
deforestation and reduce carbon emissions, based on the
fact that Hemp Plants have the ability to absorb at a
rapid pace CO; from the air. The studies have shown
that Hemp can capture carbon from the air and has the
capacity to store it in biomass and in the soil. What is
more, these researches have highlighted that the
majority of the carbon is retained in the woody parts of
the Hemp plant’s stem which is known as “hurd”, hence
one hectare of Industrial Hemp can successfully absorb
up to 22 tons of CO; per hectare. Also, it is vital to
acknowledge that Hemp Plants produce a lot of oxygen
since they abundance of leaves and they have a very
quick growth process: one acre of hemp is known to be
able to produce as much as 25 acres of forest (Australian
Government & Parliament of Australia, 2024; Farooque
& Abbas, 2021; Filiz Bastiirk, 2023; United Kingdom
Government, 2022).

Source: The Author’ Own Elaboration, Based on the References Highlighted in the Table
and in the Bibliography Section
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In the lines below the Table no. 2: Understanding the Immense Opportunities that Hemp
Production Offers to Farmers, Consumers, and Industrial Sectors, and Underlining the Solutions
that Hemp Cultivation Brings to the Success of the European Green Deal Objectives points out
the existing reasons why hemp production and hemp cultivation make a substantial contribution

to the European Green Deal objectives.

Table no. 2: Understanding the Immense Opportunities that Hemp Production Offers to
Farmers, Consumers, and Industrial Sectors, and Underlining the Solutions that Hemp
Cultivation Brings to the Success of the European Green Deal Objectives

Immense Opportunities offered by Hemp
Production and Paramount Solutions
featured by Hemp Cultivation

Moving towards the European Green Deal Objectives

Hemp has numerous environmental benefits,
such as, for example, those in terms of carbon
storage:

According to recent data, “one hectare of hemp sequesters 9 to 15
tons of CO,”, which is believed by scientists to be “similar to the
amount sequestered by a young forest”; also, hemp “only takes five
months to grow”, unlike other plants, especially the trees (Carikci,
2022; Erdem & Dogan, 2023; European Commission, 2024;
European Commission, Joint Research Centre et al., 2023a,
2023b);

Biodiversity and ecosystems are crucial to the existence of
humankind; hence, in this particular case, hemp has pivotal benefits
to biodiversity, as follows: the flowering cycle of hemp plants
“usually occurs between July and September, coinciding with a
lack of pollen production from other crops”, leading to the fact that,
on the one hand, “hemp produces large amounts of pollen” and, on
the other hand, hemp “provides shelter for birds and hemp seeds
are a food for animals” (European Commission, 2024; European
University Institute & Giorgio, 2024; Koshariya et al., 2023; Jain
et al., 2023; Joint Research Centre, Institute for Prospective
Technological Studies, Lefebvre et al., 2012);

Hemp has numerous benefits for the people
and the Planet, such as, for example, those in
terms of breaking the cycle of diseases:

It has been demonstrated that hemp helps to break the cycle of
diseases in those circumstances in which it is used in crop rotation,
hence helping both individuals and the Planet, since it helps the
preservation of soil, improves the area, and is then used by people
in their day-to-day activities (European Commission, Joint
Research Centre et al., 2021, 2019; European Commission, 2024);
In addition to the aforementioned ideas, it has been pointed out that
the weeds are not able to grow, on the one hand, due to the fast
growth of hemp plants and, on the other hand, due to the impressive
shading capacity of hemp plants (European Committee of the
Regions, 2024a-f; European Court of Auditors, 2023; European
Commission, 2024);

Hemp is extremely important when
addressing the sensible case of soil erosion
prevention as well as the ability to grow with
the aid of low or even no use of pesticides.

Soil erosion represent a very serious issue, especially in some
regions severely affected by floods and gravely marked by
abundant water due to heavy rain and other unforeseen
methodological phenomenon; hemp is “a natural soil cover,
reducing water loss and protecting against soil erosion” and, also,
hemp is less affected by pests due to “the lack of natural predators”,
which implicates “that the use of insecticides, herbicides, and
fungicides” is not really required, in this way ensuring better
cultivating and production conditions for hemp (European
Monitoring Centre for Drugs and Drug Addiction, Europol, 2024;
European Parliament, Directorate-General for Parliamentary
Research Services et al., 2024a, 2024b; European Commission,
2024).

Source: The Author’ Own Elaboration, Based on the References Highlighted in the Table
and in the Bibliography Section
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When referring to hemp and biodiversity, it needs to be pointed out that hemp boosts
biodiversity and, also, hemp enables ecosystems health. As seen in the lines above, hemp plays
a crucial role in terms of fostering homes for birds and offering a peaceful and nurturing habitat
for small animals. Additionally, hemp plants are very important for the soils and water’s health:
these plants excel at phytoremediation which means that they have huge powers to absorb and
to neutralize toxins from the soil and from the water. All in all, it needs to be remembered that
fostering soil biodiversity is highly important in this day and age, given the high levels of
pollution all around the world, which implicates that hemp plants have the capacity to detoxify
the land and create a more welcoming environment for a wide variety of organisms — hence,
promoting life, seeking well-being and a healthy environment, and fostering healthier
environments for all.

Additionally, fortunately almost the entire body of the hemp plant can be used these days, which
means that the hemp plant may be used in a large variety of activities, having wide arias of
utility, such as the following major ones: the hemp plant can be used in the industrial production
of food; the hemp plant may be a valuable source of fiber; and, the hemp plant might serve as
a great construction material, being safe for the environment as well as for the individuals and
the communities, unlike other construction materials that have controversial histories. In terms
of construction materials that have controversial histories a notable example — and, by far, not
the only one example available — is based on the European Environment Agency (EEA) data:
several EU Member States have banned Asbestos in the 1990’s, while Asbestos has been banned
in the EU since 2005, given the fact that according to extensive studies it has been displayed
that all forms of Asbestos are known carcinogens leading mainly (but not only) to

mesothelioma, asbestos-related lung cancer, and asbestosis (European Environment Agency
(EEA), 2022).

In the lines below there is Figure no. 1: EU Land Area Used for Hemp Cultivation, During the
Years 2015-2022 which is based on EUROSTAT data gathered between the years 2015-2022.
Based on the figure below, it can be remarked that EU land area used for hemp cultivation
reached a peak in 2019 afterwards slowly declining until 2021 and later on registering an
increase between 2021 and 2022 due to the immense potential that hemp offers in terms of
health as well as industrial use.
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Figure no. 1: EU Land Area Used for Hemp Cultivation, During the Years 2015-2022

EU land area used for hemp cultivation
Source: Eurostat
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RESEARCH AND FINDINGS

This particular section which is represented by the research and findings sheds a new light on
the importance of the hemp plants, the hemp cultivation, and the hemp production. Essentially,
it needs to be brought to light that the hemp plant is a resilient and sustainable plant, having a
vigorous growth, with the ability to successfully live in unfriendly environments, with heavily
polluted water sources as well as not so nutritious soils. In addition, the hemp plant has a high
industrial value and plays a crucial role in food processing chains.

When referring to hemp and biodiversity, it needs to be pointed out that hemp boosts
biodiversity and, also, hemp enables ecosystems health. As seen in the lines above, hemp plays
a crucial role in terms of fostering homes for birds and offering a peaceful and nurturing habitat
for small animals. Additionally, hemp plants are very important for the soils and water’s health:
these plants excel at phytoremediation which means that they have huge powers to absorb and
to neutralize toxins from the soil and from the water. All in all, it needs to be remembered that
fostering soil biodiversity is highly important in this day and age, given the high levels of
pollution all around the world, which implicates that hemp plants have the capacity to detoxify
the land and create a more welcoming environment for a wide variety of organisms — hence,
promoting life, seeking well-being and a healthy environment, and fostering healthier
environments for all.
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To begin with, ever since the beginning of mankind, there have been controversies and there
still are controversies in using certain plants (Martinho, 2023; Nabi ef al., 2023a; Nabi et al.,
2023b). Of course, in some cases, these controversies might have been linked with the side
effects of using certain plants in specific moments in time and in given circumstances (Popescu
etal.,2015a-2015e; Popescu et al., 2014). Also, these controversies could have had their origins
in some rituals that usually accompanied the use of these plants in specific cultures and in
particular contexts, especially when associated with magical powers or apparently inexplicable
phenomenon. The history of mankind is filled with such moments and such circumstances that
have been associated with times of distress, times of worry, and times that called for action in
a way in which individuals’ mind was not able to cope with occasions of such grander and
importance. Nevertheless, these controversies should not be linked with the history of hemp
and the hemp production since the benefits of hemp have long been known ever since ancient
Chinese practices. Besides these, the use of hemp for industrial benefits is worldwide
acknowledged and known, while the properties of hemp products are renown all over the Globe
and are highly praised by specialists. In addition, some specialists referred to in this current
paper are going that far too even wonder how would the history of mankind looked in the
absence of such beneficial plants for the health of the individuals, the communities, and the
environment.

For instance, it needs to be brought to the attention the fact that, although they are small, hemp
seeds (which have a hard exterior regarded as being nut-like as well as a soft interior which
contain the “hemp hearts”) and “hemp hearts” (which are the seed’s soft-inside) are extremely
precious for the human body and they have numerous benefits for people and among these
benefits could be mentioned the following key ones: (a) first of all, hemp seeds and “hemp
hearts” are known for their healing properties since they have the power to regenerate the skin
and accelerate the healing of the skin, while hemp seeds are also highly beneficial for the brain
since they protect the brain and feed the brain; (b) second of all, hemp seeds and “hemp hearts”
have the capacity to boost heart health and are filled with protein, fiber, and health fatty acids
— among which can be mentioned omega-3s and omega-6s; and (c) third of all, although they
come from the Cannabis Sativa Plant these hemp seeds and “hemp hearts” do not produce mind-
altering effects and they are extremely nutritional and rich in alpha-linoleic acid (ALA),
gamma-linoleic acid (GLA), fiber, iron, magnesium, phosphorus, potassium, sodium, calcium,
iron, zinc, vitamin E, minerals, and B vitamins, and so on. Likewise, for example, due to the
fact that hemp seeds are so rich in fiber they help enormously people to regulate the bowel
functions, to reduce the need to eat sugar and sweet products, and to reduce appetite due to their
property to prolong the feeling of being sated. In the same time, another very important example
of advantages of consuming hemp seeds is reflected in these lines below: due to the hemp seeds
high content of gamma-linoleic acid (GLA), the symptoms of menopause and the Premenstrual
syndrome (PMS) may be alleviated. The aspects presented in the lines above, in synthetic form,
are just a few cases in which hemp and hemp production are becoming useful for people.
However, besides all these elements, hemp and hemp production are highly beneficial for the
environment. For instance, hemp has the capacity to absorb toxins, has the property to absorb
heavy metals, and has the power to regenerate the environment and help the environment in the
best way possible. That is the reason why hemp helps soil to regenerate and to gain its properties
over the years and even to gain new properties when being used.

CONCLUSION

This part of this research study is dedicated to the conclusion and discussion section. This part
of this paper is regarded as crucial by the author since it offers the opportunity to highlight the
most important aspects that ought to be taken into consideration when analyzing the scientific
work on “Extensive power of Common Agricultural Policy and hemp production in European
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Union: Case of France and making a contribution to the European Green Deal objectives”. In
like manner, this study is extremely complex and has the power to shed a new light on the
importance of hemp and hemp production not only in EU countries but also all around the
Globe, having in mind that nature plays a special role in individuals’ and communities’ lives
and day-to-day activities.

In the end, there is no wonder that there are even cases in which reputed specialists could ask
themselves how life would look on Earth without plants having such healing and beneficial
properties as hemp do (Quendler et al., 2020; Popescu, 2022¢; Popescu, 2022d; Popescu,
2021b; Popescu, 2021c; Popescu, 2020a-2020d; Popescu & Popescu, 2019a). In addition, the
question could be extended to those situations in which researchers would ask themselves what
new attributes could be soon associated with hemp and in what manner would hemp come to
support health and well-being in the near future to come if new properties would be discovered
over the next years with the aid of new technologies. Likewise, given the fact that there is such
a fragile equilibrium between people’s desire to have access to unimagined reaches although in
so0 many cases useless, corporations’ willingness to have the highest profits without considering
the costs although in so many cases without clear justification and with no ethical and moral
support whatsoever, and environment’s utmost need to be preserved and avidly supported in
order to be preserved and regenerated, there are always new and pressing issues to be taken into
account and into consideration, such as, for instance: how should this equilibrium look like and
how can it be obtained in order to be afterwards successfully maintained on the long-term; is
there a viable reason why the health and the well-being of individuals and communities be
sacrificed in the name of profitability and economic growth; and will the environment always
have the capacity to regenerate each time in history when people and/or entities will fail to seek
to preserve the nature, the natural habitats, the biodiversity, and the ecosystems or, in fact, at
one moment in time an earthshattering event will finally help individuals and communities open
their eyes and realize what is truly and ultimately important for them and the future generations
to come — in the spirit of the SDGs and the CAP.

In the end, positioning the hemp plants in the spotlight — with the aid of this research paper,
represents a marvelous idea and a paramount decision, based on the fact that by zeroing in on
the benefits offered by cultivating and producing the hemp plants the attention will not only be
placed on these particular plants but, also, on the great power that can be found in preserving
the environment for the medium-term and long-term benefit of the Planet and the individuals
and the communities.
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Abstract

These days, the outcomes derived from closely analyzing and better understanding the health-
environment nexus brings to light the unimagined consequences of the global changes: on the
hand, there is a growing awareness among the individuals, the communities, the governments,
and the organizations regarding the health impacts that climate crisis and biodiversity loss
implicate; and, on the other hand, there is a growing need for researchers and policymakers to
support the health of the Planet, by fostering interdisciplinary work, by enabling health-policy
experts joint projects, and by supporting common environmental agreements. What is more,
according to the European Industrial Hemp Association (EIHA) there is a paramount need to
focus on the advantages and the benefits of Hemp, in order to create strong and long-lasting
connections between the social and the economic transformation, and the circular economy
goals. Furthermore, the purpose of this ground-breaking study is to display, on the one hand,
the benefits of the Sustainable Hemp in all major areas and the role of the Hemp in the Green
Economy, and, on the other hand, to address the conscious shopper’s dilemma when faced with
vital aspects, such as: the need to be part of the sustainable performance processes; the desire
to make the right choices based on informed decisions; and, learning how to harness Hemp’s
sustainability potential. All in all, the current paper tackles the case of Hemp and its growing
popularity for the following main reasons: the sustainability potential and the sustainable
development properties; the biodiversity protection capacities; the opportunity to scale Hemp
production; the wide-ranging advantages of the fibers coming from the Hemp Plants; and, the
chance to consider in a responsible manner the measurable beneficial outcomes of growing and
using Hemp, with the aid of programs supporting Hemp research and development towards a
resilient future.

Keywords: Hemp; European Industrial Hemp Association (EIHA); World Health Organization
(WHO); Cost-Efficient Hemp; Hemp Market Trends; Hemp Regulations; Collaborative
Research; Global Biodiversity Framework; Environment, Health, and Well-Being Nexus.

INTRODUCTION

Today, it is commonly believed that the society has very high expectations when it comes to
sustainability and sustainable development. Most certainly, it can be easily acknowledged that
these extremely high hopes have arisen in the last years in particular due to the abrupt changes
faced by people as well as due to the unprecedented challenges that the environment has come
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to confront itself with (Popescu, 2022c-2022f). These are times in which the Sustainable
Development Goals (SDGs) are widely promoted at all levels of the society, accompanied by
great hope that these Global Goals (GG) will have the capacity to restore the broken equilibrium
that was encountered, from time to time, in a fragile manner, over the decades, in the tumultuous
relationship built between people and nature (Popescu, 2023; Popescu, 2022a; Popescu, 2022b).
Although in the very beginning humans had a great respect towards the environment and were
acting with humility and caution when seeking new means of living in order to support
themselves and their families — a type of behavior usually seen in smaller communities that
mainly depended on their natural habitat and on the resources limitedly offered by their
surroundings, the behavioral patterns of individuals started to change once some of them
realized that by trying to forcefully impose their strength upon the environment and even upon
other people they would ultimately end up in better positions and become much wealthier than
the rest of the community members. That is precisely why these ideas that dreams should be
followed at all costs and that plans ought to be put in practice no matter of the consequences
are usually turning abruptly and dangerously against those who boldly initiated and forcefully
supported them (Popescu et al., 2015a-2015¢; Popescu et al., 2014).

Given the above mentioned aspects, it is high time for the environment to regain its (almost)
lost importance and it is of great concern these days to focus on restoring those sites that were
badly neglected by the individuals and the communities that lost their way in the relationship
with nature as well as by the entities that forgot to give something good back to the environment
that supported their activities and their businesses. In these turbulent times, the hemp cultivation
and the hemp production seem to successfully tackle the new challenges faced by the health-
environment nexus in moments in which economic growth, profit, and performance ought to
be changed with accountability, equilibrium, happiness, health, mental health, mindfulness,
responsibility, sustainability, and well-being.

In this day and age, the scientific paper entitled The Health-Environment Nexus: Tackling Vital
Hemp Policies, Addressing Cutting-Edge Research for Sustainable Development, and
Managing Decisive Human Rights plays a paramount role in better acknowledging the existing
links between health and nature, starting from the powerful idea according to which a very
precious plant, namely the hemp plant, has the capacity to restore the balance between health
and environment, providing support for a better and a more secure future not only for the present
generations but, also, for the next generations.

In the middle of all these novel and even somewhat original situations in the history of mankind,
the European Industrial Hemp Association (EIHA) plays a vital role for several reasons. First
of all, due to its ongoing activities and efforts, the EIHA sheds a new light on defining and
better and more effectively understanding hemp, with the particular aim of enabling those
willing to know more about hemp to have access to information and knowledge related to hemp
(European Industrial Hemp Association (EIHA), 2024a-2024d). Second of all, the EIHA has a
very powerful voice when it comes to the European hemp sector, having the objective of
representing the common interests of the hemp farmers, the hemp cultivators, the hemp
producers, and the hemp traders that have as field of activity issues closely related to hemp,
such as, for example, hemp fibers, hemp seeds, hemp leaves, and cannabinoids (European
Industrial Hemp Association (EIHA), 2024a-2024d). All in all, taking into account that all the
activities related to the hemp plant are extremely complex and make reference to a wide range
of issues, it seems that the EIHA aims are very important, namely: to serve, to protect, and to
represent the hemp sector in the European Union (EU) as well as the international policy-
making processes. Currently, the EIHA has a wide network formed out of more than 250
members, hence bringing together operators from 25 EU Member States as well as 12 non-EU
countries — which include members from North America and Asia Pacific (European Industrial
Hemp Association (EIHA), 2024a-2024d).
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These days, the outcomes derived from closely analyzing and better understanding the health-
environment nexus brings to light the unimagined consequences of the global changes: on the
hand, there is a growing awareness among the individuals, the communities, the governments,
and the organizations regarding the health impacts that climate crisis and biodiversity loss
implicate; and, on the other hand, there is a growing need for researchers and policymakers to
support the health of the Planet, by fostering interdisciplinary work, by enabling health-policy
experts joint projects, and by supporting common environmental agreements. What is more,
according to the EIHA there is a paramount need to focus on the advantages and the benefits of
hemp, in order to create strong and long-lasting connections between the social and the
economic transformation, and the circular economy goals. Furthermore, the purpose of this
ground-breaking study is to display, on the one hand, the benefits of the Sustainable Hemp in
all major areas and the role of the hemp in the Green Economy, and, on the other hand, to
address the conscious shopper’s dilemma when faced with vital aspects, such as: the need to be
part of the sustainable performance processes; the desire to make the right choices based on
informed decisions; and, learning how to harness hemp’s sustainability potential. All in all, the
current paper tackles the case of hemp and its growing popularity for the following main
reasons: the sustainability potential and the sustainable development properties; the biodiversity
protection capacities; the opportunity to scale hemp production; the wide-ranging advantages
of the fibers coming from the hemp plants; and, the chance to consider in a responsible manner
the measurable beneficial outcomes of growing and using hemp, with the aid of programs
supporting hemp research and development towards a resilient future. There are several
keywords that require specific attention, such as, for example: hemp; European Industrial Hemp
Association (EIHA); World Health Organization (WHO); cost-efficient hemp; hemp market
trends; hemp regulations; collaborative research; global biodiversity framework; environment,
health, and well-being nexus.

There are several powerful research questions (RQ) that were tackled by the authors of this
valuable study, as follows: first of all, (RQ1) is what is hemp and what is the role played by the
hemp plants in today’s uncertain context so that sustainability and sustainable development are
being fostered; second of all, (RQ2) is what is the importance of hemp for the success of the
circular economy goals; and, third of all, (RQ3) is how to harness hemp’s sustainability
potential and should the focus be on sustainable hemp. These are three very important research
questions, especially in the context in which specialists have demonstrated in their most recent
studies that hemp possesses very powerful regenerative characteristics for the soils, the waters,
and the environment, and can survive and prosper in harsh and unfriendly conditions. By
becoming mindful of all the advantages and the benefits comprised in cultivating the hemp
plants and in producing hemp products, it is believed that communities and businesses are
getting significantly closer to becoming more sustainable and more centered on fostering the
health-environment nexus which is pivotal.

This section represented by the introduction is followed by the conceptual framework, also
known as the literature review section or the background section, the research and findings, the
conclusion, and the references. The study is novel and highly original due to the way in which
the ideas are displayed, due to the manner in which the entire text manages to promote the
importance and the role of the hemp plants for the individuals, the communities, and the
environment, due to the interesting selection of references that come to support the ideas
fostered, and due to the valuable contribution that is able to make in terms of painting the
necessity to unite forces for the SDGs achievement.
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CONCEPTUAL FRAMEWORK

In this day and age, the hemp plants are very good in supporting the SDGs (with a special accent
placed on sustainable development and sustainability, while having in mind the tremendous
implications of green economy and circular economy) having the possibility to offer paramount
help in the process of combating climate change, based on the fact that the hemp plants are
good for global warming due to their countless benefits (Popescu, 2021a, 2021b, 2021¢; United
Nations & United Nations Conference on Trade and Development, 2024a). In this matter, the
hemp plants have many product alternatives as well as many product uses. What is more,
according to studies the hemp plants are far more sustainable than cotton and bamboo and flex,
and hemp is 100% biodegradable which means that hemp materials have the property of being
100% biodegradable in the soil, hence enriching the soil with numerous microelements that
lead to more nutritious soils, more protected soils, and more robust surroundings (United
Nations & United Nations Conference on Trade and Development, 2024b). Furthermore,
specialists have displayed that the manufacturing processes that are specific to hemp are far
more sustainable far more easier and beneficial for the environment while compared to other
manufacturing processes that can be associated to cotton and bamboo and flex (United Nations
& United Nations Conference on Trade and Development, 2023a). All in all, it had to be taken
into consideration that hemp plants are processed manually with little or even with no
chemicals, while other plants, such as, for instance, cotton and bamboo have to undergo
rigorous processes (United Nations & United Nations Conference on Trade and Development,
2023b). A good and valuable example in this matter is represented by the bamboo plants, where
the process the cellulose from the stalk is highly complex and rigorous and takes numerous
steps in order to transform the bamboo into soft fabric.

According to Special Issue No. 16 published in the year 2022 by the United Nations and the
United Nations Conference on Trade and Development which is entitled very suggestively
“Commodities at a Glance. Special Issue on Industrial Hemp” the following major aspects are
noted from the very beginning: “Industrial hemp does not have intoxicating properties.
Nonetheless, it remains a controversial plant, as it is still often mistakenly associated with use
as an intoxicant. A negative connotation still prevails despite a history, over several millennia,
of its industrial and medicinal applications. Such a connotation is due in part to confusion about
the botanical characteristics and chemo-type of the plant” (United Nations & United Nations
Conference on Trade and Development, 2022a, p.2). In continuation, in the same document the
following ideas are highlighted: “Industrial hemp belongs to the Cannabis L. genus. Despite a
long history of botanical research, no consensus on its taxonomy has emerged yet. The only
consensus reached is about the current existence of a unique species in the genus, namely the
Cannabis sativa L. species” (United Nations & United Nations Conference on Trade and
Development, 2022a, p.2).

Interestingly, the same aforementioned document continues with the following pivotal aspects:
“From a botanical point of view, industrial hemp does not uniquely correspond to any
subspecies of Cannabis sativa L. All recognized subspecies encompass several varieties and
cultivars, some having intoxicating properties” (with the special note at the end of the page that
states: “In the taxonomic hierarchy, the genus splits into species, then into subspecies and finally
into varieties or cultivars. A variety is a type of plant grown from seed that has the same
characteristics as the parent plant. A cultivar is a lithe parent plant. Growing a plant from one
of these plant’s seeds may not produce the same plant as the parent.”). A clear distinction
between intoxicating properties and intoxicant plant varieties should be made, as is done, using
a practical approach adopted by the hemp industry. This is also the approach adopted in this
report, even though it does not perfectly correspond to any taxonomic or phylogenetic
classification” (with the special note at the end of the page that states: “Hereafter, non-intoxicant
plants are referred to as industrial hemp or hemp. Intoxicant plants are referred to as cannabis
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with “c” in lower case. References to C. sativa L. or Cannabis, with “C” in upper case, may or
may not have intoxicating properties.””) (United Nations & United Nations Conference on Trade
and Development, 2022a, p.2).

In the lines below the Table no. 1: The European Industrial Hemp Association (EIHA), the
Sustainable Hemp, the Role of the Hemp in the Green Economy and the Focus on the
Advantages and the Benefits of Hemp centers on showing the importance of the hemp plants
and the pivotal role played the green economy.

Table no. 1: The European Industrial Hemp Association (EIHA), the Sustainable Hemp,
the Role of the Hemp in the Green Economy and the Focus on the Advantages and the

Benefits of Hemp

Amazing Benefits of Hemp Plant:

Sustainable Hemp Plant and its Versatility that
Offer New Opportunities for SDGs and
Sustainability:

Hemp is regarded as an amazing plant that has all its
parts useful, uses just a fraction of the water required
to grow cotton plants and, additionally, possesses the
capacity to absorb more carbon dioxide per hectare
than most trees as well as than other plants (Hemp
Federation Ireland (HFI), 2024; Popescu, 2020a,
2020b, 2020c, 2020d; United Nations & United
Nations Conference on Trade and Development,
2022b, 2022c).

Hemp is an eco-friendly plant that has been
cultivated for thousands of years (Cerino et al.,
2021).

Hemp is extremely versatile, being used in food
products, textiles, biofuels, and building materials
(Popescu, 2019; United Nations & United Nations
Conference on Trade and Development, 2022d).

Hemp is an efficient crop to grow, known for its cost-
efficiency while compared to other plants (such as,
for example, cotton) (Popescu & Popescu, 2019a,
2019b; United Nations & United Nations
Conference on Trade and Development, 2022b,
2022c).

Hemp is highly resilient, robust, and sustainable
(while compared to other plants, such as, for
example, to cotton), having as main qualities in this
matter the following attributes: (a) firstly, requires
less water than other plants; (b) secondly, needs less
pesticides or even no pesticides in order to grow and
become useful in several ways possible; and (c)
thirdly, is more resilient to diseases and pests, which
represents a great advantage for farmers since they
can use less or even no chemicals or treatments
(Mayo Clinic Organization, 2019; Popescu, 2017;
United Nations & United Nations Conference on
Trade and Development, 2022d).

Hemp has a wide array of utility, it can be used as a
representative fiber plant for the textile industry and
for construction materials, based on its abundance in
fibers, but it can also be encountered in the industrial
production of food (United Nations & United
Nations Conference on Trade and Development,
2022b, 2022c; United Nations & United Nations
Conference on Trade and Development, 2022d).

Hemp supports environmental sustainability, due to
the fact that industrial hemp may have numerous
environmental benefits, such as: (a) may offer a
more efficient use of energy; (b) may have less
reliance fossil fuels; (c) may support forest
conservation, foster agriculture, and can be good for
global warming since it can combat climate change
(Popescu et al., 2017; United Nations & United
Nations Conference on Trade and Development,
2022b, 2022c; United Nations & United Nations
Conference on Trade and Development, 2022d).

Source: The Author’ Own Elaboration, Based on the References Highlighted in the Table
and in the Bibliography Section

In the lines below the Table no. 2: Understanding the Case of Hemp and its Growing Popularity,
while Addressing the Circular Economy Opportunities, centers on the relationship between
hemp and the World Health Organization (WHO), cost-efficient hemp, hemp market trends,
hemp regulations, collaborative research, global biodiversity framework, and environment,
health, and well-being nexus.
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Table no. 2: Understanding the Case of Hemp and its Growing Popularity, while
Addressing the Circular Economy Opportunities

Understanding the Case of Hemp and
its Growing Popularity:

Addressing the Circular Economy Opportunities:

Hemp can be a vital substitute for
plastic, as acknowledged in numerous
documents and as debated at numerous
scientific events (United Nations &
United Nations Conference on Trade and
Development, 2023c):

In a document published in the year 2023 and suggestively
entitled “Trade regulations for climate action? New insights
from the global non-tariff measures database”, the United
Nations Conference on Trade and Development and United
Nations Economic and Social Commission for Asia and the
Pacific states the following aspects when offering answers to
the key question: “What are plastic substitutes?” “Plastic
substitutes are made of natural materials derived from minerals,
plants, animals, the marine environment, or forestry resources,
possessing comparable properties to plastics (e.g., strength,
flexibility, lightness, and malleability). These do not include
petroleum-based or synthetic polymers, bio-plastics, and
biodegradable plastics. Examples include hemp, bamboo,
agricultural residues, seaweed, aluminum and glass. Plastic
substitutes should demonstrate a reduced environmental
footprint throughout their life cycle and should also either be
biodegradable, compostable, or erodible, and compliant with
definitions for reuse, recycling, or responsible waste disposal.”
(United Nations, United Nations Conference on Trade and
Development, United Nations Conference on Trade and
Development and United Nations Economic and Social
Commission for Asia and the Pacific, 2023, p.11).

Between hemp and heavy metals there is
a strong relationship due to hemp plant’s
great capacity to regenerate
contaminated soils (United Nations &
United Nations Conference on Trade and
Development, 2021):

In metal-contaminated environments as the ones that can be
found in the case of abandoned mines, the hemp plants can
absorb high concentrations of potentially harmful metals, heavy
metals, such as: arsenic, cadmium, chromium, lead, mercury,
and nickel; these heavy metals will be then found in the leaves
of the hemp plants (Adhikary et al., 2021; Farinon et al., 2020;
Morales et al., 2022; Placido & Lee, 2022; Rizzo et al., 2023);
With the aid of the process of phytoremediation, the roots of the
hemp plants have the capacity to remove (to absolve) the
dangerous, harmful, and polluting chemicals from the
environment, by digging deep into those areas that are
contaminated (for instance, into the contaminated soils) and
absorb not only the beneficial nutrients that can be encountered
in the soil but also the harmful chemicals which are afterwards
stored in the plants — most often in the leaves, stalk, or stems
(United Nations & United Nations Conference on Trade and
Development, 2021).

Between hemp and radiation there is a
strong relationship due to hemp plant’s
great capacity to absorb toxins mainly
through the roots and stems (United
Nations & United Nations Conference
on Trade and Development, 2022e;
United Nations & United Nations
Conference on Trade and Development,
2018)

In continuation to the already mentioned benefits, the hemp
plants not only absorb heavy metals, but they also remove other
contaminants such as radiation, crude oil, landfill leachate, and
pesticides (Punja ef al., 2023; Punja, 2021; Rupasinghe et al.,
2020; Vandenhove & Van Hees, 2005).

Source: The Author’ Own Elaboration, Based on the References Highlighted in the Table
and in the Bibliography Section

When referring to the hemp plants and their great accomplishments, advantages, and benefits
for the individuals, the communities, and the environment there are numerous aspects that can
be brought into discussion and that can be brought to the attention, especially when considering
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key concepts such as: the circular economy, biodiversity, ecosystems, and the equilibrium that
needs to be maintained and supported between people’s aspirations and environmental needs.

These days, besides all the processes mentioned already there is another facet of the hemp plants
that requires attention: the process of rhizofiltration which is a form of phytoremediation that
implicates filtering contaminated groundwater, surface water, and waste water with the aid of
and through a mass of roots — and the root zone is named rhizosphere (Babalola et al., 2021;
Brunel et al., 2020, Ignatius et al., 2014).

RESEARCH AND FINDINGS

This particular section which is represented by the research and findings sheds a new light on
the importance of the hemp plants with the intention of drawing attention to the relationship
that can be encountered between health and environment, while painting a positive image of
the cultivation and production processes of the hemp plants — as a very powerful solution these
days in case of regions characterized by heavily polluted air, soils, water, and so on and so forth.

What is more, it is believed that the powerful research questions (RQ) that were tackled in the
paper by the authors of this valuable study were adequately and thoroughly answered. First of
all, the first research question (RQ1) was what hemp is and what role is played by the hemp
plants in today’s uncertain context so that sustainability and sustainable development are being
fostered. In this matter, the current study has shown that the hemp plants have most
unfortunately been associated, over the years, with other plants which are believed to have
mind-altering effects — such as, for instance, the marihuana plants or the cannabis plants, unlike
the hemp plants which, according to researchers, do not have mind-altering effects. Over the
years, these associations between plants led to numerous misunderstandings and decisions that
untimely led to banning the cultivation of hemp plants. In addition, it is believed that due to its
valuable nutritious properties and environmentally healing characteristics, the hemp plants
cultivation is essentially supporting sustainability and sustainable development; hence the hemp
plants may be considered promoters of the SDGs. Second of all, the next research question
(RQ2) was what the importance of the hemp plants is for the success of the circular economy
goals; this question is extremely important, since there are numerous links between the great
power embodied in the circular economy goals and the circular economy pillars and the SDGs.
The circular economy plays a vital part these days: on the one hand, after so many years in
which the society promoted a model (the linear model of economy) based on simply consuming
the products and then discarding them without any additional thoughts and, in most situations,
without even trying to find an alternative use for them, it has become clear that the rhythm of
consumption is so high and the number of the products that are being left behind with no clear
use is so big that the Planet has no longer the possibility to cope with the waste generated; and,
on the other hand, the idea of offering a new alternative to the products used has the power of
preserving the Planet’s limited and vital resources, in this way giving the opportunity to waste
(in different forms and stages) to be part of a new life cycle. The power of the circular economy
is immense and this new economic model seems to support in a better and in a healthier manner
the aims represented by the SDGs. In continuation, third of all, the last research question (RQ3)
is how to harness hemp’s sustainability potential and should the focus be on sustainable hemp.
The aspects that can be encountered when realizing that the hemp plants support sustainability
and the SDGs are the following ones: (a) the hemp plants support sustainability and the SDGs
due to their capacity to absorb heavy metals that can be found in soils and water, which helps
the cleaning process of the environment even if this particular process takes time; (b) the hemp
plants support sustainability and the SDGs due to the fact that they can survive in harsh
conditions and in not so friendly environments, but they are environmentally friendly, being
able to successfully grow with less and even no pesticides, they help better fix the soil since
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they have roots capable to support the areas on which it is planted, they produce a lot of oxygen
(far more than trees can on a similar area that has been planted); and (c) the hemp plants support
sustainability and the SDGs due to the fact that they help people with different health problems
(such as, the mental problems) and not only.

In essence, the three very important research questions embodied in this current study were
successfully addressed and it ought to be taken into account that the specialists have
demonstrated in their most recent studies that hemp possesses very powerful regenerative
characteristics for the soils, the waters, and the environment, and can survive and prosper in
harsh and unfriendly conditions. Under these specific conditions, by becoming mindful of all
the advantages and the benefits comprised in cultivating the hemp plants and in producing hemp
products, it is believed that communities and businesses are getting significantly closer to
becoming more sustainable and more centered on fostering the health-environment nexus which
is pivotal. Also, mindfulness represents a very powerful state of mind in the case of individuals
and communities. Accordingly, people and communities are encouraged to become mindful of
their surroundings while focusing on their daily tasks as well as while trying to create
connections between their day-to-day routine and the environment. The outcomes of people and
communities becoming more mindful would be that people and communities need to be fully
aware of the results of their actions on the short-term, on the medium-term, and on the long-
term, seeking equilibrium between their aspirations and objectives and the needs of the Planet.
By not becoming mindful of the implications that human actions and activities have on the
environment, further damage will be done to the environment and the nature will continue to
be destroyed and to suffer. Hence, an ill environment will lead to ill individuals, to communities
that will confront themselves with highly challenging health problems that will be passed even
to the next generations to come. That is the reason why now it is high time for business owners,
governmental officials, and country leaders to understand the consequences of the actions that
take place at the level of the economies and the industries, and to respond in consequence by
supporting the health-environment nexus, by tackling vital hemp policies, by addressing
cutting-edge research for sustainable development, and by managing decisive human rights in
the spirit of the SDGs and of the circular economy.

CONCLUSION

This part of this research study is dedicated to the conclusion and discussion section. In
particular, this section is seen as vital to this research paper due to the fact that it summarizes
the most relevant aspects that need to be highlighted on The Health-Environment Nexus:
Tackling Vital Hemp Policies, Addressing Cutting-Edge Research for Sustainable
Development, and Managing Decisive Human Rights. On the one hand, while referring to the
health-environment nexus there are several issues that ought to be emphasized: firstly, health
and environment are profoundly linked, which implicate that both rely on each other for the
future of the individuals, the communities, the biodiversity, and the ecosystems; secondly, there
is no such thing as being healthy in the absence of a well-balanced and safe environment,
governed by equilibrium, rationality, and a sense of security; and, thirdly, the ideas that nature
can be drastically changed in order to fully support mankind dreams and aspirations and, also,
that the natural habitats are unimportant or less important for human life represent aspects that
require immediate and urgent consideration, based on the fact that they do not reflect the reality
of these times and, ultimately, they were never able to reflect any reality no matter of the place
or time in the history of humanity. On the other hand, when thinking about the health-
environment nexus only positive aspects should come to mind and only constructive thoughts
ought to ultimately accompany this particular type of relationship, as follows in the lines below:
firstly, with nature and the natural habitats life has begun on this Planet, which means that nature
should represent a priority on the agenda of everyone, no matter what other aims, aspirations,
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goals, and objectives one might have; secondly, health and well-being have their roots in the
status of the environment and an affected, a damaged, a “sick” environment will have long-
term implications on everybody; and, thirdly, people should learn to become more mindful of
their own actions and activities in order to protect the biodiversity, the ecosystems, the natural
habitats due to the fact that everything on the Planet and in the Universe is interconnected.

In other words, it is a utopia to believe that humans can life peaceful and healthy lives in a
polluted environment, no matter of the advancements of science and technology. Likewise, it
represents a utopia to think that by building a better future for all can be done otherwise than
with constructive and positive way of thinking and by making compromises that will lead to
the disappearance of cultures, natural habitats, plants, and animals. Given the fact that these
relationships exist everywhere in nature, by sacrificing a few specifies and with their
disappearance everyone will be affected on the medium-term and on the long-term. A very good
example in this situation is provided by the lives of bees without which specialists have come
to believe that life of Earth will no longer be possible, due to the fact that bees are the ones that
ensure plants pollination processes which lead to the facilitation of the rest of the steps that are
specific to plants lives (after pollination leading to their capacity to have fruits, and so on).
Interestingly, there are numerous voices suggesting that live bees can easily be replaced by
Artificial Intelligence (AI) combined with other new forms of technology, hence creating
artificial bees with the capacity to perform more or less similar tasks as the living bees are able
to do. Nevertheless, it should be taken into account that there are numerous cases in history in
which the creators of certain devices and technologies initially thought that their creations
would lead to something good for their countries, for the communities and/or for the
environment and, ultimately, ended up by doing something completely wrong and with grave
consequences for many, many years to come (hundreds and, maybe, even thousands of years
from that moment on). Hence, out of these bad experiences people should learn and should
acknowledge that it is better to rely on what there is already in place and what is already
functioning successfully rather than believing that nature is unimportant and can be easily
restored with the aid of science and technology.

Going even further with this analysis, from the health-environment nexus the next step targeted
is represented by the position of the hemp plants and the hemp cultivation in today’s general
context. It is of great importance to understand that by tackling vital hemp policies, by
addressing cutting-edge research for sustainable development, and by managing decisive
human rights life will be brighter and the idea of a better future for all will come to life. The
hemp plants are the ones being able to live in unfriendly environments, with soils less rich in
nutrients and with an unbelievable capacity to grow that can help nature restore and habitats
regenerate. According to studies, the hemp plants can produce oxygen in higher quantities that
tress might be able to do and, also, the hemp plants can absorb CO> which means that they can
be of great aid in polluted areas and regions. What is more, the hemp plants can survive in the
areas affected by heavy metals, which makes them extremely robust and resilient. Furthermore,
almost all the parts of the hemp plants may ultimately have a place in the consumption or
production process, being extremely useful for people’s health since they are so nutritious,
being highly valuable for the industry since they can be used, for example, in the textile industry,
and not only.

By supporting the development of the hemp plants, the intention of the specialists worldwide
is to facilitate access to a better understanding of these plants and a better way to be part of the
healing process of the environment, which leads to tackling vital hemp policies, by addressing
cutting-edge research for sustainable development, and by managing decisive human rights. All
in all, the hemp policies ought to be updated and ought to comprise the latest technological
advancements in terms of nature and soil preservation, the purification of the air and of the
water. In other words, specialists need to make sure that the benefits of the hemp plants are
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known and recognized at a global level, in order to offer alternatives and solutions, for example,
to other plants that may be encountered in the environment and that probably require different
living and cultivating conditions than the hemp plants.
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Abstract

As escalating climate change dangers and swelling public health issues loom larger, zero-carbon
structures stand out as a pivotal answer, heralding a change of framework toward sustainable
progress and ecological guardianship. The scientific article explores the notion of zero-carbon
structures as a revolutionary means of decreasing worldwide greenhouse gas emissions and
shielding communal wellbeing, delving into how optimizing structures to generate no carbon
footprints could significantly lessen health-harming discharges and slow the pace of climate
alteration. Through a wide-ranging, cross-disciplinary evaluation, we deconstruct the processes
by which zero-carbon structures accomplish net-zero emissions, drawing from innovative
architectural plans, cutting-edge energy efficiency technologies, and the amalgamation of
renewable energy sources. We explore the multifaceted benefits these buildings offer, including
substantial decreases in carbon footprints, enhancement of indoor environmental quality, and
promotion of occupants' health and productivity, thereby contributing to the broader goals of
environmental protection and sustainability.

The challenges impeding the widespread adoption of zero-carbon buildings are critically
examined, encompassing technological hurdles, economic barriers, and socio-cultural
resistance, alongside strategies to navigate these obstacles. The role of policy frameworks,
financial incentives, and educational outreach in facilitating the transition to zero-carbon
construction practices is thoroughly analyzed, highlighting successful global initiatives and
case studies that exemplify the practicality and effectiveness of these solutions.

We propose that future work in this domain must call for interdisciplinary teamwork between
architects, engineers, policymakers, and the community to pioneer and apply solutions on a
large scale to achieve carbon neutrality. The article proposes adopting a comprehensive tactic
that combines urban planning, green infrastructure development, and behavioral modification
cultivation to cultivate communities that are resilient, health-enhancing, and ecologically
sustainable.

Conclusively, this article posits zero-carbon buildings at the forefront of the movement towards
a sustainable future, underscoring the urgency for collective action among stakeholders across
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sectors to embrace and advance this green revolution. By aligning efforts to promote zero-
carbon buildings, we can achieve significant strides in public health improvement,
environmental preservation, and climate change mitigation, ensuring a viable, thriving planet
for future generations.

Keywords: Zero-Carbon Buildings; Sustainable Architecture; Environmental Protection;
Public Health; Climate Change Mitigation.
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Abstract

With the advancement of technology, fabrics meeting the dressing and body preservation needs
of individuals can be obtained from various raw materials. Fabric types may include cotton,
wool, linen, polyester, hemp, and others. Fabrics made from hemp, due to their organic farming,
sustainability, and biodegradability, are used by many people. However, hemp is also the raw
material for marijuana, a psychoactive substance, and as a result, its production and cultivation
are banned in some countries.

In this study, the characterization of garments produced from hemp-type fabrics commercially
available in our country has been carried out. The first stage involves collecting samples of
commercially available hemp-based fabric and researching the properties of the products. By
comparing different producers and products, the usage density of hemp-based fabrics has been
investigated. In the next stage, the determination of hemp-based fabric products was carried out
using FTIR (Fourier-transform infrared) spectroscopic methods. The physical appearance of the
fabrics was investigated using macroscopy. Moreover, hemp-based garments were compared
with other types of commercially available garments (cotton, polyester, hybrid, acrylic). The
unique value of this study lies in the spectroscopic examination of washed garments containing
hemp-based evidence, comparing the behavior of hemp fabrics towards different liquids with
other fabric types, and the possibility of encountering hemp-based evidence at crime scenes.

Keywords: Hemp fiber, Forensic evidence, FTIR, crime scene.
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Abstract

The circular economy is an economic paradigm that prioritizes continuity and environmental
preservation throughout the entire process, from the extraction of raw materials for production
to waste generation. Protocols, including alternatives, technologies, and practices, facilitating
the substitution of non-renewable natural resources with resources recovered from waste, fulfill
the socioeconomic and environmental objectives of the circular economy concept. Given the
escalating interest in industrial hemp and the implementation of legalization policies, there has
been significant research into the diverse applications of this valuable crop in recent years.
Following plant breeding, industrial hemp should be reconsidered as a 'resource' rather than a
'waste' within the framework of a more comprehensive circular economy model. The efficacy
of hemp in phytoremediation and its role in mitigating air pollution during growth are well-
documented. Following harvest, the plant's fibers can be utilized to produce textile and
biopolymer products. Furthermore, the residual harvest waste can be utilized in biomethane
production, while biochar derived through pyrolysis can serve as activated carbon in water
treatment applications. This study aims to assess the environmentally beneficial aspects of
industrial hemp and its contributions to the circular economy. Numerous studies suggest that
the utilization of industrial hemp holds promise for fostering a sustainable, environmentally
friendly, and economically viable future.

Keywords: Hemp, environment, circular economy, phytoremediation
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Abstract

Hemp (Cannabis subsp.) is a very old cultivated plant that is generally grown for the oil
obtained from its seeds and the fiber obtained from its stems. Various parts of this plant have
been used for thousands of years in different sectors such as food, feed, medicine, cosmetics,
textile, shipping and construction. In many countries of the world, the cultivation of cannabis
plants is limited due to the naturally occurring psychoactive substance called
tetrahydrocannabinol (THC). Hemp containing trace amounts (<1%) of THC compared to other
cannabis species; it is scientifically classified under the name of cultivated, commercial or
industrial genus (Cannabis sativa L.).

There is no THC component in the seeds of the industrial hemp plant. Hemp seeds, which are
rich in protein and energy as well as their high oil content, are used in the nutrition of many
animal species, especially poultry, ornamental birds, horses and cattle. Hemp seeds are also rich
in omega-3 and omega-6 fatty acids, which can support the health of animals. However, the use
of the vegetative parts of industrial hemp as roughage is not very common due to its high fiber
and low protein content. Questions such as appropriate processing techniques to eliminate these
known disadvantages, maximum usage amounts, substitution rates, whether grazing is possible
or whether grazing has an effect on live weight gain and productivity performances are still not
fully answered. However, there are almost no studies on how the nutritional values of industrial
hemp, which is known to grow quite quickly, change over time during the vegetation periods
and whether there are differences between existing varieties.

In this study, research conducted to evaluate the potential of using industrial hemp as an
alternative forage source, especially in the nutrition of ruminant animals, was examined and
compiled and solutions to some problems were suggested.

Keywords: hemp, forage, roughage, silage, ruminant, nutrition, cannabis sativa
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Ozet

Geoteknik miihendisleri ¢alisma sahalarinda siklikla problemli zeminler ile karsilasmaktadir.
Problemli zeminler diisiik tagima giicii, agir1 ve farkli oturma, stvilasma gibi olumsuz 6zellikler
gostermektedir. Bu zeminlerin yapilagsmaya uygun hale getirilmesi i¢in ¢esitli zemin iyilestirme
teknikleri kullanilmaktadir. Son zamanlarda arastirmacilar tarafindan sikga tercih edilen zemin
iyilestirme yontemlerinden biri zemine ayrik lif eklenmesidir. Lif katkili zemin iyilestirme
yontemlerinde tercih edilen liflerin basinda sentetik lifler bulunmaktadir. Sentetik lifler petrol
esaslt malzemelerden olusan yiiksek basing ve ¢ekme mukavemetine sahip liflerdir. Ancak
diinya capinda c¢evre dostu ve siirdiiriilebilirlik kavramlarina olan ilgi zemin iyilestirilmesinde
dogal lif kullanimma yonelik aragtirmalart ortaya c¢ikarmisti. Bu dogrultuda zemin
tyilestirmesinde kullanilan dogal liflerin basinda Hindistan cevizi, mistr, kiispe, hurma, kenevir
lifleri bulunmaktadir.

Bu ¢alismada sentetik ve dogal lifler ile yapilan zemin iyilestirme c¢alismalari incelenmistir.
Dogal liflerin sentetik liflere alternatif olarak kullanilabilirligi degerlendirilmistir. Literatiirde
arastirmacilarin zeminlerin basing dayaniminin belirlenmesi i¢in serbest basing ve ii¢ eksenli
basing deneyleri gerceklestirdigi ayrica Yol alt tabakasinin iyilestirilmesinde lif katkisinin
degerlendirilmesi i¢in ise CBR deneylerinin yapildig1 goériilmektedir. Bu deneylerde zemin
iyilestirmesinde 9%0,15-2,50 oraninda ve 5-40 mm arasinda degisen uzunluklarda lifleri
kullanilmastir.

Elde edilen veriler dogrultusunda dogal liflerin zeminin basing dayanimini ve CBR degerlerini
arttirdig1 goriilmiis ve sentetik liflere alternatif olarak kullanilabilecegi belirlenmistir. Dogal
lifler icerisinde bulunan kenevir liflerinin yiiksek ¢ekme mukavemeti ve yiizey yapisi ile
zeminde mukavemeti 3 kata kadar arttirdigi gézlemlenmistir.

Anahtar Kelimeler: Dogal Lifler, Kenevir Lifi, Zemin Stabilizasyonu
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Abstract

Geotechnical engineers often encounter problematic soils in their work areas. Problematic soils
show negative characteristics such as low bearing capacity, excessive and uneven settlement,
and liquefaction. Various ground improvement techniques are used to make these grounds
suitable for construction. One of the soil improvement methods frequently preferred by
researchers recently is the addition of split fibers to the soil. Synthetic fibers are the most
preferred fibers in fiber-added soil improvement methods. Synthetic fibers are fibers with high
pressure and tensile strength consisting of petroleum-based materials. However, worldwide
interest in environmentally friendly and sustainability concepts has led to research on the use
of natural fibers in soil improvement. In this regard, the main natural fibers used in soil
improvement are coconut, corn, oil pulp, date palm and hemp fibers.

In this study, ground improvement studies using synthetic and natural fibers were examined.
The usability of natural fibers as an alternative to synthetic fibers has been evaluated. In the
literature, it is seen that researchers carried out unconfined pressure and triaxial pressure tests
to determine the compressive strength of soils, and CBR tests were carried out to evaluate the
fiber contribution in improving the road sublayer. In these experiments, fibers of 0.15-2.50%
and lengths varying between 5-40 mm were used in soil improvement.

In line with the data obtained, it was seen that natural fibers increased the compressive strength
and CBR values of the soil and it was determined that they could be used as an alternative to
synthetic fibers. It has been observed that hemp fibers, which are among natural fibers, increase
the strength in the ground up to 3 times with their high tensile strength and surface structure.

Key Words: Natural Fibers, Hemp Fiber, Ground Stabilization

GIRIS

Yapilagmaya uygun saglam zemin alanlar1 niifus artisinin da etkisiyle azalmistir. Dolayisiyla
problemli zemin alanlarinin yapilasmaya agilmasi bir zorunluluk haline gelmistir. Diisiik tagima
giicli, asir1 ve farkli oturma degerleri, yer alti suyuna ve dinamik bir etkiye bagl sivilasma
potansiyeli gibi durumlara sahip bu zeminler, zemin iyilestirme metotlari ile iyilestirilmektedir.
Zemin 1iyilestirmesinde pek ¢ok farkli yontem kullanilmaktadir. Bu yontemler arasinda tas
kolon, jet grout, derin karistirma, kompaksiyon, kireg¢, bitiim, ¢imento ugucu kiil, lif vb.
malzemeler ile stabilizasyon gibi teknikler bulunmaktadir. Son donemde teknolojik ve malzeme
alanindaki gelismelere bagli olarak zeminlerin giiclendirilmesinde sentetik ve dogal liflerin
kullanim1 yayginlagsmistir (Najjar vd., (2014); Cai vd., (2006)). Zeminlere lif ilavesi, maliyet
acisindan uygunlugu, esnekligi ve ¢evre dostu olmast gibi olumlu o6zellikleri ile basarili bir
zemin iyilestirme teknigi olarak goriilmektedir (Ahmad vd., (2019); Ammar vd., (2019); Najjar
vd., (2014); Sharma vd., (2015); Choobbeasti vd., (2018); Wei vd., (2018); Sravani vd., (2019);
Tajdini vd., (2017); Glimiiser ve Senol (2013)). Zemin iyilestirmede kullanilan liflerin basinda
sentetik lifler bulunmaktadir. Sentetik lifler polipropilen, polyester, polietilen, poliamid, tas
yiinii gibi ham maddelerden olusmaktadir (Sravani vd., (2019); Tajdini vd., (2017); Glimiiser
ve Senol (2013)). Ancak, son zamanlarda diinya capinda farkindalik ve siirdiiriilebilirlik
kavramlarma olan ilginin artmasi ile kiiresel 1sinma, iklim degisikligi ve cevre kirliligini
onleyici uygulamalar iizerine ¢aligmalar yapilmaktadir. Bu durum geoteknik miihendisligi de
dahil olmak iizere ¢esitli alanlarda daha ¢evre dostu ve stirdiiriilebilir malzeme arayisina yol
acmistir (Diab vd., (2016)). Bu dogrultuda arastirmacilar sentetik liflere alternatif olabilecek
dogal lifler lizerine ¢alismalar gergeklestirmektedir. Literatiirde incelenen dogal lifler arasinda
hurma, keten, Hindistan cevizi, kenevir gibi pek cok lif bulunmaktadir. Dogal liflerle yapilan
calismalarda, genellikle lifli zeminlerin basing dayanimi ve yol dolgusunda kullanilabilirligi
incelenmistir (Sharma vd., (2015); Butt vd., (2016); Diab vd., (2016); Hazra vd., (2017)). Bu
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amacla arastirmacilar serbest basing, {i¢ eksenli basing, CBR gibi deneyler gerceklestirmektedir.
Yapilan tiim arastirmalarda lif katkisinin zemin mukavemetinde Onemli bir iyilestirme
gergeklestirdigi belirlenmistir.

Bu calismada sentetik ve dogal lifler ile yapilan zemin iyilestirme c¢aligmalari incelenmistir.
Dogal liflerin sentetik liflere alternatif olarak kullanilabilmesi karsilagtirmali olarak
degerlendirilmistir. Bu amag¢ dogrultusunda literatiirde gergeklestirilen ¢alismalarda yapilan
deneyler, kullanilan lifler ve degisen deneysel parametreler incelenmistir.

ARASTIRMA VE BULGULAR

Arastirmacilar ¢alismalarinda lif katkisinin zemin iyilestirmeye etkisinin belirlenebilmesi
amaciyla bir dizi ti¢ eksenli basing, serbest basing, Kaliforniya Tasima Orani1 (CBR), dogrudan
kesme ve ¢ekme dayanimi deneyleri gergeklestirmislerdir. Caligmalar neticesinde, zemine lif
takviyesinin oturmay1 azalttig1 ve tasima giiciinii arttirdigi goriilmektedir. Literatiirde diisiik ve
yiiksek plastisiteli kil zeminler, kotii derecelendirilmis kum zeminler, killi ve siltli kumlar
iizerinde ¢esitli aragtirmalar yapilmistir. Lifler zemine agirlik¢a %0,15-2,5 oranlarinda degisen
araliklarda katilmistir. Tercih edilen lif uzunluklar ise 5-40 mm arasinda degismektedir.
Arastirmalarda lif katkisi ile zemin iyilestirmesine zeminlerin su igeriklerinin, lif cinsinin, lif
oranlarmin ve lif uzunluklariin etkileri incelenmistir (Sekil 1.).

Sekil 1. a) Misir ipegi lifleri, b) kenevir lifleri, c) Bugday samanu lifleri, d) Polyester elyaf, e)
Polipropilen lif

Giimiiser ve Senol (2013) yiiksek plastisiteli kil zeminlerin iyilestirilmesinde ugucu kiil ve 2
tip polipropilen lif kullanimin1 aragtirmislardir. Calismada yiiksek plastisiteli kil zemine %0.5,
%1 ve %]1,5 oraninda polipropilen lif ve multiflament polipropilen lif; %10, %15 oraninda
ucucu kiil eklemislerdir. Lif uzunluklar1 6-12-24-34 mm olarak belirlenmistir. Deneysel ¢alisma
kapsaminda CBR deneyleri gerceklestirmislerdir. Deney sonuglarinda %15 ugucu kiil katkili
zemine %0,5 lif igerigi eklenmesi ile CBR degerlerinde 3 kata varan iyilestirmeler elde
etmislerdir. Benzer sekilde Sravani vd., (2019) yiiksek plastisiteli kil zeminlerin
iyilestirilmesinde silis dumani ve sentetik liflerin (polipropilen ve polyester) etkisini
incelemislerdir. Calismada katki olarak %4, %6, %8 ve %10 oraninda silis dumani; %0.2, %0.4,
%0.6 ve %0.8 oranlarinda polipropilen ve polyester elyaflar kullanmislardir. Deneysel ¢aligma
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kapsaminda konsolidasyon, serbest basing ve CBR deneyleri gergeklestirmislerdir. Arastirma
sonucunda silis dumani katkili kil zemine %0,8 polyester lif eklenmesi ile serbest basing
dayaniminda 3 kata varan ve CBR degerlerinde 4 kata varan iyilesmeler gézlemlemislerdir.
Rabab’ah vd., (2021) sisen zeminler (yiiksek plastisiteli silt) {izerinde cam elyaf katkisini
arastirmislardir. Calismalarinda kil zemine katk1 olarak %0.25, 0.5, 0.75 ve 1 oranlarinda cam
elyaf katkis1 eklemislerdir. Deneysel calisma kapsaminda serbest sisme, serbest basing ve CBR
deneyleri gerceklestirmislerdir. Arastirma sonucunda deney verileri %1 lif katkisinin zeminin
serbest basing degerlerinde 5 kata varan ve CBR degerlerlerinde 5 kata varan iyilestirmeler
oldugu gbzlemlenmistir. Ayn1 zamanda sentetik lif katkili zeminlerin sisme yiizdesi degerleri
katkisiz zemine oranla diigmiistiir. Literatiirde sentetik liflerle yapilan zemin iyilestirme
caligmalarinin yaninda dogal liflerle gerceklestirilen zemin iyilestirme c¢aligmalar1 da
bulunmaktadir. Yapilan ¢aligmalarda misir lifleri, Hindistan cevizi lifleri, kenevir lifleri ve
cesitli yerel bitkisel lifler tercih edilmektedir. Maity vd., (2018) farkli dogal liflerin zemin
iyilestirmesinde kullanilabilirligini karsilastirmali olarak incelemislerdir. Calismalarinda orta
plastisiteli kil zemine Jiit lifi, Hindistan cevizi lifi ve Sabai otu lifi katkis1 ilave etmislerdir.
Lifleri 5, 10, 20 mm uzunluklarda ve %1, %1.5, %2, %2.5 oranlarinda zemin ile
karistirmiglardir. Deneysel c¢alisma kapsaminda serbest basing ve CBR deneyleri
gerceklestirmiglerdir. Aragtirma verilerine gore 20 mm Hindistan cevizi lifi katkili zeminin
serbest basing dayaniminda 3 kata varan ve CBR degerlerinde 2 kata varan iyilesmeler elde
etmislerdir. Sharma vd., (2015) %2,5 oraninda ¢imento ile stabilize edilen siltli zeminlerin
Grewia Optivia (Beul) ve Pinus Roxburghii (Chir Pine) isimli Hindistan’da yetisen yerel
bitkilerin lifleri ile iyilestirilmesini arastirmiglardir. Calismalarinda 7, 14, 28, 56, 90 giinliik kiir
stirelerinden sonra serbest basing deneyleri gergeklestirmislerdir. 90 giinliik %2 Grewia Optivia
(Beul) lifi katkili zeminlerin serbest basing dayaniminda katkisiz zemine oranla 10 kata varan
iyilestirmeler elde etmislerdir. Benzer sekilde siltli zeminlerin iyilestirmesi tizerine Zhang vd.,
(2021) kire¢ ile stabilize edilen zeminlerin iyilestirilmesinde jiit liflerinin etkisini
incelemislerdir. Caligmalarinda siltli zemine agirlik¢a %3, %6 ve %9 kire¢ eklenirken %0.5,
%1 ve %1.5 oranlarinda jiit lifi eklemislerdir. Deneysel ¢alismalarda 7 ve 28 giinliik kiir siireleri
dikkate alinmis ve serbest basing deneyleri gerceklestirmislerdir. Deneysel calismadan elde
ettikleri verilere gore 28 giinliik agirlikca %9 kireg¢ katkili zeminlere %1 jiit lifi eklenmesi ile
serbest basing dayaniminda 2 kata varan mukavemet artis1 elde etmislerdir. Literatiirde kenevir
lifleri ile yapilan zemin iyilestirme caligmalar1 incelendiginde, farkli lif oranlart ve lif
uzunluklart kullanildig1 goriilmektedir. Najjar vd., (2014) diisiik plastisiteli kil zeminlerin
kenevir lifleri 1ile giliclendirilmesini arastirmiglardir. Calismalarinda zemine 25 mm
uzunlugunda ve %0.15, %0.3, %0.4, %0.5 ve %1 oranlarinda kenevir lifi ekleyerek ii¢ eksenli
basing deneyleri (UU) gergeklestirmislerdir. Deneysel ¢alisma sonucunda %1 lif katkili zeminin
mukavemetinde 3 kata varan iyilestirmeler elde etmislerdir. Diab vd., (2016) degisen su
iceriklerinde (%14, %18 ve %?20) kenevir lifleri ile giliclendirilmis duisiik plastisiteli kil
zeminlerin mukavemetlerini iic eksenli basing deneyleri (UU) yaparak incelemislerdir.
Calismalarinda zemine 40 mm uzunlugunda ve %0.5, %0.75, %1, %1.25 ve %1.5 oranlarinda
kenevir lifi katkis1 eklemislerdir. Aragtirma verilerine gore %14 su iceriginde ve %1.25 lif
iceriginde hazirlanan zemin numunelerinin mukavemetinde katkisiz zemine oranla 3 kata varan
iyilestirmeler elde edilmistir. Hazra vd., (2017) zemin iyilestirmesinde kenevir elyafi
kullanilmasini aragtirmiglardir. Calismalarinda diisiik plastisiteli kil zemin farkli uzunluklarda
(10, 20 ve 30 mm) ve farkli oranlarda (%0,5, %1, %1,5 ve %2) kenevir lifi ilave etmislerdir.
Deneysel ¢alisma kapsaminda CBR deneyleri gerceklestirmiglerdir. Elde edilen sonuglar
incelendiginde 30 mm ve %1,5 lif igerigine sahip zeminin CBR degerinde katkisiz zeminin
CBR degerine oranla 2 kata varan iyilestirmeler oldugu gbzlemlenmistir. Ahmad vd., (2019)
kenevir lifi ile giiclendirilmis diisiik plastisiteli kil zeminlerin dayaniminmi degisen su
iceriklerinde (%18,%20) konsolidasyonlu drenajli {i¢ eksenli basing deneyleri yaparak
incelemiglerdir. Arastirmada killi zeminlere lif katkisi olarak 40 mm uzunlugunda %1.25
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oraninda kenevir lifi eklemislerdir. Deneysel ¢alismada %18 su igeriginde lif katkili zeminlerin
kohezyon ve igsel siirtiinme acis1 degerlerinde artis gdzlemlenmistir. Arastirmacilar sentetik ve
dogal liflerin zemin iyilestirilmesinde kullanildig1 ve karsilastirilmali incelendigi calismalar da
gerceklestirmistir. Ozdemir, (2019) ucucu kiil katkili killi zeminlerin dogal (saman, kendir) ve
sentetik (polyester iplik) lif tiirleri geoteknik 6zelliklerinin degisimini arastirmistir. Kil zemine,
%0.5, %1 ve %1.5 oranlarinda ve 2 mm, 5 mm uzunlugunda lif eklenerek serbest basing
deneyleri gergeklestirilmistir. Deney sonuglarindan elde edilen verilere gore %10 ugucu kiil,
%1.5 kendir katkisinin ve %10 ugucu kiil, %1.5 polyester lif katkisinin katkisiz zeminin basing
dayanimina oranla 3 kata varan iyilestirmeler sagladigi belirlenmistir. Nezhad vd., (2021)
diisiik plastisiteli kil zeminlerin dogal ve sentetik liflerle iyilestirmesini aragtirmiglardir.
Calismalarinda dogal liflerden kiispe ve bazalti; sentetik liflerden polyesteri kullanmiglardir.
Deneysel ¢aligmalarda %0.5, %1 ve %2 lif i¢eriklerini ve 2.5, 5, 7.5 mm lif uzunluklarini tercih
etmislerdir. Arastirma kapsaminda CBR ve ii¢ eksenli basing deneyleri gerceklestirmislerdir.
Deney sonuglarina gore, agirlikca %2 ve 7.5 mm liflerle hazirlanan zemin numunelerinin CBR
verilerinin en yiiksek oldugunu belirlemislerdir. CBR deneylerinde polyester liflerin dogal
liflere gore daha yiiksek katki sagladigin tespit etmislerdir. Ug eksenli basing deney sonuglarina
gore bazalt liflerinin icsel siirtiinme agisin1 2 kat arttirdigini ve polyester liflerin kohezyonu
%71 arttirdigini belirlemislerdir.

Lif katkis1 ile (dogal ve sentetik) zemin iyilestirmesi iizerine yapilan arastirmalar Tablo 1.’de
Ozet olarak verilmistir.

Tablo 1. Literatiirde lif katkist ile zemin iyilestirmesi tizerine yapilan ¢alismalarin ozeti

Zemin  Kullanilan Lif Uzunlugu, Lif Orant Gergeklestirilen Elde Edilen Arastirmact
Cinsi Lif Tiiri mm Deneyler Iyilesme Orani S
Polipropilen Giimiiser ve
CH Multiflament 6-12-24-34 %0.5, %1, %1.5 CBR 3 Kat Senol (2013)
Polipropilen
Uc Eksenli .
. %0.15, 9%0.3, . Najjar vd.
CL Kenevir 25 %0.4. %0.5. %] Basing Deneyi 3 Kat (2014)
Uu)
. %0,5, %1, Hazra vd.
CL Kenevir 10, 20, 30 %1.5, %2 CBR 2 Kat (2017)
CL quet;gindslz‘{)a; 510 20 %1, %1.5, %2, Serbest Basing SB= 3 Kat Maity vd.
’ > %2.5 (SB), CBR CBR=2 Kat (2018)
Otu
Uc Eksenli
CL Kenevir 40 %1.25 Basing Deneyi 2 Kat é}(l)?;)d vd.
(CD)
CH E(f&‘ilsr;er 2,5 %0.5,%]1,%]1.5 Serbest Basing 3 Kat 8%‘1169?“
%0.25, %0.5, Serbest Basing, SB= 5 Kat Rabab’ah vd.
MH Cam Elyafi - %0.75, %1 CBR CBR=5Kat  (2021)
MH Jiit - %0.5,%]1,%1.5 Serbest Basing 2 Kat (Zzlz)aznlg) vd.

Arastirmacilar, lif katkist ile zemin iyilestirme yontemi igin cesitli zemin tiplerinde
gergeklestirdikleri serbest basing ve {i¢ eksenli basing deneylerinin sonuglarindan liflerin zemin
dayanimim ve sekil degistirme yetenegini arttirdigimi gdzlemlemislerdir (Ozdemir, (2019);
Najjar vd., (2014); Ahmad vd., (2019)). Bu durum liflerin zemin daneleri arasinda baglanti
saglayarak zemine silineklik kazandirmasi ile agiklanabilmektedir. Sekil 2.’de Ahmad vd.
(2019)’nin ii¢ eksenli basing deneyi uyguladigi kenevir lifi katkili zemin numuneleri ve Sekil
3.’te Ozdemir (2023)’in serbest basing deneyi uyguladigi kenevir lifi katkili numunelerin basing
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kuvveti altinda siinek davranis gosterdigi fark edilmektedir. Dogal liflerle yapilan ¢aligmalarda
liflerin ylizey yapisina bagli olarak zemin-lif arasindaki siirtiinme kuvvetinin sentetik liflere
gore daha fazla oldugu gézlemlenmistir (Anggraini, (2016); Ammar vd., (2018)). Dogal liflerin
ylizey yapisinin zemin ile aderansinin yiiksek olmasi liflerin zeminden siyrilmasini
giiclestirmektedir. Arastirmaci elde ettigi bu sonug¢ iizerinde kenevir liflerinin zemin ile
aderansinin fazla olmasinin etkili oldugunu belirtmektedir. Lif katkili zeminlerin yol alt temel
tabakasinda kullanilabilirliginin incelendigi arastirmalar da literatiirde yer almaktadir. Bu
caligmalarda lif katkisinin belli bir orana kadar CBR degerlerini arttirdigi goézlemlenmistir.
CBR deneylerinde optimum degeri asan lif oran1 zemin igerisinde zayif yiizeyler olusmasina
sebep olarak dayanimi diisiirmektedir. Bu durum Sekil 4.’te verilen Hazra, D., vd. (2017)’nin
kenevir lifi katkili numuneler iizerinde gergeklestirdikleri CBR deney sonuglarinda da
goriilmektedir.

14.

Sekil 2. a) 20 kPa, b) 100 kPa, c) 200 kPa ¢evre basinct altinda ii¢ eksenli basing deneyi
uygulanan kenevir lifi katkili numunelerin deney cihazindan ¢ikan gériintiileri (Ahmad vd.
(2019))

Sekil 3. a) CH zemin numunesinin serbest basing deneyi altinda kirilma davranisi b) Kenevir

lifi katkili CH zemin numunessinin serbest basing deneyi altinda kirilma davramsg: (Ozdemir,
(2023))
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CBR

Zemin + 1 cm Uzunlugu Kenevir Lifi

Zemin + 1 cm Uzunlugu Kenevir Lifi

1 y Zemin + 1 cm Uzunlugu Kenevir Lifi

1 1.5

% Kenevir Lifi

Sekil 4. Hazra vd. (2017) 'nin kenevir lifi katkili zeminlerde gerceklestirdigi CBR deney
sonuc¢lari

SONUCLAR

Bu ¢alismada zemin takviyesi olarak sentetik ve dogal liflerin kullanimi incelenmistir. Dogal
liflerle yapilan zemin iyilestirme yontemlerinin ¢evre dostu ¢dziimler sunmasi, erisilebilir
olmasi, maliyet acisindan uygunlugu ve tarimsal ekonomiye katki saglamasi ile pek ¢ok
avantajinin bulundugu belirlenmistir.

Literatiirde yapilan deneysel ¢aligmalardan elde edilen veriler degerlendirildiginde degisen
zemin tiirleri dikkate alinarak dogal liflerin zeminlerin basing dayanimlarinda 3 kata varan
artiglar sagladigi belirlenmistir. Ayn1 zamanda, dogal lif katkis1 zeminlerin CBR degerlerini,
kohezyon ve igsel siirtiinme acist degerlerini 2 kata kadar arttirmaktadir.

Kenevir lifleri ile yapilan ¢alismalar incelendiginde kenevir lifi katkili zeminlerin sentetik lif
katkili zeminlerle benzer iyilestirmeler yaptigi gozlemlenmistir. Bu iyilestirme degerleri
degisen zemin tiird, lif orani, lif uzunluklar1 vb. degerler g6z 6niinde bulunduruldugunda farkl
oranlarda gerceklesmektedir. Kenevir lifleri yliksek ¢ekme mukavemeti gdsteren ve yiizey
yapis1 nedeniyle zeminle aderansi giiclii olan liflerdir. Bu yapilar1 sayesinde zeminde gevrek
kirllma davranisini  Onleyerek zeminin sekil degistirme oOzelliklerini iyilestirmektedir.
Arastirmacilar kenevir lifleri ile gerceklestirdikleri serbest basing ve ii¢ eksenli basing
deneylerinde 3 kata varan, CBR deneylerinde 2 kata varan iyilestirmeler oldugunu
gozlemlemistir.
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INDUSTRIAL HEMP AGRONOMY AND FIBRE VALUE CHAIN IN PAKISTAN:
CURRENT PROGRESS, CHALLENGES, AND PROSPECTS

Dr. Saddam Hussain
(Project Lead: Industrial Hemp Research Initiative-Pakistan)

Department of Agronomy, University of Agriculture, Faisalabad, Pakistan

Abstract

Pakistan is one of the most vulnerable countries to climate change. Being a country, where 23%
of the country’s GDP relies on agriculture, this is a serious cause of concern. Introducing
industrial hemp in Pakistan can help build climate resilience in the agricultural sector of the
country, as hemp has recently emerged as a sustainable, eco-friendly, resource-efficient, and
climate-resilient crop globally. Hemp has the potential to absorb huge amounts of CO», nourish
the soil, and be used to create various biodegradable and eco-friendly products. Hemp is twice
as effective as trees at absorbing and locking up carbon, with 1 hectare (2.5 acres) of hemp
reckoned to absorb 8 to 22 tonnes of CO; a year, more than any woodland. Along with its high
carbon-sequestration ability, it produces higher biomass and can be successfully grown as a
cover crop. Hemp can grow in almost all soil conditions and does not require pesticides. It has
fast-growing qualities and needs only 120 days to be ready for harvest. Compared with cotton,
hemp requires 50% less water to grow and can produce three times higher fiber yield with a
lower ecological footprint. Recently, the Government of Pakistan has allowed the cultivation of
industrial hemp for industrial and medicinal purposes, making it possible for hemp to be
reinserted into the country’s economy. Pakistan’s agro-climatic and edaphic conditions are
well-suitable to produce industrial hemp and its cultivation can bring economic benefits to the
country. Pakistan can enter global markets as a new exporter of hemp products. The production
of hemp in Pakistan can be most exciting to the workforce, especially for farmers participating
in hemp markets. The minimum production cost of hemp makes it affordable to small holding
farmers especially those who need their cropping system to be as highly sustainable as possible.

Dr. Saddam Hussain is leading the first pilot project of Industrial Hemp in Pakistan. In the past
three years, he has been able to recruit high-impact research grants on industrial hemp as
Principal Investigator. He has already screened the non-toxic hemp genotypes, tested the
adaptability of exotic material in various agroecological conditions, formulated the production
agronomy, and successfully developed the complete value chain. He has developed prototypes
(fabric, denim, knitwear) using hemp fibre in collaboration with industrial partners, and has
optimized the indigenous fibre processing techniques. In this lecture, Dr. Hussain will talk on
hemp agronomy and its complete fibre value chain. He will discuss the current progress, and
will highlight the major challenges and future research direction on hemp research.
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INVESTIGATING THE THERAPEUTIC EFFECTS OF CANNABIDIOL ON SPORTS
PERFORMANCE AND RECOVERY

SPOR PERFORMANSI VE IYILESMEDE CBD UYGULAMALARININ
ETKINLIGININ ARASTIRILMASI

Prof. Dr. Gokhan CALISKAN

Igdir University, Faculty of Sport Sciences, Department of Physical Education and Sports
Teaching, Igdir, Turkey

Prof. Dr. Ufuk KOCA CALISKAN

Gazi University, Faculty of Pharmacy, Department of Pharmacognosy, Ankara, Turkey,

Abstract

This research aims to systematically examine the effects of CBD on sports performance and
recovery. There are many methods available to optimize athletes' performance, but important
challenges include post-injury recovery, muscle damage, pain management, anxiety, sleep
disorders, as well as concentration and focus issues. In particular, CBD's anti-inflammatory,
analgesic, and antioxidant effects offer promising potential to enhance athletes' performance
and support recovery processes. Specifically, it provides significant benefits for conditions such
as neuropathic pain, inflammation, and muscle damage. Therefore, many athletes prefer CBD
as an alternative to traditional painkillers and anti-inflammatory drugs. However, the limited
research in this field and the small-scale or methodological flaws in existing studies make it
difficult to clarify the effects of CBD on sports performance and recovery. Furthermore, the
potential effects of CBD on anxiety and sleep regulation are also being investigated. Stress and
anxiety management in athletes are crucial for performance. CBD reduces anxiety, exhibits a
calming eff ect on the mind and body, interacts with the endocannabinoid system to balance the
body's sleep-wake cycle, thus providing a better sleep pattern for athletes. These effects make
CBD an attractive option for athletes. Another area where CBD could have a significant impact
is on athletes' concentration and focus. By regulating the activity of the endocannabinoid
system, CBD is thought to enhance concentration and focus in athletes.

As a result, this research could be a significant step towards better understanding the effects of
CBD on sports performance and recovery, as well as supporting the health and performance of
athletes. Studies in this field indicate the need to focus not only on traditional methods but also
on alternative treatment options to optimize athletes' performance. However, the lack of
comprehensive research and methodological flaws in existing small-scale studies make it
challenging to determine the effectiveness of CBD on sports performance and recovery.
Ultimately, the effects of CBD on sports performance and recovery should be further
investigated and carefully evaluated by health professionals.

Ozet

Bu arasgtirma, CBD'nin spor performansi ve iyilesme lizerindeki etkilerini sistemli bir sekilde
incelemeyi amaclamaktadir. Sporcularin performansini optimize etmek i¢in bircok yontem
mevcuttur ancak sporcularin karsilagtigi onemli zorluklar arasinda sakatlik sonrasi iyilesme,
kas hasari, agr1 yonetimi, anksiyete ve uyku bozukluklari ile kosantrasyon ve odaklanma
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sorunlar1 bulunmaktadir. Ozellikle, CBD'nin anti-inflamatuar, analjezik ve antioksidan etkileri
ile birlikte, sporcularin performansini artirmak, iyilesme siireclerini desteklemek i¢in umut vaat
etmektedir. Spesifik olarak, noropatik agri, enflamasyon ve kas hasar1 gibi durumlar da 6nemli
faydalar saglamaktadir. Bu nedenle bir¢ok sporcu, geleneksel agri kesici ilaglar ve anti-
enflamatuar ilaglara alternatif olarak CBD’yi tercih etmektedir. Ancak, bu alandaki
aragtirmalarin siirli olmasi ve mevcut ¢aligmalarin kiiciik 6l¢ekli veya metodolojik kusurlara
sahip olmasi, CBD'nin spor performansi ve iyilesme {iizerindeki etkilerini netlestirmeyi
zorlastirmaktadir. Ote yandan, CBD'nin anksiyete ve uyku diizenlemesi iizerindeki potansiyel
etkileri de incelenmektedir. Sporcularda stres ve anksiyete yonetimi, performansin énemli bir
parcasidir. CBD anxieteyi azaltarak, zihin ve viicut lizerindeki sakinlestirici etki gostermekte,
endokannabinoid sistemiyle etkilesime girerek viicudun uyku-uyaniklik dongiisiini
dengelemekte, boylece, sporcular i¢in daha iyi bir uyku diizeni saglamaktadir. Bu etkiler,
CBD’yi sporcular i¢in ¢ekici bir segenek haline getirmektedir. CBD'nin 6nemli bir etkisi
olabilecegi alanlardan bir digeri, sporcularda konsantrasyon ve odaklanma {izerindedir.
Endokannabinoid sisteminin aktivitesini diizenleyerek, CBD'nin sporcularda konsantrasyonu
ve odaklanmayi artirabilecegi diisiiniilmektedir.

Sonug olarak, bu arastirma, CBD'nin spor performansi ve iyilesme iizerindeki etkilerini daha
iyi anlamak ve sporcularin saglik ve performansini desteklemek i¢in dnemli bir adim olabilir.
Bu alanda yapilan caligmalar, sporcularin performansini optimize etmek igin geleneksel
yontemlerin yani1 sira alternatif tedavi seceneklerine de odaklanilmasi gerektigini
gostermektedir. Ancak, kapsamli arastirma eksikligi ve mevcut kiiciik 6l¢ekli ¢calismalardaki
metodolojik kusurlar, CBD'nin spor performansi ve iyilesme iizerindeki etkinligini belirlemeyi
zorlagtirmaktadir. Netice de, CBD’nin spor performansi ve iyilesme lizerindeki etkileri daha
fazla arastirilmali ve saglik profesyonelleri tarafindan dikkatle degerlendirilmelidir.

GIRIS

Arastirmalar, sporcularin limitlerini zorlamadiklarim1 ve performanslarini en iist seviyeye
cikarmak i¢in bilinen tiim metodlar1 uyguladiklarin1 gostermektedir. Ancak, sakatlik sonrasi
iyilesme, kas hasari, agr1 yonetimi, ansiyete ve uyku bozukluklar1 gibi durumlar sporcularin
performansini tehdit eden 6nemli faktdrler arasinda sayilabilir. Ozellikle néropatik agr1 ve
enflamasyon nedeniyle olusan agrilar, kas hasarina karsi olusan iltihaplanmalarin yanisira
sporcularin performanslarina yonelik ansiyete ve stres durumlar1 gibi zihinsel bilesenler
sporcularda performans optimasyonu i¢in arastirmaci ve uygulamacilari farkli arayiglara
yonlendirmistir.

Geleneksel antrenman ve tedavi metotlari, beslenme diizeni ve dinlenme stirecleri genellikle
sporcularin performansini artirmak i¢in bagvurdugu ilk yontemlerdir. Ancak, son yillarda ¢esitli
arastirmalar ve caligmalar, performans artiric1 etkileri olan daha az bilinen veya uygulanan
yontemlerin varligini ortaya koymaktadir. Bunlardan biri de CBD (kannabidiol) gibi alternatif
tedavi yontemleridir.

ARASTIRMA VE BULGULAR
CBD'nin spor performansi ve iyilesmedeki etkileri

Cannabis bitkisinden elde edilen psikoaktif olmayan bir bilesik olan Cannabidiol (CBD),
performans1 artirma ve iyilesmeye yardimci olma potansiyeli nedeniyle spor ve saglik
topluluklarinda 6nemli bir yer edinmistir. Psikoaktif karsitinin aksine, CBD, Yasakli Maddeler
Listesi'nde yer almadigindan sporcular i¢in cazip bir segenektir (Aguiar, 2023; McCartney et
al., 2020).
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CBD veya kannabidiol, son yillarda spor performansi ve iyilesme konusunda potansiyel
faydalar1 nedeniyle popiilerlik kazanmistir (Burr et al., 2021). Birgok sporcu geleneksel agri
kesici ilaglar ve anti-enflamatuar ilaglara dogal bir alternatif olarak CBD'ye yonelmistir. Ancak,
CBD uygulamalarinin sporda etkinligi konusu arastirmacilar ve saglik profesyonelleri arasinda
tartisma konusu olmaya devam etmektedir (Lunn et al., 2023) . CBD, kenevir bitkisinde
bulunan 100'den fazla kannabinoidden biridir ve anti-enflamatuar, analjezik, antioksidan
ozellikleriyle bilinir. Bu 6zellikler, kronik agri, anksiyete ve epilepsi gibi ¢esitli durumlari
tedavi etmek i¢in kullanimina yol agmustir.

Spor performansi ve iyilesme baglaminda, bir¢ok sporcu CBD'nin onlara agriy1 yonetmede,
enflamasyonu azaltmada ve uyku kalitesini artirmada yardimc1 oldugunu iddia etmektedir. Bu
faydalar 6zellikle yiiksek yogunluklu antrenman ve miisabakalara katilan sporcular i¢in faydali
olabilir, ¢linkii onlar daha fazla sakatlik ve kas agrisi riski altindadir. Bazi ¢calismalar, CBD'nin
iyilesme stirecini hizlandirabilecegini ve genel performansi artirabilecegini 6ne stirmiistiir
(Malige et al., 2024). Ancak, spor performansindaki CBD'in etkinligi lizerine anekdotal
kanitlar ve sporculardan gelen olumlu referanslara ragmen, heniiz sinirli sayida bilimsel
aragtirma yapilmistir (Aguiar, 2023). Mevcut calismalarin birgogu kiigiik Olgekli ya da
metodolojik kusurlara sahiptir, sporcularin saglik ve performansi iizerindeki uzun vadeli
etkilerini tam olarak anlamak i¢in daha fazla arastirmaya ihtiyag¢ vardir.

Spor alaninda CBD'nin etkilerini incelemek icin potansiyel bir zorluk, iiriin kalitesi ve
dozajindaki degiskenliklerdir. Uriinlerdeki CBD konsantrasyonu biiyiik 6l¢iide degisebilir ve
su anda sporcular i¢in standart bir dozaj kilavuzu bulunmamaktadir. Bu, farkli ¢alismalarin
sonuglarint karsilagtirmayr ve CBD'in spor alanindaki gergek etkinligini degerlendirmeyi
zorlastirmaktadir. Spor performansi ve iyilesmesinde CBD'nin potansiyel faydalarina artan ilgi
olsa da, CBD'nin spor alanindaki etkinligi muhtemelen dozaj, iiriin kalitesi ve sporculara 6zgii
gereksinimler gibi bireysel faktorlere bagli olacaktir. Sporcular ve antrendrler, CBD
kullanimina dikkatle yaklasmali ve antrenman programlarina dahil etmeden Once saglik
profesyonellerinden tavsiye almalidir (Kouvelioti & Vagenas, 2015).

Ancak, CBD'nin kullanim ile ilgili olarak sporcularin dikkat etmesi gereken bazi hususlar
vardir. Ornegin, Diinya Dopingle Miicadele Ajanst (WADA), 2018 yilinda CBD'yi yasakli
maddeler listesinden ¢ikarmistir; ancak, CBD iiriinlerinin THC igerme potansiyeli
bulunmaktadir ve THC hala yasakli bir madde olarak kalmaktadir. Bu nedenle, sporcularin
sadece yliksek kaliteli, liciincli taraf laboratuvarlar tarafindan test edilmis ve THC i¢ermeyen
CBD iiriinlerini kullanmas1 énemlidir. Iste CBD'nin sporcular iizerindeki potansiyel etkileri:

CBD, Kas Hasar1 ve Agr1 Yonetimi

Sporcular, siki antrenmanlar ve yarismalar sonucunda kas agrisi ve inflamasyon (iltihap)
yasayabilirler (Isenmann et al., 2020). Iltihap, egzersizden kaynaklanan kas hasarina kars1 dogal
bir tepkidir; ancak asiri iltihap, iyilesmeyi ve performansi engelleyebilir. CBD, siki fiziksel
aktivite ile iligkilendirilen iltihab1 azaltarak iyilesme siirelerini teorik olarak hizlandirabilecegi
anti-enflamatuar ozellikleriyle taninmaktadir. (Kennedy, 2022). CBD'min en c¢ok o&viilen
faydalarindan biri, sporcular i¢in 6nemli bir iyilesme olan agriy1 yonetme potansiyelidir. Birgok
calisma, CBD'nin bagimlilik yapmayan ve geleneksel agr ilaclariyla iligskilendirilen yan
etkilere sahip olmayan ¢esitli agr tiirlerini, 6zellikle ndropatik agr1 ve enflamasyon nedeniyle
olusan agriy1 hafifletebilecegini one siirmektedir (Kasper et al., 2020; Stauch et al., 2021).
Inflamasyon, egzersize dogal bir yanit olmasina ragmen, asir1 veya kronik inflamasyon agriya
neden olabilir ve performansi engelleyebilir (Lunn et al., 2023) CBD'in sporcularda
inflamasyon ve agriyla nasil yardimci olabileceginin temel yollarindan biri, endokannabinoid
sistemi (ECS) ile etkilesimidir. ECS, agri1, inflamasyon ve bagisiklik tepkisi de dahil olmak
iizere viicuttaki ¢esitli fonksiyonlar1 diizenleyen reseptorler ve molekiillerin karmasik bir agidir.
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CBD, ECS ile belirli reseptorleri etkinlestirerek veya inhibe ederek etkilesime girer, bu da
inflamasyon ve agrinin azalmasina neden olur (Baswan et al., 2020). Bu o6zellikle yogun
antrenman veya rekabete katilan sporcular i¢in faydali olabilir, ¢iinkii onlar daha fazla
inflamasyona ve agriya egilimlidirler. (Kasper et al., 2020)

Anti-inflamatuar 6zelliklerinin yani1 sira, CBD'nin antioksidan etkilere sahip oldugu da
gosterilmistir. Antioksidanlar ile serbest radikaller arasinda dengesizlik oldugunda ortaya ¢ikan
oksidatif stres, viicutta kas hasarina ve sporcularda bozulmus iyilesmeye katkida bulunabilir.
Oksidatif stresi azaltarak, CBD kaslar1 hasardan korumaya ve daha hizli iyilesmeyi tesvik
etmeye yardimci olabilir (McCartney et al., 2020) .(da Silva Conter et al., 2023; Gamelin et al.,
2020)

Ayrica, CBD'nin nérokoruyucu 6zelliklere sahip oldugu bulunmustur, bu da yiiksek etkili
sporlar veya aktivitelere katilan sporcular i¢in faydali olabilir. Travmatik beyin yaralanmalari
veya tekrarlayan darbeler sonucunda ndrolojik hasar meydana gelebilir ve uzun vadeli biligsel
ve motor bozukluklara yol agabilir. CBD'nin hayvan c¢alismalarinda ndronal hasara karsi
koruma sagladig: ve biligsel fonksiyonu artirdig1 gésterilmistir, bu da onun nérolojik yaralanma
riski altindaki sporcular i¢in potansiyel uygulamalara sahip olabilecegini diisiindiirmektedir
(Aychman et al., 2023; Gamelin et al., 2020; McCartney et al., 2020 Rojas-Valverde, 2021;
Rojas-Valverde & Fallas-Campos, 2023). Ancak, CBD'nin her seyi tedavi edici bir ¢oziim
olmadigr ve inflamasyon ve agriyr yonetme i¢in diger tedaviler ve yontemlerle birlikte
kullanilmas1 gerektigi unutulmamalidir. On calismalar umut verici olsa da, bu alandaki
etkinligini kesin olarak belirlemek icin daha fazla kapsamli arastirmaya ihtiyag¢ vardir. Her
zamanki gibi, sporcular CBD'yi rejimlerine dahil etmeden once bir saglik profesyoneli ile
danismalidir.

Anksiyete ve Uyku

Spor performansinin siklikla goz ardi edilen bir yonii, stres ve anksiyete yonetimini de igeren
zihinsel bilesendir. CBD'nin, anksiyete gibi uyku bozukluklarmin temel nedenlerine
odaklanarak uyku kalitesini artirabilecegini gostermektedir.

Anksiyete

CBD'nin spor alaninda kullanimi, sporcularin anksiyete ve stresle basa ¢ikmalarina yardimei
olma potansiyeli nedeniyle son yillarda artan bir popiilerlik kazanmistir. CBD veya kannabidiol,
cannabis bitkisinde bulunan dogal bir bilesik olup, anksiyete ve stresi azaltma etkileri de dahil
olmak tizere cesitli terapotik oOzelliklere sahip oldugu gosterilmistir (Lunn vd., 2023;
McCartney vd., 2020a).

Anksiyete ve stres, yliksek seviyede performans gosterme baskisi altindaki sporcular arasinda
yaygin problemlerdir. Rekabetin getirdigi stres ya da sakatliklar ve basarisizliklarla basa ¢ikma
anksiyetesi ile bas etmeleri gereken sporcular, genellikle performanslarimi etkileyebilecek
zihinsel saglik zorluklariyla karsilagsmaktadir. CBD'nin anksiyolitik etkilere sahip oldugu ve
anksiyete hissini azaltarak sakinlik ve rahatlama hissini tesvik edebilecegi gosterilmistir (Rojas-
Valverde, 2021; Rojas-Valverde & Fallas-Campos, 2023).

Aragtirmalar, CBD'nin stres yanitin1 diizenlemeye yardimci olabilecegini gostermistir. Bu,
endokannabinoid sistemi ile etkilesime girerek, ruh hali, uyku ve stresin diizenlenmesinde
onemli bir rol oynayan sistemi diizenler. Stres yanitinda rol alan ndrotransmitterlerin
aktivitesini modiile ederek, CBD, sporcularin antrenman ve rekabetin getirdigi zorluklarla daha
1yi basa ¢ikmalarina yardimci olabilir (da Silva Conter vd., 2023b). Ayrica, CBD psikoaktif
degildir, yani genellikle esrar kullanimiyla iligkilendirilen "uyusma"yi iiretmez. Bu, geleneksel
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ilaglarin olumsuz yan etkileri olmadan kaygi ve stresi yonetmek isteyen sporcular i¢in giivenli
ve yasal bir segenek haline getirir (Moltke & Hindocha, 2021; Spinella et al., 2021).

Uyku kalitesi

Uykusuzluk ve diisilk uyku kalitesi, sporcularda performanst onemli oSlgiide etkileyen
faktorlerden biridir (Eichler et al., 2023). CBD uygulamalarinin sporcularda uyku kalitesi
iizerine etkileri konusundaki arastirmalar, son zamanlarda biiyiik bir ilgi odag1 haline gelmistir.
Uyku, kas onarimi ve biiylimesi i¢in gereklidir ve yeterli uyku alamayan sporcularin
performanslarinda diisiis yasanabilir. Bu nedenle, CBD'nin sporcularin uyku kalitesini
arttirmasi, performanslarini olumlu sekilde etkileyebilir (Rojas-Valverde, 2021; Rojas-Valverde
& Fallas-Campos, 2023). Bazi arastirmalar, CBD'nin endokannabinoid sistemini etkileyerek
uyku diizenini diizenleyebilecegini gdstermektedir. Endokannabinoid sistem, viicudun
homeostazini diizenleyen bir sistemdir ve uyku diizenlemesinde de énemli bir rol oynamaktadir.
Bir¢ok sporcu, uykuya dalma ve uykuda kalma yeteneklerini etkileyebilecek diizeyde yogun
antrenman programlart ve performans beklentileri nedeniyle yliksek stres ve anksiyete
seviyeleri yasarlar.

CBD'nin zihin ve viicut lizerinde sakinlestirici etkisi sayesinde sporcularin gevsemesine ve daha
iyl bir gece uykusu almalarina yardimci olabilir (Ichikawa et al., 2023; Moltke & Hindocha,
2021).

Sakinlestirici etkilerinin yani sira, CBD'nin viicudun i¢ saatini diizenleyerek uyku iizerinde
olumlu bir etkisi olabilir. Caligmalar, CBD'nin endokannabinoid sistemiyle etkilesime girerek
viicudun uyku-uyaniklik dongiisiinii etkileyebilecegini gostermistir. Daha dengeli ve diizenli
bir uyku-uyaniklik dongiisiinii tesvik ederek, CBD sporcularin saglikli bir uyku diizeni
olusturmalarina ve genel uyku kalitelerini iyilestirmelerine yardimci olabilir (Gamelin et al.,
2020; Tamanaha, 2023).

Genel olarak, CBD'nin sporculardaki uyku kalitesi tizerindeki potansiyel faydalari umut
vericidir. Ancak, bu etkilerin altinda yatan mekanizmalar1 tam olarak anlamak ve uyku
kalitesini iyilestirmek i¢in CBD kullaniminin optimal dozu ve zamanlamasini belirlemek i¢in
daha fazla arastirma yapilmasi gerektigini belirtmek 6nemlidir. CBD'yi uyku rutinine dahil
etmeyi diislinen sporcularin, giivenli ve etkili kullanim1 saglamak i¢in bir saglik uzmanina veya
spor tibb1 profesyoneline danismalar1 6nemlidir.

Konsantrasyon ve odaklanma

CBD’nin sporcularda kullanimina bir diger ilgi konusu ise konsantrasyon ve odaklanmaya olan
etkisidir. CBD, THC gibi 1 psikoaktif 6zelliklere sahip olmamakla birlikte, CBD'nin, ruh halini,
stresi ve enerji seviyelerini diizenlemekte rol oynayan viicudun endokannabinoid sisteminin
aktivitesini diizenleyerek, CBD'nin sporcularda konsantrasyonu ve odaklanmayi artirabilecegi
diisiiniilmektedir (Rojas-Valverde, 2021).

Sporcularda konsantrasyon ve odaklanmanin énemi, performanslarini artirmak ve hedeflerine
ulagmak icin olduk¢a dnemlidir. Stres ve dikkat daginiklig: gibi faktorler, sporcularin basarisini
olumsuz yonde etkileyebilir. Bu nedenle, sporcularin konsantrasyon ve odaklanma becerilerini
gelistirmek icin farkli yontemler arayist i¢inde olmalari son derece dogaldir (Maurer et al.,
2020). CBD igeren iiriinlerin diizenli kullaniminin zihinsel netligi artirdig1 ve stresi azalttig
gozlemlenmektedir (Wedman-St Louis, 2019). Sporcular, antrenman ve mag¢ 6ncesi CBD
uygulamalari sayesinde daha fazla konsantre olabildiklerini ve performanslarini daha iyi bir
sekilde sergileyebildiklerini belirtmektedirler. Farkli spor dallarinda ve farkli seviyelerde
sporcular {izerinde yapilan c¢alismalarla elde edilen bulgularin genellestirilmesi ve
dogrulanmasi gerekmektedir (Burr et al., 2021; Kennedy, 2022).
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Sporcularin performanslarin1 artirmak ve hedeflerine odaklanmak i¢in CBD igeren iiriinleri
kullanmalar1, uygun dozajlar ve profesyonel danigmanlik esliginde gerceklesmelidir. Ayrica,
sporcularin CBD kullanim1 6ncesinde doktorlarina danigsmalar1 da son derece énemlidir. Bu
sayede, sporcularin konsantrasyon ve odaklanma becerilerini gelistirmelerine yardimci olabilir
ve daha basarili performanslar sergilemelerine katkida bulunabilir.

Kullanim ve Gelecek Yonelimler

CBD'nin spor performansi ve iyilesme alanindaki terapdtik potansiyeli ilgi ¢ekici olsa da, birkag
onemli diisiince bulunmaktadir. CBD iiriinleri i¢in diizenleyici standartlar genis bir sekilde
degisebilir, bu da kalite ve dozaj konusunda tutarsizliklara neden olabilir. CBD'yi rutinlerine
dahil etmeyi diisiinen sporcular, saflik ve konsantrasyon agisindan {igiincii taraflarca test edilen
driinler aramalidir. Ayrica, CBD'nin yasal durumu bolgeye gore degisebilir, bu nedenle
sporcularin kendi bolgelerinde veya yarisma alanlarinda gecerli olan diizenlemeler hakkinda
bilgili olmalar1 ¢ok dnemlidir.

CBD'nin spor performansi ve iyilesme alanindaki roliine olan ilgi arttikca, kapsaml
aragtirmalara olan ihtiya¢ da artmaktadir. Gelecek c¢aligmalar, optimal dozajlari, uygulama
yontemlerini ve uzun siireli kullanimin etkilerini anlamay1 amaglamalidir. Ayrica, aragtirmalar
ayn1 zamanda CBD ile sporcularin kullandig1 diger yaygin takviyeler veya ilaglar arasindaki
etkilesimleri de kesfetmelidir.

SONUC

Sonu¢ olarak, CBD'nin spor performansi ve iyilesme iizerindeki etkileri hakkindaki
aragtirmalar, bu bilesigin sporcular icin potansiyel faydalarini vurgulamaktadir. Anti-
inflamatuar, analjezik ve anksiyolitik Ozellikleri sayesinde CBD, sporcularin agriy1
yonetmelerine, inflamasyonu azaltmalarina ve stresle basa ¢ikmalarina yardimci olabilir.
Ayrica, uyku kalitesini artirma ve konsantrasyonu artirma gibi potansiyel etkileriyle,
sporcularin performanslarin1 ve iyilesmelerini destekleyebilir. Performans ve iyilesme igin
CBD'yi diisiinen sporcular, gilivenilir kaynaklardan {riinleri Onceliklendirmeli ve spor
alanlarinda CBD'nin etkinligi ve giivenligi hakkinda devam eden yasal ve bilimsel anlayis
hakkinda bilgili olmalidir. Sporcular ve antrenorler, CBD kullanimi konusunda dikkatli olmal
ve saglik uzmanlarindan tavsiye almalidir. Sonug olarak, CBD'nin spor performansi ve iyilesme
iizerindeki etkileri, bireysel faktorlere bagli olarak degisebilir ve bu nedenle her sporcu i¢in
farkli sonuglar verebilir. Bu nedenle, CBD'nin sporcular igin tam olarak nasil kullanilacagina
dair net yonergeler olusturmak icin daha fazla aragtirmaya ihtiyac vardir.
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Abstract

Throughout history, plant-based medicines have been crucial to human civilization. Natural
sources have provided some of the most significant pharmaceuticals in modern medicine,
including vincristine, aspirin, quinine, and more. In this context, Plumbago zeylanica is a plant
that is commonly used in African traditional medicine to treat prostate cancer. We have
employed computational methods that simulate several scientific approaches, such as molecular
docking, ADME-Tox, molecular dynamics, and Density Functional Theory (DFT), to
investigate the advantages of this plant. We have employed various in-silico techniques to
identify the most efficient compounds for treating prostate cancer in the root extract of
Plumbago zeylanica. We have identified multiple bioactive constituents, such as hispidulin and
diosmetin that effectively combat prostate cancer by inhibiting three crucial receptors, namely
AR, CYP17A1, and PI3K. This study aims to enhance future in-vitro research by providing a
more comprehensive and meticulous analysis. The ultimate objective is to develop more
effective prostate cancer medications using natural plant sources, specifically Plumbago
zeylanica.

Keywords: Plumbago zeylanica, Prostate cancer, Molecular docking, Molecular dynamics,
DFT
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Abstract

Oral and dental diseases, which are among the most common non-communicable diseases
worldwide, can affect quality of life and general health. These diseases include dental caries,
oral cancers, gingivitis, periodontitis, gum disease, Noma, oro-dental trauma, HIV oral
symptoms, sensitive teeth, cracked teeth, broken teeth and cleft lip and palate. Traditional
Chinese, African, Indian and Western medicine have used herbs for centuries to treat oral and
dental health problems such as dental caries, gingivitis, toothache, toothache, dental pulp
inflammation, halitosis, mucositis, sore throat, mouth sore infections and periodontal
abscesses. Herbs are often used for their antimicrobial, analgesic, anti-inflammatory and
antiseptic properties. Cannabis sativa L., the most common of these plants used, is prominent
in Asian medicine to relieve toothache, prevent dental caries and reduce gingivitis. The
presence of CB receptors in the mouth has raised the issue of targeting the endocannabinoid
system to treat oral and dental problems. Recently, Cannabidiol (CBD), a secondary metabolite
derived from Cannabis sativa L., has anti-inflammatory, analgesic, anxiolytic, antimicrobial
and anti-cancer properties, so it may benefit conditions such as burn mouth syndrome, dental
anxiety, gingivitis and oral cancer. Furthermore, terpenes and flavonoids, other important
secondary metabolites found in Cannabis sativa L., have anti-inflammatory, analgesic,
anxiolytic and antimicrobial effects, suggesting that they can be used in oral and dental care.
This review aims to investigate the potential of Cannabis sativa L. to treat dental and oral
diseases.

Keywords: Cannabis sativa L., Endocannabinoid system, Cannabidiol (CBD), Terpenes and
flavonoids, Oral and dental diseases

Ozet

Diinya ¢apinda en sik goriilen bulasici olmayan hastaliklar arasinda yer alan agiz ve dis
hastaliklar1 yasam kalitesini ve genel saglig1 etkileyebilmektedir. Bu hastaliklar arasinda dis
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ciirtikleri, agiz kanserleri, dis eti iltihabi, periodontit, dis eti hastaligi, Noma, oro-dental
travmasi, HIV agiz semptomlari, hassas disler, ¢atlak disler, kirik disler ve yarik dudak ve
damak yer alir. Geleneksel Cin, Afrika, Hint ve Bat1 tibbu, dis ¢liriigii, dis eti iltihabi, dis agrisi,
dis pulpasi iltihabi, ag1z kokusu, mukozit, bogaz agrisi, agrili ag1z enfeksiyonlar1 ve periodontal
apseler gibi agiz ve dis sagligi sorunlarni tedavi etmek i¢in yiizyillardir sifali bitkileri
kullanmistir. Tibbi bitkiler, siklikla antimikrobiyal, analjezik, antiinflamatuar ve antiseptik
ozelliklerinden dolay1r kullanilir. Halk ilaci olarak kullanilan bitkilerden Cannabis sativa L.,
Asya tibbinda dis agrisin1 dindirmek, dis ¢iirtiklerini 6nlemek ve dis eti iltihabin1 azaltmak i¢in
one ¢ikmaktadir. Agizda CB reseptorlerinin varligi, agiz ve dis problemlerini tedavi etmek i¢in
endokannabinoid sistemin hedeflenmesi sorununu giindeme getirmistir. Son zamanlarda,
Cannabis sativa L.'den tiiretilen ikincil bir metabolit olan Cannabidiol (CBD), anti-inflamatuar,
analjezik, anksiyolitik, antimikrobiyal ve anti-kanser 6zelliklerine sahiptir, bu nedenle yanik
agiz sendromu, dis kaygisi, dis eti iltihab1 ve ag1z i¢i rahatsizliklar ve oral kanser gibi durumlara
fayda saglayabilir. Ayrica Cannabis sativa L.'de bulunan diger énemli sekonder metabolitler
olan terpenler ve flavonoidlerin antiinflamatuar, analjezik, anksiyolitik ve antimikrobiyal
etkilere sahip olmasi, bunlarin ag1z ve dis bakiminda kullanilabilecegini diisiindiirmektedir. Bu
derleme, Cannabis sativa L.'nin dis ve agiz hastaliklarini tedavi etme potansiyelini aragtirmay1
amagclamaktadir.

Anahtar Kelimeler: Cannabis sativa L., Endokannabinoid sistem, Cannabidiol (CBD),
Terpenler ve flavonoidler, Agiz ve dis hastaliklar

GIRIS

Bilimsel olarak Cannabis sativa L. olarak bilinen kenevir, uzun bir tibbi kullanim ge¢misine
sahiptir (Bonini et al., 2018). Son yillarda, ¢esitli tibbi durumlarin tedavisinde kenevirin
potansiyeli lizerine arastirmalar artmigtir (Rupasinghe et al., 2020). Bu durumlar arasinda agiz
ve dis enfeksiyonlar1 da bulunmaktadir (Lowe et al., 2021). Agiz ve dis enfeksiyonlari, agiz
icinde veya dislerde meydana gelen bakteri, viriis veya mantar kaynakli enfeksiyonlardir
(Laheij et al., 2012). Bu tiir enfeksiyonlar, agiz sagligini olumsuz etkileyebilir ve tedavi
edilmezse ciddi komplikasyonlara yol agabilir (Haque et al., 2019). Agiz ve dis enfeksiyonlari
toplumda oldukg¢a yaygin ve genellikle agrili olup, etkili tedavi gerektirir (Peres et al., 2019).
Dis c¢iirtikleri, dislerin ylizeyinde bulunan bakterilerin sekerleri asitlere doniistiirmesi sonucu
olusur. Bu asitler, dis minesini asindirarak ¢iirtikler olusturur. Ciiriikler tedavi edilmezse disin
daha derin katmanlarina yayilabilir ve agriya, enfeksiyona ve dis kaybina yol acgabilir. Dig
apsesi, dis kokiinde veya disin etrafindaki dokularda olusan bir enfeksiyon sonucu olusan irin
dolu keseciktir. Dis apseleri siddetli agriya, sismeye ve atese neden olabilir (Robertson &
Smith, 2009). Tedavi edilmezse enfeksiyon ¢evre dokulara ve hatta viicuda yayilabilir (Hardie,
1992; Watt et al., 2020). Diseti hastaliklari, dis etlerini ve disleri destekleyen kemik yapisini
etkileyen enfeksiyonlardir. Gingivitis (erken evre) ve periodontitis (ileri evre) olarak iki ana
kategoriye ayrilir. Gingivitis, dis etlerinin iltihaplanmasi ve kanamasi ile karakterizedir.
Genellikle iyi bir agiz hijyeni ile geri dondiiriilebilir. Periodontitis, dis etlerinin ve g¢evre
dokularin ciddi hasar gérmesi ile karakterizedir. Tedavi edilmezse dis kaybina yol acgabilir
(Tanzer et al., 2001). Pamukguk, agiz iginde Candida albicans adli mantarin asir1 ¢ogalmasi
sonucu olusan bir enfeksiyondur. Genellikle beyaz, kremsi lezyonlar seklinde ortaya c¢ikar ve
agizda rahatsizlik veya yanma hissine neden olabilir (He & Shi, 2009). Bagisiklik sistemi
zayiflamis kisilerde daha yaygin goriiliir (Tavares et al., 2014). Herpes simpleks viriisii (HSV),
ag1z cevresinde ve icinde agrili yaralara neden olabilir. HSV-1 genellikle agiz ¢evresinde
ucuklara neden olurken, HSV-2 daha c¢ok genital bolgede enfeksiyona yol acar. Ancak her iki
tiir de agizda enfeksiyona neden olabilir (Lewis, 2004). Perikoronit, genellikle kismen ¢ikmig
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veya gomiilii olan tigiincii az1 dislerinin (20 yas disleri) etrafindaki dis etlerinin enfeksiyonudur.
Dis etlerinde sisme, agr1 ve bazen irin olusumu ile karakterizedir (Moloney & Stassen, 2009).
Dis pulpasinin (sinir ve damar dokusu) enfekte olmasi sonucu olusan enfeksiyonlardir (Kwon
& Serra, 2022). Genellikle dis ¢iiriigii veya travma sonucu disin pulpasi zarar gérdiigiinde
ortaya ¢ikar ve tedavi edilmezse apseye neden olabilir. Agiz ve dis enfeksiyonlar1 ayrica ¢ene
kemigine de yayilabilir, bu da osteomiyelit gibi ciddi komplikasyonlara yol agabilir (Kwon &
Serra, 2022). Geleneksel tedavi yontemleri, bu enfeksiyonlarin kontrol altina alinmasi ve
semptomlarin hafifletilmesi amaciyla uygulanir. Bu yontemler antibiyotikler, agr1 kesiciler ve
cerrahi miidahaleler seklinde siralanabilir.

Antibiyotikler

Antibiyotikler, bakteriyel enfeksiyonlar1 tedavi etmek icin yaygin olarak kullanilir. Ancak,
antibiyotiklerin uzun siireli ve sik kullanimi antibiyotik direncine yol agabilir. Bu durum,
bakterilerin antibiyotiklere karsi diren¢ gelistirmesi ve tedavilerin etkisiz hale gelmesi
anlamia gelir. Ayrica, antibiyotikler mide bulantisi, ishal ve alerjik reaksiyonlar gibi yan
etkilere de neden olabilir (Levi & Eusterman, 2011; Qiu et al., 2020).

Agr Kesiciler

Agn kesiciler, agiz ve dis enfeksiyonlarinin neden oldugu agriy1 hafifletmek i¢in kullanilir.
Ibuprofen ve parasetamol gibi regetesiz satilan agr1 kesiciler, agriy: ve iltihabi azaltmada etkili
olabilir. Ancak, bu ilaglar sadece semptomlari hafifletir ve enfeksiyonu tedavi etmez. Ayrica,
uzun siireli kullanimda mide iilserleri, bobrek hasar1 ve karaciger sorunlar1 gibi yan etkiler
ortaya ¢ikabilir (Mehlisch et al., 2010).

Cerrahi Miidahaleler

Ciddi enfeksiyonlar durumunda, cerrahi miidahaleler gerekebilir. Bu miidahaleler arasinda
enfekte disin cekilmesi, apse drenaji ve kok kanal tedavisi yer alir. Cerrahi miidahaleler
genellikle etkili olsa da, invaziv olmalar1 ve iyilesme slirecinin uzun olmas gibi dezavantajlari
vardir (Goodson, 2019).

Antibiyotik Direnci ve Yan Etkiler

Antibiyotiklerin asir1 ve yanlis kullanimi, antibiyotik direncinin artmasina neden olmustur. Bu
durum, tedavi segeneklerinin azalmasma ve enfeksiyonlarn kontrol altina alinmasinin
zorlagmasina yol acar (Frieri et al., 2017). Ayrica, antibiyotiklerin bagirsak florasini bozarak
sindirim problemlerine neden olabilecegi bilinmektedir. Agr1 kesicilerin ise mide-bagirsak
sorunlar1, bobrek ve karaciger fonksiyonlarinda bozulma gibi yan etkileri bulunmaktadir.
Uygulamada 6nemli bir yer edinen bu yontemlerin yan etkileri ve antibiyotik direnci gibi
sorunlar nedeni ile alternatif tedavi yontemleri arastirilmaktadir (Urban-Chmiel et al., 2022).
Kenevir, bu baglamda potansiyel bir tedavi secenegi olarak One c¢ikmaktadir. Antibiyotik
direnci, ¢esitli bulasic1 hastaliklarin, 6zellikle de biyotik ve abiyotik materyaller iizerinde
biyofilm olusumuyla iliskili hastaliklarin tedavisinde giderek artan bir zorluk haline gelmistir.
Biyofilme gomiilii bakterileri de hedef alabilecek yeni tedavi protokollerine acil ihtiyag vardir.
Bitkilerin birgok sekonder metaboliti anti-bakteriyel aktiviteye sahiptir ve 6zellikle Cannabis
sativa L. ¢esitlerinin fitokanabinoidleri umut vaad etmekte ve normal memeli hiicrelerinde
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sitotoksik esigin altindaki konsantrasyonlarda anti-mikrobiyal ve anti-biyofilm aktiviteleri
nedeniyle biiylik ilgi gérmektedir (Sionov & Steinberg, 2022).

ARASTIRMA VE BULGULAR
Kenevirin Potansiyel Tedavi Olarak Degerlendirilmesi
Kenevirin Terapétik Ozellikleri

Kenevir (Cannabis sativa), terapotik ozellikleri nedeniyle tibbi kullanimlartyla dikkat ¢ceken
bir bitkidir. Kenevirin terapdtik potansiyeli, bitkinin igeriginde bulunan cgesitli kimyasal
bilesiklere, 6zellikle kanabinoidlere ve terpenlere baglidir. En yaygin bilinen kanabinoidler
arasinda tetrahidrokanabinol (THC) ve kanabidiol (CBD) bulunur (Schrot & Hubbard, 2016).

1. Agr1 Yonetimi

Kenevir, kronik agr1 yonetiminde etkili olabilir. Ozellikle THC ve CBD, agr1 kesici 6zelliklere
sahiptir. Sinir sistemi tlizerinde etki ederek agr1 algisini azaltabilirler (Amar, 2006).

2. Anksiyete ve Depresyon

CBD'nin anksiyolitik ve antidepresan Ozellikleri lizerine yapilan arastirmalar, anksiyete ve
depresyon belirtilerini azaltmada yardimci olabilecegini gdstermektedir. CBD'nin beyindeki
serotonin reseptorleri ile etkilesime girerek bu etkileri gosterdigi diisiiniilmektedir (Botsford et
al., 2020).

3. Epilepsi ve Nobetler

CBD, baz1 epilepsi tiirlerinde ndbet sikligini ve siddetini azaltmada etkili bulunmustur. FDA
tarafindan onaylanmis bir CBD ilaci olan Epidiolex, 6zellikle Lennox-Gastaut sendromu ve
Dravet sendromu gibi zor tedavi edilen epilepsi formlarinda kullanilir (Britch et al., 2021).

4. Uyku Bozukluklar

Kenevir, uyku bozukluklarinin tedavisinde de kullanilabilir. Hem THC hem de CBD, uyku
kalitesini iyilestirebilir ve insomnia gibi durumlarda yardimci olabilir (Ranum et al., 2023).

5. Anti-inflamatuar Etkiler

CBD, anti-inflamatuar 6zelliklere sahiptir ve bu nedenle cesitli inflamatuar durumlarin
tedavisinde yardimci olabilir. Ozellikle artrit gibi kronik inflamatuar hastaliklarda agriy1 ve
sismeyi azaltabilir (Bunman et al., 2023).

6. Kanser Tedavisi ve Yan Etkilerinin Yonetimi

Kenevir, kemoterapiye bagli bulanti ve kusma gibi yan etkileri hafifletebilir. Ayrica bazi
caligmalar, kanser hiicrelerinin biiylimesini yavaglatabilecegini veya durdurabilecegini 6ne
stirmektedir (Valenti et al., 2022).
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7. Noroprotektif Ozellikler

Kenevirdeki bazi bilesikler, noroprotektif ozelliklere sahip olabilir, yani sinir hiicrelerini
koruyabilir ve norodejeneratif hastaliklarin ilerlemesini yavaglatabilir. Bu, Alzheimer hastaligi
ve Parkinson hastalig1 gibi durumlarda potansiyel terapotik kullanimlara isaret eder (Cooray et
al., 2020).

8. Cilt Sagh@

Kenevir yagi ve CBD, cilt saglig1 i¢in de kullanilabilir. Akne, egzama ve sedef hastalig1 gibi
cilt problemlerini hafifletebilir ve cildi yatistiric1 ve nemlendirici etkileri olabilir (Baswan et
al., 2020).

Kenevirin Agiz ve Dis Enfeksiyonlarinda Kullanim

Geleneksel tedavideki basarisizliklar nedeniyle, alternatif tedavi yontemleri arastirilmaktadir.
Kenevir, bu baglamda potansiyel bir tedavi secenegi olarak 6ne ¢ikmaktadir. Kenevirin agiz ve
dis enfeksiyonlarinda kullanilabilme potansiyeli, ozellikle igerdigi aktif bilesenler olan
tetrahidrokannabinol (THC) ve kannabidiol (CBD) sayesinde dikkat c¢ekmektedir. Bu
bilesikler, dis enfeksiyonlarinin tedavisinde faydali olabilecek antienflamatuvar, analjezik ve
antimikrobiyal 6zelliklere sahiptir.

Kenevirin Antienflamatuvar ve Antimikrobiyal Ozellikler

CBD, giiclii antienflamatuvar 6zelliklere sahiptir. Enflamasyon, viicudun enfeksiyona karsi
verdigi bir tepkidir ve bunu azaltmak agriy1 hafifletebilir ve iyilesmeyi hizlandirabilir (Garzén
et al., 2024). Enflamasyon, dis enfeksiyonlarinin ana bilesenlerinden biridir ve bu siirecte agr1
ve sislik olusur. CBD, enflamatuvar yanit1 diizenleyerek bu semptomlar: hafifletebilir. Ayrica,
THC ve CBD'nin g¢esitli bakterilere karst antimikrobiyal etkiler gosterdigi bilinmektedir. Bu
durum, kenevirin enfeksiyonu dogrudan hedef alarak etkili bir tedavi yontemi olabilecegini
gosterir (Bellocchio et al., 2023). Ilk ¢alismalar, kannabinoidlerin Streptococcus mutans gibi
agiz ve dis enfeksiyonlarina neden olan bakterilere karsi antimikrobiyal ozelliklere sahip
oldugunu 6nermektedir (Barak et al., 2022; Garzon et al., 2024). Baz1 kanabinoidlerin gram
pozitif bakterilere kars1 giiglii antimikrobiyal aktiviteye sahip oldugu bulunmustur. Bunlardan
biri psikoaktif olmayan, mindr fitokanabinoid Cannabigerol'diir (CBG). CBG'nin S. mutans'a
kars1 anti-bakteriyel aktiviteler sergiledigini gosteren ¢aligmalar vardir. Calismalarda CBG,
baslangigtaki hiicre yogunlugundan etkilenen planktonik olarak biiyliyen S. mutans'in
cogalmasin1 durdurmustur (Aqawi et al., 2021a). S. mutans ile birlikte ag1z enfeksiyonlarina
siklikla karisan Candida albicans mantarinin biyofilm olusumunu 6nlemede, triklosan ve
kannabidiol (CBD) igeren siirekli salinimli bir vernigin, her bir bilesigin tek basina
kullanilmasindan daha etkili oldugu gozlemlenmistir (Avraham et al., 2023). Cannabidiol
(CBD) ve kannabigeroliin (CBG) oral bakteriler ve periodontal ligaman fibroblastlar1 (PLF)
iizerindeki in vitro antimikrobiyal ve antibiyofilm o&zelliklerini ve immiin modiilator
aktivitesinin degerlendirildigi bir ¢calismada S. mutans ve C. albicans i¢in CBD ve CBG'nin
minimum inhibitér konsantrasyonu (MIC) ile CBD ve CBG tedavileri altinda subgingival
biyofilm lizerindeki etkinligine bakilmistir. Sonugta hem CBG hem de CBD, S. mutans't inhibe
etmis; ayrica olusan biyofilmlerin azaldig1 goriilmiistiir; ancak CBD'nin halihazirda gelismis
olan biyofilmler {izerindede etkisinin varlig1 saptanmistir (Aqawi et al., 2021b; Garzén et al.,
2024). Bu ¢alismalar kenevirin semptomlar1 hafifletmenin yani sira enfeksiyonla dogrudan
miicadele edebilecegi anlamina geldigini gdstermektedir.
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Agn Giderici Ozellikler

THC, agr1 yonetiminde 6nemli bir rol oynar. Endokannabinoid sistem iizerinden etki ederek
agr1 algisini azaltir. Dig enfeksiyonlarinin neden oldugu agr1 genellikle siddetlidir ve THC'nin
analjezik 6zellikleri bu agriy1 hafifletebilir (Chrepa et al., 2024). Kenevirin bu o6zellikleri,
ozellikle kronik agr1 yonetiminde etkili olabilecegini gostermektedir.

Kenevirin Agiz ve Dis Enfeksiyonlarinda Uygulama Yontemleri
Kenevirin Ag1z ve Dis Enfeksiyonlarinda kullanimi ¢esitli formlarda olabilir:

Topikal Uygulama: CBD yagi, dogrudan dis etine veya enfekte bolgeye uygulanabilir. Bu
yontem, hizl1 ve hedefe yonelik bir rahatlama saglar. Topikal uygulama, lokal etkiler saglayarak
enflamasyonu ve agriyt dogrudan enfekte bolgede azaltabilir.

Oral Yollarla Alim: Kapsiil veya tabletler, sistemik bir etki saglamak i¢in kullanilabilir.
Kannabinoidler, viicutta dagilarak genis capli enflamasyon ve agri yonetimine yardimci
olabilir. Bu yontem, kronik agri1 ve enflamasyonun oldugu durumlarda daha uygun olabilir.

Agiz Calkalama Soliisyonlari: Kenevir bazli agiz calkalama soliisyonlari, agiz i¢indeki
bakteri yiikiinii azaltabilir. Bu, hem enfeksiyonu kontrol altinda tutmaya yardimci olabilir hem
de agiz sagligini genel olarak iyilestirebilir.

SONUC

Kenevir, antienflamatuvar, antimikrobiyal ve agr1 kesici ozellikleri sayesinde agiz ve dis
enfeksiyonlarinin tedavisinde umut verici bir alternatif olarak 6ne ¢ikmaktadir. Ancak, klinik
uygulamalara gecis yapmadan Once daha fazla bilimsel arastirma ve klinik ¢alisma gereklidir.
Kenevirin bu alandaki potansiyelini tam anlamiyla anlayabilmek icin multidisipliner
yaklagimlar ve kapsamli aragtirmalar sarttir. Bu sayede, kenevir dig saglig1 alaninda degerli bir
tedavi aract haline gelebilir. Kenevirin terapdtik kullanimlari, genis bir yelpazeye yayilmistir
ve bir¢ok farkli saglik durumu i¢in potansiyel faydalar sunar. Ancak, kenevirin tibbi kullanimi
hakkinda daha fazla arastirmaya ihtiya¢ vardir ve bu bitkinin kullanim1 her zaman bir saglik
profesyoneli gozetiminde yapilmalidir. Ayrica, yasal diizenlemeler iilkeden iilkeye degisiklik
gosterdigi i¢in kenevir tirlinlerinin kullaniminda yerel yasalara uyulmasi 6nemlidir. Kenevirin
dis enfeksiyonlariin tedavisinde kullanilabilme potansiyeli, umut verici olmakla birlikte, daha
fazla bilimsel aragtirma ve klinik ¢alisma gerekmektedir. Gelecekteki arastirmalar, kenevirin
etkinligini ve giivenligini degerlendirmek i¢in kapsamli klinik deneyler igermelidir. Bu
caligmalar, kenevirin diger agiz ve dis tedavileri ile etkilesimlerini ve/veya uzun vadeli
kullaniminin olast yan etkilerini de incelemelidir. Gelecekteki c¢alismalar sunlara
odaklanmalidir:

. Etkili dozlarin belirlenmesi
. Diger dis tedavileri ile etkilesimlerin anlagilmasi
. Uzun vadeli yan etkilerin degerlendirilmesi
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Ozet

Cannabis sativa L. Cannabaceae familyasina ait bir tiirdiir. Keneverin insan hayatinda
bulunmas1 M.O 8000 yillarina dayanmaktadir. Kenevir ilk olarak liflerinden faydalanilmak i¢in
kullanilirken zaman igerisinde tohumlarindan elde edilen yag ve ¢igekleri de kullanilmaya
baslanmistir. Disi ¢iceklerin trikomlarinda biriken tetrahidro kannabinoid tiirevleri psikoaktif
etkilerinden dolay1 eglence ve dini ayinlerin bir pargasi olarak insan yasaminda yerini almistir.
Etnobotanik kullanimi incelendiginde tohumlarindan elde edilen yag, gida maddesi olarak
kullanildig1 gibi topikal uygulanarak cilt yaniklar: ve kas agrilari i¢in kullanilmistir. C. sativa
tohumlarindan elde edilen yagin bilesimi cogunlukla ¢coklu doymamis yag asitlerinden (PUFA)
meydana gelmektedir. C. sativa yagi; linoleik asit, a-linolenik asit, oleik asit, palmitik asit, y-
linolenik asit gibi yag asitleri major yag asitleridir. Bu yag igeriginin zenginligi gz oniine
alindiginda topikal olarak psoriyazis, akne, dermatit gibi cilt hastaliklarinda iyilesmeye pozitif
bir etkisi oldugu goriilmiistiir. Ayrica kenevir tohumu yagi THC igermemesine karsin kenevir
yag1 (Hemp oil) kannabidiol tiirevi bilesikleri tagimaktadir. Bununla birlikte; kenevir tohum
yag1 THC igermedigi i¢in gida maddesi olarak da umut vaat etmektedir. Kardiyovaskiiler
hastaliklar i¢in de gerek kan lipit diizeyleri gerek vaskiiler fonksiyonlarin iyilestirilmesinde
pozitif etki gostermektedir. Ayrica kenevir yagi Geleneksel Cin Tibbi’nda romatoid artrit
tedavisinde de kullanilmaktadir. Tiim bu ¢aligmalar g6z 6niine alindiginda kenevir yaginin hem
tibbi olarak oldukca onemli bir kaynak olabilecegi hem de gida potansiyeli tasiyabilecegi
diistiniilmektedir.

Anahtar Kelimeler: Cannabis sativa, Kenevir Yagi, Yag Asitleri, Kenevir, Hemp oil, Kenevir
tohum yag1
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Abstract

Cannabis sativa L. is a species belonging to the Cannabaceae family. The presence of hemp
in human life dates back to 8000 BCE. Initially, hemp was used for its fibers, but over time,
the oil obtained from its seeds and flowers also began to be utilized. The tetrahydrocannabinol
derivatives accumulated in the trichomes of the female flowers have taken their place in human
life due to their psychoactive effects, both as a part of recreational activities and religious
rituals. When examining its ethnobotanical uses, the oil obtained from its seeds has been used
as a food item and applied topically for skin burns and muscle pains. The composition of the
oil extracted from Cannabis seeds is mostly made up of polyunsaturated fatty acids (PUFAS).
Major fatty acids in Cannabis oil include linoleic acid, a-linolenic acid, oleic acid, palmitic
acid, and y-linolenic acid. Considering the richness of this oil content, it has been observed to
positively affect the healing of skin diseases such as psoriasis, acne, and dermatitis when
applied topically. Additionally, although hemp seed oil does not contain THC, hemp oil (hemp
oil) contains cannabidiol derivatives. Furthermore, because hemp seed oil does not contain
THC, it also shows promise as a food item. It positively affects cardiovascular diseases by
improving blood lipid levels and vascular functions. Moreover, hemp oil is also used in
Traditional Chinese Medicine for the treatment of rheumatoid arthritis. Considering all these
studies, it is thought that hemp oil could be a significant medical resource and has potential as
a food source.

Keywords: Cannabis sativa, Hemp QOil, Fatty Acids, Hemp, Hemp Oil, Cannabis seed oil

GIRIS

Cannabis sativa L. Cannabaceae familyasinda yer almaktadir. Cogunlukla dioik, 1-6m
yiikseklige kadar biiyiliyen, tek yillik bitkilerdir. Govdeleri yesil, i¢i bos, silindirik, yaprak
dizilimi alt dallarda dekussatken terminal dallara dogru alternat dizilis gostermektedir.

Yapraklar 3-9 lobludur. Yapraklarda trikomlar bulunur ve lamina kenar1 serrattir (Raman vd.,
2017).

Bu tiire ait kullanim MO 8000 yillarina dayanmaktadir (Sun vd., 2021). Kenevir, ilk olarak
liflerinden faydalanilmak i¢in kullanilirken zaman igerisinde tohumlarindan elde edilen yag ve
cicekleri kullanilmaya baslanilmistir. Disi ciceklerin trikomlarinda biriken kannabinoidler
psikoaktif etkilerinden dolay1 eglence ve dini ayinlerin bir parcasi olarak insan yasaminda
yerini almistir (Bonini vd., 2018). Tarih boyunca bitkilerin kullanimi konusunda 6nemli bir el
kitab1 niteligi tagiyan Materia Medica’nin 3.cildinde kenevirin iltihap ve 6dem giderici olarak
anlatildigr goriilmektedir (Russo, 2007). Cin’in ilk hekimi olan Hua Tuo’nun ameliyat
uygulamalar1 yaptig1 ve anestezi kullandigr bilinmektedir. Anestezik olarak kullandigi
karigimin icerisinde kenevir oldugu da kayitlara ge¢cmistir (Tubbs vd., 2011).

Etnobotanik kullanimi incelendiginde sikilmis yaprak suyu kulak agrisi i¢in uygulanirken
yapraklarindan hazirlanan macun hemoroit tedavisi i¢in kullanilmistir. Ayrica tohumlarindan
elde edilen yag gida maddesi olarak kullanildig1 gibi topikal uygulanarak cilt yaniklar1 ve kas
agrilar icin uygulanmistir (Nautiyal vd., 2000). Geleneksel kullanima dayanarak yapilan in
vitro, in vivo ve klinik c¢alismalar kenevir tohum yaginin terapdtik olarak degerli bir {iriin
olabilecegini gostermektedir.

Sentetik bir kannabidiol tiirevi olan Dronabinol isimli bilesik oral kapsiil formuyla 1985 yilinda
FDA (ABD Gida ve Ilag idaresi) tarafindan AIDS/HIV i¢in onaylanmistir.2016 yilinda ise ayni
bilesige ait oral soliisyon FDA onayiyla kullanilmaya baglanmistir. Dronabinol, CB1°1 aktive
ederek istah uyarimmin tretilmesinden oncelikli olarak sorumludur. Dronabinol dogrudan
beyindeki kusma ve istah kontrol merkezlerine etki ederek istahi artirir ve kusmay énler. Istah
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acic1 Ozelliklerinin yani sira merkezi sinir sisteminde duygusal, duyusal, somatik ve biligsel
etkiler de iiretir ve merkezi sempatomimetik aktiviteye sahiptir. HIV/AIDS'e bagli anorekside
istah artis1 hayati bir klinik hedeftir ¢iinkii artan istah, 6nemli 6l¢lide artan yasam kalitesiyle
iliskilendirilmistir. Baz1 ¢calismalar AIDS hastalarinda kilo kaybinin nispeten kotii sonuglarla
iliskili oldugunu bildirmistir. Bu sebeple dronabinol HIV/AIDS i¢in endike kabul
edilmistir (Badowski & Yanful, 2018).

Kenevir bitkisi, tohumlari, ¢igekleri, gdvdesi ve sabit yagiyla tibbi ve ekonomik degere sahip
olan bir bitkidir. Kenevir cigekleri ve tohumlarinin tibbi degerinin yani sira gévdesi de lif
iiretimi noktasinda tekstil ve kagit sanayisinde dnemlidir. Ayrica doymamis yag asitlerince
zengin olusu da terapdtik degerine dair pozitif bir bakis agis1 sunmaktadir (Zuk-Golaszewska
vd., 2018). Kenevir tohum yaginin kimyasal bilesimini aydinlatmak i¢in yapilan ¢aligmalar
sonucunda; palmitik asit, sterarik asit, oleik asit (C 18:1 w-9), linoleik asit (C 18:2 ®-6), y-
linolenik asit (C18:3 ®-6), a- linolenik asit (C 18:3 ®-3) eikosenoik asit (C 20:1 ®-9) behenik
asit, 3- karoten, sitosterol, lutein, tokoferol (E vitamini) ve kalsiferol (D vitamini) gibi zengin
bir kimyasal bilesime sahip oldugu goriilmiistiir (Da Porto vd., 2012). Kenevir tohum yagina
ait yag asitleri ve bulunma yiizdeleri Tablo 1’de gosterilmektedir.

Tablo 1: Kenevir tohumu yagi bilesimi (4/adic¢ vd., 2015; Da Porto vd., 2012)

Yag Asitleri Bulunma Miktari (%)
a- linolenik asit (C18:3 ®-3) % 16.18-17.96
Linoleik asit (C18:2 ®-6) % 58.09- 59.16
y-linolenik asit (C18:3 ©-6) %3.05- 3.48
Eikosenoik asit (C20:1 ®-9) %0.40- 0.80

Oleik asit (C18:1 ©-9) % 11.51-12.98
Behenik asit (C22:0) %0.18-1.9

Palmitik asit (C16:0) % 5.37-7.12

Stearik asit(C18:0) %1.56-3.4

y-tokoferol 90-110 mg/L

Yapilan analizler sonucu elde edilen bulgular; kenevir tohum yaginin %80 civarinda doymamis
yag asidi i¢erdigini gostermektedir. Doymamis yag asitleri, yapilarinda en az 1 adet cift bag
iceren yag asitleridir. Dogada bir¢ok yag asidi vardir ve canlilar biinyelerinde bazi yag asitlerini
iretebilme yetisine sahiptirler ancak iiretemedikleri yag asitleri de vardir. Canlilarin kendi
yapilarinda iiretemedikleri ve disaridan diyetle almasi gereken yag asitlerine esansiyel yag
asitleri denilmektedir. a- linolenik asit, linoleik asit, y-linolenik asit esansiyel yag asitlerinden
bazilaridir (Lunn & Theobald, 2006). Linoleik asit, y-linolenik asit sentezinde prekiirsor olarak
gorev almaktadir. Bu sebeple linoleik asit miktar1 dogrudan vy-linolenik asit sentezini
arttirmaktadir (Shrestha vd., 2020). Doymamis yag asitleri; antioksidan, antienflamatuvar, kalp
damar sistemini destekleyici etkilere sahiptir. Ayrica esansiyel yag aliminin anksiyete gibi
sorunlarin ¢ozlimiinde de destekleyici oldugu goriilmiistiir (Calder, 2015).

Kenevir yagi (Hemp oil) olarak bilinen ve bitkinin ¢icek, gévde gibi diger kisimlarindan ¢esitli
ekstraksiyon yontemleriyle elde edilen yag, kenevir tohumu yagindan farklidir. Kenevir tohum
yagi, kenevir bitkisinin tohumlarindan preslenerek elde edilen ve THC igermeyen bir sabit
yagdir. Tibbi kullanim agisindan bakildiginda kenevir tohum yagi kannabidiol tiirevi bilesikleri
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icermemesi sebebiyle dikkat ¢ekicidir. Ayrica THC/CBD miktart arttirtlarak kannabidiolce
zengin yaglar (CBD oil) da terapotik amaglarla kullanilmaktadir (VanDolah vd., 2019).

Kenevir tohumu yagi kannabinoid tlirevi bilesikler icermemesine karsin bitkinin diger
kisimlarindan (6rnegin; cigekler) kontamine olabilirler (Jang vd., 2020). Bu sebeple
kullanilacak yagin analizlerinin yapilmis olmasi 6nem arz etmektedir.

ARASTIRMA VE BULGULAR

Kenevir tohum yagimin kimyasal bilesiminin aydinlatilmasinin ardindan bu bilesiklerin etki
diizeyinin tespit edilebilmesi i¢in in vitro, in vivo ve klinik ¢aligmalar yapilmistir.

Kenevir yagiin antioksidan potansiyeli yapilan in vitro deneylerde ABTS ve ORAC testleriyle
arastirtlmistir. Elde edilen bulgulara gore orta seviyede bir antioksidan aktivite gdzlenmistir.
Deney sonucunda; ORAC 28,2 pmol TE/g, ABTS 11,4 umol TE/g verileri elde edilmistir (Yu
vd., 2005). Kenevir yaginin kolesterol seviyeleri tizerindeki etkisini in vivo olarak arastiran bir
calismanin sonuglarma gore; 20 giinlik uygulama sonrasinda LDL- kolesterol degerinin
117,7°den 82,9 degerine diistiigli gorilmiistiir (Karimi & Hayatghaibi, 2006).

20 alopesi hastasi iizerinde yapilan bir klinik ¢alismada sa¢ derisine 2 ay boyunca kenevir
tohumu yag1 uygulanmistir. Elde edilen bulgular sonucunda belirgin iyilesme oraninin %25,
orta seviyede iyilesme oraninin %40 oldugu sonucuna ulasilmistir. Ayrica hastalarin %25’inin
tedaviden yanit alamadigi goriilmiistiir (Farhood vd., 2023). Alopesi sa¢ dokiilmesiyle
karakterize otoimmiin bir hastaliktir (Pratt vd., 2017). Bu durum kenevir tohum yaginin
immiinomodiilator etkinligi olabilecegini gostermektedir.

32 atopik dermatitli birey ile yapilan klinik bir ¢alismada kenevir yagmin topikal
uygulamasinin atopik dermatit lizerindeki etkisi aragtirllmigtir. Cilt kurulugu ve kasint1 gibi
atopik dermatit belirtilerinin anlamli diizeyde iyilestigi ve ila¢ kullanma oraninin belirgin
seviyede azaldig1 goriilmistiir (Callaway vd., 2005). Atopik dermatitin her 10 kisiden 1’inin
yasam1 boyunca en az bir kez yasadigi bir cilt hastalifi oldugu gz Oniine alindiginda
tedavisinin oldukc¢a 6nemli oldugu diistiniilmektedir (Frazier & Bhardwaj, 2020).

Cin’de kolonoskopi uygulamasi hazirligit yapilacak 690 hasta lizerinde yapilan ¢ift kor
randomize bir ¢alismada kenevir tohum yagimin bagirsaklar tizerindeki etkisi arastirilmistir.
Kolonoskopi hazirliginda kullanilan PEG (Polietilen glikol) gerek tadinin kotii olmas: gerek
yetersiz kalori alimi gibi sebeplerle hasta uyumunu olumsuz etkilemektedir. Bunun 6niine
gecebilmek ve kullanilan PEG miktarini azaltmak icin kenevir yagi uygulanmistir. Elde edilen
bulgulara gore kenevir yaginin kolonoskopi siirecini olumlu etkileyecegi diisiiniilmektedir
(Zhu vd., 2023).

100 MS hastasinda yapilan ¢ift kor randomize ¢alismada kenevir yaginin diyete eklenmesinin
immiinolojik bulgularda pozitif bir degisim olusturdugu gozlenmistir. Bu sonugtan kenevir
tohum yaginda bulunan ®-3 yag asitlerinin IFN-y {iretimini baskilamasinin ve y-linolenik asitin
(C18:3 w-6) prostoglandin E2’yi indiiklemesinin sorumlu oldugu diisiiniilmektedir (Rezapour-
Firouzi vd., 2013).

SONUC

Kenevir bitkisi tarihi cok eskiye dayanan ve bir¢ok farkli millet¢e kullanilmis bir bitkidir. Tibbi
olarak da halk arasinda yaygin kullanimi dikkat ¢ekmektedir. Ancak bitkinin psikoaktif
maddeler icermesi tibbi kullanim noktasinda dahi Onyargilari ve kanuni kisitlamalar
beraberinde getirmektedir.
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Kenevir tohum yaginin kannabidiol tlirevi bilesikleri icermemesi, ®-3 ve ®-6 yag asitlerince
zengin olmasi terapotik anlamda olduk¢a 6nem arz etmektedir. Bu dogrultuda yapilan in vivo
ve klinik aragtirmalarin detaylandirilmasi, gelistirilmesi gerekmektedir. Ayrica doymamis yag
asitlerince zengin bir yapisinin olmasi gida hammaddesi olarak da kenevir yaginin énemli
olabilecegini gostermektedir. Yapilan klinik ¢aligmalarin sayisinin ve kapsaminin arttirilmasi
ile kenevir yagiin tibbi degerinin daha ¢ok 6n plana ¢ikacagi diigiintilmektedir.
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Abstract

Biological resources such as hemp and cork are two very important biosourced materials in
civil engineering due to their significant thermal performance. Hemp and cork are harvested
from green spaces, and therefore, the consumption of these two substitutes in civil engineering
and construction helps minimize the depletion of these materials. Through legislation
governing these biosourced materials, we can manage their usage to ensure sustainability. As
technicians in the field of civil engineering, it is imperative that we prioritize replenishing the
environmental aspect.

In this study, we will elucidate the importance of cork and hemp in innovative concrete,
particularly their role in improving thermal comfort in buildings. This will be supported by
calculations and comparisons between the two materials based on both experiential knowledge
and literature precedent studies, whether analytical or experimental. Furthermore, we will
provide statistical estimates to illustrate the potential consequences of mismanaging these
natural materials and propose technical solutions, such as utilizing pneumatic or rubber waste
as substitutes for these biosourced materials. This will involve further calculations and
comparisons.

Finally, our findings demonstrate that biosourced materials can be effectively replaced by tire
and rubber waste, providing a compelling reason to preserve natural materials like cork and
hemp.

Keywords: Biological resources, Hemp, Cork, Civil engineering, Thermal performance,
Sustainability, Innovative materials.



https://orcid.org/0009-0007-8171-1654

INTERNATIONAL MULTIDISCIPLINARY ENVIRONMENT AND HEMP CONGRESS
20-22 / MAY /2024 / ANKARA

ANALYSIS OF METALS ADSORPTION ON CHITOSAN DIMER BY USING
DENSITY FUNCTIONAL THEORY

YOGUNLUK FONKSIiYONEL TEORIiSI KULLANILARAK KiTOSAN DiMER
UZERINDE METAL ADSORPSiYON ANALIZI
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Abstract

Modeling the membrane structure of chitosan containing heavy metal ions like Ni*2, Cu*?, and
Co*? can provide valuable insights into their interactions and potential applications, especially
in fields like environmental remediation or materials science.

In this study, Density Functional Theory (DFT) is a powerful computational method using
Gauss View 6 software in quantum chemistry to study the electronic structure of molecules and
materials. DFT was employed to investigate the adsorption process between chitosan dimer
(CS) and metals at the B3LYP level, which is a commonly used exchange-correlation
functional. Additionally, two different basis sets, 6-31G(d,p) and LANL2DZ, were used to
accurately capture the electronic structure and energy of the adsorption process.The polarizable
continuum model (PCM) was employed with water as the solvent, to account for solvent
effects.

The interaction between chitosan and metal species was observed to be predominantly covalent
in nature in almost all cases. This insight suggests strong chemical bonding between chitosan
and the metal ions, highlighting the effectiveness of chitosan as an adsorbent for heavy metal
removal in aqueous environments.

Chitosan dimer consists of two structures, type a and b, and it was observed that both a and b
structures of the chitosan dimer retained metal ions. This observation is aimed at understanding
the binding behavior of chitosan with different metal ions (Ni*?, Cu*?, and Co*?) and how this
may vary depending on the structure of the chitosan molecule. Results indicate that transition
metal coordination to the chitosan biopolymer has occurred.

Keywords: DFT, Gaussian09, Chitosan, Nickel, Copper, Cobalt

Ozet

Ni*2, Cu*? ve Co *? gibi agir metal iyonlar1 iceren kitosanin membran yapisinin modellenmesi,
ozellikle cevresel iyilestirme veya malzeme bilimi gibi alanlarda bunlarin etkilesimleri ve
potansiyel uygulamalar1 hakkinda degerli bilgiler saglamaktadir
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Yogunluk Fonksiyonel Teorisi (DFT), molekiillerin ve malzemelerin elektronik yapisini
incelemek i¢in kuantum kimyasinda Gauss View 6 yazilimimi kullanan gii¢lii bir hesaplama
yontemidir. Bu ¢alismada, yaygin olarak kullanilan bir degisim-korelasyon fonksiyoneli olan
B3LYP seviyesinde kitosan dimer (CS) ve metaller arasindaki adsorpsiyon siirecini arastirmak
icin DFT kullanildi. Ek olarak, adsorpsiyon isleminin elektronik yapisini ve enerjisini dogru
bir sekilde yakalamak i¢in 6-31G(d,p) ve LANL2DZ olmak {izere iki farkli temel set kullanilip,
coziicii etkileri icin Polarize edilebilir siireklilik modeli (PCM), solvent olarak su ile
kullanilarak hesaplamalar yapildi.

Kitosan ve metal tiirleri arasindaki etkilesimin hemen hemen tiim durumlarda agirlikli olarak
kovalent nitelikte oldugu gozlemlendi. Bu goriis, kitosan ile metal iyonlar1 arasinda giiglii bir
kimyasal bag oldugunu One siirerek, kitosan'n sulu ortamlarda agir metallerin
uzaklastirilmasinda bir adsorban olarak etkinligini vurgulamaktadir.

Kitosan dimerinin A ve B tipi olmak {izere iki yapidan olustugu ve kitosan dimerinin hem A
hem de B yapilarinin metal iyonlarmi tuttugu goézlendi. Bu gbézlem, Kitosan'n farkli metal
iyonlart  (Ni 2, Cu ™ ve Co *?) ile baglanma davranisin1 ve bunun kitosan molekiiliiniin
yapisina bagli olarak nasil degisebilecegini anlamayr amaglamaktadir. Sonuglar kitosan
biyopolimerine gegis metali koordinasyonunun meydana geldigini gostermektedir.

Anahtar Kelimeler: DFT, Gaussian09, Kitosan, Nikel, Bakir, Kobalt

GIRIS

Kitin ve kitosan biyolojik olarak 6nemli olan dogal polisakkaritlerdir. Kitin, kabuklu deniz
hayvanlarinin (yengecler, istakozlar ve karidesler gibi) kabuklarinda ve eklemli boceklerin dis
iskeletlerinde bulunan bir polisakkarittir. Selillozdan sonra dogada en fazla bulunan
yenilenebilir bir polisakkarit olan kitin kimyasal olarak ise N-asetilglukozamin adi verilen
monomerlerden olusur. Kitosan ise, kitinin deasetilasyonu (N-asetil gruplarinin ¢ikarilmasi) ile
elde edilen kitinden tiiretilmis ve agirlikli olarak D-glukozamin ve N-asetil-D-glukozamin
monomerlerinden olusan bir polisakkarittir[1].

Deasetilasyon islemi, kitinin iizerindeki asetilamino (-NH-CO-CH3) gruplarinin amino (-NHb»)
gruplarina doniistiiriilmesi  stirecidir. Bu siirecte, N-asetil-D-glukozamin gruplar1 D-
glukozamin gruplarinka doniigiir, ancak tamamen doniistiiriilemeyebilirler. Bu yiizden,
deasetilasyon sonucunda kitosanda N-asetil-D-glukozamin gruplar1 azalirken, D-glukozamin
gruplarmnin sayist artar. [2]

Kitosan, benzersiz Ozelliklere sahip ¢ok yonlii bir biyopolimer olmasi sebebiyle, gesitli
uygulama alanlarinda kullanilmaktadir. Kitosan’in uygulandig1 bazi 6nemli alanlar sunlardir:

Biyomedikal ve fla¢ Endiistrileri: Kitosan, biyoaktif ve biyo¢oziiniir bir polimer oldugundan
dolay1 tibbi ve biyomedikal alanlarda kullaniimaktadir.

Yiyecek ve Icecek Endiistrisi: Dogal bir koruyucu ve antimikrobiyal olan kitosan, gida
ambalaj malzemelerinde raf Omriinii uzatmak ve gida kalitesini korumak amaciyla
kullanilmaktadir.

Su Antma ve Cevresel Uygulamalar: Kitosan bazli adsorbanlar, adsorbsiyon
kapasitelerinden dolayr agir metaller, organik kirleticiler ve boyalar gibi maddeleri su
cozeltilerinden adsorbe edebilir ve su aritma sistemlerinde, endiistriyel atik aritiminda
kullanilabilirler.

Tarim ve Bitki: Biyopestisit olarak kullanildiginda, zararli organizmalar1 kontrol altina alir,
bitki biiylimesini destekler, bitkilerin bagisiklik sistemini gii¢clendirebilir, toprak verimliligini
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artirabilir. Ayrica bitkilerin su ve besin alimina destek saglayabilir, toprak kalitesini arttirarak
toprak iyilestirmede kullanilabilmektedir. Bu nedenle, kitosan tarimsal uygulamalarda iyi bir
secenek olarak kabul edilmekte ve glinlimiizde daha fazla kullanilmaktadir.

Kitin, kabuklu deniz hayvanlarina bulunan 1811 yilinda Fransa’daki botanik bahgesinin
miidiirii Profesér Henri Braconnot’un mantar hiicre duvarlarindan fungin adi verdigi kismi
izole etmesi ile kesfedilmistir. 1823 yilinda Odier, ayn1 yapiy1 boceklerin kabuklarinda bulmus
ve bu yapiya Yunanca kdkenli olan kitin ismini vermistir. [3]

Kitosan, kitinin kimyasal olarak degistirilmis bir tlirevidir. Kitosanin kesfi, 1859 yilinda
Fransiz bilim insan1 Profesor C. Rouget tarafindan gergeklestirilmistir.

Rouget, kitinin kimyasal 6zelliklerini inceleyerek, asitlerle islenerek yeni bir bilesik elde etti.
Bu bilesige "kitosan" adin1 verdi. [4]

Kitosan, sulu ortamlarda agir metal iyonlar1 gibi gesitli kirleticilerin giderilmesinde etkili bir
adsorban olarak kullanilmaktadir. Kitosanin sahip oldugu polimerik yapi, agir metal iyonlarini
adsorbe etmek i¢in uygun bir ortam saglamaktadir.

Kitosanin amfoterik yapist ise, metal iyonlarmin gesitli yollarla adsorbe edilmesine olanak
saglamaktadir. Bunlar arasinda iyon degisimi, elektrostatik etkilesimler ve kovalent baglanma
gibi mekanizmalar bulunabilir. Kitosan, metal iyonlariyla kovalent baglar olusturabilen amino
(-NH2) ve hidroksil (-OH) gruplar1 gibi fonksiyonel gruplar icermektedir. Bu sebepten otiirii
kitosanin agir metallerin etkilesmsinde genellikle kovalent baglanma mekanizmalari
kullanilmaktadir.

HESAPLAMA YONTEMLERI

Bu ¢alismada Kitosanin dimer yapisi kullanilarak metal iyonlariyla arasindaki etkilesme siireci
incelenmistir. Incelemede, yaygin olarak kullanilan bir degisim-korelasyon fonksiyoneli olan
B3LYP seviyesinde, Yogunluk Fonksiyonel Teorisi (DFT) ve Gauss View 6 yazilimi
kullanilmustir.

Gaussian programi, kuantum mekaniginin prensiplerine dayanarak molekiiler sistemlerin
ozelliklerini tahmin etmek i¢in kullanilan bir hesaplama yazilimidir ve molekiiler yapilarin,
enerji seviyelerinin, titresim frekanslarmin ve reaksiyon kinetiklerinin hesaplanmasina
yardimci olmaktadir.

Bu program, molekiillerin atomik diizenlemelerini temel alarak elektronlarin davranigim
hesaplamaktadir. Elektronlarin olasilik dagilimini temsil eden bir dalga fonksiyonunu
kullanarak molekiiler 6zelliklerin hesaplanmasini saglayan Gaussian programi, molekiiler
yapilarin optimize edilmesi, molekiiler 6zelliklerin hesaplanmasi, reaksiyon yollariin analizi
ve spektroskopik ozelliklerin tahmini gibi ¢esitli uygulamalarda kullanilabilir. Bu sayede,
organik, inorganik ve biyokimyasal sistemlerin incelenmesi ve anlasilmasi i¢cin 6nemli bir arag
haline gelmektedir.

HESAPLAMALAR

Agir metal iyonlarin1 (Ni2, Cu™, Co*?) iceren kitosan membran yapisi iki farkli sekilde
modellenmis ve molekiiler yapilar karsilastirilmistir. Tablo 1'de verilen veriler, kitosanin B tipi
modellemesine ait olup, 0rnek bir ¢alisma ile karsilastirilmistir
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Kitosan dimeri, iki kitosan molekiiliiniin bir araya gelerek olusturdugu bir bilesigi ifade
etmektedir. Kitosan dimer, belirli kosullar altinda iki kitosan zincirinin kimyasal olarak
birlesmesi sonucunda olusabilmektedir.

Sekil 1. 3D Yapili Dimer Kitosan A Tipi Sekil 2. 3D Yapili Dimer Kitosan B Tipi

Etkilesme Enerjisi

Etkilesme enerjisi, bir adsorbantin (Ornegin, nikel metalinin) bir yiizey (Kitosan'mn) iizerine
geldiginde kovalent baga karsilik gelen enerji miktarini ifade eder.

Negatif bir etkilesme enerjisi degeri, karsilik gelen etkilesme durumunun termodinamik olarak
daha kararli oldugunu gostermektedir. Kisacasi, negatif bir deger, adsorbatin kitosan ylizeyine
termodinamik olarak daha fazla baglandigini veya adsorbanin etkilesmesi igin enerjik olarak
daha uygun oldugunu gosterir.

Bu tiir bir sistemde, etkilesme enerjisi, kitosan yiizeyi ve nikel metal arasindaki etkilesimlerin
dogasi1 ve yogunluguna bagli olarak degisebilir. Genellikle, daha giiglii ve termodinamik olarak
daha istikrarli bir etkilesme durumu, negatif bir etkilesme enerjisi ile iliskilendirilir. Bu,
adsorbatin kitosan yiizeyine sikica baglandigi ve etkilesmenin kolaylikla gergeklestigi
anlamina gelmektedir.

Bu bilgiler 15181nda, negatif bir etkilesme enerjisi degeri, nikel metalin kitosan yiizeyine
termodinamik olarak stabil bir sekilde adsorbe oldugunu gostermektedir [5].

Sekil 3. 3D Yapih Dimer Cs-Ni*? A Tipi Sekil 4. 3D Yapih Dimer Cs-Ni*? B Tipi
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Tablo 1. CS-Ni*2 Metal Kompleksinin Sulu ve Susuz Ortamdaki Etkilesme Enerjileri

(eV)
Parametreleri SULU (ev) SUSUZ (ev)
A Tipi B Tipi A Tipi B Tipi [5] B Tipi
Cs-Ni (Exompleks) -38840.570  -38840.789 -38839.461 -38826.900 -38839.560
Cs (Eiigana) -34238.675  -34238.572 -34237.990 -34232.772 -34237.829
Ni*2(Emetal iyon) 4594339 -4594.339 -4575.897 -4575.897 -4575.897
Etkilesme - Enerjisi = 55¢ -7.878 25.574 -18.236 -25.834

(Eint)

Yapilan Cs-Ni*? literatiir karsilagtirmasinda kullanilan molekiillerin enerji degerleri belirlenip,
elde edilen veriler Eetkilesme = Exompleks-(Eligandt+Emetal iyon ) denklemi ile hesaplanmistir. Ayni
zamanda kitosanin A Tipi i¢inde elde edilen enerji degerleri ayni yontem ve metodla
hesaplanarak etkilesme enerjileri Tablo.1 de gosterilmistir.

Tablo 2. Kompleks Yapilarin Etkilesme Enerjilerinin Karsilastirilmasi

Parametreleri SUSUZ (eV) SULU (eV)
A Tipi B Tipi A Tipi B Tipi
Cs-Ni'? -25.574 -25.834 -7.556 -7.878
Cs-Cu™? -24.231 -24.498 -9.632 -10.176
Cs-Co*? -19.079 -23.829 -2.693 -6.042

Kitosan Dimerin sulu ve susuz ortamlarda Ni "%, Cu *?, Co *? metal iyonlariyla yapmis oldugu
A tipi ve B tipi molekiil yapilarinin enerji degerleri hesaplanmig ve karsilastirmalar yapilmistir.

Tablo 1. ve Tablo 2. de Cs-Ni *? Dimer yapisinin bulunan etkilesme enerji degerleri, sulu
ortamda her iki tip icinde susuz ortama gore daha diisiik etkilesme enerjisine sahip olmasi,
nikel metalinin kitosan yiizeyine zayif baglandigini gosterir.

Susuz ortamda yapilan karsilastirmalarda; etkilesme enerji degerlerine bakilarak kararlilik
durumlar1 hakkinda bilgi sahibi olunmustur.

A Tipi (susuz) kompleks molekiil yapisi igin: Ni“?>Cu>>Co"
B Tipi (susuz) kompleks molekiil yapis1 icin: Ni*>>Cu™>>Co"
A Tipi (sulu) kompleks molekiil yapisi i¢in:  Cu™>Ni**>Co*?
B Tipi (sulu) kompleks molekiil yapist igin:  Cu**>Ni**>Co*?

Bu nedenle etkilesme ortamin Ozelliklerine, kitosanin 6zelliklerine ve adsorbatin (metal
iyonunun) 6zelliklerine bagli olarak degisebilir. Genel olarak, sulu ortam, kitosanin metal
iyonlarina baglanma yetenegi acisindan daha elverisli bir ortam olabilmektedir.

3.2 Homo-Lumo Enerji Gap Degerleri (AE)

HOMO adi verilen en yiiksek dolu yoriinge ve LUMO adi verilen en diisiik bos yoriinge, Enerji
gap, LUMO enerji degeri ile HOMO enerji degeri arasindaki farktir. [6]
(AE)=E_-Enx

Bilindigi iizere bu enerji degeri bilesigin kararli yapist hakkinda bilgi verir. HOMO ve LUMO
arasindaki enerji farki biliyiikse kararli bir molekiilii, kiiclikse daha reaktif bir molekiilii temsil
eder. FMO degerleri molekiil i¢i enerji transferinden biyoaktiviteyi belirlemek i¢in kullanilir.
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Tablo 3. Cs-Ni*? Susuz Ortamda HOMO-LUMO Orbital Enerjileri, Enerji Gap

Degerleri (Hartree)
Molekiil B Tipi [5] (Hartree) B Tipi (Hartree)
Enomo Evumo AE Euxomo Evumo AE
Cs-Ni*2 -0.48460 -0.38004 0.10456 -0.09038 0.00646 0.09684
Cs -0.20870 0.02611 0.23481 -0.22907 0.04203 0.27110
Ni*? -1.10279 -1.00066 0.10213 -1.10279 -1.00066 0.10213

Cs-Ni "yapisindaki enerji Gap degeri kitosanin enerji Gap degerinden daha kiigiiktiir. Gap
degeri kiigiildiikce etkilesme giicii artar, metal iyonu daha hizli baglanir.

Tablo4. Kitosan Dimer Kompleks Yapilarimn Susuz ortamda (AE) Enerji Gap
Degerlerinin Karsilastirilmasi (Hartree)

Molekiil A Tipi B Tipi
Cs-Ni*? 0.09913 0.09684
0.14695

0.14483

_ +2
Cs-Cu 0.1185 0.08862
0.06971
Cs-Co*? 0.10185 0.14269

TabloS. Kitosan Dimer Kompleks Yapilarinin Sulu ortamda (AE) Enerji Gap
Degerlerinin Karsilastirilmasi (Hartree)

Molekiil A Tipi B Tipi
Cs-Ni*? 0.12111 0.12594
Cs-Cu*? 0.10532 0.11364
0.15054 0.14554
Cs-Co*? 0.10588 0.15263
0.09256

Homo-Lumo arasindaki enerji fark biiyiikliigii, molekiiliin kararlilik durumu hakkinda bilgi
sahibi olmamiza yardimci olur. Eger enerji farki biiylikse o molekiil daha kararli bir yapiya
sahiptir.

Kitosan Dimer Kompleks yapilarinin enerji Gap degerleri karsilastirildiginda gecis
metallerinin iyonlasma enerjisine paralel olarak enerji Gap degeri siralamasinin Cu ™ > Ni 2>
Co " seklinde oldugu sdylenebilir.

SONUC

Sonug olarak, A ve B Tipi Dimer Kitosan molekiilii Cu 2,Ni *2,Co " metalleri ile baglanmasi
sulu ve susuz ortamlarda incelenmistir. DFT/ B3LYP/6-31 G(d,p) ile LanL2DZ yodntemleri
kullanarak hesaplamalar yapildi. Adsorbsiyon Enerjileri , Homo-Lumo Enerjileri ve Gap
Degerleri her iki tip i¢in (A ve B tipi) sulu ve susuz ortamlarda hesaplandi. Hesaplamalar
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sonucunda Kitosan molekiiliiniin metal atomlarina sulu ortamda daha kuvvetli baglandig
goriilmaktadir. Kitosanin bu 6zelligiyle su i¢inde bulunan ve ¢evre kirliligine neden olan,
sanayi atig1 agir metallerin su i¢inden alinmasinda etkili madde olarak kullanilabilecegi
gorilmektedir.
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EVALUATING THE SENSORY ATTRIBUTES AND CONSUMER ACCEPTANCE OF
COCOA-TIGERNUT-DATE BEVERAGE POWDER BLENDS COMPARED TO A
COMMERCIAL COCOA POWDER PRODUCT (MILO)

Obi, Maryjane A.
Department of Food Technology, Federal Polytechnic, Oko, Nigeria

Abstract

This study aimed to assess the sensory properties of beverage powder derived from blends of
cocoa, tiger nut, and date powder. Three samples, AB1, AB2, and AB3, were produced with
varying ratios of the ingredients (50: 30:20, 30:20:50, 20:50:30) respectively, while ABO, a
commercially available cocoa beverage powder (Milo), served as the control. Sensory analysis
was conducted using standard analytical methods to evaluate the acceptability of the resulting
beverage powder samples. The findings revealed that while sample ABO was the most preferred
by panelists, with no significant difference observed (p >0.05), sample AB2 emerged as the
most accepted blend of cocoa, tiger nut, and date for beverage powder production. Conversely,
sample AB1 was the least preferred but still accepted by the panelists. Furthermore, upon
comparison with the control (Milo), sample AB2 demonstrated comparable sensory
acceptability, suggesting its potential as a viable alternative. These results underscore the
potential of the AB2 blend in beverage powder formulation, offering a healthier alternative to
traditional commercial beverage powder products.

Keywords: Beverage powder, cocoa powder, Tigernut powder, Date fruit powder, Sensory
Evaluation.
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Abstract

The development of scale resulting from the deposition of calcium carbonate poses a significant
challenge in treated wastewater conduits, causing obstruction problems and decreasing the
efficiency of these pipes. Various formulations of anti-scale agents, known as inhibitors, are
employed to manage the deposition of CaCOs3. Evaluating the performance of inhibitors is a
time-consuming challenge. In the present work, a rapid approach for evaluating the inhibitors
effectiveness in controlling calcium carbonate scale is proposed, based on continuous pH
measurement under pot test conditions. Two green inhibitors were assessed. It was possible to
evaluate their effectiveness at the same concentration level (80 ppm), with AULE showing
better performance under the studied conditions. The primary mechanism of action of each
inhibitor was also identified through this methodology.

Keywords: Calcium carbonate; Green inhibitor; Plant extract.
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OPTIMIZING THE CIRCULAR BIOECONOMY: INNOVATIVE UTILIZATION OF
FOOD RESIDUES AS HIGH-QUALITY LIVESTOCK FEED
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Abstract

Global and National Contexts The escalating global issue of food waste demands urgent
attention, particularly in Morocco, where over 5 million tons of organic waste are generated
annually, with food waste comprising more than 40% of municipal solid waste. This significant
volume underscores the imperative for sustainable waste management strategies. Main
Problems The nonevaluation of food waste poses multifaceted challenges, including
environmental and health risks, economic losses, and exacerbation of climate change effects.
Inefticient waste disposal contributes to greenhouse gas emissions, soil contamination, and
resource depletion, threatening ecosystem integrity and human well-being. For the proposed
solutions to address these challenges, innovative solutions such as recycling food waste into
animal feed present promising avenues for sustainable waste management. By transforming
organic waste into valuable resources, including compost, biofuel, and animal feed, a circular
economy can be fostered, mitigating environmental degradation and promoting resource
efficiency. Real Experience Drawing from practical experience, the ‘EcoMAN Chark
Cooperative’ in Oujda (Eastern Morocco), exemplifies the successful transformation of food
waste into broiler feed. Through a controlled process, food waste is converted into high-quality
feed, adhering to stringent quality standards and ensuring nutritional adequacy for livestock.
This initiative not only diverts waste from landfills but also addresses the nutritional needs of
animals, reducing the pressure on fragile ecosystems and mitigating the impacts of climate
change on agricultural productivity. The valorization of food waste biomass into animal feed
represents a sustainable solution to the pressing challenges of waste management,
environmental degradation, and climate change. By harnessing the potential of organic waste
as a valuable resource, Morocco and similar countries can transition towards a more sustainable
and resilient future, fostering economic prosperity, environmental stewardship, and social well-
being. Through collaborative efforts and innovative initiatives, the circular economy model can
be advanced, paving the way for a more sustainable and equitable society.

Keywords: Circular Bioeconomy; Food Waste Valorization; Livestock Feed; Sustainable
Waste Management; Climate Change Mitigation
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Ozet

(Catona Qara doniz vo Xozar donizi otrafi, asason dagliq orazilords genis yayilmis yabani halda
biton bilinon on godim bitki novlerindon biridir. Bu c