
ISBN: 978-625-7464-56-7 

PROCEEDING BOOK
EDITORS 

Dr.   Prats 
Dra. Francisca Silva  
Dr. Mijael Altamirano Santiago 

 

NNovember 5-6, 2021  
 Villahermosa,  Mexico 



PROCEEDING BOOK 
November 5-6, 2021 

Villahermosa, Mexico 

ISBN:  



 
 PROCEEDING BOOK 



ABOUT CONFERENCE 



ORGAN Z NG AND SC ENT F C COMM TTEES 



PHOTO GALLERY 



PHOTO GALLERY 



PHOTO GALLERY 



PHOTO GALLERY 



PHOTO GALLERY 



PHOTO GALLERY 



PHOTO GALLERY 



PHOTO GALLERY 



PHOTO GALLERY 



LATIN AMERICAN INTERNATIONAL 
CONFERENCE ON NATURAL  

AND APPLIED SCIENCES 
November 5-6, 2021  

Villahermosa, Mexico 

CONFERENCE PROGRAM
Online (with ZOOM Conference)

Zoom Meeting ID: 858 8536 2635 
Zoom Password: 543120 



LATIN AMERICAN INTERNATIONAL CONFERENCE ON NATURAL AND APPLIED SCIENCES 
November 05-06, 2021 Villahermosa, Mexico 

IMPORTANT, PLEASE READ CAREFULLY 
To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of

The presentation will have 15 minutes (including questions and answers).
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.
Speakers must be connected to the session 10 minutes before the presentation time.
All congress participants can connect live and listen to all sessions.
During the session, your camera should be turned on at least %70 of session period
Moderator is responsible for the presentation and scientific discussion (question-answer)
section of the session.

TECHNICAL INFORMATION 
Make sure your computer has a microphone and is working.
You should be able to use screen sharing feature in Zoom.
Attendance certificates will be sent to you as pdf at the end of the congress.
Moderator is responsible for the presentation and scientific discussion (question-answer)
section of the session.

Before you login to Zoom please indicate your name surname and hall number, 
exp. Hall-1, Shahla Tahirgizi 

ÖNEML , D KKATLE OKUYUNUZ LÜTFEN 
 ve bilim kurulundan geçen bildiriler için

online (video konferans sistemi üzerinden) sunum imkan  sa lanm t r.
Sunumlar için 15 dakika (soru ve cevaplar dahil) t r.
Online sunum yapabilmek için https://zoom.us/join sitesi üzerinden giri  yaparak Meeting
ID or Personal Link Name  yerine ID numaras n  

turmaya gerek yoktur.
Zoom 

yor.
Her oturumdaki sunucular, sunum saatinden 10 dk öncesinde oturuma ba lanm  
gerekmektedir.

lanarak tüm oturumlar  dinleyebilir.
Moderatör  ma (soru-cevap) k sm ndan sorumludur.

TEKN K B LG LER 
una ve çal t na emin olun.

Zoom'da ekran payla ma özelli ine kullanabilmelisiniz.

i ikli i gibi talepler dikkate al nmayacakt r

Zoom'a giri  yaparken önce lütfen ad n z , soyad  
 Örnek: Salon-1, Shahla Tahirgizi 
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-Opening Ceremony-
05.11.2021 

Mexico Local Time: 08:30 09:00 
Ankara Local Time: 16:30 17:00

********************************** 

Dr. Mustafa Latif EMEK 
President of IKSAD Institute 

 ------------------------------------------------------------------------------ 

Dra. Felipa Sánchez Pérez 
Universidad Juárez Autónoma de Tabasco, México  

CHAIRMAN OF THE CONFERENCE 
------------------------------------------------------------------------------ 

Dr. Germán Martínez Prats 
Universidad Juárez Autónoma de Tabasco, México  

------------------------------------------------------------------------------ 

Dra. Francisca Silva Hernandez 
Universidad Juárez Autónoma de Tabasco, México 
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05.11.2021 Session-1, Hall-4 
     Mexico Time: 0500-0730 Ankara Time:1300-1530

HEAD OF SESSION: Dr. Gümrah UYSAL 
TOPIC TITLE AUTHORS AFFILIATION 

BIG DATA MODELING   
ON MODIFIED BIVARIATE PICARD INTEGRAL 
OPERATORS WHICH FIX SOME EXPONENTIAL 

FUNCTIONS 
  

AI-ASSISTED COMPARISON OF LIVE 
NETWORK MEASUREMENTS AND 

PERFORMANCE METRICS IN DWDM SYSTEMS 

Mustafa Serdar Osmanca 
 Gazi University 

BIO-INSPIRED HYBRIDIZATION OF 
ARTIFICIAL NEURAL NETWORKS: AN 

APPLICATION FOR CLASSIFICATION TASKS 

Ouail MJAHED, 
Salah EL HADAJ 

El Mahdi ELGUARMAH, 
Soukaina MJAHED 

Cadi Ayyad University, Marrakech, 
Morocco 

FISH SCHOOL SEARCH ALGORITHM FOR 
SOLVING MULTI-OBJECTIVE U-SHAPED 

DISASSEMBLY LINE BALANCING PROBLEM 

Pengfei Yao 
Surendra M. Gupta Northeastern University Boston, USA 

DEVELOPMENT OF CPR B2 ca s1a d1 CLASS 
SIGNAL CABLES 

 
 

 
 

R&D Center, Bursa, Turkey. 
Marmara University 

CURING EFFECT IN RTM PROCESS 

Ahmed Ouezgan  
Said Adima      
Aziz Maziri      

El Hassan Mallil   
Jamal Echaabi 

Hassan II University of Casablanca, 
Morocco. 

EFFECT OF TIN SUBSTITUTION ON 
STRUCTURAL, ELECTRICAL AND HUMIDITY-
SENSING CHARACTERISTICS OF TUNGSTEN 

OXIDE NANOPARTICLES 

Karunesh Tiwari 
Anam Zaidi Shalini 

Babu Banarasi Das University Lucknow, 
Uttar Ptadesh, India 

MATERIALS CLASSIFICATION OF 
PROFITABLE AND NEW SOFT CONTACT 

LENSES USING MATLAB 

Amenah Emad Mohammed 
Redha Dijlah University College, Iraq 
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05.11.2021 Session-1, Hall-5 
     Mexico Time: 0500-0730 Ankara Time:1300-1530

HEAD OF SESSION: Assoc. Prof. Dr.  
TOPIC TITLE AUTHORS AFFILIATION 

SYNTHESIS AND IN VITRO ANTIOXIDANT 
PROPERTIES OF SOME NEW 1-BENZYL-3-

ALKYL(ARYL)-4-(3-METHOXY-4-
PHENYLMETHOXY-BENZYLIDENAMINO)-4,5- 

DIHYDRO-1H-1,2,4-TRIAZOL-5-ONES 

 
-Kol  

 
Kafkas University, Kars, Turkey 

A STUDY ON THEORETICAL/EXPERIMENTAL 
SPECTROSCOPIC AND ELECTRONIC 

PROPERTIES OF 1-ACETYL-3-METHYL-4-(4-
METHYLBENZOXY)- BENZYLIDENEAMINO]-

4,5-DIHYDRO-1H-1,2,4-TRIAZOL-5-ONE 

 Kafkas University, Kars, Turkey 

SYNTHESIS AND IN VITRO ANTIOXIDANT 
PROPERTIES OF SOME NOVEL 1,3,4- 

TRISUBSTITUE-4,5-DIHYDRO-1H-1,2,4-
TRIAZOL-5-ONES 

 
-Kol  

Haydar  
Kafkas University, Kars, Turkey 

INVESTIGATION OF THE USAGE OF CORAL 
WASTE FISH SCALS AS A CATALYST IN 

PRODUCTION OF BIODIESEL 
  

INTERACTIONS of [Cu(5-nphen)(tyr)(H 2 

SERUM ALBUMINE (BSA) 

 
Rahmiye AYDIN 

Kocaeli University, Turkey 
Bursa Uludag University, Turkey 

-
 

 
 

Iskenderun Technical University, 
Turkey 

Kafkas University, Kars, Turkey 

SYNTHESIS OF NOVEL 3-{[1-(MORPHOLIN-4-
YL-METHYL)-3- 

ALKYL/ARYL-4,5-DIHYDRO-1H-1,2,4-
TRIAZOL-5-ONE-4-YL]-AZOMETHINE}- 

PHENYL 2,5-
DICHLOROBENZENESULFONATES 

Fevzi Aytemiz  
 Kafkas University, Kars, Turkey 

STRUCTURAL AND SPECTROSCOPIK 
ANALYSIS WITH DFT OF 3-METHYL-4-[2-(2-

THIENYLCARBONYLOXY)-3 
METHOXYBENZYLIDENAMINO)-4,5-
DIHYDRO-1H-1,2,4-TRIAZOL-5-ONE 

 
 Kafkas University, Kars, Turkey 



LATIN AMERICAN INTERNATIONAL CONFERENCE ON NATURAL AND APPLIED SCIENCES 
November 05-06, 2021 Villahermosa, Mexico 

05.11.2021 Session-1, Hall-6 
     Mexico Time: 0500-0730 Ankara Time:1300-1530

HEAD OF SESSION: Priyanka Singh 
TOPIC TITLE AUTHORS AFFILIATION 

RECENT DIAGNOSTIC AIDS IN ORAL CANCER 
DETECTION 

Shikha Saxena 
Priyanka Singh 

RUHS College of Dental Sciences, Jaipur, 
Rajasthan 

King George's Medical University, 
Lucknow (UP), India 

AURICULAR ACUPRESSURE FOR SMOKING 
CESSATION: A SYSTEMATIC REVIEW OF 

RANDOMIZED CONTROLLED TRIALS 

Ying-Ying Zhang         
Ze-Yu Yu       

JianPing  Liu 
Beijing University,  China 

FEATURES OF THE LIPID SPECTRUM AND 
THE PROBLEM OF ACHIEVING THE TARGET 

LEVEL OF LOW-DENSITY LIPOPROTEINS 
DURING A CORONARY EVENT 

Madina Nurzhanova     
Gulnara Kapanova 

Al-Farabi Kazakh National University, 
Kazakhstan 

ORAL CANCER SCREENING. CURRENT 
APPROACHES AND FUTURE PROSPECTS 

Ivashchuk Oleksandr 
Hovornyan Serhiy Bukovinian State Medical University 

INTRA-ABDOMINAL HYPERTENSION AS ONE 
OF THE FACTORS OF OCCURRENCE OF 

POSTOPERATIVE EVENTRAT 

Ivashchuk Alexander Ivanovich 
Morar Igor Kalinovich 

 

 

PRIMARY MYELOFIBROSIS IN PATIENTS 
UNDER 40 YEARS OLD 

Sgibneva-Bobeiko Nina 
Vasily Musteatsa  

Maria Robu 

State University of Medicine and 
Pharmacy "N. Testemitanu ", Moldova 

VELSCOPE INSTRUMENT FOR DETECTION OF 
ORAL SOFT TISSUE CONDITION IN 

PROSTHODONTIC PATIENTS 

Aneta Mijoska 
Sasho Jovanovski 
Daniela Srbinoska 

Vesna Trpeska 
Blagoja Dashtevski 

Marjan Petkov 

University St. Cyril and Methodius, 
Skopje, N. Macedonia 

EVALUATION OF ORAL SOFT TISSUES AT 
GERIATRIC PATIENTS WITH DENTAL 

PROSTHESIS 

Aneta Mijoska 
Sasho Jovanovski 
Daniela Srbinoska 

Vesna Trpeska 
Emilija Bajraktarova Valjakova 

University St. Cyril and Methodius, 
Skopje, N. Macedonia 
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05.11.2021 Session-2, Hall-5 
     Mexico Time: 0900-1130 Ankara Time:1700-1930

HEAD OF SESSION: Dr. Gül KOTAN and Dr. Mustafa Latif EMEK 
TOPIC TITLE AUTHORS AFFILIATION 

SOME QUANTUM CHEMICAL CALCULATIONS OF 3-
n-PROPYL-4-(3-ACETOXY-4-

METHOXYBENZYLIDENAMINO)-4,5-DIHYDRO-1H-
1,2,4-TRIAZOL-5-ONE 

 
 

 
Kafkas University, Kars, Turkey 

ELECTRONIC, THERMODYNAMIC, GEOMETRIC AND 
NONLINEAR OPTIC ANALYSIS OF 1-(2,6-

DIMETILMORFOLIN-4-IL-METIL)-3-ETHYL-4-(4-
HYDROXYBENZYLIDENAMINO)-4,5-DIHYDRO-1H-

1,2,4-TRIAZOL-5-ONE 

 
 

 
Kafkas University, Kars, Turkey 

INHIBITION OF THERMAL AND SHEAR INDUCED 
AGGREGATION OF ALBUMIN (BOVINE SERUM 
ALBUMIN) BY CENTELLA ASIATICA EXTRACT 

Laipubam Gayatri Sharma, Lalit 
Mohan Pandey 

Indian Institute of Technology, Guwahati, 
India 

SYNTHESIS OF ZEOLITIC MATERIALS 
INCORPORATED IN THE PRESENCE OF DIFFERENT 

STRUCTURING ORGANIC MOLECULES 

TABTI Affaf 
LAUNAY Franck 

BABA AHMED Abd Rezzak 
Serier Mohamed 

University of Relizane Ahmed Zabana, 
Algeria.

University of Oran ,Ahmed Ben Bella, Algeria. 
Ivry-sur-SeineSorbonne Universities,  

France. 
INVESTIGATION OF THEORETICAL AND 

EXPERIMENTAL SPECTROSCOPIC PROPERTIES OF 
3-p-METHYLBENZYL-4-[3-ETHOXY-4-(4-

METHOXYBENZOXY)- 
BENZYLIDENEAMINO]-4,5-DIHYDRO-1H-1,2,4-

TRIAZOL-5-ONE 

 Kafkas University, Kars, Turkey 

SYNTHESIS AND CHARACTERIZATION OF NEW 1-
(4-AMINOCARBONYLPIPERIDIN -4-YL-METHYL)-3-
ALKYL(ARYL)-4-(3-METHOXY-4-ISOBUTYRYLOXY- 

BENZYLIDENEAMINO)-4,5-DIHYDRO-1H-1,2,4-
TRIAZOLE-5-ONES 

Sevda MANAP 
 Kafkas University, Kars, Turkey 

EVALUATION OF THEORETICAL AND 
EXPERIMENTICAL PROPERTIES OF 3-METHYL-4-
(3-ACETOXY-4-METHOXY-BENZYLIDENAMINO)-

4,5-DIHYDRO-1H-1,2,4- TRIAZOL-5-ONE 

 
Murat Beytur 

 
Kafkas University, Kars, Turkey 

TEMPERATURE-
CONTA  

 

TENTACLES 

Alessandro Paolini
Stefania Paola Bruno

Arkadijs Sobolevs         
Aiva Plotniece   

Marcin K. Chmielewski

Kevin Hogeveen
Monika Sramkova  

Alena Gabelova
Andrea Caporali

Beatriz Sanz 
Andrea Masotti 

Riga, Latvia. 
 Poland. 
France 

Slovakia 
United Kingdom 

Spain 
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05.11.2021 Session-2, Hall-6 
     Mexico Time: 0900-1130 Ankara Time:1700-1930

HEAD OF SESSION: José Leonardo de Oliveira Mattos 
TOPIC TITLE AUTHORS AFFILIATION 

ESTUDIO DE ESPECTROSCOPIA FTIR DE 
EXTRACTOS DE HOJAS DE PISTACIA 

 

Hayat Jaadan , Mustafa Akodad , 
Saadia Belmalha 

- 

 
-Maroc 

EFECTO DEL ADICIONADO DE ADITIVOS Y 
HARINA DE CHIA EN LA INDUSTRIA AVICOLA 

ARGENTINA 

Angelo MAZZOCCHI 

Carmen Salerno 

Universidad Nacional del Sur, Buenos 
Aires, Argentina. 

CUATRO 

 

Luis Mayta, Edwin Bustamante, 
Eduardo Molinari, Elio Ponce 

Sociedad Minera Cerro Verde,Chess 
Consulting & Project, 

SPECIES DIVERSITY WITHIN THE 

BASIN AND ADJACENT DRAINAGES CLADE, OF 
THE AUSTRALOHEROS AUTRANI GROUP 

(TELEOSTEI, CICHLIDAE) 

Mattos 
 

Adrian Indermaur 
Axel Makay Katz 

Walter Salzburger 
Felipe Polivanov Ottoni 

Universidade Federal do Rio de Janeiro 
University of Basel 

 

THERMAL CHARACTERIZATION OF 
SURFACTANT SOLUTIONS AND PHASE 

TRANSITION IDENTIFICATION 
USING THE LEWIS-NIELSEN MODEL 

Luis M. Montes-de-Oca 
R. Medina-Esquivel
Zambrano-Arjona ,

- Torres

 
 

 

INOXIDABLE Y ACERO AL CARBONO EN 

IONES CLORURO 

David Bonfil Ceferino  
Lucien Veleva      

 avanzados (CINVESTAV) 

-
CA0.3 SOBRE LA ACTIVIDAD 

-NANO 
 

-
Lucien Veleva Avanzados del IPN (CINVESTAV) 

ALTA PUREZA EN SO
HANK 

Miguel Manzano Canul      
Lucien Veleva      

-  Avanzados del IPN (CINVESTAV) 

COMPORTAMIENTO DE LA 
NANOCOMPUESTO AM60-ALN Y LA 

 
Lucien Veleva Avanzados del IPN (CINVESTAV) 

ACTIVI

 
Lucien Veleva     

 Avanzados del IPN (CINVESTAV) 
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05.11.2021 Session-3, Hall-3 
     Mexico Time: 1200-1430 Ankara Time: 2000-2230

HEAD OF SESSION: Binyam Zigta 
TOPIC TITLE AUTHORS AFFILIATION 

LIVER FAILURE WITH MECHANICAL 
JAUNDICE Elena Mostiuk Taras Shevchenko National University of 

Kyiv 
THE GENOMIC AND TRANSCRIPTOMIC 

APPROACHES IN OPIUM POPPY 
 

 
 

Sivas Cumhuriyet University Turkey. 
EFFECT OF THERMAL RADIATION AND 

 
Binyam Zigta Wachemo University, Ethiopia 

BURNOUT SYNDROME AT MEDICAL STAFF 
FROM ROMANIA Boboc Daniela School Center for Inclusive Education 

from Constanta - Romania 
C-

LARYNGOSCOPE IN PATIENTS UNDERGOING 
GENERAL ANESTHESIA 

WITH OROTRACHEAL INTUBATION: A 
PROSPECTIVE, RANDOMIZED CLINICAL TRIAL 

Christopher Ryalino    
Tjokorda Gde Agung Senapathi  

Jhoni Pardomuan Pasaribu 
Udayana University, Indonesia 

POSSIBLE EFFECTS AFTER A COVID 

CELIAC DISEASE 

Felicia Andrei 
Anca Dragomirescu Hospital,  Romania 

University of Medicine and Pharmacy 
 

STRUCTURE OF TANISIT CELLS AND THEIR 
FUNCTIONAL ROLE IN THE NERVOUS SYSTEM 

 
 Siirt University, Turkey 
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05.11.2021 Session-3, Hall-4 
     Mexico Time: 1200-1430 Ankara Time: 2000-2230

HEAD OF SESSION: Nida Khan 
TOPIC TITLE AUTHORS AFFILIATION 

EFFECT OF MAXIMAL DOSES OF DEXTRAN-
POLYACRYLAMIDE POLYMERS AND THEIR AS 

CARRIERS OF SILVER AND GOLD 
NANOPARTICLES ON LIVER 

Valentyna Kurovska 
Oksana Kaleinikova      

Iryna Byelinska       
Natalia Kutsevol          
Taras Blashkiv 

Taras Shevchenko National University of 
Kyiv, Kyiv, Ukraine 

Bogomoletz Institute of Physiology, 
Kyiv, Ukraine 

COMPARISON OF IRON, ZINC AND FERRITIN 
AMONG SMALL FOR GESTATIONAL AGE AND 

APPROPRIATE FOR GESTATIONAL AGE 
MOTHERS 

Nida Khan 
Sadia Fatima 
Rubina Nazli 

Tasleem Akhtar 
Jamila Haider 

 Institute of Basic Medical Sciences, 
Khyber Medical 

University, Peshawar 
Pakistan Health Research Council, 
Khyber Medical College, Peshawar 
Shaheed Benazir Bhutto Women 

University, Peshawar. 

DNA NANOTECHNOLOGY AND 
THERAPEUTICS 

Baig, Mirza Muhammad Faran 
Ashraf The University of Hong Kong 

ENDOSCOPIC APPROACHES IN 
OTORHINOLARYNGOLOGY 

Proletina Bozdukova, Tsvetelina 
Grigorova ENT resident at UMHAT Burgas 

ENT MANIFESTATIONS IN COVID-19 Daniel Petkov  
Tsvetelina Grigorova UMHAT Burgas 

 

Aniqa Aniqa      
Sarvnarinder Kaur Panjab University, Chandigarh 

E-HEALTH APPLICATIONS IN TURKEY Fatih Altan 
 Erciyes University 

COVID-19 VACCINATIONS AND COVID-19 
VACCINATION RATES IN TURKEY 

Fatih Altan 
 Erciyes University 
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05.11.2021 Session-3, Hall-5 
     Mexico Time: 1200-1430 Ankara Time: 2000-2230

HEAD OF SESSION: Assoc. Prof. Dr. Grozi Delchev 
TOPIC TITLE AUTHORS AFFILIATION 

DURUM DESF.) AND YIELD STABILITY 
AFFECTED OF CERTAIN PREPARATIONS AND 

VARIOUS TERMS OF SOWING 

Petar Nikolov 
Grozi Delchev 

Obrazcov Chiflik, Ruse, Bulgaria 
Trakia University, Bulgaria 

EFFECTIVE ROLE OF CHITOSAN-SILVER 
NANOCOMPOSITE ON FOOD 

PRESERVATION 

K.R.Padma 
K.R.Don 

Sri Padmavati Mahila Visvavidyalayam 
University, Tirupati 

Bharath University, Chennai, Tamil 
Nadu, India 

VARIABILITY, ASSOCIATION AND 

GENOTYPES AT 
-

PARAMETERS UNDER POLYETHYLENE 
 

Ms. Uzma Ayaz The University of Poonch Rawalakot, 
Pakistan 

WOODEN BREAST SYNDROME AND FACTORS 
AFFECTING ITS DEVELOPMENT 

 
 University 

 

IN VITRO WOUND HEALING POTENCY OF 
METHANOLIC LEAF EXTRACT OF 

ARISTOLOCHIA SACCATA IS POSSIBLY 
MEDIATED BY ITS STIMULATORY EFFECT ON 

COLLAGEN-1 EXPRESSION 

K.R.Padma 
K.R.Don 

Sri Padmavati Mahila Visvavidyalayam 
 

Bharath University, Chennai, Tamil 
Nadu 

FREQUENCY BASED AGRI-IOT TECHNIQUES 
IN AGRICULTURE 

DEEPA SONAL 
SHAILESH KUMAR 

SHRIVASTAVA 
BINAY KUMAR MISHRA 

V.K.S. University, India

DIFFERENT HUMIC ACID DOSES EFFECT ON 
GEMLIK OLIVE SAPLINGS IN MANISA 

 

 

 
 

Olive Research Institute 
Argem Agricultural Engineering 

 

EFFECT OF SMALL-SCALE FISH CAGE 
 

CASE STUDY IN IRANIAN COAST-NOWSHAHR 

Nasrollahzadeh Saravi H.  
Vahedi, F.      

Makhlough A.      
Baluei, M. 

Caspian Sea Ecology Research Center 
(CSERC), Iranian Fisheries Science 

Research Institute (IFSRI), Agricultural 
Research, Education and Extension 
Organization (AREEO), Sari, Iran. 
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05.11.2021 Session-3, Hall-6 
     Mexico Time: 1200-1430 Ankara Time: 2000-2230

HEAD OF SESSION: Assist. Prof. Dr. Fevzi Altuner 
TOPIC TITLE AUTHORS AFFILIATION 

PURPLE POTATO VARIETIES AS RICH 
ANTHOCYANINS SOURCE FOR FOOD, 
PHARMACEUTICALS AND COSMETICS 

Alexandra Mihaela NAGY 
 

 
Paula BOBOC (OROS) 
Camelia SAVA SAND 

Lucian Blaga University Sibiu, Romania. 
University of Agricultural Sciences and 

Veterinary Medicine, Cluj-Napoca, 
Romania. 

RESPONSE OF SPHAGNUM MOSS TO 
DIFFERENT SOWING METHODS FOR THE 

PURPOSE OF THEIR USE IN CONTEMPORARY 
STREET ART 

Paula BOBOC (OROS) 
Rita-  

 

Lucian Blaga University Sibiu, Romania. 
University of Agricultural Sciences and 

Veterinary Medicine, Cluj-Napoca, 
Romania. 

PROCESSING SPECIMENS FOR VIRTUAL 
HERBARIUM 

Rita-  
Paula BOBOC (OROS) 

 

Lucian Blaga University Sibiu, Romania. 
University of Agricultural Sciences and 

Veterinary Medicine, Cluj-Napoca, 
Romania. 

EVALUATION OF SOMATIC CELL COUNT OF 
RAW MILK DEPENDING ON SEASONAL 

VARIATION 

Melike CINIVIZ 
Gokce KESER 

Irmak ARAL BASKAYA 
Lutfiye YILMAZ ERSAN 

 Tulay OZCAN  
Omer Utku COPUR 

Bursa Uludag University, Turkey 

EFFECT OF SALT CONCENTRATION ON THE 
STRUCTURE AND PREFERENCE OF MIHALIC 

CHEESE 

Gokce KESER  
Melike CINIVIZ  

Irmak ARAL BASKAYA  
Tulay OZCAN 

 Lutfiye YILMAZ ERSAN  
Omer Utku COPUR  

Ozlem KANER 

Bursa Uludag University, Turkey 

THE EFFECT OF SOWING FREQUENCY ON 
YIELD AND YIELD COMPONENTS OF  OAT 

CULTIVARS IN VAN ECOLOGICAL 
CONDITIONS 

Fevzi ALTUNER 
Mehmet ULKER 

Van Yuzuncu Yil University, Van-
TURKEY 

THE EFFECT OF NITROGEN FERTILIZER 
DOSES ON YIELD AND YIELD PROPERTIES ON 

OAT CULTIVARS 

Fevzi ALTUNER 
Mehmet ULKER 

Van Yuzuncu Yil University, Van-
TURKEY 

STUDY ON SPATIAL SURFACE SEDIMENT 
QUALITY AT TWO MAIN TRIBUTARIES OF 
GAVEH AND GHESHLAGH RIVERS OF THE 

ZHAVEH DAM-WEST OF IRAN 

Nasrollahzadeh Saravi H.  
Vahedi, F.      

Naderi Jolodar, M.      
Makhlough A.   
Behrozi, Sh.       
Baluei, M.       

Kardarrostami, M. 

Caspian Sea Ecology Research Center 
(CSERC), Iranian Fisheries Science 

Research Institute (IFSRI), Agricultural 
Research, Education and Extension 
Organization (AREEO), Sari, Iran. 
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06.11.2021 Session-4, Hall-4 
     Mexico Time: 0500-0730 Ankara Time: 1300-1530

HEAD OF SESSION: Dr. Ayça AKÇA UÇKUN 
TOPIC TITLE AUTHORS AFFILIATION 

MANAGEMENT OF THE FOODS SUPPLY 
 HUMAN HEALTH 

Fethi Boudahri , Abderazzak 
Baba Ahmed, Rabab Boukli 

Hacene, 

Manufacturing Enginneering Loboratery 
of Tlemcen 

Tlemcen, Algeria 
University of Relizane, Relizane, Algeria 

SOCIO-DEMOGRAPHIC AND PRODUCTION 
STRUCTURES OF POMEGRANATE PRODUCING 

ENTERPRISES IN HATAY 

 
Nuran TAPKI 

Hatay Mustafa Kemal University, 
 

EVALUAION OF CHROMIUM 
CONTAMINATION ON AGRICULTURAL SOIL 

AND ON DURUM WHEAT 

Baba Ahmed Abderrazzak 
Boudahri Fethi 

Tabti Affaf 

Ahmed Zabana university,  University of 
Tlemcen, Algeria 

Ahmed Zabana university, Relizane, 
Algeria 

EVALUATION OF THE PRODUCTION OF SOME 
FIELD PLANTS GROWED IN CENTRAL 

ANATOLIAN CONDITIONS IN SALT 
CONDITIONS 

Ankara University, Turkey 

ARTIFICIAL RAIN ON THE VERGE OF 
DROUGHT Ankara University, Turkey 

INVESTIGATION OF THE EFFECTS OF 
SEFERIHISAR REGION CLIMATIC AND 

TOPOGRAPHIC CONDITIONS ON OLIVE 
PHENOLOGY AND POMOLOGY 

 
 

 
 

 
 

Olive Research Institute 

 

100% NATURAL, DIFFERENT WITH 
REPAIRING AND HEALING PROPERTIES 

DEVELOPMENT OF CREAM WITH POMATO 
CONTAINING HERBAL EXTRACTS 

Merve KADAL 
 Ar- Turkey. 

METHODS OF GENETIC ENGENEERING IN 
PLANTS BREEDING 

Dzhamirze R.R., Ph.D 
Esaulova L.V., Ph.D. 

Slabchenko A. S., 

Federal State Budgetary Scientific 
Institution 
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TESTING AND EVALUATION OF 
ELECTRODIALYSIS METHOD ON 

DESALINATION 

Sinem KAYA 
 

Ministry of Environmet and 
Urbanisation, Samsun, Turkey 

 
INVESTIGATION OF STRUCTURAL 

PROPERTIES OF AL/P-SI/CDO:NIO/AL 
PHOTODIODE FABRICATED BY SOL GEL SPIN 

COATING METHOD 

Ezgi GURGENC   

Fehmi ASLAN 
Firat University 

THE EFFECT OF HEAT TREATMENT 
STRATEGIES ON THERMAL 

STABILIZATION OF POLYACRYLONITRILE 
FIBERS IN CARBON FIBER PRODUCTION 

 
Md. Mahbubor RAHMAN 

 
 

Siirt University, Siirt, Turkey 
Bangladesh University, Bangladesh 
Erciyes University, Kayseri, Turkey 

NUMERICAL STUDY OF THE EFFECT OF 
EXTERNAL MAGNETIC FIELDS ON THE 

TURBULENT NATURAL CONVECTION OF 
NANOFLUIDS IN A TWO-DIMENSIONAL 

CAVITY 

Zakaria LAFDAILI 
Sakina El-Hamdani 
Mohamed El Hattab 
Lahoucine Belarche 

University Ibn Zohr, Agadir, Morocco 

 

Belfarhi Leila 
Tahraoui Abdelkrime 

Bairi Abdelmedjid 
Ibtissem Chouba 

Naziha Amri 
Nadia Boukris 

University of Badji Moukhtar, Annaba, 
Algeria 

ENVIRONMENT AND SUSTAINABLE 
DEVELOPMENT GOALS IN INDIA Dr. Rekha Suman Himachal Pradesh University 

INVESTIGATION OF TRIBOLOGICAL 
CHARACTERISTICS OF COPPER-TITANIUM 

ALLOYS PROCESSED BY MULTI-AXIAL CRYO-
FORGING 

Ramesh S , Gajanan M Naik , 
Gajanan Anne RV Institute of Technology and 

Management, Banglore, 

DESIGN AND CONTROL OF INDUSTRIAL TYPE 
LIQUID LEVEL CONTROL SYSTEM WITH PID 

Ahmet TOP       
Yener CESUR      

 
 

EXPERIMENTAL AND NUMERICAL 
PERFORMANCE ANALYSIS OF SMOKE 

APPLICATIONS AT HIGH TEMPERATURE 

Cansu AKSOY   
Sibel AKBULUT 

Volt Electric Motors Company 
 

A SIMULATION STUDY ON THE PROCESS OF 
FUEL INJECTION OF DIESEL- VEGETABLE OIL 
MIXTURE OF DIESEL 6CHE YANMAR ENGINE 

BY KIVA-3V SOFTWARE 

Mai Duc Nghia  



LATIN AMERICAN INTERNATIONAL CONFERENCE ON NATURAL AND APPLIED SCIENCES 
November 05-06, 2021 Villahermosa, Mexico 

06.11.2021 Session-5, Hall-4 
     Mexico Time: 0800-1030 Ankara Time: 1600-1830

HEAD OF SESSION: Dr. Günay BEYHAN 
TOPIC TITLE AUTHORS AFFILIATION 

EXPERT SYSTEM RULE-BASED 
OPTIMIZATION IN ASSIGNING COURSES OF 

STUDY 

Ismail Olaniyi MURAINA 
Segbenu Joseph ZOSU 

Moses Adeolu AGOI 

Adeniran Ogunsanya College of 
Education, Lagos Nigeria 

Lagos State University, Lagos Nigeria 
Adeniran Ogunsanya College of 

Education, Lagos Nigeria 
PLANNING OF URBAN TRANSFORMATION 

AFTER THE EARTHQUAKE IN A LOCAL AREA 
WITH ZONING WITH HEDONIC AND PRIME 

METHODS 

 Artvin, Turkey 

DETERMINATION OF SOME PERFORMANCE 
CHARACTERISTICS OF CONSTRUCTION 

TIMERS FROM LAMINATED WOOD MODIFIED 
WITH CARBON FIBER 

Turan Maharrambay AHMADLI, 
Erkan AVCI       

 

 
Azerbaijan Architectura and 

Construction University, Baku 

BURIED WITH RESISTIVITY METHOD IN THE 
ANCIENT CITY OF ALABANDA DETECTION OF 

ARCHEOLOGICAL RESIDENTS 

 
 Sakarya University 

APPLICATION OF REMOTE SENSING 
METHODS TO GROUND RESEARCH 

 
 

 
Sakarya University 

ABOUT THE NATURE OF THE 
ENVIRONMENTAL REQUIREMENTS Michail Michailov PhD  - Bulgaria 

FLIGHT SAFETY RISK ANALYSIS AT 

AIRPORT 

 
 

Sinop University, Turkey 
, Turkey 
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DERIVATIONS PERIOD 2 OF PRIME RINGS Mehsin Jabel Atteya Al-Mustansiriyah University, Iraq 

SPECTRAL PROPERTIES FOR BOUNDARY 
VALUE PROBLEMS OF STURM- 

TYPE 

Oktay Sh. MUKHTAROV 

 

Turkey. 
Amasya University, Turkey       

Gazios  

INVESTIGATION OF SOME PROPERTIES OF 
PERIODIC STURM-LIOUVILLE PROBLEM 

WITH TRANSMISSION CONDITIONS 

Oktay Sh. MUKHTAROV 

 

Turkey. 
Amasya University, Turkey       

 
PARTICLE-LADEN FLOW into A POROUS 

CHANNEL: ENTRY and BOUNDARY 
CONDITIONS 

M.H. Hamdan University of New Brunswick, New 
Brunswick, Canada 

SOME QUALITATIVE PROPERTIES OF WEAK 
EIGENFUNCTIONS OF MULTI-INTERVAL 

STURM-LIOUVILLE PROBLEMS 

Oktay Sh. MUKHTAROV 
 

 

Turkey. 
Amasya University, Turkey       

 
OPERATOR-POLYNOMIAL TREATMENT OF A 

DISCONTINUOUS STURM-LIOUVILLE 
PROBLEM 

 Gaziosmanpasa University, Turkey. 

DISCRETENESS OF THE SPECTRUM AND 
RIESZ BASISITY OF THE WEAK 

EIGENFUNCTIONS FOR MANY-INTERVAL 
STURM-LIOUVILLE PROBLEMS 

Oktay Sh. MUKHTAROV 
 

 

Gaziosmanpasa University, Tokat, 
Turkey. Azerbaijan National Academy of 

Sciences, Baku, Azerbaijan 
Amasya University, Turkey. 

3-D MHD FLOW OF NON-NEWTONIAN
HYBRID NANOLIQUID ABOVE A STRETCHING 

SURFACE 

Dr. G.P. Ashwinkumar      
P. Nanda

Vijayanagara Sri Krishnadevaraya 
University, Bellary, India. 

SIGNIFICANCE OF THERMAL RADIATION ON 
MHD FLOW OF HYBRID NANOFLUID OVER A 

STRETCHING SURFACE 

Dr. G.P. Ashwinkumar      
B. Ranjana

Vijayanagara Sri Krishnadevaraya 
University, Bellary, India. 
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A REACTION DIFFUSION MODEL TO 
DESCRIBE THE TOXIN EFFECT ON THE FISH-

PLANKTON POPULATION 
Ouedraogo Hamidou  

USE OF SORGHUM GRAIN IN POULTRY 
NUTRITION 

Aylin AGMA OKUR 
Kadir ERTEN 

Hasan Ersin SAMLI 

Tekirdag Namik Kemal University , 
Tekirdag/TURKEY 

BIOMETRIC CHARACTERIZATION OF LOCAL 
GOATS FROM THE ARGAN GROVE OF 

AGADIR IN MOROCCO 

Houda EL KHEYYAT   
 University Ibn Zohr, Agadir, Morocco 

ETHNOBOTANICAL STUDY AIMED AT 
INVESTIGATING THE USE OF MEDICINAL 

 

NOUIOURA Ghizlane           
TOURABI Maryem  

DERWICH El houssine 

Univers
 

FISHERY, MORPHOMETRY AND MERISTIC 
COUNTS OF DECAPTERUS MACROSOMA 

(BLEEKER, 1851) OFF COCHIN COAST 

A. U. Arun 
Revathy R 

St. Peters College, Kolenchery, Kerala, 
India 

Nirmala College, Kerala, India 

OPPORTUNITIES OF USING GREEN FEED FOR 
ANIMAL FEEDING IN HYDROPONIC 

AGRICULTURE SYSTEM 

Ezgi KARPUZ 
Kadir ERTEN 

Fisun KOC 

Tekirdag Namik Kemal University, 
TURKEY 

THE HONEY OF RHODENDRON  

BANANA 

 

Nazar AL GHASHEEM, M.S. 
SHARADA, M.S. SUDARSHANA 

Medicinal Plant Tissue Culture 
Laboratory, 

University of Thi Qar , Iraq 
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ASSESSMENT WATER QUALITY OF THE 
LUMBARDHI RIVER, IN THE PRIZREN AREA, 
BY THE PHYSICO-CHEMICAL ANALYSIS AND 

HEAVY METALS 

Skender Demaku 
Gani KASTRATI University of Pristina, Prishtina, Kosovo 

UBT College, - Republic of Kosovo 

EFFECT OF THE MAGNETIC FIELD ON MIXED 
CONVECTION IN A CAVITY HEATED FROM 

THE TOP FILLED WITH A NANOFLUID 

EL HATTAB Mohamed 
LAFDAILI Zakaria 

Ibn Zohr University, ENSA, Agadir, 
Morocco 

PRODUCTION OF INDUSTRIAL 
BIOMOLECULES BY ACTINOMYCETES 

ISOLATED FROM SOIL IN SAUDI ARABIA 

Maha Fahad Algouraibi, Nashwa 
Ibrahem Hagagy, Lobna 

Abdelkefi-Mesrati 

University of Jeddah, Jeddah, Saudi 
Arabia. 

THE SURVEY OF WATER QUALITY BASED ON 
THE PHYTOPLANKTON AND SAPROBIC INDEX 
IN ZHAWEH DAM TRIBUTARIES (KORDESTAN 

PROVINCE, IRAN) 

Asieh Makhlough 
Nasrollahzadeh Saravi H. 

Naderi, M.  
Eslami, F. 

Caspian Sea Ecology Research Center 
(CSERC) Ecology Dept. Iran 

Iranian Fisheries Science Research 
Institute (IFSRI), Tehran, Iran 

REMOVAL OF SULFATE FROM LEATHER 
INDUSTRY WASTEWATER WITH 
DIFFERENT ACTIVATED CARBON 

ADSORPTIONS 

 
 

 

 
 

Sok. Mert Plaza 
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HISTOPATHOLOGICAL CHARACTERIZATION 
OF HEPATOCELLULAR CARCINOMA IN A DOG 

Mehmet Burak ATES  
Mehmet TUZCU 

Mustafa ORTATATLI 
Selcuk University, Konya, Turkey. 

INFILTRATIVE RENAL LYMPHOMA IN A 1-
YEAR-OLD MALE STRAY CAT 

Mustafa ORTATATLI 
Ertan ORUC  

 
Selcuk University, Konya, Turkey. 

SUBCUTANEOUS MULTIPLE MASTOCYTOMA 
-YEAR-  

Ozgur OZDEMIR 
Mehmet Burak ATES 

Mehmet TUZCU 
Selcuk University, Konya, Turkey. 

HEMANGIOPERICYTOMA IN A 17-YEAR-OLD 
FEMALE GOLDEN DOG 

Ertan ORUC 
Ozgur OZDEMIR 

Mehmet Burak ATES 
Selcuk University, Konya, Turkey. 

THE CASE OF MULTIPLE EPIDERMAL 
INCLUSION CYSTS IN A 2-YEARS-OLD HOUND 

DOG 

Zeynep CELIK 
Osman DAGAR 
Aysegul BULUT 

Rabia SALIK 
Gokhan AKCAKAVAK 

Aysenur TURAL 
Beatriz PADRON PEREZ 

Fatih HATIPOGLU 

Selcuk University, Konya, Turkey.          
Kyrgyz-Turkish Manas University, 

Bishkek, Kyrgyzstan. 

A CASE OF PERICARDITIS FIBRINOSA CAUSED 
BY HISTOPHILUS SOMNI IN A 2-MONTH-OLD 

SIMMENTAL 
BREED CALF 

Mehmet TUZCU 
Nevin TUZCU 
Zeynep CELIK 

Gokhan AKCAKAVAK 

Selcuk University, Konya, Turkey.          
Bozok University, Yozgat, Turkey, 

EXTRAMEDULLARY PLASMACYTOMA IN 
SPLEEN OF 12-YEAR-OLD FEMALE GOLDEN 

RETRIEVER DOG 

Mustafa ORTATATLI 
Ertan ORUC 

Zeynep CELIK 
Fatih HATIPOGLU 

Selcuk University, Turkey.                 
Kyrgyz-Turkish Manas University, 

Bishkek, Kyrgyzstan. 

A SURVEY STUDY OF INSECT PEST ORDERS 
AND THEIR MANAGEMENT STRATEGIES IN 
DIFFERENT AREAS OF VIDARBHA REGION 

Badiye V.H.,  
Gajbe P.U  
 Saha R.S. 

SMM College of Science, Nagpur 
(Maharashtra, India) 

EDIBLE ORNAMENTAL FLOWERS SEED 
COLLECTION  PRESENT STATUS AND 

FUTURE PERSPECTIVES AT CENTER FOR 
BIODIVERSITY AND CONSERVATION, UASVM 

CLUJ-NAPOCA, ROMANIA 

 
Alina MITROI 

Paula BOBOC (OROS) 

University of Agricultural Sciences and 
Veterinary Medicine, Cluj-Napoca, 

Romania. 

 



 
 

Author Title No 

 
-Kol 

 

SYNTHESIS AND IN VITRO ANTIOXIDANT 
PROPERTIES OF SOME NEW 1- BENZYL-3-

ALKYL(ARYL)-4-(3-METHOXY-
4PHENYLMETHOXYBENZYLIDENAMINO)- 

4,5-DIHYDRO-1H-1,2,4-TRIAZOL-5-ONES 

1 

 BIG DATA MODELING 9 
 
 

 
 

DEVELOPMENT OF CPR B2ca s1a d1 CLASS SIGNAL 
CABLES 14 

 
ON MODIFIED BIVARIATE PICARD INTEGRAL 
OPERATORS WHICH FIX SOME EXPONENTIAL 

FUNCTIONS 
16 

Ahmed Ouezgan 
Said Adima 
Aziz Maziri 

El Hassan Mallil 
Jamal Echaabi 

CURING EFFECT IN RTM PROCESS 24 

Mustafa Serdar Osmanca 
Murat  

AI-ASSISTED COMPARISON OF LIVE NETWORK 
MEASUREMENTS AND 

PERFORMANCE METRICS IN DWDM SYSTEMS 
25 

Karunesh Tiwari 
Anam Zaidi 

Shalini 

EFFECT OF TIN SUBSTITUTION ON STRUCTURAL, 
ELECTRICAL AND HUMIDITY-SENSING 

CHARACTERISTICS OF TUNGSTEN OXIDE 
NANOPARTICLES 

31 

Ouail MJAHED 
Salah EL HADAJ 

El Mahdi ELGUARMAH 
Soukaina MJAHED 

BIO-INSPIRED HYBRIDIZATION OF ARTIFICIAL 
NEURAL NETWORKS: AN 

APPLICATION FOR CLASSIFICATION TASKS 
32 

Pengfei Yao 
Surendra M. Gupta 

FISH SCHOOL SEARCH ALGORITHM FOR SOLVING 
MULTI-OBJECTIVE USHAPED DISASSEMBLY LINE 

BALANCING PROBLEM 
44 

Amenah Emad mohammed redha 
MATERIALS CLASSIFICATION OF PROFITABLE 

AND NEW SOFT CONTACT LENSES USING 
MATLAB 

53 

 
-Kol 

 

SYNTHESIS AND IN VITRO ANTIOXIDANT 
PROPERTIES OF SOME NOVEL 1, 3, 4-

TRISUBSTITUE-4,5-DIHYDRO-1H-1, 2, 4- 
TRIAZOL-5-ONES 

61 

 
 

INVESTIGATION OF THEORETICAL AND 
EXPERIMENTAL SPECTROSCOPIC PROPERTIES OF 

3-p-METHYLBENZYL-4-�3-ETHOXY-4- (4-
METHOXYBENZOXY)-BENZYLIDENAMINO]-4,5-

DIHYDRO-1H-1,2,4-TRIAZOL-5-ONE 

68 

 STUDY ON THEORETICAL/EXPERIMENTAL 77 

  I 
  II 

KONGRE PROGRAMI  III 
  IV 



 SPECTROSCOPIC AND ELECTRONIC PROPERTIES 
OF 1-ACETYL-3-METHYL-4-(4- 

METHYLBENZOXY)-BENZYLIDENAMINO]-4,5-
DIHYDRO-1H-1,2,4- TRIAZOL-5-ONE 

 
Rahmiye AYDIN 

INTERACTIONS of [Cu(5 O 
COMPLEX with BOVINE SERUM ALBUMINE (BSA) 88 

 
 

SYNTHESIS AND CHARACTERIZATION OF NEW 
MANNICH BASES CONTAINING 1, 2, 4- 

TRIAZOLE RING 
95 

Fevzi Aytemiz 
 

SYNTHESIS OF NOVEL 3-{[1-(MORPHOLIN-4-YL-
METHYL)-3-ALKYL/ARYL- 4,5-DIHYDRO-1H-1,2,4-

TRIAZOL-5-ONE-4-YL]-AZOMETHINE}-PHENYL 
2,5- DICHLOROBENZENESULFONATES 

100 

 
 

STRUCTURAL AND SPECTROSCOPIK ANALYSIS 
WITH DFT OF 3-METHYL-4- [2-(2-

THIENYLCARBONYLOXY) 
METHOXYBENZYLIDENAMINO)-4,5- DIHYDRO-1H-

1,2,4-TRIAZOL-5-ONE 

105 

Shikha Saxena 
Priyanka Singh 

RECENT DIAGNOSTIC AIDS IN ORAL CANCER 
DETECTION 117 

Ying-Ying Zhang 
Ze-Yu Yu 

Jian-Ping Liu 

AURICULAR ACUPRESSURE FOR SMOKING 
CESSATION: A SYSTEMATIC REVIEW OF 

RANDOMIZED CONTROLLED TRIALS 
118 

Madina Nurzhanova 
Gulnara Kapanova 

FEATURES OF THE LIPID SPECTRUM AND THE 
PROBLEM OF ACHIEVING THE TARGET LEVEL OF 

LOW-DENSITY LIPOPROTEINS DURING A 
CORONARY EVENT 

120 

Ivashchuk Oleksandr 
Hovornyan Serhiy 

ORAL CANCER SCREENING. CURRENT 
APPROACHES AND FUTURE PROSPECTS. 126 

Aneta Mijoska 
Sasho Jovanovski 
Daniela Srbinoska 
Vesna Trpevska 

Emilija Bajraktarova Valjakova 

EVALUATION OF ORAL SOFT TISSUES AT 
GERIATRIC PATIENTS WITH DENTAL PROSTHESIS 127 

Aneta Mijoska 
Sasho Jovanovski 
Daniela Srbinoska 

Vesna Trpeska 
Blagoja Dashtevski 

Marjan Petkov 

VELSCOPE INSTRUMENT FOR DETECTION OF 
ORAL SOFT TISSUE CONDITION IN 

PROSTHODONTIC PATIENTS 
129 

ALBAYRAK 
 

 

SOME QUANTUM CHEMICAL CALCULATIONS OF 
3-n-PROPYL-4-(3-ACETOXY-4-

METHOXYBENZYLIDENAMINO)-4,5-DIHYDRO-1H-
1, 2, 4- TRIAZOL-5-ONE 

131 

 
 

 

ELECTRONIC, THERMODYNAMIC, GEOMETRIC 
ANALYSIS OF 1-(2,6- DIMETILMORFOLIN-4-IL-

METIL)-3-ETHYL-4-(4 
HYDROXYBENZYLIDENAMINO)-4,5-DIHYDRO-1H-

1, 2, 4-TRIAZOL-5-ONE 

143 

Laipubam Gayatri Sharma 
Lalit Mohan Pandey 

INHIBITION OF THERMAL AND SHEAR INDUCED 
AGGREGATION OF ALBUMIN (BOVINE SERUM 
ALBUMIN) BY CENTELLA ASIATICA EXTRACT 

153 

Affaf TABTI SYNTHESIS OF ZEOLITIC MATERIALS 154 



Franck LAUNAY 
Abd Rezzak BABA AHMED 

Mohamed Serier 

INCORPORATED IN THE PRESENCE OF 
DIFFERENT STRUCTURING ORGANIC MOLECULES 

Sevda MANAP 
 

SYNTHESIS AND CHARACTERIZATION OF NEW 1-
(4-AMINOCARBONYLPIPERIDIN -4-YL-METHYL)-3-

ALKYL(ARYL)-4-(3-METHOXY-4-
ISOBUTYRYLOXY-BENZYLIDENEAMINO)-4,5-

DIHYDRO-1H-1,2,4-TRIAZOLE-5-ONES 

162 

Hayat Jaadan 
Mustafa Akodad 
Saadia Belmalha 

ESTUDIO DE ESPECTROSCOPIA FTIR DE 
EXTRACTOS DE HOJAS DE PISTACIA LENTISCUS 167 

 
Angelo MAZZOCCHI 

 
Carmen Salerno 

EFECTO DEL ADICIONADO DE ADITIVOS Y 
HARINA DE CHIA EN LA INDUSTRIA AVICOLA 

ARGENTINA 
168 

Luis Mayta 
Edwin Bustamante 
Eduardo Molinari 

Elio Ponce 

RUGULOSA BITTER) 
UTILIZANDO CUATRO ENRAIZADORES CON DOS 
SUSTRATOS NATURALES EN CONDICIONES DE 

VIVERO 

169 

Mattos 
 

Adrian Indermaur 
Axel Makay Katz 
Walter Salzburger 

Felipe Polivanov Ottoni 

SPECIES DIVERSITY WITHIN THE UPPER/MIDDLE 
BASIN AND ADJACENT 

DRAINAGES CLADE, OF THE AUSTRALOHEROS 
AUTRANI GROUP (TELEOSTEI, CICHLIDAE) 

177 

Luis M. Montes-de-Oca 
R. Medina-Esquivel 

M. A. Zambrano-Arjona 
-Torres 

THERMAL CHARACTERIZATION OF SURFACTANT 
SOLUTIONS AND PHASE TRANSITION 

IDENTIFICATION USING THE LEWIS-NIELSEN 
MODEL 

178 

David Bonfil Ceferino 
Lucien Veleva 

 

INOXIDABLE Y ACERO AL CARBONO 
EXTRACTO DE CEMENTO CON 

IONES CLORURO. 

179 

-  
Lucien Veleva 

EFFECT OF CA ON THE ELECTROCHEMICAL 
ACTIVITY OF THE MG-CA0.3 ALLOY EXPOSED TO 

HANK'S PHYSIOLOGICAL SOLUTION AND 
PROPERTIES OF AG NANO-PARTICLE DEPOSITS 

180 

Miguel Manzano Canul 
-  

Lucien Veleva 

MICA DE MG EXTRUIDO 
 196 

Elena Mostiuk LIVER FAILURE WITH MECHANICAL JAUNDICE 197 

Binyam Zigta 
EFFECT OF THERMAL RADIATION AND 
CHEMICAL REACTION ON MHD FLOW 

OF BLOOD IN STRETCHING PERMEABLE VESSEL 
199 

Boboc Daniela BURNOUT SYNDROME AT MEDICAL STAFF FROM 
ROMANIA 200 

Christopher Ryalino 
Tjokorda Gde Agung Senapathi 

Jhoni Pardomuan Pasaribu 

C- NGOSCOPE 
IN PATIENTS UNDERGOING GENERAL 

ANESTHESIA WITH OROTRACHEAL INTUBATION: 
A PROSPECTIVE, RANDOMIZED CLINICAL TRIAL 

201 

 STRUCTURE OF TANISIT CELLS AND THEIR 202 



 FUNCTIONAL ROLE IN THE NERVOUS SYSTEM 
Valentyna Kurovska 
Oksana Kaleinikova 

Iryna Byelinska 
Natalia Kutsevol 
Taras Blashkiv 

EFFECT OF MAXIMAL DOSES OF DEXTRAN-
POLYACRYLAMIDE POLYMERS AND THEIR AS 

CARRIERS OF SILVER AND GOL NANOPARTICLES 
ON LIVER 

204 

Nida Khan 
Sadia Fatima 
Rubina Nazli 

Tasleem Akhtar 
Jamila Haider 

COMPARISON OF IRON, ZINC AND FERRITIN 
AMONG SMALL FOR GESTATIONAL AGE AND 

APPROPRIATE FOR GESTATIONAL AGE MOTHERS 
206 

Proletina Bozdukova ENDOSCOPIC APPROACHES IN 
OTORHINOLARYNGOLOGY 208 

Daniel Petkov 
Tsvetelina Grigorova ENT MANIFESTATIONS IN COVID-19 209 

Aniqa Aniqa 
Sarvnarinder Kaur 

PROTECTIVE EFFECT OF MURRAYA KOENIGII 
AGAINST TESTICULAR DAMAGES INCURRED IN 

SKIN TUMOR BEARING MICE 
210 

 
Fatih Altan 

COVID-19 VACCINES AND THE RATES OF COVID-
19 VACCINATION IN TURKEY 211 

 
Fatih Altan E-HEALTH APPLICATIONS IN TURKEY 215 

Petar Nikolov 
Grozi Delchev 

GRAIN YIELDS OF DURUM WHEAT (TRITICUM 
DURUM DESF.) AND YIELD STABILITY AFFECTED 

OF CERTAIN PREPARATIONS AND VARIOUS 
TERMS OF SOWING 

222 

K.R.Padma 
K.R.Don 

IN VITRO WOUND HEALING POTENCY OF 
METHANOLIC LEAF EXTRACT OF 

ARISTOLOCHIA SACCATA IS POSSIBLY 
MEDIATED BY ITS STIMULATORY 

EFFECT ON COLLAGEN-1 EXPRESSION 

230 

K.R.Padma 
K.R.Don 

EFFECTIVE ROLE OF CHITOSAN-SILVER 
NANOCOMPOSITE ON FOOD PRESERVATION 231 

Uzma Ayaz 

GENETIC VARIABILITY, ASSOCIATION AND 
DIVERSITY STUDY AMONG THE 

SUNFLOWER GENOTYPES AT SEEDLING STAGE 
BASED ON DIFFERENT MORPHOPHYSIOLOGICAL 
PARAMETERS UNDER POLYETHYLENE GLYCOL 

INDUCEDSTRESS 

232 

 
 

WOODEN BREAST SYNDROME AND FACTORS 
AFFECTING ITS DEVELOPMENT 233 

Aylin AGMA OKUR 
Kadir ERTEN 

Hasan Ersin SAMLI 

USE OF SORGHUM GRAIN IN POULTRY 
NUTRITION 242 

DEEPA SONAL 
SHAILESH KUMAR 

SHRIVASTAVA 
BINAY KUMAR MISHRA 

FREQUENCY BASED AGRI-IOT TECHNIQUES IN 
AGRICULTURE 251 

 
 

 
Alptug  

 

 
 

EFFECT OF DIFFERENT HUMIC ACID DOSES ON 
GEMLIK OLIVE SAPLINGS IN 

DISTRICT 

252 



 
 

 
 
 

 
 

INVESTIGATION OF THE EFFECTS OF 
SEFERIHISAR REGION CLIMATIC AND 
TOPOGRAPHIC CONDITIONS ON OLIVE 

PHENOLOGY AND POMOLOGY 

259 

Alexandra-Mihaela Nagy 
 

Camelia Sava Sand 
Paula Boboc (Oros) 

 

PURPLE POTATO VARIETIES AS RICH 
ANTHOCYANINS SOURCE FOR 

FOOD, PHARMACEUTICALS AND COSMETICS 
274 

Paula Boboc (Oros) 
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Abstract 

4,5-Dihydro-1H-1,2,4-triazol-5-one derivatives have a wide range of biological properties 
such as antioxidant, antitumor, anti-inflammatory, antifungal, antimicrobial, hypoglycemic, 
analgesic, hypocholesteremic, antiviral, antihypertensive, antiparasitic and anti-HIV 
properties known to have activity. Compounds with a 1,2,4-triazole ring generally have 
potential biologically active properties. For this reason, extensive research has been carried 
out on many derivatives of 1,2,4-triazole compounds in medicine, pharmaceutics and 
industry, both on synthesis and on many properties. It is known that new derivatives of 
compounds containing 1,2,4-triazole ring are synthesized and these are used in many areas of 
chemistry. In this study, five new 1-benzyl-3-alkyl(aryl)-4-(3-methoxy-4-phenylmethoxy-
benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-ones (4) having 4,5-dihydro-1H-1,2,4-
triazol-5-ones ring were synthesized and characterized by elemental analysis, IR, 1H NMR, 
13C NMR and UV spectral data. In addition, the antioxidant activities of these compounds 
were investigated using different antioxidant methodologies: 1,1-diphenyl-2-picryl-hydrazil 
(DPPH.) free radical scavenging, reducing power and metal chelating activities. 

Keywords: 1,2,4-triazol-5-one, antioxidant activity, Schiff base, synthesis. 

1. Introduction

Some studies have been done on some 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives (Alkan 
vd., 2007; Ikizler & Yuksek, 1993; Yuksek vd., 1997, 2004). In vivo analgesic and anti-
inflammatory activities have been studied for some 1,2,4-triazole-derived compounds 
(Abdelazeem vd., 2021). In a recent study, the antibacterial properties of 1,2,4-triazole-
derived Schiff bases were investigated (Li vd., 2021). N-acetyl derivatives of compounds with 
1,2,4-triazole ring have been synthesized; in vitro antioxidant and antibacterial activities of 
these compounds were studied (Manap, 2021).  
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Today, it is accepted by scientists that antioxidants are an important research area. The 
damage caused by oxidative stress has been widely discussed in terms of antioxidants' 
capacity to protect organisms and cells. Natural sources are either synthesized or obtained that 
can provide active ingredients to prevent or reduce the effect of oxidative stress on the cell 
(Hussain vd., 2003). In a recent study, it was determined that heterocyclic 1,2,4-triazole 
compounds were evaluated in terms of in vitro antimicrobial, anticancer, antioxidant and anti-
urease activities (Kumari vd., 2021). 

In this study, five new 1-benzyl-3-alkyl(aryl)-4-(3-methoxy-4-phenylmethoxy-
benzylideneamino)-4,5-dihydro-1H-1,2,4-triazole-5-ones (4) were synthesized. In addition, 
antioxidant activities of newly synthesized compounds were investigated using different 
antioxidant methodologies: 1,1-diphenyl-2-picryl-hydrazil (DPPH.) free radical scavenging, 
reducing power and metal chelating activities. 

2. Materials and Methods

Chemical reagents and all solvents used in this study were purchased from Merck AG, 
Aldrich and Fluka. The starting compounds 3-alkyl(aryl)-4-amino-4,5-dihydro-1H-1,2,4-
triazol-5-ones 2 were prepared from the reactions of the corresponding ester 
ethoxycarbonylhydrazones 1 with an aqueous solution of hydrazine hydrate as described in 
the literature (Ikizler & Yuksek, 1993). Compound 3 was obtained from the reaction of 
compounds 2 with 3-methoxy-4-hydroxy-benzaldehyde through recently reported method 
(Manap, S, 2009). Melting points were determined in open glass capillaries using an 
Electrothermal digital melting point apparatus and are uncorrected. The IR spectra were 
obtained on a Perkin-Elmer Instruments Spectrum One FT-IR spectrometer. 1H and 13C NMR 
spectra were recorded in deuterated dimethyl sulfoxide with TMS as internal standard using a 
Varian Mercury spectrometer at 200 MHz and 50 MHz, respectively. UV absorption spectra 
were measured in 10 mm quartz cells between 200 and 400 nm using a PG Instruments Ltd 
T80 UV / Vis spectrometer. Extinction coefficients ( ) are expressed in L mol-1 cm-1. 
Elemental analyses were carried out on a Leco 932 Elemental Combustion System (CHNS-O) 
for C, H and N. 

2.1. General procedure for the synthesis of compound 4. 3-Alkyl(Aryl)-4-(3-methoxy-
4-hydroxy-benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (3) (0.01 mol) was treated
with Na (0.02 mol) dissolved in absolute ethanol (100 mL), and this solution was refluxed for
2 h. After cooling until room temperature to this solution was added benzyl bromide (0.02
mol) and this mixture was refluxed for 5 h and filtered. The filtrate was evaporated in vacuo
and the crude product was recrystallized from ethanol to afford compound.

2.1.1. 1-Benzyl-3-methyl-4-(3-methoxy-4-phenylmethoxy-benzylidenamino)-4,5-
dihydro-1H-1,2,4-triazol-5-one (4a). Yield 2.69 g (63%); mp 120 ºC; IR (KBr):  C=O 
1698, C=N 1605, monosubstituted benzenoid ring 746 and 697 cm-1; 1H NMR (200MHz, 
DMSO-d6):  2.28 (s, 3H, CH3), 3.83 (s, 3H, OCH3), 4.89 (s, 2H, NCH2), 5.16 (s, 2H, OCH2), 
7.13-7.45 (m, 13H, Ar-H), 9.58 (s, 1H, N=CH); 13C NMR (50MHz, DMSO-d6):  10.96 
(CH3), 47.98 (NCH2), 55.40 (OCH3), 69.76 (OCH2), 109.12, 112.84, 122.61, 125.99, 127.54, 
127.60 (arom-C), 127.90 (2C), 127.98 (2C), 128.42 (2C), 128.52 (2C), 136.49, 136.66, 
143.27, 149.43 (arom-C), 149.20 (triazole C3), 150.75 (N=CH), 154.73 (triazole C5); UV max 
( ): 330 (21865), 320 (28435), 236 (19507), 220 (29293), 210 (27331) nm; Anal. Calcd. for 
C25H24N4O3 (428.49): C, 70.08; H, 5.65; N, 13.08. Found: C, 67.77; H, 5.54; N, 12.93. 
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2.1.2. 1-Benzyl-3-ethyl-4-(3-methoxy-4-phenylmethoxy-benzylidenamino)-4,5-dihydro-
1H-1,2,4-triazol-5-one (4b). Yield 3.11 g (69%); mp 153 ºC; IR (KBr):  C=O 1697, C=N 
1601, 1587, monosubstituted benzenoid ring 746 and 698 cm-1; 1H NMR (200MHz, DMSO-
d6):  1.19 (t, 3H, CH2CH3, J=6.25 Hz), 2.69 (q, 2H, CH2CH3, J=7.03 Hz), 3.83 (s, 3H, 
OCH3), 4.91 (s, 2H, NCH2), 5.16 (s, 2H, OCH2), 7.13-7.44 (m, 13H, Ar-H), 9.58 (s, 1H, 
N=CH); UV max ( ): 330 (23642), 320 (26771), 236 (18612), 216 (26600), 210 (24024) nm; 
Anal. Calcd. for C26H26N4O3 (442.52): C, 70.57; H, 5.92; N, 12.66. Found: C, 67.63; H, 5.74; 
N, 12.32. 
 
2.1.3. 1-Benzyl-3-n-propyl-4-(3-methoxy-4-phenylmethoxy-benzylidenamino)-4,5-
dihydro-1H-1,2,4-triazol-5-one (4c). Yield 2.13 g (47%); mp 140 ºC; IR (KBr):  C=O 
1697, C=N 1599, 1585, monosubstituted benzenoid ring 759 and 698 cm-1; 1H NMR 
(200MHz, DMSO-d6):  0.93 (t, 3H, CH2CH2CH3, J=7.03 Hz), 1.67 (sext, 2H, CH2CH2CH3), 
2.65 (t, 2H, CH2CH2CH3), 3.82 (s, 3H, OCH3), 4.91 (s, 2H, NCH2), 5.16 (s, 2H, OCH2), 7.13-
7.44 (m, 13H, Ar-H), 9.56 (s, 1H, N=CH); 13C NMR (50MHz, DMSO-d6):  13.41 
(CH2CH2CH3), 18.85 (CH2CH2CH3), 26.57 (CH2CH2CH3), 48.03 (NCH2), 55.41 (OCH3), 
69.78 (OCH2), 109.31, 112.96, 121.20, 122.40, 126.05 (arom-C), 127.47 (2C), 127.89 (2C), 
128.43 (2C), 128.52 (2C), 136.50, 136.69, 143.30, 145.87, 149.35 (arom-C), 149.21 (triazole 
C3), 150.75 (N=CH), 154.80 (triazole C5); UV max ( ): 332 (19791), 318 (24177), 236 
(17383), 218 (24491), 210 (20000) nm.  
 
2.1.4. 1-Benzyl-3-(p-methylbenzyl)-4-(3-methoxy-4-phenylmethoxy-benzylidenamino)-
4,5-dihydro-1H-1,2,4-triazol-5-one (4d). Yield 2.49 g (48%); mp 152 ºC; IR (KBr):  C=O 
1701, C=N 1589, 1,4-disubstituted benzenoid ring 820, monosubstituted benzenoid ring 763 
and 697 cm-1; 1H NMR (200MHz, DMSO-d6):  2.23 (s, 3H, CH3), 3.84 (s, 3H, OCH3), 4.01 
(s, 2H, CH2), 4.93 (s, 2H, NCH2), 5.15 (s, 2H, OCH2), 7.13-7.44 (m, 17H, Ar-H), 9.53 (s, 1H, 
N=CH); UV max ( ): 330 (16966), 320 (22660), 236 (16000), 218 (25850), 210 (19500) nm. 
 
2.1.5. 1-Benzyl-3-(p-chlorobenzyl)-4-(3-methoxy-4-phenylmethoxy-benzylidenamino)-
4,5-dihydro-1H-1,2,4-triazol-5-one (4e). Yield 4.16 g (75%); mp 150 ºC; IR (KBr):  C=O 
1702, C=N 1588, 1,4-disubstituted benzenoid ring 820, monosubstituted benzenoid ring 748 
and 683 cm-1; 1H NMR (200MHz, DMSO-d6):  3.82 (s, 3H, OCH3), 4.08 (s, 2H, CH2), 4.93 
(s, 2H, NCH2), 5.14 (s, 2H, OCH2), 7.13-7.44 (m, 17H, Ar-H), 9.55 (s, 1H, N=CH); 13C NMR 
(50MHz, DMSO-d6):  10.96 (CH3), 30.50 (CH2Ph), 48.00 (NCH2), 55.50 (OCH3), 69.80 
(OCH2), 108.52, 112.75, 122.97, 125.96 (arom-C), 127.49 (2C), 127.88 (2C), 128.36 (2C), 
128.41 (2C), 128.54 (2C), 130.56 (2C), 131.41 (arom-C), 134.61 (2C), 136.46, 136.55 (arom-
C), 144.80 (2C), 149.48 (arom-C), 149.21 (triazole C3), 150.78 (N=CH), 154.06 (triazole C5); 
UV max ( ): 332 (17561), 320 (23284), 216 (31054) nm; Anal. Calcd. for C31H27N4O3Cl 
(539.03): C, 69.08; H, 5.05; N, 10.39. Found: C, 66.81; H, 4.98; N, 10.24. 
 
2.2. Antioxidant activity. Butylated hydroxytoluene (BHT) was purchased from E. Merck 
(Merck KGaA, Darmstadt, Germany). Ferrous chloride, -tocopherol, 1,1-diphenyl-2-picryl-
hydrazyl (DPPH.), 3-(2-pyridyl)-5,6-bis(phenylsulfonic acid)-1,2,4-triazine (ferrozine), 
butylated hydroxyanisole (BHA) and trichloroacetic acid (TCA) were bought from Sigma 
(Sigma-Aldrich GmbH, Steinheim, Germany). 
 
2.2.1. Reducing power. The reducing power of the newly synthesized compounds was 
assigned according to the method of Oyaizu (Oyaizu, 1986). Different concentrations of the 
samples (50-250 g/mL) in DMSO (1 mL) were mixed with phosphate buffer (2.5 mL, 0.2 M, 
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pH = 6.6) and potassium ferricyanide (2.5 mL, 1%). The mixture was incubated at 50oC for 
20 min. after which a portion (2.5 mL) of trichloroacetic acid (10%) was added to the mixture, 
which was then centrifuged for 10 min at 1000 x g. The upper layer of solution (2.5 mL) was 
mixed with distilled water (2.5 mL) and FeCl3 (0.5 mL, 0.1%), and then the absorbance at 700 
nm was measured in a spectrophotometer. Higher absorbance of the reaction mixture showed 
greater reducing power. 
 
2.2.2. Free radical scavenging activity. Free radical scavenging activity of compounds was 
measured by DPPH., using the method of Blois (Blois, 1958). Concisely, 0.1 mM solution of 
DPPH. in ethanol was prepared, and this solution (1 mL) was added to sample solutions in 
DMSO (3 mL) at different concentrations (50-250 g/mL). The mixture was shaken 
vigorously and allowed to stand at room temperature for 30 min. Then the absorbance was 
measured at 517 nm in a spectrophotometer. Lower absorbance of the reaction mixture 
showed higher free radical scavenging activity. The DPPH. concentration (mM) in the 
reaction medium was calculated from the following calibration curve and assigned by linear 
regression (R: 0.997): 

Absorbance = 0.0003 x DPPH.  – 0.0174 
The capability to scavenge the DPPH radical was calculated using the following 

equation: 
DPPH. scavenging effect (%) = (A0 – A1/A0) x 100 

where A0 is the absorbance of the control reaction and A1 is the absorbance in the presence of 
the samples or standards. 
 
2.2.3. Metal chelating activity. The method of Dinis et al were used to estimate the chelation 
of ferrous ions by the synthesized compounds and standards (Dinis vd., 1994). Briefly, the 
synthesized compounds (50-250 g mL-1) were added to a 2 mM solution of FeCl2 (0.05 mL). 
The reaction was initiated by the addition of 5 mM ferrozine (0.2 mL) and the mixture was 
shaken vigorously and left standing at room temperature for 10 min. After the mixture had 
reached equilibrium, the absorbance of the solution was then measured at 562 nm in a 
spectrophotometer. All test and analyses were run in triplicate and averaged. The percentage 
of inhibition of ferrozine-Fe2+ complex formation was given by the formula:  % Inhibition = 
(A0 – A1/A0) x 100, where A0 is the absorbance of the control, and A1 is the absorbance in the 
presence of the samples or standards. The control did not contain compound or standard. 
 
3. Results and Discussion 
 
The 1-benzyl-3-alkyl(aryl)-4-(3-methoxy-4-phenylmethoxy-benzylidenamino)-4,5-dihydro-
1H-1,2,4-triazol-5-ones 4a-e were prepared. Compound 4 was synthesized by the reaction of 
3 type compound with benzyl bromide in sodium ethoxide (Scheme 1). 
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Scheme 1. Synthesis route of compounds 2-4. 
The structures of five new 4 type 1-benzyl-3-alkyl(aryl)-4-(3-methoxy-4-phenylmethoxy-
benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-ones were identified using IR, 1H NMR, 
13C NMR, UV and elemental analyses data. 
 
3.1. Antioxidant activity. The antioxidant activities of 5 new compounds 4a-e were 
determined. Several methods are used to determine antioxidant activities. The methods used 
in the study are given below: 
 
3.1.1. Total reductive capability using the potassium ferricyanide reduction method. 
The reductive capabilities of compounds are evaluated by the extent of conversion of the Fe3+ 
/ ferricyanide complex to the Fe2+ / ferrous form. The reducing powers of the compounds 
were detected at different concentrations, and results were compared with BHA, BHT and -
tocopherol. The reducing capacity of a compound could assist as a significant indicator of its 
potential antioxidant activity (Meir vd., 1995). The antioxidant activity of assumed 
antioxidant has been attributed to various mechanisms, among which are prevention chain 
initiation, binding of transition metal ion catalyst, decomposition of peroxides, prevention of 
continued hydrogen abstraction, reductive capacity and radical scavenging (Yildirim vd., 
2001). In the present study, all the amount of the compounds showed lower absorbance than 
standard antioxidants. Therefore, no activities were seen to reduce metal ions complexes to 
their lower oxidation state or to join in any electron transfer reaction. In other saying, 
compounds did not show the reductive activities. 
 
3.1.2. DPPH. radical scavenging activity. The model of scavenging the stable DPPH 
radical pattern is an extensively used method to assess antioxidant activities in a relatively 
short time compared with other methods. The impact of antioxidants on DPPH radical 
scavenging was assumed to be because of their hydrogen donating ability (Baumann, 1979). 
DPPH is a stable free radical and accepts an electron or hydrogen radical to become a stable 
diamagnetic molecule (Soares vd., 1997). The reduction capability of DPPH radicals was 
detected by decrease in its absorbance at 517 nm induced by antioxidants. The absorption 
maximum of a stable DPPH radical in ethanol was at 517 nm. The decline in absorbance of 
DPPH radical brought forth by antioxidants, owing to reaction between antioxidant molecules 
and radical, progresses, which result in the scavenging of the radical by hydrogen donation. It 
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is visually obvious as a discoloration from purple to yellow. Hence, DPPH. is usually used as 
a substrate to evaluate antioxidative activity of antioxidants (Duh, 1999). In the study, 
antiradical activities of compounds and standard antioxidants such as BHA, BHT and -
tocopherol were established by using DPPH. method. Scavenging effect values of compound 
4a, BHA and -tocopherol at different concentrations are given. Compound 4a showed low 
activity as a radical scavenger. The other compounds showed no activity. 
 
3.1.3. Ferrous ion chelating activity. The chelating effect towards ferrous ions by the 
compounds and standards was determined. Ferrozine can quantitatively make up complexes 
with Fe2+. In the presence of chelating agents, the complex formation is interrupted with the 
conclusion that the red colour of the complex is decreased. Measurement of colour reduction 
thus allows estimation of the chelating activity of the coexisting chelator (Yamaguchi vd., 
2000). Transition metals have crucial role in the generation oxygen free radicals in living 
organism. The ferric iron (Fe3+) is the relatively biologically inactive form of iron. 
Nevertheless, it can be reduced to the active Fe2+, depending on condition, particularly pH 
(Strlic vd., 2002) and oxidized back through. Fenton type reactions with the production of 
hydroxyl radical or Haber-Weiss reactions with superoxide anions. The production of these 
radicals may cause lipid peroxidation, protein modification and DNA damage. Chelating 
agents may not activate metal ions and potentially inhibit the metal-dependent processes 
(Finefrock vd., 2003). Furthermore, the production of highly active ROS such as O2

.-, H2O2 
and OH.  is also catalyzed by free iron though Haber-Weiss reactions: 

O.
2 + H2O2  O2 + OH- + OH. 

Iron is known as the most important lipid oxidation pro-oxidant because of its high reactivity 
among the transition metals. The ferrous state of iron accelerates lipid oxidation by corrupting 
the hydrogen and lipid peroxides to reactive free radicals via the Fenton reactions: 

Fe2+ + H2O2  Fe3+ + OH- + OH. 
Fe3+ ion also produces radicals from peroxides, though the rate is tenfold less than that of Fe2+ 
ion, which is the most powerful pro-oxidant among the various types of metal ions (Calis vd., 
1993). Ferrous ion chelating activities of the compounds 4a-e, BHT, BHA and -tocopherol 
are given. In this study, metal chelating capacity was significant since it reduced the 
concentrations of the catalyzing transition metal. It was stated that chelating agents that form 

-bonds with a metal are effective as secondary antioxidants since they reduce the redox 
potential thereby stabilizing the oxidized form of metal ion (Gordon, M. H, 1990). The 
obtained data reveal that all compounds uncovers that all the compounds, except 4b, show a 
marked capacity for iron binding, suggesting that their action as peroxidation protectors may 
be regarding their iron binding capacity. Instead, free iron is known to have low solubility and 
a chelated iron complex has greater solubility in solution, which can be contributed merely by 
the ligand. Additionally, the compound-iron complex may also be active, since it can 
participate in iron-catalyzed reactions. 
 
4. Conclusions 
 
The synthesis and in vitro antioxidant evaluation of new 4,5-dihydro-1H-1,2,4-triazol-5-one 
derivatives are defined. All of the compounds, apart from 4b, reveal a marked capacity for 
iron binding. The data here reported could be of the possible interest because of the observed 
metal chelating activities of the studied compounds could prevent redox cycling. Design and 
synthesis of novel small molecules which can definitely protective role in biological systems 
are in view in modern medicinal chemistry. These results may also provide some guidance for 
the development of novel triazole-based therapeutic target. 
 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 6 November 5-6, 2021



Acknowledgements. This work was supported by the Turkish Scientific and Technological 
Council (Project Number: TBAG 108T984). 
 
5. References 
 
Abdelazeem, A. H., El-Din, A. G. S., Arab, H. H., El-Saadi, M. T., El-Moghazy, S. M., & 

Amin, N. H. (2021). Design, synthesis and anti-inflammatory/analgesic evaluation of 
novel di-substituted urea derivatives bearing diaryl-1,2,4-triazole with dual COX-
2/sEH inhibitory activities. Journal of Molecular Structure, 1240, 130565. 
https://doi.org/10.1016/j.molstruc.2021.130565 

Alkan, M., Yuksek, H., Islamoglu, F., Bahceci, S., Calapoglu, M., Elmastas, M., Aksit, H., & 
Ozdemir, M. (2007). A study on 4-acylamino-4,5-dihydro-1H-1,2,4-triazol-5-ones. 
Molecules, 12(8), 1805-1816. https://doi.org/10.3390/12081805 

Baumann, J. W., G. ;. Bruchhausen, FV. (1979). Prostaglandin synthetase inhibiting O_2-
radical scavenging properties of some flavonoids and related phenolic compounds. 
Naunyn-Schmiedebergs Arch Pharmacol, 308, 27–32. 

Blois, M. S. (1958). Antioxidant determinations by the use of a stable free radical. Nature, 
181(4617), 1199–1200. 

Calis, I., Hosny, M., Khalifa, T., & Nishibe, S. (1993). Secoiridoids from Fraxinus-
Angustifolia. Phytochemistry, 33(6), 1453-1456. https://doi.org/10.1016/0031-
9422(93)85109-5 

Dinis, T., Madeira, V., & Almeida, L. (1994). Action of Phenolic Derivatives 
(acetaminophen, Salicylate, and 5-Aminosalicylate) as Inhibitors of Membrane Lipid-
Peroxidation and as Peroxyl Radical Scavengers. Archives of Biochemistry and 
Biophysics, 315(1), 161-169. https://doi.org/10.1006/abbi.1994.1485 

Duh, P. D. (1999). Antioxidant activity of water extract of four Harng Jyur (Chrysanthemum 
morifolium Ramat) varieties in soybean oil emulsion. Food Chemistry, 66(4), 471-
476. https://doi.org/10.1016/S0308-8146(99)00081-3 

Finefrock, A. E., Bush, A. I., & Doraiswamy, P. M. (2003). Current status of metals as 
therapeutic targets in Alzheimer’s disease. Journal of the American Geriatrics Society, 
51(8), 1143-1148. https://doi.org/10.1046/j.1532-5415.2003.51368.x 

Gordon, M. H. (1990). Food Antioxidants. Elsevier. 
Hussain, H. H., Babic, G., Durst, T., Wright, J. S., Flueraru, M., Chichirau, A., & Chepelev, 

L. L. (2003). Development of novel antioxidants: Design, synthesis, and reactivity. 
Journal of Organic Chemistry, 68(18), 7023-7032. https://doi.org/10.1021/jo0301090 

Ikizler, A., & Yuksek, H. (1993). Acetylation of 4-Amino-4,5-Dihydro-1H-1,2,4-Triazol-5-
Ones. Organic Preparations and Procedures International, 25(1), 99-105. 
https://doi.org/10.1080/00304949309457935 

Kumari, M., Tahlan, S., Narasimhan, B., Ramasamy, K., Lim, S. M., Shah, S. A. A., Mani, 
V., & Kakkar, S. (2021). Synthesis and biological evaluation of heterocyclic 1,2,4-
triazole scaffolds as promising pharmacological agents. Bmc Chemistry, 15(1), 5. 
https://doi.org/10.1186/s13065-020-00717-y 

Li, B., Zhang, Z., Zhang, J.-F., Liu, J., Zuo, X.-Y., Chen, F., Zhang, G.-Y., Fang, H.-Q., Jin, 
Z., & Tang, Y.-Z. (2021). Design, synthesis and biological evaluation of 
pleuromutilin-Schiff base hybrids as potent anti-MRSA agents in vitro and in vivo. 
European Journal of Medicinal Chemistry, 223, 113624. 
https://doi.org/10.1016/j.ejmech.2021.113624 

Manap, S. (2009). Baz  yeni 3-alkil(aril)-4-(3,4-disubstituebenzilidenamino)-4,5-dihidro-1H-
1,2,4-triazol-5-on türevlerinin sentezi, yap lar n n ayd nlat lmas , antioksidan ve asitlik 
özelliklerinin incelenmesi [Master Thesis]. Kafkas University. 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 7 November 5-6, 2021



Manap, S. (2021). Synthesis and in vitro antioxidant and antimicrobial activities of novel 3-
alkyl(aryl)-4-[3-methoxy-4-(2-furylcarbonyloxy)-benzylidenamino]-4,5-d ihydro-1H-
1,2,4-triazol-5-ones, and their N-acetyl, N-Mannich base derivatives. Journal of the 
Iranian Chemical Society. https://doi.org/10.1007/s13738-021-02386-7 

Meir, S., Kanner, J., Akiri, B., & Philosophhadas, S. (1995). Determination and Involvement 
of Aqueous Reducing Compounds in Oxidative Defense Systems of Various 
Senescing Leaves. Journal of Agricultural and Food Chemistry, 43(7), 1813-1819. 
https://doi.org/10.1021/jf00055a012 

Oyaizu, M. (1986). Studies on products of browning reaction antioxidative activities of 
products of browning reaction prepared from glucosamine. The Japanese journal of 
nutrition and dietetics, 44(6), 307–315. 

Soares, J. R., Dinis, T. C. P., Cunha, A. P., & Almeida, L. M. (1997). Antioxidant activities of 
some extracts of Thymus zygis. Free Radical Research, 26(5), 469-478. 
https://doi.org/10.3109/10715769709084484 

Strlic, M., Radovic, T., Kolar, J., & Pihlar, B. (2002). Anti- and prooxidative properties of 
gallic acid in Fenton-type systems. Journal of Agricultural and Food Chemistry, 
50(22), 6313-6317. https://doi.org/10.1021/jf025636j 

Yamaguchi, F., Ariga, T., Yoshimura, Y., & Nakazawa, H. (2000). Antioxidative and anti-
glycation activity of garcinol from Garcinia indica fruit rind. Journal of Agricultural 
and Food Chemistry, 48(2), 180-185. https://doi.org/10.1021/jf990845y 

Yildirim, A., Mavi, A., & Kara, A. A. (2001). Determination of antioxidant and antimicrobial 
activities of Rumex crispus L. extracts. Journal of Agricultural and Food Chemistry, 
49(8), 4083-4089. https://doi.org/10.1021/jf0103572 

Yuksek, H., Demirbas, A., Ikizler, A., Johansson, C. B., Celik, C., & Ikizler, A. A. (1997). 
Synthesis and antibacterial activities of some 4,5-dihydro-1H-1,2,4-triazol-5-ones. 
Arzneimittel-Forschung/Drug Research, 47(4), 405-409. 

Yuksek, H., Ocak, Z., Alkan, M., Bahceci, S., & Ozdemir, M. (2004). Synthesis and 
determination of pK(a) values of some new 3,4-disubstituted-4,5-dihydro-1H-1,2,4-
triazol-5-one derivatives in non-aqueous solvents. Molecules, 9(4), 232-240. 
https://doi.org/10.3390/90400232 

 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 8 November 5-6, 2021



 

BIG DATA MODELING 

 

Lecturer Dr. Emine BA   
(ORC-ID: 0000-0003-4322-6010) 

Kulu Vocational School, Selçuk University, 42075, Konya, Turkey 
 

 

Abstract- Big data is a fast growing data set. Controlling this fast growing data is one of the biggest 
problems that must be overcome. Using this big data, advanced forecasts can be easily made.  Deciding 
which data to use in a big dataset is a different problem step.  How to make meaningful data from large 
data is a separate problem step. The purpose of this special issue on Modeling and Management of Big 
Data is to discuss research and experience in modelling and to develop as well as deploy systems and 
techniques to deal with Big Data. This study has been discussed on the place of use of big data sets, the 
advantages of big data sets and the problems of big data sets. 
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I. INTRODUCTION 

Big Data has various definitions in the literature. Some of those are specified below: 
Big Data is the amount of data beyond the ability of technology to store, manage and process efficiently 
(Manyika et.al, 2011). Big Data is a term which defines the hi-tech, high speed, high-volume, complex 
and multivariate data to capture, store, distribute, manage and analyze the information (TechAmerica 
Foundation, 2014). Big data is high volume, high velocity, and/or high variety information assets that 
require new forms of processing to enable enhanced decision making, insight discovery and process 
optimization (Gartner, 2014; Gürsakal, 2014). Big Data Technologies are new generation technologies 
and architectures which were designed to extract value from multivariate high volume data sets efficiently 
by providing high speed capturing, discovering and analyzing (Gantz and Reinsel, 2011). 
Twenty first century has seen the explosion of data collection in many areas. The ease of acquisition of 
data as a result of technological revolution has made this feasible(Fan,2013). Massive data and high 
dimensionality characterizes many contemporary problem domains such as biomedical sciences, 
engineering, finance and social sciences. This means machine learning problems handling such spatio-
temporal problems may have to deal with tens of thousands of features extracted from documents, images 
and other objects. Typical key features of big data include very large samples as well as very high 
dimensionality(Bhattacharya and his friends,2016). 

 
 

II. BIG DATA MODEL 

Big Data Definition: 
Various studies in the literature show that big data has 3, 4 or 5 characteristics; 3 of whom are common at 
all: Volume, Velocity and Variety. Others are Veracity and Value (Hashem et.al, 2015; Elragal, 2014; 
Fadiya et.al.,  2014; Yang et.al., 2014; López et.al., 2015, Özköse et al., 2015). The first definition of Big 
Data was developed by Meta Group (now part of Gartner) by describing their three characteristics called 
“3V”: Volume, Velocity and Variety. Based on data quality, IBM has added a fourth V called: Veracity. 
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However, Oracle has added a fourth V called: Value, highlighting the added value of Big Data (Baaziz & 
Quoniam, 2013a).  5 characteristics of big data is shown in Figure 2.1. 
 

 
Figure 2. 1 Characteristics of Big Data (Elragal, 2014) 

 
 
These 5 characteristics are explained as follows (Hashem et.al, 2015; Elragal, 2014; Fadiya et.al., 2014; 
Yanget.al., 2014; López et.al., 2015): 
Volume: It is the most important characteristic of big data. It represents the size of the big data set. 
Variety: Various data come to the companies from numerous resources (internal or external). These data 
entries from separate resources cause variance in data set. External data are hardly ever structural. 
Velocity: The production rate of big data is notably high. The heavy increase in data means that the data 
should be analyzed more swiftly. The faster the data increases, the faster the need for the data increases; 
therefore the process shows increase as well. 
Veracity: It is the accuracy of the data. The data should be acquired from correct resources and its 
security should be provided. Only authorized people should have the access permission. 
Value: A result should be generated after all of the procedures and the result should enrich the process. 

Classification of Big Data: 
The characteristic of big data can be understood better by dividing it into classes. These classes are Data 
Sources, Content Format, Data Stores, Data Staging and Data Processing (Hashem et.al, 2015). 
Data Sources : Web & Social, Machine, Sensing, Transactions and IoT 
Content Format : Structured, Semi-Structured and Unstructured 
Data Stores : Document-oriented, Column-oriented, Graph based and Key-value 
Data Staging : Cleaning, Normalization and Transform 
Data Processing : Batch and Real time 
Big Data Process: 
Big data process is shown below(Özköse et al., 2015): 

 Data Management 
 Acquisition and Recording 
 Extraction, Cleaning and Annotation 
 Integration, Aggregation and Representation 

 Analytics 
 Modeling and Analysis 
 Interpretation 

 

 
Figure 2.2. Big Data Process (Gandomi and Haider, 2015) 

 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 10 November 5-6, 2021



Usage Areas of Big Data: 
Big data is used efficiently in numerous fields. Some of them are listed below(Özköse et al., 2015): 

 Automotive industry, 
 High technology and industry, 
 Oil and gas, 
 Telecommunication sector, 
 Medical field, 
 Retail industry, 
 Packaged consumer products, 
 Media and show business, 
 Travel and transport sector, 
 Financial services, 
 Social media and online services, 
 Public services, 
 Education and research, 
 Health services, 
 Law enforcement and defense industry. 

 
Methods Used in Big Data: 

Text Analytics: Text analytics is used for information retrieval from data. E-mails, blogs, online forums, 
news and call center records are all examples of text data. Text analytics involve machine learning, 
statistical analysis and computational linguistics. Text analytics enable to extract meaningful summaries 
from large scale data (Gandomi and Haider, 2015). 
Audio Analytics: Audio analytics is used to extract information from unstructured audio data. Call centers 
and health services are commonly used utilization areas of audio analytics. Audio analytics can be used in 
numerous fields such as increasing the customer experience, the performance of customer representative 
and the sales rate; comprehending several tasks such as customer behaviors and the troubles of products 
(Gandomi and Haider, 2015). 
Video Analytics: Video analytics is the usage of various techniques to extract meaningful information, 
track and analyze video streams. Marketing and operations management is the main application area of 
video analytics (Gandomi and Haider, 2015). 
Social Media Analytics: Social media analytics is the analysis of the structured and unstructured data on 
the social media channels. Social media can be categorized as follows (Gandomi and Haider, 2015): 
 

 Social networks (Facebook, LinkedIn), 
 Blogs (BlogSpot, WordPress), 
 Microblogs (Twitter, Tumblr), 
 Social news (Digg, Reddit), 
 Social bookmarks (Delicious, StumbleUpon), 
 Media sharing (Instagram, YouTube), 
 Wiki (Wikipedia, Wikihow), 
 Question-and-answer sites (Yahoo! Answers, 
 Ask.com), 
 Review sites (Yelp, TripAdvisor). 

 
Predictive Analytics: Predictive analytics is based upon estimating future considering current or stale 
data. Predictive analysis is used to capture the relationships of data and discover the patterns. Predictive 
analytics which is primarily based on statistical methods, is highly applicable on many disciplines 
(Gandomi and Haider, 2015). 
 
 
 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 11 November 5-6, 2021



III. CHALLENGES OF BIG DATA 
 

The objective of this special issue was to conduct a survey of the recognised techniques to deal with big 
data. The results indicate that the current strategies, methodologies and architectural models are not 
adequate for solving problems arising from this data complexity. In conclusion, while much work in this 
area has been accomplished, there is still much to be done in order to manage big data efficiently and 
exploit the opportunities hidden in the data. Big Data bring many attractive opportunities, as has been 
stated, along with some challenges, involving several issues such as complexity in data capture, storage, 
analysis and visualization. Future research should focus on the critical aspects which are the challenges to 
be addressed in the successful and efficient modeling and management of big data(Gil and Song, 2016). 
These challenges (Labrinidis & Jagadish 2012; Kaisler,2013; Chen & Zhang,2014) could be divided into 
several steps as shown in Fig. 3.1. 
 

 
Figure 3.1. Challenges to better address the opportunities of big data. 

 
(i) Data capture: Many data are recorded from diverse data generating sources.  
(ii) Cleaning and storage: The objective in this case is to store the data in a structured form 

suitable for analysis.  
(iii) Data Integration, Aggregation: Besides the former challenge, the reality is that very often the 

variety of the sources makes it hard to deal with the information . 
(iv) Query Processing, Data Modeling and Analysis. In order to query, model and analyse data, 

data mining is a set of techniques to extract precious information from data. There are several 
techniques which include clustering analysis, classification, regression and association rule 
learning. However, Big Data mining is more challenging compared with traditional data 
mining algorithms. In the current status of data mining is analysed since new mining 
techniques are necessary due to the volume, variability, and velocity, of those data. 

(v) Interpretation and visualization. Choosing proper data representation tools is crucial when we 
try to visualize Big Data due to the complexity of the data (Petcu et al. ,2013; Gil and Song, 
2016 ) 

 
Some mechanisms in order to solve this situation are: 
• The People’s Ontology [Open Information Extraction]. Mine a database of entities and classes from the 
Web. 
• Recovering Table Semantics. 
• Recovering Binary Relationships. 
• Attribute Correlations. 
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• Synonym Discovery. 
 
IV. CONCLUSION 
Big Data is the amount of data beyond the ability of technology to store, manage and process efficiently. 
Many problems are solved using large data. Many forward-looking estimates are available. The large data 
we have described in the past as waste data has become useful in many areas today. But the big data has 
many challenges. The results indicate that the current strategies, methodologies and architectural models 
are not adequate for solving problems arising from this data complexity. In conclusion, while much work 
in this area has been accomplished, there is still much to be done in order to manage big data efficiently 
and exploit the opportunities hidden in the data(Gil and Song, 2016). 
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ÖZET 
Günümüz dünyas nda, mülkiyetin ve insan sa l n n yang ndan korunmas , bina güvenli inin 
ayr lmaz bir parças d r. Güvenlik, hizmet ve ekonomik yat r m getirisi aç s ndan önemli olan 
kablo sistemlerinin güvenilirli i ve uzun vadeli istikrar  büyük önem ta maktad r. Bu amaçla 
binalar n kablo tesisat nda alev geciktirici ve yang na dayan kl  kablolar kullan lmaktad r. 
Genellikle yang nlar sa l a zarar verir ya da büyük maddi hasara neden olur. Hatta baz  
durumlarda ölümle sonuçlanabilir. Bu nedenle bilim, ara t rma ve teknik uygulama 
çabalar n n yang nlar  önlemeye ve sonuçlar n  en aza indirmeye yönelik oldu u anla labilir 
bir durumdur. Teknik standardizasyon, yang n güvenli ini art rmak için önemli bir araçt r. Bu 
kapsamda tüm sertifikasyon ve etiketleme süreci EN 50575 standard nda tan mlanm t r. Bu 
standart, in aat i lerinde kal c  olarak kurulan kablolar için yang n gerekliliklerini 
detayland rarak, CE i aretinin uygulanabilmesi için bir Performans Beyan  (DoP-Declaration 
of Performance) yap lmas n  sa lar. Tüm yap  ürünlerinin (kablolar dahil) yang n 
performans na tepkisinin s n fland r lmas  CPR (Construction Product Regulation-Yap  
Ürünleri Yönetmeli i) alt nda 2016 y l nda 2016/364/EU kapsam nda yay nlanm  olup, 
kablolar için CE i aretinin olu turulmas  1 Temmuz 2017 tarihinde zorunlu hale gelmi tir. 
CPR, “yang na tepki” ve “yang nda devre bütünlü ü (yang na dayan kl l k)” olmak üzere 
yang n güvenli inin bu iki parametreyle de erlendirilmesidir. Günümüzde CPR 
yönetmeli ine uygun kablolar n kullan m  sadece bina içinde de il ayn  zamanda tünel, geçit 
vb. kapal  alanlarda da yayg nla maktad r. Demiryolu uygulamalar n n kapal  geçi lerde 
kullan lan kablolar nda artnamelerde belirtilen CPR s n f na uygunluk aranmaktad r. Su 
s zd rmazl k özelli i olan ve yanma performans  yüksek demiryolu kablolar  tamamen 
yepyeni bir konsept olup AR-GE faaliyetlerinin yürütülmesi ihtiyac n  do urmu tur. Bu 
gerekliliklerden yola ç k larak bu çal mada ilgili artnamelerde talep edilen kuru su s zd rmaz 
sinyal kablolar n n, en yüksek performans seviyesindeki CPR B2ca s1a d1 s n f  olarak 
geli tirilmesi amaçlanm t r. Su s zd rmazl k kablonun uzun dönem ömrünü korumas n  
sa layan önemli bir parametredir. Projede; kuru su s zd rmaz demiryolu kablolar n ayn  
zamanda CPR B2ca S1a d1 performans n  sa layan versiyonlar n n geli tirilmesi için 
çal malar yap lm t r. A-2YTF(L)2YB2Y ve A-2YTF(L)HBH tipi kablolar proje kapsam nda 
ele al nm t r. 1 dörtlüden 10 dörtlüye kadar farkl  kesitlerde kablolar üzerinde çal malar 
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yap lm t r. Uygun malzeme seçimi yap ld ktan sonra prototip kablolar n tasar m  için 
Prysmian Group bünyesinde geli tirilmi  olan Common Analisi (CA) kablo tasar m program  
kullan lm t r. Kablolar n belirlenen kesitleri için numune üretimleri gerçekle tirilmi tir. 
Üretim a amalar  aras nda izolasyon, e irme, dolgulama, z rhlama ve k l flama gibi safhalar 
bulunmaktad r. E irme safhas  ve d  k l f safhalar  projenin en kritik prosesleri olarak ön 
plana ç kmaktad r. Hem su s zd rmazl n sa lanmas  hem de elektriksel parametrelerin 
artname de erlerini sa lamas  için kablo özünün formasyonu ncelenm t r. Protot p üretimi 

sonras  kablolar üzerinde elektriksel, malzeme, su s zd rmazl k ve yanma testleri 
uygulanm t r. Proje kapsam nda kazan lan üretim yetene i ve bilgi birikimi ile yenilikçi bir 
ürün grubunun ortaya ç kmas  sa lanm t r. 
Anahtar Kelimeler: CPR, Kablo Teknolojisi, Kablo Testleri, Sinyal Kablosu 

ABSTRACT 
In today's world, protecting property and human health from fire is an integral part of building 
safety. The reliability and long-term stability of cable systems, which are important for safety, 
service and economic return on investment, are of great importance. For this purpose, flame 
retardant and fire-resistant cables are used in the wiring of buildings. Generally, fires are 
harmful to health or cause major property damage. In some cases, it can even result in death. 
Therefore, it is understandable that the efforts of science, research and technical practice are 
aimed at preventing fires and minimizing their consequences. Technical standardization is an 
important tool to improve fire safety. In this context, the entire certification and labeling 
process is defined in the EN 50575 standard. This standard details fire requirements for cables 
permanently installed in construction works and provides for a Declaration of Performance 
(DoP) to be applied for CE marking. The classification of the reaction to fire performance of 
all building products (including cables) was published in 2016/364/EU under the CPR 
(Construction Product Regulation) in 2016, and the application of the CE marking for cables 
became mandatory on 1 July 2017. CPR is the evaluation of fire safety with these two 
parameters, "reaction to fire" and "circuit integrity in fire (fire resistance)". Today, the use of 
cables in accordance with the CPR regulation is becoming widespread not only inside the 
building but also in indoor areas such as tunnels and passages. Cables used in indoor parts of 
railway applications are required to comply with the CPR class specified in the specifications. 
Railway cables which have water-tight and high combustion performance, are a completely 
new concept and have led to the need for R&D activities.  
Based on these requirements, in this study, it is aimed to develop the dry water-tight signal 
cables demanded in the relevant specifications as CPR B2ca s1a d1 class with the highest 
performance level. Water-tight ability is an important parameter that ensures the long-term 
life of the cable. In the project, studies have been carried out to develop versions of dry water-
tight railway cables that also provide CPR B2ca S1a d1 performance. A-2YTF(L)2YB2Y and 
A-2YTF(L)HBH type cables are discussed in the project. It has been studied on cables with
different cross-sections from 1 quad to 10 quad. After choosing the suitable material, the
Common Analisi (CA) cable design program developed by the Prysmian Group was used for
the design of the prototype cables. Sample production was carried out for the determined
cross sections of the cables. The production stages include such stages as insulation, spinning,
filling, armoring and sheathing. The spinning phase and the outer sheating phases stand out as
the most critical processes of the project. The formation of the core of the cable was examined
in order to ensure both water tightness and the specification values of the electrical
parameters. After the prototype production, electrical, material, water tightness and
combustion tests were applied on the cables. As a result of the production capability and
know-how gained within the scope of the project, an innovative product group was created.
Keywords: CPR, Cable Technology, Cable Tests, Signal Cable
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ON MODIFIED BIVARIATE PICARD INTEGRAL OPERATORS WHICH FIX 
SOME EXPONENTIAL FUNCTIONS 
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Abstract 

In this study, we handle bivariate counterparts of the Picard operators introduced 
by Agratini, Aral and Deniz [Positivity 21(3), 1189–1199 (2017)] and prove some 
theorems analogous to that of proved by Aral, Y lmaz and Deniz [Positivity 24(2), 
427–439 (2020)]. 
Keywords: Modified bivariate Picard integral operators, weighted pointwise 
convergence, weighted Korovkin-type theorem 

 
1. Introduction 
In order to keep pace with recent emerging trends in approximation theory, by the aid of 
definitions of classical operators, the researchers prefer to derive new linear positive operators 
that fix some exponential functions to compare the convergence rates of various operators 
with their older versions. In particular, with the help of such developments, it is predicted that 
better results will be obtained by taking advantage of the breakthroughs of the approximation 
theory in applications, such as image restoration, three-dimensional modeling and so forth. 
Integral operators have left their mark on an important part of the entire literature of 
approximation theory. For further reading, we refer the readers to [10, 19]. Indeed, there is a 
wide spectrum on integral operators ranging from the Korovkin-type approximation (see [2]) 
to current engineering investigations. 
The current study is addressed to the problem of exponential approximation in the sense of 
modifying operators in order to reproduce exponential functions by using bivariate Picard-
type operators. 
Let  denote the set of all positive integers,  denote the set of all real numbers and =

× . Here, using ideas similar to that of [3, 12, 15], we consider a bivariate counterpart of 
modified Picard operators which are introduced in [1]: 

P (g; x) =
n

2
g( (x) + s) e | |ds,

x , n ,                                                                                                     (1) 
where (x) = x  with = ln , a > 0 , n n : = 4a + 1  and .  denotes 
floor function and g,  g: , is a function such that the operators defined in equation (1) 
are well-defined. The operators defined in equation (1) are well-defined for the classes of 
functions for which the integrals finitely exist. Besides, they reproduce constant functions and 
e  with a > 0 which are defined on .  Also, as a 0  the classical versions of the 
operators defined in equation (1) are obtained. A bivariate counterpart of sequence of 
operators defined in equation (1) is as follows: 

P , (f; x, y) =
nm
4

f( (x) + s, (y)

+ t)e | |e | | dsdt,                                                                          (2) 
where (x, y) , n, m ,  (x): = x  with : = ln ,  where a > 0 , 

n n : = 4a + 1, (y): = y  with : = ln , where b > 0,  m m : =
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4b + 1 and .  denotes floor function. These operators can be seen as a version of modified 
bivariate Picard operators fixing constant functions, e , e  and e ( )  defined on  
with a, b > 0. Also, as a, b 0  the classical versions of the operators defined in equation (2) 
are obtained. We should note that definition of multivariate Picard operators can be found in 
[3]. In [9], the authors considered the modification of bivariate Bernstein operators 
reproducing some exponential functions. For some approximation properties of univariate and 
multivariate Picard-type operators, we refer the interested readers to [3-6, 16, 17, 22, 23] and 
the references therein. Especially, some modifications of Picard-, Gauss-Weierstrass- and 
spline-type operators preserving some exponential functions can be found in [1, 5, 7, 24]. 
Also, some theorems about unified type univariate or multivariate integral operators are 
available in [7, 18-21].  
In this study, we prove bivariate versions of some theorems given in [6]. Now, using 
exponential weighted Lebesgue space notion (see [8]; see also [6, 11, 16]) and following [8, 
12, 16], mutatis mutandis, we consider the space L , , ( ) with a, b > 0 and 1 p <  
which is consisting of all functions f:   for which p th power of e | |e | |f(x, y) is 
integrable in the sense of Lebesgue, namely, e | |e | |f(x, y) dxdy < . Here, 
e | |e | | with a, b > 0 and (x, y)  is an exponential-type bivariate weight function.  
The norm used in this space is given by 

f
, ,

: = e | |e | |f(x, y) dxdy
/

. 

Throughout this manuscript, we assume, without specifically mentioning, that the sequence of 
operators P ,  is as defined in equation (2) and is considered on appropriate domains 

where integrals reach finite value. 
2. Aims and Scope 
Our aim is to state and prove bivariate analogues of Theorem 5.2, Theorem 6.2 and Theorem 
6.3 in [6] for modified bivariate Picard operators.  
3. Material and Method 
Main materials of this study are the results of [1, 6, 13] and the classical proof schemes. Some 
closely related works can be given as [10, 19, 20]. 
4. Main Results 
We start this part with an existence lemma concerning the operators defined in equation (2). 
Lemma 4.1. If f L , , ( )  (1 p <  and a, b > 0), then for sufficiently large numbers 
n and m, P , f L , , ( ) and the following inequality holds: 

P , f
, ,

e | |e | | f
, ,

.  

Proof.  Let p > 1. In view of notion of norm in L , , ( )  and multidimensional version of 
generalized Minkowski inequality (see, for example, [19]), we directly have  

P , f
, ,

= e | |e | |P , (f; x, y) dxdy
/

 

 e | |e | | f
, ,

.  

The case p = 1 is similar. The proof is completed. 
Definition 4.1 is based on the definition of Lebesgue point given in [18] and Definition 
6.1 given in [6]. This kind of Lebesgue point definition is more preferable from the practical 
point of view because it shortens the proof steps. 
Definition 4.1. A point (x, y)  at which the limit relation expressed as 
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lim
,

1
hk

[f( (x) + s, (y) + t) + f( (x) + s, (y) t)
+f( (x) s, (y) + t) + f( (x) s, (y) t)

4f(x, y)]
e e

dsdt = 0 

                 
holds is named as weighted p Lebesgue point of f L , , ( )  with a, b > 0 and p 1.          
Bivariate version of Theorem 6.2 in [6] for modified bivariate Picard operators is stated in the 
following theorem. 
Theorem 4.1. If f L , , ( )  (1 p <  and a, b > 0), then  

lim
,

P , (f; x, y) = f(x, y) 

holds at each (x, y) L , , ( ) which stands for weighted p Lebesgue point of L , , ( ) 
whose definition is given in Definition 4.1. 
Proof.  Let p = 1. On the basis of the following well-known calculation 

nm
4

e | |e | | dsdt = 1, 

we have 

P , (f; x, y) =
nm
4

[f( (x) + s, (y) + t) + f( (x) + s, (y) t)
+f( (x) s, (y) + t) + f( (x) s, (y) t)]  

                                   × e e  dsdt. 
Furthermore, the following equality holds: 
P , (f; x, y) f(x, y) 

=
nm
4

[f( (x) + s, (y) + t) + f( (x) + s, (y) t)
+f( (x) s, (y) + t) + f( (x) s, (y) t)

4f(x, y)]
 

 × e e  dsdt. 
Taking absolute value of both sides of the above equality and using monotonicity of Lebesgue 
integral, we obtain 
P , (f; x, y) f(x, y)  

nm
4

[f( (x) + s, (y) + t) + f( (x) + s, (y) t)
+f( (x) s, (y) + t) + f( (x) s, (y) t)

4f(x, y)]
e e  

 × e ( ) e ( )  dsdt. 
In view of Definition 4.1, for all > 0, there exists > 0 such that 

[f( (x) + s, (y) + t) + f( (x) + s, (y) t)
+f( (x) s, (y) + t) + f( (x) s, (y) t)

4f(x, y)]
e e

dsdt

< hk,                                                                       (3) 
where 0 < h, k . For this > 0, we can write 
P , (f; x, y) f(x, y)  

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 18 November 5-6, 2021



nm
4

[f( (x) + s, (y) + t) + f( (x) + s, (y) t)
+f( (x) s, (y) + t) + f( (x) s, (y) t)

4f(x, y)]
e e  

 × e ( ) e ( )  dsdt 

+
nm
4

[f( (x) + s, (y) + t) + f( (x) + s, (y) t)
+f( (x) s, (y) + t) + f( (x) s, (y) t)

4f(x, y)]
e e  

 × e ( ) e ( )  dsdt 
=: A , (n, m)+A , (n, m), 
where D: = [0, ) × [0, ) (0, ] × (0, ]. 
Using inequality (3) and method of integration by parts for double integrals (see, for example, 
[14, 21]), we get 

A , (n, m)
n

n a
m

m b
. 

Since > 0  is arbitrarily small , for sufficiently large numbers n  and  m,  we observe that 
A , (n, m) 0  as n, m  independent of .  Also, we clearly have A , (n, m) 0 as 

n, m  for each fixed > 0  and sufficiently large numbers n  and m.   The proof is 
completed for this case. For the case p > 1, the proof is analogous. The proof is completed. 
A bivariate version of Theorem 5.2 in [6] for modified bivariate Picard integral operators is 
stated in the following theorem. 
Theorem 4.2. If f L , , ( )  (1 p <  and a, b > 0), then there holds 

lim
,

P , f f
, ,

= 0. 

Proof. In order to prove this theorem, we will use the criteria given in Theorem 2 in paper 
[13] by Gadjiev and Aral. First of all, our weight function clearly satisfies the conditions of 
indicated theorem. Keeping in mind that P ,   is a uniformly bounded sequence of linear 
positive operators acting on L , , ( ) by Lemma 4.1, we will verify the following conditions 
in [13]: 
(i)  lim

,
P , e e

, ,
= 0 

(ii)  lim
,

P , e e
, ,

= 0 

(iii)  lim
,

P , e e
, ,

= 0 

(iv)  lim
,

P , e e
, ,

= 0, 

where, e (s, t) = 1, e (s, t) = s, e (s, t) = t and e (s, t) = s + t  are bivariate test functions 
defined on .  To verify conditions (i)-(iv), in the sequel of this proof, we will use Lemma 1 
in [1] in which the required moments for our proof exist for univariate case.  
By Lemma 1 in [1], there hold: 
 P , (e ; x, y) = 1,  P , (e ; x, y) = (x),   P , (e ; x, y) = (y)  and P , (e ; x, y) =

(x)+ (y) + + . 
Using direct computation as in [6, 22], we get: 

lim
,

P , e e
, ,

=0, 

lim
,

P , e e
, ,

 

= lim
,

e | |e | |[ (x) x] dxdy
/
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= lim
,

ln = 0 
and 

lim
,

P , e e
, ,

 

= lim
,

e | |e | |[ (y)  y] dxdy
/

 

= lim
,

ln = 0. 
For the last case, we proceed in the following way: 

P , e e
, ,

 

= e | |e | |[ (x)+ (y) +
2
n

+
2
m

x y ] dxdy 

2 e | |e | || (x) x + (y) y | dxdy 

+2 e | |e | | 2
n

+
2
m

dxdy 

2 e | |e | || (x) x | dxdy 

+2 e | |e | || (y) y | dxdy 

+2 e | |e | | 2
n

+
2
m

dxdy 

=:2 I (n, m) + 2 I (n, m) + 2 I (n, m). 
Simple calculations lead to 

lim
,

I (n, m) = 0, 
since 

I (n, m) 2
1

2 a
2

bp
ln

n
n 4a

2
ap

 

             

                 +2
1

2 a
2

bp
ln

n
n 4a

2
a

(ap) [p]; 

lim
,

I (n, m) = 0, 
since 

I (n, m) 2
1

2 b
2

ap
ln

m
m 4b

2
bp

 

             

                 +2
1

2 b
2

ap
ln

m
m 4b

2
b

(bp) [p], 

and directly there holds that 
lim
,

I (n, m) = 0. 
Thus, the proof is completed. 
Now, we prove a bivariate version of Theorem 6.3 in [6].  
Theorem 4.3. Assume that f L , , ( )  (1 p <  and a, b > 0) and the following limit 
relation: 
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lim
,

1
hk

[f( (. ) + s, (. ) + t) + f( (. ) + s, (. ) t)
+f( (. ) s, (. ) + t) + f( (. ) s, (. ) t)

4f(. , . )]
, ,

dsdt 

 = 0  
holds. 
Then  

lim
,

P , f f
, ,

= 0. 

Proof. Let p > 1. In view of generalized Minkowski inequality (see, for e.g., [19]), we see 
that 

P , f f
, ,

 

 
nm
4

[f( (. ) + s, (. ) + t) + f( (. ) + s, (. ) t)
+f( (. ) s, (. ) + t) + f( (. ) s, (. ) t)

4f(. , . )]
, ,

 

× e e dsdt 
holds. We prove similar to the classical pointwise convergence theorem’s way. 
Now, in view of suppositions of our theorem, for all > 0, there exists > 0 such that 

[f( (. ) + s, (. ) + t) + f( (. ) + s, (. ) t)
+f( (. ) s, (. ) + t) + f( (. ) s, (. ) t)

4f(. , . )]
, ,

dsdt

< hk,                                                              (4) 
where 0 < h, k .                                    
For this > 0, we may split the integral in such a way that the following inequality holds: 

P , f f
, ,

 

nm
4

[f( (. ) + s, (. ) + t) + f( (. ) + s, (. ) t)
+f( (. ) s, (. ) + t) + f( (. ) s, (. ) t)

4f(. , . )]
, ,

 

× e e dsdt 

+
nm
4

[f( (. ) + s, (. ) + t) + f( (. ) + s, (. ) t)
+f( (. ) s, (. ) + t) + f( (. ) s, (. ) t)

4f(. , . )]
, ,

 

× e e dsdt 
=: G , (n, m)+G , (n, m), 
where D: = [0, ) × [0, ) (0, ] × (0, ]. 
Using inequality (4) and method of integration by parts for double integrals (see, for example, 
[14, 21]), we have A , (n, m) .  Since > 0  is arbitrarily small ,  we observe that 
G , (n, m) 0 as n, m  independent of . Since our kernel function is an approximate 

identity (see [10]), we clearly have G , (n, m) 0 as n, m  for each fixed > 0 and 
sufficiently large numbers n and m. The proof is completed for this case. For the case p = 1, 
the proof is analogous. The proof is completed. 
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5. Conclusion 
In this study, some theorems analogous to that of given in [6] for the operators defined in 
equation (2). We can say that bivariate case is consistent with univariate case for proved 
theorems. In future works, weighted uniform convergence in appropriate function spaces, and 
rate of convergence using a modulus of continuity are thought to be examined for indicated 
operators. 
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Abstract. 
The resin transfer molding (RTM) process is a composite manufacturing processing, belongs 
to the liquid composite molding (LCM) family. In this process, a fibrous reinforcement 
materials are first cut and placed into a stationary bed of a rigid mold, then a thermosetting 
resin is injected, through an injection machine, to fill the fabric preform. Then, the saturated 
preform is polymerized, when this stage is finished, the part is ready to be ejected from the 
mold. The isothermal RTM technique is widely used by many industrial sectors, such as 
automotive and aeronautic for manufacturing small to mid-size high performance composite 
components. However, this technique has major limitation in manufacturing large composite 
parts with high fiber volume fraction due to the pressure equipment, cost investment and 
process time that dramatically increases proportional to the part dimension of the 
manufactured part. One of the promising strategies to overcome this limitations is to control 
the evolution of resin viscosity through the time by changing temperature, but this leads to 
accelerate the degree of cure which in turns increases the viscosity of resin and excites the 
polymerization of resin before the part is completely filled. In this paper, the curing effect 
during the RTM filling stage is investigated to study its effects on the filling time, resin 
pressure distribution and resin flow front profile. 
 
Keywords: Isothermal RTM; Non-isothermal RTM; curing effect; filling stage. 
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ABSTRACT 

Fast and complete transmission of data is very important in communication technology. Systems 
with increased capacity should be used in proportion to the increasing need for data transmission 
and the increasing number of users. Fiber optic communication systems are widely used in 
communication to meet these expectations. Fiber optic networks have become the most preferred 
systems with their high bandwidth, high speed and transmission capacity up to very long 
distances. 

Performance monitoring in fiber optic communication systems is very important for the system 
to work efficiently. One of the most important indicators in performance data is the FEC 
(Forward Error Correction) parameter. In order to determine the FEC parameter in the most 
accurate way, artificial intelligence-assisted determination of the input parameters in the live 
network and evaulation of which parameter is the most effective are presented. As input, optical 
channel capacity, fiber distance traveled by optical channel, total regeneration number of optical 
channel, average span lengths, average cable attenuation between two dwdm systems, expected 
cable attenuation based on fiber optic cable distance and total number of channels in dwdm link 
are used. In the light of these data, it has been observed that the decision tree artificial 
intelligence algorithm estimates the most accurate FEC parameter. The most important data 
affecting the FEC parameter as input were also examined, and it was determined that these were 
the number of channels, fiber attenuation and fiber distance. These data were also compared with 
the network parameters and it was observed that they exactly matched the live network 
parameters. 

 

Key Words: WDM, Decision tree, FEC, fiber optic communication, span loss 
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1.INTRODUCTION 

With the development of technology, there has been an extraordinary increase in voice, data and 
image transmission. In this situation, the need for higher speed has increased the need for fiber 
optic communication systems that provide transmission at the speed of light. There is almost no 
signal loss in fiber optic cables. Data transmission over longer distances can be achieved with 
fiber optic systems. Fiber optic cable is highly resistant to environmental effects and provides 
information security. Although the initial cost is higher, fiber optic systems provide the most 
efficient, economical and shortest time to access information. 

The increasing need for faster data transmission in the world causes new researches on fiber 
optic communication systems. In this study, WDM, a fiber optic transmission technique that 
provides data transmission over the same medium by using multiple different light wavelengths 
in optical communication, and FEC (Forwarding Error Correction), which is followed as a 
quality parameter in this transmission technique, were examined. The effect of 7 inputs, which 
are effective on the FEC parameter, is observed over the live network using the Decision tree 
algorithm, artificial intelligence and machine learning technique. The estimation of the specified 
input and FEC output with artificial intelligence algorithm, comparison and interpretation of this 
estimation with the real network outputs were made. 

 

2. FIBER OPTIC COMMUNICATION SYSTEMS 

Optical communication system consists of three main parts; receiver, transmission medium and 
transmitter. Optical communication systems use high carrier frequencies (~100 THz) in the 
visible or near infrared region of the electromagnetic spectrum. To distinguish them from 
microwave systems whose carrier frequency is typically by five orders of magnitude (~1 GHz) 
smaller, they are sometimes referred to as light wave systems. Fiber optic communication 
systems are light wave systems that use optical fibers to transmit information [1]. 

WDM is a technology that provides a significant increase in total data rate by multiplexing 
optical signals of different wavelengths, each in a separate transmitter, allowing them to be 
carried over a single optical fiber. The use of WDM effectively increases the total bandwidth per 
optical fiber by summing the bitrate of each channel. Thus, a WDM system can transmit 
information at a terabit capacity per second (Tb/s) [2]. 

Optical modulators are elements that perform different functions such as phase, amplitude, 
frequency and polarization modulation in optical fiber systems, and most of them act as solid 
state elements. The source light is modulated by the electrical control signal by changing the 
optical properties of the modulator material. The control signal is associated with the properties 
of matter through electro-optical, acoustic-optic and magneto-optical mechanisms [3]. 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 26 November 5-6, 2021



Optical modulators are also divided into analog or digital modulators according to the type of 
information signal used. In analog modulation, the light change emitted from the optical source 
is continuous, while in digital modulation there are discrete changes in light intensity. Digital 
modulated systems have a lower signal-to-noise ratio than analog modulated systems. The 
analog quantities used in modulation are density, optical phase, polarization, and color. In digital 
modulation, frequency modulation, on-off density modulation, Doppler shift, pulse width or 
delay time modulation and hybrid systems techniques are used [3]. 

The basic performance indicators for high-speed transmissions in the Optical Transmission layer 
are as follows, and the most important performance indicator calculated with these performance 
inputs is the FEC (Forwarding Error Correction) parameter. Input values that may have an effect 
on the FEC values taken as output in the data set in this study are summarized below: 

A) Optical Channel Capacity (10Gb/s, 40Gb/s, 100Gb/s, etc) (OCH Capacity) 

B) Total fiber distance traveled by Optical Channel (km) (Total link Distance) 

C) Total optic regeneration number of the Optic Canal (Span Number), 

D) Average span lengths (Total distance traveled by Optical Channel / Total optical regeneration 
number of Optical Channel) (Average Link Span Length) 

E) A to B Average cable attenuation between two DWDM systems, (dB) (average total 
attenuation from A to B) 

F) B to A Average cable attenuation between two DWDM systems, (dB) (average of total 
attenuation from B to A) 

G) Fiber optic cable expected attenuation value (Total fiber optic cable expected attenuation 
value) 

H) Average Fiber Kilometric Loss (dB/km), 

I) Number of channels in DWDM links, 

The explanation of the FEC parameter is; 

Since the data ,which is wanted to be transmitted through a transmission line, face with error 
during transmission, error control and correction concepts are being studied. Coding has an 
important part in error controlling and it is performed by adding extra bits to the each message 
and every code word has limited error correction capability. FEC fixes transmission line errors 
within some limits, without retransmission is needed [4] 
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3.SIMULATION SETUP 

 

Figure 1: Diagram of 2 DWDM systems Used in Live Network 

 

The network ,which the examinations are made, is a fiber optic mesh connected to each other at 
different distances and carries active traffic flows. The fact that the obtained data are real 
measurement values has ensured that the outputs are more realistic and reliable. The most 
important feature of this network is that there are multiple connections between large and 
different DWDM systems. Similarly, there are different channel numbers and different channel 
rates carried from each channel. In Figure 1, a sample connection diagram between the two 
systems of the examined network is given. The whole network is connected to each other in this 
design. 

 

Figure 2: Turkey-wide DWDM Map 

In Figure 2, as an example, the dwdm map of Turkey and its links can be seen. 

As the Data Set, the FEC (Forward Error Correction) values, which is one of the most important 
quality parameters of the optical channels carried on the DWDM network, investigated with 
artificial intelligence algorithms. It are used to determine which of the metrics examined can 
cause the distortions in case of high the FEC value, which indicates that there are distortions 
during the transportation of the service. 
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In DWDM systems, there are channel cards with optical channel source and carrier. Errors in the 
service are corrected due to the FEC algorithm, eliminating the problems that occur during the 
transfer of data and ensuring that the migrated services are not affected. However, the high FEC 
errors also show that there are some problems in DWDM optical channels, and in this study, 
studies have been carried out on what metrics may cause the FEC value to be high in DWDM 
Optical Channels. 

The decision tree, which is the artificial intelligence algorithm used in the examinations, can be 
briefly mentioned as follows; 

In this study classification method that creates a model in the form of a tree structure consisting 
of decision nodes and leaf nodes according to feature and target is used. The decision tree 
algorithm is developed by dividing the data set into smaller pieces. The first node is called the 
root node. A decision tree can consist of both categorical and numerical data and a decision node 
may contain one or more branches.(5) 

The summary table taken from the live network as a data set is as follows; 

 

Table:1 Example of Dataset Set  

About 800 channel data sets and the FEC parameter values for each channel from the live 
network are used as database. With the Decision tree algorithm, each input value was handled 
individually and analyzed according to the FEC value, and estimation was made with continuous 
values. 

20% of the data set was used as validation data. According to the results of the analysis: 

Max tree depth         6 

Train RMSE             
17469779731.6389 

Validation RMSE     1390551895.6316  
Training time (sec)   0.0094 
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Table:2 Decision Tree Algorithm outputs 

For the purpose of this study, the closest estimation sample to the FEC value from the Live 
Network was obtained with the Decision Tree algorithm. 

In order to find out which parameter is the most important affecting the FEC value, the outputs 
were observed by making changes in the data set. 

The most important input affecting the FEC value in these parameters are Channel Number (I), 
Fiber Attenuation (D) and Fiber Distance (E) and these values match exactly when compared to 
the live network. 

 
4. RESULTS AND DISCUSSION 

The most important indicators taken from the Live Network in terms of effect on the FEC 
parameter were analyzed with the decision tree mechanism, which is one of the artificial 
intelligence algorithms. 

In this analysis; The FEC parameter is used as the output value. It has been observed that the 
decision tree algorithm predicts the closest output to the Live network value as accuracy in the 
data set. 

As a result the effect of the inputs in the data set on the FEC parameter is observed separately 
and it has been observed that the parameters that affect the FEC parameter are Channel Number 
(I), Fiber Attenuation (D) and Fiber Distance (E) which  overlaps with the live network 
measurements. 

 

5.REFERENCES 

[1] Agrawal, G. P., Fiber-Optic Communication Systems, Wiley-Interscience, New York,     
2010. 
[2] Hiçdurmaz, Ö., Yüksek H zl  DWDM Sistemlerinde Optik Fiberdeki FWM Ve ASE Etkisi 
Alt nda letim Performans n n Analizi ve Optimizasyonu, Doktora Tezi, Uluda  Üniversitesi, 
Fen Bilimleri Enstitüsü, Bursa, 2013. 
[3] Tar , E., Optik Modülatörlerde Performans Analizi, Yüksek Lisans Tezi, Y ld z Teknik 
Üniversitesi, Fen Bilimleri Enstitüsü, stanbul, 2010.  
(4) Das, A., Digital Communication: Principles and System Modelling. Germany: Springer. 191-
211, 2010. 
(5) Allett,  E.J.,  1986.  Environmental  impact  assessment and decision analysis. Journal of 
Operational Research Society, 37(9) 
 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 30 November 5-6, 2021



EFFECT OF TIN SUBSTITUTION ON STRUCTURAL, ELECTRICAL AND 
HUMIDITY-SENSING CHARACTERISTICS OF TUNGSTEN OXIDE 

NANOPARTICLES 

Karunesh Tiwari 
Department of Physics, Babu Banarasi Das University Lucknow, Uttar Ptadesh, India-226028 

 

Anam Zaidi 
Department of Physics, Babu Banarasi Das University Lucknow, Uttar Ptadesh, India-226028 

 

Shalini 
Department of Physics, Babu Banarasi Das University Lucknow, Uttar Ptadesh, India-226028 

 
 

Abstract: In this paper we report humidity sensing studies of SnO2-WO3 nanocomposite . Pellets 
of SnO2-WO3 nanocomposites have been made by mechanical mixing of SnO2 and WO3 powder 
in weight % ratio of 5% : 95% and annealing them from 300°C - 600°C for 3 hours. Sensitivities 
of pellets annealed at 300°C, 400°C, 500°C and 600°C are 4.67, 3.27, 6.53 and 23.81 M /%RH 
respectively. The SEM micrograph and XRD pattern confirm that  grains are of  nanosize. The 
hysteresis (between humidification and desiccation, measured in the RH range of 15 – 90 %RH) 
is less than 6 %RH. . Activation energy is 0.069 eV  in the temperature range 50°C to 300°C. 
The response time and recovery time of the sample annealed at 600°C is 138 seconds and 874 
seconds respectively. 
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Abstract 
In this work, series of hybridized artificial neural network (ANN) models with 
bio-inspired metaheuristic algorithms such as particle swarm optimization (PSO-
ANN), differential evolution (DE-ANN), genetic algorithm (GA-ANN) and ant 
lion optimizer (ALO-ANN) algorithms, were designed for classifying four kinds 
of data. 
Initially, a complete analysis is carried out using the back-propagation (BP) 
algorithm to optimize the various neural networks. We explored architectures with 
one, two and three layers. Secondly, the connection weights and bias of neurons in 
each of the previous architectures are optimized using the GA, PSO, ALO and DE 
metaheuristics. A preliminary investigation allowed to refine the choices 
concerning the parameters of each algorithm or metaheuristic. The four data types 
selected belong to different domains and present a variety of choices between the 
number of classes, variables and examples. Data are characterized by the most 
discriminating variables. As parameters of performance, efficiencies, purities and 
errors of classifications are computed from the confusion matrices. Due to the 
stochastic nature of metaheuristics, each of these optimization algorithms was 
executed for 500 epochs and 20 runs for stability. 
The overall performances are promising; the obtained results are in agreement 
with the complexity of the classification tasks. In all simulation runs, it can be 
observed that metaheuristic algorithms have been able to find optimal parameters. 
GA-ANN and ALO-ANN approaches are comparative, when PSO-ANN and DE-
ANN show better performance. PSO allows to minimize the classification error 
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and to improve efficiencies and purities of classifications. It can be clearly shown 
that all the results using the PSO based ANN has higher values of efficiency and 
therefore higher discrimination ability. The analysis takes into account the 
dependence of the results with respect to the parameters of each method. A 
compromise between good performance and acceptable computing time is also 
sought. 
Keywords: Classification, Metaheuristic, Neural Network, Optimization 

1. INTRODUCTION 
The general goal of artificial intelligence is to imitate the ability of human brain to observe, 
analyze, learn, and make a decision, especially for complex problem [1]. A considerable 
amount of research in the field of Machine Learning (ML) is concerned with developing 
methods that automate classification tasks [2] in several real-world applications, in such fields 
as civil engineering [3,4], medicine [5], land use [6], high energy physics [7-8], investment 
[9], and marketing [10].  
The use of metaheuristic to optimize ML method helps to achieve faster convergence with 
minimum iterations, which in turn increases the efficiency of an algorithm. In recent years, 
many bio-inspired meta-heuristic optimization algorithms were developed and successfully 
used for optimization of machine learning algorithms like Artificial Neural Network (ANN) 
[11-20].  
This paper focuses on four meta-heuristic optimization algorithms, such as Genetic Algorithm 
(GA), Particle Swarm Optimization (PSO), Ant Lion Optimization (ALO) and Differential 
Evolution (DE), to find the optimal solution for ANN learning and their application to 
classification problems. These hybrid ANNs classifiers are applied to four datasets relevant to 
classification and prediction taken from public Machine Learning Repository  such as 
Mammographic Mass Data Set [21], Seed Data Set [22], Somerville Happiness Survey [23] 
and Rotor Fault Diagnosis Data Set [24].  
The rest of the paper is organized as follows: Section 2 exposes the ANN principle and the 
four chosen meta-heuristic optimization algorithms and presents the four considered datasets. 
In Section 3 the comparative results between Backpropagation Neural Network (BPNN) and 
the four hybrid ANN (PSO-ANN, ALO-ANN, GA-ANN and DE-ANN) are given.  Section 4 
is dedicated to conclusions and perspectives of our work. 
2. METHODOLOGY AND DATA 
As we had introduced, our work consists in optimizing a neural network by the use of 
metaheuristic methods. In this section, we will give an overview of the methods adopted as 
well as the data having been the subject of our various applications. 
2.1. Back-propagation Neural Network (BPNN) 
The architecture of a multilayered neural network is organized into levels of nodes (neurons): 
one input layer, one output layer and one or several hidden layers [25, 26]. Each neuron in a 
level l is thus directly connected to all the neurons of the following layer (l+1) (Figure 1). All 
the neurons i of a layer l in this network, produce a response Si  

( l ) by computing a weighted 
sum of the outputs Sj  

( l-1 ) of the j neurons in the layer (l-1) to which they are connected. This 
sum is then transformed through a nonlinear sigmoid function f: 
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Figure 1. Architecture of a multilayer neural network 

  

S( ) = f( W( )S( )  ( ) )                                                                         

(1) 
where i ( l ) is the threshold of the neuron i in layer l, Wij  

( l ) the connection weight between 
the neurons i of layer l and j (of layer l-1), Nl-1 : Number of  units in the layer l-1 

f(x) =                          
(2) 

Notice that, for l = 1,  Si  
( 1 ) = xi   ( i=1, ..., n), and for a q layer network  the outputs are:  oi   =  

Si  
( q ) , ( i=1, ..., m). The training of this network is supervised and uses the "gradient descent 

method" with an error back-propagation algorithm which is composed by the following steps 
[27]: 
 a) Propagation of an event p across the network. Then all the neurons responses are 
computed. 
 b) Error back-propagation: for every introduced data, the network seeks to minimize, on 
the output layer, a quadratic error E(p)  existing between the output (feature) value oi

(p)  and the 
desired output or target value  di

(p)  of the m neurons. 

E( ) = (o( )  d( ))                               

(3)                   
Thus the gradient of E(p) is back-propagated to modify the weights' value. For an arbitrary 
weight (or threshold) Wij    :  

W (t) = W (t 1) +  W (t)          and        W (t) = +  W (t 1)                   

(4) 
where   and    are two learning parameters of the network. The numbers t and t-1 denote 
the calculation steps. These two steps are several times repeated, presenting to the network the 
set of the learning examples in order to converge the total error E towards a minimum  (E = p  
E(p)). 
2.2. Genetic Algorithm (GA) 
The genetic algorithm (GA), developed by John Holland, is a heuristic search based on 
Charles Darwin theory of natural evolution and selection “the one that is best endowed, 
survives” [28-29]. It is useful for solving several kinds of problems with high complexity, and 
is presented as a graph of three main operators: selection, crossover and mutation. Population 
size, the number of generations, the probability of mutations and crossovers, and the selection 
method that represents crucial parameters that highly affect GA efficiently. 
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The GA process begins iterations with a generated random set of individuals, called 
Population, and considered as solutions to the problem to solve. That set of individuals are 
then tested against the objective function. The objective function is a set of criteria used to 
determine how fit each individual are. Each individual or solution is a chromosome identified 
by a set of joined parameters called Genes and is evaluated then assigned to a fitness value, 
calculated using the objective function. The selection procedure retains then the best 
performing chromosomes, called parents, according to their fitness values.  
GA operates on a population (a number of potential solutions npop). The population at time t is 
represented by the time-dependent variable S(t), with S(0) a random initial population. 
Algorithm 1 shows the GA structure [30]. 

Algorithm 1: GA Algorithm 
1: Randomly Generate initial random population of npop elements. 
2: t=1 
2: Repeat 
3: Calculate the fitness S(t) of the chromosome and remember the 
highest fitness value. 
4: Select parents according to the roulette wheel mechanism. 
5: Crossover the parent’s chromosomes. 
6: Mutate the chromosomes. 
7: i=i+1 
7: until the end criterion is satisfied. 

2.3. Differential Evolution Algorithm (DE) 
The differential evolution algorithm (DE), is a population-based metaheuristic search 
algorithm proposed in 1997 by Storn and Price [31]. The DE process begins iterations with a 
generated random set of individuals, or Population, and considered as solutions to the problem 
to solve. That set of individuals are then tested against the objective function. Then primarily, 
the next steps consists of two operations: mutation and recombination depending upon minor 
variation. In differential evolution, solutions are known as genome or chromosome. Each 
chromosome start with mutation followed by recombination. New child is created using target 
vector used to generate a donor vector that is then used during the recombination to obtain the 
trial vector [31]. DE operates on a population (a number of potential solutions npop). The 
population at time t is represented by the time-dependent variable S(t), with the initial 
population of random estimates being S(0). Algorithm 2 shows the DE structure. 

Algorithm 2: DE Algorithm 
1: Randomly Generate initial random population of npop elements. 
2: t=1 
2: Repeat 
3: Calculate the fitness S(t) of the chromosome and remember the 
highest fitness value. 
4: Mutate the chromosomes. 
5: Crossover the parent’s chromosomes. 
6: Select Childs for next generation. 
7: i=i+1 
8: until the end criterion is satisfied. 
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2.4. Particle Swarm Optimization (PSO) 
Particle swarm optimization (PSO) is a population based stochastic optimization process [32]. 
A PSO process is initialized with a random population of solutions. The prospective solutions, 
called particles, move via the problem space by following the current optimal solutions [33]. 
Every particle has a fitness value to evaluate by the objective function, and a velocity which 
directs its flying. In every iteration, the particle swarm optimizer updates its velocity and 
position using the two best attributes: the best solution it has reached named pbest and the 
global best value named gbest. We find in Algorithm 3, the main steps of PSO. 

Algorithm 3: PSO Algorithm 
1: Initialize population. 
2: Repeat 
3: Evaluate individual fitness. 
4: Update personal best pbest. 
5: Update global best gbest. 
6: Generate a new population. 
7: Update velocity. 
8: Update position. 
9: until the end criterion is satisfied. 

2.5. Ant Lion Optimization (ALO) 
Ant lion optimization (ALO) algorithm [34,35] is based on ant lions hunting mechanism. It 
consists on random walk exploration and random agent selection based on five main hunting 
steps: random walk of agents, construction traps, entrapment of ants in the trap, catching prey 
and reconstruction traps. The ALO optimizer roulette wheel and random ants walks can 
disregard local optima. 
The detailed ALO algorithm is described in Algorithm 4. 

Algorithm 4: ALO Algorithm 
1: Initialize randomly the first population of Ants and Antlions. 
2: Calculate the fitness value of Ants and Antlions. 
3: Find the best Antlion which has the optimal fitness and save it as 
the elite. 
4: Repeat 
5: For each Ant 
6: Select an Antlion using Roulette wheel. 
7: Update parameters. 
8: Create and normalize a random walk. 
9: Update the position of ant. 
10: End for 
11: Calculate the fitness of all Ants. 
12: Replace an Antlion with its corresponding elite if becomes 
fitter. 
13: Update the elite if an Antlion has fitter value than it. 
14: until the end criterion is satisfied. 
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2.6. Data 
As introduced, we have explored our approach on four types of data: Mammographic Mass 
Data [21], Seed Data [22], Sommerville Happiness survey [23] and Fault data [24]. We find 
in Table 1, the characteristics of these data. 
 

Table 1. Data Characteristics. 
 

Dataset Number of Classes and 
instances 

Data Attributes 

Mammographic 
Mass Data [21]  

2 classes 
516 benign  
445 malignant 

5 including 3 BIRADS 
Attributes [21] 

Seed Data [22]  3 classes 
70 Kama, 70 Rosa, 70 
Canadian 

7 Seed shape attributes. 

Sommerville 
Happiness 
survey [23] 

2 classes 
75 Happy, 75 Unhappy 

6  characteristic 
attributes of a city 
lifestyle 

Fault data [24] 4 classes (1 Healthy and 3 
Faulty) 
200 Healthy , 200 Faulty 1, 
200 Faulty 2, 200 Faulty 3 

6 attributes 
corresponding to the 
frequencies and 
amplitudes of the first 3 
peaks of the Welch 
spectrum 

 
3. RESULTS AND DISCUSSION  
We present in this section the results of the implementation of our approach. We start by 
classifying the data considered using BPNN, followed by classifications by hybridized neural 
networks. It should also be noticed that the learning of neural networks is carried out on 80% 
of the data considered and the remaining 20% of data were used for the validation of the NNs. 
For all the neural networks considered, whether they are optimized using BP algorithm, or 
hybridized with a metaheuristic, the input layer contains Nvar neurons, and the hidden layer 
only 1 neuron. The desired response of this output neuron is coded according to the number of 
classes that the data contains. 
A very interesting point, concerning the number of weights and thresholds to optimize for 
each ANN, should be recalled here. For the case of an architecture (N  : n : n : n : 1), of a 
neural network with 3 hidden layers (composed respectively of n1, n2 and n3 neurons), 
knowing that the input layer contains Nvar neurons and the output layer of a single neuron, the 
number of weights NW and thresholds NT are as follows. 
N  =  N  n + n n + n n + n          and      N  =  n + n + n + 1 (5) 
This means that for the architecture (5: 10: 25: 20: 1), for example, we have to optimize the 
values of 820 weights and 56 biases.  
In fact, the optimization of an RN consists in modifying the weights and thresholds until the 
error is minimized or the iterations are finished.  
In the case of the BPNN classification, the weights and thresholds are improved thanks to the 
calculations given in section 2, for all architectures with 1, 2 and 3 hidden layers (and 
between 5 and 35 neurons by layer). In the case of ANN hybridized by PSO, ALO, GA and 
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DE, the parameters (weight and thresholds) are the ingredients (particles, antlion or genes) to 
be handled until the end of the iterations. 
We tested all structures with 1, 2 and 3 hidden layers, containing between 5 and 35 neurons 
each, with a number of iterations ranging from 100 to 1000. In addition, we explored these 
ANN (for PSO-ANN, ALO-ANN, GA-ANN and DE-ANN) with populations ranging from 
20 to 100 individuals. Table 2 shows the parameters of each method used. 
Notice that, after a training phase, efficiencies i, and purities i  and errors i corresponding 
to the classifications are computed from the validation confusion matrix A (Aij), (Aij  being 
the value of examples of genuine class Ci  classified as class Cj ). For each class Ci  we have: 

= ,          =   ,          = 1  (6) 
 
 
 

Table 2. Algorithms parameters tuning  
Algorit
hm PARAMETERS TUNING Algorith

m PARAMETERS TUNING 

Genetic 
Algorith
m 

Number of runs = 50 
Number of features = 5-7 
Maximum number of 
iterations = 1000 
Number of population 
elements = 100 
Crossover probability (pc) 
= 0.8 
Mutation rate = 0.02 
Mutation probability (pm) 
= 0.3 
Selection pressure = 8 

Particle 
Swarm 
Optimizati
on 

Number of runs = 50 
Number of features = 5-7 
Maximum number of 
iterations = 1000 
Number of population  
elements= 100 
Inertia weight = 0.72 
Inertia weight damping 
ratio = 0.99 
Personal learning 
coefficient = 1.49 
Global learning 
coefficient = 1.49 

Differen
tial 
Evolutio
n 

Number of runs = 50 
Number of features = 5-7 
Maximum number of 
iterations = 1000 
Number of population 
elements = 100 
Crossover probability (pc) 
= 0.8 
Mutation rate = 0.02 
Mutation probability (pm) 
= 0.3 
Selection pressure = 8 

Ant Lion 
Optimizati
on 

Number of runs = 50 
Number of features = 5-7 
Maximum number of 
iterations = 1000 
Number of search agents 
= 1000 

 
The first point worth noting is the dependence of the classification efficiency on the neurons 
number  (whatever their distribution in the network). This observation is valid regardless of 
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the approach used in optimizing this said network. We illustrate this property in Figure 2, 
where the efficiency of classifications is plotted with respect to the number of neurons in the 
network. The best results are summarized in Table 3. For a better comparison, between the 
different approaches, we present in Table 4, the best results of each approach taking into 
account all the data. 

 
Figure 2. Efficiency vs Neurons for PSO-ANN, a) Mammo Data, b) Happiness Data 

Table 3. Best Results for Mammo and Happiness Data 
Metho
d  Data Architectur

e 
Efficiency 
(%) DATA Architectu

re 
Efficienc
y (%) 

BPNN Mam
mo 

(5: 15: 1) 85.00  Happi
ness 

(6: 19: 1)  74.44  

(5: 12: 31: 
1) 

85.34  (6: 19: 24: 
1)  

86.67 

(5: 12: 12: 
18: 1)  

86.55  (6: 17: 24: 
7: 1) 

88.89 

PSO-
ANN 

Mam
mo 

(5: 13: 1) 85.17 Happi
ness 

(6: 32: 1) 93.33 

  (5: 34: 33: 
1) 

88.27   (6: 23: 22: 
1) 

93.33  

  (5: 34: 33: 
34: 1)  

89.31  (6: 22: 23: 
21: 1)  

93.33 

GA-
ANN 

Mam
mo 

(5: 26: 1) 85.04 Happi
ness 

(6: 14: 1) 80.27 

  (5: 18:17: 1) 85.69  (6: 14:12: 
1) 

89.41 

  (5: 
18:19:17: 1) 

89.02  (6: 
14:17:13: 
1)  

90.72  

DE-
ANN 

Mam
mo 

(5: 17: 1) 85.92 Happi
ness 

(6: 5: 1) 78.33 

  (5: 13:12: 1) 88.12  (6: 21: 19: 
1) 

89.33 

  (5: 31: 23: 
14: 1)  

89.17  (6: 21: 17: 
16: 1)  

90.13 

ALO- Mam (5: 23: 1) 85.19 Happi (6: 5: 1) 75.27 
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ANN mo ness 
  (5: 19: 18: 

1) 
85.70  (6: 26: 26: 

1) 
87.56 

  (5: 26: 24: 
27: 1)  

87.31  (6: 33: 33: 
32: 1)  

90.15 

Table 4. Best Results for all Datasets 
 EFFICIENCY (%) 
Metho

d 
Mammo 

Data 
Happiness 

Data 
Seed Data Fault Data 

BPNN 86.55 88.89 96.02 92.16 
PSO-
ANN 

89.31 93.33 99.23 95.00 

ALO-
ANN 

87.31 90.15 97.18 93.10 

GA-
ANN 

89.02 90.72 98.12 94.25 

DE-
ANN 

89.17 90.13 98.26 94.31 

4. CONCLUSION  
The quality of learning depends on the parameters adopted for metaheuristics, which 
prompted us to run the code several times (50 runs). Moreover, the number of iterations is 
here of great importance, without forgetting the precision-computation time dilemma. The 
results are also initialization dependent; consequently several runs are necessary to achieve 
the expected performance. 
All of the bio-inspired methods have given promising results. Combinations with bio-inspired 
metaheuristic methods (ALO, PSO, GA and DE) gave better results than those of BPNN. 
PSO-ANN appears to be more efficient than ALO-ANN, GA-ANN, and DE-ANN (and 
BPNN) for the data chosen and the runs performed. 
On the same performances comparing to the classical BPNN, the Hybrid Neural Networks 
PSO-ANN,      GA-ANN and DE-ANN gave each good results going up to 5% more 
efficiency.  
As perspectives, the metaheuristic algorithms can be tuned more effectively. In addition, other 
metaheuristics can be explored in the same way as other types of ANN. 
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Abstract 

The rapid advancement of society and economy has led to the acceleration of product 
diversification and improvement. One obvious consequence of product improvement is the 
creation of many end-of-life (EOL) products. Landfilling is not a suitable option for EOL 
products since it is not ecofriendly. Product recovery is an ecofriendly strategy to deal with EOL 
products. Remanufacturing is one of the most widely used options for product recovery. 
Disassembly is the first and one of the most crucial steps of remanufacturing. Disassembly aims 
to physically separate EOL products into its different parts and/or subassemblies. Workstations 
are linked together on a disassembly line to perform disassembly tasks. Balancing the 
disassembly line is essential for creating profits and achieving other objectives. A U-shaped 
disassembly line has many advantages compared to a straight-line layout since operators and/or 
robotic machines can work on both sides of the line. Single profit or a cost-based objective is not 
enough or practical for the real-world disassembly cases. Reducing the number of workstations, 
increasing smoothness, early removal of hazardous part(s) and early removal of highly 
demanded part(s) are the four objectives considered in this paper. Fish school search (FSS) is a 
novel meta-heuristic optimization algorithm which is based on the simulation of social behaviors 
of biologic fish. Since disassembly line balancing problem (DLBP) belongs to the NP-hard class, 
heuristics and meta-heuristics are best suited techniques for solving the DLBP in a reasonable 
computational time. In this paper, the FSS algorithm is used and implemented on a U-shaped and 
a straight-line disassembly line and tested. Results demonstrate that the U-shaped layout offers 
superior performance compared to the straight-line layout. Results also show that the FSS 
algorithm has the ability to find near-optimal solutions and is superior to other meta-heuristic 
algorithms in many aspects. 

Keywords: Remanufacturing, Disassembly line balancing problem (DLBP), U-shaped 
disassembly line, Fish school search (FSS) algorithm. 
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INTRODUCTION 

Rapid development of economic and technology has accelerated product diversification. Product 
diversification together with customers’ demand accelerate product upgrades. One obvious 
consequence of product upgrades is increasing number of end-of-life (EOL) products since life 
cycle of products is shortened. Rapidly updated electrical and electronic products result in a lot 
of wastage (Li and Janardhanan, 2021) and waste problem directly threatens the health of both 
environment and individuals (Wang et al., 2021). Landfilling is the traditional way of solving 
EOL products and waste, but it is not suitable in today’s situation because of increasing pressure 
of environmental problems (Chen et al., 2021). Increasing environmental awareness in society 
and stricter environmental regulations have forced firms to take more suitable product recovery 
actions (Akpinar, Ilgin, and Aktas, 2021). Product recovery aims to maximize the recovery value 
as well as minimize the amount of disposal of EOL products (Gao et al., 2021) and has received 
greater attention in recent years (Edis, Edis, and Ilgin, 2021). The concept of environmentally 
conscious manufacturing and product recovery was first highlighted by Gungor and Gupta (1999) 
which aspires to add green manufacturing to the whole life cycle of a product. Remanufacturing 
and recycling are two popular options of product recovery, which are widely used in real world 
cases. Disassembly is a key and necessary step to complete the separation of reusable parts and 
harmful substances from EOL products (Yin et al., 2021) and it is also the first and one of the 
most crucial steps for remanufacturing and recycling. Disassembly tasks are operated on a paced 
line linked with different workstations and operators and/or robots which are assigned to each 
workstation. Partial and complete disassembly are two groups of disassembly research (Yao and 
Gupta, 2021). There are four popular types of a disassembly lines, namely, straight-line, parallel, 
U-shaped and two-sided. A U-shaped disassembly line is much more productive and efficient 
compared to a straight-line configuration since operators or robots can work on both sides of the 
line. Based on the importance of a disassembly line, balancing the disassembly line is critical. 
Disassembly line balancing problem (DLBP) was, for the first time, proposed by Gungor and 
Gupta (1999), which can be simply described as the optimum assignment of disassembly tasks to 
workstations within the domain of predetermined constraints. 

The rest of paper is structured as follows: literature review is included in the next section. The 
section that follows introduces the detailed disassembly line balancing problem, and introduces 
the mathematical model and related constrains. This is followed by a section that covers detailed 
results and comparison of the performance of several algorithms. The last section provides the 
conclusion and directions for future research. 

LITERATURE REVIEW 

There are four types of a disassembly lines as mentioned in the previous section, viz., straight-
line, parallel, U-shaped and two-sided. Each line has its special characteristics and using 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 45 November 5-6, 2021



different line on a same disassembly problem may lead to different results. DLBP literature has 
focused more on straight-line configuration (Ozceylan et al., 2019) than other configurations and 
only a handful of papers addressed U-shaped disassembly lines. Agrawal and Tiwari (2008) first 
studied U-shaped DLBP, and they proposed a collaborative ant colony algorithm to solve it. 
Later Avikal and Mishra (2012) and Avikal, Jain, and Mishra (2013) introduced different 
heuristic methods to balance a U-shaped disassembly line. A pareto hybrid ant colony and 
genetic algorithm was proposed by Zhang et al. (2018) with the consideration of multiple 
objectives. Li, Kucukkoc, and Zhang (2019), for the first time, studied sequence dependent U-
shaped DLBP. Wang, Gao, and Li (2020) considered partial disassembly on a U-shaped 
disassembly line. Most recently, Li and Janardhanan (2021) considered profit-oriented U-shaped 
partial DLBP using a mixed-integer linear programming model. Yao and Gupta (2021a) and Yao 
and Gupta (2021b) have, for the first-time, applied cat swarm algorithm (CSO) and small world 
optimization algorithm (SWOA) on a U-shaped disassembly line respectively. Wang et al. (2021) 
combined a meta-heuristic algorithm with multi-criterion decision making (MCDM) and variable 
neighborhood search (VNS) theory to balance a U-shaped layout. Yao and Gupta (2021d) and 
Yao and Gupta (2021c) first introduced invasive weed optimization algorithm (IWO) and ant 
colony optimization algorithm (ACO) on a U-shaped line respectively and compared their 
performances with several other meta-heuristics. Yao and Gupta (2021e) first proposed a 
teaching-learning-based optimization algorithm (TLBO) on U-shaped disassembly line. 

DLBP aims to adjust task sequence to better achieve determined objectives, therefore DLBP 
belongs to optimization problem field. For small size cases, mathematical approaches and exact 
methods can find the optimal solution(s) in short time. But for large size cases, these methods do 
not have the ability to find near-optimal solution(s) in a reasonable computational time. 
Therefore, heuristics and meta-heuristics are introduced in DLBP filed. McGovern and Gupta 
(2007) proved that DLBP belongs to NP-hard problem. After that, novel heuristics and meta-
heuristics are proposed to help balance the disassembly line. Fish school search (FSS) algorithm 
was originally proposed in Bastos-Filho et al. (2008) based on the simulation of social behavior 
of biologic fish. In this paper, FSS algorithm is applied on a straight-line layout and a U-shaped 
disassembly line. The performance of FSS is compared with several other meta-heuristics and 
presented in section 4. 

In this paper, four different objectives are considered, viz., minimization of number of 
workstations, minimization of idle times, removal of hazardous part(s) early and removal of high 
demand part(s) early. This paper uses Pareto optimal theory to classify near-optimal solutions. 

To the best of the authors’ knowledge, in this paper, FSS has been applied on a U-shaped 
disassembly line for the time. The performance of FSS is compared with several other meta-
heuristic algorithms and results show that FSS has the ability of finding near-optimal solution(s) 
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and in some cases, shows superior performance. In addition, the same case was performed on 
both a U-shaped disassembly line and a straight-line configuration and compared. The results 
show that the U-shaped layout indeed has some advantages compared to the straight-line layout, 
especially when considering the minimization of idle times. 

PROBLEM DEFINITION 

Disassembly line balancing problem (DLBP) consists of several objectives and basic constraints. 
Basic constraints include cycle time constraint and precedence relationships constraints. The 
assumptions sdof the problem are as follows: 

1. There is only one type of EOL products. 
2. Complete disassembly is considered in this paper. 
3. Task processing/removal time is deterministic. 
4. Cycle time is known. 

Notation 

N Number of tasks 

i,j Task index, , = 1,2, … ,  

M Number of workstations 

m Workstation index, = 1,2, … ,  

 binary variable, 1, if workstation m is opened; 0, otherwise 

  Processing/removal time of task i 

 binary variable, 1, if task i is hazardous; 0, otherwise 

 demand value of task j 

CT Cycle time 

 Total task processing times of workstation m  

 Objective function, = 1,2,3,4 

Decision variables: 

 1, if task i is assigned at the front side of workstation m; 0, otherwise 

 1, if task j is assigned at the back side of workstation m; 0, otherwise 

 Position number of task i in sequence 
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Objectives: 

Min =    (1) 

Min =  (  )   (2) 

Min =  ( )  (3) 

Min =  ( )  (4) 

Formulation (1) describes finding minimum number of workstations. Total of idle times is shown 
in equation (2) which is nonlinear equation. Equation (3) describes removal of hazardous part(s) 
early and equation (4) facilitates removal high demand part(s) early.  

Constraints: 

( +  ) = 1  (5) 

( +  ) 1  (6) 

  (7) 

, = {0,1} ,   (8) 

Constraint (5) ensures that one task can only be assigned to one side of one workstation. 
Constraint (6) says that one workstation can operate one or more tasks. Constraint (7) is the cycle 
time constraint which means that the cycle time should be larger than or equal to the total of task 
processing times of each workstation. 

RESULTS 

FSS algorithm was coded in MATLAB and applied on a straight-line and a U-shaped line 
separately. The case is acquired from McGovern and Gupta (2006) and is used to test the ability 
of FSS algorithm for solving DLBP. FSS algorithm was run 20 times on the straight-line 
disassembly line and 20 times on the U-shaped disassembly line separately. Case information, 
viz., task number, task processing/removal time, hazardous index, and demand values are shown 
in Table 1. Table 2 lists 4 randomly picked solutions for straight-line and another 4 randomly 
picked solutions for U-shaped line. The task sequences are listed in the last column of Table 2. 
Since multiple objectives are considered in this paper, pareto front strategy was used to classify 
these near-optimal solutions. From Table 2, all the 8 solutions found the best value for the 
minimum number of workstations. On the straight-line layout, the best value found for the 
second objective is 211, but on U-shaped line, the minimum total of idle times is 207. Also, 
average values calculated for the three objectives show that U-shaped disassembly line performs 
better in many aspects and this type of layout indeed improves line efficiency and productivity. 
The performance of FSS algorithm is compared with nine other meta-heuristic algorithms, viz., 
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genetic algorithm (GA), ant colony optimization (ACO), improved ant colony optimization 
(IACO), hybrid group neighborhood search algorithm (HGNS), improved artificial bee colony 
optimization (IABC), small world optimization algorithm (SWOA), cat swarm optimization 
(CSO), invasive weed optimization (IWO), and teaching-learning-based optimization (TLBO). 
Detailed performance data of various algorithms are taken from McGovern and Gupta (2006), 
Zhang et al. (2018), Zhu et al. (2014), Zhu, Zhang, and Guan (2020), Yao and Gupta (2021a), 
Yao and Gupta (2021b), Yao and Gupta (2021c), Yao and Gupta (2021d), and Yao and Gupta 
(2021e). 

Table 1. Case information 
Task number Task processing time Hazardous index Demand value 

1 14 0 0 
2 10 0 500 
3 12 0 0 
4 17 0 0 
5 23 0 0 
6 14 0 750 
7 19 1 295 
8 36 0 0 
9 14 0 360 
10 10 0 0 

Table 2. Performance of straight-line and U-shaped disassembly line 
Line type     Task sequence 
Straight-line 5 211 5 8885 6,4,5,10,7,9,8,1,2,3 

5 259 4 10060 5,6,1,7,4,10,8,9,2,3 
5 211 5 9605 6,4,10,5,7,1,8,9,2,3 
5 219 4 9340 5,6,1,7,4,9,8,10,2,3 

U-shaped 5 207 5 9695 5,9,10,6,7,1,4,8,2,3 
5 211 4 9480 5,6,10,7,9,1,4,8,2,3 
5 249 3 8685 5,6,7,4,9,1,10,8,2,3 
5 211 4 8950 6,10,5,7,1,8,9,4,2,3 

Table 3 presents detailed comparation of 10 different meta-heuristic algorithms on straight-line 
disassembly layout. Table 4 lists performances of 6 meta-heuristic algorithms on U-shaped 
disassembly line. Results in Table 4 are based on the average values of near-optimal solutions 
found with setting the first two objectives as primary objectives. From Table 3 and Table 4, FSS 
shows great ability on finding near-optimal solutions for the DLBP. Particularly on minimizing 
the number of workstations and minimizing total of idle times, FSS performs better than most of 
other meta-heuristic algorithms. 
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Table 3. Performance of 10 meta-heuristics on straight-line layout 
Objective GA ACO IACO HGNS IABC SWOA CSO IWO TLBO FSS 

 5 5 5 5 5 5 5 5 5 5 
 211 211 211 219 211 211 211 211 211 211 
 4 4 4 4 4 4 5 4 6 5 
 9730 10090 9730 7510 9730 9480 8880 9480 8100 8885 

Table 4. Performance of 6 meta-heuristics on U-shaped disassembly line 
Objective SWOA CSO IWO ACO TLBO FSS 

 5 5 5 5 5 5 
 207 207 207 207 207 207 
 4 5 5 5 5 5 
 8980 9696 8915 8915 8915 9695 

 

CONCLUSION 

FSS algorithm has, for the first time, been proposed and implemented on a U-shaped DLBP. 
Comparation results show that FSS performs well and is suitable for DLBP research. Special 
disassembly types like partial and sequence-dependent disassembly need more research attention. 
Also, novel meta-heuristic algorithms can also be proposed and implemented on U-shaped 
DLBP. 
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Abstract 
This paper presents the materials classification of profitable and new soft contact lenses using 
MATLAB. The industry and marketplace of contact lens have demonstrated a high level of 
vitality and evolved into rapid development area in which science daily perform continually 
cooperate. The relative study of the basic profitable and nano-photonic materials characteristics 
to produced by integration of fullerene nano-particles are derivative in essential materials for 
soft contact lenses. Basically, the contact lens material is sensitizing of monomer 2-
hydroxyethy methane cry late and fullerene which is derivate to use because it have efficient 
transmission properties in ultraviolet visible and close to the spectrum of infrared. To classify 
the materials of soft contact lenses, the optomagnetic scope should be used under the different 
between spreader reflected light and reflect polarized illumination. In this work, biomedical 
applications industry and applied science has been applied to provide enough material 
classifications in soft contact lenses depend on WAT techniques. The result shows an identical 
wavelengths peak value of incorporate fullerene, C60 and C60 (OH) 24. 
Keywords: Materials Classification, Soft Contact Lenses, MATLAB  
1. INTRODUCTION 
Contact lenses manufacturing and its marketplace stability development in many reorganization 
and numerous creation sections is continually happening by inventive materials and the design 
of optical [1, 2]. The possibility of this products is not simply via expansion of materials and 
collection, except via original analytical and beneficial explanation. The poly 2-hydroxyethyl is 
the most material used in soft contact lens which the major component of soft lenses [3, 4]. 
Many researchers introduce numerous studies to improve and develop the characteristics of soft 
contact lens material due to its important in this time such as [5-15]. These studies is refers to 
achieve best vision correction, better wearing comfort, less medical difficulties and providing 
adequate amount of oxygen for the cornea during wearing the lenses. This work investigate the 
optomagnetic spectroscopy usage to examine the features of the essential and nano-photonic 
materials that provided by integrating the fullerene with its derivates in the essential fabric for 
soft lenses. By adding the optical material to the essential fabric in proportion is considerably 
advanced the optical property to obtain the nanophotonic material. The incorporated C60 with 
nanophotonics materials generate different optical specifications due to icosahedra group as 
more symmetry rudiments which determine the energy of nanophotonic materials. In addition, 
the fullerene have numerous function in the material to prepare the   nano-photonic lenses. The 
fullerene could be considered as accountable for enhanced electromagnetic specifications in 
light transmitting which is suitable to optic courage and eyes [16-20]. The contact lens 
transmission properties could be believed including fullerene to modify the 
Electroencephalogram signals in the patient who wearing this lenses [21-25]. The possibility to 
use these lenses could be manifold in daily wear, reduce light intensity when the eyes has high 
sensitivity, better retina protection from ultraviolet radiation and possibility of depression 
treatments [25-29]. 
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2. MATER ALS AND METHOD                          
The electromagnetic radiation is a visible light to the eye of human and dependable for vision. 
The specification of this radiation is including a wavelength from (380-780) nm and frequency 
from (3.1-7.9) x 1014 Hz. The physical meaning of optimagnetic spectroscopy is depending on 
basic principles of geometric optics under refraction and reflection phenomena and wave optic 
polarization. Under Brewster angle, the technique to obtain linearity polarization light (i.e 
E=Es) is reflected. In case of polarized light reaches the dielectric surface which might be 
achievable to examine its performance via two perpendicular mechanism or parallel with 
polarization surface. The reflection of light density is depending on the incidence angle. Hence, 
at specific angle value of incidence, at what time the reflected light happen to polarized and 
contain merely s-function, the p-function become equivalent with zero. The reflected waves as 
seen from microscopic point of view are generated by oscillation of electric dipoles sample that 
wave reflection. This oscillation is transverse to wave propagation direction. In case of 
polarized waves in incidence plan is arrive at the plane, the dipoles will oscillate in same 
surface due to the reflected light which will not spreader in the incidence surface except 
vertical to this plane. In addition, the wave should be polarized vertical to the incidence plan in 
order to reflect which mean so as to merely constituent that is not incidence plan could be 
reflected and further parts will be very weak. The spread white light so as to arrive at  the 
surface beneath Brewster angle form is reflect signal as retain main polarized in the plane 
vertical to the incidence surface under s-polarized. These categories of polarized could happen 
beneath single incidence only to meet the Brewster equation condition. The most important is 
to use the reality that the summation of reflected and refracted waves should be in 900 to 
compute the Brewster angle as shown in Figure 1. 
 
 

 
Figure 1: Reflection and Refraction of the light 

The response difference to white light under uniform magnetic and electric component is 
reflected polarized light under muted component of subdued electric guide to famous magnetic 
oscillation. The oscillation is origin from modification of incident emission based on optical 
characteristic in the example under test. base on the optical and magnetic property of material, 
the optomagnetic spectroscopy are nearby to the conformation conditions in hankie which is 
reasoned by the reduction of incident light by the fabric. The optomagnetic spectroscopy 
techniques are depend on the disparity among spreader reflection light and polarization 
reflected lighting. By using the digital camera, the prototype is photograph under spread white 
light and reflection polarization lighting. Subsequently, the obtained digital images have been 
processed. Many important advantages could be provided by digital photography such as 
operation speed, data achievement and low cost. The digitalized data allows the image analysis 
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through decomposition off data into colors components from red, blue and green components. 
For Brewster spectroscopy, this device could be used to implement the techniques including 
with typical digitalized camera and sufficient organization for amplification and light basis 
tailored. In order to transform the picture to histogram of diffusion, the digital processing of 
images could be applied to show the intensity of pixel on the scale from 1 to 256. The shade of 
minimum density is corresponding to 1 and the shade of maximum intensity is corresponding to 
256. Hence, by following the  histograms role, the images are exhibit as band at which the 
allocation of all intensities is illustrated on the scale from 1 to 256. Every component originates 
from the equivalent wavelengths variety of visible spectrum. The possibility of this techniques 
is because of each components inside the camera sensor is based on 256 height. Meaning that, 
the organized spectrum evidence of visible light is at 768 points (256x3). The digital footage 
consists of implied data regarding the wavelength with strength of spread light and reflection 
polarization light. The incident white light with different data layers based on light incident 
angle is illustrated in Figure 2.                    
 

 
Figure 2: light white incident depend on light angle  

 
This work introduce the digital image in the form of RGB arrangement, consequently essential 
pixel information in the channels of blue and red for light spread and replicate polarized light is 
selected. The information examination algorithms are depending on chromatic illustration 
named Maxwell triangle and spectral convolution process depend on red-blue and white light 
polarized ratio. Hence, R-B and W-P abbreviation denote by extract the  blue  from red 
wavelength of  lighting and reflection polarization light are use in shadow convolution 
algorithms in order to compute the information of opt magnetic spectroscopy. This procedure 
contain an sample illuminating with spread light, first digital image acquisition and the 
illumination samples with polarized light and other acquisition of digital images. After recoded 
of 10 photography repetitions that takes 10 second for every example in digital record, the 
methods is track by processing of spectral images so as to take position in the following steps: 
a. The first step of photographing represented by cropped the region of interest and extract 
this region decomposes into its channel components red, blue and green will provided by 3 
mono chromatic image which represent the intensity allocation of sub-visibly spectrum exhibit 
as histogram. 
b. In the second step, the convolution spectrum implementation is the red and blue 
channels after shaped the dissimilarity among the obtained reply by polarized light and white 
light. 
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c. In the 3rd step, the performing of sample spectral analysis that classify depend on 
wavelength and intensity.  
                  
3. EXPERIMENT SETUP  
New kind of contact lenses with 2 dissimilar kinds of included nano-particles represented by 
fullerol and fullerene be use in this work. Firstly, the nano-materals is supplementary 
throughout the process of polymerization with poly hydroxyethly methacry late as basic 
materials. In all samples, the polymerization was homogeneous and new nano-photonic 
material for soft contact lenses was produced.  A reference sample is polymerization is carried 
out without nano-materials. In this experiment, the used equipments is a device type NL-B50 
with digital camera from canon model and Nano lab. The power solution and lighting were 
achieved by LED diode with lighting circuit based on Brewster angle at 530 in the vertical and 
1200 in the horizontal plane. A circular shape surface has been used in the working space with 
diameter of 26 mm. The soft lenses be store inside desiccators as its hygroscopic type. During 
the experiment, the calcium chloride was inserted inside the device in order to attract the 
dampness from the surroundings. Soft contact lenses were photographed for three types of 
materials. By using these techniques, the 120 images are obtained distributed as 60 by means of 
concave side in the lens and 10 pictures and light and 10 pictures with polarization lighting in 
every example. In addition, the other 60 imagery is the convex face of the lens. All images 
processing were done in Photoshop due to low shadows that generate too much noise in the 
spectrum under test. The chosen part of eacho photo is processed which suppose to obtained 
without shadow. Cropped size of 1600 x 1200 pixels were used in the image processing. By 
using MATLAB programs code, novel crop imagery could be treat to obtain the results. The 
results obtained represented in diagram anywhere the feature standards of wavelength and 
intensity is significant. 
4. WORK RESULTS                    
In order to examine the features of essential material and nano-photonic materials, the 
optomagnetic spectroscopy technique is used. The results obtained are by incorporating the 
fullerene nano-particles and derivative in essential materials for soft contact lenses. By mean of 
separate canals, blue, red and green, colors mechanism, the digital images has been analyzed 
and then progression by spectral convolution algorithms to provide the concluding results in 
diagrams. Figure 3 show the peak value of para-magnetic properties over zero height and dia-
magnetic under zero height property in contrast to wavelength differences. 
 
 

 
 

Figure 3: spectrums of average peaks in soft contact lenses: (a): essential material (b): 
incorporate fullerene (c): incorporate fullerol 
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The materials investigation for soft contact lenses photo-graphed by means of convex side of 
the lenses in shape 3 illustrate the recoded samples performs differently. Obviously, the basic 
material in Figure 3a, there are four picks, two negative and two positive and the average 
wavelengths and amplitude of first and second peaks are 102, 103, 110, and 87 respectively. 
The negative peaks is (104, -29) and (111, -79) and the material with incorporate fullerene and 
C60 in Figure 3b. The wavelength and amplitude in positive peaks are (104, 43) and (109, 53). 
For negative peaks the amplitude is (106, -21) and (110, -50). In the case of material with 
incorporate fullerol C60 (OH)24 in shape 3c, present a positive peaks at (104, 53) and (108, 74) 
and the negative at (107, -30) with (110, -50). For every 10 graphs of lens convex side, the 
maximum peak value of positive and negative was selected as average climax value. All this 
average values and standard deviation value is illustrated by Table 1.          
 
 
Table 1: standards deviation and typical value of amplitude and wavelength in convex side 

 
Soft Contact Lens Type 

Wavelength 
Value 

Wavelength 
Standard 
Deviation 

Amplitude 
Value 

Amplitude 
Standard 
Deviation 

Essential Material                   
+ 

104 3 108 10 

Essential Material                   
- 

111 0.32 -89 16 

Essential Material 
&Fullerene    + 

107 2 71 9 

Essential Material 
&Fullerene    - 

110 0.37 -56 6 

Essential Material& Fullerol  
+ 

108 1 87 10 

Essential Material& Fullerol  
- 

109 0.2 -53 4 

 
Figure 4 shows the obtained results of photo-graphing the concave side of contact lens in this 
research. Figure 4a shows the basic material with many peaks whose average wavelength and 
amplitude are 101, 62, 102, 39, 104, -20, 105, -19, 109, 24, 110, 18 and 110, -37 respectively.   
 

 
Figure 5: Average spectrums of materials (a): basic material (b): with incorporate fullerene (c): 

with incorporate fullerol 
 
 
The amplitude and wavelength of optimistic peak for material by means of incorporate 
fullerene C60 showing in Figure 4b are 103, 51, 107, 18 while the negative peaks are 106, -18, 
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109, -37. In case of the material with incorporate fullerol C60(OH)24 as illustrated in Figure 
4c, the positive climax happen at 104, 55 and 107, 25, and the negative peaks occur at 106, -23, 
109, -49. In every 10graphics of lens concave side, the maximum amplitude peak positive and 
negative was selected with average values. Table 2 illustrates the average values and standard 
deviation values.    
 
  Table 2: standard deviation and average value of amplitude and wavelength 

 
Soft Contact Lens Type 

Wavelength 
Value 

Wavelength 
Standard 
Deviation 

Amplitude 
Value 

Amplitude 
Standard 
Deviation 

Essential Material                   
+ 

101 0,2 68 10 

Essential Material                   
- 

111 0.39 -47 3 

Essential Material 
&Fullerene    + 

103 0.19 56 5 

Essential Material 
&Fullerene    - 

110 0.3 -44 4 

Essential Material& Fullerol  
+ 

104 1 59 8 

Essential Material& Fullerol  
- 

109 0.2 -59 7 

 
the wavelength  of material with integrated fullerene and the material with incorporate fullerol 
are totally identical while shifted by 2nm contrast with basic material. the peak amplitude is 
varies up to 20 units which is observe so as to in all cases the peaks happen at wavelength is 
102 nm to 114nm whilst the amplitude contain somewhat better difference and variations. from 
these results one could conclude that the differences in the intensity and wavelength peak are 
happen obviously for basic materials of soft contact lens and incorporate fullerol and fullerene. 
this is because of different surface treated   and influence in two types of nanomaterials in soft 
contact lens. the convex side is crushed whilst the concave side is casted by many process 
reason. 
5. CONCLUSION 
This work introduced a materials classification of profitable and new soft contact lenses using 
wavelength transformation algorithms. To investigate the basic and nono-photonic material 
characteristics, the optogenetic spectroscopy techniques are used. Hence, by incorporating the 
nano-particles of fullerene with associated derivatives in the essential material for soft contact 
lenses is inspected and examined. Hence, when the material with C60, folderol, C60(OH)24 
and fullerene is incorporated, the peaks are nearly close in each type and identical wavelength 
while different intensities. The amplitude peak varies up to 20 units which observe that the 3 
materials occur the climaxes at wavelength in the variety from 102 to 114nm. In same time, the 
intensities have somewhat higher variations which could be illustrate same influence in both 
nano-materials because of different facade treatment contact lenses. In the imaging of soft 
contact lens in convex side, the paramagnetic amplitude properties are better than the imaging 
in the concave side which is probable to notice the variation in influences of a nano-photonic 
compare with the basic material with optogenetic spectroscopy technique. In addition, reliable 
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acquired results were obtained and the optogenetic spectroscopy procedure is qualitative to use 
for classification the facade structure of materials. Depend on obtain drawing and waveforms; 
the similarities and differences of dissimilar contact lenses influences. 
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Abstract 
 
It is known that 1,2,4-Triazole-derived compounds have a wide range of biological activities. 
Due to the wide biological activities of 1,2,4-triazole compounds, many different derivatives 
of these compounds have been synthesized. Therefore, the properties of compounds 
containing 1,2,4-triazole ring are reported both in vitro and in vivo studies. Compounds with 
high activity are commonly used as active pharmaceutical ingredients. In this study, three 
new 1-phenacyl-3-methyl-4-(3-methoxy-4-benzoylmethoxy-benzylidenamino)-4,5-dihydro-1H-
1,2,4-triazol-5-one (4a), 1-phenacyl-3-(p-methylbenzyl)-4-(3-methoxy-4-benzoylmethoxy-
benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (4b) and 1-phenacyl-3-(p-
chlorobenzyl)-4-(3-methoxy-4-hydroxy-benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one 
(4c) compounds were synthesized by the reaction of 3-alkyl(aryl)-4-(3-methoxy-4-hydroxy-
benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (3) compound with phenacyl bromide 
in sodium ethoxide. These new compounds were characterized by elemental analysis, IR, 1H 
NMR, 13C NMR and UV spectral data. They were then analyzed for their potential antioxidant 
activities in vitro by three different methods: reducing power, free radical scavenging and 
metal chelating activity. These antioxidant activities were compared with standard 
antioxidants, such as BHA, BHT and -tocopherol. 
 

 
Keywords: Schiff base, 1, 2, 4-triazole, synthesis, antioxidant activity.  
 
1. Introduction 
 
Various studies have been conducted on 1,2,4-triazoles and their anticancer (Maddali vd., 
2021), antiviral, antitumor (Jilloju vd., 2021), antimicrobial (Amin vd., 2021), 
antiproliferative and antioxidant properties (Sicak, 2021) have been reported.  
 
In a recent study, N-acetyl derivatives of 1,2,4-triazole-derived compounds were synthesized 
and their in vitro antioxidant and in vitro antibacterial properties were investigated (Manap, 
2021). A series of compounds derived from 4,5-dihydro-1H-1,2,4-triazol-5-one were 
synthesized and their in vitro antioxidant activities were analyzed. In addition, antimicrobial 
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activities against bacteria and yeast were investigated (Yuksek vd., 2013). The synthesis, 
spectroscopic examinations and antioxidant activity of the 1-acetyl-3-methyl-derived 
compound bearing 1,2,4-triazole ring were investigated (Gokce vd., 2014). 
 
In current study, three new 1-phenacyl-3-methyl-4-(3-methoxy-4-benzoylmethoxy-
benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (4a), 1-phenacyl-3-(p-methylbenzyl)-4-
(3-methoxy-4-benzoylmethoxy-benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (4b) 
and 1-phenacyl-3-(p-chlorobenzyl)-4-(3-methoxy-4-hydroxy-benzylidenamino)-4,5-dihydro-
1H-1,2,4-triazol-5-one (4c) compounds were synthesized. The antioxidant activities of the 
newly synthesized compounds were investigated using antioxidant methodologies such as 1,1-
diphenyl-2-picryl-hydrazil (DPPH.) free radical scavenging, reducing power and metal 
chelating activities.  
 
2. Materials and Methods 
 
Reagents and solvents used in this study were purchased from Merck AG, Aldrich and Fluka. 
The starting compounds 3-alkyl(aryl)-4-amino-4,5-dihydro-1H-1,2,4-triazol-5-ones 2 were 
prepared from the reactions of the corresponding ester ethoxycarbonylhydrazones 1 with an 
aqueous solution of hydrazine hydrate as described previously (Ikizler & Yuksek, 1993). 
Compound 3 was obtained from the reaction of compounds 2 with 3-methoxy-4-hydroxy-
benzaldehyde through a recently reported method (Manap, S, 2009). Melting points were 
determined in open glass capillaries using an Electrothermal digital melting point apparatus 
and are uncorrected. The IR spectra were obtained on a Perkin-Elmer Instruments Spectrum 
One FT-IR spectrometer. 1H and 13C NMR spectra were recorded in deuterated dimethyl 
sulfoxide with TMS as internal standard using a Varian Mercury spectrometer at 200 MHz 
and 50 MHz, respectively. UV absorption spectra were measured in 10 mm quartz cells 
between 200 and 400 nm using a PG Instruments Ltd T80 UV / Vis spectrometer. Extinction 
coefficients ( ) are expressed in L mol-1 cm-1. Elemental analyses were carried out on a Leco 
932 Elemental Combustion System (CHNS-O) for C, H and N. 
 
2.1. General procedure for the synthesis of compound 4. Na (0.02 mol) was dissolved 
in 100 mL absolute ethanol and this solution was mixed with 3-alkyl(aryl)-4-(3-methoxy-4-
hydroxybenzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (3) (0.01 mol), followed by 
reflux for 2 h. After cooling of this solution to room temperature, phenacyl bromide (0.02 
mol) was added into this and this mixture was refluxed for 5 h and then filtered. The filtrate 
was evaporated through vacuo and the crude product was recrystallized from corresponding 
solvent to afford compound. 
 
2.1.1. 1-Phenacyl-3-methyl-4-(3-methoxy-4-benzoylmethoxybenzylidenamino)-4,5-
dihydro-1H-1,2,4-triazol-5-one (4a). Yield 2.80 g (58%); mp 400 ºC; IR (KBr):  C=O 
1725, 1695, C=N 1598, 1580, monosubstituted benzenoid ring 759 and 690 cm-1; 1H NMR 
(200MHz, DMSO-d6):  2.40 (s, 3H, CH3), 3.95 (s, 3H, OCH3), 5.21 (s, 2H, NCH2), 5.43 (s, 
2H, OCH2), 6.78-6.83 (m, 1H, Ar-H), 7.22-7.64 (m, 8H, Ar-H), 7.97-8.01 (m, 4H, Ar-H), 
9.71 (s, 1H, N=CH); 13C NMR (50MHz, DMSO-d6):  11.76 (CH3), 51.61 (NCH2), 56.27 
(OCH3), 71.80 (OCH2), 110.00, 113.88, 114.82, 122.99, 123.84 (arom-C), 128.28 (2C), 
128.37 (2C), 128.43, 128.62 (arom-C), 129.12 (2C), 134.17 (2C), 134.80, 138.87, 144.93 
(arom-C), 150.63 (triazole C3), 151.23 (N=CH), 154.38 (triazole C5), 154.91, 154.38 (2C=O); 
UV max ( ): 316 (16300), 204 (21454) nm; Anal. Calcd. for C27H24N4O5 (484.51): C, 66.93; 
H, 4.99; N, 11.56. Found: C, 64.52; H, 5.31; N, 12.55. 
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2.1.2. 1-Phenacyl-3-(p-methylbenzyl)-4-(3-methoxy-4-
benzoylmethoxybenzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (4b). Yield 3.61 g 
(63%); mp 105 ºC; IR (KBr):  C=O 1710, 1695, C=N 1596, monosubstituted benzenoid ring 
760 and 689 cm-1; 1H NMR (200MHz, DMSO-d6):  2.23 (s, 3H, CH3), 3.83 (s, 3H, OCH3), 
4.03 (s, 2H, CH2), 5.25 (s, 2H, NCH2), 5.42 (s, 2H, OCH2), 7.08-7.35 (m, 15H, Ar-H), 7.58 
(d, 2H, Ar-H), 9.45 (s, 1H, N=CH); UV max ( ): 320 (19784), 296 (13497), 238 (22383), 214 
(26000) nm. 
 
2.1.3. 1-Phenacyl-3-(p-chlorobenzyl)-4-(3-methoxy-4-hydroxybenzylidenamino)-4,5-
dihydro-1H-1,2,4-triazol-5-one (4c). Yield 4.03 g (68%); mp 172 ºC; IR (KBr):  OH 3235, 
C=O 1705, 1690, C=N 1597, monosubstituted benzenoid ring 753 and 688 cm-1; 1H NMR 
(200MHz, DMSO-d6):  3.84 (s, 3H, OCH3), 4.13 (s, 2H, CH2), 5.45 (s, 2H, NCH2), 6.89 (d, 
1H, Ar-H), 7.20-7.72 (m, 9H, Ar-H), 8.05 (d, 2H, Ar-H), 9.48 (s, 1H, N=CH), 9.92 (s, 1H, 
OH); UV max ( ): 320 (19645), 294 (13734), 240 (25980), 220 (26094) nm; Anal. Calcd. for 
C25H21N4O4Cl (476.92): C, 62.96; H, 4.44; N, 11.75. Found: C, 63.18; H, 4.68; N, 9.10. 
 
2.2. Antioxidant activity. Butylated hydroxytoluene (BHT) was purchased from E. Merck 
(Merck KGaA, Darmstadt, Germany). Ferrous chloride, -tocopherol, 1,1-diphenyl-2-picryl-
hydrazyl (DPPH.), 3-(2-pyridyl)-5,6-bis(phenylsulfonic acid)-1,2,4-triazine (ferrozine), 
butylated hydroxyanisole (BHA) and trichloroacetic acid (TCA) were bought from Sigma 
(Sigma-Aldrich GmbH, Steinheim, Germany). 
 
2.2.1. Reducing power. The reducing power of the newly synthesized compounds was 
investigated according to Oyaizu's method (Oyaizu, 1986). Different concentrations of the 
samples (50-250 g/mL) in DMSO (1 mL) were mixed with phosphate buffer (2.5 mL, 0.2 M, 
pH = 6.6) and potassium ferricyanide (2.5 mL, 1%). The mixture was incubated at 50 °C for 
20 min after which a portion (2.5 mL) of trichloroacetic acid (10%) was added to the mixture, 
which was then centrifuged for 10 min at 1000 x g. The upper layer of solution (2.5 mL) was 
mixed with distilled water (2.5 mL) and FeCl3 (0.5 mL, 0.1%), and then the absorbance was 
measured using a spectrophotometer at 700 nm. Higher absorbance of the reaction mixture 
showed a greater reducing power. 
 
2.2.2. Free radical scavenging activity. Free radical scavenging activity of compounds was 
measured by DPPH., using the method of Blois (Blois, 1958). Concisely, 0.1 mM solution of 
DPPH. in ethanol was prepared, and this solution (1 mL) was added to sample solutions in 
DMSO (3 mL) at different concentrations (50-250 g/mL). The mixture was shaken 
vigorously and incubated at room temperature for 30 min. Then the absorbance was measured 
at 517 nm in a spectrophotometer. Lower absorbance of the reaction mixture showed higher 
free radical scavenging activity. The DPPH. concentration (mM) in the reaction medium was 
calculated from the following calibration curve and assigned by linear regression (R: 0.997): 

Absorbance = 0.0003 x DPPH.  – 0.0174 
The capability to scavenge the DPPH radical was calculated using the following equation: 

DPPH. scavenging effect (%) = (A0 – A1/A0) x 100 
where A0 is the absorbance of the control reaction and A1 is the absorbance in the presence of 
the samples or standards. 
 
2.2.3. Metal chelating activity. The method of Dinis et al were used to estimate the 
chelation of ferrous ions by the synthesized compounds and standards (Dinis vd., 1994). 
Briefly, the synthesized compounds (50-250 g mL-1) were added to a 2 mM solution of 
FeCl2 (0.05 mL). The reaction was initiated by the addition of 5 mM ferrozine (0.2 mL) and 
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the mixture was shaken vigorously and incubated at room temperature for 10 min. After the 
mixture had reached equilibrium, the absorbance of the solution was then measured at 562 nm 
in a spectrophotometer. All test and analyses were run in triplicate and averaged. The 
percentage of inhibition of ferrozine-Fe2+ complex formation was given by the formula:  % 
Inhibition = (A0 – A1/A0) x 100, where A0 is the absorbance of the control, and A1 is the 
absorbance in the presence of the samples or standards. The control did not contain any 
compound or standard. 
 
3. Results and Discussion 
 
The 1-phenacyl-3-methyl-4-(3-methoxy-4-benzoylmethoxy-benzylidenamino)-4,5-dihydro-
1H-1,2,4-triazol-5-one (4a), 1-phenacyl-3-(p-methylbenzyl)-4-(3-methoxy-4-
benzoylmethoxy-benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (4b) and 1-phenacyl-
3-(p-chlorobenzyl)-4-(3-methoxy-4-hydroxy-benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-
5-one (4c) compounds were prepared. Compound 4 was synthesized by the reaction of 3 type 
compound with phenacyl bromide in sodium ethoxide (Scheme 1). 
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Scheme 1. Synthesis route of compounds 2-4. 
 
The structures of three new 1-phenacyl-3-methyl-4-(3-methoxy-4-benzoylmethoxy-
benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (4a), 1-phenacyl-3-(p-methylbenzyl)-4-
(3-methoxy-4-benzoylmethoxy-benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one (4b) 
and 1-phenacyl-3-(p-chlorobenzyl)-4-(3-methoxy-4-hydroxy-benzylidenamino)-4,5-dihydro-
1H-1,2,4-triazol-5-one (4c) compounds identified using IR, 1H NMR, 13C NMR, UV and 
elemental analyses data. 
 
3.1. Antioxidant activity. The antioxidant activities of three new compounds 4a-c were 
determined. Several methods were used to determine antioxidant activities. The methods used 
in the study are given below: 
 
3.1.1. Total reductive capability using the potassium ferricyanide reduction method. 
The reductive capabilities of compounds were evaluated by the extent of conversion of the 
Fe3+ / ferricyanide complex to the Fe2+ / ferrous form. The reducing powers of the compounds 
were detected at different concentrations, and results were compared with BHA, BHT and -
tocopherol. The reducing capacity of a compound could assist as a significant indicator of its 
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potential antioxidant activity (Meir vd., 1995). The antioxidant activity of a compound 
depends on several mechanisms, such as prevention of chain initiation, binding of transition 
metal ion catalyst, decomposition of peroxides, prevention of continued hydrogen abstraction, 
reductive capacity and radical scavenging (Yildirim vd., 2001). In the present study, all the 
amount of the compounds showed lower absorbance than standard antioxidants. Therefore, no 
activities were seen to reduce metal ions complexes to their lower oxidation state or to join in 
any electron transfer reaction. In other words, compounds did not show any reductive 
activities. 
 
3.1.2. DPPH. radical scavenging activity. The model of scavenging the stable DPPH 
radical pattern is an extensively used method to assess antioxidant activities in a relatively 
short time compared with other methods. The impact of antioxidants on DPPH radical 
scavenging was assumed to be because of their hydrogen donating ability (Baumann, 1979). 
DPPH is a stable free radical and accepts an electron or hydrogen radical to become a stable 
diamagnetic molecule (Soares vd., 1997). The reduction capability of DPPH radicals was 
detected by decrease in its absorbance at 517 nm induced by antioxidants. The absorption 
maximum of a stable DPPH radical in ethanol was at 517 nm. The decline in absorbance of 
DPPH radical brought forth by antioxidants, owing to reaction between antioxidant molecules 
and radical, progresses, which result in the scavenging of the radical by hydrogen donation. It 
is visually obvious as a discoloration from purple to yellow. Hence, DPPH. is usually used as 
a substrate to evaluate antioxidative activity of antioxidants (Duh, 1999). In the study, 
antiradical activities of compounds and standard antioxidants such as BHA, BHT and -
tocopherol were established by using DPPH. method. Scavenging effect values of compounds 
4a, 4b, 4c, BHA and -tocopherol at different concentrations are given. Compounds 4a, 4b, 
4c showed low activity as radical scavengers.  
 
3.1.3. Ferrous ion chelating activity. The chelating effect towards ferrous ions by the 
compounds and standards was determined. Ferrozine can quantitatively make up complexes 
with Fe2+. In the presence of chelating agents, the complex formation is interrupted, which 
was understood by the decrease in the tone of red color of the complex.  Measurement of 
colour reduction thus allows estimation of the chelating activity of the coexisting chelator 
(Yamaguchi vd., 2000). Transition metals have crucial role in the generation oxygen free 
radicals in living organism. The ferric iron (Fe3+) is the relatively biologically inactive form of 
iron. Nevertheless, it can be reduced to the active Fe2+, depending on condition, particularly 
pH (Strlic vd., 2002) and oxidized back through. Fenton type reactions with the production of 
hydroxyl radical or Haber-Weiss reactions with superoxide anions. The production of these 
radicals may cause lipid peroxidation, protein modification and DNA damage. Chelating 
agents may not activate metal ions and potentially inhibit the metal-dependent processes 
(Finefrock vd., 2003). Furthermore, the production of highly active ROS such as O2

.-, H2O2 
and OH.  is also catalyzed by free iron though Haber-Weiss reactions: 

O.
2 + H2O2  O2 + OH- + OH. 

Iron is known as the most important lipid oxidation pro-oxidant because of its high reactivity 
among the transition metals. The ferrous state of iron accelerates lipid oxidation by corrupting 
the hydrogen and lipid peroxides to reactive free radicals via the Fenton reactions: 

Fe2+ + H2O2  Fe3+ + OH- + OH. 
Fe3+ ion also produces radicals from peroxides, though the rate is tenfold less than that of Fe2+ 
ion, which is the most powerful pro-oxidant among the various types of metal ions (Calis vd., 
1993). Ferrous ion chelating activities of the compounds 4a-c, BHT, BHA and -tocopherol 
are given. In this study, metal chelating capacity was significant since it reduced the 
concentrations of the catalyzing transition metal. It was stated that chelating agents that form 
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-bonds with a metal are effective as secondary antioxidants since they reduce the redox 
potential thereby stabilizing the oxidized form of metal ion (Gordon, M. H, 1990). The 
obtained data reveal that 4b compound, except 4a and 4c, show a marked capacity for iron 
binding, suggesting that their action as peroxidation protectors may be associated with their 
iron binding capacity. Instead, free iron is known to have low solubility and a chelated iron 
complex has greater solubility in solution, which can be contributed merely by the ligand. 
Additionally, the compound-iron complex may also be active, since it can participate in iron-
catalyzed reactions. 
 
4. Conclusions 
 
The synthesis and in vitro antioxidant evaluation of new 4,5-dihydro-1H-1,2,4-triazol-5-one 
derivatives are defined. 4b compound, apart from 4a and 4c, reveal a marked capacity for iron 
binding. The data here reported could be of the possible interest because of the observed 
metal chelating activities of the studied compound could prevent redox cycling. Design and 
synthesis of novel small molecules which can definitely protective role in biological systems 
are in view in modern medicinal chemistry. These results may lead to development of other 
novel therapeutic targets based on triazole.  
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Abstract 
In the present study, 3-p-methylbenzyl-4-[3-ethoxy-4-(4-methoxybenzoxy)-
benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-one was optimized by using 
B3LYP/6-31G(d,p) basis set.  All quantum chemical calculations were carried out using 
the Gaussian09W program package and the GaussView molecular visualization 
program. The 1H-NMR and 13C-NMR spectral values of the titled compound were 
calculated utilizing the B3LYP/6-31G(d,p) basis set. To determine the 1H-NMR and 
13C-NMR isotropic shift values, the gauge independent atomic orbital (GIAO) 
methodology was used. The IR vibrational frequency values of the titled compound 
were calculated using B3LYP/6-31G(d,p) basis set. The IR vibrational frequency values 
were defined using the veda4f software. The UV-vis spectral calculations in the solvents 
of the titled compound were performed via the same basis set. TD-DFT computations in 
the solvents (ethanol, DMSO, and methanol) were used to identify the UV-Vis spectral 
analyses. All spectral results were compared with experimental ones suggested by 
Alkan and coworkers.  The theoretically studied frontier molecular orbital analyses were 
used to determine the compound's electronic properties (ionization potential, electron 
affinity, molecular softness, molecular hardness, and electronegativity). Moreover, the 
highest occupied molecular orbital-lowest unoccupied molecular orbital (HOMO-
LUMO), bond lengths, bond angles, dihedral angles, molecular electrostatic potential 
maps (MEP), and Mulliken atomic charges of the titled compound were investigated. 
The results of the correlational analysis between experimental and theoretical data were 
evaluated. 

 
Keywords: 1,2,4-Triazol-5-one, Schiff base, HOMO-LUMO, MEP, UV-vis. 

 
1. Introduction 

 
1,2,4-Triazole heterocycle represents the key pharmacophore in various 

biologically-active compounds including antibacterieal, antiviral against HIV, 
antifungal, anti-inflammatory, analgesic, and anticancer activities (Gao vd., 2019; 
Grytsai vd., 2020; Jiang vd., 2020; Tratrat, 2020; Zampieri vd., 2019).  In the present 
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study, we present a comprehensive investigation on the molecular structure, vibrational 
spectra, optic, thermal, and electronic properties of the title compound. According to our 
literature searches, results based on quantum chemical calculations and FT-IR, UV-vis, 
NMR spectral studies and HOMO–LUMO analysis on the title compound have not been 
reported elsewhere. Herewith, experimental and theoretical studies have been performed 
to give a detailed description of the molecular structure, electronic, optic, thermal NMR, 
UV-vis, and vibrational harmonic spectra of 3-p-methylbenzyl-4-[3-ethoxy-4-(4-
methoxybenzoxy)-benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-one (Alkan vd., 
2014). Furthermore, the title compound was analyzed computationally for nonlinear 
optical properties. 
 

2. Materials and Methods 
 

Gaussian09W program package was used for the DFT calculations (Frisch vd,  
2009). The visualization for the verification of the optimized molecular structure was 
performed using the Gaussview program (Dennington vd, 2016). The geometry 
optimization of the titled compound was performed by using B3LYP method with 6-
311G(d) basis set. The GIAO (Gauge-Including Atomic Orbital) 1H and 13C NMR 
chemical shift values in DMSO were calculated by the same basis set (Pulay & Hinton, 
2007). The standard error rate was calculated according to  calc=a exp +b formula. 
The spectral data of the title compound were carried out with the same level of theory. 
The veda4f program was used for identification of computed IR data (Jamróz, 2013). 
The UV–Vis spectrum was obtained through time-dependent density functional theory 
(TD-DFT). The important electronic properties such as electronegativity, chemical 
hardness, chemical softness and chemical potential are calculated by the utilization of 
numerical values of the ionization energy and electron affinity (Foresman & Frisch, 
2015). The nonlinear optical behaviour of the title compound was investigated by 
defining dipole moment ( ), polarizability ( ), anisotropic polarizibility ( ) and first 
static hyperpolarizability ( ) on the same level of theory (Luo vd., 2011). 
 

3. Results and Discussion 
3.1. Molecular Structure 

The structure with minimum global energy the title compound obtained by using 
B3LYP/6-31G(d,p) level is shown in Figure 1. 
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Figure 1. Optimized molecular structure of 3-p-methylbenzyl-4-[3-ethoxy-4-(4-
methoxybenzoxy)-benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-one with 
B3LYP/6-31G(d,p) level of theory. 

3.2.Vibrational frequencies 
 
The titled compound has 59 atoms and the number of the normal vibrations are 171. 
The observed and calculated vibrational frequencies, the calculated IR intensities and 
assignments of vibrational frequencies for titled compound are summarized in Table 1. 
 
Table 1. The calculated and experimental frequency values of the titled compound 
 

 (NH) (C=O) (C=O) (C=N) (C=
N) 

(CO
O) 

 
substit

uted 
benzen
oid ring 

*Experimen
tal 3163 1738 1700 1606 1578 1254 844 

B3LYP 
(Scaled) 3699 1823 1821 1653 1629 1282 872 

B3LYP 
(Unscaled) 3573 1761 1759 1597 1574 1239 842 

* The experimental values were taken from ref (Alkan vd.,2014). 
 calc= 1,0726 exp - 157,11 R² = 0,9991 

 

 
 

Figure 2. The correlation graphics for IR of  the title compound. 
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3.3.NMR spectral analysis 
 

In this study, the optimized molecular geometry of the titled compound was obtained by 
using B3LYP method with 6-31G(d,p) basis level in DMSO solvent. By considering the 
optimized molecular geometry of the titled compound the 1H and 13C NMR chemical 
shift values were calculated at the same level by using Gauge-Independent Atomic 
Orbital (GIAO) method (Wolinski vd., 1990).  

 exp = 1,039 cal + 9,273 (R² = 0,9968) (13C-NMR in DMSO) 
 

 exp = 1,0145 cal + 0,174 (R² = 0,8703) (1H-NMR in DMSO) 
 

 
 

Figure 3. The NMR correlation graphics of the title compound. 
 

Table 2. The calculated and experimental 13C and 1H NMR isotropic chemical shift 
values of the title compound 
 

N
o 

B3LYP/D
MSO 

*Exp. 
No 

B3LYP/
DMSO 

*Exp. 

4
2-C 149,09 

163,93 23-
H 10,56 

9,85 

3
3-C 148,97 

164,44 39-
H 8,62 

8,09 

2
7-C 137,88 

151,62 41-
H 8,39 

8,09 

1
-C 136,08 

146,77 29-
H 8,14 

7,54 

2
-C 135,01 

152,09 31-
H 7,64 

7,40 

9
-C 133,09 

148,33 
4-H 7,60 

11,72 

2
5-C 128,87 

139,87 17-
H 7,54 

7,13 

2
0-C 124,03 

136.23 21-
H 7,52 

7,15 

3
7-C 119,02 

132,67 22-
H 7,52 

7,15 
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3
6-C 118,90 

132,67 19-
H 7,49 

7,13 

1
3-C 117,45 

132,99 50-
H 7,27 

7,32 

2
4-C 116,04 

127,76 44-
H 7,23 

7,10 

1
4-C 115,95 

129,44 43-
H 7,20 

7,10 

1
5-C 115,80 

129,44 12-
H 4,08 

3,89 

1
8-C 114,61 

129,11 11-
H 4,06 

3,89 

1
6-C 114,58 

129,11 58-
H 4,29 

3,87 

2
8-C 112,61 

127,49 59-
H 3,98 

3,87 

3
5-C 107,34 

120,59 57-
H 3,98 

3,87 

4
0-C 103,68 

114.88 53-
H 3,96 

3,79 

2
6-C 102,25 

118,08 54-
H 3,83 

3,79 

3
0-C 100,82 

115,76 55-
H 4,18 

3,79 

3
8-C 96,64 

114,88 47-
H 2,68 

2,25 

5
6-C 43,78 

56,13 49-
H 2,35 

2,25 

5
2-C 43,72 

56,65 48-
H 2,28 

2,25 

1
0-C 24,56 

30,95   

4
6-C 12,38 

21,07   

 
 
* The experimental values were taken from ref (Alkan vd.,2014). 
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3.4.Electronic Properties  
Theoretical, the molecular structure, the highest occupied molecular orbital-lowest 
unoccupied molecular orbital (HOMO-LUMO), electronic transition, electronegativity( ), 
hardness( ), molecular electrostatic potential maps (MEP) and Mulliken atomic charges of 
the titled compound has been investigated. 
 

 
 

Figure 4. The Mulliken atomic charges of the title compound 
 

Table 3. The theoretical UV-vis, oscillator power values with TD-DFT/B3LYP of the title 
compound 

 
*Experimental 

 (nm) 

 
(nm) 

Excitation Energy 
(eV) Oscillator Power (f) 

296.00 
(28.25) 

319.0
4 

3.8862 0.2042 

256.00 
(29.00) 

313.7
7 

3.9534 0.2194 

214.00 
(19.65) 

293.5
1 

4.2242 0.0100 

* The experimental values were taken from ref (Alkan vd.,2014). 
 

 
 

Figure 5. The obtained 
(DFT/B3LYP) UV-vis spectra graphics of 
the title compound 

 
 
Figure 6. The experimental UV-vis 

spectra of the title compound 
 

 calc.=0,3128 exp.-228,91 R² = 0,9053 (Uv-vis in Ethanol) 
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Figure 7. The calculated HOMO-LUMO 
energies of the title compound with the 
B3LYP/6-31G(d,p) level of theory 

Figure 8. The calculated MEPS map of the 
title compound with the B3LYP/6-31G(d,p) 
level of theory 

 
Table 4. The electronic properties of the title compound 

Electronic Properties eV B3LYP (eV) 

    
EHOMO -5,83   
ELUMO -1,46   

I; Ionization Potential  I = -EHOMO 5,83 
A; Electron Affinity A = -ELUMO 1,46 

E; Energy Gap E = (ELUMO – EHOMO) 4,37 
; Electronegativity  = (I + A) / 2 3,65 

;  Molecular Hardness  = (I – A) / 2 2,19 
;  Molecular Softness  = 1/  0,46 
; Chemical Potential = -  -3,65 
; Electrophilic Index  =  2/2  3,04 
; Nucleophilic Index  =  .  -7,98 

 
3.5.Non-linear Optical Properties 
 

The linear polarizability ( ), first hyperpolarizability ( ), and total static dipole moment ( ) of 
the title compound were computed at the B3LYP/6-31G(d,p) level of theory. The computed  
value was determined to be around 44 times that of urea (0.1947 × 10 30 cm5/esu). These 
findings suggested that the title compound would make an excellent candidate for a non-linear 
optical material.  
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Table 5. The total energy, the electric dipole moment , the average polarizability and first 
hyperpolarizability total of the title compound 
 

 Urea B3LYP 
E  -1293.1760 (Hartree) 

 1.3197 7.4117 D 
 (esu)  43.5510 (10-24 cm5/esu) 

 0.1974 8.5818 (10-30 cm5/esu) 
 
4. Conclusion  
The molecular structures, vibrational frequencies, 1H and 13C NMR chemicals shifts, UV–vis 
spectroscopies, HOMO-LUMO analyses, atomic charges and NLO properties of 3-p-
methylbenzyl-4-[3-ethoxy-4-(4-methoxybenzoxy)-benzylidenamino]-4,5-dihydro-1H-1,2,4-
triazol-5-one have been calculated by using B3LYP/6-31G(d,p) level. By considering the 
experimental parameters, it can be easily stated that the vibrational frequencies, 1H and 13C 
NMR chemical shifts the parameters calculated theoretically agree quite well with the 
experimental findings (Alkan vd., 2014). These results may also provide some guidance for 
the development of novel triazole-based materials. 
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Abstract 
 
In the current study, 1-acetyl-3-methyl-4-(4-methylbenzoxy)-benzylidenamino]-4,5-
dihydro-1H-1,2,4-triazol-5-one was optimized by using the B3LYP/6-311G(d) basis set. 
The Infrared spectral data of the titled compound were computed by using the same 
basis set. The veda4f program was used to define the IR values. The theoretical IR 
absorption frequencies were compared with those obtained from experimental data. The 
gauge independent atomic orbital (GIAO) methodology is used to obtain the 1H-NMR 
and 13C-NMR isotropic shift values. According to the equivalence of  exp=a+b.  calc., 
experimental and theoretical values were added and drawn the correlation graphs. The 
standard error values were determined utilizing the Sigma Plot program with the a and b 
constants as regression coefficients. The correlational analysis results (R2) were 
determined to study the consistency and accuracy of the theoretical and experimental 
parameters suggested by Yüksek and coworkers. The HOMO–LUMO energies and the 
corresponding electronic properties (ionization potential, electron affinity, molecular 
softness, molecular hardness, and electronegativity) were examined. To predict the UV-
Vis spectral analysis, TD-DFT computations in the solvents were done. The molecular 
electrostatic potential (MEP), Mulliken atomic charges, electronic absorption maximum 
wavelengths, and nonlinear optical (NLO) properties (i.e., the first hyperpolarizability 
and polarizability) of the titled compound were studied. All correlational analysis 
results between the experimental and theoretical findings were determined. 

 
Keywords: 1,2,4-triazol-5-one, DFT, 6-311G(d), MEP, HOMO-LUMO 

 
1. Introduction 

 
1,2,4-triazoles are biologically important compounds and possess antifungal and 
antiviral activities(Dincel vd., 2021; El-Sebaey, 2020). Some derivatives of 1,2,4-
triazole are reported for their antitumor, anticancer anticonvulsants and antidepressants 
activities (Pasupuleti vd., 2020; Slaihim vd., 2019; Wang vd., 2020). The efficient 
electron-transport and hole-blocking characteristics of highly electron-deficient triazole 
derivatives are used to develop organic lightemitting diodes(Manship vd., 2020; 
Savateev vd., 2017; Thottempudi & Shreeve, 2011). The triazole being nitrogen rich is 
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used as linkers for metal organic frameworks, these compounds are useful to produce 
nitrogen rich porous carbon which work as efficient electrochemical catalyst for oxygen 
reduction reaction in fuel cell as compared to conventional carbon support (Nguyen vd., 
2020). The presence of delocalized -electrons and intermolecular interactions in the 
organic compounds results for the enhancement of NLO properties in these materials 
(Altürk vd., 2017; Maza vd., 2020). The quest to explore such materials is a major 
concern due to their various practical applications (Laachir vd., 2020; Ye vd., 2018). 
The organic nonlinear materials have high optical sensitivities with greater optical 
thresholds for enhancing laser force as compared to inorganic materials (Zacharias vd., 
2018). A number of theoretical studies are also devoted to explore structure and 
properties of 1,2,4-trizaoles. In this study, 1-acetyl-3-methyl-4-(4-methylbenzoxy)-
benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-one and its analysis was carried out 
through using the B3LYP/6-311G(d) basis set. The combined computational and 
experimental tools (Yüksek vd., 2016) have been used to find its structural, 
spectroscopic and electronic aspects. Also, the title compound was analyzed 
computationally for nonlinear optical properties. 
 

2. Materials and Methods 
 
Gaussian09W program package was used for the DFT calculations (Frisch vd,  2009). 
The visualization for the verification of the optimized molecular structure was 
performed using the Gaussview program (Dennington vd, 2016). The geometry 
optimization of the titled compound was performed by using B3LYP method with 6-
311G(d) basis set. The GIAO (Gauge-Including Atomic Orbital) 1H and 13C NMR 
chemical shift values in DMSO were calculated by the same basis set (Pulay & Hinton, 
2007). The standard error rate was calculated according to  calc=a exp +b formula. 
The spectral data of the title compound were carried out with the same level of theory. 
The veda4f program was used for identification of computed IR data (Jamróz, 2013). 
The UV–Vis spectrum was obtained through time-dependent density functional theory 
(TD-DFT). The important electronic properties such as electronegativity, chemical 
hardness, chemical softness and chemical potential are calculated by the utilization of 
numerical values of the ionization energy and electron affinity (Foresman & Frisch, 
2015). The nonlinear optical behaviour of the title compound was investigated by 
defining dipole moment ( ), polarizability ( ), anisotropic polarizibility ( ) and first 
static hyperpolarizability ( ) on the same level of theory (Luo vd., 2011). 
 

3. Results and Discussion 
3.1.  Molecular Structure 

The structure with minimum global energy the title compound obtained by using 
B3LYP/6-311G(d) level is shown in Figure 1. 
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Figure 1. Optimized molecular structure of 1-acetyl-3-methyl-4-(4-methylbenzoxy)-
benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-one with B3LYP/6-311G(d) level of 
theory. 
 

3.2. V
ibrational frequencies 

 
The titled compound has 46 atoms and the number of the normal vibrations are 132. 
The observed and calculated vibrational frequencies, the calculated IR intensities and 
assignments of vibrational frequencies for titled compound are summarized in Table 1. 
 
Table 1. The calculated and experimental frequency values of the titled compound 
 
Exp. Unscal

ed 
Scale
d Vibrational Frequencies 

% 
PED 

406,49 419,97 405,69  CCCO (13) 3,42 
454,03 468,82 452,88  NNC (16),  CCN (11) 5,69 
477,03 489,29 472,65  CCCC (44)  6,98 
536,93 574,64 555,11  COC (11) 6,34 
566,47 587,56 567,58  HCCN (36),  ONNC (49) 3,68 
603,82 620,49 599,39  CC (12),  CCC (12) 12,66 
634,74 660,44 637,99  NNCC (51),  CNNC (12) 0,53 
676,63 701,85 677,99  CCCC (30),   OCOC (29),  CCCC (16),  12,28 
735,12 761,49 735,60  HCCC (34),   OCOC (37) 36,90 
771,52 803,29 775,98  CC (15),  CCC (17) 5,12 
836,58 875,25 845,49  CC (11),   CCO (18) 26,86 
880,78 

925,85 894,37 
 CC (12), NN (11),  OCN (10),  NCC (10),  

NNC (12) 16,39 
966,23 1014,11 979,63  CC (10),  HCH (20),  HCCC (49) 10,98 
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1015,2
7 1068,00 

1031,6
8 

 HCH (44),  HCCC (47),  HCCN (48),  ONNC 
(14) 41,96 

1057,8
4 1089,30 

1052,2
6  NNC (11),  HCCN (11) 71,41 

1106,3
7 1145,58 

1106,6
3  HCC (60) 5,68 

1170,1
6 1228,59 

1186,8
2  OC (21),   HCC (22)  327,00 

1205,3
0 1287,93 

1244,1
4  CC (13), NN (14),  NCN (16) 15,46 

1259,2
9 1315,87 

1271,1
3  NC (34),  CNN (10),  OC (21) 636,68 

1318,5
8 1385,79 

1338,6
7  NC (11),  HCN (27),  HCH (14) 114,89 

1364,6
2 1432,60 

1383,9
0  HCN (13),  HCH (70) 31,76 

1413,5
5 1461,26 

1411,5
8  HCN (24) 94,57 

1455,0
2 1507,83 

1456,5
7  HCH (61),  HCCC (20) 10,16 

1507,1
7 1550,38 

1497,6
7  HCC (36)  23,88 

1600,4
4 1677,87 

1620,8
2  NC (62)  118,53 

1696,1
0 1786,74 

1725,9
9  OC (77) 283,98 

1732,6
5 1799,01 

1737,8
4  OC (87) 266,20 

1765,9
4 1827,72 

1765,5
8  OC (87) 337,29 

2851,9
1 3029,49 

2926,4
9  CH (100) 28,15 

2919,4
2 3083,26 

2978,4
3  CH (99) 22,72 

3014,2
7 3215,50 

3106,1
7  CH (96) 3,97 

3063,1
5 3240,86 

3130,6
7  CH (100) 2,64 

 
, stretching; , bending; , out-of-plane bending; , torsion 

      *The experimental values were taken from ref (Yüksek vd., 2016). 
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Figure 2. The correlation graphics for IR of  the title compound. 
 
 

3.3. N
MR spectral analysis 
 

In this study, the optimized molecular geometry of the titled compound was obtained by 
using B3LYP method with 6-311G(d) basis level in DMSO solvent. By considering the 
optimized molecular geometry of the titled compound the 1H and 13C NMR chemical 
shift values were calculated at the same level by using Gauge-Independent Atomic 
Orbital (GIAO) method (Wolinski vd., 1990).  
 

 
exp = 0,9785 cal + 0,3604 (R² = 0,9935) (1H-NMR in DMSO) 

 
 

Table 2. The calculated and experimental 13C and 1H NMR isotropic chemical shift 
values of the title compound 
 

No B3LYP/DMSO *Experimental Diff. 
9-H 9,58 9,65 0,11 
16-H 8,06 8,06 0,21 
27-H 7,92 8,00 0,13 
25-H 7,86 8,00 0,07 
31-H 7,51 7,46 0,27 
14-H 7,27 8,06 -0,58 
29-H 7,20 7,44 -0,02 
30-H 7,17 7,44 -0,05 
18-H 7,07 7,46 -0,18 
34-H 2,32 2,37 0,25 
40-H 2,30 2,44 0,15 
41-H 2,28 2,44 0,13 
44-H 2,16 2,33 0,13 
45-H 2,15 2,33 0,12
35-H 2,10 2,37 0,03 
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36-H 2,00 2,37 -0,07 
46-H 1,81 2,33 -0,22 
39-H 1,64 2,44 -0,50 

RMSD    0,245 
*The experimental values were taken from ref (Yüksek vd., 2016). 
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3.4. Electronic Properties  
Theoretical, the molecular structure, the highest occupied molecular orbital-lowest 
unoccupied molecular orbital (HOMO-LUMO), electronic transition, electronegativity( ), 
hardness( ), molecular electrostatic potential maps (MEP) and Mulliken atomic charges of 
the titled compound has been investigated. 
 

 
Figure 3. The Mulliken atomic charges of the title compound 

 
Table 3. The theoretical UV-vis, oscillator power values with TD-DFT/B3LYP of the title 
compound 

 
*Experimental 

 (nm) 
 (nm) Excitation Energy (eV) Oscillator Power (f) 

290.00 313.97 3.9489 1.0323 
 278.73 4.4482 0.0145 

252.00 271.19 4.5718 0.0012 
*The experimental values were taken from ref (Yüksek vd., 2016). 

 

 
 
Figure 4. The obtained (DFT/B3LYP) UV-
vis spectra graphics of the title compound 

 
 
Figure 5. The experimental UV-vis spectra 
of the title compound 
 

 calc.=1,1258 exp.-12,509 R² = 1.000 (Uv-vis in Ethanol) 
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Figure 6. The calculated HOMO-LUMO 
energies of the title compound with the 
B3LYP/6-311G(d) level of theory 

Figure 7. The calculated MEPS map of the title 
compound with the B3LYP/6-311G(d) level of 
theory 

 
Table 4. The electronic properties of the title compound 

Electronic Properties eV B3LYP (eV) 

    
EHOMO -6,44   
ELUMO -2,09   

I; Ionization Potential  I = -EHOMO 6,44 
A; Electron Affinity A = -ELUMO 2,09 

E; Energy Gap E = (ELUMO – EHOMO) 4,35 
; Electronegativity  = (I + A) / 2 4,26 

;  Molecular Hardness  = (I – A) / 2 2,17 
;  Molecular Softness  = 1/  0,46 
; Chemical Potential = -  -4,26 
; Electrophilic Index  =  2/2  4,18 
; Nucleophilic Index  =  .  -9,26 

 
3.5. Non-linear Optical Properties 

 
The linear polarizability ( ), first hyperpolarizability ( ), and total static dipole moment ( ) of 
the title compound were computed at the B3LYP/6-311G(d) level of theory. The computed  
value was determined to be around 44 times that of urea (0.1947 × 10 30 cm5/esu). These 
findings suggested that the title compound would make an excellent candidate for a non-linear 
optical material.  
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Table 5. The total energy, the electric dipole moment , the average polarizability and first 
hyperpolarizability total of the title compound 
 
 Urea B3LYP 
E  -1293.1760 (Hartree) 

 1.3197 7.4117 D 
 (esu)  43.5510 (10-24 cm5/esu) 

 0.1974 8.5818 (10-30 
cm5/esu) 

 
4. Conclusion  

The molecular structures, vibrational frequencies, 1H and 13C NMR chemicals shifts, UV–vis 
spectroscopies, HOMO-LUMO analyses, atomic charges and NLO properties of 1-acetyl-3-
methyl-4-(4-methylbenzoxy)-benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-on have been 
calculated by using B3LYP/6-311G(d) level. By considering the experimental parameters, it 
can be easily stated that the vibrational frequencies, 1H and 13C NMR chemical shifts the 
parameters calculated theoretically agree quite well with the experimental findings (Yüksek 
vd., 2016). These results may also provide some guidance for the development of novel 
triazole-based materials. 
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ABSTRACT 
 
In the recent years, bioinorganic chemistry has provided numerous examples of structures with affinity 
towards biomolecules, including nucleic acids and proteins, and showing potential to be developed into 
therapeutic agents. Coordination compounds show unique properties offering interesting opportunities 
in designing new biologically active molecules, such as redox activity, variety of geometries and 
coordination numbers offered by metal ions, resulting in high structural diversity. Among various 
serum albumins, bovine serum albumin (BSA) is the most extensively studied owing to its structural 
homology with human serum albumin (HSA). Consequently, the studies on interaction of metal 
complexes with protein are useful in the design of biologically active molecules. 

 
For the first time in this study, the interactions of the [Cu(5-nphen)(tyr)(H2O)]NO3·2H2O complex, 
which was previously synthesized and published by our group, with bovine serum albumin (BSA) were 
investigated using electronic absorption and fluorescence (synchronized fluorescence, fluorescence 
resonance energy transfer (FRET), two-dimensional (2D) and three-dimensional (3-D) fluorescence) 
spectroscopy techniques and BSA quenching mechanism was found. Again, for the first time in this 
study, DPPH and H2O2 radical scavenging activities of the synthesized complex were investigated in 
comparison with standard ascorbic acid, trolox and BHT. 
 
Keywords: Cu(II) complex, mixed ligand complex, BSA interaction, radical scavenging activity 

 
ÖZET 
 
Son y llarda, biyoinorganik kimya, nükleik asitler ve proteinler dahil olmak üzere biyomoleküllere 
afinitesi olan ve terapötik ajanlara dönü me potansiyeli gösteren çok say da yap  örne i sa lam t r. 
Koordinasyon bile ikleri, yap sal çe itlilikle sonuçlanan redoks aktivitesi, çe itli geometriler ve metal 
iyonlar  taraf ndan sunulan koordinasyon numaralar  gibi yeni biyolojik olarak aktif moleküllerin 
tasarlanmas nda ilginç özellikler sunan benzersiz özellikler gösterir. Çe itli serum albüminleri aras nda, 
insan serum albümini (HSA) ile yap sal homolojisi nedeniyle s r serum albümini (BSA) en kapsaml  
çal lan d r. Sonuç olarak, metal komplekslerinin protein ile etkile imi üzerine yap lan çal malar, 
biyolojik olarak aktif moleküllerin tasar m nda yararl d r. 
 
lk kez bu çal mada, grubumuz taraf ndan daha önce sentezlenmi  ve yay nlanm  olan [Cu(5-

nphen)(tyr)(H2O)]NO3·2H2O kompleksinin, s r serum albümini (BSA) ile etkile imleri elektronik 
absorpsiyon ve floresans (senkronize floresans, floresans rezonans enerji transferi (FRET), iki boyutlu 
(2D) ve üç boyutlu (3-D) floresans) spektroskopisi teknikleri kullan larak ara t r ld  ve BSA 
sönümleme mekanizmas  bulundu. Yine ilk kez bu çal mada, kompleksin DPPH ve H2O2 radikali 
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yakalama aktiviteleri standart olarak kullan lan askorbik asit, trolox ve BHT ile kar la t rmal  olarak 
ara t r ld . 
 
Anahtar Kelimeler: Cu(II) kompleksi, , kar k ligand kompleksi, BSA etkile imi, radikal giderme 
aktivitesi 
 
 
1. INTRODUCTION 

 
Serum albumins play an important role in the transport of metal ions and their complexes to cells and 
tissues. Human serum albumin (HSA) and bovine serum albumin (BSA) belong to the group of the 
most studied proteins [1]. Bovine serum albumin possesses amino acid sequence that has 76% 
similarity to the human serum albumin [2]. Investigations of the interactions of serum albumin proteins 
and metal complexes used as drugs, is of great importance, because it can lead to a decrease or increase 
in the biological activity of the drug. Because of the extraordinary binding capacity of different ligands 
and metal complexes, they are also used as model systems for studying interactions with bioactive 
molecules [3,4]. Free radicals are implicated as a major factor in the development of oxidative damage 
diseases which can be promoted by drugs [5]. As a consequence, there is an important need for 
antioxidants as a defence against free radical attack. 
 
[Cu(5-nphen)(tyr)(H2O)]NO3·2H2O was synthesized and investigated crystal structures as described in 
our previously studies [6]. Furthermore, for the first time in this study, binding studies of the complex 
to BSA (by using electronic absorption and fluorescence spectroscopy (type of quenching, binding 
constant, number of binding locations, thermodynamic parameters, FRET analysis, and 2D and 3D 
fluorescence analyses) and radical scavenging activities were performed. 

 
2. EXPERIMENTAL 

 
2.1. Materials and measurements 
 
All chemicals were of reagent grade, purchased from different sources, and were used without further 
purification. NaCl, tris-(hydroxymethyl)aminomethane-HCl, BSA, hydrogen peroxide, 6-hydroxy-
2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 1,1-diphenyl-picrylhydrazyl (DPPH), 
butylated hydroxytoluene (BHT) and ascorbic acid were provided from Sigma-Aldrich. The 
spectrophotometric studies were performed using a GBC Cintra 303 UV-Visible spectrophotometer 
connected with a Peltier thermocell. Emission intensity measurements were carried out using a Jasco 
FP-750 spectrofluorometer. 

 
2.2. BSA interaction studies 
 
BSA trials were made in Tris-HCl buffer (5 mM Tris-HCl / 50 mM NaCl buffer at pH 7.2). The 
electronic absorption spectra of solutions containing the BSA, BSA+the complex at 20 M 
concentrations were measured. In fluorescence experiments were researched at a constant concentration 
of BSA (1 M) while varying the complex concentration (0-20 M). To investigate BSA binding 
activity of the complex, fluorescence experiments were performed at different temperatures (298.2, 
310.2 and 318.2 K) and calculated the following equation. 

  
I
I

= 1 +  K . [Complex] = 1 +  K . [Complex]  
(1) 
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I0 and I are the fluorescence emission intensity in the absence and presence of the complex, 
respectively. [Complex], Kq and 0 are the total concentration of the complex, the quenching rate 
constant and the average lifetime of biopolymer in the absence of the quencher ( 0=10–8 s) [7], 
respectively. In a static quenching, the binding constant (KA) and the number of binding sites (n) could 
be calculated with the following equation. KA is the binding constant to a site and n is the number of 
binding sites per albumin. 

 
log(I I) = logK + nlog[Complex] (2) 

 
In BSA binding studies, the thermodynamic parameters of the BSA+the complex systems could be 
calculated on the basis of the van’t Hoff equation: 

 

lnK =  
H

RT
+

S
R

 
(3) 

  
G =  H T S =  RTlnK  (4) 

  
G is the free energy change, KA binding constant, T is temperature, and R is the gas constant. G, H 

and S could be determined from the plotted graph of lnK versus 1/T. FRET theory was used to 
thoroughly research the interaction with BSA+the complex systems. The energy transfer efficiency (E) 
of the complex obtained using the following equation. 

 

E = 1
I

I
=  

R
(R +  r

 
(5) 

 
I and I0 are the fluorescence emission intensities of BSA in the presence and absence of the complex (1 

M).  r is the distance between BSA and the complex, R0 is the critical distance when the transfer 
efficiency is 50%. These parameters might be calculated by following equations. 

 
R = 8.8x10 K JN  (6) 

  

J =
F( ) ( )

F( )  
(7) 

 
F ( ) is the fluorescence emission intensity of the BSA at the certain wavelength ( ), ( ) is the molar 
absorption coefficient of the complex at the certain wavelength ( ) and its unit is cm-1 M-1 [8]. The 
range of synchronous scanning was also used to comprehensive research the interaction with BSA+the 
complex systems. The three dimensional (3D) and countour plot (2D) excitation and emission spectra 
of BSA, BSA+ complex systems were recorded in the range of 220-350 nm. 

 
2.3. Radical scavenging studies 
 
The radical scavenging activities of the complex were evaluated using DPPH and H2O2 assay according 
to the method described in previous literature [9-10]. Trolox, Asc and BHT were used as reference 
compounds. The percentage of radical scavenging by reference compounds and the complex were 
calculated using the following equation: 
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% Radical activity = [(A0 - Ac) / A0]*100  (8) 
 

A0 and Ac are the absorbance in the absence and presence of the complex, respectively. The 50 % 
radical scavenging activity (IC50) was computed using the percentage of activity. 

 
3. RESULTS AND DISCUSSION 

 
3.1. BSA binding activities 
 
The electronic absorption spectra show BSA in the absence and presence of the complex. The 
absorption intensity of BSA was enhanced as the complex were added (Figure 1a). Therefore, possible 
quenching mechanism of BSA by the complex was a static quenching process. To determine the BSA 
binding behaviors of the complex, fluorescence quenching experiments were performed. The log Ksv 
and log Kq is given in Table 1. For the complex, the Stern-Volmer plots were linear and the values of 
Ksv decreased with increasing temperature, this shows static quenching (Figure 1b). With regard to the 
Kq values, the quenching process seems to be static quenching. The log KA and n for the complex are 
listed in Table 1. The values of n for BSA were approximately equal to 1 for the complex, suggesting 
that there was one binding site in BSA. For the complex, the negative values of H and S indicated 
that hydrogen bonds and van der Waals interactions play major roles in the binding process and 
stabilizes the BSA+complex formation (Table 2). The values of r and E % of the complex were 
presented in Table 2. Found r values are 0.56 nm for the complex, respectively. The energy transferred 
to the complex from BSA is 48.01 % (Figure 1c). According to 2D and 3D results, the analysis of the 
peaks “a” and “b” showed that the binding of the complex with BSA affected conformational and 
microenvironment of amino acid residues in BSA (Figure 2). 
 
Table 1 The quenching constant (Ksv and Kq), modified Stern-Volmer constant (Ka), binding constant 
(KA) and number of binding sites (n) of BSA + Complex 
 

Compounds T log Ksv log Kq log KA n 

Complex 

298.2 4.80 ± 0.05 12.80 ± 0.05 4.79 ± 0.04 0.97 
310.2 4.57 ± 0.05 12.57 ± 0.05 4.27 ± 0.03 0.95 

318.2 4.31 ± 0.07 12.31 ± 0.07 3.99 ± 0.02 0.91 
 
 
 
Table 2 The thermodynamic parameters ( G°, H°, S°) and the distance parameters (r and % E 
transfer) of BSA + Complex 

 

Compounds T G° 
(kJmol 1) 

H° 
(kJmol 1) 

S° 
(Jmol 1K 1) 

r 
(nm) 

E 
(%) 

Complex 

298.2 -27.40 

-73.01 -152.99 0.56 48.01 310.2 -25.56 

318.2 -24.38 
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3.2. Radical scavenging activity 
 
In this work, radical scavenging activity of the complex was investigated by DPPH and H2O2 methods. 
The IC50 values of the complex, BHT, Trolox and Ascorbic acid are given Table 3. The radical 
scavenging effect of the complex and standards on H2O2 radical decreased in the order of ascorbic acid 
> BHT > trolox > the complex and DPPH radical decreased in the order of trolox > the complex > BHT 
> ascorbic acid > the complex. Comparing both methods with each other, it was observed that the 
complex had better H2O2 scavenging activity. As a result, the complex could be potential candidate as 
an antioxidant agent. 

 
Table 3 The antioxidant and radical scavenging activities of the complex 

 
 IC50 ( M)  

Compounds DPPH H2O2 Ref 
Complex 18.56 ± 0.05 2.37 ± 0.04 * 

Ascorbic acid 25.6  0.02  [11] 
Trolox 7.73 0.12 [11] 
BHT 15.04 0.03 [11] 

              *This work. 
a) 

 
b) 
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c) 

 
 
Figure 1. a) Electronic absorption spectra of the complex upon addition of BSA; b) Effects of the 
complex on the fluorescence spectra of BSA c) The emission spectrum of BSA and electronic 
absorption spectrum of the complex. A shaded region represents the overlapping area of both spectra. 
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Figure 2. 2D and 3D fluorescence spectra of BSA, BSA+complex 
 
 
4. CONCLUSIONS 

 
The interaction of the complex with BSA by spectroscopic methods including electronic and 
fluorescence spectroscopy were investigated. The quenching in BSA could occur via a static mode, 
indicating that the complex binds to BSA via hydrogen bonding and van der Waals forces. The binding 
distances between BSA and the complex were evaluated based on FRET and the results indicated that 
the quenching of BSA by the complex involved static quenching. The results from 2D and 3D 
fluorescence results indicated that the microenvironment of tyrosine and tryptophan residues on 
proteins was altered with the addition of the complex. Furthermore, the complex showed radical 
scavenging activity when compared to standard antioxidants such as ascorbic acid, trolox and BHT.  
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Abstract: In the present study, seven novel bis-[3-alkyl(aryl)-4-(3-ethoxy-4-hydroxy)-
benzylideneamino-4,5-dihydro-1H-1,2,4-triazol-5-on-1-yl-methyl]-piperazines (6)  were 
obtained from the reactions of 3-alkyl(aryl)-4-(3-ethoxy-4-hydroxy)-benzylidenamino-4,5-
dihydro-1H-1,2,4-triazole-5-ones (5) with morpholine in the presence of formaldehyde 
according to the Mannich reaction. The structures of novel compounds were characterized by 
using IR, 1H-NMR and 13C-NMR spectra. 

Keywords: 4,5-Dihydro-1H-1,2,4-triazol-5-one, Synthesis, Schiff base, Mannich base 
 

1. Introduction 

The classical Mannich reaction is a three-component condensation reaction. This reaction is 
known as the condensation reaction between structurally diverse substrates (X–H) containing 
at least one active hydrogen atom and an aldehyde or ketone (generally R1-CHO) and a 
primary or secondary amine. The Mannich reaction was first performed in Germany in 1992 
by two scientists named Mannich and Krosche. It is known that this method, which is still 
preferred today, is used in the synthesis of many compounds (Hellmann, 1960), (Roman, 
2015). 

Mannich bases are industrially important compounds and their importance has been 
increasing in the light of industrial developments in recent years. So much so that it has found 
many practical applications in the processing of natural macromolecular materials such as 
leather, paper and textiles, in the production of synthetic polymers, as additives used in the 
petroleum industry, products used in water treatment, analytical reagents, cosmetics, dyes, etc. 
In spite of it, the most important application of the Mannich reaction lies in the field of 
medicinal chemistry (Atul Kumar, 2010), (Jakub Iwanejko, 2014), (Maurilio Tramontini, 
1988). This allegation is supported by the a remarkable number of papers published each year. 
The majority of these studies consist of examining some activities of new Mannich bases such 
as anticancer, antibacterial, antifungal and antioxidant (Roman, 2015) (Fatimah S. Al-Khattaf 
a, 2021), (Samra Farooq, 2021). 

In this study, bis-[3-alkyl(aryl)-4-(3-ethoxy-4-hydroxy)-benzylideneamino-4,5-dihydro-1H-
1,2,4-triazol-5-on-1-yl-methyl]-piperazines (6) were obtained from the reactions of 3-
alkyl(aryl)-4-(3-ethoxy-4-hydroxy)-benzylidenamino-4,5-dihydro-1H-1,2,4-triazole-5-ones 
(5) with piperazine in the presence of formaldehyde according to the Mannich reaction. 
Synthesis of type 3 compounds was carried out by starting from nitriles with the pinner 
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method of amino compounds containing 1,2,4-triazole ring registered in the literatüre (Yüksek 
2005). 
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2. Materials and Methods 

Chemical reagents and all solvents used in this study were purchased from Merck AG, 
Aldrich and Fluka. The IR spectra were obtained on an Alpha-P Bruker FT-IR spectrometer. 
1H and 13C NMR spectra were recorded in deuterated dimethyl sulfoxide with TMS as 
internal standard using a Bruker Ultrashield Plus Biospin spectrometer at 400 MHz and 100 
MHz, respectively. 

The corresponding compound 1 (0.01 mol) was refluxed with acetic anhydride (15 mL) for 
0.5 h. After addition of absolute ethanol (50 mL), the mixture was refluxed for an hour more. 
Evaporation of the resulting solution at 40-45 °C in vacuo and several recrystallizations of the 
residue from EtOH gave pure compounds 6 as colorless crystals. 
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3. Results 

N,N'-Bis-[3-metil-4-(3-etoksi-4-hidroksi)-benzilidenamino-4,5-dihidro-1H-1,2,4-triazol-
5-on-1-il-metil]-piperazin (6a): IR (ATR) (cm-1): 3134 (OH), 1698 (C=O), 1596 (C=N), 893 
ve 798 (1,2,4-trisubstitue benzen halkas ). 1H-NMR (DMSO-d6) (Ek ekil 95):  1.36 (t, 6H, 
2OCH2CH3; J = 6.80 Hz), 2.30 (s, 6H, 2CH3), 2.58 (s, 8H, 4CH2), 4.08 (q, 4H, 2OCH2CH3; J 
= 6.80 Hz), 4.50 (s, 4H, 2NCH2N), 6.89 (d, 2H, ArH; J = 8.00 Hz), 7.25 (dd, 2H, ArH, J = 
8.00, 1.60 Hz), 7.38 (d, 2H, ArH, J = 1.60 Hz), 9.47 (s, 2H, 2N=CH), 9.75 (s, 2H, 2OH). 13C-
NMR (DMSO-d6):  10.95 (2CH3),  14.64 (2OCH2CH3), 49.39 (4CH2), 63.96 (2OCH2CH3), 
65.70 (2NCH2N), [111.64 (2CH), 115.75 (2CH), 122.70 (2CH), 124.57 (2C), 142.85 (2C), 
150.60 (2C)] (ArC), 147.18 (2Triazol C3), 150.31 (2Triazol C5), 155.42  (2N=CH). 

N,N'-Bis-[3-etil-4-(3-etoksi-4-hidroksi)-benzilidenamino-4,5-dihidro-1H-1,2,4-triazol-5-
on-1-il-metil]-piperazin (6b): IR (ATR) (cm-1): 3300 (OH), 1692 (C=O), 1593 (C=N), 866 
ve 797 (1,2,4-trisubstitue benzen halkas ).  1H-NMR (DMSO-d6) (Ek ekil 98):  1.21 (t, 6H, 
2CH2CH3; J = 7.60 Hz), 1.36 (t, 6H, 2OCH2CH3; J = 6.80 Hz), 2.58 (s, 8H, 4CH2), 2.69 (q, 
4H, 2CH2CH3; J = 7.60 Hz), 4.08 (q, 4H, 2OCH2CH3; J = 6.80 Hz), 4.51 (s, 4H, 2NCH2N), 
6.90 (d, 2H, ArH; J = 8.40 Hz), 7.25 (dd, 2H, ArH, J =  8.40, 2.00 Hz), 7.38 (d, 2H, ArH, J = 
1.60 Hz), 9.47 (s, 2H, 2N=CH), 9.71 (s, 2H, 2OH). 13C-NMR (DMSO-d6):  10.00 
(2CH2CH3), 14.63 (2OCH2CH3), 18.42 (2CH2CH3),  49.42 (4CH2), 63.94 (2OCH2CH3), 65.74 
(2NCH2N), [111.66 (2CH), 115.77 (2CH), 122.60 (2CH), 124.60 (2C), 146.63 (2C), 150.60 
(2C)] (ArC), 147.16 (2Triazol C3), 150.43 (2Triazol C5), 155.39  (2N=CH). 

N,N'-Bis-[3-benzil-4-(3-etoksi-4-hidroksi)-benzilidenamino-4,5-dihidro-1H-1,2,4-triazol-
5-on-1-il-metil]-piperazin (6c): IR (ATR) (cm-1) 3128 (OH), 1702 (C=O), 1585 (C=N), 905 
ve 798 (1,2,4-trisubstitue benzen halkas ), 770 ve 703 (monosubstitue benzen halkas ). 1H-
NMR (DMSO-d6) (Ek ekil 101):  1.38 (t, 6H, 2OCH2CH3; J = 6.80 Hz), 2.61 (s, 8H, 
4CH2), 4.03-4.09 (m, 8H, CH2Ph + 2OCH2CH3), 4.56 (s, 4H, 2NCH2N), 6.87 (d, 2H, ArH; J 
= 8.00 Hz), 7.17 (dd, 2H, ArH, J = 8.00, 2.00 Hz), 7.21-7.24 (m, 2H, ArH), 7.28-7.32 (m, 
10H, ArH), 9.44 (s, 2H, 2N=CH), 9.71 (s, 2H, 2OH). 13C-NMR (DMSO-d6):  14.62 
(2OCH2CH3), 31.10 (2CH2Ph), 49.45 (4CH2), 63.83 (2OCH2CH3), 65.86 (2NCH2N), [110.77 
(2CH), 115.61 (2CH), 123.09 (2CH), 124.58 (2C), 144.73 (2C), 150.57 (2C)] (ArC), [126. 71 
(2CH), 128.45 (4CH), 128.63 (4CH), 135.82 (2C)] (C3-ArC), 147.17 (2Triazol C3), 150.35 
(2Triazol C5), 154.60  (2N=CH). 

N,N'-Bis-[3-(p-metilbenzil)-4-(3-etoksi-4-hidroksi)-benzilidenamino-4,5-dihidro-1H-
1,2,4-triazol-5-on-1-il-metil]-piperazin (6d): IR (ATR) (cm-1) 3130 (OH), 1701 (C=O), 
1588 (C=N), 897 ve 799 (1,2,4-trisubstitue benzen halkas ), 799 (1,4-disubstitue benzen 
halkas ).  1H-NMR (DMSO-d6):  1.38 (t, 6H, 2OCH2CH3; J = 6.80 Hz), 2.24 (s, 6H, 
2PhCH3), 2.60 (s, 8H, 4CH2), 4.00 (s, 4H, 2CH2Ph), 4.06 (q, 4H, 2OCH2CH3 J = 6.80 Hz), 
4.55 (s, 4H, 2NCH2N), 6.87 (d, 2H, ArH; J = 8.00 Hz), 7.10 (d, 4H, ArH; J = 8.00 Hz), 7.15-
7.19 (m, 2H, ArH), 7.20 (d, 4H, ArH; J = 8.00 Hz), 7.30 (d, 2H, ArH; J = 1.60 Hz), 9.44 (s, 
2H, 2N=CH), 9.70 (s, 2H, 2OH). 13C-NMR (DMSO-d6):  14.62 (2OCH2CH3), 20.56 
(2PhCH3),  30.72 (2CH2Ph), 49.45 (4CH2), 63.82 (2OCH2CH3), 65.85 (2NCH2N), [110.78 
(2CH), 115.61 (2CH), 123.09 (2CH), 124.61 (2C), 144.87 (2C), 150.56 (2C)] (ArC), [128. 51 
(4CH), 129.01 (4CH), 132.68 (2C), 135.78 (2C)] (C3-ArC), 147.18 (2Triazol C3), 150.35 
(2Triazol C5), 154.53  (2N=CH). 

N,N'-Bis-[3-(p-metoksibenzil)-4-(3-etoksi-4-hidroksi)-benzilidenamino-4,5-dihidro-1H-
1,2,4-triazol-5-on-1-ilmetil]-piperazin (6e): IR (ATR) (cm-1) 3063 (OH), 1705 (C=O), 1591 
(C=N), 879 ve 804 (1,2,4-trisubstitue benzen halkas ), 804 (1,4-disubstitue benzen halkas ).  
1H-NMR (DMSO-d6):  1.39 (t, 6H, 2OCH2CH3; J = 6.80 Hz), 2.61 (s, 8H, 4CH2), 3.70 (s, 
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6H, 2OCH3),  3.99 (s, 4H, 2CH2Ph), 4.08 (q, 4H, 2OCH2CH3; J = 6.80 Hz), 4.55 (s, 4H, 
2NCH2N), 6.87 (d, 4H, ArH; J = 8.40 Hz), 6.89 (d, 2H, ArH; J = 8.00 Hz), 7.19 (dd, 2H, 
ArH; J = 8.40, 1.60 Hz), 7.24 (d, 4H, ArH; J = 8.80 Hz), 7.32 (d, 2H, ArH; J = 1.20 Hz), 9.45 
(s, 2H, 2N=CH), 9.73 (s, 2H, 2OH). 13C-NMR (DMSO-d6) (Ek ekil 108):  14.62 
(2OCH2CH3), 30.25 (2CH2Ph), 49.44 (4CH2), 54.99 (2OCH3), 63.82 (2OCH2CH3), 65.84 
(2NCH2N), [110.84 (2CH), 115.62 (2CH), 123.04 (2CH), 124.62 (2C), 145.02 (2C), 150.54 
(2C)] (ArC), [113.88 (4CH), 127.54 (2CH), 129.70 (4CH), 158.08 (2C)] (C3-ArC), 147.18 
(2Triazol C3), 150.35 (2Triazol C5), 154.59  (2N=CH). 

N,N'-Bis-[3-(p-klorobenzil)-4-(3-etoksi-4-hidroksi)-benzilidenamino-4,5-dihidro-1H-
1,2,4-triazol-5-on-1-ilmetil]-piperazin (6f): IR (ATR) (cm-1): 3187 (OH), 1705 (C=O), 1587 
(C=N), 852 ve 798 (1,2,4-trisubstitue benzen halkas ), 798 (1,4-disubstitue benzen halkas ).  
1H-NMR (DMSO-d6) (Ek ekil 110):  1.38 (s, 6H, 2OCH2CH3; J = 6.80 Hz), 2.60 (s, 8H, 
4CH2), 4.04 (s, 4H, 2OCH2CH3; J = 6.80 Hz), 4.08 (s, 4H, 2CH2Ph), 4.55 (s, 4H, 2NCH2N), 
6.87 (d, 2H, ArH; J = 8.00 Hz), 7.17 (dd, 2H, ArH; J = 8.00, 2.00 Hz), 7.26 (d, 2H, ArH; J = 
2.00 Hz), 7.33-7.39 (m, 8H, ArH), 9.44 (s, 2H, 2N=CH), 9.72 (s, 2H, 2OH). 13C-NMR 
(DMSO-d6):  14.62 (2OCH2CH3), 30.45 (2CH2Ph), 49.42 (4CH2), 63.83 (2OCH2CH3), 65.89 
(2NCH2N), [110.80 (2CH), 115.62 (2CH), 123.11 (2CH), 124.51 (2C), 144.38 (2C), 150.61 
(2C)] (ArC), [128.40 (4CH), 130.53 (4CH), 131.40 (2C), 134.82 (2C)] (C3-ArC), 147.18 
(2Triazol C3), 150.34 (2Triazol C5), 154.75  (2N=CH). 

N,N'-Bis-[3-(m-klorobenzil)-4-(3-etoksi-4-hidroksi)-benzilidenamino-4,5-dihidro-1H-
1,2,4-triazol-5-on-1-ilmetil]-piperazin (6g): IR (ATR) (cm-1): 3200 (OH), 1673 (C=O), 
1581 (C=N), 900 ve 825 (1,2,4-trisubstitue benzen halkas ), 867, 790 ve 703 (1,3-disubstitue 
benzen halkas ). 1H-NMR (DMSO-d6) (Ek ekil 113):  1.38 (t, 6H, 2OCH2CH3; J = 6.80 
Hz), 2.61 (s, 8H, 4CH2), 4.07 (q, 4H, 2OCH2CH3; J = 6.80 Hz), 4.10 (s, 4H, 2CH2Ph), 4.56 (s, 
4H, 2NCH2N), 6.87 (d, 2H, ArH; J = 8.00 Hz), 7.17 (dd, 2H, ArH; J = 8.00, 1.60 Hz), 7.26-
7.34 (m, 8H, ArH), 7.44 (s, 2H, ArH), 9.44 (s, 2H, 2N=CH), 9.75 (s, 2H, 2OH). 13C-NMR 
(DMSO-d6):  14.62 (2OCH2CH3), 30.64 (2CH2Ph), 49.45 (4CH2), 63.86 (2OCH2CH3), 65.90 
(2NCH2N), [110.64 (2CH), 115.60 (2CH), 123.23 (2CH), 124.51 (2C), 144.20 (2C), 150.63 
(2C)] (ArC), [126.76 (2CH), 127.33 (2CH), 128.72 (2CH), 130.28 (2CH), 132.99 (2C), 
138.27 (2C)] (C3-ArC), 147.23 (2Triazol C3), 150.32 (2Triazol C5), 154.72  (2N=CH). 

4. Discussion 

In this study, because of their potential biological activity, the bis-[3-alkyl(aryl)-4-(3-ethoxy-
4-hydroxy)-benzylideneamino-4,5-dihydro-1H-1,2,4-triazol-5-on-1-yl-methyl]-piperazines 
were obtained. The structures of six new compounds were identified with IR, 1H-NMR and 
13C-NMR spectral data. 
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ABSTRACT 
 
In this syudy, 3-[(3-alkyl/aryl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl)-azomethine]-phenyl 
2,5-dichlorobenzenesulfonates (1) were treated with morpholine in the presence of 
formaldehyde to obtain 5 new 3-{[1-(morpholin-4-yl-methyl)-3-alkyl/aryl-4,5-dihydro-1H-
1,2,4-triazole-5-one-4-yl]-azomethine}-phenyl 2,5-dichlorobenzenesulfonates (2). These 
novel compounds characterized by IR, 1H NMR and 13C NMR spectral data.    

Keywords:  4,5-Dihydro-1H-1,2,4-triazol-5-one, Synthesis, Mannich base, Characterization 

 
INTRODUCTION 
 
1,2,4-Triazole derivatives are recorded to own a wide variety of pharmacological activities 
like antioxidant (Gürsoy-Kol & Ayazo lu, 2017), antibacterial (Yüksek vd., 1997), 
antiparasitic (Saadeh vd., 2010), anti-inflammatory (Uzgören-Baran vd., 2012), analgesic 
(Chidananda vd., 2012), antitumor (Demirba  vd., 2002), anti-HIV (Li vd., 2013), antiviral 
(Henen vd., 2012) properties. The Mannich reaction is a three-component condensation 
reaction containing compounds of active hydrogen, formaldehyde, and a secondary amine 
(Karthikeyan vd., 2006). Aminomethylation of aromatic substrates by the Mannich reaction is 
important for the synthesis and modification of biologically active compounds (Tramontini & 
Angiolini, 1994). Mannich bases have found many practical applications such as leather, 
paper and textile, production of synthetic polymers, petroleum industry, analytical reagents, 
cosmetics, paints (Tramontini & Angiolini, 1990). However, the importance of Mannich bases 
has increased recently due to their applications in pharmaceutical chemistry. They have also 
been found to have antibacterial, antifungal, anticancer, antituberculosis, analgesic, and anti-
inflammatory properties (Amir & Shikha, 2004; Ashok vd., 2007; Pathak vd., t.y.; Shivarama 
Holla vd., 2002; Walczak vd., 2004). 
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Scheme 1. Synthesis route of compounds 2 

 
EXPER MENTAL 

Chemical reagents used in the study were supplied from Sigma (Sigma-Aldrich GmbH, 
Germany), Fluka (Switzerland) and Merck AG, (Germany). Melting points were identified 
using a Stuart SMP30 melting point apparatus with open glass capillaries (United Kingdom). 
1H and 13C NMR spectra were recorded in deuterated dimethyl sulfoxide (DMSO-d6) using 
a Bruker spectrometer (Germany) at 400 MHz and 100 MHz, respectively. 

General procedure for the synthesis of 3-{[1-(morphol n-4-yl-methyl)-3-alkyl/aryl-4,5-
dihydro-1H-1,2,4-triazol-5-one-4-yl]-azomethine}-phenyl 2,5-dichlorobenzenesulfonates 
(2)  

The corresponding compound 1 (5 mmol) was dissolved absolute ethanol and to this solution 
were added formaldehyde (% 37, 20 mmol) and morpholine (10 mmol). The reaction mixture 
was refluxed for 4 hours and filtered. The solution was left at room temperature for 1 
overnight and after cooling of the mixture in the -18 °C refrigerator. The solid formed was 
obtained by filtration, washed with cold ethanol. Several recrystallizations of the crude 
product from ethanol gave pure compounds 2. 

3-{[1-(morphol n-4-yl-methyl)-3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl]-
azomethine}-phenyl 2,5-dichlorobenzenesulfonates (2a) 

White solid; yield: 78.68%; m.p. 257°C; IR (cm-1) max: 1703 (C=O), 1606, 1571 (C=N), 1362 
and 1184 (SO2), 891 and 798 (1,3-disubstituted benzenoid ring). 1H-NMR (400 MHz, DMSO-
d6) (ppm)  H: 2.24 (s, CH3), 2.72 (t, CH2NCH2; J = 4.40 Hz), 3.56 (t, CH2OCH2; J = 4.40 
Hz), 4.53 (s, NCH2N), [7.30(dd, 1H, J=8.40, 2.00 Hz); 7.57-7.59 (m, 2H); 7.81 (d, 1H, J=8.00 
Hz); 7.94-7.95 (m, 3H)] (Ar-C),  9.71 (s, N=CH); 13C-NMR (100 MHz, DMSO-d6) (ppm)  
C: 10.98 (CH3), 49.93 (CH2NCH2), 65.93 (NCH2N), 66.02 (CH2OCH2), [119.42 (CH), 122.37 
(CH), 127.78 (CH), 130.77 (C), 131.16 (CH), 131.28 (CH), 132.71 (C), 133.67 (C), 134.33 
(CH), 135.96 (C), 136.44 (CH), 151.05 (C)] (Ar-C), 144.20 (triazole C3), 149.05 (2triazole 
C5), 151.48 (N=CH). 

3-{[1-(morphol n-4-yl-methyl)-3-ethyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl]-
azomethine}-phenyl 2,5-dichlorobenzenesulfonates (2b) 
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White solid; yield: 81.96%; m.p. 109°C; IR (cm-1) max: 1712 (C=O), 1572 (C=N), 1361 and 
1181 (SO2), 895 and 793 (1,3-disubstituted benzenoid ring). 1H-NMR (400 MHz, DMSO-d6) 
(ppm)  H: 2.23 (s, CH3, J=7.20 Hz), 2.58 (t, CH2NCH2; J = 4.40 Hz), 2.67 (s, CH2, J=7.20 
Hz),  3.56 (t, CH2OCH2; J = 4.40 Hz), 4.54 (s, NCH2N), [7.34 (dq, 1H, J=8.40, 1.20 Hz); 
7.57-7.58 (m, 2H); 7.60 (d, 1H, J=8.40 Hz); 7.80 (d, 1H, J=7.60 Hz); 7.93-7.95 (m, 3H)] (Ar-
C),  9.69 (s, N=CH); 13C-NMR (100 MHz, DMSO-d6) (ppm)  C: 10.01(CH2CH3), 
18.46(CH2CH3), 49.94 (CH2NCH2), 65.97 (NCH2N), 66.02 (CH2OCH2), [119.29 (CH), 
124.60 (CH), 127.95 (CH), 130.75 (C), 131.21 (CH), 131.28 (CH), 132.71 (C), 133.66 (C), 
134.31 (CH), 135.78 (C), 136.41 (CH), 150.19 (C)] (Ar-C), 146.72 (triazole C3), 149.07 
(triazole C5), 152.00 (N=CH). 

3-{[1-(morphol n-4-yl-methyl)-3-benzyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl]-
azomethine}-phenyl 2,5-dichlorobenzenesulfonates (2c) 

White solid; yield: 81.15%; m.p. 118°C; IR (cm-1) max: 1710 (C=O), 1601, 1572 (C=N), 1379 
and 1190 (SO2), 890 and 690 (1,3-disubstituted benzenoid ring), 738 and 690 
(monosubstituted benzenoid ring).  1H-NMR (400 MHz, DMSO-d6) (ppm)  H: 2.59 (t, 
CH2NCH2; J = 4.40 Hz), 3.56 (t, CH2OCH2; J = 4.80 Hz), 4.07 (s, CH2Ph), 4.58 (s, NCH2N), 
[7.23-7.34 (m, 6H); 7.55 (t, 1H, J=8.00 Hz); 7.64 (m, 1H); 7.76 (d, 1H, J=8.00 Hz); 7.90-7.94 
(m, 3H)] (Ar-C),  9.67 (s, N=CH); 13C-NMR (100 MHz, DMSO-d6) (ppm)  C: 30.91 
(CH2Ph), 49.96 (CH2NCH2), 66.02 (NCH2N), 66.07 (CH2OCH2), [119.69 (CH), 124.41 (CH), 
127.92 (CH), 130.74 (C), 131.15 (CH), 131.25 (CH), 132.70 (C), 133.66 (C), 134.29 (CH), 
135.72 (C), 136.40 (CH), 150.07 (C)] (Ar-C), [126.85 (CH), 128.54 (2CH), 128.68 (2CH), 
135.49 (C)] (Ar-C linked to triazole C3), 144.86 (triazole C3), 149.00 (triazole C5), 152.01 
(N=CH).  

3-{[1-(morphol n-4-yl-methyl)-3-p-methylbenzyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl]-
azomethine}-phenyl 2,5-dichlorobenzenesulfonates (2d) 

White solid; yield: 79.6%; m.p. 124°C; IR (cm-1) max: 1699 (C=O), 1580 (C=N), 1357 and 
1192 (SO2), 890 and 795 (1,3-disubstituted benzenoid ring), 839 (1,4-disubstituted benzenoid 
ring).   1H-NMR (400 MHz, DMSO-d6) (ppm)  H: 2.25 (t, CH3),  2.58 (t, CH2NCH2; J = 4.40 
Hz), 3.56 (t, CH2OCH2; J = 4.40 Hz), 4.00 (s, CH2Ph), 4.57 (s, NCH2N), [7.13 (d, 2H, 
J=8.00Hz); 7.20 (d, 2H, J=8.00 Hz); 7.28 (dq, 1H, J=8.40, 1.20 Hz); 7.56 (t, 1H, J=8.00 Hz); 
7.64 (t, 1H, J=2.00Hz); 7.90-7.91 (m, 2H); 7.9 5(t, 1H J=1.60 Hz)] (Ar-C),  9.66 (s, N=CH); 
13C-NMR (100 MHz, DMSO-d6) (ppm)  C: 20.59 (PhCH3), 30.53(CH2Ph), 49.99 
(CH2NCH2), 66.02 (NCH2N), 66.02 (CH2OCH2), [119.63 (CH), 124.40 (CH), 127.98 (CH), 
130.74 (C), 131.17 (C), 131.25 (CH), 132.70 (C), 133.66 (C), 134.30 (CH), 135.96 (C), 
136.61 (CH), 150.07 (C)] (Ar-C), [128.35 (2CH), 129.04 (2CH), 132.35 (C), 135.74 (C)] (Ar-
C linked to triazole C3), 145.02 (triazole C3), 149.01 (triazole C5), 150.07 (N=CH).  

3-{[1-(morphol n-4-yl-methyl)-3-p-chlorobenzyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl]-
azomethine}-phenyl 2,5-dichlorobenzenesulfonates (2e) 

White solid; yield: 77.66%; m.p. 135°C; IR (cm-1) max: 1700 (C=O), 1594 (C=N), 1355 and 
1192 (SO2), 890 and 798 (1,3-disubstituted benzenoid ring), 798 (1,4-disubstituted benzenoid 
ring). 1H-NMR (400 MHz, DMSO-d6) (ppm)  H: 2.58 (t, CH2NCH2; J = 4.40 Hz), 3.56 (t, 
CH2OCH2; J = 4.40 Hz), 4.08 (s, CH2Ph), 4.57 (s, NCH2N), [7.27-7.30 (m, 1H); 7.34-7.41 
(m, 4H); 7.56 (t, 1H, J=8.00 Hz); 7.64 (t, 1H, J= 2.00 Hz); 7.78 (d, 1H, J=7.60 Hz); 7.91 (m, 
2H); 7.95 (t, 1H, J=1.60 Hz)] (Ar-C),  9.67 (s, N=CH); 13C-NMR (100 MHz, DMSO-d6) 
(ppm)  C: 30.23 (CH2Ph), 49.94 (CH2NCH2), 66.02 (NCH2N), 66.10 (CH2OCH2), [119.81 
(CH), 124.43 (CH), 127.88 (CH), 130.81 (C), 131.17 (CH), 131.25 (CH), 132.70 (C), 133.65 
(CH), 134.29 (CH), 135.68 (C), 136.41 (CH), 150.06 (C)] (Ar-C), [128.40 (2CH), 130.75 
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(2CH), 131.57 (C), 134.62 (C)] (Ar-C linked to triazole C3), 144.55 (triazole C3), 148.99 
(triazole C5), 152.13 (N=CH). 

 

RESULTS AND DISCUSSION 
 
In the present study, new Mannich base (2a-2e) were designed and synthesized. The new 
synthesized compounds were identified using spectral data (IR, 1H NMR and 13C NMR). 
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ABSTRACT 

In this study, 3-Methyl-4-[2-(2-thienylcarbonyloxy)-3-methoxybenzylidenamino)-4,5-
dihydro-1H-1,2,4-triazol-5-one were calculated using Gaussian 09W program on the 
computer. For this purpose, firstly, positions of the molecule atoms were determined by 
drawing three-dimensional atomic structure in the GaussView5.0 program. Then, the 
optimization of the molecule was performed by choosing the 6-311++G(d,p) basis set and the 
DFT/ B3LYP method. The infrared (IR) harmonic vibration frequencies were calculated using 
the Veda 4 program and scaled values were obtained by scaled with a certain scala factor. The 
obtained computational spectral values were compared with experimental values and IR 
spectrums were created. All quantum chemical calculations were carried out using optimized 
molecular structure. Proton Nuclear Magnetic Resonance (1H/NMR) spectral values was 
calculated and in the DMSO solvent and in the gas phase according to GIAO method. Also, 
non-linear optic analysis (NLO), geometric (bond angles, bond light) and electronic properties 
(electron affinity (A), electronegativity ( ), softness ( ), global hardness ( ) and ionization 
potential (I), thermodynamic parameters, dipole moment, the highest occupied molecular 
orbital-lowest unoccupied molecular orbital energy (HOMO-LUMO) analysis, mulliken 
charges, ELUMO-EHOMO energy gap ( Eg), total energy of title molecule were calculated. 
Finally, electron spin potantial (ESP), molecular electrostatic potential (MEP) and contour 
surface map were defined. 

 
Keywords:  B3LYP, GIAO, Veda4, HOMO-LUMO.     
 
 
INTRODUCTION 
 
Schiff bases are formed by the condensation mechanism of aldehydes or ketones with 
secondary amines (Lindoy, 1971; Holm, 1966) Schiff base derivatives of triazoles have an 
important place in modern heterocyclic compounds. This is because the compounds are 
shown significant biological activity such as inflammatory, antitubercular, antifungal, 
antimicrobial, antibacterial, antitumoral, anticonvulsant, herbicidal activities (Jin, 2018; Soni, 
2010; Shanty, 2017; Alkan, 2008; Pontiki, 2008; Bensaber, 2014; Gowda, 2011; Kaur, 2012; 
Wang, 2010). Recently, quantum chemical calculations of hetereocyclic molecules  have 
widely been used to theoretically predict the structural, spectroscopic, thermodynamic and 
electronic properties of molecular systems (Kotan, 2021; Kotan, 2020; Beytur, 2021; Kotan, 
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2019; Yüksek, 2017; Gökçe, 2013). The Gaussian 09W (Frisch, 2009) package program, 
which has many basic set and theory options including molecular ab-initio methods, is used. 
All of the theoretical studies were done with the Density Functional Theory (B3LYP) method. 
The structure of molecules and their spectroscopy, geometric, electronic, nonlinear optical 
properties were investigated.The compound was analyzed with IR, 1H-NMR, and theoretical 
infrared spectrum were drawn. 3-Methyl-4-[2-(2-thienylcarbonyloxy)-3-
methoxybenzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one has been optimized using 
B3LYP/6-311G++(d,p) basis set (Frisch, 2009; Wolinski, 1990) 1H-NMR and 13C-NMR 
isotropic shift values were calculated by the method of GIAO (Wolinski, 1990) using the 
program package Gaussian G09W. Experimental and theoretical values were inserted into the 
grafic according to equatation of  exp=a+b.  calc. IR absorption frequencies of analysed 
molecule were calculated by method. The veda4f program (Jamróz, et al., 2004) was used in 
defining IR data, which were scaled with determined scala factor (Merrick, 2007). 
Experimental data obtained from the literature (Gürbüz, 2020). Furthermore, theoretical bond 
lengths and bond angles, dipole moments, mulliken charges, thermodynamics properties, 
electronic parameters, countour maps, HOMO-LUMO energies and total energy of the 
molecule were calculated. 

 
MATERIALS AND METHODS 
 
Theoretical 
 
The calculations were carried out with density functional theory (DFT) method using 6-
311G++(d,p) basis sets at the Gaussian 09W program package on a computing system 
(Frisch, 2009). Firstly, the compound was optimized by using the DFT(B3LYP) method and 
6-311++G(d,p) basis set (Frisch, 2009; Wolinski, 1990). Then, 1H-NMR isotropic shift values 
were calculated with method of GIAO (Wolinski, 1990). The veda4f program was used in 
defining IR data (Jamróz, 2004). Theoretically calculated IR data are scaled with appropriate 
scala factors (Merrick, 2007). The theoretical infrared spectrum are visualized with the using 
scaled theoretical spectroscopik value. Besides, the HOMO-LUMO energy, bond lengths 
energy gap ( Eg), thermodynamic parameters, bond angles,  electronic properties, total 
energy,  mulliken charges and dipole moment were calculated on the computer. 
 
 
RESULT AND DISCUSSION 
 
Calculations 

       

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 106 November 5-6, 2021



Figure 1. The optimized structure and molecule formula.   
 

Molecular Geometry (Bond Lengths and Bond Angles) 
 

Table 1. The theoretical bond lengths of molecule 
Bond lengths B3LYP bond lengths B3LYP bond lengths B3LYP 

C(1)-N(31) 1.29 C(3)-C(4) 1.46 S(39)-C(11) 1.74 
C(1)-N(33) 1.38 C(4)-C(5) 1.40 C(5)-C(6) 1.40 
C(1)-C(16) 1.48 C(4)-C(9) 1.39 C(6)-O(38) 1.35 

N(31)-N(32) 1.38 C(5)-O(36) 1.38 O(38)-C(15) 1.42 
N(32)-H(17) 1.00 O(36)-C(10) 1.37 C(15)-H(22) 1.08 
N(32)-C(2) 1.36 C(10)-O(37) 1.20 C(15)-H(23) 1.09 
C(2)-N(33) 1.41 C(10)-C(11) 1.46 C(15)-H(24) 1.09 
C(2)-O(35) 1.21 C(11)-C(12) 1.37 C(6)-C(7) 1.39 

N(33)-N(34) 1.36 C(12)-H(25) 1.08 C(7)-H(19) 1.08 
C(16)-H(28) 1.08 C(12)-C(13) 1.41 C(7)-C(8) 1.39 
C(16)-H(29) 1.09 C(13)-H(26) 1.08 C(8)-H(20) 1.08 
C(16)-H(30) 1.09 C(13)-C(14) 1.37 C(8)-C(9) 1.38 
N(34)-C(3) 1.28 C(14)-H(27) 1.07 C(9)-H(21) 1.08 
C(3)-H(18) 1.08 C(14)-S(39) 1.72   

 
Table 2. The significant bond lengths of molecule 

Bond length (Å)  Theoretical B3LYP6-311++G(d,p) 
(Å)  

Literatüre(Å)  

N34=C3 1.28/ 1.28  1.28 
N-C  1.41-1.29  1.32  
C=O  1.21  1.21 
N-N  1.38-1.36  1.35  

Phenyl  C-C  1.38-1.40  1.38  
C-O  1.36-1.42   

 

The highest bond angle is N(32)-C(2)-O(35) 129.98  while, the lowest bond angle C(11)-
S(39)-C(14) 91.05. 

Table 3. The bond angles of molecule 
Bond angles  B3LYP  Bond angles  B3LYP  
N(31)-C(1)-N(33)  111.26  C(11)-S(39)-C(14)  91.05  
N(31)-N(32)-H(17)  120.40  S(39)-C(14)-H(27)  119.70  
H(17)-N(32)-C(2)  125.22  H(27)-C(14)-C(13)  127.92  
N(32)-C(2)-O(35)  129.98  C(14)-C(13)-H(26)  123.44  
O(35)-C(2)-N(33)  128.77  H(26)-C(13)-C(12)  124.16  
N(33)-C(1)-C(16)  123.51  C(13)-C(12)-H(25)  125.06  
C(1)-C(16)-H(28)  108.58  H(25)-C(12)-C(11)  122.07  
C(1)-C(16)-H(29)  110.90  C(4)-C(5)-C(6)  121.55  
C(1)-C(16)-H(30)  110.91  C(5)-C(6)-O(38)  115.72  
C(1)-N(33)-C(2)  108.29  C(6)-O(38)-C(15)  118.57  
N(33)-N(34)-C(3)  119.05  O(38)-C(15)-H(22)  111.13  
N(34)-C(3)-H(18)  122.26  O(38)-C(15)-H(23)  111.34  
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H(18)-C(3)-C(4)  118.39  O(38)-C(15)-H(24)  105.68  
C(3)-C(4)-C(5)  119.19  C(5)-C(6)-C(7)  118.89  
C(3)-C(4)-C(9)  122.27  C(6)-C(7)-H(19)  120.46  
C(4)-C(5)-O(36)  119.76  H(19)-C(7)-C(8)  119.69  
O(36)-C(10)-O(37)  118.58  C(7)-C(8)-H(20)  119.05  
O(37)-C(10)-C(11)  110.82  H(20)-C(8)-C(9)  119.93  
C(10)-C(11)-S(39)  123.44  C(8)-C(9)-H(21)  121.12  
C(10)-C(11)-C(12)  125.22  H(21)-C(9)-C(4)  118.72  

 
Mulliken Charges 
 
The electronegative atoms in the compound are S, N and O atoms which have negative charge 
values. The mulliken charge values of H atoms were found to be positive. C1, C2, C4, C5, 
C6, C11, C12, C14 atoms surrounded by electronegative atoms in the compound have 
positive charges. C12 atom was found to have the highest atomic charge of 1.117, and are 
shown in theTable 4. 

 
Table 4. The theoretical mulliken charges datas 

 DFT/B3LYP   
    
DFT/B3LYP  

      
DFT/B3LYP 

C1 0.081 C14 0.261 N31 -0.059 
C2 0.443 C15 -0.289 N32 -0.230 
C3 -0.335 C16 -0.489 N33 -0.064 
C4 0.678 H17 0.391 N34 -0.067 
C5 0.134 H18 0.253 O35 -0.373 
C6 0.001 H19 0.219 O36 0.057 
C7 -0.046 H30 0.178 O37 -0.123 
C8 -0.596 H20 0.155 O38 -0.134 
C9 -0.424 H21 0.263 H27 0.263 
C10 -1.258 H22 0.161 H28 0.177 
C11 0.063 H23 0.145 H29 0.181 
C12 1.117 H24 0.176 S39 -0.179 
C13 -0.969 H25 0.219   

 

 
Figure 2. The mulliken atomic charge data of the molecule 
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The vibration frequency of the compound 
Theoretically IR values were calculation veda 4f programme. The calculated harmonic 
vibrational frequency values were scaled with 0.9844 for DFT(B3LYP)6-311++G(d,p) level. 
The possitive frequency in the data was found. IR spectrums were drawn with obtained values 
according to B3LYP method. Theoretically IR values were compare with experimentally IR 
values and found corresponding with each other of values.  

Table 5. Significant vibrational frequencies (cm-1) 

Vibrational Frequencies  Experimenta
l  

Scaled 6-
311++G(d,p) 

 OCC(14),  CCC(12)  532  529  
  NN(14),  NCN(15)  574  573  

 OCCC(22),  CCCC(21)  607  599  
  NC(14),   CC(10),   NNC(14),   

CNN(19)   741  743  

  HCCC(46)  779  778  
  HCCC(28)  795  792  

  SC(50)  863  856  
  CC(16),   OC(22),  CCC(15)  936  937  

  OC(33),   HCC(18),   CCC(14)  1009  1016  
  CC(28),   HCC(36)  1048  1047  
  OC(25),  HCOC(13)  1172  1174  

  CC(20),   HCC(10),  CCC(21)  1217  1209  
  CC(22),  HCC(46),   HCS(11)  1249  1248  

  HCC(21)  1266  1261  
 CC(13),  HCN(13)  1313  1327  

  HCN(42),  NC(20)  1358  1355  
 HNN(59),  HCH(15)  1383  1375  
 HCH(30),  HCN(59)  1413  1398  

 CC(20),  HCC(22)  1439  1430  
 HCH(46), ,  HCCN(17)  1460  1463  
 HCH(58),  HCOC(11)  1481  1481  

 CC(10),  HCC(26)  1521  1540  
 CC(10),  HCC(10),  CCC(18)  1574  1587  

 NC(67)  1607  1634  
 OC(75)  1698  1759  
 OC(73)  1733  1761  
 OC(89)  2946  2963  
 CH(56)  2972  2998  
 CH(56)  3022  3172  
 CH(53)  3104  3189  

 NH(100)  3207  3621  
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Figure 3. The experimental and scaled vibrational frequencies (cm-1) 

 

 

 
Figure 4. Theoretical IR spectrums simulated with B3LYP1 6-311G ++(d,p) 

 
The NMR Analysis 

R values for the molecule were evaluated in gases medium and DMSO solvent according to 
DFT(B3LYP) 6-311++G(d,p) methods. Theoretical and experimental 1H chemical shift and R 
values were calculated and, a linear correlation was observed between the results.  
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Table 6. 1H-NMR(vakum-DMSO)  isotropic chemical shifts ( /ppm)  
No Experimental B3LYP Different B3LYP Different 

H17 11,74 7,81 3,93 8,28 3,46 
H18 9,81 11,37 -1,56 11,28 -1,47 
H19 8,04 8,77 -0,73 8,85 -0,81 
H20 7,45 8,02 -0,57 8,30 -0,85 
H21 7,32 7,44 -0,12 7,85 -0,53 
H22 8,10 8,91 -0,81 9,02 -0,92 
H23 7,36 7,84 -0,48 8,10 -0,74 
H24 7,50 8,36 -0,86 8,75 -1,25 
H25 3,75 4,32 -0,57 4,83 -1,08 
H26 3,75 4,25 -0,50 4,41 -0,66 
H27 3,75 4,72 -0,97 4,56 -0,81 
H28 2,05 3,00 -0,95 3,12 -1,07 
H29 2,05 3,01 -0,96 3,15 -1,10 
H30 2,05 2,75 -0,70 2,83 -0,78 

 

 
Figure 5. Compared values of calculated and experimental 1H-NMR chemical shifts values of 
titled compound with DFT(B3LYP) 6-311++G(d,p) (gas phase/ DMSO). 
 
Frontier molecular orbital analysis 
 
HOMO-LUMO energy values of compound  was obtained by 4.328 eV value for B3LYP 6-
311G++G(d,p) basis set (figure 6). Using HOMO-LUMO energy gap electron affinity (A), 
global hardness ( ), electronegativity ( ), chemical potential ( ), softness (S), ionization 
potential (I), chemical potential (Pi), electrophilic index( ), Nucleophilic index (IP) for the 
compound was calculated and are showed in Table 8. 
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Figure 6. HOMO-LUMO energy of the molecule 

Table 7. The calculated electronic structure parameters of the molecule 

    Hatree            eV 
          
kcal/mol            KJ/mol 

  LUMO -0,07203 -1,95999 -45,199 -189,115 
  HOMO -0,23109 -6,28812 -145,01 -606,727 
E Electron affinity 0,07203 1,95999 45,199 189,115 
I Ionization potential 0,23109 6,28812 145,01 606,727 

E Energy gap 0,15906 4,32813 99,8106 417,612 
 Electronegativity  0,15156 4,12405 95,1044 397,921 

Pi Chemical potential -0,15156 -4,12405 -95,1044 -397,921 
 Electrophilic index  0,000913419 0,02485 0,57317 2,39818 

IP Nucleophilic index -0,01205357 -0,32799 -7,56365 -31,6466 
S Molecular softness  12,5739 342,144 7890,14 33012,7 

 Molecular hardness  0,07953 2,16407 49,9053 208,806 
 
Thermodynamics properties 
Thermodynamics parameters were calculated with (B3LYP) functionals in DFT method at the 
6-311++G(d,p) basis set at 298.150 K and under 1 atm pressure. 
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Table 8.  The thermodynamics parameters of the molecule 
        B3LYP  B3LYP 
Rotational temperatures 
(Kelvin)  

                Entropy S(cal/mol-K)         

A  0.01209 Translational  43.520 
B 0.00681 Rotational  35.790 
C  0.00462 Vibrational  88.626 
Rotational constants 
(GHZ)  

 Total  167.936 

A  0.25184 Zero-point correction (Hartree/Particle)  0.286373 
B  0.14184 Thermal correction to Energy  0.309333 
C  0.09622 Thermal correction to Enthalpy  0.310277 
Thermal Energies 
E(kcal/mol)  

 Thermal correction to Gibbs Free Energy 0.230485 

Translational  0.889 Sum of electronic and zero-point
Energies  

-
1536.230418 

Rotational  0.889 Sum of electronic and thermal Energies  -
1536.207459 

brational  192.332 Sum of electronic and thermal 
Enthalpies  

-
1536.206515 

Total  194.109 Sum of electronic and thermal Free 
Energies 

-
1536.286307 

Thermal Capacity 
CV(cal/mol-K)  

 Zero-point vibrational energy (Kcal/mol) 179.70193 

Translational  2.981   
Rotational  2.981   
Vibrational  78.978   
Total  84.940   
 
 
The Surface Maps  
The total density, molecular electron potential (MEP) and contour maps of the molecule were 
determined. From these surface maps were possible to determine the charge distribution and 
charge density, electronegative and positive regions of the molecule. The electronegative 
atoms in the structure were surrounded by red, the N-H proton is blue, while the other is 
yellow or green.  
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Figure 7. The MEP,  Total density and Countour Maps of molecule 

 
 
 
 
CONCLUSION 
 
In this theoretical work, calculations of determining target molecule were carried out by DFT 
(B3LYP) methods with the 6-311++G(d, p) basis sets at the program package Gaussian 
G09W. The 1H chemical shifts and FT-IR data in the calculations are seen to be compatible 
with the empirical data. A linear correlation was observed in the R2 values, but there is a 
slight deviation in the H-NMR correlation graph. The reason for this deviation is the N-H 
acidic proton (H17) in the molecule. Also, the infrared data was not found negative frequency 
and the only reason for this is the stability of the molecule. In addition, the LUMO-HOMO 
energy, geometric properties, E energy gap, total energy, electronic some properties, dipole 
moments, thermodynamics data were calculated. The reliability of different methods in 
theoretical computation was discussed. The surface maps of molecule were visualized, and 
the most electrophilic and nucleophilic regions were detected.  
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Abstract:  

Oral cancers are one of the most common cancers worldwide today. The diagnosis of oral cancer 
at an early stage has a good prognosis as the survival rate is high (around 80%). However, the 
majority of oral cancer cases are diagnosed at a later stage with a considerably poor 5-year 
survival rate of 50% according to World Health Organization statistics. Thus, an effective 
management strategy for oral cancer will depend on its early identification and intervention 
which would pave the way for superior prognosis. 
Many diagnostic tools / aids have been explored with the aim of early detection of oral precancer 
and cancer. The basic chair-side procedures or relatively advanced aids come with a set of 
limitations along with subjectivity as one of the setbacks. The advent and exploitation of 
molecular techniques in the field of health diagnostics, is demanding the molecular typing of the 
oral potentially malignant diseases and also of oral cancer. The recent diagnostic techniques in 
oral cancer and precancer detection includes  lab-on-chip, microfluidics, nano diagnostics, liquid 
biopsy, omics technology and synthetic biology in early detection of oral precancer and cancer. 
Oral cancer being multifactorial in origin with the chief participation of altered genetics and 
epigenetics would demand high-end diagnostics for designing personalized therapy. Hence, the 
present paper highlights the role of various advanced diagnostic aids in detection of oral 
precancer and cancer. 

Keywords: Oral Cancer, Toluidine Blue Staining, Oral Brush Biopsy, Chemiluminescence. 
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Objective: Acupressure has been widely used for smoking cessation due to 

convenience and good compliance. Our aim was to evaluate its therapeutic effects and 

safety for smoking cessation. 

Methods: Randomized controlled trials (RCTs) comparing acupressure with sham 

acupressure or conventional therapy for smoking cessation were included. Ten 

databases were searched from their inception to February 2021. Two review authors 

independently screened studies, extracted data, and assessed the risk of bias. 

Meta-analysis was conducted with Rev Man 5.4 software. Grading of 

Recommendations Assessment, Development and Evaluation (GRADE) was applied 

to assess the quality of evidence. The primary outcome was abstinence rate at 

short-term (1-3months), mid-term (3-6months), and long-term ( 6months). The 

secondary outcomes were nicotine withdrawal symptoms, daily cigarettes 
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consumption, nicotine dependence, exhaled carbon monoxide (CO), relapse rate, 

craving for cigarettes and adverse events.  

Results: Eleven RCTs involving 883 smokers were identified. The overall risk of bias 

was not serious. Acupressure was found more effective than sham acupressure or 

conventional therapy in improving short-term (RR 1.41, 95% CI [1.04 to1.91]; low 

certainty; 8 trials, n=637) and mid-term abstinence rate (RR 1.63, 95% CI [1.27 to 

2.09]; low certainty; 8 trials, n=749). However, the long-term abstinence effect was 

not significant between two groups (RR 1.85, 95% CI [0.59 to 5.82]; moderate 

certainty; 2 trials, n=74). Additionally, acupressure was also superior to sham 

acupressure in relieving short term withdrawn symptoms (MD -2.68, 95% CI [-5.34 to 

-0.03]; 4 trials, n=180) and reducing the level of exhaled CO (MD -3.84, 95% CI 

[-5.03 to -2.66]; 2 trials, n=103).  

Conclusions: Low certainty evidence suggests that acupressure maybe effective in 

achieving short-term and middle-term smoking cessation, as well as relieving 

short-term withdrawn symptoms. No serious adverse events were reported in the 

included trials. Further large, long-term follow-up RCTs are warranted to verify its 

benefits and safety. 

Keywords: acupuncture; acupressure; smoking cessation; randomized controlled 

trials; systematic review. 
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Abstract 

This article presents the features of the lipid spectrum in patients with acute coronary 
syndrome, in comparison with the groups with myocardial infarction (MI) and Unstable 
angina pectoris (NS), as well as the results of adherence to lipid-lowering therapy with the 
peculiarities of achieving target levels of the lipid spectrum. The results obtained represent 
that the groups are identical in terms of the lipid spectrum and that the levels of individual 
values of the lipid spectrum differ from the norm, and patients are also with low adherence to 
lipid-lowering therapy and do not reach the target levels for low-density lipoprotein 
cholesterol (LDL-C) recommended by the European Society of Cardiology (ESC) from 2019. 

Key words: acute coronary syndrome, lipid spectrum, dyslipidemia, low density lipoproteins, 
myocardial infarction, unstable angina 

Introduction 

Coronary heart disease (CHD), and above all, acute coronary syndrome (ACS) - myocardial 
infarction (MI) and unstable angina (UA), are the leading cause of death and disability in the 
population of developed countries [1]. According to the forecasts of the World Health 
Organization (WHO), by 2030 about 23.6 million people will die from CHD, mainly from 
heart disease and stroke, which will remain the only leading causes of death [2]. The term 
“acute myocardial infarction” (MI) should be used when there is evidence of myocardial 
injury (as determined by an increase in cardiac troponin levels by at least one value above the 
99th percentile of the normal reference value) and myocardial necrosis in clinical situations 
allowing suggest myocardial ischemia [3]. Unstable angina (NS) is a form of ACS, with 
dynamic observation of which the release of enzymes and biomarkers of myocardial necrosis 
was not detected [4].  

The most dangerous of the acute manifestations of coronary heart disease is associated with 
the presence of an unstable atherosclerotic plaque in the coronary arteries [5, 6]. It is well 
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known that the development of atherosclerosis of vessels of various localization, including 
coronary arteries, is based on lipid metabolism disorders, or dyslipidemia [7, 8]. Dyslipidemia 
includes a wide range of lipid metabolism disorders, and this is when the concentrations of 
lipids and lipoproteins in the blood go beyond the normal range, can be caused by both 
acquired (secondary) and hereditary (primary) causes [9]. 

According to the new recommendations and revised ESC  concepts for the treatment of 
dyslipidemias, it has been established that for secondary prevention, patients at very high risk 
are recommended to reduce low-density lipoprotein cholesterol (LDL-C) by at least 50% of 
the baseline, and the recommended target values for cholesterol LDL cholesterol is <1.4 
mmol / L (<55 mg / dL). For patients with cardiovascular disease (CVD) of atherosclerotic 
genesis who have had a second vascular event within 2 years (not necessarily of the same 
nature as the first event) while taking the maximum tolerated dose of statin, the target level of 
LDL-C can be indicator <1.0 mmol / l (<40 mg / dl). For primary prevention in very high-risk 
patients who do not have familial hypercholesterolemia, an LDL-C reduction of at least 50% 
from baseline is recommended, and the recommended LDL-C target is <1.4 mmol / L (<55 
mg / dl). Individuals of very high risk (without CVD of atherosclerotic genesis in the presence 
of other RF) are recommended the same target values of LDL-C in primary prevention. For 
high-risk patients, a decrease in LDL-C of at least 50% from baseline is recommended, and 
the recommended targets for LDL-C are <1.8 mmol / L (<70 mg / dL). For moderate-risk 
patients, LDL-C targets are <2.6 mmol / L (<100 mg / dL). For low-risk individuals, LDL-C 
targets are <3.0 mmol / L (<116 mg / dL) (ESC Dyslipidemia Guidelines: Lipid Modification 
to Reduce Cardiovascular Risk 2019). 

Purpose of the study: to describe the features of the lipid spectrum and the achievement of 
target levels of the lipid spectrum in patients with acute coronary syndrome (ACS) in a 
comparative analysis 

Materials and methods: 

The study was carried out retrospectively based on the materials of the case histories of the 
cardiology department of the City Clinical Hospital No. 7 of Almaty city for the period 
01.01.2018-01.09.2021 according to the inclusion and exclusion criteria in the study, a total of 
142 patients (case histories) with acute coronary syndrome (ACS) were included in the study. 
The age of the patients varied from 41 to 83 years (men accounted for 99 (69.7%), women 
accounted for 43 (30.3%)). Two groups were allocated in accordance with the clinical 
diagnosis: Myocardial infarction (MI) - 78 patients, and Unstable angina pectoris (UA) - 64 
patients. All patients were assessed cardiovascular risk (CVR) according to the SCORE scale, 
according to which 87 (61.3%) patients had very high CVR, 55 (38.7%) patients had high 
CVR, in our study, patients with intermediate and there was no low CVR. 
The study included the main characteristics of the patients, including laboratory and 
instrumental data carried out in the hospital, data of the medical history of cardiovascular 
diseases (CVD). Further, a comparison was made between the two groups, where the features 
of the lipid spectrum, adherence to treatment with an emphasis on lipid-lowering treatment, 
taking into account the main risk factors for coronary heart disease (CHD), comorbidities, 
lipid-lowering treatment, achievement of target levels of LDL-C and other features were 
assessed and described. 
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Statistical analysis: data, the distribution of which obeys the normal law, are presented as the 
mean ± standard deviation (M ± SD), in other cases - the median, lower and upper quartiles, 
discrete variables are presented as frequencies with percentages. Statistical processing of the 
research data was carried out using the SPSS 22.0 software. The distribution normality was 
checked using the Kolmogorov - Smirnov test. During the analysis, the following methods 
were used: to compare quantitative values with a normal distribution - Student's t-test, in 
cases other than a normal distribution - Mann-Whitney U test. The association was assessed 
using the Pearson Chi-square test, Odds Ratio and Confidence Interval. Differences were 
considered statistically significant at p <0.05. Including the odds ratio (OR) was considered 
statistically significant if the 95% confidence interval (CI) for the odds ratio in its interval 
does not include one. 

Results and Discussions: 

According to the results of the study, the average age for all patients was 63.7 ± 7.7 years 
(66.8 ± 8.1 for the MI group and 63.4 ± 8.2 years for the UA group). There were significantly 
more men in both groups than women (p <0.05), but the groups were comparable in age (p> 
0.05). 

Table 1 - Comparative characteristics of basic data 

indicators MI, n=78 UA, n=64  

Age, years 66.8±8.3 63.4±8.2 0.19 

Weight, kg 78.9±8.7 77.7±10.7 0.34 

BMI, kg / m2 28.2±3.2 27.7±3.2 0.38 

WC, cm 98.9±15.4 96.8±17.7 0.32 

SBP, mm Hg 122.2±12.6 138.1±11.6 0.02 

DBP, mm Hg 76.9±17.5 88.1±11.3 0.01 

HR, beats / min. 799±8.4 75.4±10.5 0.33 

(BMI - body mass index, HR - waist circumference, SBP - systolic blood pressure, DBP - 
diastolic blood pressure, HR - heart rate) 

Also, according to Table 1, groups by anthropometric characteristics are comparable to each 
other (p> 0.05), but it must be emphasized that the average subject mass index (BMI) in both 
groups coincides with the excess BMI category. When analyzing the waist size by gender, 
then in more in half of the patients, the waist was above normal (the norm for women up to 80 
cm, for men up to 94 cm according to the data of the European Society of Cardiology from 
2019), which is a criterion for abdominal obesity. According to objective data of 
hemodynamic characteristics, the level of blood pressure on admission was lower in the group 
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with MI compared to the group with UA, since patients with MI receive more often 

cardiogenic shock, and the groups did not differ statistically in terms of heart rate. 

The lipid spectrum, according to Table 2, it can be concluded that the lipid spectrum indices 
differ from the norm for patients with coronary artery disease in both groups, and the 
statistical does not differ between the groups (p> 0.05). But according to the data of the 
atherogenic coefficient it was higher in the group with MI (3.9 ± 1.2 and 3.2 ± 1.1 mmol / L, p 
= 0.02). 

Table 2 - The state of the lipid spectrum in both groups 

 (Cholesterol-cholesterol, LDL-low-density lipoprotein, HDL-high-density lipoprotein, TG-
triglycerides) 

With very high and high cardiovascular risk (CVR), all patients (100%) in both groups do not 
reach the target LDL-C level in terms of LDL-C levels (all patients have an LDL-C level 
higher than 1.8 mmol / L). LDL cholesterol indices for all patients ranged from 1.83 to 7.46 
mmol / L (for a holistic presentation, the data are also presented as Me [Q25; Q75] - 3.81 
[2.68; 4.11]).  
Also, for some known risk factors for coronary artery disease and concomitant diseases, such 
as: smoking and alcohol consumption, history of arterial hypertension, the statistical groups 
do not differ (p> 0.05), but in the group with a history of MI, diabetes mellitus and Chronic 
kidney disease are more common than in the group with UA (<0.05). 
According to Diagram 1, adherence to treatment for lipid-lowering therapy is low in both 
groups (MI - 19 (37.5%) and UA - 17 (31.5%)), and the statistical difference does not differ 
(OR 0.83, CI 0.37- 1.8, 2 0.69, p> 0.05). 

Diagram 1 - Adherence to lipid-lowering therapy and diet 

indicators MI, n=78 UA, 
n=64 

 

Total cholesterol, mmol / l 4.85±1.1 4.7±1.2 0.09 
LDL-C, mmol / L 3.9±1.2 3.5±1.1 0.07 
HDL-C, mmol / L 1.15±0.25 1.18±0.3 0.11 
TG, mmol / L 1.95±0.7 2.0±0.9 0.28 
Atherogenic coefficient 3.9±1.2 3.2±1.1 0.02 
LDL-C 1.4 mmol / L 0  0   - 

LDL-C 1.8 mmol / L 0 0   - 

LDL-C 2.6 mmol / L 0 0 -  
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Of the analyzed case histories, 19 (13.4%) patients do not remember the names of the 
medications they were taking, these patients were not included in the statistical processing. 
Comparative analysis of LDL cholesterol in patients initially taking and not taking lipid-
lowering therapy did not statistically differ (p> 0.05). Of the lipid-lowering drugs, more than 
90% of cases are statins, and in the rest of the cases, patients received combined lipid-
lowering therapy (statins in combination with ezetimibe). With regard to adherence to the diet 
(diet No. 9 or No. 10), there is also low adherence, and the groups do not differ statistically 
(p> 0.05). All of the above data are potent modified risk factors for coronary artery disease 
(CVD), which means it is of particular importance in the management of CVD risk factors. 

Conclusion: The results obtained represent that the groups on the lipid spectrum are identical 
to each other and the average values differ from the norm, as well as patients with low 
adherence to lipid-lowering therapy and do not reach the target levels for low-density 
lipoprotein cholesterol (LDL-C) recommended by the European Society of Cardiology (ESC) 
from 2019  
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Background. It is well-known, that oncological diseases are the second most common reason for 
death in the world, taking approximately 10 million human lives every year. At the same time, every 
third of these cases could be prevented by early diagnosis and timely specific treatment. Oral cancer 
is included in the list of 10 leading types of cancer death in Ukrainian men, and in 38,8% of these 
cases, patients did not survive 1 year after they detected cancer. Mostly, it is because this type of 
oncological disease is usually detected lately, after the appearance of metastasis in lymph nodes and 
other tissues. At this stage of cancer, the specific treatment is poor-effective and even impossible. The 
situation could have been fixed by an effective method of early diagnosis and timely oral cancer 
suspicion. Therefore, it is important to find out the methods of oral cancer screening, since our 
knowledge in this area is not sufficient.  
The aim of the research. Analyze screening approaches, their specificity, and sensitivity, as well as 
the applicability and applicability of existing screening techniques to global screening program 
requirements, and determine the prospects of oral cancer screening research. 
Methods. This study used a literature review to find information on the above-mentioned topic from 
various scientific and methodological sources. 
Results. The findings of this study reveal that no successful attempts to provide organized or 
opportunistic screening programs have been made, and none of them have been adopted by any level 
of the healthcare system. The primary method of screening was a physical inspection of the mouth 
cavity with various adjuvant approaches, although none of these were sufficiently specific or 
sensitive for an organized screening program. Physical examination of the mouth cavity with various 
light adjuvant systems, on the other hand, has yielded promising results for opportunistic screening. 
Spectroscopy and polarimetry of tissues and oral cavity fluids may be an efficient tool for early 
diagnosis, according to research trends. The interpretation of acquired values is the method's main 
drawback. Convolutional neural networks and other Artificial Intelligence technologies, in our 
opinion, can overcome this challenge. 
Conclusions. None of the currently available screening technologies are sufficiently compliant, 
practical, effective, sensitive, and cost-effective. As a result, our study highlights the necessity of 
developing an improved oral cancer screening tool with artificial intellect elements based on deep 
learning technologies.  
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ABSTRACT 
 

Degenerative oral changes occur during ageing in geriatric patients, and they should be 
carefully treated for achieving better prosthodontics treatment. The aim was to evaluate data on 
the prevalence of oral mucosal lesions in elderly patients in relation to age, gender, educational 
level and wearing dental prosthesis. Prevalence of lesions was assessed by clinical examination 
of a sample of 300 elderly patients aged 60 years and older. Detailed oral examinations of the 
oral cavity and GOHAI questionnaire were performed at the university clinic and geriatric 
facilities. Lesions were categorized into six main groups: tongue lesions, white lesions, 
ulcerative lesions, pigmentation lesions, denture-related lesions and miscellaneous. At least one 
oral mucosal lesion was diagnosed in 200 participants (66%). The prevalence rate was 
significantly higher in men than in women (78, 2% men 65, 7% women P < 0.05) correlated to 
smoking. The most prevalent lesions were fissured tongue (34.2%), benign tumors (17.1%), 
hairy tongue (16.5%), and white lesions (12.6%). The prevalence was significantly higher in the 
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60 to 69 year old group (80, 8%) than in the 70 years and older group (67.4%). Denture 
stomatitis was observed in 7, 5 % of the participants in the 70 years and older group compared 
with 3.2% in the 65 to 69 year old group. There was a high prevalence of oral mucosal lesions 
among elders, and the presence was related to age, gender, low education level, smoking and 
poor oral habits. 

 
 

Keywords: geriatric, oral soft tissue, prosthodontics 
A validation of the study was carried out and it was approved by the ethics committee of the 
Faculty for dentistry Ss Cyril and Methodius University Skopje on 18.12.2018. No. 02-38363. 
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ABSTRACT 
 

Early detection of oral mucosa diseases and potentially malignant disorders requires careful 
examination because of high malignant transformation frequency. Almost 90% of oral cancers 
occur in patients older than 50 years. The aim of study was to determine the value of VELscope 
as adjunct tool for oral examination in geriatric prosthodontics patients. Clinical protocol for 300 
patients over 60 years old was questionnaire with risk factors, clinical observation and VELscope 
mucosal tissue examination with scoring of the changes and dysplasia level. Tissue changes were 
classified as inflammatory, traumatic, dysplastic and other. Abnormal tissue was associated with 
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auto fluorescence loss and dark appearance in contrast to the surrounding tissue.  In 21% of 
patients abnormal premalignant lesions were detected. Leukoplakia was the most common 
premalignant disorder 42 (12, 6%), 16 (4, 8%) had lichen planus, 6 (1, 8%) cheilitis actinica and 
5 patients (1, 5%) were diagnosed with squamous cell carcinoma. We found 118 inflammatory 
lesions (35, 4%) where 58 (17, 4%) were denture stomatitis, 18 (5, 4%) angular cheilitis, 
traumatic lesions were found in 38 patients (11, 4%) and 4 (1, 2%) were diagnosed with epulis 
fissuratum. In 54 patients (16, 2%) we diagnosed infectious changes from which aphtous 
ulcerations and candidiasis were most common. VELscope can be used as a part of diagnostic 
process to detect abnormal tissue and oral lesions that might have been overlooked. However 
surgical excision biopsy as the golden standard for the detection of the lesion's histology is 
obligated for final diagnose. 
 
 
Keywords: oral mucosa, VELscope, dysplasia, florescence visualization  
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ABSTRACT 

The theoretical calculations of 3-n-propyl-4-(3-acetoxy-4-methoxybenzylidenamino)-4,5-
dihydro-1H-1,2,4-triazol-5-one molecule were studied the DFT/B3LYP 6-311++G(d,p) basis 
set. The molecule, firstly, were optimized to find the geometries where the energy is 
minimum. The target molecule's Proton Nuclear Magnetic Resonance and Carbon-13 Nuclear 
magnetic Resonance  (1H and 13C-NMR) isotropic shift values were calculated by the method 
of the gauge independent atomic orbital (GIAO) using the program package Gaussian G09. 
According to the  exp=a+b.  calc. equation, regression analysis was performed using 
experimental and calculated values and correlation graphs were drawn. Experimental 
spectroscopic values were obtained from the literature. The Veda 4 program was used to 
determined IR vibration frequency and the calculated these values are multiplied with scala 
factor. The calculated theoretical IR data compared with experimental data, and theoretical 
infrared graphs were created. Also, the surface map such as molecular electrostatic potantial 
(MEP) was visualized. The dipole moments, the HOMO-LUMO energy, the thermodynamic 
analysis, E energy gap, the total energy, the non-linear optic analysis (NLO) (i.e., the first 
hyperpolarizability and polarizability), the electronic parameters such as electron affinity, 
molecular softness, molecular hardness, ionization potential and electronegativity, the 
geometric properties (bond length and bond angles), the mulliken charge for molecule were 
calculated.  

Keywords: DFT, 1,2,4-triazol-5-one, GIAO, HOMO-LUMO 
 

INTRODUCTION 

It is formed by the reaction of aldehydes or ketones with secondary amines, which have a 
C=N imine group in their structure. Shiff bases are commonly synthesized structures among 
heterocyclic compounds. Because Schiff bases with 1,2,4-triazole have biological activity 
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(Zhang, et al.,2017; Cai, et al., 2020; Peyton, et al., 2015; Kotan, et al., 2021; Bahçeci, 2016; 
Manap,et al., 2020).The quantum chemical calculation methods have widely been used to 
theoretically predict the spectroscopic, structural, electronic and thermodynamic properties of 
molecular systems. The Density Functional Theory (DFT) ensure support for experimental 
structural and spectroscopic studies (Kotan, et al., 2021; Gökçe, et al., 2013; Kotan et al., 
2017; Beytur, 2021). In this study, having a large number of theory and basic set options, 
including molecular mechanics, semi-empirical and ab-initio methods, Gaussian 09W (Frisch, 
et al., 2009; Wolinski, 1990) package is used. DFT(B3LYP) functional are used at the 
determination of the structure of molecules. Firstly, The molecule was optimized using Gauss 
view 5.0 package program (Dennington, 2007). The experimental data of the compound were 
taken from the literature (Bahçeci, et.al., 2017). The structure of the compound was analyzed 
with compared IR, 1H-NMR experimental and theoretical spectral data were drawn. 1H-NMR 
isotropic shift values were calculated by the method of GIAO using the program package 
Gaussian G09W (Frisch et al., 2009). Using experimental (Bahçeci, et.al., 2017) and 
theoretical values were done  regrasyon analysis and R2 values were calculated. The FIT-IR 
vibration absorption frequencies of analysed molecule were determined with the veda4f 
program (Jamróz, 2004). There was no negative value in the IR results. Furthermore, 
molecule’s experimental and theoretical, theoretical bond lengths, dipole moments, mulliken 
charges, HOMO-LUMO energies, thermodynamic ve electronic parameters and total energy 
of the molecule were calculated. 

 
 
THEORETICAL CALCULATIONS  

      

Figure 1. Gausview structure and molecule formula  
 

          
NMR Analysis 

Molecule was optimized by using the B3LYP/6-311++G(d,p) basis set (Frisch et al., 2009; 
Wolinski, 1990). Starting from this optimized structure with 1H-NMR spectral data (Table 1) 
and IR spectral values according to GIAO (Wolinski, 1990) method was calculated using the 
method of Gaussian G09W program package in gas phase. The correlation graphs for 
chemical shifts drawn with 1H-NMR, 13C-NMR and 1H-NMR(DMSO), 1H-NMR(vakum/ 
DMSO) spectral data of  the molecule (Fig. 2) Theoretically calculated IR data are multiplied 
with appropriate adjustment factors and the data obtained according to DFT(B3LYP) method 
are formed using theoretical infrared spectrum (Fig. 3).  
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Table 1.   The calculated and experimental 1H-NMR(vakum)/NMR(DMSO)B3LYP 6-
311++G(d,p) isotropic chemical shifts of the molecule ( /ppm) 

Experimental 
B3LYP 
(vakum) Difference B3LYP 

(DMSO) Difference 

11.8 7.94 3.86 8.40 3.40 
9.6 11.07 -1.47 11.03 -1.43 
7.68 9.01 -1.33 9.14 -1.46 
7.24 7.89 -0.65 8.09 -0.85 
7.59 7.87 -0.28 8.06 -0.47 
3.83 4.10 -0.27 4.27 -0.44 
3.83 4.56 -0.73 4.59 -0.76 
3.83 4.97 -1.14 5.04 -1.21 
2.3 2.96 -0.66 3.20 -0.90 
2.3 2.53 -0.23 2.59 -0.29 
2.3 3.04 -0.74 3.30 -1.00 
2.63 3.02 -0.39 3.08 -0.45 
2.63 3.53 -0.90 3.63 -1.00 
1.68 2.14 -0.46 2.17 -0.49 
1.68 2.73 -1.05 2.72 -1.04 
0.95 1.69 -0.74 1.73 -0.78 
0.95 1.96 -1.01 1.98 -1.03 
0.95 1.73 -0.78 1.8 -0.85 

 
The relation between R2 values of the compound 

B3LYP(vakum)6-311++G(d,p): 1H: 0.8794; B3LYP(DMSO)6-311++G(d,p): 1H: 0.8977. 
There is such a relationship between R2-values of the compound.  

 

Figure 2. The 1H-NMR Vacum/ DMSO correlation graphs for chemical shifts of the 
molecule. 

 

The vibration frequency of the compound 

Theoretically IR values were calculation veda 4f programme (Jamróz, 2004) and scala values 
were obtain. The negative frequency in the data was not found. This result, structure of 
compound were shown stable. IR spectrums were drawn with obtained values according to 
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DFT(B3LYP) method. Theoretically IR values were compare with experimentally IR values. 
The result of this compare were found corresponding with each other of values. The 
experimental carbonyl peak (C=O) in 1705, 1765 cm-1 and theoretical (C=O) peak in 1755, 
1804 cm-1 were observed. The NH peak was assigned 3178 cm-1  (experimental), 3620 cm-1 
(theoretical). The experimentaly C=N peak was observed at the 1604, 1590 cm-1  and same 
peak theoreticaly 1611, 1636 cm-1.   

Table 3. The calculated IR vibration frequencies values of the molecule 
Vibrations Experimental B3LYP Scaled B3LYP 
 CCNC(40)   13,58 13 

  CCCN(15),  CNNC(15)   21,64 21 
 CCC(17),  CCN(62)   33,71 33 

   CCNC(24),  CCCN(19),  CNNC(26)   41,96 41 
  CCCC(13),   CNNC(29)   47,76 47 
  CCC(33),   CCN(34)   64,79 64 

  CCCC(18),   CNCC(13)   74,50 73 
 CC(33),  CNN(10)   76,16 75 

 CCCC(19),  CNNC(29)   86,11 85 
 CCN(30) 88,28 87 

 CC(10),  CNC(33),  CCC(16)   93,84 92 
 HCCC(16),  CCCC(29)   106,14 104 

 HNNC(11),  HCCC(11),  CNNC(17)   149,34 147 
 CC(17),  CCC(11),  CNC(16)   165,06 162 

  HCCC(16),   NCNN(19),   CCCC(10)   187,08 184 
  HCCN(24),   CCNC(12)   189,57 187 

 NC(13),  HCC(17),  HCN(27)   207,86 205 
 CC(22),  HCC(22)   236,21 233 

 NC(17),  CC(15),  HNN(10)   243,47 240 
 NC(21),  CC(24),  CCC(10)   257,59 254 

 CC(23),  CCC(10) 295,04 290 
 CC(14),  CCC(14)   304,91 300 
 CC(46),  HCC(17)   323,89 319 

 OCC(15),   NNCC(13)   327,89 323 
 CCN(10),   HNNC(10),   NNCC(13)   368,18 362 

 NNC(12),  OCC(17),  CNN(10)   407,91 402 
 COC(11)   436,32 430 

 HNNC(18)   471,95 465 
 HNNC(45)   474,3 467 

 OCC(14),  OCCC (20)   511 503 
 OCC(16),   OCOC (10   565,18 556 

 OCC(13)    575,64 567 
  OCN(15),   OCOC (34)   593,58 584 

 OCOC(10),  CCCC(13)   608,92 599 
 CCCC(14)    617,73 608 

  CC(13),   NNCC(10)   652,28 642 
  CC(16),  CCC(11)     683,62 673 

 HCCN(10)   713,33 702 
 ONNC(46)   735,46 724 

 HCCC(12),  CCCC(16)   742,97 731 
 HCC(11),  HCCN(31)    748,02 736 
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  NN(11),   CCC(12)   769,1 757 
  CC(10),    HCCC(17)   793,76 781 

  NC(14),   CC(10),   NNC(14),   CNN(19)     817,4 805 
  OC(10),  NNC(14)    845,99 833 

  HCCC(28)   859,12 846 
  OC(10),  HCCC(16)   878,16 864 

 HCCC(10)   880,3 867 
  CC(50),  HCCC(17)   899,52 885 
 HCCC(23),  CCCC(12)   918,86 905 

  OC(11),  HCC(11),   CCC(14)    971,25 956 
  HCC(75)    983,2 968 

  HCNN(86)   1010,94 995 
 HCH(10),  CCO(10),  HCCO(39)   1021,21 1005 

  OC(75),  CCC(11)    1025,22 1009 
  CC(44),   NNC(11)    1030,83 1015 
  NC(87),   NCC(18)    1048,32 1032 

 HCCO(30),  OCOC(21)   1063,12 1047 
  NC(14),   NN(28) 1078,77 1062 

  CC(19),  CCC(13),  HCCC(17)   1109,88 1093 
  OC(21),  HCC(27)  1121,17 1104 

 HCCN(25),  CCCN(12),  HCCC(10) 1136,29 1119 
 HCH(15),   HCOC(45) 1167,93 1150 
  OC(11),  CCC(39)  1169,79 1152 
 HCC(10),  HCOC(11) 1196,17 1178 

  CC(10),  CCC(10),   HCOC(17),   HCCO(10) 1205,48 1187 
  NC(21),   NN(15) 1213,74 1195 
 HCC(19),  CCC(10)  1241,78 1222 

 HCC(43)  1259,35 1240 
  NN(11),   HCC(24),  NCN(11) 1281,98 1262 

  OC(18),  HCC(19) 1276 1282,57 1263 
  CC(15),  HCC(16),  HCCN(12) 1305,14 1285 

 HCCN(24) 1318,25 1298 
 HCC(45),   HCCN(11) 1328,15 1307 
 HCN(18),  HCCN(34) 1380,63 1359 

 HNN(26),  HCN(42),  HCCN(19) 1387,87 1366 
 HCH(61) 1399,33 1378 

 HNN(42),  HCN(13) 1401,78 1380 
 HCH(30) 1413,05 1391 
  CC(32) 1433,03 1411 

 NC(13),  HCN(22) 1462,03 1439 
 HCH(50) 1471,74 1449 

HCCO(20) 1472,71 1450 
 HCH(25) 1476,47 1453 
 HCH(49) 1490,14 1467 
 HCH(32) 1495,56 1472 

 HCOC(13) 1498,84 1475 
 HCH(48) 1506,44 1483 
 HCH(26) 1507,98 1484 

 CC(10),  HCC(10),  HCC(18) 1538,32 1514 
 CC(18),  HCC(13) 1600,08 1575 
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 NC(52)  1590 1636,45 1611 
 NC(18),  CC(38),  HCC(10) 1641,81 1616 

 NC(45),  CC(14) 1604 1661,46 1636 
 OC(73) 1705 1782,76 1755 
 OC(89) 1765 1832,27 1804 
 CH(56) 3016,03 2969 
 CH(53) 3019,63 2973 
 CH(43) 3029,62 2982 
 CH(80) 3046,66 2999 
 CH(43) 3050,97 3003 
 CH(51) 3059,17 3011 
 CH(62) 3081,47 3033 
 CH(17) 3085,25 3037 
 CH(32) 3089,51 3041 

 NH(100) 3098,27 3050 
 CH(56) 3113,25 3065 
 CH(53) 3133,73 3085 
 CH(43) 3150,21 3101 
 CH(80) 3157,94 3109 
 CH(43) 3183,91 3134 
 CH(51) 3186,39 3137 
 CH(62) 3205,08 3155 

 NH(100) 3178 3676,95 3620 
 

 
         Figure 3. Theoretical IR spectrums and simulated with DFT/B3LYP/6-311++G(d,p) 

level of the molecule. 
 

Geometric properties (bond angle, length) 
The bond length/ angle of the molecule were found based on the stable optimized structure in 
terms of the arrangement of atoms. Computationally provided data and some length and angle 
values available in the literature were compared. The calculated and obtained data with 6-
311++G(d,p) set for DFT(B3LYP), respectively; C1-N34; C1-N36; C2-N35; C2-N36; C3-
N37 bond lengths 1.29, 1.39; 1.36, 1.41; 1.28 were found and is shown in Table 1. The bond 
lengths registered in the literature are C=N; 1.27 Å and C-N; It is 1.47 Å (Sudha et al., 2018). 
The C-C and C-H lengths in the benzene ring present in the structure were also compared 
with the lengths in the literature. Accordingly, the mean values of C-C bond lengths of the 
benzene ring for B3LYP, respectively, according to the data obtained with the are 1.39, 1.38; 
The mean C-H bond length was calculated as 1.08, 1.07 Å. The values of C-C bond lengths in 
the benzene ring in the literature are 1.39 Å and C-H; It was measured as 1.08 Å (Sudha et al., 
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2018). As a result of the comparison of the computational data obtained from the bond lengths 
with the DFT(B3LYP) method and the 6-311++G(d,p) set, and the data obtained from the 
literature, it has been concluded that the values are the same or very close to each other. 
 
 
 
 

Table 5. The calculated bond length and angle B3LYP/6-311++G(d,p) of the molecule. 
Bond 

Angles 
B3LYP 

Bond 
Angles 

B3LYP 
 Bond 

lengths B3LYP Bond 
lengths B3LYP 

N(34)-
C(1)-N(36) 

111.08 C(4)-C(5)-
C(6) 

120.430 C(1)-
N(34) 

1.29 C(4)-C(5) 1.40 

N(34)-
N(35)-
H(16) 

120.454 C(4)-C(9)-
C(8) 

120.447 C(1)-
N(36) 

1.39 C(4)-C(9) 1.40 

H(16)-
N(35)-C(2) 

125.203 C(5)-C(6)-
H(19) 

121.131 C(1)-
C(13) 

1.49 C(5)-
H(18) 

1.08 

N(35)-
C(2)-O(38) 

129.920 C(5)-C(6)-
C(7) 

120.754 N(34)-
N(35) 

1.37 C(5)-C(6) 1.38 

O(38)-
C(2)-N(36) 

128.770 H(19)-
C(6)-C(7) 

118.113 N(35)-
H(16) 

1.00 C(6)-
H(19) 

1.08 

N(36)-
C(1)-C(13) 

124.918 C(6)-C(7)-
O(39) 

119.961 N(35)-
C(2) 

1.36 C(6)-C(7) 1.39 

C(1)-
C(13)-
H(27) 

106.769 O(39)-
C(10)-
H(21) 

110.427 C(2)-
N(36) 

1.41 C(7)-
O(39) 

1.36 

C(1)-
C(13)-
H(28) 

109.015 O(39)-
C(10)-
H(22) 

106.057 C(2)-
O(38) 

1.21 O(39)-
C(10) 

1.43 

C(1)-
C(13)-
C(14) 

113.595 O(39)-
C(10)-
H(23) 

111.205 N(36)-
N(37) 

1.37 C(10)-
H(21) 

1.09 

H(29)-
C(14)-
H(30) 

106.894 H(21)-
C(10)-
H(23) 

109.742 C(13)-
H(27) 

1.09 C(10)-
H(22) 

1.08 

H(29)-
C(14)-
C(15) 

109.908 H(21)-
C(10)-
H(22) 

109.505 C(13)-
H(28) 

1.09 C(10)-
H(23) 

1.09 

H(30)-
C(14)-
C(15) 

109.893 H(22)-
C(10)-
H(23) 

109.835 C(13)-
C(14) 

1.54 C(7)-C(8) 1.39 

C(14)-
C(15)-
H(31) 

111.309 O(39)-
C(7)-C(8) 

121.494 C(14)-
H(29) 

1.09 C(8)-
O(40) 

1.39 
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C(14)-
C(15)-
H(32) 

111.075 C(7)-C(8)-
O(40) 

119.035 C(14)-
H(30) 

1.09 O(40)-
C(11) 

1.38 

C(14)-
C(15)-
H(33) 

111.249 C(7)-C(8)-
C(9) 

120.822 C(14)-
C(15) 

1.53 C(11)-
O(41) 

1.19 

H(31)-
C(15)-
H(32) 

107.683 C(8)-C(9)-
H(20) 

118.998 C(15)-
H(31) 

1.09 C(11)-
C(12) 

1.50 

H(31)-
C(15)-
H(33) 

107.657 C(8)-
O(40)-
C(11) 

117.796 C(15)-
H(32) 

1.09 C(12)-
H(24) 

1.09 

H(32)-
C(15)-
H(33) 

107.690 O(40)-
C(11)-
O(41) 

123.317 C(15)-
H(33) 

1.09 C(12)-
H(25) 

1.09 

C(1)-
N(36)-C(2) 

108.322 O(41)-
C(11)-
C(12) 

126.717 N(37)-
C(3) 

1.28 C(12)-
H(6) 

1.08 

N(36)-
N(37)-C(3) 

119.106 C(11)-
C(12)-
H(24) 

109.277 C(3)-
H(17) 

1.08 C(8)-C(9) 1.38 

N(37)-
C(3)-H(17) 

121.959 C(11)-
C(12)-
H(25) 

110.574 C(3)-C(4) 1.46 C(9)-
H(20) 

1.08 

H(17)-
C(3)-C(4) 

117.717 C(11)-
C(12)-
H(26) 

109.379     

C(3)-C(4)-
C(5) 

122.964 H(24)-
C(12)-
H(25) 

107.642     

C(3)-C(4)-
C(9) 

118.239 H(24)-
C(12)-
H(26) 

109.442     

C(4)-C(5)-
H(18) 

119.200 H(25)-
C(12)-
H(26) 

110.495     
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Table 7. The calculated mulliken charges datas of the molecule. 
B3LYP  B3LYP  B3LYP 

C1 -0.294 C14 -0.007 H27 0.202 
C2 0.438 C15 -0.603 H28 0.178 
C3 -0.319 H16 0.389 H29 0.160 
C4 0.962 H17 0.257 H30 0.157 
C5 -0.163 H18 0.130 H31 0.135 
C6 0.028 H19 0.214 H32 0.147 
C7 0.166 H20 0.190 N34 -0.011 
C8 -1.052 H21 0.129 N35 -0.217 
C9 -0.593 H22 0.164 N36 -0.043 

C10 -0.272 H23 0.190 N37 -0.004 
C11 0.149 H24 0.176 O38 -0.364 
C12 -0.551 H25 0.182 O39 -0.127 
C13 -0.238 H26 0.174 O40 -0.017 

    O41 -0.176 
 
FMO Analysis 
 
Frontier Molecular orbitals (FMO), such as HOMO-LUMO, help us determine the electron 
transitions in the molecule and the chemical reactivity of the molecule (Fukui, 1982). LUMO 
stands for low energy vacant molecular orbital and HOMO stands for high energy filled 
molecular orbital. Also known as "LUMO" electron donating orbital, "HOMO" electron 
donating orbital. The energy gap " Eg" between these orbitals is significant and the lower it 
is, the more stable the molecule. The B3LYP, 6-311G(d,p) HOMO-LUMO energies of the 
molecule were found theoretically Eg= 4.34 eV for B3LYP/6-311G(d,p) are shown in 
Figure 2. In addition to these, the following electronic parameters were calculated using the 
Elumo, Ehomo and Eg value (Table 8). 
 

Table 8. The calculated electronic structure parameters of the molecule 
    Hatree ev kcal/mol KJ/mol 

  LUMO -0,07228 -1,96679 -45,3559 -189,771 
  HOMO -0,2318 -6,30744 -145,455 -608,591 
A Electron Affinity 0,07228 1,96679 45,3559 189,771 
I Ionization Potential 0,2318 6,30744 145,455 608,591 

E Electronegativity 0,15952 4,34065 100,099 418,82 
 Chemical Potential 0,15204 4,13711 95,4056 399,181 

Pi Electrophilic ndex -0,15204 -4,13711 -95,4056 -399,181 
 Nucleophilic ndex 0,000921873 0,02508 0,57848 2,42038 

IP Molecular Softness -0,01212671 -0,32998 -7,60955 -31,8387 
S Molecular Hardness 12,5376 341,157 7867,39 32917,5 

 Electron Affinity 0,07976 2,17033 50,0496 209,41 
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Figure 5. HOMO-LUMO energy calculated with DFT/B3LYP/6-311++G(d,p) of the 
molecule. 

 
 
Thermodynamics properties 
 
Thermodynamics parameters were calculated with (B3LYP) functionals in DFT method at the 
6-311G++(d,p) basis set at 298.150 K and under 1 atm pressure. 
 
Rotational temperatures (Kelvin) DFT  DFT 
A 0.02197 Zero-point correction 

(Hartree/Particle) 
0.323066 

B 0.00527 Thermal correction to Energy 0.346394 
C 0.00440 Thermal correction to Enthalpy 0.347339 
Rotational constants (GHZ)  Thermal correction to Gibbs Free 

Energy 
0.266255 

A 0.45769 Sum of electronic and zero-point 
Energies 

-
1102.2938

63 
B 0.10981 Sum of electronic and thermal 

Energies 
-

1102.2705
35 

C 0.09175 Sum of electronic and thermal Free 
Energies 

-
1102.3506

74 
Thermal Energies E(kcal/mol)  Sum of electronic and thermal 

Enthalpies 
-

1102.2695
91 

Translational 0.889 Zero-point vibrational energy 
(Kcal/mol) 

202.7268 

Rotational 0.889 Entropy S(cal/mol-K)  
Vibrational 215.588 Translational 43.168 
Total 217.366 Rotational 35.498 
Thermal Capacity CV(cal/mol-K)  Vibrational 91.988 
Translational 2.981 Total 170.654 
Rotational 2.981   
Vibrational 77.820   
Total 83.781   
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CONCLUSIONS 

       Quantum chemical methods such as DFT are used to obtain geometrical parameters and 
calculate the IR, 1H-NMR and 13C-NMR spectra of the compound. The calculated the 
chemical shifts are compared with the experimental observations. The chemical shifts 
calculated by B3LYP/6-311++G(d,p) method are in a very good agreement are in a very good 
agreement with the experimental data. The normal mode vibrational frequencies calculated at 
the B3LYP method of theory are in accordance with the recorded IR spectrum. In addition, 
vibrational bands assignments and analysis of the fundamental modes of the compound are 
performed.  
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     ABSTRACT 

The quantum chemical computations of 1-(2,6-Dimethylmorpholine-4-il-methyl)-3-ethyl-4-(4-
hydroxybenzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one were performed using 
DFT/B3PW91 method in the 6-311G(d, p)(d,p) basis set. The molecule was optimized for the 
most stable positions of the atoms. This Gauss-view optimized structure was used for all 
calculations. Firstly, the nuclear magnetic rezonans (13C-NMR and 1H-NMR) data were 
calculated with the GIAO method in the Gaussian O9W package program and the results were 
compared with the experimental values obtained from the literature. The R value were 
calculated by performing regression analysis using all experimental and calculation spectral 
data. The Veda 4 program was used to calculate theoretical infrared (IR) vibration frequencies 
which were scaled with certain scala factor. Furthermore, the thermodynamic parameters such 
as (heat capacity CV0, entropy S0 and enthalpy H0), geometric properties (bond angle and 
length), electronic parameters (global hardness ( ), electron affinity (A), electronegativity ( ), 
softness ( ) and ionization potential (I), ELUMO-EHOMO energy gap, HOMO-LUMO energy), 
dipole moment, mulliken atomic charges, non-linear optic (NLO) (i.e., the first 
hyperpolarizability and polarizability) analysis were studied. The molecular electrostatic 
potantial (MEP) surface map  was designed, and  thus the electronegative and electropositive 
regions of the molecule were determined. Additionally, electrostatic spin potantial map (ESP) 
and electron contour map of  molecule were obtained. 

 
Keywords:  6-311++ G(d, p), GIAO, HOMO-LUMO. NLO 
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INTRODUCTION 

1,2,4- Triazole derivatives have been associated with diverse biological activities, such as 
antibacterial, antifungal, anti-inflammatory, antihypertensive and antiviral (Raval, et.al ., 2009; 
Al-Soud, et.al., 2004). In addition, metal complexes of triazoles give very good results in the 
treatment of bladder, testis,ovary, brain tumors. Also because of 1,2,4-triazoles having 
pharmacological activity, they are found in the structure of many drugs used in chemotherapy. 
Synthesized  compound in this study  is a mannich bases.  Mannich bases have applications the 
field medicinal chemistry, the product synthetic polymers, the petroleum industry, as products 
used in water treatment, cosmetics, the dyes industry. In addition, Mannich bases have biological 
activity such as anticancer, antibacterial, antimycobacterial, anti inflammatory, analgesic, 
antifungal , antitumor (Kumar, et.al.,2010). Today, many properties of molecules have been 
started to be calculated without the need for experimentations using the theoritical methods. 
Quantum chemical calculations are commonly used for interpretation, understanding and 
prevision of experimental results such as 1H and 13C NMR spectral dates, IR frequensy values, 
bond angles, bond lenght, dihedral angles, mulliken atomic charges, HOMO-LUMO energies, 
dipol moment, thermodynamic properties. Furthermore, these calculations are used to determine 
the optic and electronic properties of organic compounds and to elucidate their structure activity 
relationship (SAR). In this study, the molecule was optimized by using 6-311G(d,p) basis set of 
the B3LYP method (Frisch, et.al.,2009). The optimized molecular structure, vibrational 
frequencies, atomic charges and frontier molecule orbitals (HOMO and LUMO) of the titled 
compound have been calculated by using B3LYP method with 6-311G(d,p) basis set. All 
quantum chemical calculations were carried out by using Gaussian09W program package and the 
GaussView molecular visualization program (Frisch et.al.,2009). The molecular structure and 
vibrational calculations of the molecule was computed by using B3LYP (Becke, 1993) density 
functional method with 6-311G(d, p) basis set in ground state. IR absorption frequencies of the 
titled compound were calculated by the same basis set. Then, they were compared with 
experimental data which are shown to be accurate. Infrared spectrum was composed by using the 
data obtained from the method ( Boy et.al.,2021). The assignments of fundamental vibrational 
modes of the titled compound were performed on the basis of total energy distribution (TED) 
analysis by using veda4f program (Jamróz, 2004). Thermodynamic properties of analyzed 
molecule were calculated by the same basis set. Also, the molecular structure, the highest 
occupied molecular orbital-lowest unoccupied molecular orbital (HOMO-LUMO), electronic 
transition, electronegativity , hardness , molecular electrostatic potential maps (MEP), mulliken 
atomic charges of the titled compound have been investigated by the same basis set. 

 

MATERIALS AND METHODS 

The compound was optimized by using the B3LYP/6-311G(d,p) basis set (Frisch et.al.,2009; 
Wolinski, et. al.,). 1H-NMR and 13C-NMR isotropic shift values were calculated by the method of 
GIAO using the program package Gaussian G09W (Wolinski, et. al.,). Experimental and 
theoretical values were inserted into the graphic according to equitation of  exp = a+b.  calc. 
The standard error values were found via Sigma Plot program with regression coefficient of a and 
b constants. IR absorption frequencies of analyzed molecule were calculated by B3LYP/6-
311G(d,p) methods. The veda4f program was used in defining IR data, which were calculated 
theoretically (Jomróz, et al., 2004). The experimental (Boy, et.al.,2021) and the obtained 
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theoretical values were compared and found by regression analyses that are accurate, Besides, the 
calculations such as bond angles, bond lengths, the HOMO-LUMO energy and mulliken charges 
of compound was calculated. 

 

       

 
Figure 1. Optimized molecular structure of molecule with B3LYP/ 6-311G(d,p) level. 

 
 

RESULT AND DISCUSSIONS 

Molecular Structure 
 
The optimized molecular geometric parameters (bond angles, bond lengths) of the molecule by 
using B3LYP/6-311G(d,p) level are listed in Table 1. N4-C3 bond length was observed as 1.28 Å 
(experimental) and 1.28 Å (B3LYP), respectively. The lowest bond length of O(50)-H(24)as 0.96 
Å (B3LYP) was measured. All bond angles were close to each other, but the highest angle was 
between N(45)-C(2)-O(49). 
 
     Table 1. The calculated bond angles and bond lenghts of the titled compound 
Bond Angles 

(o) 
B3LY

P 
Bond Angles 

(o) 
B3LY

P 
Bond 

lengths 
B3LY

P 
Bond 

lengths 
B3LY

P 
N(44)-C(1)-

N(46) 
111.0

5 
H(25)-C(10)-

N(48) 
112.8

7 
C(1)-
N(44) 

1.29 C(9)-
H(23) 

1.08 

N(44)-N(45)-
C(10) 

122.0
6 

H(26)-C(10)-
N(48) 

108.4
9 

C(1)-
N(46) 

1.38 C(4)-C(9) 1.40 

C(10)-N(45)-
C(2) 

124.8
0 

C(10)-N(48)-
C(11) 

112.6
7 

C(1)-
C(17) 

1.49 C(10)-
H(25) 

1.09 

N(45)-C(2)-
O(49) 

129.2
6 

C(10)-N(48)-
C(14) 

113.3
3 

N(44)-
N(45) 

1.38 C(10)-
H(26) 

1.10 

NO

N
N

N
N

CH2

O CH OH

CH2CH3
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O(49)-C(2)-
N(46) 

128.5
7 

N(48)-C(11)-
H(27) 

112.0
5 

N(45)-
C(10) 

1.44 C(10)-
N(48) 

1.45 

N(45)-C(2)-
N(46) 

102.1
4 

N(48)-C(11)-
H(28) 

108.6
8 

N(45)-
C(2) 

1.37 N(48)-
C(11) 

1.46 

N(44)-C(1)-
C(17) 

124.9
1 

H(27)-C(11)-
H(28) 

108.1
8 

C(2)-
N(46) 

1.41 C(11)-
H(27) 

1.09 

C(1)-C(17)-
C(18) 

113.5
1 

H(27)-C(11)-
C(12) 

108.5
2 

C(2)-
O(49) 

1.22 C(11)-
H(28) 

1.10 

C(1)-C(17)-
H(39) 

106.5
7 

H(28)-C(11)-
C(12) 

109.3
5 

N(46)-
N(47) 

1.37 C(11)-
C(12) 

1.52 

C(1)-C(17)-
H(40) 

108.7
9 

N(48)-C(11)-
C(12) 

109.9
9 

C(17)-
H(39) 

1.09 C(12)-
H(29) 

1.10 

C(17)-C(18)-
H(41) 

110.8
6 

C(11)-C(12)-
H(29) 

107.8
7 

C(17)-
H(40) 

1.09 C(12)-
C(15) 

1.51 

C(17)-C(18)-
H(42) 

110.0
9 

H(29)-C(12)-
C(15) 

110.0
3 

C(17)-
C(18) 

1.53 C(15)-
H(33) 

1.09 

C(17)-C(18)-
H(43) 

111.1
0 

C(11)-C(12)-
C(15) 

112.7
8 

C(18)-
H(41) 

1.09 C(15)-
H(34) 

1.09 

H(41)-C(18)-
H(42) 

108.0
6 

O(51)-C(12)-
C(15) 

107.4
1 

C(18)-
H(42) 

1.09 C(12)-
O(51) 

1.43 

H(42)-C(18)-
H(43) 

108.1
6 

C(12)-C(15)-
H(33) 

110.1
3 

C(18)-
H(43) 

1.09 O(51)-
C(13) 

1.43 

H(41)-C(18)-
H(43) 

108.4
5 

C(12)-C(15)-
H(34) 

110.5
9 

N(47)-
C(3) 

1.28 C(13)-
C(16) 

1.51 

C(1)-N(46)-
C(2) 

108.1
4 

C(12)-C(15)-
H(35) 

110.6
6 

C(3)-
H(19) 

1.08 C(13)-
H(30) 

1.10 

N(46)-N(47)-
C(3) 

118.9
8 

H(33)-C(15)-
H(34) 

108.2
4 

C(3)-C(4) 1.46 C(16)-
H(36) 

1.09 

N(47)-C(3)-
H(19) 

121.7
6 

H(33)-C(15)-
H(35) 

108.4
6 

C(4)-C(5) 1.40 C(16)-
H(37) 

1.09 

H(19)-C(3)-
C(4) 

117.6
4 

H(34)-C(15)-
H(35) 

108.7
0 

C(5)-
H(20) 

1.08 C(16)-
H(38) 

1.09 

C(3)-C(4)-
C(5) 

122.9
6 

H(29)-C(12)-
O(51) 

108.5
2 

C(5)-C(6) 1.38 C(13)-
C(14) 

1.52 

C(3)-C(4)-
C(9) 

118.7
2 

C(12)-O(51)-
C(13) 

112.8
6 

C(6)-
H(21) 

1.08 C(14)-
H(31) 

1.10 

C(4)-C(5)-
H(20) 

119.0
1 

O(51)-C(13)-
H(30) 

108.4
1 

C(6)-C(7) 1.40 C(14)-
H(32) 

1.09 

C(4)-C(5)-
C(6) 

120.9
9 

O(51)-C(13)-
C(14) 

110.1
6 

C(8)-
H(22) 

1.08   

C(5)-C(6)-
H(21) 

121.3
0 

H(30)-C(13)-
C(14) 

108.0
9 

C(7)-C(8) 1.39   

C(5)-C(6)-
C(7) 

119.8
8 

C(13)-C(14)-
H(31) 

108.9
0 

C(7)-
O(50) 

1.36   

C(6)-C(7)-
C(8) 

120.0
3 

C(13)-C(14)-
H(32) 

109.8
5 

O(50)-
H(24) 

0.96   

C(6)-C(7)- 117.1 C(13)-C(14)- 110.2 C(8)-C(9) 1.39   
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O(50) 7 N(48) 1 
C(7)-O(50)-

H(24) 
109.9

9 
H(31)-C(14)-

N(48) 
111.1

3 
    

O(50)-C(7)-
C(8) 

122.7
9 

H(32)-C(14)-
N(48) 

108.9
6 

    

C(7)-C(8)-
C(9) 

119.6
2 

H(31)-C(14)-
H(32) 

107.7
2 

    

C(7)-C(8)-
H(22) 

120.1
8 

O(51)-C(13)-
C(16) 

107.3
5 

    

H(22)-C(8)-
C(9) 

120.1
8 

H(30)-C(13)-
C(16) 

109.9
5 

    

C(8)-C(9)-
H(23) 

119.3
6 

C(13)-C(16)-
H(36) 

110.5
9 

    

H(23)-C(9)-
C(4) 

119.4
9 

C(13)-C(16)-
H(37) 

110.1
7 

    

C(2)-N(45)-
C(10) 

124.8
0 

C(13)-C(16)-
H(38) 

110.6
1 

    

N(45)-C(10)-
H(25) 

106.6
7 

H(36)-C(16)-
H(37) 

108.2
4 

    

N(45)-C(10)-
H(26) 

106.2
5 

H(36)-C(16)-
H(38) 

108.6
4 

    

H(25)-C(10)-
H(26) 

108.9
8 

H(37)-C(16)-
H(38) 

108.4
9 

    

 
Vibrational frequencies 

Theoretically IR values were calculation veda 4f programme and scala values were obtain. The 
negative frequency in the data was not found. This result, structure of compound were shown 
stable. IR spectrums were drawn with obtained values according to DFT method. Theoretically 
IR values were compare with experimentally IR values.The result of this compare were found 
corresponding with each other of values. Experimentally carbonyl peak (C=O) in 1688 cm-1 and 
theoretically (C=O) peak in 1762 cm-1 were observed.The OH peak  was signed in 3180 cm-1 
(experimental), 3525 cm-1  (calculated). Experimentally  C=N peak 1607, 1586 cm-1 while 
theoretically 1618 cm-1 (B3LYP) was observed and these values were listed in the Table 2. 

Table 2. The calculated and observed frequencies values of the titled compound 
vibrational 
frequencies  

Experimental  
IR  

Scaled  
6-311G(d, p)  

 (OH)  3180 3525 
 (C=O)  1688  1762 
 (C=N)  1607, 1586 1618 
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NMR Spectral Analysis 
 
In nuclear magnetic resonance (NMR) spectroscopy, the isotropic chemical shift analysis allows 
us to identify relative ionic species and to calculate reliable magnetic properties which provide 
the accurate predictions of molecular geometries (Rani et.al.,2010; Subramanian et.al.,2010). In 
this framework, the optimized molecular geometry of the titled compound was obtained by using 
B3LYP method with 6-311G(d, p) basis level in DMSO solvent. By considering the optimized 
molecular geometry of the titled compound the 1H and 13C NMR chemical shift values were 
calculated at the same level by using Gauge-Independent Atomic Orbital (GIAO) method. 
Theoretically and experimentally values were plotted according to  exp=a.  calc.+ b, R2 were 
found using the SigmaPlot program (Table 3 and Figure 5)  
 
 
 
 
 
Table 3. The calculated and experimental 13C /1H NMR isotropic chemical shifts of the titled 
compound 

No Experimenta
l 

   
B3LYP(vakum
) 

     
Difference 

   
B3LYP(DMSO
) 

     
Difference 

C1 146,76 152,95 -6,19 154,95 -8,19 
C2 150,52 154,46 -3,94 155,38 -4,86 
C3 155,08 154,65 0,43 155,83 -0,75 
C4 124,66 133,79 -9,13 132,62 -7,96 
C5 129,72 131,15 -1,43 130,61 -0,89 
C6 115,89 120,57 -4,68 120,32 -4,43 
C7 161,21 165,55 -4,34 166,41 -5,2 
C8 115,89 115,68 0,21 117,57 -1,68 
C9 129,72 138,85 -9,13 140,07 -10,35 
C10 65,98 67,55 -1,57 67,31 -1,33 
C11 55,03 59,20 -4,17 58,85 -3,82 
C12 71,49 76,43 -4,94 58,7 12,79 
C13 71,49 75,70 -4,21 76,82 -5,33 
C14 55,64 59,25 -3,61 55,92 -0,28 
C15 17,88 18,41 -0,53 18,28 -0,4 
C16 18,84 19,91 -1,07 19,73 -0,89 
C17 18,46 23,62 -5,16 23,73 -5,27 
C18 10,12 13,52 -3,4 13,29 -3,17 
H19 9,52 11,16 -1,64 11,11 -1,59 
H20 7,66 9,08 -1,42 9,13 -1,47 
H21 6,86 7,82 -0,96 7,91 -1,05 
H22 6,86 7,21 -0,35 7,63 -0,77 
H23 7,66 8,05 -0,39 8,26 -0,6 
H24 10,2 4,67 5,53 5,57 4,63 
H25  4,55     5,12 -0,57 5,17 -0,62 
H26  4,55     4,37 0,18 4,53 0,02 
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H27 2,61 3,25 -0,64 3,37 -0,76 
H28 2,3 2,64 -0,34 2,77 -0,47 
H29 3,91 4,33 -0,42 4,35 -0,44 
H30 3,91 4,18 -0,27 4,23 -0,32 
H31 2,02 2,49 -0,47 2,61 -0,59 
H32 3,54 3,86 -0,32 3,85 -0,31 
H33 1,04 1,55 -0,51 1,76 -0,72 
H34 1,04 1,65 -0,61 1,63 -0,59 
H35 1,13 1,99 -0,86 1,92 -0,79 
H36 1,04 1,72 -0,68 1,69 -0,65 
H37 1,13 2,02 -0,89 1,96 -0,83 
H38 1,04 1,51 -0,47 1,71 -0,67 
H39 2,72 3,08 -0,36 3,14 -0,42 
H40 2,72 3,65 -0,93 3,74 -1,02 
H41 1,23 2,39 -1,16 1,72 -0,49 
H42 1,23 1,89 -0,66 2,04 -0,81 
H43 1,23 1,68 -0,45 2,33 -1,1 

 

 
 

 
Figure 2. The correlation graphics for 13C/1H-NMR(vakum/DMSO) 

 
Electronic and Thermodynamic Properties  
 
The some N and O atoms which have negative charge values. The mulliken charge values of H 
atoms were found to be positive. C2, C4, C5, C10 atoms surrounded by electronegative atoms in 
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the compound have positive charges. C5 atom was found to have the highest atomic charge of 
0.716.  
 

Table 4. Mulliken atomic charges of the titled compound 
       Atoms        B3LYP        Atoms       B3LYP        Atoms      B3LYP 

C1 -0.098 H19 0.283 H37 0.161 
C2 0.164 H20 0.156 H38 0.139 
C3 -0.294 H21 0.205 H39 0.186 
C4 0.654 H22 0.138 H40 0.173 
C5 0.716 H23 0.157 H41 0.137 
C6 -0.637 H24 0.267 H42 0.155 
C7 -0.273 H25 0.229 H43 0.165 
C8 -0.093 H26 0.150 N44 -0.057 
C9 -1.177 H27 0.134 N45 -0.181 
C10 0.341 H28 0.138 N46 -0.046 
C11 -0.221 H29 0.164 N47 -0.116 
C12 -0.007 H30 0.157 N48 0.336 
C13 -0.027 H31 0.155 O49 -0.329 
C14 -0.532 H32 0.154 O50 -0.222 
C15 -0.574 H33 0.137 O51 -0.035 
C16 -0.610 H34 0.163   
C17 -0.249 H35 0.163   
C18 -0.444 H36 0.160   

 
The HOMO-LUMO energy gap was assigned as 4.31eV at 6-311G(d,p) level and inthe gas phase 
and shown at the Figure 6. All electronic parameters of the molecule were calculated by using the 
HOMO-LUMO energy difference.  
 

Table 5. The electronic properties of the titled compound 
         Electronic 

Parameters 
Hatree eV kcal/mol KJ/mol 

  Electron Affinity -0,06447 -1,75427 -40,4551 -169,266 
  Ionization Potential -0,22309 -6,07044 -139,99 -585,723 
A Energy gap  0,06447 1,75427 40,4551 169,266 
I Electronegativity 0,22309 6,07044 139,99 585,723 

E Chemical potential 0,15862 4,31616 99,5345 416,457 
 Electrophilic index  0,14378 3,91235 90,2224 377,494 

Pi Nucleophilic index -0,14378 -3,91235 -90,2224 -377,494 
 Molecular softness  0,000819775 0,02231 0,51441 2,15232 

IP Molecular hardness  -0,01140319 -0,31029 -7,15554 -29,9391 
S Electron Affinity 12,6088 343,093 7912,03 33104,3 

 Ionization Potential 0,07931 2,15808 49,7673 208,228 
 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 150 November 5-6, 2021



 

                                                                              
Figure 3. The calculated HOMO-LUMO energies of the titled compound with the B3LYP/6-
311G(d,p) level   
 

 
Figure 4. TD, ESP, MEP and countour mapped surfaces of  molecule 

CONCLUSIONS  
The molecular structure, vibrational frequencies, 1H and 13C NMR chemicals shifts, MEP, 
HOMO-LUMO analyses and atomic charges for Mannich base 1-(2,6-dimethylmorpholin-4-yl-
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methyl)-3-ethyl-4-(4 hydroksibenzylideneamino)-4,5-dihydro-1H-1,2,4-triazol-5-one have been 
calculated by using B3LYP/6-311G(d,p) level. By considering the experimental results, it can be 
easily stated that the vibrational frequencies, 1H and 13C NMR chemical shifts parameters 
obtained theoretically are in a very good agreement with the experimental ones . 
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Abstract 
Protein aggregation phenomena owing to its numerous disadvantages in the pharmaceutical 
industry as well as being the seed cause of neurodegenerative diseases [1], remains one of the 
important topic in scientific research. Various natural sources are now being focussed for solving 
the protein aggregation issue as no side effects are accompanied. Centella asiatica (CA) is one 
such plant which is a perennial medicinal herb known for its neuroprotection property and 
memory enhancement. Its antioxidative action, free radical scavenging and modulation of 
cholinergic activities are some of the properties which attributes to the neuroprotection ability[2]. 
Apart from this, it is very likely that components of the CA could bind to the bigger 
macromolecule protein and peptides. This small molecule binding then aids to the native 
structure stabilization when exposed to various external stimuli. Therefore, in light of the above 
possibility, we checked the inhibition action of CA extract against thermal and shear induced 
aggregation of a model protein, BSA at 60°C and shear force of 300s-1. Three types of extract 
were tested namely CA ethyl acetate extract (CEE), CA methanolic extract (CME) and CA water 
extract (CWE), which were extracted sequentially with increasing polarity of the solvent. The 
aggregation kinetics was monitotred through Thioflavin T (Th-T) assay and dynamic light 
scattering (DLS) and the aggregate morphology were analysed via AFM. The interaction of the 
extract and the protein was thermodynamically investigated through isothermal titration 
calorimetry (ITC). The characterization of the extract was performed through the high resolution 
liquid chromatography mass spectrometry (HRLCMS) and the antioxidative action via DPPH 
free radical scavenging assay. 300 g/ml CWE, CME and CEE conferred scavenging activity on 
DPPH radical with the inhibitory percent of 42.48, 53.35 and 16.87 % respectively. The 
dissociation constant Kd determined from ITC for CEE, CWE and CME with BSA was found to 
be 0.13 mM-1, 2.3 mM-1and 139 M-1 respectively. From this study it was found that CA extract 
could significantly inhibit the aggregation of BSA and CEE extract was found to performed the 
best. 
Keywords: protein aggregation, centella asiatica, shear, thermal  
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Abstract 
The main objective of this study is to synthesize microporous materials of MFI type purely silicic 

(silicalite-1)  incorporated into the transition metal . The synthesis of these materials is carried out in 
fluorinated and alkaline media, in the presence of the various structuring organic molecules, 
diethylamine (DEA), tetrapropylammonium hydroxide (TPAOH), tetrapropylammonium bromide 
(TPABr), o-phenylene diamine (C6H8N2 (o) ) and under very precise conditions of crystallization 
temperature and crystallization time (175°C, 24 hours).The silicalite incorporated synthesized was 
characterized by X-ray fluorescence, X-ray diffraction, IR spectroscopy  and UV-Vis. spectroscopy. 

Keywords: TS-1, XRF, XRD, IR, UV-Vis., sythesis, agents structuring., template effect   

1. INTRODUCTION 
Syntheses of microporous materials require the presence of an inorganic structuring agent (alkaline or 

alkaline-earth cations) or organic (amines, quaternary amines, alcohols, etc.).These species intervene 
as true molecular agents round which crystallizes the mineral matter. After synthesis, they are 
occluded in the porosity and the porous material is obtained after extraction or removal by 
calcination. 

The synthesis of TS-1 was first made in 1983 using TPAOH as an organic template. [1]  The TPAOH 
used as an organic structuring agent that can act as a reagent directing the structure and provide the 
alkalinity necessary for the crystallization of the zeolite. [2] Many researchers have proposed other 
structuring agents cheaper than TPAOH, which takes the same cation TPA+. [3],[4]-[5]  

To reduce the cost of synthesizing TS-1, many efforts have been made to use inexpensive small organic 
amines as a template instead of expensive TPAOH. Although the use of small inexpensive organic 
amines devices to replace the expensive TPAOH, such as TPABr, ammonia, diethylamine, 
hexanediamine, ethylenediamine, n- butylamine, is a promising strategy for the synthesis of low-cost 
TS-1. [6]-[7]  
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TS-1 can prepared also with tetrapropylammonium bromide (TPA-Br) as template. Mueller and al [8] 
and Gang and al [9] synthesized TS-1 in the presence of TPABr as organic structuring agent using 
ammonia as source of alkali, the size of the zeolite obtained was often greater than 10 m, much 
larger than that typical of TS-1 synthesized using TPAOH as a structuring agent, so micronuclei were 
obtained [11]-[12] what is undesirable. Zuo and al. demonstrated synthesis of the TS-1 with crystal 
size of 200 nm using the TPA-Br. [10]   

The formation of microporous materials in the presence of diethylamine (DEA) as an organic template 
is favored by static conditions, high concentrations of DEA and a low temperature (393 K). The role 
of diethylamine is extended to the stabilization of nuclei.[13]  

The hydrophilic / hydrophobic balance is illustrated by the work of Brukett and Davis on the synthesis 
of the MFI type zeolite in the presence of tetrapropylammonium cation (TPA+) as an organic 
structuring agent. According to the authors, the organic species must not be too hydrophilic to be able 
to present structuring properties, they also introduce the concept of "hydration ,hydrophobic ». [14]-
[15]  

The structuring agents can play different roles such as: compensation action of the negative charge of 
the mineral framework (case of silico aluminophosphates for example), action of filling the 
microporosity, structuring action ("template" effect) by a preorganization of the mineral species 
around the organic entity and / or orientation of the crystallization by adaptation to the shape and 
symmetry of the organicentity, chemical action by modifying the properties of the gel and / or the 
solution (hydrophilic or hydrophobic nature of the organic entity). Organic species) and 
thermodynamic action, in particular by the stabilization of construction units. 

In this study, we are interested in the preparation of titatium silicalite-1 from aqueous solutions of 
tetrapropylammonium hydroxide or bromide (TPAOH, TPABr), diethylamine (DEA), ortho 
phenylenediamine (C6H8N2(o) ) as structuring agents, the synthesis protocol of titanium silicalite-1 is 
carried out under conditions of crystallization temperature greater than 100°C and crystallization time  
at 24 hours. 

2. EXPERIMENTAL 

2.1 TS-1 synthesis conditions 
 

We report the conditions (a temperature of 175°C and a crystallization time of 24 hours) of synthesis of 
TS-1 in Table 1. 

Table 1: TS-1 synthesis conditions. 

Silicalite-1 

incorporated in 

titanium 

Molar compositions Crystallization 

time 

Crystallization 

temperature 

MS1 .1Na2O-DEA-SiO2-0.01TiO2-

15H2O 

24 hours 175 C 

MS2 KF-0.08TPAOH-SiO2- 24 hours 175 C 
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0.01TiO2-20H2O 

MS3 DEA-0.04TPABr-SiO2-

0.01TiO2-13H2O 

24 hours 175 C 

MS4 0.1 N

a2O-0.1C6H8N2(o)-SiO2-

0.01TiO2-7H2O 

24 hours 175 C 

 

2.2 TS-1 synthesis procedure 
 

For the synthesis of TS-1, we introduce in a beaker successively, 7.5g of Ludox, 4.41g of water, we add 
3.65g of DEA, 0.55 g KOH and 0.057 g of TiO2 with strong stirring up to obtaining a gel for 2 hours 
and at room temperature (25 ° C.). This gel of molar composition: 0.1 K2O-DEA-SiO2-0.01TiO2-
10H2O is transferred into an autoclave which will subsequently be placed in an oven heated to 175 ° 
C. After a period of crystallization of 24 hours the autoclave is cooled, the recovered product is 
filtered, washed several times with distilled water and dried at 80 ° C, this is applied to the synthesis 
of all the materials (MS1, MS2, MS3 and that of MS4). To release the pores of the synthesized 
material, the final product is calcined at a temperature of 550 ° C for 6 hours. We adopt the same 
process of synthesis for all samples. 

 

3. CHARACTERIZATION OF TS-1 
 

Silicalite incorporated into titanium synthesized using diethylamine (DEA), tetrapropylammonium 
hydroxide or bromide (TPAOH, TPABr) and ortho phenylenediamine (C6H8N2)  as a structuring 
agents was characterized by X-ray fluorescence, X-ray diffraction, IR spectroscopy and visible UV 
spectroscopy. 

 
3.1 X-ray fluorescence of TS-1 
The X-ray fluorescence of TS-1 synthesized from the DEA as a structuring agent showed that 43.60% of 

titanium species were incorporated, 52% of titanium species for that synthesized with TPAOH and 
49.26% of titanium species incorporated. with the TPABr. Table 2 collates the values of the molar 
ratios of the TS-1 given by FX. 

Table 2: Molar ratios of the TS-1 given by FX. 

TS-1 Molar ratio 

Ti/Si         SA             SA/Si 

Molar ratio of 

TS-1 given by FX              
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Ti         Si          Ti/Si 

MS1 0.01         DEA          1 0.28     41.30       0.0043 

MS2 0.01        TPAOH     0.08 0.33     45.48       0.0052 

MS3 0.01        TPABr       0.4 0.30     45.10        0.0049 

 

SA: structuring agent 

 
3.2 X-ray diffraction of TS-1 
On the diffractograms of the samples (MS1, MS2 and MS3) (Figure 1), we observe the peaks at 2  = 

23.09, 23.29, 23.68, 23.92 and 24.3 °. These values are consistent with those published by IZA 
(International Zeolite Association). [16] 

 
 

Figure 1: Diffractograms of TS-1 (MS1,MS2,MS3 and MS4). 

 
TS-1 crystallizes in the orthorhombic system [17], let us note that the diffraction peak at 2  = 24.3 ° in 

the XRD diagram indicates the change of the monoclinic symmetry of Silicalite-1 (S-1) towards 
symmetry. orthorhombic of TS-1. [18] No significant diffraction peak was observed at 2  of 25.4° 
for all of the samples, which indicated the absence of crystalline of TiO2. [19] 

The relative crystallinity of the samples (MS1, MS2, MS3 and MS4 ) is based on the three characteristic 
peaks of the MFI type zeolite at Bragg angles 2  = 23, 24 and 24.5°.[20] The sample for which the 
sum of the diffraction intensities (of the three peaks) is the highest is considered as a reference 
product, that is to say having a 100% crystallinity. 

Relative crystallinity ( ) = 
 
 
 
The results of the relative crystallinity, calculated from the previous formula are presented in Figure 2.

 

(I23 +I24 +I24.5 ) sample 

(I23 +I24 +I24.5 ) reference 
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Figure 2: The relative crystallinity of the samples using DEA, TPAOH, TPABr and C6H8N2(o) as 

organic structurants. 

3.3 Infra Red Spectroscopy (FT-IR) 
 
The FT-IR spectra of the samples, MS3, MS6, ME3 and MF3 (are shown in Figure 3) synthesized with 

the various structuring agents (diethylamine, tetrapropylammonium hydroxide and 
tetrapropylammonium bromide) have vibration bands at 1230,1100,800,550 and 450cm-1 

 

 
 

Figure 3: IR spectra of TS-1. 
 
The asymmetric elongation of Si-O-Si is attributed to adsorption band 1100 and 1230cm-1. The 

absorption band around 552 and 457 cm-1 is attributed to the rocking vibration of Si-O-Si . [21] The 
absorption bands at 1230 and 547 cm-1 are assigned to the characteristic vibration of the tetrahedral 
structure of the MFI type zeolite. [22] 

The absorption band that appears at 970cm-1 indicates the presence of titanium atoms in the structure of 
TS-1 [23] , this band corresponds to the vibration mode of the Si-O group of [SiO4] bonded to atoms 
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Ti (IV) with tetrahedral coordination [16] and is assigned to the asymmetric elongation of the 
vibration mode of the Si-O-Ti bridge according to Boccuti and Thangaraj et al. [24]-[25] 

As shown in Figure 3, the bands at 553 cm-1 and 965 cm-1 demonstrate the successful incorporation of 
Ti into the MFI framework of  the TS-1. [19]  

 

 
3.4 UV visible spectroscopy 
 
The UV-vis spectra of TS-1 shown in Figure 4 show a similar form published in the literature for this 

type of zeolite. [26]-[27] The intense band at 212 nm corresponds to a charge transfer transition 
involving tetra-coordinate sequences isolated from Ti4 + ions and oxygen atoms of the Ti-O-Si 
species of the zeolite. [24],[ 28]-[29] The absence of peaks at 260-270 nm indicates a large ordered 
arrangement of Ti-O-Si bonding. [30]  

 

 
Figure 4: Visible UV spectra of TS-1 

 
Conclusion  
 
According to the results obtained, in this part of the synthesis of materials incorporated on the transition 

metal ( titanium ,Ti) ,in the presence of the different structuring agents, we can say that the materials 
synthesized using diethylamine (DEA), tetrapropylammonium hydroxide (TPAOH) and 
tetrapropylammonium bromide (TPABr) as organic structuring agents, allowed us to have well 
crystalline silicic zeolites of MFI  type structure. This is confirmed by : 

 The diffractograms of these materials which indicate the presence of characteristic peaks 
appearing at 2  = 23.09, 23.29, 23.68, 23.92 and 24.3 °. These materials have a high relative 
crystallinity ( 86.20  ,94.76  and 90.23 ). 

 The presence of  absorption bands at 1230 and 547 cm-1 are assigned to the characteristic 
vibration of the tetrahedral structure of the MFI type.This was given by infrared spectroscopy 
. 

 Appearance of the intense band at 212 nm in UV-Vis. spectrum  which corresponds to 
silicalite incorporated in titanium. 
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On the other hand, the synthesis of titanium silicalite-1 in the presence of organic molecule, ortho 
phenylenediamine (C6H8N2) as structuring agent, gaves us poorly crystallized material with an 
amorphous structure. This material has alow relative crystallinity (14.24 ). 
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ABSTRACT 

In the present study, 3-alkyl(aryl)-4-(3-methoxy-4-isobutyryloxy benzylidene amino)-4,5-
dihydro-1H-1,2,4-triazol-5-ones (1) reacted with 4-piperidinecarboxamide in the presence of 
formaldehyde to obtain five novel 1-(4-aminocarbonylpiperidin-4-yl-methyl)-3-alkyl(aryl)-4-
(3-methoxy-4-isobutyryloxy-benzylideneamino)-4,5-dihydro-1H-1,2,4-triazole-5-ones (2). 
The structures of compounds 2 were established from IR, 1H NMR and 13C NMR spectral 
data. 

Keywords: 1,2,4-Triazol-5-one, Schiff base, Mannich base, Synthesis, Characterization 

 

INTRODUCTION 

Triazoles are heterocyclic compounds that contain three nitrogen atoms. Some modern 
medicines contain triazole moieties.1,2,4-Triazole derivatives have been found to have a 
broad spectrum of biological activities. The classical Mannich reaction, a three-component 
condensation between structurally diverse substrates containing at least one active hydrogen 
atom, an aldehyde component and an amine reagent leads to a class of compounds known as 
Mannich bases (Roman, 2015). Mannich bases have practices in the pharmaceutical field and 
another industries, like petroleum, the cosmetics, the dyes and the food industries, etc. The 
primary advantage of the Mannich reaction is that it permits two different molecules to be 
bonded together in one step (Tramontini and Angiolini, 1994).  Mannich bases obtained from 
1,2,4-triazole derivatives have been reported to possess biological activities including 
antilipase, antioxidant, antibacterial, and antifungal features (Manap et al., 2020; Ceylan, 
2016; Wang et al., 2017). 

Making use of the Mannich reaction we got a series of new derivatives containing a 4-
piperidinecarboxamide substituent coupled with a 1,2,4-triazole ring. In this paper, the 
synthesis of 5 novel 1-(4-aminocarbonylpiperidin-4-yl-methyl)-3-alkyl(aryl)-4-(3-methoxy-4-
isobutyryloxy-benzylideneamino)-4,5-dihydro-1H-1,2,4-triazole-5-ones (2a-e) were 
synthesized by the reactions of 3-alkyl(aryl)-4-(3-methoxy-4-isobutyryloxy benzylidene 
amino)-4,5-dihydro-1H-1,2,4-triazol-5-ones (1a-e) with formaldehyde and 4-
piperidinecarboxamide (Scheme 1). 
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 Scheme 1. Synthesis pathway of compounds 2 

EXPER MENTAL 
Chemical reagents and all solvents used in this study were purchased from Merck AG, 
Aldrich and Fluka. Melting points which were uncorrect were determined in open glass 
capillaries using an Stuart SMP30 digital melting point apparatus. The IR spectra were 
obtained on a ALPHA-P BRUKER FT-IR spectrometer. 1H and 13C NMR spectra were 
recorded in deuterated dimethyl sulfoxide with TMS as internal standard using a BRUKER 
ULTRASHIELD PLUS BIOSPIN spectrometer at 400 MHz and 10 MHz, respectively. 

General procedure for the synthesis of 1-(4-aminocarbonylpiperidin-4-yl-methyl)-3-
alkyl(aryl)-4-(3-methoxy-4-isobutyryloxy-benzylideneamino)-4,5-dihydro-1H-1,2,4-
triazole-5-ones (2)  

The corresponding compound 1 (5 mmol) (Manap, 2017) has been dissolved in 100 mL of 
ethanol followed by addition of piperidine-4-carboxyamide (0.05 mol) and formaldehyde 
(37%, 10 mmol). The reaction mixture has been refluxed for 3 hours. After standing at RT 
overnight, the solid has been filtered and crystallized from ethanol. The solid has been 
recrystallized from the same solvent and purified by drying in vacuo to obtain pure 
compounds 2 as white crystals. 
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1-(4-aminocarbonylpiperidin-4-yl-methyl)-3-methyl-4-(3-methoxy-4-isobutyryloxy-
benzylideneamino)-4,5-dihydro-1H-1,2,4-triazole-5-ones (2a) 
 
White solid. Yield: 72 %; mp; 181°C. IR (cm-1): 3412 and 3288 (NH2), 1755, 1700, 1644 
(C=O), 1619, 1580 (C=N), 1240 (COO). 1H-NMR (400 MHz, DMSO-d6) : 1.24 (d, 6H, 
2CH3; J = 6.80 Hz), [1.49-1.55 (m, 2H), 1.67 (d, 2H; J = 10.80 Hz), 1.96 (m, 1H), 2.25-2.29 
(m, 2H), 2.91 (d, 2H; J = 11.60 Hz)] (Piperidine H), 2.31 (s, 3H, CH3), 2.84 (hept, 1H, CH; J 
= 7.20 Hz), 3.84 (s, 3H, OCH3), 4.53 (s, 2H, NCH2N), [6.71 (s, 1H, NH), 7.15 (s, 1H, NH)] 
(NH2), 7.22 (d, 1H, ArH; J = 8.40 Hz), 7.46 (dd, 1H, ArH; J = 8.00, 1.60 Hz), 7.59 (d, 1H, 
ArH; J = 1.60 Hz), 9.70 (s, 1H, N=CH); 13C-NMR (100 MHz, DMSO-d6) : 10.94 (CH3), 
18.72 (2CH3), [28.41 (2CH2), 41.08 (CH), 49.72 (2CH2)] (Piperidine C), 33.15 (CH), 56.05 
(OCH3), 66.33 (NCH2N), [111.82(CH), 120.63(CH), 123.38(CH), 132.16(C), 142.06 (C), 
150.21 (C)] (ArC), 142.90 (Triazole C3), 151.32 (N=CH), 153.65 (Triazole C5), 174.19 
(COO), 176.37 (CONH2). 
1-(4-aminocarbonylpiperidin-4-yl-methyl)-3-ethyl-4-(3-methoxy-4-isobutyryloxy-
benzylideneamino)-4,5-dihydro-1H-1,2,4-triazole-5-ones (2b) 
 
White solid. Yield: 73 %; mp; 183°C. IR (cm-1): 3404 and 3191 (NH2), 1757, 1696, 1648 
(C=O), 1593, 1574 (C=N), 1267 (COO). 1H-NMR (400 MHz, DMSO-d6) : 1.21-123 (m, 
3H, CH2CH3), 1.24 (d, 6H, 2CH3; J = 6.80 Hz), [1.49-1.53 (m, 2H), 1.67 (d, 2H; J = 10.80 
Hz), 1.97 (m, 1H), 2.25-2.30 (m, 2H), 2.92 (d, 2H; J = 11.60 Hz)] (Piperidine H), 2.74 (q, 2H, 
CH2CH3; J = 7.20 Hz), 2.84 (hept, 1H, CH; J = 6.80 Hz), 3.83 (s, 3H, OCH3), 4.55 (s, 2H, 
NCH2N), [6.71 (s, 1H, NH), 7.15 (s, 1H, NH)] (NH2), 7.22 (d, 3H, ArH; J = 8.00 Hz), 7.46 
(dd, 1H, ArH; J = 8.40, 1.60 Hz), 7.58 (d, 1H, ArH; J = 2.00 Hz), 9.69 (s, 1H, N=CH); 13C-
NMR (100 MHz, DMSO-d6) : 10.01 (CH2CH3), 18.38 (CH2CH3), 18.73 (2CH2), [28.41 
(2CH2), 41.09 (CH), 49.74 (2CH2)] (Piperidine C), 33.18 (CH), 56.04 (OCH3), 66.37 
(NCH2N), [111.58 (CH), 120.53 (CH), 123.41 (CH), 132.20 (C), 142.06 (C), 150.35 (C)] 
(ArC), 146.64 (Triazole C3), 151.32 (N=CH), 153.66 (Triazole C5), 174.20 (COO), 176.37 
(CONH2). 
 
1-(4-aminocarbonylpiperidin-4-yl-methyl)-3-benzyl-4-(3-methoxy-4-isobutyryloxy-
benzylideneamino)-4,5-dihydro-1H-1,2,4-triazole-5-ones (2c) 
 
White solid. Yield: 76 %; mp; 172°C. IR (cm-1): 3370 and 3190 (NH2), 1762, 1711, 1648 
(C=O), 1603, 1582 (C=N), 1244 (COO), 757 and 704 (monosubstituted benzenoid ring). 1H-
NMR (400 MHz, DMSO-d6) : 1.24 (d, 6H,2CH3; J = 6.80 Hz), [1.53-1.54 (m, 2H), 1.67 (m, 
2H), 1.98 (m, 1H), 2.29-2.30 (m, 2H), 2.93 (d, 2H; J = 11.60 Hz)] (Piperidine H), 2.83 (hept, 
1H, CH3; J = 6.80 Hz), 3.83 (s, 3H, OCH3), 4.11 (s, 2H, CH2Ph), 4.58 (s, 2H, NCH2N), [6.72 
(s, 1H, NH), 7.17 (s, 1H, NH)] (NH2), 7.19-7.25 (m, 2H, ArH), 7.30-7.35 (m, 4H, ArH), 7.38 
(dd, 1H, ArH; J = 8.00, 1.60 Hz), 7.49 (d, 1H, ArH; J = 2.00 Hz), 9.64 (s, 1H, N=CH); 13C-
NMR (100 MHz, DMSO-d6) : 18.72 (2CH3), [28.42 (2CH2), 41.09 (CH), 49.75 (2CH2)] 
(Piperidine C), 31.05 (CH2Ph), 33.17 (CH), 56.01 (OCH3), 66.46 (NCH2N), [110.73 (CH), 
121.19 (CH), 123.35 (CH), 132.14 (C), 142.08 (C), 150.24 (C)] (Ar-C), [126.76 (CH), 128.52 
(2CH), 128.82 (2CH), 135.76 (C)] (C3 linked to ArC), 144.72 (Triazole C3), 151.29 (N=CH), 
152.97 (Triazole C5), 174.20 (COO), 176.35 (CONH2).  
 
1-(4-aminocarbonylpiperidin-4-yl-methyl)-3-(p-methylbenzyl)-4-(3-methoxy-4-isobutyryloxy-
benzylideneamino)-4,5-dihydro-1H-1,2,4-triazole-5-ones (2d)  
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White solid. Yield: 71 %; mp; 166°C. IR (cm-1): 3364 and 3192 (NH2), 1756, 1709, 1649 
(C=O), 1604, 1583 (C=N), 1239 (COO), 812 (1,4-disubstituted benzenoid ring). 1H-NMR 
(400 MHz, DMSO-d6) : 1.24 (d, 6H, 2CH3; J = 6.80 Hz), [1.50-1.53 (m, 2H), 1.68 (d, 2H; J 
= 10.40 Hz), 1.97 (m, 1H), 2.28-2.31 (m, 2H), 2.93 (d, 2H; J = 11.20 Hz)] (Piperidine H), 
2.25 (s, 3H, PhCH3), 2.84 (hept, 1H, CH; J = 6.80 Hz), 3.83 (s, 3H, OCH3), 4.05 (s, 2H, 
CH2Ph), 4.58 (s, 2H, NCH2N), [6.72 (s, 1H, NH), 7.17 (s, 1H, NH)] (NH2), 7.12 (d, 2H, ArH; 
J = 8.00 Hz), 7.20 (d, 2H, ArH; J = 8.00 Hz), 7.22 (d, 1H, ArH; J=7.20 Hz), 7.38 (dd, 1H, 
ArH; J = 8.40, 2.00 Hz), 7.50 (d, 1H, ArH; J = 1.60 Hz), 9.64 (s, 1H, N=CH); 13C-NMR (100 
MHz, DMSO-d6) : 18.72 (2CH3), 20.57 (PhCH3), [28.42 (2CH2), 41.09 (CH), 49.75 
(2CH2)] (Piperidine C), 30.66 (CH2Ph), 33.18 (CH), 55.99 (OCH3), 66.44 (NCH2N), [110.72 
(CH), 121.20 (CH), 123.36 (CH), 132.16 (C), 142.08 (C), 150.23 (C)] (ArC), [128.49 (2CH), 
129.08 (2CH), 132.62 (C), 135.86 (C)] (C3 linked to ArC), 144.86 (Triazole C3), 151.29 
(N=CH), 152.91 (Triazole C5), 174.20 (COO), 176.35 (CONH2). 
 
1-(4-aminocarbonylpiperidin-4-yl-methyl)-3-(p-chlorobenzyl)-4-(3-methoxy-4-isobutyryloxy-
benzylideneamino)-4,5-dihydro-1H-1,2,4-triazole-5-ones (2e) 
 
White solid. Yield: 77 %; mp; 186°C. IR (cm-1): 3359 and 3185 (NH2), 1756, 1716, 1646 
(C=O), 1598, 1577 (C=N), 1234 (COO), 802 (1,4-disubstituted benzenoid ring). 1H-NMR 
(400 MHz, DMSO-d6) : 1.24 (d, 6H, 2CH3; J= 7.20 Hz), [1.50-1.54 (m, 2H), 1.68 (d, 2H; J 
= 10.40 Hz ), 1.98 (m, 1H), 2.26-2.29 (m, 2H), 2.92 (d, 2H; J = 11.20 Hz)] (Piperidine H), 
2.84 (hept, 1H, CH; J = 7.20 Hz), 3.83 (s, 3H, OCH3), 4.12 (s, 2H, CH2Ph), 4.58 (s, 2H, 
NCH2N), [6.73 (s, 1H, NH), 7.17 (s, 1H, NH)] (NH2), 7.21 (d, 1H, ArH; J = 8.40 Hz), 7.35-
7.41 (m, 5H, ArH), 7.48 (d, 1H, ArH; J = 2.00 Hz), 9.65 (s, 1H, N=CH); 13C-NMR (100 
MHz, DMSO-d6) : 18.72 (2CH3), [28.41 (2CH2), 41.05 (CH), 49.72 (2CH2)] (Piperidine C), 
30.53 (CH2Ph), 33.18 (CH), 56.02 (OCH3), 66.49 (NCH2N), [110.80 (CH), 121.17 (CH), 
123.36 (CH), 132.27 (C), 142.12 (C), 150.22 (C)] (ArC), [128.38 (2CH), 130.74 (2CH), 
131.49 (C), 134.86 (C)] (C3 linked to ArC), 144.38 (Triazole C3), 151.30 (N=CH), 153.12 
(Triazole C5), 174.19 (COO), 176.36 (CONH2). 
 
 
 
 
RESULTS AND DISCUSSION 
 
In the present study, new 1,2,4-triazole derivatives (2a-2e) were designed and synthesized. 
The new synthesized compounds were identified using spectral data (IR, 1H NMR and 13C 
NMR). 
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Pistacia lentiscus L. es una importante planta medicinal, perteneciente a la familia de las 
Anacardiáceas (Pistaciaceae), conocida como "drou" en árabe local, y "Fadhiss" en amazigh y 
utilizada en el tratamiento de diferentes enfermedades y problemas. 

Para estudiar la composición química de los extractos de las hojas de Pistacia Lentiscus L, 
cosechadas en el Cabo de lasTres Horcas en el Noreste de Marruecos, se escanearon los 
diferentes extractos en el rango de longitud de onda de 8.300 - 350 cm-1 con una resolución 
de 0,5 cm-1 utilizando el espectrómetro FTIR Spectrum Two Perkinelmer y se detectaron los 
picos característicos y sus grupos funcionales. Se registraron los valores de los picos FTIR. 
Cada análisis se repitió tres veces para la con rmación del espectro. 

Los resultados del espectro FTIR obtenidos en este estudio demostraron señales de absorción 
para rangos de números de onda múltiples, que se identi caron en la composición de grupos 
funcionales del extracto de hidrolato, metanol, acetato de etilo de alcohol y fenoles (O-H), 
ácidos carboxílicos (estiramiento de C-O), grupo metilo y aldehído (estiramiento de enlaces 
C-H), estiramiento de C=O (grupo aldehído), alquenos (estiramiento de C=C), aminas y 
amidas (flexión de N-H), nitro (N=O) y aromáticos (estiramiento de C-C).  
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RESUMEN 

La harina de chía (HC) es una fuente importante de ácidos grasos poliinsaturados omega n-3 
(AGPI) con beneficios sobre el crecimiento aviar. Sin embargo, estos AGPI aumentan la 
susceptibilidad a la peroxidación lipídica. El hidroxitirosol es un novedoso subproducto 
antioxidante del olivo que actúa contra los procesos oxidativos. En desventaja, la HC presenta 
fibra soluble (FS). Las enzimas carbohidrasas adicionadas a la dieta hidrolizan la FS 
aumentando la eficiencia y utilización de los nutrientes. El objetivo del presente experimento 
fue evaluar el uso combinado de harina de chía a través de la combinación chía/antioxidante 
y, por otro lado, a través de la combinación chía/antioxidante y enzimas sobre el peso de la 
carcasa y rendimiento de diferentes cortes comerciales. Noventa pollos parrilleros machos 
Cobb fueron divididos al azar en 30 grupos, alojados en 30 corrales y asignados a cinco 
repeticiones por cada tratamiento. Las dietas fueron: 1) C: control; 2) W3: dieta con 10% HC; 
3) W3+Ez: dieta con 10% HC + 0,05% complejo enzimático comercial Biomix (Ez); 4) 
W3+Ez+H: dieta con 10% HC + 0,05% Ez + HT (7 mg/kg PV/d); 5) W3+H: dieta con 10% 
HC + HT (7 mg/kg PV/d); 6) H: dieta con HT (7 mg/kg PV/d). El experimento se extendió 
desde los 22 hasta los 42 días de vida, momento en el que se realizó la faena y se obtuvieron 
muestras de cinco animales por tratamiento. El mayor peso de carcasa y pechuga (P<0,05) 
correspondió a la dieta H. El HT podría mejorar la síntesis de aminoácidos y el metabolismo 
hormonal promoviendo el desarrollo muscular. Si bien, el agregado del complejo enzimático 
y/o HT a la HC no quedo reflejado en los parámetros evaluados, se plantean nuevos estudios 
que involucren el uso de diferentes dosis y tiempos de suministro del complejo enzimático y 
del antioxidante. 
 
Palabras claves: aves, fenoles, ácido linolénico, hidrolasas. 
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Resumen 
La rehabilitación de zonas afectadas por labores antropicas con especies nativas es un 
problema serio en la zona andina, ya que no se cuenta con suficientes métodos de 
propagación de especies autóctonas con respaldo científico, por ello investigó sobre la 
propagación de la “queñua” Polylepis rugulosa en el vivero de Uchumayo 
pertenecientes a Sociedad Minera Cerro Verde S.A.A., con el objetivo de comparar la 
eficiencia de los enraizadores y sustratos utilizados en la propagación vegetativa. La 
recolección del material vegetativo se realizó en los bosques de Tuctumpaya del 
distrito de Pocsi, ya que presenta condiciones ideales (libres de plagas y 
enfermedades) de árboles idóneos (buena genética), se compró fibra de coco y musgo 
Sphagnum para los sustratos. Estos fueron empleados en la investigación para llenar 
300 acodos aéreos de 80 gramos cada uno, que fueron desinfectados con Vitavax, el 
riego se aplicó en horas de la tarde y el deshierbe se realizó siempre que fuera 
necesario. Se aplicó un diseño de bloques completamente al azar, con arreglo factorial 
5×2, para un total de diez tratamientos con diez repeticiones cada uno, estableciendo 
30 unidades experimentales con 3 acodos aéreos por unidad experimental. Se aplicó la 
prueba de especificidad de LSD Fisher al 95% de probabilidad estadística con el fin de 
identificar los mejores tratamientos. Se evidenció una sobrevivencia a los 60 días, 
indistintamente en todos los tratamientos, el porcentaje de sobrevivencia del mejor 
tratamiento fue del 75%. En cuanto a la variable «porcentaje de prendimiento», que 
mide la capacidad del acodo para formar raíces viables, se evidenció que el 
tratamiento T8 (ácido húmico + fibra de coco) destacó por proveer el mejor resultado 
(30%). 
Palabras clave: acodos aéreos, enraizadores, Polylepis rugulosa, propagación 
vegetativa, queñua, sustratos  
1. INTRODUCCIÓN 
Los bosques de queñua (Polylepis Ruiz & Pavón) son de gran interés ecológico, sistemático 
y biogeográfico al presentar un sistema biológico único y uno de los más vulnerables de los 
altos andes [1]. Los queñuales están distribuidos en pequeños parches aislados, relictos de 
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un hábitat ampliamente distribuido durante el pleistoceno, por la fuerte presión antrópica de 
la tala, la quema y el sobrepastoreo, que han llevado a la pérdida de grandes extensions de 
bosque y a cambios en los patrones de regeneración natural de los bosques [2]. Las especies 
más basales se encuentran en el norte del Perú, por lo que se le considera el centro de origen 
de Polylepis, en tanto la mayoría de las especies se ubica en el sur de Perú y se le considera 
centro de diversificación [3]. 
Perú reporta 19 especies, de las cuales 4 son endémicas [4,5]. En la provincia de Arequipa, 
Polylepis rugulosa es la única especie arbórea dominante de los bosques relictos altoandinos 
ubicados en las laderas los volcanes Chachani, Pichupichu y Misti [6]. El bosque del 
Pichupichu es el que posee la mayor extension, con 29 832 ha, y el más cercano a la ciudad 
de Arequipa. Es considerado como ecosistema importante por ser un reservorio de agua [7]. 
Adicionalmente los bosques de queñua son importantes económicamente para las 
comunidades campesinas aledañas al ser utilizadas como combustible, material de 
construcción, elaboración de utensilios de cocina y mangos de herramientas, entre otros usos 
[8,9].  
La propagación vegetativa en especies nativas representa una alternativa para su manejo, al 
disminuir el tiempo de producción de plántulas en condiciones controladas, pero 
conservando características genotípicas y fenotípicas de las plantas madre [10]. De esta 
forma, la propagación vegetativa en queñua es importante por la baja viabilidad que 
presentan las semillas y el bajo porcentaje de germinación de esta [11]. El empleo de acodos 
es un método de multiplicación vegetativa que estimula la formación de raíces adventicias 
en tallos adheridos a la planta madre, en el caso de acodos aéreos, estos se realizan en la 
parte superior de la planta. Es necesario recalcar que el acodo en general suele presentar 
mejores resultados que la multiplicación vegetativa por estacas, al acelerarse la obtención de 
plantas, ya que el acodo no se separa de la planta y recibe nutrientes a través del xilema [12]. 
Para que la propagación vegetativa tenga mayor éxito de prendimiento, el uso de 
enraizadores naturales o químicos ayudan a la proliferación y formación de raíces [13], de 
igual manera, el sustrato cumple una función importante para el normal crecimiento y 
desarrollo de las plantas y este debe contener una buena proporción de nutrientes y una 
adecuada textura [14]. 
El objetivo de la presente investigación es lograr el enraizamiento de queñua (Polylepis 
rugulosa Bitter) por medio de acodos aéreos bajo el efecto de tres enraizadores y la 
utilización de dos sustratos naturales en condiciones de vivero. 
 
 
 
2. MATERIALES Y MÉTODOS 
2.1. Área del experimento 
El presente trabajo se desarrolló en el Laboratorio de Biotecnología de Sociedad Minera 
Cerro Verde, distrito de Uchumayo, departamento de Arequipa, Perú. Para esta 
investigación se utilizaron 100 plantas madre de queñua, obtenidas de la comunidad 
campesina de Tuctumpaya, las cuales fueron aclimatadas en las instalaciones del vivero de 
Uchumayo. 
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2.2. Obtención de acodos aéreos 
2.2.1. Selección de plantas madre 
Se procedió a la selección de las plantas de queñua considerando las características deseadas 
entre ellas la turgencia de la planta, el tamaño, tomando en cuenta que sea una planta 
completamente sana para la realización del estudio y se considerará la edad propicia de la 
planta, siendo una planta genéticamente idéntica se le denomina donadora o planta madre. 
2.2.2. Selección de ramas 
Se obtuvo de la planta madre o donadora, para ello se considerará una longitud menor a 
30cm dado que más larga estropeará el trabajo del acodado, un grosor de 0.5 a 1cm, que sea 
una rama joven ya que contiene tejido en formación. 
2.2.3. Preparación del plástico y envoltorio para el acodo 
Para la realización del envoltorio del acodo se utilizó fundas plásticas resistentes de 8 cm de 
ancho por 15 cm de largo siendo las mismas de color oscuro dado que las raíces son 
fotosensibles, además de la utilización de goma elástica para sujetar el acodo a las ramas. 
2.2.4. Incisión de la rama 
Está denominación se le da a la formación del anillo que se hace al realizar un corte de 0.5 
cm a la corteza sin afectar drásticamente a la planta, removiendo el cambium de la rama 
seleccionada para facilitar el enraizamiento de la planta, no se debe hacer este procedimiento 
muy profundo, podría causar el desprendimiento de la rama. 
2.3. Elaboración del acodo 
Se utilizó todos los procedimientos mencionados anteriormente, comenzando con la 
selección de la rama indicada, el retiro de hojas que intervengan en el procedimiento, se 
realizó la incisión a la rama y se sujetó la funda plástica con 20 g del sustrato (sustrato de 
turba, sustrato de fibra de coco y musgo Sphagnum) por los extremos con goma elástica para 
que quede firme, finalmente se humedeció el sustrato con 10 mL de enraizador (agua, Root 
Hor®, Kelpa®, ácidos húmicos y fúlvicos y ANA ) y se les desinfectó con Vitavax®. 
2.4. Mantención de humedad en el acodo 
Se aplicó en los acodos por inyección, mediante la utilización de una jeringa de 10 mL, las 
soluciones a los distintos sustratos para mantener la humedad, de 1 a 2 veces por semana, 
además se realizó un riego cada semana en el área de investigación. 
2.5. Diseño experimental. 
Para el trabajo de investigación se utilizó un diseño experimental completamente al azar 
(DCA), con arreglo factorial de 2 actores (A×B), con cinco niveles para el factor A y dos 
niveles para el factor B; con 10 repeticiones y 10 tratamientos con una prueba de 
especificidad de LSD Fisher a un nivel de significancia del 5%. 
 
 

Enraizador Sustrato 
E0 Agua S1 Musgo 

E1 Root 
Hor S2 Fibra de 

Coco 
E2 Kelpa 
E3 AH 

E4 ANA 
puro   

Tabla 1. Factores de estudio evaluados en la propagación de queñua. 
Sustrato (S) S1 S2 
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Enraizador 
(E) 
E0 E0S1 E0S2 
E1 E1S1 E1S2 
E2 E2S1 E2S2 
E3 E3S1 E3S2 
E4 E4S1 E4S2 

Tabla 2. Combinación factorial del experimento. 
2.5.1. Parámetros evaluados 
Los parámetros evaluados fueron: longitud del brote o rama, descomposición de tejidos, 
porcentaje de prendimiento, porcentaje de acodos enraizados, número de raíces, longitud de 
raíces y diámetro de raíces. 
2.5.2. Análisis estadístico 
Para el análisis de datos las variables en estudio se emplearon el análisis de varianza 
(ANOVA), usando la prueba F a un nivel de significancia de 0,05 y para la comparación 
múltiple de medias entre las medias se utilizó la prueba de significancia de LSD Fisher a una 
probabilidad  =0,05. 
2.5.3. Población y muestra 
La población fueron 100 plantas madre con tratamiento, la unidad experimental es una 
planta madre con tres acodos aéreos y 10 por tratamiento. 

Tratamiento Descripción 
T1 E0S1 Agua +musgo 
T2 E0S2 Agua+ Fibra de coco 
T3 E1S1 Root hor ® + Musgo 

T4 E1S2 Root hor ®+ Fibra de 
coco 

T5 E2S1 Kelpa ®+ Musgo 

T6 E2S2 Kelpa ®+ Fibra de 
coco 

T7 E3S1 Ácido húmico + 
Musgo 

T8 E3S2 Ácido húmico + Fibra 
de coco 

T9 E4S1 ANA + Musgo 
T10 E4S2 ANA + Fibra de coco 

Tabla 3. Tratamientos del experimento. 
 
 
3. RESULTADOS Y DISCUSIÓN 
3.1. Resultados 
3.1.1. Longitud de los brotes 
Después de ser sometidos a los acodos aéreos, los tratamientos 8 y 9 fueron los que 
presentaron los resultados más sobresalientes (25.78 y 25.88 cm de longitud, 
respectivamente), tal y como se observa en la figura 1. 
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Figura 1. Longitud de brote con respecto al tratamiento. 

3.1.2. Descomposición de tejidos 
Los tratamientos 4, 5 y 10 fueron los que presentaron un mayor porcentaje de tejidos 
descompuestos por masa al término de la evaluación (16.67, 20 y 16.67 % respectivamente), 
lo que es un claro indicativo de la poca sobrevivencia en estos tratamientos, tal y como se 
observa en la figura 2. 

 
Figura 2. Porcentajes de descomposición de tejidos. 

3.1.3. Prendimiento de acodos aéreos 
El mejor prendimiento fue mostrado en el tratamiento 8 (30.33%), seguido cercanamente 
por los tratamientos 6, 9, 2 y 10, los que se diferencian claramente de los demás 
tratamientos, tal y como se observa en la figura 3. 

 
Figura 3. Porcentajes de prendimiento. 

3.1.4. Crecimiento de raíces 
El tratamiento 10 es el que presento el mayor número de raíces (7.73), seguido de los 
tratamientos 6 y 8 (3.87 y 4.10, respectivamente), tal y como se observa en la figura 4. 
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Figura 4. Número de raíces. 
Con respecto a la longitud de raíces las que presentaron los mejores resultados fueron el 
tratamiento 6 y el tratamiento 8 (2.02 y 2.04 cm, respectivamente), como se observa en a 
figura 5. 

 
Figura 5. Longitud de raíces. 

Los tratamientos 8, 9 y 10 (0.1, 0.1 y 0.12 mm respectivamente) otorgaron los mejores 
diámetros, tal y como se observa en la figura 6. En general, el desempeño de los 
tratamientos para la promoción y el crecimiento de raíces parecen ser mejores con el 
tratamiento 8. 

 
Figura 6. Diámetro de raíces. 

3.2. Discusión 
La aplicación de enraizadores y sustratos bajo condiciones de vivero incrementó 
significativamente en la propagación de acodos aéreos de queñua. El tratamiento 8 (ácido 
húmico y fibra de coco) fue el más efectivo para promover la longitud de brote, el 
prendimiento y la poca descomposición de tejido. 
Se le atribuye este éxito a la fibra de coco porque, por ser un sustrato más poroso con mayor 
retención de agua y mayor disponibilidad del elemento fósforo (P) resultante de las 
fertilizaciones hidrosolubles, hace que la planta acelere la formación de pelos absorbentes y 
raíces secundarias [15]. 
El musgo, por otro lado, dio resultados contrarios, debido a que la compactación redujo la 
aireación y el espacio poroso en la zona de las raíces, lo que reduce así la asimilación del 
fósforo [15]. 
Los resultados obtenidos, son semejantes a los de Soto [16], quien evaluó el efecto de tres 
dosis de Root Hor en la propagación vegetativa de queñual (Polylepis sp.), señalando que el 
material, mientras menos lignificado sea, permitirá mayor actividad de las células 
vegetativas, propiciando la rápida formación de raíces por los enraizadores, lo que permitió 
la sobrevivencia de los esquejes. También indicó que un limitante para las yemas enraizadas 
es edad, ya que las más viejas suelen morir con más frecuencia al ser trasplantadas.  
También verificamos que los bioestimulantes son productos que, solos o mezclados, 
realmente contribuyen a mejorar el crecimiento de las plantas al gatillar procesos 
fisiológicos específicos. Son caracterizados por sus diferentes modos de acción y varias 
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formas de uso, son capaces de mejorar la nutrición y desarrollo de los vegetales [17] como el 
caso del ácido húmico utilizado en el tratamiento 8, el cual es el tratamiento que 
recomendamos. 
 
 
4. CONCLUSIONES 
Se concluye que el tratamiento que presenta la mejor respuesta para el tratamiento de los 
acodos aéreos es el tiramiento 8 el cual contiene ácidos húmico y fibra de coco, que le 
proporciona a la planta los elementos esenciales para la generación de raíces de buena 
calidad al tiempo que provee un ambiente físico que le permite llevar a cabo las funciones 
fisiológicas necesarias con normalidad. 
Los autores consideran que los presentes resultados, novedosos por provenir del uso de una 
técnica poco usada en plantas nativas como el acodamiento aéreo, contribuirán al 
conocimiento para la conservación in y ex situ de plantas arbóreas en otras zonas de alta 
biodiversidad que se encuentren amenazadas por la actividad humana. 
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Abstract 
The Australoheros autrani species group is divided into three clades: the Upper/middle 
Paraíba do Sul river basin and adjacent drainages clade, the Northern Mata Atlântica 
clade, and the Southern Mata Atlântica clade. In this present analysis we included six 
additional haplotypes from a stream of the upper Paranaíba River drainage, of the upper 
Paraná river basin, being the first record for Australoheros autrani species group in this 
river drainage. Two distinct species delimitation methods approaches based on 
molecular data were here performed: a tree-based method as proposed by Wiens and 
Penkrot (WP) and a character-based DNA barcoding (CBB). In our analysis the 
monophyly of both A. autrani species group and the Upper/middle Paraíba do Sul river 
basin and adjacent drainages clade were corroborated. In addition, a unique color 
pattern that consists in the presence of metallic blue or green blotches in the anal-fin 
base of life or fresh specimens was here considered as diagnostic for the A. autrani 
species group. Both distinct species delimitation methods here implemented had 
identical results. The combined analyses (WP and CBB) delimited three lineages 
(species) within the Upper/ Middle Paraiba do Sul river basin and adjacent drainages 
clade: Australoheros barbosae, A. macacuensis, and A. robustus, that are considered 
here considered as valid species. The six new haplotypes were included clustered with 
haplotypes of the species A. barbosae.  The species Australoheros paraibae and A. 
tavaresi were considered here as junior synonyms of A. barbosae, while  Australoheros 
mattosi was considered as a junior synonym of A. robustus. Australoheros montanus 
was tentatively included within this clade due to the presence of that unique 
aforementioned diagnostic color pattern. Despite it was not included in the molecular 
analyses, it is considered as valid. The result of this work highlighted the importance of 
using molecular data and approaches in taxonomy and species delimitation, providing 
more accurate estimates of biodiversity, and help to solve taxonomic issues and 
problems, as well as challenging the ‘taxonomic impediment’. In addition, the result of 
this work challenge the hypothesis of a single species of the genus for all the river 
basins of eastern Brazil, as suggested by í an et at. (2011). 
 
Keywords: Cichlinae, molecular systematics, Neotropical region 
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Keywords. Thermal characterization, self-assembly, critical micellar concentration, 
nanofluids. 
Systems formed by surfactants have a wide range of applications in the fabrication of op-
tical devices, foams, heat transfer, among others. Surfactant molecules in polar media 
tend to self-assemble into different structures like spherical micelles, tubular micelles, 
hexagonal phases, or lamellar structures; while in non-polar media as oils, tend to form 
inverted micelles. Self-assembly strongly depends on the molecular geometry of surfac-
tants; in particular, the length and width of their hydrophilic and hydrophobic regions. The 
knowledge of self-assembly of these systems is of great interest for the fabrication of 
Pickering emulsions and particle-stabilized foams. Several methods had been used in the 
characterization of these nanofluids to find important parameters like the critical micellar 
concentration (CMC) in surfactants and the critical aggregation concentration (CAC) in 
nanoparticle suspensions. These methods include the measurement of surface parame-
ters as surface tension or pressure and in-bulk measurements of electrical conductivity, 
fluorescence, osmotic pressure, and thermal conductivity. Despite the mentioned meth-
ods, very little has been done about the thermal characterization of these complexes. Pre-
vious work reports the use of the hot wire method to find the thermal conductivity and 
the study of the heat transfer through the liquid. In this work, we propose the study of 
anionic and cationic surfactants in water using the thermal wave resonator cavity tech-
nique, which is a non-invasive method to obtain the thermal diffusivity of the samples. 
Also, we use the mathematical effective thermal model of Lewis-Nielsen to explain the 
behavior of our experiments. It was possible to identify the critical micellar concentration 
and the transition from spherical micelles to rod-like micelles. 
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Esta investigación trata sobre la actividad electroquímica de corrosión del acero al carbono 

B450C y acero inoxidable ferrítico SS 430, expuestos por 30 días a la solución alcalina (pH=13.38 
inicial) de extracto de cemento Portland en la presencia de cloruros (5 g L-1 NaCl), simulando el 
ambiente del poro de concreto. Se registró el cambio del Ph de la solución y el registro de pérdida 
de masa, además se hicieron los análisis de caracterización superficial: Microscopía electrónica de 
barrido SEM-EDS, espectroscopía fotolectrónica de rayos X (XPS) y difracción de rayos X (XDR). 
Asimismo, como las pruebas electroquímicas de registro del potencial a circuito abierto (OCP) y las 
curvas de polarización potenciodinámicas (PDP). La alcalinidad de la solución disminuyo hasta pH 

 9.5, lo que provocó la pérdida del estado pasivo de B450C y su valor final de potencial de 
corrosión (OCP) fue de  -464 mV. Mientras tanto, el acero inoxidable mantuvo su capa pasiva y su 
valor del OCP fue de +175 mV al final de este ensayo. Los análisis de SEM-EDS y XPS sugirieron 
la presencia de fases de Cr (C, N), V (C, N), así como de SiC y un bajo contenido de Mn en la 
superficie de SS 430, mientras en la superficie del acero al carbono fueron las fases de SiC, MnS y 
Mn3C. Después de la exposición al extracto de cemento, los productos de corrosión son 
óxidos/hidróxidos, y la presencia de cristales de CaCO3. La capa de corrosión de B450C no es 
uniforme en su morfología y algunos productos de corrosión se extienden en forma de filamentos 
(corrosión filiforme). Los ataques de corrosión para el acero inoxidable SS430 son locales y 
muestran el inicio de picaduras. La curva anódica potenciodinámica del acero SS 430 reveló un 
rango amplio de potenciales de estado pasivo con baja velocidad de densidad de corriente, mientras 
el acero al carbono B450C tuvo amplia actividad de corrosión. Por otro lado, el proceso catódico 
del SS 430 tuvo inicialmente a polarización pequeña de 30 a 40 mV dificultad para la reducción del 
O2 a través de su capa pasiva. 
Palabras Clave: Corrosión, concreto, acero inoxidable y acero al carbono 
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Abstract 

This research compares the degradation of Mg and the Mg-Ca0.3 alloy, as possible 
materials for temporary implants, when exposed for up to 14 days in Hank's solution. 
The combination of immersion and electrochemical tests (polarization curves, PDP), as 
well as techniques for surface characterization (SEM-EDS and XPS) allowed to reveal 
the effect of Ca on the degradation of Mg. The change in pH over time, the lower loss of 
mass (~ 20%), lower concentration of Mg2+ ions released (~ 360%), and the lower level 
of surface degradation, allowed to suggest the positive effect of Ca as part of the Mg-
Ca0.3 alloy, suggesting a lower electrochemical activity compared to that of Mg. To 
provide antibacterial properties of the Mg-Ca0.3 surface, electroless deposits of Ag 
nanoparticles (Ag-NPs) were made, which were characterized by SEM-EDS, XRD, 
UV-Vis and contact angle. The antibacterial capacity of the Ag-NPs deposits was tested 
against the growth of Staphylococcus aureus and Escherichia coli bacteria, using the 
agar diffusion test. A greater antibacterial effect was observed with respect to S. aureus, 
attributed to the more negative zeta potential of this bacterium, which is why it attracts 
more Ag+ ions released, which cause damage to the bacterial cell membrane. 
Keywords: Ag Nano-particles, Antibacterial Properties, Bacterial Zeta Potential, 
Corrosion, Hank's Solution, Magnesium. 

1. INTRODUCTION 
Mg is the lightest metal with a density of 1.738 g cm 3 which is close to the cortical bone (1.75–2.1 
g cm 3), with an elastic modulus of 45 GPa (  20 GPa of cortical bone), its rapidly cooled alloys 
can reach a strength/weight ratio of 490 kN m kg 1 [1]–[4], hence it is considered as a more suitable 
material than the biomedical titanium alloy Ti6Al4V (4.47 g cm 3) [5]. Mg alloys have attracted 
much research interest as biodegradable, resorbable and biocompatible materials, when used as 
temporary implants in physiological environments [6]-[12]. The Mg2+ ion released is non-toxic and 
is essential for protein synthesis, activation of a variety of enzymes, regulation of the activities of 
the central nervous and neuromuscular system, regulation of blood glucose level, promoting normal 
blood pressure, in addition to playing an important role in the prevention and treatment of 
hypertension disorders, cardiovascular diseases and diabetes [13]-[15]. The average Mg2+ ion 
requirement is ~ 375 mg day-1 for a human body [16]. Magnesium has been commercially applied 
as a biomaterial for wound closure, orthopedic, microsurgical, and cardiovascular [9],[17]-[20]. 
Moreover, they have stimulating effects on the growth of new bone tissue because magnesium ions 
(Mg2+) exhibit a strong affinity to bind with phosphate ions present in the human body, influencing 
the mineralization of bone tissue through the formation of hydroxyapatite [Ca10(PO4)6(OH)2], or 
possible similar compounds, which can inhibit the corrosion process [21]–[25]. In aqueous media, 
because of the very negative redox potential of Mg ( 2.38 VSHE), its anodic dissolution (Equation 1) 
is accompanied by the main cathodic reaction of hydrogen evolution over a wide pH range [21]–
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[35]. The hydrogen volume measurement is not a reliable method for the corrosion process 
monitoring, because the oxygen reduction Eq. 2 and the water reduction Eq. 3 may also occur as 
secondary cathodic reactions on the Mg surface [36]–[38].  
Mg + 2H O Mg(OH) + H  (1) 
O + 2H O + 4e  4OH  (2) 
2H O + 2e H + 2OH  (3) 
In physiological solutions composed of a high content of NaCl (up to 3.5%), the Cl  ions penetrate 
the pores of the poorly soluble (0.009 g L 1) corrosion product of Mg(OH)2, causing its partial 
transformation to highly soluble MgCl2 (54.3 g L 1) [8],[18],[39]: 
Mg(OH) + 2Cl  MgCl + 2OH Mg + 2Cl  (4) 
The mainly disadvantages that Mg may present in physiological media are: anticipated loss of 
mechanical integrity (implant failure); H2 gas generated as a byproduct of corrosion (affecting the 
healing process); alkalinization at the surface interface Eq. 4, which accelerates the process of 
Mg(OH)2 corrosion product formation and disorder in the physiological reactions that depend on 
the pH [40]–[42]. To reduce the rapid degradation of Mg, calcium was used as an alloying element. 
The metal Ca (1.55 g cm 3) was chosen as it is the major component in the human bones, as a 
hydroxyapatite complex [Ca10(PO4)6(OH)2], which provides the rigidity and stability of the bone, as 
well as, the ions of Ca are essential for the chemical signals of cells [42],[43]. In a solid solution its 
percentage can reach up to 1.34 % wt. according to the binary phase diagrams of Mg-Ca [22],[44]. 
The microstructure of Mg-Ca alloys systems includes -Mg (hexagonal crystalline structure) and 
Mg2Ca phase, in which crystalline cell presents double parameter values (a = 0.623, c = 0.1012) 
compared to those of Mg [45]–[48]. In the literature, there are controversial results for the 
electrochemical behavior of the Mg2Ca intermetallic particles present in the matrix of Mg-Ca alloys 
and there is not a clear justification for their biodegradation mechanism [14],[29],[49]–[52]. It has 
been noted that the electrochemical activity of Mg2Ca particles needs to be investigated with 
precision to determine their effect on the biodegradation process of Mg-Ca implants [53]–[55]. The 
increasing fight against bacterial infections during the surgery requires the development of medical 
devices and materials with antimicrobial properties [56]. The bacterial proliferation and its surface 
adhesion on solids are crucial, caused mainly by the interaction between the solid surface potential 
(electric charge) and the zeta potential charge of the bacteria cellular surface [57], in an addition to 
other factors, such as pH of the solution and its chemical composition, the hydrophobicity of the 
solid surface and ionic strength. Several studies have revealed the antimicrobial efficiency of Ag-
nanoparticles (NPs), although the mechanism of their effect is not yet fully understood [58]–[61]. It 
was suggested that Ag-NPs initially bind to the bacteria cell, altering its permeability and 
respiration, followed by penetration into and the intracellular release of Ag-ions [62]. The silver 
exhibits a significant antibacterial action in the dark, where there is no light (within the human 
body), making this metal an attractive material for biomedical applications [63]. The deposition of 
Ag-NPs on Mg-alloys surface could be one approach to provide antimicrobial protection for the 
implantable medical device surface, to combat associated infections.  
The aim of this work is to provide more detailed information on the effect of Ca on the 
electrochemical degradation process of Mg-Ca0.3 alloy, when exposed to Hank´s physi-ological 
solution (at 37°C) for up to 14 days, compared with that of pure Mg. The change of surface 
morphology and composition was characterized by SEM-EDS and XPS tech-niques. The pH of the 
Hank´s solution and concentration of the released Mg-ions were monitored. Mass losses, 
potentiodynamic polarization (PDP) curves, EIS diagrams, fluctuations of corrosion current and 
potential (EN), revealed an additional information. Ag-NPs of different size, electroless deposited 
on Mg-Ca0.3 surface, were characterized by means of the UV-Vis spectroscopy, SEM-EDS, XRD 
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and the contact angle test. The bacteria S. aureus (Staphylococcus aureus) and E. coli (Escherichia 
coli) were selected as models of Gram-positive and Gram-negative bacteria for testing the 
antibacterial properties of the Ag-NPs. The ability to prevent bacteria growth was proved by the 
agar disk diffusion method (Kirby–Bauer test). 
2. MATERIALS AND METHODS 
2.1. Samples and Solution Preparation 
Hank’s physiological solution was prepared with the following analytical grade reagents (7.2 initial 
pH): NaCl 8.0 g L 1, glucose 1.0 g L 1, NaHCO3 0.35 g L 1, and KCl 0.30 g L 1; in a low content: 
KH2PO4, MgSO4·7H2O, MgCl2·6H2O, CaCl2, and ultrapure deionized water (18.2 M ·cm) [64]–
[66]. Mg (99.9 wt.%) and Mg-Ca alloy (Ca 0.3 wt.% and the balance Mg) were manufactured by an 
extrusion process and supplied by Helmholtz-Zentrum Hereon, Institute of Materials and Process 
Design (Geesthacht, Germany) as cylindrical bars (diameter = 1 cm). According to the 
manufacturer the nominal composition (wt.%) is Al (0.016), Cu (0.0019), Fe (0.0019), Ni (0.0014), 
Zn (0.0060), Ca (0.23) and Mg (Bal.). The tested materials were cut into a 3-mm thick discs; some 
of them were used for the immersion test, while others were prepared as electrodes for 
electrochemical experiments. All samples were abraded with SiC paper to 4000 grits, using ethanol 
as a lubricant, and then sonicated in ethanol for 5 min and dried in air at room temperature. 
2.2. Immersion Test and Surface Characterization 
According to the ISO 16428 [64] and ASTM G31-12a [67] standards, Mg and the Mg-Ca0.3 alloy 
samples were submerged in 20 mL of Hank’s physiological solution at 37°C, with a daily renewal 
of electrolyte for 14 days in triplicate. The residual solutions were stored to measure their pH by a 
pH meter and the concentration of the released Mg2+ ions by photometry (HI83200, Hanna 
Instruments, Woonsocket, RI, USA). To evaluate the mass loss and the corrosion damage on the 
surface after each exposure period, the formed layer of products was chemically removed, 
according to the standards ASTM G1-03 [68], using the solution of 200 g L 1 CrO3, 10 g L 1 
AgNO3, and 20 g L 1 Ba(NO3)2. The values of initial mass w0 and final mass w1 were measured by 
an analytical balance (VE-204, Velab, CDMX, México) and then the mass loss was calculated ( m 
= w1 - w0). The morphology and composition of the layers formed on the Mg and Mg-Ca0.3 
surfaces, before and after exposure to Hank’s physiological solution, were characterized by: SEM-
EDS (SEM-EDS, XL-30 ESEM-JEOL JSM-7600F, JEOL Ltd., Tokyo, Japan) and XPS (K-Alpha 
Surface, Thermo Scientific, Waltham, MA, USA), after sputtering the specimens’ surface with a 
scanning argon-ion during 15 s.  
2.3. Electrochemical Characterization 
The corrosion process of Mg and Mg-Ca0.3 in Hank's solution (at 21ºC) was studied with the 
potentiodynamic polarization curves (vs. OCP) were recorded at a scanning rate of 10 mV s 1, in a 
potential range from 1 V to +1 V. Mg and Mg-Ca0.3 samples were elaborated as working 
electrodes in a typical three-electrode cell configuration, inside a Faraday cage. A saturated calomel 
electrode (SCE) as a reference electrode (SCE, Gamry Instruments, Philadelphia, PA, USA). The 
electrodes were connected to a potentiostat /galvanostat/ZRA Interface-1000E (Gamry Instruments, 
Philadelphia, PA, USA). 
2.4. Characterization of Antibacterial Properties of Ag-NPs Deposits on Mg-Ca0.3 Surface 
2.4.1. Agar Disk Diffusion Antibacterial Test 
Agar and nutrient broth Mueller-Hinton were used as the non-selective medium that promotes the 
growth of bacteria: Gram-positive S. aureus ATCC 6538 and Gram-negative E. coli ATCC 25922. 
The antibacterial agar disk-diffusion method (Kirby–Bauer method) [69]–[71] was carried out, 
which consists of initial inoculation of a bacteria spread layer (100 m) on the agar disk. The 
suspensions with bacteria were adjusted by optical density (spectro-photometry) at 625 nm, to 
match the turbidity equivalent to the 0.5 McFarland standard (1.5 × 108 CFU mL 1) and adjusted to 
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1.5 × 106 CFU mL 1 by serial dilutions. All samples were sterilized with ethyl alcohol and placed in 
a box with ultraviolet light for 1 h, as well as all glassware were sterilized in an autoclave at 121°C 
and 15 psi (for 20 min). The samples of the Mg-Ca0.3 alloy without and with deposit of Ag-NPs in 
triplicate, were placed on the agar disk and incubated at 37°C for 24 h (in the dark). The diameter of 
the inhibition halo around the alloys, where the bacteria did not grow, was then measured, and 
compared. 
2.4.2. Zeta Potential Measurement of Bacteria 
The zeta potential (NANO ZEN 3600, Malvern Instruments Ltd., Worcestershire, UK) of E. coli 
and S. aureus bacteria in Muller-Hinton culture medium (at 21.5°C) was measured at different pH 
values by auto-titration (MPT-2, Malvern Instruments Ltd., Worcestershire, UK), to better 
understand their interactions with sample surfaces. The titrants were solutions of 0.1 and 0.5 mol 
L 1 of NaOH or 0.5 mol L 1 of HCl. Zeta potential values are the average of triplicate 
measurements for each pH value. 
 
3. RESULTS AND DISCUSSION 
3.1. Surface Characterization of Mg and Mg-Ca0.3 
The SEM images (Figure 1) of the freshly polished surfaces of the samples were compared, as well 
as the EDS analysis of sites (labeled as 1, 2, 3, and 4) is presented in Figure 1C, as also the 
suggested compounds of MgO (site 3) and Mg2Ca particles (site 4), reported by metallurgical 
studies [72],[73]–[75].  
 
 
 
 
 

 

 

Figure 1. SEM images (2000×) of the Mg (A) and Mg-Ca0.3 (B) reference surfaces. (C) EDS 
analysis of sites marked on  
the SEM images and the suggested compounds. 
3.2. Test Solution Monitoring and Mass Loss Measurement 
The pH of Hank’s solution (Figure 2A) showed increasing and decreasing tendencies, which were 
influenced by the formation of OH  ions (Equations 2 and 3) and the evolution of H2 (Equation 1) 
during the corrosion process. Consequently, when the pH solution was shifted to more alkaline 
values, the precipitation of Mg(OH)2 corrosion product was favored. On the other hand, the glucose 
[CH2OH(CHOH)4CHO], which is a part of Hank’s solution (1.00 g L 1), can be rapidly transformed 
into gluconic acid [CH2OH(CHOH)4COOH], which acidifies the electrolyte and causes partial 
destruction of the Mg(OH)2 film [76]. It has been reported that the gluconic acid promotes the 
growth of the hydroxyapatite layer, due to the chelation reaction with Ca2+ ions [75]. The pH of 
Hank´s solution (at 14 days) reached alkaline value of ~8.3 for Mg samples, while that of Mg-Ca0.3 
the value decreased to pH ~6.3. The values of mass loss ( m) and concentration of the released 
Mg2+ ions (Figure 2B) were a consequence of the change in pH over time. Therefore, after 14 days 
of immersion in Hank’s solution, the mass loss of Mg-Ca0.3 (3.76 mg cm 2) was ~20% lower than 
that of the Mg samples (4.66 mg cm 2). The concentration of released Mg2+ ions was 365% lower 
for the Mg-Ca0.3 alloy than that for Mg. It can be suggested that a fraction of the mass loss and 
concentration of released Mg2+ ions are the result of attacks by Cl  ions and formation of soluble 
MgCl2 (Equations 4 and 5). 
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Figure 2. Changes in times of: (A) Hank’s solution pH up to 14 days during the exposure of Mg and 
Mg-Ca0.3 samples up to 14 days; (B) concentration of the released Mg2+ ions and measured mass 
loss ( m) at 7 and 14 days. (Electrolyte renewal every 24 h). 
3.3. SEM-EDS Analysis After Exposure to Hank’s Solution 
The Mg (Figure 3A) and Mg-Ca0.3 (Figure 3B) surfaces showed cracked layers (at 14 days). These 
cracks can connect the -Mg with Hank’s solution, improving the release of Mg2+ ions and the 
evolution of the H2 bubble (the pressure of H2 bubbles may cause cracks or fractures in the layers). 
The EDS analysis, the main elements on Mg-Ca0.3 alloy surfaces are Mg, O, and Ca, and Cu, Al, 
Fe, Ni, and Zn appear in small amounts (below 1% wt.), which may present cathodic activity, being 
effective sites for hydrogen evolution [77]. The presence of P element could be considered as a part 
of the formed Mg3(PO4)2 and as well as participating in the compound hydroxyapatite 
[Ca10(PO4)6(OH)2] [78],[79]. After the removal of the formed layers, the cross-sectional images 
(Figure 3C,D) revealed that the corrosion attacks have been less aggressive in depth, ~5.5 times in 
Mg-Ca0.3 surface (Figure 3D) than those in Mg (Figure 3C). It is also evident that the localized 
attacks have been more pronounced on the Mg surface (Figure 3E) than those on the Mg-Ca0.3 
surface (Figure 3F). The intermetallic Mg2Ca particles appeared on the surface of Mg-Ca0.3 (Figure 
3F, sites 9 and 10) even after the removal of the formed layers, suggesting their role as local 
cathodic sites. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. SEM images of the morphological surfaces changes after immersion in Hank´s solution 
for 14 days: (A) Mg and (B) Mg-Ca0.3 (2000×); cross-sections (500×): (C) Mg and (D) Mg-Ca0.3; 
surfaces after the removal of layers (50×): (E) Mg and (F) Mg-Ca0.3. 
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Figure 4. EDS analysis of corresponding sites marked in the SEM images (Figure 3A,B,E,F). 
3.4. XPS Analysis After Exposure to Hank’s Solution 
The XPS analysis was performed as a complementary, to correlate with the EDS elemental 
composition of the sample surfaces after exposure for 14 days to Hank’s solution. The high-
resolution spectra (Figure 5) revealed the presence of Mg, Ca, O, C, P, Cl, and Na elements. The 
main peaks of Mg 2p (at 50.28 eV) and O 1s (at 531.48 eV) were associated with Mg(OH)2 
compound [80]–[82]. The secondary peak of Mg 2p (at 44.98 eV), together with the peaks of P 2p 
(at 133.43 eV) and Ca 2p (at 347.51 and 351.18 eV) were attributed to Mg3(PO4)2 and calcium 
phosphate [Ca10(PO4)6(OH)2] compounds. The peaks C 1s and O 1s were considered as a part of 
CaCO3 [83]–[85]. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. XPS high-resolution spectra of (A) Mg and (B) Mg-Ca0.3 surfaces after exposure to 
Hank’s solution for 14 days (at 37 °C). 
3.5. Potentiodynamic Polarization Curves (PDP) After Exposure to Hank’s Solution 
The cathodic branches have a kinetics controlled by the activation process, while the anodic 
branches tended to reach a limiting current value related to a barrier effect of the formed corrosion 
layers on the Mg and Mg-Ca0.3 surfaces. The followed strong increase in the anodic current was 
attributed to the chloride ions, which transformed the insoluble compound of Mg(OH)2 to soluble 
MgCl2. The tendency to the next limiting current (at a higher anodic polarization) could be related 
to the formation of phosphate and carbonate salts on the surfaces, which may act as protective 
layers, reducing the speed of the anodic process [86]–[88]. 
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Figure 5. Potentiodynamic polarization (PDP) curves of Mg and Mg-Ca0.3 after 24 h of immersion 
in Hank’s solution. 
The limiting anodic current values of Mg-Ca0.3, presenting two surface states, seem to be lower 
than those of Mg, as well also the cathodic current values. The corrosion potential and current 
density (jcorr) were not calculated by Tafel extrapolation because the presence of precise linear Tafel 
regions in the PDP curves was not considered. According to the procedure of ASTM G102-89 [89], 
the value of the polarization resistance (Rp) was estimated from the anodic branch at a polarization 
of ±5 mV, as well as the respective value of corrosion current density corr ( E/ I). The “apparent” 
Tafel constant (B’) was calculated through the Stern–Geary relation with the Eq. 5, and the 
calculated mass loss rate (MR) with the Eq. 6 [89]: 
 
 
 
 
 
 
 
 
 
 
 
                                                                                          j =  (5) 

                                                                                 MR = K j EW (6) 
where K is a constant (8.954 × 10 3), and EW is the approximate equivalent weight of the samples 
(~11.17 for Mg).  
The higher value of Mg-Ca0.3 polarization resistance (Rp) to the corrosion process, compared to 
that of Mg (Table 1) has led to lower values of jcorr and MR. These facts suggest the positive effect 
of Ca as a part of the Mg-alloy, although of a very low content (0.3 wt.%). 

Table 1. Values of Rp, jcorr, B’, and MR for Mg and Mg-Ca0.3 in Hank’s solution (at 27°C). 
 
 
 
3.6. SEM and UV-Vis of Ag-Nanoparticles (NPs) on the Surface of Mg-Ca0.3 
The UV-Vis absorption band with a maximum at around 290 nm that decreases up to 320 nm 
(Figure 6A) is attributed to electronic interband transition between electrons in s-orbitals and p-
empty orbitals of metallic silver [90],[91]. The minimum observed at 320 nm in all samples is 
related to the well-known decrease of the imaginary part (k) of the refraction index characteristic of 

Sample Rp (k  
cm2) B’ (mV) jcorr ( A 

cm 2) 
MR (g m 2 

d 1) 
Mg 31.57 38.52 1.22 0.12 
Mg-

Ca0.3 32.81 33.79 1.03 0.10 
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metallic silver [92]. This wavelength outlines the limits between interband transition, from 320 nm 
toward lower wavelengths. A maximum of the adsorbance near to 400 nm is a result of the electron 
density resonance phenomena (surface plasmon resonant band). The bandwidth, asymmetry, and 
position depend on the Ag-NPs particle size and size distribution. The interaction of the particles 
with the substrate also affects the optical response due to the localization of the plasmon 
fluctuations (localized surface plasmon resonance, LSPR). The change in color is influenced by the 
LSPR band, when the Ag-NPs show difference in morphology, size, and shape. The SEM images 
(Figure 6C) reveal that the Ag-NPs are well-isolated and in a very low size (Figure 6D) by using the 
electrolyte of low concentration of Ag+ (10 3 M, 1 min), because of the slow growth rate. However, 
at one order higher concentration of Ag+ (10 2 M, 1 min), the better connection between Ag-
particles leads to the formation of agglomerates, as the diffusion of the Ag-ions is more facilitated 
to the substrate. It is considered that this effect of short-range interaction induces the LSPR band in 
the long wavelength region [90],[91],[93], that is why the photograph of the surface becomes darker 
at higher concentration of Ag-NPS agglomerates. The Ag-NPs and agglomerate size distribution on 
the Mg-Ca03 surface is presented in Figure 6D. 
 
 
 
Figure 6. ELD of Ag-nanoparticles on Mg-Ca0.3 surface form 10 3 M and 10 2 M AgNO3 solutions 
at different times: (A) UV-Vis absorption spectra (evolution over time), (B) representative circular 
images, (C) SEM micrographs of selected  
areas (5000×), and (D) Ag-NPs and agglomerate size distribution on the Mg-Ca0.3 surface. 
3.7. XRD of Ag-Nanoparticles (NPs) on the Surface of Mg-Ca0.3 
XRD spectra (Figure 7) indicated the pattern of the hexagonal Mg-metal matrix and the presence of 
nanostructured Ag crystals of FCC cell structure. The calculated average size of Ag (T) 
nanocrystallites was 10 nm, according to the Debye-Scherrer’s equation [94]–[96]: 
                                                                                T = ( ) (7) 
where K is a dimensionless factor (0.9);  is the wavelength of the X-rays (1.5406 Å); B is the mean 
width of the peak at a half of the height (fhwm), considered for the calculation; and B is the angle 
corresponding to the maximum of the reflection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. XRD spectra of Ag-NPs deposited on Mg-Ca0.3 surface (from 10 3 M, t = 6 min). The 
column bar graphs correspond to HCP Mg-JCPDS #350821 and FCC Ag-JCPDS #04-0783. 
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3.8. Contact Angle and Surface Free Energy (SFE) of Ag-NPs on the Surface of Mg-Ca0.3 
The results following the ASTM D5725-99 [97] methodology, revealed that the contact angle 
(Figure 8A) depends on the molar concentration of the solution for Ag-NPs electroless deposition, 
as well as, on the time for deposition (quantity of Ag-NPs on the Mg-Ca0.3 alloy, Figure 6C). The 
angle value was greater than 120° on the B surfaces (substrate Mg-Ca0.3), as well as on all Ag-NPs 
deposits formed by 10 3 M and 10 2 M AgNO3, at different times. Therefore, these surfaces are 
considered as superhydrophobic [98]–[101]. For this analysis the nomenclature was M1 (10 3 M; 
1,3,6 min) to M4 (10 2 M; 1 min), from lowest to highest concentration of deposit of Ag-NPs. The 
calculated SFE (Figure 8B) showed a decrease in the positive values of B, M1, and M2 surfaces, 
while the M3 y M4 surfaces presented very negative values. The last fact suggests that these 
surfaces will exhibit a poor cell bacterial adhesion, as well as wettability properties [98]–[106]. 
 
 
 
 
 
 
 
 
 

 
 

Figure 8. (A) Contact angle values and (B) calculated surface free energy (SFE) of the surfaces. 
3.9. Zeta Potential Measurement of E. coli and S. aureus 
The data in Figure 9 showed that zeta potential of E. coli and S. aureus (bacteria concentration of 
108 CFU mL 1) tended to be more negative values with respect to the pH of the Mueller–Hinton 
culture broth (pH  7.0 and up to 11), to understand the electrostatic interactions between bacteria 
and Ag-NPs deposits on the Mg-Ca0.3 surface. The pH of the culture broth was chosen to be like 
that of the pH range of change of Hank´s solution during the exposure of Mg-Ca0 (Figure 2A). At 
the initial pH of 7.0 the zeta potential was more negative for S. aureus ( 5.67 mV) than that of E. 
coli ( 3.16 mV), followed by a sudden shift at pH  7.25 to more negative values close to each 
other and ending at  11 mV at pH = 11. 
 
 
 
 
 
 

 
 
 

 
Figure 9. Zeta potential of E. coli and S. aureus bacteria vs. pH of Mueller–Hinton culture broth. 

3.10. Agar Disk-Diffusion Test of Ag-NPs on the Surface of Mg-Ca0.3 
The graph of the agar disk diffusion test (Figure 10A) shows the halos (diameters) of the zone of 
inhibition vs. the growth of the bacteria studied. No zone of inhibition was observed on the bare 
Mg-Ca0.3 substrate. It was logical to observe a greater antibacterial capacity on the M4 substrate, 
whose surface is covered by agglomerates of Ag-NP in an extended area (Figure 6C,D). For all the 
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samples, S. aureus presented a larger zone of inhibition than E. coli, which indicated that S. aureus 
is more sensitive to the Ag-NPs than E. coli. After measuring the diameters of the inhibition halos, 
the percent inhibition growth diameter (PIDG) (Figure 10B) was determined according to the 
following equation [107]: 
                                       PIDG (%) =  (     )

  
(100)(8) 

where diameter of control is the diameter of the Mg-Ca0.3 samples (1 cm), and the diameter of 
sample is the average diameter of the zone of inhibition after agar disk-diffusion test of three 
replicates. 
 
 
 
 
 
 
 
 
 
Figure 10. The graph of the (A) zone of inhibition and (B) PIDG, for the sample surfaces exposed to 
E. coli and S. aureus on agar for 24 h at 37°C in an incubator (dark conditions). 
The exact antimicrobial mechanism of Ag-NPs is still not completely known; however, it is 
suggested that it depends on chemisorbed Ag+ ions, released from the silver partial oxidation 
because of its sensitivity to oxygen [108]. Studies report that the Ag-NPs can generate long-lasting 
antibacterial activity due to the consequent release of Ag+ ions which kill the bacteria [109]–[112]. 
On the other hand, considering that the surface charge of Ag-NPs is not actually measured [113], 
their interaction with bacteria cell is still open to discussion. 
4. CONCLUSIONS 
The mass loss and concentration values of the released Mg2+ ions were a consequence of the change 
in pH over time at the end of the experiment. The mass loss of Mg-Ca0.3 was ~ 20% less than that 
of the Mg samples. The concentration of Mg2+ ions released was ~ 3.6 times lower for the Mg-
Ca0.3 alloy than for the Mg. A fraction of the mass loss and the concentration of Mg2+ ions released 
are the result of the formation of soluble MgCl2, as well as the chelating effect of gluconic acid. 
The intermetallic Mg2Ca particles appeared on the surface of Mg-Ca0.3 even after the removal of 
the formed layers, suggesting their role as local cathodic sites 
The total polarization resistance (Rp), estimated from the PDP data indicated that Rp for Mg-Ca0.3 
was higher than that of Mg, suggesting the Ca positive effect. 
The electroless deposited Ag-nanoparticles (Ag-NPs) on Mg-Ca0.3 were characterized by the time 
evolution of the UV-Vis absorption spectra and change in color of the Mg-Ca0.3 substrate. The 
XRD spectra indicated the presence of nanostructured Ag crystals of FCC cell, in which the 
calculated average size was 10 nm. 
The measured contact angle of the Ag-NPs (>120°) indicated that their surfaces may be considered 
as superhydrophobic, and thus, they may exhibit an antibacterial behavior. The calculated surface 
free energy (SFE) showed a tendency to very negative values, which suggest that the Ag-NPs 
exhibit a poor cell bacteria adhesion, as well as poor wettability properties. 
The ability to prevent growth of S. aureus (Staphylococcus aureus) and E. coli (Escherichia coli) 
bacteria, in the presence of Ag-NPs, was proved by the agar disk diffusion method (Kirby–Bauer 
test). The greater antibacterial effect of S. aureus was attributed to its more negative zeta-potential, 
attracting more the released Ag+ ions from the Ag-NPs.  
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Este estudio presenta el proceso de degradación del Mg expuesto durante 7 y 14 días al 
medio fisiológico (solución de Hank), como un material posible de implantes temporales en 
el cuerpo humano. Los resultados de las pruebas de inmersión, pruebas electroquímicas 
(potencial de corrosión, OCP y curvas de polarización, PDP) y la caracterización superficial 
han sido colaborados. El análisis elemental (EDS) y los espectros de XPS revelan una 
película formada por Mg(OH)2, producto de corrosión de Mg, depósitos cristalinos de NaCl 
y CaCO3, así mismo de los fosfatos Mg3(PO4) y el hidroxiapatita Ca10(PO4)6(OH)2. 
Después de eliminar las películas formadas en la superficie, las imágenes SEM muestran 
corrosión localizada, como aparentes picaduras, que podría atribuirse a la evolución de gas 
hidrógeno, un proceso simultaneo durante la degradación del Mg. El potencial de corrosión 
a circuito abierto (OCP) se ha desplazado desde un valor inicial de -1.70 V (SCE) hacia 
valores menos negativos, alcanzando el valor de -1.59 V, debido a la formación de la capa 
de productos, que actúa como barrera física con el medio. Las mediciones de pH, iones 
Mg2+ liberados y pérdida de masa permiten corroborar una tendencia de aumento ligero en 
la velocidad de corrosión. 

Palabras Clave: Magnesio, Degradación, Solución de Hank, PDP, XPS, SEM-EDS. 
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Abstract 
The article describes pattern between the degree of activity of hepatic fat cells and the degree 

of development of fibrosis in the liver tissue in the patients with obstructive jaundice of benign 
origin. This pattern is not included in the traditional diagnosis of morphological and functional 
violations in liver tissue with severe inflammation with prolonged obstruction of the biliary tract, 
that is a significant disadvantage in the treatment of profile patients. 

Keywords: liver tissue, fat cells (Ito cells), fibrosis, mechanical jaundice, liver failure, staged 
surgical tactics.  

Introduction  
Mechanical jaundice is accompanied by high intoxication, which leads to the development of 

liver failure. Mechanical jaundice is the cause of pathological changes in the liver and other 
organs of the patient with the development of multiple organ failure, leading to high mortality. 
At the same time, traditional surgical correction of mechanical jaundice is not always effective, 
and postoperative mortality remains high (15-45%). 

Despite the fact that minimally invasive surgical methods and advanced detoxification 
methods are actively used, many patients develop liver failure after surgery, which was not 
diagnosed in the preoperative period. 

There is evidence of the possible participation of fat cells (Ito cells) in the development of 
liver failure, which, together with fibroblasts, are responsible for the development of liver 
fibrosis due to their increased secretion of extracellular matrix, such as collagen and fibronectin.  

A number of experimental studies indicate relations between oxidative stress and the 
development of fibrosis in various organs, including the liver. Oxidative stress acts as an 
activator of liver fat cells. 

It was noted that activated Ito cells are able to synthesize cytokines that enhance their action, 
such as tumor necrosis factor (TNF-a), fibroblast growth factor (FGF), IL-2 and IL-8 in response 
to an intrahepatic increase in concentration proinflammatory cytokines and growth factors, 
which causes the progression of hepatofibrosis.  

Thus, an important point in choosing the tactics of surgical treatment is the detection of 
hepatic lipocytes in biopsies of liver tissue. 

The aim of the study was to determine the features of the morphological structure of the 
connective tissue of the liver and the presence of activated Ito cells in patients with mechanical 
jaundice. 

Materials and methods 
We have examined 128 patients of different age and sex with extrahepatic cholestasis of 

benign genesis.  
The main reasons for the development of obstructive jaundice in the examined patients were 

the following: calculous cholecystitis, stenosing papillitis, stricture of the common bile duct, 
pseudocyst of the pancreas. 

During the operation, fragments of liver tissue were taken, which were examined 
morphologically using histochemical reactions, light and electron microscopy. To detect fat cells 
in liver cells, staining of frozen sections with Sudan III and Sudan IV was used.  
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To determine collagen types I and III in tissue samples, staining with picrofuchsin was used. 
Collagen study was carried out in polarized light on a "Polmy-A" microscope. To determine the 
activity of Ito cells, the material was fixed in a 10% solution of neutral formalin, dehydrated in 
alcohols of increasing concentration, and embedded in celloidin. Sections 5–7 m thick were 
stained with hematoxylin and eosin, as well as picrofuchsin. To fix material for electron 
microscopy the liver tissue fragments we used a 4% glutaraldehyde solution, then decalcified in 
a Trilon B solution, fixed in a solution of osmic acid, dehydrated in alcohols of increasing 
concentration, then in acetone and embedded in epoxy resin. It was carried out in accordance 
with the methodological instructions of Weekly.  

Semi-thin and ultra-thin sections were prepared using a UMTP-ZM microtome. Semi-thin 
sections were stained with toluidine blue and basic fuchsin. Ultra-thin slices were contrasted 
according to Reynolds   

The ultrastructural organization of liver cells was studied using an EMV-100BR electron 
microscope. 

Results and its discussion 
In patients with extrahepatic cholestasis of benign genesis, significant violations of the 

morphological state of the liver tissue were revealed. Microscopic analysis of liver samples 
shows fibrosis in the area of the bile ducts, dilated portal tracts with lymphohistiocytic 
infiltration. In the foci of fibrosis, an increased number of fat cells and fibroblasts are found, 
which led to an increased production of collagen I and III type.  

Liver lipocytes are characterized by a large number of fat droplets in the cytoplasm, which 
occupy almost the entire volume of the cytoplasm, and a small hyperchromic nucleus with areas 
of chromatin condensation located centrally or asymmetrically.  

It also revealed Ito-cells with a moderate content of lipid droplets in the cytoplasm and 
myofibroblast-like cells, the cytoplasm of which is filled with filamentous structures.  

Analysis of the material obtained shows that all patients with mechanical jaundice were found 
to have hepatic lipocytes, collagen types I and III, myofibroblast-like cells, which confirms the 
development of stromal liver fibrosis.  

Morphological changes in liver tissue sclerosis were confirmed by a high level of fibroblast 
growth factor (FGF) in the blood of patients. 

The severity of the inflammatory reaction in the hepatopancreatoduodenal zone in patients 
with mechanical jaundice was characterized by a high content of inflammatory cytokines IL-2, 
IL-8, TNF-  in blood, which led to the activation of Ito cells and the main diagnostic criteria for 
prognosis the development of sclerosis and liver failure. 

The properties of connective tissue largely depend on the functional activity of Ito cells and 
the severity of infiltrative processes. 

The degree of impairment of the functional state of the connective tissue is one of the factors 
that determine the further development and outcome of the disease. Therefore, the morphological 
study of liver biopsies in patients with mechanical jaundice provides useful information for 
determining the possible volume and stages of surgical treatment, and also makes it possible to 
determine the postoperative management of patients. 

Conclusions  
1. Determination of the functional state of the components of connective tissue is of great

prognostic value in patients with mechanical jaundice. 
2. Assessment of the state of connective tissue provides important information for the choice

of surgical treatment tactics, as well as for the development of methods for the prevention of 
preoperative and postoperative complications using modern detoxification methods and staged 
surgical tactics.  
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Abstract: In this paper theoretical analysis of blood flow in the presence of thermal radiation 

and chemical reaction under the influence of time dependent magnetic field intensity has been 

studied. The unsteady non linear partial differential equations of blood flow considers time 

dependent stretching velocity, the energy equation also accounts time dependent temperature of 

vessel wall and concentration equation includes time dependent blood concentration. The 

governing non linear partial differential equations of motion, energy and concentration are 

converted into ordinary differential equations using similarity transformations solved 

numerically by applying ode45. MATLAB code is used to analyze theoretical facts. The effect of 

physical parameters viz., permeability parameter, unsteadiness parameter, Prandtl number, 

Hartmann number, thermal radiation parameter, chemical reaction parameter and Schmidt 

number on flow variables viz., velocity of blood flow in vessel, temperature and concentration of 

blood has been analyzed and discussed graphically. From the simulation study the following 

important results are obtained: velocity of blood flow increases with both increment of 

permeability and unsteadiness parameter. Temperature of the blood increases in vessel wall as 

Prandtl number and Hartmann number increases. Concentration of the blood decreases as time 

dependent chemical reaction parameter and Schmidt number increases. 

Keywords: Stretching velocity, similarity transformations, time dependent magnetic field 

intensity, thermal radiation, chemical reaction. 
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ABSTRACT 

Burnout syndrome is common in the life of medical staff, but in the case of intensive care doctors 
it is increasing lately. Exhaustion causes a decrease in both functionality and physical and mental 
condition. The yield is lower and for this reason performing medical duties can become difficult 
for medical staff suffering from burnout syndrome. The coronavirus pandemic has affected 
everyone but I believe that the most affected category of people are the medical staff working in 
intensive care. The first line, as it is usually called this category of medical staff, coped this 
pandemic, but the sacrifices were great. The guard shifts were numerous, the patients were many 
and in a very serious condition, some being killed by this virus. Some doctors began to show 
signs of chronic fatigue, depression and what was worse, they began to become more indifferent 
to those around them. Those characteristics are the main signs of burnout. However, the 
Romanian medical system was overworked but faced with succes the large number of patients. 
The mobile hospitals were also full at one time. At the same time, this mobilization led to the 
appearance of burnout syndrome. I chose to do a paper on burnout syndrome among intensive 
care professionals because they have been the most affected in the last year and will certainly 
have difficulties for a while after the pandemic will diminish. Now that the number of people 
diagnosed with coronavirus - Delta has started to increase again, the situation is serious. In this 
paper we will present a case study of a young woman resident in intensive care at the Infectious 
Diseases Hospital in Constanta – Romania.   

I think it is a serious problem and should not be treated with indifference. 

 

Keywords: burnout syndrome, medical staff, intensive care, chronic fatigue 
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Abstract 
Background: Intubation is an essential procedure to secure the airway in critically ill patients 
and also a common procedure in general anaesthesia. In this modern era, there are various video 
laryngoscopes (VL) available in the market which help anaesthesiologist to improve the success 
rate of intubation, moreover in patient with difficult airway. The goal of this study was to 
compare the effectiveness of C-MAC® and McGrath® VL in orotracheal intubation.  
Patients and Methods: The study was conducted at a tertiary public hospital in Bali, Indonesia. 
The study was registered in Clinical Trials Registry (NCT04936516). We included 68 patients 
underwent general anaesthesia for elective, non-maxillofacial surgeries. All subjects provided 
written informed consent. The inclusion criteria were American Society of Anaesthesiologists 
(ASA) physical status 1 to 3, aged 18-65 years old, with a body mass index of <35 kg/m2. Those 
with cervical instability and who showed predictors and/or history of difficult intubation were 
excluded. The subjects were randomly divided into two groups: Group C (C-MAC®) and Group 
M (McGrath®). All intubations were carried out by third-year anaesthesia registrars to minimize 
skill bias. We measured the effectiveness of the devices in terms of time-to-intubation, ease of 
intubation, total attempts, failure to intubate, larynx and glottis visualization, degree, 
hemodynamic stability, and complications.  
Results: Time-to-intubation is significantly shorter in Group C compared to Group M (12(5) vs. 
23(14) seconds, p <0.001). Glottic visualization, measured by POGO (percentage of glottic 
opening) score, is also significantly better in Group C than Group P (p=0.011). Attempts for 
successful intubation, ease of intubation, larynx visualization, and hemodynamic stability 
showed no statistically significant difference between the two groups. There are no documented 
complications in both groups.  
Conclusion: C-MAC® is more effective than McGrath® in terms of intubation time and glottic 
visualization.  
 
Keywords: video laryngoscope, intubation, general anaesthesia, POGO score 
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ÖZET 

Tanisit hücreleri, 1954 y l nda Horstmann taraf ndan tan mlanm t r. Tanisitler, beyin 
ventriküllerini dö eyen ve hipotalamusun derinliklerine uzanan, bölgede i levleri olan 
özelle mi  ependim hücreleridir. Tanisitler, yeti kin memelilerde ventriküler sistemde ve bu 
sistemi çevreleyen sirkumventriküler organlarda bulunmaktad r. En çok beynin 3. ventriküler 
bölgesinde ve spinal kordun kanalis sentralisinde yer almaktad r. Tanisitlerin her birinin kendi 
ayr  karakteristik özellikleri olan, dört farkl  alt tipi bulunmaktad r. Bu alt-tipler: 1, 2, 1 ve 

2’dir.  tanisitleri, üçüncü ventrikül lümeniyle, medial basal hipotalamusun damarlar  ve 
nöronlar  aras nda köprü olu tururken;  tanisitleri, ventriküler beyin omurilik s v s  (BOS) ve 
portal kan aras ndaki anatomik ba lant y  sa lamaktad r. Bu dört grup tanisitlerin her biri 
farkl  ve önemli fonksiyonel molekülleri ortaya ç karmaktad r. Bunlara örnek olarak; glukoz 
ve glutamat ta y c lar, periferal hormonlar, nöropeptidler için reseptör serileri, büyüme 
faktörünü dönü türücü moleküller ve özel bir protein olan P85 verilebilir.  

Tanisitler, nörogliya grubu hücrelerden olup, BOS ile portal kapillerler aras  köprü kuran ve 
nöroendokrin fonksiyonlara sahip bipolar hücrelerdir. Bipolar hücreler olan tanisitlerin, bazal 
taraf  nöronlar ve kapiller damarlar ile ili kiliyken, apikal taraf  da ventriküllerdeki serebral 
s v  ile ili kilidir. Tanisitlerle, ependim hücreleri aras nda baz  farkl l klar bulunmaktad r. 
Ependim hücreleri kabaca kuboiddir, birçok siliyaya sahiptir ve sadece çok k sa bir uzant ya 
sahiptir. Buna kar l k tanisitler ise, sillerden, mikrovilluslardan ya da di er özelle mi  apikal 
hücre uzant lar ndan yoksundur. Fakat tanisitler de beyin parankimas na uzanan, uzun 
ç k nt lara sahiptir. Bu uzant lar tanisitlerin, çekirdeklerde yer alan nöronlarla s k  bir kontak 
kurulmas n  sa lamaktad r.  Tanisit hücrelerinin fonksiyonel özellikleri aras nda; BOS’un 
ta n m , Gonadotropin salg lat c  hormon (Gn-RH) sal n m ndaki rolü, GLUT-1 ve GLUT-2 
gibi glikoz ta y c s  molekülleri bünyesinde bulundurmas , tiroid hormonunu aktifle tiren 
deiyodinaz tip II’yi içermesi, lezyonlu aksonun rejenerasyonunu desteklemesi ve nöral kök 
hücre olarak hareket etmesi say labilir. Sonuç olarak tanisit hücrelerinin geni  fonksiyonel 
rolü, bu hücrelerin nörodejeneratif hastal klar ba ta olmak üzere, medikal hastal klar n tan  ve 
tedavisinde kullan labilece ini dü ündürmektedir. 

Anahtar Kelimeler: Tanisitler, Ependim hücreleri, BOS, Nörodejeneratif hastal klar 
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ABSTRACT 

Tanycyte cells were described by Horstmann in 1954. Tanycytes are specialized ependymal 
cells that line the brain ventricles and extend deep into the hypothalamus. Tanycytes are found 
in the ventricular system of adult mammals and in the circumventricular organs surrounding 
this system. It is mostly located in the third ventricular region of the brain and canalis 
centralis of the spinal cord. There are four different subtypes of tanycytes, each with their own 
distinct characteristics. These subtypes are: 1, 2, 1 and 2. While  tanycytes form a 
bridge between the lumen of the third ventricle and the vessels and neurons of the medial 
basal hypothalamus;  tanycytes provide the anatomical link between ventricular 
cerebrospinal fluid (CSF) and portal blood. Each of these four groups of tanycytes reveals 
different and important functional molecules. As an example of these; glucose and glutamate 
transporters, peripheral hormones, receptor series for neuropeptides, growth factor converting 
molecules and a special protein P85 can be given. 

Tanycytes are bipolar cells that form a bridge between CSF and portal capillaries and have 
neuroendocrine functions. The basal side of tanycytes, which are bipolar cells, is associated 
with neurons and capillaries, while the apical side is associated with cerebral fluid in the 
ventricles. There are some differences between tanycytes and ependymal cells. Ependymal 
cells are roughly cuboid, have many cilia, and have only a very short extension. In contrast, 
tanycytes lack cilia, microvilli, or other specialized apical cell extensions. But tanycytes also 
have long projections that extend to the brain parenchyma. These extensions allow the 
tanycytes to establish a tight contact with the neurons in the nuclei. Among the functional 
properties of tanycyte cells; Transport of CSF, release of Gonadotropin-releasing hormone 
(Gn-RH), containing glucose transporter molecules such as GLUT-1 and GLUT-2, containing 
deiodinase type II that activates thyroid hormone, supporting regeneration of lesioned axon 
and acting as neural stem cell countable. In conclusion, the wide functional role of tanycyte 
cells suggests that these cells can be used in the diagnosis and treatment of medical diseases, 
especially neurodegenerative diseases. 

Keywords: Tanycytes, Ependymal cells, CSF, Neurodegenerative diseases 
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Problem.  One of the tasks of modern medicine is to search new agents which give an 

opportunity to treat deceases at the cellular level. In this regard polymer nanocomposites are 

promising agents which could be used as nanocarriers for the delivery and release of water-

soluble medicines. Objectives. To study the effect of maximal doses of the dextran-

polyacrylamide polymers and their effect as carriers of silver and gold nanoparticles on liver. 

Research methods. Nanocarriers on the base of branched dextran-polyacrylamide polymers had 

been synthesized in our laboratory. They are supposed to be use as a potential mean for transport 

of silver and gold nanoparticles. "Uncharged" star-like polymer matrices (D-PAA) consist of a 

dextran core and grafted polyacrylamide chains. "Charged" matrices (D-PAA (PE) - dextran-

polyacrylamide polyelectrolyte) also consist of a dextran core and grafted partially hydrolyzed 

polyacrylamide chains. An alkaline hydrolysis changes part of the amide groups to hydroxyl 

groups, which determines the negative charge of the macromolecule. The hydrodynamic 

dimensions of both types of macromolecules are 70-80 nm. Spherical shaped gold nanoparticles 

with size of 2-5 nm were loaded into D-PAA. Silver nanoparticles synthesized in D-PAA also 

characterized by spherical shape and had a size 8-15 nm.  

Experiments were carried out using 25 males of white laboratory Albino mice. Age of 

animals was 10 weeks, weight 25-30 g. The animals were divided into five groups: I – control, II 

– D-PAA, III – D-PAA (PE), IV – Au-D-PAA, V – Ag-D-PAA. Substances were diluted with 

0,3 ml saline and injected intravenously into the tail vein once a day per five days. On the third 

day after the last (fifth) treatment, the animals were withdrawn from the experiment under ether 
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anesthesia in compliance with the rules of euthanasia. The right lobe of the liver was removed 

immediately, forthwith fixed in Bouin's solution for 7 days, embedded in paraffin. Slides were 

stained with hematoxylin-eosin according to the standard technique.  

Results. A pronounced blood stasis in central veins, collagen deposits and neutrophilic 

infiltration around them, necrosis of the parenchyma of the centrilobular zone, and an increase of 

eosinophilia of the hepatocytes’ cytoplasm have been observed in the livers of animals of the II 

group. These sings indicate inflammatory process, portal hypertension, and the death of 

hepatocytes in the centrilobular zones. The changes in the III group were similar to those in the 

previous one and demonstrated toxic damage to the liver. The signs of apoptosis have been 

indicated here as well in form of hyperchromic small nuclei and acidophilic apoptotic bodies. 

The changes what indicated toxic damage to the liver as well as the cell death mainly by 

apoptosis have been observed in the IV group in addition to the aforementioned pathological 

processes. The alteration of cells in the form of excessive accumulation of glycogen and small-

droplet fatty inclusions, karyomegaly, pyknotic nuclei and eosinophilic alteration of hepatocytes 

cytoplasm, a presence of inclusions in Kupffer's cells were typical for this group. The similar 

picture we have obtained in group V. Along with this in groups IV and V some of the changes 

could be considered as signs of the liver's compensatory responses to the damage (hypertrophic 

regeneration). E.g., eosinophilic alteration of hepatocytes, focal infiltration with neutrophils and 

necrosis, blood stasis in the central veins, alteration in the form of excessive accumulation of 

glycogen and small-drop fatty degeneration, hepatocellular hypertrophy, accompanied by 

compression of the sinusoids belong to these features.  

It makes picture we obtained quite mosaic. If apoptosis and necrosis indicate the 

damaging effect of nanoparticles, the signs of regeneration raise questions about the time of their 

appearance. Regeneration develops at the first stages of lesion and indicates an attempt of cells 

to fight the ongoing processes. It may point out the presence of mechanisms that operate in this 

cell and allowed it to avoid death. 

Conclusions. Hence, our results demonstrate that maximal doses of studied substances 

cause harmful effect on the liver. The optimal dosages, which could be used with therapeutic aim 

as well as frequency of their administration are needed to be studied. 
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ABSTRACT 
 
Small for Gestational Age (SGA) newborns are one of the vulnerable groups that have a high 
risk of growth failure and many childhood and adulthood disorders. Every year more than 30 
million mothers give birth to SGA babies. Regardless of its high prevalence, very few studies 
exist on risk factors and consequences of SGA born in Pakistan. So this study was achieved to 
assess the nutritional status of SGA and AGA (Appropriate for Gestational Age) mothers by 
estimating their iron, zinc and ferritin levels. This case-control study was conducted at different 
Basic Health Units from October 2020 to June 2021. In this study mothers of SGA newborns 
(cases n=40) were compared with mothers of AGA newborns (control n=40). Information 
regarding socio-demographic, socio-economic and reproductive history of mothers was recorded 
on predesigned questionnaires. Dietary data of mothers was taken through multiple pass 24-
hours dietary recall questionnaire. Blood samples were collected for finding the Hemoglobin, 
Iron, Ferritin and Zinc levels of selected SGA and AGA mothers. Data analysis was done using 
SPSS version 20. In this research study, differences in the hemoglobin (Hb), serum levels of 
iron, ferritin and zinc were observed in eighty post-natal mothers having age range between 16 – 
35 years (Mean ± SD; 24.75 ±5.06 years). Overall 40% of mothers had Body Mass Index (BMI) 
in normal range. In SGA group, the frequency of mothers having normal BMI was less than 
AGA mothers (SGA=30%, AGA= 50%). Comparison of birth interval, previous SGA history, 
antenatal visits and smoking exposure in both groups were found significant. Total anemic 
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mothers (Hb<12g/dL) were 48.8% in which 43.6% were SGA. Iron deficiency was more 
common in SGA group (55%). The prevalence of iron deficiency anemia was 26.3% in which 
49.2% were SGA mothers. Zinc deficiency in SGA mothers was observed to be 53.4%.  The 
energy intake of SGA mothers on daily basis was significantly lower than AGA mothers. It is 
concluded that mothers of both the groups were malnourished, anemic and iron deficient. Zinc 
deficiency was most prevalent in SGA group. No significant difference was found between 
biochemical parameters of SGA and AGA group. 
 
 
Keywords: Small for gestational age, Appropriate for gestational age, Iron, Zinc, Ferritin, Basic 
Health Units, Peshawar 
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Abstract 

Introduction: Endoscopic approaches in otorhinolaryngology successfully entered in our 
specialty and is well spreading in more and more fields of it. [1] 

Aim: The aim of this study is to present the wide range of mini invasive surgical techniques in 
the area of ear, nose and throat. 

Methods: We made a research among different data bases for the endoscopic methods used in 
different countries. We also made a comparison with these used in Bulgaria and mainly in our 
clinic. 

Results: Functional endoscopic sinus surgery is the best established mini invasive surgical 
approach in Bulgaria and in Europe. [2] Sleep endoscopy is a method of choice for diagnostic of 
the socially significant obstructive sleep apnea. Endoscopic laser microsurgery is widely used for 
benign and malignant laryngeal diseases. Because of tendency to minimize invasiveness of 
surgery the endoscopy expands into other fields of otorhinolaryngology: otosurgery, neck soft 
tissue surgery (thyroid and parathyroid surgery), salivary gland surgery, skull base surgery. [3] 

Conclusion: A lot of conditions and disease are good for endoscopic treatment and because of 
that these methods should be established more and more in Bulgaria and abroad.  
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Abstract 
Introduction: We detect, analyze and discuss the different ear nose throat (ENT) manifestations 
those were reported in COVID19 hospitalised patients in the university hospital of Burgas. [1] 
Aim: The aim of the study is to find common ENT symptoms for developing the disease in 
COVID19 positive patients. [2] 
Matherials and methods: We made a questionnaire among the hospitalized patients and a 
research in the PubMed databases, Web of Science and others. 
Results: Within the included 98 COVID-19 laboratory - confirmed positive patients, the most 
common ENT manifestations of COVID-19 were sore throat (15%). Other common 
otorhinolaryngological manifestations of the disease were -  pharyngeal erythema, runny nose, 
nasal congestion, enlargement of the tonsils, infection of the upper respiratory tract. 
Conclusions: As a conclusion we can say that ENT manifestations for COVID-19 are not 
common as fever and cough. Nevertheless the disease is still spreading and with all the mutations 
we should continue the evaluation of the clinical manifestation. [3] 
Key words: COVID19, ENT, symptoms, manifestations, ear, nose, throat 
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Problem: Exposure to polycyclic aromatic hydrocarbons (PAHs) is a significant factor 
responsible for skin carcinogenesis. 7,12-Dimethylbenz(a)anthracene (DMBA), a PAHs, is a 
known carcinogen, teratogen and toxicant. During carcinogenesis, DMBA and its metabolites 
produce a lot of free radicals and create oxidative stress. This oxidative stress further targets 
the different cell organelles. Consequences of the damages initiated by DMBA also affect 
several vital organs such as the brain, liver, testis, etc., by complex biological reactions, like 
increase in mutation rate, alteration in the cellular membrane, structural proteins, metabolic 
enzymes, and signalling proteins. 
Objectives: The present study was aimed to evaluate the possible role of 
Hydroethanolic Murraya koenigii leaves extract (HEMKLE) against damages incurred during 
DMBA/TPA induced skin tumorigenesis in mice. 
Research methods: For the study, 40 male LACA mice were segregated into four groups, 
namely: Control, DMBA/TPA, HEMKLE, and HEMKLE+DMBA/TPA. Skin tumors were 
induced by topical application of 7,12-Dimethylbenz(a)anthracene (DMBA) [500 nmol/100 
ul of acetone] and 12-O-tetradecanoyl phorbol-13-acetate (TPA) [1.7 nmol/100 ul of acetone] 
and HEMKLE (200 mg/kg b. w.) was administered orally. 
Results: The protective response of HEMKLE to testicular damages during skin 
tumorigenesis was evident by the increase in sperm motility and sperm count, restoration of 
endogenous antioxidant enzymes, and histo-architecture of testis in the HEMKLE + 
DMBA/TPA group when compared to DMBA/TPA group. HEMKLE also decreased (p0.05) 
the mRNA and protein expression of pro-apoptotic genes (caspase-9 and caspase-3) and 
increased the anti-apoptotic gene, i.e. Bcl-2 in HEMKLE + DMBA/TPA group when 
compared to DMBA/TPA group, suggesting its anti-apoptotic effects.  
Conclusions: The decrease in oxidative stress and apoptosis, restoration of antioxidant 
enzymes, and histo-architecture of testes suggest that HEMKLE markedly protected the 
damage initiated during skin carcinogenesis. 
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ABSTRACT 
The most important global health problem of the 21st century is undoubtedly the 

COVID-19 pandemic. The COVID-19 vaccines, which are available in a very short time as a 
result of intensive studies, are the most effective method of combating the pandemic. The aim of 
this study is to evaluate the COVID-19 vaccines and vaccination rates used in Turkey. The aim of 
this study is to evaluate the COVID-19 vaccines and vaccination rates applied in Turkey. 

COVID 19 vaccination rates were evaluated by the Ministry of Health of the Republic of 
Turkey between 11 January and 15 October 2021. In addition, COVID-19 vaccine types, access 
routes to the vaccine and post-vaccine side effects were evaluated. 

The first COVID-9 vaccine in Turkey was started on January 11, 2021, by applying it to the 
Minister of Health. The "inactivated vaccine", which stimulates immunity without harming the 
body by disintegrating and neutralizing the virus, was the first type of vaccine administered in 
Turkey. In addition to inactivated vaccines, messenger RNA (mRNA) vaccines have been 
introduced. mRNA, a vaccine containing mRNA that carries the genetic code of the virus. The 
Ministry of Health made the COVID-19 vaccine applications by grouping method. First stage; 
health workers, the elderly, the disabled, those working and staying in protection homes, and 
individuals over the age of 65 have started to be vaccinated. At the last stage, all individuals over 
the age of 18 can get vaccinated. All individuals coming from the vaccine group can choose the 
vaccine they want. For vaccination appointments, they can get their vaccinations by making an 
appointment on the day they want from the Central Physician Appointment System (MHRS) and 
e-Pulse application. As of October 15, 2021, a total of 113 million 709 thousand 533 (1st, 2nd 
and 3rd doses) vaccines were administered. 47 million 119 thousand 99 people have had 2 doses 
of vaccine and the rate is 75.91% among the population aged 18 and over who have received at 
least two doses. This rate is 55.9% in the whole population. Although there are rare allergic 
reactions, mild side effects such as fatigue, headache, fever, chills, muscle/joint pain, vomiting, 
diarrhea, pain, redness and swelling at the injection site are common. 

As in all infectious diseases, the risk of person-to-person transmission of the disease will 
decrease with the vaccination of a sufficient part of the population in the COVID-19 pandemic. 
Thus, since the risk of spreading the disease in the community will decrease, unvaccinated 
individuals will also be protected. It is important to increase vaccination studies in order to reach 
the necessary rates for herd immunity. 
 
Keywords: Turkey, COVID-19, Vaccine 
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INTRODUCTION 

COVID-19 (Coronavirus); It emerged in China on December 31, 2019 and spread rapidly, 
causing a pandemic. It has been effective in many fields such as education, trade and tourism, 
especially health. It has experienced periods when people could not go out even in order to meet 
their basic consumption needs. In the fight against the pandemic, which is a public health 
problem that concerns the whole world, scientists have developed vaccines after intense studies 
and vaccines developed in many countries have begun to be implemented. While Turkey takes 
part in the scientific process with domestic vaccine studies, it also fights the coronavirus 
pandemic by supplying the vaccines developed (Do an & Bayraktar, 2020). 

Immunity is the situation created by the resistance factors developed by the microorganisms 
in which the infectious agent is located against the infectious agents. Substances that, when given 
to the organism in an appropriate way, create an immune response and protect the person from 
infectious diseases are called vaccines (A  Portal , 2021). The Expanded Immunization Program 
(EPI) was developed by the World Health Organization (WHO) in 1974 to prevent deaths from 
vaccine-preventable diseases. Turkey was included in the EPI in 1981. It started with IPE, DBT 
(Diphtheria, Pertussis Tetanus), Polio (polio), Measles, BCG (TB) vaccine. IPE; Hepatitis B 
vaccine was added in 1998, Measles Rubella Mumps (MMR) and Hemophilus influenza Type b 
(Hib) vaccines in 2006, Conjugated Pneumococcus (KPA) in 2008, Hepatitis A in 2012 and 
Varicella vaccine in 2013 (Etiler, 2018; im ek, 2020; Ertem & Çan, 2014). 

The “antigen” is the basic element that provides immunization among the components of 
the vaccine. “Suspension Liquid” containing vaccine elements such as another vaccine 
component, complex liquids containing protein and antigen, sterile water, physiological saline. It 
consists of "chemical substances" such as "condoms, stabilizers, antibiotics" used to keep 
vaccines intact and prevent bacterial growth in them. In addition, it consists of "Adjuvants", 
which are aluminum salts used to increase and prolong the immune response formed by the main 
antigen. Vaccines; It is classified according to the source and properties of the antigen, the 
method of administration of the vaccine and the application technique. According to the source of 
the antigen; virus, bacteria and toxoid vaccines, according to the characteristics of the antigen; 
They are classified as live (attenue), Inactive, toxoid and biotechnological vaccines. There are 
also oral and parenteral vaccines according to the application technique of the vaccine. According 
to the method of application of the vaccine, it consists of routine, to be applied when necessary 
and optional vaccines. Routine vaccination; The vaccination calendar applied to childhood in 
Turkey can be given as an example. Influenza vaccine can be given as an example of optional 
vaccines. COVID-19 vaccines can also be given as examples of vaccines to be applied when 
necessary (Günay, 2009; Do an, 2020). 

Inactivated (Sinovac / Turcovac) and mRNA (Biontech / Pfizer) vaccines have been applied 
in Turkey since January 11, 2021. Inactivated vaccines, the virus is fragmented and inactivated, 
and immunity is stimulated without harming the body. mRNA vaccines are involved in protein 
synthesis, which is naturally produced in the human body. The purpose of these vaccines is to act 
as an individual's mRNA and to create a warning against the virus. While inactivated vaccines 
can be stored at 2-8°C, the most important disadvantage of mRNA vaccines is that they are stored 
at -70°C. Although rare, there are allergic reactions, but mild side effects such as fatigue, 
headache, fever, chills, muscle/joint pain, vomiting, diarrhea, pain, redness and swelling in the 
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injection area are common. The Ministry of Health made the COVID-19 vaccine applications by 
grouping method. First stage; health workers, the elderly, the disabled, those working and staying 
in protection homes, and individuals over the age of 65 have started to be vaccinated. At the last 
stage, all individuals over the age of 18 can get vaccinated. All individuals in the vaccine group 
can choose the vaccine they want. For vaccination appointments, they can get their vaccinations 
by making an appointment on the day they want from the Central Physician Appointment System 
(CPAS) and e-Pulse application. As of October 15, 2021, a total of 113 million 709 thousand 533 
(1st, 2nd and 3rd doses) vaccines have been administered in Turkey. 47 million 119 thousand 99 
people have had 2 doses (fully vaccinated) vaccine, and the rate of people who have been 
vaccinated at least two doses is 55.9% in the whole population (COVID-19 A s , 2021). 

Individual measures are as important as public measures in the fight against the pandemic. 
It is important for the countries to obtain and make available the vaccines developed by the 
public, and for the individuals who are vaccinated to be vaccinated individually. The aim of this 
study is to evaluate the COVID-19 vaccines and vaccination rates applied in Turkey. 

 
METHODS  

COVID 19 vaccination rates were evaluated by the Ministry of Health of the Republic of 
Turkey between 11 January and 15 October 2021. In addition, COVID-19 vaccine types, access 
routes to the vaccine and post-vaccine side effects were evaluated. 

 
RESULT 

While the vaccination rate increased gradually until 15 May 2021, after a variable course 
from this date until 15 July, a gradual decrease was observed until October. Between July 15 and 
August 2021, approximately 12.8 million people were vaccinated the most. The share of the 
vaccinated people in this period in the population is 15.2%. As of October 15, 2021, 2 doses of 
vaccination of approximately 47 million people in total have been completed, while the share of 
those vaccinated in the population is 55.9%. Data on COVID-19 vaccination in Turkey are shown 
in Table 1. 

 
 
 

Table 1. Data on COVID-19 Vaccination in Turkey 

Date 

2 Doses 
Vaccinated 

(Fully 
Vaccinated)  

Number of 
Persons 

Completed 2 
Doses of Vaccine 

Proportion to 
Whole 

Population 
(%) 

Increase 
Rate 
(%) 

11 January-15 February 
2021 

573.879 573.879 0.7 0.7 

15 February -March 2021 3.349.666 2.775.787 4.0 3.3 
15 March-April 2021 7.737.134 4.387.468 9.2 5.2 
15 April-May 2021 10.792.375 3.055.241 12.8 5.6 
15 May-June 2021 13.973.218 3.180.843 16.6 3.8 
15 June-July 2021 20.013.130 6.039.912 23.7 7.1 
15 July-August 2021 32.807.818 12.794.688 38.9 15.2 
15 August-September 
2021 

41.182.546 8.374.728 48.8 9.9 
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15 September -October 
2021 

47.119.099 5.936.553 55.9 7.1 

 
 
CONCLUSION 

The protection of susceptible individuals through individuals who are immune in the 
community is called community immunity. In order to prevent infectious disease outbreaks, it is 
necessary to exceed a certain immunity level in the society. Despite the increase in the number of 
individuals vaccinated in Turkey, the desired figures have not been reached yet. In order to gain 
community immunity, COVID-19 vaccination rates will be achieved by vaccinating a sufficient 
part of the population. 
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The aim of this study is to introduce e-health applications in Turkey. Although it was first 
used to describe electronic medical records, e-health does not only mean the transfer and the 
storage of personal and social data about health with the information and technology now 
dominating every field of medicine in accordance with the changing nature of healthcare 
deliverye-health; It is expressed as the use of information and communication technologies in the 
prevention of diseases, the realization of diagnosis and treatment, the monitoring of the treatment 
process and the management of health.  

With the "National Health Information System", which is among the basic components of 
the Health Transformation Program, which was implemented in Turkey in 2003, it is aimed to 
ensure both standardization at the national level and to establish fast, accurate and effective 
communication in the field of health. For this purpose, various e-health applications such as 
National Health Data Dictionary, Family Medicine Information System, Central Physician 
Appointment System, Core Resource Management System, MEDULA, e-Nab z have been 
implemented. With these applications, it is aimed to increase the efficiency and quality indicators 
of the health services offered. In addition, e-health applications are used in solving existing 
problems in the health sector, preventing potential problems, determining priorities, planning 
resources and investments in the health sector, and evaluating service quality. 

As a result, e-health applications have contributed to better quality of health service 
delivery, effective, easy and fast communication between patient-physician, in-house and outside 
the institution, and to reduce costs. 

Keywords: E-health, information system, e-Nab z, MEDULA, information technology  

INTRODUCTION 

e-Health is expressed as the internet-based use of information technologies for effective 
health service delivery, rapid access to information and sustainable data transfer with 
stakeholders (Akda , 2010). According to another definition, it is defined as making information 
and communication technologies available to citizens with all their functions. This technology is 
used to improve the health status of individuals, to provide easy and fast access to health services, 
and to provide effective, efficient and quality service to all stakeholders in the health sector 
(Ömürbek & Alt n, 2009). 
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E-health is at the intersection of public health and medical information systems regarding 
health services and health education through internet-based technologies. To put it more broadly, 
it creates not only technical development, but also the attitude, behavior and mentality that 
contributes to the development of local, regional and global health services together with 
information and communication technologies. This definition shows that e-health does not only 
consist of the internet and medicine, it includes more than that. Therefore, the letter “e” in the 
concept of e-health also denotes a series of “e” in addition to its electronic meaning. These are 
(Eysenbach, 2001); 

 Efficiency: Expectations from e-health application are to increase efficiency in 
health services and thus reduce costs. One possible way to reduce costs would be 
through avoidance of unnecessary diagnostic or treatment interventions, improved 
communication opportunities between healthcare organizations, and patient 
participation. 

 Enhancing Quality of Care: Increasing productivity not only reduces costs, but 
also increases quality. E-health can improve the quality of health services by, for 
example, making comparisons between different service providers, directing 
consumers' patient flows to the best quality providers within the scope of quality 
assurance. 

 Evidence Based: The service delivery of e-health applications should not only be 
evaluated in terms of effectiveness and effectiveness, but also scientifically 
proven. 

 Empowerment: E-health, empowering consumers and patients, opens new 
avenues for patient-centered healthcare and enables evidence-based intervention 
by making medical and personal electronic records accessible to consumers over 
the internet. 

 Encouragement: e-Health promotes a new relationship between the patient and 
healthcare professionals towards a true partnership where participation in 
decisions is ensured. 

 Education: e-Health refers to the continuity of medical education of physicians 
with online resources, as well as education about preventive health services such 
as continuing medical education and health education of consumers. 

 Enabling Information Exchange and Communication: e-Health enables the 
exchange of standardized information and communication between health 
institutions. 

 Extending: e-Health extends the scope of health care beyond its traditional 
borders. This happens both geographically and conceptually. E-health enables 
consumers to easily obtain health services online from global service providers. 
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These services cover many applications, from simple advice to more complex 
interventions or a drug product. 

 Ethics: e-Health includes new forms of patient-physician interaction. Online 
professional practices pose new challenges and threats to ethical issues such as 
informed consent, privacy and equity issues. 

 Equity: While making healthcare more equitable is one of the promises of 
e-health, there are also serious threats that e-health can deepen the gap between 
the “haves” and the “have-nots”. People without money, skills, and access to 
computers and networks cannot use computers effectively. As a result, these 
patient populations (indeed, those who will benefit most from health information) 
are the least likely to benefit from advances in information technology unless 
political measures ensure equal access for all. 

1. e-Health Applications 

e-Health applications consist of National Health Data Dictionary, Family Medicine 
Information System, Core Resource Management System and e-Prescription applications. In 
order for these systems to work more efficiently, some auxiliary source modules integrated with 
these systems are needed. These systems consist of MEDULA, e-Nab z applications. 

e-Health is expressed as a fast, secure and expanding information system that enables the 
collection and integration of data produced electronically in health institutions in certain 
standards. With this application, data and information that will meet the needs of all stakeholders 
are produced. In other words, Health-Net can be expressed as a health data bank model that 
allows the collection of health information of all citizens in a single center. At the same time, 
e-Health provides secure communication and has high bandwidth. With this application, it is 
aimed to increase the efficiency and quality indicators of the health services offered. It is used in 
solving existing problems in the health sector, preventing potential problems, determining 
priorities, planning resources and investment in the health sector, and evaluating service quality. 

When the infrastructure features of the e-Health application are examined, it is possible to 
mention some features. These are (Akda  & Erkoç, 2011); 

 Transferring data and information produced from different software in health 
institutions into standard data, 

 Decision support system, where necessary and sufficient information can be 
accessed for the analysis of health expenditures, disease burden and demographic 
factors, 

 Monitoring and reporting indicators shared with international organizations 
(WHO, EUROSTAT, OECD), 

 International data exchange determined within the framework of the legislation, 

 The ability to access and manage the health records of the citizens of the country, 
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 There are features such as quick access to information thanks to early warning 
systems. 

1.1. National Health Data Dictionary 

The increasing importance of information in almost every field in the developing world 
has increased the need for obtaining information correctly and important studies have been 
started to meet this need. It is seen that many international standards have been developed 
especially in the field of health informatics. These standards are; It brings rules on how to follow 
a method in the stages of defining, transferring, storing, protecting and analyzing data. The 
National Health Data Dictionary is a dictionary study that is used in health institutions in our 
country and will be used as a reference by hospital information systems. The glossary consists of 
hierarchical inter-term relationships with datasets in different categories. (https://e-saglik.gov.tr). 

The most important function of the USVS is that it is based on "interoperability". For this 
reason, the following points should be taken into consideration while adding new data elements 
to the system (Akda  & Erkoç, 2011): 

 Whether it will be used for policy development, monitoring, evaluation, auditing, 
statistics, analysis and reporting,Whether it is useful in obtaining any information, 

 Whether there is any data in the patient's file, 

 Whether there is data that the physician needs to reach quickly in the electronic 
environment, although it should be in the patient's file, 

 Whether the data to be included in the dictionary is data that requires the physician 
to enter and save in the information system. 

1.2. Family Medicine Information System Application 

The Family Medicine practice, which was put into practice as a requirement of the Health 
Transformation Program, brought along important innovations in the collection of data from the 
primary health care services of the Ministry of Health, as well as the delivery of health services. 
At the forefront of these innovations is Family Medicine Information System. It is not correct to 
consider Family Medicine Information System as just a computer program. This system is also 
described as newly developed standards for data collection from primary health care services in 
provinces where family medicine is practiced. With Family Medicine Information System, family 
physicians record the health service provided electronically and transmit the recorded data 
directly to the Ministry of Health in electronic environment with the data sets (Minimum Health 
Data Sets) determined by the Ministry of Health (Akda , 2010). 

1.3. Central Physician Appointment System 

The Ministry of Health has put into effect the Health Transformation Program in order to 
reach health services more effectively and efficiently in Turkey and has carried out the studies 
within the scope of this program to a large extent. One of the most important works of this 
program is the Central Physician Appointment System. This system is 
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(https://www.mhrs.gov.tr/); It is a system where citizens can make an appointment with the 
hospitals and dentists they want from the live operators, the web or the Central Physician 
Appointment System mobile application by calling the hospitals, oral and dental health centers 
and family physicians affiliated to the Ministry of Health.  

 It is one of the 20 basic public services accepted by the European Union.  

 It is centralized the appointment systems, which are distributed in public hospitals 
and affiliated health institutions. It also claims to be the first and only system in 
the world that manages the appointment systems of public hospitals from a single 
center.  

 It is “Alo 182” can provide services to citizens at an accessibility level of 99.6% 
from our hospitals and family physicians via the call center, the internet, and 
mobile applications.  

 It contributes to the development of new health policies with the data collected 
from the appointment system. 

1.4. Core Resource Management System 

This system produces accurate and up-to-date information in the follow-up and direction 
of human, material and financial resources in the Ministry of Health and its affiliates (Akda , 
2010). Core Resource Management System; It is the system where the Ministry of Health, all 
personnel of the ministry, institution and building information, material information and private 
health institutions are monitored. The Human Resources Management System, where personnel 
movements are tracked, Material Resources Management System, where movables in all material 
warehouses within the Ministry of Health are actively followed, Investment Tracking System, 
where real estate is tracked, belongs to all private health institutions operating in Turkey. It has 
sub-modules such as the Private Health Institutions Management System, where all the process 
steps are followed, and the Basic Health Statistics Module, which is used to collect health 
statistics across the country” (Digital Hospital, 2019). Core Resource Management System 
consists of four modules. These are (https://dijitalhastane.saglik.gov.tr/); 

1.5. MEDULA 

MEDULA has been implemented since 01 August 2006. It is a system that ensures that 
the invoice information of the health services provided by the health institutions for the insured 
and beneficiaries is transferred to the General Health Insurance System and the invoice costs are 
transferred to the health institution. The system ensures that these periods are realized without 
interfering with the internal processes of health institutions. Pharmacies, health centers, diagnosis 
and treatment centers, public and private hospitals are integrated with the MEDULA system 
through web services. With this system, it is aimed that the citizens benefit from the health 
services offered in the best way. Some purposes of MEDULA (Birinci, 2013); 
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 Making the payments to the institution quickly and accurately, 

 To make estimations and risk analyzes of future health expenditures, 

 Ability to track changes in expenditure items 

 It can be listed as obtaining comprehensive and high quality statistical 
information. 

1.6. Electronic Prescription (e-Prescription) 

It is an application that allows prescribing information to be written, stored and 
transferred between institutions in electronic environment. With the implementation of this 
system, paper-based prescription will decrease and after a while, paper-based prescription 
practice will come to an end. Thanks to the system, physicians prescribe the drugs to be given to 
the patients electronically, and patients can receive their drugs from pharmacies with a tracking 
number (Birinci, 2013). e-Prescription has been put into practice in Turkey since 01.07.2012. 

e-Prescription application occupies an important place as a standard application in health 
information systems recently. It is the most comprehensive support system of health information 
systems, and it has been determined that more than one third (230 thousand prescriptions) of 
office-based prescriptions written in the USA in 2011 were made with the e-prescription system. 
With the e-prescription application, which is one of the important innovations in health recently, 
physicians can monitor drugs, drug contents and which diseases are used for the treatment of 
drugs through web-based systems (Gider, Ocak, & Top, 2015). 

1.7. e-Nab z System 

e-Nab z is an application that citizens and health professionals can access health data 
collected from health institutions via the internet and mobile devices. It is a personal health 
record system where the patient can manage all health information and access his/her medical 
history from a single place, regardless of where the examination, examination and treatment is 
performed. It is the world's largest and most comprehensive health informatics system, which can 
be accessed securely over the internet, enabling the health records to be evaluated by physicians 
within the framework of the authority granted by the individuals themselves, for which the 
duration and limit have been determined, thus increasing the quality and speed of the diagnosis 
and treatment process, and establishing a strong communication network between the patient and 
the physician. is the infrastructure. The health information in e-Nab z, the diagnoses made about 
the diseases of the individuals, the analyzes made, the medical images taken, the prescribed 
drugs, the allergies detected and similar information, since the system was put into use, are sent 
to the e-Nab z system in electronic environment by the health care providers. consists of The 
information can only be seen by the physicians authorized by the persons or by the persons who 
are in the system and who are allowed permanent or temporary permission 
(https://enabiz.gov.tr/). 
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RESULT 

e-Health has become an area that adds innovation, speed, efficiency and flexibility to the 
healthcare industry. With e-Health, national and international health systems can be connected to 
each other and contribute to the development of the global health level. In addition, electronic 
communication of all health institutions and the ability to monitor health records in electronic 
environment provide important benefits not only for health institutions, but also for patients and 
their relatives and other stakeholders. 

Since citizens can access their health records electronically, they can monitor their health 
information checks, data on service costs and many other data they need through e-health 
applications. It also provides benefits in many ways, such as making it easier for physicians to 
make decisions, better managing the processes of hospitals, improving their relations with 
suppliers, and establishing policies at the Ministry level.As a result, e-health applications have 
contributed to better quality of health service delivery, effective, easy and fast communication 
between patient-physician, in-house and outside the institution, and to reduce costs. 
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Abstract 
During 2019-2021, two field experiments with durum wheat cultivar Predel (Triticum 
durum Desf.) were performed in the experimental field of the Field Crops Institute, 
Chirpan and in the experimental field of the Trakia University, Stara Zagora. Three 
sowing dates were tested: Early sowing (05 - 10 October), Normal sowing (20 - 25 
October - standard) and Late sowing (05 - 10 November). In early sowing, 2 retardants 
were studied: Cearon 480 SL - 1 l/ha and Medax top – 1 l/ha and 2 insecticides: Proteus 
110 OD - 625 ml/ha and Mageos - 100 g/ha, as well as the mixtures between them. 
During late sowing, 2 stimulators were studied: Naturamin plus - 1.5 l/ha and Raiza mix 
- 750 ml/ha and 2 foliar liquid fertilizers: Mix for cereal SC - 1.5 l/ha and Trimax SC - 
1.5 l/ha, as well as the mixtures between them. These preparations and fertilizers are 
imported after stage 3 - 4 leaves of durum wheat, in the so-called "Closure of crops". In 
the case of early sowing variants, this stage occurs in autumn, and in the case of late 
sowing variants, the stage occurs in spring. Early sowing of durum wheat leads to a 
decrease in grain yield in both regions - Chirpan and Stara Zagora. In the case of late 
sowing of durum wheat, the yield reduction is smaller. The combined use of Cearon and 
Medax top retardants with the insecticides Proteus and Mageos leads to higher grain 
yields compared to their use alone. The combined use of the stimulators Naturamin plus 
and Raiza mix with the foliar fertilizers Mix for cereals and Trimax also leads to higher 
grain yields compared to their use alone. The most unstable are the tank mixture 
Naturamin plus + Trimax in Chirpan region, followed by the independent and joint use 
of the retardants Cearon and Medax top and the insecticides Proteus and Mageos in 
Stara Zagora region. All variants from Chirpan region are the most technologically 
valuable. They combine high grain yields with high or good stability over different 
years. 
Keywords: durum wheat, sowing dates, growth regulators, foliar fertilizers, grain 
yield, yield stability 

1. INTRODUCTION 
Durum wheat is a species with a winter-spring character. With earlier sowing until the onset of the 
cold months, it may enter stem elongation stage and freeze completely. The most optimal terms for 
sowing in Bulgaria are from 15.10 to 10.11. Any further delay can lead to damage and frost of the 
crop due to its weaker development. According to many authors, very early or very late sowing 
leads to problems with diseases and enemies (Sharma et al. 2003; Singh, 2004; Bassu at al., 2010; 
Gorczyca, 2018). 
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The aim of the present study is to study the productivity of durum wheat and the stability of yields 
under different weather conditions under the influence of certain pesticides, growth regulators and 
complex foliar fertilizers and different sowing dates. 
2. MATERIAL AND METHODS 
During 2019-2021, two field experiments with durum wheat cultivar Predel (Triticum durum Desf.) 
were performed in the experimental field of the Field Crops Institute, Chirpan and in the 
experimental field of the Trakia University, Stara Zagora, by the block method, in 4 replications, 
with the size of the harvest plot 15 m2, after predecessor sunflower. The soil type is a chromic 
cambisols, poorly stocked with N2, P2O5 and K2O. Three sowing dates were tested: Early sowing 
(05 - 10 October), Normal sowing (20 - 25 October - standard) and Late sowing (05 - 10 
November). In early sowing, 2 retardants were studied: Cearon 480 SL – 1 l/ha and Medax top - 1 
l/ha and 2 insecticides: Proteus 110 OD - 625 ml/ha and Mageos - 100 g/ha, as well as the mixtures 
between them. During late sowing, 2 stimulators were studied: Naturamin plus - 1.5 l/ha and Raisa 
mix - 750 ml/ha and 2 foliar fertilizers: Mix for cereal SC - 1.5 l/ha and Trimax SC - 1.5 l/ha, as 
well as the mixtures between them. 
These preparations and fertilizers are treated after stage 3 - 4 leaves of durum wheat, in the so-
called "Closure of crops". In the case of early sowing variants, this stage occurs in autumn, and in 
the case of late sowing variants, the stage occurs in spring. 
The productivity of durum wheat was determined by the obtained grain yields. The data were 
processed by analysis of variance (Shanin 1977; Barov, 1982; Lidanski, 1988). The stability of the 
tested variants with respect to the years was assessed by the stability variants i2 and Si2 according 
to Shukla (1972), ecovalence Wi according to Wricke (1962) and the stability criterion YSi 
according to Kang (1993). 
3. RESULTS AND DISCUSSION 
When sowing durum wheat in optimal terms yields of 5518 kg/ha for the Chirpan region and 4102 
kg/ha for the Stara Zagora region is obtained (Table 1). The reason for the lower yields in Stara 
Zagora is the poor nutrient and water regimes of the chromic cambisols soil in this area. In the 
Chirpan region, the leached vertisol soil is characterized by much higher soil fertility. 
Early sowing of durum wheat leads to a reduction in grain yields in both areas. On average for the 
study period the decrease for the Stara Zagora region is by 16.6% compared to the normal sowing. 
For the Chirpan region the reduction of the yield is smaller - by 12.7% compared to the normal 
sowing. The decrease in yields in the early sowing of durum wheat is due to two reasons. The first 
reason is the development of virus diseases such as Wheat stroke mosaic caused by the Wheat 
streak mosaic virus transmitted by the mites Aceria tulipae and Aceria tossicella and Yellow barley 
blight caused by the Barley yellow dwarf virus transmitted by the aphids Rhopalosiphon padi and 
Sitobion avenae (Juroszek and von Tiedemann, 2011, 2012; Nilsen and Kirby, 2016). The second 
reason is damage to some wheat plants in winter, as a result of reduced cold tolerance due to their 
premature entry into stem elongation stage and the associated hardening of the plants. Unlike 
common wheat (Triticum aestivum L.), which is of the winter type and has a longer vernalization 
period, durum wheat (Triticum durum Desf.) is of the winter-spring type, with a short vernalization 
period and in warm autumn is predisposed to early stem elongation (Singh and Jain, 2000; Modhej, 
2012). 
Late sowing of durum wheat also leads to a reduction in grain yields in both areas. The reduction is 
less than that of early sowing. On average for the period the decrease for Stara Zagora region is by 
9.3% compared to the normal sowing. For Chirpan region the reduction of the yield is almost the 
same - by 10.5% compared to the normal sowing. The decrease in yields in the late sowing of 
durum wheat is due to the short vegetation in November, leading to less hardening of the plants and 
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difficult to reach the optimal phase of the 4th leaf for wintering of durum wheat. As a result, some 
plants are damaged during the winter months. 
The use of the insecticides Proteus and Mageos in early sowing leads to an increase in grain yield in 
both regions - Chirpan and Stara Zagora. On average for the period the increase varies from 11.3% 
to 12.7%. This increase is due to the limitation of viral diseases, as the insecticides Proteus and 
Mageos destroy the vectors of viruses. 
The uses of retardants Cearon and Medax top in early sowing, also lead to increased yields in both 
areas. The increase in yield with the use of retardants alone is less than with the use of insecticides 
alone. On average for the period the increase varies from 6.1% to 7.2%. This shows that in early 
sowing the reduction in yield is due more to the attack of viruses than to the premature entry of 
durum wheat into the stem elongation stage. 
The combined uses of retardants Cearon and Medax top with the insecticides Proteus and Mageos, 
lead to higher grain yields compared to their use alone. On average for the period the increase 
compared to the untreated variant with early sowing is from 18.0% to 20.3%. For Chirpan region 
the average increase in yield compared to the normal sowing period is from 3.6% to 4.5%. For Stara 
Zagora region, the combined use of insecticides and retardants almost compensates for the 
shortcomings of early sowing - the yields are 98.4% - 99.7% compared to normal sowing. Despite 
all the less developed plants in the Stara Zagora region overwinter more difficult. 
The use of the stimulators Naturamin plus and Raiza mix during late sowing leads to an increase in 
grain yield in both regions - Chirpan and Stara Zagora. On average for the period, the increase 
compared to the untreated variant with late sowing varies from 9.2% to 11.7%. 
 
Table 1. Grain yields affected of certain preparations and various terms of sowing, kg/ha (2019-
2021) 

Variants 2019 2020 2021 Mean 
% 
compared 
to control 

% 
compared 
to normal 
sowing 

Chirpan 

Early 
sowing 

- 
- 4993 5024 4441 4819 100 87.3 
Proteus 5736 5481 4963 5393 111.9 97.7 
Mageos 5724 5436 4922 5361 111.3 97.2 

Cearon 
- 5361 5429 4712 5166 107.2 93.6 
Proteus 6017 5884 5281 5727 118.8 103.8 
Mageos 5970 6034 5414 5799 120.3 104.5 

Medax top 
- 5385 5348 4738 5157 107.0 93.5 
Proteus 5947 5979 5368 5765 120.0 104.4 
Mageos 6029 5940 5332 5715 118.6 103.6 

Normal sowing – St, 5853 5604 5122 5518 - 100 

Late 
sowing 

- 
- 5197 5055 4569 4940 100 89.5 
Mix for cereals 5689 5481 4968 5379 108.9 97.0 
Trimax 5666 5436 4979 5360 108.5 97.1 

Naturamin 
plus 

- 5736 5520 4999 5512 111.6 99.9 
Mix for cereals 6222 6205 5829 6085 123.2 110.3 
Trimax 6029 6389 5742 6053 122.5 109.7 

Raiza mix - 5724 5498 4973 5393 109.2 97.7 
Mix for cereals 6058 6181 5552 5930 120.0 107.5 
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Trimax 6192 6243 5609 6015 121.8 109.0 
Stara Zagora 

Early 
sowing 

- 
- 3850 3333 3081 3421 100 83.4 
Proteus 4332 3786 3427 3848 112.5 93.8 
Mageos 4314 3773 3484 3857 112.7 94.0 

Cearon 
- 4056 3553 3282 3630 106.1 88.5 
Proteus 4546 3973 3663 4061 118.7 99.0 
Mageos 4515 3946 3644 4035 118.0 98.4 

Medax top 
- 4069 3563 3290 3641 106.4 88.8 
Proteus 4555 3946 3648 4059 118.6 98.9 
Mageos 4582 4000 3690 4091 119.6 99.7 

Normal sowing – St, 4457 4167 3808 4102 - 100 

Late 
sowing 

- 
- 3920 3834 3538 3722 100 90.7 
Mix for cereals 4283 4225 3888 4132 111.0 100.7 
Trimax 4265 4206 3877 4116 110.6 100.3 

Naturamin 
plus 

- 4323 4191 3865 4125 110.8 100.6 
Mix for cereals 4675 4608 4246 4500 120.9 109.7 
Trimax 4555 4490 4139 4395 118.1 107.1 

Raiza mix 
- 4310 4252 3918 4156 111.7 101.3 
Mix for cereals 4564 4497 4143 4401 118.2 107.3 
Trimax 4662 4570 4212 4481 120.4 109.4 

   LSD, kg/ha: 
   F.A               p 5%=47              p 1%=61               p 0.1%=79 
   F.B               p 5%=38              p 1%=50               p 0.1%=64 
   F.C               p 5%=117            p 1%=154             p 0.1%=198 
   AxB             p 5%=66              p 1%=87               p 0.1%=111 
   AxC             p 5%=203            p 1%=267             p 0.1%=342 
   BxC             p 5%=166            p 1%=218             p 0.1%=279 
   AxBxC        p 5%=287            p 1%=378             p 0.1%=484 
 
The use of foliar fertilizers Mix for cereals and Trimax in late sowing also leads to an increase in 
grain yield in both areas. For Stara Zagora region the increase in grain yield on average for the 
period is higher and varies from 10.6% to 11.0%. For Chirpan region the increase is smaller - from 
8.5% to 8.9%. The reason for the higher effect of foliar fertilizers in Stara Zagora is the lower 
supply of nutrients to the chromic cambisols soil compared to the leached vertisol soil in Chirpan. 
The combined use of the stimulators Naturamin plus and Raiza mixwith the foliar fertilizers Mix for 
cereals and Trimax leads to higher grain yields compared to their use alone. On average for the 
period in both regions the increase compared to the untreated variant with late sowing is from 
18.1% to 23.2%. The average increase in grain yield compared to the normal sowing period is from 
7.1% to 10.3%. 
Through the analysis of the variant in terms of grain yield (Table 2) it is established that the areas of 
derivation of the experiments have the greatest influence on this indicator - 71.4% of the total 
variation. The reason for this is the differences in soil conditions in the two regions related to their 
different reserves of moisture and nutrients. The strength of the influence of the preparations and 
the terms of sowing is 12.7%, and of the years - 8.9%. The influence of regions, preparations, 
sowing dates and years is very well proven at p 0.01. There is a proven interaction of the regions 
with the conditions of the years (AxB) - 0.4%, of the preparations and the terms of sowing with the 
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conditions of the years (Ax ) - 0.7% and of the regions with the preparations and terms of sowing 
( ) - 0.9%. The interactions of the regions with the conditions of the years ( ) and of the 
regions with the preparations and the sowing terms ( ) are very well proved at 0.01. The 
interaction between the preparations and the sowing dates with the conditions of the years (AxC) 
was proved at p 0.5. The interaction between the three experimental factors (AxBxC) - 0.5% has 
not been proven. 
 
Table 2. Analysis of variance for grain yield 

 
Based on the proven interactions regions x year, preparations and sowing dates x year and areas x 
preparations and sowing dates, the stability of the manifestations of each variant in terms of durum 
wheat grain yield was assessed (Table 3). The Shukla stability variants i

2 and Si
2, the Wricke 

ecovalence Wi and the Kang YSi stability criterion were calculated. 
The Shukla stability variants ( i

2 and Si
2), which take into account the linear and nonlinear 

interactions, respectively, unilaterally evaluate the stability of the variants. These variants, which 
show lower values, are considered more stable because they interact less with environmental 
conditions. The negative values of the indicators i

2 and Si
2 are considered to be 0. At significantly 

high values of either of the two parameters - i
2 or Si

2, the variants are considered unstable. In 
Wricke's Wi ecovalence, the higher the value of the indicator, the more unstable the corresponding 
variant. 
Using these three parameters of stability, it was found that the most unstable are the tank mixture 
Naturamin plus + Trimax in the Chirpan region, followed by the independent and joint use of 
retardants Cearon and Medax top and insecticides Proteus and Mageos in the Stara Zagora region. 
In them, the values of the variance variants i

2 and Si
2 according to Shukla and the ecovalence Wi 

according to Wricke are the highest and mathematically proven. The instability is mainly due to the 
significant differences in grain yields in these variants during the different years of experience, as 
soil and meteorological conditions affect them the most. In these variants there is instability of 
linear and nonlinear type - proven values of i

2 and Si
2. In case of late sowing in the Stara Zagora 

Source of variation 
Degrees 
of 
freedom 

Sum of 
squares 

Influence 
of factor, 
% 

Mean 
squares 

Fisher's 
criterion 

Level of 
significance  

Total 455 3539672 100 - - - 
Tract of land 3 13904 0.4 4634.7 10.9 *** 
Variants 113 3381624 95.5 29925.9 70.4 *** 
Factor A – 
Years 2 314104 8.9 157052.0 369.4 *** 

Factor B – 
Places 1 2531216 71.4 2531216.0 5953.0 *** 

Factor C – 
Preparations and terms of 
sowing 

18 449896 12.7 24994.2 58.8 *** 

AxB 2 15560 0.4 7780.0 18.3 *** 
AxC 36 24232 0.7 673.1 1.6 * 
BxC 18 30192 0.9 1677.3 3.9 *** 
AxBxC 36 16424 0.5 456.2 1.1 ns 
Pooled error 339 144144 4.1 452.2 - - 
*p 5%       **p 1%       ***p 0.1% 
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region, without additional treatments, there is instability of linear type - proven values of i
2. Si

2 
values are unproven. With the independent use of the retardant Cearon, the stimulator Naturamin 
plus, the leaf fertilizer Mix for cereals in the Chirpan region and early sowing in the region Stara 
Zagora, without additional treatments, there is instability of nonlinear type - proven values of Si

2. 
The values of i

2 are unproven. The other variants show high stability in terms of grain yield, 
despite the changes in meteorological conditions during the growing season of durum wheat. 
In order to make an overall assessment of the effectiveness of each variant, both its influence on the 
yield of durum wheat grain and its stability - the reaction of the crop to this variant in different 
years - must be taken into account. Very valuable information about the technological value of the 
variants is given by Kang's YSi indicator for simultaneous assessment of yield and stability, based 
on the reliability of the differences in grain yield and the variant of the interaction with the 
environment. The value of this criterion is that using non-parametric methods and statistical proof 
of differences, we obtain a summary assessment, sorting the options in descending order according 
to their economic value. 
 
Table 3. Stability parameters of certain preparations and various terms of sowing for grain yield 
with relation to years 
Variants  i

2 Si
2 Wi YSi 

Chirpan 

Early 
sowing 

- 
- 4819 504.6 1009.5 996.1 21+ 
Proteus 5393 206.0 -14.7 430.2 30+ 
Mageos 5361 305.8 30.2 619.5 28+ 

Cearon 
- 5166 895.4 1719.4* 1736.6 26+ 
Proteus 5727 276.3 180.5 563.4 35+ 
Mageos 5799 578.6 116405 1136.3 37+ 

Medax top 
- 5157 351.2 635.7 705.5 25+ 
Proteus 5765 547.2 1107.8 1076.7 36+ 
Mageos 5715 39.3 7.0 112.6 34+ 

Normal sowing – St, 5518 47.4 -24.1 129.8 33+ 

Late 
sowing 

- 
- 4940 10.2 30.5 59.4 23+ 
Mix for cereals 5379 83.9 -26.1 198.9 29+ 
Trimax 5360 19.3 -13.6 76.5 27+ 

Naturamin 
plus 

- 5512 1192.9 1719.3* 2300.3 32+ 
Mix for cereals 6085 596.4 245.5 1170.4 41+ 
Trimax 6053 3213.9** 5297.2** 6129.6 32+ 

Raiza mix 
- 5393 119.9 -25.3 297.3 30+ 
Mix for cereals 5930 100.2 1996.3* 1973.0 38+ 
Trimax 6015 665.8 1541.4 1301.5 39+ 

Stara Zagora 

Early 
sowing 

- 
- 3421 1125.0 2153.8* 2171.6 -2 
Proteus 3848 1468.2* 1975.7* 2821.9 -2 
Mageos 3857 1294.2* 2225.4* 2492.2 -1 

Cearon 
- 3630 1024.6 1923.4* 1981.4 -1 
Proteus 4061 1597.8* 2498.0* 3067.5 2 
Mageos 4035 1548.5* 2461.6 2974.7 0 

Medax top - 3641 1043.8 1945.0* 2017.8 0 
Proteus 4059 1712.3* 2527.4* 3284.4 1 
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Mageos 4091 1680.2* 2602.5* 3223.5 3 
Normal sowing – St, 4102 636.7 1263.1 1246.3 8 

Late 
sowing 

- 
- 3722 1445.9* 333.3 2779.5 -3 
Mix for cereals 4132 547.7 70.5 1077.8 11 
Trimax 4116 580.9 60.7 1140.6 9 

Naturamin 
plus 

- 4125 299.2 -26.6 606.8 10 
Mix for cereals 4500 391.1 2.7 781.0 16 
Trimax 4395 451.4 68.3 895.2 13 

Raiza mix 
- 4156 587.9 79.2 1154.0 12 
Mix for cereals 4401 429.7 66.7 854.1 14 
Trimax 4481 308.7 23.9 625.0 15 

Mean 4786  18.4 
LSD (p=0.05) 138  
 
Kang's generalized stability criterion YSi, taking into account both stability and yield value, gives a 
negative assessment of late and early sowing in Stara Zagora region, without additional treatments 
and the independent use of insecticides Proteus and Mageos and retardant Cearon, characterizing 
them as unstable and low yielding. 
According to this criterion, all variants from Chirpan region are the most technologically valuable. 
These options combine high values of grain yield and high or good stability of this indicator in 
different years. 
From the point of view of the technology for growing durum wheat, the variants with joint and 
independent use of the stimulants Naturamin plus and Raiza mixand the leaf fertilizers Mix for 
cereals and Trimax in Stara Zagora region, as well as the variant with normal sowing in this region 
are highly appreciated. They combine good grain yields with good stability during the individual 
years of the study. 
The variants with joint use of the insecticides Proteus and Mageos and of the retardants Cearon and 
Medax top in Stara Zagora region receive low marks and should be avoided. 
4. CONCLUSIONS 
Early sowing of durum wheat leads to a decrease in grain yield in both regions - Chirpan and Stara 
Zagora. 
In the case of late sowing of durum wheat, the yield reduction is smaller. 
The combined use of Cearon and Medax top retardants with the insecticides Proteus and Mageos 
leads to higher grain yields compared to their use alone. 
The combined use of the stimulators Naturamin plus and Raiza mix with the foliar fertilizers Mix 
for cereals and Trimax also leads to higher grain yields compared to their use alone. 
The most unstable are the tank mixture Naturamin plus + Trimax in Chirpan region, followed by the 
independent and joint use of the retardants Cearon and Medax top and the insecticides Proteus and 
Mageos in Stara Zagora region. 
All variants from Chirpan region are the most technologically valuable. They combine high grain 
yields with high or good stability over different years. 
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Abstract 
Background: Identification and assessment of therapeutic potential of natural products 
derived from medicinal plants have led to the discovery of innovative and economical drugs 
to treat several diseases, including chronic wounds. In vitro cell based scratch assay is an 
appropriate and inexpensive method for initial understanding of wound healing potential of 
medicinal plant extracts. The current study was aimed at investigating the wound healing 
capacity of Aristolochia saccata leaf extract by using scratch assay as a primary model, where 
proliferative and migratory capabilities of test compounds could be monitored through 
microscopy studies. A. saccata is an evergreen climbing shrub belongs to the family 
Aristolochiaceae. 
Methods: Methanolic extraction of the plant material was done using Soxhlet apparatus and 
the cytotoxicity of the extract on L929 cells was studied by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. L929 is a human fibroblast cell line. In vitro 
scratch assay was performed to evaluate the wound healing properties of A. saccata leaf 
extract and possible mechanism of action was analyzed by flow cytometric expression studies 
of an extracellular matrix (ECM) factor, collagen type-1. 
Results: MTT assay revealed that A. saccata leaf extract had no cytotoxic effect on the cells 
and at higher concentrations, the extract showed mild toxicity resulting in the death of just 
2.88% cells. Scratch assay showed 34.05%, 70.00%, 93.52% wound closure at 12hrs, 24hrs 
and 48hrs of incubation respectively. These results were similar compared to positive control 
which showed 37.60, 56.41 and 99.05% of wound closure. Further, flow cytometry-based 
studies revealed that the A. saccata leaf extract induced the expression of ECM remodelling 
factor collagen-1. 
 
Conclusion: Our study revealed the wound healing capabilities of A. saccata In vitro. Hence, 
A. saccata could be recommended as a potential source of wound healing agents. 
 
Keywords: Plant biology, Cell biology, Pharmaceutical science, Molecular biology, 
Biotechnology, Biochemistry 
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ABSTRACT 
Canning is the general term applied to the process of packaging a food in a container and 

subjecting it to a thermal process for the purpose of extending its useful life. An optimal thermal 

process will destroy pathogenic (disease-causing) bacteria, kill or control spoilage 

organisms present, and have minimal impact on the nutritional and physical qualities of the food. 

Although we think of canning in terms of steel or possibly aluminium cans, the principles apply 

equally well to a variety of food containers such as glass jars, plastic and foil-laminated pouches, 

semi rigid plastic trays or bowls, as well as metal cans of any one of several shapes, including 

cylindrical, oval, oblong, or rectangular. Therefore in our present study we have provided the 

optimum preparation parameters of chitosan-silver nanoparticles composite (CSNC) with 

promising antibacterial activity. Nevertheless, Chitosan utilized to alleivate silver nitrate and 

stabilise silver nanoparticles in the medium. Therefore, our current article revealed the 

significance of canning with coated chitosan silver nanoparticle as a best method for preservation 

of several food items.  

Keywords: Chitosan silver nanoparticles composite, Chitosan, Preservation method, container, 

canning. 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 231 November 5-6, 2021



 
 

GENETIC VARIABILITY, ASSOCIATION AND DIVERSITY STUDY AMONG THE 
SUNFLOWER GENOTYPES AT SEEDLING STAGE BASED ON DIFFERENT MORPHO-

PHYSIOLOGICAL PARAMETERS UNDER POLYETHYLENE GLYCOL INDUCED 
STRESS 

 
 

Ms. Uzma Ayaz 
The University of Poonch Rawalakot, Pakistan     

 
                                           

 
Abstract 
 
Drought stress directly affects growth along with productivity of plants by altering plant water 
status. Sunflower (Helianthus annuus L.) an oilseed crop, is adversely affected by biotic stresses. 
The present study was carried out to study the genetic variability and diversity among the sunflower 
genotypes at seedling stage based on different morph-physiological parameters under Polyethylene 
Glycol (PEG) induced stress. A total of twenty seven genotypes including two hybrids, eight 
advanced lines and seventeen accessions of sunflower (Helianthus annuus L.) were tested at 
germination and seedling stages in Polyethylene Glycol. Correlation and principle component 
analysis confirmed that germination percentage, root length, proline content, shoot length, 
chlorophyll content, Stomatal frequency and survival percentage are positively correlated with each 
other hence; these traits were responsible for most of variation among genotypes. The cluster 
analysis results showed that genotypes Ausun, line-2, line-8, 17559, 17578, Hysun-33, 17555, and 
17587 as more diverse among all the genotypes. These most divergent genotypes could be utilized 
in the development of inbreed which could be subsequently used in the heterosis breeding. 
 
 
Key words: Sunflower, drought, stress, polyethylene glycol 
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Abstract 
It is aimed to summarize the information about the “Wooden Breast” syndrome, which 
was first detected in 2014 and has gained increasing importance from that date in the 
poultry farming sector day by day, and the factors affecting its formation. The share and 
importance of poultry meat and egg production in the livestock sector have been 
increasing in recent years. Especially broiler meat production and consumption is rising 
in the world. Animal protein sources are accepted as the most valuable protein source 
due to their high digestibility in human nutrition. According to 2019 data, the total meat 
consumption per person in the world is 43.5 kg, of which approximately 39% (16.9 kg) 
is poultry meat (BESD-BIR, 2021a). Advantages of poultry rearing and poultry 
products (meat, egg) for consumers’ perspectives are relatively low preparing and 
cooking time, low feed conversion ratio (FCR), nutritional properties of meat and eggs, 
affordability in terms of prices, and being consumable in all religions and cultures 
(Kuttappan et al., 2016; Baltic et al., 2019; Baldi et al., 2020). 
The most notable and increasing myopathies in the last 10 years are Deep Pectoral 
Muscle (DPM), Pale-Soft-Water (PSE), White Striping (WS), Spaghetti Breast (SB), 
and Wooden Breast (WB) syndromes. It is thought that these myopathies might have 
been present before 2010, however, their detection and reporting could be new in meat 
processing facilities (Aviagen, 2019; Sihvo, 2019; Bailey et al., 2020; Zampiga et al., 
2020). 
WB syndrome is a myopathy that was first reported in Finland in 2014 and can be 
detected after slaughter. No effective biomarker for detection in live animals has yet 
been found (Sihvo et al., 2014; Kuttappan et al., 2016; Baltic et al., 2019; Cauble et al., 
2020). The pectoralis major muscle is the most valuable part of the broiler carcass and 
forms approximately one-fifth of the birds' body weight (Baltic et al., 2019). The most 
important characteristic that distinguishes WB syndrome from other myopathies, is that 
it is seen only in the pectoralis major muscle. When the WB breast meat is examined 
microscopically, it has been reported that the muscle fibers appear less oval or round in 
shape (Zotte et al., 2017). Studies demonstrated that it has a larger cross-sectional area 
than normal muscle, high intramuscular collagen, and high pH after slaughtering 
(Huang and Ahn, 2018; Velleman, 2020). In addition, it has been stated that disease 
lesions such as regional oxygen deficiency, oxidative stress, fibrosis, increased 
intracellular calcium, and muscle fiber type changes can be seen. It has also been 
determined that the superficial area of the pectoralis muscle tends to be more affected 
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than the deep parts of the muscle (Mutryn et al., 2015; Baltic et al., 2019; Baldi et al., 
2020).  
Factors causing WB syndrome have been reported, such as breed, sex, rapid growth 
rate, high breast meat yield, age, energy and amino acid levels of the feed, pectoral 
muscle hypertrophy, oxidative stress, potassium, and phosphorus addition to the feed, 
feed restriction, selenium, vitamin E, phytase enzyme supplementation, decrease in 
motility might play an active role, and also have negative effects on breast meat quality 
(Tekeli et al., 2016; Bowker et al., 2019; Zhang et al., 2021). When comparing healthy 
breast meat and breast meat affected by WB syndrome, consumers can easily 
distinguish physical and sensory differences even with their sensory organs. As a result, 
consumer preferences are negatively affected, due to the firmness of meat and meat 
products with WB syndrome.  
When the breast meat with WB syndrome was examined histologically, it was 
determined that polyphasic muscle degeneration with varying degrees of fibrosis, 
inflammatory cell accumulation, cellular unwanted fluid accumulation, necrosis, and 
lymphocytic (LYM-white blood cell type) clusters were observed in the pectoralis 
major muscle (Kuttappan et al., 2016; Abasht et al., 2019). At the same time, increased 
creatine kinase levels were detected in plasma. In addition, abnormalities in cell 
structure and shape, muscle fiber fragmentation, deterioration of healthy tissue-mass 
formation, irregular fat formation (lipidosis), calcium accumulation, oxygen deficiency 
(hypoxia), oxidative stress, etc. other typical symptoms of existing tissue damage have 
been demonstrated (Mutryn et al., 2015; Griffin et al., 2017; Zotte et al., 2017). 
Furthermore, studies have shown that it does not pose a pathological threat in terms of 
microbiological, chemical, and biological use as human food. This myopathy also 
negatively affects meat processing and causes economic losses in the poultry industry. 
To sum up, studies on WB syndrome are increasing and gaining great importance 
considering all the reasons mentioned above. 
 
Keywords: Wooden breast, myopathy, muscle fibre, pH, broiler  

 

Odunsu Gö üs Eti Sendromu ve Olu umunu Etkileyen Faktörler 
1. G R  
Beyaz et ve yumurta üretiminin hayvanc l k sektöründeki pay  ve önemi son y llarda 
giderek artmaktad r. Özellikle tavuk eti üretimi ve tüketimi dünya çap nda 
yayg nla maktad r. Hayvansal protein kaynaklar , insan beslenmesinde yaray l l n n 
yüksekli i nedeniyle, en de erli protein kayna  olarak kabul edilmektedir. Dünyadaki 
hayvansal protein kaynaklar n n tüketim de erleri incelendi inde, %45'i büyükba  
hayvanlar n et ve sütünden, %31'i kümes hayvanlar n n et ve yumurtas ndan, %20'si 
domuzlar n etinden ve %4'ü ise küçükba  hayvanlar n etinden ve sütünden olacak 
ekilde kar lanmaktad r. Kanatl  hayvanlar n; üretim süresinin göreceli olarak dü ük 

olmas , yem dönü üm oran n n (YDO) dü ük olmas , etinin ve yumurtas n n besleyici 
özellikleri, fiyatlar  bak m ndan sat n al nabilirli i, tüketime haz rlama kolayl klar , tüm 
dinlerde ve kültürlerde tüketilebilir olmas  gibi avantajlar  bulunmaktad r (Kuttappan ve 
ark., 2016; Baltic ve ark., 2019; Baldi ve ark., 2020).  
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Çizelge 1. Dünyadaki ve Türkiye’deki ki i ba  et tüketim de erleri (kg) 
Table 1. Meat consumption values per capita in the world and in Turkey (kg) 

 
Et türleri 

Dünya Türkiye 
2018 2019 2018 2019 

Büyükba  Hayvan 
Eti 

9.3 9.4 12.9 13.6 

Kanatl  Eti 16.3 16.9 21.6 21.0 
Küçükba  Eti 2.0 2.0 1.4 1.5 
Domuz eti 15.8 14.3 - - 
TOPLAM 44.4 43.5 35.9 36.1 

BESD-B R (2021a, 2021b) verilerinden derlenmi tir. 
 
Çizelge 1’de Türkiye’de ve Dünya’da toplam et tüketim de erleri yer almaktad r 
(BESD-B R, 2021a, 2021b). Bilim insanlar  ve üreticiler; beyaz et talebini 
kar layabilmek amac yla, k sa sürede i leme a rl na ula abilecek tavuk rklar  elde 
etmek için slah çal malar  üzerine yo unla m t r. Tavukçuluk sektöründe y llar içinde 
geli en slah metotlar , bak m ve besleme konular ndaki iyile meler ile k sa sürede 
yüksek canl  a rl a ula an hibrit rklar üretilmeye ba lanm t r. Etlik piliçlerdeki bu 
h zl  büyüme oran , yem dönü üm oran  (FCR), yüksek gö üs verimi, canl  a rl k 
art , i leme a rl na ula ma süresinin k salmas , genetik vb. faktörler, kasta birtak m 
miyopatilere sebep olmu tur. Son 10 y lda en çok dikkat çeken ve art  gösterenler 
miyopatiler; Derin Pektoral Kas  (DPM), Solgun-Yumu ak-Sulu (PSE), Beyaz Çizgi 
(BÇ), Spagetti Gö üs Eti (SGE) ve Odunsu Gö üs Eti (OGE) sendromlar d r. Bu 
miyopatilerin 2010 y l ndan önce de mevcut olabilece i, ancak i leme tesislerinde 
saptan p rapor edilmeye ba lamas n n yeni olabilece i dü ünülmektedir (Aviagen, 2019; 
Sihvo, 2019; Bailey ve ark., 2020; Zampiga ve ark, 2020). ekil 1’de Beyaz çizgi, 
Odunsu gö üs eti ve Spagetti gö üs eti miyopatilerine ait görünümler verilmi tir. 
 

 
ekil 1. Etlik piliçlerde görülen (a) Beyaz çizgi, (b) Odunsu gö üs eti, (c) Spagetti 

gö üs eti miyopatilerine ait görünümler (Soglia ve ark., 2019) 
Figure 1. Appearances of (a) White stripng, (b) Wooden breast, (c) Spaghetti meat 

myopathies in broilers (Soglia et al. 2019) 
 
Odunsu Gö üs Eti (OGE), ilk defa Finlandiya’da 2014 y l nda fark edilmi  bir miyopati 
olup, kesim sonras nda saptanabilmektedir. Henüz canl  hayvanlarda saptanmas nda 
etkili bir biyo-belirteç bulunamam t r (Sihvo ve ark, 2014; Kuttappan ve ark., 2016; 
Baltic ve ark., 2019; Cauble ve ark, 2020). OGE sendromu, etlik piliçlerin pektolaris 
major kas nda görülmekte ve kaslara verdi i sertlikten dolay  halk aras nda “Odunsu 
Gö üs (Wooden Breast)” ad n  alm t r (De Brot ve ark., 2016; Kuttappan ve ark., 2016; 
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Cauble ve ark., 2020). Olu um sebepleri tam olarak bilinmemekle birlikte, ticari 
ko ullarda yeti tirilen etlik piliçlerin h zl  büyüme oran  ba ta olmak üzere, genetik 
yap lar , cinsiyetleri, yedikleri yemin besin madde içeri i, k s tl  yemleme uygulanmas  
ve oksidatif stres gibi faktörlerden etkilendi i dü ünülmektedir. Bununla birlikte, OGE 
sendromunun etiyolojisi birçok yönü ile halen belirsizli ini korumaktad r (Tekeli ve 
ark., 2016; Bowker ve ark., 2019; Zhang ve ark., 2021).  
Bu derleme çal mas  ile en son saptanan miyopati olan “Odunsu Gö üs Eti” sendromu, 
olu umunu etkileyen faktörler, etlik piliçler ve et kalitesi üzerindeki etkileri konular nda 
bilgiler vermek amaçlanm t r. 
 
2. ODUNSU GÖ ÜS ET  SENDROMU  
OGE sendromunun makroskopik olarak incelenmesi ile pektoral kaslarda sertlik, 
i kinlik, küçük kanama lekeleri, viskoz yap da yang  s v s , yüksek pH ve solgun bir 

görüntü ile kar la lm , söz konusu bölgenin elle muayenesi ile de OGE sendromunun 
saptanabilece i bildirilmi tir (Mutryn ve ark., 2015; Hosotani ve ark., 2020). OGE 
miyopatisinin bir di er karakteristik özellli i ise; sadece pektolaris major kas nda 
gözlemlenmesidir. Etlik piliç karkas nda en önemli kas n pektolaris major kas  oldu u 
ve vücut a rl n n %20’ sini olu turdu u bilinmektedir (Baltic ve ark., 2019). 
Beyaz Çizgi (BÇ) miyopatisinde ise gö üs eti ve butta, lif dejenerasyonu sebebiyle kas 
liflerine paralel olarak beyaz çizgi gözlemlenmi tir. Bu görünümün alt nda kas nekrozu 
ve kas lifleri üzerindeki ya  mineralizyonunun etkilerinin oldu u tahmin edilmektedir 
(Mutryn ve ark., 2015; Huang ve Ahn, 2018; Bowker ve ark., 2019; Zampiga ve ark., 
2020). Beyaz çizgi ve odunsu gö üs eti miyopatileri, gö üs etlerinde tek ba na veya 
birlikte gözlemlenebildi i saptanm t r (De Brot ve ark., 2016; Tekeli ve ark., 2016; 
Griffin ve ark., 2017; Soglia ve ark., 2019).  
OGE sendromuna sahip gö üs filetosunun mikroskobik incelenmesi sonucu, kaslardaki 
liflerin yuvarlak veya buna benzer ekillerde oldu u görülmü tür (Zotte ve ark., 2017; 

ekil 2). Kesim sonras  sa l kl  bir kasa göre daha yüksek pH’a ait oldu u yap lan 
çal malarla ortaya konmu tur (Huang ve Ahn, 2018; Velleman, 2020).  

 

 
ekil 2. Gögüs eti filetosunda hafif (1 ve 2), orta (3) ve iddetli (4) safhalarda 

gözlemlenen Odunsu gö üs eti sendromunun mikroskobik görüntüleri (Chen ve ark., 
2019) 

Figure 2. Microscopic images of Wooden breast meat syndrome observed in breast 
fillets in mild (Score 1 and 2), moderate (Score 3) and severe (Score 4) stages (Chen et 

al., 2019) 
 

OGE sendromuna sahip gö üs filetosunun histolojik incelenmesi sonucunda pektolaris 
major kas nda fibroz, kas dejenerasyonu, yang  görüldü ü tespit edilmi tir (Kuttappan 
ve ark., 2016; Abasht ve ark., 2019). Ayn  zamanda plazma kreatin kinaz seviyelerinde 

Skor 1 

Skor 3 Skor 4 

Skor 2 
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art  saptanm t r. Ayr ca hücre yap s  ve eklindeki anormalliklerin (çekirdeklerin 
içselle tirilmesi, bölünmü  hücre görünümü, poligonal hücre kayb  vb.) var olan hasar n 
di er tipik belirtileri oldu u ortaya konmu tur (Mutryn ve ark., 2015; Griffin ve ark., 
2017; Zotte ve ark., 2017). ekil 3’te ileri safhadaki OGE sendromuna sahip gö üs eti 
ile sa l kl  gö üs etinin üzerine 200 g a rl k konuldu unda aralar ndaki sertlik 
farkl l klar  gösterilmi tir (Kuttapan ve ark., 2016).  
 

 
ekil 3. (a) leri safhadaki Odunsu gö üs eti sendromu görülen gö üs etine, (b) Sa l kl  
gö üs etine a rl k ile bask  uyguland ndaki görünümleri (Kuttapan ve ark., 2016). 

Figure 3. (a) The appearance of the breast meat with severe wooden breast meat 
syndrome, (b) The appearance of healthy breast meat when pressure is applied with 

weight (Kuttapan et al., 2016). 
 
3. ODUNSU GÖ ÜS ET  SENDROMU VE OLASI SEBEPLER  
Son y llarda kanatl  hayvan etine yönelik tüketici talebindeki art tan dolay  tavukçuluk 
sektörü, etlik piliçlerin daha genç ya larda h zl  bir ekilde daha fazla vücut a rl na 
ula abilmesini istemektedir. Böylelikle uygun rasyon seçimiyle ilk 2 hafta günlük 20-40 
g canl  a rl k art , ard ndan kesim ya na kadar (yakla k 42 gün) günde 100 g canl  
a rl k art  sa lan p 3-4 kg modern etlik piliç üretimi yapmak amaçlanmaktad r 
(Abasht ve ark., 2019; Baltic ve ark., 2019).  
Yap lan ara t rmalar neticesinde ticari olarak üretilen gö üs filetolar n n yakla k %5-
10’unun OGE sendromunu sergiledi i gözlemlenmi tir. OGE sendromunun en erken 14 
günlük olduktan sonra görülmeye ba lad  ve 3-4 haftal k olduktan sonra filetoda 
dejenerasyon (bozulma) belirtileri görüldü ü tespit edilmi tir (Hosotani ve ark., 2020; 
Zhang ve ark., 2021). Ancak kas dejenerasyonunun en çok 5-6 haftal kken (kesim 
dönemi) belirgin oldu u bildirilmi tir (Baltic ve ark., 2019; Sihvo, 2019).  
3.1. Odunsu Gö üs Eti Sendromuna Etki Eden Faktörler 
1) Pektoral kas hipertrofisi: Hacimce artan kas lifleri, k lcal damarlar n azalmas na 
neden olur. Bu sebepten kan ak  yava lar, vücuttaki oksijen miktar  azal r ve bu durum 
damar iltihab na sebep olabilir. Pektoral kas nda görülen bu de i iklerle, odunsu gö üs 
eti sendromu miyopatilerinin olu abilece i ifade edilmi tir (Soglia ve ark., 2019).  
2) H zl  Büyüme Oran  ve Yüksek Gö üs Verimi: Etlik piliçlerde görülen h zl  
büyüme; gö üs kas n n normalden fazla gerilmesine ve k lcal damarlardan olu an 
a lar n say s nda dü ü lere sebep olmaktad r. Normalden daha h zl  geli en etlik 
piliçlerde dola m azl ndan ötürü kas lifleri dejenerasyona u rar. Bu sebepten fibrozis 
ve vücuttaki oksijen seviyesindeki azalmadan ötürü hipoksi ortaya ç kar. Bu 
de i iklerle, odunsu gö üs eti sendromu gibi miyopatilerin olu abilece i ifade 
edilmi tir (Kuttappan ve ark., 2017; Zotte ve ark., 2017; Huang ve Ahn, 2018).   
3) Yemin Enerji Düzeyi: Yüksek enerjili yemle beslemek daha yüksek vücut 
a rl na sahip etlik piliç üretimi sa lar ve büyüme oran n  art r r. Yemlerde yüksek 
lipit seviyesi ve daha dü ük protein miktar  etlik piliçlerde OGE ve BÇ olu umunu 
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art rd  ifade edilmi tir (Trocino ve ark., 2015; Griffin ve ark., 2017; Huang ve Ahn, 
2018).  
4) Aminoasit Düzeyi: Daha dü ük sindirilebilir amino asit ile beslemek yani 
rasyonda aminoasit s n rlamas na gitmenin etlik piliçlerde odunsu gö üs etinin görülme 
oran  azaltt  bildirilmi tir. Ayn  zamanda yap lan ara t rmalar, etlik piliç rasyonuna 
esansiyel aminoasitlerden olan sindirilebilir lisin ve arginin ilavesinin olumlu etki 
yapaca  yönündedir (Cruz ve ark., 2017; Bodle ve ark., 2018).  
5) Fitaz Enzimi lavesi: Rasyona katk  maddesi olarak fitaz enziminin eklenmesi 
oksijen homeostasisinin (dengesinin) iyile tirilmesi yoluyla etlik piliçlerdeki Odunsu 
gö üs eti iddetini %5 azaltt  bildirilmi tir (Cauble ve ark., 2020). 
6) Potasyum (K) ve Fosfor (P) lavesi: Potasyum ve fosfor iyonlar , etlik piliçlerde 
h zl  büyüme s ras nda üretilen hidrojen iyonlar n n ortadan kald r lmas nda önemli rol 
oynamaktad r. Rasyondaki K ve P düzeylerinin azalmas na ba l  olarak; h zl  büyüyen, 
yüksek gö üs verimli etlik piliçlerin kaslar nda asit-baz dengesinin bozuldu u tespit 
edilmi tir. Yap lan baz  ara t rmalar, rasyona potasyum ve fosfor ilavesinin etlik 
piliçlerde OGE miyopatisinin olu umunu azaltabilece ini varsaymaktad r (Livingston 
ve ark., 2019).  
7) Hareket Kabiliyeti: Hareket kabiliyeti genellikle daha a r ve h zl  büyüyen etlik 
piliçlerde daha zay ft r. Yürüyü  skorunun, etlik piliç hareketlili i ölçen iyi bir 
belirleyici oldu u ifade edilmi tir. Yap lan baz  çal malar, tavuklardaki kanat 
hareketlili indeki azalman n da OGE lezyonlar yla ili kili oldu unu varsaymaktad r 
(Papah ve ark., 2017; Baltic ve ark., 2019).  
OGE sendromuna ayr ca oksidatif stres, cinsiyet, ya , yem k s tlamas , selenyum ve E 
vitamini ilavesi vb. gibi faktörlerin de etki etti i yap lan ara t rmalar sonucu tespit 
edilmi tir (Radaelli ve ark., 2017; Sihvo ve ark., 2017; Soglia ve ark., 2017; Huang ve 
Ahn, 2018; Baltic ve ark., 2019). 
 
 
3.2. Odunsu Gö üs Eti Sendromunun Et Kalitesi Üzerine Etkisi 
Etlik piliç endüstrisi, et üretimi için kas büyümesini en üst düzeye ç karmaya 
odaklanm t r. Pektolaris major kaslar  ticari bak mdan önemli bir ekonomik de ere 
sahiptir. Bu nedenle h zl  büyüme oran , yüksek gö üs verimi, yem dönü üm oran  
(FCR) gibi konulardaki geli meler kanatl  endüstrisinin birincil ilgi oda  haline 
gelmi tir (Griffin ve ark., 2017; Zampiga ve ark., 2020). OGE sendromuna sahip etlerde 
protein seviyesi azalmakta, pH derecesinde art  meydana gelmek ve ette ya  birikmesi 
görülmektedir. Etteki bu de i imler; etin i leme verimini (su tutma kapasitesi kayb , 
pi irme kayb , kesme kuvveti art  vb.) ve et kalitesini azaltmaktad r (Clark ve 
Velleman, 2017; Huang ve Ahn, 2018).  
 
 
4. SONUÇ 
Yap lan tüm çal malar n sonucunda, OGE sendromunun ba lang c n  engelleme veya 
et kalitesini olumlu yönde etkileme konular nda etkili birer çözüm henüz konu 
edilmemi tir.  Yap lan incelemelerde OGE sendromuna sahip etlerin tüketiminde sa l k 
aç s ndan zararl  herhangi bir patolojik, kimyasal veya biyolojik bir bulguya 
ula lmad ndan “tüketilebilir g da” görü üne var lm t r. Fiziksel ve duyusal 
farkl l klar tüketicilerin sat n alma iste ini ve etin görsel-duyusal albenisini olumsuz 
yönde etkiledi inden bu tür etler halk taraf ndan tercih edilmemektedir. Dolay s yla da 
endüstrideki birçok sektör büyük ekonomik zararlara u ramaktad r. OGE sendromunun 
sebep oldu u gö üs filetolar ndaki bu duyusal-teknolojik olumsuzluklar n üstesinden 
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gelebilmek için ara t rmalar , bilime uygun çözümleri ve beslenme konusundaki 
yenilikleri ele almak gerekmektedir. Bu ba lamda et kalitesini belirleyen; renk, pH, 
kesme kuvveti, su tutma/ba lama yetene i, protein içeri i, ya  oran , selenyum, E 
vitamini gibi tüm parametreler dikkate al nmal d r. 
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Abstract 
In recent years, one of the important reasons for the price increase in the feed of 

monogastric animals can be said to be the increase in the value of commonly used raw 
materials due to excessive competition. To prevent this condition, the use of alternative 
feed raw materials in the diets becomes very important. Sorghum is a product that is 
emerging and gaining importance to meet this need. World sorghum production is 
estimated to be 61.62 million metric tons in 2020/2021. The top 5 sorghum-producing 
countries in the world are the USA, Nigeria, Ethiopia, Sudan, and Mexico, respectively 
(Worldagriculturalproduction, 2021). Sorghum is a plant grown in the low rainfall 
regions of the world, especially in subtropical, tropical, and temperate climate zones 
(Smith and Frederiksen, 2000).  

Sorghum has many varieties and is important for the food industry as well as the feed 
industry. It has been reported that the nutrient content of sorghum grain is 9.3% crude 
protein, 1.9% crude ash, 2.4% crude cellulose, 2.9% crude oil, and 3250 kcal/kg 
metabolizable energy (Mohamed et al., 2015; Anonymous, 2021). However, some anti-
nutritional factors limit the use of sorghum grain. These metabolites are called tannins, 
and the amount of tannin they contain varies according to the variety. Tannins are 
compounds with phenolic structure and are natural defense mechanisms produced by 
plants to protect themselves (Rooney et al., 2021). They are divided into two as 
condensed and hydrolyzable tannins (Ünver et al., 2014).  

Tannins in sorghum are in the group of condensed tannins. Unlike hydrolyzable tannins, 
it has been reported that condensed tannins do not have toxic effects (Kamalak, 2007). 
Adverse effects of condensed tannin content that poultry fed are reported as, decrease in 
growth rate, and feed consumption, formation of tannin-protein complexes that are 
difficult to digest, inhibition of digestive enzymes, increase in endogenous protein 
production, negative effects on digestive tract functions, and negative effects caused by 
absorption of tannins and tannin metabolites (Selle et al., 2010). In the perspective of 
animal nutrition, the effects of tannins may vary depending on the type, age, 
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physiological state of the animal, the content of the feed consumed, the tannin content, 
and structure of the plant (Ünver et al., 2014). 

Sorghum tannins have also been reported to have beneficial effects. These are the fact 
that tannins are a good source of antioxidants (Naveena et al., 2008), and that they gain 
antibacterial properties by forming compounds with metal ions (Kaya and Yalç n, 1999; 
Hatano et al., 2005; Ayd n and Üstün, 2007). It has been stated that it may result in a 
decrease in the number of people (Min and Hart, 2003). 

There are various methods to reduce the negative effects of tannins. These methods are 
mainly physical and chemical applications. While the physical methods are autoclaving, 
cooking, dehulling and soaking, the chemical methods are the use of wood ash, the 
addition of tallow, the addition of enzymes, the use of some tannin binding agents, 
germination, the use of alkali, and the application of urea. In the selection of the method 
to be used, the efficiency and cost of reducing tannin play a decisive role. Among the 
mentioned methods, it is also stated that enzyme addition, although not the most 
economical, gives better results than processing methods such as soaking and dehulling, 
and it is the most effective method. In various studies, it has been reported that the 
treatment of sorghum with both polyphenol oxidase and phytase enzymes caused a 
significant reduction in tannins. It has been revealed that the effectiveness of soaking, 
which is a cheap and old method, increases only if it is applied for a long time and at high 
temperatures. It is stated in the sources that the dehulling process is also an effective 
method. In addition to these methods, it is reported that extrusion and germination also 
have a reducing effect on tannins (Medugu ve ark., 2012; Iqbal ve ark., 2017; Hassan ve 
ark., 2020). With the effective use of these methods and the selection of suitable varieties, 
it will be possible to use sorghum grain in poultry feeds. 

Keywords: Sorghum, tannin, poultry nutrition 
 
 

Dane Sorgumun Kanatl  Beslemede Kullan m  
1.  

Sorgum (Sorghum bicolor L. Moench.), insan ve hayvan beslenmesi bak m ndan çeltik, arpa, 
bu day ve m s r n ard ndan gelen önemli bir tah ld r (Taylor, 2004). Tropikal ve subtropikal 
bölgelerde yayg n olarak yeti tirilen sorgum bitkisi, Kuzey Afrika kökenlidir (Smith ve Frederiksen, 
2000). Suyun k s tl  oldu u bölgelerde, m s ra alternatif olabilecek sorgumun hastal k ve zararl lara 
kar  dayan kl l n n yüksek oldu u bildirilmi tir (Klocke ve ark., 2014). Dünyada Amerika, 
Hindistan ve Afrika ülkelerinde fazla miktarda üretilmekte; insan g das , hayvan yemi ve endüstride 
de biyoyak t olarak de erlendirilmesiyle önemli bir bitkidir (Meral ve Saydan Kanbero lu, 2012). 
Dünya üretimi incelendi inde Amerika Birle ik Devletleri Tar m Bakanl  verilerine göre (USDA), 
Dünya sorgum üretiminin 2020/2021 döneminde 61,62 milyon metrik ton olaca  tahmin 
edilmektedir. Grafik 1’ de bir milyon metrik tonun üzerinde olan ülkeler görülmektedir 
(Worldagriculturalproduction, 2021). 
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Grafik 1. Ülkelere Göre Sorgum Üretimi (Bir milyon metrik tonun üzerinde olan ülkeler 

worldagriculturalproduction.com (2021) ’a göre haz rlanm t r ( X1000 ) 
 

2. Sorgumun Besin M  
Sorgumun içerdi i metabolize olabilir enerji (ME) içeri inin 3250 kcal/kg; Ham protein (HP) 

içeri inin ise %9,3; Ham kül %1,9; Ham Selüloz %2,4; Ham ya  içeri inin %2,9 oldu u 
belirtilmi tir (Mohamed ve ark., 2015; Anonim, 2021; ekil 1). Etlik piliçlerin günlük metabolize 
olabilir enerji ihtiyac n  kar lamak için bu daya dayal  ve sorguma dayal  olarak haz rlanan 
rasyonlar n benzer özelliklere sahip oldu u belirtilmi tir (Black ve ark., 2005). Rasyonlarda 
kullan ld nda, esansiyel aminoasitlerden lisin bak m ndan desteklenmesi gerekti i bildirilmi tir 
(Selle ve ark, 2010). Sorgumun içerdi i protein oran  artt kça, lösin, izolösin, valin, aspartik asit ve 
glutamik asit içeriklerinin de artt  saptanm t r (Douglas ve ark., 1990).  

 
ekil 1. Hasat dönemindeki sorgumun görünümü 

 
2.1. Sorgumda bulunan anti-besleme  
Sorgumun içerdi i temel anti-besleme faktörü olarak tanenler saptanm t r (Mohamed ve ark., 

2015). Tanenler, bitkide do al olarak bulunan savunma mekanizmalar d r ve fenolik yap dad rlar. 
Total fenol analizleri ile fenolik asitler, flavanoidler (antosiyaninler, flavonlar, flavonoller gb.) 
kondanse tanenler ve tirosin saptanmaktad r (Rooney ve ark., 2021; ekil 2). Hayvan besleme 
aç s ndan ise tanenlerin etkileri; bitkinin tanen içeri ine ve yap s na, hayvan n türüne, ya na, 
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fizyolojik durumuna tüketti i yemin içeri ine ba l  olarak de i ebilmektedir. Tanenler; kondanse 
(proantosiyanidinler) ve hidrolize olabilen tanenler olarak ikiye ayr lmaktad r (Ünver ve ark., 2014). 
Hidrolize olabilen tanenler çekirdek merkezi olarak poliol (genellikle D-glukoz) içeren moleküllerdir. 
Bu poliollerin hidroksi gruplar  k smen veya tümüyle gallik asit veya elajik asit gibi fenolik gruplarla 
esterle mi tir (Kanbero lu, 2006). Kondanse tanenlerin hidrolize olabilen tanenlerden en önemli 
fark , eker içeren bir k sma sahip olmamalar d r (Albertse, 2002). Karaci erin hidrolize olabilen 
tanenlerin olu turdu u metabolitleri ve fenolleri detoksifiye etmede yetersiz kalmas  sonucunda, 
toksik etki görülmektedir (Ayd n ve Üstün, 2007; Üstün ve Ayd n, 2007).  

 
ekil 2. Fenolik bile iklerin yap lar  (Rooney ve ark., 2021) 

 
Tanenlerin, ruminantlarla kar la t r ld nda tek midelilerde daha fazla olumsuz etkilerle 

kar la lmas na sebep oldu u bildirilmektedir (Yalç n, 2013). Etlik piliç rasyonlar nda yüksek tanen 
içerikli sorgum kullan lmas  canl  a rl k, yem tüketimi ve büyümede gerilemeye neden olmaktad r. 
Bu nedenle kanatl  hayvanlar n n beslenmesinde tanen içeri i dü ük sorgum çe itleri kullan lmas  
önerilmi tir ( enköylü, 1985). Tanen içeri i %0,75 ve %1,5 aras nda yem ile beslenen genç piliçlerin 
canl  a rl nda %16 ve %41 oran nda azalma meydana geldi i bildirilmi tir (Kubena ve ark., 2001). 
Yumurta tavuklar n n yemlerinin %1 den fazla tanen içermesinin yumurta verimini olumsuz 
etkiledi ini (Ünver ve ark., 2014), %5 ve üzerindeki tanen içeri inin ise ölümlere neden oldu u 
bildirilmi tir (Kaya ve Yavuz, 1993; Yavuz ve ark., 1997).  

Sorgum danesinin testa ve perikarp katmanlar nda tanenler bulunmaktad r, ve testa k sm nda B1_B2_ 
genlerinin varl  ile tanenlerin varl  aras nda önemli bir ili ki bulundu u bildirilmi tir ( ekil 3; 
Selle ve ark, 2010; Rooney ve ark., 2021). Hidrolize olabilen tanenlerden farkl  olarak, kondanse 
tanenlerin toksik etki göstermedikleri bildirilmi tir (Kamalak, 2007). Baz  sorgum çe itlerinin 
danelerinde %2 veya daha fazla kondanse tanen oldu u (Butler ve ark., 1983), k rm z  sorgum 
çe itlerinde %6 ile %8 aras nda de i ti i bildirilmi tir. (Kumar ve ark., 2007). Kondanse tanen içeri i 
sebebiyle büyümede gerileme, yem tüketiminde dü me, sindirimi güç olan tanen-protein 
komplekslerinin olu umu, sindirim enzimlerinin inhibisyonu, endojen protein üretiminin artmas , 
sindirim kanal  fonksiyonlar  üzerine olumsuz etkileri, tanenlerin ve tanen metabolitlerinin 
emilmesinin sebep oldu u toksisk etkiler sebebiyle tüketen kanatl  hayvanlarda olumsuz etkiler 
görüldü ü belirtilmi tir (Selle ve ark., 2010). 
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(a)                                   (b) 

ekil 3. Sorgum tanesinin florasan fotomikrograf ile al nan görüntüleri (Ep- epikarp; M- meskarp; 
CW- Hücre duvar ; En- endokarp; Al- Alevron; E- endosperm hücresi); a) Tanen içermeyen, b) 

Tanen içeren (renklenmi  testa) (Rooney ve ark., 2021) 
 
Sorgum tanenlerinin çok iyi bir antioksidan kayna  oldu u bildirilmi tir (Rooney ve ark., 2021; 

Çizelge 1). Yüksek tanen içeren yemlerle beslemenin sentetik antioksidan butilen hidroksi toluen’e 
(BHT) göre piliç etinde oksidatif bozulmaya kar  daha uzun süreli koruma sa lad  belirtilmi tir 
(Naveena ve ark., 2008). 

Çizelge 1. Antioksidan aktivite düzeyleri (Rooney ve ark., 2021). 
Farkl  bitkisel 

kaynaklar 
Antioksidan aktivetsi 

(KM’de) 
Sorgum kepe i 

taneni 
2400-3100 

Yaban mersini 87-870 
Çilek 356-400 
K rm z  Erik 452-600 
Üzüm 100 
Portakal 80-150 
Karpuz 15 

 
Tanenler metal iyonlar  ile bile ik olu turarak antibakteriyel özellik kazanmaktad r (Kaya ve 

Yalç n, 1999). Demir ile kompleks olu turan tannik asit, birçok mikroorganizman n geli imini 
engellemektedir (Hatano ve ark., 2005; Ayd n ve Üstün, 2007). Kondanse tanen içeren yemlerin 
tüketimiyle ba rsaklardaki patojenlerin say s n n azalabilece i belirtilmi tir (Min ve Hart, 2003).  

2.2. Tanenlerin olumsuz etkilerinin a  
Tanenlerin olumsuz etkilerini azaltmak için çe itli yöntemler bulunmaktad r. Bu yöntemler esas 

olarak fiziksel ve kimyasal uygulamalard r. Fiziksel yöntemler; otoklavlama, pi irme, kabuklar n 
ayr lmas  ve slatma iken, kimyasal yöntemler ise odun külü kullan m , donya  ilavesi, enzimlerin 
ilavesi, tanen ba lay c  baz  ajanlar n kullan m , çimlendirme, alkali kullan m  ve üre uygulamas d r. 
Kullan lacak yöntemin seçiminde ise, tanen azaltmadaki etkinlikleri ve maliyetleri belirleyici rol 
oynamaktad r. 

Lentinus edodes mantar n n yumurtac  tavuklara sorgum daneleriyle fermente edilerek verilmesiyle 
yüksek yumurta verimi sa lanm  (Willis ve ark., 2009), etlik piliçlerde Lentinus edodes ile ilgili 
yürütülen farkl  bir çal mada ise Salmonella spp. say s nda azalma görülmü tür (Willis ve ark., 
2010). Proantosiyanidinli (PA) sorgum diyetleriyle beslenen etlik piliçlere sindirim enzimi 
eklenmesinin tavuklar n dü ük performans n  yükseltmek için katk da bulundu u gözlenmi tir 
(Nyamambi ve ark., 2000). Proantosiyanidinlerin, antimikrobiyal, antiinflamatuvar (iltihap önleyici), 
antialerjik, antioksidan, antikansorejen, kalp hastal klar , eklem iltihab  ve cilt ya lanmalar n  
önleyici etkileri oldu u bildirilmi tir (A ma Okur, 2010; Gönülta  ve Balaban Uçar, 2012).  
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Sorgum (Sorghum vulgare L.) taneleri 2, 4 ve 6. günlerde oda s cakl nda çimlendirildi inde, 
protein içeri inin artt , tanen miktar n n 6. günde belirgin ekilde azald  ve lisin içeri inde 
%30’dan fazla art  oldu u gözlenmi tir. Sorgumun çimlendirilmesiyle kanatl  rasyonunda sentetik 
lisin ilavesinin azalt labildi i bildirilmi tir (Okoh ve ark., 1989). Sorgumla beslenen etlik piliçlerde 
NaHCO3 ilavesinin taneni azaltt  ve tavuklar n büyümesine katk  sa lad  saptanm t r (Banda-
Nyirenda ve Vohra, 1990). Daha ince partikül büyüklü üne oranla, iri ö ütülmü  sorgum ile beslenen 
piliçlerde a rl k art n n daha yüksek oldu u belirtilmi tir (Nir ve ark. 1990). Sorgumda tanen 
azaltmak için kullan lan di er yöntemler ise, alkali ile muamele (Iqbal ve ark., 2017), slatma 
(Kyarisiima ve ark., 2004) ve ekstrüzyondur (Singh ve ark., 2017). 

Bahsedilen yöntemler aras nda enzim ilavesinin, en ekonomik olmamakla birlikte, slatma, 
kabuktan ay rma gibi i leme yöntemlerine göre daha iyi sonuçlar verdi i ve en etkili yöntem oldu u 
da ifade edilmektedir. Çe itli ara t rmalarda, sorgumun hem polifenoloksidaz hem de fitaz enzimleri 
ile muamele edilmesinin tanenlerde önemli derecede bir azalmaya sebep oldu u belirtilmi tir. Ucuz 
ve eski bir yöntem olan slatman n etkinli inin ise, ancak uzun süreli ve yüksek s cakl kta 
uygulanmas  halinde artt  ortaya konmu tur. Kabuk ay rma i leminin de etkili bir yöntem oldu u 
kaynaklarda ifade edilmi tir. Bu yöntemlere ilave olarak ekstrüzyonun ve çimlendirmenin de 
tanenleri azalt c  etkisi oldu u bildirilmektedir (Medugu ve ark., 2012; Hassan ve ark., 2020). 

, Etkileri 
3.1. Performans zerine etkisi 
Etlik piliçler ile ilgili çal malarda, m s r yerine ba lang ç rasyonlar nda %45, bitirme yemlerinde 

%60 oran nda sorgum kullan m n n canl  a rl k, yemden yararlanma, ölüm oran  ve karkas 
a rl nda önemli bir de i ikli e neden olmad  (Hulan ve Proudfood, 1982) Ba ka bir çal mada 
sorgumun %45'e kadar m s rla de i tirilmesinin biyolojik olarak daha iyi oldu u ve piliç performans  
üzerinde olumsuz bir etkisi olmad  bildirilmi tir (Abdo ve ark., 2015). Enerji kayna  olarak m s r 
yerine sorgumun kat lmas n n, hindilerin ve kesim-karkas özelliklerinde ve besi performans nda 
önemli bir de i ikli e neden olmad  için, m s rdan daha uygun fiyat döneminde bir k sm  ya da 
tamam  yerine sorgumun kat labilece i belirtilmi tir (Dosay ve Ak, 1996). Yumurtac  tavuklar n 
rasyonunda kullan lan m s r n (kontrol) yerine kat lan farkl  oranlardaki (%30, %40 ve %50) 
sorgumla (Sorghum vulgare, %0,67 tanen) yürütülen çal mada, rasyona %30 kat lan sorgum 
gurubunda toplam serum protein de eri, serum albumin seviyesi, kolesterol seviyesi ve kalsiyum 
seviyesi yüksek bulunurken, lipoprotein (LDL) seviyesi en dü ük bulunmu tur. Sonuç olarak, 
sorgumun yumurtac  tavuk rasyonlar nda antioksidan etkisiyle lipit peroksidasyonu dü ürdü ü ve 
serum parametrelerini olumlu etkiledi i belirlenmi tir ( mik ve ark., 2009).  

k  
Ochieng ve ark. (2020), dü ük tanen (yakla k %5) içeri ine sahip sorgumun rasyonlara ilave 

edilme düzeylerine göre et kalitesi üzerine olan etkilerini ara t rm lar, çal malar nda kontrol 
rasyonu %55 m s r içermektedir. Muamelelerde ise rasyondaki m s r n %20, %40, %60 ve %100’ü 
yerine sorgum kullan lm t r. Gö üs etinin kolesterol içeri i, sorgum düzeyinin rasyonda artmas yla 
önemli düzeyde dü mü tür. But etinde ise rasyonun sorgum içeri inin %22, 33 ve 44 oldu u 
gruplarda dü mü , %0, 11 ve 55 sorgum içeren gruplarda ise istatistiki olarak yüksek bulunmu tur.   

Ayn  çal mada Vitamin A ve E içerikleri saptanm  ve gö üs etinde her iki vitamin için de 
muameleler aras  bir farkl l k gözlenmemi tir. But etinde ise A vitamininde bir farkl l k görülmezken, 
E vitamin de erleri % 33, 44 ve 55 sorgum içeren rasyonu tüketen hayvanlarda en dü ük olarak 
saptanm t r (Ochieng ve ark., 2020). 
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Sorgumun hayvanlar n enerji ihtiyac n  kar lamak için m s r n yerine kullan labilece ini bildiren 

çal malar oldu u görülmü tür. Örne in; Mohamed ve ark. (2015), etlik piliç rasyonlar na %0, 6, 12, 
18 sorgum ilave edip, performans parametrelerine olan etkilerini incelemi  ve sorgumun %18 e kadar 
performans  olumsuz etkilemeden kullan labilece ini belirtmi lerdir. Ochieng ve ark. (2020) ise 
çal malar nda, dü ük tanen içeren sorgumun etlik piliç rasyonlar nda %33 ten daha yüksek oranda 
yer almamas  gerekti ini bildirmi lerdir. Tanin düzeyini azaltmak için uygulanan yöntemlerin etkin 
kullan m  ve uygun çe it seçimiyle, sorgum tanesinin kanatl  yemlerinde kullan m  mümkün 
olabilecektir. 
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Abstract 
With the ongoing growth of the Internet of Things (IoT), multiple large-scale IoT platforms can 
now analyze a high proportion of sensor data streams. These IoT frameworks are used to gather, 
process, and analyze data streams in real-time, making it easier to deliver smart solutions for 
decision-making. Current IoT-based solutions are primarily domain-specific, delivering stream 
processing and analytics for a narrow range of applications (smart cities, healthcare etc.). In this 
paper, we are proposing an Agri-IoT based model for continuous guarding of the agriculture 
field in order to protect the crops from being destructed by animal-raiding. These animal- attacks 
mostly happen in some specific months of the year. So a proper guarding system of the 
agricultural areas can be done using frequency based IoT techniques. In this research paper, a 
crop protection system of the field has been proposed using Agri-IoT Techniques. 
 
Keywords: Agri-IoT, Crop protection, Agriculture, IoT, Field Guarding, Animal attacks 
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Abstract 
In this study, the effects of different Humic acid doses on Gemlik olive saplings and 
shoot length and internode values were investigated. The research was carried out on 
3-year-old olive saplings planted in a terrace in the Köprüba  district of Manisa. The 
study consisted of the application of 4 different doses of humic acid (0, 250, 500, 750 
mg kg-1) to three-year-old olive saplings. Humic acid applications were applied for 2 
years in 2020 and 2021, 1 week before the full flowering date. As a result of the 
research, shoot length and internode values of 250 ppm doses were found to be 
statistically significant (p<0.005). As a result, positive effects of Humic acid 
applications on olive saplings were observed. 
Keywords: Humic Acid, olive sapling, shoot length, internode    
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1. INTRODUCTION
Oleaeuropaea europaea L is known as one of the most important plants and common products
of the Mediterranean basin, which is long-lived and easily adaptable to climatic conditions.
Olive fruits are also commercially evaluated for their oil content or edible flesh. When the
studies are examined, it is revealed that the yield of olive trees is generally at a low level due
to poor soil fertility and low water holding capacity. As a result of these studies, it has been
suggested that olive trees need organic fertilizer and that the organic matter content of the soil
should increase (Fayed 2010).
According to Tatini et al. (1991) showed that humic acid substances increase the dry matter of
leaves and roots, promote N uptake and nutrient accumulation, and increase the
photosynthesis of trees. Due to the positive effect of humic substances on the visible growth
of plants, these chemicals are used by growers as pesticides, etc. It is widely used instead of
other substances such as inclusion of organic residues in the soil improves soil structure.
Agricultural products obtained from organic agriculture are very important for human health.
Humic acids are complex heterogeneous mixtures. For this reason, when the studies were
examined, it was seen that organic residues did not cause significant increases in olive
mineral and leaf concentrations in the first year, but turned into beneficial over time.
In a study, it was reported that the N and K content in the leaf in the vegetative development
and flowering of "Picual" olive trees increased significantly with the application of organic
fertilization (poultry manure), but no significant difference was observed in the leaf P content
in both seasons. In another study, it was revealed that the application of leonardite extracts
(extracted humic substances) to the leaves under field conditions stimulated shoot growth and
promoted the accumulation of K, B, Mg, Ca and Fe in the leaves. Humic acids are called the
main fractions of humic substances and the most active components of soil and compost
organic matter. Humic acids have been shown to stimulate plant growth and have positive
effects such as cellular respiration, photosynthesis, protein synthesis, water and nutrient
uptake (Vaughan and Malcolm, 1985). In another study, it was determined that humic acids
have a dose-dependent effect and are especially effective in the low concentration range
(Chen and Aviad, 1990).
As a result of studies, optimal concentrations that can affect and stimulate plant growth were
generally found in the range of 50-300 mg/L-1, but positive effects were also obtained at
lower concentrations (Chen et al., 2004). Humic acids have indirect and direct effects on plant
growth. Considering the indirect effects of humic acid, enrichment of soil nutrients, increase
of microbial population, higher action exchange capacity, improvement of soil structure;
When the direct effects are examined, they are described as various biochemical events in the
cell wall, membrane or cytoplasm (Varanini and Pinton, 2001).
Humic substances are the main components of soil organic matter (65-70%) that help increase
cell membrane permeability, respiration, photosynthesis, oxygen and phosphorus uptake, and
stem cell growth (Cacco and Dell Agnolla, 1984). Humic acids can also be characterized as
complex substances derived from the decomposition of organic substances. Agricultural
humic acids are known to increase nutrient uptake, drought tolerance, seed germination and
overall plant performance (Chen and Aviad, 1990). Benefits associated with the use of humic
acid in alkaline soils with low organic matter include increased nutrient uptake, tolerance to
drought and temperature extremes, and activity of beneficial soil microorganisms (Russo and
Berlyn, 1990).
Studies on the effects of humic acids on plant growth have generally been conducted in
controlled environments, for example on hydroponically grown herbaceous species or certain
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substrates (Malik and Azam, 1985). In a study by Ferrara and Brunetti, 2010., it was revealed 
that humic acid applications (foliar applications) significantly increased the yield (kg/tree), 
fruit quality and chemical properties of "Aggizi" olive trees. It was observed that humic acid 
applied to olive trees, especially during the full flowering period, significantly increased the 
width, length and weight of the fruits compared to the control application. In another study, it 
was determined that humic acid is especially beneficial in releasing nutrients from the soil, 
thus facilitating the uptake of nutrients (Kauser et al. 1985). 
According to Tatini et al. (1991) reported that humic acid substances increase the dry matter 
of leaves and roots, support N uptake and nutrient accumulation, and increase photosynthesis. 
In another study, "Aggizi" was added to olive trees under drippers during full bloom and 
humic acid was sprayed on the tree as a foliar application. In the study, fruit yield (kg/tree), 
average fruit volume, weight, meat/seed ratio were measured and an increase was observed 
(Tatini, 1991). 
2. MATERIAL AND METHOD 

2.1. Working area 
This study was carried out in the orchards of 3-4 years old Gemlik olive cultivars in the Köprüba  
district of Manisa province in two seasons, 2020 and 2021. 

2.2. Study Material 
Gemlik olive, which is the study material, is the most important black table olive variety of the 
Marmara Region. It is also known in the region with the synonyms of Trilye, Kapl k, K v rc k and 
Kara. The center of origin is the Gemlik district of Bursa province. The tree is medium vigorous 
and round-spreading. Due to the easy rooting of the cuttings, early yielding and low periodicity 
tendency, it has spread rapidly in all our olive growing regions in recent years. In recent years, 
most of the new facilities have been established with this variety. Gemlik olive has medium size 
fruit (270-280 pcs/kg, meat/seed ratio is 6:1 and oil ratio: 24%. Gemlik olive variety constitutes 
50% of the total trade volume of the country and 80% of the Marmara Region yield. (Anonymous, 
2007). 
The study material was planted with terracing at the foot of the mountain at 5x2.5 meters intervals 
in the Köprüba  district of Manisa. Olive trees were irrigated with drip irrigation method once a 
month in summer at regular intervals. As fertilization, only different doses of humic acid were 
tried. 
Application time of different humic acid doses 
 
Different humic acid applications were applied 1 week before full bloom (end of April-early May) 
in 2020 and 2021. The full flowering period was determined as the date when 80% of the flowers 
of the trees opened. 
Table 1: Different humic acid doses 
Trial Humic Acid 

Doses 
Control none 
Humic Acid 750 ml 
Humic Acid 500 ml 
Humic Acid 250 ml 
Soil analysis was carried out at 0-30 cm and 0-60 cm levels in the experimental area in November 
2020. According to the results of the soil analysis, the data of the olive orchard are given below.  
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Figure 1. Olive saplings in the study area 
Table 2: Soil analysis results of the trial area 
 
Parameters 

Depth 
0-30 cm 0-60 cm 

ba % 35 34 
E. C. 
Milimhos/cm 

0.06 0.04 

pH 5.99 5.42 
Lime 1.67 1.90 
Organic Matter 1.53 1.32 
N % 0.05 0.03 
P ppm 8.30 6.45 
K ppm 54.41 55.14 
Ca ppm 409.66 402.79 
Mg ppm 53.77 55.13 
Fe ppm 33.14 28.05 
Mn ppm 1.35 1.30 
Zn ppm 0.21 0.18 
Cu ppm 0.11 0.10 
B ppm 1.19 1.19 
Leaf samples were taken from the opposite pairs of leaves in the olive resting period in February 
in the experimental area. 
Table 3. Leaf analysis results of the experimental area 
Parameters Results Reference 

Values 
(Ülgen ve 

Ate alp, 1972) 
N % 1.78 1,4- 2 
P % 0.19 0.08-0.2 
K % 0.95 0.7-1.4 
Ca % 1.18   1.4-2.5 
Mg % 0.15 0.2-0.45 
Fe ppm 124.25 7-200 
Mn ppm 53.97 25-70 
Zn ppm 14.61 15-30 
Cu ppm 4.19 6-18 
B ppm 15.99 11-23 
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When the leaf analysis results of the experimental area are examined, Magnesium (%), Zinc 
(ppm), values are low, Nitrogen %, Phosphorus %, Potassium %, Calcium %, Magnesium %, Iron 
ppm, Manganese ppm, Zinc ppm, Copper ppm, Bor ppm found to be sufficient (Table 3). 
When the soil analysis results of the experimental area were examined, it was determined that the 
soil pH was moderately acidic, calcareous and soils with good organic matter content. According 
to the results of the analysis, nitrogen, phosphorus, potassium, magnesium, manganese and zinc 
contents were found to be low. When looking at the other values, calcium and iron contents are 
high, copper content is sufficient and boron content is medium (Table 2). 

2.3. Measurements 
Shoot Length: A total of 12 shoot lengths (by measuring shoot lengths in meters and cm) were 
taken in 1 tree in each replication and in three shoots from 4 directions of the selected tree, 1 
measurement at the beginning and end of vegetation in the 1st and 2nd years. 
Between Nodes: The distance between two nodes will be measured on the shoots to be selected for 
shoot length measurement and recorded in cm. 

3. CONCLUSION AND DISCUSSION 
The effect of different humic acid doses on shoot length and internodes in Manisa Köprüba  
district between 2020-2021 was investigated. As a result of the study, 250 ppm dose was found to 
be statistically significant at different humic acid doses applied before full bloom in 2020 
compared to control applications (p<0.005). Other important doses are 500 ppm and 750 ppm, 
respectively. 
When the effect of different humic acid doses applied before full bloom in 2021 on olive saplings 
was examined, the effect of 250 ppm dose was found to be statistically significant (p<0.005) 
(Table 4).  
Table 4: Effect of different humic acid doses on shoot length (%) 

 
Years 

 
Humic Acid Doses 

Control 250 ppm 500 ppm 750 ppm 
2020 29.47 d        33.72 

a 
31.12 b      30.56 

c 
2021 34.47 c 36.12 a 35.47 b 34.50 cd 

Each row is statistically significant (p<0.005) 
When the effects of different humic acid doses on Gemlik olive saplings were examined, the 
internode effects of 250 ppm humic acid doses were statistically significant (p<0.005) compared 
to the control in both years (2020 and 2021) (Table 5). 
 
 
Table 5: Effect of Different Humic Acid Doses on the internodes (%) 

 
Years 

 
Humic Acid Doses 

Control 250 ppm 500 ppm 750 ppm 
2020 2.04 d 2.10 a 2.08 b 2.06 c 
2021 1.77 d 2.98 a 2. 80 b 2.75 c 

Each row is statistically significant (p<0.005) 
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Ç lg n (2019). In the study, 5 humic acids (0, 100, 200, 300, 400 mg kg-1) and 2 N doses (0 and 
100 mg kg-1) were applied to three different olive cultivars. As a result of the study, it was 
observed that the olive varieties used gave different responses to the applications. 
In this context, it was determined that doses of 100 mg kg-1 in Ayval k and Gemlik cultivars and 
200 mg kg-1 in Manzanilla cultivars were effective.  
Eman et al. (2011) applied humic acid in different combinations with 0.5% and 1% humic acid as 
a single application or a mixture of 0.25% and 0.5% some microelements (Zn, Fe and Mn) in 
“Coratina” olive saplings by spraying the olive saplings. . In the results obtained, it was reported 
that spraying of humic acid increased leaf macro and micro element contents and vegetative 
growth of olive saplings, especially when combined with micro elements, compared to untreated 
plants (control). 
Yousef et al. (2011) evaluated humic and amino acids, macro and trace elements in two 
consecutive seasons in 2008 and 2009 after spraying the “Chemlali” olive saplings individually 
and separately. 
Shoot and root characteristics, leaf macro and trace elements were examined. The researchers 
determined that the application of (Humic acid + amino acids + macro elements + micro elements) 
was the most effective application compared to the other application, Due to these applications 
gave the best results in plant height, number of branches, number of leaves, and also with control 
of plant diameter and leaf area. On the other hand, they reported that this application increased 
root length and root weight compared to the control plant. 
The findings of our study revealed parallel results with other studies. In the final result, the 
positive effect of humic acid applications on olive saplings was determined. It has been 
determined that humic acid is especially useful in releasing nutrients from the soil, thus facilitating 
the uptake of nutrients (Kauser et al. 1985). 
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Abstract 
The ecological factors limiting cultivation of olive, which is an important and strategic 
product of our country, are climate and topographic conditions. In this study, it is 
aimed to reveal the effects of the climatic and topographical conditions of the Erkence 
olive cultivar, which grows in Selçuk region, one of the important regions of the 
Aegean region, on the phenology of the Erkence olive, using GIS (Geographical 
Information System). For this purpose, maps containing the climatic and topographic 
characteristics of 6 local regions selected from Seferihisar region were created by 
using GIS method. Phenological observations, pomological measurements, soil and 
leaf analysis results were compared in order to determine the climatic and topographic 
effect. 
When all the results were compared, it was found that each local region has its own 
characteristics and its effects on olive on a local region basis were statistically 
significant (p<0.05). The factors limiting and supporting olive cultivation are 
integrated with geographical conditions. The climatic and topographic conditions of a 
region vary on the basis of region, local region and village. Even within the same 
region, different climatic and topographic processes may occur. This affects the yield 
and quality of olive. This study once again emphasized the importance of assessing the 
geographic factors present on a small local basis when evaluating olive and olive oil 
processes. 
Keywords: Olive; phenology; pomology; CBS; climate. 
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1. INTRODUCTION 
Due to its geographical and special location characteristics, our country is located in a geography 
dominated by the Mediterranean climate. The olive tree is also a product of the Mediterranean 
climate, which has an important economic and strategic importance (Sa l ker, 2005). In this study, 
the effects of climatic and topographic parameters on the phenological and pomological 
characteristics of the Memecik olive cultivar in the Seferihisar region were emphasized. The 
phenological studies included in our study are defined as the researches on the life cycles of plants 
and animals that are repeated every year. Pomological measurements, on the other hand, are the 
measurements made with the aim of investigating the physical properties of fruit trees at the stage 
of growing fruits (Atalay, 2004). 
 
Climatic and topographic conditions in olive cultivation affect the yield and quality of olives. 
Considering the effects of rain water, which is among the climatic conditions; Winter and spring 
rains provide olive blooming and increase fruit set. The water to be given to the olive trees in the 
summer, on the other hand, meets the water need while forming the seed of the fruit. Subsequent 
irrigation reduces the June shedding of fruits. However, irrigation increases the table value of table 
olives with the coarsening of olives and provides oil formation in oil production (Özilbey, 1986).  
In the Aegean and Mediterranean Regions, the relative humidity of olives grown on the coast is 
very important. Olive fruit set is positively affected in the humid spring period in some regions 
(Buldan and Çukur, 2003). Considering the wind effects, the winds blowing from the north-west 
in the winter season bring plenty of precipitation. However, light winds blowing in April and early 
May contribute to the fertilization of olive flowers. However, light breezes passing through the 
olive trees prevent the spread of some diseases such as ring spot disease. Another situation is that 
the humid winds blowing in summer partially prevent the olive trees from remaining dry. Winds 
blowing in winter (intersection) reduce the moisture holding capacity of the soil. In some regions, 
the drying winds (samyeli) blowing from the southern region at the end of May reduce the 
pollination of the flowers (Ayaz and Varol, 2015). 
Low and high temperatures negatively affect the growth, quality and yield of olives in olive 
cultivation. While low temperatures cause defoliation and shoot deaths on olives, high 
temperatures cause burns in flowers, reduction of fruit sizes, and branch and shoot burns. Studies 
have shown that temperatures have a decisive effect on the growing, phenological and 
pomological properties of olives (Efe, 2009).  
It is of particular importance to map the climatic and topographic conditions of the olive growing 
areas and to examine the climatic effects of the varieties that dominate the region. Geographic 
Information System (GIS) is used in determining the maps of the most suitable areas where 
agricultural products can be grown and in making climatic and topographic analyzes of 
agricultural products. The reason for this is that accurate, reliable and up-to-date information about 
agricultural areas can be accessed with GIS (Gündüzo lu, 2004). 
In this study, it is aimed to reveal the effects of climatic and topographic conditions revealed by 
GIS on the phenological and pomological conditions of olives in different local areas dominated 
by the Erkence olive variety in the Seferihisar region. This study was carried out with the aim of 
eliminating the deficiencies in the literature on the climatic and topographic processes of olives.  
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2. MATERIAL AND METHOD 
Our study was designed with the Erkence olive variety. Nearly 90% of the olive tree existence in 
the Karaburun peninsula consists of the Erkence olive variety. The oil rate of the Erkence olive 
variety is 25.4% and it is a variety with high periodicity. It reaches harvest maturity in October-
November (Tutar, 2010). 
In our study, 6 different local regions in the Karaburun peninsula were selected (Table 1). These 
local regions are Gödence, Beyler, Gölcük, Orhanl , Kavakdere, Ulam . In order to determine the 
differences in our local regions where the experiment was conducted, it was harvested in the 
2020/2021 crop season and all locations were harvested on 7.10.2020 on the same day (Table 1).  
Table 1: Seferihisar region selected local regions and date of harvested fruits 

 
Locations 

Harvest Leaf/Soil 
Samples 

SE
FE

R
H

SA
R

 

Gödence 7.10.2020 13.10.2020 

Gölcük 7.10.2020 13.10.2020 

Beyler 7.10.2020 13.10.2020 

Orhanl  7.10.2020 13.10.2020 

Ulam  7.10.2020 11.10.2020 
Kavakder

e 7.10.2020 13.10.2020 

 
2.1. Features Examined in the Study 

Obtaining Meteorological Data: Climate data was obtained from the General Directorate of 
Meteorology. The monthly averages of the temperature (oC) and relative humidity (%) changes 
recorded in the orchards of the Erkence variety, where the applications were made, were 
calculated. 
Remote Sensing Methods (GIS): The Remote Sensing application has been carried out in a way 
that includes data generation and data processing methods from aerial photographs and satellite 
images, as well as remote sensing operations such as band arithmetic, image enhancement, 
classification, vegetation index, accuracy analysis on images. 
Creating Slope Maps: While creating slope maps, slope values calculated over digital terrain 
model are displayed in desired thematic intervals. 
Creating Altitude Maps: While creating altitude maps, the altitude data is read from the digital 
terrain model and the desired height range values are displayed thematically. 
Agricultural Ecological Zoning Maps: In Agricultural Ecological Zoning; It is the creation of 
similar homogeneous areas by bringing together the climate, topographic, soil and land cover 
parameters that make up the land features through GIS. The classification system will be based on 
the UNESCO (1979) system. 
Olive Phenology: In the determination of olive phenology, the BBCH (2001) literature was taken 
as a reference. While examining the phenology of the experimental regions, priority was given to 
3 periods. The first of these is the period of shoot, leaf and bud formation, the other is the period 
of flower and fruit setting, and the last period is the ripening and color period.   
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Figure 1. Olive shoot, leaf and bud formation phenology (BBCH, 2001) 

  
Figure 2. Olive flower and fruit formation phenology (BBCH, 2001) 

  
Figure 3. Olive ripening and color change phenology (BBCH, 2019) 
Yield and Fruit Characteristics: By following the maturity index values of the fruits, at the 
optimum maturity stage; (each tree 1 replication) x (3 tree replications) x (24 orchards) = 72 fruit 
samples were taken and yield and quality analyzes were made. 
Hundred fruit weight: 100 fruit weight of olive samples was carried out as stated in AOCS 
(1971). 
Fruit volume: 100 fruits were taken and placed in a measuring tape containing a certain amount 
of water, and the amount of overflowing water was determined and calculated as mm3. 
Meat/pit ratio: The meat/kernel ratios of olive samples were carried out as specified in AOCS 
(1971). 
The number of fruit in kg (calibration): It is called the size criterion in olives. It has been 
evaluated according to the number of grains in 1 kg. 
Color determination: Fruit color was determined by measuring CIE L*, a*, b* from the surface 
of 25 olive fruits taken from each replication using a colorimeter (Minolta CR-300, Japan) from 
both sides of the equator region. 
Maturity index: It was calculated according to Boskou (1996) in 100 olives selected randomly 
from each replication. 
Olives are cut in half; 
0= Fruit skin is dark green, 
1= Fruit skin is yellow or yellowish green, 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 262 November 5-6, 2021



 

 

2= Fruit skin is yellowish green, but fruit flesh is reddish dotted, 
3= Fruit skin is reddish or slightly violet, 
4= Fruit skin is black and fruit flesh is completely green, 
5= The skin of the fruit is black and the flesh is violet towards the half of the core, 
6= The skin of the fruit is black and the flesh is violet right up to the core, 
7= Fruit skin is black and fruit flesh is completely black, classified according to 8 categories. 
maturity index; The number of fruits included in each class was calculated by multiplying by the 
value of that class and dividing by the total number of fruits evaluated.  
Soil Analysis: Soil samples were taken from a depth of 0-30 cm, representing the whole parcel, 
during the period (post-harvest) when leaf samples were taken (Kacar and Katkat, 2010). The 
dried soil samples and the physical and chemical analyzes by passing through a 2 mm sieve and 
the methods to be used in these analyzes are given below. 
pH: 1:2.5 soil: determined by pH meter in water solution (Mclean, 1982) 
Electrical Conductivity: 1:2.5 in soil: water solution to be determined by EC meter (Mclean, 
1982) 
Organic Matter: Determined by the Walkley-Black method (Jackson, 1962). 
Total Nitrogen: The N content of the samples is determined by the Dumas Method (McGeehan 
and Naylor, 1988).  
Available P: Olsen et al. (1954), the soil samples are extracted with 0.5 M NaHCO3 (pH: 8.5) and 
determined by the Ascorbic Acid Method in the obtained filtrate (Kacar, 1985). 
Retrievable K, Ca and Mg: Soil samples are determined by ICP-OES Device in the filtrate 
obtained after extraction with 1 N Ammonium Acetate (pH: 7) (Carson, 1980). 
Retrievable Fe, Cu, Mn and Zn: Soil samples are determined by ICP-OES Device in the filtrate 
obtained after extraction with DTPA (pH: 7.3) (Lindsay and Norvell, 1978). 
Obtainable B: Soil samples are extracted with 0.01 M Mannitol + 0.01 M Calcium Chloride 
solution and determined by ICP-OES Device (Kacar and Fox, 1966). 
Leaf Analysis: Leaf samples were duly taken from all over the trees after harvest, with opposite 
leaf pairs in the middle of the annual end shoots (Güner, 1969). During the harvest period, fruit 
samples were taken from each orchard and analyzed as stated below. After the leaf and fruit 
samples taken are brought to the laboratory, they are washed first with tap water, then with 0.1 N 
HCl and 2 times with deionized water, after which the excess water is removed with blotting 
paper, dried at 70 ºC for 48 hours (until they reach a constant weight) and covered with tungsten. 
It was ground in the mill and made ready for analysis (Kacar, 1972). 
Total N: The N content of the samples was determined by the Dumas Method (McGeehan and 
Naylor, 1988). 
Total P, K, Ca, Mg, Fe, Cu, Mn, Zn and B: Leaf samples are burned with concentrated H2O2 + 
HNO3 acid in a microwave digestion device and determined by ICP-OES Device in the obtained 
filtrate (Zarcinas et al., 1987). 

3. FINDINGS AND DISCUSSION 
3.1. Evaluation of Meteorological Data 

The meteorological data of the Seferihisar region are given below (Table 2). 
The annual precipitation requirement in olive cultivation is 700-800 mm. Feeding the olive with 
rain water and adequate irrigation in the dry period encourages flowering and fruit set. However, it 
increases the pit formation and oil formation of the olive grain (Buldan and Çukur, 2003). In our 
country, the relative humidity of the Aegean and Mediterranean regions, especially the coastline, 
has positive effects on olive flowering, fruit set and fruit ripening processes. At the same time, the 
presence of relative humidity prevents burns and drying caused by high temperatures encountered 
in the flowering and fruit set period of olives (Y ld r m et al., 2008).  
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Table 2: Seferihisar region meteorological climate data 
 

When the meteorological climate data (average of many years) taken for the Seferihisar region are 
examined, the average precipitation is determined as 620 mm (Table 2). Olive cultivation was 
found to be low in terms of ideal water demand. Therefore, irrigation is recommended during the 
dry season in summer. However, the relative humidity was found to be 64 %. It has been observed 
that relative humidity has a positive effect on olives in the Seferihisar region (Table 2). 
Buldan and Çukur (2003) in a study examining the effects of winds on olives, revealed that the 
winds blowing from the north-west (northernwest wind) in winter increase the precipitation and 
the light winds blowing in the spring will contribute to the fertilization of the olive and the humid 
winds blowing in the summer reduce the dehydration of the trees. The location of the Seferihisar 
region shows that it is advantageous for olive cultivation.  
When the meteorological climate data (average for many years) taken for the Seferihisar region 
are examined, the average wind speed is 1.86 m/s (Table 2). Olive cultivation was found to be low 
in terms of ideal water demand. Therefore, irrigation is recommended during the dry season in 
summer. However, the relative humidity was found to be 64% and the evaporation to be 97%. 
Although it is seen that relative humidity has a positive effect on olives in the Karaburun 
peninsula, the importance of irrigation in summer is emphasized once again due to the high 
evaporation rate (Table 2). 
The temperature demand of olive cultivation is optimum 15 oC. When the Seferihisar region was 
examined, it was seen that the average temperature was sufficient for olive cultivation.  
Examination of climatic and topographic conditions mapped with GIS. Geographic Information 
Systems is an information system that performs the functions of collecting, storing, processing and 

Meteorological 
Elements 

Months 

1 2 3 4 5 6 7 8 9 10 11 12 Yea
rly 

Se
fe

ri
hi
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R
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io
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Temperature 
o C 
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14.
2 
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8 
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3 
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7 
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0 
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5 

12.
6 9.4 16.4

0 
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o C 
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.9 
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3 

15.
2 
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4 

24.
4 

29.
3 

32.
0 

31.
6 

28.
0 

23.
1 

17.
3 

13.
3 

21.4
9 

Lowest 
Temperature 
o C 

4.
4 4.4 6.0 9.4 13.

4 
17.
6 

20.
4 

20.
1 

16.
5 

12.
7 8.6 6.1 11.6

3 
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5 

85.
9 

71.
5 

46.
5 

25.
1 4.2 0.7 0.9 11.

6 
35.
2 

95.
6 

133
.8 

620.
38 

Average 
Wind Speed 

1.
9 2.1 1.9 1.7 1.7 1.9 2.1 2.0 1.7 1.6 1.7 1.9 1.86 

Sunbathing 
Time 

13
6.
6 

14
0.5 

19
7.3 

23
6.1 

29
0.4 

35
3.0 

37
5.0 

35
3.1 

29
4.3 

23
1.2 

15
2.4 
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.6 
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1.31 

Humidity % 70
.7 
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5 
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0 
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0 
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3 
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1 
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6 
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presenting graphical and non-graphical information to be obtained by using location in integrity 
(Yomral o lu, 2015). 
The Geographic Information System and altitude and ecological region maps of the Seferihisar 
region are given below (Figure 3 and Figure 4). 

  
Figure 3. Elevation map of Seferihisar region created with GIS 

  
Figure 4. Seferihisar region ecological region map created with GIS 
The information on the maps given above on the basis of regions and the determined olive 
phenology are given below (Table 3). 
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 Table 3. 
Ecological map 
information and 
phenology of 

Seferihisar 
region 
 
There are 

Gödence, 
Beyler, Gölcük 
and Orhanl  
districts at an 
altitude of 300-
500 m above sea 
level. Gödence 
village was 
determined as 
the place where 
the phenology 
was seen at the 
latest and the 
altitude was the 
highest. As the 

altitude 
increases, the 

temperature 
decreases and 
accordingly the 

upper limit of olive growth is determined. The slope, on the other hand, plays a role in the 
cultivation of olives by affecting the soil and groundwater (Uslu, 1971). 
At an altitude of 0-100 m above sea level, there are Kavakdere and Ulam  village. Since 
Kavakdere and Ulam  Villages are located in a humid region according to the agricultural 
ecological map and are close to sea levels, phenology was seen earlier in these villages. Humid air 
from the sea and large water surfaces is beneficial for olives. In humid weather, sweating in the 
leaves of the tree decreases and thirst is not experienced. Olive tree leaves benefit from the 
humidity in the air when they cannot get enough moisture from the soil in summer. The relative 
humidity of the air is one of the criteria that increases the product quality in table cultivation. In 
areas where relative humidity is sufficient, the water consumption of olives also decreases (Ayaz 
and Varol 2015). 
An increase in temperature above the normal in May-June causes shrinkage of the leaves due to 
excessive transpiration. Since the extreme heat in the spring prevents fertilization, there is no fruit 
set (Aykas, 2004). The Erkence olive variety, which is dominant in Seferihisar district, has a 
strong periodicity tendency. The year 2020 is a period of extinction especially for Erkence olives. 
The high temperatures seen between 18-27 May 2020 also caused the low olive flowers to burn, 
especially in areas close to sea level, and led to flower shedding, and fruit set and yield losses 
were observed especially in the dehydrated areas.  

 
Locatio

n 
Seferihi

sar 
Region 

 
 

Fenoloji 
 
 

 
 

Altit
ude 
Map 

 
 

Ecoreg
ion 

 
 

Droug
ht 

Index 

 
 

Hottes
t 

avera
ge 

 
 

Cold
est 

Aver
age 

 
 

Slop
e 

1 
Ap
ril 

14 
Ma
y 

6 
 Oct 

Gödenc
e 

07 55 81 300-
500 
m 

10221 0.5-
0.75  

( semi ) 

>20 
oC 

0-10 
oC 

 %2-
12 

Beyler 07 57 81 300-
500 
m 

10221 0.5-
0.75 

 ( semi 
) 

>20 
oC 

0-10 
oC 

 %2-
12 

Gölcük 07 57 81 300-
500 
m 

10321 0.5-
0.75  

( semi ) 

>20 
oC 

0-10 
oC 

%2-
12 

Orhanl  09 57 81 300-
500 
m 

10421 0.5-
0.75  

( semi ) 

>20 
oC 

0-10 
oC 

 %2-
12 

Kavakd
ere 

50 60 85 0-100 
m 

10721 0.75-1  
(humid

) 

20-30 
oC 

0-10 
oC 

 %2-
12 

Ulam  51 61 89 0-100 
m 

10721 0.75-1  
(humid

) 

20-30 
oC 

0-10 
oC 

 %2-
12 
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The pomological characteristics of Erkence olive varieties grown in local regions in the Seferihisar 
region are given in Tables 4 and 5. 
 
 
 

Table 4. Some 
pomological 

characteristics of 
olives in 
Seferihisar region 

Pomological 
measurements 

made in some 
local areas in the 
Seferihisar region 
were found to be 

statistically 
significant (Table 
4). Statistically 

significant 
differences in 

measurements of 100 fruit weights of harvested fruits. On the basis of local regions, Kavakdere 
(400 g) has the highest fruit weight, while Gölcük (250 g) has the lowest fruit weight (Table 4). 
The elevation has very positive effects on olive cultivation. In other regions, the 100 fruit weights 
are respectively Beyler (340 g), Ulam  (330 g), Gödence (310 g), Orhanl  (270 g) local regions 
(Table 4).  
Considering the number of grains per 100 g of the harvested fruits, the highest amount of grains 
(45 pieces) and the least amount of grains (24 pieces) were seen in Kavakdere location. It was 
observed that fruit weight and grain amount were inversely proportional. Akca Uckun (2020) 
examined the effects of different heights and different harvest times of Ayval k (Edremit) olive 
cultivar on fruit and olive oil quality in a study he conducted. At the end of the study, it has been 
revealed that the yield and quality of olive fruits grown in high regions are higher and the positive 
effects of height on olives. It has been seen that this study is compatible with the study of Akca 
Uckun (2020).  
Table 5. Some pomological characteristics of olives in Seferihisar region 
 
 
 
 
 
 
 
 
 
 
 

Seferihisar 10 Fruit Volume 
(ml) mean 

100 Fruit Weight 
(g) mean 

100 g of fruit 
weight 

Ulam  13 ± 0.03c 330.7 ± 0.03c 31 ± 0.08c 
Beyler 14 ± 0.02b 340.4 ± 0.02b 29 ± 0.06d 

Kavakdere 16 ± 0.04a 400.8 ± 0.05a 24 ± 0.04e 
Gölcük 12 ± 0.03d 250.4 ± 0.04f 45 ± 0.04a 
Orhanl  12 ± 0.12d 270.2 ± 0.01e 36 ± 0.03b 
Gödence 13 ± 0.08c 310.5 ± 0.02d 36 ± 0.06b 

z  Differences between the means in each column were determined by 
Duncan's test according to P < 0.05. * Significant relative to P  0.05 or **P  
0.01 
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In the 
study, the 
maturity 
index was 
found to be 
statistically 
significant 
on the basis 
of local 
regions, 
and the 
maturity 
index 
values were 
found to 
vary 
between 
1.0 and 2.4. 
The skin 
color of the fruits varies from green to yellowish green, light violet and violet. In the local region 
of Ulam , the color of the fruit skin was violet compared to other regions. The reason for this is 
that the phenological process is early compared to other regions due to its location close to sea 
level (Table 5). Considering the meat/seed ratios, the Ulam  local region again had the highest 
value (3.69).  
In the study, color measurements were found to be statistically significant. A L* value of 56,032 
in the Ulam  local region indicates that violet color is evident, a* value of 26.6 indicates that the 
green color decreases considerably, and a b* value of 0.778 indicates that the color of the fruit's 
flesh becomes darker (Table 5). The fruit color has taken a color from green to black with 
phenology. Nergiz and Engez (2000) found that the weight of olive fruits increased with maturity. 
When compared with these results, it is seen that the fruit color change is compatible with the 
maturity index values.  
Irrigation is generally not done on calcareous and barren soils, especially in marginal areas where 
olive cultivation is carried out. The geography of the olive groves and the topographic conditions 
have a direct effect on the general structure of the olive trees. (Aydogdu, 2011). According to the 
results of the soil analysis performed at 6 different locations in the Seferihisar region, it was 
determined that the Orhanl  location was moderately calcareous (5.43%), while the other locations 
(Beyler, Ulam , Gödence, Gölcük, Kavakdere) were found in calcareous areas (1-4%) (Table 5). 
It has also been observed that the Erkence olive trees in the Seferihisar region are generally not 
irrigated. In the Seferihisar region, the pH value is slightly acid in the Ulam  location (6.70); 
Gölcük (5.96), Gödence (5.70), Kavakdere (6.09) medium acid; Orhanl  (7.81), Beyler (7.97) were 
slightly alkaline. However, the phosphorus values are; Ulam  high (26.49 ppm), Gölcük, Orhanl , 
Beyler, Kavakdere moderate values, Gödence low (6.56 ppm) values (Table 5). When potassium 
values are examined, Gödence, Beyler, Ulam  (50-100 ppm) are low; Gölcük, Orhanl , 
Kavakdere mean values were determined. Boron and Iron values were found to be high in all 
locations. 

Seferihisar Maturity 
Index 

Meat/Pit 
Ratio 

 
L 

 
a 

 
b 

Ulam  2.4 3.69 ± 
0.05b 

56.032 ± 
0.05a 0.778 ± 0.05a 26.60 ± 

0.05e 

Beyler 1.5 3.30 ± 
0.03c 

48.918 ± 
0.03d 

-2.699 ± 
0.03c 

30.117 ± 
0.04c 

Kavakdere 1.3 4.33 ± 
0.04a 

56.14 ± 
0.02a 

-3.529 ± 
0.04e 

35.188 ± 
0.05a 

Gölcük 1.0 2.90 ± 
0.03d 

47.06 ± 
0.04e 

-2.811 ± 
0.03d 

28.089 ± 
0.03d 

Orhanl  1.3 2.77 ± 
0.02e 

53.407 ± 
0.03b 

-3.775 ± 
0.04f 

34.318 ± 
0.04b 

Gödence 1.9 2.68 ± 
0.05ef 

47.26 ± 
0.03e 

-1.055 ± 
0.05b 

23.633 ± 
0.03f 

z  Differences between the means in each column were determined by Duncan's 
test according to P < 0.05. * Significant relative to P  0.05 or **P  0.01 
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Ca values, on the other hand, are high in Orhanl , Beyler, medium in Gölcük, Ulam , Gödence 
and Kavakdere. The nitrogen (%) value was found to be low in the Orhanl  location, while the 
other regions were found to be moderate (0.09-0.17%) (Table 5). 
Looking at other studies; In the olive groves of Ayd n region, where Manzanilla variety is found, 
the soil was found to be poor in N content, low in available P content, low in K content, moderate 
in Ca content, and poor in Mg content (Ak ll o lu, 2009). In Bursa region, the soils are generally 
clay loam, sandy loam and clay textured, neutral or slightly alkaline, mostly lime-rich and 
unsalted, the total available N, available P and Zn contents of the soils are moderate, and the K 
and Fe contents are found to be sufficient ( Aksoy, Tümsava , 2000). In Bursa (Yalova) location, 
it was revealed that the soils where the Gemlik olive variety is grown have a clay loam texture, 
very low lime content, and neutral and acidic soil reactions (Uysal et al., 2016). In a study 
conducted in the GAP Region, it was determined that Fe and Zn deficiency were observed in 
sloping agricultural areas (Eryüce et al., 1993). In the Hatay region, it has been observed that the 
N contents are between the optimum limits, the P contents are incomplete, and the K contents are 
between the optimum limits (Toplu, 2000). It has been revealed that the soils in the anl urfa 
region are generally very calcareous, slightly alkaline, unsalted, and the amount of organic matter 
is insufficient (Siyonmez et al., 2017). In the orchards of the Halhal  olive variety in Derik district 
of Mardin province, the levels of P, K, Ca, Mg, Fe and Mn of the leaves were found to be 
sufficient, while the levels of N, Zn, Cu and B were insufficient (Doran et al., 2008). 
Seferihisar bölgesinde yaprak analiz sonuçlar na göre, Azot de eri Ulam  (1.34 %), According to 
the leaf analysis results in Seferihisar region, Nitrogen value was found to be low in Ulam  
(1.34%), Gölcük (1.23%), Orhanl  (1.17%), Gödence (1.60%), Kavakdere (1.78%), Beyler 
(1.50%) were found to be sufficient. Phosphorus, Iron and Boron are at sufficient levels (Table 6). 
Zinc and Manganese values were found to be low in Beyler location (11.43, 17.21 ppm) and 
sufficient in other regions. It has been determined that zinc deficiency occurs in the form of 
chlorosis in young leaves, the leaves become smaller, the plant becomes stunted, and the old 
leaves become stunted, wilted and twisted (Marschner, 1995). Potassium value is low in Gödence 
(0.48) and sufficient in other regions. Copper and Calcium values are low in Gödence and Beyler 
locations, but sufficient in other locations (Table 6). 
It was observed that the content of N, P, K, Zn and B elements in young leaves, Ca, Mg, Mn, Cu 
and Fe elements in the old leaves were higher in olive (Fernandez-Escobar et al., 1999). Since the 
Erkence olives in the Seferihisar region are old trees, it has emerged in accordance with the soil 
analysis results. Although the iron element in the soil is not found in the structure of chlorophyll, 
chlorophyll production decreases in iron deficiency. Iron element is effective on the protein 
mechanism in the plant (Kacar and Katkat, 2010). Iron deficiency is seen because the soils of dry 
areas contain large amounts of lime and have high pH. It also occurs with high levels of heavy 
metals such as manganese, copper, zinc, chromium and nickel (Akta  and Ate , 1998). It has 
emerged that copper is a plant nutrient required by the plant for chlorophyll production, 
respiration and protein synthesis. It affects protein and carbohydrate metabolism. It has been 
found to play a role in symbiotic nitrogen fixation. The element Mn in the soil plays a role in the 
breakdown of water in photosynthesis and the absorption of iron, calcium and magnesium. It acts 
together with iron in the formation of chlorophyll and increases plant seed germination and fruit 
ripening (Kacar and Katkat, 2010). When the Zn element is examined, it has been revealed that as 
the pH in the soil increases, the Zn solubility decreases (Kantarc , 2000). 
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Table 6. Seferihisar Region Soil Analysis Results 
 

4. CONCLUSION 
The factors limiting and supporting olive cultivation are integrated with geographical conditions. 
The climatic and topographic conditions of a region vary on the basis of region, local region and 
village. Different climatic and topographical processes can be experienced within the same region. 
This affects the yield and quality of olives. When evaluating olive and olive oil processes, it is 

necessary to 
look at the 

geographical 
factors 

present on a 
small local 
basis. This 
study showed 
that the 
climatic and 

topographic 
conditions 

affecting 
olives have 

differences 
even on the 
basis of local 
regions. 
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Abstract 

In recent years, anthocyanins in food, pharmaceuticals and cosmetics are increasingly used 
for their beneficial antioxidant capacity and coloring effects. Anthocyanins are rarely found 
as free molecules (aglycon form), they being rather linked to sugars (forming glucosides) 
and linked to phenolic acids.  Anthocyanin-derived pigments comprise a diverse group of 
intensely colored pigments within the orange, red, purple and blue range. Crop landraces 
have substance, symbolic and sign values. Loss of biodiversity exposes the corporate sector 
to a range of risks and opportunities that can affect profit, asset values and cash flow. There 
is an increased demand for new raw material sources. Priority activities to prevent 
biodiversity loss are surveying and inventorying various plant genetic resources and 
improvement of plant genetic resources. Potatoes are commonly white or light-yellow due to 
phenolics and flavonoids found as glucosides. The antioxidant capacity of anthocyanins 
from purple flesh potato varieties can be determinated by avaible analytical methods. The 
present paper focuses on separation and identification of the main anthocyanin aglycons 
from different purple flesh potato varieties as a strong source for food, pharmaceuticals and 
cosmetics. The total anthocyanin content was determined from the UV-Vis spectra (200-
650nm) registered from a methanol-HCl 1% extract of potato, quantifying the specific 
absorbtion at 535nm. To identify the aglycon, the retention times and the specific UV-Vis 
absorbtion of each peak, as registered by Photo Dioidered.de Array, was considered. Our 
data show that purple flash potato studied varieties having violet colors distributed 
differently and with various intensities in the flesh pulp contain mainly malvidin, peonidin 
and pelargonidin. Concerning the combination of anthocyanidinic aglicons with different 
flavonoids and phenolic acids we can assume, according to UV-Vis data that there are 
mainly combination with coumaric acid. No determination of sugar groups linked to 
anthocyanins were done. 
Keywords: Anthocyanins, In vitro Plant Pigments, Purple Flesh Potato 
1. INTRODUCTION 
For both humans and animals, the potato (Solanum tuberosum L.) has been considered a 
major source of food since ancient times. The potato has gained significant global 
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importance due to its extraordinary yield per unit area, compared to other crops [1]. More 
recently, in Bangladesh, the waste from potato peeling is used in the production of bio-oil 
and non-condensable gases, which has a positive impact on fuel economy and ensures the 
proper management of household waste to ensure a clean environment [2]. 
This plant has major importance on the diet of the population in many European countries, 
even in Romania it is considered to be `the second bread` [3]. According to statistical data, a 
person consumes a quantity between 80 and 150 kg of potatoes per year. In Romania the 
average is 90 kg for each person in one year. 
Purple potatoes (Solanum tuberosum var. Violette) are native to Peru and grown mainly in 
South America [4], but these varieties have begun to spread worldwide since they are highly 
sought after was said that this type of potato is the healthiest vegetable in the world [5]. 
Potatoes contain 6 types of alkaloids, namely alpha-solanine, beta-solanine, gamma-
solanine, alpha-chaconin, beta-chaconin and gamma-chaconin, alkaloids that can be 
identified in all plant organs [6]. Especially varieties with colored pulp (from pink to dark 
purple), contain substantial amounts of anthocyanins, compounds that can act as 
antioxidants and can have beneficial effects on human health [7]. Of course, in addition to 
anthocyanins and other phytonutrients (carotenoids, phenols, flavonoids), minerals (K, Mg, 
N, Fe, Cu, Zn) and vitamins (C, A, B1, B2, B6) have benefits for the health of the human 
body [8]. They can be used easily for pharmaceutical or cosmetic purposes.  
By replicated laboratory and field trials was developed a protocol for virus-free/resistant 
colorful potato. Potato clones with high anthocyanin pigment were evaluated for their 
antioxidant properties, total phenolics content, and total anthocyanin content. The 
correlation of these three parameters is studied. 
The paper presents a taxonomy study by molecular approaches. Evaluation of the colorful 
potato germplasm with the regard of molecular marker assisted breeding program which will 
generate new virus-resistant and/or -free potato germplasm is discussed.  
2. MATERIALS AND METHODS 
2.1. Plant materials 
Samples of old cultivated germplasm from local Transylvanian empirically created potato 
crop diversity centers, “P1”, “P2” and “P3” taken from seed lots produced during the 2001 
and 2002 growing seasons, from local growers source were used as starting plant material. 
The tubers were selected according to their morphological type. The nodes dormancy was 
break down by a GA3 treatment (3%). 
2.2. Media and cultural conditions 
For initiation was made the selection of nodes followed by their detachment from the tuber 
with a small part of suber. After that, the material was sterilization in 5% hypochlorite for 
15-20 min, followed by 3-5 rinses in sterile water. The next step was the placement of nodes 
on a modified MS (1962) plus glycine (4 mg/l), kinetin (4mg/l), sucrose (20 g/l) and agar (8 
g/l), pH value of 5.7. 
After 6 weeks of culture the meristems were harvested from the axillary shoots (8-12/ plant). 
Apical shot tips (0.2-0.5 mm) containing a meristematic dome with 1-2 leaf primordial were 
cultured on a MS (1962) medium supplemented with Biotin (2mg/l), Glycine (2mg/l), GA3 
(1,0mg/l) Myo-inositol (200mg/l). 
Multiplication of virus free material was done by cuttings, transferred on MS (1962) 
medium supplement with PGRs every 3 weeks. Plants were grown into a vegetation room, 
under full time fluorescent tubes illumination, at 25°C temperature. 
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Tuberization was induced in the presence of the ascorbic acid (1,5 mg/l), on liquid medium, 
on a rotative shaker (60 rpm). 
2.3. Experimental data 
Each tube was considered an experimental unit. Depending on the availability of plant 
materials, the length of plantlets (cm), root length (cm) and root number per plantlet varied 
with experiments. Collected data were subjected to analysis. 
2.4. Quantification of anthocyanins 
Quantification of dry weight, starch and total anthocyans in potato samples were obtained 
from 3 parallel determinations for each of the three potato samples. 
The total anthocyanin content was determined from the UV-Vis spectra (200-650nm) 
registered from a methanol-HCl 1% extract of potato, quantifying the specific absorbtion at 
535nm. To identify the aglicons, there were considered the retention times (according to 
standard separation) and the specific UV-Vis absorption of each peak, as registered by 
PhotoDiode Array. 
3. RESULTS AND DISCUSSION 
3.1. The effect of auxin and cytokinin on growth of the apical meristems of three old 
potato varieties 
Growth and development of isolated meristem tips depend on the cultivar used and were 
strongly influenced by the presence of exogenous growth substances in a very vitamins rich 
culture substrate.  
The test of different auxin-cytokinin interactions showed that the best combination was that 
of IBA (1.0 mg/l) and Kin (0.1 mg/l) completed with 1.0 mg/l GA3.  
In all three studied  genotypes axillary shoots were formed within 3 weeks, whereas 
complete plantlets, including roots were obtained in 6-8 weeks. 
Regarding the total lenght of plantlets was registrated value between 14,4 and 7,75 cm and 
for genotypes P2 and P3 were registrated negative significance of difference. For average 
mean of root lenght were registrated negative significance of difference for P2 and P3 and 
for average mean of roots number per plantlet were registrated positive significance of 
difference for P2 and P3 genotypes.   
Table 1. The effect of auxin (IBA) and cyokinin (Kin) on growth of the apical meristems of 

three old potatoes varieties  
Total lenght of plantlets (cm) 

Genotype Mean %  Significance 
of 

difference 

DL 

P1 14,400 100.000 - - DL 5% = 
0,137 

P2 11,050 77 -3,35 ooo DL 1% = 
0,194 

P3 7,750 54 -6,65 ooo DL 0,1% = 
0,277 

Average mean of root lenght (cm) 
Genotype Mean %  Significance 

of 
difference 

DL 

P1 3,745 100.000 - - DL 5% = 
0,274 
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P2 2,400 64.085 - 1,345 ooo DL 1% = 
0,387 

P3 1,750 46.729 - 1,995 ooo DL 0,1% = 
0,553 

Average mean of roots number/plantlet 
Genotype Mean %  Significance 

of 
difference 

DL 

P1 6,600 100.000 -  DL 5% = 
0,052 

P2 11,450 173.485 4,850 *** DL 1% = 
0,073 

P3 18,05 273.485 11,450 *** DL 0,1% = 
0,105 

The best tuberization rate was recorded on the P1 (46%) genotype, followed by P2 (23%) 
and after that P3 (11%).  
3.2. HPLCs analysis results  
The data show that the Romanian samples having violet colous, distributed differently and 
with various intensities into the pulp of the tuber contain mainly malvidin and derivatives of 
it, petunidin and delphinidin (peaks 7,5,4). These aglycons represent more than 75% of the 
anthocyanins. Then pelargonidin (peak6) and cyanidin (peak3). 

Table 2. HPLCs of the hydrolysed extract 
Sample Peak 

no 
HPLC peaks for 

HE  
(tR, min) 

Specific 
absorbtion 

(nm) 

Identification 

P1 3 
4 
5 
6 
7 

7.82 
7.95 
7.99 
9.10 
11.98 

530 
529 
529 
530 
535 

Cyanidin 
Delphinidin 
Petunidin 

Pelargonidin 
Malvidin 

P2 1 
2 
3 
4 
5 
6 
7 

7.40 
- 

7.51 
8.09 
8.63 
10.38 
18.13 

530 
- 

530 
530 
530 
534 
539 

NI 
- 

Cyanidin 
Delphinidin 
Petunidin 

Pelargonidin 
Malvidin 

P3 1 
2 
3 
4 
5 
6 
7 

7.42 
7.96 
8.50 
8.96 
9.54 
12.38 
19.34 

530 
530 
530 
529 
533 
534 
535 

NI 
NI 

Cyanidin 
Delphinidin 
Petunidin 

Pelargonidin 
Malvidin 

 
No qualitative differemnces were observed between the samples P1,P2 and P3 just 
quantitative, the most rich in anthocyans being sample P3. 
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Concerning the combinations of anthocyanidic aglicons with different flavonoids and 
phenolic acids we can assume that in these potatoes there are mainly combinations with 
phenolics, mainly with coumarnic acid. 
No determinations of sugar groups linked to anthocyanins were done. 
4. CONCLUSIONS 
IBA is the best in obtaining rooted virus free plantlets. Tubers were obtained in 6-8 weeks 
by culturing cuttings on liquid MS (1962) medium supplemented with ascorbic acid. 
The Romanian violet potatoes, distributed differently and with various intensities into the 
pulp of the tuber contain mainly  aglycons like malvidin and petunidin and delphinidin 
representing more than 75% of the anthocyanins. Then pelargonidin and cyanidin, with no 
qualitative differences between samples. 
ACKNOWLEDGMENT 
This study was made using the infrastructure of the Center of Biodiversity and Conservation 
from University of Agricultural Sciences and Veterinary Medicine Cluj Napoca. 
REFERENCES 
[1]. M.E. Camire, S. Kubow and D.J. Donnelly, “Potatoes and human health, Critical 
Reviews”, Food Science and Nutrition, vol. 49, pp. 823-840, 2009. 
[2]. A. Razu, H. Ershad, M. Golam and I. Mohammad, “Potato (Solanum tuberosum) peel 
waste utilization for eco-friendly bio-oil production via pyrolysis”, DUJASE, vol. 5(1&2), 
pp. 25-29, 2020. 
[3]. P. Iliev and I. Iliev, ”Cultura extratimpurie a cartofului”, Pomicultura, Viticultura i 
Vinifica ia, vol. 50(2), pp.7-9, 2014. 
[4]. L. Zhang, L. Zhao, X. Bian, K. Guo, L. Zhou and C. Wei, “Characterization and 
comparative study of starches from seven purple sweet potatoes”, Food Hydrocolloids, pp. 
1-37, 2018. 
[5]. A. Li, R. Xiao, S. He, X. An, Y. He, C. Wang, S. Yin, B. Wang, X. Shi and J. 
He, ”Research Advances of Purple Sweet Potato Anthocyanins: Extraction, Identification, 
Stability, Bioactivity, Application, and Biotransformation”, Molecules, vol. 24(21), pp. 
3816, 2019. 
[6]. D. Schrenk, M. Bignami, L. Bodin, J.K. Chipman, J. del Mazo, C. Hogstrand, L. 
Hoogenboom, J.C. Leblanc, C.S. Nebbia, E., Nielsen, E. Ntzani, A. Petersen, S. Sand, T. 
Schwerdtle, C. Vleminckx, H. Wallace, L. Brimer, B. Cottrill, B. Dusemund, P. Mulder, G. 
Vollmer, M, Binaglia, L.R. Bordajandi, F. Riolo, R. Roldan-Torre and B. Grasl-Kraupp, 
“Risk assessment of glycoalkaloids in feed and food, in particular in potatoes and potato-
derived products”, EFSA Journal, vol. 18(8), pp. 6222, 2020. 
[7]. A.D. Navare, A. Goyer and R. Shakya, ”Nutritional value of potatoes: vitamin, 
phytonutrient, and mineral content”, USDA-ARS, Washington State University, 395-424, 
2009. 
[8]. N.Z. Ngobese, T.S. Workneh, B.A. Alimi and S. Tesfay, S., ”Nutrient composition and 
starch characteristics of eight European potato cultivars cultivated in South Africa”, J Food 
Compos Anal, 55, 1–11, 2017. 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 278 November 5-6, 2021



 

RESPONSE OF SPHAGNUM MOSS TO DIFFERENT SOWING METHODS FOR THE 
PURPOSE OF THEIR USE IN CONTEMPORARY STREET ART  

 
 

Paula Boboc (Oros) 
University of Agricultural Sciences and Veterinary Medicine, Center for Biodiversity and 

Conservation, Department of Horticulture and Landscaping, Cluj-Napoca, Romania 
 

Rita-Daniela Far adi 
University of Agricultural Sciences and Veterinary Medicine, Center for Biodiversity and 

Conservation, Department of Horticulture and Landscaping, Cluj-Napoca, Romania 
 

Corina C tan  
University of Agricultural Sciences and Veterinary Medicine, Center for Biodiversity and 

Conservation, Department of Horticulture and Landscaping, Cluj-Napoca, Romania 
  

Abstract 
Moss-graffiti is a street art concept that has as premise the use of mosses instead paint-
based sprays, which are toxic and difficult to remove from walls. The proposal to use 
natural coloring materials can be a concept that will take this art out of the problematic 
underground area, giving a new ecological direction to this type of street manifest. 
Moss-graffiti does not only mean the creation of beautiful images using mosses, but it 
also means the growth of live images, the introduction of nature in the urban 
environment. Usually containing a subliminal message, street art using mosses has 
become a new adventure of urban expression, a path in which nature literally puts its 
signature in the urban space. The main objective of this research is the study of moss 
sowing and finding a technical solution to create a moss-graffiti. The paper presents the 
comparative laboratory study of two recipes and the results obtained after their 
implementation. The paper gives a short presentation of the graffiti history, from the 
oldest times until nowadays, for a better understanding of it’s evolution and people’s 
perception on moss-graffiti. For this purpose, a detailed research was done on different 
types of mosses biology and the requirements from the environment and the need for 
food. The study consisted in harvesting the mosses from nature, growing these in a 
laboratory (on artificial ground), tests regarding the preparation of mixtures based on 
mosses and other substances and observations on sowing techniques. The application of 
this study consists in finding a solution in order to assure  the biotope factor in a 
polluted environment. The study shows the problems regarding the understanding of the 
biology of mosses growing on artifficial ground and identifies the technicals solution 
which assures the success of  making a decorative panel designed for the urban space.  
Keywords:  Moss-Graffiti, Sphagnum Sowing, Artificial Medium, Technical Solution 

1. INTRODUCTION 
People are born creative and lifelong choices shape the way they choose to express themselves. The 
street is the visual environment that captivates people the easiest, that's why it has become a place 
where artists display their anti-system messages in a unique and convincing way with stencils, 
illustrations, paintings, mosaics, sculptures, posters. 
Moss-graffiti is a street art concept whose basic idea is to use mosses to the detriment of paint-
based sprays, which are toxic and difficult to remove from walls and buildings. 
The main concern of landscapers is to beautify and bring color to the urban environment through 
plants. A landscaper's job is not just to beautify gardens and parks. It must go beyond the "gates of 
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the gates" and try to bring life to any space in the urban environment through plants. Moss-graffiti 
can inspire any space. 
This paper tests the hypotheses that show that mosses are plants that need minimal environmental 
conditions to survive and that they can grow and develop on a wide range of supports and materials. 
The proposal to use natural "coloring" materials can be a concept that will take this art out of the 
problematic underground area, giving a new, ecological direction to this type of street 
manifestation, sometimes disturbing. Eco-graffiti lives with nature, without harming the 
environment, changing under the effect of its elements, creating an intense, unique contact with 
nature. 
Moss-graffiti is a simple and effective way to bring street art to life, encouraging mosses growth 
and giving an excellent alternative to paint sprays. 
Eco-graffiti fans use the most unexpected sources to express themselves and beautify city walls. 
Instead of sprays with paint use: earth, sponges to draw in the dust, vines already existing on the 
walls, furs and last but not least moss. 
Edina Tokodi, is the first to bring mosses to the city walls. She is the founder of Mosstika, a 
collective of eco-minded street artists, a collective dedicated to green guerrilla tactics inspired by 
public art (classic graffiti) [16]. 
Moss-graffiti can even be used for indoor decoration, provided it provides optimal moisture for the 
survival of the mosses. The name of moss-graffiti starts from the main ingredient needed to make it: 
the mosses, which are harmless to the environment, are therefore "eco". Moss could help keep a 
consistent stage of humidity in an enclosed indoor room. In fact, moss not only soaks humidity but 
also emanates humidity [9]. 
The term of Graffiti originated from Greek graphein can be explained simply as a critical 
expression including social-cultural and political responses to opposing ideologies in urban public 
spaces [6] . 
The graffiti technique has its origins in antiquity, during the period of ancient Greece and the 
Roman Empire. "Historically, the term 'graffiti' originally referred to inscriptions, portraits, etc. 
found on the walls of ancient tombs or on ruins, as in the Catacombs of Rome or in Pompeii [15]. 
In Rome, their own walls in Roman houses and monuments were engraved with graffiti, examples 
of their work being found in Egypt. The eruption of Vesuvius has preserved graffiti scratched on the 
walls of Pompeii and offers a direct picture of street life in those times: vulgar Latin, insults, magic, 
political messages and declarations of love. However, not only the Greeks and Romans did graffiti: 
the Mayan site in Tikal, Guatemala, also contains ancient examples. Viking graffiti in Rome and 
Newgrange, Ireland [15]. 
The first famous graffiti of the 20th century was "Kilroy was here" followed by "Mr. Chad", a face 
only with eyes and a nose, leaning against the wall saying "What?" No rare commodity? ” during 
rationalization. The art of graffiti is seen as an authentic work, with an emphasis on color and 
composition. The uses of graffiti go beyond the strict sphere of contemporary art, the techniques 
and styles being constantly innovated; Graffiti has penetrated society enough to become a part of 
popular culture. Brands such as Nike have included the aesthetic aspects of graffiti in their products, 
while other brands, such as IBM, have used graffiti as a marketing medium for the "Love, Peace & 
Linux" graffiti campaign on the streets of San Francisco, California is part of the company's outdoor 
strategy) [5], [15]. 
There are divided opinions about graffiti: Varnedoe and Gopnik (1990) see graffiti "as a whole 
compositional phenomenon, on the one hand as a childish joke, and on the other hand as an adult 
insult". Abel and Bucket (1977) see this in a completely different way: “a form of communication 
that is both personal and free from everyday social constraints that normally impedes the free 
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expression of thoughts. In 1970, research on graffiti was in full swing. At that time, researchers in 
many disciplines were interested in graffiti, resulting in a large amount of information about graffiti, 
information that is then analyzed [15]. 
Spray paints have harmful effects on the environment. They emit pollutants into the air. Paints 
contain toxic chemicals, and some may even contain chlorofluorocarbon or hydrocarbon gases to 
spray paint on a surface [17]. 
Concerned about caring for the environment, an anonymous artist uses natural pigments (coal, plant 
sap, earth) to create scenic landscapes [14]. As an alternative, moss graffiti is an ecological, 
environmentally friendly choice, which is beginning to become a much more accepted, practical 
and also aesthetic method of creating graffiti worldwide. 
Moss-graffiti is becoming more and more accepted among street art lovers. Moss graffiti, because it 
can be used as paint, is a very versatile reason. This means that it can be used to design slogans or 
pictures. It can be both a literary and a physical metaphor. Despite being largely in the street art 
community, much of the use of moss-graffiti has an ecological theme or message [8]. 
Beyond the aesthetic effect that moss-graffiti creates, its use helps to increase the green surfaces in 
cities. If we chose to create moss-graffiti on different surfaces in cities, the level of pollution in the 
city would be considerably reduced. Studies conducted at Gheorghe Asachi ”Technical University 
of Iasi, Romania, have shown that Sphagnum species are among the species with high absorption 
capacity of heavy metals (especially chromium), which recommends them as extremely useful in 
plating urban areas of on the edge of heavily circulated arteries [1]. 
Mosses play a notable environmental role in the global carbon cycle as the largest land depositary 
for carbon [4]. Sphagnum peatlands hold up large amounts of carbon dioxide from the air.When the 
rate of plant production in an ecosystem exceeds the rate of plant decomposition, carbon 
sequestration occurs [2]. 
The mosses belongs to the plylum Bryophita. Bryophytes are autotrophic cryptogames comprising 
approximately 25,000 species. The history of bryophytes involves an alternation between 
sporophytic and gametophytic descents that differ in pattern and role. The actual plant is 
represented by the gametophytic descents, which is the most developed haploid generation in the 
whole plant kingdom. The spores germinate to form a branched or thallose protonema which 
resembles green algae. The germination as well as its growth is very sensitive to all kinds of natural 
and human influences which exceeds by far the sensitivity of the green gametophore [13]. The 
protonema produced from a spore forms one to several shoots, each of which grows to become an 
‘individual’. The individuals are thus at the very outset part of an assemblage. Several moss shoot 
has a genetically fixed method of ramification, depending on species, genus or family, a particular 
‘growth-form’ in the narrower meaning of the term [10].  Bryophytes are generally small (less than 
5 cm) but some can grow up to a length of 70 cm. Bryophytes thrive in humid climates, but can be 
found all over the world, even in arid. A wide range of species can grow in areas unable to be 
colonised by any other plant which is significant for many aspects in bioindication also. Bryophytes 
colonise nearly every kind of terrestrial substrate (e.g. bare stones, bark, skeletons, etc.) and grow in 
freshwater but are absent from saline waterbodies (salt lakes, oceans) [13]. Contrary from other 
plants, mosses does not need soil supplements to stimulate growth [11]. In most areas, mosses grow 
mainly in areas of shade, such as wooded zones and at extremityes of streams. However, they can 
grow anywhere in cool, damp and cloudy climates, and some species are suitable to sunny, 
seasonally dry areas like alpine rocks or stabilized sand dunes [2], [12]. Wherever they occur, 
mosses require high levels of moisture to survive . 

2. MATERIALS AND METHODS 
The experiment took place at the Biodiversity Research Center of Univeristi of Agricultural 
Sciences an Veterinary Medicine Cluj-Napoca (UASVM Cluj-Napoca), Romania. The practical 
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study consisted in choosing the materials and substances for the preparation of the mixture and 
establishing a recipe for sowing Sphagnum moss in order to use it to create moss-graffiti. 
Sphagnum mosses was from different surfaces, such as stone or tree bark. 
Preparing a moss-graffiti using the empirical method involves harvesting the mosses, crushing them 
and mixing them with different substances to promote the germination process. 
In order to settle on a support, the mosses need a substrate that promotes germination, the so-called 
biofilm. Biofilm is an aggregate of microorganisms in which cells adhere to each other on a surface. 
These adherent cells are often embedded in a self-producing matrix of extracellular polymeric 
substances (EPS) [3]. 
EPS biofilm, also known as "sludge", is a polymeric conglomerate composed of extracellular DNA, 
proteins and polysaccharides. Biofilm can form on living or dead surfaces and can be spread in 
nature, in the polluted area (industry) or aseptic (hospitals) [7]. Frequent watering is necessary to 
promote the installation of mosses. 
Following the model of the empirical method, two variants of obtaining the preparation and sowing 
techniques were tested. 
Table 1. Required materials 

Variant I Variant II 
100g moss (Sphagnum spp.) 100g moss (Sphagnum spp) 

150ml distilled water 50ml distilled water 
10g sugar 50 ml beer 

1,5g Gelrite 50g yogurt 
 8g sugar 
 1g Gelrite 

In the case of Variant I (Figure 1), the sugar and Gelrite were weighed using the analytical balance, 
then the gel was placed in 50 ml of distilled water to mix. Because the gel needs heat to form, but 
also permanent mixing, the electric hob with magnetic stirring was used, at a temperature of 200ºC 
and 8000 rpm, for 10 minutes. The moss was washed under a continuous stream of water for 10 
minutes to remove existing impurities then grind with a scalpel. 
After crushing the mosses, they are added over the rest of the water and sugar, after which, the pH 
value is measured and adjusted (optimal 5.5-5.7), to ensure that the solution is within the typical 
limits required by the development of plant cells (slightly acidic). 
The solution was transferred to a spray container and sprayed on organic paper previously placed on 
a layer of cotton wool soaked in sterilized water. 
To favor the sowing process, subsequent waterings were done with a solution consisting of water 
and macro-elements from the culture medium formula of Murashige and Skoog (1962) (Table 2). 
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Figure 1. Aspects from the variant I Sphagnum seeding: a - preparation of the solution, b - 

preparation of the vegetal material, c - homogenization of the seeding solution, d - dispersion of the 
sample 

 
Table 2. Macroelements in the composition of the basic Mourashige Skoog (1962) medium 

Macroelements mg/l 
NH4NO3 1650 

KNO3 1900 
CaCl2-2H2O 440 

MgSO4-7H2O 370 
KH2PO4 170 

Like the previous experiment, for Variant II (Figure 2) the sugar and Gelrite were weighed with the 
analytical balance, then the gel was put in 50ml of water to mixed. Because the Gelrite needs heat to 
solidification, but also permanent mixing, was used the magnetic stirrer at 200ºC and 8000 rpm for 
10 minutes. 
In a bowl was addes the mosses, yogurt, beer and sugar, then grind with a blender at maximum 
speed for 7-10 minutes, until the mosses are crushed and a homogeneous composition was obtained, 
in which Gelrite will be added. Adjust the pH value (optimal 5.5-5.7). 
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Figure 2. Aspects from the variant II Sphagnum seeding: a - preparation of the solution, b - 

preparation of the vegetal material, c - homogenization of the seeding solution, d - dispersion of the 
sample 

After the whole composition was homogenized, using a brush, the composition was spread on a 
porous organic paper placed on a bed of cotton wool soaked in distilled water and kept in the 
vegetation chamber at a constant temperature of 20ºC and a humidity of 65%. In order to maintain 
the humidity, a constant microclimate was ensured in the initiation phase by covering the 
experiment with food foil. 
The original photos were taken with an ordinary camera and the structure images by taking the 
camera of the Olympus Microscope and the Motic Stereolup from the laboratory equipment. 

3. RESULTS AND DISCUSSION 
All these materials were used in different stages of the experiment to determine which of them best 
influences the process of germination and growth of mosses of the genus Sphagnum. 
Variant I aims to observe how mosses can regenerate only from cells and whether new plants can 
be formed in the absence of plant tissue and in the absence of nutrients and bacteria in nature, 
necessary to form new colonies. 
Variant II aims to observe how mosses can regenerate from shredded tissues, if they are placed in a 
suitable environment, having in composition, yogurt, two lactic bacteria Lactobacillus delbrueckii 
ssp. Bulgaricus and Streptococcus thermophilus and yeast Sacharomyces respectively, between 
which symbiotic relationships are created, which leads to the acceleration of the fermentation 
process and the formation of the fixing biofilm, necessary for the installation process of a 
Sphagnum moss colony.  
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Figure 3. Aspects from moss growth: a - seeded sample in the vegetation room, b - variant I sample, 

c - variant II sample. 

 
Figure 4. Visual observations: a - Sphagnum mosses after 6 months, b - Observations on the Motic 

Binocular Magnifier,    c - Observations at the Motic Optical Microscope 10X objective 
 

As in [12], an experiment in three steps was conducted. For Prototype A, the 600 g washed mosses 
were mixed in the blender with 100 ml water and 200 ml plain yogurt. The 100 ml water in 
Prototype A was replaced with 100 ml beer for Prototype B, to assess whether beer could speed up 
the initial growth of the moss. For Prototype C, the washed mosses were mixed with 100 ml water, 
200 ml plain yogurt and 200 ml corn syrup. Different surfaces such as unfired brick, red brick, 
wood, tile and mortar wall were assessed. Prototype C succeeded in all three trials carried out. The 
difference between Prototype B and other prototypes was that it used beer as the primary liquid 
instead of water. Initially the foliage thickness for Prototype A was 5 mm when applied to the wall 
surfaces. Moss grew faster on a porous surface such as brick rather than on smooth surfaces. 

4. CONCLUSIONS 
Mosses are a valuable material for landscape art not only because of their appearance but also 
because of their role in the urban landscape. Along with lichens, mossles are valuable indicators of 
the degree of air pollution with SO2, CO2, heavy metal ions (Pb, Zn, Hg, Cd), and eco-graffiti 
arrangements can thus be a cheap and friendly tool for monitoring urban pollution. 
The mosses can be placed on the slope or side walls of heavily circulated arteries in the urban area, 
thus ensuring an absorbent layer of traffic-specific toxins. 
Mosses, due to their high ecological plasticity and the large number of existing species, are a cheap 
material for urban installations, easy to maintain due to their ability to survive and natural 
regeneration, without the need for fertilization or growth stimulation.  
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Different species of mosses should be tested in various indoor environment conditions to facilitate 
merchantability. The only disadvantage is finding solutions to ensure constant humidity throughout 
life. 
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Abstract 

The germoplasm collections represent deposits of plant material, insured deposits in the short, 
medium and indefinite duration (preservation of callus and DNA samples, by 
cryopreservation). Each germplasm collection has an additional herbarium. In Botany, the 
herbarium is a collection of small plants, leaves or flowers pressed between sheets of paper 
and kept in a special file in which there are also elements of taxonomic identification based on 
the morphology of plant specimens. The herbarium is the basic reference source of the 
taxonomist and has become a center of research as well as teaching and public information. 
Unfortulately, no matter how well the biological materials are processed, they degrade over 
time. Drying, pressing and preservation processes alter the morphology of the specimens. A 
virtual herbarium is a digitalized form, a collection of digital images of preserved plants or 
plant parts. It acts as an electronic gateway to collections of herbaria. It becomes a special 
type of museum and can also be considered a database with large amounts of raw data. The 
goals of the virtual herbariums are to make specimens data available electronically for use in 
biodiversity research projects, to reduce transport of actual specimens for projects where 
digital representations will be sufficient for study, and to provide a source of reference 
information. The herbarium concept has evolved so that today, the term is associated not only 
with specimens of preserved plants, but also with certain botanical activities. This paper 
proposes the creation of a virtual herbarium, a new technique for recording botanical objects, 
so that plants can be studied with unaltered colors and morphology. The information is stored 
in databases, complementary to the classical herbarium and all morphological descriptors that 
will allow the user to access large amounts of data, with the potential to expand analytical 
research.   

Keywords: Herbarium, Virtual Herbarium, Technical Solution 
1. INTRODUCTION 

The digitization of natural history collections has evolved to the creation of databases for recording 
catalog data and specimen labels to include digital images of specimens. This was determined by 
several important factors, such as the need of increasing the overall accessibility of copies and to 
keep the original copies by limiting their manual handling. The largest herbarium collections in the 
world participate in international loan programs, in which a researcher can request a herbarium file 
that would be sent to study. This shipment contributes to the wear of the samples. 
Virtual herbariums are the digitized form of physical herbaria with the role of increasing the 
longevity of specimens and international accessibility, via the World Wide Web. 

2. MATERIAL AND METHODS 
2.1. History of Herbarium 
The art of the herbarium was initiated by the Italian taxonomist Luca Ghini (1490-1556). The 
concept of preserving dried plant specimens is 450 years old. The oldest specimen of preserved 
plants is conservated in Rome, collected by the naturalist Gherardo Cibo, a student of Luca Ghini 
(1532) [1]. The first herbarium in the world was established in 1545 at the University of Padua, 
Italy. As the Renaissance developed, the Italians began to teach Botany and created the world's first 
botanical garden, also at the University of Padua, Italy. For the study of Botany, the students of 
those times were prepared the "Book" of mounted dried specimens (plants) "and called them" dry 
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gardens "or" Horti Sicci ". In the same year, the first botanical garden was established, the only 
garden that has uninterrupted activity from its establishment until today. 
Depending on the location of the plant material and their functionality, herbariums are: 
international, national, regional, local, private, educational, for research [2]. 
According to Index Herbariorum, today there are 2.800 active herbariums in the world which are 
associated with them about 10.000 biodiversity specialists. Citing the same source, in 2003 there 
were 3240 active herbariums in the world [3]. 
 
2.2. Textile Fiber Herbarium  
There is an interest in finding new forms of documentation, as close as possible to reality, given 
that, over time, morphological characters lose their structure or color. At the beginning of the 20th 
century, The Textile Herbarium Collection from Cluj-Napoca was created for both scientific and 
artistic purposes. 
 

                    A.                 
B.                                                                    C.             
Fig.1 – The Textile Fiber Herbarium USAMV  
Taraxacum (A), Matricaria (B), Delphinium (C) 
Source: original   
 
2.3. Virtual Herbarium 
Through this technique there were made electronic data samples available for use in biodiversity 
research projects; reducing the shipment of real specimens for projects in which digital 
representations will be sufficient for study; and to gather data elements (ex photographs and 
drawings, manuscripts, published papers, microscopic preparations, genetic sequences) derived 
from a specimen with the catalog entry data for that specimen. 
The collections of images of the virtual herbarium are constantly updated, as the sheets of classic 
herbarium are available. 
The concept of virtual herbarium comes as a result of the digital development of all theoretical and 
practical branches of biotechnology. Digitization of the herbarium involves both scanning the plant 
material and entering it in a specialized database.  
 
2.4. Data bases 
For this study there were analyzed three of the most important botanical databases in the world: 
Global Plants [4], Kew Herbarium Catalogue [5], Global Biodiversity Information Facility [6].  In 
order to properly compare the information found, the study was done searching the species 
Myosotis alpestris.  
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There is information about the location and the date of collecting, the collector, the altitude etc. 
Each database comes with its own presentation style and related information. The Kew Garden 
Catalogue is by far the most complex in terms of taxonomic documentation, but the Global 
Biodiversity Information Facility offers a new perspective through user-friendly and intuitive 
design by their interactive map and the facility of uploading real plant photos not only by scientist, 
but also by botany enthusiasts.  
 
2.5. Equipment  
The use of appropriate scanning equipment brings a useful end result in research. Professional 
scanners were used to scan the herbarium sheets at the University of Agricultural Sciences and 
Veterinary Medicine of Cluj-Napoca: BioScan 1600 and Microtek Scanner.  
 
3. RESULTS AND DISCUSSION 
The scan was produced using classic herbarium sheet of Juglans regia, existing in the Didactic 
Herbarium of the University of Agricultural Sciences and Veterinary Medicine from Cluj-Napoca, 
Romania. Using the scanning method, a digital herbarium file was obtained. It will be entered into 
the herbarium database so that it can be viewed and used by researchers and students. 
 

           
A.                                                                      B.  
Fig.1 – Herbarium USAMV (A), Herbarium digital scan on Juglans Regia (B) 
Source: original 
The benefits of such a project are: 
- data accessibility: public data can be accessed by anyone with access to the internet, from any 
corner of the world 
- easy transmission of information between authorized institutions or persons through databases 
- the opportunity to update species information in real time 
- elimination of the risk of degradation of plant material: although they are kept in optimal 
conditions of temperature, humidity and light intensity, the classic herbaceous leaves are 
endangered over time 
- compacting collections to increase storage space 
- the chance to popularize herbariums, botanical science and biotechnology 
 
4. CONCLUSIONS 
The database, accessible through a website, can play an important role in species conservation and 
habitat restoration. The website provides information about the species and their spaces: regional 
and state locations, habitat types and species that grow in these habitats, their conservation status 
and whether a (endemic) species is limited to a particular location. In addition, information about 
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plants grouped in niche collections, provides concentrated information, accessible anytime, to 
anyone and from anywhere.  
Computerizing a germplasm collection or virtual herbarium has many advantages: 
• allows the user to access large amounts of data, with the potential to expand analytical research 
• once computerized, specimen data can be easily changed or corrected 
• it becomes extremely easy to add additional fields to the database when an update or change is 
needed 
• by maximizing the use of botanical information, the herbarium can be managed more efficiently 
• data can be extracted quickly in different formats, obtaining statistical data.  
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Abstract 
Determination of somatic cell count is accepted as an important criterion in 
terms of food safety to evaluate udder health and milk quality. Changes in the 
number of somatic cells of milk occur as a result of mastitis, which stimulates 
the defence system or causes intramammary infection. There is a positive 
correlation between the increase in the number of somatic cells and viable 
microorganism counts in milk and the degree of mastitis. In this study, the 
number of somatic cells and SCC were determined in cow milk obtained from 
local raw milk collection centers in summer and winter periods. According to the 
results of this study, the lowest somatic cell count of milk in winter was 12x103 
cells/mL and the highest was 726x103cells/mL, while the lowest was 
132x103cells/mL and the highest was 555x103 cells/mL in summer. The SCC of 
milk was determined as 3,50x 104-6,16x106 cfu/mL in winter and 1,20x104-
1,11x106 cfu/mL in summer. 
 
 Keywords: Milk, Somatic Cell, Total Viable Microorganism, Season 
  

1. INTRODUCTION 
Milk, due to its complex biochemical composition and high water activity, serves as an 
excellent culture medium for the growth and activity of microorganisms. It is very difficult 
to prevent the contamination of milk with microorganisms due to the farm environment, the 
animal's health and milking conditions. The importance of maintaining the quality of raw 
milk is recognized by milk producers worldwide [1]. Therefore, the microbial content of 
milk is an important attribute in determining its quality [2], [3]. The presence of high total 
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viable microorganism and somatic cell count (SCC) in raw milk indicate milking or general 
hygiene problems [3]. Microbial contamination in raw milk can occur through different 
microorganisms [4]. In dairy industry, total microorganism number are a mandatory quality 
indicator of raw milk. The most important microorganisms used as hygiene indicators to 
determine quality of milk are psychotropic, aerobic mesophilic, and coliform bacteria. High 
number of mesophilic bacteria is accepted as an indicator of inadequate hygiene practices 
[5]-[7]. Milk is defined as a biological fluid with high nutritional value containing water, 
protein, lipid, carbohydrate, minerals, etc. In addition, milk includes milk-secreting 
epithelial cells called as SC. SC of milk composed of 25% epithelial cells (udder secretory 
tissue) and 75% leucocytes (white blood cells) including macrophages, polymorphonuclear 
neutrophil cells (PMNs), erythrocytes and lymphocyte [3], [8]. The amount of SCs in milk, 
often referred to as SCC is used as a mandatory indicator of udder health. SCs are 
recognized as one of the most important components of defence against disease and 
infections in the mammary gland [9], [10]. As a result of inflammation in cow mammary 
glands, high SCC and infection level of pathogens causing mastitis aim a decrease in milk 
yield [11], [12]. Milk SCC in a healthy cow is <1×105 cells/mL under normal conditions. 
SCC greater than 2×105 cells/mL has been reported to be indicative of inflammation in the 
udder [13]. Most of these assessments are based on an increase in SCC above the limit value 
of 400,000 (4x105) cells/mL due to the fact that infection has occurred in the udder [14]-
[16]. In the European Union, it is thought that if the SCC is more than 2×105 cells in 1 mL 
of raw milk, the udder may be infected, and if it is higher than 4×105 cells, the udder may be 
infected and it is not suitable for human consumption. In the dairy industry, the SCC limit 
for acceptance of milk differs depend on countries. For instance; SCC for bovine milk in 
Germany, Canada and the USA were determined as 1×105, 5×105 and 7,5×105 cells/mL, 
respectively [17], [18]. High SCC negatively affects the quality of raw milk and reduces its 
shelf life [5]. In many countries, the maximum SCC international export standard has been 
reported as 400,000 cells/mL [19]-[21]. The maximum acceptable level of SCC in the 
European Union is based on geometric averages collected over 3-month periods [22]. The 
most important factors affecting SSC of raw milk and their effects are shown in Table 1 
[10], [23]. 

Table 1. The most important factors affecting SSC of raw milk and their effects [8], [10], 
[24] 

Factors Effect on SCC in milk 

Inflammatory 
Factors 

Bacteria 
(Mastitis) 

This inflammation of the mammary gland can be 
characterized by an increase in SCC. 
Treating infected and culling chronic mastitis 
animals cause a decrease in SCC. 

Virulence 
factors 
Physical 
agents 
Chemical 
agents 

Environmental 
factors 

Milking 
techniques Lower SCC in machine than in manual milking. 

Unhygienic and incomplete milking factors 
cause an increase in SCC.  

Milking 
machine 
Hygiene 
Housing Changes in housing and feed cause an increase 
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Dietary in SCC. 
Feeding antioxidants cause a decrease in SCC. 

Seasons Hot-humid climates causes an increase in SCC. 

Stress Under stress of milk production, immunity of 
animals becomes low leading to more SCC. 

Farming 
system 

Clean animal surroundings cause a decrease in 
SCC. 

Host factors 

Daily 
variations 
/Milking time  

Higher SCC in evening compared to morning 
milking. 

Number and 
stage of 
lactation 

SCC increases with increasing age, parity and 
stage of lactation. 

Age/Parity 
Health of 
udder 

Regular udder screening cause a decrease in 
SCC. 

Other factors 

Counting 
methods 

Standardization of SCC counters is essential and 
equipment in order to guarantee accuracy and 
reproducibility of results. 

Conservation 
and storage 
samples 

The conservation of the sample (temperature and 
time), the type of preservative and the 
temperature of the analysis affect the accuracy of 
the SCC results. 

As SCC increases in milk (100x103 to 1000x103 cells/mL), lactose, fat and casein contents 
in milk, milk yield and gel firmness reduces while pH of milk, whey protein, non-protein 
nitrogen, blood components such as Na, K, Cl, immunoglobulins and serum albumins 
increase [25]. Determining the SCC of milk have been used automated devices. Coulter 
Milk Cell Counter and Fossomatic are the most commonly-used equipments. Fossomatic 
with a fluorescent dye counts the number of fluorescing particles while Coulter Milk Cell 
Counter counts particles as they flow through an electric field. Also, direct microscopic 
method has been used to determine SCC [26]. 
Considering all the above-mentioned facts, the aim of the present stud was to determine the 
total number of viable microorganisms and somatic cell of cow milk collected during winter 
and summer period. 

2. MATERIALS AND METHODS 
 
In the study, cow's milk was obtained from 23 different farms in 3-month periods. TVM and 
SCC were determined in cow's milk for the winter (January-February-March) and summer 
(May-June-July) periods.  

2.1. The Total Count of Viable Microorganisms 
Raw milk samples taken as sterile were diluted. 1 mL sample was taken from the dilution 
process with the help of a sterile pipette in petri dishes. Afterwards, 12-15 mL of medium 
was added to the petri dish, in which 1 mL of sample was added, and homogeneous mixing 
was ensured in the petri dish. It was kept in an incubator at 30°C for 72 hours. After 72 
hours, the colonies were counted and the results were given as cfu/mL [27]. 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 293 November 5-6, 2021



 

 

2.2. Somatic Cell Count 
Delaval brand (Type: Cellcounter DCC) device was used for the determination of SCC. 
There is a special cassette compartment for placing milk samples inside the device. Raw 
milk samples were injected into the bowl of the device. The instrument automatically diluted 
the sample to 3 over 10 dilutions. Direct reading was then performed. Then direct reading 
was done. Results as multiplying with 1000 were calculated [28].   
 
 
 
 
3. RESULTS AND DISCUSSION 
 
Results of TVM were shown in Table 2. The TVM of milk collected during winter period 
varied from 3,50x104-6,16x106 while these numbers in summer period varied from 
1,20x104-1,11x106. Several studies show a clear association between teat hygiene and raw 
milk quality, where disinfection lowers the amount of bacteria [29]-[31]. Many farms related 
factors contribute to the variation in milk TVM. The factors presented here show some of 
the major causes for variations found in this literature study. Mastitis is a major reason for 
rising bacterial counts, as reported in numerous studies [32], [33]. TVM can vary with 
lactation stage, being higher in late lactation [34]. In a study, higher TVM were found in 
milk from larger farms, characterized by barn conditions, robotic milking, and breed [31]. 
Milk collected in summer months when cows are grazing outdoors revealed modestly higher 
counts [34], [35]. Doyle et al. [36], observed higher TVM in milk after milking preparations, 
especially in milk from grazing cows. It was suggested that bacteria originating from 
outdoor environment may have difficulties adhering to teat skin, and instead shed down into 
the milk [37]. Milking system has also been observed to be associated with differences in 
bacterial counts. 

Table 2. The total count of viable microorganisms 

Season Number of 
Samples 

Range 
Min-

Max.(cfu/mL) 
Average 

Winter 69 3,50x 104 -
6,16x106 

2,94x105 

Summer 69 1,20x104-1,11x106 2,94x105 

 
The SCC of cow’s milk were presented in Table 3. According to the results of SCC, the 
mean result of 69 samples in winter was 345x103cell/mL, while the average result of 69 
samples in summer was 305x103 cell/mL. The SCC of the samples collected in winter was 
almost higher than in summer. The mean SCC was below the limit values specified in the 
European Union regulation in both periods and Turkish Food Codex Communiqué [38]. In 
the studies, the factors affecting the number of somatic cells have changed according to 
years, seasons and months. It has been reported that the reason for the increase in the 
number of somatic cells in the summer season is the heat stress in the cows, the 
differentiation of their diets, mastitis infection, multiple births and milking in the last 
lactation periods. It has been stated that the amount of SCC increase in the winter season and 
in the months of this season may be related to the deficiency of vitamin A, which has the 
feature of protecting the epithelial structure met from the pasture in summer [39]. As a 
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result, it has been determined that the cow's milk processed in the dairy enterprise during the 
6-month period is in accordance with the limits determined in the relevant communiqués of 
the European Union Commission in terms of the number of somatic cells. 

Table 3. Somatic cell counts 

Season Number of 
Samples 

Range Min.-Max. 
(cell/mL) 

Average 
(cell/mL) 

Winter 69 12x103-726x103 345x103 
Summer 69 132x103-555x103 305x103 

4. CONCLUSION 
The results of this study indicate that parity, stage of lactation, age of animals and calving 
season significantly affected TVM and SCC. Improving milking management, reducing 
stress, providing extra care during the first month of lactation, and milking at a uniform 
interval will help to decrease SCC in milk and the prevalence of mastitis. It is suggested that 
monthly control of SCC may be effective for improving milk production and milk quality in 
cows. 
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Abstract 

Mihalic cheese, one of the most important traditional cheeses of Turkey, has salty, 
hard and hole formed properties. It is traditionally produced using sheep's milk and 
both by boiling the curd and maturing in brine. In the production of Mihalic cheese, 
salting is carried out with two or three different brine applications. In this study, pH, 
total dry matter, salt, textural and sensory properties were determined in Mihalic 
cheeses from cow’s milk collected from the different artisanal producers. As a result 
of this study, average pH, total dry matter, salt and salt in dry matter values were 
determined as 5.52, 63.50% and 4.98%, 7.78%. It was determined that the removal of 
moisture from the curd during ripening and hardening of the cheese was directly 
related to the salt content and texture. 
Keywords: Mihalic Cheese, Salt, Sensory, Texture 
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Cutting curd into blocks 

First brine 15% brine for 2 days 
Second brine 18% brine for 2–3 days 
Third brine 22% brine for 2–10 days  

Ripening 

1. INTRODUCTION 
It has been reported that there are more than 200 types of cheese in Turkey. The most important 
cheeses produces in Turkey are White Cheese, Kashar, Tulum, Mihalic, Dil, Otlu, Orgu, Cerkez, 
Halloumi, Lor and Civil [1], [2]. Mihalic cheese that of traditional cheese is one of the oldest 
cheeses produced in Turkey. It is generally produced in Bursa and Balikesir in the Marmara region 
and known as Maglic, Mahlic, Kelle or Manyas cheese. It is a hard cheese with a cream or yellow 
colour, salty and slightly acidic. It is produced both by boiling the curd and ripening in brine [3], 
[4]. Propionic acid bacteria constitute the dominant flora of Mihalic cheese and the cheese has 
characteristic 2-4 mm roundish holes due to propionic acid fermentation. Mihalic cheese are 
produced both raw and pasteurized sheep’s or cow’s milk. However, Mihalic cheese as artisanal is 
typically made from raw milk with spontaneous fermentation and without a starter culture. Natural 
microorganisms in raw milk cause spontaneous fermentation in Mihalic cheese [3]. Raw or 
pasteurized sheep milk is coagulated in wooden barrels called ‘Polim’ at 32-35°C. After 
coagulation, the curd is cut into the size of a grain of rice. Then, the curds are scalding gradually 
by adding boiling water and rested. Afterwards, the curd is transferred to a cotton cloth for whey 
separation. Pressure is applied to separate serum from curd in industrial production The drained 
curd is cut into 3-5 kg blocks and curd is brined respectively in 15% NaCl for 2 days, 18% NaCl 
for 2-3 days and 22% NaCl for 2-10 days. Then cheeses are ripening in the cold room (about 3 
months) (Figure 1.) [5]. Cheese ripening is influenced by the microflora of the raw milk, starter 
cultures, native enzymes of milk, manufacturing and ripening conditions. Cheese ripening is a 
complex process involving many biochemical reactions such as glycolysis, proteolysis and 
lipolysis. These biochemical reactions that take place during the ripening of cheese is enhance the 
textural and sensory properties of cheese [6]–[8]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Artisanal production of Mihalic cheese [5] 
Cheese salting have significant influence on cheese quality such as i: inhibition pathogenic 
microorganisms, and hence the safety of cheese, ii: inhibition various enzymes, enhances the 
syneresis of cheese curd, resulting in whey separation, enhances protein hydration which 
influences protein solubility and protein conformation, and iii: improve cheese texture, 
functionality, and flavour [9]. In this study, to determine physicochemical (pH, salt and total dry 
matter), textural and sensorial properties of cheese samples collected from artisanal manufacturers 
were investigated.  
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1. MATERIALS AND METHODS 
In this study, Mihalic cheese samples were collected from the different artisanal producers in the 
Bursa-Balikesir region. Cheese samples properties are given in the Table 1. Cheeses produced 
using cow's milk were preferred, considering the ripening times of the selected samples or the 
producer difference. pH, salt, total dry matter, textural and sensory properties of Mihalic cheese 
samples were determined. The total dry matter and salt content of samples were measured in a 
Foodscan (Tekafos, Type: 78810, Serial No: 91702627; 2010) device in double parallel. Hardness 
values of Mihalic cheese samples were determined with TA. XTplus Texture Analyzer (Stable 
Micro Systems Ltd., U.K.). Sensory properties of samples were evaluated by panellists trained at 
Bursa Uludag University.  
Table 1. Properties of Mihalic cheeses 

Sample 
Code  

Ripening 
Properties 

Sample 
Code 

Ripening 
Properties 

CF-1 1.5 months  CF-6 3 months 
CF-2 1.5 months  CF-7 3 months 
CF-3 1.5 months  CF-8 12 months 
CF-4 1.5 months  CF-9 14 months 
CF-5 3 months  CF-10 15 months 

2. RESULTS AND DISCUSSION 
Physicochemical analysis results of Mihalic cheese samples are given in Table 2. pH values of 
Mihalic cheese samples was detected in the range of 5.22±0.000 - 5.76±0.007. Regarding the pH, 
there were significant differences among the cheeses (p<0.01). In previous studies, Bulut [10] 
reported that the average pH value of Mihalic cheeses, produced by ripening for three months 
from raw and pasteurized milk is 4.78. Golge and Sahan [11] reported that the pH values of 
different Mihalic cheeses prepared from cow and sheep milk are between 5.28 and 6.11. 15 of the 
cheeses, and the average pH value was determined as 5.51 [4]. These differences in pH values 
were thought to be due to the starter cultures present or added to the milk, depending on the use of 
raw or pasteurized milk [12]. 
 
Table 2. Physicochemical properties of Mihalic cheeses 

Sample 
Code pH TDM  

(%) 
Salt  
(%) 

Salt n DM 
(%) 

CF-1 5.70±0.000b 60.90±0.057
fg

 3.96±0.014
f
 6.50±0.017

f
 

CF-2 5.62±0.000c 63.93±0.106
d
 3.66±0.007

g
 5.72±0.002

g
 

CF-3 5.55±0.010d 61.24±0.071
f
 4.05±0.057

f
 6.61±0.085

f
 

CF-4 5.25±0.000g 60.02±0.163
h
 5.93±0.071

d
 9.89±0.091

b
 

CM-5 5.22±0.000h 59.44±0.078  4.08±0.042
ef

 6.86±0,062
e
 

CM-6 5.70±0.010b 60.81±0.163
g
 4.22±0.042

e
 6.94±0.051

e
 

CM-7 5.48±0.010e 64.95±0.099
c
 7.72±0.057

a
 11.89±0.069

a
 

CO-8 5.55±0.000d 68.30±0.042
b
 6.21±0.049

c
 9.08±0.067

d
 

CO-9 5.41±0.000f 73.75±0.156
a
 7.12±0.071

b
 9.65±0.076

c
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CO-10 5.76±0.007a 61.67±0.163
e
 2.87±0.057

h
 4.65±0.080

h
 

Minimum 5.22 59.44 2.87 4.65 
Maximum 5.76 73.75 7.72 11.89 
Average 5.52 63.50 4.98 7.78 

 
Total dry matter (TDM) content of samples was determined as 59.44±0.078 - 73.75±0.156% 
(Table 2). Donmez et al. [13] reported that the dry matter ratio of Mihalic cheese as 75.50% in 
their study to compare different cheese types. Ozer et al. [14] determined the dry matter ratio of 
Mihalic cheeses, which they prepared using goat milk and ripening for three months, as 53.70-
64.59%. Bulut [10] reported that the average dry matter content of Mihalic cheeses, which 
produced from raw and pasteurized milk and ripening for three months, was 56.19%. Mihalic 
cheese is ripened in brine, during ripening dry matter components (water-soluble proteins, 
peptides and salt) transfer into the brine. Therefore, it causes changes in dry matter. In addition, 
the dry matter may change with the characteristics of the raw milk used, the production method 
and the effect of the starter culture or existing bacterial activity [1]. 
The amount of salt in Mihalic cheese was determined as a minimum of 2.87±0.057% and a 
maximum of 7.72±0.057%. The amount of salt in dry matter was determined as 4.65±0.080 - 
11.89±0.069%. In cheese technology salt affects the product characteristics, taste, aroma, surface, 
rind, consistency, structure of the cheese, development of microflora and proteolysis. Regarding 
the salt and salt in dry matter, there were significant differences among the cheeses (p<0.01). The 
highest salt and salt in dry matter content were found in sample CM-7 
(7.72±0.057/11.89±0.069%). The salt content of Mihalic cheese samples prepared by Ozer et al. 
[14] using goat's milk and ripening for three months was determined as 3.51 - 10.06%. Bulut [10] 
reported that the average salt content of Mihalic cheeses, which produced from raw and 
pasteurized milk and ripened for three months, was 7.39%. Golge and Sahan [11] determined the 
salt content of different Mihalic cheeses, which they prepared using cow and sheep milk, between 
3.27 - 8.18%. In studies, the amount of salt in Mihalic cheeses was determined as 5.09 - 6.73% by 
Ozer and Kesenkas [8] and 3.83 - 8.07% by Ozcan and Kurdal [3]. Factors affecting salt content 
can be explained as milk types, differences process, fermentation, brine concentration and storage 
conditions [9]. 
 
 
Table 3. Sensory and textural properties of Mihalic cheeses  

 SENSORY PROPERTIES TEXTURE 
Sample 
Code  Appearance Acceptability Hardness 

CF-1 7.62±0.907a 8.12±1.254a 1714.09±37.823d 

CF-2 7.98±0.976a 6.80±3.824a 3546.835±14.036bc 

CF-3 7.58±1.653a 6.78±3.820a 2784.98±67.797cd 

CF-4 7.86±0.498a 6.70±3.778a 4806.975±1068.035b 

CM-5 6.80±0.447a 6.36±3.626a 2634.03±166.764cd 

CM-6 7.98±0.976a 8.36±1.322a 3577.42±335.027bc 

CM-7 7.66±0.910a 6.54±3.736a 3951.19±130.291bc 
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CO-8 7.20±9.000a 6.18±8.800a 4140.86±416.07bc 

CO-9 7.90±0.894a 6.56±3.707a 11009.39±1167.999a 

CO-10 8.06±0.684a 6.78±3.826a 1746.13±70.442d 
Minimum 6.80 6.18 1714.09 
Maximum 8.06 8.36 11009.39 
Average 7.66 6.92 3991.19 

 
Sensory and textural properties of Mihalic cheeses are given Table 3. Acceptability and 
appearance values of samples were not significant differences among Mihalic cheeses (p>0.01). 
However, significant differences were found in the textural hardness values among the samples 
(p<0.01). 
Table 4. Pearson’s correlation coefficients among data of analyzed Mihalic cheeses 

 Dry Matter Salt Salt in DM Hardness 
Dry Matter 1    
Salt 0.640** 1   
Salt in Dry 
Matter 0.452** 0.924** 1  

Hardness 0.807** 0.665** 0.537** 1 
** Correlation is significant at the 0.01 level 

Pearson’s correlation coefficients among data analyzed were presented in Table 4. Dry matter of 
samples was highly and positively correlated with salt (r=+0.640, p<0.01), salt in dry matter 
(r=+0.452, p<0.01) and hardness (r=+0.807, p<0.01). Salt content of cheese samples was 
positively correlated with salt in dry matter (r=+0.974, p<0.01) and hardness (r=+0.665, p<0.01). 
In addition, positive correlation was found between salt in dry matter and hardness (r =+0.537, 
p<0.01).  
 

3. CONCLUSION 
In conclusion, the differences between pH, total dry matter, salt and salt in dry matter values of 
Mihalic cheese samples were significant. It can be thought that the differences between the 
characteristics of the samples are related to the type and rate of milk used in cheese making, the 
ripening conditions time, the salt content of the brine and the production method. The brine used 
in cheese production affects the taste/aroma development, textural properties and microbial 
activities in cheese. The separation of water from the cheese during ripening and the hardness of 
the cheese are directly related to the salt content of the cheeses. The presence of different starter 
cultures in cheese production also affects the proteolytic and lipolytic activity and this causes 
differences in the hardness and structure of the cheeses. In addition, the differences in the present 
study are due to the fact that cheeses are produced with traditional or industrial methods, 
with/without using starter culture, from raw/pasteurized milk.  
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ABSTRACT 

In this study, it was aimed to determine the effects of three different sowing densities (350, 
450 and 
and Seydisehir) in Van ecological conditions in the 2009-2010 growing season. The research 
was carried out according to the Randomized Blocks in Split Split Plots Trial Design with 
three replications. 
In the study, the effects of cultivars on the number of clusters per panicle (NCP) and grain 
yields (GY), and the effects of plant density on the number of days per panicle (NDP), the 
NCP, GY  and total yield (TY) were found insignificant. Also, the effects of cultivars and 
plant density interactions on all traits were found insignificant. 

varied between 23.76-25.47 cm according to the sowing density. The effects of sowing 

111.88-118.19 cm according to sowing density. 
the NDP 

varied between 81.97 and 86.83 days. The effects of the cultivars on the PL were found 
-26.06 cm. The effects of cultivars on 

n 109.35-118.89 cm. 

939.68-1028.75 kg/da. The highest TY was obtained from Seydisehir and Faikbey cultivars in 
the same group. The GY was found to be around 244.27 kg/da according to the general 
average of the cultivars and sowing densities. 

According to the TY values, it was concluded that higher TY could be obtained from Faikbey 

Keywords: Avena sativa L. Sowing density, Yield, Yield components,  

INTRODUCTION 
 Cultivated plants have reached their present forms in more than ten thousand years 
(Oral, 2015). Cool climate cereals have an important place among cultivated plants in the 
world. Oat, on the other hand, ranks third after wheat and barley among cool climate cereals 
(Topal et al., 2015). Today, oats are cultivated on 9.5 million hectares, 23.1 million tons of 
production and 2453.1 kg/ha yield are obtained (FAOSTAT, 2019). In Turkey, which has 
decreased rapidly in the last 20 years, oats are cultivated on 113.2 thousand hectares of land, 
with a production of 314.5 thousand tons and a yield of 2780 kg/ha (TUIK, 2020).  
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Oat, which is generally used in animal nutrition, is also preferred in poultry farming, with its 
hulled structure that facilitates digestion. It is extremely nutritious as it contains 
approximately 3500 calories in 1 kg of grain (Topal et al., 2015). Recently, it has started to be 
preferred in human nutrition du -
glucan content. High nutritional value and low production cost increase the interest in oats 
(Mut et al., 2016) and many researches are carried out for this purpose (Yaver and Ertac,
2013). 
 Among the cool climate cereals, the climate demands of oats are higher. It has low 
resistance to drought and cold (Colville and Frey, 1986) and the desire for vernelization is 
evident (Kun, 1996). There is no oat production in the province of Van, which has a
continental climate. However, since it is a good alternation plant, it will be a good alternative 
if suitable varieties are used in the province. Embedded sowing method was used in the study. 
Thus, the plant, which is sensitive to cold, spends the winter under snow cover and germinates 
in early spring (Altuner and Ulker, 2019). In this study, it was aimed to determine the effects 
of some oat cultivars and sowing densities on the yield characteristics in the climatic 
conditions of Van Province. 
MATERIAL AND METHODS 
The research was established in the area located at the southeast border of Van Yuzuncu
University Campus area 380 33 north latitude 43018 east longitude in the growing season of 
2009-2010. The climate data of the research area during the season are given in Table 1 and 
the soil characteristics are given in Table 2.  

Table 1. Climate data of 2009-2010 season* 

Months Rainfall (mm) Average Temp. (CO)
Relative Humidity

(%)
2009-2010 LTA 2009-2010 LTA 2009-2010 LTA

October 15.9 50.8 10.5 12.1 46.8 59.9

November 91.1 49.2 4.4 5 61.1 65.1

December 34.8 41.6 1.8 -0.3 63.5 69.4

January 51.6 36 0.1 -2.1 63.4 70.4

February 71.1 38.7 1.3 -0.7 65.5 71.1

March 38.3 51.9 5.7 3.4 58.9 67.4

April 46.3 55.7 8.3 8.7 62.2 62

May 69.8 42.8 13.2 13.4 61.1 57.7

June 41 17 19.7 18.9 43.6 48.7

July 10.8 8.2 23.9 22.8 34.2 43.9

Total 470.7 391.9
Average 8.89 8.1 56 61.6

* Data from the General Directorate of Meteorology. LTA: Long Term Average 
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 According to Table 1, there was a total of 80 mm more precipitation than the LTA 
average in the season 20019-2010, and it is seen that this occurs especially in the form of 
snowfall in winter and rain in May and June. It is understood that there is no serious deviation 
in the average temperature and relative humidity values during the season compared to the 
LTA. 

Table 2. Physical and chemical properties of the soils of the trial area* 
Depth
(cm)

Texture
Class

pH Lime 
(%)

Available
Phosphorus

(ppm)

Total
N

(%)

Organic 
Matter

(%)

Total 
Salt 
(%)

0-20

20-40

Sandy 
loam 7.67 12.3 0.38 0.087 1.75 0.011

Sandy 
loam 7.67 14.3 0.17 0.081 1.63 0.012

* Van Yuzuncu 
Department Laboratory results 
According to the soil analysis results in Table 2, the soil of the trial area was found to be 
calcareous, unsalted, slightly alkaline reaction, low organic matter content, and insufficient in 
terms of nitrogen and phosphorus content.  
Seydisehir and Faikbey oat varieties used in the research were obtained from Konya Bahri 
Dagdas Agricultural Research Institute, and Chekota was obtained from the Gecit Kusagi 
Agricultural Research Institute. In the study, three sowing densities were applied as 350, 450 

sowed in December and 10 kg/da of DAP, N-P-K (18-46-0) fertilizer 
was applied with sowing. In the experiment, the plots were formed 5 m in length, 6 rows  and 
20 cm between rows. The research, which was established according to the Randomized 
Blocks in Split Split Plots Trial Design with three replications. Weed control was done 
mechanically when necessary. 
Features such as the number of days per panicle, panicle length, number of clusters per 
panicle and plant height were measured on 20 randomly selected plants that provided the plot 
average. Grain yield and total yield were obtained by harvesting the remaining area (0.8 m x 
5m = 4.0 m ) by throwing 50 cm from the heads of the plots and one row from each side. 
Statistical analysis of the data was performed with the IBM-SPSS (version 22.0) software 
program, and the comparisons between the means were carried out with the help of Duncan 
Multiple Comparison Test.
RESULTS AND DISCUSSION 
The average values for the characteristics examined in the study are given in Table 3. In the 
study, the effects of cultivars on the number of days per panicle, panicle length and plant 

, while 

The effects of variety and sowing density interactions on all parameters were insignificant. 
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Table 3. Effects of sowing density on the investigated properties of oat cultivars group table* 
Number of Days Per Panicle (days) Panicle Length (cm)

Cultivars Sowing Densities Means Cultivars Sowing Densities MeansD1 D2 D3 D1 D2 D3

Chekota 81.5 81.5 82.92 81.97
B Chekota 22.07 23.46 23.4 22.97

AB

Faikbey 87.83 86.25 86.42 86.83
A Faikbey 24.82 26.96 26.42 26.06 A

Seydisehir 83.92 87 88.25 86.39
A Seydisehir 24.39 26 25.67 25.35 A

Means 84.42 84.92 85.86 85.07 Means 23.76 AB 25.47 A 25.16 A 24.8
C.V. = % 5.50 C.V. = % 8.54

Number of Clusters Per Panicle
(clusters/panicle) Plant Height (cm)

Cultivars Sowing Densities Means Cultivars Sowing Densities MeansD1 D2 D3 D1 D2 D3

Chekota 50.05 48.13 47.44 48.54 Chekota 106.25 113.29 108.52 109.35
B

Faikbey 50.74 50.65 48.63 50.01 Faikbey 113.23 121.37 119.82 118.14
A

Seydisehir 48.41 50.18 48.19 48.92 Seydisehir 116.16 119.91 120.61 118.89
A

Means 49.73 49.65 48.09 49.16 Means 111.88 B 118.19
A

116.31
A 115.46

C.V. = % 7.98 C.V. = % 7.69

Grain Yield (kg/da) Total Yield (kg/da)

Cultivars Sowing Densities Means Cultivars Sowing Densities MeansD1 D2 D3 D1 D2 D3

Chekota 252.4 269.1 247.21 256.24 Chekota 977.09 978.71 863.26 939.68
B

Faikbey 206.89 254.65 251.48 237.68 Faikbey 957.13 947 965.54 956.55
AB

Seydisehir 246.24 220.87 249.53 238.88 Seydisehir 1096.52 982.1 1007.62 1028.75
A

Means 235.18 248.21 249.41 244.27 Means 1010.25 969.27 945.47 975.00
C.V. = % 24.15 C.V. = % 18.60

* There is no statistically significant difference between the values shown with the same 
letters in the same row and column. Sowing densities: D1: 350 seeds/m , D2: 450 seeds/m
D3: 550 seeds/ m

Number of  Days Per Panicle  (day) 
In the study, the effects of cultivars on the number of days per panicle were found to be 

 According to the cultivars, the number of days per 
panicle varied between 81.97-86.63 days. The highest number of days per panicle were 
obtained from the Faikbey and Seydisehir in the same group and the lowest from the Chekota 
variety.  
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In the study, sowing frequencies did not have a significant effect on the number of days per 
panicle. According to the general average of sowing frequencies, the number of days per 
panicle was 85.07 days. 
In a study (Sari et al., 2011), the number of days per panicle on oat yield components in two 
locations was determined between 116.0-126.0 days in location 1 and between 115.0-127.0 
days in location 2. In another study (Sonmez, 2020), the number of days per panicle was 
determined between 131.3-145.0 days. The common feature of these studies is that they are 
sowed in winter. In a study sowed as a summer season (Erbas, 2012), the number of days per 
panicle was determined between 54.0-76.0 days. The number of days per pancles obtained in 
our study are longer than this. This shows that the number of days per panicle vary according 
to ecology. 
Panicle Length (cm) 
In the study, the effects of cultivars on panicle lengths were found to be very significant 

 According to the cultivars, the panicle length varied between 22.97-26.06 cm. The 
highest panicle lengths were obtained from Faikbey and Seydisehir in the same group, and the 
lowest from Chekota cultivar.
In the study according to the sowing densities, the differences between the panicle lengths 
were found to be significan  The panicle length varied between 23.76-25.47 cm,
according to the sowing frequency. Accordingly, panicle lengths were taken from the highest 
frequencies of D3 and D2 in the same group and the lowest from D1 frequency. 
Erbas (2012) determined the panicle lengths between 14.7-25.8 cm, according to the cultivars. 
Our results are similar to this study. Panicle lengths were determined by Hisir (2009) between 
28.4-30.3 cm and Maral et al. (2009) determined that it varies between 27.3-33.2 cm and the 
difference between them is significant. Our results are lower than these studies. 
Number of Clusters Per Panicle (clusters/panicle) 
In the study, the effects of cultivars and sowing frequencies on the number of clusters per 
panicle were insignificant. According to general averages of the varieties and the planting 
density, the number of clusters per panicle were 49.16 clusters/panicle 
Number of clusters per panicle in one study (Erbas, 2012) varied between 9.4-49.8 clusters, 
and in another study (Sari, 2012) found between 38.3-46.4 clusters in location-1 and 41.3-44 
clusters in location-2 according to the averages of two years. Contrary to our results, the 
differences between the number of clusters per pnicle were found to be significant, in these 
two studies. 
Plant Height (cm) 
In the study, the effects of cultivars on plant height were found to be very significant 

 Plant heights varied between 109.35-118.89 cm, according to the cultivars. The 
highest plant heights were obtained from the Seydisehir and Faikbey in the same group, and 
the lowest from the Chekota cultivar. 

According to planting frequency, plant heights varied between 111.88-118.19 cm. The highest 
plant heights were obtained from D2 and D3 frequencies in the same group, and the lowest 
from D1. 
The results of our research were similar to -151 cm). Our results 
are higher than the data determined by Erbas (2012) (66.0-109.2 cm). 
Grain Yield (kg/da) 
There was no significant effect of cultivars and planting frequency on grain yield. According 
to the general averages of to the varieties and of sowing density, grain yield was 244.27 kg/da. 

determined that according to varieties, the differences between grain yields are significant. 
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Total Yield (kg/da) 
In the study, the effects of 
According to the varieties, the total yields were between 939.68-1028.75 kg/da. The highest 
total yields were obtained from Seydisehir and lowest Chekota cultivars. 
Sowing frequency did not have a significant effect on total yield. 

Our results lower than data of total yields determined by s
Sabanduzen and Akcura (2017), (1531, 1512.85 and 1874.0 kg/da, according to the averages 
respectively).   

CONCLUSION 
 The effects of the oat varieties used in the study and the sowing frequency applied on 
the investigated characteristics are listed below. 
Oat varieties and sowing density interactions did not have any significant effect as statistically 
on the examined propeties.  
The effects of the cultivars on the number of days per panicle, panicle length and plant height 

 The effects on the grain yield and the number of clusters per panicle 
were insignificant. According to the cultivars, the number of days per panicle varied between 
81.97-86.39 days and the highest was obtained from Faikbey and Seydisehir cultivars in the 
same group. According to the cultivars, the panicle lengths varied between 22.97-26.06 cm 
and the highest were taken from Faikbey and Seydisehir cultivars in the same group. The 
plant heights of the cultivars varied between 109.35-118.89 cm and the highest were obtained 
from Seydisehir and Faikbey cultivars in the same group. According to the cultivars, the total 
yields ranged between 939.36-1028.75 kg/da and the highest total yields were obtained from 
Seydisehir cultivars. 
 The effect of sowing frequency on plant height was statistically very significant 

panicle 5). Apart from these, the 
effects of sowing frequencies on other parameters were insignificant. According to the 
cultivars, the panicle lengths varied between 23.76-25.47 cm and the highest were taken from 
frequencies of in the same group. According to the cultivars, plant 
heights varied between 111.88-118.19 cm and the highest were obtained from frequencies 450 
and 
 According to the general average of the variety and planting density, grain yield was 
244.27 kg/da. When evaluated together grain yield with the total yield, it has been seen that a 
satisfactory product can be obtained with the oat varieties used in the research and the 
embedding sowing method and witth Van ecological 
conditions.
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ABSTRACT 

In this study, it was aimed to determine the effects of four nitrogen fertilizer doses (0,  4, 8 
and 12 kg N/da) on yield and yield properties of three oat cultivars (Chekota, Faikbey and 
Seydisehir) in Van ecological conditions in the 2009-2010 growing season. The research was 
carried out according to the Randomized Blocks in Split Split Plots Trial Design with three 
replications. Sowing was done in December by embedding method. 
In the study, the effects of cultivars on the panicle maturation time, the number of grain per 

 The effects of 
cultivars on the number of panicles per squaremeter and grain yield were statistically 
insignificant. The effects of nitrogen fertilizer doses on the number of panicles per 

 The effects of nitrogen fertilizer doses on other 
parameters other than the number of panicles per squaremeter were statistically insignificant. 
The effects of variety and nitrogen fertilizer dose interactions on all parameters examined 
were insignificant. 
According to the cultivars, the panicle maturation time was between 35.19-37.39 days, the 
number of grain per panicle was between 78.22-91.82 grains/panicle, the plant heights were 
between 109.35-118.89 cm, and the thousand grain weights ranged between 32.87-34.78 g. 
According to the nitrogen fertilizer doses, the number of panicle per squaremeter varied 
between 547.41-621.18 panicles
According to the general averages of variety and grain yields, grain yields were 244.26 kg/da. 
As a result, it has been seen that Chekota, Faikbey and Seydisehir oat varieties can be grown 
by embedding sowing method in Van ecological conditions with the lowest nitrogen dose.  

Keywords: Avena sativa L. Sowing density, Yield, Yield components,  

INTRODUCTION 
 Oats ranks third in the world after wheat and barley among cool climate cereals (Topal 
et al., 2015). Oat, which has a cultivation area of 9.5 million ha in the world, has a production 
of 23.1 million tons and a yield of 2453.1 kg/ha (FAO, 2019).  In Turkey, oats are cultivated 
on area of 113.2 thousand hectares and 314.5 thousand tons of production is carried out from 
here with  2780 kg/ha yield (TUIK, 2020). The lack of sufficient amount of oat varieties that 
are tolerant to different ecologies in Turkey is one of the important obstacles limiting its 
cultivation (Sari and Imamoglu, 2011). 
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Oat, which is generally used in animal nutrition, has recently started to be preferred in human 
nutrition. In addition to its rich dietary fiber and protein content, the use of oats as food, 
which can be consumed by people with gluten intolerance, is becoming widespread 
(Dumlupinar, 2010). 
Nitrogen fertilization is the most important application of increasing the yield among 
maintenance operations, and an increase of 60% can be achieved with adequate fertilization 
(Sezen, 1991). Nitrogen fertilization provides a yield increase of 0.36-1.48 tons/ha, more than 
the number of panicle per squaremeter, in some oat varieties (Jelic et al., 2013; Huza et al., 
2017; Gao et al., 2019). In addition, additional nitrogen fertilization provides additional yield 
increase in oats as in other grains (Hausherr et al., 2018). 
Oat cultivation is not carried out in the Van province, where the typical continental climate 
conditions of the Eastern Anatolia Region are dominant. However, the cultivation of high-
yielding varieties that are compatible with the ecology of the region will ensure that an 
alternative plant to barley used in animal nutrition is added to the plant pattern. In addition, 
oats can be used as an alternation plant in regional agriculture. In the study, it was tried to 
determine the changes in yield and yield components of nitrogen fertilizer doses applied to 
three oat varieties. Thus, besides the adaptation and performance test of oat varieties used in 
the province, the effects of nitrogen fertilization were determined. Due to its high sensitivity 
to climatic limitations (Colville and Frey, 1986), sowings were made using the embedding 
method.

MATERIAL AND METHODS 
The research was established on the southeast border of Van Yuzuncu Yil University Campus 
in 2009-2010. The climate data of the province of Van for the 2009-2010 season and for Long 
Term Average (LTA) are given in Table 1. According to Table 1, it is seen that a total of 
470.7 mm precipitation was received during the research season. This amount of precipitation 
is 80 mm more than the total of the LTA. It is understood that especially during the season, 
precipitation in November, January, February, May and June causes this excess. 
It is observed that the average temperature and relative humidity average values during the 
season are close to the LTA (Table 1). 
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Table 1. Climate data of 2009-2010 season* 

Months Rainfall (mm) Average Temp. (CO)
Relative Humidity

(%)
2009-2010 LTA 2009-2010 LTA 2009-2010 LTA

October 15.9 50.8 10.5 12.1 46.8 59.9

November 91.1 49.2 4.4 5 61.1 65.1

December 34.8 41.6 1.8 -0.3 63.5 69.4

January 51.6 36 0.1 -2.1 63.4 70.4

February 71.1 38.7 1.3 -0.7 65.5 71.1

March 38.3 51.9 5.7 3.4 58.9 67.4

April 46.3 55.7 8.3 8.7 62.2 62

May 69.8 42.8 13.2 13.4 61.1 57.7

June 41 17 19.7 18.9 43.6 48.7

July 10.8 8.2 23.9 22.8 34.2 43.9

Total 470.7 391.9
Average 8.89 8.1 56 61.6

* Data from the General Directorate of Meteorology. LTA: Long Term Average 

 Some physical and chemical properties of the soils of the trial area are shown in Table 
2. According to the laboratory results of Van Yuzuncu Yil University Faculty of Agriculture, 
Department of Plant Nutrition and Soil Science, the organic matter content of the trial soils is 
low, phosphorus and nitrogen content is low, with slightly alkaline reaction, salt-free and lime 
content is high. 

Table 2. Physical and chemical properties of the soils of the trial area* 
Depth
(cm)

Texture
Class

pH Lime 
(%)

Available
Phosphorus 

(ppm)

Total
N

(%)

Organic 
Matter

(%)

Total 
Salt 
(%)

0-20

20-40

Sandy 
loam 7.67 12.3 0.38 0.087 1.75 0.011

Sandy 
loam 7.67 14.3 0.17 0.081 1.63 0.012

*
Department Laboratory results 

Of the oat varieties used in the research, Chekota was taken from the Gecit Kusagi
Agricultural Research Institute, while Faikbey and Seydisehir were obtained from the Bahri 
Dagdas Agricultural Research Institute. In the experiment, 4 fertilizer applications were made 
as 0 (control), 4, 8 and 12 kg N/da. Sowing was done in December by embedding sowimg 
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method. With this method, it is aimed that the seeds spend the winter under snow cover and 
germinate in early spring. After the diammonium phosphate DAP (N-P-K: 18-46-0) fertilizer 
applied with sowing, the remaining fertilizer was given in the form of 33% Ammonium 
Nitrate (NH4 NO3) in the spring, except for the control plots, before the stemming period. In 

with
6 rows. The Randomized Blocks in Split Split Plots Trial Design was applied with three 
replications. Grain yield and total yield values 
after 50 cm from the plot heads and one row from the sides as an edge effect. Other 
observations were made on 20 randomly selected plants in each plot.  
IBM-SPSS (version 22.0) computer analysis program was used in the statistical analysis of 
the data obtained in the study. The significance of the differences between the means was 
determined by the Duncan Multiple Data Test.

RESULTS AND DISCUSSION 
The average values of the data obtained in the study are given in Table 3. According to this, 
the effects of cultivars on the panicle maturation time, the number of grains per panicle, plant 
height and thousand grain 
effects of nitrogen fertilizer doses on the number of panicles per squaremeter were very 

atistically insignificant 

Table 3. Effects of sowing density on the investigated properties of oat cultivars group table* 

Panicle Maturation Time (day)
Number of Panicles Per Squaremeter 

Cultiva
rs

Nitrogen Doses Cultiva
rs

Nitrogen Doses

N0 N4 N8 N12
Mean
s N0 N4 N8 N12 Means

Chekot
a

37.4
4 37 37.5

6
37.5

6
37.39
A

Chekot
a 572 614.2

2 576 588.4
4

587.66
5

Faikbe
y

35.5
6

35.1
1

35.8
9

35.3
3

35.47
B

Faikbe
y

516.4
4

606.2
2 568.89 649.7

8
585.33
25

Seydis
ehir 

35.7
8

34.8
9

34.4
4

35.6
7

35.19
B

Seydis
ehir 

553.7
8

643.1
1 594.22 574.6

7
591.44
5

Means
36.2
6

35.6
7

35.9
6

36.1
9 36.02 Means

547.4
1 B

621.1
8 A

579.70
AB

604.2
9 A

588.14
75

C.V. = % 5.26 C.V. = % 20.20

Number of Grain Per Panicle 
(grain/panicle) Plant Height (cm)

Cultiva
rs

Nitrogen Doses Cultiva
rs

Nitrogen Doses

N0 N4 N8 N12 Mean
s N0 N4 N8 N12 Means

Chekot
a

90.4
3

79.5
9

81.0
1

87.5
1

84.63
B

Chekot
a

110.0
8 110.2 108.29

108.8
4

109.35
B

Faikbe
y

94.7
6

91.8
4

88.1
8

92.5
2

91.82
A

Faikbe
y

117.8
9

116.6
1 120.6 117.4

4
118.14
A

Seydis
ehir 

84.5
3

72.4
3

82.0
9

73.8
5

78.22
C

Seydis
ehir 

117.7
4

120.3
9 116.68 120.7

6
118.89
A
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Means
89.9
1

81.2
9

83.7
6

84.6
3 84.90 Means

115.2
4

115.7
3 115.19

115.6
8 115.46

C.V. = % 13.36 C.V. = % 7.69

Grain Yield (kg/da) Thousand Grain Weight (g)

Cultiva
rs

Nitrogen Doses Cultiva
rs

Nitrogen Doses

N0 N4 N8 N12
Mean
s N0 N4 N8 N12 Means

Chekot
a

234.
32

277.
91

256.
17

256.
53

256.2
3

Chekot
a 33.2 32.8 32.69 32.77 32.87

B
Faikbe
y

234.
93

238.
79

232.
09

244.
9

237.6
8

Faikbe
y 34.66 33.54 35.65 35.28 34.78

A
Seydis
ehir 

247.
7

255.
3

227.
2

225.
32

238.8
8

Seydis
ehir 34.11 34.74 32.3 34.3 33.86

AB

Means
238.
98

257.
33

238.
49

242.
25

244.2
6 Means 33.99 33.69 33.55 34.12 33.84

C.V. = % 24.15 C.V. = % 7.87

* There is no statistically significant difference between the values shown with the same 
letters in the same row and column. Nitrogen doses: N0 (control), N4 (4 kg N/da), N8 (8 kg 
N/da), N12 (12 kg N/da) 

Panicle Maturation Time (day) 
In the study, according to the cultivars the differences between the panicle maturation time 

cultivars varied between 35.19-37.39 days. According to the cultivars, the highest panicle 
maturation time was observed in Chekota and the lowest in Seydisehir and Faikbey cultivars 
in the same group.  

According to the nitrogen fertilizer doses the differences between the panicle maturation time 
 At the same time, according to the interactions of varieties and 

nitrogen fertilizer doses the differences between the panicle maturation times were 

Similar to our findings, in a study (Tosun et al., 2010) it was determined that the panicle 
maturation time ranged from 27 to 57 days. In another study (Hisir, 2009), the panicle 
maturation times were lower than the results of our study (26.6-28.6). Similar to our research, 
Sonmez (2020) determined that according to genotypes the difference between panicle 
maturation time is significant and the panicle maturation times vary between 30.8-34.5 days. 

) 

In the study, according to the varieties the differences between the number of panicles per 
squaremeter were insignificant. According to the nitrogen fertilizer doses the differences 
between the number of panicles per square .01). According to 
the fertilizer doses, the number of panicles per squaremeter varied between 547.41-621.18 
panicles/  squaremeter were obtained from the N4, N8 
and N12 doses in the same group and the lowest from the N0 control dose. 

According to the variety and nitrogen fertilizer interactions, the differences in the number of 
panicles per square meter were insignificant. 
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Similar to our research, it was determined by Hisir (2009) that according to the varieties the 
difference between the number of panicles per squaremeter were insignificant and varied 
between 523.0-647.5 panicle d contrary to our results. 
Narlioglu, (2016) determined that according to genotypes the difference between the number 
of panicles per squaremeter were significant and varied between 206.3-503.3 panicles
was determined by Maral (2009) that according to the varieties and fertilizer doses the 
differences between the number of panicles per squaremeter were significant and the number 
of clusters per squaremeter varied between 323.0-487.0 panicles
fertilizer doses. 

Number of Grain Per Panicle (grain/panicle) 

In the study, according to the cultivars the differences between the number of grains per 

cultivars were between 78.22-91.82 grains/panicle. The lowest number of grains per panicle 
were seen in Seydisehir and the highest in Faikbey cultivars. 
According to the nitrogen fertilizer doses the differences between the number of grains per 
panicle were found to be insignificant. 
 According to the variety and nitrogen fertilizer interactions, the differences between 

the number of grains per panicle were also insignificant. 
In some studies (Erbas, 2012; Dumlupinar et al., 2016; Gungor et al., 2017), results similar to 
our research were obtained and the differences in the number of grains per panicle were found 
to be significant. Contrary to our research, in a study (Maral, 2009), it was determined that the 
effects of nitrogen fertilizer doses on the number of grains per panicle were significant and 
ranged from 61.0 to 84.0 grains/panicle. 
Plant Height (cm) 
 In the study, according to the cultivars the differences between plant heights were 

between 109.35-118.89 cm. The highest plant heights were seen in Seydisehir and Faikbey 
cultivars in the same group, and the lowest in Chekota cultivar.  
According to nitrogen fertilizer doses there were no statistically significant difference 
between plant heights  The differences between plant heights were insignificant in terms of 
variety and nitrogen fertilizer interactions. 
In some studies (Erbas, 2012; Sari, 2012), similar results were found with our research and it 
was determined that according to cultivars the differences between plant heights were 
significant. Contrary to our research, it was determined by Maral (2009) that according to the 
cultivars the differences between plant heights were insignificant, but were significant for 
nitrogen fertilizer doses and varied between 97.7-105.6 cm. 
Grain Yield (kg/da) 
 According to the varieties, nitrogen fertilizer doses and interactions the differences 
between the grain yields were insignificant. 

According to the general averages of the variety and nitrogen fertilizer grain yields were 244. 
26 kg/da. 

Contrary to our findings, in some studies (Sabanduzen and Akcura, 2017; Mut et al., 2016; 
Ceyhan, 2005), according to the cultivars, in another study (Maral, 2009) according to 
varieties and nitrogen fertilizer doses, it was found that the differences between grain yields 
were significant, and grain yields were found between 120.4-210.3 kg/da. Similar to our 
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research, it was determined by Hamill (2002) that the effects of cultivar, sowing frequency 
and their interactions on the differences in grain yield were statistically insignificant. In this 
study, it was seen that the effect of fertilizer doses on grain yield was significant only in 
locations with low soil nitrogen.  

Thousand Grain Weight (g) 

In the study, the differences between the thousand-grain weights according to the 
-grain weights of the 

cultivars were between 32.87-34.78 g. The thousand-grain weights were highest in Faikbey 
and lowest in Seydisehir and Chekota cultivars in the same group. 
According to the nitrogen fertilizer doses the differences between the thousand grain weights 
were insignificant. 
According to the variety and nitrogen fertilizer interactions the differences between thousand 
grain weights were found to be insignificant. 
Contrary to our findings, in some studies (Dumlupinar et al., 2016; Mut et al., 2016; Sari et 
al., 2011), it was determined that the differences between thousand-grain weights were 
significant. Maral et al. (2013) determined that cultivars and fertilizer doses had a significant 
effect on the differences between thousand-grain weights. 

CONCLUSION
 In this study, the effects of 0, 4, 8 and 12 kg/da nitrogen fertilizer doses applied to 
Chekota, Faikbey and Seydisehir oat cultivars on some yield and yield characteristics were 
investigated. Obtained results are given below. 
According to the cultivars, the differences between the panicle maturation time, the number of 
grains per panicle, the plant height and the thousad grain weight were found to be very 

panicle maturation time of the cultivars varied between 35.19-37 
days and the highest was found in the Chekota cultivar. The number of grains per panicle 
varied between 78.22-91.82 grains/panicle and the highest was found in Faikbey variety. Plant 
heights varied between 109.35-118.9 cm and the highest were obtained from Seydisehir and 
Faikbey cultivars in the same group. Thousand grain weights varied between 32.87-34.78 g 
and the highest were taken from Faikbey variety.  
The effect of nitrogen fertilizer doses on the differences in the number of panicles per 
squaremeter were e effect on other parameters were 
statistically insignificant. According to the fertilizer doses, the number of panicles per 
squaremeter varied between 547.41-621.18 panicle the highest were taken from the 
applications other than control dose. 
The effect of cultivar and nitrogen fertilizer interactions on all parameters examined were 
insignificant.  
According to the general average of the variety and nitrogen fertilizer doses, the grain yield 
was 244. 26 kg/da. Considering the grain yield, it was concluded that the three oat varieties 
with the embedding sowing method and with the lowest fertilizer dose can be grown in Van 
ecological conditions.  
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Abstract 

The structure of Zhaveh Dam has been built on Sirvan River, after the cross of the two main 
branches of Gave-Rood and Gheshlagh Rivers, with the aim of being used in agriculture and 
industries. There are agricultural lands along the Gaveh-Rood branch. The Gheshlagh branch 
enters the dam after crossing the outskirts of Sanandaj and industrial areas and receiving 
various types of sewage. Due to the importance of water quality as water supply for human 
society, in this study, the structural pattern of phytoplankton and saprobic index based on its 
species in 5 stations (from upstream to the tower of  Dam) are investigated. According to the 
results, Bacillariophyta, Cyanophyta and Chlorophyta phyla with 88, 35 and 36 species, 
respectively, were dominant in abundance and number of species. Maximum and minimum 
phytoplankton abundance was reported at station 2 (Near the wastewater treatment site) in 
summer (3008 million/m3) and winter (212 million/m3), respectively. While in station 1 
(upstream), maximum and minimum abundance were recorded in winter (59 million/m3) and 
spring (30 million/m3), respectively. The number and abundance of species resistant to 
pollutions were higher in warm season than cold season. In station (1) the lowest value of 
saprobic index (1.00-2.07) and the highest quality (very little to moderate pollution) was 
reported in all seasons. The highest values of saprobic index were obtained at different stations 
in spring (<4, very severe pollution). The average saprobic index in cold seasons (autumn and 
winter) was lower than warm seasons. Pollution near to the treatment plant also had a severe 
adverse effect on water quality at following stations. In general, regardless of the change in the 
severity of pollution, the common pollution with organic matter in the middle class indicates 
the inadequate water quality in this basin. 
Keywords: Phytoplankton, Biological index, Pollution, Zhaveh, Iran 
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Abstract 
The supply chain of agricultural products has received a great deal of attention lately due to issues 
related to public health. Something that has become apparent is that in the near future the design and 
operation of agricultural supply hains will be subject to more stringent regulations and closer 
monitoring, in particular those for products destined for human consumption (agri-foods). The supply 
chain of agri-foods, as any other supply chain, is a network of organizations working together in 
different processes and activities in order to bring products and services to the market, with the 
purpose of satisfying customers’ demands.This work is concerned with the planning of a real agri-
food supply chain for poultry products. For this concrete case we chose two products namely chicken 
and turkey-cock meat. More precisely the problemis to redesign the existing supply chain and to 
optimize the distributionplanning. Furthermore, environmental costs of road transportation in terms 
of CO2 emissions are taken into account in the computations. The proposed integrated approach 
permits to minimize the total costs of the agri-food supply chain not only in terms of economy but 
also in terms of public health (ecology).As mentioned in our paper, the entire problem is decomposed 
into two problems, and each sub problem is solved in sequential manner, to get the final solution. 
LINGO optimization solver (Version12.0) has been used to get the solution to the problem. 
Keywords: Agri_foods Supply chain; distribution network; optimization; CO2 emissions. 
1. INTRODUCTION 
The term agri-food supply chains (ASC) have been coined to describe the activities from production 
to distribution that bring agricultural or horticultural products from the farm to the table [1]. ASC are 
formed by the organizations responsible for production (farmers), distribution, processing, and 
marketing of agricultural products to the final consumers. The supply chain of agri-foods, as any 
other supply chain, is a network of organizations working together in different processes and 
activities in order to bring products and services to the market, with the purpose of satisfying 
customers’ demands [2]. What differentiates ASC from other supply chains is the importance played 
by factors such as food quality and safety [3]. Other relevant characteristics of agri-foods include 
their limited shelf life, their demand and price variability, which makes the underlying supply chain 
more complex and harder to manage than other supply chains. Agri-food supply chains (ASC) 
identified for two types; the first one is the supply chain of fresh agri-foods, and the second one is the 
supply chain for non-perishable agri-foods. Fresh products include highly perishable crops such as 
fresh milk, meat, fruits and vegetables whose useful life can be measured in days; non-perishable 
products are those that can be stored for longer periods of time such as grains, potatoes, and nuts [4]. 
Food safety has become the subject of significant public and regulatory attention in various countries. 
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Food safety is often an experience or credence attribute that consumers cannot detect through search 
activities prior to purchase [5]. The handling and consumption of poultry meat is recognized as a 
major cause of foodborne illness in humans globally particularly when eaten raw, undercooked or 
recontaminated and stored following cooking [17]. This implies that the traditional supply chain 
practices may be subject to revision and change. One of the aspects that may be the subject of 
considerable scrutiny is the planning activities performed along the  supply chains  of agricultural 
products. This study is an extension of other work but this time I added a special cost due to fuel 
during delivery of poultry products for the security of health human.The term agri-food supply chains 
(ASC) has been coined to describe the activities from production to 
2. PROBLEM DESCRIPTION 
Production-distribution networks provide an effective tool to model manufacturing and logistics 
activities of a firm. The production-distribution system design problem involves the determination of 
the best configuration regarding location, size, technology content and product range to achieve the 
firm's long-term goals [15]. 
Our problem is to determine the centroid of the cluster customers (set of retailers), and location / 
allocation between the slaughterhouses and the cluster customers (set of retailers). 
A cluster of customers includes customers in the closest distance with a condition that the amount of 
demands from different customers of this customer clusters (sets of retailers) is less than the capacity 
of the truck transport used. We used two types of transport trucks; one capacity of 400 chickens 
which sum customer orders of this customer clusters is less than 400 chickens and the other 800 
chickens where customer orders of the customer clusters is greater than 400 chickens and less than 
800 chickens. Once the customer clusters are defined with their positions and capabilities, it remains 
for us to locate the different slaughterhouses and allocate the customer clusters to slaughterhouse, in 
such a way that capacity of vehicles (truck transport) and slaughterhouses are respected. 
Assumptions 
The The assumptions made in this model are given as follows: 
(1) The demand delivered to customers each day as an average of the order. 
(2) The capacity of each customer cluster (sets of retailers) must not exceed vehicles capacity. 
(3) The Processing capacity in slaughterhouses is always less than the sum of orders for each 
customer clusters assigned to this slaughterhouse i. 
(4) The location/allocation plan covers a planning horizon within which no substantial changes are 
incurred in customer demands and in the transportation infrastructure. 
Model Parameters 
i :Index for customers; i  I, 
j : Idex for customer clusters; j  J 
k :Index for slaughterhouse; k  K 
l : Index for products; l L 
v:Index for vehicles classified according to their authorized gross weight; v V 
I = {1,……..r} for Set of customers; 
J = {1,……..t} for Set of customer clusters; 
K = {1,……..s} for Set of slaughterhouses; 
L = {1,……..p} for Set of products; 
V = {1,……..q} for Set vehicles; 
xi, yi : Geometric position of the customer i; 
x’j,y’j: Geometric position of the customer     cluster j; 
xk ,yk : Geometric position of the slaughterhouse k; 
nj :Number of customers assigned to customer cluster j; 
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Qj: Capacity of a vehicle that travels to the customer cluster j; 
Dcli: Demand of customer i for product l; 
Dcclj: Demand for a product l by the customer cluster j; 
Vljk: volume of l product sshipped from customer cluster j to slaughterhouse k; 
FCk: Fixed cost for establishing a slaughterhouse k; 
Djk: Euclidian distance from slaughterhouse k to the centroid of customer cluster j; 
p_l : Unit volume of the products; 
C_jk^(v;km): Transportation costs per kilometer from site k to site j by vehicle v. These 
transportation costs involve costs for operating vehicle v, infrastructures costs, fuel consumption 
when v is empty and tolls; 
C_jk^(v;t/km)  : Transportation costs per ton/kilometer from site k to site j by vehicle v. These costs 
are for fuel consumption per ton and environmental costs; 
These latter are calculated in two steps.  First the emission factor per vehicle per ton. kilometer is 
assessed with the quanti cation method developed by ADEME. Then carbon dioxide emissions due 
to transportation are priced with the European Trading Scheme of carbon allowances on the 
European Energy Exchange, see [16]. 
Qli : Slaughterhouse  Capacity i for  product l; 
 
Decision Variables 
Yij = 1, if the customer i is assigned to customer cluster j, = 0, otherwise; 
Zjk = 1, if the customer cluster j is allocated to slaughterhouse k, = 0, otherwise; 
Xk = 1, if the slaughterhouse k is open, = 0 otherwise; 
 
Model formulation 
The mathematical model formulated for the minimization of Total Cost (TC) transportation in the 
city of Tlemcen (Algeria) (see Fig. 1) in order to cover the entire order requested. Since the problem 
is highly complex, it cannot be solved in a single stage. 
For this purpose, the entire problem is decomposed into two problems; each problem is solved in a 
sequential manner, while accounting for dependence between them. 
The objective criterion is decomposed into the following problems: 
(1) Capacitated Centered Clustering Problem (CCCP)        [problem 1]. 
(2) Location- Allocation Problem [problem 2]. 
 
2.1. Capacitated Centered Clustering Problem (CCCP) 
The capacitated centered clustering problem consists in partitioning a set of n points into p disjoint 
clusters with a known capacity. Each cluster is specified by centroid. The objective is to minimize the 
total dissimilarity within each cluster, such that a given capacity limit of the cluster is not exceeded 
[11]. The mathematical model of CCCP is given as follows: 
Min Z1 = x x + y y Y … … … … … … … … … … . . (1) 

Subject to: 
Y = 1,  i I … … … … … … … … … … … … … … … … … … … … … . … (1.1) 

Y = n ,  j J … … … … … … … … … … … … … … … … … … … … . … . (1.2) 
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x Y n x ,  j J … … … … … … … … … … … … … … . . … … … … … . (1.3) 

y Y n y ,  j J … … … … … … … … … … … … … … … . . … … … … . (1.4) 

(Dc p )Y … … … … … . … … … … … … … … … … … … . … … . . (1.5) 

(  , ),  ,  , , {0,1}, … … … … … … … … … … … . . (1.6) 
 
The problem (1) aims at de ning the set of customer’s clusters by minimizing the total distance 
between these customers and the centre of the clusters. Constraints (1.2) specify that each customer is 
allocated to exactly one cluster. Inequalities (1.2) set the number of customers at each cluster. 
Constraints (1.3) and (1.4) de ne the geometric position of each cluster’s centre. Constraint (1.5) 
imposes that a customer cluster must be less than the capacity of truck transportation and Constraints 
(1.6) de ne the space boundaries for the set of parameters and variables of the problem. It should be 
stressed that after the customers have been grouped into clusters, begins a second step calculation 
during which they have to be allocated to the slaughterhouses to be opened. 
 
2.2. Location- Allocation Problem 
The objective of the problem (2) is to minimize the cost function composed of fixed and variable 
costs. The fixed costs are linked to the opening of slaughter- houses and include investment costs for 
the land, the land tax and the slaughter units. The variable costs include the economics well as the 
ecological transportation costs. 
The mathematical model is given as follows: 

2 = +  ( ; +
;

) . … (2) 

Subject to: 
= 1, … … … … … … … … … … … … … … … … … … … . … (2.1) 

 
= ,  ,  … … … … … … … … … … … … . . … (2.2) 

V Q  X ,  l L,  k K. … … … … … … … … … … … … … … … (2.3) 

V o  ,  l L, j J ,  k K … . … … … … … … … … … … . . … (2.4) 
Z {0,1} … … … . . … … … … … . … … … … … … … … … … … … … … . … … (2.5) 
X {0,1} … … … … … … … … . … … … … … … … … … … … … … . … … . . . … (2.6) 
The objective function (2) minimizes total costs, which are the sum of fixed facility costs and total 
demand weighted distance multiplied by the cost per unit distance per unit demand. 
Constraint (2.1) assumes that each customer cluster j (sets of retailers) is assigned to exactly one 
slaughterhouse i. Constraint (2.2) states that customer cluster j (sets of retailers) can only be assigned 
to open slaughterhouse. Constraint (2.3) ensures that the sum of demands covered by the 
slaughterhouse i does not exceed the maximum capacity of this slaughterhouse. Contraint(2.4) 
guarantee non negativity of the products ows. 
Constraints (2.5) and (2.6) impose binary conditions. 
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The objective criterion of the model is considered as the minimization of total cost, which is nothing 
but the summation of objectives of the above two sub problems or the summation of all above costs 
which is given as follows: 
Min Z=Z1+Z2 
3. METHODOLOGY AND RESULTS 
As mentioned earlier, the entire problem is decomposed into two problems; each problem is solved in 
sequential manner, to get the final solution. Optimization Branch & Bound solver has been used to 
get the solution to the problem. 
The inputs to the phase 1 or CCCP are the coordinates of locations of customer’s i (xi, yi), The input 
data can be taken from the small sized benchmark problems. For this, we used AutoCAD software to 
position the different customer. After solving phase 1 with the objective of minimization of total cost 
(Z1), we can get the centroid of each customer clusters with their coordinates (x’j, y’j), total number 
of customers assigned to each customer cluster (nj). These results (output phase1) are configured in 
the table I. 
The output of phase 1 along with the coordinates of locations of slaughterhouse (xk, yk), fixed cost 
for establishing a slaughterhouse k (FCk ), capacity of a slaughterhouse i (Qi ) and the distance from 
slaughterhouse k to centroid of each customer clusters j(Dij ) will become the input to the Phase 2 
and it has been assumed that the number of slaughterhouses is equal to the integer part of total 
number of customer clusters. 
After solving phase 2 with the objective of minimization of total cost (Z2), we can get location of 
slaughterhouses needed to cover the total demands of customer cluster j and allocated 
slaughterhouses k to customer cluster j, in such a way that capacity of vehicles and slaughterhouses 
are respected. These results (output phase2) are presented in the table II. 
 
Table 1. Result Of Problem 1 

Cluster 
N° 

nj Cluster’s centre 
position 

Assigned customers number 

1 1 (8819.19 ; 5632.02) 5 
2 1 (8854.72 ; 5646.22) 7 
3 1 (8856.22 ; 5617.00) 6 
4 1 (8880.51 ; 5638.30) 8 
5 8 (7758.02 ; 6679.99) 3/4/11/17/18/102/103/104 
6 12 (9007.11 ; 6033.94) 10/12/13/14/15/16/20/88/89/90/91/105 
7 8 (7540.73 ; 6046.07) 1/53/54/56/57/58/59/112 
8 0 /  
9 7 5112.69 ; 5767.09) 46/64/66/67/68/69/70 
10 8 (7568.44 ; 5825.43) 2/9/19/49/51/52/55/60 
11 10 (10043.23 ; 9490.09) 79/80/81/82/83/84/92/93/94/95 
12 8 (7478.42 ; 5177.42) 23/26/30/32/33/34/50/111 
13 5 (7146.53 ; 5353.10) 21/22/27/47/65 
14 10 (7532.64 ; 4847.30) 24/25/28/29/31/35/36/37/38/48 
15 0 /  
16 12 (10685.80 ; 9767.27) 71/72/73/74/75/76/77/78/85/86/87/110 
17 10 (7726.06 ; 9343.55) 96/97/98/99/100/101/109 
18 10 (6974.03 ; 4724.97) 39/40/41/42/43/44/45/61/62/63 
19 1 (747842 ; 5177.42) 113 
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Table 2. Result Of Problem 2 
Slaughterhouse 
number 

Location 
decision 

Allocated 
cluster 
number 

Corresponding capacity for 
Product1  product2 

1 opened 2 
3 
11 
13 
14 
16 
19 

680           20 
680           20 
420           16 
375           19 
395           21 
395           15 
454           05 

2 closed none 0                0 
3 opened 12 

18 
380           19 
340           28 

4 closed none 0                 0 
5 opened 1 

9 
680            20 
405            16 

6 closed none 0                 0 
7 opened 4 

5 
6 
7 
10 
17 

680            20 
370            24 
430            10 
400             19 
380             22 
295             14 

4. CONCLUSION 
In recent years, many companies (production or service) are trying to reactivate their logistics 
networks. 
The objective of this work is to reform the distribution network of chicken meat in city of Tlemcen, 
because of different retailers claim on the market instability of the chicken’s meat (prices, lags 
behind the delivery, food safety ...). 
To this aim, a two step mathematical model has been built and solved in a sequential manner. Once 
the customers have been grouped into clusters, the slaughterhouses to set up, to close or to reopen 
have been located, and the clusters of retailers have been allocated to them. LINGO 12 has been used 
to solve the three programs and to obtain exact solutions by using Branch and Bound with default 
parameters of the solver. 
The encouraging results obtained in this work, suggest devoting our further research activities to: 

 Introduce the vehicle routing to optimize the transportation problem for each cluster. 
 Apply other methodologies such as heuristics and meta-heuristics to solve real life problems 

were size is important 
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ABSTRACT: The aim of this study was to determine the socio-demographic stractures of 
pomegranate fruit producers with problems that arise during production and suggesting 
solutions in Hatay, Turkey. The amount of pomegranate production in Hatay province was 
23,766 tons and the planting area was 13,811 decares in 2019 (TUIK, 2020). Hatay province 
met 4.25% of Turkey's total pomegranate production in 2019. The districts of K r khan, 
Hassa, Antakya, Yaylada  and Arsuz, where pomegranate production is most intense in 
Hatay province. Data were collected by face-to-face interviews with a total of 63 pomegranate 
producers. It has been observed that fruit planting area in Hatay has increased by 33% since 
2005. Between 2005 and 2019 years, the yield increased by 48% and the production amount 
increased by 4.96 times. The examined enterprises were divided into three different groups 
according to the size of the pomegranate planting area. 22.20% of the farmers were women 
and 77.80% were men. 95.20% of the entrepreneurs were between 15-64 ages and 4.80% 
were between 65 and over ages. The average number of family members in enterprises was 
determined as 4.68 people. The average experience of farmers was 19.21 years. Eleven 
entrepreneurs (17.46%) were university graduates and three of them were college graduates. 
Business owners consisted of the highest secondary and high school graduates with a 
proportional share of 39.68%. Five percent of them were uneducated. While 23.80% of 
enterprises kept records for the production, 76.20% did not. Record keeping in the enterprises 
was in the form of bookkeeping and was not a professional qualification. While 24 of the 
operators did animal production besides plant production, 39 did not. The average 
pomegranate planting areas was calculated for first, second and third group enterprises as 2.5, 
19.30 and 88.66 decares, respectively. While the total land size of the enterprises was 32.83 
decares, the average pomegranate production area was 15.77 decares. The share of 
pomegranate planting area in the total planting area of the enterprises was 48.03% 
proportionally. The average number of parcels in the examined enterprises was 2.27. There 
was no sharecropping was found in the first and second group enterprises. Partnership was 
carried out in only one enterprise from the third group of enterprises. While corn ranks first in 
the plant productin of enterprises, pomegranate ranks fourth. 52.38% of the enterprises 
obtained the saplings from their own gardens, 23.81% from private nurseries, 6.35% from the 
Provincial and District directorates of the Ministry of Agriculture and Forestry, and 17.46% 
from other pomegranate producers. 77.78% of the producers used regularly chemical 
fertilizer. While 77.78% of the enterprises used chemical medicine regularly, 22.22% did not 
used. While drip irrigation or flood irrigation was used in enterprises, there were enterprises 
that did both. 25.40% of the enterprises were drip irrigation, 60.32% were flood irrigation and 
14.28% were irrigation in both irrigation methods. The entrepreneurs stated that the cost of 
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garden maintenance was high. Finding workers for maintenance was one of the biggest 
problems. Therefore, enterprises generally employed Syrian refugees as workers. Two of the 
enterprises were members of an organization related to pomegranate cultivation. The 22.22% 
of the enterprises has benefited from diesel support and 19.05% of enterprises has benefited 
fertilizer, and fodder crops supports. Operators agree that pomegranate fruit was a profitable 
product recently. The entrepreneurs stated that growing first quality products was especially 
important for the exporting and they faced problems such as chemical medicine, harvesting, 
irrigation, fertilization, maintenance, and sapling supply. 49 of the farmers stated that they had 
problems with the supply of saplings. 57.14% of the farmers had problems for the supplying 
of high quality seedlings. 30.61% of the farmers had high seedling prices, 8.16% of them 
stated that they had problems with the name of the varieties and 4.08% of them had problems 
due to the supply of high-yield seedlings. 34.88% of the enterprises had high irrigation costs 
and 65.11% had water shortage problems. 64.15% of enterprises considered high labor costs 
as an important problem. There were some problems related to harvesting processes in the 
enterprises. Forty-nine enterprises had harvesting problems. 51.02% of enterprises indicated 
that the problem of loss in harvest, 20.41% of them not being able to harvest on time, and 
28.57% of them had high harvest cost problem. The producers stated that the inputs used in 
pomegranate production were very high, prices of fruit were low. It has been observed that 
there was a lack of knowledge in product breeding. It has been observed that especially the 
criteria for first quality product cultivation were not known. For this reason, it was necessary 
to increase the knowledge level of producers about pomegranate production and to be trained. 
Supports to be made by the state in pomegranate production could be positive for the 
production and productivity increase. It has been observed that pomegranate fruits and its 
products were rising value worldwide. The results revealed that pomegranate production will 
become more widespread in the coming years in the Hatay province, if the cost was reduced, 
the sales price was increased to an appropriate level, the quality and affordable saplings were 
supplied and the lack of knowledge of the producers was eliminated. Because, Hatay province 
has suitable geographical location and is a gastronomy city in Turkey.  
 
Keywords: Turkey, Hatay province, pomegranate, enterprises, production, socio-
demographic 
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Abstract   
The goal of this work is therefore to determine the impact of chromium from the agricultural 
soil to the roots, then the aerial parts of the durum wheat during different seasons. This soil is 
irrigated by water laden with heavy metals, sewage wastewater and thus atmospheric 
emissions from the roads of the city Hammam Boughrara located 35km from the city of 
Tlemcen and this through a multidisciplinary approach such as: 
• Physical parameters by particle size analysis of the durum wheat soil. 
• The physico-chemical conditions of the soil. 
• Determine the total chromium contents present in the soil by sequential extraction according 
to Tessier and in the different organs of the durum wheat by extraction with aqua regia. 
The extraction carried out on the ground showed total contents higher than the limit standards, 
thus generating an accumulation by chromium. 
As for cultivated durum wheat, the study indicates a significant accumulation, particularly in 
grains and to a lesser extent in stems and leaves. 
 
Keywords: Durum wheat, soil contamination, sequential extraction, chromium. 
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ABSTRACT 

The rate of usable fresh water resources in total water is below 1% in the world. The water 
need of humanity is met with this small ratio. However, this water is not homogeneously 
distributed on the earth and shows significant changes on the basis of regions and countries. 
Our planet is getting warmer day by day due to global warming. The warming atmosphere 
causes more evaporation of water on earth. As a result, water resources are decreasing in 
many arid and semi-arid climate regions and even some lakes are drying up. 

Ensuring the continuity of water resources is an important problem for countries. Many 
countries in the world are struggling against drought seriously. Water supply is the main 
problem of some countries. Under these conditions, each country takes various steps and 
conducts research for the safety of its own water resources. 

Precipitation is the most important parameter for the security of water resources of countries. 
However, in order for precipitation to occur, there must first be moisture in the air and then 
successively cooling, condensation, growth of droplets and feeding of clouds with new 
clouds. The reason for the low precipitation in many parts of the world is not only the lack of 
moisture, but also the absence of cooling and condensation even though there is humidity. 

Drought is defined as a type of natural disaster that can recur, spread over one or more 
seasons, occur due to decreasing precipitation and increasing temperatures, and affect all 
natural resources depending on the presence of water. The absence of drought depends on 
regular and sufficient rainfall. In order to be protected from the negative effects of drought, 
the best way to benefit from the precipitation is taken all over the world. For this purpose, 
techniques such as the construction of storage structures for the storage of water during its 
existence, rainwater harvesting, artificial rain, and moisture extraction from the atmosphere 
are applied. 

Artificial rain is a method in which other necessary conditions for precipitation are met and 
precipitation is triggered when there is moisture in the air. Artificial rain is a method used not 
only for water supply, but also to help extinguish fires, disperse fog in airports, obtain energy 
or prevent heavy rains that may occur. 

The main purpose of creating artificial rain is to create an artificial cooling and distribute the 
condensation nuclei to the environment in a way that eliminates the situation where there is no 
cooling in the air, or there is no condensation nuclei, although there is no condensation. 
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The seeding process of clouds can be achieved by plane, balloon, rockets, sending from the 
ground or more recently, drones. Whatever method is applied, the main purpose is to spread 
the seed (silver iodide) to the most suitable place in the cloud. 

In this study, issues such as drought, precipitation, the formation of precipitation are 
mentioned and information about artificial rain applied in areas where precipitation is not 
sufficient is given. What the artificial rain technique is, for which purposes it is applied and 
how it is applied are explained in detail. In addition, information is given about the possibility 
of artificial rain to be a solution for drought. 

Precipitation produced by cloud seeding is actually taken from the potential of a possible 
precipitation. Artificial rain techniques do not convert moisture that will never fall into 
precipitation. The obtained precipitation is the moisture present in the cloud that will already 
become precipitation when natural conditions allow. In this respect, when evaluated globally, 
the water provided by artificial rain is actually a rain stolen from the future. 

Since the cloud will disappear as a result of the conversion of the existing cloud to water with 
artificial rain, the water supply will never be continuous. If there was a technology such as 
transferring the clouds in humid regions to arid regions, in this case, water supply in arid 
regions could be provided continuously with artificial rain and drought could be prevented. 
With current technology, artificial rain will never be an effective method of drought 
prevention due to the lack of clouds. 

 

KURAKLI IN E NDE YAPAY YA MUR 

ÖZET 

Dünyam zda bulunan kullan labilir tatl  su kaynaklar n n toplam su içindeki oran  % 1 den 
azd r. nsanl n tüm su ihtiyac  bu küçük oran ile sa lanmaktad r. Ancak bu su yeryüzüne 
homojen da lmam  olup, bölgeler ve ülkeler baz nda önemli de i im göstermektedir. 
Dünyam z küresel s nma nedeniyle her geçen gün s nmaktad r. Is nan atmosfer 
yeryüzündeki sular n daha fazla buharla mas na neden olmaktad r. Bunun sonucu olarak 
birçok kurak ve yar  kurak iklim bölgesinde su kaynaklar  azalmakta hatta baz  göller 
kurumaktad r. 

Su kaynaklar n n devaml l n  sa lamak ülkeler aç s ndan önemli bir sorundur. Dünya da 
birçok ülke kurakl a kar  ciddi mücadele vermektedir. Su temini baz  ülkelerin en temel 
sorunu durumundad r. Bu artlar alt nda her ülke kendi su kaynaklar n n güvenli i için çe itli 
ad mlar atmakta ve ara t rmalar yürütmektedir.  

Ya  ülkelerin su kaynaklar n n güvenli i için en önemli parametredir. Ancak ya n 
olu mas  için öncelikle havada nem bulunmas  ve bundan sonra ard  ard na so uma, 
yo unla ma, damlac klar n büyümesi ve bulutlar n yeni bulutlarla beslenmesi gibi olaylar n 
olu mas  gerekmektedir. Dünyan n birçok yerine az ya  dü mesinin sebebi sadece nem 
eksikli i olmay p, nem oldu u halde so uma ve yo unla man n olmamas d r.  
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Kurakl k, tekrar edebilen, bir veya birden çok mevsime yay lan, azalan ya lar ve artan 
s cakl klar nedeniyle olu an ve su varl na ba l  olarak tüm do al kaynaklar  etkileyen bir 
do al afet türü olarak tan mlanmaktad r. Kurakl n ortaya ç kmamas  düzenli ve yeterli 
miktardaki ya lara ba l d r. Kurakl n olumsuz etkilerinden korunmak için, bütün dünyada 
ya lardan en iyi ölçüde yararlanma yoluna gidilmektedir. Bu amaçla, suyun var oldu u 
dönemde depolanmas  için depo yap lar n n in aa edilmesi, ya mur suyu hasad , yapay 
ya mur, atmosferden nem sa m  gibi teknikler uygulanmaktad r. 

Yapay ya mur, havada nem bulundu u durumda, ya  için gerekli di er artlar n sa land  
ve ya n tetiklendi i bir yöntemdir. Yapay ya mur sadece su temini için de il, yang nlar n 
söndürülmesine yard mc  olmak, hava alanlar nda sisin da t lmas , enerji elde etmek ya da 
olu abilecek iddetli ya lar  engellemek amaçlar yla ba vurulan bir yöntemdir. 

Yapay ya mur olu turmada as l amaç, havada bulunan ancak so uman n olmamas  veya 
so uma oldu u halde yo unla ma çekirdekleri bulunmad  için yo unla man n 
gerçekle memesi durumunu ortadan kald racak ekilde, suni bir so uma yaratmak ve ortama 
yo unla ma çekirdekleri da tmakt r. 

Bulutlar n tohumlama i lemi, uçakla, balonla, roketlerle, yeryüzünden göndererek ya da son 
zamanlarda dronlarla sa lanabilmektedir. Hangi yöntem uygulan rsa uygulans n temel amaç 
tohumlay c n n (gümü  iyodür) bulut içerisinde en uygun yere yay l m d r. 

Bu çal mada kurakl k, ya , ya  olu umu gibi konulara de inilmi  ve ya n yeterli 
olmad  alanlarda ba vurulan yapay ya mur hakk nda bilgiler verilmi tir. Yapay ya mur 
tekni inin ne oldu u, hangi amaçlar için ba vuruldu u, nas l uyguland  ayr nt l  
anlat lm t r. Ayr ca yapay ya murun kurakl k için çözüm olabilme imkan  hakk nda bilgiler 
verilmi tir. 

Bulut tohumlama yap larak ya d r lan ya  asl nda ya abilecek bir ya n potansiyelinden 
al nmaktad r. Yapay ya mur teknikleri hiçbir zaman asla dü meyecek bir nemi ya  haline 
çeviriyor de ildir. Yani indirilen ya , bulutta mevcut olan ve do al artlar elverdi inde 
zaten ya  haline gelecek olan nemdir. Bu aç dan tüm dünya bir bütün kabul edildi inde, 
yapay ya mur ile temin edilen su asl nda gelecekten günümüze çal nan bir ya t r. 

Mevcut bulutun yapay ya mur ile suya dönü türülmesi sonucunda bulut ortadan kaybolaca  
için, yapay ya mur ile su temini asla sürekli olmayacakt r. Nemli bölgelerdeki bulutlar n, 
kurak bölgelere nakledilmesi gibi bir teknoloji olsayd , bu durumda kurak bölgelerde sürekli 
olarak yapay ya mur ile su temini sa lanabilir ve kurakl n önüne geçilebilirdi. Mevcut 
teknolojisiyle yapay ya mur, bulut yetersizli inden dolay , asla kurakl k önlemede etkili bir 
yöntem olmayacakt r. 

1. G R  

Dünyam zda bulunan kullan labilir tatl  su kaynaklar n n toplam su içindeki oran  % 1 den 
azd r. nsanl n tüm su ihtiyac  bu küçük oran ile sa lanmaktad r. Ancak bu su yeryüzüne 
homojen da lmam  olup, bölgeler ve ülkeler baz nda ciddi bir de i im göstermektedir. 
Ülkelerin sahip oldu u su kaynaklar  ya ki i ba na dü en miktar ya da toplam miktar olarak 
verilmektedir. Ki i ba na dü en miktarlara göre en ansl  ülke dü ük nüfusundan dolay  
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zlanda iken, toplam miktar aç s ndan en ansl  ülke Kanada’d r. Kanada o kadar fazla 
miktarda tatl  suya sahiptir ki; bu miktar di er bütün ülkelerin sahip oldu undan fazlad r. 
Yani dünyadaki tatl  ve kullan labilir suyun yar s ndan fazlas na Kanada sahiptir. Bu da l m 
bozuklu u o kadar kötüdür ki; dünyada en fazla ve en az suya sahip ülkelerin su oranlar  10 
bin kata kadar varabilmektedir. Bu da l ma etkili en önemli parametre ülkenin bulundu u 
co rafi bölgedir.  

Dünyam z n s cakl  son yüz y lda 1.5 derece kadar artm t r. Bu art a neden olan en önemli 
etken atmosferde yer alan sera gaz  dedi imiz gazlar n miktar n n artm  olmas d r. Güne ten 
gelen nlar daha yeryüzüne ula madan bu gazlar taraf ndan tutularak s  enerjisine 
çevrilmekte ve atmosferin s nmas  sa lanmaktad r. Is nan atmosfer nedeniyle yeryüzünden 
buharla ma artmakta, bu durum da ard ndan kurakl  getirmektedir. Asl nda dünyadaki su 
miktar nda bir artma ve azalma söz konusu de ildir. Ancak atmosferdeki s  art yla 
yeryüzünde insanl n kullan m nda olan su, buharla arak atmosferin nem içeri ini 
yükseltmekte, bu durum da suyun çevrimindeki dengenin bozulmas na sebep olmaktad r. 

Dünyada sera gazlar n n emisyon hacimlerinin yüksek olmas  iklim de i iminin en temel 
nedeni olarak gösterilmektedir. Bu nedenle klim de i iminin önlenmesine yönelik sera 
gazlar  emisyonlar n  s n rland racak ekilde uluslararas  anla malar yürürlü e konmu  olsa 
bile, hala bu anla malara uymayan ülkeler bulunmaktad r. 

Günümüzde ülkeler su varl klar n  koruyacak ciddi önlemler almaya yönelik çal malar 
yürütmektedir. Türkiye’nin bulundu u bölge, iklim de i ikli inden dolay  en çok etkilenecek 
ku akta yer almaktad r. Türkiye günden güne azalan su kaynaklar , kuruyan gölleriyle art k 
tehlikenin e i ine gelmi  durumdad r. Dünyan n birçok ülkesi gibi Türkiye’ye de dü en ya  
miktarlar nda ciddi azalma söz konusudur.  

Bu çal mada kurakl n tan mlamas  ve ya  ile ili kilendirilmesi, ya  olu umunun 
ayr nt lar , yapay ya mur ve yapay ya murun olu turulma teknikleri ile yapay ya murun 
uygulama alanlar  hakk nda bilgiler verilmi tir. 

2. KURAKLIK NED R? 

Kurakl k, tekrar edebilen, bir veya birden çok mevsime yay lan, azalan ya lar ve artan 
s cakl klar nedeniyle olu an ve su varl na ba l  olarak tüm do al kaynaklar  etkileyen bir 
do al afet türü olarak tan mlanmaktad r (Partigöç ve So anc , 2019). 

Kurakl k Birle mi  Milletler Çölle me ile Mücadele Sözle mesinde (BMÇMS) “ya lar n 
kaydedilen normal seviyelerinin önemli ölçüde alt na dü mesi sonucu arazi ve su 
kaynaklar n n olumsuz etkilenmesine ve hidrolojik dengenin bozulmas na sebep olan do al 
olayd r” eklinde tan mlanmaktad r (BMÇMS,1994). Burada as l ifade her ne kadar ya lar n 
normal seyrine göre azalmas  olsa da; etkinli i aç s ndan farkl  alanlarda olumsuzluklar 
görülmesi beklenmektedir. Bu nedenle kurakl k, meteorolojik, tar msal, hidrolojik ve sosyo-
ekonomik boyutlar yla de erlendirilmektedir.  

Kurakl n önemli özellikleri olarak; ba lang ç ve biti inin belirsiz olu u, kümülatif artmas , 
ayn  anda birden fazla kayna a etkisi, ekonomik boyutunun yüksek olmas  say labilir. 
Kurakl n niteli i olarak ise, frekans, iddet, süre ve etki alan  say labilir (MGM, 2021) 
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Kurakl n var olmas  için süre önemli bir etmendir. Bir bölgede birkaç y l üst üste olu an 
kurak periyot kurakl k olarak de erlendirilemez. Kurakl a meteorolojik anlamda kurakl k 
diyebilmek için 30 y ll k bir süreyi kapsamas  gerekir. Kurakl n seyri ve iddeti de bu süre 
zarf nda de i im gösterebilir. Uzun süren kurakl klarda havan n kurumas , nem azl  
yaratarak orman ve su kaynaklar nda azalmaya neden oldu undan, önemli boyutta ya amsal, 
çevresel, ekonomik sorunlar  ortaya ç karabilir. Nem azl ndan dolay  su kaynaklar nda 
azalma ve kirlenme, tar msal ürünlerin üretiminde zorluk, halk n su ve g da ürünlerine ba l  
olarak sa l k sorunlar n n ortaya ç kmas  gibi durumlar olu abilir. Kurakl k ilk olarak su 
varl na ba l  sektörler üzerinde özellikle de tar m alanlar nda etkisini göstermektedir. Bu 
sebeple, tar m sektöründeki kurakl n gözlenen etkilerinin di er sektörlerden çok daha farkl  
oldu unu söylemek mümkündür. Tar msal kurakl k ad  verilen bu kavram, bitkilerin ç k  ve 
geli me döneminde ihtiyaç duyduklar  suyun toprakta bulunamamas  anlam na gelmekte olup, 
tar msal verimlili i do rudan etkilemektedir (Kapluhan, 2013). 

Kurakl n ortaya ç kmamas  düzenli ve yeterli miktardaki ya lara ba l d r. Kurakl n 
olumsuz etkilerinden korunmak için, bütün dünyada ya lardan en iyi ölçüde yararlanma 
yoluna gidilmektedir. Bu amaçla, suyun var oldu u dönemde depolanmas  için depo 
yap lar n n in aa edilmesi, ya mur suyu hasad , yapay ya mur, atmosferden nem sa m  gibi 
teknikler uygulanmaktad r. 

3. YA I IN OLU UMU 

Atmosferdeki nemin so uyup yo unla mas  sonucu a rla arak s v  veya kat  partiküller 
halinde yeryüzüne dü mesi olay na ya  denir. Ya , ya am n sürdürülebilmesi için mutlak 
gerekli bir do a olay d r. Ya  sayesinde su döngüsü gerçekle mekte ve yeryüzündeki suyun 
yenilenmesi sa lanmaktad r. Ya n olu abilmesi için olmas  gereken baz  artlar mevcuttur. 
Bu artlardan ilki atmosferde nem bulunmas d r. Bu art yerine alternatif getirilemeyecek olan 
mutlak bir artt r. Ya n olu mas  için bu arta ilave olarak dört olay n daha ard  ard na 
gerçekle mesi gerekir. Bunlar; 

1. So uma, 

2. Yo unla ma, 

3. Damlalar n büyümesi, 

4. Ya  alan ndaki bulutlar n yeterli olmas  ve beslenmesidir. 

3.1. So uma 

Atmosferde buhar halinde nem olarak bulunan suyun yo unla mas  için, çi lenme noktas  
denilen s cakl n alt nda bir s cakl a ula mas , yani so umas  gerekir. Çi lenme noktas  
ortam s cakl  ve ba l neme ba l  olarak de i im gösteren bir s cakl k de eridir. Havan n 
so umas  ile çi lenme, beklenen bir olayd r. Havan n so umas  dört farkl  yolla olabilir.  

a. Konveksiyonla so uma: Hareket eden s cak bir hava kütlesinin so uk bir yeryüzüne 
(zemine) temas etmesi sonucu olu an so umad r.  
b. Radyasyon kayb  ile so uma: Hava kütlesinin genellikle aç k havalarda ve genellikle 
geceleyin atmosferin derinliklerine yani uzaya do ru s s n  kaybetmesiyle olu an so umad r.  
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c. Kar ma ile so uma: S cak ve so uk 2 hava kütlesinin birbiriyle çarp p kar mas  
sonras nda olu an so umad r. 
d.  Adyabatik so uma: Çevresiyle s  de i imi olmadan, havan n bulundu u yerden 
yükselmesi ve daha so uk üst tabakalarda s s n  kaybetmesi eklindeki so umad r.  
 
3.2. Yo unla ma 

Yo unla ma, iki faktörün eki iyle ortaya ç kar. Öncelikle hava s cakl n n çi lenme noktas  
dedi imiz de erin alt na dü mesi gerekir. Çi lenme noktas  alt na dü en bir so uma çi lenme 
için mutlak gereklidir. Bunun yan nda yo unla man n olabilmesi için havada yo unla ma 
çekirdeklerinin yani üzerinde damlac klar n çi lenebilece i yüzeylerin bulunmas  gerekir. 
Yo unla ma çekirdekleri, suyu üzerinde tutan 10 mikrondan küçük çapl  parçac klard r. 
Havadaki toz ve buz kristalleri gibi yüzeyler yo unla ma çekirde i görevi görürler. 

3.3. Damlalar n Büyümesi 

Yo unla ma çekirdeklerinin etraf nda ilk çi lenme ile ince bir film gibi su tabakas  olu ur. Bu 
su higroskopik su olarak adland r l r. So uma ve yo unla ma devam ettikçe bu su kal nla r, 
kal nla r ve havada kalamaz hale gelir. Sonra da a rl ndan dolay  dü meye ba lar. 
Dü erken di er su partikülleriyle birle ir ve bu ekilde ya  ba lam  olur. 

3.4. Ya  Alan ndaki Bulutlar n Yeterli Olmas  ve Beslenmesi 

Ya  ba lad ktan sonra e er bulut yo unlu u fazla de ilse bu durumda ya  çok k sa süreli 
olacakt r. Ancak bulutlar yo un veya ya  alan , hareket eden bulutlarla sürekli besleniyorsa; 
bu durumda so uma ve yo unla maya paralel olarak ya n süreklili i sa lanm  olur. 
Genellikle yo un bulutluluk oldu unda daha uzun süreli ve düzgün iddetli ya lar 
olu urken, yetersiz bulutlardan olu an ya lar k sa sürelidir. 

4. YAPAY YA MUR 

Yapay ya mur çal malar  ilk olarak 1946 y l nda Amerika Birle ik devletlerinde, dünyan n 
çe itli bölgelerinde görülen kurakl a çözüm aray  olarak ba lam t r. Bu ilk çal malarda 2 
bin ile 4 bin metre aras ndaki bulutlara CO2 buzu ile suni tohumlama yap larak ya  
olu turulmas  hedeflenmi tir. (Anonim 2021a). Bu çal mada CO2 buzu toz halinde bulut 
içerisine serpi tirilmi  ve serpilen bu z kristalleri hem so umaya yard mc  olmu  hem de 
yo unla ma çekirdekleri görevini yerine getirmi tir. 1947'de Bernard Vonnegut, gümü  
iyodürü bulut tohumlama i leminde kullanm t r. Gümü  iyodür, buz kristaline benzer bir 
kristal yap s na sahip oldu u için -4°C ve daha dü ük s cakl klarda etkili bir buz çekirde i 
olarak hizmet emektedir ve gümü  iyodürü kullanmak, kuru buz kullanmaktan daha kolayd r 
(Anonim 2021b). 

4.1. Yapay Ya mur Nedir? Nas l Uygulan r? 

Yapay ya mur (bulut tohumlama), ön art olan havada nem bulunmas  d nda, ya n 
olu mas  için gerekli olan di er artlar n (so uma, yo unla ma, damlalar n büyümesi) suni 
olarak yarat lmas  sonucunda ya  olu turulmas  olay d r. Yapay ya mur olu turmada as l 
amaç, havada bulunan ancak so uman n olmamas  veya so uma oldu u halde yo unla ma 
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çekirdekleri bulunmad  için yo unla man n gerçekle memesi durumunu ortadan kald racak 
ekilde, suni bir so uma yaratmak ve ortama yo unla ma çekirdekleri da tmakt r. 

Havada bulut olmad  durumda yapay ya mur ya d rmak söz konusu de ildir. Yapay 
ya mur tehlikeleri ve riskleri olan bir tekniktir. Asl nda ya  mekanizmas  çok karma k 
oldu undan tohumlama konusunda belirsizlikler vard r. Tohumlama zaman , rüzgâr profili, 
havan n yukar  yükselme h z  ve di er hava artlar , süper so umu  su damlac klar , çekirdek 
konsantrasyonu, damlac klar n birle ip büyüme durumu ve yönü gibi pek çok faktöre ba l d r. 
Genel olarak ya  tahmini yap l r ve di er artlar da uygunsa tohumlama yap l r. 
Tohumlamadan 15 dakika veya birkaç saat sonra ya  olabilir. Orta iddetle sa anak üreten 
yaz kümülüs bulutlar  ile alçak k  bulutlar  yapay ya mur olu turmak için uygun bulutlard r. 

Ya mur ya d rmak için yap lan herhangi bir bulut tohumlama i leminde öncelikle 
tohumlamaya uygun bulutu bulmak gerekir. Bulut tohumlama i leminde ikinci a ama ise, 
yo unla ma çekirde i olarak hizmet edecek olan higroskopik maddelerin, bulut içindeki en 
uygun yere, zaman nda ve do ru miktarda ula t r lmas d r. Ayr ca, verimli bir ya  almak 
için tohumlama yap lacak bulut so uk olmal d r (Anonim 2021c). Bu nedenle bir da  
yamac ndan yükselmekte olan orografik bulutlar oldukça uygundur. Çünkü bunlar 
yükseldikçe zaten so uyacaklard r. Ayr ca dikey geli me göstermi  kümülüs grubu bulutlar da 
yo un nem içerikleri nedeniyle tohumlamaya uygun bulutlard r.  

Bulutlar n tohumlama i lemi, uçakla, balonla, roketlerle, yeryüzünden göndererek ya da son 
zamanlarda dronlarla sa lanabilmektedir. Hangi yöntem uygulan rsa uygulans n temel amaç 
tohumlay c n n (genellikle gümü  iyodür) bulut içerisinde en uygun yere yay l m d r. Bulut 
içerisine yo unla ma çekirdeklerini yaymak için uçaklar ba ar l  bir ekilde kullan lmaktad r 
( ekil 1 a-b) (Anonim 2021c). 

 

ekil 1. a. Uçak kanad na tak lm  bulut tohumlama fi ekleri 
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ekil 1. b. Uçaktan yap lan tohumlama i lemi 

4.2. Yapay Ya mur Uygulama Alanlar  Nerelerdir? 

Yapay ya mur dünya üzerinde farkl  amaçlar için uygulanan bir teknik olmakla birlikte, en 
çok su temini için uygulanmaktad r. Bulutlardaki su yeryüzüne dü ürülerek rezervuarlarda 
depolanmas  ve kurak dönemler için kullan lmas  hedeflenir. Depolanan sudan hidroelektrik 
olarak enerji temini de amaçlanabilir. leri dönemlerde olu acak yo un ya n önlenmesi 
yine bir amaç olabilir. Ayr ca özellikle havaliman  civar ndaki sisin da t lmas  için de yine 
yapay ya mur teknikleri kullan labilmektedir. Hava trafi inin engellenmemesi aç s ndan bu 
kullan m mant kl  bir uygulamad r. Orman yang nlar nda söndürme çal malar na yard mc  
olarak da dü ünülebilmektedir. 

Bütün bu amaçlara ve uygulamalara ra men, yapay ya murun bir bölgenin toplam ya  
miktar n  de i tirmedi ini iddia eden bilim adamlar  da vard r. Çünkü birçok durumda 
ya d r lan ya  asl nda daha sonra do al yolla ya acak olan ya n öne çekilmi  halidir.  

5. YAPAY YA MURUN KURAKLI A ETK S   

Dünya ülkelerine bak ld nda yapay ya mur tekniklerinin ço unlukla kurak ve yar  kurak 
iklim ku a  ülkelerinde uyguland  görülmektedir. Ancak bunun yan nda su aç s ndan hiç 
sorun ya amayan hatta dünyada en fazla suya sahip ülkelerin de yapay ya mur 
uygulamalar na ba vurdu u görülmektedir. Farkl  iklim artlar na sahip bu ülkelerdeki yapay 
ya mur uygulama amaçlar  da birbirinden farkl d r. Kurak bölgelerde temel amaç su k tl n n 
biraz olsun giderilmesidir. Ancak Kanada, Rusya gibi nemli ve sulak bölgelerde ise as l amaç 
yüklü bir ya  olu umunun önüne geçmektir. Dolu ya da iddetli bir sel olay  meydana 
gelmemesi için atmosferdeki suyun küçük parçalar halinde ya d r lmas  temel amaçt r. 

Baz  dünya ülkeleri amac  ne olursa olsun yapay ya mur uygulamalar na kar d r. Öyle ki; ilk 
çal malar n yap ld  Amerika’da bile u an 48 eyalette yapay ya mur yasak olup sadece çöl 
iklimine sahip 2 eyalette izin verilmektedir (Anonim 2021d). Bulut tohumlama i leminin 
do aya müdahale oldu unu ve bulutlar n yok olabilece ini, uygulanan bölgede önemli iklim 
olaylar n n (sel, y ld r m vs.) meydana gelebilece ini, elde edilen suyun asl nda toplam ya  
içerisinde çok da büyük bir oran (%3-5) tutmad n  belirten bilim adamlar  vard r. Bununla 
birlikte, Dünya Meteoroloji Örgütü raporuna göre dünya çap nda 80’den fazla bulut 
tohumlama projesi oldu u biliniyor (Anonim 2021e). 

Bulut tohumlama yap larak ya d r lan ya  asl nda ya abilecek bir ya n potansiyelinden 
al nmaktad r. Yapay ya mur teknikleri hiçbir zaman asla dü meyecek bir nemi ya  haline 
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çeviriyor de ildir. Yani indirilen ya , zaten bulutta mevcut olan ve do al artlar 
elverdi inde zaten ya  haline gelecek olan nemdir. Bu aç dan bak ld nda tüm dünya bir 
bütün kabul edildi inde yapay ya mur ile temin edilen su asl nda gelecekten günümüze 
çal nan bir ya t r. Yapay ya mur ekstra bir su üretmeyip, potansiyel bir ya n istenilen 
zamanda ya mas n  temin etmektedir. Mevcut bulutun yapay ya mur ile suya dönü türülmesi 
sonucunda bulut ortadan kaybolaca  için, yapay ya mur ile su temini asla sürekli 
olmayacakt r. Nemli bölgelerdeki bulutlar n, kurak bölgelere nakledilmesi gibi bir teknoloji 
olsayd , bu durumda kurak bölgelerde sürekli olarak yapay ya mur ile su temini sa lanabilir 
ve kurakl n önüne geçilebilirdi. Mevcut teknolojisiyle yapay ya mur, bulut yetersizli inden 
dolay , asla kurakl k önlemede etkili bir yöntem olmayacakt r. 

Yapay ya mur kurakl k aç s ndan bir çözüm yolu olmamas na ra men, havadaki sisin 
da t lmas , ya da a r  ya lar n önlenmesi aç s ndan ba vurulacak bir teknik olmaya devam 
edecektir. 
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Abstract 
 
Salinity is one of the important problems of the world's soils. Millions of hectares of land are 
lost every year in the world due to the effect of salinity. Salinity, which can occur in all 
climatic zones, occurs more and quickly in arid conditions. For this reason, it is more 
common in regions where arid and semi-arid climatic conditions are dominant. 
 
In arid and semi-arid regions, soluble salts can not be transported far due to insufficient 
precipitation, and salty ground waters can reach the soil surface by capillary rise, especially in 
hot and dry periods. Due to the high evaporation, the water evaporates from the soil surface, 
leaving the salts they carry with it on the soil surface or near the surface. 
 
 
In this study, a theoretical analysis was made for the changes in the proportional yields and 
washing needs of sunflower, wheat, corn, sugar beet and alfalfa plants in Central Anatolia 
conditions, taking into account the water needs and salt tolerance of these plants. 
 
It was taken into account that it was grown in different soil salinities (1.0, 3.0, 5.0, 10 and 15 
dS/m) based on 5 different plants in Central Anatolian conditions. Irrigation water salinity 
levels were chosen to be one sample from each quality class and to represent each quality 
class (0.1, 0.6, 1.5, 2.5 and 5.0 dS/m). 
 
In the study, first, irrigation water needs were determined. The irrigation water needs of 
sunflower, wheat, corn, sugar beet and alfalfa were found to be 642, 511, 648, 827 and 795 
mm, respectively. The proportional yield values of these plants, which are assumed to be 
grown in different soil salinities, were examined; Proportional yield values decreased as soil 
salinity increased in all plants. 
 
When the proportional yield values of sunflower were examined in the study, A decrease 
occurred in subjects with soil salinity of 5.0 dS/m and more. When the proportional yield 
values of wheat and sugar beet are examined, Decreases started to be seen at 10.0 dS/m soil 
salinity condition. On the other hand, in corn and alfalfa, there was a decrease in the 
proportional yield from the soil salinity condition of 3.0 dS/m. Corn was the plant with the 
highest soil salinity at 15 dS/m condition. 
 
When the 5 different field crops grown in Central Anatolian conditions were grown in 5 
different soil salinities, the decrease in their proportional yield was calculated and it was 
determined that corn, which is the most sensitive plant to salinity, could not get any yield at 
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15 dS/m condition. Sugar beet was the plant with the highest yield with 52.8% proportional 
yield value in the highest salinity condition. 
 
As the soil salinity increased, the proportional yield values decreased. While sunflower 
yielded 283 kg/da in soil salinity condition of 1.0 dS/m, it yielded 138.67 kg/da in soil salinity 
of 15.0 dS/m. Wheat yielded 267 kg/da in soil salinity condition of 1.0 dS/m, where soil 
salinity is the lowest, while yielding 96.387 kg/da at 15.0 dS/m soil salinity. The corn plant is; 
While 876 kg/da of product was obtained under 1.0 dS/m soil salinity condition, 3.504 kg/da 
product was obtained under 10 dS/m soil salinity condition, and no product was obtained at 
15.0 dS/m soil salinity. While the highest yield was obtained in sugar beet with 6926 kg/da, 
3656.93 kg/da yield was obtained in the saltiest condition. While the alfalfa plant gave the 
highest yield with 3890 kg/da in the least salinity, the lowest yield occurred in the highest 
salinity with 198.39 kg/da. 
 
Depending on the increase in soil salinity, significant decreases were observed in the 
proportional yields. If the order of sensitivity to salinity is made; The most sensitive plant was 
corn, and the most resistant plant was sugar beet. 
 
Keywords: Soil salinity, proportional yield, irrigation water quality 
 
 

ORTA ANADOLU KO ULLARINDA YET T R LEN BAZI TARLA 
B TK LER N N TUZLU ARTLARDA VER MLER N N DE ERLEND R LMES  

 
Özet 
 
Tuzluluk dünya topraklar n n önemli sorunlar ndan biridir. Dünyada her y l milyonlarca ha 
arazi tuzluluk etkisiyle elden ç kmaktad r. Bütün iklim ku aklar nda olu abilen tuzluluk, 
kurak ko ullarda daha fazla ve çabuk bir ekilde ortaya ç kar. Bu nedenle kurak ve yar  kurak 
iklim ko ullar n n egemen oldu u bölgelerde daha yayg n olarak kar la lmaktad r. 
 
Kurak ve yar  kurak bölgelerde yetersiz ya tan dolay  çözünebilir tuzlar uzaklara 
ta namamakta, özellikle s cak ve ya s z olan dönemlerde, tuzlu taban sular  k lcal yükselme 
ile toprak yüzeyine kadar ula abilmektedir. Evaporasyonun yüksek olmas  nedeniyle sular, 
toprak yüzeyinden buharla rken beraberinde ta d klar  tuzlar  toprak yüzeyinde veya yüzeye 
yak n k s mlarda b rakmaktad r.  
 
Bu çal mada, Orta Anadolu ko ullar nda, farkl  toprak tuzluluklar nda ayçiçe i, bu day, 
m s r, eker pancar  ve yonca bitkilerinin yeti tirildi i ve bu bitkilerin su ihtiyac  ve tuz 
toleranslar  dikkate al narak, oransal verimlerinde meydana gelen de i iklikler ve y kama 
ihtiyaçlar  için teorik bir çözümleme yap lm t r.  
 
Orta Anadolu ko ullar nda 5 farkl  bitki baz al narak farkl  toprak tuzluluklar nda (1.0, 3.0, 
5.0, 10 ve 15 dS/m) yeti tirildi i dikkate al nm t r. Sulama suyu tuzluluk düzeyleri ise her bir 
kalite s n f ndan bir örnek olacak ekilde ve her bir kalite s n f n  temsil edilecek ekilde (0.1, 
0.6, 1.5, 2.5 ve 5.0 dS/m) seçilmi tir.  
 
Çal mada öncelikle sulama suyu ihtiyaçlar  belirlenmi tir. Ayçiçe i, bu day, m s r, eker 
pancar  ve yoncan n sulama suyu ihtiyaçlar  s ras yla 642, 511, 648, 827 ve 795 mm olarak 
bulunmu tur. Farkl  toprak tuzluluklar nda yeti tirildi i varsay lan bu bitkilerin oransal verim 
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de erleri incelenmi  olup;  bütün bitkilerde toprak tuzlulu u artt kça oransal verim de erleri 
azalma göstermi tir.  
 
Çal mada ayçiçe i oransal verim de erleri incelendi inde; toprak tuzlulu unun 5.0 dS/m ve 
daha fazlas  olan konularda azalma meydana gelmi tir.  Bu day ve eker pancar  oransal 
verim de erleri incelendi inde; 10.0 dS/m toprak tuzlulu u ko ulunda azalmalar görülmeye 
ba lanm t r. M s r ve yonca bitkisinde ise 3.0 dS/m toprak tuzlulu u ko ulundan itibaren 
oransal verimde azalmalar meydana gelmi tir. En yüksek toprak tuzlulu una sahip olan 15 
dS/m ko ulunda hiç verim al namayan bitki m s r olmu tur.  
 
Orta Anadolu ko ullar nda yeti tiricili i en fazla yap lan 5 farkl  tarla bitkisinin 5 farkl  toprak 
tuzlulu unda yeti tirildi inde oransal verimlerinde meydana gelen dü ü ler hesaplanm  olup, 
tuzlulu a en hassas bitki olan m s r n 15 dS/m ko ulunda hiç verim al namad  tespit 
edilmi tir. En yüksek tuzluluk ko ulunda %52.8 oransal verim de eri ile en yüksek verimin 
elde edildi i bitki ise eker pancar  olmu tur.  
 
Toprak tuzlulu u artt kça oransal verim de erleri de azalm t r. Ayçiçe i 1.0 dS/m toprak 
tuzlulu u ko ulunda 283 kg/da verim verirken, 15.0 dS/m toprak tuzlulu unda 138.67 kg/da 
ürün vermi tir. Bu day toprak tuzlulu unun en dü ük oldu u 1.0 dS/m toprak tuzlulu u 
ko ulunda 267 kg/da ürün verirken 15.0 dS/m toprak tuzlulu unda 96.387 kg/da ürün 
vermi tir. M s r bitkisi ise; 1.0 dS/m toprak tuzlulu u ko ulunda 876 kg/da ürün elde 
edilirken, 10 dS/m toprak tuzlulu u ko ulunda 3.504 kg/da ürün elde edilmi , 15.0 dS/m 
toprak tuzlulu unda ise hiç ürün elde edilmemi tir. eker pancar nda ise 6926 kg/da ile en 
yüksek verim elde edilirken, en tuzlu ko ulda 3656,93 kg/da ürün elde edilmi tir. Yonca 
bitkisi en yüksek verimi 3890 kg/da ile en az tuzluluk konusunda verirken, en dü ük verim ise 
198.39 kg/da ile en yüksek tuzluluk konusunda meydana gelmi tir. 
 
Toprak tuzlulu u art na ba l  olarak oransal verimlerde de önemli azalmalar görülmü tür. 
Tuzlulu a kar  duyarl l k s ralamas  yap l rsa; en hassas bitki m s r olup, en dayan kl  
bitkinin eker pancar  oldu u görülmü tür.  
 
Anahtar kelimeler: Toprak tuzlulu u, oransal verim, sulama suyu kalitesi 
 
1. G R   
 
Küresel s nman n etkisiyle birlikte, kurak ve yar  kurak bölgelerde su kaynaklar  giderek 
azalmaktad r. Su kaynaklar n n miktar nda meydana gelen bu azalmayla birlikte kirlenmeler 
de olu mu  ve sular n kalitesi giderek bozulmu tur. Suyun kirlenmesi sadece tar msal aç dan 
de il, ayn  zaman da do adaki ya am için de çok büyük önem arz etmektedir (Çolak ve 
Öztürk 2021).  
 
Dünya nüfusunun her k rk y lda bir a a  yukar  iki misline yükselme e ilimi, su kaynaklar na 
olan ihtiyac  sürekli art rmakta ve suyu yeryüzünün en önemli servetlerinden birisi haline 
getirmektedir (Öztürk ve Çolak 2021). 
 
Tuzluluk dünya topraklar n n önemli sorunlar ndan biridir. Dünyada her y l milyonlarca ha 
arazi tuzluluk etkisiyle elden ç kmaktad r. Bütün iklim ku aklar nda olu abilen tuzluluk, 
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kurak ko ullarda daha fazla ve çabuk bir ekilde ortaya ç kar. Bu nedenle kurak ve yar  kurak 
iklim ko ullar n n egemen oldu u bölgelerde daha yayg n olarak kar la lmaktad r. 
 
Sulanan alanlarda tuzlulu a neden olan faktörlerin ba nda kullan lan sulama suyu 
gelmektedir. Sulamada kullan lan suyun içerdi i tuzluluk düzeyine ba l  olarak, tar msal 
alanlarda tuzlula ma sorunlar  ile kar la lmaktad r. Bunun d nda taban suyu yüksekli i, 
taban arazilerde yanal s zmalar, k y  alanlarda deniz etkile imi gibi faktörler kök bölgesine 
tuzun ta nmas n  sa lamaktad r. Bunun d nda iklim ko ullar , uygulanan tar m ekli, sulama 
yöntemi, sulama suyu miktar , drenaj durumu, sulama ve drenaj yönetimi, çiftçilerin bilgi 
birikimi, sosyolojik faktörler gibi birçok faktör de etkili olmaktad r (Yurtseven 2020).  

Bitki verimi ve su kullan m  aras ndaki ili ki, kurak ve yar -kurak bölgelerde zirai 
ara t rman n ana konusunu olu turmaktad r (Lyle ve Bordovsky, 1995, Zhang ve Oweis, 
1999, Pandey vd. 2000). Sulama suyu uygulamas na kar n bitki verim duyarl l n n 
bilinmesi ekonomik sulama stratejilerinin belirlenmesinde kritik öneme sahiptir.  

Bitkilerin tuza dayan mlar  oransal verim ve mutlak verim ile ifade edilmektedir. Tuzlu 
ko ullarda bitkinin verdi i verimin, oransal olarak, normal tuzsuz ko ullarda verdi i verim ile 
kar la t r lmas  oransal verim olarak ifade edilmektedir. Agronomik bir kriter olup, bitkilerin 
tuza dayan mlar  konusunda iyi bir temel olu turmaktad r. Ayn  zaman da bitkilerin tuza 
dayan m listeleri olu turulurken bu verim de erlerinden faydalan lmaktad r.  

Tuzlu toprak ko ulunda bitkinin verdi i verim ise mutlak verim de eridir. Tuza dayan m 
listeleri haz rlan rken oransal verim de erlerinden faydalan lsa da, sonuç olarak bitkinin bitki 
deseni içinde yer almas  ko ulu ekonomik de erlendirmelere ba l  olaca ndan, mutlak verim 
de erleri de yararl  olacakt r.  

Bitkilerin tuza dayan mlar  ile ilgili pek çok veri bulunmaktad r. Tüm dünyada bu konu ile 
ilgili yap lm  ve halen yap lmakta olan pek çok çal ma vard r. Bu çal mada, Orta Anadolu 
ko ullar nda, farkl  toprak tuzluluklar nda ayçiçe i, bu day, m s r, eker pancar  ve yonca 
bitkilerinin yeti tirildi i ve bu bitkilerin su ihtiyac  ve tuz toleranslar  dikkate al narak, oransal 
verimlerinde meydana gelen de i iklikler için teorik bir çözümleme yap lm t r.  

 
2. MATERYAL & YÖNTEM  
 
Çal mada Orta Anadolu bölgesinden Afyon, Aksaray, Ankara, Çank r , Çorum, Eski ehir, 
Karaman, K r kkale, K r ehir, Konya, Nev ehir, Ni de ve Yozgat illeri seçilmi  olup, bu 
bölgelerde yeti tiricili i en fazla yap lan ayçiçe i, bu day, m s r, eker pancar  ve yonca baz 
bitki olarak seçilmi tir. Bu bitkilerin be  farkl  toprak tuzlulu unda  (1.0, 3.0, 5.0, 10 ve 15 
dS/m) yeti tirildi i ko ulda oransal verimlerinde meydana gelen azalmalar hesaplanm t r.  
 
Ara t rmada Orta Anadolu artlar nda yürütülen ve k s nt  uygulanmadan optimum verim 
al nan çal malardan elde edilen net su tüketimi de erleri kullan larak haz rlanm  olan Tagem 
yay n  “Türkiye’de Sulanan Bitkilerin Bitki Su Tüketimleri” adl  eserden ara t rma 
bölgelerine ait de erlerin ortalamas  kullan lm t r.  
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Tuzlu ko ullarda bitkinin verdi i verimin, oransal olarak, normal tuzsuz ko ullarda verdi i 
verim ile kar la t r lmas  oransal verimi ifade etmektedir. Bu agronomik kriter, bitkilerin tuza 
dayan mlar  konusunda iyi bir temel olu turdu undan, normalde bitkilerin tuza dayan mlar  
listelerinin olu turulmas nda kullan l r (Yurtseven 2020).  

Bütün bitkiler tuzlulu a kar  ayn  tepkiyi göstermezler. Bitkinin cinsine ve genetik-
morfolojik özelliklerine ba l  olarak tuza kar  toleranslar  farkl l k gösterir. Baz  bitkiler 
tuzlu ko ullarda dahi ekonomik düzeyde ürün verebilirken, baz  bitkiler verimlerini azalt r. 
Tuzlu ko ullarda ekonomik ürün verebilen bitkiler, bu ko ulda topraktan suyu alabilmek için 
gerekli ozmotik düzenlemeyi yapabilen bitkilerdir, bunlar dayan kl  bitki olarak 
isimlendirilirler. Bitkilerin genel olarak tuza dayan mlar n n bilinmesi çok önemlidir. 
Tuzlula man n önlenemedi i bir alanda, tuzlulu a dayan kl  bir bitkinin yeti tirilmesi ile 
belirli tuzluluk ko ulunda ekonomik olarak tar m yapma olana  ç kacakt r.  

Tuzlulu un artmas  ile birlikte bir noktaya kadar verim potansiyelinde azalma olu mazken, bu 
noktadan sonra, tuzlulu un artmaya devam etmesi ile verim potansiyeli de do rusal olarak 
azalmaya ba lar. Bu ili kiyi a a daki e itlikle ifade edebiliriz; 

Y = 100 – b (ECe – a) 
Y= Oransal verim de eri (%) 
ECe = Toprak saturasyon ekstrakt  tuzluluk de eri (dS/m)  
a = Tuzluluk e ik de eri 
b = Birim tuzluluk art na ba l  olarak verimdeki azalma miktar . 
3. BULGULAR
3.1. Sulama Suyu Miktar n n Belirlenmesi

Çal ma alanlar nda yeti tirilen 5 farkl  baz bitkinin (ayçiçe i, bu day, m s r, eker pancar  ve 
yonca), bu bölge ko ullar ndaki su tüketim de erleri hesaplanm t r. Bitkilerin su tüketimini 
belirlemek için Tagem taraf ndan 2017 y l nda haz rlat lm  olan Türkiye’de Sulanan 
Bitkilerin Bitki Su Tüketimleri adl  eser esas al nm t r. Her il için ve her bitki için su tüketim 
de erleri belirlenmi , bu de erlerin ortalamas  al narak ortalama mevsimlik su ihtiyac  
belirlenmi tir. Çizelge 3.1’de illere ait bitkilerin ortalama su tüketim de erleri verilmi tir.  

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 344 November 5-6, 2021



Çizelge 3.1 Çal ma alan  ortalama mevsimlik su ihtiyac  

Proje lleri Ortalama mevsimlik su ihtiyac  (mm) 
Ayçiçe i Bu day M s r eker pancar  Yonca 

Afyon 617 499 638 801 802 
Aksaray 507 579 755 890 879 
Ankara 661 506 620 845 802 
Çank r  591 457 564 761 743 
Çorum 579 443 555 742 653 

Eski ehir 662 520 674 821 725 
Karaman 703 571 719 856 858 
K r kkale 686 515 642 860 910 
K r ehir 730 517 688 919 885 
Konya 678 518 692 823 832 

Nev ehir 640 517 600 813 706 
Ni de 706 570 724 879 882 
Yozgat 580 428 552 745 663 

Ort. 642 511 648 827 795 
 

ekil 3.1 incelendi inde; 827 mm ile eker pancar  en yüksek mevsimlik su ihtiyac na 
sahipken, 511 mm ile bu day en dü ük su ihtiyac na sahiptir. Mevsimlik sulama suyu 
ihtiyaçlar  çal ma alan  içerisinde al nan 13 ilin ortalama de erlerine göre hesaplanm t r.  
 

 
ekil 3.1 Çal ma alan  ortalama mevsimlik su ihtiyac   

 
 
 

3.2. Oransal Verim De erlerinin Belirlenmesi  
 
Çal ma alan  illerine ait 2020 y l  verim de erleri Tüik sayfas ndan elde edilmi  olup, bu 
de erler üzerinden hesaplamalar yap lm t r. Ortalama ayçiçe i verimi 283 kg/da, bu day 
verimi 267 kg/da, m s r verimi 876 kg/da, eker pancar  verimi 6926 kg/da, yonca verimi ise 
3890 kg/da olarak hesaplanm t r (Çizelge 3.2).  
 
 

0

200

400

600

800

1000

ET

Ortalama mevsimlik su ihtiyac  (mm) 

AYÇ ÇE BU DAY MISIR EKERPANCARI YONCA

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 345 November 5-6, 2021



Çizelge 3.2 Çal ma alan  2020 y l  verim de erleri (kg/da) 
 

ller 
2020 y l  verim de erleri (kg/da) 

Bu day M s r Ayçiçe i eker Pancar  Yonca 
Afyonkarahisar 274 910 248 6998 3046 

Aksaray 329 917 430 7465 6718 
Ankara 270 1066 252 6425 2163 

Eski ehir 272 980 366 6642 5008 
Karaman 247 948 353 8656 6403 

Konya 307 1035 417 7911 4930 
K r kkale 214 929 328 6368 2053 
K r ehir 258 704 231 8039 1276 
Nev ehir 238 1000 185 6834 4118 

Ni de 328 885 -  7100 4873 
Yozgat 221 449 179 7130 3350 
Çank r  253  - 149 4486 2759 
Çorum 258 692 252 5984 3875 

ORTALAMA 267 876 283 6926 3890 
 
Çal ma alan  bitkilerine ait tuzluluk e ik de eri (a) ve birim tuzluluk art na ba l  olarak 
verimdeki azalma miktar  (b) de erleri FAO kaynaklar ndan al nm t r (Anonim 2021). 
Çizelge 3.3’de bitkilerin a ve b de erleri verilmi tir. Çizelge 3.3 incelendi inde tuza dayan m  
en fazla olan bitki eker pancar  iken, en hassas olan bitkinin m s r oldu u görülmektedir.  
 

Çizelge 3.3 Çal ma alan  bitkilerine ait a ve b de erleri 
 

Ayçiçe i Bu day M s r eker Pancar  Yonca 
a b a b a b a b a b 

4,8 5 6 7,1 1,7 12 7 5,9 2 7,3 
 
Be  farkl  toprak tuzlulu u ko ulunda (1.0, 3.0, 5.0, 10.0 ve 15.0 dS/m) bitkilerde meydana 
gelen oransal verim azalmalar  çizelge 3.4’de verilmi tir. 5.0 dS/m ve daha yüksek toprak 
tuzlulu u ko ulunda oransal verimlerde dü ü ler meydana gelmi tir. En fazla verim azalmas  
m s r da meydana gelirken, en az azalma bu day ve eker pancar nda olmu tur.  
 
Toprak tuzlulu unun en dü ük oldu u 1.0 dS/m konusunda; bütün bitkilerde %100 verim elde 
edilmi tir. 3.0 dS/m toprak tuzlulu u ko ulunda; ayçiçe i, bu day ve eker pancar n n 
verimlerinde bir azalma meydana gelmezken, m s r ve yonca da verim azalmalar  görülmeye 
ba lanm t r. 5.0 dS/m toprak tuzlulu u ko ulunda ise; bu day ve eker pancar  %100 verim 
verirken, ayçiçe i, m s r ve yonca da azalmalar görülmü tür. 10.0 dS/m toprak  tuzlulu u 
ko ulunda ise; bütün bitkilerde verim azalmalar  görülmü tür. En fazla toprak tuzlulu una 
sahip olan 15.0 dS/m konusunda da m s r bitkisinde hiç verim al namazken, di er bitkilerde 
en dü ük verimler elde edilmi tir.   
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Çizelge 3.4 Elde edilen oransal verim de erleri (%) 
 

Toprak 
Tuzluluklar  

(dS/m) 
Ayçiçe i Bu day M s r eker 

pancar  Yonca 

1.0 100 100 100 100 100 
3.0 100 100 84,4 100 92,7 
5.0 99 100 60,4 100 78,1 
10.0 74 71,6 0,4 82,3 41,6 
15.0 49 36,1 0 52,8 5,1 

 
Hesaplanan oransal verim de erleri, tam sulama ko ulunda elde edilen verim de erleri ile 
düzeltilerek çizelge 3.5’deki de erler elde edilmi tir. Toprak tuzlulu u artt kça oransal verim 
de erleri de azalm t r. Ayçiçe i 1.0 dS/m toprak tuzlulu u ko ulunda 283 kg/da verim 
verirken, 15.0 dS/m toprak tuzlulu unda 138.67 kg/da ürün vermi tir. Bu day toprak 
tuzlulu unun en dü ük oldu u 1.0 dS/m toprak tuzlulu u ko ulunda 267 kg/da ürün verirken 
15.0 dS/m toprak tuzlulu unda 96.387 kg/da ürün vermi tir. M s r bitkisi ise; 1.0 dS/m toprak 
tuzlulu u ko ulunda 876 kg/da ürün elde edilirken, 10 dS/m toprak tuzlulu u ko ulunda 3.504 
kg/da ürün elde edilmi , 15.0 dS/m toprak tuzlulu unda ise hiç ürün elde edilmemi tir. eker 
pancar nda ise 6926 kg/da ile en yüksek verim elde edilirken, en tuzlu ko ulda 3656,93 kg/da 
ürün elde edilmi tir. Yonca bitkisi en yüksek verimi 3890 kg/da ile en az tuzluluk konusunda 
verirken, en dü ük verim ise 198.39 kg/da ile en yüksek tuzluluk konusunda meydana 
gelmi tir.  
 

Çizelge 3.5 Elde edilen oransal verim de erleri (kg/da) 
 

Toprak 
Tuzluluklar  

(dS/m) 
Ayçiçe i Bu day M s r eker 

pancar  Yonca 

1.0 283 267 876 6926 3890 
3.0 283 267 739,344 6926 3606,03 
5.0 280,17 267 529,104 6926 3038,09 

10.0 209,42 191,172 3,504 5700,1 1618,24 
15.0 138,67 96,387 0 3656,93 198,39 
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ekil 3.2 Elde edilen oransal verim de erleri (kg/da) 
4. SONUÇ  

 
Bu çal mada, Orta Anadolu ko ullar nda 5 farkl  bitkinin (ayçiçe i, bu day, m s r, 
ekerpancar , yonca), be  farkl  toprak tuzlulu unda (1.0, 3.0, 5.0, 10.0 ve 15.0 dS/m)  

yeti tirildi i varsay larak, elde edilen oransal verim de erleri incelenmi tir. Çal mada 
öncelikle bitkilerin sulama suyu ihtiyaçlar  belirlenmi  ve s ras yla 642, 511, 648, 827 ve 795 
mm olarak bulunmu tur.  

 
Sulama suyu ihtiyac n n tam olarak verildi i ko ulda ayçiçe i verimi 283 kg/da, bu day 
verimi 267 kg/da, m s r verimi 876 kg/da, ekerpancar  verimi 6926 kg/da ve yonca verimi 
3890 kg/da olarak belirlenmi tir.   
 
Toprak tuzlulu u artt kça oransal verim de erleri de azalm t r. Ayçiçe i 1.0 dS/m toprak 
tuzlulu u ko ulunda 283 kg/da verim verirken, 15.0 dS/m toprak tuzlulu unda 138.67 kg/da 
ürün vermi tir. Bu day toprak tuzlulu unun en dü ük oldu u 1.0 dS/m toprak tuzlulu u 
ko ulunda 267 kg/da ürün verirken 15.0 dS/m toprak tuzlulu unda 96.387 kg/da ürün 
vermi tir. M s r bitkisi ise; 1.0 dS/m toprak tuzlulu u ko ulunda 876 kg/da ürün elde 
edilirken, 10 dS/m toprak tuzlulu u ko ulunda 3.504 kg/da ürün elde edilmi , 15.0 dS/m 
toprak tuzlulu unda ise hiç ürün elde edilmemi tir. eker pancar nda ise 6926 kg/da ile en 
yüksek verim elde edilirken, en tuzlu ko ulda 3656,93 kg/da ürün elde edilmi tir. Yonca 
bitkisi en yüksek verimi 3890 kg/da ile en az tuzluluk konusunda verirken, en dü ük verim ise 
198.39 kg/da ile en yüksek tuzluluk konusunda meydana gelmi tir. 

 
Toprak tuzlulu u art na ba l  olarak oransal verimlerde de önemli azalmalar görülmü tür. 
Tuzlulu a kar  duyarl l k s ralamas  yap l rsa; en hassas bitki m s r olup, en dayan kl  
bitkinin eker pancar  oldu u görülmü tür.  
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ÖZET 
Son zamanlarda faydalar ndan çok yan etkilerin olmas  sebebiyle tüketicilerin sentetik 
ürünlere olan inanc  azalm  dolay s yla do al yap da bitkisel içerikli ürünlere yönelim 
artm t r. Yüzy llardan beri bitkilerin tamam  veya bir k sm  çe itli cilt rahats zl klar nda 
kullan ld  bilinmektedir. Bununla birlikte bilimsel çal malar, klinik deneylere ve 
farmakolojik testlerin incelenmesine dayanarak bitkilerin çok büyük miktarlarda ve kompleks 
yap larda cildi iyile tiren ve onaran fitokimyasallara sahip oldu unu göstermektedirler. Bu 
çal mada 7 farkl  bitki özünün birle imi ile olu turulan formülasyona sahip %100 do al 
yap da, onar c  ve iyile tirici özellik gösteren pomat yap l  krem geli tirilmesi amaçlanm t r. 
Geli tirilecek kremin, piyasada mevcut Hametan, Madecassol ve Bepanthol gibi ürünlerle 
benzer yap da fakat i lev ve maliyet yönünden daha avantajl  olmas  hedeflenmi tir. Bu 
kapsamda ilk olarak ön formülasyon olu turulmas  için çal malar yap lm t r. Bu noktada 
formülasyon dahilinde kullan lacak bitki özleri ve di er do al kimyasal yap lar incelenerek 
raporlanm t r. Elde edilen veriler dahilinde üretim ön planlamas  ç kart lm t r. Ön 
tasar mlar n sonucunda nihai üretimde kullan lacak test ve analizler belirlenerek ve 
formülasyon geli tirme çal malar  ba lat lm t r. Formülasyon haz rlan rken ürün yap s nda 7 
farkl  bitki özü, yat t r c  özelli i olan Madecassoside, cildin nem bariyerini koruma ve cilt 
k zar kl n  gidermek üzere Cantella Asiatica kullan lm t r. Ciltte olu an çizgiler ve yar klar  
dolgunla t rmas  üzerine Gotu Kola (Aslan Otu ) kullan lm t r. Devam nda pomat krem 
içeri ine tahri  olmu lu u azaltmas yla bilinen ve iyile tirici etkisi bulunan Salycuminol, 
Ayn sefa ve K rm z  Pancar bitkileri eklenmi tir. Ayr ca içerikte cildin nem seviyesinin 
korunmas , ürünün antioksidan özellik gösterebilmesi için Zerdeçal, Papatya gibi bitki özleri 
de kullan lm t r. 
Ürün formülasyonu tamamland ktan sonra laboratuvar ortam nda deneme üretimleri 
gerçekle tirilmi tir. Ürünlerin sürdürülebilir bir yap s  olmas  ve stabilite testinin uygulanmas  
ard ndan, mikrobiyoloji testleri, paraben free testleri, dermatolojik testlerin uygulanmas , 
fitalat testleri, renklendirici içermez, parafin ve mineral oil içermez testleri, silikon free 
testleri ve challenge testleri uygulanm t r. Laboratuvar çal ma sonuçlar n n ard ndan 
tekrarlanabilir sonuçlar elde edilmeye ba land  andan itibaren pilot ölçekli deneme üretimi 
planlan p laboratuvardaki artlara ba l  kal narak pilot ölçekli üretim gerçekle tirilmi tir. 
Hedef ürünle yüzde 98’in üzerinde bir benzerlik yakalanm t r. Geli tirilen pomat yap l  
kremin onar c , tahri  önleyici, nemlendirici, ya lanmaya kar  olmas , yara, iz ve yar klar n 
kapanmas na etkili olmas  ve hemen hemen her ya  grubunda kullan labilir yap da olmas  
nihai ürününün sahip oldu u özelliklerdir.  
Anahtar Kelimeler: Pomat Yap l  Krem, Formülasyon, Bitkisel Ürün 
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ABSTRACT 
Recently, since there are more side effects than benefits, consumers' belief in synthetic 
products has decreased, so the tendency to products with natural herbal ingredients has 
increased. It is known that all or some of the plants have been used in various skin disorders 
for centuries. However, scientific studies, based on clinical trials and examination of 
pharmacological tests, show that plants have phytochemicals in very large quantities and 
complex structures that heal and repair the skin. In this study, it was aimed to develop a 
pomade cream with a restorative and healing properties in a 100% natural structure with a 
formulation created by combining 7 different plant extracts. Also, it is aimed that the cream to 
be developed will be similar in structure to products such as Hametan, Madecassol and 
Bepanthol available in the market, but more advantageous in terms of function and cost. In 
this context, firstly, studies were carried out to create a preformulation. At this point, plant 
extracts and other natural chemical structures to be used in the formulation were examined 
and reported. Production pre-planning was made within the scope of the obtained data. As a 
result of the preliminary designs, the tests and analyzes to be used in the final production were 
determined and formulation development studies were started. During the preparation of the 
formulation, 7 different plant extracts, Madecassoside with soothing properties, Cantella 
Asiatica were used to protect the skin's moisture barrier and eliminate skin redness in the 
product structure. Gotu Kola (Lion Grass) was used to fill the lines and clefts on the skin. 
Afterwards, Salycuminol, Calendula and Red Beet plants, which are known to reduce 
irritation and have a healing effect, were added to the pomade cream formula. In addition, 
plant extracts such as Turmeric, Chamomile were also used to maintain the moisture level of 
the skin in the formula and to provide the product with antioxidant properties. 
After the product formulation was completed, trial productions were carried out in the 
laboratory environment. Microbiology tests, paraben free tests, dermatological tests, phthalate 
tests, colorant free, paraffin and mineral oil free tests, silicone free tests and challenge tests 
were performed after the products had a sustainable structure and stability test was applied. 
From the moment that reproducible results began to be obtained, pilot-scale trial production 
was planned, and pilot-scale production was carried out by adhering to the conditions in the 
laboratory. More than 98 percent similarity was achieved with the target product. The final 
product features of the developed pomade cream are reparative, anti-irritant, moisturizing, 
anti-aging, effective in closing wounds, scars and crevices also it can be used in almost every 
age group. 
 
Keywords: Pomade Cream, Formulation, Herbal Product 
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Abstract. Breeding is the most effective and centralized means of increasing the size and 

quality of yield, ensuring environmental safety and sustainability of agroecosystems, reducing resource 

and energy costs for each additional unit of production. Modern plant breeding uses a whole range of 

methods based on the latest achievements of many biological sciences. Genetic engineering or 

transgenesis is becoming very important, and in the coming years, obviously, the main direction in the 

implementation of breeding programs for the integration of genes from different species, genera, 

families and even kingdoms, as a result of which one or more foreign genes can be incorporated into 

the genome, and the preference is given to traits with mono- or oligogenic control. Transgenesis can 

also improve the polygenic trait. The tasks of traditional breeding are much broader: they include both 

production and environment-improving directions, as well as the introduction of new species into crop. 

And finally, modern breeding methods make it possible to simultaneously manipulate dozens of traits, 

including polygenic ones, while the possibilities of transgenesis are limited to single genes. Obviously, 

along with the fundamentally new opportunities that are associated with the transfer of hereditary 

information between taxonomically distant organisms, the number of directions in which genetic 

engineering methods will be integrated into modern technology of plant breeding will constantly 

increase. 

 

Key words: breeding, transgenesis, genetic engineering, bioengineering. 

 

Genetic recombination is the exchange of genes between two chromosomes. According to the 

definition given by Pontecorvo in 1958, recombination is any process that can lead to the emergence of 

cells or organisms with two or more hereditary determinants, according to which their parents differed 

from each other and which are connected in a new way. Such recombination necessarily occurs in 

mammals during the formation of germ cells. During meiosis, homologous chromosomes exchange 

genes (so-called crossing over); it is these exchanges that make it possible to explain the redistribution 
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of hereditary traits in a number of generations. Genetic recombination occurs less frequently in viruses 

and bacteria than in animals. The exchange of genetic material, followed by recombination, occurs 

between organisms of the same or closely related species. Previously, European scientists put forward 

the assumption that all organisms possess restriction endonucleases that recognize foreign DNA that 

has entered the body, and cleave it, thus nullifying genetic recombination between evolutionarily 

distant genomes. But the latest achievements of Russian scientists in this area show that not all living 

organisms contain restriction enzymes. These enzymes are practically not found in higher animals, 

plants and humans. Most likely, the presence of restriction enzymes is an attribute of prokaryotic cells. 

The reason for the impossibility of natural genetic exchange between different species is not the 

presence of restriction enzymes, but the lack of homology in the nucleotide sequences of their DNA. 

Genetic engineering, in vitro recombination, do not require such homology [1]. 

Genetic engineering opens up new perspectives for plant breeding associated with the 

possibility of transferring genes from bacteria, fungi, exotic plants, and even humans and animals, 

which is unattainable for experimental mutagenesis and traditional breeding, including resistance 

genes [2]. 

A revolutionary achievement in the genetic transformation of plants was the identification of a 

natural vector - agrobacteria for gene transfer and the development of a method for micro-bombarding 

plant objects with metal microparticles with a preliminary deposited foreign DNA. Several outstanding 

advances in plant biochemistry and physiology have created the basis for integrating recombinant 

DNA technology into genetically engineered plant biotechnology. First, the discovery of 

phytohormones that regulate plant growth and development. Secondly, the development of methods 

for the cultivation of plants cells and tissues  in vitro (these methods made it possible to grow cells, 

tissues and whole plants under sterile conditions and carry out their breeding on selective media, etc.) 

[3]. 

Modern plant breeding is a scientifically grounded technology for managing the heredity and 

variability of higher eukaryotes, which makes it possible to realize socio-economic, ecological, design-

aesthetic and other goals. As a means of biological control over the adaptive and adapting responses of 

plants in order to continuously increase their production and environment-forming capabilities, the 

adaptive breeding system integrates the achievements of both applied and fundamental knowledge [4]. 

In other words, breeding acts as a synthetic discipline that makes extensive use of the achievements of 

physiology, biochemistry, soil science, microbiology, cytogenetics, ecology, and other sciences and 

functionally unites the stages of gene pool mobilization, breeding itself, variety testing and seed 

production, agroecological zoning and agroecosystem design. 

In comparison with traditional breeding, the main tools of which are crossing and selection, the 

main advantages of genetic engineering are the ability to use fundamentally new genes that determine 
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agronomically important traits and new molecular genetic methods for monitoring transgenes 

(molecular gene markers), which greatly speed up the process of developing transgenic plants. In this 

situation, breeders are attracted by the possibility of targeted genetic "repair" of agricultural plants. [5]. 

Recombination breeding provides a continuous expansion of the range of available selection of 

genetic variability of economically valuable and adaptively significant traits, including a constant 

increase in the number of identified genetic donors of potential productivity and environmental 

resistance. For this, methods of endogenous and exogenous induction of genetic variability, 

overcoming sexual incompatibility between species of the same family, gametophytic selection, which 

allows, on the basis of large populations of pollen, to identify genotypes functionally equivalent to the 

desired sporophytes, etc., are widely used.  Considering the possibilities of integrating breeding and 

genetic engineering, one should, first of all, determine fundamentally new and clearly expressed 

priorities of plant breeding itself, arising from the modern understanding of: 

– the role of genome integration and the entire idiotype in higher eukaryotes, manifested in the 

formation of blocks of coadapted genes and the preservation of their status quo during the transfer of 

hereditary information from one generation to another; 

– the need to combine high potential productivity in varieties and hybrids, resistance to abiotic and 

biotic stressors, as well as production and environment-forming (soil-improving, phytomeliorative, 

phytosanitary, resource-restoring, design-aesthetic, etc.) functions; 

– the importance of the transition from managing the variability of monogenic traits to combinatorics 

of quantitative (polygenic) traits, many of which are economically valuable; 

– a clearly pronounced role of abiotic and biotic environmental factors that determine not only the 

direction and rates of natural selection (the "formative" influence of the biocenotic environment), but 

also act as inductors of genetic variability (mutational, recombination, reparation, transposition); 

– the need to develop new or alternative areas of breeding, including phyto (bio) cenotic, ecotypic, 

bioenergetic, symbiotic, ecological, as well as apomictic, gamete, etc. [6]. 

Today, modern breeding as a science is characterized by a number of unresolved difficulties 

and problems, among them the most important are the following: 

• the possibilities of traditional breeding itself are particularly limited when using germplasm of 

taxonomically unrelated and distant species. Since genetically determined prezygotic and postzygotic 

barriers are the main obstacle in this. As a result, when wild relatives of cultivated plants are used as 

donors of valuable traits, the duration and scale of the breeding process increase sharply. 

• a further increase in yields for strategically important agricultural crops is constrained by the already 

achieved high yield index (0.5-0.8) corresponding to the modern level of scientific achievements. 

• strengthening of the dependence of the variability of the yield quantity and quality on unregulated 

environmental factors, the share of which for the main grain crops exceeds 60%. 
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• the more traits the breeder seeks to combine in one variety or hybrid, the lower the rate of artificial 

selection is, as a result of which more time is required to develop a new variety. The presence of 

negative genetic and morphophysiological correlations between traits significantly reduces the rate of 

developing new varieties.  

• with the introduction of large doses of mineral fertilizers and ameliorants, the use of a full set of 

pesticides and means of mechanization, there is an exponential increase in the cost of exhaustible 

resources for each additional yield unit, including food calorie, the dependence of the productivity of 

agroecosystems on technogenic factors increases, processes accelerate and the scale of environmental 

pollution and destruction increases. 

• when combining breeding, agrotechnical and genetic engineering programs, in most cases, the 

genetic nature of economically valuable quantitative traits, as well as the effects of their interaction, 

are unknown. 

• both in traditional breeding and when working with individual genes, the use of new genetic donors, 

as a rule, requires careful preliminary breeding work to optimize the selection process [6]. 

An analysis of breeding achievements in the 50-80s of the XX century also indicates that most 

of the improved agronomic traits that led to an increase in yield are polygenic, complex in nature. 

Varieties and hybrids with wide agroecological adaptation, slower aging of leaves, resistance to 

lodging, tolerance of flowers to abortion in conditions of high temperatures and drought, horizontal 

resistance to diseases, etc. have been developed. The main attention in modern breeding programs is 

paid to the combination of high potential productivity of varieties and the ability to resist the action of 

abiotic and biotic stressors. Among the main reasons for this orientation are the tendency to an 

increase in the gap between the potential and average yield of the most important agricultural crops, an 

increase in the dependence of yield quantity and quality on the use of man-made means, as well as 

weather fluctuations (the variability of yield over the years is 60-80% due to "whims" of weather). 

Consequently, further successful development of plant breeding requires the use of biological 

concepts, qualitatively new methods and technologies. [7, 8, 9]. 

It is known that the genetics of quantitative traits, ignoring the real genetic nature of their 

structural organization and functioning, for a long time was based on methods that reduce complex 

traits to simple ones ("main factors", etc.). Later, the dynamism of the formation of quantitative traits 

in morphogenesis was recognized, which determines the multivariance of the implementation of 

matrix structures (on the “gene-trait” path), the redistribution of the expression of genes and gene 

blocks during the formation of a complex trait, etc. Currently, quantitative traits are usually considered 

as a dynamic multivariate integrity, the genetic nature of all components of which is almost impossible 

to identify. As for genetic markers (marker-assisted-selection - MAS), realizing their effect on 
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quantitative traits, their identification remains very difficult, and their practical use in breeding is 

limited [3, 5]. 

Together with the use of the genetic potential of cultivated species, as well as taking into 

account numerous unsuccessful attempts to increase their cold tolerance and winter hardiness, salt and 

acid resistance, early maturity and photosynthetic productivity, in the coming period, special attention 

is paid to the introduction of new species into the culture (direction of "species change"), with great 

potential for adaptability to modern biotic, abiotic and anthropogenic factors. At the same time, the 

priority tasks are the "domestication" or "development" of new types of oilseeds, cereals, legumes, 

bulbs and root crops, many of which are not only resistant to environmental stressors, but are also 

characterized by a high content of biologically valuable substances and nutrients. At the same time, an 

increase in the yield of new crops will be provided due to the traits enhancing the potential 

productivity of plants and reducing the negative effect of abiotic and biotic factors limiting the 

magnitude and quality of the yield. 

Especially great possibilities of genetic engineering open up in terms of the use of transgenic 

methods for the induction of meiotic recombination based on the transfer of endogenous crossing-over 

inductors into interspecific plant hybrids [3, 5, 6]. In recent years, it has been proven that the transfer 

of the re  A gene into tobacco plants allows increasing recombination variability. 

In the process of integrating the methods of the adaptive system of breeding and transgenesis, 

primary attention is paid to increasing the resistance of varieties and hybrids to diseases, pests and 

weeds. The importance of this direction of breeding is evidenced by the fact that the total number of 

species potentially harmful to agroecosystems reaches 80-100 thousand, including over 30 thousand 

pathogens of fungal, bacterial and viral diseases, about 10 thousand arthropods, etc. an increase in the 

amount of pesticides used in agriculture (for example, in the USA a little more than 450 thousand tons 

per year), by the beginning of the XXI century, crop losses are on average about 35%, of which 14% 

are from pests, 12% from diseases and 9% from weeds [10]. The total cost of yield losses worldwide is 

estimated to be as high as $ 50 trillion a year from diseases alone. In this regard, the combination of 

methods of traditional breeding and transgenesis in developing varieties with a pronounced resistance 

to unfavorable conditions, as well as multi-line and synthetic varieties, presents great prospects. This is 

due to the fact that genetic engineering methods make it possible to integrate several different 

resistance genes into a recipient plant at once, thus creating a "gene pyramid" that provides a complex 

resistance of the variety. However, there is no reason to assert that genetic engineering allegedly 

reduces the time for breeding varieties with the required characteristics [11], since for this they always 

use varieties already adapted to local environmental conditions (agroclimatic conditions and 

cultivation technologies), which take 5-10 years and more to develop. 
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In many objects, a correlation has been established between the characters manifested at the 

gametophytic and sporophytic levels [3, 12]. However, with the transition to selection at the haploid 

level, the relationship between the traits changes significantly [13], which in turn complicates the 

prognosis of their manifestation in diploids. To date, the possibility of introducing exogenous DNA 

into plants by means of germinating pollen has been proven [14]. 

Thus, gamete breeding and gametophytic selection can successfully solve some breeding and 

genetic problems: 

• Improvement of the indicators of the reproductive structures themselves and, in particular, 

pollen (changes in aerodynamic properties and fertility; increase in the productivity of plant pollen, as 

well as the ability of pollen to germinate at low or, conversely, increased temperature, humidity, light 

and other stressful situations). 

• Changes in sporophyte traits by assessing and selecting genetically different pollen grains, 

that is, using correlations between gametophyte and sporophyte traits. 

• Evaluation of endogenous (including transgenosis) and exogenous induction of the frequency 

and spectrum of recombination variability, the manifestation of pollen traits in F1 hybrids, the nature 

of their inheritance, as well as the differential growth of pollen tubes "in vitro" and "in vivo". 

• Improving the accuracy of hybridological analysis by taking into account the possibility of 

eliminating marked recombinant microgametes, as well as changing the ratios between phenotypic 

classes of plants in splitting generations. 

Since gamete breeding based on direct (properties of the pollen itself) and indirect (correlation 

between the traits of gametophyte and sporophyte) pollen selection can significantly speed up the 

breeding process, it is obvious not only the possibility, but also the advisability of combining the 

methods of gamete breeding and transgenesis. This combination can be based on hybridization of 

transgenic forms with recipient varieties, as well as the use of pollen itself as a genetically modified 

object. The main advantages of combining gamete breeding and genetic engineering methods are, 

according to some scientists, both in the possibility of assessing a huge number of gametes for direct 

selection of the desired genotypes on specially developed and relatively easily regulated backgrounds, 

and in increasing the likelihood of identifying valuable sporophytes based on correlation analysis ( 

indirect gametophytic selection). 

In the integration of modern breeding and bioengineering methods, an extremely important role 

is played by the ability to use the latter to solve two fundamentally different, but equally priority tasks 

for plant breeding and seed production: 1) to distinguish between plant genotypes and to certify 

varieties; 2) identify genes controlling economically valuable and adaptively significant traits [15].  

In conclusion, it should be noted that thanks to the advances in molecular biology and 

population genetics, the genetic heterogeneity of plants and pollen can now be assessed not only by 
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agronomic and biochemical traits, as it was in the time of N.I. Vavilov, but also at the molecular level 

(isozyme analysis, one-dimensional and two-dimensional electrophoresis, DNA restriction, etc.). 

When assessing genetic diversity, special attention should be paid to taking into account new alleles, 

as well as new combinations of genes (indicating the geographical origin and genealogy of samples, 

their geographic distance, degree of genealogical relationship, etc.). The biological diversity of 

research objects can also be judged by indicators of distance or divergence between traits. The choice 

of traits and their number in each specific case is determined taking into account the task at hand, and 

the traits themselves, including productivity and resistance, are evaluated in the offspring of selected 

material. 
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Abstract 
 
The recent rapid population growth, drought and climate change become a threat to the sustainability of 
water resources entail necessary for societies to take administrative and economic precautions for the 
water supply. One of these precautions to acquire alternative water resources, use seawater with 
desalination. Electrodialysis (ED) method is widely used for this purpose. Polyvinylidene Fluoride 
(PVDF) membranes which placed in the ED cell, cation selectivity feature has been gained by 
compounds containing negative functional groups such as Camphor sulfonic acid (CSA), The 
morphologies and functional groups of the cation selective membranes obtained as a result of the 
modification were investigated by Scanning Electron Microscope (SEM) and Fourier Transform 
Infrared Spectroscopy (FT-IR) techniques. The presence of functional groups expected to be formed on 
the membrane surface as a result of the modification of PVDF membranes with CSA was proven by 
FT-IR spectra.  
The surface morphologies of the modified membranes using the SEM technique were investigated. The 
increase in superficial pore sizes was clearly seen when the modified membranes were compared with 
the pores of the unmodified membranes. These studies concluded that the membrane modification 
process used in the Electrodialysis method was successful. 
 

 
 
Keywords: Electrodialysis, cation exchange membrane, modification, desalination, FT-IR, SEM. 
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TUZSUZLA TIRMADA ELEKTROD YAL Z YÖNTEM N N DENENMES  VE 
DE ERLEND R LMES  

 
Özet 
 
Son zamanlarda h zl  nüfus art , kurakl k ve iklim de i ikli inin, su kaynaklar n n sürdürülebilirli i 
üzerinde tehdit olu turmas , toplumlar n su temininde idari ve ekonomik önlemler alma konusunda 
giri imde bulunmalar n  zorunlu hale getirmi tir. Bu giri mlerden birtanesi de alternatif su kayna  elde 
etmek amac yla deniz suyunun tuzsuzla t r larak kullan lmas  olmu tur. Elektrodiyaliz (ED) bu amaçla 
yayg n olarak kullan lan bir yöntemdir. ED hücresi içerisine yerle tirilen Poliviniliden Florid (PVDF) 
membranlara katyon seçicilik özelli i; Kafur sülfonik asit (CSA) gibi pozitif fonksiyonel gruplar içeren 
bile ik ile modifikasyon i lemi sonucunda kazand r lm t r. Modifikasyon sonucu elde edilen katyon 
seçici membranlar n morfolojileri ve fonksiyonel gruplar  Taramal  Elektron Mikroskop (SEM) ve 
Fourier Dönü ümlü K z l ötesi Spektroskopisi (FT-IR) teknikleri ile incelenmi tir. PVDF membran n 
CSA ile modifikasyon i lemi sonucunda kazand r ld  dü ünülen fonksiyonel gruplar n varl  FT-IR 
tekni i ile gözlenmi tir. Modifiye edilmi  membranlar n yüzey morfolojileri SEM tekni i ile 
incelenmi tir. Modifiye edilmi  ile modifiye edilmemi  membran kar lat r ld nda modifiye edilmi  
membranlar n gözenek boyutundaki art  aç kça görülmü tür. Bu çal ma ED yönteminde yap lan 
modifikasyon i leminin ba ar l  oldu unu gösterni tir. 
 
Keywords: Elektrodiyaliz, katyon seçici membrane, modifikasyon, tuzsuzla t rma, FT-IR, SEM. 
 
 
Giri  
 
 Günümüzde su ihtiyac n n sa l kl , güvenli ve sürdürülebilir bir ekilde kar lanmas  birçok 
ülkenin gündemine ald  önemli konulardan bir tanesidir. H zl  nüfus art , kurakl k ve iklim 
de i ikli i gibi etkenlerin su kaynaklar n n güvenli i ve sürdürülebilirli i üzerinde tehdit olu turdu u, 
sanayile me ve turizm faaliyetlerinin artmas  ile birlikte su kaynaklar n n h zl  bir ekilde tükenmeye 
ba lad  görülmektedir. Artan su ihtiyac n  kar lamak amac yla yeralt  su kaynaklar na ba vurulmas  
mevcut su kaynaklar n n ihtiyac  kar lamada yetersiz oldu unu göstermektedir.  
 Son y llarda birçok ülke yeterli ve kaliteli su temini amac yla idari ve ekonomik önlemler 
alma yolunda giri mlerde bulunmu tur. Bu giri mlerden bir tanesi de deniz suyunun tuzsuzla t r larak 
mevcut su kaynaklar na alternatif olarak yeni bir su kayna  haline getirilmesi olmu tur. Özellikle su 
fakiri ve denize k y s  olan birçok ülkenin su ihtiyac n  kar lamada kaynak olarak deniz suyuna 
ba vurdu u görülmektedir.  
 Deniz suyunun tuzsuzla t r lmas nda yayg n olarak termal yöntemler ve membran prosesleri 
kullan lmaktad r.  
 Son y llarda deniz suyunun tuzsuzla t r lmas nda membran proseslerin geli mesi ve 
maliyetlerinin azalmas , bu teknolojilerinin kullan m n  cazip hale getirmi tir. Termal yöntemlerin 
beraberinde kurulan s tma tesislerinin emisyonlar  göz önüne al nd nda membran proseslerin çevreye 
olan etkileri daha az olup yüksek enerji verimlili ine sahiptir. Ekosisteme katk  sa layan membran 
prosesleri deniz suyunun tuzsuzla t r lmas nda önemli bir yere sahiptir. 
 Membran ar t m yöntemlerinde önemli role sahip olan ED yönteminin ana bile enleri iyon 
de i tirici membranlard r (Sadrzadeh, Razmi, et al., 2007). ED i lemi, ad ndan da anla labilece i gibi 
elektroliz ve diyaliz lemlerinin bir araya gelmesi ile te kil edilmektedir (Ergün E., 2008). Diyaliz 
i leminin verimlili ini artt rmak amac yla sisteme elektrotlar yard m  ile ak m uygulanmas  sonucu 
meydana ç km t r (Çetin B., 2006). 
 ED sistemi; ED hücre, pompa, güç kayna  ve besleme suyundan meydana gelmektedir.  

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 361 November 5-6, 2021



 

 

 ED sisteminin ana bile eni ED hücredir. ED hücresini elektrotlar (anot ve katot), iyon seçici 
membranlar (anyon ve katyon seçici membranlar) meydana getirmektedir. ED hücresine verilen 
elektrik ak m  ile birlikte iyonlar, iyon seçici membranlara do ru harekete geçer ve ay r m 
gerçekle tirilmi  olur. Katyonlar, katyon seçici membranlardan geçebilirken anyon seçici 
membranlardan geçemezler. Ayn  ekilde anyonlarda, anyon seçici membranlardan geçebilirken katyon 
seçici membranlardan geçemezler (Çetin B., 2006).  
ED i leminde difüzyon ve elektrik ak m  en etkili mekanizmalard r (Tezak l F., 2008). ED hücresinin 
tasar m  ve ekili giderilecek olan iyon konsantrasyonunda etkilidir (Valero., F., Barcelo, A., Arbos, R., 
2020).  
 ED i leminin çal ma prensibi basitçe ekil 1’de gösterilmektedir.  

 
ekil 1. ED i leminin basitçe çal ma prensibi 

 ED hücrede anyon ve katyon seçici membranlar birbirlerinden contalar vas tas  ile 
ay r lmaktad r (Aytaç E., 2016).  
 Bir ED hücre içerisindeki iyon seçici membranlar n say s  de i ebilmek ile birlikte bir 
endüstriyel ölçekli ED hücresinde 100 ile 200 adet aras nda bulunabilmektedir. Genellikle 
uygulamalarda levha ve dolambaçl  ak l  y n tasar ml  hücreler kullan lmaktad r. Levha ak l  ED 
hücrelerinde membranlar dikey yerle tirilirken, dolambaçl  ak l  hücrelerde membranlar yatay 
yerle tirilmektedir (Strathmann, 2010).  
 ED hücre sistemleri en yayg n olarak deniz suyunun tuzsuzla t r lmas nda, birçok endüstride 
tuz ve asitin birbirinden ay r m nda ve saf su üretimi i lemlerinde kullan lmaktad r (Aytaç E., 2016). 29  
 ED i leminde ak m sürekli ve kesikli ekilde te kil edilirken membranlarda t kanma, kirlenme 
ve bozulma problemleri ya anabilmektedir (Karabacako lu B., 2001).  
 ED sisteminin verimi; hücre çifti say s , uygulanan voltaj, debi, çözelti konsantrasyonu ve 
s cakl k gibi parametrelerden etkilenmektedir. Suyun sertli i ve organik aç dan kirlili i de membran 
t kanmalar na sebep olaca ndan verimi etkileyen di er önemli parametrelerdir (Ká avová et al., 2014).  
 ED i lemi; öncesinde basit bir ön ar t m n yeterli olmas , dü ük bas nçta i letilebilmesi, 
yüksek bas nçl  pompalara ihtiyaç duyulmamas , sessiz i letilebilmesi, membran koruyucuya ihtiyaç 
duyulmamas , i letme ve bak m maliyetinin dü ük olmas , iyon gideriminde yüksek verime sahip 
olmas  ve yüksek deri imli sularda etkili olmas  gibi avantajlara sahiptir. yon d ndaki organik 
kökenli kirleticiler üzerinde etkili olmamas  ve enerji ihtiyac  ED i leminin dezavantajlar ndand r 
(Scott, K., 1996).  
 ED i lemi tuzlu suyun tuzsuzla t r lmas nda 50 y l  a k n süredir kullan lan bir yöntem olmak 
ile birlikte son y llarda ya anan geli meler ile g da ve kimya olmak üzere çe itli endüstrilerde de 
uygulanmaya ba lanm t r (Strathmann, 2010). 
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Materyal ve Yöntem 
 
Materyaller 
 Çal ma boyunca membran modifikasyonunda kullan lan materyaller; PVDF membran, 
Klorosülfonik asit (HSO3Cl), 1.2 Dikloroetan (C2H4Cl2), Sülfirik asit (H SO ), Anilin (C6H5NH2), 
amonyum peorksodisülfat ((NH4)2S2O8), Amonyak (NH3), Kafur Sülfonik asit (CSA), saf su ve 
vakumlu f r nd r. 
 
Membran Modifikasyonu Yöntemi 
 Membran modifikasyonu yöntemi u ekilde gerçekle tirilmi tir. Membran modfikasyonu 
için hidrofilik özellikte PVDF membran kullan lm t r. PVDF membranlara a a da belirtilen 
modifikasyon i lemleri yard m  ile anyon ve katyon seçicilik özelli i kazand r lm t r.  
 Katyon seçici membranlar yap lar  gere i negatif yüklü gruplara sahip olmal d r. Ticari olarak 
temin edilen hidrofilik özelli e sahip olan PVDF membranlar n üzerlerinde negatif yüklü gruplar 
olu turmak üzere sülfonlama i lemi yap lm t r.  
 Sülfonlama i lemi s ras yla u ekilde gerçekle tirilmi tir. Membranlar haz rlanan 
Klorosülfonik asit çözeltisinde 80 oC’de 45 dk bekletilmi tir. Daha sonra membranlar s ras  ile 1.2 
Dikloroetan ve saf su ile y kand ktan sonra 50 oC’de vakumlu f r nda kurutulmu tur. Kurutulan 
membranlar 0,5 M Sülfirik asit ve anilin çözeltisinde 1 saat bekletilmi  ve sonras nda saf su ile 
y kanm t r. Sonras nda s ras  ile 0,5 M amonyum peroksodisülfat çözeltisi içerisinde 4 saat 0,5 Molar 
amonyak çözeltisi içerisinde 12 saat bekletilmi  ve saf su ile y kanm t r. Son olarak membranlar 0,1 M 
CSA çözeltisinde 12 saat bekletilerek modifikasyon i lemi tamamlanm t r (Farrokhzad et al., 2015). 
Elde edilen yeni membran S-PVDF-CSA ad  ile tan mlanm t r. 
 
 PVDF membran n n kimyasal yap  formülü ekil 2’de gösterilmi tir. 

 
ekil 2. PVDF’nin kimyasal yap  formülü (Anonim, 2021c) 

 
PVDF membranlar n modifikasyonunda kullan lan CSA’in kimyasal yap  formülü ekil 3’te 

gösterilmi tir. 

 
ekil 3. Membran modifkasyonunda kullan lan CSA’n n kimyasal yap  formülü CSA 
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Membran Karakterizasyonu Yöntemleri 
 
 Modifikasyon sonucu elde edilen yeni membranlar n fonksiyonel gruplar  ve morfolojileri 
Perkin-Elmer Spectrum Two Model FT-IR ve Jeol JSM 7001 F Model Elektron Taramal  Mikroskobu 
(SEM) arac l  ile incelenmi tir. 
 
 
Sonuç ve Tart ma 
 
Modifiye Edilmi  Membranlar n Fonksiyonel Gruplar n n ncelenmesi 
 
 PVDF membranlar n CSA ile modifikasyonu sonucunda membran yüzeyinde olu an 
fonskiyonel gruplar FT-IR spektumlar  arac l  ile belirlenmi tir. Modifikasyon i lemi sonucu elde 
edilen S-PVDF-CSA membranlar n ve i lem görmemi  PVDF membran n n FT-IR spektrumlar  ayr k 
olarak ekil 4’te gösterilmi tir. 
 

                           

 
(a)                                                                                                 (b) 

 
ekil 4. Membranlar n ayr k IR spektrumlar  (a) PVDF (b) S-PVDF-CSA 

 
 IR spektrumlar  incelendi inde; temel membran esas malzemesi olan ve PVDF için 
karakteristik C-H pik gerilmelerinin (en yüksek geçirimlili inin) 810 ve 870 cm-1 dalga say s  
aral nda oldu u ekil 4 (a)’da aç kça görülmektedir. 1100-1400 cm-1 dalga say s  aral ndaki keskin 
pik gerilmelerinin PVDF yap s ndaki C-F ba lar n  i aret etti i ekil 4 (a)’da görülmektedir. PVDF 
membran n üzerindeki modifikasyon i leminin etkisi ile olu an sülfon gruplar ndan kaynakl  S=O 
titre imleri yakla k 980 ve 1020 cm-1 dalga say s  aral nda S-PVDF-CSA örneklerinde oldu u ekil 
4 (b)’de görülmektedir (Anonim, 2021d). 

ekil 4 (b)’de S-PVDF-CSA modifiye edilmi  PVDF membran n spektrumlar  modifiye 
edilmemi  PVDF membran n IR spektrumlar  ile kar la t r ld nda geçirgenlik de erlerinin azalm  
oldu u gösterilmektedir. Bu durum modifikasyon i leminin gerçekle ti ini göstermektedir. 
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Modifiye Edilmi  Membranlar n Morfolojilerinin ncelenmesi 
 

PVDF membranlar n modifikasyonu sonucunda elde edilen S-PVDF-CSA membranlar n n ve 
modifikasyon i lemi görmemi  PVDF membran n n morfolojileri Jeol JSM 7001 F Model Elektron 
Taramal  Mikroskobu (SEM) arac l  ile görüntülenerek ekil 5’te gösterilmi tir. Modifikasyon i lemi 
sonucunda membran yüzeyinde meydana gelen de i imleri fiziksel olarak göstermek için k yaslama 
yapmak amac yla, modifikasyon i lemi yap lmam  PVDF membran n SEM görüntülerinden 
faydalan lm t r. 

 
ekil 5. Membranlar n x1000, x5000 ve x10000 büyütmede SEM görüntüleri (a) PVDF (b) S-

PVDF-CSA 
 

ekil 5’te x1000, x5000 ve x10000 büyütmede al nan SEM görüntülerinden faydalan larak 
modifikasyon i lemi sonucunda membranlar n yüzeysel gözenek boyutlar nda de i iklik olup olmad , 
bu de i ikliklerin homojenli i ve membranlar n mukavemeti, modifikasyonsuz PVDF membranlar n 
gözenekleri ile kar la t r lm t r. ekil 5’te görüldü ü gibi modifikasyonsuz PVDF membran n x10000 
büyütmede ortalama gözenek çap  yakla k 1 m olarak gözlemlenmi tir. Modifikasyon i lemi 
sonucunda x10000 büyütmede elde edilen SEM görüntüsünde, modifikasyon i lemi sonucunda 
membranlar n modifikasyonsuz PVDF membranlar n gözenekleri ile kar la t r ld nda yüzeysel 
gözenek boyutlar ndaki art  aç kça görülmektedir. Ayr ca x10000 büyütmede S-PVDF-CSA 
modifikasyonlu membranlar incelendi inde, gözenek boyutlar ndaki a r  art  ile ipliksi yap lar n 
olu mas n n membranlar n mukavemetinde azalma etkisi meydana getirmesi beklenmekte oldu u 
sonucuna var lm t r.  

PVDF membranlar n modifikasyonu sonucunda elde edilen S-PVDF-CSA membranlar n 
yüzeylerindeki modifikasyon bile iklerindeki elementlerin varl  Taramal  Mikroskobu Enerji 
Da l m  Spektrometresi (SEM-EDS) arac l  ile görüntülenerek ekil 6’da gösterilmi tir. 

 
ekil 6. S-PVDF-CSA membran n SEM-EDS görüntüsü (S elementi da l m ) 
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ekil 6’da membran modifikasyonunda kullan lan CSA bile i inin yap s ndaki sülfonik 
gruplardan kaynakl  kükürt (S) elementlerinin varl  ve homojen da l m  SEM-EDS görüntülerinde 
aç kca görülmektedir. 
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Abstract 
Due to the reduction of catching fish and use of saline and brackish waters, there are strong economic 
incentives to develop marine aquaculture. The aim of current study was to assess floating cage culture 
and the environmental quality statements based on different physico-chemical parameters and also 
compare its statements with the threshold values in the Iranian coastal waters of Caspian Sea 
(Nowshahr region). 142 water samples were collected along four distances (shadow, 100, 200 and 
1000 meters) around the fish cage culture and four periods (before, start, middle and end of breeding) 
between autumn 2017 and autumn 2018. Sixteen physico-chemical parameters were analyzed based on 
standard methods. The principle component analysis (PCA) showed that first component alone 
accounts for 28.8% of the total variance. This component were contained SDD, DO%, Chl-a  with 
loading factor (>0.6) and salinity, COD and NH4 with loading factor (>0.4). The trophic level of 
Caspian Sea (TRIXcs) in the percentiles of 25-75% were observed 4.36-5.10. Stepwise regression test 
for the whole period showed that TRIXcs had a significant relationship with phosphorus, Chl-a  and 
oxygen saturation (p<0.05). Results also showed that values of whole 16 physico-chemical parameters 
(except BOD5) were less than threshold value and standards values criteria of some countries at 
marine ecosystems. The trophic status of this area changed from mesotrophic to meso-eutrophic and 
also high risk eutrophication process was predicted. Based on the universal and local criteria of Chl-a 
values, the water had high quality at most layers around the cages, and the quality was slightly reduced 
from the shadow of cage to a distance of 100 or 200 meters. In the southern part of the Caspian Sea, 
small-scale marine floating cages are now being installed, and the number of cages cannot have visible 
effects on the ecosystem.  
Keywords: Physico-chemical parameters, Cage culture, Iranian coast, Caspian Sea, Iran 
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Abstract 
 
Semiconductors such as titanium oxide (TiO2), zinc oxide (ZnO), cadmium oxide (CdO) and 
nickel oxide (NiO) are often used in photodiode, photo sensor and optical applications. In 
addition to doping, one of the methods used to improve the properties of optoelectronic 
materials produced from metal oxide semiconductors is to obtain a new composite structure 
by mixing the semiconductors in different proportions [1-4]. In present study, pure cadmium 
oxide (CdO), nickel oxide (NiO) and different molar ratios of CdO:NiO thin films were 
deposited on p-Si layer by sol-gel spin coating technique. 2-methoxyethanol was used as the 
solvent and monoethanolamine was used as the stabilizer. Cadmium acetate was used as Cd 
source and Nickel acetate was used as Ni source for preparing sol-gel. p-Si sheet was cleaned 
with acetone, distilled water, ethanol and distilled water for 5 minutes each in ultrasonic bath. 
Then, this plate was immersed in 1:10 HF:H2O solution for 30 seconds and ultrasonically 
washed in distilled water for 5 minutes. The bottom contact of the sheet, which was dried with 
nitrogen gas, was coated with Al and finally cut in 10*10 mm2 dimensions. 0.5 M Cd and Ni 
in molar ratios of Cd:Ni (1:0, 0:1; 3:1; 1:3 and 1:1) were poured in to 10 ml solvent and 
mixed on a magnetic stirrer until all the powders were dissolved. 0.5 M stabilizer was 
dropwise to the mixture while stirring continue and was stirred at 80 °C for 2 h. Sol-gel 
solutions, which were left to rest for 24 hours at room temperature, were deposited on p-Si 
sheets at 3000 rpm for 30 seconds with dynamic spin coating technique and dried at 150 °C 
for 10 seconds. The dried samples were kept at room temperature for 10 minutes and the same 
procedures were repeated, and two-layer coating was carried out. The coated samples were 
calcined in the oven at 450 °C for 1 hour. FE-SEM, EDX and XRD analyzes were performed 
for structural characterizations. Thin films on the surface are composed of nano-sized 
structures and peaks of both elements were found in composite coatings in EDX analysis. In 
XRD analyzes it was observed that the peak intensities differed as the Cd/Ni ratio changed 
(Figure 1). The intense peaks observed in CdO thin film coating at 2  angles of 33.01°, 
38.29°, 55.28°, 65.91° and 69.25° corresponding to (111), (200), (220), (311) and (222) 
planes, respectively. The indexed peaks are fully consistent with the crystalline CdO (JCPDS 
005-0640). The absence of secondary phases and impurities in the XRD diffraction peaks 
proves that CdO has been successfully formed. XRD analysis results of CdO thin film is in 
good agreement with literature studies [5], [6]. The intense peaks observed in NiO thin film 
coating at 2  angles of 37.26°, 43.30°, 62.92°, 75.48° and 79.44° corresponding to (111), 
(200), (220), (311) and (222) planes, respectively. The indexed peaks are fully consistent with 
the cubic-structured crystalline NiO. No secondary or impurity peaks were observed. This 
indicates that NiO is crystalline and successfully formed. XRD analysis results of NiO thin 
film is in good agreement with literature studies [7], [8]. Characteristic peaks of both NiO and 
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CdO were observed in composite thin film coatings. This shows that the CdO:NiO composite 
thin film coatings were carried out successfully. The characteristic peaks of the element with 
higher ratio are higher in composite thin films. The characteristic peaks shifted to slightly 
higher 2 theta degrees compared to pure CdO and NiO. It has been concluded that pure and 
composite thin films have been successfully formed on p-Si and these films can find 
applications in optoelectronic and solar energy tracking systems. 

 
Figure 1. XRD results of thin films. 

 
Keywords: Sol-gel spin coating technique, Thin Film, Composite, Solar energy, Photodiode. 
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Abstract 
The present work consists in numerically studying the magnetohydrodynamics of the 
turbulent natural convection of nanofluids (Water + Ag / TiO2 / Cu) in a differentially heated 
rectangular cavity. To predict the turbulent behavior of the flow, we used the standard  -  
turbulence model. The governing equations of the physical problem are discretized by the 
finite volume method using the power law interpolation scheme to approximate the values of 
the functions of the various variables at the interfaces of the control volumes with respect to 
the nodes of the grid. The study focuses on the effect of physical parameters such as the 
Rayleigh number (107  Ra  1010), the two-dimensional orientation of the magnetic field (0 

   2 ), the Hartmann number (0  Ha  300) and the volume fraction in nanoparticles (0% 
  6%). 

The results obtained show that the Rayleigh and Hartmann numbers have a considerable 
effect on the hydrodynamic and thermal fields. Indeed, the addition of the nanoparticles 
changes the thermal and electrical performance of the mixture, which significantly affects the 
convective heat exchange within the enclosure in the presence of a magnetic field. In 
addition, the orientation angle of this field strongly affects the hydrodynamic and thermal 
flow in nanofluids. 
 
Keywords: Convection, natural, turbulence, nano-fluid, magnetic field. 
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Summary 
The extraction of medicinal plants is a necessary step to isolate the bioactive molecules. 
However, this method is carried out using chemical solvents which can extract the molecules but 
also pollute the extract. Traditional methods of extraction are more efficient and can produce pure 
and unpolluted molecules. In this study two methods of extracting calotropis procera were tested. 
The plant were  obtained from the Sahara of Algeria. The first method was to extract the plant 
with chemical solvents. The plant powder was  put in ethanol for 72 hours. After maceration, the 
ethanolic extract was filtered and the extract was decanted with solvents; chloroform, butanol and 
ethyl acetate. After filtration, the extracts appeared transparent green color. The extracts were 
kept in glass bottles and stored in the refrigerator. The second method is a cold extraction of the 
calotropis procera plant without chemical solvents. The extract has not been filtered. A black to 
dark green extract was obtained. We put the extract in a UV-resistant bottle. The extracts 
obtained were immediately tested on rats and they were not stored in the refrigerator. The 
extracts of the calotropis procreatic plant obtained by the two methods were tested for their 
protective effects vis-à-vis the toxicity of mercury. The results of the histopathology study of the 
kidney and liver of male Wistar rats treated with Calotropis procera extract obtained by cold 
extraction show that the renal glomeruli are of normal structure. The extract obtained by cold 
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extraction completely protected the liver of the rats. However, the extract obtained by chemical 
and hot extraction did not protect the kidneys and liver of rats from mercury toxicity. 
The results of this study demonstrate that cold extraction is a key to obtaining pure and effective 
molecules that can protect vital organs like the kidney and liver. The purpose of this 
communication is unveiled a new method of extracting plants used in the Sahara of Algeria to 
extract even the most complex plants such as calotropis procera. 
Key world: 
 
 
Cold extraction, chemical extraction, calotropis procera, antioxidants, kidney, liver. 
 
Résumé 

L’extraction des plantes médicinales est une étape nécessaire pour isoler les molécules 
bioactives. Cependant cette méthode est réalisée à l’aide des solvants chimiques qui peuvent 
extraire les molécules mais pollue aussi l’extrait. Les méthodes traditionnelles d’extraction sont 
plus efficaces et peuvent engendrer des molécules pure et non polluée. Lors de cette étude on a 
testé deux méthodes d’extraction d’une plante sauvage la calotropis procera. Les feuilles de la 
plante ont été récoltées à partir de la plante provenant de la willaya d’ILIZI du Sahara d’Algérie. 
La première méthode on a extrait la plante par des solvants chimiques. On a mis la poudre de la 
plante pendant 72 h dans l’éthanol. Apres macérations on a filtré l’extrait éthanolique et on a 
procédé à la décantation de l’extrait par des solvants ; le chloroforme, le butanol et l’éthyle 
acétate. Après filtration on a obtenue des extraits de couleur vert transparent. Les extraits ont été 
maintenus dans des bouteilles en verre et stocké dans le réfrigérateur. La seconde méthode est 
une extraction à froids de la plante calotropis procera sans solvant chimique. L’extrait n’a pas été 
filtré. On a obtenu un extrait noir à vert foncé. On a mis l’extrait dans une bouteille anti-UV.  
        Les extraits de la plante calotropis procréa obtenue par les deux méthodes ont été testé pour 
leur effets protecteur vis-à-vis de la toxicité du mercure. Les résultats de l’étude histopathologie 
du rein et du foie des rats Wistar mâles traités avec l’extrait de la Calotropis procera obtenue par 
extraction à froids montre que les glomérules rénaux et sont de structure normale. L’extrait 
obtenu par extraction à froids a protégé totalement le foie des rats. Cependant l’extrait obtenu par 
extraction chimique n’a pas protégé les reins et le foie des rats contre la toxicité du mercure. 
Les résultats de cette étude démontrent que l’extraction des plantes est une clé pour obtenir des 
molécules pur et efficace qui peuvent protégée des organes vitaux comme le rein et le foie. Le but 
de cette communication est dévoilé une nouvelle méthode d’extraction des plantes algériennes à 
froids utilisée au Sahara d’Algérie pour extraire des plantes même les plus complexes comme la 
calotropis procera. 
Mots clé : 
Extraction à froids, extraction chimique, calotropis procera, antioxydants, reins, foie. 
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Abstract 
“There is enough for everyone’s need But not for everyone’s greed” 
Mahatama Gandhi 

 
Sustainable is a Latin born term which means to carry on, to endure, to live through, to maintain, 
to sanction, to prolong, to encourage, to support the life of living being. It may be described as a 
harmonious balance that manipulates development along with environmental imperatives. 
Human race is absolutely dependent upon nature for its existence, continuation and growth. 
Nature is a treasure trove which has an assortment of resources for human beings. 
Interdependence of humans with nature sometimes creates a problem which can affect our future 
generation. Humans, because of their greedy nature, are destroying the resources which is a 
matter of major concern, because our future on earth is at high risk. Human activities motivated 
by the attitude of unchecked consumerism and (false) invalid patterns of production and 
consumption have never been as mean and cruel towards the environment as in the modern era of 
scientific and technological innovations. The study will be based on secondary data and will be 
theoretical in nature. The objectives of the study shall be to highlight the initiatives of Stockholm 
conference related to environment, to highlight the initiatives of Government of India to achieve 
the Stockholm initiatives, to highlight the importance of environment and Sustainable 
Development Goals for future generation and to evaluate the law related to environment in India. 
It can be concluded that in new era the environment is degrading with the pace of development 
and human life is at high risk. It can be reduced only by adopting the sustainable development 
goals. 
 
Keywords:  Sustainable Development, Environment, Resources, Nature, Scientific 
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Abstract 

Cu-XTi alloys (X = 1.5% and 4.5%) were subjected to multi-axial forging (MAF) under 
cryogenic condition up to 3 passes successfully. Characteristics of the MAF processed alloys 
were analyzed using microstructural analysis, hardness and wear tests. Worn surface 
morphology and elemental analysis was done by scanning electron microscope (SEM). The 
hardness of samples increases with higher MAF passes due to strain hardening and grain 
refinement. Wear test  was done for six different sliding distances (500 m, 1000 m, 1500 m, 
2000 m, 2500 m and 3000 m), two different load (10 N and 20 N), and two different 
velocities (1 m/s, and 2 m/s) using the pin on disc wear test rig. Wear loss of as-received 
samples is higher than MAF processed samples due to an increase in hardness, but wear loss 
increases as the load increased. Coefficient of friction is reduced with the increase of MAF 
pass is due to strain hardening effect. The worn surface exhibits the plastic deformation 
regions, delamination, ploughing and formation of oxide layers which was revealed in X-Ray 
diffraction (XRD) analysis.  
 
Keywords: Cu-Ti alloy, Multi-Axial Cryo Forging, Coefficient of Friction and Wear. 
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Abstract 
 
In this study, a liquid level control set equipped with a proportional control valve, solenoid valve, liquid 
level sensor, process controller and data acquisition card used in the industry is designed. These devices 
in the control system are mounted directly on the liquid tank and the control set is made in one piece. 
The level of the liquid is measured with the capacitive liquid level sensor, whose probe is adjusted 
according to the depth of the tank. This measured value is transmitted to the industrial controller as a 
feedback signal. With this controller, which operates the control algorithm depending on the entered 
reference value and the feedback signal, the on/off control of the liquid level is performed with a 
solenoid valve, while the PID control is performed with a proportional control valve. The feedback 
signal from the liquid level sensor and the control voltage of the valves are instantly transferred to the 
computer via the data acquisition card, and the graphics of the data are evaluated in the 
MATLAB/simulink program. The study is very suitable for examining system behaviors with different 
parameters and coefficients in on/off and continuous control forms. In addition, with this control set, it is 
ensured that the devices used in the industry are closely recognized and their usages learned. 
 
Keywords: Liquid level control, On/off control, PID control 
 
 
Introduction 
Level measurement is used to determine the height, volumetric amount or mass amount of liquid or solid 
material in a tank [1]. In industrial systems related to fluid, the parameter that is the most frequent 
control requirement is level [2]. Liquids are generally used as fluids in control systems [3]. It is possible 
to see liquid level control in many different sectors such as nuclear power plants [4], food industry [5]. 
Proportional, integral, derivative (PID) control is the leading control method used in this process control 
[6-9]. In addition to the PID method, liquid level control applications with algorithms such as fuzzy 
logic [10-13], genetic algorithm [14], combination of PID and fuzzy logic control method [15-18] are 
also available in the literature. 
Canbolat is introduced a new method for measuring the liquid level in the tank. Existing methods are 
generally based on the wide difference between the dielectric constants of liquids and air. The main 
advantage of the method is that it can be applied directly to non-conductive liquids without calibration 
with three capacitive sensors [19]. Terzic et al. They developed and used a single tube capacitive sensor, 
in which a neural network-based approach will be applied to accurately determine the fluid level in the 
automobile fuel tank while it is in motion. An acoustic sensor-based approach to measuring the liquid 
level in the fuel tank of moving vehicles istried and validated with the Support Vector Machines 
classifier [20]. Alt n and Bulut is developed a device that can detect the level in liquid tanks used in 
factories with an ultrasonic sensor and monitor the measurement data by transferring it to a remote 
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computer or smart phone with Bluetooth [21]. Varun Kumar et al., in their studies, monitors the liquid 
level in the container with an ultrasonic sensor, transfers this data to a remote display with the Arduino 
and Zigbee module, and informs with a message that the liquid level is reached a critical value with the 
GSM module [22]. Toghyani et al. modeled the cylinder capacitive sensor probe for measurement of the 
level of conductive liquids based on mathematical operations using MATLAB/Simulink [23]. 
In this study, a liquid level control set was designed and implemented by using elements such as 
industrial controller device, proportional valve, solenoid valve, industrial sensor, data acquisition device, 
which have a wide usage area in industry. Liquid level was measured with capacitive level sensor and 
closed loop control algorithm with this feedback signal was realized with industrial type controller. 
While the on/off control of the system with and without hysteresis was done with a solenoid valve, the 
PID control was made with a proportional valve that have 2-10 V DC control voltage. Level and valve 
voltage values were transferred to the computer with the data acquisition device and graphed in 
MATLAB/Simulink. As a result, an industry-compatible liquid level control set has been created where 
practical results can be observed and analyzed instantly. 
2.Control System 
Controlling can generally be defined as managing the desired output in a desired way [24]. The expected 
response from the output of the system may be to follow the reference value with the least error, to start 
and stop with on-off or to follow the reference without error. The control process is divided into two 
groups as two-position (on/off) or continuous output (PID)  generating [25]. 
2.1 On-Off Control 
In this control method, the system is either completely closed or completely open around the reference 
input value [26]. The input-output relation of the two-position controller, with the error signal e(t) and 
the controller output u(t), is as follows. 

u(t) =
U , e(t) < 0
U , e(t) 0                                                                        (1) 

2.2. PID Control 
Regardless of the control method in PID control, the output is constantly controlled against the entered 
reference value. This control method generally consists of different combinations of proportional, 
derivative and integral control forms [25]. Control signal u(t); 

                                            u(t) = Kpe(t) + Ki e(t)d(t) + Kd
de(t)

dt
                                                       (2) 

It is calculated with the formula. With this controller, both the temporary and steady state of the system 
can be controlled [25]. 
3.System Architecture 
The architecture of the liquid level control set, whose mechanical connection diagram is given in Figure 
1 and electrical connection diagram in Figure 2, consists of the components shown in the diagrams. 
(1) The ball valve, ensures the passage of liquid to the system. 
(2) The solenoid valve is used for on-off control at the desired set value. It consists of a capsule molded 
from a glass-filled thermoplastic polyester (30%) material and a heat-resistant coil (resistant up to 200 
°C). They can do more than 10 million on/off. It is suitable for use in high humidity environments [27]. 
(3) Manual valve creates a disruptive effect as well as evacuating the liquid from the tank. 
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Figure 1. Mechanical diagram of liquid level control system 

 (4) The automatic control valve realizes the fluid flow to realize the continuous control of the system 
with the voltage given within the limits. It is used for precise control of liquid flow in systems such as 
heating, ventilation and air conditioning. It adjusts the liquid flow proportionally according to the 
incoming control signal. It is compatible with controllers that have 2-10 V DC proportional outputs [28]. 
(5) The overflow pipe provides safety liquid discharge from the maximum point of the tank level. 
(6) The scaled transparent level indicator is used to monitor the level of the process variable filled 
into the tank from outside the tank. 
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Figure 2. Electrical connection diagram of the liquid level control system 

 
(7) The Standard Controller is designed for the measurement and control of many process variables in 
industrial environments. They are safe and easy-to-use controllers that comply with international 
standards for multi-purpose process control use [29]. 
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(8) Capacitive Level Sensor is used to measure the level in conductive liquids, low conductivity 
liquids, solid particulate and powdery materials, sticky and acid/basic liquids[30]. 
(9) Data Acquisition Card is used in fields such as signal testing, laboratory research and factory 
automation [31]. 

 

                                             

 
          a                                      b                                   c                        d                                   
e 

Figure 3. (a) Solenoid valve (Amisco), (b) Automatic control valve (Ontrol), (c) Controller 
(Tekon), (d) Capacitive level sensor (Ensim), (e) Data acquisition card (Adlink) 

 
4.Experimental Results 

 
The designed and realized liquid level set is shown in figure 4. Mechanical and electrical devices are 
mounted on the level tank and a portable, portable liquid level set is created in one piece. 
 

 
Figure 4. Liquid level control system 

 
The system is used by connecting directly to the mains water and drain. The control panel electrically 
needs 220 V AC signal. After the control type and coefficients are determined with the controller on the 
panel, the control system can be operated in on/off and continuous control forms. The analog signal 
information measured from the sensor is 4  20  and the analog control signal 20  4  used in the 
control of the automatic control valve is converted to 2  10   voltage with a resistor and transmitted 
to the data card. 
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Figure 5. Data card MATLAB/Simulink interface 

 
As seen in Figure 5, the graphs of these values taken with the USB port are drawn in the 
MATLAB/Simulink program. By extracting the operating curve of the sensor, the information received 
from the sensor was converted into level information by the curve fitting method in the simulink 
program. Then, the noise was reduced by passing through the kalman filter and the graph was drawn 
together with the set value. In experimental studies, on/off control of the system for different hysteresis 
values and P, PI and PID control for various coefficients were performed.  
 

 
              Figure 6. System on/off control, hysteresis=0                Figure 7. System on/off control, 
hysteresis=1 
 
As can be seen in the graph in Figure 6, in the on/off control without hysteresis, after a delay of 50 
seconds, the reference value was captured at 305 seconds and on/off occurred around the set. 

 
               Figure 8. System on/off control, hysteresis=2        Figure 9. System on/off control for different 
set values                                            
                                                                                                                      (hysteresis=0) 
The graphics of on/off controls when hysteresis is 1 and hysteresis is 2 are given in figures 7 and 8, 
respectively. Here, as in the control when the hysteresis is 0, the system delay is 50 seconds and the time 
to reach the set point is 305 seconds. When hysteresis is 1, it oscillates around the set value at 19-21 cm 
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values, while when hysteresis is 2, it oscillates at 18-22 cm values. On/off control for 5-10-15 set values 
during system operation is as in figure 9. 

 
(a) 

 
(b) 

  
  (c) 

Figure 10. Proportional (P) control response of the liquid level control system for 20 cm reference value 
a) PB=100%, b) PB=30%, c) PB=10% 

 
When the proportional control charts in Figure 10 are examined, it is seen that the system delay is 
approximately the same and as the proportional band (PB) gets smaller, the system speed increases and 
the steady-state error decreases. The values of the graphics are given in Table 1. 
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Table 1. System P control according to different proportional band values 
 PB = %100 PB = %30 PB = %10 
System delay (s) 50.5 49.8 49.79 
Time to reach steady state (s) 271 278 288 
Steady state error (cm) 7,6 1,8 0,43 

 

 
(a) 

 
(b) 

 
(c) 

Figure 11. Proportional + integral (PI) control response for 20 cm set point of liquid level control 
system a) PB=20%,Ti=2, b) PB=80%, Ti=11, c) PB=20%, Ti=11 

The responses of the system for different PI parameters are shown in figure 11. 
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Table 2. System PI control according to different proportional band and integral time constant values 
 PB = %20, Ti

= 2 
PB = %80, 
Ti=11 

PB = %20, Ti
= 11 

System delay (s) 51.3 50.4 50.56 
Rise time (s) 348.1 315.1 302.4 
Peak time (s) 458.8 500.4 443.4 
Maximum overshoot (%) 32.71 56 48.1 
Settlement time (s) 519.3 600.8 595.8 
Steady state error (cm) 1.52 0 0 

 
When the values in Table 2 are examined, it is seen that when the integral time constant (Ti) is increased 
for the same proportional band value, the settling time and the maximum overshoot increase, and the rise 
and peak times decrease. Also, the steady state error disappeared. When the integral time constant is 
kept the same and the proportional band value is increased, all values increased and the steady-state 
error value remained constant. 

 
(a) 

 
       (b) 

Figure 12. Proportional + integral + derivative (PID) control response for 20 cm set point of liquid level 
control system a) PB=30%,Ti=18,Td=12,b) PB=20%, Ti=11, Td =4 

 
In Figure 12., the experimental control performance obtained by choosing different proportional band 
value, integral time constant and derivative time constant is given. 
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Table 3. System PID control according to different PB, Ti and Td values 
 PB = %30, Ti = 18, Td = 12 PB = %20, Ti = 11, Td = 4 
System delay (s) 50.02 49.56 
Rise time (s) 305.4 298.5 
Peak time (s) 452.7 436.4 
Maximum overshoot (%) 49.75 45 
Settlement time (s) 674 552.5 
Steady state error (cm) 0 0 

 
According to the PID performances in Table 3, when PB=20%, Ti=11, Td=4, all values decreased and 
better control was achieved. In addition, when compared to the PI control with PB=20%, Ti=11, it is 
seen that the rise, peak time and maximum overshoot are reduced, and the system follows the steady 
state in a shorter time without error. 
Conclus on 
In this study, a liquid level control set equipped with a control valve, sensor and process controller used 
in industrial areas was designed and implemented. After the mechanical and electrical drawings of the 
designed set were made, they were assembled in accordance with these drawings. Experimentally on/off 
and PID control were performed using the process controller on the set. Liquid level sensor output and 
valve control voltage were transferred to MATLAB program with the help of data acquisition card and 
monitored instantly. When the experimental results were examined, it was seen that the on/off controls 
with the solenoid valve showed the desired performance. When the results of the continuous control with 
the proportional control valve are compared, it is seen that the steady-state errors occur in the 
proportional control, this error is eliminated in the PI control, and in the PID control, both the steady-
state error is eliminated and the transient overshoot and oscillations are reduced compared to other 
control forms. In addition, in the PID control, transient overshoot has occurred and continuous small 
oscillations have occurred in the steady state. When the system elements are examined separately, it is 
evaluated that this situation arises from the fact that the valve operates with more on-off effect due to the 
non-linear characteristic of the control valve, the on-off time being too long and the tank of the control 
set is quite small for the devices. 
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Abstract 
Today, asynchronous motors (AMs) are widely used in many industrial applications. As machine 
technology evolves, special motor demands are provided that require special design for specific 
purposes. Smoke extraction motors (SEMs); It is important that it exhibits a stable operating 
characteristic at high ambient temperature, especially in a special area where asynchronous motors are 
used. The high temperature stable operation feature of extraction motors used in area such as tunnel, 
airport, warehouse, underground passages, close parking requires many new design and production 
methods. Through special technology, it is ensured that the toxic gas and smoke formed in fire are 
discharged and a safe area is provided. 
In this study, numerical analysis of three-phase totally enclosed air over (TEAO) smoke extraction 
motors which are designed, tested and proven to be used in special fan applications, in response to 
increasing ambient temperature, were compared with the experimental environment data and the motor 
performance under these conditions was investigated. In addition to the numerical and experimental 
results, general theoretical and design information about smoke extraction motors is shared in the 
study. 
Moreover, it demonstrates the operating efficiency for motors that discharge air at high temperatures 
as a standard area of use. Furthermore, the data obtained in this study provide a reference for the 
design of high temperature AMs'. 
 
 
Keywords: Asynchronous Motors (AMs), High-Temperature Fan Applications, Smoke Extraction 
Motors (SEMs) 

 
1. INTRODUCTION 
Asynchronous motors (AMS); due to their long maintenance periods, lack of brushes and compact 
structure, they are widely used in a wide range of industrial uses in parallel with the developments in 
motor driving technology.  
Fan applications, which are one of the main application areas of AMs, do not provide compelling 
conditions for the motors  when performed at low ambient temperatures. Despite this, Smoke 
Extraction Motors (SEMs) has extremely challenging requirements and high-level demands when 
considered as a special application area for AMs. Since it is aimed to extraction  high temperature 
ambient air in SEMs applications, it is vital that the AMs subject to the design operate smoothly at the 
relevant temperature for the guaranteed period, depending on the design class and standard. 
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The motor classes used in SEMs applications are shown in Table 1. F300 class extraction motors are 
expected to operate for more than 120 minutes as standard and 120 minutes as optional. Difficult 
operating conditions require protection of the motor from high temperature air and smoke flowing 
outdoors for motor used in SEMs applications. For this purpose, motors with Totally Enclosed Air 
Over (TEAO) thermal design are commonly preferred for SEMs applications. The TEAO system 
complicates the transfer of heat generated by the rotor and stator windings to the external environment 
due to the fact that it completely closes the internal structure of the motor to the external environment. 
Although the use of TEAO type motors at ordinary ambient temperatures makes it possible to increase 
the motor inner temperature, in high temperature applications, insulating the motor from the outer 
environment delays the equalization of the motor inner temperature to the outdoor temperature for 
normal conditions and fan applications. 
 

Table 1. Classification of SEMs 

Class Temperature 
C° 

Minimum 
Functioning Period 

(Minute) 
F200 200 120 
F300 300 60 
F400 400 120 
F600 600 60 
F842 842 30 

High ambient temperature negatively affects the magnetic material forming the motor rotor and stator 
and the conductive material used in the motor stator, causing a decrease in the dielectric power of the 
motor [1], a decrease in the electrical conductivity of the conductors and a decrease in the saturation 
magnetization intensity of the magnetic material [2].  
The temperature dependent relation of the conductivity and magnetic permeability properties of a 
conductive and magnetic material at high temperature are shown in Fig.1 is given in (a) and (b). As an 
indirect result of these characteristics, the increased motor internal temperature leads to a decrease in 
motor power [3]. 

 
Figure 1. (a) Temperature dependent relation of magnetic permeability 
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Figure 1. (b) Temperature dependent relation of conductivity 

 
A fan is assembled to the TEAO motor design to circulate the inner air in order to prevent the motor 
inner temperature from rising locally in the winding inner parts and to allow the heat transferred from 
the outside environment and the heat produced in the motor to be uniformly distributed [4]. 
In this study, designs with variable power ranges for 2, 4, 6 pole design for TEAO type AMs, designed 
to work for 120 minutes in F300 standards, to be used in SEMs application were simulated on SPEED 
analysis software. Two different SEMs manufactured at 7.5 kW 2p and 55 kW 6p power were tested at 
300 °C and compared with the simulation results obtained. 
 
2. THERMAL CHALLENGES AND DESIGN REQUIREMENTS 
In order to prevent the transfer of thermal energy of the high temperature air flowing over the AMs 
used for SEM application into the motor, minimizing the motor outer surface area comes to the fore as 
the main approach. Insulation of the outer surface of the motor, which is another preventive approach, 
is another application that is preferred due to compliance with the rcr critical insulation diameter and 
can extend the active operation time of the motor. If the system is stable and the outer surface of the 
motor is modeled as a cylinder, then rcr (m) is the heat transfer coefficient of the outer surface of the 
motor, k (W/m.C°) and h (W/m.C°) the convection coefficient of the outdoor fluid (air, smoke, etc.) 
critical insulation thickness can be calculated with the help of equation 1. 
r = k/h            (1) 
The heat transferred to the motor due to high temperature air or smoke flowing through the motor can 
be calculated using equation 4 using equation 2 and 3, including the R ;Reynolds number, N ; Nusselt 
number, P ; Prandt number contained in equation 2[5]. 
R = ,  N = 0.91(P ) (R )  for laminar flow , P =       (2) 
                  Nu = 0.039x(P ) . (R ) .  for turbulent flow 
h =  N           (3) 
Q= hA (T T )         (4) 
In this assumption, motor lateral face areas are included in the calculation and motor covers are not 
included in the calculation. 
3. NUMERICAL STUDY 
In the study, 2, 4, 6-pole versions of SEMs designed at 3kW, 5.5kW, 18.5kW, 30kW and 45 kW were 
modeled with SPEED analysis software and the motor efficiencies depending on the obtained 
temperature are shown in figures 2(a), 2(b), 2(c). 
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Figure 2. (a) 2-p temperature dependent efficiencies 

 
Figure 2. (b) 4-p temperature dependent efficiencies 

 

 
 

Figure 2. (c) 6-p temperature dependent efficiencies 
The amounts of conductive and magnetic materials used depending on the motor design are listed in 
Table 2. Due to design optimization and target efficiency scale, it is not possible to establish a linear 
relationship between the amount of conductive and magnetic material used and the number of SEMs 
poles. 
In additionally, the solver used in the analytical study provided the highest efficiency at the highest 
power, adhering to the motor design optimization. 
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Table 2. Optimum material quantities and minimum efficiency of designs 

Power   Pole We ght_Cu We ght_Fe 
M n 

Eff c ency 
(kW)  Number (kg) (kg) (%) 

3 2 2,56 10,24 87,1 
3 4 3,42 15,91 87,7 
3 6 4,01 27,72 85,6 

5,5 2 4,6 17,2 89,2 
5,5 4 5,25 34,5 89,6 
5,5 6 6,15 27,72 88 

18,5 2 11,88 68,88 92,4 
18,5 4 18,24 90,43 92,6 
18,5 6 16,53 96,02 91,7 
30 2 20,49 107,21 93,3 
30 4 15,87 120,02 93,6 
30 6 18,62 192,4 92,9 
45 2 20,56 157,55 94 
45 4 19,99 182,43 94,2 
45 6 29,04 273,74 93,7 

 
 
4. EXPERIMENTAL STUDY AND TEST SYSTEM 
In the experimental part of the study, two different SEM prototypes 7,5 kW 2p and 55 kW 6p were 
produced. The same method was used the motor design as in the numerical study, the prototype design 
was completed with the results obtained, and the completed prototypes are given in Figure 3. 
The high-temperature smoke-air environment is obtained by increasing the ambient air to high 
temperature in a closed environment, and the indoor environment requires the circulation of high-
temperature gas by the manufactured fan-SEMs. 
The process steps for the experimental study are shown in Table 3, and the time-dependent variation of 
the temperature measured from different points of the furnace is shown in Figure 4. The time-
dependent variation of the static pressure measured from different points of the furnace is shown in 
Figure 5. 
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Table 3. Test procedure and process steps 

-60 
Fan switched on 
and SEM sterted 

warming up 
0 Heating started 

7 
Target tempereture 
was reached (300 

C°) 
22 Fan switched off 

24 Fan switched on 

60 
No considerable 
changing on fan-

SEM performance 

90 
No considerable 
changing on fan-

SEM performance 

120 
No considerable 
changing on fan-

SEM performance 

129 Test completed and 
stopped 

 
Since the SEMs design considered in the study was designed as class F300, the target ambient 
temperature of 300 ° C was reached in about 7 minutes. While the ambient temperature was stable 
between the 22nd and 24th minutes, the operation of the SEMs motor was stopped, the motor 
continued to operate in a controlled manner between the 24th and 120th minutes, and the test was 
terminated at the end of the 129th minute. 

 
Figure 3. Prototype of SEM-fan couple 
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    Figure 4. Furnace temperature measurement                                  Figure 5. Furnace pressure 
measurement            
 
4.1 Comparision of Numerical and Experimental Solution 
The amounts of conductive and magnetic materials used depending on the motor design and target 
efficiency are listed in Table 4. 

Table 4. Optimum material quantities and minimum efficiency of designs 
Power Pole Weight Weight Min 

Efficiency 
(%) (kW) Number Cu (kg) Fe (kg) 

7,5 2 5,8 19,6 88,1 
7,5 4 5,03 30,87 88,7 
7,5 6 9,8 51,96 87,2 
55 2 67,34 172,8 94,3 
55 4 23,6 193,16 94,6 
55 6 33,87 323,51 94,1 

 
The numerical solution results obtained for 7.5 kW 2p and 55 kW 6p motors are shown in Figure 5. 
Figure 5 shows that the efficiency has a greater decrease with increasing temperature, from 94,2% to 
92,55% for 55kW 6p 89,2% to 85% for 7.5kW 2p between 20 and 300 degrees ambient temperature. 
The resistance of the material used in the stator winding increases with temperature. Therefore, the 
conductor losses in the stator increase. These losses increase the total loss of the motor and reduce the 
motor efficiency. 

 
Figure 5.  Temperature dependent efficiencies 
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Since the temperature of the motor is increased under constant power, the flux density decreases. 
Depending on the decrease in flux density, the motor speed decreases, while the torque increases at a 
certain rate according to the operating range of the motor. Temperature dependent torque graphs of 7.5 
kW 2p and 55 kW 6p motors are given in Figure 6 (a) and (b). 

   
Figure 6. (a) 7.5 kW 2p temperature dependent torque                 Figure 6. (b) 55 kW 6p temperature 
dependent torque                   
               
According to the test procedure given in Table 3, the current graphs of 7.5 kW 2p and 55 kW 6p 
motors over time are shown in Figure 7 (a) and (b) respectively. Testing the motor in a closed 
environment changes the air specification of the environment. Accordingly, the operating 
characteristics of the fan working connected to the motor changes and it causes the current and power 
of the motor to decrease during temperature rising. Power time graphs measured according to the test 
procedure for 7.5 kW 2p and 55 kW 6p motors are given in figure 8 (a) and (b) respectively. 

 
              Figure 7. (a) 7.5 kW 2p time dependent current                   Figure 7. (b) 55 kW 6p time 
dependent current 
 

 
              Figure 8. (a) 7.5 kW 2p time dependent power                  Figure 8. (b) 55 kW 6p time 
dependent power 
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5. CONCLUSION 
Within the scope of the study, general information about smoke extraction motors was given and 
design requirements were shared. 
Numerical analysis was performed under conditions close to the actual test environment, although the 
experimental study prototypes settled in the indoor environment and air to circulate heated air in a 
constant volume throughout the test that rise to the expansion of the pressure effect due to the inability 
to be included in the model, some differences between the results of the numerical analysis and 
experimental results have been observed. 
Although classical electric motors try to transfer heat outside, at a high ambient temperature, SEM 
transfers heat from the external environment to the internal environment.Although the usual working 
environment for SEM is not high temperatures, it is possible that motors designed for SEM are 
preferred in environments that require constant high temperature operation, so it is extremely 
important that SEM maintains its efficiency with increasing temperature. 
In addition to the insulation and size optimization studies mentioned in the previous sections, it is 
important to demonstrate new innovative approaches in order to ensure long-term operation at high 
temperatures application in SEMs. 
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Abstract 
Currently, the problem of environmental pollution due to exhaust gases of internal 
combustion engines is very large. Although there are many technical improvements applied to 
new generation engines, the use of petroleum fuel still generates many harmful emissions, 
especially soot emissions from diesel engines. Therefore, the use of biofuel (vegetable oil) for 
the engine is necessary, to limit harmful emissions. However, because the characteristics of 
vegetable oil are different from that of diesel fuel, it is necessary to evaluate the fuel injection 
process and the formation of the combustion mixture in the engine, to adjust the injection 
parameters of the fuel system accordingly, improve thermal efficiency, reduce emissions for 
diesel engines. In this study, the article presents the process of fuel injection of diesel-
vegetable oil mixture compared with diesel oil of  the Yanmar 6CHE diesel engine using 
Kiva-3v software, the results show that the mixture fuel spray has penetration and smaller 
spray cone angle compared to diesel oil, this is the basis for adjusting injection pressure and 
injection timing of the engine fuel system when switching to using a diesel-vegetable oil 
mixture. 

Keywords: diesel engine, soot emission, spray cone angle, spray penetration, kiva-
3v software 

1. INTRODUCTION 
Diesel engines are popular used in road and waterway vehicles, including fishing boats of 
fishermen. Therefore, the demand for fuel and petroleum products is very high, leading to 
many problems that need to be solved such as: Fuel is increasingly depleted; environmental 
pollution caused by engine exhaust is increasing day by day, adversely affect human health 
and social development [1]. To overcome these limitations, many technological measures and 
solutions have been proposed and applied worldwide to ensure energy security and limit 
environmental pollution. Among the energy sources to replace petroleum currently in use 
such as: Solar energy, wind energy, etc., biofuels used for internal combustion engines are 
particular interest, because their unique characteristics suitable and feasible in finding raw 
materials for production [8]. Vegetable oil is a form of biofuel, but not synthesized into 
biodiesel, but mixed directly into diesel oil (mixture of diesel - coconut oil) used as fuel for 
diesel engines. 
Vietnam is a country located in the tropical monsoon region, with great potential in 
developing raw materials for biofuel production. In which, coconut oil is considered as one of 
the abundant raw materials, because the natural and social conditions in Vietnam are suitable 
and favorable for the development of coconut trees. However, the characteristics of coconut 
oil are different from those of diesel oil such as viscosity, density, cetace number, so when 
used as a fuel, it will affect on the structure of spray (spray cone angle, spray penetration, 
etc.), the combustion mixture formation process and fuel combustion in the engine, because 
the above process is especially important for diesel engines [3], [6]. Therefore, evaluating the 
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structure of mixture fuel spray compared to diesel fuel, will help adjust the injection 
parameters of the engine fuel injection system appropriately, improve thermal efficiency, and 
reduce exhaust emissions poison, mainly soot [9], [11-12]. The following presents the 
research results on the injection process of diesel - coconut oil mixture fuel (15% coconut oil 
and 85% diesel-C15) of  the Yanmar 6CHE diesel engine by simulation on Kiva-3v software. 
2. MATERIALS AND METHODS 
Diesel - Coconut oil mixture fuel:  
Diesel-coconut oil mixture fuel (C15) is presented in Table 1, Yanmar 6CHE diesel engine 
(made in Japan), are used as engines for fishing vessel in Vietnam, engine specifications are 
given in Table 2. 

Table 1. Properties of C15 fuel vs. DO 

Fuel  Density 
(g/cm3) 

Cetane number 
(CN) 

Viscosity at 400c 
(mm2/s) 

Calorific value 
(kcal/kg) 

Flash point 
(0c) 

DO 0.8360 50 3.25 10.478 Min 60 
C15 0.8420 52 3.65 10.650 75 

Table 2. Engine and simulation parameters 
Type 6CHE, unified combustion 

chamber 
Number of cylinders 6 
Cylinder diameter x piston stroke (mm) 105x125 
Power (Hp/rpm) 130/2600 
Compression ratio 16.4 
Engine speed of simulation 1600 rpm 
Number of nozzle holes x diameter x spray direction 4 x 0.32 x 1400 

Injection  timing 0BTDC 180 BTDC 
Injection pressure (bar) 210 
Rod length 215 mm 
IVC, EVO 
IVO  160 BTDC 
IVC 520 BTDC 
EVO 520 BTDC 
EVC 160 BTDC 
Kiva-3v software: 
Kiva – 3v software is developed by Los Alamos National Laboratory (Los Alamos National 
Laboratory – LANL) USA, is open source software, using Fortran language to simulate 2D 
and 3D turbulent fluid flows, has a chemical reaction like simulating the fuel injection and 
combustion process of an internal combustion engine [2]. The basis of the simulation process 
by Kiva -3v software is based on the conservation equations: 
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In the above equations: Fs is the rate of momentum gain per unit volume due to the 
spray (kg m/s); t: time (s); xi: coordinates (m); p: pressure (N/m2); m

m
: m  is the mass-

density of species m,  is the total mass-density (kg/m3); s s
m

m
: source terms of spray; 

c c
m

m
: source terms of chemistry ; ui, uj: the fluid velocity (m/s); T: is the fluid 

temperature (K); hm the specific enthalpy of species m (J/kg); D: diffusion coefficient; Qc , Qs: 
The source terms due to chemical heat release and spray interactions; k, : the turbulent 
kinetic energy and its dissipation rate; A0 and 1/ 2: parameter improves computational 
performance for flows with small Mach numbers (the quantity Ao is zero in laminar 
calculations and unity when one of the turbulence models is used (Ao = 1)). 

The fuel injection process helps the spray to increase the surface area and mix with the 
air, increasing the rate of evaporation and combustion. Especially for direct injection engines, 
injection is the most effective measure to control combustion progress. In which, the spray 
kinetic energy is the main source of vortex generation, controlling the air-fuel mixing and the 
pre-mixed flame spread speed, greatly affecting the combustion, heat release and emissions 
formation process, thereby affecting the noise level, fuel consumption and emissions of the 
diesel engine [4-5], [7]. 

Description of the spray is characterized by physical parameters as shown in Figure 1 
[10]. In which, the two basic parameters are spray tip penetration, spray cone angle, which 
creates the spray volume in the combustion chamber space and directly affect to the 
combustion mixture formation process of the diesel engines. 

 
Figure 1. Structure of the fuel spray  

The calculated parameters of spray structure [6], [9-10]: 
+ Reynolds Number:   l l h l lRe v d /  ; Weber Number:     2

l l h lWe v d /                             (4) 
+ Ohnesorge Number: l lOh We / Re ; Taylor Viscosity Parameter: a l l l l lT Re / We / .v  (5) 

+ Medium veloeity of the injeeted Liquid fluid: 1/2
l d lV C .2( p / ) )                                             (6) 

Where, Cd: Discharge coefficient of the nozzle; dh: injection hole diameter (m); l: fuel 
viscosity (mm2/s); l: fuel density (kg/m3); l: surface tension of the fuel (N/m); pinj: injection 
pressure (bar); pc: end-stroke pressure of the engine (bar), inj cp p p . 
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The physical parameters that cause the fuel transition in the jet from one region to 
another are continuous and difficult to define, often based on the definition of the void 
fraction  and expressed through equation 7: 

3
d

41 f r dvdrdT
3

vdrdT , according to Williams [9]                               (7) 

Where, f: number of possible drops per unit spray volume; r: fuel drops radius; Td: fuel 
drop temperature; v is the fuel drop velocity in three dimensions. 

According to Reitz [10], with the drops distribution in the spray as shown in Figure 1, 
when  < 0.92 is the liquid phase region and  >> 0.92 is the gas phase region.  < 0.5 , here 
begins the process of fuel drop break up, forming a spray structure. 
Spray tip penetration S:  
The injection front penetration (S) is defined as the total distance covered by the spray in a 
control volume, and it's determined by the equilibrium of two factors, first the momentum 
quantity with which the fluid is injected and second, the resistance that the idle fluid presents 
in the control volume, normally a gas. Due to friction effects, the liquids kinetic energy is 
transferred progressively to the working fluid. This energy will decrease continuously until 
the movement of the droplets depends solely on the movement of the working fluid inside the 
control volume. 

 Time of break up spray: b l h d gt 15.8 .d / C 2 . p , according to Hiroyasu and Arai [6]               
(8)     

Before break up: 0 < t < tb: 1/2
lS 0.39.t(2 p / ) , after break up: t  tb: 1/ 4 1/ 2

g hS 2.95( p / ) .(d .t)   (9) 
Spray cone angle : 
The cone angle ( ) is defined as the angle formed by two straight lines that stat from the exit 
orifice of the nozzle and tangent to the spray outline (sprays morphology) in a determined 
distance. The angle in a diesel spray is formed by two straight lines that are in contact with the 
spray's outline and at a distance equivalent to 60 times de exit diameter of the nozzles orifice. 
This angle usually is between 5 and 30 degrees. This determines greatly the fuels macroscopic 
distribution in the combustion chamber [6], [9]: 

2 2 1/ 4
h g g0,05((d . p) / ) , according to Hiroyasu [6]                                 (10)              

3. RESEARCH RESULTS AND DISCUSSIONS 
Simulation results show that the C15 fuel spray has a shorter penetration and a smaller spray 
cone angle than DO fuel spray. This result is suitable with theoretical analyzes and studies 
related to the fuel properties that have been published previously. The grid model simulates 
the injection process of the diesel-coconut oil mixture fuel as shown in Figure 2. 

  
a) b) 

   Figure 2. Dimensional drawing of the combustion chamber (a), grid model simulating the 
fuel injection process (b) 
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In a dense spray, the probability of drops collision is very high. These collisions makes to 
changes in drop velocities and sizes. Small drops break up into smaller drops, but they can 
also combine to form larger drops, called bound drops. In a dilute mixture far from the nozzle, 
the main factors affecting the break up and evaporation as: Temperature, pressure, density and 
gas flow (turbulence, vortex). The penetration is limited by the distance between the nozzle 
and the piston top (Figure 1). Besides, after leaving the nozzle, the spray starts to separate into 
the spray cone, this is the first break  up of the liquid and is called primary break up, this 
process develops with injection time creating the structure of spray. The comparison of C15 
and DO fuel spray structure is shown in Figures 3, 4, and 5. 
At the same injection conditions, the difference in physicochemical properties of the fuel 
(density, fuel temperature, kinematic viscosity and surface tension of the diesel-coconut oil 
mixture), will change the structure of the mixture fuel spray compared to diesel oil, influence 
on the level of fuel vaporization. Thereby, affecting the economic and environmental 
indicators of the engine. Therefore, determining the structure of the mixture fuel spray (C15) 
compared to the diesel fuel spray (DO), will help adjust the injection parameters of the fuel 
injection system accordingly, improving the combustion process for the diesel engine, when 
using a mixture of diesel - coconut oil (C15) and a mixture of diesel oil with other vegetable 
oils of equivalent properties. The structure of spray in the combustion chamber is shown in 
Figures 3 and 4. 

 
Figure 3. Comparison of the C15 spray cone angle and DO fuel 
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Figure 4. Comparison of the C15 spray penetration and DO fuel 
Where: X = 0, Z rotate -45, text (55, 20), Zo  = 14.8, 2 2( )oL X Z Z          (11)     

.  
Figure 5. Spray tip penetration 
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4. CONCLUSIONS 
On the basis of the results of theoretical analysis and simulation, it shows that the C15 

fuel has a spray structure (spray tip penetration, spray cone angle) smaller than DO fuel spray. 
This reduces the combustion mixture formation process in the diesel engine, reduces the 
thermal efficiency and reduces the soot oxidation, which is an important basis for adjusting 
the injection pressure and injection timing of the diesel engine fuel system, when using diesel 
- vegetable oil mixture fuel. 
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Abstract 
The usual way of solving the general assignment problem by most institutions is to manually 
examine the full list of courses in some predefined order and for each course to a lecturer or 
lecturers of best-fitting, This procedure is a straight forward process that can be accomplished by 
a Head Of Department (HOD), using professional experience, HOD may use different criteria 
(Qualifications, Years of experience, area of specialization) to search for a lecturer  with 
characteristics required by the course, to allocate courses to such lecturer. However, the 
procedure has the following significant drawbacks: It is tedious, repetitive, and time-consuming. 
Since the shortlist of matches is not prioritized within itself by using an expert system, it requires 
further manual work to rank-order the individuals in the shortlist and is thus likely to result in a 
sub-optimal choice, even for just a single course. The first course considered is likely be 
assigned the best-found competent lecturer for the course (a greedy policy), even though that 
lecturer may be better suited to other courses that have not yet been assigned. In searching for 
best lecturer to a course fitting in most cases has led to a serious confusion of allocation. Given 
the above drawbacks, the potential for large amounts of data, and the need for a short response 
time, an automated procedure to optimize the set of assignments could offer a significant benefit; 
hence the reason for solving the assignment problem would be achieved successfully. This paper 
looks into effectiveness involving in the allocating the teachers to the relevant courses, the 
primarily focus is rest on the teacher assignment problem using an expert system based approach 
with the use of visirule. The results of using the artificial intelligent (Expert system) proved to be 
easy of use, no undue repetitions and time saving compared to manual allocation method. Hence, 
the stress which head of departments are passing through over the years can be resolved by 
following the selection procedures generated by the system 
 
Keywords: Expert system. Visirule, Assignment problem, Course allocation 

Introduction 
The assignment problem (AP) is a discrete and combinatorial problem where agents are assigned 
to perform tasks for efficiency maximization or cost (time) minimization. AP is a part of human 
resource project management (HRPM). The AP optimization model, with deterministic 
parameters describing agent–task performance, can be easily solved, but it is characteristic of 
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standard, well-known projects realized in a quiet environment Gaspars-Wieloch (2019). The 
assignment problem is a special case of the transportation problem where all sources and demand 
are equal to 1. The basic problem in operations research is to assign tasks to facilities on a one-
to-one basis in an optimal way. The problem may be to find the best assignment of employees to 
jobs, the best player to a field position, equipment to a factory worker and many more examples. 
The main objective of assignment problem is to minimize the total time to complete a set of 
tasks, or to maximize skill ratings, or to minimize the cost of the assignments. Assignment 
problem has been used in a variety of application contexts such as personnel scheduling, 
manpower planning and resource allocation (Sonia, 2008). 
 
Andrew and Collins (1971) developed a procedure for assigning teachers to courses based on a 
simple linear programming technique. According to Ravindran, (2008), the assignment problem 
(AP) is broadly known as a deterministic and combinatorial problem in operations research, 
discrete optimization, and project management. Ding (2020); Ding and Zeng (2018) carried out 
and analyzed the assignment problem with uncertain parameters. The first set of constraints 
implies that each lecturer is assigned to one and only one course and the second set of constraints 
implies that to each course is assigned one and only one lecturer. It should be noted that in 
addition to the minimization of assignment cost, an assignment problem may also consider other 
objective functions such as the minimization of completion time. When the assignment problem 
is considered with the minimization of assignment cost as the objective function, it is called the 
cost minimizing assignment problem, if it is time it is called time minimizing assignment 
problem. Assignment problem has been used in a variety of application contexts such as 
personnel scheduling, manpower planning and resource allocation (Sonia, 2008). 
According to Simon, (2012) matching highly skilled people to available positions are a high-
stakes task that requires careful consideration by experienced  resource managers. A wrong 
decision may result in significant loss of value due to understaffing, under-qualification or over-
qualification of assigned personnel, and high turnover of poorly matched workers. While the 
importance of quality matching is clear, dealing with pools of hundreds of jobs and resources in 
a dynamic market generates a significant amount of pressure to make decisions rapidly 

Related Literatures 
Odior, Charles-Owaba, and  Oyawale, (2010) conducted a research on important research tool in 
operations research as it was applied to a particular structure of the multi-criteria assignment 
problem. The study addressed the problem of effectiveness of feasible solutions of a multi-
criteria assignment problem which was done in two steps: the first one determined whether or 
not a given feasible solution of a multi-criteria assignment problem was a real efficient one while 
the second step was based on what will happened if the feasible solution was not real efficient, 
by providing a real efficient solution that dominated that not real efficient solution.  Gunawan 
and Ng (2011) from Indonesia carried out a research which addressed time-tabling problem in a 
university. The study focused on the problem of assigning teachers to the courses and courses 
sections. In this study, a mathematical programming model was formulated, simulated annealing 
(SA) and tabu search (TS) algorithms were proposed to solve the problem. One phase involved 
allocating the teachers to the courses and determining the number of courses to be assigned to 
each teacher. The other phase involved assigning the teachers to the course sections in order to 
balance the teachers’ load. At the end, the computational results showed that in general, tabu 
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search performed better than simulated annealing and other previous work. For the real data sets, 
the computational results showed that both proposed algorithms yielded better solutions when 
compared to manual allocation done by the university 

Niknafs, Denzinger, and Ruhe, (2013) conducted a study on personnel assignment problem and 
proposed solution to solve the problem, the analysis results revealed potential solution 
approaches, the trends in application of existing solution methods, and some potential future 
research areas. It was observed that artificial intelligence and machine learning still have a good 
potential to contribute to this field of research in different applications. Gaspars-Wieloch (2019), 
suggested an algorithm combining binary programming with scenario planning and applying the 
optimism coefficient, which described the manager’s nature (attitude towards risk). The 
procedure was designed for one-shot decisions (i.e., for situations where the selected alternative 
is performed only once) and pure strategies (the execution of a weighted combination of several 
decision variants is not possible) when considering new (innovation or innovative) projects or 
projects performed in very turbulent times 

Goldsmith and Sloan (2021), carried a study on Conference Paper Assignment Problem (CPAP) 
which resolved the problem of assigning reviewers to conference paper submissions in a manner 
intended to minimize winging. It was assumed that papers were reviewed by members of a preset 
program committee (PC), each of whom has the opportunity to bid on papers prior to the 
assignment algorithm being run. In the study, they showed that CPAP was in P if the only 
information given was individual program committee members’ preferences for individual 
papers. However, if both preferences and expertise (based on, say, keywords) were given, the 
problem was potentially more complex.  Katta and Jay (2005) presented the problem of 
allocating a set of indivisible objects to agents in a fair and efficient manner. 
 
The Visirule software is always used as a decision supporting tool, in which the rules are 
basically and precisely presented using Logic Programming Model. The RSA-Expert can be of 
great use to researchers in making a firm decision in utilizing suitable statistical data analysis in 
researches (Muraina, Rahman, Adeleke, & Aiyegbusi, 2013). Visirule allows experts / 
researchers to concentrate on explaining and establishing the structure of the logic correctly 
using their chosen tools - those embedded materials that can assist researcher to accomplish his 
mission (Spenser, 2007; Bilgi, kulkarni, & Spenser, 2010). The Visirule software, being free 
software, was used as a decision enabling tool, presented graphically based on a logic 
programming model (Muraina, Rahman and Adeleke, 2016). The Visirule software was used as a 
decision supporting tool, using Logic Programming Model to present RDS-Expert in a concisely 
and precisely way. The RDS Expert serves as a guide for researchers to use in making good 
decision regarding the type of research design fit their studies (Muraina and Adeleke, 2021). 

Materials and Methods 
The study used lecturers of Computer science, Adeniran Ogunsanya College of Education, 
Lagos, Nigeria as a case study. Qualifications, years of experience and area of specializations 
were considered in preparing the decision extracts used for the design of visirule.  

Bachelor degrees as well as masters degrees programme done by the lecturers were used. The 
results were considered valid and reliable because they were all certified by accredited 
universities both locally and internationally. A lecturer was assigned series of courses based on 
criteria like qualifications, area of specializations or fields and years of experience 
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Results 
The results show the graphical boxes that help the Head of Departments to just basically and 
conveniently assign courses to the best fitted lecturer in the department without wasting time and 
unnecessary repetition of efforts. The figure 1 shows the visirule paths to solve assignment 
problems 

 

Fig. 1: Visirule Expert System Paths 

Conclusion 

A novel approach of using expert system is applied in this study which is far different from 
previous approaches. In this, no code is required in the use of visirule software and eventually 
the similar results are to be achieved with respect to past studies. 
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ÖZET 

 

marl  alanlar denilince akl m za gelmesi gereken, insanlar n sa l k, ula m, bar nma vb. gibi 
ihtiyaçlar n  en iyi ekilde kar lanmas n  sa layan toprak düzeninin meydana getirilmesidir. 
Yol, konut, ticaret, ye il, okul, hastane gibi alanlar n, belli imar s n rlar  geçirilerek bu s n r 
içerisinde olu turulmas d r. Bu alanlar olu tururken baz  k staslara dikkat edilmelidir. Jeolojik 
yap s  uygun olmayan yumu ak topra a ya da fay hatlar n n geçti i arazi üzerine, su 
yataklar n n kenar ndaki gibi alanlara yerle im yerlerinin in a edilmemesi gerekir. Kentsel 
dönü üm ise, bu tip tehlikeli alanlarda bulunan ya da yap  ömrünü tamamlam  in aat 
stokunun dönü ümünü sa layarak yeniden yap land rmakt r. Türkiye’de 6306 say l  yasal 
mevzuat çerçevesince bu i lemler yürütülür. Çal mam z da, Ocak 2020 y l nda Türkiye’nin 
Elaz  linde meydana gelen deprem sonras  zarar gören Mustafapa a Mahallesindeki lokal 
bir noktada in aat stokunun bulundu u alan kentsel dönü üme sokularak yeniden in as  
sa lanm t r. Amaç, bir do al afet sonras  hasar tespiti yap larak, yeniden obölgenin 
planlamas n  yapmakt r. Yöntem olarak ise, deprem öncesi kimi noktalar nda bit ik yap  
nizam  ya da ayr k nizam 5 kat olan alanlar n lokal bazl  bir imar planlamas  ile yeniden imar 
adalar n n olu turulmas d r. Eski in aat toplam alanlar n n projeleri nda bina ve daire 
bazl  m2 ler tespit edilip, katlar n yüksekli i emsalleri, taks ve kaks oranlar   insanlar n eski 
düzenlerini çok de i tirmeyecek ekilde uygulanmas  emsal yöntemidir. Tabi bu emsaller 
uygulan rken, eski planda ilgili vatanda n dairesinin konumu, ula m ve al veri  noktalar na 
mesafesi vb. parametreler nda meydana gelebilecek deprem öncesi ve sonras  
olu turulacak plan n ekonomik hesab n n tespiti ise hedonik yöntemdir. Bu iki metod baz 
al narak çal ma sahas ndaki imar plan  lokal kentsel dönü üm faaliyetinin vatanda a kamuya 
maaliyeti ve nas l bir imar plan n n yap lmas  hakk nda öneriler getirilmeye çal ld . 

 

Anahtar Kelimeler: mar plan , Kentsel Dönü üm, Hedonik ve Emsal Metodu 
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ABSTRACT 

 

When it comes to zoned areas, what should come to our minds is people's health, 
transportation, shelter, etc. It is the creation of the soil order that provides the best way to 
meet such needs. It is the creation of areas such as roads, housing, trade, green, school, 
hospital, within this border by passing certain zoning boundaries. When creating these areas, 
some criteria should be considered. Settlements should not be built on soft soil with an 
unsuitable geological structure or on land where fault lines pass, in areas such as on the edge 
of water beds. Urban transformation, on the other hand, is restructuring by transforming the 
construction stock that is located in such dangerous areas or has completed the life of the 
building. In Turkey, these procedures are carried out within the framework of the legal 
legislation numbered 6306. In our study, the area where the construction stock is located at a 
local point in Mustafapa a Neighborhood, which was damaged after the earthquake that 
occurred in Turkey's Elazig Province in January 2020, was transformed into urban 
transformation and reconstructed. The aim is to make a re-planning of the region by 
determining the damage after a natural disaster. As a method, it is the creation of zoning 
islands again with a local-based zoning planning of areas with a contiguous structure or 5 
floors at some points before the earthquake. It is a precedent method to determine the m2 
based on buildings and flats in the light of the projects of the old construction total areas, and 
to apply the height of the floors, the equivalents of the floors, the tax and pay rates in a way 
that does not change the old order of the people much. Of course, while these precedents are 
being applied, the location of the relevant citizen's flat in the old plan, its distance to 
transportation and shopping points, etc. The determination of the economic calculation of the 
plan to be created before and after the earthquake that may occur in the light of the parameters 
is the hedonic method. Based on these two methods, suggestions were made about the cost of 
the local urban transformation activity in the study area to the public and how to make a 
zoning plan. 

 

 

Keywords: Zoning plan, Urban Transformation, Hedonic and Precedent Method 
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Summary 

The purpose of this study is to determine some of the performance properties of building lumber 
from laminated veneer lumber, modified with carbon fiber. In the study, 3 European spruce 
(Picea abies) trees of various thicknesses and unidirectional carbon fiber material were used as 
wood raw materials. The carbon fiber fabrics used are suitable for 4 different applications. 
Epoxy and polyurethane adhesives are used as glue. It complies with TS 5497 EN 408 standard 
for flexural strength and modulus of elasticity tests, TS EN 317 standards for water absorption 
and dimensional swelling rate, and EN 302-1 / 2004 standards for adhesion resistance tests. 
According to the test results, the maximum static bending resistance of the specimens was 
73,324 N / mm2 in laminated specimens using a single layer of CFRP building material and 
epoxy adhesive, while the average flexural modulus was a maximum of 11831.797 N / mm2 in 
specimens. obtained by coating epoxy resin with carbon fiber. As a result of dimensional 
stability tests, the greatest increase in weight change (57.03%) for laminated specimens glued 
with epoxy resin, the maximum increase in thickness change (68.05%) for laminated specimens 
held together with two-layer polyurethane adhesive on the inner surface, maximum increase in 
width change The effect of adhesive and CFRP adhesive interaction on adhesion resistance was 
significant at a 95% confidence interval in tensile shear tests. 

 Tests have shown that CFRP reinforcement can be easily used in multilayer beams. Substantial 
improvements have been made in some mechanical properties and dimensional changes due to 
water. Using carbon fiber epoxy adhesive helps to protect the wood surface from external 
factors. 

Key words: laminated wood material, carbon fiber (carbon fiber), adhesives, mechanical 
properties. 
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Özet 
Bu çal ma Ayd n iline ba l  olan Çine ilçe merkezine yakla k 8 km uzakl kta ki Alabanda 
Antik Kentinde yap lm t r.  Ayd n Adnan Menderes Üniversitesi Arkeoloji Bölümü taraf ndan 
yürütülen ve yap lan kent plan n  ç karma çal mas  günümüzde de devam etmekte ve yap lar 
gün yüzüne ç kart lmaya çal lmaktad r. Bu do rultuda, söz konusu antik kentte kiliseye ait 
oldu u dü ünülen gömülü yap lar n varl  ve kal nt lar n n durumlar n  belirlemek amac yla  
jeofizik elektrik rezistivite tomografisi (ERT) yöntemi kullan larak saha ölçümleri al nm t r. Bu 
amaca yönelik olarak Kilise’ye ait oldu u dü ünülen duvarlar içinde her biri 23 m olan kilise alt 
bölgesine ait 6 profil, kilise üst bölgesine ait 8 profil olu turulmu  ve wenner dizilimi 
kullan larak elektrik ölçümler al nm t r. Elektrotlar ve profiller aras ndaki uzakl k 1’er m olarak 
karelajlanm  ve ölçümler al nm t r. Profil boyu araziden dolay  23 m seçilmi tir. Ölçüler ARES 
GF çok kanall  rezistivite cihaz  ile al nm  ve kay t alt na al nm t r.  Elde edilen veriler 
RES2DINV / RES3DINV ters çözüm metodu kullan larak 2B ve 3B kesit verileri 
olu turulmu tur. Bu kesitlere dayanarak Kilise’ye ait kal nt lar n veya varsay lan yap lar n varl  
tespit edilmeye çal lm t r. Bu kal nt lar n Kilise’nin hangi bölümlerine ait oldu u Jeofizik 
yöntemler ve ayn  zamanda Arkeoloji disiplinleri dikkate al narak yorumlamaya çal lm t r. 
Kilise bölgesinde devam eden ve planlanan kaz  çal malar  Jeofizik yorumlar n öngördü ü 
biçimde, Arkeolojik kurallar na uygun ekilde yap lmaktad r. 
 
             Anahtar kelimeler: Alabanda, Kilise, Elektrik Rezistivite Yöntemi, Arkeojeofizik, 

RES2DINV, RES3DINV 
 

ABSTRACT  
The study area is Church of the Alabanda Ancient City, located 8 km West of Çine town of 
Ayd n province, in western Turkey. Field studies carried out by Archeology Department of 
Ayd n Adnan Menderes University to map city plan of the Alabanda is still in progress. In order 
to determine presence and conditions of the buried structures, geophysical investigations by 
means of electrical resistivity tomography (ERT) were carried out in the Church. For this 
purpose, inside the walls of the Church, total 14 electrical profiles, which are 23 m in length were 
formed to measure electrical resistivity using the Wenner arrays. Both the profile seperation and 
the distance between the electrodes were taken as 1 m. Measurements were ARES GF 
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multichannel resistivity instrument. 2D and 3D sections have been obtained from using 
RES2DINV and RES3DINV computer programs with robust inversion, respectively. 
 
Keywords: Alabanda, Church, Electical Resistivity Method, Archaeogeophysics, RES2DINV, 
RES3DINV 
 

 
1. G R  

Jeofizik yöntemlerin günümüzde arkeolojik çal malarda da kullan lmaya ba lanmas , 
arkeolojik ara t rma çal malar na yeni bir anlam, de er ve boyut kazand rm t r. Jeofizik 
yöntemlerin uygulama h z , kolayl , ucuzlu u ve kesinli i bu durumu daha da art rm t r. 
Ayr ca bu yöntemin di er bir büyük avantaj  da; bütün jeofizik yöntemlerin arazi üzerinde 
uygulanabilirli i ve arkeolojik kal nt lara herhangi bir zarar vermeden ortaya ç karmas d r. Bu 
etkenleri göz önünde bulundurdu umuzda yak n zamanda jeofizik yöntemlerin arkeolojik 
çal malarda tercih edilip kullan lmas  s kl kla önümüze örnek olarak ç kmakta ve büyük 
ba ar lar elde edilmektedir [Leucci vd., 2006; Negri vd., 2008; Tsokas vd., 2009; Drahor vd., 
2011; Papadopoulos vd., 2012]. 

Önemli elektrik yöntemlerden biri olan rezistivite yönteminin ba ar s  gömülü yap  ve 
çevresindeki toprak aras nda bulunan direnç farkl l  kuram na dayanmaktad r. Bu yöntem 
sayesinde duvarlar n, yap lar n, yap  temellerinin, ma aralar n, kal nt lar n ve di er arkeolojik 
yap lar n tespit edilmesinde oldukça ba ar l  bir yöntem oldu u bilinmektedir.  

Elektrik prospeksiyon yönteminde s kl kla kullan lan ters çözüm teknikleri bloklu (robust) ve 
düzgünlük-k s tl  (smoothness-constrained) en küçük kareler teknikleridir. Robust ters çözüm 
tekni i kö eli yap larda, smoothness-constrained tekni ine göre daha kesin ve uygun sonuçlar 
sa lamaktad r [Loke vd., 2015;  Loke vd., 2003]. Arkeolojik yap lar  ara t rma çal malar nda 
aranan veya kar la lan kal nt lar da bu ekilde kö eli yap lar oldu undan dolay  bu tür 
çal malarda genellikle robust ters çözüm tekni i tercih edilmektedir [Drahor vd., 2018; De 
Domenico vd., 2006]. 

 
 
Tsokas ve di erleri [Tsokas vd., 2007], Yunanistan’ n kuzeyinde Holy Da lar ’nda bulunan 

Prataton Kilisesi etraf nda yeralt nda gömülü yap lar n varl n  ara t rmak amac yla elektrik 
yöntemi uygulam lard r. Elde edilen tomografi haritalar ndan kilisenin etraf ndaki temel duvar 
kal nt lar  tespit edilmi  ve çal ma alan n n jeolojisi hakk nda bilgiler elde edilmi tir. 

Bölgede son y llarda arkeojeofizik alan nda yap lan çal malarda meclis binas  ve amfi tiyatro 
ara t rma çal malar  yer almaktad r [Papadopoulos vd., 2012; Perez-Gracia vd. , 2008; Gaffney 
vd., 2007; Aubry vd., 2001]. Bu ara t rmalar  izleyen restorasyon, onar m, aya a kald rma ve 
kaz  çal malar  jeofizik çal malar n önemini daha da art rmaktad r.  

Bu alanda yap lan çal malar n azl ndan dolay  ulusal ve uluslararas  bilgi ve deneyim ise 
oldukça k s tl  oldu u bilinmektedir. 

Bu çal ma Ege bölgesinin tarihsel ve kültürel aç dan önde illerinden olan Ayd n’a ba l d r. 
Çine ilçesinin bat s nda ve 8 km. uza nda bulunan, Do anyurt köyünün (eski ad  Araphisar) 
bulundu u yerde konumlanm t r. Alabanda antik kenti kaz  alan m zda kilise oldu u tahmin 
edilen bir bölgede, 2B ve 3B elektrik özdirenç tekni iyle gerçekle tirilen arazi uygulamas n  ve 
sonuçlar n  içermektedir. 
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K s tl  bilgi ve deneyim  alt nda yap lan bu çal man n amac , alan n jeofizik potansiyelini 
ortaya ç karmak ve kilise oldu u tahmin edilen bölgenin alt ve üst k s mlar nda bar nd rd  
yap lar n geometrisini, kilise konumunu belirlemektir. 

2. ARKEOJEOF Z K TANIMI VE ÇALI MALARDA KULLANILAN 
YÖNTEMLER 

2.1. Arkeojeofizik Çal malar n Geçmi i 
Geçmi  y llardan imdiki zamana süregelen ve varl n n en ufak, küçük bir ni an  olan 

ipuçlar ndan yola ç kan, arkeoloji biliminin do as  gere i birçok disiplinle ili kilendirilebilir. Bu 
sayede yenili e aç k bilimsel disiplinlerin do u una, geli mesine zemin olu turmu tur. Bu 
geli im zamanla de i ik birçok bilim dal n  içinde bar nd ran “arkeojeofizik” disiplininin 
olu mas n  da sa lam t r.  

Bu disiplinler içinde en önemlilerinden biri de geçmi e k tutan ve do ru tahminde bulunan 
arkeojeofiziktir. Jeofizi in 1940’l  y llarda arkeolojiye e lik etmesiyle birlikte teknolojinin ve 
bilimsel geli imin de yard m yla, kaz lardan önce ihtiyaç duyulan ara t rmalar  içinde ilk s ray  
aç k ara elinde bulundurmaktad r. 

Tablo 1. Arkeojeofizik çal malar ve bu çal malara ait kullan lan yöntemler 

 
2.2. Arkeojeofizik Yöntemler 

Arkeolojik çal malarda jeofizi in ilk olarak tercih edilmesindeki en önemli kriter; kullan lan 
cihazlar n hiçbir durumda gömülü, yerin alt nda oldu unu varsayd m z yap ya zarar 
vermemesidir. Jeofizik yöntemlerin sorunsuz, h zl  ve ayr nt l  sonuca bize ula t rmas  ile pratik 
ve ucuz olmas  olarak s ralayabiliriz.  

Arkeolojide jeofizik, yap n n yer alt nda bulundu u konumun, yani bulundu u derinli ini ve 
büyüklü ünü küçücük olmas ndan, birkaç m büyüklü e sahip olan yap lar n tümüyle ilgilidir.  
Bu yap lar m z; 

Duvarlar, f r nlar, çukurlar, temeller, ocaklar, kale duvarlar , tiyatro, sokak, stadyum, tap nak, 
kilise, meclis binas , cadde, çar , büyük binalar, temeller ve evden arta kalan kal nt lar 
“arkeolojik” temelleri olu turmaktad r. 

Bu yöntemlerden baz lar ; 
 Manyetik Yöntem, Elektromanyetik Yöntem, Radar Yöntemi, Gravite Yöntemi, 

Elektrik Özdirenç Yöntemi 

 
ekil 1. Arkeojeofizik yöntemler 
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3. REZ ST V TE YÖNTEM N N ARAZ DE UYGULANMASI  
Çine Ovas ’na hâkim bir noktada olan Alabanda Kenti M.Ö. 4 - 12. Yüzy llara ait oldu u 

dü ünülen önemli bir zengin Karia yerle imidir [Bean vd., 1976; Cohen vd., 1996]. Agora, 
Tiyatro, Zeus Tap na , Kent Surlar , Meclis Binas , antik kentte görülebilen ba l ca kal nt lard r. 

 
ekil 2. Yer bulduru haritas  ve çal ma alan  

 
ekil 3. Alabanda ehir plan  ve çal ma alan  (Karaaslan H. ‘den düzenlenmi tir) [28] 

Antik Ça da, kent vatanda lar n n ibadetlerini yerine getirebilmeleri için topland klar  yere ve 
yap ya kilise denir. Hemen hemen her antik kentte bir veya birden fazla kilise bulunabilir. Üzeri 
kapal  ve büyükçe yap lard r ve bu binalar genellikle dörtgen bir plana sahiptir. Çal ma alanlar  
kuzey do rultulu ve saha durumuna uygun olarak dikdörtgen ekilde planlanm t r ( ekil 4.). 

 
ekil 4 Kilise bölgesi alt ve üst k s m çal ma alan  

Bu çal madaki amac m z gömülü olan kiliseye ait yap lar  tespit etmek ve gün yüzüne zarar 
vermeden ç kartmakt r. Do a olaylar na maruz kalan bu bölgede, kiliseye ait oldu unu 
dü ündü ümüz yap lar n üstü toprak, alüvyon zemin ile örtülü vaziyettedir. ( ekil 5.) 
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ekil 5. Kilise alan n n de i ik cephelerden görüntüleri (kuzey ve güney) 

3.1.1. Ters Çözüm Metodu 
Jeofizik olarak kar m za ç kan sorunlar ve sorunlar n çözümündeki prensip, anomaliye neden 

olan yap y  veya kayna  modellemeye çal makt r. Bu anomaliyi olu turan kaynak, çal lan 
bölgede yeralt nda bulunan herhangi bir yap  veya yap lar kümesi olabilir. Bu durum problemin 
çok çözümlü olmas  sonucunu do urur. Bu tür bir sorun görünür özdirenç verilerinin ters 
çözümüyle (inversion) a lmaktad r. 

Tüm ters çözüm yöntemlerinin amac , yeralt ndaki yap  için yan t n baz  k s tlamalara tabi 
tutuldu u ve ölçülen veriye uygun olan bir modeli belirlemeye çal makt r.  Model parametreleri 
ve 2-B veya 3-B boyutlu rezistivite modelini tan mlayan matematiksel ba nt  kullan larak bu 
modelin üretece i yan t yani kuramsal veri sonlu farklar [Dey vd., 1979a; Dey vd., 1979b] veya 
sonlu elemanlar [Silvester vd., 1990] yöntemleri sayesinde elde edilebilir. 

 
ekil 6. Ters çözüm i lemi genel ak  emas  [Ba okur vd., 2004] 

Genel olarak ters çözüm i lemi, modelin olu turaca  kuramsal anomaliyle gözlemsel anomali 
aras ndaki uyum, verilen bir tolerans de erine ula ncaya kadar devam ettirilir. Bu uyum, RMS 
(root mean squares) ile gösterilen karesel hata de eriyle belirlenir ve 

RMS =  
ö

                                                                                                                                            

(1) 
ba nt s yla hesaplan r [Jackson vd., 1972]. Burada N veri say s , i i’nci veriye ait standart 

sapma, ggöz ve ghes s ras yla gözlenen ve hesaplanan anomali de erlerini göstermektedir. 
Program hem sonlu farklar hem de sonlu elemanlar metoduyla görünür özdirenç de erlerinin 

hesaplanmas na olanak sa lar. Varsay lana göre e er topo rafya yoksa sonlu farklar metodu 
kullan l r. Topo rafya içeriyorsa varsay lan seçim sonlu elemanlar metodudur. Program, bu 
bölümde anlat ld  üzere ters çözüm i lemi için do rusal olmayan bir en küçük kareler 
optimizasyon tekni ini kullan l r. 
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Ayr ca RESDIN2V program  sayesinde bir profil üzerinde al nan 2 boyutlu veriler 
birle tirilerek 3 boyutlu tomografi verileri olu turulabilir ve bu 3 boyutlu veriler RESDIN3V 
program yla ters çözüme tabi tutulup de erlendirilerek kat haritalar  ve 3 boyutlu gösterimler 
elde edilebilir. 

3.1.2. Kilise Alt K s m 
Elektrik özdirenç ölçümleri, do u-bat  uzan ml  ve her birisinin aras  1 m olacak ekilde 

yerle tirilmi tir. Kilisenin alt bölgesinde 6 adet paralel profil boyunca ARES GF çoklu elektrot 
sistemiyle 2012 temmuz ay nda benimde içinde bulundu um ekip taraf ndan tamamlanm t r. 
Profil say s n n 6 ile k s tl  kalmas na ekil 7’de görüldü ü gibi arazinin mevcut durumu ve 
engebeli arama alan  durumuna neden olmu tur. Kiliseyi olu turan yap lar n yüzeydeki 
belirginli i ve küçük yüzey de i imleri göz önünde bulundurularak elektrotlar aras  mesafe 1 m 
olarak seçilmi  ve uzunluk 23 m olacak ekilde karelajlanm t r. 

 
ekil 7 Ölçü noktalar  için gridlenmi  çal ma alan  kilise alt k s m 

Mutlak hata (ABS error) de erlerinin yüzdesi % 2,4 – % 7,3’ü a mam t r. Ayr ca 2-B datalar 
Res2dinv program yla birle tirilerek 3-B datalar elde edilmi  ve bu datalar n da ters çözümü 
robust ters çözüm algoritmas  kullan larak Res3dinv program yla yap lm t r.  

 
ekil 8 Kilise alt çal ma alan  derinlik kesiti 

Kilise alt bölgesine ait olan, ekil 8’de görülen çal ma alan nda, kilise alt k s m çal ma 
alan ndaki karart l  ekil mevcut duvar  temsil etmektedir. 

 
ekil 9. Kilise alt k s m wenner elektrot dizilimi (yukar dan a a  3. ,4. ve 5. profiller) 

 
Kilise alt k sm ndaki 3., 4. ve 5. profile ait olan wenner elektrot diziliminlerinde duvar yap s  
ekil 9’da toplu olarak belirtilmeye çal lm t r. 
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Kesitler, wenner elektrot dizilimi için 0,00 - 0,50 m, 0,50 - 1,08 m, 1,08 - 1,74 m, 1,74 - 2,50 
m, 2,50 - 3,37 m ve 3,37 – 4,38’lik derinliklere aittir.  

Bu kesitlere bak ld nda elektrik özdirenç de erleri Min: 36,41 ohm.m, Max: 1918,06 ohm.m 
aras nda de i mektedir. Arkeolojik yap  kal nt lar n  örten alüvyon zeminin özdirenci 36 – 345 
ohm.m aras nda de i mekte oldu u gözlemlenmektedir. Derinlik kesitlerinde ekil üzerinde 
gösterilmi  olan duvar yap s n , böylelikle özdirenç de erleri alüvyon zeminden daha yüksek 
dirence sahip olan k s mlar  temsil etmektedir. ( ekil 10.) 

 
ekil 10. Kilise alt 3-B derinlik kesiti (A duvar) 

 
RESDIN3V program  ile olu turan wenner dizilime ait 1,08 – 1,74 m derinlik kesitinde A 

olarak isimlendirilen alan alüvyon ile örtülü olup Kilise’ye ait oldu u dü ünülen kal nt  duvar  
temsil etmektedir. Bu kal nt  duvar yap s  ve 1,74 – 2,50 – 3,37 ve 4,38 m derinlik kesitlerinde 
de görülmektedir. ( ekil 10) 

3-B resistivite ters çözüm sonuçlar  kilise alt bölgede 6 iterasyonun ard ndan elde edilmi tir. 
Mutlak hata (ABS error) de erlerinin yüzdesi % 4,68’i a mam t r. 

0,00 – 0,50 m ve 0,50 – 1,08 m derinliklerde ise yüzeye daha yak n olmas  sebebiyle antik 
kente ait oldu u dü ünülen, ta nm  veya çevresel faktörlerden oraya ula m , alüvyon 
zemininin, malzemelerin yüzeydeki görünü ü olarak de erlendirebiliriz. 

3.1.3.  Kilise Üst K s m 
Elektrik özdirenç ölçümleri, kuzey uzan ml  ve her birisinin aras  1 m olacak ekilde 

yerle tirilmi tir. Kilisenin alt bölgesinde 8 adet paralel profil boyunca ARES GF çoklu elektrot 
sistemiyle 2012 temmuz ay nda benim de içinde bulundu um ekip taraf ndan tamamlanm t r. 
Profil say s n n 8 ile k s tl  kalmas na ekil 11’de görüldü ü gibi arazinin mevcut durumu ve 
engebeli arama alan  durumuna neden olmu tur. Kiliseyi olu turan yap lar n yüzeydeki 
belirginli i ve küçük yüzey de i imleri göz önünde bulundurularak elektrotlar aras  mesafe 1 m 
olarak seçilmi  ve uzunluk 23 m olacak ekilde karelajlanm t r. 

 

 
ekil 11. Ölçü noktalar  için gridlenmi  çal ma alan  kilise üst k s m 
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Mutlak hata (ABS error) de erlerinin yüzdesi % 2,3 – % 7,6’y  a mam t r. Ayr ca 2-B datalar 
Res2dinv program yla birle tirilerek 3-B datalar elde edilmi  ve bu datalar n da ters çözümü 
robust ters çözüm algoritmas  kullan larak Res3dinv program yla yap lm t r.  

 
ekil 12. Kilise üst çal ma alan  3-B derinlik kesiti 

 
ekil 13. Kilise üst k s m wenner elektrot dizilimi (yukar dan a a  3. ,4. ve 7. profiller) 

 
Kilise üst k sm ndaki 3., 4. ve 7. profile ait olan wenner elektrot diziliminlerinde duvar yap s  
ekil 13’de toplu olarak belirtilmeye çal lm t r. 
Kesitler, wenner elektrot dizilimi için 0,00 - 0,50 m, 0,50 - 1,08 m, 1,08 - 1,74 m,  1,74 - 2,50 

m, 2,50 - 3,37 m ve 3,37 – 4,38’lik derinliklere aittir. 
RESDIN3V program  ile olu turan wenner dizilime ait, 0,50 – 1,08 m derinlik kesitinde B 

olarak isimlendirilen alan alüvyon ile örtülü olup Kilise’ye ait oldu u dü ünülen duvar kal nt s n  
temsil etmektedir. ( ekil 14.) 

1,08 – 1,74 m derinlik kesitinde C olarak isimlendirilen alan alüvyon ile örtülü olup Kilise’ye 
ait oldu u dü ünülen duvar kal nt s n  temsil etmektedir. ( ekil 14.) 

 

 
ekil 14. Kilise üst 3-B derinlik kesiti (B ve C duvar) 

0,00 – 0,50 m de ise yüzeye daha yak n olmas  sebebiyle antik kente ait oladu u dü ünülen, 
ta nm  veya çevresel faktörlerden oraya ula m  malzemelerin (yap lar n) yüzeydeki görünü ü 
olarak de erlendirebiliriz. 

Bu kesitlere bak ld nda elektrik özdirenç de erleri Min: 30,68 ohm.m, Max: 563,43 ohm.m 
aras nda de i mektedir. Arkeolojik yap  kal nt lar n  örten alüvyon zeminin özdirenci 30 – 178 
ohm.m aras nda de i mekte oldu u gözlemlenmektedir.  
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Derinlik kesitlerinde ekil üzerinde gösterilmi  olan duvar yap s n , böylelikle özdirenç 
de erleri alüvyon zeminden daha yüksek dirence sahip olan k s mlar  temsil etmektedir. ( ekil 
14.) 

4. SONUÇ VE ÖNER LER  
Bu çal mada Wenner elektrot diziliminin dü ey özdirenç de i imine (dü ey yap lar) duyarl  

olma ve yüksek çözüm gücü (resolution) özelli i sayesinde kilise alt ve kilise üst yap lar n n 
s n rlar n  daha net olarak belirlenmeye çal lm t r.  

Kilise alt ( ekil 10.) ve üst ( ekil 14.) k s mlar na ait yap lar (duvar kal nt lar ) her iki çal ma 
alan ndaki elektrot diziliminde belirgin olarak görülmü tür. 

Kiliseyi olu turan duvar yap lar n n baz  da lm  k s mlar  wenner diziliminin yüksek sinyal 
gücü özelli i sayesinde, kiliseyi olu turan yatay yap lar n (duvar gibi) görülmesinde oldukça da 
fayda sa lam  ve yol göstermi tir. 

Her iki çal ma yap lan bölgedeki kilise alt ve kilise üst elektrot dizilimden elde edilen veriler, 
kiliseyi olu turan yap lar n (duvar gibi) yeralt nda gömülü olarak mevcut oldu unu aç kça 
göstermektedir. Jeofizik ölçümler nda belirlenen gömülü olan bu yap lar n, yap lacak olan 
arkeolojik kaz larla yer yüzeyine zarar verilmeden ç kart lmal d r. 

Bir arada ya ayan kalabal k toplumlar n, kendi inançlar n  daha iyi ya amalar  için büyük bir 
öneme sahip olan bu yap n n, elde edilen verilere göre kilise oldu u dü ünülmektedir. 
Bulundu u konum ve yüzeyde ç plak gözle de görülen kabar kl k ve kal nt lardan yola ç k larak 
yap n n arkeolojik kaz larla ortaya ç kart lmas  ve verilecek karar do rultusunda gerekirse, ç kan 
kal nt lara gerekli restorasyon çal malar n yap lmas  önemli ve gerekmektedir. 
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Özet 
Uzaktan alg lama, fiziksel bir temas olmaks z n gözlenen cisimden bilgi elde edilmesidir. 

Atmosferde veya uzayda hava araçlar  üzerinde bulunan alg lay c lar sayesinde yerdeki cisimler 
hakk nda bilgi sahibi oluruz. Dünya genelinde maden arama çal malar nda kullan lan uzaktan 
alg lama teknikleri, madencili in yan nda jeoloji, meteoroloji, tar m, co rafi bilgi, o inografi, 
çevre, haritac l k ve askeri amaçl  çal malar gibi farkl  alanlarda yo un olarak kullan lmaktad r. 
Uzaktan alg lama yöntemiyle elde edilen görüntüler, maden arama çal malar nda 
mineralizasyonun olu ma olas l n n fazla oldu u fay, çatlak ve k r klar n haritalanmas nda 
minerallerin spektrum de erlerinden yararlanarak  mineral zenginle mesine sahip kayalar n 
belirlenmesinde kullan l r. 
nceleme alan nda hematit, kireçta , grafit, grafit- ist, limonit ve killi- killi kumlu birimler 

gözlenmektedir. Sahada ekonomik de er ta yan Hematit ve Grafit cevherle mesi görülmektedir. 
Söz konusu cevherler yer yer çevre kayaçlarla ve faylarla s n rland r lmaktad rlar. Cevherle menin 
bulundu u faylar yüzeye yak n s  faylard r. Yüzeydeki bütün kireçta lar n n kataklastik 
parçalanmas n n nedeni faylard r. Bu faylanmalar n yeryüzüne ula mas na uygun zay f ortamlar  
olu tururlar. Çal ma saham zdaki ikincil ve üçüncül faylanmalar cevher içermektedir 

Abstract 
Remote sensing is the acquisition of information from the observed object without physical 
contact. Thanks to the sensors on the air vehicles in the atmosphere or in space, we have 
information about the objects on the ground. Remote sensing techniques, which are used in 
mineral exploration studies around the world, are used extensively in different fields such as 
geology, meteorology, agriculture, geographical information, oceanography, environment, 
cartography and military purposes as well as mining. The images obtained by remote sensing 
method are used to identify the rocks with mineral enrichment by making use of the spectral 
values of the minerals in the mapping of faults, cracks and fractures where mineralization is likely 
to occur in mineral exploration studies. 
This study was carried out in Hendek district of Sakarya province. Hematite, limestone, graphite, 
graphite-schist, limonite and argillaceous sandy units are distinguished in the study area. Hematite 
and Graphite mineralization, which has economic value, is observed in the field. The ores in 
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question are limited in places by the surrounding rocks and faults. These secondary faults 
distributed in an elliptical manner caused tertiary faults in directions that make 60/120 degree 
angles to themselves. The first of these faults is compression regime (compressional character), 
the second and third of these faults are tension regime (dilational character). At the same time, the 
tertiary faults are shallow. Tertiary faults are the cause of cataclastic disintegration of all 
limestones on the surface. These tertiary faults form weak environments suitable for reaching the 
earth's surface. Secondary and tertiary faults in our study area contain ore. 

 
Keywords: Remote Sensing, Mining, Band Ratio, Mineralization, Spectral Analysis 
1. G R  
Geli en toplumlar n hammadde tedari ini kar lamak için kullan lan fakat k s tl  bir ekilde 
bulunan do al kaynaklar n ara t r lmas nda, etkin yöntemler kullanarak teknolojinin do ru 
kullan lmas yla birlikte bilgiye ve sonuca yüksek h zda ve k sa zamanda ula mak son derece 
önemli bir durum haline gelmi tir. Yer alt nda ve yer üstünde bulunan do al kaynaklar n mevcut 
varl klar n n durumu ve potansiyellerinin belirlenmesi, geçen süre zarf nda de i imlerinin 
izlenmesi, güncel durumlar n n amac yla yap lacak olan çal malarda, uzaktan alg lama 
yöntemlerinden yararlan lmas  do ru, h zl  ve dü ük maliyetli verilerin elde edilmesini 
sa layacakt r.  Uzaktan alg lama yöntemleri cisimlerle direkt temas etmeden fiziksel özellikleri 
hakk nda bilgi elde etme bilimi olarak tan mlanmaktad r. Uzaktan alg lama yöntemi ile 
yeryüzünün farkl  mekansal, spektral, radyometrik ve zamansal çözünürlüklerde görüntülenmesi 
ve izlenmesi mümkün olabilmektedir. Zamansal çözünürlük özellikle arazi örtüsü/kullan m nda 
meydana gelen de i imlerin tespit edilmesi ve sürdürülebilir çevre çal malar  aç s ndan önem 
kazanmaktad r. Uydulardan al nan görüntüler farkl  amaçlarla kullan labilmekte ve ayn  bölgede 
farkl  çal malar n birlikte yap labilmesine olanak sa lamaktad r. Yeryüzünün düzenli olarak 
izlenmesi, kontrolü ve ula m  zor co rafi bölgelerde çal abilme imkân ,h zl  ve ekonomik olmas  
uzaktan alg lama teknolojisinin önemli avantajlar  olarak öne ç kmaktad r. 
 
 
 
Madenlerin ço u jeolojik birimler veya yap lar gibi yeryüzünde gözlenmezler. Bu sebepten 
madenlerin bulunmalar  masrafl  ve zor arazi artlar ndaki çal malar sonucunda mümkün 
olabilmektedir. Hedef madenlerin özelliklerine ba l  olarak uydu görüntüleri kullan lmas  
sonucunda detay inceleme yap larak ara t rma sahan n daralt lmas  veya maden varl n n yüksek 
potansiyele sahip sahalar n direk tespiti ile arama a amas  optimum zaman –maliyet ve yüksek 
ba ar  oran  ile tamamlanabilir.  
Uzaktan alg lama ile maden aramada;  

 Yüzeyde mostra vermis olan madenlerin tespiti  
 Ana madenin tespitine yarayan alterasyon tiplerinin belirlenmesi  
 Cevherle meye i aret eden bitkilerdeki anomalilerinin tespiti  
 Yüzeylenen jeolojik yap lar n tespiti  
 Cevherle meye sahip litolojilerin belirlenmesi gibi yöntemler kullan lmaktad r.  

Tespiti yap lmak istenen maden cevherle mesine ba l  olarak bu yöntemlerin tamam n n 
ara t r labilece i gibi genellikle en s k kullan lan yöntem  maden cevherle mesinin tespitine 
yarayan alterasyonlar n tespitidir. 
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ekil 1. nceleme alan  yer bulduru haritas  

Figure 1. Location map of the review area 
 
 
 
2. MATERYAL VE YÖNTEMLER 
nceleme alan nda ara t r l p ç kar lan madenlerin konumlar  belirlenmi , MTA taraf ndan 

haz rlanm  olan bölgenin jeoloji haritas  say salla t r larak say sal yükseklik modeli elde edilmi  
olup ile madenlerin jeoloji ve topo rafya ile ili kileri, stratigrafik seviyeleri gibi bilgiler elde 
edilmi tir. Uzaktan alg lama çal malar nda ArcMap, TntMips, Google Earth programlar  ile 
inceleme alan n  kapsayan, Amerikan Jeolojik Ara t rma Kurumu’ndan (USGS) al nan, 178-32 
hat-s ra numaral , 08.09.2021 tarihli, UTM projeksiyonlu, WGS 84 datumlu Landsat-8 uydu 
görüntüsü kullan lm t r. Uydu görüntüleri atmosferdeki artlar, güne  nlar n geli  aç s  ve 
verilerin kayd  a amas nda gözlenebilen sistematik hatalar nedeniyle sistematik olan veya 
olmayan bir tak m hatalar içerir. Landsat 8, görüntüler kaydedilirken geometrik ve radyometrik 
düzeltmeleri yapabilen teknik donan ma sahip bir uydudur. Uydu görüntülerinin kayd  esnas nda 
sensörler araziden yay lan enerjiyi analog olarak alg lar ve verilerin kayd  esnas nda sahan n 
gerçek yans ma de erlerine göre bir tak m say sal de erlere dönü türülerek kaydedilir. Bu nedenle 
çal lacak sahadaki nesnelerin gerçek yans ma de erlerinin elde edilebilmesi amac yla görüntü 
düzeltme (dönü türme) i lemi gerçekle tirilir. Çal ma kapsam nda Landsat 8 uydu görüntüsünün 
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yans ma de erleri elde edildikten sonra band oranlama, band aritmeti i, renkli kompozit 
görüntülerin olu turulmas  gibi uzaktan alg lama teknikleri kullan lm t r. 
3. SONUÇLAR VE TARTI MA 

letme sahas nda ölçülen do rultuya dik yönde olmak üzere sahada 5m x 5m karelajl  olarak, 
yakla k 110m x 70m’ lik bir alanda sistematik iki boyutlu Do al Uçla ma (Self Potential) ve 
Magnetik arama ölçümleri (prospeksiyon) uygulanm t r. Daha sonra cevherle me ve çevre kayaç 
ili kisini, yap sal unsurlar  ve geometrisini ortaya koyabilmek için 12 profilde 2 Boyutlu Özdirenç 
ile 3 noktada 1 Boyutlu özdirenç (Schlumberger) ölçümleri de al nm t r.( ekil 2, Figure 2)  
 
Uygulanan jeofizik yöntemler, arazi gözlemleri, aç lan ara t rma çukurlar  de erlendirildi inde: 

 nceleme alan nda hematit, kireçta , grafit, grafit- ist, limonit ve killi- killi kumlu birimler 
gözlenmektedir. 

 Sahada ekonomik de er ta yan Hematit ve Grafit cevherle mesi görülmektedir. Söz 
konusu 

cevherler yer yer çevre kayaçlarla ve faylarla s n rland r lmaktad rlar. 
 Maden sahas  aç k i letme olarak üretim yapmaktad r. u ana kadar yakla k 15.000 ton 

blok (hematit + kireçta ) cevheri ç kar lm t r. 
 Eliptik bir ekilde da lan bu ikincil faylar kendilerine 60/120 derecelik aç lar yapan 

do rultularda üçüncül faylanmalara neden olmu tur. Birincisi s k t rma rejimi 
(kompresyonel karakterli) olan bu faylar n ikincisi ve üçüncüsü gerilim rejimi ( 
dilatasyonel karakterli)’ dir. Ayn  zamanda üçüncül s radaki faylar s d r. Yüzeydeki bütün 
kireçta lar n n kataklastik parçalanmas n n nedeni üçüncül faylard r. te bu üçüncül 
faylanmalar n yeryüzüne ula mas na uygun zay f ortamlar  olu tururlar. Çal ma 
saham zdaki ikincil ve üçüncül faylanmalar cevher içermektedir. 

 Bölge genelinde cevherle menin büyük bir ço unlu u tektonik yap lar boyunca 
yerle mi tir. 

 
ekil 2. Rezisitivte ölçü profillerinin blok diyagram  

Figure 2. Resistivity Representation of measurement profiles in the form of a block diagram  
 

Çal ma alan ndaki cevherle melerin mineral birlikteliklerinin incelenmesi sonucunda 
hepsinin demirli mineraller (manyetit, limonit) içermesi ve hepsinde hidrotermal alterasyonun 
gözlenmesi sebebiyle literatürde alterasyon ve demirli minerallerin tespitinde yayg n olarak 
kullan lan;  

 Kil mineralleri ve demir içeren minerallerin tespiti için 6/7 band oran  ( ekil 3/Figure 3, [1])  
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 Demirli minerallerin tespitine olanak tan yan yöntemler; 
 4/5 band oran  ( ekil 4/Figure 4, [1])  
 5/4 band oran  ( ekil 5/Figure 5, [1])  
 R(4/2) G (5/4) B (5/7) renkli kompozit görüntü ( ekil 6/Figure 6, [2]) kompozit görüntü 

( ekil 6, [2]) uzaktan alg lama teknikleri kullan lm t r.  
Uzaktan alg lamada kullan lan band oranlar  iki farkl  enerji aral  kayd n  içeren band n 
matematiksel olarak oranlamas  oldu undan elde edilen görüntü siyah-beyaz renklidir. 
Oranlanan bantlar n enerjileri ve belirlenmek istenilen mineralin bu enerjilere tepkisine ba l  
olarak elde edilen görüntülerde sonuç kimi zaman aç k kimi zaman koyu renklerle ifade edilir. 
6/7 band oran  kil mineralleri ve demir oksitlerin tespiti için kullan l r ve koyu alanlar kil 
minerallerini i aret etmektedir ( ekil 3). 4/5 ve 5/4 band oranlar  demir tespiti için kullan lan 
bir oran olup, elde edilen görüntülerde 4/5’deki beyaz ( ekil 4), 5/4’deki siyah ( ekil 5) 
renkler demirli alanlar  i aret etmektedir (Bersi, 2016).  
 

 
ekil 3. Kil mineralleri ve demir içeren minerallerin tespiti için 6/7 band oran  

Figure 3. 6/7 band ratio for the content of clay minerals and iron-containing minerals  
 

 
ekil 4. Demirli minerallerin tespitini sa layan bant oranlar (4/5)  

Figure 4. Band ratios enabling the detection of ferrous minerals(4/5)  
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ekil 5. Demirli minerallerin tespitini sa layan bant oranlar (5/4)  

Figure 5. Band ratios enabling the detection of ferrous minerals(4/5)  

 
ekil 6. Renkli Kompozit Görüntü  
Figure 6. Color composite image  

4. SONUÇLAR 
nceleme alan nda yap lan önceki arazi çal malardan derlenen bilgilerin yorumlanmas  ve yap lan 

uzaktan alg lama çal malar nda elde edilen sonuç bölgenin maden potansiyeli bak m ndan bir 
di er göstergesidir. Cevher ve/veya alterasyon olu umunu i aret eden demirli mineraller ile kil 
minerallerinin tespiti amac yla band oranlar  (6/7, 4/5, 5/4), (6/5)*(4/5) ile renkli kompozit 
görüntüler (4/2 5/4 5/7; 4/2 5/7 4/5; 4/2 5/7 5/4) olu turulmu tur. Yap lan uzaktan alg lama 
teknikleri ile elde edilen görüntülerin de erlerinin yorumlanmas  sonucunda mevcut yataklar n 
konumlar  ba ar l  bir ekilde belirlenmi tir.  
Jeolojik ve jeofizik olarak önceden çal mas  yap lm  arazi çal mas na ek olarak yap lan bu 
çal ma, arazi çal malar  ve jeolojik gözlemler aç s ndan zorlu co rafik ko ullara sahip sahalar n 
uzaktan alg lama yöntemlerinin kullan larak maden sahalar n n ve/veya potansiyel alanlar n 
belirlenmesi ile sonraki çal malara yön vermesi, yap lacak çal malar n ilk ba larda belirlenen 
bölgelere göre planlanmas  sonucunda vakit ve maddi kazanç sa lamas  aç s ndan önemli 
oldu unu göstermi tir.  
TE EKKÜRLER 
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Yap lan çal malar s ras nda yard m sa layan (makaleyi okuma, yazma, dil yard m  vb.)e Güney 
Beyhan Hocam’a Suat Demir ‘e görü  ve katk lar  için te ekkürlerimi sunar m. 
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Abstract 

It is difficult to find a definition of "environmental requirements" in the literature. This 
phrase is used in practice, but it is not easy to explain. Definitions of the science "ecology" are 
usually used for this purpose, thus avoiding an answer to its essence. It can also be expressed 
through "requirements" for the "environmental friendliness" of something (or an object), but 
we still can't get a definition.  

Due to the increasing and frequent use of this phrase, an attempt will be made here to 
create a definition through which to interpret and help in its use in practice. 
 It is proposed to express through "environmental requirements" the interaction of the 
two main factors (abiotic and biotic), the claims for their manifestation and their impact on 
life on Earth. The formation of a third group of environmental factors, etc. anthropogenic 
factors do not contribute to the interpretation and explanation of the Earth's processes. 
Through them an attempt is made to scientifically substantiate the actions of Man, but their 
essence is related to the satisfaction of his needs. 
 In view of the above, a more specific classification is proposed for the so-called 
"environmental requirements". First, it is necessary to distinguish between the different 
formulations for this type of concepts. Therefore, it is proposed to distinguish two groups of 
environmental requirements - one "naturally-conditioned" and the other "administrative-
regulatory".  
 The difference between them is quite significant, because the first group combines 
requirements related to the implementation of various actions arising from the nature of 
different organisms to the environment in which they grow; while the second group 
systematizes the various (administratively created) normative documents through which to 
regulate the actions (and their consequences) of the Society related to impact on the Nature. 
 The presented research is the result of a very detailed study of the experience in 
different countries and world organizations on this topic. It should be noted that in most of the 
publications (including scientific ones) the emphasis is on the administrative-regulatory 
functions of this type of requirements. It seems that the essence of "environmental 
requirements" is in the regulation of administrative restrictions, which is wrong. An example 
is the number of normative documents for assessing the impact of various human activities on 
nature. Such assessments are allowed, but with a "significant impact" for which there is no 
definition. 
 From this position it is important to conduct research for a more correct study and use 
of terminology in the field of environment. 
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ABSTRACT 
Depending on the rapid population growth and advances in technology around the world, 
there is an increasing acceleration in transportation density with the developments in 
transportation vehicles. For this reason, it is quite natural for people to prefer vehicles that 
will transport them quickly, economically and safely. Air transportation is increasing its share 
in the transportation sector day by day with the advantages it has at this point, and the 
increase in the density of people moving in parallel with this share increase is inevitable. 
Although air transport is safer than other modes of transport, each flight also carries the 
potential for an accident. Also, if it happens, the death rate in accidents is very high. In this 
context, it is important to manage the airports and the surrounding areas where the most 
complex operations take place in the provision of flight operations. The criteria determined by 
the International Civil Aviation Organization (ICAO) will guide the management of the 
mentioned areas. In this study, an analysis method was created to measure the safety of 
airports by combining the criteria that ICAO has mentioned so far regarding the management 
of the areas around the airports. This analysis method, it was applied to Samsun Çar amba 
Airport. The mentioned airport has been examined in 5 items in the flight safety risk analysis: 
1- Facilities where people can be found collectively in the risk area around the airport, 2- 
Facilities where flammable and explosive products are sold in the risky area on the airport's 
landing-departure corridor, 3-High architectural structures within the risky area boundaries of 
airports, 4-Factors that may have a negative impact on pilots' vision, 5-Waste / Garbage 
facilities in the designated risky area around the airport. At the end of these 5 items examined, 
the airport received a risk score of 17,5. With the analysis method created, an airport in any 
part of the world will be objectively measurable in terms of flight safety and it will be easier 
to eliminate the risk factors. 
Keywords: Flight safety, Risk analysis, Land management, Disaster management 
 
 
 
1.INTRODACTION 
Due to the rapid population growth around the world, developments in transportation vehicles 
and advances in technology, there is an increasing acceleration in transportation density 
(Okumu  and Asil, 2007; Hatipo lu and I k, 2015; Erol and Kanbur, 2017). The increase in 
human mobility leads to a decrease in transportation costs, which in turn leads to changes in 
the preferences of the vehicles used in transportation (Rothkoph and Wald, 2008; Yaylal  and 
Dilek, 2009). For these reasons, it is quite normal for people to prefer vehicles that will 
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transport them quickly, economically and safely. Air transportation is increasing its share in 
the transportation sector day by day with the advantages it has at this point, and with this 
increase in share, the increase in human density is inevitable. It is clear that this intensity will 
increase the number of voyages. Although air transportation is safer than other modes of 
transportation, each flight also carries the potential for an accident. For this reason, it is of 
great importance to minimize the risks of these accidents, as in all kinds of transportation. In 
this context, it is important to manage the airports and the surrounding areas where the most 
complex operations take place in the provision of flight operations. The criteria determined by 
the International Civil Aviation Organization (ICAO) will guide the management of the 
mentioned areas. In this study, an analysis method was created to measure the safety of 
airports by combining the criteria that ICAO has mentioned so far regarding the management 
of the areas around the airports. Within the framework of the study, Samsun Çar amba 
Airport in Turkey has been examined with this developed analysis method. The airport, which 
was built within the borders of Çar amba district of Samsun in 1998 (DHM , 2018), 
contributes to the economic, social and cultural development of the city with passenger and 
cargo transportation activities with an increasing momentum (Akgüngör and Demirel, 2004). 
Samsun province, which is located in the middle of the Black Sea Region, has become a 
regional center in terms of transportation and transportation when the advantage of population 
and workforce is added (Zeybek, 2006). This development at Çar amba airport has had 
statistics that can be considered important on a world scale (Efendigil and Eminler, 2017; 
Do an and Dikmen, 2018). According to the Turkish State Airports Authority (DHMI) data, 
13930 passenger, commercial, freight and cargo flights were carried out at Samsun Çar amba 
Airport in 2018, and the number of passengers carried exceeded 1 million. (Anonymous, 
2018a). With the analysis method created, an airport in any part of the world will be 
objectively measurable in terms of flight safety and it will be easier to eliminate the risk 
factors. 
2. Material and Method 
2.1 Workspace 
The field that constitutes the subject of the study; (41°18'13.0") north parallels (36°37'07.9") 
east meridians, (41°13'14.4") north parallels, (36°37'42.8") east meridians, (41°12'55.7" ) 
north parallels (36°30'55.8") east meridians and (41°17'51.6") north parallels are between 
geographic coordinate points located between (36°30'07.7") east meridians.  
Samsun Çarsamba Airport, which is located on (41°15'56”) North parallels and (36°32'55”) 
East meridians and serves in civil status, is located in Ç narl k town of Çar amba town in 
Samsun province, 25 km from the city center. . The facility, which started to be built on an 
area of 3.940.000 m2 as of 1996, was equipped with technological systems that can land all 
kinds of aircraft even in rain and foggy weather, and opened to scheduled domestic and non-
scheduled international air traffic for 24 hours on 15.12.1998.  Currently, scheduled 
international flights are also available at the airport. The airport was accepted as an air border 
gate with the decision of the Council of Ministers dated 22.06.2000 and numbered 2000/918. 
Since the width of the taxiways at the airport is 24 m, the airport reference code is in category 
4E (denotes aircraft that can land according to the wingspan), and when evaluated together 
with the shoulders, it is 39 m in total.  
2.2 Technical Equipment Used in the Studies 
Within the scope of the study, DJI Ryze branded drone, which is used to detect potential 
objects that may adversely affect the pilot's vision, Atlas ATML 60 branded laser meter, 
which is used for height measurements, Leica Viva GS10 GPS, which determines the 
coordinates of objects, and Nikon D5300 camera equipment, which is used to obtain images, 
were used. With reference to the “Turkish Civil Aviation General Directorate” (SHGM) 
“Havaalan  Hizmetleri El Kitab ”  (Airport Services Handbook) (SHGM, 2007) created on the 
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basis of ICAO Annex-14, the height measurement processes of the elements that may violate 
the altitude criteria were carried out with a laser meter in the study area (Figure 1). 

 
Figure 1. Height measurements in the study area 

Objects that may adversely affect the vision of the pilots around the airports were determined. 
Firstly, the reflectivity properties of potential objects that may adversely affect the vision of 
the pilots in the study area in the Google Earth application of Google Labs were examined on 
the software. Afterwards, observation studies were carried out by climbing over the water 
reservoir of S tmasuyu Neighbourhood, which is a point that fully dominates the study area, 
and finally, a detailed scanning study was carried out with a drone by going to the study area 
(Figure 2). 
 

 
Figure 2. Reflective surface observation with drone in the study area 

The distances of the areas where people are gathered together to the runway heads and the 
flammable and explosive facilities in the landing-departure corridor and its surroundings 
comply with the SHGM's "Construction Criteria around the Airport" by "Euclidean Distance" 
analysis under the distance analyzes tab in the Spatial Analyst Tools section of the ArcMap 
module of the ArcGIS software. The locations of these facilities were verified by going to the 
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study area. The suitability of the existence of Waste / Garbage Facilities that may cause mass 
bird movements around the airport according to the "Wild Animal Control and Reduction" 
manual of SHGM at the Airports was determined by the "Euclidean Distance" analysis under 
the distance analyzes tab in the Spatial Analyst Tools section of the ArcMap module of the 
ArcGIS software. The data obtained in the field were confirmed (Figure 3). 

 
Figure 3. Calculations of the distances of the parameters to the reference points 

The risk scores used in the "Flight Safety Risk Analysis" (UGRA) developed within the scope 
of the study express the probability of causing a flight accident, and high rates of loss of life 
and property in case of an accident. In the process of creating these risk scores, domestic and 
foreign; scientific studies, local government projects and news of media organs were used. 
As a result of the researches and investigations: Facilities where people can be found 
collectively in the risk area around the airport received 1 point, Facilities where flammable 
and explosive products are sold in the risky area on the airport's landing-departure corridor, as 
understood from the job descriptions received 1.5 points, High architectural structures within 
the risky area boundaries of airports received 2 points, Factors That May Have a Negative 
Impact on Pilots' Vision received 0.5 point, Waste / Garbage Facilities in the designated risky 
area around the airport received 3 points. 

 
 
 
3. RESULTS AND DISCUSSION 
The findings obtained in the studies carried out within the scope of the research and the 
relations of these findings with previous scientific studies and legal regulations are given 
below according to their subjects.  
3.1. Investigation of Architectural and Other Structures in terms of Height 
As Ulubay and Varol (2013) stated, high architectural structures within the risk limits of 
airports pose a potential accident hazard for both aircraft and people living in these structures, 
especially during take-off and landing of aircraft. By ICAO, the maximum height is limited to 
45 meters in a radius of 3 km, taking the flight runway as its center (Anonymous, 2018b). 
In the research carried out within the scope of the study, height measurements of energy 
transmission lines, structures, trees, etc. were made with laser meters in the area determined 
by the ArcGIS program (Figure 4), where the conical surface, which is the outermost line of 
the obstacle limitation surfaces, is located. In these measurements, the minaret of the Ç narl k 
Merkez Mosque, with a maximum height of 34 meters and a distance of 1003 meters from the 
center of the runway, was determined. According to these values, there is no threat that poses 
a risk to flight safety in terms of altitude. In terms of the sustainability of this situation, it is 
very important to keep the urban development process in the region under control. 
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Figure 4. Area where height measurements are made 

 
3.2. Identification of Factors That May Have a Negative Effect on Pilots's Vision 
Today, the cause of accidents in aviation accidents is mostly human error (K l ç, 2017; Uysal 
and Dokuman, 2017). It is stated that about one third of the factors that cause flight accidents 
are pilot error (SHY-13, 1992; Yüksel et al., 2006; Yavuz et al., 2015, Birgören, 2015) 
reported that 72 of 75 plane crashes between 1988 and 1990 were caused by pilot error, and 
one of the most important causes of pilot error was "distraction". For this reason, there should 
be no reflective and bright objects in the vicinity of the airports that will adversely affect the 
attention and vision of the pilots.  
In the examinations made in the field, it has been determined that roof, facade cladding or 
similar materials that can reflect light at a high rate within the active field of view of the pilots 
are not used. The continuation of this situation is very important in preventing piloting errors, 
which are shown as the biggest cause of flight accidents.  
 
 
3.3. The Distances of the Areas Where People Are Collected to the Runway Heads 
In the study, 2 schools were identified that violated the rule stated in the Circular of SHGM 
(2012) on "Construction Criteria Around the Airport", that the settlements where people are 
gathered together should not be within 3000 meters of the runway head (Figure 5). It has been 
determined that Ç narl k Yal  Primary School and Ç narl k Primary School are at a distance of 
978 m and 2080 m, respectively, from the start of the runway.  
While Ç narl k Yal  Primary School has a total population of 56 including teachers and 
students, Ç narl k Primary School has a total population of 129 people (Anonymous, 2020a; 
Anonymous, 2020b). In the event that an air accident hits the areas where the schools are 
located, it is highly likely that the loss of life will be at very sad levels. For this reason, taking 
these schools out of the risk area is of vital importance in order to keep the losses to a 
minimum. 
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Figure 5. Schools around the airport 

In the study, 8 mosques (Camii) violating the same circular were also detected (Figure 6). 
Ç narl k Köyü Mosque, ehit Polis Tuncay Karata  Mosque, E erceli Merkez Mosque, Irmak 
S rt  Köyü Köprü Ba  Mosque, Sar  Kad  Mosque, Irmak S rt  Köyü Merkez Mosque, 
Karakulak Mahallesi Mosque and Kurtulu  Mosques are respectively from the start of the 
runway. It was determined that they were at a distance of 1003 m, 2871 m, 1667, 1922 m, 
2372 m, 2576 m, 2724 m, 1274 m. Like schools located in a risky area, places of worship are 
also buildings where people live together. It is clear that an air accident that may occur during 
worship will bring very serious consequences. For this reason, it is extremely important that 
places of worship are excluded from the risky area. 
 

 
Figure 6. Mosques around the airport 

3.4. Flammable and Explosive Facilities in and Around the Landing-Take Off Corridor 
There is D-010 highway on the airport landing-departure corridor. According to the 
construction criteria envisaged around the airports, it is stated that there should not be any 
flammable, explosive facilities and warehouses within the 6000 meters area from the 
beginning of the runway (Anonymous, 2012).  
In the study carried out, it may pose a risk for flight safety; the first (41°13'05.7") north 
parallels, (36°37'36.8") east meridians, the second (41°13'04.4") north parallels, (36°37'48.5") 
east meridians, the third (41°) 13'08.2") north parallels, (36°38'11.5") east meridians, fourth 
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(41°13'05.1") north parallels, (36°39'32.7") east meridians, and fifth (41°13'04.9") ) north 
parallels, (36°39'42.9") east meridians coordinates, 5 fuel stations were identified (Figure 7). 
It has been determined that the furthest of these fuel oil facilities is 5961 meters per runway.  

 
Figure7. Landing-take-off corridor and its surrounding fuel stations 

3.5 Waste / Garbage Facilities in the Designated Risky Area Around the Airport 
As SHGM (2016) can describe, garbage can be attractive to birds and cause birds to create a 
flight path. This situation jeopardizes his flight (Gülcan, 2019). In the 55-day accident that 
came with a small bird strike between 1912-2002; There will be 276 lives, and 108 passenger 
planes will become incapacitated (Abrate, 2016). 30% of cases do not develop while the 
planes are taking off and 60% of them are not developing on the airstrip. Few cases of bird 
strikes have been observed in rainy, snowy and swollen weather. In the study, it was 
determined that there was no garbage collection area in the conical surface. The closest 
garbage station to the airport belongs to Samsun Metropolitan Municipality, which is 18.75 
km away and this distance is outside the risk limits of 13 km (SHGM, 2016). 
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3.6 UGRA Flight Safety Risk Analysis 
Table 1. UGRA Flight Safety Risk Analysis 

Risk Description Risk score 
coefficient 

Pieces UGRA Risk Score 

High architectural 
structures within the 
risky area boundaries 

of airports 

2 0 0 

Factors That May 
Have a Negative 
Impact on Pilots' 

Vision 

0.5 0 0 

Facilities where people 
can be found 

collectively in the risk 
area around the airport 

1 point 10 10 

Facilities where 
flammable and 

explosive products are 
sold in the risky area 

on the airport's 
landing-departure 

corridor 

1.5 points 5 7.5 

Waste / Garbage 
Facilities in the 

designated risky area 
around the airport 

3 0 0 

Total Score   17.5 
 
 
4. CONCLUSION and RECOMMENDATIONS 
There are a number of legal regulations in order to ensure flight safety. The most basic 
element of protection from airline accidents, which cause more loss of life and property when 
compared to other transportation sectors, is to avoid hazards. In this respect, it is of vital 
importance to fully comply with legal regulations. In this study, which examines the vicinity 
of Samsun Çar amba Airport in terms of flight safety, it has been determined that some of the 
legal regulations created to ensure safety are not complied with. This shows that the deterrent 
of legal bases is not sufficient. It is a great shortcoming that the legislation on ensuring flight 
safety is violated at some points and there is no public pressure or any deterrent legal practice 
regarding this. In order to overcome this deficiency, it will be beneficial to carry out a number 
of studies by universities, non-governmental organizations and legal institutions, as in this 
study. As it is often emphasized in the study, it is clear that the issues that are not taken into 
account for flight safety may cause irreparable results in the future.  
As a result of the knowledge and experience gained within the scope of the study, an analysis 
system called "Flight Safety Risk Analysis" (UGRA) was created and implemented at Samsun 
Çar amba Airport. With this system, it is aimed to embody the issues that pose a danger to 
flight safety in numerical terms by scoring the elements that may cause more loss of life and 
property if they occur. With the application of UGRA to other airports, airports around the 
world will become objectively comparable in terms of flight safety. In this way, the 
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application will guide the authorities in many respects in the studies to be carried out to 
ensure safer flight operations. 
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ÖZET 
Bu çal mada ( 1,0) (0,1) Hilbert uzay nda 

Ay y (x) = y(x) , x [ 1,0) (0,1]                 (1) 
iki aral kl  Sturm-Liouville denkleminden 

            y( 1) = y(1)                                                       (2) 
           y ( 1) = Ky (1)                                                     (3) 

periyodik s n r artlar ndan ve x = 0 geçi  noktas ndaki  
           y(+0) = y( 0)                                                   (4) 
            y (+0) = y ( 0   )                                            (5)            

geçi  artlar ndan olu an s n r-de er-geçi  probleminin baz  spektral özellikleri incelenmi tir. 
Burada > 0 reel say ,   ise kompleks özde er parametresidir. Çal mam zda problemin 
özde er ve özfonksiyonlar n n baz  özellikleri ara t r lm t r. Ayr ca, ara t rd m z problemin 
karakteristik fonksiyonu tan mlanarak karakteristik fonksiyonun asimptotik ifadesi 
bulunmu tur. 
 Anahtar Kelimeler: Periodic Sturm-Liouville problemi, geçi  art , karakteristik fonksiyon. 
 
 
 
ABSTRACT 
The expansion in terms of the system of eigenfunctions for Sturm-Liouville type boundary 
value problems has a very important applications in many fields of natural sciences. Although 
periodic boundary conditions lead to spectral problems with unfamiliar solutions, the 
computation of expansions in terms of eigenfunction is a simple implementation of the 
procedure for solving many problems of mathematical physics. The spectral theory of 
differential operators, due to Sturm and Liouville, provides new expansions based on special 
type functions that reflect the physical properties of the particular system. The new 
expansions allow us to properly express solutions of many partial differential equations that 
would be otherwise be analytically difficult just as the trigonometric Fourier series enables us 
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to solve the heat flow problem.  Therefore the spectral analysis of boundary value problems 
(BVP's) plays a crucial role in solving many important problems appearing in physics, 
engineering, physical chemistry, communication technology and etc. In solving of many 
BVP's by Fourier's method of separation of independent variables there arise Sturm-Liouville 
type eigenvalue problems. To justify the Fourier's method it is needed to prove the existence 
of infinitely many eigenvalues and to establish the expansion in a series of eigenfunctions. 
Now the Sturm-Liouville theory is one of the most actual and extensively developing  field in 
spectral analysis of differential operators. In later years, the investigation of new concrete 
problems posed by physics led to the rapid development of Sturm-Liouville theory and the 
Sturm-Liouville problems remain one of the most current issues needed by spectral theory.   
Recently, Sturm-Liouville problems with transmission conditions have been an important 
research topic in mathematical physics.  In this study, in the Hilbert space  ( 1,0)

(0,1)  we shall examine some spectral properties of a new type boundary-value-transition 
problem consisting of a  two-interval Sturm-Liouville equation 

        ( ) = ( ) , [ 1,0) (0,1] 
together with anti-periodic boundary conditions, given by 

( 1) = (1) 
( 1) = (1) 

and transition conditions at the interior point = 0,    given by 
(+0) = ( 0) 

(+0) =
1

( 0) 
where > 0 is the real number and  is the complex eigenvalue parameter. In this study we 
shall investigate some properties of the eigenvalues and eigenfunctions of this problem. A 
Hilbert space suitable for the problem is constructed. We proved that the spectral semi-
periodic problem under consideration has infinitely many real eigenvalues and the 
eigenfunctions belonging to distinct eigenvalues are orthogonal in this Hilbert space.  
Keywords: Periodic Sturm-Liouville  problems, transmission conditions, eigenfunctions. 
G R  
Fizik ve ba ka do a bilimlerinin birçok probleminin matematiksel modeli genelde k smi 
diferansiyel denklemlerin baz  ba lang ç ve s n r artlar n  sa layan çözümlerin bulunmas na 
indirgenmektedir. Ba lang ç ve s n r-de er problemlerinin çözümü için çok farkl  yöntemler 
geli tirilmi tir. Örne in; de i kenlerine ay rma yöntemi olarak da adland r lan Fourier 
yönteminin uygulanabilmesi adi diferansiyel denklemler için s n r de er problemlerinin 
spektral özelliklerinin incelenmesini gerektirmektedir. Is  yay l m  probleminin çözümü 
üzerine çal malar yap ld  süreçte ortaya ç kan, özde er parametresine ba l  adi diferansiyel 
denklemler için s n r de er problemleri ilk kez 19. yüzy l n ortalar nda C. Sturm ve J. 
Liouville taraf ndan incelenmi tir. Sturm-Liouville problemi olarak adland r lan özde er 
parametresini içeren özel tipten s n r de er problemleri matematiksel fizi in önemli 
problemlerindendir. 1908 y l nda George D. Birkhoff taraf ndan yay mlanm  [1] 
makalesinde 

+ ( , ) + + ( , ) = 0 
formundaki özde er parametresine ba l  lineer diferansiyel denklemlerin çözümlerinin 
asimptotik davran lar  incelenmi tir. Birkhoff bu çal mas nda kök fonksiyonlar  ve regüler 
s n r artlar  kavramlar n  tan mlam (literatürde böyle artlar Birkhoff anlam nda regular s n r 
artlar  olarak adland r lmaktad r), probleme uygun diferansiyel operatörün 

özfonksiyonlar ndan ve özfonksiyonlara ba lanm  fonksiyonlardan olu an sisteminin taml  
hakk nda teorem ispatlam t r. Daha sonra Tamarkin [2] çal mas nda parametreye ba l  
lineer diferansiyel denklemler için temel çözümlerin asimptoti ini bulmu , regüler s n r 
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artlar  ile birlikte güçlü regüler s n r artlar  kavram n  tan mlam  ve bu s n r artlar  alt nda 
özfonksiyonlar ve özfonksiyonlara ba lanm  fonksiyonlar n serisine aç l m özelliklerini 
incelemi tir. Daha sonraki y llarda fizi in ortaya koydu u yeni somut problemlerin 
ara t r lmas  Sturm-Liouville teorisinin h zla geli mesine yol açm t r. 
Günümüzde de Sturm-Liouville problemleri spektral teorinin ihtiyaç duydu u en güncel 
konulardan biri olmaya devam etmektedir.Lee [3] çal mas nda klasik Sturm-Liouville 
özde er problemi ile ili kili spektral ve sal n m teorisinin periyodik analoglar n  sunmu tur. 
Berghe, Daele ve Meyer [4] çal mas nda regüler Sturm-Liouville problemlerinin özde erleri 
periyodik ve yar -periyodik s n r ko ullar  alt nda ara t r lm  ve yakla k özde erlerin 
hatas n  azaltmak için basit bir lineer ba ml  çok ad ml  yöntemin kullan labilece i 
gösterilmi tir. [8], [9], [10], [11] çal malar nda regular Sturm-Liouville  problemi için  geçi  
artl  problemler ele al nm t r. 

ESAS SONUÇLAR 
: [ , ]  biçimindee karesi Lebesgue anlam nda  integrallenebilir fonksiyonlar n uzay n  
( 1,0) ile gösterelim. 

= { ( ) | ( ) ( 1,0) (0,1)} 
biçiminde olan elemanlar n lineer uzay nda ( ) , ( )  fonksiyonlar n n iç çarp m n  

 ,  = ( ) ( )    + ( ) ( )                 (6) 

e itli i ile tan mlayal m. 
Kolayca gösterilebilir ki, (6) e itli i  lineer uzay nda bir iç çarp m fonksiyonu tan mlar. Bu 
iç çarp m uzay n   ile gösterelim. 
Lemma 1. = (  ,    ,   )  iç çarp m uzay  Hilbert uzay d r. 
 

imdi bu uzayda verilmi  (1) – (5)  s n r-de er-geçi  problemi ile ayn  özde erlere ve 
özfonksiyonlara sahip lineer operatör kurulacakt r. 
(1) – (5) Sturm-Liouville s n r-de er geçi  probleminin üretti i 

                                                             
diferensiyel  operatörü  

( ) =  ( ) =
( )  ,          [ 1, 0)
( )  ,          (0, 1]     ( ), ( ),   ( )  ve ( )  

fonksiyonlar  [ 1,0) ve (0,1]   aral klar nda mutlak süreklidirler sonlu (±0) ve  (±0)   
limit  de erleri mevcuttur  ve   f1

'' L2 -1,0 , f (0,1),   ( 1) = (1),  ( 1) =
(1), (0) = (0),   (0) = (0) }       

tan m bölgesinde  e itli i ile tan mlans n. 
Lemma 2.  operatörü yo un tan ml  lineer operatördür, yani ( ) =   e itli i sa lan r. 
Teorem 3.  (1) – (5)  e itlikleri ile verilmi  s n r-de er-geçi  probleminin bütün özde erleri 
reeldir. 
Not: Özde erler reel oldu u için genelli i bozmadan özfonksiyonlar n da reel de erli 
fonksiyonlar oldu unu kabul edebiliriz. 
Teorem 4. (1) – (5)   s n r-de er-geçi  probleminin iki farkl   ve  özde erlerine s ras  
ile uygun olan  ve  özfonksiyonlar   Hilbert uzay nda ortogonaldirler. Yani; 

( ) ( ) + ( ) ( )  = 0                            

e itli i sa lan r. 
Teorem 5.  Hilbert uzay nda yukar daki ekilde tan mlanan  G operatörü simetriktir. 
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Baz  Yard mc  Ba lang ç De er Problemleri ve Çözümleri 
Bu bölümde ara t rd m z (1) – (5)   s n r-de er-geçi  problemi ile yak ndan ilgili olan ve 
sadece [ 1,0) ve (0,1] alt aral klar nda verilmi  baz  yard mc  ba lang ç-de er 
problemlerinin çözümleri tan mlanacakt r. 
Her  için 

( ) = ( ) , [ 1,0)     
                          ( 1) = 1                                    
                        ( 1) = 0                                   

ba lang ç-de er probleminin bir tek ( , ) çözümü bulunur ve bu çözüm her bir [ 1,0)   
de eri için  de i kenine göre bütün kompleks düzlemde analitiktir. Yani [ 1,0)  için  
parametresinin tam fonksiyonudur. (Titchmarsh, [13]) 
 
Her  için ( , ) ile 

  ( ) = ( ) , (0,1]    
                               (1) = 1                                  
                              (1) = 0                                 

e itlikleri ile tan ml  ba lang ç-de er probleminin çözümünü gösterelim. Bu çözüm de 
(0,1]  için  parametresinin tam fonksiyonudur. (Titchmarsh, [13]) 

 
Benzer biçimde her  için ( , ) ile 

( ) = ( ) , (0,1] 
                               (1) = 0                                  
                              (1) = 1                                  

e itlikleri ile tan ml  ba lang ç-de er probleminin çözümünü  ( , ) ise 
( ) = ( ) , (0,1]   

                           ( 1) = 0                               
                          ( 1) = 1                                

e itlikleri ile tan ml  ba lang ç-de er probleminin çözümünü gösterelim. Bu çözümler de her 
bir   de eri için  de i kenine göre bütün kompleks düzlemde analitiktir, yani  
parametresinin tam fonksiyonudur. (Titchmarsh, [13]) 
Teorem 6. (1) – (5)   s n r-de er-geçi  probleminin özde erleri 

P( ) = [ (+0, ) + ( 0, ) + ( 0, )][ (+0, ) ( 0, )]- 
[ (+0, ) + ( 0, ) + ( 0, )][ (+0, ) ( 0, )] 

karakteristik fonksiyonunun s f r yerleri ile çak kt r. 
Tan m 7.  P( ) kompleks fonksiyonu (1) – (5)  s n r-de er-geçi  probleminin karakteristik 
fonksiyonu olarak adland r l r. 
Teorem 8.  (1) – (5)   s n r-de er-geçi  probleminin P( ) karakteristik fonksiyonu tüm 
kompleks düzlemde analitiktir, yani tam fonksiyondur. 
Teorem 9.  P( ) karakteristik fonksiyonu  için 

P( ) = sin(2 )  +                
asimptotik e itli ini sa lar. 
Teorem 10.  (1) – (5)   s n r-de er-geçi  probleminin say labilir sonsuz say da özde eri 
mevcuttur ve bu özde elerin sonlu y lma noktas  mevcut de ildir. 
Te ekkür: Bu çal ma, FMB-BAP 20-0440 (Bilimsel Ara t rma Projeleri Koordinasyon 
Birimi) Proje numaras  ile  Amasya Üniversitesi taraf ndan desteklenmi tir. 
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ÖZET 
Bu çal mada  

                           ( ) = ( ), [a , ) ( , ) ( , a ]                  (1)                  
Sturm-Liouville denkleminden 
                                                              r (a ) (a ) = 0                                        (2) 
                                                           r (a ) (a ) = 0                                       (3) 
periyodik s n r artlar ndan,  noktas nda   
                                                          r ( ) ( ) = 0                                            (4) 
                                                        r ( ) ( ) = 0                                            
(5) 
biçiminde verilen geçi  artlar ndan ve     noktas ndaki 
                                                              r ( ) ( ) = 0                                        (6) 
                                                              r ( ) ( ) = 0                                      
(7) 
geçi  artlar ndan olu an s n r-de er-geçi  probleminin baz  spektral özellikleri incelenmi tir. 

 ise kompleks özde er parametresidir. Çal mam zda problemin özde er ve 
özfonksiyonlar n n baz  özellikleri ara t r lm t r. Ayr ca, ara t rd m z problemin 
karakteristik fonksiyonu tan mlanarak karakteristik fonksiyonun asimptotik ifadesi 
bulunmu tur. 
 Anahtar Kelimeler: Periodic Sturm-Liouville problemi, geçi  art , karakteristik fonksiyon. 
 
 
ABSTRACT 
Motivated by problems of periodic motion in continuous media, such as the periodic flow in a 
rod, Sturm and Liouville were led in the first half of the  19th century  to identify a class of 
boundary value problems for second order differential equations now referred to as Sturm-
Liouville problems, that have inspired much of branches of modern analysis and spectral 
theory of linear operators and continue to do so. The direct problem of Sturm-Liouville theory 
is that of investigating the spectral data of various type  Sturm-Liouville problems, i.e. the 
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investigation of some qualitative  spectral aspects of eigenvalues and associated 
eigenfunctions. The existence of periodic and oscillatory solutions plays a key role in 
characterizing the behavior of boundary value problem. The spectral properties  of boundary 
value problems for second order differential equations have been widely investigated due to 
their application in many  fields of natural sciences, such as physics, mechanics, engineering, 
electromagnetics, quantum physics etc. In such applications, it is important to know the 
existence of periodic and oscillatory solutions of differential equations. Periodic boundary 
value  problems for Sturm-Liouville type, in fact are one of the important areas of general 
spectral theory of differential operators since many problems of mathematical physics are 
modelled by this type of spectral problems. For example, consider the heated rod that has 
been bent into a circle. Then both ends this rod are physically the same.  Thus, we would 
expect that the temperature and the temperature gradient at these endpoints to be the same. 
For this case we have periodic boundary conditions of the form 

( ) = ( ),  ( ) = ( ). 
It is well known that such type of boundary conditions lead to different types of 
eigenfunctions and eigenvalues. The purpose of this work is to study some spectral properties 
of periodic Sturm-Liouville problems of a new type  which are defined on two disjoint 
intervals and contain additional transfer conditions. 
In this paper, we shall consider discontinuous periodic eigenvalue problem which consisting 
of the differential equation 

                           ( ) = ( ), [a , ) ( , ) ( , a ]                (1) 
with periodic boundary conditions 
                                                            r (a ) (a ) = 0                                        (2) 
                                                           r (a ) (a ) = 0                                       (3) 
with impulsive conditions at the points of discontinuity  and  
                                                          r ( ) ( ) = 0                                        (4) 
                                                        r ( ) ( ) = 0                                        (5) 
and 
                                                              r ( ) ( ) = 0                                        (6) 
                                                              r ( ) ( ) = 0                                      
(7) 
where    is a complex eigenvalue  parameter. 
Keywords: Sturm-Liouville  problems, transmission conditions, eigenvalue. 
G R  
Matematiksel fizik problemlerinin çözümü ihtiyac  klasik Sturm-Liouville teorisini geçmi te 
ve günümüzde özel bir ilgi oda  haline getirmi  ve bu teorinin geli tirilmesine vesile 
olmu tur. Örne in, lristal örgüde iletken elektronun hareketi için basit bir model, periyodik 
potansiyele sahip Schrödinger denklemi biçiminde ifade edilir. Bu potansiyel, kristal örgüdeki 
iyonlar ve kristaldeki di er elektronlardan kaynaklanan kuvvetlerin elektronun hareketi 
üzerindeki etkisini aç klar. Bu problemin tek boyutlu oldu u dü ünülürse elektronun dalga 
fonksiyonu olan ( ) potansiyeli periyodik bir fonksiyon olmak üzere bir boyutlu 
Schrödinger denklemi elde edilir. Periyodu  ile gösterilirse   ( + ) = ( ) sa lan r. O 
halde 

u(x)=
x
a

 ,  q(x)=
2ma2

V
x
a

 ,  =
2mE

2  

de i ken de i imleri yap ld ktan sonra  normal dalga fonksiyonu,  enerji parametresi,  
( + 1) = ( ) olmak üzere Schrödinger denklemi 

+ ( ) =         (8)                                                 
biçimindeki Sturm-Liouville denklemine indirgenir. (8) e itli inin spektrumu kesinlikle 
süreklidir ve kapal  aral klar n birle iminden veya bo luklarla ayr lm  bantlardan olu ur. Bu 
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bantlar n ve bo luklar n varl , kristallerin iletkenlik özellikleri için önemli etkilere sahiptir. 
Enerjisi bantlardan birinde bulunan elektronlar kristal boyunca serbestçe hareket ederken 
enerjisi bo luklardan birinde bulunan elektronlar büyük mesafeler boyunca hareket edemez. 
Bir kristal, bo  olmayan enerji bantlar  tamamen elektronlarla doluysa bir yal tkan gibi 
davran r, bir metal gibi sadece k smen doldurulmu  enerji bantlar na sahipse elektrik iletir. 
Yar  iletkenler genellikle tam bir valans band na sahiptir, ancak küçük bir bant bo lu u 
enerjileri  ile termal enerji  ayn  düzendedir. Sonuç olarak elektronlar valans band ndan 
bo  bir iletim band na termal olarak uyar labilir. Daha sonra uyar lm  elektronlar ve valans 
band nda b rakt klar  delikler elektri i iletirler. (8) e itli inin spektrumunu incelemek için 
periyodik katsay l  lineer adi diferansiyel denklemlere uygulanan Floquet teorisi kullan l r. 
Floquet teorisi ayr ca adi diferansiyel denklemlerin zaman-periyodik çözümlerinin 
kararl l n  incelemek için de kullan l r. ( ) katsay s n n periyodikli i çözümlerin periyodik 
oldu u anlam na gelmez. 
Liu [1] çal mas nda  

x (t) = f t, x(t), x (t) … , x (t) ,   t [0, T]

x (t ) = I , x(t ), … x (t ) ,   k = 1, … p
 

n. mertebeden fonksiyonel diferansiyel denkleminin impulse etkileri ve 
x (0) = x (T), = 0, … , 1 

periyodik s n r ko ullar  ile birlikte periyodik s n r de er probleminin çözümleri için varl k 
problemlerini ara t rm t r ve esas sonuçlar n önemini göstermek için örnekler sunmu tur. 
Wang[2] çal mas nda sabit nokta teoremi kullan larak zaman ölçeklerinde do rusal olmayan 
birinci dereceden impulsive dinamik denklemlerinden ve periyodik s n r artlar ndan olu an 
s n r-de er problemleri için baz  spektral sonuçlar elde etmi tir. Bu makalede esas sonuçlara 
ait iki örnek verilmi tir. Malathi, Mohamed ve Bachok[3] makalesinde birinci dereceden adi 
diferansiyel denklemlerin sistemine indirgenme yap lmadan çekim tekni i kullan larak 
do rudan integrasyon (DI) yöntemiyle periyodik Sturm-Liouville (SL) problemlerinin 
özde erleri ara t r lm t r. Bu çal mada Floquet teorisi, SL problemlerinin a ikar olmayan bir 
çözümünü bulmak için uygulan r ve çekim teknikleri kullan larak özde erlere yakla l r. DI 
yöntemiyle elde edilen sonuçlar ile birinci dereceden adi diferansiyel denklemlerin 
azalt lmas yla kar la t r lan hesaplama avantajlar  sunulmaktad r. [8], [9], [10], [11] 
çal malar nda regular Sturm-Liouville  problemi için  geçi  artl  problemler ele al nm t r. 
ESAS SONUÇLAR 
Teorem 1. (1)– (7) periyodik s n r-de er geçi  problemi kendine e leniktir. 
Teorem 2.  ve     [a , b ) (b , b ) (b , a ]  aral nda  (1)– (7) probleminin farkl  
iki özde eri olsun. Bu özde erlere kar l k gelen  u  ve   u    özfonksiyonlar  için 

u  ( )u ( ) + u  ( )u ( ) + u  ( )u ( ) = 0 

e itli i sa lan r. Bu e itlik  L ([a , ) (b , b ) (b , a ]) Hilbert uzay nda  u  ve   
u fonksiyonlar n n ortogonal oldu unu gösterir. 
Teorem 3.   (1)– (7) periyodik s n r-de er geçi  probleminin tüm özde erleri reeldir. 

(1) denkleminin iki çözümünü  

( , ) =
( , ) ,  [ , )
( , ) , ( , )
( , ) , ( , ]

   ( , ) =
( , ) , [ , )
( , ) , ( , )
( , ) , ( , ]

 

biçiminde tan mlans n.  
( , ), [ , ) aral nda (1) denkleminin  

S (a ) = 1,   S (a ) = 0 
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ba lang ç artlar n  sa layan bir çözümü olsun. Bu çözüm arac l  ile ( , ) aral nda (1) 
denkleminin ( , ) çözümü 

S ( ) = S ( ), S ( ) = S ( ) 
ba lang ç artlar   tan mlans n. ( , ] aral nda (1) denkleminin ( , ) çözümü 
arac l  ile tan mlayan ve  

S ( ) = S ( ),     S ( ) = S ( ) 
ba lang ç artlar n  sa layan çözümü ( , ) olsun. Benzer ekilde [ , )   (1) 
denkleminin ( , ) çözümü 

T (a ) = 0,   T (a ) = 1 
ba lang ç artlar  ile tan mlans n. ( , ) aral nda (1) denkleminin ( , ) çözümü 

T ( ) = T ( ), ( ) = T ( ) 
ba lang ç artlar  ile verilsin. ( , ) çözümü taraf ndan [ , )    (1) 
denkleminin  

T ( ) = T ( ),     T ( ) = T ( ) 
ba lang ç artlar n  sa layan çözümü ( , ) olsun. Bu çözümlerin her biri  komleks 
spektarl parametresinin tam fonksiyonudur. 
Sonuç 4. ( , ) ve ( , ) fonksiyonlar  lineer ba ms zd r. 
Teorem 6. (1)– (7)   periyodik s n r-de er geçi  probleminin özde erleri 

( ) (S , T ; b ) (S , T ; b )[ (S , T ; a ) + 1 S (a ) T (a )] 
s n r  fonksiyonunun s f r yerleri ile çak kt r. 
Te ekkür: Bu çal ma, FMB-BAP 20-0440  (Bilimsel Ara t rma Projeleri Koordinasyon 
Birimi) Proje numaras  ile  Amasya Üniversitesi taraf ndan desteklenmi tir. 
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ÖZET 
Bu çal mada 1 1 2 2a b a b art n  sa layan iki ayr k  1 1,a b  ve 2 2,a b  aral klar nda 
tan ml  olan bir çok-aral kl  Sturm-Liouville denkleminden, 1 2,a b noktalar nda verilmi  iki 
tane s n r art ndan ve de 1 2,b a  noktalar nda verilmi  iki tane geçi  (ileti im) artlar nda 
olu mu  bir s n r-de er-geçi  probleminin baz  spektral özellikleri incelenmi tir. lk önce 
klasik Sobolev uzaylar  ile e de er olan ve çok aral kl  s n r-de er-geçi  problemimize özgü 
olan yeni uzaylar ve bu uzaylara özgü iç çarp mlar tan mlanm t r. S n r-de er-geçi  
problemimizin zay f çözümü kavram  tan mlanm  ve Riesz temsil teoremi yard m yla 
ara t rd m z çok aral kl  s n r-de er-geçi  problemi 0 1( )A A A olmak üzere

( ) 0A biçiminde bir operatör denkleme indirgenmi tir. Daha sonra ( )A operatörü 
arac l yla  çok aral kl  Sturm-Liouville probleminin simetrikli i, özde erlerinin reelli i ve 
özfonksiyonlar n n ortogonalli i ara t r lm t r.  Ayr ca, en az bir 0 say s  için

0( ) 0A olacak biçimde ( )A operatörünün pozitif tan ml  oldu u gösterilmi tir. 
 
Anahtar Kelimeler: Multi-interval s n r-de er-geçi  problemi, s n r ve geçi  art , operatör. 
 
 
ABSTRACT 
The purpose of this study  is to investigate various spectral properties of one non-classical 
Sturm-Liouville Problem (SLP, for short) the main feature of which is the nature of boundary  
conditions. Sturm-Liouville problems arise as the mathematical modelling of some systems  
and processes in the fields of physics, chemistry, aerodynamics, electrodynamics of electrical 
circuits, fluid dynamics, diffusion, magnetism, biology but more often as a result of using the 
method of separation of variables to solve the classical partial differential equations of 
physics, such as the Laplace's equation, the heat equation and the wave equation 
[1,7,8,11,13,17,19]. Also, many physical processes, such as the vibration of strings, the 
interaction of atomic particles, electrodynamics of complex medium, aerodynamics, polymer 
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rheology or the Earth's free oscillations yields Sturm-Liouville eigenvalue problems. The 
second-order self-adjoint linear differential equations

( ) ( ) ( ) ( ) ( ) 0 , ,p x u x q x x u x x I a b  

together with boundary conditions of various types given at the ends ,x a b , first arose in 
the context of the separation of independent variables method for many initial and/or 
boundary value problems for linear partial differential equations appearing in many branches 
of applied mathematics. Two well-known works of Sturm on boundary value problems 
(BVP's) of this type, now called Sturm-Liouville problems (SLP's) published in 1836, are 
characterized by the general and qualitative nature of solutions. Although before Sturm the 
theory of differential equations was primarily concerned with the question of how to find 
exact solutions of a given differential equation of a special type, Sturm changed the question 
how to find some qualitative properties of a differential equation, such as the existence of a 
countable number of eigenvalues, the asymptotic behaviours of these eigenvalues and the 
corresponding eigenfunctions, comparison of solutions of similar differential equations with 
different coefficients, the location of the zeros of the solutions, etc., when its coefficients do 
not have a special form. The relevant spectral theory of differential operators has made 
significant progress since the time of these works by Sturm. There is an extensive literature on 
this topic [3,5,9,15,16,18]. Sarsenbi and Tengaeva [15] studied the basis properties of systems 
of eigenfunctions and associated functions for one kind of generalized spectral problems for a 
model second-order ordinary differential operator. Kerimov and Poladov [9] investigated the 
oscillation properties of eigenfunctions of the Sturm–Liouville problem with a spectral 
parameter in the boundary conditions. Moreover, they derived asymptotic formulas for 
eigenvalues and eigenfunctions and examined the basis properties in the Banach space 

pL ,1 .p  Although this literature as such does not deal with similar, but multi-interval 
Sturm-Liouville operators, many of their results can be carried over to this case. Recently, the 
basis properties and eigenfunction expansions in various function spaces of the eigenfunction 
of the regular boundary value problems with spectral parameter in the boundary conditions 
have been investigated by many mathematicians. In [4,10,14,20] the authors studied the basis 
property in various function spaces of the eigenfunction of the Sturm-Liouville problems with 
nonclassical boundary conditions. An efficient approximation to the problems containing 
transmission conditions has been given by Mukhtarov and his colleguaes [2,12,14]. This new 
approximation allows one to understand the geometrical meaning of the Hilbert space with 
the special inner product. The goal of this study is to establish some qualitative properties of 
the generalized solutions of one multi-interval Sturm-Liouville type boundary value problem, 
containing transmission conditions. 
Namely in this study, some spectral properties of one multi-interval Sturm-Liouville type 
boundary value transmission problem which consist of a Sturm-Liouville equation with 
eigenparameter-dependent boundary conditions and transmission conditions will be 
investigated. Firstly, the weak solution will be definited for the problem under consideration. 
Second, this problem will be reduced to the operatör-pencil equation. Finally, we prove that 
this operator-pencil is self-adjoint and positive definite for sufficiently large in absolute value 
negative values of the eigenparameter. 
 
Keywords: Multi-interval Sturm-Liouville problems, boundary conditions and  transmission 
conditions operator. 
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G R  
Do a bilimlerinde, özellikle de fizikte ortaya ç kan bir çok somut problemlerin matematiksel 
modeli kurulurken genel olarak adi ve k smi diferensiyel denklemler için s n r-de er 
problemleri ile kar la lmaktad r. Bu tip problemlerin çözümü için en yayg n ve en etkin 
yöntemlerden biri spektral yöntemdir. Bu yöntem ilk defa ondokuzuncu yüzy l n ortalar nda 
C. Sturm ve J. Liouville taraf ndan uygulanm t r. Parobolik, eliptik yada hiperbolik denklem 
biçimindeki k smi diferensiyel denklemlerin farkl  ba lang ç artlar  alt ndaki çözümlerini, 
de i kenlerini ay rma yöntemi ile ararken ikinci mertebeden k smi türevi bulunan de i kene 
göre Sturm-Liouville tipinde spektral problem ortaya ç kmaktad r. De i kenlerine ay rma 
yönteminin esasland r lmas  için, ortaya ç kan Sturm-Liouville tipinde spektral problemin 
özde erlerinin ve uygun özfonksiyonlar n n farkl  özelliklerininin ara t r lmas  gerekmektedir. 
Uygulamal  matematik aç s ndan bu kadar önemli oldu u için Sturm-Liouville problemleri 
ondokuzuncu yüzy l n ortalar ndan günümüze kadar yo un bir biçimde ara t r lm  ve 
ara t r lmaya devam edilmektedir. 
Yirminci yüzy l n ilk yar s nda E.C. Titchmarsh, H. Weyl, A.C. Dixon, M.H. Stone ve ba ka 
bir çok matematikçinin çal malar  Sturm-Liouville teorisine önemli katk lar sunmu tur. 
Yirminci yüzy l n ikinci yar s nda ise J. Walter, A. Schneider, D.B. Hinton, P. Binding, P. 
Browne, K. Seddighi, M. Kas m ov, B.M. Levitan, A. Zettl, A.A. Shkalikov ve ba ka 
matematikçiler hem Sturm-Liouville teorisinde  hem de diferensiyel operatörler teorisinde 
önemli çal malar yapm lard r. Son y llarda fizikte ortaya ç kan çok-aral kl  somut 
problemlerin ara t r lmas  ihtiyac  çözümü sadece sürekli de il hem de süreksizli e sahip olan 
Sturm-Liouville problemlerine ilginin artmas na neden olmu tur. Süreksiz Sturm-Liouville 
problemleri s n r artlar n n yan s ra hem de s çrama artlar  (süreksizlik artlar ) içermektedir. 
Son y llarda O.Sh. Mukhtarov ve arkada lar  taraf ndan yap lm  çal malarda çok-çok geni  
s n ftan s çrama artlar  içeren Sturm-Liouville problemlerinin bile kendine e lenik 
diferensiyel operatörle temsil edilebilirli ini sa layan yeni yöntemler geli tirilmi tir. Bu 
yöntemler sayesinde klasik biçiminde ifade edilemeyen birçok yeni tipten s n r de er 
problemlerinin spektral özelliklerini incelemek mümkün olmu tur. 
Bu çal mada iki aral kl

1 1 1 1 1 1 1 1

2 2 2 2 2 2 2 2

( ) ( ) ( ) ( ) ( ) 0 , ( , ) (1)

( ) ( ) ( ) ( ) ( ) 0 , ( , ) (2)

p x u x q x x u x x I a b

p x u x q x x u x x I a b

diferensiyel denkleminden, 
1 1

2 2

( ) 0 (3)
( ) 0 (4)

u a
u b

 

s n r artlar ndan ve de verilmi  

 
2 2 1 1

2 2 2 1 1 1 1 1 1 2 2 2

( ) ( ) (5)

( ) ( ) ( ) ( ) (6)

u a u b

p u a p u b u b u a
 

geçi  artlar ndan olu mu  çok-aral kl  s n r-de er probleminin baz  spektral özellikleri 
incelenecektir. Problem incelenirken a a daki artlar n sa land n  kabul edece iz: 

i. ( ) ,ip x ( )iq x  ve ( ) ( 1,2)i x i  fonksiyonlar  s ras yla [ , ]i ia b aral nda ( 1,2)i  
ölçülebilir, pozitif tan ml  ve Lebesgue anlam nda integrallenebilir fonksiyonlard r, 

ii.  kompleks özde er parametresidir, 
iii. ( 1,2)i i  pozitif reel say lard r, 
iv. 1 1 2 2a b a b . 
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Problemimize özgü Hilbert uzaylar n n kurulmas  a a da tan mlar  verilen uzaylar 
yard m yla yap lacakt r. Çe itli tipten s n r de er problemlerinin (adi ve k smi diferensiyel 
denklemler için) çal lmas nda standart 2 ( , )L a b ve 2 ( , )mW a b Hilbert uzaylar  önemli bir rol 
oynamaktad r. Burada 2 ( , )L a b ile [ , ]a b aral nda karesi integrallenebilir kompleks de erli 
fonksiyonlar n klasik Lebesgue uzay n , 2 ( , )mW a b ile [ , ]a b aral nda Lebesgue anlam nda 
ölçülebilir ve ( )( ) , ( ) , ... , ( )mu x u x u x  genelle tirilmi  türevleri bulunan ve her 1,2, ... ,k m  
için ( )

2( ) ( , )ku x L a b olan fonksiyonlar n lineer uzay  gösterilmi tir. 
Tan m 1. 2 2 1 1 2 2 2: ( , ) ( , )L L a b L a b direkt toplam uzy n n  

1 1
2 1 2 2 2 2 2 1 1, : ( , )( 1,2),i i iH u u L u W a b i u a u b  

lineer alt uzay  üzerinde 1 2 1 2, , ,u u u v v v olmak üzere 

2 1 1 2 2 2
0 1 1 2 2( , ) ( , )

, , ,
L a b L a b

u v u v u v  

iç-çarp m n  tan mlayal m. Bu iç-çarp m uzay n  0H ile gösterelim. 
Teorem 2. 0H iç-çarp m uzay  bir Hilbert uzay d r. 
Tan m 3. 1

2H  lineer uzay nda ba ka bir iç-çarp m  1 0 0
, : , ,u v u v u v biçiminde 

tan mlayarak elde edilen iç-çarp m uzay n 1H ile gösterelim. 
Teorem 4. 1H  iç-çarp m uzay  bir Hilbert uzay d r. 
Buraya kadar olan k s mda  (1) (6)  çok-aral kl  Sturm – Liouvile problemine özgü Hilbert 
uzaylar n n kurulma a amas  tamamlanm t r. imdi (1) (6)  problemi için zay f özfonksiyon 
kavram  tan mlanacakt r. 
Tan m 5. 1( )u x H eleman  verilsin. E er 1( )v x H için 

1 2

1 2

1 2

1 2

1 1 1 1 1 2 2 2 2 2

1 1 1 2 2 2 2 2 2 2

1 1 2 2

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) (7)

b b

a a

b b

a a

u x v x q x u x v x dx u x v x q x u x v x dx

u b v a u a v a

u x v x dx u x v x dx

 

e itli i sa lan rsa, o halde 1( )u x H eleman na (1) (6) Sturm-Liouville probleminin zay f 
özfonksiyonu denir. 
Buradan [14] çal mas ndaki yöntemden yararlanarak (1) (6) iki-aral kl  Sturm-Liouville 
problemini (7) ile ifade edilen integral denklemine dönü türmü  olduk. A a daki bilineer 
formlar  tan mlad k.  

1 2

1 2

1 1 1 2 2 2 2 2 2 2

1 1 2 2

( , ) : ( ) ( ) ( ) ( ), (8)

( , ) : ( ) ( ) ( ) ( ) . (9)
b b

a a

P u v u b v a u a v a

Q u v u x v x dx u x v x dx
 

lk önce a a daki teoremi elde ettik. 
Teorem 6. Her 1u H  için ( , )P u ve ( , )Q u fonksiyonelleri 1H Hilbert uzay nda  süreklidir. 
Daha sonra Riesz temsil teoreminden (bak [5] ve [10]) de yararlanarak a a daki teoremi elde 
ettik. 
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Teorem 7. Her 1,u v H  için
11 , : ( , )HS u v P u v ve 

12 , : ( , )HS u v Q u v  e itliklerini 
sa layan 1 1 1 2 1 1: , :S H H S H H  lineer s n rl  operatörleri mevcuttur. 
A a daki teoremi ise genel Fonksiyonel Analiz teorisinden ve [10] çal mas nda yer alan 
baz  yöntemlerden yararlanarak elde ettik. 
Teorem 8. 1 2 1 1, :S S H H  operatörleri kompakt operatörlerdir. 

imdi inceledi imiz (1) (6) s n r de er geçi  problemine uygun 1 2,S S operatörleri yard m  ile

1( ) :S u u S u olmak üzere 2( ) u = S( u ) - A S u ifadesini sa layan operatör demetini 
tan mlayal m. Bu durumda ( , ( ) )u x çifti özde er-özfonksiyon çifti ise o halde 

(- ) u(x) = 0A e itli i sa lan r. 
Tan m 9. [6] H Hilbert uzay  ve bu uzayda tan ml  bir A operatörü verilsin. E er A operatörü 

, 0u H u  için , 0u Au e itsizli ini sa l yorsa, o halde A operatörüne H Hilbert 
uzay nda pozitiv tan ml  operatör denir. 
Teorem 10. Öyle 0 reel say s  vard r ki, her rel say s  için (- ) A operatörü 1H
Hilbert uzay nda pozitiv tan ml d r.  
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ÖZET 
Ayr k [-1,0) ve (0,1] aral klar  üzerinde 

1 1 1 1

2 2 2 2

, ( ) , , , 1 0, (1)

, ( ) , , , 0 1, (2)

f x q x f x f x x

f x q x f x f x x
 

eklinde tan ml   Sturm-Liouville denklemlerinden, 1x  ve  1x  uç noktalar nda verilmi  

1 1

2 2

cos 1, sin 1, 0 (3)

cos 1, sin 1, 0 (4)

f f

f f
 

s n r artlar ndan ve 0x  süreksizlik noktas nda verilmi  

1 2

1 2 1 1 2 2

0, 0, 0 (5)

0, 0, 0, 0, (6)

f f

f f a f a f
 

geçi  artlar ndan olu an Sturm-Liouville tipindeki bir s n r de er geçi  problemini gözönüne 
alal m. 
Burada  kompleks spektral parametre, 1( )q x  ve 2 ( )q x  fonksiyonlar  s ras yla 1 : [ 1,0]  
ve 2 : [0,1] aral klar  üzerinde reel-de erli sürekli fonksiyonlar; 1,a 2a  reel de erli 
katsay lard r.   
Bu çal man n temel amac , (1) (6)  iki aral kl  s n r-de er-geçi  probleminin üretti i ikinci 
mertebeden diferensiyel operatörlerin baz  spektral özelliklerinin incelenmesidir. Spektrumun 
asimptotik davran lar n n ve özfonksiyonlar sisteminin taml k özelliklerinin ara t r lmas  için 
bir operatör-teorik yöntem tan t lacakt r. Bunun için (1) (6) Sturm-Liouville problemine 
uygun Hilbert uzay  in a edilmi tir. Daha sonra incelenecek olan (1) (6)  süreksiz  s n r-
de er-geçi  probleminin bir operatör-polinom denklemine indirgenebilece ini göz önünde 
bulundurarak uygun Sobolev uzaylar nda baz  kendine e lenik ve kompakt operatörler 
tan mlanacakt r. Son olarak bu operatör-demetinin kendine e lenik ve  özde er 
parametresinin mutlak de erce yeteri kadar büyük de erleri için pozitiv oldu u ispat 
edilmi tir. 
Anahtar Kelimeler: Çok-aral kl  Sturm-Liouville problemleri, zay f özfonksiyonlar, geçi  
artlar , operatör demeti. 

ABSTRACT 
The Sturm-Liouville theory is one of the most actual and extensively developing fields in 
theoretical and applied mathematics. Sturm-Liouville differential equation is a class of 
differential equation often encountered in solving partial differential equations of 
mathematical physics using the method of separation of variables. Its solutions define many 
of the well-known special functions, such as Bessel functions, Legendre polynomials, 
Chebyshev polynomials, or the various Hypergeometric functions arising in engineering and 
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science applications. The solutions of many problems in mathematical physics are involved in 
investigation of a spectral problem i.e., the investigation of the eigenvalues and corresponding 
eigenfunctions and the expansion of an arbitrary function in terms of eigenfunctions of a 
differential operator. The Sturm-Liouville problems with interior singularities have been 
studied in various formulations by many authors (see, for example [1,8] and references cited 
therein).  In recent years there has been growing interest of discontinuous Sturm-Liouville 
problems with supplementary interaction conditions (so-called transmission conditions) (see, 
for example [1,4,11-13] and references cited therein). This kind of boundary-value problems 
appears in solving several classes of partial differential equations, particularly, in solving heat 
and mass transfer problems, in diffraction problems, in vibrating string problems when the 
string loaded additionally with point masses and in various type of physical transfer problems. 
Such properties as discreteness of the spectrum, coerciveness with respect to the spectral 
parameter, Abel basis property of a system of eigenfunctions and associated functions ( so-
called root functions), minimization principle of eigenvalues and etc. have been investigated 
in [8] and corresponding references cited therein.  
The aim of this study is to investigate a many-interval Sturm-Liouville problem which consist 
of a many-interval Sturm-Liouville equation defined on two disjoint intervals with piecewise 
continuous potential under impulsive conditions (which are known by various names 
including interface conditions, jump conditions, transmission conditions, interface conditions 
etc.)  and eigenparameter dependent boundary conditions. The problems with impulsive 
conditions have become an important area of research in recent years because of the needs of 
the modern technology, engineering, physics. Apart from being interesting in their own right, 
many-interval Sturm-Liouville problems have found numerous applications in various fields 
of science and technology. For example, they have recently been considered in the literature 
in connection with diverse areas, such as heat transfer [Belinskiy, Hiestand and Matthews, 
2015], string theory [Gwak, Kim, Rey, 2016], fluid dynamics [Kaoullas and Georgiou, 2015], 
biology [Kawano and Morassi, 2019], mathematical finance [Nie and Linetsky, 2019 ] and 
quantum computing [Parra Rodriguez, Rico, Solano and Egusguiza, 2018]. Many of the 
mathematical problems encountered in the study of the boundary value transmission problems 
cannot be treated with the usual techniques within the standard framework of the boundary 
value problem. Naturally, solving of many-interval Sturm-Liouville problems including 
supplementary impulsive conditions are much more complicated to solve than classical 
Sturm-Liouville problems. For the backround and applications the theory of boundary value 
transmission problems to different areas, we refer the reader to the monographs [10,16] and 
and some recent contribution [3,4,7,9,11,14]. 
Let us introduce to the consideration a new type Sturm-Liouville problem consisting of two-
interval Sturm-Liouville equations   

1 1 1 1

2 2 2 2

, ( ) , , , 1 0, (1)

, ( ) , , , 0 1, (2)

f x q x f x f x x

f x q x f x f x x
 

with boundary conditions 

1 1

2 2

cos 1, sin 1, 0 (3)

cos 1, sin 1, 0 (4)

f f

f f
 

and with additional impulsive conditions 
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1 2

1 2 1 1 2 2

0, 0, 0 (5)

0, 0, 0, 0, (6)

f f

f f a f a f

where is a complex spectral parameter, 1( )q x and 2 ( )q x are real-valued continuous 

functions in 1 : [ 1,0]  and 2 : [0,1] respectively; 1 2,a a  are real coefficients, 
, [0, 2 ). 

We define a new concept, the so-called generalized eigenfunction which is an generalization 
of a classical eigenfunction. Then we introduce to the consideration some compact operators 
such a way that the considered many-interval Sturm-Liouville problem can be reduced to the 
appropriate operator-polynomial equation in suitable functional space. By using these results 
we will establish some spectral properties of the considered many-interval Sturm-Liouville 
problem (1) (6) . 
Keywords: Multi-interval Sturm-Liouville problems, weak eigenfunctions, transmission 
conditions, operator-pencil. 
G R  
Ondokuzuncu yüzy l n ortalar nda ilk olarak Sturm ve Liouville taraf ndan incelendi i için 
Sturm-Liouville problemi olarak adland r lan, ikinci mertebeden adi diferansiyel denklemler 
için s n r-de er problemi günümüzde çok yo un bir ekilde ara t r lm  ve ara t r lmaktad r. 
Ba lang çta, s  iletimi problemlerine uygulanan Sturm-Liouville teorisinin daha sonra çok 
say da fiziksel problemlere uygulanabildi i görülmü tür. Di er ad yla de i kenlerine ay rma 
yöntemi olarak da bilinen Fourier yönteminin uygulanmas  sonucunda birçok problem adi 
diferansiyel denklemler için s n r-de er problemine dönü türülür. Ancak Fourier yönteminin 
esasland r lmas  için elde edilen s n r-de er probleminin özfonksiyonlar n n baz olu turmas  
ya da en az ndan, özfonksiyonlar n ve bu fonksiyonlara ba lanm  fonksiyonlar n tam olmas  
gösterilmelidir. Matematik fizi in birçok probleminin çözümünde kullan lan Fourier 
yöntemini uygulayabilmek için, verilmi  fonksiyonu adi diferansiyel denklemler için s n r-
de er probleminin özfonksiyonlar  cinsinden aç l m  eklinde ifade etmek gerekir. Di er bir 
ifadeyle adi diferansiyel denklem için s n r-de er probleminin özfonksiyonlar n n hangi 
fonksiyon uzay nda baz oldu unu incelemek gerekir. Bu soru beraberinde bir kaç problemin 
incelenmesini gerektirir. Bunlara özde erlerin asimptotik ifadelerinin bulunmas , Green 
fonksiyonunun aç l m n n bulunmas  ve incelenmesi, rezolvent operatörünün bulunmas , 
özfonksiyonlar sisteminin ve spektrumun asimptotik davran lar n n ve uygun özfonksiyonlar 
sisteminin taml k özelliklerinin ara t r lmas  için bir operatör-teorik yöntemin geli tirilmesi, 
genelle tirilmi  özfonksiyonlar n n tan mlanmas  ve bu özfonksiyonlar n uygun Hilbert 
uzay nda Riesz baz  olu turmas  gibi özelliklerinin incelenmesi ve normunun 
de erlendirilmesi v.b. gösterilebilir. 
[17] nolu çal mada Walter, hem denkleminde hem de s n r artlar n n her ikisinde özde er 
parametresi bulunduran ikinci mertebeden adi diferansiyel denklem için s n r de er 
probleminin uygun Hilbert uzay nda kendine e lenik lineer operatörlerle ba lant s n  kurmu  
ve bu tip problemlerin operatör teorik yorumunu vermi tir. [5] nolu çal mada Fulton, bu 
tipten problemlerin ara t r lmas nda Titchmarsh' n [16] kitab ndaki klasik yöntemlerin de 
uygulanabilece ini göstermi tir. Mukhtarov ve ark. [4,8,12,13] süreksizlik noktas na sahip ve 
s n r artlar nda özde er parametresi bulunduran süreksiz katsay l  s n r-de er-geçi  
problemleri üzerine çal malar yapm lard r. Ladyzhenskaia [10] daki çal mas nda bir Hilbert 
uzay nda genelle tirilmi  çözümler kavram  yard m yla, özde er probleminin bir operator 
denkleme indirgenmesine olanak sa lam t r. Belinskiy ve ark. [3] deki çal malar nda s n r 
artlar n n sadece bir tanesinde özde er parametresi bulunduran bir s n r-de er problemini 
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incelemi lerdir. Bu çal mada ayr ca Hilbert uzay nda bu s n ftan problemlerin 
özfonksiyonlar n Riesz baz  olu turdu unu göstermi lerdir. 
(1) (6)  PROBLEM NE UYGUN H LBERT UZAYLARININ KURULMASI VE 
GENELLE T R LM  ÇÖZÜM KAVRAMININ TANIMLANMASI 
Çe itli tipten s n r de er problemlerinin spektral özelliklerinin ara t r lmas nda standart 

2 2( ) , ( )kL W Hilbert uzaylar  önemli bir rol oynamaktad r. 
, reel say lar kümesinin herhangi bir s n rl  alt aral  olsun. 2 ( )L  ile  aral nda karesi 

integrallenebilir kompleks de erli fonksiyonlar n klasik Lebesgue uzay n  gösterece iz. Bu 
uzayda tan ml  iç çarp m  ve kar l k gelen normu s ras yla 

2 2 2( ) ( ) ( )
(7, , )

L L L
f g f f f fx g x dx ve

e itlikleri ile tan mlayaca z. 
2 ( )mW  ile  aral nda Lebesgue anlam nda ölçülebilir olan ve ( )( ), ( ),..., ( )mg x g x g x  

genelle tirilmi  türevleri bulunan ve her 1,2,...,k m için ( )
2 ( )kg L  olan 

fonksiyonlar ndan olu an Sobolev uzay n  gösterece iz. Bu uzay üzerinde tan ml  iç çarp m  

2 2

( ) ( )
( ) ( )

0
, , (8)m

m
k k

W L
k

f g f g  

e itli i ile tan mlayaca z 0
2 2( ) : ( )W L . 

Bu çal mada a a daki gösterimlerden istifade edece iz. 1 2[ 1,0), (0,1]ve

1 2 ,   

1 1 1 1 1 1

2 2 2 2 2 2

( ) , ( ) , ( ) ,
( ) , ( ) , ( ) .

( ) , ( ) , ( ) ,
f x x g x x q x x

f x g x q x
f x x g x x q x x

 

2 2( ), ( )kL W  uzaylar  ve yukar daki gösterimlerden yararlanarak (1) (6)  s n r-de er-geçi  
problemine uygun 2 2 1 2 2( ) ( ) ( ) ,L L L  1 1 1

2 2 1 2 2( ) ( ) ( )W W W  ve  
1 1 1
2, 2, 1 2, 2( ) ( ) ( )q q qW W W  Hilbert uzaylar n n direkt toplamlar nda tan ml  olan iç 

çarp mlar  ve bu iç çarp mlara kar l k gelen normalar  s ras  ile a a daki ekilde 
tan mlayaca z. 
 

2

1 2

1
2

1 2

1
2,

1 2

1
2 2 2

1 2( )

1 1 2 2( )

1

1 2

1 1 2

1 1 2 2 2( )

( ) ( ) (

2

1

)

1 2 2

, (9)

, ( ) ( ) ( ) ( ) (10)

, ( ) ( ) ( ) ( ) (11)

, ,

q

L

W

W

L L W

f g f f

f g f f x x dx f f x x

f g q f f x x dx q

x g x dx x g x dx

x g x g

f f

x g x g dx

x x g x g x x g x x

f f f

g dx

f f

x

1 1 1
2 2, 2,( ) ( ) ( )

, , , (12)
q qW W W

f f f f

Teorem 1. 1
2 ( )W

f ve 1
2, ( )qW

f  normlar  denktir. 

Keyfi 1
2 ( )W fonksiyonunu alal m ve  fonksiyonu da  fonksiyonunun kompleks 

e lene i olsun. (1) (2)  diferensiyel denklemlerinin her iki taraf n   e lenik fonksiyonu ile 
çarparak ( 1,2)i i  aral klar nda integrallerini ald ktan sonra (3) (6) s n r-geçi  artlar n  
uygulayarak gerekli düzenlemeleri yaparsak 
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1
2,

2

1 1 2 2 1 1 2 2 2 2( )

( )

, cot ( 1) ( 1) cot (1) (1) ( 0) ( 0) ( 0) ( 0)

, (14)
qW

L

f f f a f a f

f
e itli ini elde ederiz. 
Tan m 2. 1

2( ) ( )f x W eleman  verilsin. E er (14) denklemi 1
2 ( )W için 

sa lan yorsa 1
2( ) ( )f x W  fonksiyonu (1) (6) s n r-de er-geçi  probleminin 

genelle tirilmi  çözümü olarak adland r l r. 
Teorem 3. (1) (6) s n r-de er-geçi  probleminin her klasik 2

2 ( )f W  çözümü ayn  
zamanda bir genelle mi  çözümdür. 
Not : Bu teoremin tersi her zaman do ru de ildir. 
ESAS SONUÇLAR 
Teorem 4. 

1
2,

1 1 2 2 1 1 2 2 2 2 1 ( )
cot ( 1) ( 1) cot (1) (1) ( 0) ( 0) ( 0) ( 0) : , (15)

qW
f f a f a f L f

e itli i ile tan ml  1L operatörü 1
2 ( )W  Hilbert uzay nda kendine e lenik ve kompakt 

operatördür. 
Teorem 5. 

1
2 2,

2( ) ( )
, : , (16)

qL W
f L f  

e itli i ile tan ml  2L operatörü 1
2 ( )W  Hilbert uzay nda kendine e lenik, pozitif ve 

kompakt operatördür. 
1
2 ( )W  Hilbert uzay nda s ras yla 

 1

2

( ) , (17)
T( ) f = ( f ) - (18)

f f L f
L f

kurallar  ile  operatörünü ve T( )  operatör-polinomunu tan mlayal m. 
Teorem 6. 0  nin yeterince büyük pozitif de erleri için 0T(- )  operatör-polinomu 
pozitif tan ml d r. 
Teorem 7. 0 için 0T(- ) operatörü kendine-e leniktir. 
Teorem 8. 1

2 ( )W Hilbert uzay nda 

 
1 1
2 2

0 0 2 0( ) = T(- ) T(- ) (19)O   
biçiminde tan ml  0( ) operatörü pozitif, kendine-e lenik ve kompakt operatördür.  
Teorem 9. ( ), (1) (6)f x s n r-de er-geçi  probleminin herhangibir özfonksiyonu olsun. Bu 
takdirde 0( ) T( )fg x fonksiyonu 0( ) operatörünün bir özelementidir. 
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ÖZET 
Bu çal man n temel amac , ikinci mertebeden diferensiyel operatörler için çok-aral kl  
süreksiz  s n r-de er-geçi  problemlerinin ara t r lmas d r. lk önce inceledi imiz çok-aral kl  
Sturm-Liouville probleminin operatör-polinom formülasyonu sunulmu tur. Daha sonra bu 
çok-aral kl  Sturm-Liouville problemi operatör-demet denklemine indirgenmi tir. Ayr ca 
uygun Sobolev uzaylar nda baz  kendine e lenik lineer operatörler tan mlanm t r. Özde er ve 
özfonksiyonlar n baz  özellikleri incelenmi tir. Özellikle, uygun Hilbert uzay nda spektrumun 
diskret (kesik) oldu u ve zay f özfonksiyonlar sisteminin bir Riesz baz  olu turdu u 
kan tlanm t r. 
 Anahtar Kelimeler: Çok-aral kl  Sturm-Liouville problemi, zay f özfonksiyon, geçi  art , 
Riesz baz .  
ABSTRACT 
The separation of independent variables allows to reduce many problems of quantum 
mechanics, physical chemistry, engineering, elasticity, electromagnetics and other areas of 
mathematical physics to a Sturm-Liouville type boundary value problems. To justify the 
separation of variables method it is needed to establish the discreteness of the spectrum and 
the completeness of the system of eigenfunctions. One of the main sources of inspiration for 
the differential operators and its important branch, the Sturm-Liouville theory are initial 
and/or boundary value problems for partial differential equations arise in various type of 
mathematical physics problems. The foundations of this theory were laid down by J. C. F. 
Sturm and J. Liouville in the mid-19th century while studying heat conduction problems. 
Initially applied to heat conduction problems, the Sturm-Liouville Theory was later found to 
be applicable to many concrete problems apparing physics, biology, engineering, finance etc. 
The Sturm-Liouville Theory, which is known by their names because it was first discussed by 
them, maintains its usefulness until today. Numerous articles and books have been written on 
this field. As it is known, boundary-value problems consisting of second-order ordinary linear 
differential equations and self-adjoint boundary conditions are generally known as Sturm-
Liouville problems. In the boundary-value problem, which is also referred to as the classical 
Sturm-Liouville problem, the boundary conditions do not depend on the eigenvalue 
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parameter. For detailed information about classical Sturm-Liouville problems, [2,7,14] can be 
consulted. It is known that the most suitable space for these problems is the Hilbert space of 
square integrable functions, that is the space 2[ , ]L a b . However, when the spectral parameter 
occurs not only in the differential equations, but also in the boundary conditions,

2[ , ] NL a b N -type direct sum spaces are more appropriate  instead of 2[ , ]L a b  space. 
Because in this case, boundary value problems can be reduced to eigenvalue problems for 
linear differential operators defined in 2[ , ] NL a b N -type spaces [4,12,13,15]. Kostyuchenko 
and Shkalikov in [6] discuss an operator-differential equation in connection with oscillations 
of an elastic semi-infinite cylinder. They reduced the problem to an operator polynomial 

equation of the form ( ) 0,L  where 
0

( )
n

i
i

i

L A . Here 0A  is bounded linear operator 

and self-adjoint, 1A  and 2A  are compact and self-adjoint linear operators. Belinskiy and Dauer 
[3] have considered the weak (generalized) solutions of a regular Sturm-Liouville problem on 
a finite interval with the eigenvalue parameter appearing linearly in the boundary conditions. 
In this study we shall investigate a many-interval Sturm-Liouville problem consisting of the 
following a multi-interval second order differential equations 

1 1 1 1

2 2 2 2

3 3 3 3

( ) , ,

( ) , ,

( ) , ,

y x q x y x y x x a a

y x q x y x y x x a b

y x q x y x y x x b b

 

subject to the boundary conditions at the end points x a  and x b  given by

1 1 2 1

1 3 2 3

0

0

y a y a

y b y b
 

and four  transmission conditions at two points of interaction x a  and x b , given 

by

2 1

2 1 1 1 1 2

3 2

3 2 2 3 2 2

0

0

y a y a

y a y a y a y a

y b y b

y b y b y b y b

 

where is an eigenvalue parameter; 1 2 3( ), ( ), ( )q x q x q x are real-valued functions which 
are cotinuous in each of the intervals 1 2: , , : ,a a a b and 3 : ,b b ;

1 2 1 20, 0 and , ( 1,2)i i i  are non-zero and positive real numbers. 
The main goal of this work is the analysis of the eigenvalues and weak eigenfunctions of a 
new type Sturm-Liouville problems (SLP's), the so called many-interval SLP's, which differs 
from the standard SLP's in that the Strum-Liouville equation are defined on finite number 
non-intersecting subintervals and the boundary conditions are set not only at the endpoints, 
but also at finite number internal points of interaction (such type of boundary conditions are 
known by various names including transmission conditions, jump conditions, interface 
conditions, etc.). Note that many-interval SLP's involving additional transmission conditions 
have found many applications in various areas of mathematical physics, such as in heat and 
mass transfer problems, in vibrating string problems, in fluid dynamics etc. Naturally, spectral 
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analysis of many-interval SLP's are much more complicated to analysis than classical one-
interval SLP's. In this study we present an operator-polynomial formulation of the considered 
many-interval SLP's. Namely, we introduced some self-adjoint  linear operators such a way 
that the considered many-interval SLP's can be interpreted as operator-pencil equation. We 
found some properties of eigenvalues and weak eigenfunction. In particular, we proved that 
the spectrum is discrete and the system of weak eigenfunctions forms a Riesz basis in 
appropriate Hilbert space. 
Keywords: Multi-interval Sturm-Liouville problems, weak eigenfunctions, transmission 
conditions, operator-pencil. 
G R  
Ba ms z de i kenlere ay rma yöntemi, kuantum mekani i, fiziksel kimya, mühendislik, 
elastikiyet, elektromanyetik ve matematiksel fizi in birçok problemini Sturm-Liouville tipi 
s n r de er problemlerine indirgemeye imkan vermektedir. Diferensiyel operatörler teorisinin 
ve de onun önemli bir dal  olan Sturm-Liouville teorisinin en esasl  ilham kaynaklar ndan biri 
matematik fizik problemlerinde ortaya ç kan k smi türevli diferensiyel denklemler için 
ba lang ç s n r de er problemleridir. Bu teorinin esaslar , J. C. F. Sturm ve J. Liouville 
taraf ndan 19. yüzy l n ortalar nda s  iletimi problemleri incelenirken konulmu tur. 
Ba lang çta s  iletimi problemlerine uygulanan Sturm-Liouville Teorisinin daha sonra çok 
say da fizik, biyoloji, mühendislik ve finans problemlerine uygulanabildi i görülmü tür. lk 
olarak kendileri taraf ndan ele al nd  için isimleriyle an lan Sturm-Liouville Teorisi 
günümüze kadar güncelli ini korumakta olup bu alanla ilgili say s z makale ve kitap 
yaz lm t r. Bilindi i gibi ikinci mertebeden adi lineer diferensiyel denklem

( ) ( ) ( ) , , (1)y x q x y x y x x a b  
ve kendine e lenik s n r artlar ndan 

1 2

1 2

0 (2)

0 (3)

y a y a

y b y b
  

olu an s n r-de er problemleri genel olarak Sturm-Liouville problemleri olarak bilinmektedir. 
Klasik Sturm-Liouville problemi olarak da ifade edilen (1) (3) s n r-de er probleminde s n r 
artlar  özde er parametresine ba l  de ildir. Klasik Sturm-Liouville problemleri ile ilgili 

ayr nt l  bilgiler için [2,7,14] kaynaklar na ba vurulabilir. Bu problemler için en uygun uzay n 
karesi Lebesgue anlam nda integrallenebilir fonksiyonlardan olu an 2[ , ]L a b Hilbert uzay  
oldu u bilinmektedir. Ancak özde er parametresi lineer olarak s n r artlar nda da ortaya 
ç kt nda 2[ , ]L a b  uzay  yerine 2[ , ] NL a b N  tipindeki uzaylar daha uygundur. Çünkü bu 
durumda s n r de er problemleri 2[ , ] NL a b N  tipindeki uzaylarda tan mlanm  operatörler 
için özde er problemlerine indirgenebilir [4,12,13,15]. 1983 y l nda yay nlam  olan 
çal mada Kostyuchenko ve Shkalikov [6],

0
2 ( ) 0 , ( ) (4)

n
i

i
i

n için L L A  

formundaki operatör demetlerini incelemi lerdir. Kostyuchenko ve Shkalikov bu 
çal malar nda, en az bir  c reel say s  için ( )L c nin pozitif tan ml  oldu unu kabul 
etmi lerdir. 1985 y l nda yay nlam  oldu u kitab nda Ladyzhenskaia [8], bir Hilbert uzay nda 
genelle tirilmi  çözümler kavram  yard m yla, özde er probleminin bir operatör polinomal 
denkleme indirgenmesine olanak sa lam t r. B. P. Belinsky and J.P. Dauer [3] çal mas nda, 
s n r artlar nda özde er parametresi lineer olarak bulunan regüler Sturm-Liouville 
probleminin özfonksiyonlar n  incelemi lerdir. Ancak yukar da bahsetti imiz bütün 
çal malarda Sturm-Liouville problemleri, geçi  artlar  içermeyen s n r de er problemleri 
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için incelenmi tir. O. Sh. Mukhtarov’ un [1,5,9-11] çal malar nda ise süreksiz katsay l  adi 
ve k smi türevli diferensiyel denklemler için s n r de er geçi  problemleri ara t r lm t r. 
Bu çal man n temel amac , standart Sturm-Liouville problemlerinden farkl  olan ve çok-
aral kl  Sturm-Liouville problemleri olarak da adland r lan yeni tip Sturm-Liouville 
problemlerinin (SLP'ler) özde erlerinin ve özfonksiyonlar n n analizidir. Bu yeni tip Sturm-
Liouville problemlerinin standart SLP'lerinden fark  Strum-Liouville denkleminin sonlu 
say da kesi meyen alt aral klar üzerinde tan mlanmas  ve s çrama artlar , geçi  artlar  ya da 
arayüz artlar  olarak da isimlendirilen s n r artlar n n sadece uç noktalarda de il, ayn  
zamanda sonlu say da iç etkile im noktalar nda da verilmesidir. lave geçi  artlar n  içeren 
çok-aral kl  SLP'lerin, s  ve madde transferi problemleri, telin titre imi problemleri, 
ak kanlar dinami i vb. gibi matematiksel fizi in çe itli alanlar nda birçok uygulama zemini 
buldu una dikkat edilmesi gerekmektedir. Do al olarak, çok-aral kl  SLP'lerin spektral 
analizi, klasik tek-aral kl  SLP'lerin analizinden çok daha karma kt r. 
Bu çal mada; 

1 1 1 1

2 2 2 2

3 3 3 3

( ) , , (5)

( ) , , (6)

( ) , , (7)

y x q x y x y x x a a

y x q x y x y x x a b

y x q x y x y x x b b

 

eklinde tan ml   Sturm-Liouville denklemlerinden, x a   ve x b    uç noktalar nda verilmi

1 1 2 1

1 3 2 3

0 (8)

0 (9)

y a y a

y b y b
 

s n r artlar ndan ve x a c  ve x b c  süreksizlik noktalar nda verilmi  

2 1

2 1 1 1 1 2

3 2

3 2 2 3 2 2

0 (10)

(11)

0 (12)

(13)

y a y a

y a y a y a y a

y b y b

y b y b y b y b

 

geçi  artlar ndan olu an Sturm-Liouville tipindeki bir s n r de er geçi  probleminin baz  
spektral özellikleri incelendi. Burada  kompleks spektral parametre, 1 2( ), ( )q x q x   ve 3 ( )q x  
fonksiyonlar  s ras yla 1 2 3: , , : , , : ,a a a b b b  aral klar  

üzerinde reel-de erli sürekli fonksiyonlar; 1 2 1 20, 0 ve , ( 1,2)i i i s f rdan 
farkl  ve pozitif reel katsay lard r. 

imdi dikkate al nan (5) (13)  s n r-de er-geçi  problemini ara t rmak için ihtiyaç duyulan 
baz  yeni Hilbert uzaylar  tan mlayaca z ve bu uzaylarda geçerli olan baz  e itsizlikleri ifade 
edece iz. 1 2 3: ve 

3

0 21
: ( )ii

L verilsin. 
1

1 0 2 2 1 3 2: : ( )( 1,2,3), ,i iy y W i y a y a y b y b lineer 
uzay nda 

1

1 2 3

1 11 1 2 2 32 2 3 33 ( 4, 1 )y z y y dx y yz z z z dx zy y z dx  
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e itli i ile iç çarp m  ve bu iç çarp ma kar l k gelen normu 
1 1

2 ,y y y e itli i ile 

tan mlayal m; burada 
1 1

2 2

3 3

( ) ,
( ) ( ) ,

( ) ,

y x x
y x y x x

y x x
göstermi iz. 1 iç çarp m uzay n n Hilbert uzay  

oldu u kolayca gösterilebilir. imdi 1 Hilbert uzay nda yeni bir iç çarp m  

1, 0 0
, , ,

q
y z y z y qz  e itli i ile ve bu iç çarp ma kar l k gelen normu ise

1, 1,

2 ,
q q

y y y eklinde tan mlayal m. ( )q x fonksiyonu s n rl , pozitif tan ml  ve ölçülebilir 

oldu undan dolay  0 m M olacak biçimde öyle m ve M say lar  mevcuttur ki, 1y  için  

1 1, 1
(15)

q
m y y M y

e itsizli i sa lan r. 
Keyfi 1kompleks fonksiyonu alal m ve  fonksiyonu da  fonksiyonunun kompleks 

e lene i olsun. (5) (7)  diferensiyel denklemlerinin her iki taraf n   e lenik fonksiyonu ile 
çarp p sonra ( 1,2,3)i i  aral klar nda integrallerini alal m. 

3 3

1 1
( ) ( ) ( ) (16)

i i

i i i i i i
i i

y x q x y x x dx y x x dx  

Elde etti imiz (16) denkleminin sa ndaki ilk terime k smi integrasyon uygularsak
3

3 3 1 1 2 2
1

1 1 3 3 2 2

3

1

( ) ( ) ( ) ( ) ( )

( ) (17)

i

i

i i i i i
i

i i
i

y x x q x y x x dx y b b y a a y a a

y a a y b b y b b

y x x dx

 

elde edilir. (8) (13) s n r-geçi  artlar n  (17) ya uygulad ktan sonra düzenlersek 

1,

0

1 1
3 3 1 1 1 1 1 2 2

2 2

2 3 2 2 3

, ( ) ( )

, (18)

q
y y b b y a a y a y a a

y b y b b y
 

e itli i elde edilir. Böylece (17) e itli i bütün terimleri 1 uzay n n elemanlar  olan (18) ile 
temsil edilen ba nt ya dönü ür.  imdi 1 Hilbert uzay nda (5) (13) s n r-de er-geçi  
problemimize uygun zay f çözümü tan mlayabiliriz. 
Tan m 1. 1( )y x eleman  verilsin. E er (18) denklemi 1( )x için sa lan yorsa 

1( )y x  eleman  (5) (13) s n r-de er-geçi  probleminin zay f çözümü olarak adland r l r. 
SINIR-DE ER-GEÇ  PROBLEM N N OPERATÖR-DEMET  DENKLEM NE 
ND RGENMES  VE ESAS SONUÇLAR 
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Çal man n bundan sonraki k sm nda a a daki fonksiyonellerden yararlan lacakt r.
1 1

1 3 3 1 1 1 1 1 2 2
2 2

2 3 2 2 3

3

2
1

( , ): ( ) ( )

(19)

( , ): ( ) (20)
i

i i
i

y y b b y a a y a y a a

y b y b b

y y x x dx

 

Teorem 2. Verilen her bir 1( )y x için ( , ) ( 1,2)i y i fonksiyonelleri 1( )x de i kenine 
göre lineerdir. 
Riesz temsil teoreminden yararlanarak 

1,
( , ) : , ( 1,2)

q
i iy y i e itli ini sa layacak

1 1: ( 1,2)i i operatörlerini tan mlayabiliriz. 
Teorem 3. 1 1 1: ve 2 1 1:  kendine e lenik ve kompakt operatörlerdir. 
Teorem 4. 2 1 1:  operatörü pozitif operatördür. 
Teorem 3. ve Teorem 4. gere i (18)  ile verilen integral özde li i 

1, 1, 1,
1 2, , , (21)

q q q
y y y  

eklinde yaz l r. E er 1( ) ,y x  (5) (13) s n r-de er-geçi  probleminin zay f bir çözümü ise 
bu takdirde (21)  ifadesi 1( )x için sa lan r. Yani 1 Hilbert uzay ndan al nan keyfi 
de i keni için (21) ifadesinin 1 2y y y  lineer denklemi eklinde yaz labilece ini 
söylemektedir. 
Teorem 5. (5) (13) s n r-de er-geçi  probleminin zay f özfonksiyonlar , 1 Hilbert uzay nda 

1 20,       ( ) 22Iy x  
operatör-polinom denklemini sa lar. 
Teorem 6. 0 için 0(- ) operatörü kendine-e leniktir. 
Teorem 7. (5) (13) s n r-de er-geçi  probleminin zay f özfonksiyonlar sistemi, 1 Hilbert 
uzay nda Riesz baz  olu turur. 
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3-D MHD FLOW OF NON-NEWTONIAN HYBRID NANOLIQUID ABOVE A 
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Abstract 
Three-dimensional unsteady magnetohydrodynamic stagnancy flow of hybrid nanoliquid, with 
nonlinear radiation and uneven heat rise/sag, is studied hypothetically. We considered 
Fe3O4/graphene nanoparticles embedded in water. The physical problem is modelled 
mathematically and resolved using Runge–Kutta Fourth order with a shooting procedure. 
Influences of pertinent parameters on the flow and energy transport are noted numerically and 
graphically. Moreover, the wall friction and the local Nusselt number are computed and a 
comparative analysis of nano/hybrid nanofluids is performed with the help of streamlines and 
isotherms. It is found that the drive and energy transport of nano/hybrid nanofluid is highly 
influenced by the variation in the particle volume fraction as well as unsteadiness factor. Also, 
the average temperature of nanofluid in the saddle stagnation region is higher than that of hybrid 
nanofluid. 
 
 
Keywords: Stagnation point; magnetohydrodynamic; hybrid nanofluid; uneven heat source/sink; 
nonlinear radiation. 
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Abstract 
The pivotal aim of this research is to address the boundary layer analysis of two-dimensional 
unsteady hybrid nanofuid fow over a fat/slendering stretching surface. Thermal radiation and 
magnetohydrodynamic analysis are featured in this work. The transformed nonlinear ordinary 
diferential equations are resolved using Runge–Kutta–Fehlberg technique. Then, a complete 
discussion of the infuences of the fow regime on several thermofuidic parameters is presented. 
The signifcant outcome of the current investigation is that the increment in magnetic feld and 
nanoparticle volume fraction parameters declines the skin friction. Furthermore, it is shown that 
when the radiation and the nanoparticle volume fraction are improved, the heat transfer rate 
triggers considerable evolution. The obtained results of this model closely match with those 
available in the literature as a limiting situation. 
 
 
Keywords: Slendering stretching sheet, hybrid nanoliquid, MHD, Slip effects. 
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COMPORTAMIENTO DE LA CORROSIÓN DEL NANOCOMPUESTO AM60-
ALN Y LA ALEACIÓN AM60 EXPUESTAS A UN AMBIENTE SIMULADO DE 

LLUVIA ÁCIDA 
 

Luis Chávez 
Centro de Investigación y de Estudios Avanzados del IPN (CINVESTAV) 

 
Lucien Veleva  

Centro de Investigación y de Estudios Avanzados del IPN (CINVESTAV) 
 

Este trabajo de investigación compara la degradación del nanocompuesto AM60-AlN 
reforzado con 1% de nanopartículas de nitruro de aluminio (AlN) y de la aleación de 
magnesio AM60 al ser expuestas hasta 30 días en solución simulada de lluvia ácida (SAR). 
Distintas técnicas fueron empleadas para apoyar esta investigación entre ellas pruebas de 
inmersión, técnicas electroquímicas (OCP y EN) y métodos de caracterización superficial 
(SEM-EDS y XPS). La concentración de iones de Mg2+ liberados de la superficie del 
nanocompuesto fue menor que la aleación AM60. Debido al aumento en el tiempo del pH 
de la solución SAR, puede producirse una desaleación del Al, así como la formación de 
Al(OH)3, según lo confirma XPS. Además, debido a la presencia de iones Cl- en la solución 
SAR, se observó corrosión localizada, lo que sugiere un ruido Gaussiano fraccional con un 
proceso persistente y estacionario en el tiempo, de acuerdo con las pendientes de los 
gráficos de la densidad de potencia espectral (PSD) de las fluctuaciones de corriente.  

 
Palabras Clave: Magnesio, Nitruro de aluminio, Corrosión, Nanocomposito, Lluvia acida, 
SEM-EDS, XPS 
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ACTIVIDAD ELECTROQUÍMICA DE LA MATRIZ METÁLICA EXTRUIDA 
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Este estudio presenta el proceso de degradación de AM60, una aleación de Mg-Al 
propuesta para el uso en la construcción de automóviles, expuesta durante 14 días a una 
solución simulada de un ambiente marino. Los resultados de las pruebas de inmersión, 
cambio en el tiempo del potencial de corrosión (OCP) y de la superficie (SEM-EDS y XPS) 
han sido colaborados. El análisis de los datos obtenidos por EDS y XPS revela que sobre la 
superficie ha sido formada una película del Mg(OH)2, producto de corrosión principal y una 
menor cantidad de Al(OH)3. Después de la eliminación de las películas formadas, las 
imágenes SEM muestran ataques localizados, alrededor de las partículas intermetálicas de 
Al-Mn, con actividad catódica. El potencial de corrosión a circuito abierto se ha desplazado 
hacia valores más positivos, debido a la formación de la capa de productos, que actúa como 
una barrera física con el medio. Sin embargo, el cambio del pH de la solución y de la 
concentración de iones Mg2+ permiten corroborar una tendencia de aumento ligero de la 
velocidad de corrosión de AM60 en este ambiente marino, debido principalmente a la 
presencia de iones cloruros.  
 
Palabras Clave: Aleaciones de Magnesio, Corrosión, Ambiente marino, Potencial de 
corrosión, iones de Mg+2, pH. 
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ABSTRACT 
A vaccination against the virus named COVID 19 is now available. Within a few months and 
intensive international research activities, a vaccine was developed which was first approved in 
the USA, Canada and then in England. In the EU, too, approval was given on December 21, 
2020. There are currently three different active substances that differ from the vaccine type and 
producer. 
Now, since weeks, many members of our celiac disease exchange groups are asking themselves 
or they are requesting the consultations of various medical specialists belonging to Metabolic 
Diseases and Diabetology, Gastroenterology, Allergology and Clinical Immunology, Internal and 
Family Medicine or even Clinical Pharmacists, whether the vaccine can be used for an 
autoimmune disease such as celiac disease (CD), or whether there is something against it. We 
have compiled currently available information, using also the existing patient database, adding 
the organic molecular study as a basis for further recommendations. The absolute novelty is the 
structural similarity of a part of the studied Gluten molecule (exorphin C and A5) with those of 
the Spike protein of the COVID 19 virus described in numerous dedicated articles.  In addition, it 
appears that the cell attachment and penetration molecule is common in both cases.[1] 
The conclusion of this study reveals that there are no globally known medical reasons to speak 
against the vaccine for an existing CD, on the contrary we can present the hypothesis of a 
bilateral benefit both in immunization against the pandemic agent of SAARS - COV 2 and in 
treating the difficult and often underdiagnosed celiac autoimmune disease. 
 
KEY WORDS: Gluten, Exorphin, Celiac disease, Spike protein, COVID Vaccination 
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A REACTION DIFFUSION MODEL TO DESCRIBE THE TOXIN EFFECT ON THE 
FISH-PLANKTON POPULATION 
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Abstract 
This paper is aimed at the mathematical formulation, the analysis, and the numerical 
simulation of a prey-competitor-predator 
model by taking into account the toxin produced by the phytoplankton species. The 
mathematical study of the model leads us to 
have an idea on the existence of solution, the existence of equilibria, and the stability of the 
stationary equilibria. These results are 
obtained through the principle of comparison. Finally, the numerical simulations allowed us 
to establish a threshold of release of 
the toxin, above which we talk about the phytoplankton blooms. 
 
keywords{Toxin effect, stability, bifurcation analysis, Pattern formation} 
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BIOMETRIC CHARACTERIZATION OF LOCAL GOATS FROM THE ARGAN 
GROVE OF AGADIR IN MOROCCO 
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Abstract 
 
A biometric study was carried out on 344 adult animals (318 females and 26 males), of three 
local goat breeds (Atlas, Barcha and Ghazalia) from the argan grove of Agadir province. 9 
quantitative variables were used: height at the withers (HW), body length (BL), thorax depth 
(HD), chest circumference (CC), pelvic width (PW), ear length (EL), length horns (LH), 
height at the sacrum (HS), live weight (LW). 9 biometric indices were calculated: sub sternal 
gracefulness index (SSGI), atrial thorax index (ATI), body index (BI), height index (HI), 
relative thorax depth index (RHDI), proportionality index ( PI), ear index (EI), body ratio 
(BR) and thoracic development (TD), in order to differentiate between races of the local 
population. The results showed a very significant difference and a high degree of 
heterogeneity between the races. Chest circumference, pelvic width, ear length and live 
weight were the most discriminating characteristics. Gender significantly influences all linear 
body measurements in this study. Biometric evidence suggesting the classification of the 
goats in the study area as an overall small, longiped, endomorphic body with a marked 
orientation for meat production. Statistical analysis of biometric traits will help define a goat 
breed morphological standard and guide genetic improvement programs. 
 
 
Keywords: Biometrics - Local breed - Goat - Argan grove - Agadir. 
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Abstract : 
The ethnobotanical approach is based on the previous work by our research group, which 
consider the recommended standards for ethnopharmacological field studies. First, in order to 
locate informants, we made several visits to areas containing main population centers within 
the study area and administered closed questionnaires. These questionnaires contained 
questions regarding both the informant (including gender, age, education level, and family 
situation), and use of medicinal plants (vernacular name, therapeutic use, etc.). After analysis, 
using obtained data as a basis, we later developed both open and semi-structured interviews 
with informants. Other conventional methods of determining informant location, such as the 
snowball method and participant observation, were also followed. 
The ethnobotany of Morocco has been comprised of a certain number of studies and 
publications with no particular relevance. This is especially true for those concerning the 
northern region of Morocco. Approaches to study ethnobotany, in the broadest sense of the 
term, have not been well developed. Further, data analysis has suffered from a lack of rigour 
due, in particular, to a lack of approved scientific methodologies for examining findings. 
The aim of this study was to assess the knowledge and use of  medicinal plants of apiacée 
familly in the northern region of  Morocco. 
  
Keyword : apiacée familly, therapeutic use, Ethnobotanical Study. 
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Abstract 
 
Decapterus macrosoma (Short fin scad) constitutes an important element of the family 
Carangidae and one of the commercially exploited fish species off Cochin coast. Of the 
several species reported from the Indian waters, scad fisheries have much significance 
because it is used as food as well as bait. They are exploited mainly by diverse types of gears 
such as trawls and purse seines. The present study aimed to investigate fishery, morphometry 
and meristic counts of D. macrosoma along Cochin coast. The fishery study was conducted 
from April to December 2016 and  the average catch-effort data  by trawls was estimated at 
3577.77 Kg and  by purse seine, it was 1722.22 Kg. Period of peak abundance of fishery was 
estimated in the month of October-December (trawls: 4500- 5000Kg and purse seine: 
2800Kg). The morphometric measurements of various body parts and meristic counts were 
studied by examination of 145 specimens ranging in size from 10.6 cm to 25 cm in total 
length and 10.99 gm to 102.7 gm in weight collected during October to November from 
Kalamukku fish landing centre. The linear relationship of the formula y = bX + a were used 
for frame the growth pattern analysis. Twenty one morphometric and six meristic characters 
were analysed. Relation between the total length and other body measurements for the pooled 
data were subjected to multiple regression analysis using the software SPSS version 16.0. 
The observed results exhibited that various parameters show positive correlation with total 
length. From the present investigation, fin formula can be written as D: I, 13; V: 6-20; C: 26-
40; A: 10-17. Meristic characters are remained constant and there is no change in meristic 
counts with the increase in body length. 
 
Keywords: Decapterus macrosoma, Morphometry, Meristic, Multiple regression analysis.  
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The increased livestock production has resulted in an increased demand for feeds and forage supply, 
where about 50-70% cost involvement with it’s feed supply attributing the forage and concentrates 
quality. Along with, the poor quality roughage e.g. straws comprises 90% of the cattle feed (Alçiçek et 
al., 2010) and grains comprises 50% of the total concentrate supply that bears high cost in the ruminant 
production. Therefore, quality improvement of existing feed resources and feeding green forage is 
necessary for the increased productivity of animals (K l ç, 2016). Though the major constraints in 
production of green fodder by dairy farmers include unavailability of land for fodder cultivation due to 
small land holding size, more labor requirement and increasing labor cost for cultivation, more growth 
time, requirement of manure and fertilizer, uncertain rainfall, drought of water or saline water, natural 
calamities etc. (Naik et al., 2014). Hydroponic plant production is a cultivation system that provides 
the most suitable environment for seed germination and earl plant growth, which is included in soilless 
agriculture technology. In this system, the grain germinated in a short time has high nutritional value 
and low cost. It provides alternative fresh green fodder to the farmers in all seasons of the year when 
the green grass needs for cattle and small cattle cannot be met from the pastures. Today, due to rapid 
industrialization and urbanization in Turkey and the world, there is a rapid decline in the availability of 
land for forage crops cultivation. This situation affects the productivity negatively because the green 
forage, which plays a major role in animal production, cannot be produced sufficiently. Therefore, the 
hydroponic method is an alternative green feed production method. In this method, hydroponic plants 
are grown using mineral nutrient solutions in a water solvent. It has been stated that feed production 
methods, which save more on soil and water, can show promising results to farmers, especially in arid 
regions (Indira et al., 2020). In literature studies, different forage plant species with hydroponic 
system; It has been reported that barley, oats, wheat, sorghum, alfalfa, cowpea and corn can be 
produced (Reddy et al., 1991; Snow et al., 2008; Al-Karaki and Al-Hashimi, 2012 Naik et al., 2012; 
Naik and Singh, 2013). 
In the hydroponic farming system, it has been developed and arranged in a way to continuously supply 
fresh animal feed on a daily basis in closed growing rooms. The environmental conditions in the 
breeding rooms are controlled. Seeds with high germination are laid in specially prepared units and 
irrigated with timed automatic irrigation systems. According to the amount of fresh roughage that is 
targeted to be produced daily, production can be made in units of different sizes. In this system, the 
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systems that can produce 1 ton of fresh roughage per day are 4.6 x 11.6 x 2.3m in size, and 1377 liters 
of water and 18-40 kW of energy are needed per day (URL, 3). In this system, fresh feeds that reach 
15-20 cm on the 7th day are taken from the units. The units are cleaned with water and the seeds are 
laid again and put into place. In the first application, the product is not taken in 7 days, but at the end 
of the 7th day, the product can be taken alternately every day. After the grains germinate, the roots 
take the appearance of carpet and the green part reaches 20-25 cm in 6-8 days. According to this, 6-10 
times green feed can be obtained from the grains used (K l ç, 2016). 
Though, under tropical agroclimatic conditions maize, wheat and oat was suggested to be the best for 
hydroponic fodder production due to grain availability, fast growing nature and good biomass yield. 
However, limited research has been conducted on the feeding value of hydroponics fodder and the 
results are not consistent. Many researchers showed improved results in animal production (Tudor et 
al., 2003) while some researchers noticed no additional advantage in including hydroponic fodder in 
animal diets (Fazaeli et al., 2012). In this regard, first of all, studies should be carried out in which 
seeds with high germination ability are used and the cost is taken into account. 

 
Keywords: Animal nutrition, hydroponic system, germination 

 
 
 

Hidroponik Çimlendirilmi  Tohumlar n Hayvan Beslemede Kullan m Olanaklar  
1. G R  

Hidroponik bitki üretimi, topraks z tar m teknolojisi içerisinde yer alan tohumun çimlenmesi ve erken 
bitki geli imine en uygun ortam n sa land  yeti tirme sistemidir. Bu sistemde k sa süre içerisinde 
çimlendirilen tah l n besin de eri yüksek, maliyeti dü üktür. Büyükba  ve küçükba  hayvanlar için 
ye il ot ihtiyac n n meralardan kar lanamad  dönemlerde çiftçilere y l n her mevsiminde alternatif 
taze ye il yem sa lar. Günümüzde, Türkiye’de ve Dünya’da h zl  sanayile me ve kentle me nedeniyle, 
yem bitkileri ekimi için arazi mevcudiyetinde h zl  dü ü  ya anmaktad r. Bu durum hayvansal 
üretimde büyük rol oynayan ye il yemlerin yeterince üretilememesi verimlili i olumsuz yönde 
etkilemektedir. Bu yüzden, hidroponik yöntem alternatif bir ye il yem üretim metodudur. Bu metotta, 
bir su çözücü içinde mineral besin çözeltileri kullanarak topraks z bitki yeti tirmesi yap lmaktad r. 
Topraktan ve sudan daha fazla tasarruf sa layan yem üretim yöntemleri, özellikle kurak bölgelerde 
çiftçilere umut verici sonuçlar gösterebilece i belirtilmi tir (Indira ve ark., 2020). Literatür 
çal malar nda, hidroponik sistem ile farkl  yem bitki türlerinin; arpa, yulaf, bu day, sorgum, yonca, 
börülce ve m s r üretiminin yap labilece i bildirilmi tir (Reddy ve ark., 1991; Snow ve ark., 2008; Al-
Karaki ve Al-Hashimi, 2012 Naik ve ark., 2012; Naik ve Singh, 2013). 
 

2. H DROPON K ÜRET M N TAR HSEL GEL M  
Günümüzden 4000 y l önceki M s r kay tlar nda suda bitki yeti tirilmesinden bahsedilmektedir. 
Babil’in asma bahçeleri (Resim 1), Azteklerin ve Çinlilerin yüzen bahçeleri tarihte topraks z 
yeti tiricili e örnek olarak gösterilmektedir (Raviv ve ark., 2008). 
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Resim 1. Hidroponik üretim yapan Babil asma bahçeleri için kullan lan yap  (Anonim, 2020) 
Bu sistemler ilk olarak 1699 y l nda ilkel olarak ngiltere’de kullan lm t r. Bitkilerin geli imleri için 
gerekli mineralleri içeren bir çözelti ile durgun bir ortamda yeti tirilebilece i 1800’lerin ikinci 
yar s nda ispatlanm t r. 1860’l  y llarda iki Alman ara t r c  besin çözeltisi içerisinde bitki 
yeti tiricili ini gerçekle tirmi tir (Gül, 2008). Amerika’da, 1925-1935 y llar  aras nda topraks z 
yeti tiricili in uygulamaya aktar lmas  konusunda önemli geli meler kaydedilmi tir. lk saha 
çal mas , Gericke taraf ndan 1937’de Kaliforniya Üniversitesinde besin çözeltisi içinde domates 
yeti tirilerek gerçekle tirilmi  ve bu tekni e Yunanca su (hydro) ve çal ma (ponos) anlam na gelen iki 
kelimeden olu an “hidroponik” (hydroponics) ad  verilmi tir. Hidroponi in ilk uygulanmas  ise, II. 
Dünya Sava nda, Pasifik Okyanusu’ndaki adalardaki askerlere taze sebze üretmek amac yla su ve 
çak l n kullan larak Amerikan ordusu taraf ndan gerçekle tirilmi tir (Gül, 2008).  
 

3. H DROPON K ÜRET M N VER M  VE KAL TEY  ETK LEYEN FAKTÖRLER 
Hidroponik sistemle üretilen filiz miktar  (verim) ve kalitesi a a daki faktörlerden etkilenir; 
Tah l: Tah l kalitesi, tah l çe idi ve tah la uygulanan i lemler  
Yeti tirme ortam : S cakl k, nem ve küf olu umu  
Sistemin yönetimi: Su kalitesi ve pH, slatma süresi, besin kayna , tah l katman n n derinli i, 
yo unlu u ve büyüme süresi olarak s ralanabilir (Sneath ve McIntosh, 2003). 
 

4. H DROPON K S STEM N AVANTAJLARI  
• Topraks zd r. 
• klim kontrolü sa lar.  
• Su tasarrufu sa lar. 
• H zl  büyüme ve mahsul art  sa lar.  
• Besin maddelerinin etkin kullan m  sa lar. 
• Daha iyi alan tahsisi olana  sunar.  
• pH n n kontrolünü sa lar. 
• Yabani ot zararl  veya toprakla ilgili hastal klara rastlanmaz.  
• Daha az tar msal ilaç kullan m  sa lar. 
• Emek ve zaman tasarrufu sa lar.  
• Bitki at klar n n yak lmas n  azalt r (Gaikwad, 2016). 
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5. H DROPON K S STEM N DEZAVANTAJLARI 
• Sistemi kurmak maliyetlidir. 
• Üretim saha ko ullar na göre s n rl d r.  
• Teknik bilgi gerektirir.  
• Hastal k ve zararl lar h zla yay labilir. 
• Su bazl  mikro-organizma tehdidi. 
• Sistem bütün bitkilerin üretimi için uygun de ildir (K l ç, 2016). 

6. H DROPON K TARIM S STEM NDE YE L YEM ÜRET M A AMALARI 
Hidroponik tar m sisteminde kapal  yeti tirme odalar nda günlük olarak sürekli taze hayvan yemi 
temin edecek ekilde geli tirilmi  ve düzenlenmi tir. Yeti tirme odalar nda ortam artlar  kontrollüdür. 
Çimlenmesi yüksek kaliteli tohumlar, özel haz rlanm  tavalara serilerek zaman ayarl  otomatik sulama 
sistemleri ile sulan r. Günlük üretilmesi hedeflenen taze kaba yem miktar na göre farkl  ebatlarda 
tavalarda üretim olabilmektedir. Buna sistemde günde 1 ton taze kaba yem üretimi yapabilecek 
sistemler 4.6 x 11.6 x 2.3m ebatlar nda olup, günde 1377 litre su ve 18-40 kw aras nda enerjiye ihtiyaç 
duyulmaktad r (URL, 3). Bu sistemde 7. günde 15-20 santimetreye ula an yeti mi  taze yemler 
tavalardan al n r ( ekil 1). Tavalar suyla temizlenip tekrar tohum serilerek yerlerine sürülür. lk 
uygulamada 7 günlük bir zamanda ürün al nmazken 7. günün sonunda münavebeli olarak her gün ürün 
al nabilmektedir. Taneler çimlendikten sonra kökler hal  görünümünü alarak, 6-8 gün içerisinde ye il 
aksam 20-25 cm boya ula maktad r. Buna göre kullan lan tanelerin 6- 10 kat  ye il yem elde 
edilebilmektedir (K l ç, 2016). 

 
ekil 1. Hidroponik tar m sisteminde kaba yem üretim a amalar  (URL, 3) 

7. Ç MLEND R LEN TAHILLARIN HAYVAN BESLEMEDE KULLANILMASI  
Çimlendirilen tah llar n filizleri ve kökleri; ruminant hayvanlar, atlar, tavuklar ve domuzda dahil 
olmak üzere birçok hayvan n beslenmesinde rahatl kla kullan labilmektedir.  

7.1. Çimlendirilen Tah llar n Ruminant Hayvanlar n Beslenmesinde Kullan m  
Hidroponik tar m sistemi ile yeti tirilmi  taze yemlerinin hayvanlar n refah na olumlu katk lar  
bulundu u, yemin sindirilebilirli ini artt rd , süt verimi (%8.7-10) ve sütteki ya  oran n  (%14) 
art rd  bilinmektedir (Sharif ve ark., 2013). Hastal klara kar  direnci art rd , döl tutma oran n  
art rd  bilinmektedir (At c , 2012).  
Tudor ve ark. 2003, s rlar n beslenmesinde 15.4 kg ya da buna e de er 1.8 kg kuru maddeyi (KM) 
kar layacak kadar çimlendirilmi  taze yem verilmesinin hayvanlar n performans n  iyile tirdi i 
bildirilmektedir. Ayn  zamanda, çimlendirilmi  taze yemlerin s rlar n beslenmesinde KM ihtiyac n  
kar layabilecek oranda verilirse hayvanlar n performans n  art n  bildirilmektedir Fazaeli ve ark. 
(2011)’n n, arpa çiminin buza lar n performansa etkisini de erlendirmek amac yla yürüttükleri 
çal mada sonunda çimlendirilmi  tah lda a rl k, ham protein, gerçek protein, protein olmayan azot, 
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NDF, ADF, suda çözünür karbonhidratta art , KM, organik madde ve lifsiz karbonhidrat oran nda 
azalma oldu unu, yem dönü üm oran nda kontrol grubu ile beslenen buza larda çimlendirilmi  arpa 
içeren karma yeme göre daha yüksek oldu unu ve arpa çimi ile beslemenin yem maliyetini %24 artt  
bildirilmi tir. 
Ata (2016), taraf ndan yap lan çal mada sütten kesilmi  vesi kuzular nda topraks z tar m ile elde 
edilen arpan n besi performans  üzerine etkisi incelenmi tir. Bu çal mada iki gruba ayr lan kuzularda 
ilk grup toplam kar k rasyon diyetiyle (kontrol) beslenirken, ikinci gruptaki kuzular 90 günlük 
beslenme denemesinde tamamen hidroponik arpa ile serbest ekilde beslenmi lerdir. Sonuç olarak 
ara t r c , hidroponik arpan n yem tüketimini, vücut a rl n , toplam ve ortalama günlük canl  a rl k 
kazanc n  artt rd n  belirtmi lerdir.  
Ramteke ve ark. (2019) yapt klar  bir derlemede süt ineklerini m s r danelerinden elde edilen 5-10 kg 
hidroponik taze yemin süt üretiminde %8-13 oran nda art  sa lad n  bildirmi lerdir. Ayr ca, 
ara t r c lar m s rdan elde edilen hidroponik yemin lezzetli, sindirilebilirlili i yüksek ve besin 
maddelerince zengin oldu unu ortaya koyan ara t rmalara yer vermi lerdir. 
Sulser (2015) koçlarda ve koyunlarda çimlendirilmi  arpa kaba yemini, kontrol grubu (yonca kuru otu 
ve kar k arpa-m s r tanesinden olu an rasyona ilave ettiklerinde hayvanlar n canl  a rl k 
art lar ndaki farkl l n önemsiz oldu unu bildirmi tir. vesi kuzular n rasyonuna toplam kuru 
maddede % 30 filizlenmi  arpa ile ikame edilmesinin, kuzularda besin madde sindirilebilirli ine ve 
yemden yararlanmaya olumlu yönde etkisi saptanm t r.  
Saidi (2014)’in yapt  çal mada 1 kg arpaya kar l k 8 günlük çimlenme periyodunda 6.6-7.5 kg ye il 
yem elde edilmi  ve hidroponik arpa ile beslemenin yem maliyetini vesi koyunlar nda %42 
dü ürdü ünü tespit etmi lerdir. 
Eshtayeh (2004), plastik tablalarda su kültürü yöntemiyle üretti i saf arpa has l  ve zeytin küspesinden 
olu turdu u rasyonlar n koyunlarda canl  a rl k ve süt kompozisyonu üzerine etkisini incelemi tir. 
Arpa has l  oran n n artmas  ile koyunlar n günlük süt miktar nda art  oldu unu; sütte ya , kuru 
madde de i imleri ve protein miktar nda istatistiki aç dan önemli art lar gözlemi tir. Saf arpa has l  ve 
az orandaki zeytin küspesi uygulamas  ile hayvanlarda canl  a rl k art  meydana getirdi ini 
bildirmi tir. 
Del Castillo ve ark. (2013) yapt klar  çal mada hidroponik sistemle üretilen arpa ve bu day has l  ile 
besledikleri koyunlar n n canl  a rl k art  üzerinde etkilerini incelemi lerdir. Has l ile beslenen 
koyunlar n günlük canl  a rl k art  159 g, konsantre yem destekli serbest otlatma sisteminde 136g, 
yaln z konsantre yemle beslenenlerde ise günlük a rl k art  116 g olarak tespit edilmi tir. Sonuç 
olarak; hidroponik sistemle elde edilen has l n teknik ve ekonomik yönden koyunlar n canl  a rl k 
art  bak m ndan ekonomik bir yöntem oldu unu bildirmi lerdir. 
Kide ve ark. (2015), keçi rasyonlar na %80 oran nda hidroponik olarak üretilen m s r ve arpan n besin 
madde sindirilebilirlili i, canl  a rl k art  ve yemden yararlanmay  olumlu yönde etkilediklerini 
saptam lard r. Ara t r c lar hidroponik üretimde 8 günlük çimlendirme sonucu 1 kg kuru daneden 8 kg 
m s r, 9 kg arpa elde etmi lerdir. Bunlar  %80 oran nda yeme katm lard r.  

7.2. Di er Hayvanlar n Beslenmesinde Kullan m   
Çimlendirilmi  yemler tavuklar, hindiler, kazlar, tav anlar domuzlar vb. hayvanlar n beslenmesinde de 
kullan labilmektedir. Otla a eri imin mümkün olmad  baz  durumlarda, kimi tavuk yeti tiricileri 
vitamin temini için çimlenen tohumlar  kullanmaktad r. Çimlenme, tohumda bulunan beta karoten 
(vitamin A) miktar n  artt rabilmekte ve sertifikal  organik kanatl  yeti tiricili inde y l boyu var olan 
bir kaynak olarak, yemde kullan lmas  gereken sentetik vitamin miktar n  azaltmak için avantaj 
sa layabilmektedir. Ayr ca çimlendirilmi  yemleri yemeleri halinde kesilen tavuklar n derilerinin daha 
sar  renkte oldu u ve bunlar n yumurta sar lar n n daha koyu renkte olduklar  görülebilmektedir (URL, 
4). Etlik piliçlerde çimlendirilmi  arpa kullan m  besin maddeleri sindirilebilirli ini yükseltmi  ve canl  
a rl k art n  %8 artt rm t r. Yumurtac  tavuklar n rasyonlar na kat ld nda ise yumurta üretimini 
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dü ürdü ü bildirilmektedir (Sharif ve ark., 2013). Rasteh ve ark. (2014) rasyondaki arpay  %100 
oran nda çimlendirilmi  arpa ile de i tirerek beslemenin, yumurta tavuklar nda yumurta verimi 
(%95.97 ve 87.61) ve yumurta kitlesini (61.08 ve 57.67 g) önemli miktarda artt rd n  saptam lard r. 
Jemimah ve ark. (2018), yapm  oldu u çal mada, hidroponik m s r yeminin Yeni Zelanda beyaz 
tav anlar n n büyüme performans  üzerine etkisini ara t rm t r. Çal mada 1. grubu tamamen 
konsantre yem ile 2. grubu % 75 konsantre % 25 hidroponik m s r ile, 3. grubu ise % 50 konsantre 
%50 hidroponik m s r ile 30 gün boyunca beslemi tir. Deneme sonunda canl  a rl k art lar  s ras yla; 
262 g, 275 g ve 410 g olup, yemden yararlanma oranlar  ise 5.32, 5.22 ve 3.61 olarak bulmu lar ve 
konsantre yeme % 50 oran nda hidroponik m s r yemi kar m n n yem maliyetini dü ürdü ünü ve 
tav anlarda önemli derecede vücut a rl  art  sa lad ndan, tav an beslemede bu oran n 
kullan labilece ini bildirilmi lerdir. Brown ve ark. (2018), hidroponik yöntem ile üretilen m s r yemini 
kurudaki domuzlar n beslenmesinde kullanm  ve bu yemin domuzlar n beslenmesi ve yemde 
sindirilebilirlik üzerine etkilerini ara t rmak için bir çal ma yapm lard r. Çal ma sonucunda 
hidroponik m s r yeminin domuz beslemesine dahil edilmesi sonucunda kurudaki domuzlar n besin 
performans n  ve yemin sindirilebilirli ini artt rd  sonucuna varm lard r.  

 
 
 

4. SONUÇ VE ÖNER LER 
Ülkelerin co rafik ve iklim artlar  göz önüne al nd nda kaliteli ye il yemlerin bulunmad , özellikle 
k  ay nda hidroponik sistemde üretilen has llar kaba yem aç n  kapatmak için alternatif bir yöntem 
olabilir. Ancak, hidroponik yemin besleme de eri konusunda ara t rma say s , ayn  zamanda sonuçlar  
da tutarl  de ildir. Birçok ara t rmac , hidroponik sistemde üretilen has llar n hayvansal üretimde 
olumlu sonuçlar verdi ini gösterirken, baz  ara t rmac lar, rasyonlara hidroponik yemin dahil 
edilmesinin ek bir avantaj yaratmad n  vurgulam t r. Bu konuda öncelikle çimlenme kabiliyeti 
yüksek tohumlar n kullan ld  ve maliyetinin dikkate al nd  çal malar yap lmal d r. Ayr ca 
hidroponik üretimde kullan lan besin madde solüsyonun içeri i, iletkenli i, s cakl k kontrolü, asitli i 
düzenleyiciler, su kalitesi ve ek besin madde takviyesi gibi ilave teknolojik uygulamalar n dikkate 
al nd  yeni çal malar yap lmal d r. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 486 November 5-6, 2021



 

 

KAYNAKLAR 
[1]. A. Alçiçek A. K l ç, V. Ayhan and M. Özdo an, Türkiye’de kaba yem üretimi ve sorunlar . 
Ziraat Mühendisleri Odas  Dergisi, 10 s, 2010. 
[2]. A. Gül, Topraks z Tar m, Hasad Yay nc l k, 144 s, 2008.  
[3]. A. Sulser 2015. Hydroponic barley fodder feed tests on replacement rams and ewes. Journal 
of the Nacaa. 8(2). Eri im: Eri im: 15.10.2021. 
[4]. A.M. Snow, A.E. Ghaly and A. Snow. A comparative assessment of hydroponically grown 
cereal crops for the purification of aquaculture wastewater and the production of fish feed, 
American Journal of Agricultural and Biological Sciences, 3(1), 364-378, 2008. 
[5]. A.M.A. Saidi, The biological and economical feasibility of feeding barley green fodder to 
lactating awassi ewes, Open Journal of Animal Sciences, 5(2), 99-105, 2014. 
[6]. Anonim, Hidroponik üretim yapan Babil Asma Bahçeleri için kullan lan yap , 
https://bilgihanem.com/babilin-asma-bahceleri-hakkinda-bilgiler, [Eri im Tarihi: 28.10.2021]. 
[7]. D. Brown, J. W. Ng'ambi, Osinowo, O. A., A. T.  Adeola, and O. A. Adebiyi, Effects of 
feeding hydroponics maize fodder on performance and nutrient digestibility of weaned pigs, 
Applied Ecology and Environmental Research 16(3):2415-2422, 2018. 
[8]. D. Indira, P. Aruna, S.K. Swetha, and K. Kumar, Hydroponics as an alternative fodder for 
sustainable livestock production, World Journal of Advanced Research and Reviews, 5(2), 87-
92, 2020.  
[9]. E. A. Raviv van Os, T. H. Gieling and J. H. Lieth, Technical equipment in soilless 
production systems. In M. Raviv, and J. H. Lieth (Eds.), Soilless culture, Theory and practice 
(pp. 157-207, 2008. 
[10]. F.S. Del Castillo, Del Carmen Moreno E. Pérez, E.C. Magaña and J.M. Gómez, 
Hydroponic wheat and barley fodder yields and their effect on weight gain in sheep, Revista 
Chapingo, Serie Horticultura, 19(4), 35-43, 2013. 
[11]. G. Al-Karaki, M. Al-Hashimi, Green Fodder Production and Water Use Efficiency of Some 
Forage Crops Under Hydroponic Conditions. ISRN Agronomy, 10: 1-5, 2012. 
[12]. G. Tudor, T. Darcy, P. Smith, F. Shallcross, The intake and live weight change of drought 
master steers fed hydroponically grown, young sprouted barley fodder (Auto Grass). Department 
of Agriculture Western Australia, 2003. 
[13]. H. Fazaeli, H.A. Golmohammadi, A.A. Shoayee, N. Montajebi, and S.H. Mosharraf, 
Performance of feedlot calves fed hydroponics fodder barley, Journal of Agr cultural Science 
and Technology, 13(3), 367-375, 2011. 
[14]. H. Fazaeli, H.A. Golmohammadi, S.N. Tabatabayee and M. Asghari-Tabrizi, Productivity 
and nutritive value of barley green fodder yield in hydroponic system. World Appli. Sci. J. 16(4): 
531-539, 2012. 
[15]. I.F.A. Eshtayeh, A new source of fresh green feed (hydroponic barley) for awass sheep. 
Master Dissertation, An-Najah National University, Nablus Palastine, 2004. 
[16]. K.D. At c , Has lmatik yem derdini ortadan kald r yor, Tar m Gündem Dergisi, 9, 96-97, 
2012. 
[17]. M. R. Rasteh, B. Dastar, M. S. Shargh, S. Zerehdaran and O. Ashayerizadeh, Effect of 
different levels of germinated barley on performance of laying hens and egg quality in different 
storage conditions, Animal Production Research, 3(1),43-51, 2014. 
[18]. M. Sharif, A. Hussain, M. Subhani, Use of sprouted grains in the diets of poultry and 
ruminants Indian Journal of Research. 2(10):4-7, 2013. 
[19]. M.R. Reddy, D.N. Reddyand, G.V.K. Reddy, Supplementation of barley fodder to paddy 
straw based rations of lactating crossbred cows, Indian Journal of Animal Nutrition, 8(4), 274-
277, 1991. 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 487 November 5-6, 2021



 

 

[20]. P. K. Naik, and N. P. Singh, Hydroponics fodder production: an alternative technology for 
sustainable livestock production against impeding climate change, Model Training Course on 
Management Strategies for Sustainable Livestock Production against Impending Climate 
Change, 70-75, 2013. 
[21]. P. K. Naik, R. B. Dhuri, B. K. Swain and N.P. Singh, Nutrient Changes with the Growth of 
Hydroponics Fodder Maize, Indian Journal of Animal Nutrition, 29 (2), 161163, 2012. 
[22]. P.K. Naik, R. B. Dhuri, M. Karunakaran, B. K. Swain and N. P. Singh, Effect of feeding 
hydroponics maizefodder on digestibility of nutrients and milkproduction in lactating cows. 
Indian J. Anim. Sci. 84 (8): 880-883, 2014. 
[23]. R. Ramteke, R. Doneria and M. K. Gendley, Hydroponic techniques for fodder production, 
Acta Scientific Nutritional Health, 3(5), 127-132, 2019. 
[24]. S.P. Gaikwad, Cost effective green fodder production by hydroponic technique, 
https://rkvy.nic.in/Uploads/SucessStory/MAHARASHTRA/2016/2016122954HYDROPO, 
2016. NIC_Green%20Fodder%20.(%20Karad%20Satara%20).pdf, [Ziyaret Tarihi: 28.10.2021]. 
[25]. T. Y. Chung, E. N. Nwokolo and J. S. Sim, Compositional and digestibility changes in 
sprouted barley and canola grains. Plant Foods for Human Nutrition. 39(3): 267-78, 1989. 
[26]. URL.3. klim ko ullar na ba l  kalmaks z n y l n 365 günü taze ye il yem. Eri im adresi: 
http://gfsturkiye.com/tr/wp- content/uploads/Sunu1.pdf Eri im: 14.08.2016. 
[27]. Ü. K l ç, Kaba yem üretiminde hidroponik tar m sistemleri, Türk Tar m – G da Bilim ve 
Teknoloji Dergisi, 4(9),793-799, 2016. 
[28]. W. Kide, B. Desai, and J. Dhekale, Feeding effects of maize and barley hydroponic fodder 
on dry matter intake, nutrient digestibility and body weight gain of Konkan Kanyal goats. Life 
Sciences International Research Journal, ISSN 2347-869, 2015. 
 
 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 488 November 5-6, 2021



LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 489 November 5-6, 2021



 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 490 November 5-6, 2021



EFFECT OF VARIETY AND SUCROSE CONCENTRATION ON BANANA (MUSA 
SPP) VARIETIES ON IN VITRO PROPAGATION

 

Nazar AL GHASHEEM
Medicinal Plant Tissue Culture Laboratory, Department of studies in Botany, Manasagangotri, 

Mysore - 570 006, Karnataka, India.
College of Agricultural and Marshlands, University of Thi Qar, Iraq. 

 
M.S. SHARADA

Medicinal Plant Tissue Culture Laboratory, Department of studies in Botany, Manasagangotri, 
Mysore - 570 006, Karnataka, India.

 
M.S. SUDARSHANA

Medicinal Plant Tissue Culture Laboratory, Department of studies in Botany, Manasagangotri, 
Mysore - 570 006, Karnataka, India.

 
Basim Kassar HASAN

College of Agricultural and Marshlands, University of Thi Qar, Iraq. 
 

Ihasn Jali AZEB 
College of Agricultural and Marshlands, University of Thi Qar, Iraq. 

 
Kawther ALGHASHEEM

College of Agricultural and Marshlands, University of Thi Qar, Iraq. 

Abstract 
This study was conducted in the laboratories of Botany Department and Labland Biotech -
University of Mysore/India. The paper presents the effect of variety and sucrose concentration on 

Banana (Musa spp) varieties on in vitro propagation. Two variety(Robusta and Grandnine) were 
tested. The explants (shoots tip)were cultured on MS(Murashige and Skoog,1962)basal medium 
supplemented with 5mg/l Benzyl aminopurine(BAP) was used as cytokinine, on four 
variants(30,45,60 and 75)g/l,respectively, sucrose as carbon source and 7g agar. The results 
showed a significant correlation between  varieties and sucrose concentrations, (60 g/l  for Rubasta 
and 45 g/l for Grandnine variety ) was superior to the rest of the sucrose concentrations used in 
the experiment in terms of the shoots number (40.33 and 29.11 multiplication rate),  shoots 
height(2.71 and 3.06 cm), leaves number(5.22 and 5.11 leaf/plant), roots number(4.60 and 5.10 
root/plant), roots length(2.90 and 3.54 cm), total weight (4.74 and 6.09 g/plant), fresh weight(4.54 
and 5.81 g/plant) and dry weight (0.22 and 0.28 g/plant) respectively.
 

Keywords: shoots, Benzyl aminopurine, MS.
1. INTRODUCTION 

Bananas belonging to Musaceae family under order Zingiberales and Genus Musa like Musa 
sapientum for used as dessert bananas and Musa paradisiaca for used as cooking bananas 
(plantains) which includes up 1000 species. [1],[2],[3] South East Asian region was Banana 
originated. [3],[4],[5] In 2019, India is recording the top country with 26.23% of the world's 
bananas production[6]. Micropropagation or plant tissue culture techniques are the clonal 
propagation of plants in closed tubes under aseptic conditions. Inside the tubes, the plants are 
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grown on culture media that supplemented with nutrients and growth hormones [7]. Plant tissue 
culture techniques provide a appropriate alternative for those plant species that confront 
obstruction to classical propagation [7]. Banana micropropagation in vitro is depending to embryo 
culture and shoots tip culture, because the seeds germination is low.  [8] In vitro techniques of 
banana has been confirmed via many studies using different explants sources and methods such as 
[9,],[10],[11],[12],[13],[14],[15].  Carbohydrates play an important role in plants tissue culture 
technique as an energy and carbon source, via adding it as a supplement to the culture media as 
well as an osmotic agent. [16] The aim of our study is to find out the effect of variety and 
appropriate concentration of sucrose on banana micropropagation.

2. Materials and Methods 
2.1. Implements and accessories  
All the implements required for plant tissue culture such as stainless steel forceps, blade holders, 
polypropylene sheets, aluminum stands were wrapped in two layers of clean newspaper and sealed 

of 15 psi for 45 min.  Once removed from autoclave, all items were dried in hot air oven 
overnight.  The 250 ml size tissue culture bottles were filled with distilled water up to 2/3rd its 
volume and capped tightly with polypropylene caps and autoclaved for 45 min at a temperature of 

oled to room temperature, 
prior to use.  All the dissections of the tissues and sub culturing of explants/cultures were carried 
out with commercially available sterilized Surgeon blades of size 10 in a laminar air flow 
chamber. 

2.2. Media preparation and sterilization 
MS basal medium [17] was used for different growth stages during the micropropagation of Musa 
spp.  And  basal media with different concentrations of cytokinin and auxin used for different 
stages of micropropagation of Robusta and Grandnine. The preparation of the media is as per 
standard tissue culture technique, which involves dissolving all the major salts, minor salts, iron 
stocks, vitamins, minerals and plant growth regulators in 75 % (V/V) of distilled water.  In 
addition, 3 % (W/V) sucrose was added to the salt mixture and filtered through a nylon filter.  The 
pH was adjusted to 5.7 with either 1N NaOH or 1N HCl.  After the pH was adjusted, 0.8 % (W/V) 
of agar was dissolved in little less than the remaining 25 % (V/V) boiling water until complete 
homogenization. The final volume was made up to one liter or 100 %. 50 ml of this medium was 
dispensed into each of the tissue culture bottles and capped tightly. The bottles were sealed with 
polypropylene Kiln wrap and autoclaved for 15 min at 15 psi.  The bottles were incubated at room 
temperature for a week to check the sterility of media and then used for inoculation purpose. 

2.3. Explant selection and pretreatment 
Two banana cultivars Robusta and Grandnine (Musa spp.) were used as plant materials. Sword 
suckers of the 2 cultivars were separated from the mother plant and were chopped to appropriate 
size. The selected plants were washed thoroughly in running tap water.  The suckers were wiped 
with 70 % ethyl alcohol.  The explants were incubated in Dettol water (3 to 4 drops of liquid 
Dettol in 200 ml of water) for about 5 min and then washed thoroughly.  The explants thus 
prepared were incubated in the pretreatment solution for 48 hrs, the solution was decanted and 
explants were rinsed several times with sterile distilled water.  
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2.4. Surface sterilization of explants 
The surface sterilization was carried out in the inoculation room in a laminar airflow chamber.  
The pretreated explants were dissected to remove all the old, brown, overlapping scales and wiped 
with cotton dipped in 70 % ethyl alcohol solution.  Explants were washed in sterile distilled water 
containing Tween 20 for 5 min with vigorous shaking. Then the explants were thoroughly rinsed 
with sterile distilled water for 2 to 3 times to remove all the traces of Tween 20.  The explants 
were washed in 70 % ethyl alcohol for one min.  The explants were finally surface sterilized in 0.4 
% mercuric chloride for 30 min.  The explants were washed with sterile distilled water several 
times to remove all the traces of mercuric chloride. 

2.5. Initiation Stage 
The surface sterilized explants were trimmed at the base, dry scales if any, were carefully removed 
and cut bits either with shoot tip, or the single node.  One explant in each tissue culture bottle was 
inoculated in the initiation medium Ms supplemented with 5mg/l Benzyl aminopurine (BAP) was 
used as cytokinine.  The initiation medium consisted of plain MS basal salts with 30 mg/l sucrose. 
The explants were incubated in growth room at a tem
12 h photo period with a light intensity of 2500 lux from cool, white fluorescent tubes. After one 
week the cultures were screened for contamination. If contaminated, the jars were discarded, only 
clean cultures were retained for further use.

2.6. Multiplication Stage 
After four weeks in the initiation medium, the buds were trimmed at the base and given a central 
longitudinal cut to injure the meristem tissue. The explants were cultured on MS basal medium 
supplemented with 5mg/l Benzyl aminopurine (BAP) was used as cytokinine, on four variants  
(30,45,60 and 75)g/l, respectively, sucrose as carbon source and 7g agar.

2.7. Data collection 
In the experiment 5 replicates (3 explants in one tube culture) were used for each treatment and the 
experiment was repeated 3 times. Results were taken after 6 weeks from culture.  The experiments 
were conducted as factorial experiments based on Completely Randomized Design (CRD). Data 
were recorded on (shoots number formed, shoots height, leaves number, roots number, roots 
length, total weight, fresh weight and dry) respectively were analyzed. Significance of differences 
between the results was estimated by Analysis of Variance (ANOVA) on SPSS version 20 
program with the means compared with LSD test at < 0.05.

3. Results and Discussion:  
The results showed a significant correlation between varieties and sucrose concentrations, (60 g/l  
for Robusta and 45 g/l for Grandnine variety ) was superior to the rest of the sucrose 
concentrations used in the experiment in terms of the shoots number (40.33 and 29.11 
multiplication rate),shoots height(2.71 and 3.06 cm), leaves number(5.22 and 5.11 leaf/plant), 
roots number(4.60 and 5.10 root/plant), roots length(2.90 and 3.54 cm), total weight (4.74 and 
6.09 g/plant), fresh weight(4.54 and 5.81 g/plant) and dry weight (0.22 and 0.28 g/plant) 
respectively. 
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                                    (A)                                                                                                  (B) 
Figure 1.Effect of sucrose concentration on (A) shoots number formed (B) means shoots height. 

The results showed a significant correlation between varieties and sucrose concentrations, (75 g/l  
for Robusta and 75 g/l for Grandnine variety ) was recede from the rest of the sucrose 
concentrations used in the experiment in terms of the shoots number (10.30 and 8.00
multiplication rate),shoots height(1.48 and 1.40 cm), leaves number(3.15 and 3.80 leaf/plant), 
roots number(1.10 and 1.22 root/plant), roots length(1.71 and 1.91 cm), total weight (2.28 and 
1.98 g/plant), fresh weight(2.16 and 1.87 g/plant) and dry weight (0.12 and 0.11 g/plant) 
respectively.

                                 (A)                                                                                               (B) 
Figure 2. Effect of sucrose concentration on (A) leaves number formed (B) roots number formed 

The results showed a significant correlation between varieties Grandnine was superior on Robusta
variety, the result of differences in the genetic materials of the species, leading to different 
responses in breeding. 
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                                 (A)                                                                                               (B) 
Figure 3. Effect of sucrose concentration on (A) mean of roots length (B) total weight.

                                     (A)                                                                                               (B) 
Figure 4. Effect of sucrose concentration on (A) fresh weight (B) dry weight.

According to Ref. [18] that while somatic transcriptional variance is influenced by external 
factors, there is also a genetic influence, with some genotypes increasing more instability than 
others in same culture conditions. Also, the study confirmed that increasing the concentration of 
sucrose in culture medium to a certain extent increased shoots number formed, shoots height, 
leaves number, roots number, roots length, total weight, fresh weight and dry weight. Ref. [19] 
showed that sucrose has a role in controlling the expression of several important enzymes and 
other proteins, may be due to the influence of sucrose in the metabolism of food to the cells and 
this means that increasing concentration of sucrose increased the amount of food inventory, which 
in turn helps plantlets on growth [20] or resulted in an increase of energy of carbon [21]. Also, 
increasing the concentration of sucrose to more than 70 g/L led to an increase in osmotic pressure, 
which leads to the plasma phenomenon in the cells and this phenomenon stopped the vital 
activities of the cells and stop of growth [22],[23]. Rustles similar studies Ref.[24] reported that 
MS medium supplemented with 60 g/l  sucrose led to increased turmeric plant size, leaf and root, 
sucrose at 60 g/l produced the highest amount of dry weight. 
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Figure 5. Multiple shoot formation in Robusta variety after 6 weeks from culture. 

Figure 6. Multiple shoot formation in Grandnine variety after 6 weeks from culture. 
4. Conclusions  
The results showed a significant correlation between  varieties and sucrose concentrations, (60 g/l)
for Robusta was superior on shoots number and leaves number while (45g/l) for Grandnine variety 
was superior on shoots height, roots number, roots length, total weight, fresh weight and dry
weight, respectively..
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Abstract  
 
     This scientific project, will enable us to have a more realistic overview of the water quality of 
the Lumëbardhë River, in the study area.  Has been analyze physico-chemical parameters, such 
as; temperature, pH, EC, TDS, major ions (Ca2+, Mg2+, Na+, K+, NH4

+, NO2
-, Cl-, NO3

-). The 
obtained results were compared with the Water Framework Directive (DKU-WFD, 2000/60) and 
fulfil the criteria imposed from this directive. Inductively coupled plasma optical emission 
spectroscopy (ICP-AES) has been used for the analysis of heavy metals. In the water 
samplingsites, the concentration of Fe as the highest presented element is; 0.897 to 0.485 mg/L, 
Zn varies from 0.513 to 0.392 mg/L, Ni from 0.174 to the highest of 0.235 mg/L, Mn 0.141-
0.194 mg/L, Pb 0.142-0.254 mg/L, whereas As, Cd, Co, Al and Co, were under limit detection in 
all of the water samples. Also, in the sludge ones the highest concentration element is Fe, 
followed by Zn, Mn, Ni and Pb. The highest concentration of Fe is in sample M3. The 
concentration varies from 0.985 mg/kg to the lowest of 0.698 mg/kg, Zn from 0.913 to 0.565 
mg/kg, Mn from the highest of 0.413 to the lowest of 0.186 mg/kg, Ni 0.212 to 0.185 mg/kg, Pb 
0.187 mg/kg to 0.143 mg/kg, followed by Cu, Co and Al. Even in the soil samples, iron varies 
from; 0.652 mg/kg to the highest of 0.989 mg/kg, Zn starts from 0.589 to 0.798 mg/kg, Mn from 
0.119 to 0.189 mg/kg, Ni 0.139 to 0.178 mg/kg and Pb 0.163 to 0.189. The concentration of Co 
was observed in thre soil samples from 0.033 to 0.064 mg/kg, whereas, Al is presented from 
0.045 to 0.054 mg/kg followed by Cu from 0.049 to 0.098 mg/kg. The study shows that we are 
dealing with moderate pollution with these elements in the river, but to have a firm conclusion, it 
is advisable to examine more the zone of study. 
 
Key words: The Lumbardhi River, soil, sludge, water, pollution, ICP-AES technique. 
 
INTRUDUCTION 
     For some time now, surface water in Kosovo has been polluted, and Kosovo cities still do not 
have a program for the treatment of urban water and wastewater. Kosovo has problems with 
water in many respects; first, Kosovo has a problem with water as a natural resource, as Kosovo 
waters in general, going on out its territory, [MUCHUWETI et al. 2006]. We live on a planet 
where the aquatic environment predominates, so water is a chemical compound, with 
extraordinary properties and fundamental importance to the environment [MUCHUWETI et al. 
2006, JUSUFI et al. 2017]. Rapid industrialization and urbanization have caused contamination 
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of the environment by these substances, and studies have shown that it is very serious concern 
for humans and environment in general, [JUSUFI et al. 2017, BAJRAKTARI et al. 2019]. 
     The presence of clean water is essential for life on Earth, because the specific properties of 
liquid water, vapor water and solid water, determine the environmental conditions that make life 
possible on this continent, [FERATI et al. 2015, MARKOVI  et al. 2020]. Also, the 
extraordinary properties of water as a solvent, condition the chemical erosion of rock formations, 
which is a natural phenomenon, which leads to the formation of the Earth's surface layer, the 
transfer of nutrients from the Earth to plants, and then to living- organic species, [GASHI et al. 
2017]. This paper is a brief summary of physical and chemical parameters and heavy metals in 
the water of the Lumbardhi in municipality of Prizren. It is also mentioned on different 
researches previously that the presence of these elements is quite high in different areas of the 
country [MARKOVI  et al. 2020, GASHI et al. 2017] and that heavy metals can cause various 
diseases and different anomalies [THOMSEN et al. 2019, HAZRAT et al. 2019], so this kind of 
study and constant repetition of these researches are inalienable.  
     Nowadays, qualitative and quantitative determination of total metals and distribution of all 
their physical and chemical species in trace amounts (speciation) in natural water resources is to 
be considered as the main challenge for most scientists [MALIQI et al. 2020). Based on the 
results of such studies it will be possible in the future to propose protection and detoxification 
measures of affected river waters and general protection and remediation of ecosystems. 
Therefore the watershed of Lumbardhi River in Prizren, which belongs to the basin of Drini 
Bardhë, the richest basin with an annual flow of 2.200.00 million m³ and with the longest surface 
of 4.622 km² in the territory of the republic of Kosovo [MEMIM  2016].  
     The Lumbardhi River flows in the Sharr Mountains and overflows into the White Drin 
[MEMIM 2016]. It runs through the middle of the city of Prizren. There are discharges of rural 
and urban waters onto it, without any prior treatment. They are today the largest pollutant of 
water resources. Urban discharge waters originate from the production process and include: 
water from processes, sanitation waters and water from the purification of special equipment for 
each industry [MEMIM 2016]. Unlike municipal wastewater, whose composition is well known, 
the discharge waters from various industries and laundries, it is difficult to distinguish the great 
diversity of pollutants and their specific ingredients. Based on the laboratory analysis, the state of 
the Lumbardhi River ecosystem was assessed by polluters for the period September of 2018. 
 
MATERIALS AND METHODS 

 
     Lumbardh of Prizren, is a river in Kosovo, where it flows through the villages of Srecka and 
Prizren, while it flows into Drini Bardhë river. Lumbardhi of Prizren is 18 km long, and has a 
basin area, of: 158 km2 [MEMIM 2016]. In order to have accurate data during water monitoring 
and analyzis, we should also know the temperature and climate, since it plays crucial role in 
water composition. According to climate in Republic of Kosova, the weather in Kosovo is 
considered continental with warm summers and cold snowy winters, with temperature from -
10°C to -26°C in the winter and from 20°C to 37°C in the summer [MEMIM 2016].  
     The dry season begins in March and lasts until September and the prolonged wet season 
between October to February [MALIQI et al. 2020]. For this study, the samples were collected in 
September of 2018 in dry season. Water samples were composite, by mixing water from different 
depth from locations: Streams of the 40th Wells M1; Andrra M2 and City Park M3. The number 
of sampling spots was 3 and at every sampling spot samples were taken in order to determine the 
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chemical parameters and heavy metals. The sampling spots of water in the river of Lumbardhi 
Prizren, were marked by codes M1, M2 and M3. Also, sludge and soil samples were taken at the 
same sampling site. 
 
 
DETERMINATION OF PHYSICO-CHEMICAL PARAMETERS  

 
     The Sampling tools were washed with water and dried before the next sample was collected. 
The collected samples were stored in polythene plastic containers. Sample preparation was done 
according to standard methods for surface water analysis [APHA. AWWA. WEF. 1998]. The 
study area with the sampling locations is shown in Figure 1 and the details about all sampling 
sites are presented in Table 1. Geographical positions were determined by GPS, using model 
“geko 201, 12 channel”. 
 

 
Fig. 1. Sampling sites in the study area. 

    The determination of physico-chemical parameters for determination of the quality parameters 
of the water, we have used standard methods for water analysis including classical and modern 
methods [WHO 2011]. Temperature of water was measured immediately after sampling, using a 
digital thermometer, model “Quick 63142”. Measurements of pH were performed immediately 
after sampling using a pH/ion-meter, model “Hanna Instruments, pH & EC” [WHO 2011, WHO 
1993]. Electric conductivity was measured by a “HANNA Instrument HI 8424” conductivity 
meter. Total hardness of water was determined by EDTA titration using Mercurochrome black T 
indicator and chemicals of p.a. purity. Chlorides were determined using argentometric methods.  
      Some physico-chemical parameters (NH4

+, NO3
-, PO4

3-) were determined by UV-VIS 
spectrometry. “WTW S12 photometer”, “SECOMAM Prim Light spectrophotometer” and 
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“SECOMAM Pastel UV RS232 spectrophotometer” were used with a monochromatic irradiation 
in the spectral range of 190-1100 nm [WHO 1993, EPA 2007]. The measurement region, in a 
cuvette of 10 mm, was 340-800 nm, for the analysis of drinking waters, discharged and sea water 
[ZHUSHI et al. 2020].  
 
SAMPLE TREATMENT 

 
     Water sampling was done by inserting the glass bottle in the vertical direction of water flow, 
carefully removing the impurities that float on the surface of water on the both sides of the river 
bed. Samples were taken in 2 L glass bottles. Also, an additional bottle was filled and treated 
with 2 ml of HNO3 for the determination of heavy metals, by the ICP-AES methode. The same 
procedure was applied at all three points, where samples were taken. The water samples were 
treated according to EPA 6010C standard [U.S. EPA 2007]. 
     Soil samples were taken in the vicinity of the river. Each sample was taken in plastic bag 
around 1-2 kg. Initially they were left to dry in room temperature for few days, continuing 
grinding and treatment according to the EPA 3051A standard [U.S. EPA 2007]. 
     Sludge samples were taken aproximately around 250 mg and sent to laboratory for further 
treatment and testing according to EPA 3051A standard [U.S. EPA 2007]. 
     All analyzed elements (As, Cd, Co, Al, Cu, Fe, Mn, Ni, Pb and Zn) were determined by 
atomic emission spectrometry with inductively coupled plasma, ICP-AES technique methode.  
Calculation and presentation of statistical charts was done using the Minitab 19 software 
program. 
 
RESULTS AND DISCUSSION 

 
     The primary goal of this study is to look into the influence of industrial and antopogjenic 
impact on water, soil and sludge pollution in the study area. Therefore, the results of the physico-
chemical analysis are presented in Table 1. The obtained results were compared with the Water 
Framework Directive [DKU-WFD 2000/60, DKU-WFD 2000], and fulfil the criteria imposed 
from this directive. 
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Table 1. Physico-chemical properties of water samples in Lumbardh River, Kosovo 
Parameter
s M1 M2 M3 Parameter

s M1 M2 M3 

Temp 13.4 0C 11.7 0C 12.3 0C PO4
3- 0.035 0.055 0.069 

DO mg/l 8.6 8.4 6.8 Ptot 0.101 0.103 0.113 
O2% 115 86.5 86 SO4

2- 8.6 7.62 7.99 

EC (190C) 389 
Scm-1  

387 Scm-

1 425 Scm-1
  Cl- 3.19 1.4 2.1 

pH 6.44 6.81 6.87 F- 0.3 0.2 0.1 
TDS 159 169 178 FT d0H 11.63 11.09 11.3 
TMS 21 19.9 55.3 FCa d0H 13.6 12.8 12.2 
COD 28.4 35.8 59 FMg d0H 17.4 13.6 15.9 
BOD 16.2 20.9 42.1 Ca 98.6 99.8 101 
TOC 9.3 11.8 19.89 Mg 19.84 16.8 16.9 
NO3

- 0.5 0.5 0.5 MA 14.11 10.25 10.35 
SUR <0.2 <0.2 <0.2 HCO3

- 426.35 584.6 548.63 
NH4

+ 0.08 0.06 0.28 TUR 3.8 3.4 3.6 
NO2

- 0.01 0.01 0.01 KMnO4 5.69 12.352 10.43 
Nin 0.152 0.236 0.223 Ntot 0.221 0.231 0.259 
      
     While physico-chemical qualities provide some insight into water quality, they do not provide 
a complete picture of water pollution. The water classification of this basin (river) was 
determined by comparing many water quality indicators at several sampling locations to the 
UNECE-recommended parameters in Table 2. 
 
Table 2. Classification of river quality by UNECE (content, mg/L) 

Category P. Total  NO3
-  OT  BOD5  COD  NH4

+  

I <10  <5  >7  <3  <3  <0.1  
II 10–25  5–25  7–6  3–5  3–10  0.1–0.5  

III 25–50  25–50  6–4  5–9  10–20  0.5–2  

IV 50–125  50–80  4–3  9–15  20–30  2–8  

V >125  >80  <3  >15  >30  >8 
       
     The present study was carried out for three sampling points of water, sludge and three soil 
samples in the vicinity of the river. The following table (Tab.1), presents the water sampling 
points, physical and chemical properties of the water samples.  
     Also, (Tab.1) shows several physico-chemical parameters measured in the water of 
Lumbardhi river, Prizren: air temperature, water temperature, pH, electrical conductivity (EC), 
dissolved oxygen, BOD5, total hardness, content of sulfates, nitrites, ammonium and phosphates.  
Temperature is a biologically significant factor which plays an important role in the metabolic 
activities of organisms [ZHUSHI et al. 2020]. It is also an important parameter in determining 
water quality, as it influences pH, alkalinity, acidity and dissolved oxygen (DO), [EU's 
DRINKING WATER STANDARDS 1998].  
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     The temperature values recorded in the water samples from the study area range between 
11.70C (M2) and 13.4 0C (M1), as summarized in Table 1 with a mean temperature of 12.46 0C. 
The recorded temperature values were within the WHO standard for drinking water [EU's 
DRINKING WATER STANDARDS 1998]. The pH is a measure of the acidity or alkalinity and 
measures the concentration of hydrogen ions in water. Basically, pH is determined by the amount 
of dissolved carbon dioxide (CO2) which forms carbonic acid in the water. The pH values of the 
surface water sampled in the area varied from 6.44 to 6.81 with a mean value of 6.70 (the WHO 
standard range is 6.50-8.50), [WHO 2011]. 
     From these data we can see that the water of the river Lumbardhi Prizren is neutral from pH. 
The minimum TDS value of 159 mg dm-3 was recorded at M1 while the maximum value of 178 
mg dm-3 was recorded at M3. No limit has been set by WHO for drinking water and water for 
domestic uses but water with values similar to these has previously been described as good 
[WHO 2011]. Electrical conductivity (EC) is a measure of water capacity to convey electric 
current. It is a determination of levels of inorganic constituents in water [EU's DRINKING 
WATER STANDARDS 1998, WHO 2004].  EC values obtained for the samples were in the 
range of 378-425 Scm-1, which is below the WHO recommended value of 400 Scm1 indicating 
a low amount of dissolved inorganic substances in ionized form.  
     Dissolved oxygen (DO) is an important parameter in water quality assessment and reflects the 
physical and biological processes prevailing in the water. The DO values indicate the degree of 
pollution in water bodies. DO values, as shown in Table 1, varied from 6.8 to 8.6 mg dm-3.  
     The values for biochemical demand shown in Table 1 range from 16. 2 (M1) to 42.1  mg dm-3 
(M3) with a mean of 26.4 mg dm-3. The values are quite higher than the standard of 10 mg dm-3 
recommended by WHO.  
     The total hardness was 11.3 (sampling spots M3), 11.9 (sampling spot M2), 11.63 (sampling 
spots M3). Sulfate content higher than 100 mg dm-3 tends to give water a bitter taste and has a 
laxative effect on people not adapted to the water [WHO 2011, WHO 1993]. Also ailments like 
catarrh, dehydration and gastrointestinal irritation have been linked with high sulfate 
concentration.  
     The results revealed that all analyzed water samples have a low sulfate content ranging from 
7.62 to 8.6 mg dm-3 (Table 1). So, the concentration of sulfates is below the maximum value 
allowed by the WHO and the EU [EU's DRINKING WATER STANDARDS 1998, WHO 2004].  
     Nitrate content in the analyzed water samples in the thre samplesite, it is 0.5 (M1, M2 and 
M3). These fall within the allowable value when compared to the WHO recommended 
guidelines. Nitrate fouls the water system and epidemiological studies have shown that exposure 
to nitrate causes methemoglobinemia disease [EU's DRINKING WATER STANDARDS 1998, 
WHO 2004]. The amounts of Cl-, range from1.4 to 3.19 mg dm-3, PO4

3- ions range from 0.035 to 
0.069 and NH4

+ ions range from 0.06 to 0.28 mg dm-3. Whereas, all other parameters are within 
the allowed limits, according to WHO and EU standards [EU's DRINKING WATER 
STANDARDS 1998, WHO 2004]. 
 
     The following table (Table 3), summarizes the results of water, sludge and sediment samples. 
Water results are expressed in mg/L, while those of soil and sludge in mg/kg.  
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Table 3. The measured results of water (mg/L), sludge and sediment samples (mg/kg). 
Elem 
ents 

M1. 
Water 

M2. 
Water 

M3. 
Water 

M1. 
Sludge 

M2. 
Sludge 

M3. 
Sludge 

M1. 
Soil 

M2. 
Soil 

M3. 
Soil 

As nd nd nd nd nd nd nd nd nd 
Cd nd nd nd nd nd nd nd nd nd 
Co 0.018 0.019 0.014 0.072 0.068 0.085 0.033 0.064 0.041 
Al 0.029 0.038 0.086 0.064 0.089 0.095 0.045 0.054 0.049 
Cu 0.038 0.028 0.069 0.095 0.098 0.111 0.049 0.089 0.098 
Fe 0.485 0.661 0.897 0.698 0.858 0.985 0.895 0.989 0.652 
Mn 0.141 0.168 0.194 0.186 0.198 0.413 0.168 0.189 0.119 
Ni 0.174 0.189 0.235 0.185 0.193 0.212 0.156 0.178 0.139 
Pb 0.142 0.159 0.254 0.158 0.187 0.143 0.163 0.018 0.165 
Zn 0.392 0.428 0.513 0.565 0.802 0.913 0.589 0.798 0.758 
E*-Elements (Variables), W*-Water samples, nd-under limit detection   
     The following table (Tab. 4), is a summary of all results in the form of statistical analyzes of 
measurements made on water, soil and sludge samples in three sampling points (M1-M3). The 
results are presented as mean, standard deviation, variance, minimum, maximum, Q1, Q3, 
median and range for Co, Al, Cu, Fe, Mn, Ni, Pb and Zn, the folloving (Tab. 4). 
 
Table 4. Descriptive statistics of heavy metals presented in water, sludge and soil samples.  
Variable Mean StDev Variance Min Q1 Median Q3 Max Range 
Co 0.02735 0.02269 0.00048 0.011 0.014 0.022 0.0338 0.084 0.072 
Al 0.0489 0.0182 0.0002 0.029 0.030 0.045 0.066 0.067 0.034 
Cu 0.0343 0.0272 0.0006 0.01 0.0179 0.024 0.045 0.085 0.073 
Fe 0.7897 0.1784 0.0318 0.449 0.650 0.871 0.931 0.979 0.528 
Mn 0.1436 0.1469 0.0211 0.020 0.049 0.081 0.229 0.481 0.458 
Zn 0.51 0.1968 0.0379 0.298 0.3689 0.541 0.6988 0.890 0.589 

       
     The elements measured (Tab. 3), showed that the concentrations of As, Cd, Co, Al and Cu 
was below the limit of detection. Similar case was observed in the case of Ni in the samples, 
where it was present only in sampling point (M2) while in the sampling points M1 and M3 were 
under limit of detection. According to World Health Organization [WHO 1993], other elements, 
such as: Fe, Mn, Ni, Pb and Zn, are higher values, if compared to international standards, for 
surface water (river water). 
     The concentration of copper in water in different places has shows different results. For 
example, the presence of this element in USA from diffrent studies varied from 0.0005 to 1 mg/L 
[ATSDR 2005], in United Kingdom (0.003 to 0.019 mg/L) and in India with lower 
concentrations, strating from 0.0008 to 0.01 mg/L [ATSDR 2005]. WHO cited that concentration 
of copper in drinking-water may vary of a water characteristics, such as pH, hardness and copper 
availability in the distribution system [EU's DRINKING WATER STANDARDS 1998, ATSDR 
2005]. Similar to our stydy, this element had low concentration, varied from 0.028 mg/L in water 
samples to 0.111 mg/L in sludge samples.  
     Zinc is an element that is found naturally in environment, but also anthropogenic activities 
can raise its concentration. Zinc is an element with relatively low toxicity, restricted to taking 
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high doses. The amount of this element in USA in the samples of air is lower than 1 g/m3, but 
this amount can vary near cities, closer to urban ones it varies from 0.1 to 1.7 g/m3 [IARC 
1978]. Environmental Protection Agency (EPA) has stated that drinking water should not contain 
more than 5 mg of zinc per liter of water (5 mg/L or 5 ppm) because of taste, [U.S. EPA 2007].  
    In our measured samples, zinc had relatively low concentrations for all of the cases. In water 
samples, its concentration was below EPA recomandations (less than 5 ppm) in all of the 
measured cases. 
     The last elements that were present in our study were iron and manganese. Both of these 
elements are counted as essential subtances that must be present in body to function properly. 
These elements can often be found as such due to similar valence in physicological conditions, 
ionic radius, etc [CHANDRA et al. 2020].  According to the division of toxicants by US EPA, it 
is suggested that both of these elements (Fe and Mn) are non-carcinogens. World Health 
Organization (WHO) has established water guideline for iron as 0.3 mg/L, and manganese as 0.4 
mg/L [KORÇA et al. 2020].  
 
     The concentration of iron in our samples is slightly higher than World Health Organization 
[EU's DRINKING WATER STANDARDS 1998, WHO 2004], recommended, respectively it 
ranges from 0.485- 0.897 mg/L in water samples, almost double concentration that the 
recommanded one. As for manganese, we have lower concentrations within recommanded norms 
ranging from 0.174 mg/L to 0.235 mg/L, [KORÇA et al. 2020]. 
     Figures above (Fig. 2- Fig. 4) are built based on the findings of these elements in water, 
sludge and soil samples. The diagrams are divided for each case where the highest concentration 
of each element in the measured samples is shown. The following figures show the concentration 
of heavy metals which have been observed in water samples (Fig. 2), sludge samples (Fig. 3) and 
soil samples (Fig. 4).  
 

 
Fig. 2. The presence of heavy metals in water samples (mg/L). 

     If we compare the highest concentrations of elements in water, we observe that concentration 
of Fe is maximum in the measured samples, followed by Zn, Ni, Mn and Pb, continuing with a 
very small difference to the other elements. 
     The concentration of Fe as the highest presented element is 0.897 to 0.485 mg/L, Zn varies 
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from 0.513 to 0.392 mg/L, Ni from 0.174 to the highest of 0.235 mg/L, Mn 0.141-0.194 mg/L, 
Pb 0.142-0.254 mg/L. Whereas, arsenic, cadmium, cobalt, aluminum and copper, were under 
limit detection in all of the water samples. 
 

 
Fig. 3. The presence of heavy metals in sludge samples (mg/kg). 

     Similar to water samples, also in the sludge ones the highest concentration element is Fe, 
followed by Zn, Mn, Ni and Pb. The highest concentration of Fe is in sample M3. The 
concentration varies from 0.985 mg/kg to the lowest of 0.698 mg/kg, Zn from 0.913 to 0.565 
mg/kg, Mn from the highest of 0.413 to the lowest of 0.186 mg/kg, Ni 0.212 to 0.185 mg/kg, Pb 
0.187 mg/kg to 0.143 mg/kg, followed by Cu, Co and Al. Similarly, arsenic and cadmium were 
under limit detection in all of the sludge samples. 
 

 
Fig. 4. The presence of heavy metals in soil samples (mg/kg). 

     In the figure above (Fig. 4), there are presented the elements observed in soil samples in the 
vicinity of Lumbardhi River. Even in the case of soil samples, the highest concentration of 
elements is arranged according to the decrease of their concentration: Fe> Zn> Mn> Ni> Pb. 
Even in this case presented, the concentrations of As and Cd, is below the detection limit, while, 
Co, Al and Cu, are presented as low values, to comment. 
     Iron varies in soil samples from 0.652 mg/kg to the highest of 0.989 mg/kg, Zn starts from 
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0.589 to 0.798 mg/kg, Mn from 0.119 to 0.189 mg/kg, Ni 0.139 to 0.178 mg/kg and Pb 0.163 to 
0.189. The concentration of Co was observed in thre soil samples from 0.033 to 0.064 mg/kg, 
whereas, Al is presented from 0.045 to 0.054 mg/kg followed by Cu from 0.049 to 0.098 mg/kg. 

 
     Table 5. Classification of heavy metals in sludge and in soils according to Dutch Intervention 
values. 

Elements 
in sludge 

Non 
polluted 
(ppm) 

Moderate 
polluted 
(ppm) 

Heavily 
polluted 
(ppm) 

Elements 
in soil 

Target 
value 

(mg/kg) 

Intervention 
value (mg/kg) 

Cu 
Zn 
Ni 
Cd 
Pb 

>25 
>90 
>20 

- 
- 

25-50 
90-200 
20-50 

- 
- 

>50 
>200 
>50 

- 
- 

Cu 
Zn 
Ni 
Cd 
Pb 

36 
140 
35 
0.8 
85 

190 
720 
210 
12 

530 
      
     If we compare our results that we obtained (Tab. 3) with the recomandations of maximum 
amount allowed of these elements in sludge and soils that are presented in Table 5 [KORÇA et 
al. 2020], we see that our samples are below the maximum amount allowed concentrations. Our 
results compared with table 5, show that we are dealing with much lower concentrations than the 
maximum amount allowed target for each element, and much lower than the case on an 
intervention, (ATSDR 2004). Similar, we have the same in the case of the sludge samples, where 
their concentration is much lower than what is classified in the table as polluted and highly 
poullted [KORÇA et al. 2020, ATSDR 2004]. In all of our cases, our measured sludge results 
falls into the non-polluted category compared with table 5 as recommanded. 
 
CONCLUSIONS 

 
     The present investigation demonstrates the presence of physico-chemical parameters in the 
water, and heavy metals (Co, Al, Cu, Fe, Mn, Ni, Pb and Zn) in water, soil and sludge samples, 
meassured with ICP-AES technique.  
     If we give a conclusion with the results presented, we are optimistic that the presence of 
contamination is not enormous comparing the physico-chemical parameters, properties of water, 
and heavy metal presence in water, sludge and soil.  
     Our analyses of the water of the river Lumbardhi of Prizren relate the water quality as good, 
except for some spots where anthropogenic pollutants probably appear. The physico-chemical 
parameters, are in accordance with the Water Framework Directive (DKU-WFD) 2000/60 and 
classification of river quality by UNECE (content, mg/L).   
     The results of heavy metals show that their concentrations are approximately within 
international standards, except for some spots where higher concentrations of some heavy metals 
are observed.  
     Based on WHO and EU standards for drinking water the Lumbardhi water was classifed in 
the second class according to the concentration of iron, zinc, nickel, lead and manganeze, 
whereas the presence of these elements in sludge and soil, is within any standard international.  
     Also, it is advisable that concentrations of pesticide should be meassured too, since farmers in 
our country use these substances without any recomanded quality and quantity, but it is very 
necesary that bacterological parametres should be measured constantly in water samples. 
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     Although Kosovo has no legislative prohibition for exceeded concentrations of toxic metals in 
the natural water resources until now, the results from this study represent a small contribution to 
gain a clear overview of the state in this field of environmental quality assurance. We have thus 
concluded that water resources of Kosovo’s are put at risk by anthropogenic pollution. It is 
advisable to keep the continuous monitoring and analysis of the study area. 
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ABSTRACT 
 In this paper, we present a numerical study of mixed convection in a square lid-driven cavity 
heated from top and filled with water-Cu nanofluid and subjected to a magnetic field oriented at an 
angle  with respect to the x axis. The transport equations are solved with finite volume method 
using the SIMPLE algorithm. Comparisons with previously published works are performed and 
found to be in good agreement. The influence of Grashof and Hartmann numbers as well as the 
volume fraction of nanoparticles on the hydrodynamic and thermal characteristics of the nanofluid 
is illustrated and discussed in terms of streamlines, isotherms and mean Nusselt number. Two 
orientations of the magnetic field (  = 0° and 90°) were considered to control the flow. 

Keywords: Mixed convection, Heat transfer, Magnetic field, Water-Cu nanofluid 
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In Saudi Arabia industry, many enzymes with higher efficiency and low cost were 
needed. For that different screening programs were done to search the most suitable 
microorganisms producing the high quality enzymes. Moreover, many medical 
problems appeared such as the resistance of different bacteria to antibiotics which 
encourage us the search of new active biomolecules. In the present study, we decided 
to investigate unexplored areas of Saudi Arabia to isolate actinomycetes with 
probably promising features. 
After isolation of 59 actinomycetes from different soil cities in Saudi Arabia, we 
investigated their morphological properties and their ability to produce extracellular 
enzymes on solid culture media containing specific substrates as a sole source of 
utilization. Different types of enzymes were detected in the new bacterial collection. 
In fact, out of fifty nine actinomycetes, 44 isolates (74%) showed amylase activity, 45 
isolates (76%) produced cellulase enzymes, 44 isolates (74%) were classified as 
positive to catalase, 29 isolates (49%) were found positive for lipase activity and 40 
isolates (67%) were able to produce protease enzymes.  
After comparison between promising stains showing diverse characters including 
color of aerial mycelium, reverse side color, and ability to produce diffusible 
pigments, we conducted an identification study. The sequencing and alignment of 
rDNA of the chosen isolates permitted the identification of the genus Streptomyces.  
Some strains exhibited a significant antimicrobial activity against two Gram-negative 
bacteria (Escherichia coli and Klebsiella pneumonia), two Gram-positive bacteria 
(Staphylococcus aureus and Bacillus subtilis) and one yeast (Candida albicans). The 
results indicated that Streptomyces sp. strain JS1 and strain JS2 showed high 
inhibitory activity (5.5, 7.5 mm) against B. subtilis and C. albicans, respectively. 
Moreover, MIC of their extracts revealed that they have good inhibitory activity 
against Gram-positive, Gram-negative and fungal pathogens with MIC values ranged 
between 30 and 45 g/ml. 
 
Keywords: Actinomycetes, biomolecule, enzyme, antimicrobial activity. 
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Abstract 
The characterization of wastewater originating from the leather industry has a complex 
structure and contains high amounts of organic and inorganic substances. Many treatment 
methods have been tried in the literature for the treatment of leather wastewater. In this study, 
sulphate removal was investigated by adsorption method. Solutions were prepared by adding 
0.5 g, 1 g and 2 g granular activated carbon to the waste water. Adsorption was carried out on 
an orbital shaker for 30 min, 45 min, 60 min, 90 min and 120 min. At the end of the 
adsorption process, sulfate determination was carried out in the samples.The removal 
efficiencies of these activated carbons were compared by using two different types of 
activated carbon as adsorbent. Adsorbents were added to wastewater in different doses, at 
different times and at different pH, and their effect on the adsorption was investigated in these 
variables. As a result of the study, it was determined that the removal efficiency obtained as a 
result of the adsorption with granular activated carbon as the adsorbent was higher than the 
coconut activated carbon at pH=4, where removal was high in both adsorbents. Maximum 
sulphate removal coefficient (Qo) in granular activated carbon and coconut activated carbon 
was found as 2.44978 (R2=2.44978) and 2.747253 mg/g(R2=2.747253), respectively. 
 
 
Key words: Adsorption, Leather, Sulfate, Wastewater 
 
 
1.Introduction 
With the increasing industrialization, the removal of pollutants in wastewater is one of the 
subjects that have been studied. Industrial facilities have to treat their wastewater in a way 
that will not harm the environment and be below the determined discharge limits. 
A series of processes are carried out for the final product obtained in the leather industry. 
Sulphate, which is among the polluting parameters in the wastewater formed as a result of the 
processes, causes negative effects. Sulphate is reduced to hydrogen sulfide by the effect of 
bacteria in concrete channels where industrial wastewater is conveyed under anaerobic 
conditions, and the resulting H2S oxidizes to form H2SO4 with moisture. Thus, it causes 
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corrosion of concrete pipes. It is also known to cause odor at low pH due to the presence of 
H2S (Durano lu, 2011). 
Various studies have been carried out in our country on physical, chemical, biological, 
advanced treatment and combinations of these treatment methods for the removal of SO4-2 in 
leather industry wastewater. In this study, the removal of SO4

-2 by adsorption method was 
investigated. During the processing of raw hide, leather; pre-processes such as wetting, 
calcining, hair removal. At this stage, the skin is freed from the pieces of meat on it, making it 
easier for chemicals used in advanced processes to penetrate the skin (Küçükpelvan et al., 
2017). 
After the pre-treatments are applied, the leather is made ready for the tanning process. The 
tanning process is carried out with the help of tanning agents to give the leather a stable form 
and to provide high heat resistance. The substances used in tanning can be listed as mineral, 
vegetable and synthetic organic substances. Chromium is the most widely used mineral 
tanning agent with its unique properties to leather (Özgünay et al., 2007). 
Wet finishing processes consist of neutralization, bleaching, retanning, dyeing and lubrication 
steps, and these processes are usually carried out in a single process (Karabay, 2008). 
Crust undergoing retanning, dyeing and drying processes is subjected to a few more 
processes. The purpose of these processes is to make the leather softer and to close minor 
faults. By processing the leather with organic solvent or water-based paint and varnish, the 
resistance of the leather is increased, its appearance is improved and the surface becomes 
homogeneous. After this process, the leather is given its final shape and the process is 
completed with the garment stage (Küçükpelvan et al., 2017) 
Wastes from the leather industry are among the most important industrial wastewaters. The 
polluting parameters are Cr+6, SO4

-2, total chromium, COD, BOD, AKM, sulfur, oil and 
grease (Pehlivano lu et al., 1998). When these polluting parameters are carried to surface 
waters by wastewater, they precipitate over time and form sludge at the bottom, which causes 
many problems such as filling lakes and dams, deterioration of oxygen balance and turbidity. 
In addition, chromium has toxic and carcinogenic effects, as well as a tendency to accumulate 
in living organisms (Tunay et al., 1991). 
In the leather industry, mostly chromium salts are used to make animal skins non-perishable 
and usable, that is, tanning. Although various alternative materials have been developed for 
tanning in recent years, the reasons such as the fact that chromium salts are more economical 
and that no substance alone can replace the properties that chromium salts give to leather 
make chromium salts indispensable in the tanning process (Çetinkaya et al., 2010). SO4

-2 
passes into wastewater due to the intensive use of sulfuric acid (Küçükpelvan et al., 2017). 
Pollutant parameters in wastewater originating from leather industry; COD, BOD, Total 
Suspended Solids, pH, Oil and Grease, Ammonia, TKN, Sulfur, Total Dissolved Solids, SO4

-

2, Cr+6, Surfactant etc. can be counted as In order to make the treatment system simpler and 
more effective, wastewater containing chromium and sulfur is collected separately and pre-
treated during the processing of the leather and then combined with other wastewaters 
(Küçükpelvan et al., 2017). 
Sulfurous wastewater; It is formed as a result of washing water during the hair removal 
process, and sulfur oxidation, neutralization and carbonization processes are generally applied 
after balancing in the treatment of these wastewaters (Kabda l  et al., 1992). 
By pre-treatment of chrome-containing wastewater, chromium is recovered and hazardous 
waste generation is reduced. While the simple precipitation process is sufficient in case of 
separation, chemical precipitation is applied for chrome removal if it is not done (Kabda l  et 
al., 1992). 
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It is preferred that leather production is carried out in Organized Industrial Zones so that 
leather wastewater can be treated in common treatment facilities. It is preferred to construct a 
central treatment plant for industrial wastewater, as each industrial establishment requires a 
separate treatment plant and requires huge investments. The initial investment and operating 
cost in Organized Industrial Zones, and the selection of the appropriate treatment plant are 
important for calculating the participation shares of the industries in the region (Küçükpelvan, 
2019). 
 
2.Material and Methods 
 
Analysis of the adsorption data was performed according to the Langmuir isotherm. 
The Langmuir isotherm explains better than other isotherms whether the retention that occurs 
in active adsorption areas on solid surfaces is physical or chemical adsorption. In the 
Langmuir isotherm; adsorption increases linearly with the initial adsorbent concentration. At 
the maximum saturation point, the surface is covered with a single layer and the amount of 
adsorbent adsorbed on the surface remains constant. In the Langmuir isotherm, the adsorption 
energy is uniform. The adsorption rate is directly proportional to the adsorbent concentration 
and the empty adsorption areas on the surface (Beyhan, 2003). 
The Langmuir isotherm model assumes that adsorption takes place on a homogeneous surface 
and in a monolayer. At the same time, Langmuir acknowledges that all active sites have the 
same energy and equal affinity for the molecules to be adsorbed (Langmuir, 1918). 

Ce (mg l-1) / qe (mg g-1) = 1/(Q0 . KL) + (1/Q0 (g)) . Ce (mg l-1) (1) 
In these equations, Ce (mg l-1) value is the concentration of SO4-2 and Cr+6 in the equilibrium 
solution, qe (mg g-1) value is the amount of adsorbed SO4

-2 and Cr+6, KL value is Langmuir 
constant, Q0 (g) is adsorbed. It gives the maximum amount of SO4

-2 and Cr+6 that can be 
produced. Since the equation specifies a line between Ce/qe and Ce values, the slope of the 
line gives the value of 1/Q0, and the point where the line intersects on the y-axis gives the 
value of 1/Q0.KL (Namasivayam et al., 2001). 
 
 
2.1. Preparation of Samples 
Activated carbon weighings used in the study were made on analytical balance. The balance is 
a device that has an accuracy of 0.0001 grams and can automatically calibrate itself. 
0.5 g, 1 g and 2 g activated carbon were added to 100 ml wastewater samples used in the 
study, and adsorption was carried out in an orbital shaker for 30 minutes, 60 minutes, 45 
minutes, 90 minutes and 120 minutes. 
The adsorption of the samples prepared in an orbital shaker, whose shaking speed can be 
adjusted optically-electronically, was carried out by circular mixing method at a rotational 
speed of 150 rpm. 
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Figure 1. Mixing process of samples in orbital shaker 

Sulphate analyzes in the study were performed with a 2100N model Hach-Lange 
turbidimeter. The turbidimeter has a measuring range of 0 - 4000 NBB. 
2.3. Determination of Sulphate 
SO4

-2 is widely distributed in nature and can be found in natural waters in concentrations 
ranging from a few mg/l to g/l (Stieg et al., 1997). 
The SO4

-2 determination in the wastewater sample used in this study was analyzed by the SM 
4500-SO4

-2:E method. 
In the analysis principle, SO4

-2 ions precipitate with BaCl2 forming BaSO4 crystals of uniform 
size. The light absorbance of the BaSO4 suspension is measured with a photometer and the 
SO4

-2 concentration is determined by comparison with the generated standard curve (Stieg et 
al., 1997). 
The wastewater sample used in this study was stored at 4 0C since bacteria can reduce SO4

-2 
to S-2 if organic substances are present in the sample during the study. 
The pH value of the sample used in the study was measured as 7.74. The adsorption process 
was carried out at two different pH values: mixing with the addition of activated carbon on 
the sample without changing the pH value of 7.74, and adding activated carbon after the pH 
value was adjusted to 4 with HCl. 
A buffer solution was prepared by dissolving 30 g of MgCl26H2O, 5 g of CH3COONa.3H2O, 1 
g of KNO3, 20 ml of CH3COOH in 500 ml of water and completing it with distilled water to 
1000 ml. 
The wastewater sample used in this study was diluted 10 times during the analysis and the 
calculations were made by considering the dilution rate. 
5 ml of sample on 45 ml of water was filtered with a 0.45 m filter with the help of an 
injector. A 50 ml sample was taken into a 100 ml beaker and 10 ml of Buffer-A solution was 
added to it. The turbidity of the sample was recorded as the first reading value by placing it in 
the turbidimeter cuvette. A spatula full of BaCl2 was added to the sample taken out of the 
cuvette and then mixed for 1 minute on a magnetic stirrer. The mixed sample was put back 
into the turbidimeter cuvette and the value in the turbidimeter was recorded at the end of 5 
minutes. 
Subsequently, a calibration curve was created by plotting SO4

-2 concentrations. 
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3.Results and Discussion 
Solutions were prepared by adding 0.5 g, 1 g and 2 g granular activated carbon to the waste 
water. Adsorption was carried out on an orbital shaker for 30 min, 45 min, 60 min, 90 min 
and 120 min. At the end of the adsorption process, sulfate determination was carried out in the 
samples. The results are shown in the Figures below. The highest SO4

-2 removal was achieved 
in 60 minutes in the adsorption experiment performed with 0.5 g granular activated carbon for 
variable times. 318.7 mg/l, 298.5 mg/l, 267.1 mg/l, 300.1 mg/l at pH=7.74 adsorption time of 
30 min, 45 min, 60 min, 90 min and 120 min, respectively and sulfate values of 325.1 mg/l 
were obtained. 
During the 90 and 120 min adsorption period, the sulfate concentration increased above 300 
mg/l. In this case, it was determined that the activated carbon gave back the sulphate that it 
had held during the long mixing process. The same study was repeated as 30 min, 45 min, 60 
min, 90 min and 120 min adsorption trial with 1 g granular activated carbon. At pH=7.74, the 
effluent sulfate concentrations were 272.3 mg/l, 266.4 mg/l, 254.3 mg/l, 268.2, respectively, 
at 30 min, 45 min, 60 min, 90 min and 120 min adsorption times.  Compared to 0.5 g 
activated carbon adsorption values, higher efficiency was obtained in 1 g activated carbon 
adsorption. The effluent sulfate concentrations increased at 90 and 120 min adsorption times. 
When examined, the highest SO4

-2 removal was achieved in 60 minutes in the adsorption 
experiment performed with 1 g granular activated carbon for variable times. The same study 
was repeated with 2 g granular activated carbon for 30 min, 45 min, 60 min, 90 min and 120 
min adsorption trial. The results are given in Figure 2. In the adsorption experiment 
performed with 2 g granular activated carbon with variable durations, the highest SO4

-2 
removal was achieved in 60 minutes. At the same pH value, at the adsorption times of 30 min, 
45 min, 60 min, 90 min and 120 min, the effluent sulphate concentration decreased in the first 
60 min time period, and the effluent sulphate concentrations increased again at the end of 90 
and 120 min. 

 
Figure 2. SO4

-2 removal with granular activated carbon (pH=7.74) 
When the Figure 3 is examined, the highest SO4

-2 removal was achieved in 60 minutes in the 
adsorption experiment performed with 0.5 g granular activated carbon for variable times. At 
pH=4, 277.2 mg/l, 251.4 mg/l, 220.8 mg/l, 230.4 mg/l and 225 adsorption times, respectively, 
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at 30 min, 45 min, 60 min, 90 min and 120 min adsorption time. As a result of adsorption, the 
highest adsorption occurred in the first 60 min time period. The sulfate concentration 
increased during the 90 and 120 min adsorption process. In this case, it was determined that 
the activated carbon gave back the sulphate that it had held during the long mixing process. 
The same study was repeated as 30 min, 45 min, 60 min, 90 min and 120 min adsorption trial 
with 1 g granular activated carbon. At pH=4, the effluent sulfate concentrations were 252.1 
mg/l, 231.8 mg/l, 206.2 mg/l, 218.0 mg, respectively, at adsorption times of 30 min, 45 min, 
60 min, 90 min and 120 min. /l and 224.0 mg/l were found. Compared to 0.5 g activated 
carbon adsorption values, higher efficiency was obtained in 1 g activated carbon adsorption. 
The yield reached the highest value at 60 min adsorption time. The effluent sulfate 
concentrations increased at 90 and 120 min adsorption times. When examined, the highest 
SO4

-2 removal was achieved in 60 minutes in the adsorption experiment performed with 1 g 
granular activated carbon for variable times. The same study was repeated with 2 g granular 
activated carbon in the form of 30 min, 45 min, 60 min, 90 min and 120 min adsorption trial 
at pH=4. In the adsorption experiment performed with 2 g granular activated carbon with 
variable durations, the highest SO4

-2 removal was achieved in 60 minutes. At the same pH 
value, at the adsorption times of 30 min, 45 min, 60 min, 90 min and 120 min, the effluent 
sulphate concentration decreased in the first 60 min time period, and the effluent sulphate 
concentrations increased again at the end of 90 and 120 min. 

Figure 3. SO4
-2 removal with granular activated carbon (pH=4) 

3.1. Sulphate Removal with Coconut Activated Carbon 
Solutions were prepared by adding 0.5 g, 1 g and 2 g of coconut activated carbon to the waste 
water. Adsorption was carried out on an orbital shaker for 30 min, 45 min, 60 min, 90 min 
and 120 min. At the end of the adsorption process, sulfate determination was carried out in the 
samples. When Figure 4 is examined, the highest SO4

-2 removal was achieved in 60 minutes 
in the adsorption experiment performed with 0.5 g coconut activated carbon for variable 
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times. 274.0 mg/l, 263.7 mg/l, 256.9 mg/l, 269.2 mg/l at pH=7.74 adsorption time of 30 min, 
45 min, 60 min, 90 min and 120 min, respectively and 282.5 mg/l sulfate values were 
obtained. As a result of adsorption, the highest adsorption occurred in the first 60 min time 
period.  
The sulfate concentration increased during the 90 and 120 min adsorption process. In this 
case, it was determined that the activated carbon gave back the sulphate that it had held during 
the long mixing process. The same study was repeated as 30 min, 45 min, 60 min, 90 min and 
120 min adsorption trial with 1 g coconut activated carbon. The results are shown in figure 4. 
At pH=7.74, the effluent sulfate concentrations were 263.7 mg/l, 260.4 mg/l, 258.5 mg/l, 261, 
respectively, at the adsorption times of 30 min, 45 min, 60 min, 90 min and 120 min. 2 mg/l 
and 269.4 mg/l were found. The yield reached the highest value at 60 min adsorption time. 
The effluent sulfate concentrations increased at 90 and 120 min adsorption times. When 
Figure 4 is examined, the highest SO4

-2 removal was achieved in 60 minutes in the adsorption 
experiment performed with 1 g coconut activated carbon for variable times. The same study 
was repeated with 2 g granular activated carbon for 30 min, 45 min, 60 min, 90 min and 120 
min adsorption trial. In the adsorption experiment performed with 2 g coconut activated 
carbon for variable times, the highest SO4-2 removal was achieved in 60 minutes. At the same 
pH value, at the adsorption times of 30 min, 45 min, 60 min, 90 min and 120 min, the effluent 
sulphate concentration decreased in the first 60 min time period, and the effluent sulphate 
concentrations increased again at the end of 90 and 120 min. 

 
Figure 4. SO4

-2 removal with Coconut activated carbon (pH=7.74) 
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Figure 5. Effluent sulphate concentrations are shown at pH=4 at 0.5 g, 1 g and 2 g activated 
carbon concentrations at 30 min, 45 min, 60 min, 90 min and 120 min adsorption times.  
The highest adsorption efficiencies were achieved with the use of 1 g and 2 g activated 
carbon. The optimum dose for sulfate adsorption was determined as 2 g at pH=4. At low 
adsorbent ratio, effluent sulfate concentrations increase. It was found that the sulfate retained 
in the activated carbon was desorbed again during the long mixing time. It was determined 
that the maximum removal was at acidic pH. 
As a result of the SO4

-2 removal study with coconut activated carbon, the highest SO4-2 
removal efficiency was obtained when adsorption was performed with 2 g of activated carbon 
at pH=4 for 60 minutes. The results with the highest removal efficiency are given in Figure5. 
Increasing the amount of activated carbon from 0.5 g to 1 g in adsorption with coconut 
activated carbon at pH = 4 for 60 minutes allowed 3% in SO4

-2 removal, while increasing it 
from 1 g to 2 g yielded 6%. . 
Due to the low SO4

-2 removal efficiency, 1.0353 g of Na2SO4 chemical was added to the 
distilled water in order to be able to evaluate, and a sample with a SO4

-2 result of 346.7 mg/l 
was obtained. As a result of the study, since the efficiency of SO4

-2 removal with granular 
activated carbon is higher than that of coconut activated carbon, the evaluation study was 
carried out with granular activated carbon at pH=4 and pH=7. As in the study on the 
wastewater sample, in the trial study with pure water, the highest SO4

-2 removal efficiency 
was achieved in 60 minutes of adsorption using 2 g of activated carbon at pH=4. 
Langmuir adsorption model was used in the mathematical description of SO4

-2 removal 
obtained as a result of adsorption with 2 g of activated carbon at pH=4 where the removal is 
high in both adsorbents. Graphics of isotherms are given in Figure 6. 

0

50

100

150

200

250

300

350

0,5 1 2

W
as

te
w

at
er

 S
O

4-2
 Ç

k
 (m

g/
l) 

Mass of Activated Carbon (g) 

Graph of Sulphate Removal with Coconut Activated 
Carbon (pH=4) 

30 dk

45 dk

60 dk

90 dk

120 dk

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 519 November 5-6, 2021



 
Figure 6. Langmuir isotherm plot for SO4

-2 removal       
Langmuir adsorption isotherm constants were calculated and the results were given in Table 
1. Langmuir adsorption model was used in the mathematical description of SO4

-2 removal 
obtained as a result of adsorption with 2 g of activated carbon at pH=4 where the removal is 
high in both adsorbents. Graphics of isotherms are given in Figure 6. 
Namasivayam et al. (2007), in their studies on anion removal, determined that the amount of 
SO4

-2 in water can be reduced by means of activated carbon obtained by using coconut shell 
fibers. 
As reported by Bingöl (2013), when the effect of the initial pH on the equilibrium adsorption 
capacity was investigated, it was observed that the highest adsorption capacity was reached at 
pH = 4.5. The reason is related to the positive loading of the chitosan particle adsorbent 
surface. Adsorption of SO4

-2 ions from water increases with decreasing pH value. The effect 
of adsorbent concentration on SO4

-2 adsorption with chitosan particles was investigated at 
different adsorbent amounts, and it was observed that the amount of SO4

-2 removed from the 
environment increased with the increase in adsorbent concentration. 
As reported by Arslan (2009), one of the most important factors affecting the adsorption 
process is the contact time between the adsorbent and the solution. The adsorbent rapidly 
adsorbs the material in the liquid film layer surrounding it, and the adsorption rate is high at 
the first contact. As the contact time increases, the adsorption rate decreases. Because at the 
end of a certain time, an equilibrium is established between the adsorbed substance and the 
substance in the 
Table 1. Langmuir coefficients and adsorption distribution constants of SO4

-2 adsorption 

adsorbent 
Langmuir Isotherm 

Q0 (mg g-1) KL (l mg-1) R2 

Granular Activated 
Carbon 2,44978 0,007473 0,9802 

Coconut Activated 
Carbon 2,747253 0,007864 0,9977 

    
 
In SO4

-2 adsorption, Langmuir adsorption equation is obeyed for both adsorbents (R2>0.98). 
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Abstract 
In this presentation, a case of pericarditis fibrinosa associated with Histophilus somni in a 2-
month-old female Simmental calf brought to our pathology laboratory with a request for 
necropsy was evaluated pathologically and microbiologically. Macroscopically, severe 
fibrinous inflammation was found in the pleura and pericardial sac. It was observed that the 
liver was quite swollen and in a crunchy consistency, and the gall bladder was quite full. 
While multifocal collapsed areas were determined in the cortex region of the kidneys, severe 
hyperemia and focal bleeding areas were found in the abomasum. Severe thickening of the 
microscopic pericardium and inflamed cells, mostly neutrophils, were observed. Massom 
trichrome stainings showed that this thickening consisted of dense connective tissue 
components and fibrin. Severe hyperemia, alveolar emphysema, alveolar macrophages in the 
interalveolar septum of the lung, as well as inflammatory infiltration areas containing dense 
connective tissue and neutrophils in some areas of the pleura were determined. It was noted 
that the remark cords in the liver were dissociated, hepatocytes were different from each 
other in appearance, and large vacuoles in their cytoplasm. In the kidneys, necrosis, 
degeneration and desquamation of the tubular epithelium, hemorrhages and mononuclear 
cell infiltrations in the intertubular areas were observed, while a pink homogeneous material 
was found in the Bowmann capsule. According to the findings obtained in pathological and 
microbiological examinations, the case was diagnosed as pericarditis fibrinosa due to 
Histophilus somni. This result reveals that Hemophilus somni should also be considered in 
determining the etiology of fibrinous pericarditis in calves. 
Keywords: Fibrinous pericarditis, Histophilus somni, Fibrinous pleuritis. 
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1. INTRODUCTION 
Pericarditis is inflammation of the visceral and parietal leaves of the pericardial sac. Pericardial 
inflammations rarely occur locally, commonly during the course of systemic diseases. Fibrinous 
pericarditis usually occurs by the hematogenous route, but sometimes in inflammatory events in 
the surrounding tissues, they can come to the pericardium with the lymphatic system and cause 
inflammation. In fibrinous pericarditis, the pericardial tissue is rough, granular, and there are fibrin 
deposition and adhesions on the epicardial surface [1,20]. 
Histophilus group microorganisms are found in all animal species. As they form part of the normal 
bacterial flora, they cause specific infections in various animals and are also secondary to some 
other infections. The most important infections caused by Histophilus group microorganisms are 
equine contagious metritis, chicken infectious coryza, sheep bronchopneumonia and swine 
influenza [2,18,16]. 
Histophilus somni (Histophilus ovis, Haemophilus agni, Haemophilus somnus) is an opportunistic 
pathogenic bacterium in the form of gram-negative coccobacillus that causes systemic infections 
[17]. The agent was first described in 1960 as a Haemophilus-like organism that causes 
meningoensaphitis in beef cattle in California [10,8]. Infection is common in cattle in North 
America, Western Europe and Scandinavia, causing serious economic problems [6]. Histophilus 
somni causes meningoencephalitis, arthritis, pleuritis, bronchopneumonia, otitis, mastitis and 
myocarditis in cattle [16,14,7]. 
Histophilosis is a sporadic disease of cattle worldwide. Predisposing factors for the disease are 
stress, weather, diet-related factors and mixing of cattle with different herds [15]. The agent causes 
thrombotic meningoencephalitis especially in young beef cattle. Although there is insufficient 
information about the invasion of the vessels in the pathogenesis of the disease, the main site of 
invasion of the vessels is considered to be the respiratory system. After the invasion of the agent 
into the vessels, it causes septicemia and creates vasculitis in many organs. The disease mostly 
occurs shortly after winter feeding and return from pasture. The disease progresses in subacute, 
chronic and lethal or non-lethal forms [20,4]. The disease cannot be fully diagnosed clinically. 
Vaccination is known to be the most effective and appropriate method to prevent disease [11]. 
Hemophilus show a different growth requirement from other microorganisms. They do not grow 
on routine artificial media in the laboratory. They need growth factors for their reproduction. 
Microorganisms adapted to the medium after initial isolation can grow without growth factor 
[19,16]. 
Coagulative necrosis, neutrophilic inflammation, bleeding and fibrous exudates in the heart are 
frequently reported pathologically in myocarditis cases of calves with Histophilus somni in the 
etiology. Bacterial colonies consisting of coccobacilli were also reported in Gram staining 
performed on these sections. Areas of necrosis have been reported to be surrounded by an 
infiltrate of inflammatory cells predominantly composed of neutrophils, lymphocytes, plasma 
cells, and macrophages. Thrombosis and vasculitis have been identified in medium and small 
diameter arteries and veins. Fibrinous pericarditis has also been reported in some cases with areas 
of acute infarction in the heart. Bronchopneumonia with multifocal necrosis with moderate, 
diffuse congestion in the lungs and alveolar exudation of fibrin and neutrophils has been reported. 
Fibrin effusion with entangled neutrophils and macrophages in the pleura has been reported 
[3,9,13]. 
In this presentation, a case of pericarditis fibrinosa associated with Histophilus somni in a 2-
month-old female Simmental calf brought to our pathology laboratory with a request for necropsy 
was evaluated pathologically and microbiologically. 
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2. MATERIAL AND METHOD 
2.1 Case Report 
The material of this case report consists of tissues of a 2-month-old dead calf belonging to a 
breeder who applied to our department with the complaint of blood in the stool, respiratory 
distress and death. Tissue samples taken after autopsy of the calf were processed with known 
laboratory methods and stained with Hematoxylin Eosin and special staining methods. The culture 
of tissue samples were performed 10% blood agar and chocolate agar, and incubated for 72 hours 
at 37 °C in an aerobic and microarophilic environment, Microscopic photographs (Olympus, 
DP12) were taken from the necessary preparations as a result of microscopic examinations. 
 
3. RESULTS AND DISCUSSION 
In the necropsy performed on the calf brought to our department with the complaints of 
hemorrhagic enteritis and respiratory distress, a severe fibrinous inflammation was found in the 
pleura and pericardial sac macroscopically (Figure 1.A). This fibrinous inflammation was also 
observed in the parenchyma tissue of the lung. In addition, hard hepatizing pneumonia foci were 
seen in the lung (Figure 1.C). It was observed that the liver was quite swollen and in a crunchy 
consistency, and the gallbladder was quite full (Figure 1.A). While multifocal collapsed areas 
were detected in the cortex region of the kidneys (Figure 1.C), severe hyperemia and focal 
bleeding areas were observed in the abomasum (Figure 1.F). 
Microscopic examinations revealed hyperemia in the myocardium, as well as degeneration and 
necrosis in myocytes. In addition, severe thickening of the pericardium and inflamed cells mostly 
composed of neutrophil granulocytes were observed (Figure 2.A). In the Massom trichrome 
stainings, it was observed that this thickening consisted of dense connective tissue components 
and fibrin (Figure 2.F). In addition to severe hyperemia, alveolar emphysema, alveolar 
macrophages in the interalveolar septum of the lung, inflammatory infiltration areas containing 
dense connective tissue and neutrophils were detected in some areas of the pleura (Figure 2.B-C). 
It was noted that the remark cords in the liver were dissociated, hepatocytes were different from 
each other in appearance, and large vacuoles in their cytoplasm (Figure 2.D). In addition, areas of 
focal necrosis were also found in some areas. In the kidneys, necrosis, degeneration and 
desquamation of the tubular epithelium, hemorrhages and mononuclear cell infiltrations in the 
intertubular areas were observed, while a pink homogeneous material was found in the 
Bowmann's capsule (Figure 2.E). 
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In microbiological examinations, immobile, Gram (-), catalase (-), oxidase (+), indole (-), H2S (-), 
urea (-), ONPG (+), with yellow pigmented, round shaped flat colony growing in microaerophilic 
environment, VP (-), coccobacillus bacteria with citrate reaction (-) were identified as Histophilus 
somni. 
 

Figure 1. A. Dense fibrin mass in thoracic cavity organs (black arrow) and liver very swollen and 
friable (blue arrow), B. Dense fibrin mass in pericardium, C. Fibrin masses in cranial lobes of lung 
(blue arrow) and pneumonia area (black arrow), D. Dense fibrin masses in the pericardium and 
epicardium (arrow), E. Multifocal sunken areas (arrows) in the renal cortex region, F. Hyperemia 
and focal bleeding areas in the abomasum mucosa. 
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Figure 2.A. Inflammatory cell infiltrates (arrows) and fibrin structures (stars) in the pericardium 
of the heart, H.E, x200. B. Inflammatory cell infiltrates (arrow) and fibrin structures (asterisks) in 
pleura in the lung, H.E, x400. C. Hyperemia (arrow) in the interalveolar septum in the lung and 
fibrin structures (star) in the pleura, x200. D. Dissociation of remark cords in liver, large vacuoles 
(stars) in hepatocyte cytoplasm and hyperemia (arrow) in sinusoids, H.E, x400. E. Degenerative 
and necrotic changes (arrow) in tubular epithelium in kidney with pink homogeneous material 
(stars) in Bowmann's capsule, H.E, x200. F. Fibrin structures (stars) and connective tissue 
(arrows) in the pericardium of the heart, Massom trichrome, x200. 
This case was diagnosed with cardiac histophilosis based on pathological and microbiological 
findings. Trueperella pyogenes, Listeria monocytogenes, Escherichia coli, Pseudomonas spp. or 
Streptococcus spp. Embolic pyogenic or opportunistic bacterial pathogens such as embolic 
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pyogenic or opportunistic bacterial pathogens can also cause myocarditis in cattle, but such lesions 
tend to be randomly distributed and outbreaks are rare [12]. 
In our country, there is very little published information about cardiac histophylosis in the remote 
areas. Most reports of cardiac histophilosis originate in Canada and, to a lesser extent, the United 
States and the United Kingdom [5,12]. The calf that constitutes our case belongs to a farm in Eskil 
district of Aksaray province. There are no previous reports of cardiac histophylosis in our region. 
In a study conducted in Canada, it was reported that H. somni was responsible for 76% of 
myocardial diseases detected in beef cattle in Canada [5]. 
 
 
 
4. CONCLUSION 
According to the findings obtained in pathological and microbiological examinations, the case was 
diagnosed as pericarditis fibrinosa due to Histophilus somni. This result reveals that Histophilus 
somni should be considered in determining the etiology of fibrinous pericarditis in calves. 
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Abstract 
In this presentation, mast cell tumors were described in 2 subcutaneous masses located in the 
femoral region of the hind leg in a male English Setter dog. In 8-year-old male dogs brought to the 
veterinary clinic with the complaint of lameness, 2 masses of 2x1.5x1.5 and 1.5x1.5x1 cm were 
detected in the distal right femoral region, subcutaneous tissue and feeling embedded in the 
muscle tissue. It was observed that the totally extirpated masses were brownish-black in 
appearance and had a hard structure. The cross-sectional faces of the masses were grayish-white 
and cloudy in appearance. Sections prepared after routine tissue fixation and follow-up procedures 
were stained with Hematoxylated-Eosin (HE), Methyl Green Pyronin (MGG), Dominici and 
Congo Red (CR). The preparations were examined under a light microscope. In microscopic 
examination; Tumoral masses with unclear borders and progressing from the ermis into the 
muscle tissue were observed. In these areas, there were similar cells with oval or round shape, 
prominent nuclei, abundant and prominent cytoplasm with bluish colored granules, arranged in 
cords. It was determined that cytoplasmic granules showed methochromasia in staining with 
Dominici Dye. In addition, cytoplasmic granules in pink color were determined in staining with 
MGG. A large number of eosinophil granulocytes were found among the tumoral cells. In 
addition, amyloid deposits with a pink homogeneous appearance and positive staining with Congo 
Red were found among the tumor cells. As a result, the case was defined as subcutaneous multiple 
mastocytoma. Since multiple tumors are not common in dogs, it was deemed appropriate to 
present them. 
Keywords: Subcutaneous mastocytoma, English Setter, pathology, amyloidosis 

1.  

2. INTRODUCTION 
Mast cell tumors can be found ubiquitously in pet species. Tumors may be nodular or multicentric, 
mostly in the skin. In addition to the skin, it can also be seen in internal organs such as the liver, 
spleen, and intestines. Although the location and biological behavior differ by species, the 
similarities are greater. Mast cell tumors (MCTs) are quite common in dogs. It is less common in 
cats, but rare in other species. Mast cell tumors constitute 21% of skin neoplasms in dogs and are 
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the most frequently diagnosed malignant skin tumor in dogs. Although there is no gender or age 
preference, its incidence increases with age. The mean age of MCT is reported as 9 [1- 3]. 
The breeds in which mastocytomas are most common in dogs are boxers, shar peis, bulldogs, 
labrador and golden retrievers, pit bull terriers, Boston terriers, , fox terriers, weimaraners, cocker 
spaniels, Rhodesian ridgebacks, dachshunds, Australian cattle dogs, pug dogs, beagles, 
schnauzers. Boxers and pug dogs tend to develop MCTs that are less biologically aggressive, 
while shar-pei tend to develop MCTs that often behave more aggressively at a younger age. The 
majority of MCTs in animals occur as single nodules in the skin. Subcutaneous MCTs should be 
distinguished from cutaneous MCTs in dogs as they have opposing biological behaviors. 
Mastocytomas can develop anywhere on the body. However, it commonly occurs in the skin and 
subcutaneous tissue. It has been reported to be more common in the hind legs in Boxers and 
Terriers. It has been reported frequently on the tail in Rhodesian ridgebacks, and on the head and 
hind legs in English setters [1- 2]. 
Subcutaneous mastocytomas can be located in the subcutis anywhere in the body. However, in 
most of the cases (60%), it is located on the back, chest and legs. 95% of tumors are in the form of 
a single mass. While swelling is seen on the skin, ulceration rarely occurs. It is usually seen as a 
lipoma-like, fleshy soft masses with undefined borders [2]. 
Microscopically, tumoral cells are oval or spherical in shape, with a prominent round nucleus, and 
pale pink cytoplasm with bluish granules on staining with hematoxylin-eosin. Among these cells, 
abundant eosinophil granulocytes are found. In addition, findings such as collagenolysis, sclerosis, 
edema, necrosis, and secondary inflammation are quite common in mast cell tumors, and in cases 
where these findings are very intense, neoplastic cells may be masked by them. Diagnosis is easy 
because cytoplasmic granules are prominent in most of the cases. These granules are stained pink 
with giemsa and purple with Dominici [3-5]. 
 
 
2. MATERIALS AND METHODS 
2.1. CASE HISTORY 
In 8-year-old male dogs brought to the veterinary clinic with the complaint of lameness, 2 masses 
of 2x1.5x1.5 and 1.5x1.5x1 cm diameter were detected in the distal right femoral region, 
subcutaneous tissue and feeling embedded in the muscle tissue (Fig. 1). It was observed that the 
totally extirpated masses had a hard structure with a brownish-black appearance. The cross-
sectional faces of the masses were grayish-white and cloudy in appearance. 
2.2. METHODS 
The extirpated masses were fixed in 10% formaldehyde solution for 24 hours. Slides prepared 
after routine tissue follow-up were stained with Hematoxylated-Eosin (HE), Methyl Green 
Pyronin (MGG), Dominici and Congo Red (CR) dyes ([6]). Preparations were examined under a 
light microscope (Olympus BX51, Tokyo, Japan). 
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Figure 1. Masses extirpated from the hind leg (A) and cross-sectional face (B). 
 
3. RESULTS AND DISCUSSION 
In microscopic examination; Tumoral masses with unclear borders, advancing from the dermis 
into the muscle tissue were observed. In these areas, there were similar cells with broad and well-
defined cytoplasm, which were arranged in cords, oval or round in shape, with a prominent 
nucleus, with bluish colored granules inside. It was determined that cytoplasmic granules showed 
methochromasia in staining with Dominici stain (Fig 3A-B). In addition, pink colored cytoplasmic 
granules were detected in staining with MGP (Fig 3C-D). Abundant eosinophil granulocytes were 
found among the tumoral cells. In addition, amyloid deposits with a pink homogeneous 
appearance and positive staining with Congo Red were found among the tumor cells. 
Mast cell tumors are one of the most common skin tumors in dogs, and they are frequently seen 
between 8 and 10 years of age. They can develop anywhere on the body, but the hind legs, 
abdomen, and chest are the most common sites. It is more common in the hind legs in Boxers 
and Terriers, and in the head and hind legs in English setters [2]. In this study, tumors were 
found in the hind leg of the English setter dog, as reported in the literature. Although it is 
generally reported as single masses [2], 2 masses were extirpated in this case. In this case, the 
tumor was defined as a rare multiple form. 
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Figure 2. A-B. Tumoral infiltration (black arrow) extending from dermis into muscle tissue, 
H&E. C-D. Mast cells lined up  in cords (black arrow) and hyalinized collagen (white arrow), 
Small Pictures: Mast cells with basophilic granules (blue arrow), Eosinophil granulocyte (red 
arrow) H&E. 
 

 
Figure 3. A-B. Mast cells with purple granules in their cytoplasm, Dominici Stain. CD. Mast cells 
with purple granules in their cytoplasm, MGP Stain. 
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In microscopic examination, the arrangement of the tumor in cords separated by thin bands, 
cell shape and cytoplasmic bluish granules in hematoxylin-eosin staining were consistent with 
the literature [5]. In the histochemical stainings performed to confirm the case, the granules 
were seen in purple color in Domici's Mast cell staining, and pink in color with Giemsa stain. 
With these data, it was defined as mastocytoma. In dogs, mastocytomas are usually in  the 
epidermis and are called cutaneous mastocytomas. When tumor cells extend into the dermis 
and into the subcutaneous insertions, it is called a subcutaneous mastocytoma. In previous 
studies, it has been reported that subcutaneous mastocytomas were named as grade 2 
cutaneous mastocytomas and were incorrectly evaluated [2]. In this case, because the tumor 
cells invaded from the dermis to the muscle tissue, it was evaluated as subcutaneous 
mastocytoma. Since subcutaneous mastocytomas do not have exact borders and invade into 
the tissues, the tumoral mass is not completely removed, and it is reported that it frequently 
recurs and metastasizes [7]. In this case, it was evaluated that due to the spread of tumor cells 
into the muscle tissue, there was no complete extirpation and possibly recurrence. 
Abundant eosinophil granulocytes are common in tumoral areas ([3]). In addition, it has been 
reported that findings such as collagenolysis, sclerosis, edema, necrosis, and secondary 
inflammation may be encountered [2-5]. In this report, as well as hyalinized collagen deposits 
with abundant eosinophil granulocytes among tumor cells, amyloid deposits stained positively 
with Congo red were seen. It was evaluated that this may be the result of the slow and long-lasting 
development of tumoral masses. 
 

4. CONCLUSION 
As a result, the case was defined as subcutaneous multiple mastocytoma. Since multiple tumors 
are not common in dogs, it was deemed appropriate to present them. 
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Abstract 
Hemangiopericytoma is one of the most common subcutaneous soft tissue tumors of dogs. The 
neoplasm is-istopathologically characterized by spindle-shaped cells arranged in whorls around 
the blood vessels and characterized by the appearance of neoplastic cells as a "fingerprint" 
pattern. In this report, we described a case of hemangiopericytoma in a Golden Retriever dog. In 
the anamnesis of female dog, it was 17 years old and firstly noted by the owner about 3 years 
ago that the swelling noticed in the subcutaneous region of the distal humerus was about 0,5 cm 
in size. Due to the swelling getting bigger in the course of time (about three years), the mass was 
resected and submitted to Pathology Laboratory of the Faculty of Veterinary Medicine, Selcuk 
University. Biopsy materials in 2 pieces were measured as 6.5X4.5X5 and 2.5X2X2 cm in 
diamater. Grossly, the cross-sectional face of the large piece, cream-colored and viscous, had a 
layered appearance. the smaller one had a hard consistency and the cross-sectional face had a red 
and white mottled appearance. After the routine histopathology process, Tissue sections were 
stained with hematoxylin and eosine (HE) and Masson’s Trichrome (MT) stains and examined 
under the light microscope. Microscopically, the neoplasm was multilobular and composed of 
pleomorphic spindle-shaped cells.  The neoplastic cells had vesicular nuclei and contained round 
nucleoli. The neoplastic tissue cells were arranged in multiple helices which is separated by 
stromal collagen. There was mild hemorrhages and some necrotic area. Mitotic figures were seen 
in theese sections. Considering that it develops slowly and remains localized for a long time, it 
was found appropriate to present it as a case report. 
 

Keywords: Hemangiopericytoma, Golden Retriever Dog, Histopathology  
 
  
1. INTRODUCTION 
Hemangiopericytoma, first described by Stout and Murray in 1942 is one of the most common 
subcutaneous soft tissue tumors of dogs. It is rare and aggressive mesenchymal tumors which arises 
from Zimmermann pericytes surrounding the endothelial lining of capillaries and venules [1,2]. There 
is no significant difference between Breeds or in the sex distribution of affected dogs in terms of tumor 
preference. It is reported 74% of the tumors developed on the extremities and recurrence rates were 
60% with surgical excision combined with radiotherapy and 31% with only surgical excision [3].  
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Hemangiopericytoma is characterized by spindle-shaped cells with cytoplasmic process arranged in 
whorls around blood vessels in microscopy. The structure formed by neoplastic cells gives the tumor a 
"fingerprint" pattern [4]. The neoplasm is generally local infiltrative and   metastasizes are seldom [5]. 
In a study conducted in dogs treated with postoperative radiation; The survival time was determined as 
2.5-55 months. It has been reported that 40.9% of the dogs did not re-grow for 24 months. It was 
determined that 40% of the dogs died from tumor recurrence or tumor-related causes [6]. 
In this presentation, a case of slowly developing hemangiopericytoma in a 17-year-old female dog is 
discussed. 
 
2. MATERIAL AND METHOD 
In the anamnesis of female dog, it was 17 years old and firstly noted by the owner about 3 years ago 
that the swelling noticed in the subcutaneous region of the distal humerus was about 0,5 cm in size. 
Due to the swelling getting bigger in the course of time (about three years), the mass was resected and 
submitted to Pathology Laboratory of the Faculty of Veterinary Medicine, Selcuk University. After the 
routine histopathology process, Tissue sections were stained with hematoxylin and eosine (HE) and 
Masson’s Trichrome (MT) stains [7] and examined under the light microscope. 
 
3. RESULTS AND DISCUSSION 
Biopsy materials in 2 pieces were measured as 6.5X4.5X5 and 2.5X2X2 cm in diamater. Grossly, the 
cross-sectional face of the large piece, cream-colored and viscous, had a layered appearance. the 
smaller one had a hard consistency and the cross-sectional face had a red and white mottled 
appearance (Figure 1). Microscopically, the neoplasm was multilobular and composed of pleomorphic 
spindle-shaped cells (Figure 2-3).  The neoplastic cells had vesicular nuclei and contained round 
nucleoli. The neoplastic tissue cells were arranged in multiple helices which is separated by stromal 
collagen. There were mild hemorrhages and some necrotic area. Mitotic figures were seen in theese 
sections (Figure 4). 

 
Figure 1. Cross-sectional face of the large piece, cream-colored and viscous, had a layered 
appearance. the smaller one had a hard consistency and the cross-sectional face had a red and white 
mottled appearance 
In histopathological examination, the neoplasm was multilobular and composed of pleomorphic 
spindle-shaped cells.  Tumor cells had vesicular nuclei and contained round nucleoli. The neoplastic 
tissue cells were arranged in multiple helices which is separated by stromal collagen. There were mild 
hemorrhages and some necrotic area. Mitotic figures were seen in theese sections. 
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Figure 2. Multilobular arranged tumor section and multiple helices view. HE 

Figure 3. Another view of multiple helices structures. HE 
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Figure 4. Pleomorphic spindle-shaped tumor cells (thick black arrow).  They have vesicular nuclei. 
The neoplastic tissue cells were arranged in multiple helices which is separated by stromal collagen 
and many capillaries (white arrows) and mitosis (thin black arrow). HE 
Average age of hemangiopericytomas is 7 to 10 years (middle-aged or older dogs) [8]. In previous 
reports of our department, 2 more cases of hemangiopericytoma were reported. One of them was 
observed on the posterior left extremity plantar face of a 9-year-old German Shepherd dog [9] and the 
other was observed on the left anterior extremity of a 4-year-old cross-breed dog [10]. In the present 
case, the dog was 17 years old Golden Retriever and this lesion was first noticed on distal humerus for 
3 years ago. Hemangiopericytomas are generally found in subcutaneous layer of integument of the 
extremities [11]. Similarly, location of the tumor was subcutaneous region of the distal humerus. 
According to the morphology, Three subtypes of hemangiopericytoma were described as epithelioid, 
storiform and perivascular [12]. Tumor cells arranged concentrically around the central lumen in this 
case and named as perivascular form. 
 
 
4. CONCLUSION 
In conclusion, considering that it develops slowly and remains localized for a long time, it was found 
appropriate to present it as a case report. 
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Abstract 
A 1-year-old male stray cat adopted by animal lovers was previously taken to a private Veterinary 
Clinic in Istanbul with complaints of severe kidney failure, loss of appetite and weight loss. After the 
clinical examinations, it was informed that the animal was decided to be euthanized and necropsy was 
performed there. In the necropsy, it was reported that the kidneys were quite enlarged and pale in 
color, and 5 tissue pieces taken from the kidneys were sent to our Pathology Department within 
formaldehyde solution. In macroscopic examination, it was noted that the outer surface of the organ 
included dark brown areas in places, but was generally light and pale gray-white in color. It was 
observed, on the cut surfaces, that the capsule was quite thickened and contained bleeding areas, and 
there were pale, whitish areas extending from the cortex to the medulla, but the cortico-medullary 
border was not clear. 
In the histopathological examination, it was noticed that the capsule, cortex and medulla were covered 
with diffuse, infiltratively extending, mostly dark-hyperchromatic, round-nucleated and small 
cytoplasm, generally round uniform-looking lymphoid type tumor cells. It was noted that the tumor 
cells were of blastic type and there were many mitotic figures. The glomeruli and tubules were 
detached and degenerative due to tumor tissue that spread infiltratively in the renal interstitium and did 
not have a separate stroma. Thanks to the typical lymphoblastic structure of the tumor cells, the case 
was diagnosed as lymphoma, which can be widely seen in the kidneys of cats. 
Despite the knowledge that renal lymphomas are usually metastatic and may not only be limited to the 
kidneys but also spread to lymph nodes and other lymphoid organs, we could not obtain information 
about the prevalence/distribution in this animal since the necropsy was not performed by us. It was 
thought that it would be appropriate to present the case in order to draw attention to the need for a 
more careful and systematic necropsy examination and to take tissue samples from all suspicious 
organs for histopathological examination. 
Key Words: renal lymphoma, cat, pathology, oncology  
1. INTRODUCTION
Tumors originating from lymphoid cells are defined as lymphoma, lymphosarcoma, or malignant lymphoma.
It is one of the most common tumors in cats. One-third of all feline tumors have been reported as lymphoma.
It is 2 times more common in male cats than females. It has been reported to be seen even in younger cats
than 6 months of age because it mostly has a viral etiology (Feline Leukemie Virus). Alimentar, mediastinal,
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multicentric, leukemic and solitary (renal) types of lymphoma are common in cats, with the most alimentary 
type being seen [3,6].  
Renal Lymphoma, as in all species, is one of the most common tumors in the kidneys of cats. When it is 
found solitary in the kidneys, if investigated, it has been reported not only in the kidney, but also in the 
related and other lymph nodes. The tumor causes renal dysfunction by suppressing the kidney parenchyma 
[4,5,7]. Feline Leukemie Virus was found positive in 50% of renal lymphomas [1]. Clinically, symptoms 
such as loss of appetite, excessive water consumption, weight loss and vomiting are seen [2]. 
Macroscopically, the kidneys are usually enlarged, multiple masses of different sizes and whitish colors are 
seen in the appearance of protruding from the surface. Histologically, lymphoblastic type cells with 
prominent round nuclei and little cytoplasm are seen in the renal interstitium and are referred to as "typical" 
lymphoma cells [3,5,7]. 

2. CASE HISTORY and MACROSCOPIC EXAMINATION
In this presentation, infiltrative type lymphosarcoma was described in the kidney of a young cat. A 1-year-
old male stray cat adopted by animal lovers was previously taken to a private Veterinary Clinic in Istanbul
with complaints of severe kidney failure, loss of appetite and weight loss. After the clinical examinations, it
was reported that the animal was decided to be euthanized and necropsy was performed. Because it was
noticed that the kidneys were quite enlarged and pale in color in the necropsy examination, 5 tissue pieces
taken from the kidneys with the suspicion of a tumor were sent to the Selcuk University, Veterinary Faculty,
Pathology Department Laboratory for pathological examination.
In the macroscopic examination of the kidney pieces, the largest of which is 5x3x2 cm and the smallest
2,5x2x1.5 cm, delivered to our department within formaldehyde solution, it was noted that the outer surface
of the organ included dark brown areas in places, but was generally light and pale gray-white in color
(Figure 1A). On the section surface, the capsule and the bleeding areas underneath were dark brown in
places due to the effect of formaldehyde, the capsule was quite thickened, and there were pale, whitish areas
extending from the cortex to the medulla. The cortico-medullary border was not clear (Figure 1B).

Figure 1. A. Bleeding areas under the capsule (red arrow), whitish tumoral areas with protruding surface 
appearance (black arrow). B. Corticomedullary borders are lost due to diffuse tumoral infiltration (black 
arrows) on cut surfaces. 
3. METHODS
Tissue pieces were thinned to a thickness of 4-5 mm and then fixed in 10% formaldehyde solution for 24
hours again. After routine tissue processing procedures, the preparations were stained with Hematoxylin-
Eosin (HE) (Luna 1968). The slides were examined under a light microscope (Olympus BX51, Tokyo,
Japan).
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4. MICROSCOPIC FINDINGS AND DISCUSSION 
On the histopathological examination of the sections, it was noticed that the capsule, cortex, and medulla 
were covered with diffuse and infiltratively extending tumor cells, which are mostly dark-hyperchromatic, 
round-nucleated and prominent but small cytoplasm, generally round-oval shaped uniform-looking lymphoid 
type cells (Figure 2.A-F). It was noted that the tumor cells were of blastic type and there were many mitotic 
figures (Figure 2F). It was observed that the glomerulus and tubules were separated and degenerative due to 
tumor cells that did not have a distinct stroma and were noticed to have spread infiltratively in the renal 
interstitium. Bowmann's cavities and tubules contained a protein-rich fluid (Figure 2.D-E). In addition, 
diffuse bleeding was observed under the capsule. Owing to the typical lymphoblastic structure of the tumor 
cells, the case was diagnosed as lymphoma, which can be widely seen in the kidneys of cats. 

 
Figure 2. A. Aggregation of tumoral cells in subcapsular and cortical areas of kidney (yellow arrows) and 
subcapsular hemorrhage (blue thin arrow), HxE, x4, B. Infitrating tumoral cells into kidney interstitium 
(yellow arrow). HxE, x10, C. Dark-hyperchromatic and round-nucleated tumoral lymphoid cells in the 
interstitium (yellow arrow). HxE, x20, D. glomerulus and tubules were separated and degenerative due to 
tumor cells (yellow arrow) and proteinous fluid in Bowmann’s space (black thin arrows). HxE, x20, 
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E.Uniform-looking tumoral lymphoid cells in the interstitium (yellow arrow) and proteinous fluid in 
Bowmann’s space (black thin arrow). HxE, x40, F. Tumor tissue has not a distinct stroma (white arrows) and 
separates tubules (yellow thin arrow) HxE, x40, mitotic figures (red arrows) are seen in inset. HxE. 
It is reported that renal lymphoma is the most common tumor among kidney tumors and causes renal 
dysfunction due to tumoral infiltrations [3,4,5]. In this case, it was interpreted that tumoral infiltrates 
enlarged in the interstitium by putting pressure on the glomerular and tubular areas, thus causing renal 
dysfunction. Macroscopically, the appearance of whitish multiple masses protruding from the surface [3,4,6] 
was also seen in this case, and it was also noted that the corticomedullary border disappeared due to tumoral 
infiltration. As stated in the literature [1,6,7], in microscopic examinations, the presence of lymphoblastic 
type cells with dark hyperchromatic nuclei and low cytoplasm led to the diagnosis of lymphoma. In addition, 
the presence of many mitotic figures in the tumoral area was associated with the aggressiveness of the 
tumor. 
The clinical findings reported in the anamnesis were found to be compatible with the literature data [2]. In 
cases where renal lymphomas are found, if other tissues are investigated, it has been reported that tumors are 
also found in the lymph nodes, which are not alone, and half of the renal tumors are associated with Feline 
Leukemie virus [1,5,7]. In this case, since only the kidney tissue was sent to our laboratory, no comment 
could be made regarding the presence of tumors in other tissues. In addition, no research on viral etiology 
could be conducted. 
 

5. CONCLUSION 
Despite the knowledge that renal lymphomas are usually metastatic and may have spread not only to the 
kidneys but also to the lymph nodes and other lymphoid organs, we could not obtain information about the 
prevalence and organ involvement in this animal since necropsy was not performed by us. It was thought 
that it would be appropriate to present the case in order to draw attention to the need for a more careful and 
systematic necropsy examination and to take tissue samples from all suspicious organs for histopathological 
examination, especially in lymphoma cases, which has an important place among kidney tumors in cats. 
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Abstract 

Extramedullary plasmacytomas (EMP) are rare and solitary plasmacytic tumors of soft tissues 
in dogs and cats. It is characterized by a localized proliferation of neoplastic monoclonal 
plasma cells. In this report, extramedullary plasmacytoma in spleen tissue was grossly and 
histopathologically described in a 12-year-old female Golden Retriever dog. After the surgical 
total extirpation of spleen because of splenomegaly, whole organ submitted to our laboratory. 
In the macroscopic examination, the organ was measured as 35x21x10 cm. Numerous irregular 
gray-white foci were observed on the surface of the spleen, which were prominent under the 
capsule and occasionally protruding from the capsule. In addition to the gray-white foci on the 
cut surface, bloody leakage was noted. For histopathology, tissue sections were taken from the 
spleen and routinely processed. Paraffin sections were stained with Hematoxylin and Eosine 
(HE), Dominici Stain (DS), Methyle Green Pyronin (MGP) and Congo Red Stain (CRS) and 
examined under the light microscopy. Histopathologically, it is noncapsulated and tumor cells 
were especially seen in sinusoids. The tumour cells were round to oval shaped and there were 
limited anisocytosis and anisokaryosis. The nuclei was eccentrically located, clumped 
chromatin resembling mature plasma cells in many areas. Mitotic figures were observed in 
some microscopic area. DC stain was negatif for mast cell tumor. In MGP stain, cytoplasms of 
tumor cells were pale pink and amyloid-like material was observed in sinusoidal spaces in CR 
stain. According to histopathology results tumor was described as extramedullary 
plasmacytoma and it was found appropriate to present it as a case report, since it is rarely an 
extramedullary plasmacytoma located in the spleen.  

Keywords: extramedullary plasmacytoma, spleen, Golden retriever dog, histopathology 
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1. INTRODUCTION 

Extramedullary plasmacytoma (EMP) refers to tumors occurring outside of the bone marrow, in soft 
tissues or organs that may be focal, spread to regional lymph nodes, or metastasize to distant areas 
[1]. In a large veterinary case study (751 cases); the most common EMP location in the dog was 
cutaneous sites (86%), followed by mucous membranes (9%), and the rectum and colon (4%). Other 
sites, including the stomach, spleen, genitalia, eyes, uterus, and liver made up the remaining 1% of 
cases [6]. Unlike cutaneous and oral EMP, the EMP seen in the organs can metastasize to regional 
lymph nodes [8]. 

Extramedullary plasmacytomas (EMPs) comprise about 2.5% of all neoplasms in dogs and occur 
most commonly in middle-aged to older dogs (mean 8 to 10 years) [4]. Overrepresented breeds 
include cocker spaniels, certain terrier breeds (West Highland white, Yorkshire, and Airedale 
terriers), boxers, and golden retrievers [4]. 

 

2. CASE HISTORY 

12-year-old Golden Retriver dog was diagnosed with splenomegaly in Selcuk University Veterinary 
Faculty Animal Hospital Surgery Department, and the spleen was removed by total extirpation and 
sent to the Pathology Department of the same faculty. 

3. MATERIAL AND METHOD 

Samples taken from different parts of the spleen were fixed in 10% formaldehyde solution for 48 
hours. After routine laboratory procedures, 5  thick sections were taken from the paraffin blocks 
prepared with a microtome (Leica RM 2125RT). Stained with Hematoxylin-Eosin, Methyl Green 
Pyronin (MGP), Dominicii and Congo Red (CR). The slides were examined under a light microscope 
(Olympus BX51, Tokyo, Japan) and photographed (Olympus EP50). 

4. RESULT AND DISCUSSION 

4.1. Macroscopic findings 

In the macroscopic examination, it was determined that the spleen was 35x21x10 in size, swollen, 
friable, and some parts were hemorrhagic (Figure 1A, B). Numerous irregular gray-white foci were 
seen on the external surface (Figure 1A,B) and cut surface of the spleen. In addition, it was noted that 
there was a large amount of blood leakage on the cut surface of the spleen. 

  
Figure 1. A. B. Macroscopic appearence of the spleen. Swollen and some parts 
were hemorrhagic. Irregular gray-white foci (arrows) on the external surface. 

 

A B 
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4.2.Microscopic findings 

In the histopathological examination, it was determined that there was no capsule around the tumoral 
mass, and it was observed that the tumor cells were especially collected in the sinusoids (Figure 2). It 
was noted that these cells were round-oval shaped and nuclei were located eccentrically in the 
cytoplasm of these cells. In addition, free globules with hyaline appearance were observed in the 
sinusoidal spaces in some areas (Figure 3). Anisocytosis, anisokaryosis and mitotic figures (Figure 4) 
were determined in these tumor cells, albeit in small amounts. Plasma cells cytoplasms were seen in 
pink color in Methyl Green Pyronin stain for plasma cells. Dominicii stain was negative for mast cell 
tumor. In the Congo Red staining performed to determine the amyloid deposits, it was observed that 
there were amyloid-like deposits that were stained brick red, especially in the sinusoidal spaces 
(Figure 5). After the Congo red staining showed amyloid-like deposits staining brick red in the 
sinusoidal spaces, logol and 1% sulfuric acid were poured onto the cut surface of the spleen tissue 
pieces fixed in formol. After this procedure, dark brown-black foci, which are signs of amyloid 
deposition, were noted especially in the subcapsular region of the spleen (Figure 6). 

 

 

Figure 2. General appearence of tumor cells. No capsule around the tumoral mass and  Tumor cells in the sinusoids,          40X, H&E, 
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Figure 3 . Round-oval shaped tumor cells and nuclei eccentrically in the cytoplasm. Free globules (arrows and insert) with hyaline appearance in the 
sinusoidal spaces, 100X, H&E. 

 

Figure 4. Tumor cells and mitotic figure (arrow), HE, X100 
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Figure 5. Brick red colored amyloid-like deposits (arrows) in the sinusoidal spaces, 40X Congo Red.  

 

Figure 6. Dark brown-black foci (arrows) on cut surface of subcapsular region in the spleen (Logol and 1% sulfuric acid procces after 
formol fixation)  

EMPs occur most commonly in middle-aged to older dogs (mean 8 to 10 years). Overrepresented 
breeds include cocker spaniels, certain terrier breeds (West Highland white, Yorkshire, and Airedale 
terriers), boxers, and golden retrievers [4]. In our case, the dog was 12-year-old and Golden Retriver . 
The most common EMP location in the dog was cutaneous sites (86%), followed by mucous 
membranes (9%), and the rectum and colon (4%). Other sites, including the stomach, spleen, 
genitalia, eyes, uterus, and liver made up the remaining 1% of cases [6]. Although it has been 
reported that the most common EMP site is cutaneous sites, no tumor-related findings were observed 
in the skin and other parts and organs of the body in the presented case. Only the spleen was affected. 

It has been reported that basosquamous carcinoma is also seen in cutaneous plasmacytoma cases [2] 
and in another case [3], focal amyloid deposition was also observed together with cutaneous 
plasmacytoma. In the presented case, focal amyloid deposits were also observed in the spleen 
together with EMP. 

Amyloid of immunoglobulin lambda light chain origin, demonstrated by either thioflavine T or 
Congo red staining, has been described in association with extramedullary plasmacytomas in dogs, 
cats, and horses. Amyloid detection has some diagnostic usefulness: 60 percent of canine 
extramedullary plasmacytomas had thioflavine T staining, while other round cell tumors did not stain 
[9]. In the presented case, the presence of amyloid deposits together with the EMP detected in the 
spleen supports the statements in sources. 

The incidence of EMP in cats is low, and few case reports exist. Affected cats are usually older, with 
a mean age of 8.5 years. Skin is the most common site affected, but other reported sites include the 
oral cavity, gastrointestinal tract, retroperitoneum, brain, and orbit [5,10,7]. 

In general, EMPs often have a benign clinical course in dogs and cats and may be cured with 
complete surgical excision. Noncutaneous, non-oral EMP may have a more aggressive behavior; 
however, dogs treated with surgery alone or a combination of surgery and adjuvant systemic 
chemotherapy can have extended survival times [11]. 

In general, EMPs often have a benign clinical course in dogs and cats and may be cured with 
complete surgical excision. Noncutaneous, non-oral EMP may have a more aggressive behavior; 
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however, dogs treated with surgery alone or a combination of surgery and adjuvant systemic 
chemotherapy can have extended survival times [11]. 

5. CONCLUSION 

As a result of the examinations, the case was diagnosed as extramedullary plasmacytoma. Although 
EMP can occur in many organs and tissues, this case is worth presenting because its incidence in the 
spleen is very low. As in this case, it was aimed to draw the attention of clinicians to the subject, 
since tumors in the spleen also cause splenomegaly. 
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Abstract 
A 10-year-old castrated male German Shepherd Dog with complaints of loss of appetite, 
vomiting, and exhaustion was referred to a private veterinary clinic. After the clinical 
examination, an increase in the levels of liver serum enzymes (AST: 62 U/L, ALT: 201 
U/L, ALP: 441 U/L, and GGT: 219 U/L) was detected. Ultrasonographic imaging revealed 
a mass of approximately 9 cm in diameter in the right posterior lobe of the liver. This 
tumor in the liver was removed in two sections through laparotomy. These masses were 
taken into 10% formol solution and directed to the Selcuk University, Faculty of 
Veterinary Medicine, Department of Pathology. Macroscopically, it was observed that the 
first mass was 4x3x1 cm and the second mass was 5x4x1.5 cm, dark red/brown in color, 
fragile consistency, and grey-white irregular areas on it. Routine tissue processing 
processes were applied to the samples taken from these masses. Then, sections with a 
thickness of 5 microns were taken with a microtome and stained with hematoxylin-eosin, 
Periodic Acid-Schiff, and Congo Red. In the microscopic examination, numerous tumor 
islets were observed, surrounded by a thin stroma that spread over large areas. It was 
determined that the cells resembling the hepatocytes in these tumor islets exhibited atypical 
cell features, especially anisonucleosis and anisocytosis. The nuclei of most tumor cells 
were found to be condensed with chromatin, and some of them were binucleated. The 
mitotic index of tumor cells was also found to be high. It was noted that atypical 
hepatocytes sometimes came together and developed acinar structure/arrangement. 
Enlargement and proteinaceous deposits were observed in the sinusoids. Some tumor cells 
were found to be in a solid location without a sinusoidal structure. Turbidity and vacuole 
formations were observed in the cytoplasm of some hepatocytes. It was revealed that some 
vessels were invaded by tumor cells. Also, large areas of hemorrhage in the liver and focal 
necrotic foci within these areas were determined. In conclusion, in the light of its 
histopathological character; it was diagnosed that three different forms of hepatocellular 
carcinoma (trabecular, pseudoglandular, solid) were present simultaneously in the case. 
Keywords: Liver tumors, Hepatocellular carcinoma, Dog, Oncology 
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1. INTRODUCTION 
Hepatocellular carcinoma is a rare tumor, although it has been reported in many animal species (dogs, 
cats, horses, cattle, sheep and pigs)[1]. Although the incidence of hepatocellular carcinoma (HCC) has 
been reported to be higher in dogs compared to other species, this rate is less than 0.5% of all 
necropsies and less than 1% of all neoplasms [1-3]. HCC is the most frequent primary liver tumor seen 
in dogs, out of all the malignant tumors seen in the liver and gallbladder, including bile duct 
carcinoma, carcinoids, and sarcomas [1]. However, due to a paucity of current studies describing the 
prevalence of HCC, new investigations utilizing modern diagnostic criteria are required to assess the 
incidence of HCC in dogs and other species. 
HCC is more common in dogs at the age of 10 years or later [1]. However, reporting HCC in a 25-
month-old dog can be considered as an indication that it can be observed at an earlier age [4]. There is 
no breed predisposition [1, 2]. Although there is information that it is observed more frequently in 
male, this has not been proven yet [5]. 
Clinical manifestations of HCC in dogs are mostly nonspecific. The most common findings: anorexia, 
vomiting, lethargy, weight loss, while less frequently abdominal tension, diarrhea, icterus, polyuria, 
polydipsia, and melena can be observed. Sometimes hepatomegaly can be felt by palpation. In some 
cases, no clinical findings may be observed [1, 6]. Increases in serum activities of AST, ALT, ALP and 
GGT are observed in dogs with hepatocellular neoplasia. However, this condition is not specific to 
HCC. In some cases, decreases in blood albumin and glucose levels, and increases in globulin and bile 
acids can be observed [1, 4, 6, 7]. In a study investigating HCC in dogs, nonspecific haematological 
abnormalities such as leukocytosis (21 of 32) and anemia (14 of 26) were reported [8]. 
Radiographic imaging findings of HCC are nonspecific. However, ultrasound examination allows it to 
easily detect masses in the liver. The limitation of this technique is that it cannot distinguish 
hyperplastic lesions from neoplastic lesions. Therefore, this technique should be combined with fine-
needle aspiration, biopsy, or laparotomy [1, 9, 10]. 
HCC is observed macroscopically in solid, nodular, or diffuse forms. The solid form is most common 
in dogs. Numerous small nodules may be present within the solid mass covering single or adjacent 
liver lobes [2, 5]. Although the color of HCC masses is mostly variable, they may be close to normal 
liver color and the consistency may be soft, hard, or fragile. Sometimes, necrotic or bleeding areas may 
also be observed, related to its histological pattern [1]. 
The histological appearance of hepatocellular carcinomas is classified as trabecular, pseudoglandular, 
solid, and scirrhous, depending on the degree of differentiation of hepatocytes and the histological 
arrangement of the cells [1, 2]. 
The number of recent studies on hepatocellular carcinoma, which is rarely observed in dogs but is the 
most observed among liver neoplasms, is very few. In this respect, there is a need for studies that are 
combined with new imaging techniques in such cases in dogs. In this study, which was planned for this 
purpose, the histopathological characterization of the mass determined by ultrasonography was made 
and it was thought that it would contribute to the field of veterinary oncology. 
 
 

2. CASE HISTORY 
In this study, a case of hepatocellular carcinoma in a 10-year-old male German Shepherd Dog was 
described histopathologically. This dog, known to have been castrated in his past, was brought to a 
private veterinary clinic with non-specific signs of loss of appetite, vomiting, lethargy. 
There was no negative finding in the preliminary clinical examination performed in the veterinary 
clinic. Blood samples were taken for the evaluation of biochemical parameters. Upon the results, 
ultrasound examination was deemed appropriate because liver disease was suspected. As a result of 
this examination, a mass was observed in the liver. Later, the mass, which was removed in two parts 
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by laparotomy, was referred to Selcuk University, Veterinary Faculty, Pathology Department for 
histopathological examination. 
 

3. MATERIAL AND METHODS 
After the surgical operation, the mass extirpated from the liver was fixed in 10% formol solution for 48 
hours. After trimming the mass, it was taken into tissue cassettes and subjected to routine tissue 
processing. Then, after cooling the paraffin-embedded samples, sections were taken with a thickness of 
5 micrometers by means of a microtome. The obtained materials were stained according to the 
methods mentioned below. It was then examined under a light microscope and photographs were taken 
if deemed necessary. 
 

3.1. Hematoxylin-Eosin Stain 
Samples deparaffinized with xylol and then graded alcohols are stained with hematoxylin for 5 
minutes, then dipped in acid alcohol. Tissues passed through ammoniacal water were washed in 
running water. Then, the tissues were stained with eosin for 2 minutes, washed in running water, 
passed through series of alcohol and xylol and covered with Entellan (Merck Millipore, Germany) 
[11]. 
 

3.2. Periodic acid-Schiff Stain (PAS) 
Following deparaffinization, the sections were immersed in a 0.5 percent periodic acid solution for 5 
minutes. After washing in distilled water, the sections were submerged in Schiff reagent for 15 
minutes. These were rinsed for 5 minutes with tap water, then counterstained with Mayer's 
haematoxylin, dehydrated, and sealed with Entellan (Merck Millipore, Germany) [11]. 
 

3.3. Congo Red Stain 
Tissues were stained with congo red to be examined for amyloid deposition. 8–10-micron thick 
sections were deparaffinized and stained in Congo Red working solution for 15 minutes. After 
immersion in distilled water, the sections were passed through alkaline alcohol. Then, counterstaining 
was performed with hematoxylin for one minute. After passing through ammonia water, it was 
dehydrated with alcohol series. Covered with mounting medium [11]. 
 

4. RESULTS AND DISCCUSION 
In this study, it was seen that clinical findings such as anorexia, vomiting and lethargy, which were 
observed intensely in dogs with hepatocellular carcinoma, were not sufficient for diagnosis [1, 4, 6]. 
There is no information about the patient's age and race as well as being prone to HCC. Serum 
biochemical parameters are presented in Table 1. When these data were examined, an increase in the 
amounts of AST (62 U/L), ALT (201 U/L), ALP (441 U/L), and GGT (219 U/L) was noted. It has 
been suggested that the increase in liver enzyme levels in HCC cases may aggravate the biological 
behavior of the tumor [12]. Similarly, these increases have been associated with poor prognosis [12]. 
The increase in the amount of GGT and total bilirubin in this case was thought to be associated with 
cholestasis shaped by the pressure of the tumor mass on the bile ducts. It has been reported that the 
amount of glucose close to the lower limit, and the amount of albumin and protein decreased, can be 
observed in some HCC cases [1, 4, 6, 7]. When serum biochemical parameters were evaluated 
together, it was determined that liver dysfunction could be suspected but not specific for HCC. 
In the abdominal ultrasonographic imaging performed on the patient, a mass of approximately 9 cm in 
diameter was detected in the right posterior lobe of the liver (Figure 1). In a study with 41 dogs, the 
left liver lobe was affected in 28 (68.3%) dogs, the central liver lobe was affected in 8 (19.5%) dogs, 
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and the right liver lobe was affected in 5 (12.2%) [12]. The probable reason for the higher 
intraoperative mortality rate of neoplasms in the right lobe of the liver was associated with its 
connection to the caudal vena cava. For this reason, more detailed imaging of tumors localized on the 
right side of the liver is required [12]. 
 
Table 1. Serum Biochemical Parameters 
Parameter Reference ranges 

AST 62 U/L  14 - 44 
ALT 201 U/L  10 – 100 
ALP 441 U/L  6 – 102 
Amylase 925 U/L 100 – 1000 
Glucose 69 mg/dL 64 – 170 
Magnesium 2.1 mg/dL 1.5 – 2.5 
Total bilirubin 0.6 mg/dL  0.1 – 0.4 
Direct bilirubin 0.3 mg/dL 0 – 0.4 

Phosphorus 5.1 mg/dL 2.4 – 8.2 
Cholesterol 215 mg/dL 75 – 220 
Albumin 1.3 g/dL  2.5 – 3.9 
Calcium 9.1 mg/dL 8.2 – 10.8 
Triglycerides 155 mg/dL 25 – 160 
GGT 219 U/L  1 – 10 
Protein 3.4 g/dL  5.2 – 8.8 
BUN 11.4 mg/dL 14 – 36 
Creatinine 1.5 mg/dL 0.6 – 2.4 
 
The liver mass detected by ultrasound was extirpated in two sections by laparotomy. In the 
macroscopic examination, the first mass was 4x3x1 cm, the second mass was 5x4x1.5 cm, dark 
red/brown colored, fragile consistency, and gray-white irregular areas on it (Figure 2). It has been 
reported that the color close to the normal liver color and fragile consistency in this type of tumors is 
important in distinguishing it from cholangiosarcomas, which are generally hard and gray-white, 
yellow-brown [1]. 
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Figure 1. Image of the mass with ultrasound. 
 

 
Figure 2. Macroscopic images of the masses 
 
The histological appearance of hepatocellular carcinomas is classified as trabecular, pseudoglandular, 
solid, and scirrhous form. In the microscopic examination of this study material, numerous tumor islets 
were observed, surrounded by a thin stroma that spread over large areas. It was determined that the 
cells resembling the hepatocytes in these tumor islets exhibited atypical cell features, especially 
anisonucleosis and anisocytosis. The nuclei of most tumor cells were found to be condensed with 
chromatin, and some of them were binucleated. The mitotic index of tumor cells was also found to be 
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high. It was noted that atypical hepatocytes sometimes came together and developed acinar 
structure/arrangement. Enlargement and proteinaceous deposits were observed in the sinusoids and 
disse space. The deposits were evaluated as amyloid units in Congo-red staining. Some tumor cells 
were found to be in a solid location without a sinusoidal structure. Turbidity and vacuole formations 
were observed in the cytoplasm of some hepatocytes (Clear cell pattern). It was revealed that some 
vessels were invaded by tumor cells. Also, large areas of hemorrhage in the liver and focal necrotic 
foci within these areas were determined (Figure 3). In the light of its histopathological character, it was 
diagnosed that three different forms of hepatocellular carcinoma (trabecular, pseudoglandular, solid) 
were present simultaneously in the case. Trabeculae form is the most common type in dogs [1, 13]. But 
in this case, it is interesting that several forms were observed together. It is important to differentiate 
HCC cases from hepatic adenomas. In this case, this distinction was made by the presence of severe 
atypical character of the tumor cells or multinucleation, severe mitotic activity and vascular invasion. 
In addition, the absence of PAS-positive mucin helped to differentiate  from cholangiocarcinoma [1]. 

 
Figure 3. A: Numerous tumor islets surrounded by a thin stroma (black arrows) 
and hemorrhage between islets (red arrow), 4X, HE; B: Atypical tumor cells 
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within the islets, 40X, HE; C: Turbidity and vacuole formations in the cytoplasm 
of some hepatocytes, Clear cell pattern (arrows), 40X, HE; D: Vascular invasion 
of tumor cells (arrows) and thrombosis, 20X, HE; F: Atypical tumor cells and 
mitosis (arrows), 20X, HE; G: Foci of necrosis with large areas of hemorrhage 
(arrow), 10X, HE. 
 
 
 
 

5. CONLUSION 
Hepatocellular carcinoma cases, especially localized in the right lobe, are very rare in dogs. In this 
case, it was emphasized that clinical findings, physical examination, and serum biochemical 
parameters were non-specific. It was defended that ultrasound imaging technique provides very useful 
data in detecting the presence of such masses, but it must be combined with histopathology for a 
definitive diagnosis. In addition, it was concluded that histopathological classification cannot always 
be uniform, sometimes several forms can coexist in a single mass, and therefore, the classification can 
be made according to the form that dominates the mass. 
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Abstract 
In this case, an epidermal inclusion cyst was described in a 2-year-old female hound dog. In the 

anamnesis, the dog was brought to the Department of Surgery, Faculty of Veterinary, Selcuk 
University, by its owner, with masses ranging from 0,5 cm to 2 cm in diameter, appearing in 
increasing numbers in many parts of the body in a period of a year. After the examinations, the 
mass in the neck region, of approximately 2x1x1 cm in size, was surgically extirpated and sent to 
the Department of Pathology, Faculty of Veterinary Medicine, Selcuk University. It was determined 
that the mass, whose macroscopic examinations and measurements were made in our department, 
was white in colour and had a hard consistency. On the cross-sectional surface of the mass, it was 
observed that there was a structure with a diameter of about 1 cm, clearly circumscribed around it, 
and a mottled white colour with a granular surface. Histopathological examinations revealed a 
solitary cystic structure surrounded by stratified squamous cells in the middle of the dermis layer. It 
was determined that these squamous cells showed a granular structure from the outside to the inside 
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of the cyst, and the contents of the cyst consisted of loose and lamellated keratin. While no lesion 
was found in the epidermis layer, it was determined that some hair follicles were filled with a 
foreign substance considered to belong to Demodex parasite mite sections. No findings were found 
in the preliminary microbiological examination. Apart from the fact that epidermal inclusion cysts 
are common in all species, considering that the diagnosis is very important in terms of being 
different from dermoid cysts as they are not congenital and they can transform into squamous cell 
cancer, although it is rare, this case is deemed worthy of presentation. 

Keywords: Epidermal inclusion cyst, hound dog, pathology 
 

1. INTRODUCTION 
Epidermal inclusion cysts also called epidermoid, epidermal, and infundibular cysts, are common 
skin lesions in many species [5,6]. Although the highest incidence in dogs is reported to be between 
the ages of 4 and 8 years, no gender predisposition has been reported [5,6]. It has been suggested that 
epidermal cysts, previously thought to be congenital, occur secondary to the traumatic displacement 
of epithelial tissue [3,4]. Although there are reports about the transformation of inclusion cysts into 
squamous cell cancer in humans, no such data have been found in animals yet [1,2]. Macroscopically, 
even if the lesion is in the dermis, it can sometimes be connected to the surface of the epidermis. 
They are usually found as solitary lesions of 0.3-2.0 cm in diameter, soft consistency and well-
circumscribed [3]. Microscopically, a lesion surrounded by hyperplastic epithelium is seen in the 
dermis. The epithelial layer on the cyst wall is mostly granular. The inside of the cyst is seen as 
covered with loose keratin layers. In long-term cases, the layers of keratin can be seen in a higher 
number and more compactly. Sometimes, hair loss in the epidermis layer above these lesions may 
also occur [3,5]. 
2. CASE HISTORY 
A 2-year-old, non-infertile sloughi female dog was brought to Selcuk University, Veterinary Faculty, 
Animal Hospital Surgery Clinic by the owner after 0.5-2.0 cm diameter, hard-consistent masses 
(Figure 1.A,B) were observed in many parts of the body (approximately 8-10). In the clinical 
examination, no findings such as pain or itching related to the masses were reported. After the largest 
of the masses was surgically removed, it was sent to Selcuk University, Faculty of Veterinary 
Medicine, Department of Pathology. In the anamnesis taken from the owner, it was reported that the 
dog was adopted from the street when it was about 1 year old and that these masses were present, 
despite in reduced numbers, when it was first adopted. The owner of the patient also stated that the 
number of masses increased after moving to another house, that all the lesions were seen in areas 
covered with white hairs and that the lesions decreased in winter months. 

  
 
Figure 1. A.B. The appearance of the mass on the skin. 
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3. MATERIAL AND METHOD 
3.1. Histopathologic examination 
The obtained biopsy sample was fixed in a 10% formaldehyde solution for 24 hours. After the 
fixation process was completed, it was followed on an automatic tissue processor device  (Leica TP 
1020) and embedded in paraffin. Then, sections of 5  thickness were obtained from these paraffin 
blocks with a microtome (Leica RM 2125RT) and stained with Hematoxylin-Eosin (H&E) stain. The 
obtained preparations were examined under a light microscope (Olympus BX51, Tokyo, Japan) and 
photographed (Olympus EP50). 
3.2. Microbiologic examination 
A skin scraping was obtained from the area over the lesion and examined in terms of mycotic and 
bacterial agents. After the direct microscopic examination, it was cultured on Sabouraud dextrose 
agar (SDA) and incubated at room temperature for 15 days. In addition, blood agar containing 5% 
sheep blood was inoculated and incubated for 48 hours at 37°C both aerobically and 
microaerobically. 
3.3. Parasitologic examination 
A scraping was recovered from the location of the mass and placed on a slide. After adding 1-2 drops 
of 10% potassium hydroxide, it was kept for 45 minutes and examined under a light microscope (40X 
objective). 
4. RESULT AND DISCUSSION 
4.1. Macroscopic result 
In the macroscopic examination, it was determined that the mass was approximately 2x1x1 cm in 
size, white in colour and with a hard consistency (Figure 2A). On the cross-sectional surface of the 
mass, a clearly circumscribed structure with a diameter of approximately 1 cm, a mottled surface and 
a granular appearance was noticed (Figure 2B). 

  
Figure 2. The external surface of the mass (A) and the mottled and granular structure on the cut-
sectional surface (B). 
4.2.Microscopic result 
The histopathological examination revealed a solitary cystic structure surrounded by stratified 
squamous cells in the middle of the dermis layer (Figure 3). It was noted that these stratified 
squamous cells showed a granular structure from the outside of the cyst to the inside, while the 
contents of the cyst consisted of loose and lamellated keratin (Figure 4). No lesions were found in the 
epidermis layer, but it was determined that some hair follicles were filled with a foreign substance, 
which was considered to belong to Demodex parasite mite sections but no results were obtained in 
the parasitological or microbiological examination. 

A B 
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Figure 3. General view of the cyst in the dermis layer, 4X, H&E. 

 
Figure 4. The epidermis with a normal appearance and the part of the cyst close to the epidermis, 
10X, H&E. 
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Figure 5. The cyst wall, consisting of stratified squamous cells, and loose and lamellar structures 
within the cyst, 20X, H&E. 

 
Figure 6. The stratified squamous epithelial layer and granular structures in the cyst wall and pink 
lamellar structures in the lumen, 40X, H&E. 
 
4.3.Microbiologic result 
No growth was detected as a result of the microbiological examination.  
4.4.Parasitologic result 
No parasitic agents were found as a result of the parasitological examination.  
It has been reported that epidermal inclusion cysts occur as a result of the displacement of epithelial 
tissue due to trauma, and because of this displacement, cysts consisting of keratin surrounded by an 
epithelial layer and showing lamellarity develop [3,5,6]. The findings obtained as a result of the 
histopathological examinations were similar to the data found in the literature. According to the 
information received from the owner, it was found that during the winter months, the dog was walked 
with clothes and that it especially liked walking on fields. An answer to the question of why these 
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masses increase in summer may be that in this season, the dog goes outdoors without clothes, that, 
because of its breed, its skin is thin and its hair very short, and that traumatic factors (such as dry 
grass) are present in the areas where it walks. The fact that no results were obtained in the 
microbiological and parasitological examinations also strengthened the thought that, in this case, the 
lesions developed due to traumatic reasons. In addition, the question of whether the sun has an effect 
on the aetiology of the inclusion cyst or not has arisen as the lesions are only found in areas covered 
with white hairs, and the number decreases in winter. 
 
 
5. CONCLUSION 
As a result of the macroscopic and histopathological examinations, the mass was diagnosed as an 
epidermal inclusion cyst. It was considered worthy of being presented in order to contribute to the 
diagnosis and treatment and to help general practitioners since it can be confused with neoplastic 
formations of cutaneous and subcutaneous tissues in terms of appearance. 
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Insects are the most dominant species on the earth and a very important and integral 
part of the ecosystem belongs to the phylum Arthropoda. They are beneficial for human 
society but some of them are very harmful to growing crops, stored products. They attack 
crops either by directly eating them or infecting them by the transmission of bacteria or 
viruses. During the present survey study, many hemipteran and lepidopteran species were 
observed in the various crop field. Implementation of Integrated pest management strategies 
mainly depends upon various factors such as education, economic status, Govt. policies, 
availability of working tools, etc. There is a major issue for the scientists to make cost-
effective pest management strategies and awareness programs for the farmers to avoid crop 
damage and financial loss. The insect pest's management strategies include several methods 
such as traditional methods, mechanical methods, chemical methods, and the use of 
biological agents as parasitoids or the predators for management of pests. However, most of 
the farmers from various study fields were found to be practicing traditional methods and 
hazardous chemical (Insecticides, pesticide) methods as compared to the other methods and 
the practices of pest control. Financial crunch, non-availability of resources, lack of scientific 
knowledge and methodology might be the reason for depending upon the insecticides and 
pesticides rather than using the other methods. 

Keywords: Insect pests, Lepidoptera, Hemiptera, IPM Strategies. 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 563 November 5-6, 2021



EDIBLE ORNAMENTAL FLOWERS SEED COLLECTION – PRESENT STATUS 
AND FUTURE PERSPECTIVES AT CENTER FOR BIODIVERSITY AND 

CONSERVATION, UASVM CLUJ-NAPOCA, ROMANIA 
 

Corina C TAN  
University of Agricultural Sciences and Veterinary Medicine, Center for Biodiversity and 

Conservation, Department of Horticulture and Landscaping, Cluj-Napoca, Romania. 
ORCID ID: https://orcid.org/0000-0002-6041-215X 

 
Alina MITROI 

University of Agricultural Sciences and Veterinary Medicine, Center for Biodiversity and 
Conservation, Department of Horticulture and Landscaping, Cluj-Napoca, Romania. 

 
Paula BOBOC (OROS) 

University of Agricultural Sciences and Veterinary Medicine, Center for Biodiversity and 
Conservation, Department of Horticulture and Landscaping, Cluj-Napoca, Romania. 

ORCID ID: https://orcid.org/0000-0003-3760-5460 
 
 
ABSTRACT 
In the international context of developing services that include providing edible flowers to 
consumers, whether it is gastronomy, floral arrangements or organizing events on this topic, 
this paper aims to establish the first documented collection in Romania of ornamental plants 
with edible flowers. The Center for Biodiversity and Conservation (CBC) is included in the 
research and didactic activity of the research institute “Institute of Advanced Horticultural 
Research of Transylvania (ICHAT). The CBC has as a priority area of definition and activity: 
biodiversity and bioconservation of plant species of horticultural interest (horticulture, 
forestry), the priority objective being the collection, conservation and study of the germplasm 
fund for horticultural and forestry species. The collection of edible ornamental flower seeds is 
an innovative one. The collection is 80% completed and covers morphological analysis, 
indexing (preparation of passport forms according to national and international standards) and 
the storage. Some species and genera are characterized by a high degree of edibleness, for 
human consumption using other plant organs besides flowers. Whether they are crystallized 
violets and used as a decoration under the name of Toulouse violets, or they are used as a raw 
material for obtaining violet syrup (Viola wittrochiana), the reputation of these delicacies is 
constantly increasing, while the plates decorated with rose flowers (Rosa sp.) and aromatic 
water with peony petals (Paeonia sp.) are on an upward trend in the preferences of haute 
cuisine consumers. In order to obtain flowers smaller than those characteristic of the species, in 
order to be used also as decorations in the culinary arts, the planting distances practiced in the 
experiment were generally smaller than those used in classical cultures. A notable result in this 
regard is the miniature form of Celosia argentea var. plumosa L., in which the flowers have a 
size of about 2 cm. 

 
Keywords: germplasm collection, edible ornamentals, seeds, bulbs 
 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 564 November 5-6, 2021



THE GENOMIC AND TRANSCRIPTOMIC APPROACHES IN OPIUM POPPY 

ORCID ID: https://orcid.org/0000-0003-0599-5628

Sivas Cumhuriyet University, Vocational School of Health Services,  
Department of Health Care Services, Sivas, Turkey. 
ORCID ID: https://orcid.org/0000-0002-3599-213X 

Abstract 
Papaver somniferum L. (opium poppy), which is traditionally cultivated in our country, has 
been grown in Central Anatolia since the Hittites period. The poppy plant has economic, 
commercial and medicinal value in terms of both seeds and capsules. It is known that the 
poppy capsule, which has been used as a medicinal plant since ancient times, produces about 
30 different alkaloids, as well as benzylisoquinoline alkaloids (BIA) with pharmaceutical 
properties such as narcotic analgesic morphine, anti-cancer noscapine, cough suppressant 
codeine, antimicrobial sanguarine, blood vessel dilator papaverine. The biosynthesis pathway 
of these secondary metabolites is quite complex and has long been searched by genomic, 
transcriptomic and metabolomic approaches. Although studies on genes associated with BIA 
biosynthesis and their functioning have been going on for many years, genomic and 
transcriptomic studies have accelerated with the recent releasing of the genome sequence of 
the poppy plant. In this study, both the BIA biosynthesis pathways in poppy will be explained 
and the genomic and transcriptomic approaches for the determination of the genes in this 
pathway and the functions of these genes will be presented. The resulting total data are 
expected to guide the production of transgenic plants with increased secondary metabolites 
through gene silencing and over-expression in the future of poppy plant. 
Keywords: Papaver somniferum L., Opium poppy, Benzylisoquinoline alkaloids, Genomic, 
Transcriptomic 

INTRODUCTION 

Papaver somniferum L., which is traditionally cultivated in Turkey, is in the Papaver genus of 
the Papaveraceae family of the Papaverales order. Turkey is considered very rich in terms of 
Papaver species. Species in the genus Papaver are systematically grouped into 9 sections. Of 
these 9 sections, 3 are perennial, 4 are annual, and there are species belonging to a total of 7 
sections in our country (Boissier, 1867). 
In the world, poppy cultivation is done legally in Turkey, India, Australia, France, Spain, 
Hungary as the main producer under the supervision of the United Nations (UN) 
Organization. Turkey and India are recognized as traditional poppy producer countries by the 
UN. Poppy has been grown in Central Anatolia since the Hittite period (Ertem, 1974). 
In addition to being used as food for its seeds and oil, poppy is also considered as an 
ornamental plant due to its flowers and dry capsules. It is a versatile plant that is also used for 
medicinal purposes due to its Benzylisoquinoline alkaloids (BIA) it produces. Poppy, which 
has been used as a medicinal plant since the Hittites, produces BIAs with pharmaceutical 
properties such as narcotic analgesic morphine, anti-cancer agent noscapine, antitussive 
codeine, antimicrobial sanguarine, vasodilating papaverine ( -Penix et al., 2010).
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Besides, thebaine is used both to produce codeine and morphine, which are natural poppy 
products, and to produce semi-synthetic alkaloids naltrexone and hydrocodone (Pei et al., 
2021). BIAs are not suitable for commercial production by synthetic or recombinant 
biotechnological approaches, thus poppy is the only source of BIAs (Nakagawa et al., 2016). 
The BIA has approximately 2,500 known members and has potential pharmacological 
properties. Like other secondary or specialized metabolites, they are produced not for normal 
growth and development in the plant, but for defense against other herbivores and pathogens. 
While these alkaloids are mostly found in Papaveraceae, Ranunculaceae, Berberidaceae, 
Menispermaceae families; the most studied species are Papaver somniferum, Eschscholzia 
californica, Thalictrum flavum, Coptis japonica (Ziegler and Facchini, 2008). 

BIA Biosynthesis in Opium Poppy 
Common pathway for BIA:  
BIA biosynthesis basically starts with the decarboxylation, ortho-hydroxylation and 
deamination of tyrosine to both dopamine and 4-hydroxyphenylacetaldehyde molecule by the 
enzyme tyrosinecarboxylase (TYDC) (Figure 1). TYDC has a large gene family; about 15 
members are also in poppy (Facchini and De Luca, 1994; Facchini et al., 2007). The first 
committed step of the BIA synthesis pathway is catalyzed by norcoclaurine synthase (NCS) 
(Samanani and Facchini, 2001). NCS combines dopamine and 4-hydroxyphenylacetaldehyde 
to form (S)-norcoclaurine with the formation of the C-C bridge. (S)- norcoclaurine is the 
central precursor molecule for all BIA synthetic plants (Stadler et al., 1989). NCS also 
thought to regulate BIA biosynthesis due to substrate concentration sensitivity (Lichman et 
al., 2015). BIA biosynthesis consists of several methylation and hydroxylation steps. The first 
methylation step is the conversion of (S)-norcoclaurine to (S)-coclaurine by norcoclaurine-6-
O-methyltransferase (6OMT) (Ounaroon et al., 2003). Following steps ate catalyzed by 
Cochlaurine N-methyltransferase (CNMT) (Choi et al., 2002), (S)-N- -

-hydroxy-N- -O-
- -hydroxy-N-methylcoclaurine to (S)-

reticuline (Morishige et al., 2000). (S)-reticuline is the central intermediate in most BIA 
synthesis pathways. Not only are they produced by dimeric bisbenzylisoquinoline alkaloids 
(S)-reticuline. Another branch in BIA biosynthesis in which (S)-reticuline does not act as an 
intermediate is papaverine biosynthesis (Ziegler and Facchini, 2008). 
After (S)-reticuline biosynthesis, the pathway divides into different branches to synthesize 
several BIAs such as morphine, sanguinarine, papaverine and noscapine. 

a. Papaverine route: 

The papaverine biosynthesis pathway in opium poppy is still unclear, but several hypotheses 
exist. Two different pathways have been suggested for the synthesis of papaverine. The first 
begins with the conversion of (S)-norcoclaurine to (S)-cochlaurine by the 6'OMT enzyme. It 
is the O-methylation of (S)-norreticuline to (S)-norlaudanine by the N7OMT enzyme and 
after a few steps, papaverine is formed. Pienkny et al. (2009) found a new O-
methyltransferase enzyme, which they named norreticuline-7-O-methyltarnsferase (N7OMT). 
This enzyme belongs to the class II O-methyltransferase protein family. They stated that the 
synthesis of papaverine with this enzyme can occur in two different ways (Pienkny et al., 
2009). The second pathway is the formation of papaverine by the conversion of (S)-N-
Methylcoclaurine (with O-methylations) from (S)-cochlaurine to laudanosine via the CNMT 
enzyme. However, Virus Induced Gene Silencing (VIGS) studies on this pathway support the 
first pathway ( -Penix and Facchini, 2012). 
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In contrast, Pathak et al. (2013), in their transcriptome study with natural papaverine mutants, 
determined that 6'OMT, 4'OMT, and N7OMT were overexpressed, but 7'OMT was decreased. 
Based on this, they obtained results showing that the biosynthesis of papaverine continues via 
(S)-coclaurine, that is, the intermediate product in this pathway is (S)-coclaurine (Pathak et 
al., 2013). 
b. Sanguinarine route:
This pathway continues with the formation of two methylenedioxy bridges that result in (S)-
chelantipholine and (S)-stylopin. Both reactions are catalyzed by P450-linked 
monooxygenases. Two cDNAs encoding the stylopine synthase enzyme were cloned from the 
E. californica plant and classified as Cyp719A2 and Cyp719A3 (Ikezawa et al., 2007) 
Cyp719A2 converts (S)-keliantifolin to (S)-stylopine. (S)-stylopine is then N-methylated by 
the TNMT enzyme (Liscombe and Facchini, 2007). Cytochrome p450-dependent 
monooxygenase (S)-cis-N-methylstylopine 14-hydroxylase (MSH) enzyme synthesizes 
protopine by hydroxylation, and then protopine is hydroxylated with cytochrome p450-linked 
monooxygenase 6-hydroxylase (P6H) to form dihydroxysanguinarine spontaneously by 
intramolecular rearrangement (Facchini et al., 2007).  The last step in this route is the 
conversion of Dihydrosanguinarin to sanguinarine by Dihidrobenzophenantridine oxidase 
(DBOX) enzyme.  
c. Noscapine route: 

The noscapine pathway is partially similar to the formation of the berberine intermediate. 
Eleven enzymatic steps are required to convert (S)-reticuline to noscapine (Park et al., 2018).  
The noscapine pathway begins with conversion of (S) reticuline to (S)-scoulerine by 
Berberine bridge enzyme (BBE). Although the pathway is common to the (S)-cannadine 
molecule, the enzyme tetrahydroprotoberberine cis-N-methyltransferase (TNMT), which is 
also involved in the sanguinarine pathway, methylates the (S)-cannadine to (S)-N-
methylcannadine (Dang and Facchini, 2012). 10 out of the 12 biosynthetic genes existed in 
the noscapine pathway as a cluster The last step is catalyzed by Noscapine synthase (NOS) to 
yield noscopine (Winzer et al., 2012).  
d. Morphine route: 

Although most biochemical reactions in BIA pathway continues with (S)-reticuline molecule, 
for morphinan alkaloid biosynthesis the formation of the (R)-reticuline is the first stable step 
(Facchini et al., 2007). Reticuline epimerase (REPI) enzyme is responsible for the 
epimerization of the reticuline molecules (Farrow et al., 2015). (R)-reticuline is converted into 
salutaridine by salutaridine synthase (SalSyn) (Gesell et al., 2009), which is then reduced by 
salutaridine reductase to yield salutaridinol (Grothe et al., 2001). The subsequent step is the 
conversion of salutaridinol to thebaine by salutaridinol 7-O-acetyltransferase (SalAT) (Ziegler 
et al., 2006) Besides, a novel enzyme called thebaine synthase (THS) which produce thebaine 
was isolated from the latex of opium poppy (Chen et al., 2018). In the last step of morphine 
biosynthesis, there are two different routes from thebaine to morphine. In one of the route 
oripavine, morphinone and morphine synthsized from thebaine, respectively with the enzymes 
codeine O-demethylase (CODM), thebaine 6-O-demethylase (T6ODM) and codeinone 
reductase (COR). The other route goes on thebaine, codeinone, codeine and morphine. The 
enzymes taking part in this route are T6ODM, COR and CODM, repectively (Unterlinner et 
al., 1999). 
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Figure 1. Major BIA biosynthetic pathways in opium poppy (Singh et al., 2019).

Genomic approaches: 
Whole genome sequencing: 
Whole genome sequencing of opium poppy is important because of BIAs. We know that P. 
somniferum is the only source of medically and economically important morphine. The 
exploration of the genome sequence led us to brighten genetic and physiologic basis of this 
miraculous plant. In addition, the genome sequences of poppy facilitate to understand the 
evolution of BIA synthesis genes.  
To date two variety of opium poppy whole genome sequencing was performed. The high 
noscapine variety of P. somniferum Guo et 
al., 2018)  
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Among Papaveraceae family P. somniferum genome size is found to be the largest. In HN1 
genome size detected as 2,72 Gb while in CHM it was found as 2,62 Gb.  The reason why 
poppy has the largest genome is explained by the burst of repetitive elements. In CHM 
65.79% of the genome is composed of transposable elements and the majority of the 
transposable elements are the members of long terminal repeats (LTR). Among LTRs 
Ty3/Gypsy elements are predominat. Both whole genome sequencing analysis revealed that 
about 80.000 gene predicted as protein coding. In CHM, 5226 transfer RNA genes, 1404 
miRNA genes, 2076 small nuclear RNA genes, and 1129 ribosomal RNA genes were detected 
(Pei et al., 2021). 
Functional Genomics: 
It is aimed to increase morphinan alkaloids by over-expression of COR enzyme by using 
RNAi in P. somniferum plant. A significant increase was observed in the amount of alkaloids 
in the capsules of transgenic lines grown both in the greenhouse and in the field after 4 years. 
The increase in the total amount of alkaloids can be attributed to the increase in the amount of 
morphine, codeine and thebaine. With the increase in the amount of COR enzyme, an increase 
in morphine and codeine can be expected, but the increase in thebaine is an unpredictable. It 
has been stated that the reason for the increase in the amount of thebaine may be the feedback 
inhibition of the demethylation steps as a result of the increase in the amount of morphine and 
codeine, or the prevention of the transition of thebaine to the vesicles that accumulate 
morphine and codeine (Larkin et al., 2007).      
Regulation of SalAT gene expression also caused changes in the alkaloid content of poppy. 
Over-expression of the SalAT transgene increased the overall alkaloid content by 
approximately 40%. On the other hand, silencing of SalAT transcripts with RNAi to 
approximately one-tenth of the normal level resulted in unexpected accumulation of the 
salutaridine molecule. They stated that this event can be explained as the conversion of 
salutaridinol, the substrate of SalAT, to salutaridine by the reversible SalIR enzyme (Allen et 
al., 2008). VIGS-mediated suppression of transcript levels of the DBOX enzyme in poppy, 
reducing the amount of sanguinarine, dihydroxysanguinarine and papaverine in roots supports 
the function of this enzyme in different pathways (Hagel and Facchini, 2013). 
Hagel and Facchini (2010) isolated thebaine T6OMD and COMD enzymes using functional 
genomics. In the study, the stem transcriptomes of Top1 (thebaine oripavine poppy 1) mutants 
containing high thebaine and oripavine but not morphine and codeine were compared with 3 
different cultivars that accumulate morphine. Metabolic functions of T6OMD and COMD 
enzymes were determined by VIGS (Hagel and Facchini, 2010). 
In opium poppy when REPI gene transcripts were silenced via VIGS it was found that (R)-
reticuline and morphinan alkaloids decreased on the other hand (S)-reticuline abundance was 
increased. This study supports that REPI plays a key role in morphine biosynthesis (Farrow et 
al., 2015). 
4OMT2 has a critical role in BIA biosynthesis hence VIGS-mediated gene silencing of this 
gene When OMT gene was suppressed via VIGS in a morphine rich variety, the total 
alkaloid content reduced in stem tissues, but significantly increased total alkaloid content in 
the capsule. Silencing of reticuline 7-O-methyltransferase (7OMT) that converts (S)-reticuline 
to (S)-laudanine, also reduced not only total alkaloid content in stem, but also reduced the 
several selected BIA biosynthesis genes in different tissues. Over-expression of T
increased expression of CNMT, SalAT and 7OMT and decreased COR gene expression in the 
stem. 7OMT gene over-expression increased COR, SAT, 6OMT and  transcript level in 
the stem but decreased CNMT, 6OMT and COR transcript levels in the capsule of opium 
poppy (Gurkok et al., 2016).  
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The new gene editing technology has recently been applied to opium poppy.  When 
CRISPR/Cas9 gene editing technology used to mutate  gene it reduces morphine 
biosynthesis (Alagoz et al., 2016).  
Transcriptomic approaches 
All of the RNAs created against external stimuli in a tissue or living thing at a certain time are 
called transcriptome (Kogenaru et al., 2012). Although the genomes of cells in an organism 
are the same, their transcriptome profiles can vary (Tang et al., 2011). 
Transcriptome studies are established as a first step to identify gene expression patterns in 
organisms. Gene expression patterns and alkaloid profiles can give important clues about BIA 
biosynthesis pathway. 
Pathak et al. (2013) carried out a transcriptome profiling study to shed light the papaverine 
pathway. Their results suggest that papaverine biosynthesis may proceed differently from the 
previously identified pathway. As well as they also revealed that a set of methyl transferase 
and dehydrogenase enzymes play role in this route (Pathak et al., 2013).  
Using microarray gene expression analyzes, in different time points, were conducted in 
methyl jasmonate treated opium poppy capsules. In this study also the alkaloid accumulation 
was detected. According to the results of microarray analysis, the number of transcripts whose 
expression changed compared to the control at the 12th hour, found the most. Besides, 
morphine and noscapine amounts were determined to be higher than other alkaloids in all 
time periods (Gurkok et al., 2015).  
CONCLUSION 
As a result, with this study, the pathways described so far on the poppy plant and the genomic 
and transcriptomic studies determined in this pathway are presented in a wide scope. In light 
of these pathways, genomic and transcriptomic research is expected to gain momentum. With 
future comprehensive studies, the possibility of developing transgenic plants of P.
somniferum, which has economic, medical and agricultural importance, will increase. 
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ABSTRACT 

The main purpose of this paper is to introduce and study the definition of derivations period 2 
via associative ring R and U be a nonzero ideal of R. Accurately, we prove the derivation is 
commuting of U of a ring R that satisfied certain conditions. 
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1 INTRODUCTION 

The modern definition of abstract ring appeared in 1914 in Fraenkel's paper which under title 
"On zero divisors and the decomposition of ring". One of the natural questions of Ring 
Theory is to determine conditions implying commutativity of the ring. A systematic study of 
non-commutative rings stared in the 20th century while commutative rings have appeared 
though in a covered way much before, and as many other theories, go back to Fermat's Last 
Theorem. In 1847, a French mathematician Lame stated a solution of this problem. Unlike 
commutative rings, which grew from number theory, non-commutative rings originated from 
an idea of Hamilton, who endeavoured to generalize the complex numbers as a two-
dimensional algebra over the reals to a four-dimensional algebra of quaternions. Other natural 
noncommutative objects are matrices. In 1850, they were introduced by Cayley, together with 
their laws of addition and multiplication and, in 1870, Pierce noted that the modern ring 
axioms held for square matrices. During the last two decades, the commutativity of 
associative rings with derivations have become one of the focus points of several authors and 
a significant work has been done in this direction. Basically, the study of derivation was 
initiated during the 1950s and 1960s. Derivations of rings got a tremendous development in 
1957, when Posner [13] established two very striking results in the case of prime rings. A 
considerable amount of work has been done on derivations and related maps during the last 
decades (see, e.g., [1,3,4, 14-17] and references therein). In 1957 Herstein proved that if char 
R 2, then any Jordan derivation of R is a derivation (see [23, Theorem 3.1]). We refer the 
reader to [22] and [21] for the 2-torsion free semiprime case. For the case char R=2, Herstein 
proved that if R  of R 
satisfying x, y R.
Indeed, in [12] M.N. Daif, proved that, let R be a semiprime ring and d a derivation of R with 
d3  0. If [d(x), d(y)] =0 for all x, y  R, then R contains a non-zero central ideal. M.N. Daif 
and H.E. Bell [20] proved that, let R be a semiprime ring admitting a derivation d for which 
either xy+d(xy)=yx+d(yx) for all x,y  R or xy-d(xy)=yx-d(yx) for all x,y  R, then R is 
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commutative. On the other hand, DeFilippis [11] proved that, when R be a prime ring let d a 
non-zero derivation of R, U (0) a two-sided ideal of R, such that d([x,y])=[x,y] for all x,y 

 U, then R is commutative. Abdelkarim Boua in [8] studied the commutativity of 3-prime 
near-rings admitting homoderivations which satisfy certain differential identities on near-
rings. Homoderivation has diversity notions in agreement with reference [10] where Eszter 
Gselmann and Gergely Kiss investigated the (different) notions of homoderivations. The 
effect of a homoderivation on ideals studied by E. F. Alhare and N. M. Muthana [9]. They 
proved that U is a non-zero left ideal in a prime ring R that admits a homoderivation h which 
is zero power valued on U satisfying xy + h(xy) = yx + h(yx) for all x, y  U. Then R is 
commutative. Also, Ahmad Al-Kenani, Asmaa Melaibari and Najat Muthana [5] showed that 
R is a prime ring and U is a non-zero ideal of R. If x  R and x centralizes U, then x Z(R). 
Asmaa Melaibari, Najat Muthana and Ahmad Al-Kenani [7] pointed out that R is any ring 
with no non-zero central ideals. If H: R  R is a zero-power valued CE-homoderivation (i.e., 
centrally extended homoderivation), then H is additive. 
The main purpose of this paper is to introduce and study the definition of derivations period 

2 via associative ring R and U be a nonzero ideal of R. 

2 PRELIMINARIES 

Let R be an associative ring with center Z(R).  Let x, y, z  R. We write the notation [y, x] 
for the commutator yx - xy and x o y for anticommutator xy + yx also make use of the 
identities [xy, z] = [x, z] y + x [y, z] and [x, yz] = [x, y] z+y[x, z]. Recall that R is semiprime 
if aRa = 0 implies a = 0 and R is prime if aRb = 0 implies a = 0 or b = 0. Every prime ring is 
semiprime ring, but the converse is not true always. R is said to be commutative if xy = yx 
for all x, y  R. An analogous notion is that of anticommutativity of rings.  A ring R is said to 
be n-torsion free if for x  R, nx = 0 implies x = 0. A map d: R  R is said to be n-
commuting on R if [d(x), xn] = 0 holds for all x  R. It is said that a map d: R  R is n-
centralizing on R if [d(x), xn]  Z(R) is fullled for all x R. An additive map d: R R is 
called a derivation if the Leibniz's rule d(xy) = d(x)y + xd(y) holds for all x, y R.
Also, an additive mapping D: R R is called a generalized derivation if there exists an 
additive mapping d on R such that D(xy) = D(x)y+xd(y) for all x, y R. Let be a nonempty 
subset of . A map : is said to be of period 2 on if 2( ) =  for all .  
We first fix the following fact which shall be used frequently throughout the text. 
Lemma 1 [18, Lemma 2.1] Let R be a semiprime ring, U a nonzero two-sided ideal of R 
and a R such that axa = 0 for all x U, then a = 0. 

3. THE MAIN RESULTS 

Theorem 3.1. Let R be a prime ring and U be a nonzero ideal of R. If D is a generalized 
derivation with associated d derivation period 2 of R such that 

(i) d(x) o D(y) = 0 for all x, y U,
(ii) (ii) d(x) o D(y) x o y = 0 for all x, y U, then d is commuting of U. 

Proof: (i) From our hypothesis, we have d(x) o D (y) = 0 for all x, y U.        (3.1)
Replacing y by yz in (3.1), we have 
d(x) o yd(z) + D (y) [z, d(x)} = 0 for all x, y, z U. (3.2) 
Substitute zd(x) for z in (3.2), we find that 
d(x) o yzd2(x) =0 for all x, y, z U. (3.3) 
Moreover, 
d(x)yzd2(x) = -yzd2(x)d(x) for all x, y, z U.             (3.4)

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 574 November 5-6, 2021



Replacing y by ry in (3.4) and use (3.4), we obtain 
[d(x), r]yzd2(x) = 0 for all x, y, z   U, r R. (3.5) 
This implies that [d(x), r] Ryzd2(x) = (0) for all x, y, z U and r R.
Furthermore, 
[d(x), y]d2(x)R[d(x), y]d2(x)R[d(x), y]d2(x) = (0) for all x, y U. 
Due to R is semiprime, we obtain [d(x), y]d2(x) = 0 for all x, y U. 
Linearization this relation gives us 
[d(x), y]d2(z) + [d(z), y]d2(x) = 0 for all x, y, z U. (3.6) 
Substitute yu for y in relation (3.6) , we obtain 
[d(x), y]ud2(z) + [d(z), y]ud2(x) = 0 for all x, y, z, u U.                     (3.7)
Replace u by ud2(x)w[d(z), y]u in (3.7), we show 
[d(x), y]udz(x)w[d(z), y]ud2(z)+[d(z), y] udz(x)'w[d(z), y] ud2(x) = 0  
for all x, y, z, w, u U.                                                                         (3.8) 
This relation yields  
[d(z), y]ud2(x)w[d(z), y]ud2(x) = 0 for all x, y, z, w, u U. (3.11) 
Substitute wr for w in (3.11) and using serniprimeness of R, we deduce  
[d(z), y]ud2(x)w = 0 for all y, z, u, w U. Replacing w by r[d(z), y]u with using the fact that 
of R is semiprime ring, we conclude that 
[d(z), y] ud2(x) = 0 for all x, y, z, u U. (3.12) 
Due to d is period 2, we conclude that 
[d(z), y]ux = 0 for all x, y, z, u U. Replacing x by d(z)y, we obtain  
[d(z), y]ud(z)y = 0 for all x, y, z, u U. (3.13) 
Again, putting u=yd(z) in relation (3.13) and subtracting this result from relation (3, 13),
we arrive at 
[d(z), y] u[d(z), y] = 0 for all x, y, z, u U.
Employing Lemma 1, we conclude that d is commuting of U. 
The proof of the branch (ii) is similar as the branch (i). 
Theorem 3.2: Let R be a prime ring and U be a nonzero ideal of R. If D is a generalized 
derivation with associated d derivation period 2 of R such that  

(i) d(x) o D(y) xy = 0 for all x, y U,  
(ii) (ii) d(x) o D(y) [ x, y] = 0 for all x, y U, then d is commuting of U. 

Proof: (i) From our hypothesis d(x) o D(y) - xy = 0 for all x, y U.  
Replacing y by yz, we find that 
(d(x) o D (y)) z + d(x) o yd(z) + D (y)[z, d(x)] - xyz = 0 for all x, y, z U.      (3.14)
This relation leads to 
d(x) o yd(z) + D (y) [z, d(x)] = 0 for all x, y. z U.                              (3.15)
Putting zd(x) for z in (3.15) to get d(x) o yzd2(x) = 0 for all x, y, z U. i.e., 
d(x)yzd2(x) + yzd2(x)d(x) = 0 for all x,y,z U.   (3.16) 
Replacing y by ry in (3.16) with use (3.16), we get [d(x), r] yzd2(x) = 0 for all x, y, z U and
r R. This implies that [d(x), r] Ryzd2(x) = (0) for all x, y, z U and r  R. Using similar 
manner as in the proof of Theorem 3. 1, we get the required result. 
The proof of the branch (ii) is similar as the branch (i). 

Theorem 3.3: Let R be a prime ring and U be a nonzero ideal of R. If D is a generalized 
derivation with associated d derivation period 2 of R such that [d(x), D(y)] = 0 for all x, y 
U then d is commuting of U. 
Proof. By hypothesis, we have the relation [d(x), D(y)] = 0 for all x, y  U.
Replacing y by yz, we find that 
[d(x), D (y)[z + D (y)[d(x), zl + [d(x), yld(z) + y[d(x), d(z)1 = 0 for all x, y, z U. (3.17) 
This yields the relation 
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D (y) [d(x), z] + [d(x), y]d(z) + y[d(x), d(z)] = 0 for all x, y, z U. (3.18) 
Again, replacing z by zd(x) in (3.18), we show 
D (y)[d(x), zl d(x) + [d(x), yld(z)d(x) + [d(x), y]zd(x) + y[d(x), d(z)]d(x) +yz[d(x), d2(x)] + 
y(d(x), zld(x) = 0 for all x, y, z U. (3.19) 
Employing (3.18) on relation (3.19), we arrive to 
[d(x),y]zd2(z) + yz[d(r),d2(x)) + y[d(x), z]d2(x) = 0 for all :i:, y, z U. (3. 20) 
Substitute ry for y in (3.20) to get [d(x), r]yzd2(x) = 0 for all x, y, z  U and r R.  
Appling the same arguments as we have done in the proof of Theorem 3. 1, we get the 
required result. 
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ABSTRACT 
The thermal stabilization stage is the most important stage of carbon fiber production in terms 
of the ability of Polyacrylonitrile (PAN) fibers to resist high temperatures throughout the 
carbonization stage. The degree of stabilization of the PAN fibers determines the final carbon 
fiber strength. Here, insufficient stabilization and excessive stabilization adversely affect the 
mechanical properties. For optimum thermal stabilization, it is necessary to effectively use the 
basic process parameters such as temperature, time, and heating rate. In this study, PAN fibers 
were passed through a 15% guanidine carbonate aqueous solution to accelerate the process 
before thermal stabilization. Then, thermal stabilization was carried out using two different 
heat treatment procedures, single-step (SS) and multi-step (MS). While SS heat treatment was 

temperatures 

times of 15, 45, and 75 minutes. The changes in linear density, fiber thickness, density, and 
mechanical properties of PAN fibers after thermal stabilization are given comparatively for 
two different heat treatment procedures. Differential scanning calorimetry (DSC) technique 
was used to examine the change in the thermal properties of the samples after heat treatment. 
While the DSC conversion index value increased up to 60% as a result of SS heat treatment, it 
increased up to 94% as a result of MS heat treatment. Similarly, the mechanical properties 
obtained as a result of MS heat treatment were found to be higher than the mechanical 
properties obtained as a result of SS heat treatment. 
 
Keywords: Polyacrylonitrile, Guanidine Carbonate, Thermal Stabilization, Carbon Fiber. 
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1. INTRODUCTION 
The thermal stabilization stage is seen as the most important stage in carbon fiber production. 
At this stage, the precursor fiber turns into a structure resistant to high temperatures during 
carbonization [1-5]. Thermal processes during thermal stabilization cause some chemical 
changes in the PAN polymer chains. This provides the formation of a condensed cyclic 
structure with a carbon-nitrogen double bond (C=N) [6,7]. This structure makes the polymer 

[8]. In addition to all the 
transformations, the thermal stabilization stage is shown as the one that consumes the most 
energy and takes a lot of time [9-12]. For this reason, PAN fibers were passed through 
guanidine carbonate aqueous solution before the thermal stabilization process to both reduce 
the time required for thermal stabilization of PAN fibers and accelerate the process [13], 
accordingly. 
 
Optimum stabilization can only be achieved by choosing the best parameters during thermal 
stabilization. It is important that parameters such as residence time of the fibers in the oven, 
stabilization temperature, and heating rate are used in a balanced pattern [14-17]. During 
stabilization in an air atmosphere, oxygen generally diffuses from the outer surface of the 
fibers to the inner parts. In some cases, due to the inhomogeneity of the oxygen distribution in 
the fiber, the skin-core effect occurs [18], resulting in fibers with low mechanical properties. 
Therefore, a gradual increase in temperature will be more effective than single-step heat 
treatment, especially during the use of thicker fibers. 
 
This research includes a series of preliminary studies in which both single-step and multi-step 
heat treatments were applied to examine the effect of the heat treatment procedure on the 
thermal stabilization of the fibers obtained after guanidine carbonate impregnation. The data 
obtained from both heat treatment results were evaluated by comparing them with each other. 
 
2. MATERIAL AND METHOD 
Before chemical treatment, PAN fibers were kept in 5% aqueous ethanol solution to remove 
the spin-finish oils they were exposed to during their production, and then washed and dried. 
Some properties of untreated PAN fibers are listed in Table 1. Heat treatment procedures 
applied to PAN fibers are given in Fig. 1 and Fig. 2. 

Table 1 Some properties of untreated PAN fibers 

Precursor 
Linear 
density 
(Tex) 

Density   
(g\cm3) 

Fiber 
thickness 

 

Tensile 
strength 
(MPa) 

Tensile 
modulus 

(GPa) 

Elongation at 
break (%) 

PAN 59.7 1.18 22 262.2 13.9 11.6 
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Figure 1 Single-step heat treatment procedure 

 
In both heat treatment procedures, the rate at all steps of thermal stabilization (i.e, heating and 
cooling) was determined as 2 C/min. 

 
Figure 2 Multi-step heat treatment procedure 

 
 
 

2.1. Linear Density Measurements 
The linear density of all samples was calculated as Tex. It refers to the weight in grams of 
1000 meters of yarn. 
 
2.2. Fiber Thickness Measurements 
Fiber thickness measurements of all samples were carried out using an Olympus brand CX31 
model optical microscope. To calculate the fiber thickness, the measurements were made at 
20 different points along the fiber axis of five randomly selected filaments and the result was 
expressed as the mean value. 
 
2.3. Density Measurements 
For density measurements, solutions with known densities were prepared by using isopropyl 
alcohol (0.786 g/cm3) and perchloroethylene (1.62 g/cm3) liquids. The prepared samples were 
left in these density solutions and waited for a certain period of time to reach the equilibrium 
position. All density values were obtained using these density solutions. 
 
2.4. Measurements of Mechanical Properties 
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The mechanical properties of all samples were measured using a Prowhite brand tensile 
strength tester at a tensile speed of 5 mm/min and a gauge distance of 20 mm. Results were 
given by averaging 20 measurements.  
 
2.5. DSC Measurements 
A Perkin Elmer Diamond DSC system was used to examine the thermal properties of PAN 
samples after heat treatments. The test was carried out using a temperature between 50 and 
400 C and a heating rate of 10 C/min. The nitrogen flow rate was determined as 50 ml/min. 
The weight of the samples used for the test is about 5 mg. For the thermally stabilized 
samples, the DSC conversion index was calculated using Eq. (1), 

 

o thermic heat for PAN that is 
thermally stabilized after heat treatments. 
 
 
3. RESULTS AND DISCUSSION 
3.1. Evaluation of Linear Density Measurements 
The linear density gives an idea about the mass change in the polymer structure in general. In 
Figure 3, the change in linear density as a result of both SS and MS heat treatment is shown. 

 
Figure 3 Change in linear density after heat treatments 

The linear density of the PAN samples impregnated with 15% guanidine carbonate aqueous 
solution increased by approximately 14% and was calculated as 68.1 tex. Then, as a result of 
both heat treatments, a decrease in linear density was observed depending on the mass loss 
with the effect of temperature and time. However, in MS heat treatment, more mass loss was 
observed as the waiting time of the samples in the furnace was longer. 
 
3.2. Evaluation of Fiber Thickness Measurements 
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Fiber thickness is an important parameter to ensure homogeneity during thermal stabilization. 
Figure 4 shows the change in fiber thickness as a result of both SS and MS heat treatment. 
The fiber thickness tended to decrease due to the mass losses in the fiber after thermal 
treatments. 
guanidine carbonate impregnation. However, it decreased due to the increase in stabilization 
time and stabilization temperature during heat treatments. This situation supports the change 
in linear density. It was observed that the results obtained from both heat treatment 
procedures were close to each other. After 75 minutes of stabilization, the average fiber 

 
Thus, as a result of MS heat treatment, the fiber thickness value decreased by 20.5% 
compared to the untreated sample. 

 
Figure 4 Change in fiber thickness after heat treatments 

 
3.3. Evaluation of Density Measurements 
To obtain carbon fiber with good mechanical properties from PAN-based fibers, the thermal 
stabilization stage must be fulfilled at an optimum level. Therefore, it is important to know 
the fiber densities of the samples obtained after heat treatments. Looking at the literature, it 
has been stated that the fiber density of the samples should be between 1.34  1.40 g/cm3 for 
optimum thermal stabilization of PAN-based fibers [19].   
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Figure 5 Change in fiber density after heat treatments 

Figure 5 shows the change in fiber density as a result of both SS and MS heat treatment. With 
the increase of the stabilization time, the density values increased in all heat treatments. The 
increase in the density values after thermal stabilization is interpreted as the closer packing of 
the macromolecule chains to each other due to the cyclization of the nitrile groups in the PAN 
polymer structure [20]. After 75 minutes of stabilization, the density value increased up to 
1.37 g/cm3 with SS heat treatment, while it increased up to 1.43 g/cm3 with MS heat 
treatment. 
 
3.4. Evaluation of Mechanical Properties 
Figures 6-8 show the change in mechanical properties as a result of both SS and MS heat 
treatment during the thermal stabilization of PAN fibers.  

 
Figure 6 Change in tensile strength after heat treatments  

 
To produce a carbon fiber with the desired level of mechanical properties, PAN-based fibers 
must be fully stabilized before the carbonization stage. While excessive stabilization may 
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adversely affect the mechanical properties, insufficient stabilization also negatively affects the 
mechanical properties. Especially when compared to the initial tensile strength values, a 
decrease in tensile strength is likely due to thermal degradation. However, higher tensile 
strength values were obtained with MS heat treatment. The important thing is to keep the 
reduction in tensile strength at an optimum level.  

 
Figure 7 Change in elongation at break after heat treatments 

The tensile strength values vary between 144 and 101 MPa as a result of SS heat treatment, 
while it varies between 162 and 143 MPa as a result of MS heat treatment. Similarly, higher 
modulus values were obtained as a result of MS heat treatment. On the other hand, we can say 
that guanidine carbonate makes the structure more brittle and thus the elongation at break 
decreases more. 

 
Figure 8 Change in tensile modulus after heat treatments 

 
3.5. Evaluation of DSC Measurements  
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DSC thermograms contain important information about the change in thermal properties of 
PAN fibers throughout the process. The thermograms obtained from DSC in Figure 9 show 
comparatively the change in thermal properties of PAN fibers as a result of both SS and MS 
heat treatment. As a result of both heat treatments, the exothermic peak area and height 
gradually and continuously decrease with the increase of the heat treatment time, but it is seen 
that the peak width increase.  
 
In Figure 9, when the DSC thermograms obtained after 45 minutes of stabilization are 
examined, the difference between the two different heat treatments is seen most clearly and it 
is understood that the MS heat treatment is more effective in a short time. The reduction of 

fiber. 

  

 
Figure 9 Change in thermograms obtained from DSC  

 
Peak height value for 75 min stabilization as a result of MS heat treatment decreased by 
97.5% compared to the untreated sample (see Figure 10). 
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Figure 10 Change in peak heights obtained from DSC thermograms  

 
DSC conversion index [21] values obtained using Eq. 1 are given in Figure 11. It was 
observed that the DSC conversion index increased continuously throughout stabilization. At 
the end of thermal stabilization, DSC conversion index values of the samples stabilized by SS 
and MS heat treatment increased up to 60% and 94%, respectively. This shows that MS heat 
treatment is more effective in terms of the thermal stability of PAN fiber. 

 
Figure 11 DSC conversion index values 

 
4. CONCLUSIONS 
To reduce the time required for the thermal stability of the PAN fibers, the samples passed 
through the guanidine carbonate aqueous solution were then thermally stabilized by both SS 
and MS heat treatments. To examine the differences between the heat treatments, the samples 
were subjected to a series of tests as a result of the process. Although the linear density and 
fiber thickness values tend to decrease due to mass losses due to temperature and time, the 
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density values tend to increase. Density values vary between 1.26 and 1.37 g/cm3 in the 
samples obtained as a result of SS heat treatment, while it changes between 1.30 and 1.43 
g/cm3 with MS heat treatment. On the other hand, the mechanical properties obtained as a 
result of MS heat treatment were found to be higher than the mechanical properties obtained 
as a result of SS heat treatment. Similarly, the information obtained from DSC supports that 
MS heat treatment is more effective than SS heat treatment. It has been observed that MS heat 
treatment has a more positive effect on the thermal stabilization of PAN-based fibers 
compared to SS heat treatment. It is foreseen that it will be a heat treatment procedure that is 
much more suitable especially for the thermal stabilization of thick fibers.  
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ABSTRACT 
 
3-methyl-4-(3-acetoxy-4-methoxy-benzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one was obtained 
in excellent yields through 3-methyl-4-amino-4,5-dihydro-1H-1,2,4-triazol-5-one with 3-acetoxy-4-
methoxy-benzaldeyde. The 3-methyl-4-(3-acetoxy-4-methoxy-benzylidenamino)-4,5-dihydro-1H-
1,2,4-triazol-5-one has been optimized using B3LYP/6-311G(d) basis set. 1H-NMR and 13C-NMR 
isotropic shift values were calculated by the method of GIAO using the program package Gaussian G09. 

p=a+b. 
 

b constants. Theoretically calculated IR data are multiplied with appropriate adjustment factors and the 
data obtained according to DFT method are formed using theoretical infrared spectrum. IR absorption 
frequencies of this compound were calculated by same method. The veda4f program was used in 
defining IR data which were calculated theoretically. The  thermodynamic parameters, electronic 
properties (total energy, dipole moment), HOMO and LUMO energies, Mulliken atomic charges of titled 
compound has been investigated by using Gaussian 09W program. The spectroscopic and structural data 
of this compound has been calculated by using 6-311G(d) basis set with density functional method 
(DFT/B3LYP) and compared with experimental values. 
 
Keywords: Schiff base, B3LYP, spectroscopic, electronic, thermodynamic. 
 
1. Introduction 

Heterocyclic bases are defined as cyclic compounds consisting of carbon and heteroatom(s) within a 
ring [1]. They exhibit a variety of chemical [2-4] and biological applications as a result of their structural 
diversity [2, 5-7]. In the present study, 3-methyl-4-(3-acetoxy-4-methoxy-benzylidenamino)-4,5-
dihydro-1H-1,2,4-triazol-5-one was optimized by using 6-311G(d) basis set of the B3LYP method [8, 
9]. 1H-NMR and 13C-NMR isotropic shift values were calculated by the method of GIAO. Experimental 

=

standard error values were found via SigmaPlot program with regression coefficient of a and b constants. 
The vibrational frequencies, atomic charges and frontier molecule orbitals (HOMO and LUMO) of the 
titled compound have been calculated by using B3LYP method with 6-311G(d) basis set. All quantum 
chemical calculations were carried out by using Gaussian09W program package and the GaussView 
molecular visualization program [8,9]. The vibrational calculations of the molecule was computed by 
using B3LYP [10] density functional method with 6-311G(d) basis set in ground state. IR absorption 
frequencies of the titled compound were calculated by the same basis set. Then, they were compared 
with experimental data [11] which are shown to be accurate. Infrared spectrum was composed by using 
the data obtained from the method. The assignments of fundamental vibrational modes of the titled 
compound were performed on the basis of total energy distribution (TED) analysis by using veda4f 
program [12]. Also, the molecular structure, the highest occupied molecular orbital-lowest unoccupied 
molecular orbital (HOMO-LUMO), ionization potential, electron affinity, energy gap, electronegativity, 
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molecular hardness, molecular softness, chemical potential, electrophilic index and nucleophilic index 
and Mulliken atomic charges of the titled compound have been investigated by the same basis set. 
Thermodynamic properties of analyzed molecule were calculated by the same basis set. 
 
2. Materials and Methods 

Gaussian09W program package was used for the DFT calculations [8]. The visualization for the 

verification of the optimized molecular structure was performed using the Gaussview program [9]. The 

geometry optimization of the titled compound was performed by using B3LYP method with 6-311G(d) 

basis set. The GIAO (Gauge-Including Atomic Orbital) 1H and 13C NMR chemical shift values in DMSO 

were calculated by the same basis set. 

+ b formula. The spectral data of the titled compound were carried out with the same basis set. The 

veda4f program was used for identification of calculated IR data [12]. Then, theoretically, the electronic 

property (ionization potential, electron affinity, energy gap, electronegativity, molecular hardness, 

molecular softness, chemical potential, electrophilic index and nucleophilic index), Mulliken atomic 

charges, the atomic charges, dipole moments, energy and thermodynamical parameters were calculated.  

 

 
 Figure 1. Optimized molecular structure of titled compound with B3LYP/ 6-311G(d) level. 
 
3. Results and Discussion 

3.1. NMR spectral analysis 

In nuclear magnetic resonance (NMR) spectroscopy, the isotropic chemical shift analysis allows 

us to identify relative ionic species and to calculate reliable magnetic properties which provide the 

accurate predictions of molecular geometries [13-15]. In this framework, the optimized molecular 

geometry of the titled compound was obtained by using B3LYP method with 6-311G(d) basis level in 

DMSO solvent. By considering the optimized molecular geometry of the titled compound the 1H and 
13C NMR chemical shift values were calculated at the same level by using Gauge-Independent Atomic 

Orbital (GIAO) method. Theoretically and experimentally values [11] 

using the SigmaPlot program. 
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Table 1. The calculated and experimental 13C and 1H NMR isotropic chemical shifts of the titled 

compound 
No Experim. DFT/6311(d)  DMSO Diff./DMSO 
1C 144.70 150.01 -5.31 
2C 153.44 153.63 -0.19 
3C 11.57 12.36 -0.79 
4C 151.73 151.83 -0.10 
5C 128.60 130.72 -2.12 
6C 126.75 129.82 -3.07 
7C 140.18 145.66 -5.48 
8C 154.82 159.91 -5.09 
9C 113.35 113.69 -0.34 

10C 121.21 126.25 -5.04 
11C 168.95 173.95 -5.00 
12C 20.83 20.30 0.53 
13C 56.57 54.30 2.27 
14H 11.57 6.67 4.90 
15H 2.26 2.05 0.21 
16H 2.26 2.06 0.20 
17H 2.26 1.70 0.56 
18H 9.60 9.43 0.17 
19H 7.61 6.75 0.86 
20H 7.24 6.63 0.61 
21H 7.67 7.82 -0.15 
22H 2.28 2.10 0.18 
23H 2.28 1.36 0.92 
24H 2.28 2.01 0.27 
25H 3.85 3.32 0.53 
26H 3.85 3.76 0.09 
27H 3.85 3.47 0.38 

 

 
Figure 2. The correlation graphics for 13C-NMR (DMSO), 1H-NMR (DMSO), chemical shifts of  the 
titled compound. 
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3.2. Vibrational frequencies 
The titled compound has 35 atoms and the number of the normal vibrations are 99. The observed 

and calculated vibrational frequencies, the calculated IR intensities and assignments of vibrational 

frequencies for titled compound are summarized in Table 2. 

 
Table 2. The calculated and experimental frequency values of the titled compound 

Vibrational Frequencies        Experimental B3LYP 
 CC (17),  OC (51) 1273 1271 
 NC (57),  CC (17) 1608 1591 
 NC (54),  CC (22) 1608 1608 
 OC (77),  NC  (11) 1710 1736 

 OC (92) 1757 1778 
 NH (100) 3179 3520 

out-of-  
 

 

 
Figure 3. The IR spectrum of the titled compound 
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Figure 4. The correlation graphic for vibrational frequencies of  the titled compound. 

 
3.3. Electronic and Thermodynamic Properties  

Theoretical, the molecular structure, the highest occupied molecular orbital-lowest unoccupied 

molecular orbital (HOMO-LUMO) (Figure 5), ionization potential, electron affinity, energy gap, 

electronegativity, molecular hardness, molecular softness, chemical potential, electrophilic index and 

nucleophilic index (Table 3), Mulliken atomic charges (Table 4) and thermodynamical parameters 

(Table 5) of the titled compound has been investigated Tables 3-5. 

 

 
ELUMO (B3LYP): -1.628 eV ELUMO (HF) : -5.943 eV 

Figure 4. The calculated HOMO-LUMO energies of the titled compound according to 
DFT/B3LYP/6-311G(d) level 
 

Table 7. The electronic properties of the titled compound 

Electronic Properties B3LYP (eV) 
  

ELUMO -1.628 
EHOMO -5.943 

I; Ionization Potential  5.943 
A; Electron Affinity 1.628 
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 4.315 
 3.786 

  Molecular Hardness 4.315 
  Molecular Softness 2.158 

 -3.786 
 0.0418 
 -0.600 

 1.9736 
 (Debye) 2.8921 
 (Debye) -1.1064 

 (Debye) 3.6720 
 
Table 4. Mulliken atomic charges of the titled compound 

Atoms B3LYP Atoms B3LYP  B3LYP 
1C 0.4045 13C -0.4625 25H 0.2213 
2C 0.5819 14H 0.3703 26H 0.2337 
3C -0.6698 15H 0.2352 27H 0.2126 
4C -0.6048 16H 0.2345 28N -0.4962 
5C -0.0142 17H 0.2379 29N -0.1996 
6C -0.2261 18H 0.2583 30N -0.3621 
7C 0.2080 19H 0.2099 31N -0.2124 
8C 0.2731 20H 0.2184 32O -0.3939 
9C -0.2705 21H 0.2092 33O -0.3551 
10C -0.1567 22H 0.2409 34O -0.3158 
11C 0.3913 23H 0.2387 35O -0.3335 
12C -0.6885 24H 0.2376   

 
Table 6. The thermodynamic properties of the titled compound 

Rotational temperatures (Kelvin) B3LYP 
A 
B 
C 

0.0336 
0.0059 
0.0051 

Rotational constants (GHZ)  
A 
B 
C 

0.7003 
0.1225 
0.1070 

Zero-point vibrational energy (Kcal/Mol) 168.2196 
Thermal correction to Energy 0.2883 

Thermal correction to Enthalpy 0.2892 
Thermal correction to Gibbs Free Energy 0.2170 
Sum of electronic and zero-point Energies -1023.6634 

Sum of electronic and thermal Energies -1023.6432 
Sum of electronic and thermal Enthalpies -1023.6423 

Sum of electronic and thermal Free Energies -1023.7146 
Thermal Energies E(Kcal/mol)  

Translational 
Rotational 
Vibrational 

Total 

0.889 
0.889 

179.123 
180.900 

Thermal Capacity CV(Cal/Mol-Kelvin  
Translational 2.981 
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Rotational 
Vibrational 

Total 

2.981 
67.641 
73.603 

Entropy S (Cal/Mol-Kelvin)  
Translational 

Rotational 
Vibrational 

Total 

42.893 
34.814 
74.408 

152.114 
 
4. Conclusions 
In the present study, the structure of the 3-methyl-4-(3-acetoxy-4-methoxy-benzylidenamino)-4,5-
dihydro-1H-1,2,4-triazol-5-one is characterized by using 1H, 13C NMR and FT-IR, spectroscopic 
methods. The 1H, 13C NMR chemicals shifts, vibrational frequencies, HOMO and LUMO analyses and 
atomic charges of titled molecule synthesized have been calculated by using DFT/B3LYP method. By 
considering the results of experimental works it can be easily stated that the1H and 13C NMR chemical 
shifts, vibrational frequencies spectroscopic parameters obtained theoretically are in a very good 
agreement with the experimental data. Also, the electronic structure of titled compound are determined 
electronic structure identifiers such as the Energy of the Highest Occupied Molecular Orbital, Energy 
of the Lowest Unoccupied Molecular Orbital, ionization potential, electron affinity, energy gap, 
electronegativity, molecular hardness, molecular softness, chemical potential, electrophilic index and 
nucleophilic index and dipole moment. Finally, thermodynamical parameters were calculated. 
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ABSTRACT 
         In this work we provide  analysis  and  sub-classification  of a  particle-laden fluid flow 
model through isotropic  porous  media.  Boundary  conditions  associated with  particle-laden  
flow models are analyzed when the medium porosity is constant, and compatible inlet 
conditions to a two-dimensional channel are derived. 
 
Keywords: Porous media, dusty gases, channel boundary and inlet conditions 

 

1. INTRODUCTION 
Interest in the study of particle-laden flow through porous media stems from a number of 
practical applications that include the design of deep bed filtration systems, [1], [2],  and liquid-
dust separators, [3]; sub-surface transport of contaminants into repositories; movement of 
nutrients into plant roots; and the transport of slurries through porous structures (cf. Awartani 
and Hamdan [4] and the references therein).  
 
A further important application is found in oil reservoir analysis wherein a porous layer is 
impaired by the settling of particles on the solid porous matrix constituents, thus constricting 
the pores and resulting in permeability reduction, with adverse effects on reservoir yield (cf. 
Wong and Mettananda [5], Civan and Rasmussen [6], and the references therein). Furthermore, 
in recent years there has been interest in dusty gas flow with pressure-dependent viscosity due 
to the importance of this type of flow in enhance oil recovery and carbon sequestration, [7]. 
 
The above applications have been dealt with extensively with emphasis on modeling 
(theoretically and experimentally) the flow phenomena and analyzing initial and boundary 
value problems associated with the flow, in addition to estimating the permeability reduction 
due to the clogging of the pore (cf. Sharma and Yortsos [2] and the references therein). 
 
Of particular interest to the current work are mathematical models that describe the flow of a 
dusty gas through porous media, and based on the continuum approach and the averaging of 



 

 

 

volume. In free spac
volume, of dust particles in the mixture, and the forces exerted by the phases on each other are 
proportional to their relative velocities. When a particle-laden flow is considered through a 
porous structure, a further interaction exists between the phases involved and the porous matrix, 
Siyyam and Hamdan [9]. The effects of the porous matrix on the flowing phases depend on the 
porous matrix microstructure, which can be modeled through idealized geometric descriptions, 
(such as the descriptions of isotropic granular and consolidated media that have been based on 
the concept of a representative unit cell, developed by Du Plessis and Masliyah [10].  
 
A number of models have been reported in the work of Hamdan and co-workers (cf. [11-14] 
and the references therein). These models describe various flows in porous media. Governing 
equations are the continuity and momentum equations for each phase. These models may be of 
interest in the transport of particulates or dilute slurries in porous sediments or pipes. At the 
outset, in analyzing dusty gas flows in natural and industrial settings, proper boundary 
conditions need to be imposed. Three types of conditions are imperative in bounded domains:  
i) boundary conditions imposed on a macroscopic boundary; 
ii) entry or inlet conditions to a porous layer or channel; and  
iii) interface conditions in cases of fluid flow over a porous layer.  
In case of single phase flow through porous structures, these conditions have been sufficiently 
analyzed and the concept of a macroscopic boundary has been properly defined (cf. Alazmi and 
Vafai [15], and Prat [16]. Conditions associated with the dusty gas flow through a porous 
structure, governed by the model equations (1)-(4), above, need some attention to facilitate a 
better understanding of the flow model and the behavior of the phases involved, and to shed 
light on validity and limitation of model parameters. The case of interfacial conditions between 
a dusty gas and a porous layer has been discussed by Roach et.al. [17].  
 
In this work, therefore, we will consider a model of dusty gas flow in porous media and provide 
its classifications in a number of porous settings, then derive appropriate entry conditions to a 
porous channel in two space dimensions. Entry conditions to a channel must be compatible with 
the model itself. In addition
from the model equations to account for the significant particle-phase inertial effects. As is 
well-
fluid in the flow field. The modified forms of these equations, as developed in the current work, 
are expected to be valid when a particle phase is introduced in the flow field and the particle-
phase inertial terms are significant.  
 

2. MODEL EQUATIONS 
Particle-laden flow through an isotropic porous structure of variable porosity is governed by 
the following coupled set of equations, written here for each phase in their steady-state forms, 
[11, 12] 
Fluid-phase: 
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(1) 
 

                                                                                       
(2) 
 
Particle-phase: 
 

                                                                                                                                                  
(3) 
 

                                                                                                     
(4)        
 
wherein  is the fluid-phase velocity field,  is the particle-phase velocity field,  is the 
pressure,  is the density,  is the viscosity,  is the particle number density (number of 
particles per unit volume),  is the mass of a dust particle,  
resistance,  is the medium porosity,  is the particle settling rate (mass transfer coefficient),  
is the surface area of the solid matrix in contact with the fluid in a control volume,  is a 
reference particle distribution,  is a diffusion coefficient vector, and  is a friction factor that 
depends on the porous microstructure. Different forms of  will be discussed in Section 4 of 
this work. 
Model equations (1)-(4) may be of interest in the transport of particulates or dilute slurries in 
porous sediments or pipes. They represent a determinate system of eight scalar equations in the 
eight unknown functions of position, , ,  and . All other functions and constants in the 
above system are assumed to be known.  
In what follows, we provide classification of the above model and obtain governing equations 
for different regiments. 
2.1. Flow through a Porous Medium with Constant Porosity 
If porosity, , is constant, equations (1)-(4) take the following forms, respectively, where 

 is the effective viscosity (or viscosity of the fluid in the porous medium): 
Fluid-phase: 
 

                                                                                                                                                            
(5) 
 

                                                                                                

(6) 



 

 

 

 
Particle-phase: 
 

                                                                                                                                                     
(7) 
 

                                                                                                             
(8)        
 
Equations (5)-(8) are valid when is constant and when the porous matrix is rigid (does not 
sediment) and dust-particle settling does not alter contribute to changes in porosity.  
2.2. Flow in the Absence of Particle Diffusion 
If settling is insignificant then  in (7). In addition, if particle diffusion is ignored, then 

 in (8). Under these restrictions, equations (7) and (8) are replaced, respectively, by 
                                                                                                                                                         

(9) 
 

                                                                                                                                     
(10)        
If the particle number density, , is constant or the particle distribution is uniform, equations 
(9) and (10) take the following forms, respectively 

                                                                                                                                                          
(11) 
 

                                                                                                                                           
(12)        
The governing equations will then be (5), (6), (11) and (12). These represent an over-determined 
system of eight equations in the seven unknowns , , , and .  
In order to render the system of equations determinate, we introduce a dust-phase partial 
pressure, , interpreted as the pressure necessary to maintain a uniform distribution of dust 
particles. We write (12) as: 

                                                                                                                            
(13)        
2.3. Single-phase Flow 
In the absence of a particle phase, the dust-phase continuity and momentum equations vanish, 
and equations (5) and (6) reduce to the following equations, respectively, where we have taken 

: 
                                                                                                                                                          

(14) 



PARTICLE-LADEN FLOW in a POROUS CHANNEL, M.H. Hamdan 

607 

 

 
                                                                                                                    

(15) 
Equation (15) governs the flow of a single-phase fluid through a constant porosity, isotropic 
porous medium. If  is identified with the ratio of porosity to permeability, , equation (15) 
reduces to the well-known Darcy-Lapwood-Brinkman equation, [11], namely 

                                                                                                                       

(16) 
 
The Left-Hand-Side of (16) represents the macroscopic convective acceleration of the fluid. 
When the flow is fully-developed, with no macroscopic stream-wise fluid velocity gradients, 
inertial effects may be ignored and equation (16  
 

                                                                                                                                           

(17) 
Equations (16) and (17) are valid when macroscopic boundary effects are important and 
porosity is high; that is, when macroscopic cross-stream velocity gradients are present, and a 
no-slip condition is imposed on macroscopic, solid boundary. 
In the absence of macroscopic cross-stream velocity gradients, and the presence of stream-wise 
velocity gradients, equation (16) reduces to the following equation, known as the Darcy-
Lapwood equation: 

                                                                                                                                      

(18) 
 
In the absence of stream-wise velocity gradients, the Left-Hand-Side of (18) vanishes, and the 

 
 

                                                                                                                                                       

(19) 
 
Equation (19) is not compatible with the presence of a macroscopic solid boundary where 
viscous shear effects are significant, and on which the no-slip velocity condition is imposed. 
Typically, this equation is valid in cases where the flow is over a quiescent layer of fluid and a 
slip velocity is encountered. 
 

3. PARALLEL FLUID AND PARTICLE VELOCITIES 
When a dusty fluid flows through a porous matrix, the fluid-phase enjoys a no-slip condition 
on fluid-phase velocity on macroscopic, solid walls. For the dust-phase, the macroscopic cross-



 

 

 

stream velocity gradients are absent (due to the absence of dust viscosity and hence the absence 
of dust viscous shear effects) while the stream-wise velocity gradients are always present. This 
is attributed to the fact that in the presence of an impermeable boundary, dust particles settle on 
the macroscopic boundary, set into motion particles already settled, or reflect back into the flow 
field and assume a stream-wise velocity gradient, [11]. In other words, the presence of a 
macroscopic boundary gives rise to an impenetrability condition on the dust particles whose 
macroscopic inertia is permanently present and hence the dust-phase convective term always 
survives. 
In order to simplify analysis of boundary conditions, some authors assumer that the dust-phase 
velocity is everywhere parallel to the fluid-phase velocity field, [14]. This assumption works 
well when dealing with inlet conditions to a channel. Allan and Hamdan [14] provided the 
following model for the case of parallel velocity fields, 
Letting   be a function of position, and assuming that 

                                                                                                                          (20) 
 
Then the flow is governed by 
 

                                                                                                                      (21) 
 

                                                                                     
(22) 
 
The Left-Hand-Sides of (22) involve the fluid-phase macroscopic convective inertial term in 
addition to a macroscopic inertial term that arises due to the presence of dust particles. They 
are valid when both macroscopic cross-stream and stream-wise fluid-phase velocity gradients 
are present. They emphasize the permanent presence of particle-phase stream-wise velocity 
gradients and the absence of particle-phase viscous shear.  
 
Equation (22) give s in 
describing fluid motion in the presence of a dust phase. When the flow is fully-developed with 
no macroscopic stream-wise fluid velocity gradients, fluid inertial effects are insignificant 
while particle stream-wise velocity gradients are present, hence the dust-phase macroscopic 
convective term is present, and equation (22) reduces to 
 

                                                                                                         
(23) 
Equation (23) represents the Brinkman equation-equivalent for dusty gas flow through porous 
media, valid when macroscopic cross-stream fluid-phase velocity gradients are present, and a 
no-slip fluid velocity condition is imposed on the macroscopic boundary.  

If the particle-phase is absent,  at 
governs single-phase flow through orous media. 
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When macroscopic boundary effects are not important, that is when the macroscopic cross-
stream fluid-phase velocity gradients are absent, Equation (22) reduces to 
 

                                                                                                    
(24) 
 
Equation (24) is the Darcy-Lapwood equation-equivalent for dusty gas flow through a sparse 
distribution of particles fixed in space. 
 
In the absence of both macroscopic cross-stream and stream-wise fluid-phase velocity 
gradients, equation (22) takes the following form 
 

                                                                                                                        
(25) 
Equation (25) is the Darcy equation-equivalents for dusty gas flow through porous media. In 
the absence of a particle-phase, the Left-Hand-Side of (25) is i
equation is recovered. It is evident from the above analysis that the model developed in Allan 
and Hamdan, [14], provides a partial answer to the question of how the fluid-phase velocity 
field is modified in the presence of a particle-phase, and explains the effect of the particle-phase 
on the fluid-phase through the introduction of a macroscopic inertial term that is expressed in 
terms of the fluid-phase velocity.  
 
4. INLET CONDITIONS TO TWO-DIMENSIONAL CHANNELS 
In the study of two-dimensional flow through a porous channel bounded by macroscopic, solid 
boundary on which a no-slip condition is imposed, entry velocity profile to the channel must 
be compatible with the equations governing the flow. This can be accomplished by considering 
a Poiseuelle flow in the configuration shown in Fig. 1, where the fully-developed flow of a 
dusty gas is through a straight channel of depth D filled with porous material and bounded from 
above and below by solid, macroscopic walls.  
 
            y 
  Solid Wall: y=D  
  (0,D)   
     Porous Flow Domain   
   
   (0,0)                                                                x 
 Solid Wall: y = 0 
                           Fig. 1: Representative Sketch 
 



 

 

 

Assuming that the porous matrix is of constant porosity, and the flow is driven by a constant 
pressure gradient, the flow is governed by equations (14) and (22). For flow in two dimensions, 
equation (14  

                                                                                                                                                           (26) 
where u and v are the fluid-phase tangential and normal velocity components, respectively, and 
subscript notation denotes partial differentiation. Momentum equation (24) takes the following 

m: 
                                                 

(27) 
                                                 

(28) 
Assuming parallel flow at entrance to the channel, then . Hence, 

 Equation (28) is automatically satisfied and (27) reduces to: 
                                                                                                             (29) 

Now, since the dust-phase velocity is proportional to the fluid-phase velocity, equation (20) can 
be writte  

                                                                                                                                           (30) 
where  and  are the dust-phase tangential and normal velocity components, respectively. 
At channel entrance,  and . Equation (30) thus yields  and 

                                                                                                                                                       (31) 
Differentiating (31) with respect to , and using the fact that , we obtain 

                                                                                                                                                          
(32) 
Using (11), (20) and (26), we obtain 

                                                                                                                                                           (33) 
Equation (33) implies that  is constant on the fluid-phase streamlines. 
Since  at channel entrance, equation (33) yields 

                                                                                                                                                               (34) 
Since  is not identically zero, it follows from (34) that , or . Equation 
(31) then yields  

                                                                                                                                       
(35) 
With , equation (29) takes the form 

                                                                                                                                               (36)                    

Assuming a constant pressure gradient and constant viscosity coefficients, we solve equation 
(36) satisfying 

 admits the following solution: 
                                                                                                        (37) 

where 
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                                                                                                                                                      (38) 
 

                                                                                                                                   (39) 

                                                                                                                                         (40) 

 
Equation (37) represents the fluid-phase inlet velocity profile to the channel. This profile is 
compatible with the flow governing equations and can be used as a condition in boundary value 
problems involving flow through two-dimensional porous channels. 
Once the fluid-phase inlet velocity is determined, the dust-phase inlet velocity can be 
determined from (35). The choice of  that renders (11) satisfied influences the form of 
particle inlet velocity condition. However, regardless of the choice of , the dust-phase inlet 
velocity,  will be zero at the solid boundary points at channel entrance (points (x,y) = (0,0) 
and (x,y) = (0,D) in Fig. 1) in light of condition (35) for the model at hand, and the no-slip 
assumption on the fluid-phase velocity. 
Friction factor, , appearing in (36) is microstructure and material-dependent. For different 
materials,  depends on porosity and tortuosity of the medium, and on the micriscopic 
characteristics length (such as the average pore diameter or the average diameter of a particle). 
Table 1, below, shows the expressions of  for granular and consolidated matter. It also shows 
expressions of permeability,  for the two types of materials listed. With the knowledge 
of porosity, tortuosity and microscopic length, , values of  can be calculated and used in the 
solution, above. 
 
5. CONCLUSION 
In this work we have provided analysis of a dusty gas model of flow through isotropic porous 
media. We relied on the model with a uniform distribution of dust in the flow field, with the 
dust-phase and fluid-phase velocity fields being everywhere parallel, to provide classification 
of porous media models.  
A sub-classification of the model has been provided for both variable porosity and constant 
porosity media. For 

Granular Media Consolidated Media 
(Sponges and Metallic Foams) 

  

 

  

 



 

 

 

 

Table 1. Friction Factor for Granular and Consolidated Media 
 

-Lapwood equation, and the Darcy-Lapwood-Brinkman model, 
which govern the flow of a single phase fluid flow. The modified forms take into account 
particle inertia that is always significant, and may be of utility when analyzing the flow of a 
dusty fluid with constant number density and parallel fluid and particle velocity fields, through 
similar configurations where the above single phase flow equations are valid. In addition, we 
have also derived an inlet condition to a two-dimensional channel that is compatible with the 
governing equations. This inlet condition can be used in realistic computations involving the 
models at hand. 
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ABSTRACT 

For centuries, honey has been one of the most important food sources for human beings. 
Turkey is a country that is likely to have a say in beekeeping with its suitable ecological 
structure, rich plant flora, genetic variation in bee material. The formation and composition of 
honey, which can be used as it is produced in nature, shows significant differences according 
to the regions. Due to its quite different ecological structure, a wide variety of honey is 
produced in our country. The quality and biochemical properties of honey, especially the 
nectar source, its maturation, production method, climatic conditions, processing and storage 
conditions determine. In Turkey, honey is evaluated according to its source, production and 
marketing method, color and moisture content. In Turkey, honey is evaluated according to its 
source, production and marketing method, color and moisture content. When the chemical 
composition of honey, which is obtained completely dependent on nature, is examined 
according to the regions and the type of honey, they show differences. In general, honey 
consists of about 80% different sugars and 17% water. The remaining 3% consists of valuable 
components, especially enzymes.
According to its origin; honey produced by bees from nectar in plant flowers, flower honey 
(such as linden honey, clover honey, citrus honey, cotton honey, clover honey, thyme honey, 
puree honey, acacia honey, heather honey); The honey produced from the living parts of 
plants or from the secretions of the living things living on the plant is called secretory honey 
(such as pine honey, oak honey, fir honey, leaf honey). 
The heathaceae family (Ericaceae) is distributed in temperate regions of the northern and 
southern hemispheres.represented by gender. It consists of shrubs or trees, rarely herbaceous 
plants. Rhododendrons have 700 species distributed in China, Tibet, Burma, Nepal, New 
Guinea, Tropical Asia, Europe and North America. Their habitats start from sea level and go 
up to 4000 m altitude. The species consists of shrub and tree forms ranging from 20 cm to 30 
meters. Rhododendrons grow well in acidic soils with high moisture content, rich in organic 
matter, deep and well drained shows. 
In our country, R. ponticum, R. luteum, R.ungernii, R. smirnovii and R. caucasicum, and 12 
taxa related to them. 
Rhododendrons, also called agu or komar among the people, have a wide distribution in the 
clearings between the coastal forests or forests from the Western Black Sea to the Eastern 
Black Sea. Crazy honey is the honey of the nectar of the Sapindaceae family and Ericaceae 
family Rhododendron ponticum and Rhododendron luteum species that contain high levels of 
grayanotoxin. collected by bees, It is a natural product created as a result of dehydrated and 
ripening. 
Keywords: Honey, Mad Honey, Rhododendrons
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r

Molan, 2006 ).
klar , kalp ve 

damar , son 
nlerinin etkili 

beli FAO 1996; Mundo ve ark., 2004). 
ndan ziyade hem 
ekilde

nlerinin 
de sahiptirler. Bu 

gelmektedir. Bu etilen birer sekonder metabolit olup, 
 ve 

ekline 

n
 en fazla olan aminoasit prolin aminoasitidir. Prolin, 

eker grubu ile
nda bir

tiinflamatuar ve antibakteriyel 
rnek 

n
erirler 

crelerde oksidadif nlerinin 
antioksidan 

, n olarak 
(Cristopher ve Kim, 1997). 

Bal, flavonoidler (luteolin, kuarsetin, apigenin, galangin vd.), fenolik asitler (kafeik asit, 
ferulik asit vd.) ve bu maddelerin antioksidan aktiviteye sahiptir. 

n

 aktivitey Karadal ve 
2012; Escuredo ve ark., 2012) 

ki iklerden 
 askorbik 

i bilinmektedir (
2009). , re 

re 
ndan siyah ambere kadar 

Y ek ve 

ek
isimlendirilir. 
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olarak isimlendirilir ( .

a, mevsimsel ve 
ini veren maddeler: 

-tokoferol, askorbikasit gibi vitaminler, 
glukoz o u belirtilmektedir (Aljadi ve ark., 
2004; Alvarez-Suarez ve ark., 2010; Bertocelj ve 

r(Alvarez-Suarez ve ark., 2010). 

n aktivitesi taze ballarda daha 

-Suarez ve ark., 2010; Nagai ve ark., 2001). Koyu renkli 
re daha 

Buna ilave olarak, Antioksidan ve antibakteriyel -Suarez 
ve ark., 2010: Bertocelj ve ark., 2007:Brundzynski ve ark., 2011). Ancak bu ballarda HMF 

ksek
olabilir (Fallico ve ark., 2004; Turhan ve ark., 2008). 

Silici ve ark.,  toplanan 50 adet orman 
antioksidan  metotlar 

n
r. Polat (2007), f

fizikokimyasal ve 
erbest asitlik, pH, HMF,iletkenlik 

ve m

1. ri

1.1. Antimikrobiyal Etki 

iklerinin 
 insanlarda 

na
n sadece sler, 

 da 
rmada hidatik kiste (ekinokokkoz) sebep olan Ecinococccus granulosus 

parazitine uygulanan dakikadan itibaren parazitler 
ka

Candida albicans ve Rhodotorula 
rubra
(Aksoy ve ark., 2006). 

1.2. Antioksidan Etki 

n antioksidan madde 

oksidaz, katalaz, peroksidaz gibi enzimlerin  flavonoidler, fenolik asitler (benzoik asit, 
ferulik asit, kumarik asit ve kafeik asit) 
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karotenoidler, tokoferoller ve tiamin, riboflavin ve askorbik asit gibi vitaminlerinde etkili 
 (Khalil ve ark., 2012). 

ntioksidan 
,

renkli ,

ilave olarak, bal serbest radikal met
(Manyi-Loh veark., 2011). 

1.3. Sindirim Sistemine Etki 

r.
Helicobacter pylori bakterisi u ve bu bakterinin 

1 Etki 

, kansere neden olan 
serbest radikal o

lan 

 (Abdel-Latif, 2015). 

2. (RHODODENDRON) 

2.1

Quiang
ik rlerinde kaempferol, quercitrin, hyperoside, 

farrerol ve polystachoside gibi 65 ten faz eklerin cyanidin, 
i tir .Bu cinste bulunan 

 diterpenoidlerdir ve 30 dan fazla diterpenoid tespit 
u grayane-type diterpenoidler olup bitkinin toksitesinden sorumludurlar. Bu 

bitkilerin lar alfa-pinene, beta-pinene, 
limonene, borneol, myrcene ve p- ikler phenol 

id ve lignin, hirsutine, pinoresinol, 4-O-beta-glucopyranoside ve bir beta 
ek tir. Tasdemir vd. 

(2003), toksik olan iki rhododendron - GC-MS 
kul (Tasdemir ve ark., 2005).R. Ponticum
n- tir; mponentler, 
tricyclic diterpene 5,15-rosadiene (% 42.8), 2 ethyl hexanol (% 13.3) ve styrene (% 10.0) dir. 

ndan ise nda 
- ekilde, mor pembe renkli 

olmayan bir kokuya sahip olan 1-methyl-2-pyrolidone 
R. Luteum 

a -methyl-5-hepten-2-
one (% 11.1), 2-ethyl hexanol ve alpha terpineol

-butanol, benzyl alcohol ve phenylethyl 

benzyl alcohol,limonene ve p-
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hidrokarbonlar, alkoller, ester ve ketonlar da

(Terai et 
al.1993).

2.2. Farmakolojik Aktiviteleri 

u flavonoid ve ik 
ermektedir. tiinflamatuvar, analjezik, antibakteriyel, antioksidan 

ve antidiyabetik aktivitesinden, 
sik, insektisidal ve sitotoksik aktivitelerinden, kumarinler; 

antibakteriyel, tirozinaz ikler ise; antiviral 
r aktivitesinden sorumlu 

(Harborne et al. 1971). ok tedir. Flavonoidlerin 
biyolojik ne

unda ise; flavonoid grubundan hyperoside anti-inflammatuvar 
etki ve analjezik aktiviteden, quercitrin, rutin ve isoquerctirin anti-inflammatuar ve analjezik 
aktiviteden sorumlu  komponentleri ile daphnetin ve 
rhodonetin in vitro antimikrobiyel aktivite menic acid, 
rhododaurichromenic tir. Bu cinsin 

tespit edilen ursolic acid, corosolic acid, 23-hydroxyursolic acid ve rhododendric 
acid in vitro

 grayanotoxin, secorhodomolloide B ve ferruginene 
nin crelerinde selektivite, ve/yada in vitro sitotoksite 

tir. Rhodojaponin III, rhodomolin A ve rhodomollein I ise insektisidal 
(Popescu et al. 2013).

2.2.1. Anti ktivite 

 geleneksel 
it ile ilgili lan 

retimine bitkisel R. ponticum ve R.luteum ile 
ilgilidir. Bir R. ponticum  farelerde karagenan 

zerinde lu ve ark., 2003) rmada 
Indometacin (10 mg/kg)  ise 500 mg/kg dozda 

nerilen ekstrak bu dozda herhangi bir 
antiinflamatuvar R. Ponticum

ndan anti inflammatuar kleri hyperoside, 
lerdir. 

modelinde % 26.8- sterirken,
% 32.8- nda n

(Rylski et al. 1979) 

2.2.2. Anti-Nosiseptif Aktivite 

R. ponticum n
konstriksiyon modelinde anti- tir (Zhang, et al.2010).

ndan izole ettikleri hyperoside 4, quercitrin ve 
lerdir. Bu 
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hyperoside ve isoquercitrin 97.31 mg/kg ye sahipken, querctirinin 
65.24 tir. Nitekim R. ponticum

inini izole i daha 
(Rylski et al, 1979).

roprotektif ve antiaapoptotik (Zhang, et 
al.2010,  
Hu et al. 2009) 

2.2.3. Anti-Mikrobiyel Aktivite 

R. luteum klerinden elde edilen esansiyel Serratia marcescens, Enterococcus 
feacalis ve Staphylococcus aureus zerine moderate etki 
(Usta ve ark. 2012).

2.2.4. Antiprotozoal ve Anti-Viral Aktivite 

Leishmania donovani ve Plasmodium falciparum
i (Tasdemir, ve ark. 2004). Miltefosine 

 nin R. luteum ile endemik 
Rhododendron x sochadzea Charadze 

i 2.3 ve 4.5 ug/mL konsantrasyonda Alamar Blue testinde 
tir. Artemisin(IC50:0.0027 ug/

rmada,R.luteum, R.ponticum, R.smirnowii Trautv., Rhododendron x sochadzae Charadze 
& Davlianidze, R. ungernii Trautv. i tespit 

(Tasdemir, ve ark. 2004) 

2.2.5. Asetilkolinesteraz 

n patogenezi, beyindeki lcoline seviyesindeki 
yoksunluk olarak bilinmektedir. Asetilkolin rleri nlemekte 
bu nedenle Alzheimer R. ponticum ve R. luteum 

nda (Orhan ve ark. 2004) 

2.3. Rhododendron 

u geleneksel 
m (Zhao et al. 2012).  R. dauricum ve R. molle in

 stubborn  (Pharmacopoeia of the Peoples 
Republic of China (PPRC). 2010) da R. arboretum, R. anthopogon, R. 
campanulatum ve R. lepidotum ayurvedik t
(Bhattacharyya, 2011) R. arboretum ekleri dizanteri, dyspepsia, 

in tavsiye edilmektedir (Uniyal, et al. 2006) n kuzeyinde 
Rhododendron dismenorea ve kolit tedavisinde 

 tedavisinde, 
r (Popescu et al. 2013). R. brachycarpium lan Rhododendron 

 ve (Choi et al. 
2002). R. Aureum da erupsiyon, romatoid 

retik r (Kim et al.2008).  te
geleneksel phyoterapide R. anthopogon ve ekleri 
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r (Guleria et al. 2011). R. 
caucasicum  Kafkaslarda narkotik ve diafore
et al 2003) da r.
R. calendulaceum  tedavisinde, R. maximum analjezik ve 
antiromatik olarak, R. Albiforum klar, cilt problemleri 

R. viscosum narkotik olarak ve R. tomentosum 
lmakta, R. groenlandicum antidiyabetik ajan olarak 
r (Jhonson et al 1999, Tam, et al. 2009).

R. Ferrugineum  ve 
r (Louis et al. 2010). 

riner tirici ve ekspektoran 
(Sreevidya et al 2003) R. Kotschyi

rken, R. luteum ve R. ponticum  fitoterapide 
R. luteum lar, fungal ayak 

R. ponticum uk 
retik, fungal ayak (Louis et al.

2010). 
rlerinin 

solunum sistemi, 
faydalan R. Ferrugineum

( ve ark. 2008).

2.4.

Kaynaklara bilinen ilk bi
-

dilmektedir 
(Lampe,1988). 

bildirimleri ile ilgilidir. 

3.Deli bal zehirlenmesi ile ilgili vaka bildirimleri

nda Food and Chemical 
nda 1989 lan deli bal zehirlenmesi ile ilgili vaka 

 1003 vaka bulgusu (Silici ve lu 2015).
k vaka bildirimleri ok erkeklerde 

(%73.98) ve 15- ok zehirlenme -2014 tarihleri 
 erkek (% 74.13) 

 ise % - -
grubunda tir. 

na 
kadar eklinde

 (% 17.47), 
kusma (% 12.95), ), sinkop (%

n SB: 155 (% 67.10), CAVB:16 (% 6.93), NR: 14 (% 6.06), AVB: 15 (% 6.49) 
eklinde erlendirilmesi sonucu zehirlenme sonucu 

LATIN AMERICAN CONFERENCE ON NATURAL AND APPLIED SCIENCES

Universidad Juárez Autónoma de Tabasco, México 621 November 5-6, 2021



i ve 0.5 (% 24.49) ve 1 mg (% 25.51) 
i

i his ve tedavisinin iyi 
in hem de gereksiz 
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Abstract 
In recent years, clean and alternative energy sources such as wind, solar, biomass and biodiesel have 
become an important research area due to the energy resources consumed with the increasing energy 
need and the energy crises that have arisen accordingly. In this study, a catalyst was synthesized from 
coral (pagrus pagrus) fish flakes to be used in the production of biodiesel from waste fish flakes and 
used as a catalyst in the transterification reaction in biodiesel production. For this purpose, calcined 
catalysts were synthesized from coral (pagrus pagrus) fish scales to be used in biodiesel production in 
order to increase the reaction rate and to evaluate fish wastes. For this purpose, fish scales were washed 
and dried to remove residues and other substances. The dried flakes were first ground into fine powder 
and then calcined at different temperatures (900 and 1000 °C). The synthesized catalyst was 
characterized by the Thermogravimetric analysis method (TGA). When the catalysts calcined at 
different temperatures were characterized, it was determined that the best transformation was observed 
using the X-ray diffraction method (XRD). The morphological properties of the best catalyst were 
determined by Scanning Electron Microscopy and Energy Dispersion Spectrometer (SEM-EDS) 
technique. Conventional biodiesel was produced using the best catalyst. Biodiesel yield was calculated 
and the results were evaluated. 
Keywords: Biodiesel, Catalyst, Coral fish,  SEM-EDS, TGA, XRD. 

Introduction 
To deal with rising energy demand, depletion of fossil fuel supplies and environmental issues caused 
by fossil fuel consumption, governments seeking to reduce their reliance on petroleum-exporting 
countries are exploring alternative energy sources such as biofuels. Mr. Rudolph Diesel pioneered the 
use of vegetable oils in compression ignition engines in the early 19th century (Orchard, Jon and John, 
2007). Vegetable oils are easy to produce as they are obtained by simple pressing of oil-bearing 
biomass prior to decanting and filtration. However, using vegetable oils in diesel engines designed to 
run on diesel fuel raises certain problems. Indeed, due to their high viscosity and low cetane number in 
comparison to diesel fuel, vegetable oils are more difficult to pump, inject, and ignite in diesel engines. 
Furthermore, owing to the presence of phospholipids in the fuel, the use of vegetable oils may cause 
the buildup of gums in the inner sections of the diesel engine, depending on the pressing temperature 
and the nature of the biomass utilized upstream. Some modifications, therefore, have to be made to the 
engine. The goal of the adjustments is to keep the vegetable oil at a high temperature in order to reduce 
viscosity and increase ignition, ensuring long-term engine running. The use of vegetable oils as fuel is 
especially well suited to static engines. Once started, the sort of engine is designed to run continuously 
at a high regime, and hence at high temperatures. Vegetable oil, on the other hand, is difficult to utilize 
in car engines, which experience significant swings in load, resulting in huge temperature differences 
inside the combustion chamber. 
To improve the market value of biodiesel, it is required to make its manufacturing feasible. Biodiesel 
costs can be reduced by using less valued raw materials such as oils, fats, and leftover frying oils. 
However, due to the high FFA concentration of these feedstocks, the transesterification process cannot 
be applied directly to them. Because of the high saturation level, the cold-flow characteristics of 
biodiesel derived from such sources, particularly lipids, are very poor. As a result, research should 
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concentrate on enhancing the cold flow properties of biodiesel generated from low-cost raw sources. 
By using blends of oils and animal fats such as beef tallow and chicken fat is an opportunity to produce 
biodiesel. 

To avoid modifying car engines, one option is to create biodiesel by chemically modifying vegetable 
oils through transesterification. This biofuel has fuel properties similar to diesel fuel. It may thus be 
used as a pure fuel or combined with diesel fuel in diesel engines without requiring extensive engine 
changes. Because biodiesel is a great rubber solvent, just a few seals or hose modifications may be 
required. As a result, biodiesel is a very appealing alternative to diesel fuel. It contributes toward 
sustainable development as i) it makes it possible to use locally available, renewable resources and ii) it 
reduces greenhouse gas emissions when compared to diesel fuel, without sacrificing engine 
performance. 
Biodiesel is made up of mono-alkyl esters derived from many sources such as vegetable oils, animal 
fats, greases, oil and fat wastes, or a combination of multiple feedstocks (Ma and Hanna, 1999). It is 
most often utilized as a fuel in engines and heating systems. Biodiesel is a non-toxic, biodegradable 
biofuel that is also lucrative for the environment. That is one of the reasons why biodiesel has gained 
popularity; also, petroleum supplies are decreasing, necessitating the search for alternate energy 
sources (Fukuda, Kondo and Noda, 2001). 
Biodiesel is created by transesterifying oils, fats, or mixes of these with alcohol utilizing appropriate 
catalysis. Despite the comparatively low cost of the biodiesel production method, the high cost of its 
raw materials is a key barrier to its widespread commercialization; biodiesel derived from biomass is 
typically 10 to 50 percent more expensive than diesel derived from petroleum (Leung and Guo, 2006). 
Fortunately, waste frying oils (WFOs) have remained low-cost feedstocks, making biodiesel 
manufacturing more viable in comparison to fossil-fuel-based diesel production (Gonzalez Gomez, 
Howard-Hildige, Leahy and Rice, 2002). 
In the transesterification procedure, triacylglycerides (also known as triglycerides) in vegetable oils are 
transformed into fatty acid alkyl esters known as "biodiesel" in the presence of short-chain alcohol and 
a catalyst, with glycerol as a byproduct (Figure 1). In general, a catalyst is used to speed up the 
transesterification reaction. Catalysts used for the transesterification of triacylglycerides are often 
classed as homogeneous, heterogeneous, or enzymatic, depending on the mechanism. 

Figure 1. The reaction equation of biodiesel production  
In this study, a catalyst was synthesized from coral (pagrus pagrus) fish flakes to be used in the 
production of biodiesel from waste fish flakes and used as a catalyst in the transterification reaction in 
biodiesel production. For this purpose, calcined catalysts were synthesized from coral (pagrus pagrus)
fish scales to be used in biodiesel production in order to increase the reaction rate and to evaluate fish 
wastes. For this purpose, fish scales were washed and dried to remove residues and other substances. 
The dried flakes were first ground into fine powder and then calcined at different temperatures (900 
and 1000 °C). The synthesized catalyst was characterized by the Thermogravimetric analysis method 
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(TGA). When the catalysts calcined at different temperatures were characterized, it was determined 
that the best transformation was observed using the X-ray diffraction method (XRD). The 
morphological properties of the best catalyst were determined by Scanning Electron Microscopy and 
Energy Dispersion Spectrometer (SEM-EDS) technique. Conventional biodiesel was produced using 
the best catalyst. Biodiesel yield was calculated and the results were evaluated. 
Materials and Methods 
Materials 
Safflower oil (Carthamus Tinctorius) was supported from Kayseri, in Turkey for biodiesel production. 
The fatty acid contents of safflower oil were determined by using GC and was shown in Table 3. Coral 
fish (pagrus pagrus) scales were taken from fish market in Black Sea, Turkey. Methanol (>99% purity) 
was purchased from Sigma Aldrich for biodiesel production.
Synthesis of the heterogeneous catalyst 
In this study, natural heterogeneous catalyst synthesized from coral waste fish scales by using 
calcination technique. Firstly, waste fish scales were cleaned several times with distilled water to 
remove various contaminants and other substances. The waste scales were dried in an oven for 
approximately 6 hours at 100 °C. The dried scales were ground to a fine powder and calcined in a 
muffle furnace at different temperatures (900 and 1000 °C) for 2 hours. The thermal properties of waste 
fish scales were determined by Thermogravimetric Analysis (TGA). The novel waste coral fish scale 
catalyst was named as CFWS. The best calcination temperature was determined by using XRD 
technique. The morphology of the novel catalyst was defined by SEM. The thermal properties of waste 
fish scales were determined by Thermogravimetric Analysis (TGA). Finally, the novel synthesized 
catalysts (CFWS) were used for biodiesel production from safflower oil.
Characterization Methods 
The produced novel CFWS properties were evaluated by using some characterization techniques. XRD 
patterns were obtained (Rigaku Smart Lab Co., Japan) using Cu Kβ source equipped with an SC-70 
Page 7/16 detector. The analysis was performed at 2ϴ ranging from 2° to 80° at a scanning speed of 1° 
min-1. The surface morphology of the synthesized catalyst by using JEOL-SEM JSM 7001F model 
device has been used at 15 kV. Thermogravimetric analysis of the coral fish (pagrus pagrus) scales 
(TGA) is conducted with the TA Instrument SDTQ600 analyzer. 10 mg of sample was loaded into 
pans. The temperature ranges from 20 to 800 ℃ with a heating rate of 15 ℃/min under nitrogen (N2)
atmosphere of 150 mL /min to determine the thermal properties of seabass fish scales.  
Biodiesel Production 
In the present study, safflower oil was reacted with 25% (v/v oil) methanol (6:1 molar ratio) and 1% 
(m/m oil) CFWS. Safflower oil was heated to remove water and humidity. The reaction was carried out 
nearly at 60 ℃ for 1 hour and 400 rpm stirring speed. The methyl ester was washed introduced into a 
rotary evaporator to remove the excess water and methanol. Finally, the product was filtered by using 
filter paper and bottled in darkness ambient.
Results & Discussions 
Coral fish scales are combined of various matters such as water, organics, inorganics, minerals. The 
TGA was carried out for quantitative estimation of contents of waste fish scales. The effects of 
calcination conditions on weight change on fish scales were determined by the TGA method The 
weight changes of fish scales were revealed in Figure 2. over the temperature range from 20 to 800 ℃. 
The interpretation of TGA curve was explained in Table 1.
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Figure 2. TGA curve of waste fish scale (Coral) between 20 – 800 ℃

Table 1. The weight change of fish scale (Coral)
Stage Temperature Range

(℃)
Weight Loss (%) Causes

1 20 - 125 6.82 Evaporation of adsorbed water
2 125 - 245 2.18 Loss of the lattice water
3 250 - 525 22.00 Macromolecules fragmentation
4 525 - 800 4.77 Formation of gaseous

In Figure 2., the initial 6.82% weight loss corresponding to the temperature range of 20 - 125 ℃ 
indicating the evaporation of adsorbed water occurred between 125 and 245 ℃ because of the loss of 
the lattice water. The weight loss of 22.00% resulted in the temperature range of 245 - 525 ℃, which 
can be attributed to fragmentation of macromolecules and loss of guanine and the other organic 
matters. In additionally, 4.77% steady weight loss up to 800 ℃ due to formation of gaseous elements. 
The total weight loss was determined as nearly 36 % for calcined waste fish scale.

The XRD patterns for the CFWS samples were obtained over a calcination temperature 900 and 1000 
℃ as shown in Figure below.
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Figure 3. XRD patterns of waste Coral (pagrus pagrus) fish scales derived catalysts by calcination at 
different temperatures (900, and 1000 °C).

Figure 3. shows the XRD patterns for the waste coral fish scales samples obtained over a calcination 
temperatures 900 and 1000 ℃. In Figure 3, small peaks of hydroxyapatite (HAP) at 25 ℃. Prominent
peaks of HAP can be seen after 900 ℃ and the formation of β-Ca3(PO4)2 conforming to transformation 
of HAP can be seen at 900 and 1000 ℃. The catalyst that produced at 1000 ℃ act as a base catalyst. 
Narrow and highly intense peaks of the calcined waste fish scales referred the crystalline structure of 
the novel catalyst. SEM micrograph of catalyst samples exhibited the existence of circular holes 
distributed over the catalyst surface at a calcination temperature of 1000 ℃ as shown in Figure 4.
below.
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Figure 4. SEM images of the waste fish scale before and after calcination process a) 25 ℃, b) 1000 ℃

SEM micrograph (Figure 4) of catalyst samples exhibited the existence of circular holes distributed 
over the catalyst surface at calcination temperature of 1000 ℃. As depicted in Figure 4b, the internal 
layer of the WFSC (Figure 4b) exhibited regular oval-shaped particles having tapered ends. After the 
preperation catalyst, it was used for biodiesel production. Biodiesel yield was calculated as 70 %. It 
was concluded that the novel catalyst could be improve after some restorations. 

Conclusions 
In the present study, it was depicted the prosperous application of calcined was fish scale (coral) as an 
efficient heterogeneous catalyst for biodiesel production in transesterification of safflower oil. βCa3
(PO4)2 was generated from the HAP in coral fish scale with high temperatures with calcination process. 
The novel product could effectively catalyze the methanolysis of refined safflower oil to yield FAME 
(biodiesel). The best novel catalyst was prepared in 1000 ℃. The yield of methyl ester conversion in 
the study which catalysed by the CFWS was reported to be 70 % from safflower oil. 
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