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Dear participants,

INCOHIS 2025 SPRING Congress is an internationally recognized academic event. With this congress,
where face-to-face and remote participation is supported, you will have the opportunity to present your
scientific publications. Our congress, which is attended by respected names in the scientific community,

is a candidate congress to bring new horizons to science.

From 9 countries 145 participants applied to the congress. Participants presented their papers for two

days in the congress.

We are also grateful to the esteemed participants, our keynote speakers, our referees for their support
and contributions to the success of this congress. Thank you for attending our academic event and

supporting us.

The INCOHIS congress will be held every year by raising its target higher. It will reach out to wider

communities and increase the number of papers and participants.

Any kind of feedback about the congress is very important to us. You can reach our congress from our

web page, info@incohis.com e-mail address and official social media accounts.

18.06.2025
INCOHIS ORGANIZING COMMITTEE
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ABSTRACTS / POSTERS

The abstract fields of the papers that have met all the conditions of the INCOHIS 2025 SPRING congress
as abstract, poster and full text will be shown on the following pages. In addition, the full texts of the
papers that have been applied as full text are available on the following pages.
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EFFECT OF LEAD SUBSTITUTION ON OPTICAL, AND ELECTRICAL
PROPERTIES OF COBALT NANOFERRITE SYNTHESIZED BY SOL-GEL
METHOD

Prof. Dr. Mahiboobsab Ahmedhusen Nagarbawadi
Arham International Institute Of Information Security, Pune, India
dr.mehboobn@gmail.com

Assist.Prof.Dr. AltafIsuf Fakir
Anjuman Degree College Murud Janjira, Mumbai University, Department Of Physics, Mumbai, India
altaffakir1994@gmail.com

Abstract

Lead doped (Pb*) cobalt (Co) Nanoferrite asCol-xPbxFe204(were x=0.1,0.2,0.3,0.4,0.5) were
synthesized by a simple cost effective method involving sol-gel auto combustion method. Synthesized
samples were sintered at 600 °C temperature. The powders resulting from this synthesis were
characterized by X-ray diffraction (XRD). The grain size was found to be in the range of 34.5-54.5 nm.
It was found that grain size first increases up to x = 0.3 and then decreases for higher Pb2+
substitution.The absence of any extra peak in diffraction pattern ensures the phase purity for all samples.
All the peaks are well matched with standard JCPDS data for CoFe204 (22-1086). It was also found
that lattice parameter is in the range from 8.3877 A to 8.4108 A. From UV—Vis absorbance spectra it
was found that an absorption edge of all sample appears in the range of 690nm to 703nm. It is seen that
with increasing dopant concentration of Pb** band gap first decreases up to concentration x=0.3 then
increases up to x=0.5. from AC conductivity result it is seen that AC conductivity increases linearly
with the frequency, due to electron hopping between Pb?>"and Fe3+ions on the octahedral sites. It is also
evident that the frequency dependent ac electrical conductivity of Col-xPbxFe204are remarkably
dependent on the lead content in the ceramics. The conductivity decrease with increasing lead
concentration.

Keywords: Sol-gel, Pb-co Nanoferrite, Xrd, Uv, Ac Conductivity Etc
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DYNAMIC ANALYSIS OF A SHOP CRANE AND DESIGN CUSTOMIZATION

OZGUR HAMSICI
Altibas University, Faculty Of Engineering, Mechanical Engineering
ohamsici@hotmail.com

Abstract

Floor cranes might have little lifting capacities from 200 kg and can reach up to a capacity of 1500
kilograms. The capacity depends on the required working load. The target of this paper is to research
the possibility of using mini floor crane of 250 kg lifting capacity on a multistorey building construction,
specifically for carrying and lifting operations on reinforced concrete slabs or newly poured fresh
reinforced concrete slabs in order to carry, load and unload rebar frames, formwork pieces and falsework
pieces. A dynamic and a structural analysis are performed based on static and dynamic loads for
customization in order to obtain a light crane assembly.

Keywords: Floor Crane, Shop Crane, Engine Crane, Crane Dynamic Analysis
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THE PURIFIED POLYPHENOL OXIDASE ENZYME FROM THE TOMATILLO
(PHYSALIS PHILADELPHICA) PLANT: SOME KINETIC AND
CHARACTERISTIC PROPERTIES

KOKSAL CAP
Atatlirk University, Institute Of Science, Nanoscience and Nanoengineering
koksalcap@outlook.com

Prof. Dr. MUSTAFA ERAT
Atatiirk University, Institute Of Science, Nanoscience and Nanoengineering
eratm@atauni.edu.tr

Abstract

Tomatillo is widely grown in tropical and subtropical regions of the world, especially in the American
continent. The tomatillo plant and its fruits, used in traditional medicine to alleviate some ailments such
as cough, fever, and diabetes, are a foodstuff rich in vitamins, minerals, phenolic compounds, physalins,
and steroids. In this study, the polyphenol oxidase enzyme, which functions in the protection of
physiologically damaged vegetables and fruits but is not desired in terms of food technology because it
causes browning reactions, was isolated from tomatillo fruits and some of its kinetic and characteristic
properties were determined. For this purpose, tomatillo fruits grown under special conditions in Atatiirk
University Hobby Gardens were extracted and crude extract was prepared. Then, ammonium sulfate
precipitation and gel filtration chromatography were applied as purification methods. The optimum pH
5.5, optimum temperature 25 oC, optimum ionic strength 0.13 M, optimum substrate concentration 1.2
mM and stable pH 6,0 were determined for the obtained partially pure enzyme and appropriate activity
and stability conditions. In addition, Lineweaver-Burk graphs were drawn to determine kinetic
parameters such as KM and Vmax with catechol substrate and the KM value was calculated as 0.0158
mM and the Vmax value as 0.0683 EU/ml x min. It was determined that ascorbic acid had an inhibitory
effect on the isolated enzyme. From the graphs obtained with studies conducted at different inhibitor
concentrations for this inhibitor, the IC50 value was 0.141 mM, the Ki constant was 0.0525 mM on
average and the type of inhibition was determined to be competitive. It was determined that the tomatillo
polyphenol oxidase enzyme was partially similar to the kinetic and characteristic properties of the same
enzyme obtained from other plant sources.

Keywords: Tomatilo,polyphenol Oxidase, Enzyme,kinetic
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INVESTIGATION OF ENVIRONMENTAL NOISE POLLUTION IN POST-
EARTHQUAKE DEBRIS STUDIES

Prof. Dr. Siikrii Dursun
Konya Technical University, Engineering And Natural Science, Environmental Engineering
sdursun@ktun.edu.tr

Gonca Titirinli
Konya Technical University, Engineering And Natural Sciences, Environmental Engineering
goncatitirinli@gmail.com

Abstract

Data regarding the awareness of noise and noise-related problems in urban areas and the implementation
of regulations by the competent authorities in this regard dates to the 6th century BC. It is known that
since the 2000s, regulations and laws have been enacted in many countries, especially in the EU, to
combat noise. In Turkey, the Environmental Law No. 2872 includes the statement “It is prohibited to
create noise and vibration above the standards determined by the relevant regulations in a way that will
disrupt the peace and tranquillity, physical and mental health of individuals.” In the EU, 12 thousand
premature deaths and 48 thousand new heart disease cases have been encountered annually in those
exposed to environmental noise for a long time. It has been adopted to update the EU noise policy and
take measures to reduce the source of noise, including improvements in urban design considering the
latest scientific information. Noise control is the process of reducing the sounds emitted from any sound
source to an acceptable level, changing their acoustic properties, reducing the duration of the effect, and
masking them with another sound that is pleasant or less disturbing, to completely or partially eliminate
their harmful effects. Natural disasters, especially major earthquakes, deeply affect the physical
infrastructure and environmental conditions. The transportation of debris and waste after an earthquake
constitutes an important stage of the post-disaster recovery process. The effects of noise pollution caused
by vehicles carrying excavation and debris collected in earthquake zones on the environment and
existing buildings should be examined. While emphasizing the need to develop strategies to reduce post-
disaster noise pollution, new approaches should also be investigated for public health and building
safety.

Keywords: Natural Disasters, Earthquake, Debris Studies, Environmental Noise, Urban Areas
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COMPUTER-BASED DECISION MAKING SYSTEMS IN THE MANAGEMENT OF
DIABETES-RELATED COMPLICATIONS: MACHINE LEARNING

Yanki Basaran
Istanbul Technical University, Faculty Of Arts And Sciences, Chemistry
yankibasaran2001@gmail.com

Assist. Prof. Dr. Biisra Yusufoglu
Istanbul Technical University, Faculty Of Arts And Sciences, Chemistry
busrachemist@gmail.com

Abstract

Information technologies, which have recently become quite popular, are an essential part of the social
change and transformation process. The term information technologies generally encompasses various
applications, including artificial intelligence, which has been integrated into numerous clinical and
industrial systems. One of the most critical application areas forming decision-making systems within
these technologies is machine learning (ML). ML is defined as a set of algorithms that enable cognitive
processes based on the results obtained from the examples and taught data entered into systems utilizing
information technologies. Nowadays, complications related to diabetes are quite common. Among these
diseases, diabetes and its complications, which have recently been frequently observed and are expected
to increase in the future, stand out. In this context, the aim of this study is to compile potential
applications that can leverage the power of data through ML technologies to facilitate faster diagnosis,
accurate treatment, and more effective decision-making to prevent these complications. ML-based
studies in the healthcare field not only contribute to early and accurate diagnosis, precise treatment, and
aiding doctors in making the right decisions, but they can also provide an economic advantage by
keeping healthcare expenditures to a minimum. In ML-based applications, information systems employ
various methods such as artificial neural networks, genetic algorithms, fuzzy logic, and pattern
recognition. These methods facilitate the modeling of diabetes-related macrovascular and microvascular
complications through machine learning, thereby contributing to the protection of public health.

Keywords: Artificial Intelligence, Diabetes, Medicine
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INVESTIGATION OF FAILURE STATUS OF PERFORATED CARBON FIBER
PLATE USING HASHIN DAMAGE CRITERION

PhD. AHMET MURAT ASAN
Dicle University, Faculty Of Engineering, Mechanical Engineering
ahmetmuratasan@hotmail.com

Abstract

Carbon fiber composite materials are advanced technological materials preferred especially in the
aviation, automotive, and sports industries due to their high strength and lightness. These materials are
generally formed by combining carbon fibers with epoxy and attract attention with their superior
strength, low weight ratio. In addition, the corrosion resistance and thermal stability of carbon fiber
composites make them suitable for use in harsh environmental conditions. In this study, the failure status
of a carbon fiber plate with a circular hole in the middle was investigated numerically using the Hashin
Damage Criterion. For this purpose, the ANSYS Workbench program was used. Failure results were
obtained by applying two different displacements to the plate. As a result, as the displacement applied
to the plate increased, the failure to the plate increased.

Keywords: Carbon Fiber Composite, Hashin Failure Criteria, Finite Element Method
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STRUCTURAL, SPECTROSCOPIC, AND NLO PROPERTIES OF STILBAZOLIUM
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Abstract

In recent years, organic nonlinear optical (NLO) materials have attracted significant attention due to
their structural flexibility and rapid optical response times. Among these materials, stilbazolium
derivatives, with their strong molecular nonlinearity, have emerged as promising candidates for
advanced photonic applications. In this study, the molecular structure and nonlinear optical properties
of (E)-4-(3-ethoxy-2-hydroxystilryl)-1-methylpyridinium iodide (3ETSI) were investigated using the
B3LYP/LANL2DZ and HSEH1PBE/LANL2DZ methods. In addition to structural optimization,
vibrational frequencies, 'H and '*C NMR, UV-Vis spectra, and frontier molecular orbital (FMO)
analysis were performed. Both methods showed good agreement with previously reported experimental
data for iodine-containing stilbazolium derivatives. The optimized geometry confirmed a stilbazolium-
type structure composed of a pyridinium and benzene ring connected by an ethylene bridge, paired with
an iodide anion. FMO analysis revealed significant intramolecular charge transfer, as evidenced by low
energy band gaps (AEB3LYP = 0.663 eV, AEHSEHIPBE = 0.425 e¢V). Moreover, high chemical
softness values (cB3LYP =3.012 eV, cHSEH1PBE =4.694 V) suggest the compound's broad potential
for various applications.HIS The calculated NLO parameters of 3ETSI were found to be much higher
than the reference compound para-nitroaniline, and Coulomb interactions between the cation and anion
groups were observed to enhance the NLO response. These results demonstrate that the 3ETSI
compound exhibits high nonlinear optical efficiency and holds promise for future optoelectronic
applications.

Keywords: Dft, Stilbazolium, (e)-4-(3-ethoxy-2-hydroxystilryl)-1-methylpyridinium Iodide, Nlo
Properties
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Abstract

The rapid increase in cyberattacks in recent years has made it imperative for organizations to implement
proactive security strategies to protect their digital assets. Penetration testing, also known as ethical
hacking, is a vital methodology that simulates real-world attack scenarios to uncover potential
vulnerabilities before they can be exploited by malicious actors. These tests play a crucial role in
evaluating the effectiveness of existing security controls and in identifying misconfigurations, outdated
systems, or weak credentials that may serve as entry points for attackers. This study presents a
comprehensive penetration testing process conducted on a mid-sized organization's internal network
infrastructure. The methodology follows a systematic structure, covering four main phases:
reconnaissance, scanning, gaining access, and privilege escalation. Each phase is discussed in detail,
highlighting the techniques applied and the findings observed during the test. A combination of open-
source and commercial tools including Nmap, Nessus, Metasploit Framework, and Burp Suite—was
utilized to assess system vulnerabilities from both external and internal perspectives. The results of the
case study reveal that the most critical threats originated from improperly configured services, lack of
system updates, and the continued use of default credentials. These weaknesses could easily be exploited
by attackers to gain unauthorized access to sensitive information or disrupt operations. Based on these
findings, it is evident that conducting regular penetration tests is essential not only for identifying
weaknesses but also for informing the implementation of effective security countermeasures. In
conclusion, penetration testing should be considered an integral part of an organization's cybersecurity
strategy, particularly in the context of growing digitalization and evolving threat landscapes. Regular
assessments combined with prompt remediation actions significantly enhance the overall resilience of
enterprise information systems.

Keywords: Penetration Testing, Cybersecurity, Vulnerability Assessment, Nmap, Metasploit,
Enterprise Networks
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Abstract

The presence of glucose in urine (glucosuria) is an important clinical biomarker in diabetes mellitus and
related metabolic disorders. Glucosuria manifests when the renal threshold is exceeded and plays a
pivotal role in both the diagnosis of diabetes and the monitoring of treatment efficacy. However, the
prevailing methodologies for the detection of glucosuria are encumbered by the necessity for costly,
complex systems or professional laboratory environments. In this study, a low-cost and portable
colorimetric detection system utilizing the redox indicator methylene blue (MB) was developed for the
purpose of glucose detection. The presence of glucose is known to induce a reduction reaction in
methylene blue, resulting in a discernible color change. The characterization of this colorimetric
behavior was initially facilitated by employing UV/Vis spectroscopy as a reference measurement
system. The reduction tendency of MB was observed through distinct absorbance peaks at wavelengths
of 663—665 nm and 615-616 nm. The intensity changes in these bands were found to be directly
correlated with glucose concentration (R? = 0.99). The design of a digital detection system was informed
by an optical shift observed in MB. This system utilized a laser diode light source operating at 655 nm,
which closely matched MB's maximum extinction coefficient, and a light-dependent resistor integrated
into a microcontroller platform (Arduino). This configuration was employed to monitor MB's response
to glucose. The developed optical system was then subjected to a series of tests using seven glucose
solutions, ranging in concentration from 0.3125 to 20 mg/mL. The LDR data obtained were then
subjected to normalization, after which a calibration curve was generated. This revealed a logarithmic
linear relationship between glucose concentration and sensor response. The calibration equation for the
measurement system is given as follows: y = (0.18 £ 0.02) x x +(2.79 £ 0.01). The curve demonstrated
high accuracy, with an R? value of 0.94, indicating strong agreement with reference methods. The sensor
system is composed of simple electronic components (LDR, laser diode, breadboard, etc.) and is highly
cost-effective. In conclusion, the developed colorimetric system offers a portable and economically
viable alternative for glucose monitoring, capable of providing both visual and quantitative data.

Keywords: Glucosuria, Glucose Detection, Colorimetric
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Abstract

The health of the skin is subject to continuous challenge from a variety of environmental stressors. These
include, but are not limited to, pathogenic microorganisms, UV radiation, and oxidative stress. All of
these factors contribute to a state of inflammation, infection, and premature aging. The objective of this
study was to develop a multifunctional topical formulation combining Origanum minutiflorum extract
with green-synthesized silver nanoparticles (AgNPs) to provide antimicrobial and antioxidant
protection. The synthesis of AgNPs was accomplished through the utilization of an aqueous extract of
O. minutiflorum, and their characterization was facilitated by dynamic light scattering (DLS). This
analysis yielded a Z-average particle size of 30.86 nm, signifying a homogeneous colloidal solution that
possesses nanoscale properties, making it particularly well-suited for dermal application. The
antioxidant activity was evaluated using the DPPH method. While the plant extract alone demonstrated
64.15% radical scavenging activity, AgNP-enriched formulations exhibited enhanced efficacy: 54.70%
at 250 ug/mL, 60.57% at 500 pg/mL, and 67.52% at 1 mg/mL, suggesting a dose-dependent antioxidant
potential. The antimicrobial efficacy of the particles was assessed against the bacterium E. coli and S.
aureus, and the fungus C. albicans using both disk diffusion and minimum inhibitory concentration
(MIC) methods. MIC values were found to be 62.5 ug/mL for E. coli, and 125 ug/mL for both S. aureus
and C. albicans. At an AgNP concentration of 1000 ug/mL, the inhibition zones were measured as 13.2
+ 0.8 mm (E. coli), 11.4 £ 0.6 mm (S. aureus), and 11.1 = 0.6 mm (C. albicans), thus confirming the
broad-spectrum antimicrobial activity of the AgNP. A topical cream was formulated by incorporating
AgNPs and O. minutiflorum extract into a base of vaseline, beeswax, and glycerin. The product's
preparation exhibited a stable, homogenous texture, and it is hypothesized that it has the potential to be
a dermo cosmetic product with moisturizing, protective and healing effects, which would make it
suitable for use in conditions such as wounds, acne, eczema and fungal infections. The findings support
the formulation's potential in both cosmetic and clinical applications as a biocompatible and eco-friendly
alternative.

Keywords: Antioxidant, Antimicrobial, Silver Nanoparticle
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Abstract

Portugal is the world’s largest producer of cork (Quercus suber), accounting for approximately 50% of
global production. The country depends significantly on this sustainable natural resource, which is
derived from cork oak forests. Although cork harvesting promotes biodiversity and carbon
sequestration, the industrial processing phase produces a lot of waste, including cork powder, which is
a by-product of manufacturing cork stoppers. Every year, thousands of tonnes of this residue are
disposed of as waste, highlighting the potential for repurposing it into sustainable materials. Such
innovations align with the principles of the circular economy, which prioritise resource efficiency and
waste reduction in industrial systems.

This study explores the potential for using cork powder as an environmentally friendly alternative to
synthetic dyes in the textile industry. We investigated aqueous extraction methods for obtaining natural
bioactive compounds from cork powder, systematically examining variables such as extraction
temperatures (30 °C and 100 °C) and concentrations (5 g/L, 10 g/L and 20 g/L). Three types of textile
substrates (cotton, cationised cotton and wool) were dyed with the extracts, producing uniform brownish
tones. The dyed textiles exhibited consistent colouring and notable resistance to wash and fading when
exposed to light. In general, colour intensity increased with higher concentrations of cork powder and
temperatures during extraction; wool and cationised cotton produced the most pronounced results.

The obtained results highlight the viability of upcycling cork waste into bio-dyes, providing a
sustainable way to reduce reliance on chemical dyes and promote circular economy principles within
the cork sector.

Keywords: Waste Valorization, Cork Powder, Natural Dye, Sustainability
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Abstract

This study is an important research in line with the goals of sustainable material use and reducing
environmental impacts in the automotive industry. It is aimed to reproduce 30% glass fiber reinforced
Polyamide 6.6 (PA66-GF30) composite materials with recycled polymers and to evaluate the
performance of these new materials, which are widely preferred in the production of fasteners used in
cooling systems, especially in the engine and battery areas of vehicles. Since such fasteners operate in
environments requiring high temperature and mechanical strength, the performance of the material used
is of great importance. In the study, composite materials obtained by mechanical recycling method and
containing different ratios (10%, 30%, 50% and 65%) of recycled PA66 were prepared. These materials
were processed by injection molding method and turned into test specimens with a diameter of 16 mm.
These specimens were subjected to various tests in accordance with automotive main industry standards.
These tests included micro-cut analysis, tensile strength testing, ultrasonic welding strength
measurements, process quality assessment and mechanical performance analysis after cold conditioning.
Through these tests, the effects of increasing the proportion of recycled material on part performance
were examined in detail. The findings revealed that although there was a limited decrease in some
mechanical properties as the proportion of recycled PA66 increased, overall there was no significant
decrease in part performance. This shows that recycled materials can be used in certain proportions
instead of the original raw materials, thus supporting environmental sustainability in production
processes. It is also emphasized that the carbon footprint can be significantly reduced by using recycled
materials. In conclusion, this study shows that recycled polymers can be used effectively even in
applications requiring high performance in the automotive sector and makes an important contribution
in line with the principles of circular economy. Such research is of great importance in terms of both
reducing environmental impacts and using economic resources more efficiently.

Keywords: Pa66, Carbon Foot-print, Glass Fiber, Sustainability Recyclability
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Abstract

Advances in artificial intelligence, especially in the domains of machine learning and deep learning,
have opened up new and promising avenues for innovation in the educational field. Such technologies
provide a robust framework for analyzing and predicting various factors of the educational process,
including student engagement, satisfaction levels, academic achievement, and instructor effectiveness.
Thus, the integration of artificial intelligence-based models enables a deeper and more systematic
understanding of the dynamic nature of educational environments. This study utilizes the Turkey
Student Evaluation dataset [1] to assess student performance and proposes a classification model based
on a one-dimensional convolutional neural network (1D CNN) architecture. The model uses Q8, Q9,
and Q10 as target variables representing student performance. Additionally, the input features that had
the most significant impact on the model’s predictions were identified, and this result clarified which
factors most strongly influenced student performance. The experimental evaluation indicates that the
proposed model attained accuracy rates of 82.738%, 79.427%, and 84.880%, and F1-scores of 83.190%,
79.068%, and 84.989% for Q8, Q9, and Q10, respectively. The findings revealed that the proposed
model achieved results that were competitive with those of models reported in the literature [2,3]. It is
worth noting that the CNN architecture, traditionally employed for image data, demonstrated strong
classification performance when applied to tabular data for assessing student performance. [1] Ernest
Fokoue and Necla Gunduz, “{UCI} Machine Learning Repository,” University of California, Irvine,
School of Information and Computer Sciences, 2013, Accessed: May. 14, 2025. [Online]. Available:
http://archive.ics.uci.edu/ml/index.php [2] Almasri, A. R., Yahaya, N. A., & Abu-Naser, S. S. (2022).
Instructor performance modeling for predicting student satisfaction using machine learning-preliminary
results. Journal of Theoretical and Applied Information Technology, 100(19), 5481-5496. [3] F. Afrin,
M. S. Rahaman, and M. Hamilton, “Mining Student Responses to Infer Student Satisfaction Predictors,”
Jun. 2020, [Online]. Available: http://arxiv.org/abs/2006.07860

Keywords: Student Performance Analysis, 1d Convolutional Neural Network (1d Cnn), Deep Learning,
Educational Data Mining
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Abstract

In this study, polymer-based metal oxide matrix composite materials were produced at a low cost, and
the radiation interaction properties of these materials were investigated in detail. The structural
advantages of the composite materials were evaluated, particularly concerning their radiation absorption
capacity; five different samples, from K1 to K5, were prepared with various contents (metal oxides such
as Cr20s, NiO, Fe20s, and Kalekim and Colofer Solvent as binders). The Colofer Solvent and Kalekim
mixtures used in the study consist of cement, glass fiber, sodium silicate, and various metal oxides, and
have shown potential for alternative use as radiation shielding materials. The samples were subjected to
900 seconds of gamma-ray bombardment with Ba-133 and Am-241 radioactive sources, and their
absorption capabilities were analyzed for the energy range of 30.9-384 keV. The mass absorption
coefficient (MAC), linear absorption coefficient (LAC), half thickness (HVL), tenth thickness (TVL),
effective atomic number (Zeff), effective electron density (Neff), effective conductivity (Ceff) and
equivalent atomic number (Zeq) values of the prepared samples were compared both theoretically and
experimentally. Theoretical values were obtained using the WinXCom program. The findings revealed
that especially K1 and K2 samples provided high shielding performance at low energy radiations. The
need for alternative radiation shielding materials and the aim of reducing the dependency on toxic
materials such as lead are gaining importance in light of the European Union's ROHS directives. As a
result, this study contributes to developing environmentally friendly and low-cost composite shielding
materials, paving the way for a new class of materials with high applicability in a wide range of sectors.

Keywords: Radiation Shielding, Composite Materials, Radiation Absorption Parameters
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Abstract

Forest fires have caused extensive damage worldwide, with the Mediterranean region being particularly
impacted. In recent years, both fire intensity and burned area have increased markedly in this region.
Greece, one of the most fire-prone countries in the Mediterranean, experienced its worst fire season on
record in 2023, with more than 1 400 km? of forest burned. Among the nine major wildfires that year,
those affecting the Alexandroupoli and Dadia—Letkimmi—Soufli National Forest Parks were especially
severe. In this study, we first compare monthly meteorological variables—relative humidity, wind
speed, and temperature—derived from ground-based weather stations. We then use MODIS and VIIRS
satellite products to quantify daily fire radiative power (FRP) and to reconstruct the temporal evolution
of burned area. Tropospheric gas emissions (e.g., CO, NO:) are estimated from Sentinel-5P TROPOMI
imagery. Finally, Sentinel-2 multispectral data are employed to map burn severity using burn indices.
Our results demonstrate how variations in pre-fire weather conditions influenced fire behavior, pollutant
emissions, and post-fire vegetation loss. This research underscores the crucial role of integrated, multi-
sensor remote sensing in wildfire impact assessment. The primary goal is to elucidate the interplay
between monthly weather patterns, wildfire dynamics, air pollution, and forest ecosystem damage,
thereby informing more effective fire management and mitigation strategies.

Keywords: Greece, Burn Severity, Remote Sensing, Wildfire, Gas Emissions
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Abstract

Nanotechnology has become an important technology that has developed rapidly in the scientific world
in recent years and has a wide range of applications. Nanoparticles are used in various fields thanks to
their unique physicochemical properties and biological activities. When producing nanoparticles, it has
become necessary to use more environmentally friendly approaches due to the use of various reducing
chemicals, their toxic effects and biological damages. The green synthesis method has been preferred as
the approach used in many studies because it is environmentally friendly, uses natural resources, has
low cost, low toxicity and is easy to apply. In this study, it was aimed to produce silver nanoparticles
(AgNP) by green synthesis method using Cotinus Coggygria (smoke tree) extract, which has various
properties such as antimicrobial, anti-inflammatory and antiseptic, to characterize the nanoparticles
produced and to determine their biotechnological potential. The produced silver nanoparticles were
characterized using Transmission Electron Microscopy (TEM), Scanning Electron Microscopy (SEM),
Ultra Violet Visible Region Spectroscopy (UV-Vis), X-Ray Diffractometer (XRD), Fourier Transform
Infrared Spectroscopy (FTIR) and Differential Scanning Calorimetry (DSC) analyzers. When SEM and
TEM data of AgNPs size analysis were analyzed, it was determined that nanoparticles were produced
and their sizes were in certain ranges. Absorbance was observed in UV-Vis analysis. Functional groups
were determined by FTIR analysis and crystal structure was determined by XRD analysis. In addition,
the nanoparticles were found to have antibacterial properties and AgNPs were found to have different
inhibition zone diameters at different concentrations against bacteria. According to the characterization
results obtained, it is proved that silver nanoparticles can be successfully produced using plant extract
by green synthesis method. AgNPs produced by green synthesis offer effective and reliable solutions.
They play a significant role in modulating various activities in the fields of biomedicine and
biotechnology by contributing to the development of novel antimicrobial agents, antiviral and anticancer
therapies, biomaterials and medical device coatings, drug delivery systems, therapeutic diagnostics and
treatments, wound healing, tissue repair and regeneration materials, as well as nanobiorobots and
nanobiodevices.

Keywords: Green Synthesis, Silver Nanoparticle (agnp), Cotinus Coggygria, Biotechnology
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Abstract

Ovarian cancer is the deadliest gynaecological cancer, causing 207,252 deaths in 2020. Although
surgery and chemotherapy remain the main treatment strategies, changes in the tumour
microenvironment and signalling mechanisms negatively affect the treatment response, leading to
resistance and recurrence. The PI3K-AKT-mTOR signalling pathway plays important roles in cell
survival and tumour progression, and supports ovarian cancer growth through the regulation of immune
cell function, angiogenesis, and tumour microenvironment interactions. The limited efficacy of current
treatments necessitates the search for new agents that can target these molecular mechanisms. In this
context, investigating the potential of natural compounds and repurposed drugs against ovarian cancer
is a promising approach. Pirfenidone, an approved drug for idiopathic pulmonary fibrosis, inhibits TGF-
B, suppresses glycolysis and epithelial-mesenchymal transition, induces caspase-associated apoptosis,
and reduces vascular endothelial growth factor secretion. Methylhydroquinone, a marine-derived
compound, has antiangiogenic properties associated with AKT. The combination of Pirfenidone and
methylhydroquinone is aimed to show inhibitory synergistic effects on PI3K-AKT-mTOR signalling
pathway. In this study, molecular docking analyses were performed to explore the interaction potential
of Pirfenidone and methylhydroquinone with proteins involved in the PI3K-AKT-mTOR pathway. The
stable complexes formed between both ligands and their target proteins, along with possible binding
orientations, were studied. The three-dimensional structures of the ligands were retrieved from the
PubChem, whereas the protein structures were obtained from the RCSB PDB. Molecular docking was
performed using AutoDock version 4.2.6 (Scripps Research Institute, USA), and the results were
visualised using BIOVIA Discovery Studio (Dassault Systémes, USA). Results showed that
methylhydroquinone exhibited interaction scores of -4.69, -4.21, and -4.89 with PI3K alpha, AKT1, and
the kinase domain of mTOR, respectively. For Pirfenidone, the scores were -6.16, -5.87, and -6.73. In
molecular docking analyses, binding affinities around -5 are considered moderate, while scores of -6 or
lower suggest stronger and more stable protein—ligand interactions. These findings suggest that both
compounds may have anticancer potential against ovarian cancer, and their combination may exert
synergistic effects. Future studies are planned to investigate their effects on gene and protein levels
related to the PI3K-AKT-mTOR signalling pathway.

Keywords: Ovarian Cancer, Pirfenidone, Methylhydroquinone, Molecular Docking
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Abstract

This study develops and evaluates an end-to-end Automatic Number Plate Recognition (ANPR) system
that integrates a YOLOv12-based object detector with the Tesseract OCR engine and controls a physical
barrier through an [P-addressable relay. At the pilot site provided by Protel A.S., videos in MP4 format
were recorded from a barrier-mounted camera under varying daylight, illumination, and color-saturation
conditions. The videos were decomposed into frames, and only those containing vehicles were retained.
To enlarge the dataset, geometric (horizontal flipping) and photometric (brightness adjustment,
Gaussian noise) augmentations were applied, after which licence-plate regions were manually
annotated. The trained YOLOv12 model operated within a region of interest (ROI) confined to the
lower-central portion of each frame, reducing inference time while preserving accuracy. A preprocessing
pipeline, consisting of denoising, grayscaling, adaptive thresholding, and slight blurring, was applied to
the detected license plates to enhance character edges, from which alphanumeric strings were extracted
using PyTesseract. These strings were then compared against registered license plates in a PostgreSQL
database. Upon a match, the backend service sent a command to the relay driver, opening the barrier. In
field tests, the system achieved a 96% recognition accuracy over 1,200 real vehicle entries, with an
average end-to-end latency of 3.2 seconds per vehicle. The findings indicate that the combination of
rapid YOLO-based detection, targeted image preprocessing, and stateless database verification provides
a cost-effective ANPR solution for industrial access control scenarios.

Keywords: Automatic Number Plate Recognition (anpr), Yolov12, tesseract Ocr, Object Detection,
Image Processing, Deep Learning, Machine Learning, Data Augmentation
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Abstract

Cervical cancer is one of the most common types of cancer among women worldwide, with the majority
of cases strongly associated with high-risk human papillomavirus (HPV) infections. In addition to
conventional treatment approaches, the investigation of alternative therapies containing bioactive
compounds of natural origin is gaining increasing attention. In this context, latex derived from the fig
plant (Ficus carica L.) is considered a potential anti-cancer agent due to its phytochemical constituents
such as ficin, quercetin, gallic acid, and psoralen. In this study, the ‘Beyaz Orak’ fig variety, specific to
the Anatolian region, was selected. Latex was collected from unripe fruits of this variety during the early
morning hours of June and stored at low temperatures to preserve its biological activity. Different latex
preparation methods were compared for characterization purposes. Although lyophilized latex powder
was dissolved in various organic solvents, a homogeneous solution could not be achieved. Increasing
the concentration of these solvents was deemed unsuitable due to their potential cytotoxicity in cell
culture applications. Liquid latex was dissolved in ethanol, methanol, acetone, and culture medium,;
among these, the medium-based solution was found to be the most suitable in terms of solubility and
biological compatibility. In the removal and sterilization steps, the liquid latex obtained from 'Beyaz
Orak' figs was centrifuged at 13,000 rpm for 10 minutes at +4°C to separate the solid phase. The
remaining liquid phase, referred to as fig latex milk, was diluted 1:2500 with complete culture medium
and sterilized by filtration through a 0.22 pm membrane filter. As a result, a sterile and homogeneous
latex solution was successfully obtained. This study outlines the selection of an appropriate fig variety
and the preparation of plant-based natural latex for the evaluation of its anti-cancer potential in cell
culture applications.

Keywords: Ficus Carica, Fig Latex, Hela Cell Line, Cervical Cancer, Phytochemicals, Anticancer
Agent
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Abstract

Age-related macular degeneration (AMD) is a serious eye disease commonly seen in older adults,
leading to central vision loss. The main symptoms include distortion of straight lines, dark spots in the
central visual field, and reduced visual acuity. While age and genetic predisposition play significant
roles in the disease’s development, oxidative stress is also known to be a critical factor. The
accumulation of free radicals in retinal pigment epithelial (RPE) cells triggers inflammation, resulting
in cell damage and apoptosis. Model cells such as ARPE-19 become vulnerable when exposed to
oxidative stress during this process. Therefore, biomaterial-based studies aimed at protecting cells from
oxidative stress are being conducted. Among these, SBA-15 mesoporous silica stands out as a
biocompatible material due to its high surface area and porous structure. In this study, SBA-15
mesoporous silica was surface-modified using 3-aminopropyltrimethoxysilane (APTMS) to produce a
structure named S6-SBA-15. Various characterization techniques were employed to analyze its
properties. Surface morphology was examined by scanning electron microscopy (SEM), while
mesostructural order was investigated using small-angle X-ray scattering (SAXS). Functional groups
were identified via Fourier-transform infrared spectroscopy (FTIR). The specific surface area was
determined using the Brunauer—Emmett—Teller (BET) method, and pore size was calculated through the
Barrett—Joyner—Halenda (BJH) technique. These analyses are crucial for understanding the interaction
between SBA-15 and biological systems. To induce oxidative stress in ARPE-19 cells, the cells were
seeded in 96-well plates and incubated with hydrogen peroxide (H20-) at concentrations ranging from
100 to 500 uM for 4 hours, with the dose range determined by MTT assay. To evaluate the effect of S6-
SBA-15, the stressed cells were treated with S6-SBA-15 at concentrations between 7.81 and 1000
pug/mL and incubated for 24 hours. Cell viability was then assessed using MTT analysis. The results
demonstrated that the oxidative stress model was successfully established and that S6-SBA-15
supported cellular recovery. It was concluded that surface modification of SBA-15 effectively preserves
cell viability and reduces oxidative damage, highlighting its potential as a biomaterial candidate.

Keywords: Age Related Macular Degeneration (amd), Retinal Pigment Epithelium (rpe), Oxadative
Stress, Arpe-19 Cell Line, Sba-15
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Abstract

Exopolysaccharides (EPS) produced by lactic acid bacteria are important biopolymers in the fields of
food, biomedicine and biotechnology. This study aimed to determine the EPS production potential of
Limosilactobacillus fermentum ATTO6 strain that was isolated from lactic acid-fermented turnip juice
produced in Southern Anatolia. The genome of ATTO6 strain was examined with in silico analyses using
RAST (https://rastnmpdr.org/) and it was determined bioinformatically that ATTO6 strain carry genes
related to EPS biosynthesis such as Undecaprenyl-phosphate galactose phosphotransferase, manganase-
dependent protein tyrosine phosphatase, tyrosine-protein kinase and tyrosine-protein kinase
transmembrane modulator. It was confirmed with in vitro fermentation studies that ATT06 can produce
decent amounts of exopolysaccharides (~3.3 g/liter) when grown with BHI medium containing 30 g/liter
sucrose. The EPS produced was cold ethanol purified and freze-dried for further analysis such as 13C
NMR and antioxidan activity tests. 13C NMR analysis revelaed that the EPS produced by ATT06 was
a levan-type exopolisaccharide which is a homo-exopolysaccharide, made of fructose molecules with a
glucose residue linked by B-(2-6) glycosidic bonds at the end and has remarkable applications in the
food and pharmaceutical industries due to its safety and biocompatibility. The scavenging activity of
levan type-EPS was measured to be at 34% according to DPPH method showing promising antioxidant
capacity of the EPS. Further analytical tests such as HPLC, NMR, FTIR and XRD are on the way to
uncover physicochemical and morphological characteristics of this novel ATA06 encoded levan-type
EPS. Ultimately present study aimed to contribute to functional food and health applications by
revealing the biotechnological potential of the EPS.

Keywords: Limosilactobacillus Fermentum, Exopolysaccharide, Levan, Antioxidant
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Abstract

Rapid developments in digital technologies have brought about fundamental changes in the field of
education. The proliferation of artificial intelligence-based applications presents new opportunities and
approaches, particularly in learning-teaching processes. In this context, large language models such as
ChatGPT developed by OpenAl attract attention with their various functions including creating
educational content, answering student questions, providing conceptual explanations, and supporting
teachers. Mathematics education is one of the disciplines that most needs the support of technological
tools due to its nature of dealing with abstract concepts and causing cognitive challenges for students.
ChatGPT's natural language processing capacity, ability to interact with students and teachers, capability
to offer multiple solution strategies, and provision of instant feedback hold significant potential for
mathematics instruction. However, the effective use of this potential and its integration into educational
processes can only be supported through comprehensive research. Studies on ChatGPT's role in
education have increased in recent years. However, it is important to systematically evaluate how this
technology is used specifically in mathematics education, in which areas it is effective, and what
limitations it contains, in order to identify gaps in the literature and guide future studies. The purpose of
this study is to analyze scientific research focusing on the use of ChatGPT in the context of mathematics
education through systematic review methodology, to reveal current research trends, and to identify
possible development areas. In this regard, a search was conducted in the Web of Science database
through determined keywords, and studies with accessible full texts were examined. 37 studies meeting
the determined inclusion criteria were included in the analysis. As a result of the systematic review, it
was determined that the vast majority of the studies were conducted using qualitative research
methodology. When study groups were examined, it was observed that the highest number of
participants consisted of pre-service teachers, teachers, and students, respectively. Additionally, it was
found that the most research on this topic was conducted in Turkey, followed by the United States. The
findings obtained from the research showed that ChatGPT can be used as a digital learning tool for
teachers and pre-service teachers and facilitates the lesson planning process. From the students'
perspective, it was concluded that ChatGPT increases learning motivation, improves conceptual
understanding level, and supports skills such as problem-solving and critical thinking.

Keywords: Mathematics Education, Chatgpt, Systematic Review
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Abstract

Waste valorisation plays a crucial role in advancing sustainable development by transforming organic
and industrial waste streams into valuable resources. Rather than viewing waste as an environmental
burden, valorisation encourages the recovery of energy, nutrients, and materials, reducing reliance on
non-renewable resources. This approach supports circular economy principles, mitigates environmental
pollution, and promotes more resilient, resource-efficient systems. Spent Mushroom Substrate (SMS),
commonly considered an agricultural waste by-product, possesses significant potential for renewable
energy production through anaerobic digestion. Rich in organic matter and essential micronutrients,
SMS can be effectively valorised as a feedstock for biogas generation, aligning with sustainability goals
and circular economy principles. This case study investigates the performance of SMS in biogas
production under mesophilic conditions, offering insights into its applicability as a sustainable energy
resource. Anaerobic digestion experiments were conducted using untreated SMS mixed with inoculum
under a mesophilic regime at 36.0 £ 0.1 °C for 38 days. The results showed a strong average biogas yield
0f292.7 Nm?® per tonne of fresh SMS, with a methane concentration of 66.2%. Utilising SMS for biogas
not only reduces waste disposal costs for the mushroom industry but also provides a renewable energy
source for agricultural and rural communities. The valorisation of SMS through anaerobic digestion
represents a sustainable, scalable, and eco-friendly approach to waste management and bioenergy
production. Its integration into agricultural and energy systems contributes to greater environmental
stewardship and supports global renewable energy transitions.

Keywords: Waste Valorisation, Anaerobic Digestion, Biogas Production, Circular Economy,
Sustainable Waste Management
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Abstract

Artificial intelligence has revolutionized the healthcare field with its increasing significance in medical
imaging. This study aims to examine the effective use of artificial intelligence methods in the detection
of Abdominal Aortic Aneurysm (AAA). AAA is a life-threatening condition if not diagnosed early. The
main hypothesis of this study is based on the assumption that radiological images can be analyzed using
Al-based techniques to detect AAA more quickly and accurately. In this study, data sets obtained from
computed tomography (CT) scans were processed, and Convolutional Neural Network (CNN)-based
deep learning models were applied. The data preprocessing phase included noise reduction, contrast
enhancement, and feature extraction. The models used in the training and testing phases were analyzed
in terms of sensitivity, specificity, and accuracy rates. The findings demonstrated that the proposed Al
models achieved higher success rates compared to traditional methods. This study highlights the
applicability of artificial intelligence technologies in radiological imaging processes and aims to
contribute to the scientific knowledge in this field. Additionally, it has the potential to improve patient
outcomes by reducing time and cost in medical diagnostics.

Keywords: Artificial Intelligence, Abdominal Aortic Aneurysm, Deep Learning, Radiological Imaging,
Medical Diagnosis
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Abstract

Clean drinking water is essential for public health and sustainable development. We present machine
learning models that automatically predict water potability using ten physicochemical features: pH,
hardness, total dissolved solids, chloramines, sulfate, conductivity, organic carbon, trihalomethanes,
turbidity, and electrical conductivity. We train and evaluate these models on a dataset of 3,276 samples
obtained from Kaggle. First, missing values are removed, the minority class of potable samples is
balanced via resampling, and all features are normalized using standard scaling. The data are then split
80% for training and 20% for testing. Sixteen classifiers—including K-Nearest Neighbors, Decision
Tree, Random Forest, AdaBoost, XGBoost, LightGBM, CatBoost, Support Vector Machines, and Naive
Bayes variants—are trained and assessed using accuracy, precision, recall, and Fi-score metrics. Our
results show that ensemble tree methods perform best: the Random Forest model achieves 83% accuracy
and an Fi-score of 0.82, followed by LightGBM at 82% accuracy and XGBoost at 81%. These findings
demonstrate that ensemble approaches can serve as fast, cost-effective, and reliable decision-support
tools in real-time water quality monitoring and management systems.

Keywords: Artificial Intelligence, Water Quality, Potability Prediction, Machine Learning, Tree-based
Models
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Abstract

Digital literacy (DL), which is among the 21st-century skills, is gaining increasing importance in
educational processes. Particularly in the context of mathematics education, the effective use of digital
tools and resources both enriches teachers' instructional strategies and deepens students' learning
experiences. DL encompasses not only the use of technology by individuals but also their conscious and
critical attitude in the processes of accessing, evaluating, producing, and sharing information. In this
context, DL plays an important role in many areas, from the visualization of mathematical concepts to
the development of problem-solving skills through dynamic applications. In line with the knowledge
and skills required by the digital age, the integration of DL into mathematics teaching curricula with a
holistic approach has become inevitable. In this context, the purpose of this study is to examine the
presence of DL skills in the middle school mathematics curriculum (MSMC). In this study, which adopts
a qualitative research approach, the document analysis technique was used. MSMC adopted in 2024 was
used as the data collection tool in the research. Through the document analysis conducted, DL elements
in the curriculum were systematically scanned; digitally-oriented learning outcomes that were present
explicitly and implicitly were evaluated. Additionally, the distribution of these learning outcomes
according to grade levels and themes of MSMC was examined in detail. As a result of data analysis, it
was determined that skills related to digital literacy were given limited inclusion in the learning
outcomes of the MSMC, while these skills were largely included in the learning-teaching practices
section of the curriculum. Within the scope of learning-teaching practices, statements directed toward
DL skills were encountered at the highest rate in 5th and 6th grade levels, while it was determined that
the grade level with the least inclusion of these statements was 7th grade. When the percentage
distribution of content and concepts related to DL was examined on the basis of the curriculum’s themes,
the most frequently included themes were listed as Geometric Shapes, Numbers and Operations and
Geometric Quantities. Additionally, it was observed that the most frequently encountered concepts
related to digital literacy in the learning-teaching practices of the MSMC were "digital," "virtual," and
"online", respectively.

Keywords: Digital Literacy, Middle School Mathematics Curriculum, Document Analysis
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Abstract

Vehicles, which have become an inseparable part of daily life, have undergone multiple changes
throughout history and electric motor type vehicles have come to the forefront at the end of the 20th
century and in the current century. However, according to information obtained from previous studies,
it has been seen that EV (electric vehicle) is still not looked upon favorably. This study aims to evaluate
the perceptions of electric vehicles and charging stations in Turkey from the perspective of consumers
and to compare them with reality. Within the scope of the study, 424 participants were reached through
various social media channels and a survey was conducted via Google Form. The answers of the
participants who participated in this survey were evaluated and the answers of 372 participants were
uploaded to the SPSS Statistics program and included in the analysis study. In line with the findings
obtained, a comparison was made with the real data published by the Energy Market Regulatory
Authority (EPDK) and an attempt was made to explain why the number of electric vehicles remains at
lower levels compared to other motor type vehicles in the context of consumer perception.

Keywords: : Electric Vehicles, Charging Stations, Epdk, Spss, Consumer Perception, Purchase
Intention
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Abstract

In this study, a new composite material, Mg/Fe LDH@MO, was synthesized using the co-precipitation
method with M. oleifera. The removal of RYRR dye from aqueous solutions by synthesized adsorbent
was aimed. In this context, parameters such as pH, adsorbent amount, contact time, and initial
concentration, which affect adsorption in a batch system, were investigated. The results obtained from
the batch system experiments indicated that the optimum conditions yielded higher efficiency in an
acidic environment. In the continuous system, the effects of flow rate and adsorbent amount on
adsorption efficiency were evaluated. The results of continuous system experiments showed that the
adsorbent amount did not significantly affect the efficiency, while a lower flow rate positively
influenced the system's performance. Using the data obtained from the batch system, kinetic and
isotherm parameters were calculated. The adsorption kinetics followed the pseudo-second-order model,
and the isotherm fitted the Freundlich isotherm model. The structure of the adsorbent was characterized
by SEM-EDX, BET, TG-DTA, XRD, and FTIR analyses. According to the characterization results, the
modified LDH sorbent material exhibited a tenfold increase in specific surface area and pore volume
compared to MO. Experimental findings show that the RYRR removal efficiency with Mg/Fe
LDH@MO is around 90%. All experimental results support that Mg/Fe LDH@MO can be used as an
effective, environmentally friendly, and economical adsorbent for dye removal from aqueous solutions.

Keywords: Layered Double Hydroxide, Ldh, Moringa Oleifera, Adsorption, Remazol Yellow Rr
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Abstract

Lifting and carrying equipment have a considerable place among the construction equipment. Tower
cranes, mobile cranes, crawler cranes, construction telehandlers, electric hoists, back hoe loaders and
even excavators are examples of lifting and carrying machines. Scissor lifts, cherry pickers are also other
machines. All these machines have variable power sources, variable lifting capacities and different work
spaces. Floor cranes are also used on construction sites and this is for the applications of glass facade
placements and such specific installation tasks. Floor cranes might have little lifting capacities from 200
kg and can reach up to a capacity of 1500 kilograms. The capacity depends on the required working
load. The target of this study is to investigate the possibility of using mini floor crane of 250 kg lifting
capacity on a multistorey building construction, specifically for carrying and lifting operations on
reinforced concrete slabs or newly poured fresh reinforced concrete slabs in order to carry, load and
unload rebar frames, formwork pieces and falsework pieces. A dynamic and a structural analysis are
performed based on static and dynamic loads for modification of a shop crane in order to obtain a light
crane assembly to be used in the construction environment.

Keywords: Floor Crane, Shop Crane, Crane Dynamic

BiR ATOLYE VINCININ DINAMIK ANALIZI VE INSAAT SEKTORUNDE
KULLANILACAK SEKILDE MODIFIKASYONU

Ozet

Kaldirma ve tasima ekipmanlari insaat ekipmanlari arasinda 6nemli bir yere sahiptir. Kule vingler, mobil
vingler, paletli vingler, ingaat telehandler'lar, elektrikli vingler, kazici yiikleyiciler, makasli platformlar,
sepetli vingler ve hatta ekskavatorler kaldirma ve tasima makinelerine 6rnektir. Tiim bu makinelerin
degisken gii¢ kaynaklari, degisken kaldirma kapasiteleri ve farkli calisma alanlar1 vardir. Ote yandan,
zemin veya atolye vingleri, cogunlukla fabrikalarda, atdlyelerde, agik lojistik depolarinda vb. olmak
izere endistriyel calisma ortamlarinda kullanilan bir tiir Mobil Vingtir. Zemin vingleri ayrica ingaat
sahalarinda da kullanilir ve bu, cam cephe yerlestirme uygulamalari ve bu tiir 6zel kurulum gorevleri
icindir. Zemin vinglerinin kaldirma kapasiteleri 200 kg'dan az olabilir ve 1500 kilograma kadar ¢ikabilir.
Kapasite, gerekli ¢aligma yiikiine baglidir. Bu makalenin hedefi, ¢ok katli bir bina insaatinda, 6zellikle
betonarme dosemeler veya yeni dokiilmiis taze betonarme ddsemeler iizerinde tasima ve kaldirma
islemleri i¢in, demir donatiy1, kalip pargalarini ve iskele pargalarini tasimak, yiiklemek ve bosaltmak
icin 250 kg kaldirma kapasiteli mini zemin vinci kullanma olasiligim1 arastirmaktir. Hafif bir ving
tertibat1 elde etmek i¢in bir atdlye vincinin modifikasyonu igin statik ve dinamik yiiklere dayali bir
dinamik ve yapisal analiz gergeklestirilmistir.

Keywords: Atdlye Vinci, Motor Vinci, Ving Dinamik Analizi

1. INTRODUCTION

In the sector of the construction industry, recently, demand for mobile cranes shows a significant ascent.
Amid the mobile crane operations on a site, rigging light loads (100 kg — 300 kg) that arises from lifting
formworks, falseworks, reinforcements, timbers etc. holds an important place.
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In this study, it is considered whether a floor crane with less payload capacity around 250 kg has validity,
efficacy and applicability to be operated on a newly poured fresh floor of a multi-story building
construction. It is aimed to clear out the ambiguity of utilizing a 4 meters-long mast, lightweight,
detachable floor crane on a freshly poured concrete without giving rise to concrete microcracks or
concrete large cracks or a decrease in the ultimate strength of the floor concrete.

This construction equipment will be frequently placed on the reinforced concrete slab but mainly after
assuring that the concrete slab is adequately hardened, cured and gained 70% of its compressive and
flexural strength.

Utilizing floor cranes on a construction site might have the following advantages; the floor crane is more
ergonomic than a mobile crane, it could be placed in any corner or side of a floor compared to a mobile
crane which requires a location of assembly, it doesn’t make traffic obstruction around the construction
site, it is possible to operate for fine finishing works inside a story when boom length of the floor crane
is modified and shortened, it could be placed on roof for facade and steel works, easy to operate with
any lectured labor, it doesn’t need an operator as a mobile crane, it is more cost-effective than a mobile
crane as can be used in any time of the work hours, daily or weekly, as a crane it is more efficient with
less payload below 1 ton weights with no need of high machine power , it has no need of path preparation
as a mobile crane, the floor crane operates right on the concrete slab, it doesn’t make a traffic obstruction
as a mobile crane to the residential units, roads, nearby traffic flow, the floor crane on a slab might
reduce the risk of workers to get injured by lifting heavy loads, in the absence of another crane on site
the floor crane is an identical spare equipment for handling the duties of the primary crane that is absent
or out of order.

Utilizing a floor crane on a construction site has the following disadvantages; it is also impossible to
operate floor cranes on narrow aisles or through narrow walls and door gaps, in case of a distraction of
the operator, the machine might hit anything or a person in the vicinity, the load capacity is lower, when
it is necessary to lift heavy weights, the floor crane cannot do it, for example steel bundles, steel hot
rolled or cold rolled profiles etc., there is the danger of the machine to fall down from the floor, the floor
crane cannot be sufficient and efficient as a mobile crane when a loaded truck of construction material
is going to be unloaded on site, it cannot reach every point on the slab, especially the edges of the slab
where there is risk of falling, the columns and shear walls outside facades, nearby the spacings like
staircases, shaft gaps of the floors etc. , it cannot be operated in rough terrain and needs smooth surfaces
for the rubber tyres.

According to Duragkar et al. for carrying loads within a short distance, floor cranes seemed to be one of
the most effective ways [1]. The mini cranes are also efficient as a low-cost alternative to other types of
mobile cranes according to Jadhav et al. [2]. Urbas et al. [3] presented a thorough dynamic analysis of
crane loading and unloading motion by taking into consideration different geometrical types of loads
instead of using a lumped mass, boom and drive flexibility and different rope sling systems. Fujioka [4]
investigated the tip-over stability analysis of a mobile crane under different conditions. Chukwulozie et
al. [5] presented design and fabrication of a mini floor crane of 1000 kg. Towarek [6] inspected the
dynamic stability of a crane placed on a flexible soil during the rotation motion of the boom. Dawid and
Pawel [7] focused on a deformable rope system of Kevin-Voigt model. Jadhav et al. [2] presented an
optimization of a rotating hydraulic crane and the equipment was manufactured and tested for several
conditions as strength, cost efficiency and load range. Safarzadeh et al. [8] realized the design and
manufacture of a self-propelled crane. Romanello [9] developed a Matlab code as a mathematical model
for determination of outriggers of a mobile crane. Posiadala [10] was the first to integrate the behavior
of the crane support system to the equations of dynamic motion matrix. Umut and Mete [11] dealed the
same subject of the crane mathematical modelling of dynamic equations and implement a PID Control
to the mathematical model.

In order to carry out hoisting operations with a floor crane, a dynamic analysis is a necessity together
with the finite element method structural design. The dynamic analysis of a floor crane under
translational motion will be an appropriate enrichment in the literature that will provide additional
information about floor crane dynamics.
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1.1. Operating a Floor Crane on a 1 Day Age Concrete Slab

In the early stages of the setting process, the bonding between the reinforcement steel and concrete is
low. Chapman and Shah [12] called this phenomenon as the bond-slip behavior of early age concrete.
Cooper stated that early ages loading of concrete may result in excessive deflection and cracking [13].
Taking into consideration the bond-slip and the cracking behavior in the early stages, it is merely the
flexural strength of concrete but not the contribution rebars that will bear the bending and the tensile
forces exerted on a slab. The conducted tests by Song et al. [14] identifies that early loading might result
in severe deflection and concrete cracking on the concrete slabs and beams. Wheel loads cause critical
flexural tensile stresses at the bottom of the slab below the neutral axis and flexural compressive stresses
above the neutral axis. According to Cole and Okamoto [15], for typical concrete slabs in new
construction and unbonded concrete overlays, it is commonly accepted that traffic loads bring in critical
flexural tensile stresses at the bottom of the slab and flexural compressive stresses at the top.

Loading a freshly poured reinforced slab is not a construction operation that can be realized without
hesitation. According to Cavalline et al. [16], the compressive strength required for pavement openings
typically ranges from 2,200 to 3,500 psi (15.2-24.1 MPa) when intended for construction vehicle traffic,
and increases to between 3,000 and 4,500 psi (20.7-31.0 MPa) for standard traffic loads. Similarly,
flexural strength values generally fall between 500 and 650 psi (3.4—4.5 MPa) for both construction and
regular traffic conditions. Cavalline et al. [16] also states that Minnesota State Highway guidelines
specify a required flexural strength between 350 and 500 psi (2.4-3.4 MPa), with the exact value
contingent on the thickness of the concrete slab.

Several concrete admixtures in order to obtain High-Early-Strength are available on the construction
materials market. Compressive strength of fresh concrete with different early-strength admixture
proportions by Tezel et al. [17] identifies that when a new-age early-strength admixture is added to the
concrete mix design with different proportions, it is possible to attain half the compressive strength of
concrete within 12 hours. These compressive strength values can provide enough flexural strength to
open the fresh 1-day aged concrete to construction traffic.
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Figure 1: Concrete Compressive Strength-Time Diagram for Different Proportions of Early-Strength
Admixture [17].

2. MATERIAL AND METHOD

The payload for design is taken as 250 kg and it is factored to 350 kg for the initial design. An
approximated 100 kg horizontal load is also assigned to the analysis that is representing any lateral load.
Under these loading conditions, the crane structural sections are determined as 100x100x5 mm box
sections.

FEM 1.001 [18] is a standard that covers the designation for Erection and Dismantling Cranes for power
Stations, shop cranes etc. in its appliance group A2-A4 and the designation of Workshop Cranes in its
appliance group A3-AS5 [Table T2.1.2.5 FEM 1.001]. As a result, especially the design load
multiplication factors are taken from this standard. The crane width and length are taken as 1.5 m and
1.5 m, allowing it to wander around construction obstacles, columns walls, timber pile or steel pile easily
while reaching any narrow corners in order to install a column reinforcement or a shear wall
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reinforcement or concrete forms for these members. The length of jib is selected as 1.6 m and the spacing
between the two side frames of the chassis 1.5 m provides a 1.5 m x 1.3 m projected area for the load

that will be stuffed into this gap, hoisted and carried to the final position.

The Figure 2 shows the design dimensions, loads and moment arms of the shop crane.

DIAGRAM OF UNFACTORED LOADS AND MOMENT ARMS
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Figure 2: Shop Crane Dimensions, Structural Sections and Design Loads.

2.1. High Strength Low Alloy Steel and its Fatigue Properties

High Strength Low Alloy Steel (HSLA) is a steel type which has better mechanical properties and better
corrosion resistance. It has a higher strength-weight ratio that makes automobile, agriculture equipment,
transport equipment and lifting equipment industries to prefer this material. The high strength to weight
ratio advantage of this steel provides the products to be manufactured lighter in the range of 20 to 30%.
Therefore, the HSLA 1100 MPa is selected for the manufacture of the crane.

The jib, mast and chassis sections of the crane are welded connections. As a result, it has to be concerned
deeply for the fatigue failure of these weak sections. Leitner et al. [19] conduct the fatigue analysis of
the welded area subjected to High-Frequency-Mechanical-Impact-Treatment (HFMI) combined with
Post-Heat-Treatment (PHT). HFMI is a mechanical post-weld-treatment that reduces the geometrical
notch, emerges a compressive residual stress and increases the local hardness. The research covers the
two HSLA Steels S690 and S960. The search is conducted under the strong recommendation of
International Institute of Welding (IIW) that the fatigue strength of welded structures is independent of
the base metal which is an HSLA Steel for the case. Therefore, enhancement in the weld area is an
obligation before the welding as preheated and inter-pass or post HFMI-treatment.

A similar weld fatigue behavior test is conducted by Jonsson et al. [20] for 1100 MPa yield strength
HSLA steel. The results of them are also similar to that of Leitner et al. [19] for HFMI-treated welded
steel. From the below Figure 3, formula is driven for general Logarithmic Equation as;

A.XN =Y Therefore it is found 4551,40. (Number of Cycles)™%2° = Nominal Stress
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S-N curve for HFMI treated butt welds in Strenx 1100+ (R = 0.1)
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Fatigue evaluation of HFMI treated Strenx® 1100Plus butt welds.

Figure 3: S-N Curve by Jonsson et al. for STRENX-1100 [20].
Table 1 below gives some of the values for the above equation.

Table 1: S-N Curve Values for STRENX1100 HSLA derived from logarithmic curve formula.

Stress [MPa] N (Cycles)
250,00 2.108
287,17 1.108
300,28 8.10°
378,93 2,5.10°
455,14 1.10°
721,34 1.10°

1100 0

S-N Curve data for 1100 MPa HSLA steels prove that for the fatigue case of welded HSLA steel
members, the base metal strength is not an exact parameter and the weld fatigue strengths mainly depend
on other factors such as preheating temperature, inter-pass times, consumable metal, base metal
composition, hydrogen cracking, notches etc. For the Static-Structural ANSYS Analysis, a 1100 MPa
Steel strength can be selected with a fatigue data inserted from Table 1. Please notice that for 250.000
cycles, the maximum allowable stress is 378,93 MPa.

2.2. Design Load Combinations and Overturning Moment Check

In second chapter of FEM 1.001 [18] Standard, loads subjected to the structure and mechanism of the
hoisting appliances is clarified separately. The floor crane loads are determined via this standard [18].
Primarily, the following abbreviations should be presented to eliminate the confusions.

Table 2: Forces and Force Multiplication Factors that are considered in the structural design.

Force Description
Sa All Dead Weights in the Crane including Self Weight, Counter-weight etc.
Sc Design Payload of the Crane = Payload = 250 kg.
Su Horizontal Inertial Effect Contribution of the Payload
Sw Wind Force on Payload and Crane
Swmax Maximum Wind Force for the Case of Gust-Sudden Wind
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St Buffer Load, i.e., Collision Impact Load
q Wind Pressure
gc Load Amplifying Coefficient from Table T.2.3.4. FEM 1.001 [18]
I Dynamic Test Coefficient for Hoisting Motion Acceleration from Clause 8.1.1. FEM
r2 Dynamic Test Coefficient for Hoisting Motion Acceleration from Clause 8.1.2. FEM
Dynamic Coefficient of Vertical Payload for Hoisting Motion Acceleration
Flexible Jib Crane Experimentally Determined Coefficient from Section 2.2.2. FEM

The load combinations and with the corresponding coefficients for each are as follows;
CASE 1 =y:(S; + ¢S, + Sy)
CASE 2 = y:(S; +YS;, + Sy) + Sy
CASE 3 = Max (Sg + Sywmax ;S¢ +S. + St ;5S¢ +Yp1S. ;5S¢ + p2S1)
CASE Fatigue = (S¢ +YS, + Sy)
ri=1.2 and r,=1.4 according to Item 8.1.1. and 8.1.2. [18].

According to International Organization for Standardization standard ISO 12482-1:1995 Hata! B
agvuru kaynagi bulunamada., cranes are designed for a finite lifetime duty and this lifetime is typically
10 to 20 years for industrial cranes. FEM 1.001 [18] also arranges the crane design based on a specific
design lifetime. The table T.2.1.2.5. [18] identifies the shop crane classification as A3 class, A4 class
and A5 class. The class quality increases with the numeration. For the lifetime of an A4 class workshop
crane, the standard then directs the user to table T.2.1.4. [18] where the maximum allowable load cycle
class for a moderate loading regime is U4 and for a moderate to heavy loading regime is U3. When one
refers to table T.2.1.1. [18] once again, U4 class defines a life cycle of maximum 250.000 cycles. Over
a rough exaggerated estimation of using the crane 40 times a day, 310 days a year and for a lifetime of
20 years, this makes 40x310x20=248.000 cycles. This life time in the yearly base is very close to that
suggested by ISO 12482-1:1995 Hata! Basvuru kaynag bulunamadi.. Moreover, regarding a
construction environment, an average per day hoist loading cycle might be considered 20 cycles as well
which then corresponds to class U3 in the specification [18]. General load coefficient gc is then
determined from Table 2.3.4. [18] based on the class. For the selected A4 class gcis found as 1.11 from
Table 2.3.4. [18].

gc=1.08 according to Item 2.3.4. [18].

y is the Dynamic Coefficient Factor for the vertically hoisted working load. The coefficient is calculated
according to Item 2.2.2.1.1 of the spec [18]. The item clearly identifies a factor for jib cranes as x=0.3.
As a safe assumption, a hoist motor of V=1 m/s vertical motion is selected.

Y=1+4+&V, E=03for]JibCraneyp =1+ 0.3x1 =13
In conclusion, the combinations with amplification factors applied are the following;
CASE1=1,08.(5; +1,3.5, + Sy)
CASE 2 =1,08.(S¢ + 1,3.5, + Sy) + Sy
CASE 3 = Max (Sg + Swmax:S¢ +S. +Sr;S¢ +1,3x1,2.5,;S; + 1,4.5,)
CASE Fatigue = (S; + 1,3.5, + Sy)

2.3. Determination of Wind Load Sw and Maximum Wind Load Swwmax
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The standard FEM 1.001 table T2.2.4.1.2.1.[18] defines 3 types of wind condition. These 3 types and
the related wind speed values are given in table below;

Table 3: Wind Speeds.

Equipment Type Operational Wind Speed
Equipment in low wind conditions and erection activities 14
Typical cranes deployed in open-air environments 20
Appliances intended for sustained use in adverse wind 28

The FEM Standard defines [18] the dynamic wind pressure correlated with wind speed by the formula
where wind speed V; is in m/s and wind pressure q is in N/m?. V=14 m/s and the related wind
pressure q as 125 N/m?,

q = 0.613 V2 and q = 0.613x14? = 125 N/m?
The action of the wind on the hook is related with projected wind area of the load;
Sw =2,5.A.q and Sy, = 2.5X3X125 =937,5N

Table T.2.2.4.1.2.2 [18] clarifies the out-of-service wind pressure limit as 800 N/m? up to heights of
20 m. elevation.

qwmax = 800 N/m2
2.4. Determination of Horizontal Inertia Load Sy

Matlab results of uncontrolled system from Dynamic Analysis show that for a mean 0.33 m/s’
acceleration or deceleration to stop or to pace the crane to / m/s velocity in 3 seconds, the maximum
acceleration of the total crane and 250 kg suspended load system is computed as;

a_max = 0,47 m/s? and Fiertiq = M-a,therefore Sy = 250%0,47 = 117,5N
2.5. Comparison of Force SH of Matlab and Recommended Value of FEM 1.001

“Section A2.2.3.-Calculation of Loads Due to Acceleration of Horizontal Motions” [18] in standard
describes an identical method to find out the inertia effect of payload during a horizontal motion with
the above variables computed one by one.

Tn: Mean Duration of Deceleration = 3 seconds
L: Length of the Suspended Load= 2 meter
Ty Period of Oscillation of the Suspended Load

0,5
T, = 2.m. (E) T; = 2,84 seconds
m: Total Mass of the Crane System Other Than the Load = 667 kg (rotational inertias negligible)

m;: Mass of Payload = 250 kg, Fen: Mean Inertia Load, J,: Mean Acceleration or Deceleration =
0,33 m/s’

_m 250 o Tw 300
H=g Ko =087 =0 B=gg =1

wi: Load Amplification Factor for Inertia Load
Yp=2foru<1,Fpm =my.Jm,Fom = 250x0,33 = 82,5 kg.m/s?

37



ALY . .. .
“@J)INCOHIS INCOHIS 2025 SPRING | MAY 31, JUNE 1, 2025 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF

NEW HORIZONS IN SCIENCE AND SOCIAL SCIENCES | SCIENCES PROCEEDINGS BOOK

chax = '(l)h.ch FCMAX = SH = 2X82,5 = 165 kg.m/sz

Su found from the Matlab Simscape Multibody Analysis for uncontrolled system is 117,7 N and Sy
derived from FEM 1.001 Standard [18] is 165 N. The value of Sy for static-structural analysis is taken
as 117,7 N for ANSYS calculations.

2.6. Description of Buffer Load St

According to the FEM 1.001 [18] Standard Item 2.2.3.4, “it can be computed by considering that the
horizontal force applied at the lever of the load which is capable of causing two of the crab wheels to
lift”. This load is calculated from moment arm equilibrium with taking into consideration the total
counter weight load as Scounerweighi =43 0.

St =131.00 kg = 1310 N

6 = ScounterweicrH * MomentArmg,  + Sg * MomentArmg, — S, * MomentArmg,
=

MomentArmg..

2.7. Overturning Moment Calculations and Specifying the Counterweight

The design working load or in other words payload of the crane is §; = 250 kg = 2500 N. The total
counterweight of the crane consists of an additional ballast that will be mounted separately, a lithium-
ion battery, an AC type driving electric motor and a hoist motor. The counterweight is determined as
450 kg but the ANSYS design is executed with 800 kg counterweight so that if required, the overturning
factor of safety might be increased. The inertial effects are included with an acceleration of magnitude
as 0,47 m/s%. The counter-weight is over-turning check is held for Case 2 as it is the most inconvenient
loading case.

CASE 2 =1,08.(S; + 1,3.5, + Sy) + Sy
The table below shows the unfactored design loads and corresponding moment arms;

Table 4: Unfactored Design Loads and Moment Arms.

Type of Force (N) X Moment Arm about Fulcrum Y Moment Arm about Fulcrum
Sc 217%9,81 +0,82 -1,61
SCOUNTERWEIG 450%9,81 +1,16 -0,20
St 250%*9,81 -0,70 B
Su 117,5 _ -4,00
Sw 937,5 _ -4,00

Overturning Moment Calculation About Fulcrum:
Stabilizing Moments/Overturning Moments = 1,5 According to FEM 1.001[18]

The overturning FoS is 1.4 for Scounterweigh=450 kg and it can be increased to FoS=1.5 with an
additional 50 kg counterweight, making Scounterweigh=500 kg.

3. FINITE ELEMENT METHOD STRUCTURAL ANALYSIS RESULTS

The crane is supported by 3 cylindrical supports in the location of rubber wheels. The desired life-time
of the crane is selected as 250.000 cycles and a fatigue analysis is run for 250.000 cycles. An overall
Fatigue Strength Factor is taken as K=0,60. The fatigue analysis S-N curve is taken from Table 1 by
Jonson et al. [20]. The computed fatigue analysis safety factor for 250.000 cycles is FS=1,47. Mesh
damage is not observed as all damage results for 250.000 cycles.
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The closest loading combination to real-time operation is Fatigue-Case loading and maximum payload
loading of Case 3. The deformations of the jib in the vertical direction are found as 29,99 mm and 34,62
mm respectively with the bending of the jib cantilever. The maximum stress value appears in the Case
2 loading where wind direction is applied both in plane and toward the out of plane as 385,86 MPa in
the jib-mast joint. This value corresponds to a Factor of Safety FS=2,85 for static loading cases for a
1100 MPa HSLA steel. The minimum stress value appears in the Gust Wind Loading Case while the
crane is out of service. Minimum stress value is 116,86 MPa. This value corresponds to a Factor of
Safety FS=9,41.

For Fatigue Loading Case, the maximum Alternating Equivalent Von Mises’ Stress is calculated as
247,43 MPa. Safety Factor FS=1,47 for 250.000 cycles. The minimum safety factors appear near the
jib-mast connection where dense welding and HFMI-treatment is going to be applied.

The following table illustrates the Equivalent Von Mises Stresses and Maximum Deformation on the
edge of the crane jib for all separate loading combination cases.

Table 5: Amplified Design Forces and Total Deformation for Case 1 Loading

CASE 1 Loads

CASE 1 Deformation

CASE 1 Stress

Payload S, y=3500 N

Brake Load Sg x=126,9 N

32,015 mm

283,93 MPa

CASE 2 Wind_X Loads

CASE 2 Wind_X

CASE 2 Wind_X Stress

Payload S, v=3500 N

Brake Load Sg x=126,9 N

Wind Load Sw x=937,5 N

36,961 mm

356,64 MPa

CASE 2 Wind_Z Loads

CASE 2 Wind_Z

CASE 2 Wind_Z Stress

Payload S, v=3500 N

Brake Load Sy x=126,9 N 79,647 mm 366,83 MPa
Wind Load Sw z=937,5 N
CASE 2 Cross Wind Loads CASE2 Cross Wind CASE 2 Cross Wind Stress
MNafarmatinn
Payload S, y=3500 N
63,373 mm 385,86 MPa

Brake Load Su x=126,9 N

Wind Load Sw x ano

CASE 3-Collision Loads

CASE 3-Collision

CASE 3-Collision Stress

Payload Si._ v=2500 N

Collision Load St x=1310 N

30,311 mm

320,37 MPa

CASE 3-Max. Wind Loads

CASE 3-Max. Wind
Deformation

CASE 3-Max. Wind Stress

Payload Si. y=2500 N

Wind Pressure q=800 N/m?

15,412 mm

116,86 MPa
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CASE 3 Maximum Payload | CASE 3 Maximum Payload | CASE 3 Maximum Payload
Loads Deformation Stress
Payload Si. y=3900 N 34,620 mm 315,59 MPa
Fatigue Loads

Fatigue Deformation Fatigue Stress

Payload Si_y=3252,5 N

29,992 mm 247,43 MPa

Brake Load Sy x=1310 N

The following figures are the ANSYS structural analysis results for Fatigue Case Loading;

03,8
163,04
| 122,29
81,527
40,77
0,012064 Min

>m® b

CASE2-WINDinZ

CASE 2 -WIND in X

CASE 2 - CROSS WIND

Figure 4: Equivalent Von Mises’ Stress. a) Case 2-Wind X Loading b) Case-2 Wind Z Loading c)
Case 2-Cross Wind Loading.

0,003202 Min

a)

CASE 3 - COLLISION IMPACT

c)

CASE 3 -AMPLIFIED PAYLOAD

CASE 3 - Maximum Wind Load

Figure 5: Equivalent Von Mises’ Stress. Case 3-Collision Loading b) Case 3-Maximum Wind Load c)
Case 3-Maximum Payload.
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0,0022681 Min

FATIGUE CASE FATIGUE CASE

Figure 6: a) Equivalent Von Mises’ Stress. Case 1 Loading. b) Equivalent Alternating Von Mises’
Stress. Fatigue Case Loading. ¢) Safety Factor for 250.000 Cycles. Fatigue Case Loading.

3.1. Summarization of Loading Combination FEM Analysis Results

So far, all the loading combinations are executed in the computation. The table below gives a brief
result and comparison of finite element analysis for all cases;

Table 6: Safety Factor, Stress and Deformation Values for all loading cases.

Case Deformation (mm) | Stress (MPa) F.S.

Case 1 32,015 283,93 3,87

Case 2 -Wind X 36,961 356,64 3,08
Case 2-Wind Z 79,647 366,83 3,00
Case 2-Cross Wind 63,373 385,86 2,85
Case 3-Collision 30,311 320,37 3,43
Case 3-Max. Wind 15,412 116,86 9,41
Case 3-Max. Payload 34,620 315,59 3,49
Fatigue Case 29,992 247,43 1,47

The selected design material Strenx-1100 has a yield strength 1100 MPa. None of the stress values in
Table 6 reaches this value. The design is considered safe in the static loading.

S-N Curve by Jonsson et al. for STRENX-1100 [20] displays an endurance limit as 250 MPa. In Table
6, it is clear that Fatigue Case Maximum Stress is under Endurance Limit of the selected design material.

4. DYNAMIC ANALYSIS RESULTS

The dynamic analysis of the shop crane is carried out by computer software MATLAB Simulink
environment. The maximum acceleration to be applied as the inertial force in the Static-Structural design
is derived from Matlab results and the related inertial force Sy is later computed with implementing this
acceleration. The acceleration and deceleration values are such that the operating velocity of the crane
1 m/s is reached in 3 seconds in acceleration or the crane stops from operating velocity 1 m/s to 0 m/s
in 3 seconds.
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The analyses are repeated for a system with a double-pendulum model and a system with a single-
pendulum model. The single pendulum system has a 1 mass with m; and a weightless rope with length
1. The double-pendulum system has 2 point-masses m; and m; with different rope length 1; and l,.

4.1. Dynamic Analysis Results for Uncontrolled Model

The crane is reaching to the desired operation maximum velocity in 3 seconds. The crane is breaking
down to stop in 3 seconds. Average acceleration in both speed-up and break-down is 0,33 m/s%. In these

results, system is not controlled with any P-I-D factor.

The single pendulum model is provided by modeling a single string between the crane jib and the load.

The double pendulum model is provided by modeling two strings between the crane jib and the load.
The strings are connected to each other by revolute joint.

The Table 7 summarizes the Double-Pendulum Dynamic Analysis;

Table 7: Dynamic Analysis Results for Double Pendulum Model.

Double Pendulum Loading

Speed Up Motion to 1 m/s Operation Velocity

Break Down Motion to V=0 m/s

Maximum Speed-Up Acceleration 0,47 m/s? Maximum Break Down Deceleration -0,47 m/s?
Reaching Time to 1 m/s Velocity 3 seconds Stopping Time 3 seconds
Maximum Pendulum Oscillation 12,89 cm Maximum Pendulum Oscillation 12,97 cm

The Table 8 below summarizes the Single-Pendulum Dynamic Analysis;

Table 8: Single Pendulum Loading Dynamic Analysis.

Single Pendulum Loading

Speed Up Motion to 1 m/s Operation Velocity

Break Down Motion to V=0 m/s

Maximum Speed-Up Acceleration 0,47 m/s? Maximum Break Down Deceleration -0,47 m/s?
Reaching Time to 1 m/s Velocity 3 seconds Stopping Time 3 seconds
Maximum Pendulum Oscillation 12,62 cm Maximum Pendulum Oscillation 12,76 cm
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Figure 7: Single Pendulum Speed-up Simulink Diagram. Uncontrolled Constant Torque System.

The Figure 7 demonstrates Single Pendulum Speed-up Simulink Diagram. There is no proportional,
derivative or integral control. The constant start torque terminates after the required operation velocity
is reached.

The method for modelling a double pendulum and a single pendulum are the same. There is one revolute
joint between the pendulum strings and the load and there is another revolute joint between the pendulum
strings and the crane jib frame end. Only difference is that in the double pendulum, the string is
composed of two separate springs which are likewise connected with revolute joint.

The following figure demonstrates the oscillation, velocity and acceleration time graphs for the models
in speed-up motion.
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Figure 8: a) Single Pendulum Model Oscillation-Time Graph. b) Single Pendulum Model Velocity-

Time Graph. c) Single Pendulum Model Acceleration-Time Graph. d) Double Pendulum Model

Oscillation-Time Graph. €) Double-Pendulum Model Velocity-Time Graph. f) Double-Pendulum
Model Acceleration-Time Graph. All Graphs are for the Speed-Up Acceleration Condition.

4.2. Matlab Dynamic Analysis for St Collision Impact (Buffer) Load of FEM 1.001 Standard

The St collision impact load is derived previously from. As might be remembered, it is the minimum
horizontal inertia load exerted by the carried payload to overturn the crane during a sudden collision
with surrounding obstacles. In this section, a reverse engineering approach is adopted to verify or assess
the collision scenario of FEM 1.001 standard [18].

St=131,00 kg, mpayroap=250 kg. Using Newton’s Second Law of Motion,

F =m.a ,therefore,St = MpayLoap- AcoLLISIONIMPACT

Maximum Deceleration at Collision Case is a=-5,2 m/s* at time t=0 s. (putting m=250 and Sr=131 kg

at the right above formula)

In the next step of reverse engineering, the deceleration of collision which is a=-5,2 m/s” is searched in
the overall Multibody Simscape model. The force necessary to break the crane at exactly a deceleration
of this a=-5,2 m/s’ rate from 1 m/s operating velocity to 0 m/s is implemented on the model and the

following results are obtained.
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Crane Reaching to stop at collision case, V=0 m/s at time t<0,2 s.

Maximum pendulum oscillation at collision break-down case is 43,30 cm
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Figure 9: Buffer Load Deceleration vs. Time Graph and Velocity vs. Time Graph for Collision Case.
The figures above prove that St load urges the crane to stop less than a quarter of a second.

4.3. Matlab Analysis Improvement After Results Obtained

The Matlab results display that the algorithm of the systems may be enhanced in the way of adding some
control to the system for velocity targets. The breaking and acceleration torques in the analysis are
applied for a specific time duration to attain the target values but not controlled after the target is reached.
Therefore, the additional pendulum in the overall system had a significant oscillation effect on the
velocity values. To eliminate these oscillations and to obtain a smooth target value, a PID control is
attached to the system to attain target velocity.

After the PID Control Attachment, the maximum acceleration is measured as 0,619 m/s.
The maximum pendulum oscillation is measured as 19,20 cm.
Reaching time to 1 m/s operation velocity is 3 seconds.

The following diagrams show the controlled system of the single pendulum model;
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Figure 10: Single Pendulum Speed-up Simulink Diagram. Manual- PID.
The Table 9 summarizes the Single-Pendulum Dynamic Analysis for PID Controlled System;
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Table 9: Single Pendulum Loading Dynamic Analysis.

Single Pendulum Loading with PID System
Speed Up Motion to 1 m/s — Manual PID Speed Up Motion to 1 m/s — Auto PID
Maximum Speed-Up Acceleration 0,619 Maximum Speed-Up Acceleration 0,619 m/s?
Reaching Time to 1 m/s Velocity 3 seconds Reaching Time to 1 m/s Velocity 3 seconds
Maximum Pendulum Oscillation 18,60 cm Maximum Pendulum Oscillation 19,20 cm
“TIT Ponduum Oscillation” 7 BT Podulom Ospilgton B | e
it T L I=—p.-n
i ('\i . oy \ﬁ (\ y | REES, dms
N a ; T NN A :« var 210 o
it 2 [ i ==
‘ “J\\N i g | | \J‘\U\U\)
as} ? l‘ \J i { { E = 5 ] 1 U — E 4
J - A
; ; \ :
L iml

Figure 11: Single Pendulum Oscillation vs. Time Graph for Speed-up Case. a) Manual PID and b)
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Figure 13: Single Pendulum Acceleration vs. Time Graph for Speed-up Case. a) Manual PID and b)
Auto-PID.

Manual PID and Auto-PID Matlab results are almost the same. Auto-PID is added for checking the
Manual PID system.
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5. DISCUSSIONS and CONCLUSIONS
5.1. Structural Design

Material selection of HFMI-treated HSLA-1100 proves a minimum factor of safety 2,85 for steel box
sections under loading combinations of FEM 1.001 [18] for CASE2 General Combination.

For the fatigue design case, with a minimal K=0,6, the minimum safety factor appears as 1,47 in the
welded regions by reaching a life-time of 2x10° cycles. HFMI treatment is necessary as critical region
is the weld area.

It is also observed that making traffic load with this equipment on a fresh concrete surface without taking
the necessary precautions of additional curing and admixture is not possible.

To finalize, a light-weight crane is obtained with a main chassis of 217 kg. Keeping the counterweight
unit separate and modular with ballasts, motors and batteries together, it is possible to hoist this chassis
with a 250 kg capacity construction hoist. The modification of an engine crane or a shop crane or in
other words floor crane to a mobile construction crane can be deemed as completed successfully.

5.2. Dynamic Analysis

The maximum oscillation displacement of the payload appears on the implementation of buffer load St
(131 kg) as 39,20 cm. In operating speed-up and operating break-down cases, the oscillations are almost
equal, in the range of 12-13 cm.

The impact model is derived based on a dynamic behavior in which a horizontal load that will generate
a-5,24 m/s? deceleration on the suspended payload is applied to the system which is previously operating
at a 1 m/s velocity and causes the system to stop to 0 m/s velocity abruptly. The sudden stopping time
is calculated below 0,25 second. The standard has a good approach in estimating a possible collision
impact load effect both in the time criteria as well as the force criteria.

The double-pendulum and single-pendulum inertia loads do not differ too much in the cases of
acceleration or deceleration. For both cases, the maximum acceleration or deceleration is almost 0,464
m/s%. The reason for this is the short length of the rope. Both cases have similar pendulum oscillations
for 2 m rope length.

The counter-weight is exactly positioned in the model similar to its original real place. The ratio of
suspended load mass to the ratio of crane body mass has a large role in the generation of the inertia load
that stems from the suspended load. Thus, the counterweight is positioned delicately in the Matlab
Simscape Multibody model. The more the system shifts energy to particles with less constraint, the more
will be their unconstrained effects on the system.

The PID Su force can be calculated as 154,75 N. This value is almost the same with the Sy
recommendation of FEM Standard [18] 165 N. Difference between Sy of ANSYS design and last
enhancement is only 40 N or 4 kg. This is a negligible amount to alter the design as the design loads
increased up to 100 kg by load factors.

It might be concluded that an operating velocity of 1 m/s is an appropriate selection for the available
crane size optimization as moving further from this speed endangers the crane stability in case of a
collision impact load. Furthermore, it will necessitate installing huge counterweights.

The dynamic analysis of a floor crane in translation is an addition to the academic literature in the era
of dynamic analyses of floor cranes and shop crane’s utilization on construction sites.

Future studies might be held out for their safe operation in construction areas, some railing and guiding
assemblies might be studied against the risk of falling the equipment from high construction working
areas such as slabs on high stories and additional safety assemblies might be inspected as additional
appliances to the crane for safe operation on building construction areas.
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Ozet

Tomatillo, Amerika kitas1 bagta olmak iizere, diinyanin tropikal ve subtropikal iklimlerine sahip
bolgelerinde yaygin olarak yetistirilmektedir. Geleneksel tipta Oksiiriik, ates, diyabet gibi bazi
rahatsizliklar hafifletmek icin kullanilan tomatillo bitkisi ve meyveleri vitaminler, mineraller, fenolik
bilesikler, fizalinler ve steroidler gibi zengin icerige sahip bir gida maddesidir.

Bu calismada, fizyolojik olarak hasar goren sebze meyvelerin korunmasinda gorev yapan, ancak
esmerlesme tepkimelerinin nedeni oldugu i¢in de gida teknolojisi bakimindan aktivitesi arzu edilmeyen
polifenol oksidaz enzimi tomatillo meyvelerinden izole edilerek bazi kinetik ve karakteristik 6zellikleri
belirlenmistir. Bu amagla Atatiirk Universitesi Hobi Bahgelerinde &zel kosullarda yetistirilen tomatillo
meyveleri extrakte edilerek ham extrakt hazirlandi. Sonra saflastirma ydntemlerinden amonyum siilfat
¢oktiirmesi ve jel filtrasyon kromatografisi uygulandi. Elde edilen kismi saf enzim iizerinde optimum
pH 5,5, optimum sicaklik 25 °C, optimum iyonik siddet 0,13 M, optimum substrat konsantrasyonu 1,2
mM ve stabil pH 6,0 olarak uygun aktivite ve stabilite kosullar1 belirlendi. Ayrica katekol substrati ile
Kwm ve Vmax gibi kinetik parametrelerin belirlenmesi i¢in Lineweaver-Burk grafikleri ¢izildi ve Km degeri
0,0158 mM, Vmax degeri de 0,0683 EU/ml x dak olarak hesaplandi. izole edilen enzim iizerinde askorbik
asitin inhibisyon etkisi yaptigi belirlendi. Bu inhibitor i¢in farkli inhibitor konsantrasyonlarinda yapilan
calismlarla elde edilen grafiklerden ICso degeri 0,141 mM, K; sabiti ortlama 0,0525 mM, inhibisyon
tipinin de yarigsmali oldugu tespit edildi.

Tomatillo polifenol oksidaz enzimi, diger bitkisel kaynaklardan elde edilen ayni enzimin kinetik ve
karakteristik 6zellikleri ile kismen benzerlik gosterdigi belirlendi.

Anahtar Kelimeler: Tomatillo, polifanol oksidaz, enzim, kinetik

SOME KINETIC AND CHARACTERISTIC PROPERTIES OF POLYPHENOL OXIDASE
ENZYME PURIFIED FROM TOMATILLO (Physalis Philadelphica) PLANT

Abstract

Tomatillo is widely grown in tropical and subtropical regions of the world, especially in the American
continent. The tomatillo plant and its fruits, used in traditional medicine to alleviate some ailments such
as cough, fever, and diabetes, are a foodstuff rich in vitamins, minerals, phenolic compounds, physalins,
and steroids.

In this study, the polyphenol oxidase enzyme, which functions in the protection of physiologically
damaged vegetables and fruits but is not desired in terms of food technology because it causes browning
reactions, was isolated from tomatillo fruits and some of its kinetic and characteristic properties were
determined. For this purpose, tomatillo fruits grown under special conditions in Atatiirk University
Hobby Gardens were extracted and crude extract was prepared. Then, ammonium sulfate precipitation
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and gel filtration chromatography were applied as purification methods. The optimum pH 5.5, optimum
temperature 25 °C, optimum ionic strength 0.13 M, optimum substrate concentration 1.2 mM and stable
pH 6,0 were determined for the obtained partially pure enzyme and appropriate activity and stability
conditions. In addition, Lineweaver-Burk graphs were drawn to determine kinetic parameters such as
Kwm and Viax with catechol substrate and the Kv value was calculated as 0.0158 mM and the V. value
as 0.0683 EU/ml x min. It was determined that ascorbic acid had an inhibitory effect on the isolated
enzyme. From the graphs obtained with studies conducted at different inhibitor concentrations for this
inhibitor, the ICso value was 0.141 mM, the K; constant was 0.0525 mM on average and the type of
inhibition was determined to be competitive.

It was determined that the tomatillo polyphenol oxidase enzyme was partially similar to the kinetic and
characteristic properties of the same enzyme obtained from other plant sources.

Keywords: Tomatillo, polyphanol oxidase, enzyme, kinetics

1. GIRIS

Tomatillo, Physalis cinsine ait, dzellikle Meksika ve Guatemala’da sikc¢a kullanilan yillik bir bitkidir.
Amerika kitas1 basta olmak flizere, dlinyanin tropikal ve subtropikal iklimlerine sahip bdlgelerinde
yaygin olarak yetistirilmektedir (Plata, 1984). Meyveleri ve bitkileri bir¢ok iilkede énemli bir besin
kaynag1 olarak kullanilmaktadir. Geleneksel tipta oksiiriik, ates, diyabet gibi bazi rahatsizliklari
hafifletmek i¢in kullanilan tomatillo bitki ve meyveleri zengin icerige sahiptir. Vitaminler, mineraller,
fenolik bilesikler, fizalinler ve steroidler (steroidal laktonlar) gibi ikincil metabolitler barindirmaktadir
(Petruzzello, 2025).

Polifenol oksidaz (PFO), oksidorediiktaz sinifina ait bir enzimdir. Bu enzim bitki, mantar ve bazi
mikroorganizmalar dahil olmak iizere bir¢ok canlida yaygin olarak bulunur. Bu enzim molekiiler oksijen
varliginda 2 tiir reaksiyonu katalizlemektedir. Bu reaksiyonlar; monofenollerin hidroksilasyonu ile o-
dihidroksifenollere yiikseltgenmesi (kresolaz aktivitesi) ve o-dihidroksifenollerin o-kinonlara
yiikseltgenmesidir (katekolaz aktivitesi) (Fuerst vd., 2006). Bu reaksiyonlarla fenolik bilesiklerin
oksidasyonu sonucu melanin gibi pigmentler olusur. Buyiizden PFO aktivitesi 6zellikle meyve ve
sebzelerde esmerlesme siireclerinde 6nemli rol oynar. Bu reaksiyonlarla olusan kinonlarin
polimerizasyonu sonucu ortaya ¢ikan koruma kilifi bitki fizyolojisi agisindan énemlidir ve hasar géren
dokuyu koruma rolii iislenir. Ancak, olaya gida teknolojisi penceresinden bakildiginda gida maddesinin
rengi onemlidir ve esmerlesme arzu edilmez. Bu yiizden sebze ve meyvelerdeki PFO aktivitesinin
inhibisyonuna yayinlarda sik¢a rastlanmaktadir (Lee vd., 2005).

PFO i¢in bilinen bir¢ok inhibitdér bulunmaktadir. Giinlimiizde esmerlesmeyi 6nlemek amaciyla bu
inhibitorlerin bazilar1 kullanilmaktadir. Kullanilan inhibitdrler, gidalarda enzimatik esmerlesmeyi
engelleyebilme kapasitesine sahip, yiyecek kalitesini etkilemeyen ve zararli olmayan maddeler olmalidir
(Sui vd., 2023).

Esmerlesme reaksiyonlarii inhibe edebilen bazi bilesikler arasinda stlfitler, askorbik asit, okzalik asit,
sitrik asit ve tiyol bilesikleri sayilabilir (Vamos-Vigyazo, 1995; Dogan vd., 2006). 2-hidroksi-4-metoksi
benzaldehid, sinnemaldehid, aris aldehid ve 3,4-dihidroksi sinnamik asit ile kumik asit gibi ¢ok sayida
aldehit ve tiirevlerinin PFO (polifenol oksidaz) i¢in potansiyel inhibitér maddeler oldugu belirlenmistir
(Kubo vd., 1998; Lee, 2002).

Siilfitler, PFO'nun inhibisyonunda yaygin olarak kullanilan inhibitdrlerdir. Bunlar, hem enzimatik hem
de enzimatik olmayan esmerlesmeyi 6nlemenin yani sira mikroorganizmalarin gelisimini kontrol etme,
agartici olarak gorev yapma ve oksidasyonu dnleme gibi iglevlere de sahiptir. Ancak siilfit kullaniminin
doku yumusamasi ve tatsizlik gibi bazi1 dezavantajlar1 vardir. (McEvily vd., 1991).

En ¢ok iizerinde ¢aligilan inhibitdrlerden biri askorbik asittir. Bunun yani sira, sitrik asit, sitrik-askorbik
asit ve benzoik-sorbik asit karisimlarinin uygulanmasi da minimum diizeyde islenmis patateslerde
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olumlu sonuglar vermistir. Karides, elma ve patates icin 4-hekzilrezorsinol, etkili bir enzimatik
esmerlesme inhibitorii olarak 6ne ¢ikmaktadir (Castaner vd,. 1996). PFO'nun bir diger etkili inhibitorii
sistein olarak bilinmektedir. Sistein, olusan o-kinonlart ilgili fenollere indirgenmesi yoluyla inhibisyon
saglamaktadir (Singh, vd., 2018). Potansiyel PFO inhibitorleri arasinda kuampferol, kuarsetin,
kukarinon ve kusnol gibi bitkilerden izole edilen flavonoidler yer almaktadir (Kubo vd., 1992; Chen vd.,
2002).

Bu c¢aligma ile literatiirde karsilasmadigimiz tomatillo PFO enziminin saflastirilmasi, bazi karakteristik
ozelliklerinin elirlenmesi ve askorbik asitin enzim iizerindeki inhibisyon kinetiginin incelenmesi
amagclanmustir.

2. MATERYAL VE METODLAR
2.1. Materyal

Calismada kullanilan tomatillo (Physalis Philadelphica) Atatiirk Universitesi Hobi Bahgelerinde
(Erzurum, Tiirkey) 6zel kosullarda hazirlanan parselde yetistirildi, Agustosta hasat edildi, s1v1 azotla sok
dondurma yapildi ve derin dondurucuda korundu. Kolon materyali olarak Sephadex G-100, askorbik
asit, katekol ve diger kimyasallar Merck’ten satin alindi. Inhibitdr ve subst stok c¢ozeltileri saf ve
deiyonize su ile taze hazirlandi.

2.2. Metodlar
2.2.1. Enzim Ekstraksiyonu ve Saflastirma

50 gram tomatillo meyvesi alindi, kiigiik pargalara béliindii, bir behere konuldu, iizerine %0.5 oraninda
polyvinylpyrrolidone (PVP) igeren 50 ml 0,1 M potasyum fosfat tamponu pH 6,0 eklendi ve ultraturraks
ile homojenize edildi. Karisim 30 dakika boyunca 12.000 g'de santrifiij edildi. Islem 4 °C'de
gergeklestirildi. Siipernatant, kati (NH4)>SOj ile uygun doyma noktasini bulmak i¢in %0-20, %20-40,
%40-60 ve %60-80 notral tuz konsantrasyonlarinda ¢oktiiriildii. Enzimin uygun doygunlugunun %0-60
(NH4)2SOy4 fraksiyonunda oldugu belirlendi. Cokelti 10 ml 0,1 M fosfat tamponunda (pH 6,0) ¢ozildii
ve 5 saat 10 mM potasyum fosfat tamponunda (pH 6) diyaliz edildi. Ileri saflastirma igin diyalizat
Sephadex G-100 jel ile doldurulmus bir kolona (2,5-70 cm) uyguland1 ve 50 mM KClI iceren 50 mM
fosfat tamponu pH 6,0 ile dengelendi. Enzim, peristaltik bir pompa vasitasiyla denge tamponuyla eliie
edildi. Akis hiz1 10 mL/saate ayarlandi. (Erat vd., 2010). Eliiatlar 2 mL hacimli test tiiplerinde toplandi
ve 280 nm'de sifir absorbans elde edilene kadar eliisyona devam edildi. 280 nm'de absorbans gosteren
her eliiat fraksiyonu PPO aktivitesi i¢in test edildi. A280 ve enzim aktivitesi tiip numarasina gore grafik
cizildi. PPO aktivitesine sahip fraksiyonlar topland1 ve saflagtirma derecesi saflastirmadan 6nce ve sonra
ozgiil aktivite dlciilerek belirlendi. Ozgiil aktivite PPO aktivitesinden ve elde edilen kantitatif protein
verilerinden belirlendi.

2.2.2. Enzim Aktivitesinin Belirlenmesi

Polifenol oksidaz aktivitesi, katekol substrati ile 420 nm'de Beckman Spektrofotometresi (DU 730) ile
absorbanstaki artig dl¢iilerek belirlendi (Erat vd., 2006). Referans kiivetler, enzim hari¢ tiim bilesenleri
iceriyordu ve son hacimleri 1 mL idi. Ol¢iim kosullar1 altinda 1 dakikada 0,001'lik bir absorbans
degisikligi, bir enzim iinitesi (EU) olarak tanimlandi.

2.2.3. Protein Ol¢iimii

Saflastirma basamaklarinda protein tayini, standart olarak sigir serum albiimini kullanilarak Bradford
yontemine gore 595 nm'de spektrofotometrik olarak gergeklestirildi (Bradford, 1976). Kalitatif protein
tayini ise Segel yontemine gore 280 nm'de gergeklestirildi (Segel, 1968).

2.3. Optimum Aktivite Kosullarinin Belirlenmesi

2.3.1. pH'n Etkisi
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Tomatillo PFO aktivitesi, 1.2 mM katekol substrati ile belirlendi. Enzimin optimum pH'inin belirlenmesi
icin uygun olan, pH 3,5-5,0 i¢in asetat ve pH 5,5-7,5 i¢in fosfat, tamponlar1 kullanildi. Bu deneyden
elde edilen optimum pH degerleri, sonraki tiim deneylerde kullanildu.

2.3.2. Sicakhgin Etkisi

Enzim aktivitesi, enzimin optimum sicakliini belirlemek i¢in katekol kullanilarak 5 ila 40 °C araliginda
farkli sicakliklarda o&lgiildii. Istenen sicaklik kosullari, bir Polyscience banyosu (Model 9105)
kullanilarak sagland.

2.3.3. Iyonik Siddetin Etkisi

Iyonik siddetin enzim iizerindeki etkisi, katekoliin optimum pH'inda 0,065-2,33 M konsantrasyonlarda
fosfat tamponu kullanilarak uygun substrat konsantrasyonuyla incelendi.

2.3.4. Substrat Konsantrasyonlarimin Etkisi

PFO aktiviteleri, pH, iyonik kuvvet ve sicakligin optimum kosullar1 altinda enzimin en iyi aktivitesini
belirlemek i¢in degisen katekol konsantrasyonlarda 6l¢iim yapildi.

2.3.5. pH Kararhihg

Enzimin pH kstabilitesini belirlemek i¢cin uygun tamponlarin (pH 3.0, 3.5, 4.0, 4.5, 5.0 ve 5.5'te asetat,
pH 6.0, 6.5, 7.0 ve 7.5'te fosfat ve 8.0, 8.5, 9.0, 9.5 ve 10.0 tris) ve izole edilmis enzimin esit hacimleri
karistirildi ve bir buzdolabinda (+4 °C) 12 giin boyunca saklandi. Enzim aktivitesi, optimum aktivite
kosullar1 altinda substrat olarak katekol kullanilarak baglangicta ve her bir giiniin sonunda 6lg¢iildii.

2.3.6. inhibisyon Calismasi

Tomatillo PFO enzimi iizerinde askorbik asidin inhibisyon etkisi incelendi. Enzimin aktivitesi, inhibitor
olmadan ve inhibitoriin (askorbik asit) farkli konsantrasyonlarinda katekol substrat1 ile belirlendi. Bu
sonuglardan yiizdelik aktivite grafikleri ¢gizilerek ICso degerleri bulundu.

Daha sonra, katekoliin 5 farkli konsantrasyonu kullanilarak, askorbik asitin iki sabit konsantrasyonunda
enzim aktiviteleri ol¢iildii. Elde edilen degerlerle Lineweaver-Burk grafigi cizildi. Bu grafik K; sabitini
ve inhibisyon tipini belirlemek i¢in kullanildi.

3. SONUC
3.1. Enzim Ekstraksiyonu ve Saflastirma

PFO enzimi tomatillodan %0,5 lik PVP iceren 0,1 M fosfat tamponunda pH 6,0'da ekstrakte edildi,
amonyum siilfat ¢okeltmesi ve Sephadex G-100 jel filtrasyon kromatografisi kullanilarak izole edildi.
Enzim aktivitesinin %0-60 (NH4),SO4 c¢okeltisinde en yiiksek oldugu bulundu. Jel filtrasyon
kolonundan elde edilen eluatlarin aktivite gdsterenleri birlestirildi. PFO'nun saflastirilmasina iligkin
sonuclar Tablo 1'de verilmistir.

Tablo 1: Tomatillo polifenol oksidaz enziminin saflastirilmasi

Saflagtirma Total | Aktivite | Total Protein | Total | Spesifik | Verim | Saflastirma

basamaklari hacim | (EU/mL) | aktivite | (mg/mL) | protein | aktivite | (%) katsayist
(mL) (EU) (mg) | (EU/mg)

Homojenat 35 2,28 79,8 1,33 46,55 | 1,71 100 1,00

AS. 8 7,50 60,0 2,90 23,20 | 2,58 75,18 | 1,51

coktlirmesi

Jel filtratsyon | 10 2,50 25,0 0,02 0,20 125 31,32 | 73,10

kromatografisi

52



ALY . .. .
“@J)INCOHIS INCOHIS 2025 SPRING | MAY 31, JUNE 1, 2025 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF
NEW HORIZONS IN SCIENCE AND SOCIAL SCIENCES | SCIENCES PROCEEDINGS BOOK

Saflastirma tablosuna bakildiginda, amonyum siilfat ¢okeltmesi ve jel filtrasyon kromatografisinden
sonra 73,10 kat saflastirma gerceklestirilmistir. Ham extrakttaki spesifik aktivite 1,71 U/mg protein ve
izole edilmis numunedeki spesifik aktivite 125 EU/mg'dir. Ham extrakttaki spesifik aktivite degerlerinin
onceki raporlarda 1,6 ve 1,8 U/mg protein (Fuerst vd., 2006) oldugu bildirilmistir.

3.2. Optimum Aktivite Kosullar:

Tomatillo PFO aktivitesi, asetat ve fosfat tamponlarinin farkli pH degerlerindeki ¢ozeltilerinde katekol
substrati ile dl¢iildii. En yiiksek aktivite fosfat tamponunun pH:5.5 degerinde elde edildi (Sekil 1).

120

Asetat tamponu

100

Fosfat tamponu

80

60

% Aktivite

40

20

O T T T T 1

3 4 5 6 7 8
pH

Sekil 1: Tomatillo polifenol oksidaz enziminin optimum pH ¢aligmasi

Literatiirde gesitli kaynaklardan elde edilen PFO i¢in farkli optimum pH'lar bildirilmistir. Sebze ve
meyveler genellikle nétr pH da veya yakininda maksimum aktivite gosterir (Siddiq vd., 1992). Farkli
substratlarla yapilan ¢alismalarda maydanoz (Dogru vd., 2012) i¢in 4.0, iiziim (Lee vd., 1983) i¢in 6.0,
cilek (Wesche-Ebeling, 1990) icin 5.5, Amasya elmasi1 (Oktay vd., 1995), patlican (Dogan vd., 2002),
Yali armutu (Zhou vd., 1991) ve Ferula (Erat vd., 2006) i¢in 7.0, ve Allium (Arslan vd., 1997) i¢in 7.5
oldugu bildirilmistir. PPO aktivitesi, nispeten genis bir pH aralifinda enzim ve substrat kaynagina gore
degisir. Cogu durumda, pH optimumlari 4,0 ile 7,0 arasinda degismektedir.

Tomatillo PFO enziminin aktivitesi i¢in en uygun sicakligin belirlenmesi, katekol substrat1 ile yapildi.
(Tablo 2). Tabloda gériildigii gibi, optimum sicaklik degeri 25 °C olarak tespit edildi. Optimum sicaklik
degerlerinin Amasya elmasi 15 °C (Oktay vd., 1995), patlican igin 30 °C (Dogan vd., 2002), Ferula tiirii
icin 12 °C (Erat vd., 2006) Cin lahanasi i¢in 40 °C (Nagai., 2001), oldugu rapor edilmisir. Farkli
kaynaklardan elde edilen PFO lar i¢in optimum sicaklik degerlerinin genellikle 15 °Cile 40 °C arasinda

e

degistigi rapor edilmistir.
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Sekil 2: Tomatillo PFO enzimi i¢in optimum sicaklik ¢aligsmasi

Enzimin optimum pH degerindeki farkli konsantrasyonlarindaki fosfat tamponuyla yapilan dl¢timlerde
en iyi aktivite 0,13 M fosfat tamponunda elde edilmistir. Olgiimler katekol substrati ile gerceklestirildi

(Sekil 3).
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Sekil 3: Tomatillo PFO enziminin otmum iyonik siddet ¢aligmasi

N

Tomatillo PFO aktivitesinin stabilitesi, 12 giin boyunca pH degeri 3,0-10,0 arasinda degisen tamponlarin
kullanilmasiyla belirlendi. Belirlenen siirenin sonunda en yiliksek enzim aktivitesi pH 6,0 degerinde

oldugu tespit edildi (Sekil 4).
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Sekil 4: Tomatillo PFO enziminin pH stabilitesi
Tomatillo PFO enziminin katekol substratiyla yapilan ¢alismada Ky ve Vimax degerlerinin belirlenmesi

icin farkli substrat konsantrasyonlarinda dlgtiler yapildi. Elde edilen verilerle ¢izilen Lineweaver-Burk
grafiklerinden Ky degeri 0,0158 mM, V. degeri de 0,0683 EU/ml x dak olarak hesaplandi (Sekil 5).
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Sekil 5: Tomatillo PFO enzimi i¢in katekol substrati ile yapilan ¢aligmalardan, Ky degeri 0,0158 mM,
Vmax degeri de 0,0683 EU/ml x dak olarak hesapland1

Tablo 2: Tomatillo polifenol oksidaz enziminin katekol substrati ile belirlenen optimum aktivite
kosullari, pH stabilitesi, Km ve Vimax degerleri

Substrat | Optimum | Optimum | Optimum | Optimum Stabil Kwm Vimax
pH sicaklik | iyonik substrat pH (mM) (U/mLmin)
(°C) siddet konsantrasyonu
(M) (mM)
Katekol 5,5 25 0,13 1,2 6,0 0,0158 0,0683

Tomatillo PFO enzimi iizerinde askorbik asidin inhibisyon etkisi incelendi. Gida maddelerinin
esesmerlesmesinin dnlenmesi i¢in kullanilacak inhibitoriin saglik agisindan sakincali olmamasi gerekir.
Bu bakimdan bir vitamin olan askorbik asidin kullanilmas1 uygun olabilir. Onceki yaynlarda rapor
edildigi gibi askorbik asit tomatillo PFO igin de bir inhibitor oldugu belirlendi. Bu inhibitor i¢in ICso ve
Ki sabitlerini belirlemek i¢in grafikler ¢izildi. Farkli inhibitor konsantrasyonlarinda yapilan 6l¢timlerle
elde edilen grafikten ICso degeri 0,141 mM olarak bulundu (Sekil 6).

55



AL/ . .. .
“@J)INCOHIS INCOHIS 2025 SPRING | MAY 31, JUNE 1, 2025 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF
NEW HORIZONS IN SCIENCE AND SOCIAL SCIENCES | SCIENCES PROCEEDINGS BOOK

120
100 l
2 80 - y = 69,625¢2341x
g
2 60 -
<
40 -
L 2
20 + *
O T T T T T
0 0,2 0,4 0,6 0,8 1
[Askorbik asit]

Sekil 6: Tomatillo PFO enzimi i¢in farkli inhibitor konsantrasyonlart ile elde edilen %Aktivite-
[Inhibitér] grafiginden Iso degeri askorbik asit i¢in 0,141 mM olarak hesaplandi

Belirlenen sabit inhibitér konsantrasyonlarinda, degisen substrat konsantrasyonlariyla yapilan
olgtimlerden cizilen Lineweaver-Burk grafikleri yardimiyla K; sabiti de 0,0525 mM olarak hesapland1.
Inhibisyon tipi de yarismali idi (Sekil 7).
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Sekil 7: Tomatillo polifenol oksidaz enzimi iizerinde askorbik asitin Ki sabitlerini belirlemek i¢in
yapilan ¢aligma

Aragtirmacilar tarafindan enzimatik esmerlesmeyi Onlemek icin ¢ok sayida inhibitoér belirlenmistir.
Bunlardan bazilari, askorbik asit, L-sistein, sodyum azit, tannik asit, benzoik asit ve f-merkaptoetanol
(Erat vd., 2006), sodyum metabisilfit (Lee vd., 1983), glutatyon (Dogan vd., 2002), sodyum
dietilditiyokarbamattir (Sakiroglu vd., 1996).

Bu inhibitorlerden askorbik asit, kinonlar1 hidrokinonlara indirger ve PPO'yu dogrudan engellemez.
Sadece ¢oziilmiis formda mevcut oldugu siire¢ enzimatik esmerlesmeyi onleyecektir. Bu, onemli ara
bozulmalarin 6nlenmesi ve oksidazin ¢dziilmelerinin engellenmesidir (Schwartz vd., 2001). Glutatyon,
enzimi dogrudan etkilemiyor gibi goriinlir ve oksijen alimi, oksitlenen belirli fenole bagli olarak
uyarlanabilir veya engellenebilir (Dogan vd., 2007). L-sistein, kinonlarla kolayca kompleksler olusturur
ve dolayisiyla genel oksidasyon ve polimerizasyon reaksiyonlarini engeller. Ayrica bir indirgeyici
madde olarak da hareket edebilir (Wesche-Ebeling, 1990).

Sonug olarak tomatillo polifenol oksidaz enzimi AS ¢oktiirmesi ve jel filtrasyon kromatografisi

vasitasiyla 73,10 kat 125 spesifik aktivite ile saflagtirilmistir. Saflagtirilan enzim ile yapilan optimal
aktivite ¢alismalarindan elde edilen veriler literatiirde yer alan verilerle kismen benzerlik gostermektedir.
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Yayinlarda askorbik asitin inhibisyon tipi genellikle yarigmasiz olarak rapor edilmisken (Dogru vd.,
2012) tomatillo PFO enzimi iizerinde yarigmali inhibitér oldugu belirlendi. Diger gida maddelerinin
enzimatik kararmasimin Onlenmesinde kullaniminin uygun olabileceki askorbik asit, tomatillo
meyvelerinin renginin korunmasinda da kullanilabilir.
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Abstract

Data on the awareness of noise and noise-related problems in urban areas and the regulation of this issue
by the competent authorities date back to before Christ. It is known that regulations and laws have been
enacted in many countries, especially in the European Union, since the beginning of the twentieth
century to combat noise. In Turkey, the Environmental Law No. 2872 includes the statement “It is
prohibited to create noise and vibration above the standards determined by the relevant regulations in a
way that will disrupt the peace and tranquillity, physical and mental health of individuals.” under the
title of noise. In the EU, 12 thousand premature deaths and 48 thousand new heart disease cases have
been encountered annually in those exposed to environmental noise for a long time. It has been adopted
to update the European Union noise policy and take measures to reduce the source of noise, including
improvements in city design in light of the latest scientific information. Noise control involves the
procedures carried out to completely or partially eliminate the harmful effects of sounds emitted from
any sound source, which have the nature of noise, by reducing them to an acceptable level, changing
their acoustic properties, reducing the duration of the effect, and masking them with another sound that
is pleasant or less disturbing. Natural disasters, especially major earthquakes, deeply affect physical
infrastructure and environmental conditions. The transportation of debris and waste after an earthquake
constitutes an important stage of the post-disaster recovery process. The effects of noise pollution caused
by vehicles carrying excavation and debris collected in earthquake zones on the environment and
existing buildings should be examined. While emphasizing the need to develop strategies to reduce post-
disaster noise pollution, new approaches should also be investigated for public health and building
safety. In this study, the importance of environmental noise generated during post-disaster debris
removal operations was emphasized and suggestions were made for studies aimed at reducing noise.

Keywords: Natural disasters, Earthquake, Debris Studies, Environmental Noise, Urban areas.

DEPREM SONRASI ENKAZ CALISMALARINDA CEVRESEL GURULTU KiRLIiLiGININ
ARASTIRILMASI

Ozet

Kentsel alanlarda giiriiltii ve giiriiltii kaynakli sorunlarin farkina varilip bu konuda yetkili otoriteler
tarafindan diizenleme yapildigina iligkin veriler milattan 6ncesine kadar uzanmaktadir. Yirminci yy
baslarindan itibaren basta Avrupa Birligi olmak {izere birgok iilkede giiriiltii ile miicadele i¢in
yonetmelik ve kanunlarmm yiirtirlige girdigi bilinmektedir. Tiirkiye’de 2872 sayili Cevre Kanunu’nu
giiriiltii bashig altinda “Kisilerin huzur ve siiklinunu, beden ve ruh saghigm bozacak sekilde ilgili
yonetmeliklerle belirlenen standartlar tizerinde giiriiltii ve titresim olusturulmasi yasaktir.” ifadesine yer
verilmistir. AB’de ¢evresel giiriiltiilye uzun siireli maruz kalanlarda yilda 12 bin erken 6liim ve 48 bin
yeni kalp hastali§1 vakasina rastlanmistir. Avrupa Birligi giirtiltii politikasinin glincellenmesi, en son
bilimsel bilgiler 1s18inda sehir tasarimindaki iyilestirmeler de dahil olmak iizere giiriiltii kaynagini
azaltmak i¢in Onlemler alinmasi benimsenmistir. Giiriiltii kontroliinde herhangi bir ses kaynagindan
yayilan, giirliltii niteligine sahip sesleri kabul edilebilir seviyeye indirmek, akustik o6zelligini
degistirmek, etki siiresini azaltmak, hosa giden veya daha az rahatsiz eden bir bagka ses ile maskelemek
gibi yontemlerle zararli etkilerini tamamen veya kismen yok etmek i¢in yapilan islemleridir. Dogal
afetler, ozellikle biiyiik depremler, fiziksel altyapiy1 ve g¢evresel kosullar1 derinden etkilemektedir.

59



ALY . .. .
“@J)INCOHIS INCOHIS 2025 SPRING | MAY 31, JUNE 1, 2025 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF
NEW HORIZONS IN SCIENCE AND SOCIAL SCIENCES | SCIENCES PROCEEDINGS BOOK

Deprem sonrasi yasanan enkaz ve atiklarin taginmasi, afet sonrasi iyilesme siirecinin 6nemli bir
asamasini olusturmaktadir. Deprem bolgelerinde toplanan hafriyat ve enkaz atiklarini tastyan araglarin
olusturdugu giiriiltii kirliliginin ¢evre ve mevcut binalar iizerindeki etkilerini incelemesi gerekmektedir.
Afet sonrast giiriiltii kirliligini azaltmaya yonelik stratejiler gelistirilmesi gerektigini vurgularken, ayni
zamanda halk saglig1 ve bina gilivenligi i¢in yeni yaklagimlar arastirilmalidir. Bu ¢alismada afet sonra
enkaz calismalar sirsinda olusan ¢evresel giiriiltiiniin 6nemi vurgulanmaya calisilmis ve giiriiltiiniin
azaltilmasin yonelik ¢aligmalar i¢in Oneriler getirilmistir..

Anahtar kelimeler: Dogal afetler, Deprem, Enkaz Caligmalari, Cevresel Giiriiltii, Kentsel alanlar

1. INTRODUCTION

Noise is a sound spectrum with a random structure and is defined as a subjectively unwanted sound
form. Sound is a physical event that occurs as a result of fluctuations in air pressure caused by a vibrating
source and that arouses the sense of hearing in humans. These sounds can negatively affect people's
natural life and cause environmental disturbances. Noise consists of various sources such as vehicles,
machines, industrial activities, construction works, airports, entertainment venues, etc. (Onder &
Gilgiin, 2010). Noise pollution is the situation where the noise level in the environment increases
excessively and negatively affects people's health and quality of life. This is considered a type of
pollution and is considered a serious environmental problem because the sounds in the environment
disturb people, create restlessness and cause various health problems. The effects of noise pollution on
health can include stress, insomnia, hearing loss, concentration disorders and cardiovascular diseases.
For this reason, noise pollution has become an important issue in terms of environmental management
and various measures are being taken to reduce this pollution. Noise pollution is becoming more
apparent, especially in densely populated cities, industrial zones and areas with dense transportation
routes. Increasing noise due to technological developments, industrialization and unplanned
urbanization has become a significant health problem today. If it is not possible to prevent noise,
necessary studies should be carried out to reduce its effect in the spreading area. Noise curtains come
into play in this regard. Landscape plants should be preferred in the installation of these curtains due to
their other ecological, aesthetic and economic benefits. Properly installed plant noise curtains reduce
noise by up to 12 dB (A) (Onder & Giilgiin, 2010). In some studies, the effects of noise, noise curtains
and the installation of plant noise curtains are explained. In order to prevent noise pollution caused by
vibration, it is useful to take measures to reduce or dampen the reception. Data regarding the awareness
of noise and noise-related problems in urban areas and the regulation made by the competent authorities
in this regard dates back to the 6th century BC. First of all, it is known that potters, tinsmiths and roosters
were driven out of the city in Sybaris (Southern Italy), a Greek city of the time, because they made
excessive noise (Yaman, 2021). Later, in 44 BC, Julius Caesar banned two-wheeled carriages from
being on the roads at night in Ancient Rome. The first important legal regulation on noise control was
the London Noise Regulation of 1595. Accordingly, beating one's servant or wife and singing in a way
that would disturb neighbors at night were prohibited. The first person to report a health problem caused
by noise in 1831 was Dr. John Fosbroke. He revealed that the reason for blacksmiths' deafness was
noise. In 1864, as a result of the campaign carried out by Charles Babbage, Charles Dickens and Michael
Bass, the "Act for the Better Regulation of Street Music" came into force in London, and with this law,
noise was accepted as a significant health problem (Yaman, 2021). Mary Walton managed to reduce
railway noise in New York by installing boxes filled with cotton and sand covered with asphalt on the
rails in 1879. Lord Rayleigh invented the first noise measuring device in 1880. It is known that since
the 2000s, regulations and laws have been enacted in many countries, especially in the EU, to combat
noise. It has been reported that the majority of Europeans are exposed to different health problems due
to high levels of noise, and the goal has been to significantly reduce noise pollution in the EU by 2020
and approach the levels recommended by the World Health Organization (WHO). In order to achieve
this goal, it has been adopted to update the EU noise policy and take measures to reduce the source of
noise, including improvements in city design in light of the latest scientific information (Yaman, 2021).

Turkey's Noise Policy It is known that there were articles on combating noise in different laws and

regulations before an independent noise regulation came into force in Turkey. The regulation directly
addressing noise pollution in Turkey, the "Noise Control Regulation", came into force in 1986. Later,
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in 2005, this regulation was repealed, and a new regulation was published under the name of "Regulation
on Assessment and Management of Environmental Noise 2002/49/EC". This regulation constitutes a
phase of the harmonization of the environment chapter in the EU harmonization process. The same
regulation was renewed in 2008 and 2010. The main purposes of this regulation include determining the
measures to be taken to prevent the problems encountered by people exposed to environmental noise,
informing the public about the effects of environmental noise, and preparing Environmental Noise
Action Plans and Strategic Noise Maps to change according to the population and annual vehicle
numbers of the provinces. As required by this regulation, noise maps were completed in 25 of the cities
with a population of more than 100,000 and a population density of more than 1000 people/km?2 as of
2017, and studies are ongoing in 41 provinces (Bayhan, 2015). Earthquakes, which have very limited
estimation and precautionary measures among natural disasters, are also prominent natural events in
terms of their destructive effects and loss of life. As they have caused throughout history in many parts
of the world, Turkey is located in a prominent earthquake zone and causes many deaths and injuries in
addition to the collapse of structures. Turkey has experienced very large destructive earthquakes in the
twentieth century, primarily the 1939 Erzincan earthquake and the 1999 Marmara earthquake. However,
it should be noted that the major earthquakes that occurred on February 6, 2023, the first centered in
Pazarcik and the second in Elbistan, have been recorded as the largest earthquake disasters that the
Turkish nation has ever faced in history (Ciftgioglu, 2024). The aim of this study is to draw attention to
the potential damage that construction debris resulting from earthquakes can cause to the environment,
especially substances such as asbestos, and the importance of recycling construction and demolition
waste in the debris for the country's economy by conducting a general literature review and academic
studies conducted in this short period of one year after the earthquake, primarily by using the data in the
"Post-Earthquake Assessment Report" published by the Presidency of Strategy and Budget in March
2023 and the "Kahramanmaras and Hatay Earthquakes Reconstruction and Development Reports"
published in January 2024 by the Republic of Turkey Presidency (url-1; url-2). Considering that not
many academic studies have been conducted on the subject in the short period after the earthquake, it is
thought that the study will be beneficial to academic circles, relevant institutions and organizations
related to the subject. It was carried out in regions where debris removal and excavation transportation
were intensively carried out after the major earthquake in Tiirkiye in 2023 (url-3). The study was
conducted in the province of Malatya, which was affected by the earthquake. The main Noise
measurements were made in arteries, debris transportation routes and areas close to residential areas. In
the first stage, noise measurements were made at 10 different points in this region. The points were
selected as the areas where debris transportation is most intense, where heavy traffic flow is seen and
where quiet living areas are located. Noise measurements were made at different time zones of the day
at each point. (url -4, 5) It is important to examine the effects of noise pollution caused by vehicles
carrying excavation and debris waste collected in earthquake zones on the environment and existing
buildings. This study aims to show the levels of noise pollution caused by the removal of debris after
earthquakes and to evaluate the precautions and suggestions that can be taken. This research, which aims
to fill this gap in the literature, will comprehensively address the effects of noise pollution caused by
debris transportation vehicles on environmental health and the structural condition of buildings. While
this study emphasizes the need to develop strategies to reduce post-disaster noise pollution, new
approaches and suggestions for public health and building safety will also be evaluated.

2. MATERIAL AND METHOD

Natural disasters, especially major earthquakes, deeply affect physical infrastructure and environmental
conditions. The transportation of debris and waste after an earthquake constitutes an important stage of
the post-disaster recovery process (Ozcelik et al., 2023). However, these cleaning and transportation
processes create significant effects not only structurally but also environmentally and socially
(Guerrero-Miranda & Luque Gonzalez, 2021). Noise pollution, especially caused by vehicles carrying
debris, can negatively affect environmental health and the structural integrity of existing buildings in
post-disaster areas. Noise pollution not only harms human health but can also lead to the disruption of
the environmental balance and structural damage to buildings over time (Hemmat et al., 2023). At this
point, noise pollution caused by debris transportation processes after earthquakes can have a stressful
effect on human psychology and negatively affect the surrounding structures. The existing literature
(Mavroulis et al., 2023; Oze, 2023) has several studies examining the environmental impacts of post-
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earthquake debris management and transportation. Most studies have focused on the effects of debris
transportation operations on air pollution, road safety, and traffic density (Bektas, 2024). However, the
effects of noise pollution created by debris-carrying vehicles on environmental health and structures
have been less addressed. Excessive noise created by debris-carrying vehicles on the road not only
disrupts people's quality of life but can also cause vibrations that can damage the structural integrity of
buildings. Especially in old and damaged buildings, such noise and vibrations can cause further
structural weakening and long-term damage (Begashvilli, 2016). Studies examining the relationship
between post-earthquake noise pollution and building health are limited in the literature, and no in-depth
analysis has been conducted in this area. Turkey has experienced very large destructive earthquakes in
the twentieth century, primarily the 1939 Erzincan earthquake and the 1999 Marmara Earthquake.
However, it should be stated that the massive earthquakes that occurred on February 6, 2023 at 04:17
and 13:24, the first central in Pazarcik and the second in Elbistan, were recorded as the biggest
earthquake disasters we have faced as the Turkish nation in historical process. The aim of this study is
to draw attention to the potential damage that construction debris resulting from earthquakes can cause
to the environment, especially substances such as asbestos, and the importance of recycling construction
and demolition waste in the debris for the country's economy, by conducting a general literature review
and academic studies conducted in the short period of one year after the earthquake, primarily by using
the data in the "Post-Earthquake Assessment Report" published by the Presidency of the Republic of
Turkey's Strategy and Budget Presidency in March 2023 and the "Kahramanmaras and Hatay
Earthquakes Reconstruction and Development Reports" published in January 2024. Considering that
not many academic studies have been conducted on the subject in the short period after the earthquake,
it is thought that the study will be beneficial to academic circles, relevant institutions and organizations
on the subject (Ciftcioglu, 2024). The earthquake map of Turkey is seen in Figure 1 (url-6).

TURKIYE DEPREM TEHLIKE HARITASI

Figure 1. Earthquake map of Tiirkiye (url-6)

3. FINDINGS

Natural disasters, especially major earthquakes, deeply affect physical infrastructure and environmental
conditions. The transportation of debris and waste after an earthquake constitutes an important stage of
the post-disaster recovery process (Ozgelik et al., 2023; Marangoz & Izci 2023). However, these
cleaning and transportation processes create significant effects not only structurally but also
environmentally and socially (Guerrero-Miranda and Luque Gonzalez, 2021). Noise pollution,
especially caused by vehicles carrying debris, can negatively affect environmental health and the
structural integrity of existing buildings in post-disaster areas. Noise pollution not only harms human
health, but can also lead to environmental balance disruption and structural damage to buildings over
time (Hemmat et al., 2023). At this point, noise pollution caused by debris transportation processes after
earthquakes can create a stressful effect on human psychology and negatively affect the surrounding
structures. The existing literature (Mavroulis et al., 2023; Oze, 2023) has several studies examining the
environmental impacts of post-earthquake debris management and transportation. Most studies have
focused on the effects of debris transportation operations on air pollution, road safety, and traffic density
(Bektas and Shmlls, 2024). However, the effects of noise pollution created by debris-carrying vehicles
on environmental health and structures have been less addressed. Excessive noise created by debris-
carrying vehicles on the road not only disrupts people's quality of life but can also cause vibrations that
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can damage the structural integrity of buildings. Especially in old and damaged buildings, such noise
and vibrations can cause further structural weakening and long-term damage (Begashvilli, 2016).
Studies examining the relationship between post-earthquake noise pollution and building health are
limited in the literature, and no in-depth analysis has been conducted in this area. Turkey has experienced
very large destructive earthquakes in the twentieth century, primarily the 1939 Erzincan earthquake and
the 1999 Marmara Earthquake. However, it should be stated that the massive earthquakes that occurred
on February 6, 2023 at 04:17 and 13:24, the first central in Pazarcik and the second in Elbistan, were
recorded as the biggest earthquake disasters we have faced as the Turkish nation in historical process.
The aim of this study is to draw attention to the potential damage that construction debris resulting from
earthquakes may cause to the environment, especially substances such as asbestos, and the importance
of recycling construction and demolition waste in the debris for the country's economy, by conducting
a general literature review and academic studies conducted in this short period of one year after the
earthquake, primarily by using the data in the "Post-Earthquake Assessment Report" published by the
Presidency of the Republic of Turkey's Strategy and Budget Presidency in March 2023 and the
"Kahramanmaras and Hatay Earthquakes Reconstruction and Development Reports" published in
January 2024. Considering that not many academic studies have been conducted on the subject in the
short period after the earthquake, it is thought that the study will be beneficial to academic circles,
relevant institutions and organizations related to the subject. This study aims to examine the effects of
noise pollution caused by vehicles carrying excavation and debris waste collected in earthquake zones
on the environment and existing buildings.

3.1. Excavation and Debris Waste Transportation Process

Post-carthquake debris cleaning requires the transportation and disposal of large amounts of
construction waste. The trucks, construction equipment and other transportation vehicles used in this
process create a significant source of noise due to the heavy traffic and labor requirements. Excavation
and debris transportation operations generally include the following stages:

Collection of debris: The debris of the buildings is collected with various construction equipment (url-
9).

Transportation: The collected debris is removed from the earthquake zone by trucks.
Disposal: The debris is disposed of in special areas or regular storage areas.

The use of loud vehicles during these operations can create significant noise pollution in the
environment, especially in densely populated areas.

3.2. Excavation and Debris Waste Transportation Process

If it is understood that the noise level resulting from the planned activity will exceed the standards, the
necessary precautions should be taken. There are three basic approaches to sound and noise control.
These approaches and control methods are as follows.

Reducing noise at its source; methods such as controlling noise with planning and maintenance, using
silencers, making material and design changes at the source, vibration insulation, covering vibrating
surfaces with vibration-absorbing material,

*Reducing noise in the propagation area; methods such as separating the area where the noise source is
located with sound-insulating material, increasing the distance between the receiver and the source,
using sound barriers, controlling noise in the propagation area,

*Taking precautions at the point where noise is perceived; methods such as moving people affected by
noise to sound-insulated areas, using ear protectors. Especially in urban settlements where the
population and technological development are very dense, reducing noise at its source and taking
precautions at the point where it is perceived is often not economical and may not be possible in terms
of applicability (Onder & Giilgiin, 2010).
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3.3. Obstacle created with natural landscape elements

Noise curtains made with artificial elements do not go beyond adding a new one to the unnatural
environment of cities consisting of petrified, concreted, steel and glass piles. Curtains made of plants
have more advantages. Plants, with their constantly changing aesthetic structures, have significant
positive effects on the physiological and psychological needs of the local people with their improvement
of the climate, shading, dust filtering, erosion prevention, resting opportunities and cultural effects. They
are cheaper and more aesthetic compared to noise curtains made of artificial elements. In the
establishment of the noise strip, starting from the noise direction, first the bushes should be started and
shrubs and short trees should be used towards the inside, and tall leafy and coniferous tree species should
be used in the innermost. Density is very important in reducing noise (Figure 4). For example, it is
known that the noise reduction degree of a dense tree group with a width of 30 m is equal to the noise
reduction degree of a 140 m wide park consisting of sparse plants and trees (Onder & Giilgiin, 2010)

3.4. Regulations and Legal Arrangements
*There are various regulations and laws to control noise pollution in Tiirkiye and around the world
(BYHY, 2021, EU. 2020; EEA 2010):

*Environmental Law and Noise Regulation (Turkey): The Noise Control Regulation, issued under the
Environmental Law dated 2003, aims to control various noise sources. This regulation is also valid in
extraordinary situations such as earthquakes and foresees that noise levels are kept within certain limits.

*Construction and Excavation Waste Regulation (Turkey): This regulation, updated in 2021, determines
standards on how construction and demolition waste will be collected, transported and disposed of. It
requires taking special precautions to minimize the damage it may cause to the environment during
debris transportation (url-10; 11).

International Regulations: Regulations such as the European Union's Environmental Noise Directive
(2002/49/EC) set certain noise limits in urban planning, industrial activities and transportation to combat
noise pollution (url-12, 13). These regulations aim to manage noise levels in a controlled manner and to
minimize environmental damage in disaster situations such as earthquakes.

4. CONCLUSION

While debris transportation after an earthquake helps cities recover quickly, it can also cause significant
damage to the environment with high noise levels. In this context, although current regulations are an
important tool in terms of controlling noise levels, there are also difficulties encountered in practice.
Inadequate transportation infrastructure, especially in large cities, further increases noise levels. In
addition, if the hours when debris transportation is carried out are shifted to the night, nighttime noise
pollution can also become a significant problem.

Here are some solutions suggested to minimize the effects of noise pollution in earthquake zones:
Use of Advanced Technology: The use of electric or low-noise transportation vehicles can significantly

reduce noise pollution.

Time Restrictions: Debris transportation operations can be shifted to morning or afternoon hours when
noise levels are less effective.

Noise Barriers and Insulation: Noise barriers can be built along the routes where transportation vehicles
pass, thus reducing the noise emitted to the environment.

Education and Inspection: Training on noise control should be provided to transportation and
construction companies, and the activities of these companies should be inspected.
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5. SUGGESTIONS

» Noise-cancelling technologies: Using noise-cancelling technologies in excavation vehicles (for
example, using special tires, implementing engine noise-reducing systems) can help reduce noise levels.
* Road arrangements and route planning: Routes with the lowest noise levels can be determined. Roads
away from densely populated areas can be preferred to prevent damage to buildings.

* Regulation of debris transportation hours: Debris transportation work should not be done, especially
at night. Working during the hours when noise levels are at their lowest can prevent disturbing people
in the vicinity.

* Monitoring and regulation of noise levels: Noise levels in the earthquake zone should be constantly
monitored and specified limits should not be exceeded.

* Noise insulation: Sound insulation measures should be taken in buildings and residential areas, and
infrastructures that minimize noise should be developed.

* Alternative transportation methods: Working hours of excavation and debris transportation vehicles
should be regulated, and transportation methods that reduce noise levels should be preferred.
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FARKLI GERI DONUSUM ORANLARINA SAHIP PA66-GF30
KOMPOZITLERDEN URETILEN OTOMOTIiV BAGLANTI ELEMANLARININ
MEKANIK PERFORMANSI VE KARBON AYAK iZi DEGERLENDIRMESI
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Ozet

Bu ¢alismada, araglarin motor ve batarya bolgesinde yer alan sogutma sistemlerinde kullanilan baglanti
elemanlarinin tiretiminde tercih edilen %30 cam elyaf katkili Poliamid 6.6 (PA66-GF30) kompozit
malzemelerin, farkli oranlarda geri doniistiiriilmiis polimerlerle yeniden iiretilmesi ve bu malzemelerin
performanslarimin degerlendirilmesi amaglanmistir. Mekanik geri doniisiim yontemiyle elde edilen %10,
%30, %50 ve %65 oranlarinda geri doniistiiriilmiis PA66 iceren kompozitlerden enjeksiyon kaliplama
yontemiyle 16 mm ¢apinda parcalar {iretilmis ve bu parcalar, otomotiv ana sanayi standartlarina uygun
olarak cesitli mekanik ve yaslandirma testlerine tabi tutulmustur. Testler arasinda mikro-kesim,
koparma, ultrasonik kaynak dayanimi, proses kalitesi ve soguk sartlandirma sonrasi mekanik
performans analizleri yer almaktadir. Elde edilen sonuglar, geri doniistiiriilmiis malzeme orani artsa dahi
par¢a performansinda ciddi bir diisiis olmadigini ve bu malzemelerin orijinal hammadde yerine
kullanilmasinin karbon ayak izini énemli 6l¢iide azalttigin1 géstermektedir.

Anahtar Kelimeler: PA6.6, geri doniistiiriilmiis, karbon ayak izi, cam elyaf, siirdiiriilebilirlik

MECHANICAL PERFORMANCE AND CARBON FOOTPRINT ASSESSMENT OF
AUTOMOTIVE FASTENERS MANUFACTURED FROM PA66-GF30 COMPOSITES WITH
DFFFERENT RECYCLING RATES

Abstract

In this study, it was aimed to reproduce 30% glass fiber reinforced Polyamide 6.6 (PA66-GF30)
composite materials with different ratios of recycled polymers and to evaluate the performance of these
materials, which are preferred in the production of fasteners used in cooling systems in the engine and
battery areas of vehicles. Injection molding of composites containing 10%, 30%, 50% and 65% recycled
PA66 obtained by mechanical recycling method was used to produce 16 mm diameter parts and these
parts were subjected to various mechanical and aging tests in accordance with automotive main industry
standards. Tests included micro-cutting, tear-off, ultrasonic welding strength, process quality and
mechanical performance analysis after cold conditioning. The results show that there is no significant
degradation in part performance even when the proportion of recycled material is increased, and that
using these materials instead of the original raw material significantly reduces the carbon footprint.

Keywords: PA6.6, carbon feet-print, glass fiber, sustainability recyclability

1. GIRIS

Otomotiv endiistrisinde, yiiksek sicaklik ve mekanik ylike maruz kalan sistem bilesenlerinde kullanilan
miihendislik termoplastiklerinin performansi kadar g¢evresel etkileri de giderek daha fazla Gnem
kazanmaktadir. Bu baglamda, cam elyaf takviyeli Poliamid 6.6 (PA66-GF30) kompozitler, dzellikle
motor ve batarya bolgesinde yer alan sogutma sistemlerinin baglanti elemanlarinda, {istiin mekanik
Ozellikleri, termal kararlilig1 ve kimyasal direngleri nedeniyle yaygin olarak tercih edilmektedir. (Witik
etal., 2011) (Osswald & Menges, 2012)

Ancak, bu tiir yliiksek performansli polimerlerin iiretimi sirasinda ortaya ¢ikan ¢evresel etkiler, 6zellikle
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karbon ayak izi agisindan degerlendirildiginde, stirdiiriilebilir tiretim yaklasimlarmin gelistirilmesini
zorunlu kilmaktadir. Bu calismada, mekanik geri doniisiim yontemiyle elde edilen farkli oranlardaki
geri doniistliriilmiis PA66 igeren kompozit malzemelerin, enjeksiyon kaliplama yontemiyle yeniden
islenerek baglant: elemanlari iiretiminde kullanilabilirligi arastirilmistir. Uretilen parcalar, otomotiv ana
sanayi tarafindan talep edilen mekanik ve ¢evresel dayanim kriterlerine gore test edilmis; geri doniistim
oraninin, malzeme performansi ve karbon ayak izi tizerindeki etkileri sistematik olarak analiz edilmistir.
(Ehrenstein, 2001)

Bu kapsamda, geri doniistiiriilmiis PA66-GF30 kompozitlerin dongiisel ekonomi ilkeleri dogrultusunda
degerlendirilmesi hem malzeme miihendisligi hem de siirdiiriilebilir iiretim stratejileri agisindan 6nemli
bir katki sunmaktadir. (Hopewell, Dvorak, & Kosior, 2009)

2. Materyal ve Metot
2.1 Malzeme Ozellikleri

Bu ¢alismada kullanilan temel malzeme, %30 oraninda cam elyaf takviyesi igeren Poliamid 6.6 (PA66-
GF30) kompozittir. Deneysel ¢caligmalarda, farkli geri doniisiim oranlarina sahip PA66 bazli kompozitler
kullanilmistir. Geri doniistiiriilmiis PA66 igerigi agirlikca %10, %30, %50 ve %65 olacak sekilde
hazirlanmistir. Referans olarak, islem gdrmemis (orijinal) PA66-GF30 malzemesi kullanilmigtir.

2.2 Numune Uretimi

Tiim malzemeler, enjeksiyon kaliplama yontemiyle 16 mm capinda baglant1 elemanlar1 seklinde
tiretilmigtir. Uretim parametreleri, PA66-GF30 igin 6nerilen standartlara uygun olarak optimize
edilmistir. Kaliplama sirasinda, geri doniistiiriilmiis malzeme oranina bagli olarak viskozite ve dolum
davraniglart gézlemlenmis ve proses stabilitesi degerlendirilmistir.

2.3 Test Yontemleri

Uretilen numuneler, otomotiv ana sanayi tarafindan talep edilen kalite ve dayanim kriterlerine gore
asagidaki testlere tabi tutulmustur:

-Mekanik Testler:
- Mikro-kesit analizi: Cam elyaf dagilim1 ve matris biitlinliigii incelenmistir.
- Koparma testi: Karsit parga ile baglanti mukavemeti dlgiilmiistiir.
- Ultrasonik kaynak dayanimi: Kaynak bolgesinin mekanik dayanimi degerlendirilmistir.

- Termal ve Yaslandirma Testleri:
- Proses kalite testi: Uretim sonras1 parca biitiinliigii ve dl¢iisel kararlilik kontrol edilmistir.
- Yaslandirma sonrasi mekanik testler: Termal ¢cevrim ve nem maruziyeti sonrasi dayanim ol¢iilmiistir.
- Soguk sartlandirma testi: -40 °C’de bekletilen numunelerin darbe ve ¢ekme dayanimlari test
edilmistir.

2.4 Karbon Ayak izi Analizi

Her bir geri donilisiim oran igin, ISO 14067 standardi dogrultusunda karbon ayak izi hesaplamalari
yapilmistir. Bu analizlerde, hammadde temini, isleme enerjisi ve iiretim sonrasi atik yonetimi gibi
parametreler dikkate alinmistir. (ISO, 2018)

Tablo 1: Malzeme Kompozisyonlar1 ve Uygulanan Testler

Geri Doniisiim Orani Malzeme Kompozisyonu Uygulanan Testler

0% Orijinal PA66-GF30 Mekanik Testler, Yaglandirma
Testleri, Karbon Ayak izi
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10% %10 Geri Doniistiiriilmiis PA66- | Mekanik Testler, Yaslandirma
GF30 Testleri, Karbon Ayak Izi

30% %30 Geri Doniistiiriilmiis PA66- | Mekanik Testler, Yaslandirma
GF30 Testleri, Karbon Ayak Izi

50% %350 Geri Doniistiiriilmiis PA66- | Mekanik Testler, Yaslandirma
GF30 Testleri, Karbon Ayak Izi

65% %65 Geri Doniistiiriilmiis PA66- | Mekanik Testler, Yaslandirma
GF30 Testleri, Karbon Ayak Izi

3. SONUC

Bu calisma kapsaminda, farkli oranlarda geri donistiiriilmiis PA66-GF30 kompozit malzemelerden
enjeksiyon kaliplama yontemiyle iiretilen otomotiv baglanti elemanlarmin mekanik ve g¢evresel
performanslart sistematik olarak degerlendirilmistir. Elde edilen bulgular asagida ozetlenmistir:

- Mekanik Performans: %10 ve %30 oranlarinda geri doniistiiriilmiis PA66 i¢eren numuneler, orijinal
malzeme ile karsilastirilabilir diizeyde mekanik dayanim sergilemistir. %50 oranina kadar olan geri
doniigiim seviyeleri, otomotiv sektoriinde kabul gdren performans kriterlerini karsilamaktadir.

- Yaslandirma Dayanimi: Termal ¢evrim, nem maruziyeti ve soguk sartlandirma testleri sonucunda,
%350 geri doniisiim oranina kadar olan numuneler fonksiyonel biitiinliiglinii korumustur. %65 oraninda
ise kismi performans diisiisleri gézlemlenmistir.

- Cevresel Etki (Karbon Ayak Izi): Geri doniistiiriilmiis malzeme kullanimi, karbon ayak izinde %46’ya
varan azalma saglamistir. Bu durum, siirdiiriilebilir {iretim hedefleri agisindan 6nemli bir kazanim olarak
degerlendirilmektedir.

- Genel Degerlendirme: %30-50 geri doniisiim oranlari, hem teknik yeterlilik hem de g¢evresel
sirdiiriilebilirlik agisindan optimum aralik olarak 6ne ¢ikmaktadir. Bu oranlarda geri donistiiriillmiis
PA66-GF30 kompozitlerin kullanimi, dongiisel ekonomi ilkelerine uygun, diisiik karbon ayak izine
sahip ve maliyet etkin bir ¢6ziim sunmaktadir.

- Endiistriyel Uygulama: %30-50 geri doniisiim oranina sahip PA66-GF30 kompozitlerin, otomotiv
baglant1 elemanlarinda standart iiretim siireclerine entegre edilmesi, hem ¢evresel hem de ekonomik
acidan onemli kazanimlar saglayacaktir. Bu oranlar, iiretim hattinda proses stabilitesini bozmadan
uygulanabilir gériinmektedir.
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Ozet

Over kanseri, sadece 2020 yilinda diinya genelinde 207.252 6liime neden olmus, en 6liimciil jinekolojik
kanser tiiriidiir. Cerrahi ve kemoterapi temel tedavi yontemleri olsa da, tiimér mikrogevresi ve
sinyalizasyon mekanizmalarindaki degisimler, tedaviye yanit1 olumsuz etkilemekte, direng ve niikse yol
acmaktadir. PI3K-AKT-mTOR sinyal yolu, hiicre sagkalimi1 ve tiimdr progresyonunda kritik roller
iistlenmekte; bagisiklik hiicresi fonksiyonu regiilasyonu, anjiyogenez ve tiimér mikrogevresi
etkilesimleri araciliiyla over kanseri gelisimini desteklemektedir. Mevcut tedavilerin sinirh etkinligi,
bu tiir molekiiler mekanizmalar1 hedefleyen yeni ajanlarin arastirilmasini gerekli kilmaktadir. Bu
kapsamda, hem dogal kaynakli bilesiklerin hem de baska bir hastaliga yonelik onayli ilaglarin over
kanserine karsi potansiyelinin degerlendirilmesi umut vadeden yaklasimlar olarak karsimiza
¢ikmaktadir.

Onayli bir ila¢ olan ve idiyopatik pulmoner fibrozis tedavisinde kullanilan Pirfenidon, TGF-
inhibisyonu, glikolizin ve epitelyal mezenkimal gecisin baskilanmasi, kaspaz iliskili apoptozun
indiiklenmesi ve vaskiiler endotelyal biiylime faktorii sekresyonunun azaltilmasi gibi o6zellikler
gostermektedir. Marine kaynakli dogal bir bilesik olan metilhidrokinonun, AKT iliskili antianjiyojenik
etkileri bulunmaktadir. Pirfenidon ve metilhidrokinon ikili kombinasyonunun PI3K-AKT-mTOR sinyal
yolag lizerinde inhibe edici sinerjik etki gdstermesi hedeflenmektedir.

Bu calismada, Pirfenidon ve metilhidrokinonun, PI3K-AKT-mTOR sinyal yolunda yer alan proteinlerle
etkilesim potansiyelini degerlendirmek amaciyla molekiiler docking analizleri gergeklestirilmistir. Her
iki ligandin hedef proteinlerle olusturabilecegi kararli kompleksler ve bu komplekslerin olast baglanma
oryantasyonlar1 incelenmistir. Ligandlarin ti¢ boyutlu yapilarina PubChem veritabani iizerinden, hedef
proteinlerin {i¢ boyutlu yapilarina ise RCSB Protein Data Bank veritabanindan erisilmistir. Molekdiler
docking ¢aligmalari, AutoDock versiyon 4.2.6 (Scripps Research Institute, ABD) yazilimiyla
gerceklestirilmis, elde edilen sonuclar BIOVIA Discovery Studio (Dassault Systémes, ABD) ile
gorsellestirilmistir.

Molekiiler docking analizleri sonucunda, metilhidrokinonun PI3K alfa, AKT1 ve mTOR kinaz
domaini ile etkilesim skorlar1 sirasiyla -4.69, -4.21 ve -4.89 olarak bulunurken; Pirfenidon i¢in bu
degerler sirasiyla  -6.16, -5.87 ve -6.73 olarak bulunmustur. Molekiiler docking skorlarinda, yaklagsik
-5 civarindaki degerler orta diizeyde bir baglanma afinitesini gosterirken, -6 ve daha diisiik skorlar
protein-ligand etkilesimlerinde daha gii¢lii bir baglanmayi ifade etmektedir. Pirfenidon ve
metilhidrokinonun over kanserine yonelik antikanser potansiyele sahip olabilecegi ve
kombinasyonlarmin sinerjik etkiler gdsterebilecegi diisiiniilmektedir. Ilerleyen galismalarda, bu
bilesiklerin PI3K-AKT-mTOR sinyal yoluna iligkin gen ve protein diizeyindeki etkilerinin
arastirtlmasi planlanmaktadir.
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Anahtar Kelimeler: Over Kanseri, Pirfenidon, Metilhidrokinon, Molekiiler Docking

EVALUATION OF THE ANTICANCER EFFECTS OF ACTIVE COMPOUNDS IN
OVARIAN CANCER IN RELATION TO THE PI3K-AKT-MTOR SIGNALLING PATHWAY

Abstract

Ovarian cancer is the deadliest gynaecological cancer, causing 207,252 deaths in 2020. Although
surgery and chemotherapy remain the main treatment strategies, changes in the tumour
microenvironment and signalling mechanisms negatively affect the treatment response, leading to
resistance and recurrence. The PI3K-AKT-mTOR signalling pathway plays important roles in cell
survival and tumour progression, and supports ovarian cancer growth through the regulation of immune
cell function, angiogenesis, and tumour microenvironment interactions. The limited efficacy of current
treatments necessitates the search for new agents that can target these molecular mechanisms. In this
context, investigating the potential of natural compounds and repurposed drugs against ovarian cancer
is a promising approach.

Pirfenidone, an approved drug for idiopathic pulmonary fibrosis, inhibits TGF-p, suppresses glycolysis
and epithelial-mesenchymal transition, induces caspase-associated apoptosis, and reduces vascular
endothelial growth factor secretion. Methylhydroquinone, a marine-derived compound, has
antiangiogenic properties associated with AKT. The combination of Pirfenidone and
methylhydroquinone is aimed to show inhibitory synergistic effects on PI3K-AKT-mTOR signalling
pathway.

In this study, molecular docking analyses were performed to explore the interaction potential of
Pirfenidone and methylhydroquinone with proteins involved in the PI3K-AKT-mTOR pathway. The
stable complexes formed between both ligands and their target proteins, along with possible binding
orientations, were studied. The three-dimensional structures of the ligands were retrieved from the
PubChem, whereas the protein structures were obtained from the RCSB PDB. Molecular docking was
performed using AutoDock version 4.2.6 (Scripps Research Institute, USA), and the results were
visualised using BIOVIA Discovery Studio (Dassault Systémes, USA).

Results showed that methylhydroquinone exhibited interaction scores of -4.69, -4.21, and -4.89 with
PI3K alpha, AKT]1, and the kinase domain of mTOR, respectively. For Pirfenidone, the scores were -
6.16, -5.87, and -6.73. In molecular docking analyses, binding affinities around -5 are considered
moderate, while scores of -6 or lower suggest stronger and more stable protein—ligand interactions.
These findings suggest that both compounds may have anticancer potential against ovarian cancer, and
their combination may exert synergistic effects. Future studies are planned to investigate their effects
on gene and protein levels related to the PI3K-AKT-mTOR signalling pathway.

Keywords: Ovarian Cancer, Pirfenidone, Methylhydroquinone, Molecular Docking

1. GiRiS

Over kanseri, jinekolojik kanserlere bagli Olimlerin en yaygin sebebini olusturmaktadir. Over
kanserinin standart tedavisi, cerrahi yontemleri ve platin tabanl kemoterapiyi igermektedir (Jayson vd.,
2014). Over kanseri ¢ogunlukla ge¢ evrelerde tespit edilebilmekte ve vakalarin yaklasik %80'inde,
tiimdr metastaz yapmis oldugundan bu vakalarda bes yildan daha uzun yagam orani yaklasik %30 olarak
degerlendirilmektedir (Kotnik vd., 2023). Hastalarda, ilag¢ direnci, metastaz ve niiks sik¢a goriilmektedir
(Konstantinopoulos & Matulonis, 2023; Ortiz vd., 2022). Kemoterapi ciddi yan etkilere neden
olabilmekte olup bu durum hastalarin yagsam kalitesini olumsuz etkilemektedir (Kayl & Meyers, 2006).
Tiimor mikrogevresi (TME) ve sinyalizasyon mekanizmalarindaki degisimler tedavi etkinligini
azaltmaktadir. TME, bagisikligin baskilanmasini, anjiyogenezi ve inflamasyonu tesvik etmektedir
(Hinshaw & Shevde, 2019; Junttila & de Sauvage, 2013).
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Fosfoinozitid 3-kinaz (PI3K)-protein kinaz B (AKT)-mTOR sinyal yolu, gesitli kanser tiirlerinde
siklikla disregiilasyon gostermektedir (Thorpe vd., 2015). Bu sinyal yolu, hiicre sagkalimi ve timor
progresyonunda kritik roller iistlenmekte; bagisiklik hiicresi fonksiyonu regiilasyonu, anjiyogenez ve
tiimdr mikrocevresi etkilesimleri araciligiyla over kanseri gelisimini desteklemektedir (Ediriweera vd.,
2019). Fosfoinozitid 3-kinazlar (PI3K'ler), 3 ayr1 sinifa ayrilmis lipid kinazlardir. Sinif I, sinif IA PI3K
(a, B, 6) ve smif IB PI3K'den (y) olusmaktadir. Bu lipid kinazlar, G proteinine bagli reseptorler ve
reseptOr tirozin kinaz reseptorleri tarafindan aktive edilmektedir (Natasha Rinne vd., 2021).
Aktivasyonun ardindan PI3K, fosfatidilinozitol-4,5-bisfosfati (PIP2) fosforile ederek ve ikincil haberci
fosfatidilinositol (3.4,5)-trisfosfatt (PIP3) olusturur. PIP3, apoptozun inhibisyonu, protein sentezi ve
hiicre proliferasyonu ve sagkalimi gibi ¢esitli mekanizmalar ile iligkili AKT'yi aktif hale
getirebilmektedir. mTOR, AKT nin hedeflerinden biri olarak karsimiza ¢ikmakta, hiicre proliferasyonu,
metabolizma, otofaji ve anjiyogenez iliskili siireglerde rol oynamaktadir (van der Ploeg vd., 2021).

PI3K-AKT-mTOR sinyal yolundaki faktorler, TME’deki bagisiklik hiicrelerinin aktivasyonunda,
migrasyonunda ve baskilanmasinda gorev alarak hem adaptif hem de dogustan gelen bagisiklik
yanitlarinin tiimore karsi nasil bir rol oynayacagini diizenlemektedir. Ayrica PI3K alfa, vaskiiler
endotelyal biiylime faktorii reseptorleri (VEGFR) araciligiyla anjiyogenezi desteklemektedir. Diger
PI3K izoformlari, stromal fibroblastlarda ekstraseliller matriksin yeniden diizenlenmesini, timorii
destekleyen sitokinlerin ve matriks metalloproteinazlarin (MMP) salgilanmasini tesvik ederek tiimor
gelisimini ve yayilimim tegvik etmektedir (Sun & Meng, 2020). Yumurtalik kanserinde PI3K-AKT-
mTOR sinyal yolunun aktivasyonu, agresif fenotipler, kemorezistans ve ko&tii prognoz ile
iligkilendirilmektedir. Bu durum, PI3K-AKT-mTOR sinyal yolunu yeni tedavilerin gelistirilmesinde
onemli bir hedef haline getirmektedir (Huang vd., 2020).

Tedavi yontemlerinin mevcut sinirlamalari, yeni ilaglarin gelistirilmesini ve hali hazirda var olan, farkli
hastaliklara yonelik kullanimi onayli ilaglarin over kanseri tedavisine yonelik potansiyelinin
degerlendirilmesini onemli kilmaktadir. Ilag yeniden konumlandirma (drug repurposing), daha énce
farkli bir hedef hastalik veya saglik sorununa yonelik gelistirilmis ve toksisitesi degerlendirilmis bir
ilacin, beklenmedik yan etkileri veya yeni ortaya cikarilan etkileri sayesinde farkli bir hastaligin
tedavisinde kullanilmasini saglayan bir yontemdir (Kulkarni vd., 2023). Bu yontem, diger ilag gelistirme
stratejilerine kiyasla daha az riskli ve hizli bir sonu¢ saglayabilmektedir (Ashburn & Thor, 2004).
Pirfenidon, idiyopatik pulmoner fibrozis tedavisinde kullanilan onayli bir ila¢ olarak karsimiza
cikmakta, TGF-p inhibisyonu, glikolizin ve epitelyal mezenkimal gecisin baskilanmasi, kaspaz ilisgkili
apoptozun indiiklenmesi ve vaskiiler endotelyal biiyiime faktorii sekresyonunun azaltilmasi gibi
ozellikler gostermektedir (Burghardt vd., 2007; Cai vd., 2023; Li vd., 2023; Takai vd., 2016; Zhang
vd., 2024).

Antikanser etkileriyle 6ne ¢ikan dogal bilesikler, son donemde kanserin 6nlenmesine ve tedavisine
yonelik ¢alismalarda dikkat ¢ekici bir arastirma alan1 haline gelmistir. Bu bilesikler; bitkilerden, deniz
organizmalarindan ve diger mikroorganizmalardan elde edilmektedir. Bu dogal bilesiklere 6rnek olarak,
anti-inflamatuar, antioksidan ve potansiyel antikanser Ozellikleri agisindan arastirilan kurkumin;
kardiyoprotektif ve yaslanma karsiti etkileri agisindan c¢aligmalar yiiriitillen Resveratrol, meme,
yumurtalik ve akciger kanseri dahil olmak tizere ¢esitli kanser tiirlerinde kulanilan bir kemoterapi ilaci
olan Paklitaksel verilebilmektedir (Chunarkar-Patil & Kaleem, 2024). Metilhidrokinon, marine kaynakli
dogal bir bileigktir. Metilhidrokinonun AKT ve Ras-Raf-MEK-ERK sinyali iliskili antianjiyojenik
etkileri bulunmaktadir (Garcia-Caballero vd., 2013). Ayrica, metilhidrokinonun, MMP ekspresyonunu
ve aktivitesini azalttigi da bildirilmistir (Kim vd., 2015).

Iki veya daha fazla terapotik potansiyel tasiyan ajanin, kansere neden olan veya kanser hiicrelerini,
tiimor mikrogevresini destekleyen yollar1 spesifik olarak hedef alacak sekilde kombinasyonu, kanser
tedavisinin temel stratejilerinden biridir. Monoterapi, birgok farkli kanser tiirii i¢in hala ¢ok yaygin
olarak bagvurulan bir tedavi yontemi olsa da, kombinasyon tedavilerinde farkl1 mekanizmalar ayni anda
hedeflenebildiginden 6nemli bir avantaj saglamaktadir (Bayat Mokhtari vd., 2017). Bu ¢alismada,
Pirfenidon ve metilhidrokinonun PI3K-AKT-mTOR sinyal yolagi iizerinde inhibe edici etki gostermesi
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hedeflenmistir. Pirfenidon ve metilhidrokinon ikili kombinasyonunun, sinerjik etkiler gosterebilecegi,
yumurtalik kanserine yonelik tedavi potansiyeli olabilecegi diistintilmiistiir.

2. CALISMANIN YONTEMI

Calismamizda, Pirfenidon ve metilhidrokinonun, PI3K-AKT-mTOR sinyal yolunda yer alan
proteinlerle etkilesim potansiyelini degerlendirmek amaciyla molekiiler docking analizleri
gergeklestirilmistir. Her iki ligandin hedef proteinlerle olusturabilecegi kararli kompleksler ve bu
komplekslerin olasi baglanma oryantasyonlari incelenmistir. Docking analizlerinde kullanilan
Pirfenidon ve metilhidrokinon ligandlarinin {i¢ boyutlu yapilarina Pubchem veritabani iizerinden
erisilmistir (National Center for Biotechnology, 2025a, 2025b). Ligandlarin uygun formata (pdbqt)
doniistliriilmesi amaciyla OpenBabel 3.1.1 yazilimi kullanilmistir (O'Boyle vd., 2011). PI3K alfa (ID:
8EXU) (Hanan vd., 2022), AKT1 (ID: 7NH5) (Quambusch vd., 2021) ve mTOR (ID: 4JSV) (Yang vd.,
2013) proteinlerine ait iic boyutlu yapilar RCSB Protein Data Bank (PDB) iizerinden alinmustir.
Inhibitor etkilerin hedeflenmesi sebebiyle, grid boyutlar: proteinlerin aktif bolgelerini icerecek sekilde
secilmistir. Bu aktif bolgelerin se¢im asamasinda, PDB iizerinden erisilen makalelerden, CASTp 3.0 ve
PyMol (DeLano Scientific LLC, ABD) programindan yararlanilmistir (Tian vd., 2018). Tiim analizler
AutoDock versiyon 4.2.6 (Scripps Research Institute, ABD) ile gerceklestirilmistir (Morris vd., 2009).
Olusturulan komplekslerin oryantasyonlart BIOVIA Discovery Studio (Dassault Systémes, ABD) ile
gorsellestirilmistir.

3. SONUC

Pirfenidon, PI3K alfa, AKT1 ve mTOR kinaz domaini i¢in sirasiyla -6.16, -5.87 ve -6.73 kcal/mol'liik
docking skorlart ile etkilesimler gostermistir. Metilhidrokinona ait docking skorlar ise, sirasiyla -4.69,
-4.21 ve -4.89 seklinde elde edilmistir. Olusturulan ligand-protein komplekslerine, etkilesim kuran
rezidiilere ve docking skorlarina Tablo 1°de yer verilmistir.

Tablo 1. Olusturulan kompleksler ve docking skorlar

Kompleks Docking Skoru Etkilesim Kuran Rezidiiler

TRP A:780, SER A:854, ILE
A:932, ILE A:800,
PI3K alfa ve Pirfenidon -6.16 VAL A:850, VAL A:851, ILE
A:848, MET A:922, TYR
A:836.

LYS A:179, ALA A:177,
AKT1 ve Pirfenidon -5.87 MET A:227, MET A:281,
ALA A:230

TRP B:2239, MET B:2345,
VAL B:2240, ILE B:2237,
LEU B:2185, TYR B:2225,
ILE B:2356, CYS B:2243.

mTOR kinaz domaini ve Pirfenidon -6.73

GLU A:798, ARG A:852,
PI3K alfa ve metilhidrokinon -4.69 ASN A:796, VAL A:850,
PHE A:794, HIS A:759.

ARG A:273, LYS A:297,
AKT1 ve metilhidrokinon -4.21 LYS A:307, TYR A:326, PHE
A:309.
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VAL B:2240, GLY B:2238,

TYR B:2225, MET B:2345,

TRP B:2239, LEU B:2185,
ILE B:2237.

mTOR kinaz domaini ve metilhidrokinon -4.89

Literatiirdeki docking calismalarinda degerlendirilen skorlar genel olarak, eksi deger arttikca ligand ve
hedef protein arasindaki afinitenin arttig1 seklinde yorumlanmaktadir. -7.0 kcal/mol'den diisiik docking
skorlar orta ve giiclii baglanmay1 gosterirken -9.0 kcal/mol'den de diisiik skorlar, ligandin potansiyel
inhibitor aktiviteye sahip olabilecegini diisiindiirmektedir (Xue wvd., 2022). Yapilan docking
calismalarinda Pirfenidon PI3K alfa, AKT1 ve mTOR kinaz domainiyle -5 ila -7 araliginda skorlarla
orta-yiiksek derecede baglanma gdstermistir. Metilhidrokinon ise -4 ila -5 araligindaki skorlarla,
Pirfenidon’a kiyasla daha diisiik bir baglanma potansiyeli gostermistir. Metilhidrokinon, 6zellikle AKT
iligkili antianjiyojenik etkileri bilinen bir bilesik oldugundan bu ortalama skorlarin da 6nemli olabilecegi
diistiniilmiistiir.

Pirfenidon ve metilhidrokinon ligandlar1 ile PI3K alfa, AKT1 ve mTOR kinaz domaini arasinda hidrojen
baglarinin, cesitli alkil ve Pi etkilesimlerinin olustugu goriilmiis olup bu etkilesimlere ait gorsellere Sekil
1’de yer verilmistir. Ligandlar ve proteinler arasinda olusan hidrojen baglari, alkil baglar1 ve Pi
etkilesimleri, giicli ve kararli bir bag olusturarak fonksiyonel bir kompleks meydana getirme
potansiyelini belirleyen temel faktorlerdir (Vaidyanathan vd., 2023). Protein-ligand segciciligi ve
baglanma giicii biiyiik 6lciide hidrojen baglariyla sekillenirken, pi-etkilesimleri olusan kompleksin
stabilitesine katki saglamaktadir (Madushanka vd., 2023; Meyer vd., 2003).
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Sekil 1. Komplekslere ait potansiyel oryantasyonlar ve baglar. (a) PI3K alfa ve Pirfenidon kompleksine
ait potansiyel oryantasyon ve baglar. (b) AKT1ve Pirfenidon kompleksine ait potansiyel oryantasyon
ve baglar. (¢) mTOR kinaz domaini ve Pirfenidon kompleksine ait potansiyel oryantasyon ve baglar.
(d) PI3K alfa ve metilhidrokinon kompleksine ait potansiyel oryantasyon ve baglar. (e) AKT1 ve
metilhidrokinon kompleksine ait potansiyel oryantasyon ve baglar. (f) mTOR kinaz domaini ve
metilhidrokinon kompleksine ait potansiyel oryantasyon ve baglar.

75



ALY . .. .
“@J)INCOHIS INCOHIS 2025 SPRING | MAY 31, JUNE 1, 2025 ISTANBUL/TURKIYE | INTERNATIONAL CONGRESS OF
NEW HORIZONS IN SCIENCE AND SOCIAL SCIENCES | SCIENCES PROCEEDINGS BOOK

PI3K-AKT-mTOR sinyal yolu, yumurtalik kanseri tedavisinde hedeflenen 6nemli sinyal yollarindan
biri olup bu sinyal yolunu inhibe eden ajanlarin tedaviye yonelik potansiyeli siklikla arastiriimaktadir.
Bu tiir calismalarda kullanilan ajanlara, AZD8835 ve AZD5363 gibi PI3K-AKT-mTOR inhibitérleri
ornek verilebilmektedir. Bu inhibitorlerin, AKT fosforilasyonunu baskiladigi, tiimér biiyiimesini
anlamli diizeyde azalttif1 ve 6zellikle AZD5363’iin AKT’ye baglh gen ekspresyonunu diizenleyerek
tiimoral gelisimi engelledigi gosterilmistir (Wu vd., 2020). Bu bulgular, PI3K-AKT-mTOR yolunu
hedefleyen ajanlarin yumurtalik kanseri tedavisinde etkili birer terapotik segenek olabilecegini
desteklemektedir. Ancak, PI3K-AKT-mTOR inhibitorlerinin hiperglisemi ve deri dokiintiisii gibi ciddi
yan etkilerle iliskili olabilecegi, bu nedenle klinik uygulamalarda dikkatle degerlendirilmesi gerektigi
unutulmamalidir (Ghoneum & Said, 2019). PI3K-AKT-mTOR yolagin1 hedefleyen bazi inhibitorler
farkli kanser tiirlerinde FDA (Food and Drug Administration) onay1 almig olsa da, yumurtalik kanserine
yonelik klinik kullanim onay1 almis bir inhibitor heniiz bulunmamaktadir (N. Rinne vd., 2021).

Bu ¢alisma, Pirfenidon ve metilhidrokinonun, PI3K-AKT-mTOR sinyal yolunu hedef alarak terapotik
bir potansiyel gosterebilecegini ve bu iki etken maddenin ikili kombinasyonunun over kanseri tedavisine
yonelik etkili olabilecegini ortaya koymaktadir. Bununla birlikte, molekiiler docking, ilag gelistirme ve
ilag yeniden konumlandirma siireclerine yonelik 6nemli bir 6n c¢alisma olusturuyor olsa da, bu
potansiyel ajanlarin ve ikili kombinasyonun sinerjistik etkisinin, PI3K-AKT-mTOR iliskili terapotik
potansiyeli, in vitro ve in vivo deneylerle test edilmelidir. Ilerleyen ¢alismalarda, bu bilesiklerin PI3K-
AKT-mTOR sinyal yoluna iligkin gen ve protein diizeyindeki etkilerinin arastirilmasi planlanmaktadir.
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Ozet

Servikal kanser, diinya genelinde kadinlarda en sik goriilen kanser tiirlerinden biri olup, vakalarin biiyiik
cogunlugu yiiksek riskli insan papilloma viriisii (HPV) enfeksiyonlari ile iliskilidir. Konvansiyonel
tedavi yaklasimlarina ek olarak, dogal kaynakli biyoaktif bilesikler iceren alternatif tedavi
seceneklerinin arastirilmasi giin gectikge daha fazla 6nem kazanmaktadir. Bu baglamda, incir (Ficus
carica L.) bitkisinden elde edilen lateks, igerdigi fikain, kuersetin, gallik asit, psoralen gibi
fitokimyasallar sayesinde potansiyel bir anti-kanser ajan olarak degerlendirilmektedir. Calismada,
Anatolian sinifina 6zgii bir tiir olmasi sebebiyle ‘Beyaz Orak’ incir tiirii tercih edilmistir. Bu tiire ait
olgunlagmamis incir meyvelerinden, haziran ayinda ve sabah erken saatlerde lateks toplanmis, biyolojik
aktivitenin korunmasi amaciyla disiikk sicaklikta dondurularak saklanmistir. Karakterizasyon
calismastyla farkl lateks hazirlama yontemleri karsilagtirilmistir. Liyofilize edilmis toz formda lateks
cesitli organik solventlerde ¢oziindiiriilmiis ancak homojen bir ¢ozelti elde edilememistir. Kullanilan
¢oziiciilerin yiizdesini arttirma hiicre kiiltlirlerinde toksisite yaratma potansiyeli nedeniyle uygun
bulunmamigtir. Sivi formdaki lateks; etanol, metanol, aseton solventler ve hiicre kiiltiirii besiyeri
ortaminda ¢ozdiiriilmiis; ¢oziiniirliik ve biyolojik uyumluluk acisindan besiyeri igerisinde ¢ozdiirilmiis
formda kullanim1 uygun goriilmiistiir. Lateks uzaklastirma asamasi1 ve sterilizasyon asamasinda sivi
formdaki ‘Beyaz orak’ inciri (Ficus carica L.) lateksinin 10 dakika 13000 rpm +4 derece santrifiij islemi
ile kat1 faz1 ortamdan uzaklastirilmistir. S1v1 incir siitii faz1 tam besiyeri ile 1/2500 oraninda seyreltilerek
0.22 membran filtreden gecirilerek sterilize edilmistir. Calisma sonucunda steril ve homojen bir lateks
cozelti elde edilmistir. Bu c¢alisma, bitkisel temelli dogal iiriin Lateksin anti-kanser potansiyelini
degerlendirmek amaciyla uygun tiir se¢cimi ve hiicre kiiltiirii c¢aligmalart igin hazirlanmasin
kapsamaktadir.

Anahtar Kelimeler: Ficus carica, incir lateksi, HeLa hiicre hatti, servikal kanser, fitokimyasallar, anti-
kanser ajan

APPROACH TO SPECIES SELECTION, COLLECTION, AND PURIFICATION OF FIG
(FICUS CARICA L.) LATEX

Abstract

Cervical cancer is one of the most common types of cancer among women worldwide, with the majority
of cases strongly associated with high-risk human papillomavirus (HPV) infections. In addition to
conventional treatment approaches, the investigation of alternative therapies containing bioactive
compounds of natural origin is gaining increasing attention. In this context, latex derived from the fig
plant (Ficus carica L.) is considered a potential anti-cancer agent due to its phytochemical constituents
such as ficin, quercetin, gallic acid, and psoralen. In this study, the ‘Beyaz Orak’ fig variety, specific to
the Anatolian region, was selected. Latex was collected from unripe fruits of this variety during the early
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morning hours of June and stored at low temperatures to preserve its biological activity. Different latex
preparation methods were compared for characterization purposes. Although lyophilized latex powder
was dissolved in various organic solvents, a homogeneous solution could not be achieved. Increasing
the concentration of these solvents was deemed unsuitable due to their potential cytotoxicity in cell
culture applications. Liquid latex was dissolved in ethanol, methanol, acetone, and culture medium,;
among these, the medium-based solution was found to be the most suitable in terms of solubility and
biological compatibility. In the removal and sterilization steps, the liquid latex obtained from 'Beyaz
Orak' figs was centrifuged at 13,000 rpm for 10 minutes at +4°C to separate the solid phase. The
remaining liquid phase, referred to as fig latex milk, was diluted 1:2500 with complete culture medium
and sterilized by filtration through a 0.22 pm membrane filter. As a result, a sterile and homogeneous
latex solution was successfully obtained. This study outlines the selection of an appropriate fig variety
and the preparation of plant-based natural latex for the evaluation of its anti-cancer potential in cell
culture applications.

Keywords: Ficus carica, fig latex, HeLa cell line, cervical cancer, phytochemicals, anticancer agent
1. GIRIS

Rahim agz1 kanseri (servikal kanser), diinya genelinde kadinlarda en sik goriilen ikinci kanser tiiriidiir
ve basta yiiksek riskli insan papilloma viriisii (HPV) tipleri olmak iizere viral enfeksiyonlarla dogrudan
iligkilidir. HPV'nin 6zellikle 16 ve 18 numaral tipleri, servikal kanser vakalarinin yaklasik %70’inden
sorumludur (Stelzle et al., 2021). Geleneksel tedavi yaklagimlari arasinda cerrahi girisimler, kemoterapi
ve radyoterapi yer almaktadir. Ancak bu yontemler, hem etkinlik hem de yan etki profili agisindan
sirliliklar igcermektedir. Bu nedenle, son yillarda bitkisel kaynakli biyoaktif bilesenlerin kullanildigi
alternatif ve tamamlayici tedavi yaklasimlari 6n plana ¢ikmistir (Wright & Kuhn, 2012). Bu kapsamda,
Ficus carica (incir) bitkisi, igerdigi zengin fitokimyasal bilesenler nedeniyle dikkat ¢eken geleneksel bir
tibbi bitkidir. Ozellikle bitkinin siitiimsii salgis1 olan lateks, cesitli biyoaktif maddeler icermekte olup,
bunlar arasinda proteolitik enzimler (fikain, kimopapain), flavonoidler (kuersetin, rutin), polifenoller
(gallik asit, ferulik asit) ve alkaloidler (psoralen, bergapten) bulunmaktadir (Al-Snafi, 2017). Bu
bilegenlerin; antioksidan, anti-inflamatuar ve anti-kanser etkiler tasidigi birgok g¢aligmada ortaya
konmustur.

Son yillarda yapilan bazi in vitro ¢alismalarda, farkli incir tiirlerinin Ficus carica lateksinin HPV pozitif
servikal kanser hiicre hatlar (6zellikle HeLa) iizerinde hiicre bilylimesini baskiladigi, hiicre dongiisiinii
durdurdugu ve apoptoz (programlanmis hiicre 6limii) siirecini tetikledigi gosterilmistir (Ben Temessek
et al., 2023). Bu bulgular, incir lateksinin servikal kanser tedavisinde potansiyel bir dogal ajan olarak
degerlendirilmesini giindeme getirmistir.

Bu ¢aligmada, HelLa hiicre hatti lizerinde kullanilmak {izere beyaz orak tiirii Ficus carica meyvelerinden
elde edilen lateksin, optimum biyolojik aktivite saglayacak sekilde toplanmasi ve laboratuvar testlerinde
kullanilmak {izere uygun forma getirilmesi hedeflenmistir. Lateksin islenmesi siirecinde farkli ¢6zdiirme
ve hazirlama yontemleri degerlendirilmis, elde edilen formlar {izerinde ¢oziiniirlik, homojenlik ve
toksisite analizleri yapilmistir.

Sonug olarak, Ficus carica bitkisinden elde edilen lateksin servikal kanser hiicre hatti {izerinde test
edilmesi ve bitkisel temelli yeni terapétik yaklasimlar icin bilimsel bir temel olusturmak
amaclanmaktadir.

2. CALISMANIN YONTEMI
2.1. Tiir Secimi

Ficus carica'nin farkli tiirleri biyokimyasal igerik agisindan degisiklik gostermektedir (Mohammad &
Alzweiri, 2022). Yapilan ¢alismalar, beyaz orak tiirii incirin lateksinde yiiksek oranda proteolitik
enzimler (fikain, kimopapain), flavonoidler, fenolik bilesikler ve alkaloidler bulundugunu
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gostermektedir. Bu bilesenler, anti-inflamatuar, antioksidan ve anti-kanser 6zellikler sergileyerek hiicre
dongiistinii durdurma, apoptotik mekanizmalar tetikleme ve DNA hasarina yol acan siiregleri modiile
etme potansiyeline sahiptir (Castelli & Lopez, 2022).

Anadolu’ya 6zgii bir tiir olmasi ve yapilan fenolik bilesik analizlerinde toplam fenolik madde
bakimindan yiiksek bir icerige sahip olmasi nedeniyle, ¢calismada ‘Beyaz Orak’ incir varyetesi tercih
edilmistir.

F%

Sekil 1. Beyaz Orak incir agact
2.2. Lateksin Icerigi

Ficus carica lateksi, igeriginde cesitli biyoaktif bilesenler barindiran bir dogal iiriindiir. Ozellikle
proteolitik enzimler, polifenoller, flavonoidler, alkaloidler ve polisakkaritler, lateksin biyolojik
aktivitesine katki saglayan ana bilesenlerdir. Lateksin en dnemli enzimatik bilesenleri arasinda fikain,
kimopapain ve serin proteazlar bulunur (Castelli & Lopez, 2022). Bu enzimler, proteinleri pargalama
yetenegine sahip olup, kanser hiicreleri iizerinde sitotoksik etkiler gosterebilmektedir (Ghanbari et al.,
2019).

Lateks aym1 zamanda, gallik asit, kafeik asit ve ferulik asit gibi polifenoller acisindan da zengin bir
yapiya sahiptir. Polifenoller, giicli antioksidan ozellikler sergileyerek hiicresel oksidatif stresi
azaltmakta ve kanser hiicrelerinin biiylimesini baskilayabilmektedir (Khodarahmi et al., 2011). Bunun
yani sira, kuersetin, rutin ve katesin gibi flavonoidler, serbest radikallere karsi koruyucu etkileriyle
bilinir ve kanser hiicrelerinde apoptotik siirecleri destekleyerek hiicre 6liimiinii tesvik edebilir (Saeed &
Sabir, 2002).

Lateks iceriginde bulunan psoralen ve bergapten gibi alkaloidler, DNA sentezini etkileyerek kanser
hiicrelerinin boliinmesini engelleyebilir (Cakir, Bilge, Ghanbari, et al., 2023). Ayrica, arabinogalaktan
ve pektinler gibi sakiz ve polisakkarit bilesenleri, hiicresel immiin yaniti diizenleme ve anti-inflamatuar
etkiler gosterme potansiyeline sahiptir (Mohammad & Alzweiri, 2022). Bu bilesenlerin anti-kanser
etkileri iizerine yapilan bilimsel calismalar, ozellikle fikain ve kuersetin gibi bilesenlerin hiicre
proliferasyonunu inhibe ettigini, oksidatif stres seviyelerini artirarak apoptotik mekanizmalari
tetikledigini gdstermektedir (Bo Su et al., 2017). Lateksin sahip oldugu bu biyoaktif igerik, kanser
hiicreleri iizerinde sitotoksik ve anti-proliferatif etkiler yaratma potansiyelini ortaya koymaktadir
(Azami et al., 2021).

2.3. Lateksin Toplanmasi

Calismamizda kullanilan beyaz orak tiiri Ficus carica lateksi, haziran aymda, Aydin ilinde dogal
ortaminda yetisen agaclardaki olgunlasmamis (ham) incir meyvelerinden damla damla toplanmuistir.
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Haziran ay1, incir meyvesinin olgunlagma siirecinin baslangicidir. Bu donemde meyveler heniiz tam
olgunlagmamis olup, lateksin bilesenleri daha konsantre ve aktif haldedir. Ayrica, haziran ayinda
cevresel kosullar (0rnegin, sicaklik ve nem) lateksin kalitesini korumak icin daha elverislidir. Bu
nedenle, lateksin biyolojik aktivitesini maksimize etmek ve istenmeyen mikrobiyal kontaminasyonu
minimize etmek i¢in haziran ayinda toplama tercih edilmistir (Ben Temessek et al., 2023).

Toplama iglemi, sabah 08:00-10:00 saatleri arasinda gerceklestirilmistir. Ham meyveden akan lateks,
steril cam tiiplerde dikkatlice biriktirilmistir (Sekil 2). Sabahin erken saatlerinde incir siitii toplamak,
lateksin enzimatik aktivitesi ve biyoaktif bilesenleri maksimum seviyede olmasi acisindan 6nemlidir.
Bu saat araliginda bitki metabolizmas1 daha aktiftir ve yiiksek sicaklik ve UV 1sinlar1 gibi ¢evresel stres
faktorleri minimal diizeydedir. Bu durum, lateksin igerisindeki proteolitik enzimlerin (6rnegin, fikain)
ve diger biyoaktif bilesenlerin stabilitesini korumasina yardimci olur (Kiralan et al., 2023).

Toplanan lateks biyolojik aktivitenin korunmasi amaciyla buz banyosunda saklanmis ve hizla -20°C’ye
alinarak dondurulmustur.

Sekil 2. Beyaz Orak incir lateksinin damla damla toplanmasi
2.4. Lateks Hazirlama Yontemleri

Ficus carica lateksi ile yapilan bilimsel calismalarda, lateksin saklanmasi ve islenmesi igin g¢esitli
yontemler kullanilmistir. Bu yontemlerden biri, taze lateksin dogrudan kullanimidir. Ancak, lateks
igeriginde bulunan biyoaktif bilesenler oksidasyona olduk¢a duyarlidir ve gevresel faktorlere bagh
olarak hizla bozunabilir. Bu nedenle, taze lateksin dogru kosullarda saklanmasi, ¢alisma yapilacag
zaman hizl1 davranilmasi 6nemlidir (Al-Snafi, 2017).

Bir diger yontem ise, solvent ekstraksiyonu ile lateksin igeriginde bulunan aktif bilesenlerin ¢oziicii
yardimiyla ekstrakte edilmesidir. Bu yontem, belirli bilesenlerin konsantre edilmesine ve
saflastirilmasina olanak tanirken, kullanilan organik ¢oziiciiler hiicresel toksisite olusturabileceginden
biyolojik deneylerde bazi kisitlamalara neden olabilmektedir (Castelli & Lopez, 2022).

Lateksin saklanmasinda diger bir yontem ise dondurarak kurutma (liyofilizasyon) teknigidir. Bu
yontemde, lateks icerigindeki su diisiik sicaklikta dondurularak uzaklastirilir ve boylece biyoaktif
bilesenlerin uzun siire stabil kalmasi saglanir. Ancak liyofilize edilmis lateks kati formda elde
edildiginden, deneylerde dozaj standardizasyonu giiclesir; uzaklastirilan kisimda lateks icerigini
zenginlestiren maddelerden kayip meydana gelebilir (Elshaafi et al., 2020).
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Bir diger alternatif yontem ise spray drying (plskiirterek kurutma) yontemidir. Bu teknikte, lateks
yiiksek sicaklikta piiskiirtiilerek kurutulur ve toz formuna getirilir. Ancak, yiliksek sicaklik maruziyeti
nedeniyle lateks icerigindeki bazi biyoaktif bilesenlerin zarar gorebilecegi bilinmektedir. Bu durum,
o0zellikle 1stya duyarli enzimler ve flavonoidler agisindan kayiplara yol agabilir (Rebai et al., 2023).

Gincel laboratuvar protokollerinde sivi formdaki lateksin kullanimina yonelik 6ne ¢ikan yontemlerden
biri, santrifiigasyon ile hiicresel artiklarin uzaklastirilmasini takiben membran filtrasyonu yoluyla
sterilizasyonun saglanmasidir. Bu siire¢ sonucunda elde edilen yar1 saydam siispansiyon, partikiil
icermemesi ve mikrobiyal kontaminasyon riskini minimize etmesi agisindan deneysel uygulamalarda
Onemli avantajlar sunmaktadir. Ayrica, ¢oziicii olarak dogrudan hiicre kiiltiirii ortamlarinin tercih
edilmesi, ek kimyasal ¢6ziicii kullanimina gerek birakmaksizin biyolojik sistemlerle yiiksek diizeyde
uyumlu bir uygulama olanagi saglamaktadir (Cakir, Bilge, Naughton, et al., 2023).

2.5. Cahismada Tercih Edilen Yontem

Calismada, lateks kullanimi i¢in karsilastirilacak yontemlerden liyofilizasyon yontemiyle kurutulmus
Ficus carica lateksi kullanilmistir. Liyofilizasyon iglemi su sekilde gergeklestirilmistir (Elshaafi et al.,
2020):

1. On Dondurma: -80°C'de 24 saat bekletilerek lateks igindeki serbest suyun donmasi
saglanmigtir.

2. Vakum Kurutma: Liyofilizator cihazinda diisiik basing altinda suyun siiblimlesmesi saglanmig
ve kuru lateks tozu elde edilmistir.

3. Saklama: Liyofilize edilmis lateks, hava ge¢irmez kaplarda -20°C’de muhafaza edilmistir

Liyofilize formdaki lateks, cesitli organik solventlerde ¢oziindiiriilerek hiicre kiiltiiriine uygun bir
preparat elde edilmesi hedeflenmistir. Bu amagla etil alkol, metil alkol ve aseton ¢oziicileri
kullanilmigtir (Sekil 3). Ancak yapilan islemlerde, lateksin yapisal 6zelliklerinden dolayr ¢ozeltide
homojen bir dagilim saglanamamis ve ¢oziicii iginde topaklanma veya ¢okme gozlemlenmistir. Ayrica,
bu solventlerin hiicre kiiltiirii deneylerinde kullanilmasi durumunda ortaya g¢ikabilecek sitotoksik etkiler
de g6z Oniine alindiginda, biyolojik analizlerde kullannrma wuygun bir yontem olarak
degerlendirilmemistir.

Bunun iizerine, ikinci bir yaklasim olarak dogrudan sivi lateksin ¢ozdiiriilmesi yontemi test edilmistir.
Bu yontemde sirasiyla etanol, metanol, aseton ve son olarak sadece hiicre kiiltiirii besiyeri (6rn. DMEM,
RPMI vb.) kullamilmistir. Organik c¢oziiciilerle yapilan ¢oziindiirme islemlerinde belirli olciide
homojenlik saglansa da, yine toksisite endisesi nedeniyle tercih edilmemistir. Buna karsin, besiyerinde
cozdiiriilen sivi lateks, ¢ozeltide tam homojenlik gostermis ve hiicre sagligini olumsuz etkileyecek
toksik bir etki olugturmamustir.

Bu nedenle calismada, sadece besiyerinde ¢ozdiiriilmiis sivi lateks formunun kullanilmasina karar
verilmistir. Sivi haldeki lateksin hiicresel kalintilardan arindirilmasi amaciyla santrifiigasyon
uygulanmig, ardindan membran filtrasyon yontemiyle sterilizasyon saglanmistir. Partikiil igermeyen ve
mikrobiyal kontaminasyon riski minimize edilen bu siispansiyon, ¢6ziicii olarak dogrudan hiicre kiiltiirii
ortaminda ¢oziindiiriilerek biyouyumlu bir sekilde ¢aligmada kullanilmigtir.
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Sekil 3. Lateks kullanim yontemleri. A. Liyofilize incir lateksi, B. Liyofilize incir lateksi + etanol, C.
Liyofilize incir lateksi + metanol D. Liyofilize incir lateksi + aseton; E. Incir lateksi + etanol, F. Incir
lateksi + metanol, G. Incir lateksi + aseton, H. Incir lateksi + hiicre besiyeri.

3. SONUC

Bu c¢alismada, Ficus carica bitkisinin beyaz orak tiiriinden elde edilen lateksin rahim agzi kanseri
hiicreleri iizerinde degerlendirilmek {izere uygun formda hazirlanmasi hedeflenmistir. Lateksin anti-
kanser potansiyelini test etmek i¢in dncelikle optimum toplama zamani ve yontemi belirlenmistir. Bu
kapsamda, lateksin biyoaktif bilesenlerini maksimum diizeyde igermesi amactyla, haziran ayinda Aydin
ilinde yetisen olgunlagsmamis meyvelerden, sabah erken saatlerde damla damla toplanmasi saglanmaistir.

Calismada biyolojik aktivitenin korunmasi ve uzun siireli saklama avantaji nedeniyle liyofilizasyon
(dondurarak kurutma) yontemi kullanilmistir. Liyofilize formda lateksin; etanol, metanol ve aseton
solventlerde ¢oziindiiriilmesinde istenilen homojenlik elde edilememistir. Ayrica kullanilan solventlerin
hiicre kiiltiirii ¢alismalarinda toksik olmayan doz aralig1 %1 kabul edildigi i¢in bu yontemin kullanimi
hiicre kiiltiirli caligmalarinda uygun bulunmamustir.

Calismada kullanilan diger bir yontem sivi lateksin dogrudan ¢ozdiiriilmesi hedeflenmis ve farkli
coziicliler denenmistir. Etanol, metanol ve aseton ile yapilan ¢oziindiirme islemlerinde homojenlik
saglanmasina ragmen, bu ¢oziiciilerin potansiyel toksik etkileri nedeniyle tercih edilmemistir. Besiyeri
(6rnegin DMEM) i¢inde ¢ozdiiriilmiis sivi lateks, hem ¢oziiniirliik hem de hiicre kiiltiirleriyle uyumluluk
agisindan en basarili sonuglar1 vermistir. Bu form, homojen yapida elde edilmis ve hiicrelerle dogrudan
temas edebilecek giivenli bir preparat haline getirilmistir.

Sivi formdaki lateks Once santrifiigasyonla hiicresel kalintilardan arindirilmig, ardindan membran
filtrasyon ile sterilize edilmistir. Elde edilen partikiilsiiz ve mikrobiyal kontaminasyon riski azaltilmis
siispansiyon, ¢oziicii olarak dogrudan hiicre kiiltlirli ortaminda ¢oziindiiriilerek biyouyumlu bigimde
kullanilmugtir.

Sonug olarak, bu ¢alisma, Ficus carica lateksinin uygun kosullar altinda toplanmasi, farkli yontemlerle
hazirlanmasi, santrifiyj ile ¢oktliirme yontemi ve filtrasyon islemi sonrasi ayrigtirilmis incir siitiiniin
¢Ozdiiriilmiis sivi formda, hiicre kiiltlirlerine uygun sekilde hazirlanmasinin, deneysel sistemlerde
kullanimi i¢in giivenli, etkili ve pratik bir yol sundugunu ortaya koymustur. Bu yaklagim, bitkisel
kaynakl1 anti-kanser ajanlarin arastirilmasinda 6nemli bir yontemsel katki sunmakta ve ileride yapilacak
biyolojik degerlendirmeler i¢in saglam bir zemin olusturmaktadir.
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Elde edilen bu sonuglar, Ficus carica lateksinin uygun ¢6zdiirme yontemleri ile c¢aligmaya
hazirlanmasinin deneysel basarinin temelini olusturdugunu ortaya koymaktadir. Gelecek asamada, bu
hazirlanan lateks formunun HelLa hiicre hatt1 {izerindeki sitotoksik etkileri, hiicre dongiisii iizerindeki
etkisi ve olas1 apoptotik yanitlar detayli sekilde degerlendirilecektir. Ayni farkli konsantrasyonlarla doz-
cevap iligkilerinin incelenmesi de planlanmaktadir.
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TUKETICI PERSPEKTIFINDEN TURKIYE’DE ELEKTRIKLIi ARACLAR VE SARJ
ISTASYONLARININ YETERLILiGi: ALGI VE GERCEKLIK

Kiibra Siimeyye Aldemir
Kocaeli Universitesi, Fen Bilimleri Enstitiisii, Elektrik Miihendisligi
ksaldemir@hotmail.com, ORCID: 0009-0009-5549-868X

Ozet

Glnliik yasamin ayrilmaz bir parcasi haline gelen tasitlar, tarih boyunca birden fazla degisimlere
ugramis ve 20.yiizyil sonu ve su anki yiizyilda elektrikli motor tipi araclar 6n plana ¢ikmistir. Ancak
onceki aragtirmalardan elde edilen bilgilere gore EA (elektrikli arag) hala sicak bakilmadig:
gorlilmiistiir. Bu aragtirmada ise Tiirkiye’de elektrikli araclar ve sarj istasyonlarmin tiiketici gbziinden
algilarini degerlendirip gergeklilikle karsilastirma yapmay1 amaglamaktadir. Arastirma kapsaminda 424
katilimciya gesitli sosyal medya mecralart araciligiyla ulasilarak Google Form iizerinden anket
uygulanmistir. Bu ankete katilan katilimcilarin cevaplar1 degerlendirilerek 372 katilimcinin cevaplari
SPSS Statistics programina yiiklenerek analiz c¢aligmasina katilmistir. Elde edilen bulgular
dogrultusunda, Enerji Piyasas1 Diizenleme Kurumu (EPDK) tarafindan yayimlanan gergek verilerle
karsilastirma yapilarak, elektrikli ara¢ sayisinin diger motor tipli araglara kiyasla neden daha diisiik
seviyelerde kaldig, tiiketici algis1 baglaminda agiklanmaya ¢aligilmistir

Anahtar Kelimeler: Elektrikli Araclar, Sarj Istasyonlarl, EPDK, SPSS, Tiiketici Algisi, Satin Alma
Niyeti

THE ADEQUACY OF ELECTRIC VEHICLES AND CHARGING STATIONS IN TURKEY
FROM THE CONSUMER PERSPECTIVE: PERCEPTION AND REALITY

Abstract

Vehicles, which have become an inseparable part of daily life, have undergone multiple changes
throughout history and electric motor type vehicles have come to the forefront at the end of the 20th
century and in the current century. However, according to information obtained from previous studies,
it has been seen that EV (electric vehicle) is still not looked upon favorably. This study aims to evaluate
the perceptions of electric vehicles and charging stations in Turkey from the perspective of consumers
and to compare them with reality. Within the scope of the study, 424 participants were reached through
various social media channels and a survey was conducted via Google Form. The answers of the
participants who participated in this survey were evaluated and the answers of 372 participants were
uploaded to the SPSS Statistics program and included in the analysis study. In line with the findings
obtained, a comparison was made with the real data published by the Energy Market Regulatory
Authority (EPDK) and an attempt was made to explain why the number of electric vehicles remains at
lower levels compared to other motor type vehicles in the context of consumer perception.

Keywords: Electric Vehicles, Charging Stations, EPDK, SPSS, Consumer Perception, Purchase
Intention

1. GiRiS

Insanoglunun tarihsel siirecine baktigimizda, yeniliklere acik ve siirekli gelisim gosteren bir yapiya
sahip oldugu goriilmektedir. Buna &rnek olarak dzellikle 18. yiizyilda ingiltere’de ortaya ¢ikan Sanayi
Devrimi sonrasinda bu gelisim ivme kazandig1 griilmiistiir. izleyen yillarda bilim insanlar1, atmosferde
meydana gelen sera etkisinin gezegenin sicakligini belirgin sekilde etkiledigini ve son yillarda yapilan
bilimsel aragtirmalarda atmosferdeki sera gazi yogunlugunun olmasi gerekenden fazla oldugu tespit
etmislerdir. Bu durumu uluslar kontrol altina almak amaciyla uluslararas1 diizeyde ¢esitli girisimlerde
ve anlagsmalarda bulunulmustur. Bu girisimler ve anlasmalar kapsaminda, Kyoto Protokoli ve Paris
Anlagmalar imzalanmustir.
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Tiirkiye, sera gazi emisyonlarini azaltma hedefi dogrultusunda 2016 yilinda Paris Anlagmasi’ni
imzalamis,7 Ekim 2021 tarihinde ise anlasmanin onaylanmasina iliskin kanun Resmi Gazete ’de
yayimlanarak yiiriirlige koymustur. (TBMM, 2021) Cumhurbaskani’n agiklamalar1 dogrultusunda
Tiirkiye, 2053 yilim net sifir karbon emisyon hedef yili olarak ilan etmis ve bu dogrultuda enerji
politikalarini yeniden sekillendirmistir. Bu hedefin getirdigi politikalardan bir olan elektrik motora sahip
araclar, gilinliik hayatta kullanimi vazgecilmez olan fosil yakitli araclarla yer degistirmesi icin
motivasyon kaynagi olmustur Elektrikli ara¢ kullaniminin yayginlastirilmasi hem de sarj altyapisinin
giiclendirilmesine amaciyla belli baglica tesvik ve destek mekanizmalari ge¢mis yillarda ve hala
yayginlagmasi i¢in glinlimiizde yapildig1 gorilmiistiir.

Bu politikalarm getirdigi tesvikler ve kaydedilen ilerlemeler sonucunda ilk somut adim 2010 yilinda
Istanbul Biiyiiksehir Belediyesi’nin Sarachane yerleskesinde hizmete alian elektrikli arag sarj istasyonu
ile atilmis olup, takip eden siiregte yerli iiretim odakli elektrikli ara¢ gelistirme girisimleri devlet
tarafindan desteklenmistir. 2023 yilinda yerli olup olmadigi hakkinda tartigsmalara s6z konusu olan milli
aracimiz TOGG’un, TOGG A.S yiiklenicisine devlet tarafindan iiretimini destekleyen tesvikler ve
destek mekanizmalar1 vererek piyasaya girmesine destek verdigi anlagilmistir
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Sekil 1: Trafige Kayitl Otomobillerin Yakit Cinsine Gore Dagilimi / Toplam EA (Elektrikli Arac)
Sayis1 (EPDK,2025)

Enerji Piyasasi Diizenleme Kurumu (EPDK) tarafindan yayinlanan “Sarj Hizmeti Piyasasi Aylik
Istatistikleri Nisan 2025” verilere gore Tiirkiye’de elektrikli arag sayis1 ve motor tiplerine gore verileri
gosterilmistir. Bu verileri yorumlarsak; Tiirkiye’de 2024 nisan ayinda toplam EA sayis1 106.736, 2025
nisan ayinda toplam EA sayis1 231.474 olup, toplam EA sayisinda yaklasik %116,89’luk bir artis ile
neredeyse iki katina ¢iktig1 goriilmiistiir. Boylece trafige ¢ikan EA Nisan’da sayis1 2024°den 2025°e
kadar artig oran1 yaklasik %24,83’tiir (EPDK,2025).

Toplam EA sayisi ile trafige ¢ikan EA sayisi arasindaki fark; bayilerde bekleyen, filo envanterinde
bulunan, yurt disina ihra¢ edilen, trafikten ¢ekilen veya hurdaya ayrilan araglardan kaynaklanmakta
olup, bu durum istatistiksel sapma olarak degerlendirilebilir.

Elektrikli araglarin Tiirkiye’deki ikinci el pazarindaki fiyatlandirmalari, aragtirdigim literatiir
caligsmalarinda da goriildiigii lizere kullanicilar agisindan 6nemli bir belirsizlik teskil etmektedir. Ancak
son yillarda bu araglara yonelik artan popiilarite ve kullanici ilgisi, ekonomik kosullarin da etkisiyle
bireyleri sifir ara¢ yerine ikinci el elektrikli ara¢ piyasasina yonelmeye zorlamistir. Bu da piyasanin
gecen yi1l Nisan aymin bu ayla kiyasladigimizda elektrikli araglarin %144,19 oraninda arttig
goriilmiistlir (indicata, 2025).
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Sekil 3: EVCIFY Gére Tiirkiye’de Sarj Istasyonlarinm il Bazinda Dagilimi1 (EVCIFY, 2025)
ekil 2: Soket Sayilarinin Karsilastiriimast ,
kil 2: Soket Sayil Karsil | EPDK,2025

Sekil 2’deki veri grafiginde ise Tiirkiye’deki AC-DC ve toplam soket sayisi gosterilmistir. 2024 ile 2025
Nisan aylarini karsilagtirmasi yaptigimiz da AC soket sayis1 %46,98, DC soket sayisi ise %98,01, toplam
soket sayist ise %64,61 oraninda artis oldugu goriilmistiir (EPDK,2025). Fakat bu soket sayilarinin
bolgesel olarak dagilimlarimi yukaridaki Sekil 3’de inceledigimizde 81 ilimizde homojen olarak
dagilmadigim goriiriiz (EVCIFY, 2025).

Bu homojen olmayan daglim nedeniyle, T.C. Sanayi ve Teknoloji Bakanlig1; EPDK tarafindan 2024
yilinda yayinlanan “Elektrikli Arag ve Sarj Altyapisi Projeksiyonu” dikkate aldigini belirterek 14 Nisan
2025 yilinda “Elektrikli Araglar icin Hizli Sarj Istasyonu Hibe Programi” yiiriirliige koymustur. Bu
programda dnemli olarak gordiigiimiiz ve kullanicinin menfaatine yonelik durum; iilke genelinde nerede
olursa olsun tiim elektrikli arac¢ kullanicilarina acik olacak sekilde hizli sarj istasyonlar1 ve liniteleri
kurulmasini saglamasidir. Ayrica, sarj istasyonlarinin sebeke ile entegrasyonunu desteklemek amaciyla
dagitim trafosu kurulumu ile yerli iiriin kullanim1 da hibe destegi kapsamina alindigi program
kapsaminda goriilmiistiir. Bu hibe programinda internet ortamindan 20 Haziran 2025 tarihine kadar
basvurusu yapilacagi ve projelerin tamamlanma siiresi 30 Eyliil 2026 tarihini gecmeyecek sekilde
olmas1 gerektigi aciklanmistir. Boylece programin hizlica faaliyete gegmesi planlanmaktadir. Bu hibe
programi1 kapsaminda, devlet tarafindan verilecek toplam biitce destegi 500 milyon TL olarak
belirlenmistir (STB,2025).

T.C. Ulastirma ve Altyap1 Bakanligi’nda bakan olan Abdulkadir Uraloglu’nun agiklamasina gore
elektrikli arag sarj istasyonlarinin yaklasik %70’inin sehir icinde konumlandigini séylemistir (UAB,
2025).

2. CALISMANIN YONTEMI

Bu arastirmada, 18 yasinda veya 18 yasini gegmis olan tiiketicilerin arag satin alimlarinda elektrikli arag
satin alimimi ve sarj istasyon kullanimini tercih edip etmeyeceklerini ve bu tercihi etkileyen faktorler
analiz edilmistir. Bu arastirmanin temel amaci Tirkiye’deki tiiketicilerin elektrikli araglar karsisindaki
algilar1 6l¢iimleyebilmektir. Elde edilen bulgular dogrultusunda, Enerji Piyasasit Diizenleme Kurumu
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(EPDK) tarafindan yayimlanan gercek verilerle karsilastirma yapilarak, elektrikli ara¢ sayisinin diger
motor tipli araglara kiyasla neden daha diisiik seviyelerde kaldigi, tiiketici algist baglaminda
aciklanmaya ¢aligilmistir,

Arastirma kapsaminda cesitli sosyal mecralardan 424 katilimciya ulasilmis ve Google Form araciligiyla
veri toplanmis ve formda yer alan sorulara verilen cevaplar dogrultusunda degerlendirmeler yapilmaistir.
Ancak katilimcilarda bazilarinin verdigi cevaplarda tutarsizliklar oldugu anlasilmis bu yilizden anket
sonuclarina ve degerlendirmelerine katilmamustir.

Etik ilkeler ve veri giivenligi kapsaminda, katilimcilara ait kimlik bilgileri hicbir sekilde toplanmamias;
yalnizca cinsiyet, yas, medeni durumu, ikamet edilen il, yasanilan bdlge, egitim durumu ve siiriicii
belgesi durumu gibi sinirh demografik veriler elde edilerek ¢alisma yapilmistir.

Bu aragtirmada, veri toplama asamasi oncelikle arastirmaya katilan katilimcilara, elektrikli otomobil
satin alma diisiincesinin olup olmadigi filtre soru olarak sorulmustur. Bu filtre soruda satin alma niyeti
yoksa neden satin alma fikri olmadig1 sorulmus ve geri kalan sorulari doldurmaya gerek olmadigi
belirtilmistir. Arastirmada verilen cevaplar IBM SPSS Statictis programina yiiklenerek analizi
yapilmistir. Programda olusturulan veriler analiz edilirken satin almaya niyeti olmayan kisilerin
doldurmaya gerek duymadiklar1 sorulara elektrikli ara¢ satin almay1 diisiinmiiyorum seklinde analiz
ettik.

Oveovew Data View

Sekil 4: Arastirmanin Modeli Sekil 5: SPSS’de Verilerin Gosterimi

2.1. Bulgular

Demografik degiskenlere ait bulgular asagidaki tablo ve grafikte gosterilmistir. Ankete katilan
katilimcilarin 372’inin cevaplar1 degerlendirmeye anlinmis olup bu katilimcilarin 192’si erkek 180’1
kadin oldugu anlasilmistir. Katilimeilarin yas dagilimlart incelendiginde yas ortalamasinin 45 yas alti
oldugu goziikmekte ve katilimei sayist en ¢ok olan grup 110 katilimeiyla 26-35 yas grubu oldugu
gorilmistir.

Katilimeilarin egitim durumlari incelendiginde, biiyiik bir cogunlugunun lisans ve iizeri diizeyde egitim
aldig1 goriilmektedir. Toplam 372 katilimcidan yalnizca %29°u lisans egitimi diizeyinin altinda bir
egitim seviyesine sahiptir. Bu veriler dogrultusunda, katilimeilarin yaklasik %71°1 yiliksekdgrenim
diizeyinde egitim aldig1 tespit edilmistir. Bu durum, arastirmaya katilan bireylerin genel olarak egitim
diizeyi ytiksek bir katilimc1 grubunu olusturdugunu gdstermektedir.

Katilimeilarin neredeyse tamamina yakim (%89,5) siirlicli belgesine (ehliyet) sahiptir. Katilimcilarin
biiylik bir ¢ogunlugunun siiriicii belgesine sahip olmasi, siiriis deneyimine sahip olduklar1 ve
otomobillere iligkin temel bilgi diizeylerinin bulundugu yoniinde bir kanaate varmamiza olanak
tanmimaktadir. Ayrica katilimeilarin bilyiik ¢ogunlugunun Marmara bolgesinde ikamet ettigi ve en fazla
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katiliminin Kocaeli ilinden oldugu bdylece bu arastirmada cografi dagilim acisindan agirlikli olarak
Marmara boélgesinde yogunlastigt anlagilmustir.

Tablo 1: Demografik Bilgiler

Demografik | Kategoriler | N | %
Degisken
Cinsiyet
Erkek 192 | 51,6
Kadin 180 | 48,4
Yas
18-25 yas 85 1228
26-35 yas 110 | 29,6
36-45 yas 83 1223
46-55 yas 68 | 17,7
Soyasve | e | 55
lizeri
Medeni Durum
Bekar 145 | 39,0
Evli 227 |1 61,0
Egitim Durumu
Hig egitim 0 0
almadim
Ilkokul 1 0,3
Ortaokul 16 | 43
Lise 53 | 14,2
On lisans 38 [ 10,2
Lisans
(Universite) 209') 56,2
Yiksek 44 (118
lisans
Doktora 11 3
Yasamilan Bolge
Sehir 232 | 62,4
merkezi
Ilce 130 | 34,9
Kirsal 10 | 2,7
Siiriicii Belgesi (Ehliyet)
Var 333 | 89,5
Yok 39 1105
ikametgih
Marmara | 5 | 54,3
Bolgesi
Ege Bolgesi | 35 | 94
l¢ Anadolu | 5y | 5 5
Bolgesi
K?radeplz 27 | 73
Bolgesi
Dogu
Anadolu 21 | 5,6
Bolgesi
Giiney
Dogu 10 | 2,7
Bolgesi
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Akdeniz
Bolgesi 211 5.6
Diger 5 1,3

2.2.Analizler

Bu calismada capraz tablo ve Ki-kare testi yapilmistir.Bu test sonuclarina bakarak katilimcilarin
elektrikli arac satin niyetleri ile elektrikli araclar1 tercih etmeme nedenleri arasindaki analiz sonucunda,
pearson ki-kare degeri X2(20) = 35.405 olarak hesaplanmis ve anlamhlik diizeyi p = .018
bulunmustur. Bu sonug, ilgili iki degisken arasinda istatistiksel olarak anlamli bir iligki bulundugunu
gostermektedir (p < .05).

Aynmi zamanda elektrikli ara¢ satin alma konusunda "Hayir, kesinlikle almam" yanitin1 veren 52
katilimcininin ise , EA tercih etmeme nedenleri ile satin alma tutumlari arasindaki iliski Pearson Ki-
Kare analizi ile incelenmistir. Yapilan analiz sonucunda, bu degiskenler arasinda istatistiksel olarak
anlaml1 bir iliski bulunmustur (¥*(16) =31.267, p =.012).

Bu katilimcilar arasinda en sik dile getirilen gerekceler arasinda batarya dmrii ve degisim maliyetleri (n
= 19) ile menzil yetersizligi (n = 12) 6ne ¢ikmaktadir. Ayrica “servis/bakim agina duyulan giivensizlik”
ve “teknolojiye giiven duymama” gibi unsurlar da karar siirecinde etkili olmustur.

Crosstan Chi-Square Tests
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Sekil 6: Pearson Ki-Kare ve ¢apraz tablo ile elektrikli arag satin niyetleri ile elektrikli araglar1 tercih
etmeme nedenleri (SPSS)
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Sekil 7: Pearson korelasyon sonuglar1 (SPSS)
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Yapilan Pearson korelasyon analizi sonucunda, elektrikli araglara yonelik genel memnuniyet ile siiriis
deneyimi arasinda bir iliski bulunmustur. (r = .457, p <.001). Ayrica, genel memnuniyet ile satin alma
diisiincesi arasinda pozitif yonli ve anlamli bir iliski tespit edilmistir. Fiyat algisi ile memnuniyet
arasindaki iligki ise oldukg¢a zayif olmakla birlikte anlamlidir.

Tablo 5. Katilimcilarin arag¢ se¢ciminde etkileyen faktorler

R e Tarsm 5| = A PR w Tanre Bl =

Turclh Tyt Deglatniads?

EukirSal Aragiars Pya Difssatiresd = | o= LT s s = =

% | Euhrst sngses Giraliy et Qinaas srachistan Daka Fasa = =
oL ——

-

Tablo 6: Anova analiz sonuglar1 (SPSS)

ANOVA
Sum of Mean Etki
Squares df Square F Diizeyi

Sarj istasyonlarinin soket ~ Between Groups 765,759 2 382,879 379,85 Biiyiik
sayisi ve tip (AC / DC) 3

tercihi benim i¢in énemlidir.
Within Groups 371,940 369 1,008

Total 1137,699 371
Sarj stiresinin elektrikli ara¢ Between Groups 901,363 2 450,681 779,41 (Cok Biiyiik
tercihinde benim i¢in 0
onemlidir.

Within Groups 213,368 369 ,578

Total 1114,731 371
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Sarj istasyonlarinda Between Groups 135,355 2 67,677 189,88 Biiyiik
uygulanan elektrik 9
fiyatlarinin sabit olmamasi,

elektrlkh arag tercih etme Wlthln Groups 131 ,5 14 369 ,356

kararimizi nasil etkiler? Total 266,868 371
Uzun yolculuklarda sarj Between Groups 924,205 2 462,103 779,72 Cok Biiyiik
istasyonlarina erisim 4
kolaylig1 benim i¢in —
Em— Within Groups 218,687 369 ,593
Total 1142,892 371
Elektrikli ara¢ satin alma ~ Between Groups 816,358 2 408,179 375,33 Biiyiik
kararimda sarj 9
istasyonlarinin tilke —
genelinde yeterli Saylda Within Groups 401,285 369 1,087

olmasi benim i¢in dnemlidir. 14 1217.642 371

Elektrikli ara¢ satin alma ~ Between Groups 872,176 2 436,088 460,15 Cok Biiyiik
kararimi etkileyen faktorler 2

arasinda sarj istasyonlarinin
konumu yasadigim yere

yakin 91@as1 benim i¢in il 1221,879 371
onemlidir.

Within Groups 349,703 369 ,948

Elektrikli ara¢ sahibiyseniz Between Groups 229,428 2 114,714 101,93 Orta-
ya da gelecekte satin almay1 2 Biiyiik
diisiiniiyorsaniz, kendi
kullaniminiz i¢in sarj tinitesi
kurulumu yapmay1 disinir within Groups ~ 415,270 369 1,125
miistiniiz?

Total 644,699 371

Aragtirmanin bu kisminda Tablo 6’da gdsterilen Anova analizi ile ulasilan bulgular yorumlandiginda
Cohen yorumlama 6lg¢egine gore eta-kare degeri incelenmistir. Cohen yorumlama tekniginde 0.01kiigiik,
0.06 orta, 0.14 + biiyiik olarak degerlendirilmektedir. Bahsettigim etki degeri tabloda gosterilmistir.

Bu Anova analizin sonuglarinda; elektrikli araglara iliskin altyap1 yeterliliginin ve kullanim kolayliginin
tiikketici davramislari {izerindeki etkisini acik¢a ortaya koymaktadir. Ozellikle sarj siiresi, uzun yolculuk
erisimi ve sarj istasyonlarinin konum/yeterlilik faktorleri, satin alma davraniglarin1 giiglii bigcimde
etkilemektedir.

Ayni zamanda katilimecilarin elektrikli ara¢ satin alma niyeti ile sarj istasyonlarin bulundugu konum
tercihleri arasinda gapraz tablolarin ki-kare (y?) testine dayali analiz yapilmis olup Pearson y*(12) =
359,710, p <,001 ortaya ¢ikmis boylece anlamli bir iligski oldugunu anlagilmistir. Boylece elektrikli arag
satin alma egilimi olan bireyler i¢in 6zellikle uzun mesafeli erisim alanlari (otobanlar) ve genel kullanim
alanlar1 (otoparklar, AVM’ler) 6ne ¢iktigi ve dogrudan iliskili oldugu goriilmiistiir.

Tablo 7: Anova analizi ile demografik bilgilerin EA satin almaya etkisi incelenmesi
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ANOVA
Sum of
Siuares df Mean Square F Sig
Medeni.Durum Between Groups 67 2 083 348 706
Within Groups 88,314 369 ,239
Total 88,481 371
Egitim.Durumu Between Groups 1,047 2 523 428 JBA2
Within Groups 451,523 369 1,224
Total 452 570 37
Yag Between Groups 935 2 467 308 735
Within Groups 550 958 369 1,618
Total 560,892 an
YaganianBdlge Between Groups 012 2 006 020 880
Within Groups 109,504 369 287
Total 109,516 an
Cinsiyet Between Groups 192 2 096 383 682
Within Groups 892,711 369 ,251
Total 92,903 kLA
SuricuBelgesi  Between Groups 005 2 003 028 973
Within Groups 34,906 369 095
Total 34,911 37

Tablo 7 ‘de verilen Anova analizindeki bulgular dogrultusunda degiskenler icin p> 0.05 oldugu
gorlilmektedir. Bu da istatistiksel olarak elektrikli ara¢ satin alma niyeti iizerinde Cohen’in 6nerdigi
siniflamaya gore istatiksel olarak anlamli bir etkisi olmadig1 goriilmiistiir.

Aragtirmada Anova analizine gore, katilimcilarin giinliik ara¢ kullanim mesafeleri ile elektrikli arac satin
almaya yonelik tutumlar1 arasinda belirli diizeylerde iliski gdzlenmistir. Ozellikle 0-20 km mesafeyi kat
eden bireyler, diisiik ortalama puan (x=2,37) ile elektrikli araclara gérece daha olumsuz yaklasmaktadir.
Buna karsin, 21-50 km gibi daha uzun mesafeleri giinliik olarak kullanan bireylerin elektrikli araglara
yaklagimi daha pozitiftir.

3. SONUC

Katilimcilardan genel olarak arag¢ satin almada hangi kriterlerin ne diizeyde 6nemli oldugunu belirten
sorularin cevaplandirilmast bu arastirmamizda istenmistir. Katilimecilarin elektrikli ara¢ satin alma
niyetinin 1,77 ortalamaya sahip oldugu goriilmiistiir. Bu da ¢ogunlugunun satin alma niyetinin oldugunu
gostermektedir. Ancak satin almaya niyeti olmayan 52 katilimciin tercih etmeme sebepleri
incelendiginde sadece ekonomik acisindan degil, ayni zamanda teknolojik gilivensizligin ve
stirdiirebilirlik kaygilarmin da oldugu katilimcilarin algisinda goriilmektedir. Bu aragtirmaya katilan
kullanicilarin elektrikli ara¢ kullanim deneyiminin diisiik oldugu goriilmiistiir. Cogunlukla elektrikli
ara¢ siiriiylis deneyimi yasayan kisileri baskasinin aracinda denedigi goriilmiis ve boylece siiriis
deneyiminin ortalamasi 2,82°dir. Bu da baskasinin aracindan siiriidiigii ya da hi¢ siirmedigini belirtir.
Yaptigimiz arastirmada bireylerin elektrikli arag siiriis deneyimlerine sahip olup olmamalarinin,
elektrikli arag satin alma kararlarin1 anlaml dl¢iide etkilemedigini gostermektedir.

Bu aragtirmada katilimcilardan elektrikli ara¢ almayi diistinenlerin %55,3’liik bir kesimi markanin yerli
olmasini 6nemsedigi ve Avcr’nin (2020) ¢alismasinda da %75 ile daha yiiksek oranda katilimcilarin
(yerli otomobil-elektrikli arag) satin alma niyetinin oldugu anlasilmistir. Arastirmanin dikkat ¢eken
bulgularindan biri, elektrikli ara¢ satin alma niyeti beyan eden katilimcilarin %49,1’inin yerli tiretim
olan TOGG T10X modelini tercih ettiklerini belirtmeleridir. Bu sonug, yerli markaya yonelik tiiketici
ilgisinin gii¢li bir sekilde devam ettigini ve TOGG’un yerli otomotiv pazarindaki algisal konumunun
yliksek oldugunu gostermektedir.

Katilimeilar igin elektrikli araglarin, i¢ten yanmali araglara gore daha giivenli oldugu yoniindeki ifadeye
katilim diizeyine incelendiginde 3,43 ortalama sahip oldugu anlasilmistir. Ancak elektrikli araglarin fosil
kaynaklara gore daha pahali oldugu bunun da satin almadaki katilimcilar tarafindan diistiniilmiis ve satin
alma niyeti ile anlamli bir etkisi vardir. Literatiirde ise, Degirmenci and Breitner’in (2017) ¢alismasinda
fiyat degerinin tutum araciligi ile satin alma niyetinde anlamli bir etkisinin oldugu bulunmus; Xu vd. nin
(2019) galigmasinda ise fiyat degerinin, anlaml bir etkisinin olmadig1 goriilmiistiir E.Kocagdz, C.S.igde
(2022).
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Aragtirmada ayrica cesitli degiskenler diislinlilerek gruplar arasinda elektrikli bir ara¢ satin alma
niyetinin farklilasip farklilagmadig1 ayrica sarj istasyonlarinin da etkisi olup olmadig1 incelenmistir.
Elde edilen analizlere gére demografik bulgularin satin almaya etkisi incelendiginde Cohen’in 6nerdigi
siniflamaya gore istatiksel olarak anlamli bir etkisi olmadigi ortaya ¢ikmistir. Literatiirdeki bazi
aciklamalar1 da mesela E.Kocagdz, C.S.Igde (2022) arastirmasinda ise bu durumdan farkli olarak
erkeklerin kadinlardan ve evli olanlarin da bekarlardan daha yiiksek bir satin alma niyetine sahip
olduklarini belirtmigtir. Ancak bagka caligmalarda mesela Giiller’in (2021) calismasinda demografik
bulgularin satin almaya etki etmedigi anlasilmistir. Bu durumda yaptigimiz arastirmamizda Giiller’in
arastirmasini desteklemistir.

Bu arastirma literatiire cesitli acilardan onemli katkilar saglamaktadir. Ozellikle Tiirkiye’de yeni
gelismekte olan bu pazarda, tiiketicilerin nasil bir algilar1 oldugu incelenmis ve buna gore nasil elektrik
araclar satin almada sarj istasyonlarinin etkisi de anlasilmistir. Bu arastirmaya katilan bireylerin biiyiik
bir cogunlugunun elektrikli ara¢ satin almaya yonelik olumlu bir egilim gosterdigi gozlemlenmistir.
Bununla birlikte, katilimcilarin yanitlarinda, elektrikli arag teknolojilerine iliskin bazi belirsizliklerin ve
soru isaretlerinin halen varligini siirdiirdiigii anlagilmaktadir. Bu durum, EPDK tarafindan yayinlanan
giincel verilerle de rtiismekte olup; potansiyel kullanicilarin ilgisine ragmen, elektrikli arag satiglarinda
beklenen artigin sinirli kalmasinin temel nedenlerinden biri olarak degerlendirilebilir. Yapilan
aragtirmalarda elektrikli araglara kars1 hala bir 6nyarginin oldugunu anlayabiliriz.

Son olarak, ¢alismada olasilikli 6rnekleme yontemi kullanilmadigindan, bu verilerin Tiirkiye’deki tiim
tiikketicileri temsil etmedigi unutulmamalidir.
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