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Abstract

The rapidly increasing demand for data processing and storage has made
data centers one of the largest global energy consumers. This study proposes
a hybrid energy management model that integrates diesel generators, solar
panels, and wind turbines to optimize energy consumption in data centers.
The developed system utilizes the Internet of Things (loT) infrastructure
and Artificial Intelligence (Al)-based machine learning algorithms to
adapt to varying climatic conditions. Real-time data collected from loT
sensors—such as weather parameters, battery charge levels, and energy
production rates—are processed using algorithms including Support
Vector Classifier (SVC), Random Forest (RF), AdaBoost, Logistic
Regression (LR), and Naive Bayes (NB), enabling autonomous and highly
accurate energy source management. Simulations conducted in MATLAB
and Python show up to a 20% reduction in energy consumption, a 15%
decrease in operational costs, and a 50.1% increase in renewable energy
utilization. In addition to supporting environmental sustainability, the
proposed system enhances reliability under variable weather conditions,
offering an intelligent and practical solution for data centers located in
regions with renewable energy potential, such as Istanbul.

Keywords: Artificial Intelligence, Internet of Things, Data Mining, Energy
Consumption, Machine Learning, Renewable Energy Sources
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Farkl iklim kosullar1 altindaki veri merkezlerinde
enerji yonetimi icin Hibrit IoT ve Al tabanl ¢oziim

Ozet

Hizla artan veri isleme ve depolama talebi, veri merkezlerini diinyanin
en biiyiik enerji tiiketicilerinden biri haline getirmistir. Bu ¢aligsma, veri
merkezlerinde enerji tiiketimini optimize etmek icgin dizel jeneratorler,
giines panellerive riizgar tiirbinlerini entegre eden bir hibrit enerji yonetim
modeli onermektedir. Gelistirilen sistem, degisen iklim kosullarina uyum
saglamakicin Nesnelerin Interneti (IoT) altyapisi ve Yapay Zeka (Al) tabanli
makine ogrenimi algoritmalarini kullanmaktadwr. loT sensorlerinden
toplanan gercek zamanli veriler (hava durumu parametreleri, pil sarj
seviyelerive enerji tiretim oranlari gibi) Destek Vektor Siniflandirict (SVC),
Rastgele Orman (RF), AdaBoost, Lojistik Regresyon (LR) ve Naive Bayes
(NB) gibi algoritmalar kullanilarak islenir ve bu da otonom ve son derece
dogru enerji kaynagi yonetimini miimkiin kilar. MATLAB ve Python'da
vapilan simiilasyonlar, enerji tiiketiminde %20've varan azalma, isletme
maliyetlerinde %15 'lik diisiis ve yenilenebilir enerji kullaniminda %50, 1'lik
artis oldugunu gostermektedir. Onerilen sistem, ¢evresel siirdiiriilebilirligi
desteklemenin yanm swra, degisken hava kosullar: altinda giivenilirligi
artirarak, Istanbul gibi yenilenebilir enerji potansiyeli olan bélgelerdeki
veri merkezleri i¢in akilli ve pratik bir ¢oziim sunmaktadir.

Anahtar kelimeler: Yapay Zekd, Nesnelerin Interneti, Veri Madenciligi,
Enerji Tiiketimi, Makine Ogrenimi, Yenilenebilir Enerji Kaynaklari.
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Introduction

The rapid proliferation of digital transformation, cloud technologies,
and artificial intelligence applications has significantly increased global
demand for data processing and storage. As a result, data centers have
become one of the primary consumers of electricity worldwide. Recent
studies indicate that data centers are responsible for approximately 2%
of global electricity consumption, a figure expected to rise steadily in the
coming years. This growing demand poses serious challenges not only in
terms of operational costs but also in terms of environmental sustainability.
In the context of Tiirkiye, the heavy reliance on fossil fuels for electricity
generation and the high dependency on imported energy further amplify the
need for sustainable energy management in energy-intensive facilities such
as data centers. The integration of renewable energy sources—particularly
solar and wind power—into data center operations presents a promising
solution to this issue. However, the intermittent and variable nature of
these resources makes ensuring a reliable energy supply challenging.

To address these challenges, this study proposes a hybrid energy
management system that integrates renewable energy sources, diesel
generators, and uninterruptible power supplies (UPS) into a unified
architecture. This structure is governed by a decision-making mechanism
powered by artificial intelligence and supported by Internet of Things
(IoT) technologies. Utilizing real-time environmental data, the model
autonomously determines the optimal energy source through machine
learning algorithms, enhancing both operational efficiency and
environmental performance.

The proposed system is particularly well-suited for data centers located
in regions such as Istanbul, which possess high potential for both solar
and wind energy. It offers an intelligent and adaptive solution capable
of maintaining energy efficiency and reliability under dynamic climatic
conditions.

Related Works

The optimization of energy consumption in data centers has been
extensively studied in recent years, driven by advances in renewable
energy systems, machine learning (ML) algorithms, and Internet of Things
(IoT) technologies. The existing literature can be broadly categorized into
four areas: (1) integration of renewable energy sources, (2) application of
ML for energy forecasting, (3) loT-based monitoring and control, and (4)
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hybrid models combining Al, IoT, and renewable strategies.

Renewable energy integration

Several studies have explored how renewable sources such as solar and
wind energy can be integrated into data centers to reduce both operational
costs and environmental impact. He et al. proposed a hybrid power model
using multi-objective optimization with diesel backup. Roy et al. examined
the efficiency of solar-diesel configurations under fluctuating demand,
while Zhang et al. developed an advanced cooling system tailored for
renewable-powered data centers.

Machine learning for energy forecasting

ML-based forecasting techniques have shown promising results in
largescale, dynamic systems. Deepika and Prakash used learning models to
predict power consumption in cloud environments, and Lee et al. proposed
a deep learning model enhanced by edge computing. Other researchers,
including Merizig and Smith, applied various ML algorithms to forecast
energy demand in unstable operational conditions.

loT-Based Monitoring and Optimization

IoT infrastructures allow real-time tracking and adaptive control of energy
flows. Mehta, Liu, and Ramphela developed IoT-enabled systems for
improving energy efficiency in data centers and smart buildings through
real-time analytics and smart temperature regulation.

Hybrid Architectures Combining Al and IoT

The integration of Al with IoT sensor networks has become increasingly
popular in developing autonomous and flexible energy management
solutions. Zhou and Kaur proposed intelligent infrastructures for resource
optimization in data centers, while Kaya et al. applied edge-based anomaly
detection to enhance weather forecasting and energy scheduling.

Unlike prior works, the present study introduces a unified, self-regulating
system that integrates Al-driven forecasting with real-time IoT data to
dynamically allocate energy resources. This approach fills a notable gap
in the literature and offers a scalable, adaptive solution for data centers
operating under diverse environmental conditions.

Proposed Model
The proposed model is based on a hybrid architecture that integrates
renewable energy sources, conventional diesel generators, and loT-based
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monitoring systems under the supervision of machine learning algorithms.
This architecture is organized into three conceptual layers: sensing,
processing, and decision-making. Environmental parameters such as
temperature, humidity, wind speed, and solar radiation are captured in real-
time through distributed IoT sensors. These data points are then processed
by a central computing unit to forecast energy demand and allocate power
sources accordingly.

As illustrated in Figure 1, the architecture includes rooftop solar panels and
wind turbines for clean energy generation, along with a diesel generator
used for backup purposes. The generated energy is initially stored in
uninterruptible power supply (UPS) systems before being distributed to
meet the data center’s demand. The control logic of the system prioritizes
renewable energy when weather conditions are favorable, while diesel
generators are activated only when renewable sources are insufficient.

J (=]
ule i
e g B
olar pane |['\_)[,EI:E€I’"'
loT Sensor _,‘ computer

, managment

ah W

a_n /

wind
generation

=

Diese

Inverter Unit energy storage

Diesel Generator Data Center

Fig. 1. Proposed hybrid loT and Al-based energy management system
for data centers.

The data used in this study were obtained from a simulation of a medium-
sized data center located in Istanbul. The dataset comprises hourly
measurements collected over a two-year period, resulting in 17,520
records for each feature. It includes meteorological parameters such as
temperature (°C), wind speed (m/s), and solar radiation (kW/m?), along
with operational indicators including battery charge levels (%), energy
generation from each source (kWh), and total energy consumption (kWh).
To capture temporal variations in energy behavior, time-related features
such as hour, day, and season were also incorporated.
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To prepare the dataset for training machine learning models, anormalization
step was applied using the min-max scaling technique. This method
transforms each feature value xx into a normalized value x'x" within the
range [0, 1], based on the following formula [1]:

x' = (xpdf x_min) / (x_max - Xx_min) (D)

This preprocessing step enhances numerical stability and accelerates
model convergence. Additionally, feature engineering techniques such as
moving averages and lag variables were applied to improve the detection
of temporal patterns in the dataset [17].

For the hardware implementation of the data acquisition system, multiple
sensors and modules were integrated to ensure real-time monitoring and
measurement accuracy. Environmental parameters such as temperature,
atmospheric pressure, and humidity were captured using the BME280
sensor module—a compact and efficient component widely utilized in
embedded systems for weather-related applications (as shown in Figure
2). This sensor provided high-resolution data with minimal power
consumption, making it well-suited for continuous monitoring within the
data center environment.

Fig. 2. BME280 sensor used for temperature, pressure,
and humidity measurement [19]

To ensure consistent time-synchronized data collection, the DS1302
real-time clock (RTC) module was employed. This component enabled
accurate timestamping of each sensor reading, thereby maintaining
temporal consistency across multiple data streams (as illustrated in Figure
3). Its internal battery backup made it particularly valuable during power
interruptions, allowing it to preserve timing functionality even when the
main power supply was unavailable.
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Fig. 3. DS1302 real-time clock module for synchronized
data acquisition [19]

The ESP32 microcontroller served as the central processing unit for
the entire sensing layer. This module facilitated data acquisition, initial
processing, and the wireless transmission of sensor data to the main server.
Its dual-core architecture and built-in Wi-Fi capability made it a cost-
effective yet powerful platform for real-time IoT applications in energy
management (as shown in Figure 4).

Fig. 4. ESP32 microcontroller used for sensor data aggregation and
wireless transmission [20]

In the proposed model, a range of supervised learning algorithms were
employed to perform classification and regression tasks. Specifically,
Support Vector Classifier (SVC), Random Forest (RF), AdaBoost, Logistic
Regression (LR), and Naive Bayes (NB) were selected due to their
proven effectiveness in energy forecasting and control scenarios. These
models were trained to achieve two primary objectives: (i) classify the
optimal energy source (e.g., solar, wind, or diesel) based on weather and
operational inputs, and (i1) predict hourly energy consumption rates under
dynamic conditions. All models were implemented using Python’s Scikit-
learn library.

To ensure optimal performance, hyperparameter tuning was conducted
using a grid search procedure combined with 5-fold cross-validation.

ABMYO Dergisi - Yil 20 Say1 72 - Aralik - 2025 (107 - 124) 113



Hybrid IoT and Al-based solution for energy management in data centres under various climate
conditions

For classification tasks, performance metrics such as accuracy, precision,
recall, and F1-score were used. For regression tasks, Mean Absolute Error
(MAE) and Root Mean Squared Error (RMSE) were calculated to assess
prediction accuracy.

The system was designed to meet three core objectives: minimizing energy
consumption, reducing operational costs, and enhancing system reliability.
Energy efficiency was modeled by minimizing total energy usage over
time. Cost reduction was addressed by considering the real-time cost of
each energy source, represented as a weighted sum of energy produced
from solar, wind, and diesel. Reliability was maintained by ensuring that
the UPS battery charge remained above a critical threshold at all times,
preventing outages during peak loads or renewable shortages.

Simulations were conducted using a hybrid modeling approach: MATLAB
was used to simulate the physical behavior of the energy system, including
energy flow between sources, storage, and loads, while Python handled the
implementation and evaluation of machine learning models. To validate
the system’s robustness, multiple scenarios were tested, including seasonal
variations (e.g., summer vs. winter), sudden weather disruptions (e.g.,
storms or low-radiation days), and component failures (e.g., solar panel
malfunctions). Each scenario assessed the model’s ability to adapt its
energy allocation strategy in real time.

Through evaluations under these variable and realistic conditions, the
system’s adaptability and resilience were confirmed, demonstrating its
potential to enhance energy efficiency and cost savings in data centers
operating in regions with fluctuating environmental conditions.

3.1. Simulation Results

The performance of the proposed energy management system was
evaluated through a series of simulations conducted using MATLAB
and Python. These simulations were designed to assess the model’s
effectiveness under various climatic and operational scenarios and to
benchmark its performance against baseline configurations and models
from existing literature. Historical data spanning two years—comprising
weather variables, energy production metrics, and system load profiles—
were utilized from a medium-scale data center located in Istanbul.
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Table 1. Comparison of previous works

Model Energy Sources RP (%) | LCOE Storage
($/kWh) | (kWh)
Proposed Model | Wind, Solar, Diesel, UPS | 50.1 0.21 6000
Baseline Model | Wind, Solar, Diesel, UPS [44.5 0.23 4000
Study [12] Wind, Diesel 30.2 0.27 3000
Study [13] Solar, Diesel 20.5 0.30 2500

Table 1 compares key attributes of the proposed model, baseline model,
and previous studies. The proposed model achieves the highest renewable
penetration rate (50.1%), lowest LCOE ($0.21/kWh), and the largest
storage capacity (6000 kWh). This combination reflects its ability to
optimize both cost and sustainability.

One of the key performance indicators was the Renewable Energy
Penetration Rate (RP), which measures the proportion of total energy
demand met by renewable sources. The proposed model achieved an RP of
50.1%, significantly surpassing the baseline model’s 44.5% as well as the
values reported in prior studies (30.2% and 20.5%). This improvement is
attributed to the system’s intelligent forecasting and proactive prioritization
of energy sources, which enable the optimized utilization of solar and
wind resources ahead of real-time demand. As a result, reliance on diesel
generators is minimized during periods of suboptimal weather conditions.

Renewable Penetration Rate by Model

Renewable Penetration Rate (%)

o
Q@Q o

Model

Fig. 5. Renewable energy penetration rate comparison among models.
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Figure 5 compares the renewable energy penetration rate among the
proposed model, the baseline model, and previous studies. The proposed
model achieves the highest penetration rate at 50.1%, outperforming
the baseline (44.5%) and other configurations (30.2% and 20.5%). This
improvement is due to accurate weather forecasting and intelligent
prioritization of renewable sources, which minimizes diesel generator
usage during unfavorable conditions.

Table 2. Renewable Energy Penetration Rate

Model Renewable Penetration (%)
Proposed Model 50.1
Baseline Model 44.5
Study [12] 30.2
Study [13] 20.5

Table 2 provides numerical values of renewable energy penetration rates.
The proposed model’s rate of 50.1% confirms its superior utilization
of renewable resources, reducing fossil fuel dependency and lowering
environmental impact.

Another key metric was the Levelized Cost of Energy (LCOE), which
represents the average cost per kilowatt-hour of energy produced over
the system’s lifetime. The proposed model achieved a lower LCOE of
$0.21/kWh, outperforming the baseline model ($0.23/kWh) and prior
configurations, which ranged from $0.27 to $0.30/kWh. These cost
reductions are primarily attributed to efficient energy source scheduling,
increased utilization of renewable resources, and reduced dependence on
expensive diesel generation. Additionally, the strategic control of battery
charging and discharging cycles further contributed to operational savings.

116



Alireza Esmaili JOBANI, Siikrii Mustafa KAYA

Levelized Cost of Energy by Model

LCOE ($/kWh)

Model

Fig. 6. Levelized Cost of Energy (LCOE)

Figure 6 illustrates the Levelized Cost of Energy across different models.
The proposed model achieves the lowest LCOE of $0.21/kWh, which is
a significant reduction compared to the baseline ($0.23/kWh) and prior
studies ($0.27-$0.30/kWh). This cost advantage results from optimized
scheduling, better utilization of renewable resources, and reduced
dependency on diesel generation.

Table 3. Levelized Cost of Energy

Model LCOE ($/kWh)
Proposed Model 0.21
Baseline Model 0.23

Study [12] 0.27
Study [13] 0.30

Table 3 presents the LCOE values for each model. The proposed model’s
lower cost compared to all others demonstrates the economic benefits of
intelligent scheduling, precise load forecasting, and efficient battery use.

In addition to static performance metrics, the system was tested under
dynamic scenarios, including seasonal variations, sudden weather
changes, and partial equipment failures. Three key indicators were used
to summarize dynamic performance: reduction in energy consumption,
improvement in operational cost, and increase in system reliability. The
proposed model demonstrated a 20% decrease in energy usage, a 15%
reduction in operational costs, and a 25% enhancement in reliability—
outperforming the baseline model in each category. These improvements
highlight the strength of the Al-driven decision-making engine and its
ability to adapt in real time to changing conditions.
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Energy Storage Capacity by Model
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Fig. 7. Energy storage capacity across models.

Figure 7 presents the energy storage capacity comparison. The proposed
model offers a capacity of 6000 kWh, higher than all other configurations.
This increased storage enhances system resilience, enabling the data center
to handle production fluctuations and maintain stability during component
failures or peak demand.

Table 4. Energy Storage Capacity

Model Storage Capacity (kWh)
Proposed Model 6000
Baseline Model 4000
Study [12] 3000
Study [13] 2500

Table 4 compares energy storage capacities across models. The proposed
model’s higher capacity enables better management of renewable
fluctuations and ensures uninterrupted supply to meet demand.

Beyond static performance assessments, the system was evaluated
under dynamic conditions, including seasonal fluctuations, abrupt
weather changes, and partial equipment failures. To summarize dynamic
performance, three key metrics were considered: reduction in energy
consumption, improvement in operational costs, and enhancement of
system reliability. The proposed model achieved a 20% decrease in
energy usage, a 15% reduction in costs, and a 25% increase in reliability,
consistently outperforming the baseline model in all aspects. These results
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underscore the effectiveness of the Al-based decision-making engine and
its capability to adapt in real time to varying operational environments.

Simulation Metrics Comparison

25| B Proposed Model
= Base Paper Model

20

Percentage (%)

Metric

Fig. 8. Simulation metrics: energy consumption, cost, and reliability
comparison

Figure 8 compares three key performance metrics: energy consumption
reduction, operational cost reduction, and reliability improvement. The
proposed model outperforms the baseline in all three, achieving 20% less
energy consumption, 15% lower costs, and 25% higher reliability. These
improvements stem from the Al-based real-time decision-making process
supported by loT sensor data.

Table 5. Simulation Metrics Comparison

Indicator | Proposed Model (%) | Baseline Model (%) | Improvement
Energy
Consumption 20 15 +5
Reduction

Operational
Cost 15 10 +5
Reduction

System
Reliability 25 20 +5
Increase
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Table 5 summarizes performance improvements in energy consumption,
operational costs, and reliability. The proposed model’s consistent
superiority in all three metrics highlights its operational and economic
advantages.

The combined results of all performance indicators are presented in
Figure 9, highlighting the cumulative benefits of the proposed system.
By integrating IoT-based environmental sensing, machine learning-based
forecasting, and adaptive control mechanisms, the model offers a unified
solution for energy management in data centers. It effectively balances
operational efficiency, cost-effectiveness, and system resilience, making it
well-suited for deployment in regions facing diverse climatic challenges.

Combined Impact Analysis

24

22

20f

Improvement (%)

181

16

Energy Consumption Reduction Cost Improvement Reliability Increase
Metric

Fig. 9. Combined effect of the proposed model on energy, cost,
and reliability.

Figure 9 summarizes the combined benefits of the proposed system. By
integrating loT-based sensing, Al-driven forecasting, and adaptive control
strategies, the model enhances energy efficiency, cost-effectiveness, and
reliability simultaneously, making it suitable for deployment under diverse
climatic conditions.

Discussion and Conclusion

The simulation outcomes of this study provide strong evidence for the
effectiveness of the proposed hybrid energy management system in data
centers. One of the system’s most significant strengths is its ability to
maximize the use of renewable energy without compromising operational
reliability. Achieving a renewable penetration rate of 50.1% reflects the
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model’s capacity to proactively forecast weather conditions and allocate
energy sources accordingly. Unlike conventional reactive systems, the
integration of machine learning enables predictive control that prioritizes
solar and wind power before shortages occur, contributing to observed
improvements in both sustainability and cost-efficiency.

The economic viability of the system is further supported by the reduction
in the Levelized Cost of Energy (LCOE) to $0.21/kWh—Ilower than
both the baseline and comparable literature-based models. This cost
advantage results from intelligent scheduling, optimized battery usage,
and minimized reliance on diesel generators. Al-driven classifiers and
regressors enhance decision-making accuracy and reduce unnecessary
energy waste, translating into lower operational expenses.

A notable technical advantage is the achieved energy storage capacity of
6000 kWh, which plays a critical role in system resilience. This capacity
enables the system to absorb unexpected fluctuations in renewable
generation and sustain performance during peak demand or component
failures. Compared to alternative models with lower storage capacity,
the proposed system demonstrates greater fault tolerance and operational
continuity—an essential factor in data center environments.

Dynamic performance metrics, including a 20% reduction in energy
consumption, 15% cost savings, and a 25% improvement in reliability,
underline the system’s robustness under variable real-world conditions. The
ability to adapt to seasonal shifts, sudden weather changes, and equipment
malfunctions demonstrates the strength of the real-time optimization loop
driven by continuous IoT feedback and adaptive learning mechanisms.

Despite these advantages, several limitations must be acknowledged. The
initial cost of deploying an integrated IoT and Al-based infrastructure
remains a significant barrier. Although long-term savings are evident,
upfront investments in hardware, training, and system integration may
hinder widespread adoption. Additionally, the effectiveness of the
predictive algorithms is highly dependent on the granularity and accuracy
of weather data; errors in forecasting can propagate and reduce overall
efficiency.

To address these limitations, future work should focus on incorporating
real-time weather APIs, implementing reinforcement learning for
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continuous control refinement, and utilizing edge computing technologies
to minimize latency in decision-making. These improvements would align
with broader sustainability goals and enhance the model’s adaptability,
reliability, and commercial scalability—especially in regions with variable
solar and wind conditions.

In conclusion, this study introduced a hybrid energy management
architecture that combines [oT-based sensing, machine learning algorithms,
and renewable energy systems for real-time energy optimization in data
centers. The model's predictive capabilities, intelligent control logic, and
modular design offer a practical and scalable solution for reducing fossil
fuel dependency and enhancing energy sustainability in high-demand
environments.
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Ozet

Giintimiizde fonksiyonel gidalara olan ilginin artmasiyla saglik iizerine
yvararl etkiler saglayan propolis, bal arilari tarafindan iiretilen recinemsi
bir yapidir. Bu yapt kovant dis faktorlere karsi korumaktadwr. Propolisin,
Alecrim, Akdeniz, Hus Agaci, Pasifik, Kirmizi, Kavak ve Clusia gibi,
hus ve kavak agac¢larimin yapilarindan elde edilen ¢esitleri bulunmakta
olup bulunmakta olup, propolis iiretiminde Brezilya diinya ¢apinda
ilk sirada yer almaktadr. Propolis beslenmede dogal koruyucu yapi
olarak yer alarak besinlerin raf omriinii uzatma, mikroorganizmalarin
cogalmasini onlemede yer almaktadwr. Propolisin igeriginde; regineler,
organik maddeler, polenler, balzamlar, yag asitleri gibi maddeler yer
almaktadir. Iceriginde en c¢ok recineler bulunmaktadir. Propolisin
icerigine bagli olarak inorganik bilesikler, kumarinler, steroidler, kinonlar
ve polifenoller bulunmaktadw. Polifenoller, propolisin tadi, kokusu,
renginin belirtilmesinde one ¢ikmaktadir. Propolis magnezyum, kalsiyum,
bakir, demir minaralleri C, A, E, B1 vitaminleri, amino asitler, yag asitleri
agisindan zengin bir besindir. Bireyler i¢in giivenli doz miktari 1,4mg/kg
viicut agirligi/giin yaklasik 70mg/giin’diir. Giivenli araliklarda propolis
tiiketiminin toksik etki yaratmayacagi belirtilmistir. Hamileler ve emziren
anneler i¢in giivenilir dozu tam olarak agiklanmamigtiv. Propolisin
vapisinda en ¢ok polifenol grubu olan flavonoidler bulunmaktadir. Bu
vapilar propolisin antiinflamatuvar, antifungal, antibakteriyel, antiviral,
antimikrobiyel, antiparaziter vb. biyolojik aktivite gostermelerini
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saglamaktadir. Propolisin biyolojik aktivitelerinin insan saglig tizerinde
antikanser, antidiyabetojenik etkileri vardir. Ayrica norolojik hastaliklar
lizerine, sindirim sistemi hastaliklar:, yara iyilesmesinde, dolasim
sistemi hastaliklary, bagisiklik sistemi vb. bir¢ok saglik sorunlari iizerine
etkilerinden bahsedilmektedir.

Anahtar Kelimeler: Propolis, Fonksiyonel gida, Beslenme, Saglik

Effects of propolis, a functional food, on nutrition
and health

Abstract

Propolis, a resinous structure produced by honeybees, offers beneficial
health benefits with the increasing interest in functional foods. This
structure protects the hive from external factors. There are varieties
of propolis obtained from birch and poplar trees, such as Alecrim,
Mediterranean, Birch, Pacific, Red, Poplar, and Clusia, and Brazil ranks
first in propolis production worldwide. Propolis serves as a natural
preservative in nutrition, extending the shelf life of foods and preventing
the proliferation of microorganisms. Propolis contains substances such
as resins, organic matter, pollen, balsams, and fatty acids. Resins are
the most abundant. Depending on the composition of propolis, inorganic
compounds include coumarins, steroids, quinones, and polyphenols.
Polyphenols are prominent in determining the taste, smell, and color of
propolis. Propolis is rich in magnesium, calcium, copper, and iron, as well
as vitamins C, A, E, and Bl, amino acids, and fatty acids. The safe dose
for individuals is 1.4 mg/kg body weight/day (approximately 70 mg/day).
1t has been stated that consuming propolis within safe limits will not cause
toxic effects. The safe dose for pregnant and breastfeeding mothers has not
been fully established. Propolis contains the most abundant polyphenol
group, flavonoids. These structures enable propolis to exhibit biological
activities such as anti-inflammatory, antifungal, antibacterial, antiviral,
antimicrobial, and antiparasitic. Propolis’s biological activities have
anticancer and antidiabetogenic effects on human health. Its effects on
many health problems, including neurological diseases, digestive system
diseases, wound healing, circulatory system diseases and the immune
system, are also discussed

Keywords: Propolis, Functional food, Nutrition, Health
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Giris

Fonksiyonel gidalar, bireyin sagliginin gelistirilmesinde ve hastaliklarin
onlenmesinde kullanilan, tablet seklinde olmayan ve besin takviyesi olarak
kullanilmayan yapilardir ve bu besinlere olan ilgi zamanla artmaktadir
(Kudret ve Kiling, 2020). Fonksiyonel gida ¢esitlerinden biri olan propolis
ar1irinii olup, Yunanca olan pro ve polis kelimelerinden ortaya ¢ikan sehrin
lehine ya da sehrin giris kapisi anlaminda kullanilmaktadir (Przybytek
ve Karpinski, 2019; Hossain ve ark., 2022). Propolis, bitkilerden elde
edilen sakizimsi bir yapida olan, arilar tarafindan kovani diismanlara yani
yabanci ajanlara karsi savunmak icin kullanilan bir fonksiyonel gidadir
(Hossain ve ark., 2022). Alecrim, Akdeniz, Hus Agaci, Pasifik, Kirmizi,
Kavak, Clusia adinda yedi ¢esit propolis bulunmaktadir (El-Guendouz
ve ark., 2019). Cogunlukla hus ve kavak agag¢larinin kabuk ve tomurcuk
boéliimlerinden regineleri meydana gelmektedir (Anjum ve ark., 2019).
Ar1 triinleri arasinda 6zellikle propolis iiretimi basta olmak {izere, ar1 ile
iligkili maddelerin tiretiminde Brezilya oncli konumdadir (Przybytek ve
Karpinski, 2019). Propolis iiretiminde is¢i arilar, agaclarin yapisindan
topladiklar1 regineleri mum, polen ve enzimlerle birlestirerek 6zel bir
karisim olustururlar (Anjum ve ark., 2019). Bu durum propolisin bir¢ok
gorevde yer almasini saglamaktadir. Arilar, propolisi koloninin temel
maddesi olarak; kararli igyapiyr korumak, hava akimini stirdiiriilebilir
kilmak, girdap olusumunu 6nlemek ve c¢lirimeyi engellemek amaciyla
kullanmaktadir (Hossain ve ark., 2022). Yapis1 oldugu konum ve botanikle
baglantilidir. Propolisin bilesiminde en ¢ok regineler bulunmakla birlikte;
organik maddeler, aromatikler, mineral maddeler, yag asitleri, balzamlar,
polen, ugucu yaglar yer almaktadir (Irigoiti ve ark. 2021). Propolis
saglik ve fonksiyonel agidan soguk algimligina iyi gelmektedir, bagislilik
sistemini giiclendirici, antiviral ve antibakteriyel etkileri bulunmaktadr,
iilseri onleyici ve cilt ile ilgili sorunlar1 onlemektedir (Hossain ve ark.,
2022). Polen, balmumu gibi biyolojik 6zellikler bakimidan zengin olan
propolisin kimyasal bilesimi, besin icerigi, beslenme ve saglik {izerine
etkileri incelenmistir.

Propolis

Propolis bal yapan arilarin bitkilerden elde ettigi yapiskan bir maddedir
(Pilario, Tielemans ve Mojica, 2022) ve ilk defa Yunanlilar tarafindan
bulunmustur (Araba ve Ozparlak, 2022). Eski dénemlerden beri farkl
alanlarda kullanilmaktadir. Ornegin, Yunanlilar ve Romalilar propolisi cilt
yaralariin iyilestirilmesinde kullanirken, Misirlilar ¢iiriimeyi engelleyici
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ozelliginden yararlanmuglardir. Is¢i arilar bitkilerin tomurcuklar1 veya
agaclarin kabuklarindan yapiskan ve reginemsi bilesenleri toplayarak
propolisi olusturmaktadir (Pilario, Tielemans ve Mojica, 2022). Bununla
birlikte, is¢i arilar salgiladiklart enzimlerle bu bilesenlerde kimyasal
degisiklikler yapmakta ve son asamada balmumu ekleyerek propolisi
olusturmaktadirlar (Salleh, 2021; Song ve ark., 2021; Kim ve ark., 2019).
Propolis hastaliklari engellemek ve sagligin iyi yonde ilerlemesini saglamak
acisindan ¢ogunlukla gida takviyesi olarak da alimi mevcuttur (Hirata ve
ark., 2021). Bal arilar1 kovanda bir arada hayatlarini siirdiirdiikleri i¢in
enfeksiyon durumunun yayginlagsmasi mevcuttur. Propolis sayesinde
enfeksiyonun bir diger artya gegisini onlenmekte ve kovandaki sicakligi
optimum seviyelerde tutulmaktadir (Sarikahya ve ark., 2021). Bal arilar1
genellikle propolisi ortli tahtalarinda depolamakta fakat dip tahtasinda
depoladiklar1 propolisin yapisina yabanci maddelerin karigmasiyla saf
bir propolis olusmamaktadir (Kim ve ark., 2019). Yapiskan gorevi yapan
bitkiler bal arilar1 tarafindan biriktirilerek recinelerle birlikte propolise
cevrilmektedir. Agaglarin belli kisimlarindan iiretilen recineler bitkileri
yabanci maddelere karsi korumaktadir. Diinyada yapiskan gorevi goren
bitkiler her iilkede farkli olmaktadir. Ornek olarak Cin’de kaucuk agaci,
Rusya’da ise cam agaci gibi tiirler tutkal gorevi goren bitkilerdir (Cui
ve ark., 2021) ve yar1 kat1 seklinde bulunmaktadir. Cogunlukla cam gibi
kozalakl1 yapida olan ve kavak gibi bitkilerden iiretilmektedir. Propolisin
fiziksel 6zellikleri bulundugu yerin iklimine ve bitki ortiisiine gore farklilik
gostermektedir (Gengtiirk, 2020). Sicaklik seviyelerine gore yliksek diizey
sicakliklarda yapiskan ve elastik durumdayken diisiik diizey sicakliklarda
kirilgandir ve alkollerde ¢oziiniirliigii daha fazladir. Acimsi bir tada ve hos
bir kokuya sahiptir (Anjum ve ark., 2019). Propolisin bilesenlerini ayirmak
ve incelemek amaciyla farkli ekstraksiyon yontemleri kullanilmaktadir
(Anjum ve ark., 2019). Propolisin 6zellikleri, elde edildigi bitki tiiriine,
rengine ve yasina bagl olarak farklilik gostermekte olup rengi genellikle
koyu saridan koyu kahverengi tonlarina kadar degismektedir (Araba ve
Ozparlak, 2022). Propolisin kimyasal 6zellikleri incelendiginde; yapisinda
regine, mineral maddeler, polen, balmumu ve ¢esitli kimyasal bilesikler
bulunmaktadir (Anjum ve ark., 2019). Kimyasal bilesimi genel olarak
%45-50 recine, %5 aromatik bilesikler, %10 ugucu yaglar, %25-30
balmumu, %5 polen ve ¢esitli mineral maddelerden olusmaktadir (Araba
ve Ozparlak, 2020; Gengtiirk, 2020). Ayrica yapisinda énemli diizeyde
polifenoller de yer almaktadir (Mehmetoglu, 2017).

128



Dilara EREN, Halit Tanju BESLER

Beslenme Uzerine Etkileri

Propolisin beslenme lizerine etkileri dogal yapida beslenmeye yonelik
ilginin artmasi nedeniyle onem gostermektedir. Bu durum tiiketicilerin
dogal firiinler igeren ve antimikrobiyel etki vb. gosteren gidalara olan
isteklerini artirmaktadir (Takwa ve ark., 2018). Dogal koruyucu madde
olarak fonksiyonel gidalar arasinda yer alirken biyolojik 6zellikleri ve
yapisindaki bilesimleri ile gida endiistrisinde 6ne ¢ikmaktadir (Giimiis ve
Kizil, 2022). Besinlerde raf mriinii uzatmak, patojen mikroorganizmalarin
cogalmasimi Onlemek gibi fonksiyonlarda bulunarak antimikrobiyel
ve antioksidan etkiler gdstermektedir. Toksite etkisi diisiik diizeydedir
(Bankova ve ark., 1992). Propolis besin kaplamalarinda yer alarak zararl
mikroorganizmalarin ¢ogalmasini engelleyerek besinlerin raf omriiniin
uzatilmasini saglamaktadir (Viera ve ark., 2016).

Propolisin Yapisi ve Bilesimi

Ar tutkali olarak yer alan propolisin yapisinda 300’den fazla bilesik
bulunmaktadir (Demir, 2022). Propolis; kinonlar, inorganik bilesikler,
steroidler, polifenoller ve kumarinler gibi farkli bilesiklerden olusmaktadir.
Propolisin yapisindaki polifenollerin bir grubu olan flavonid grubu;
propolisin kokusunun, renginin ve tadinin belirlenmesinde 6nemli rol
oynamaktadir. Bu kimyasal yapilar elzem olduklari i¢in insan viicudunda
sentezlenmez ve disaridan alinmasi gerekmektedir (Bayram, 2015).
Propolis ayrica bakir, demir, sodyum, ¢inko, mangan, sezyum, iyot,
magnezyum, kalsiyum gibi mineralleri; yag asitleri, amino asitler, B1,C,
A, E, B6 ve B2 gibi vitaminleri de icermektedir (Bayram, 2015).

Propolisin yapist %5 polen, %5 mineraller, %30-35 balmumu, %10 yag
asitleri, %45-50 flavonid, fenolik asit ve esterleri, organik maddeleri
bulundurur (Yildiz ve Unal, 2022). Bu yapilarin igerikleri sayesinden
birgok biyolojik 6zellik bulunmaktadir. Bu bilesikler bulundugu bolgeye,
bitki ortiisiine, mevsime gore farklilk gostermektedir (Yildiz ve Unal,
2022). Propoliste regineler dahil balmumu grubunda yer alan terpenoidler,
fenolik asitler, flavonoidler en yaygin bilesiklerdir (Przybytek ve Karpinski,
2019). Tablo 1’de propolisin yapisinda bulunan bilesikler ve sayisi
gosterilmektedir. Tabloya gore propolisin kimyasal bilesenleri, flavonoidler,
hidroksiflavonlar, fenolik asitler, terpenler, aminoasitler ve mineraller
dahil olmak iizere ¢ok bilesenli ve ¢esitlilik a¢isindan zengindir. Apigenin
gibi flavonoidler, kafeik asit gibi aromatik asitler, propolisin kokusuna
katki saglayan fenolik bilesikler ile C, E, B1 ve B6 vitaminleri; bakair,
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demir, sodyum, magnezyum, kalsiyum, mangan ve ¢inko gibi mineraller
icerdiginden, propolis besin 6gesi bakimindan zengindir. (Coskun ve ark.,
2020). Propolisin yapisindaki flavonoidler ikincil metabolitler oldugu i¢in
insan viicudunda tiretilemezler, en iyi sekilde metabolize olmaktadirlar. Bu
ylizden beslenme agisindan ihtiya¢ duyulmaktadir (Y1ldiz ve Unal, 2022).
Bununla beraber propolisin kullanim dozu ve zararlh etkisine bakildiginda
cogunlukla toksik 6zellik gostermeyen ve giivenli bir gidadir. Su ana kadar
propolisin alim1 sonucu goriilen etkiler alerji veya hassasiyet olarak ortaya
cikmistir. Ag1z yoluyla alinan propolis daha az alerjiye neden olurken lokal
yolla alman propoliste alerjik olaylar daha fazla tespit edilmistir (Giimiis
ve Kizil, 2022). Propolisin giivenli kullanim1 i¢in bir¢ok arastirmalar
yapilmistir. Farelerde yapilan bir ¢alismada, toksisite agisindan 1.400
mg/kg viicut agirligi/glin dozunun optimal oldugu ve herhangi bir toksik
etki gostermedigi belirlenmistir. Insanlar i¢in giivenli doz miktar1 1,4mg/
kg viicut agirligi/giin yaklasik 70 mg/giin olarak bulunmustur (Yildiz
ve Unal, 2022). Insanlar propolisi giivenli diizeyde ve fazla miktarlarda
almadiklar stlirece toksik Ozelligi olmayacagi agiklanmistir (Acun ve
Giil, 2020). Emziren bireyler ve hamileler i¢in giivenilir giinliik dozu tam
olarak belirtilmemistir (Kiisiimler ve Celebi, 2021). Besin ila¢ etkilesimi
yoOniinden propolis ile ilgili arastirmalar ¢ok az olmakla birlikte yapilan bir
calismada karsinomali farelerin giinliik olarak aldiklar1 ilacin yapisindaki
bleomisin bileseninin propolis ile etkilesimi izlenmistir ve sonucunda
karsinomali farelerin 6mriiniin kisaldig1 gortilmiistiir (Kiigsiimler ve Celebi,
2021). Bu alanda daha ¢ok arastirmaya ihtiyag¢ vardir. Tiirk Gida Kodeksi
Art Uriinleri Tebligi’ne gére propolis, total flavonoid miktar1 en az %3,
total fenolik miktar1 en az %10, kuru madde miktar1 en az %92, balsam
miktar1 en az %40 icermelidir. Balmumu miktar1 %50’ yi gegmemelidir.
Tiirk Gida Kodeksi Ari Uriinleri Tebligi’ne gdre propolisin; toplam
flavonoid miktarinin en az %3, toplam fenolik miktarinin en az %10,
kuru madde miktarinin en az %92 ve balsam miktarinin en az %40 olmasi
gerekmektedir. Ayrica balmumu miktar1 %50’yi gegmemelidir. Teblige
gore propoliste bulunabilecek baslica bilesikler sunlardir: sinnamik asit
ve 3,4-dimetoksi sinnamik asit toplami, kamferol, naringenin, kuersetin,
pinosembrin, apigenin, artepillin C, ferulik asit, kumarik asit, protokatesik
asit, galangin, rutin, krisin, kafeik asit fenetil ester ve pinobanksin. Bu
bilesiklerden en az 5 tane olmas1 gerekmektedir. Bu bilesiklerin her birinin;
Resmi Gazete’de belirtilen diizenlemelere gore, propolisin konsantre veya
toz formlarinda en az 4000 mg/kg, ham propoliste en az 2000 mg/kg ve
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stv1 formlarinda ise en az 500 mg/L diizeyinde bulunmas1 gerekmektedir
(Resmi Gazete, 2024).

Tablo1. Propolisin yapisinda bulunan bilesikler ve sayisi (Coskun ve ark.,
2020).

Propolisin Bilesik icerigi Propolisin Bilesik Icerigi Sayisi
Flavonoidler 38
Sinamil ve sinamik asit ve tiirevler 14
Benzoik asit ve tiirevleri 12
Hidroksiflavonlar 27
Hidroksiflavononlar 11
Heteroaromatik bilesikler 12
Sekuterpen ve triterpen hidrokarbonlar 11
Asitler 8
Terpen ve sekuterpen ve tiirevleri 7
Alifatik hidrokarbonlar 6
Steroller ve steroid hidrokarbonlar 6
Alkoller, ketonlar, fenoller 8
Esterler 4
Benzaldehit tiirevleri 2
Kalkonlar 2
Seker 7
Aminoasitler 24
Mineraller 22

Propolisin biyolojik ozellikleri

Propolis; antimikrobiyel, antioksidan, antiinflamatuvar, antifungal,
antikarsinojenik, antiparaziter, antibakteriyel ve antiviral gibi birgok
biyolojik 6zellige sahip dogal bir ar1 iirlinlidiir. Bu biyolojik aktivitelerin
kaynaginin, propolisin yapisinda bulunan fenolik bilesikler oldugu
one stirlilmektedir (Baysa, 2018). Propolisin antibakteriyel etkisi,
bakterilerin ¢ogalmasini ve protein sentezini engelleyerek bakterisidal
etki gostermesinden kaynaklanmaktadir. Antioksidan kapasitesi ise
serbest radikallerin ndtralize edilmesine dair calisma mevcuttur. Ayrica
yapisinda bulunan kafeik asit, flavonoidler, p-kumarik asit ve bazi
diger bilesikler antifungal Ozellikler sergilemektedir (Gilimiis ve Kizil,
2022). Propolisin antiviral aktivitesinin, igerdigi aromatik asitler ve
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flavonoidlerle iliskili oldugu bildirilmektedir. Yiiksek oranda kafeik asit
icermesi antiinflamatuvar etki saglarken, sinnamik asit igerigi, yaralarin
hizli iyilesmesini destekleyerek antibakteriyel (antibiyotik benzeri) etki
gostermesine katkida bulunmaktadir. Bunun yani sira propolis, bakterilerin
hareket yetenegini baskilayarak antimikrobiyel etki gostermekte ve
neovaskiilarizasyonu engelleyerek antitlimoral 6zellik ortaya koymaktadir
(Gengtiirk, 2020).

Propolisin Saghik Uzerine Etkileri

Propolis farkli kimyasal igerigi olan ar1 iirlinlerinden biridir. Yapilan
arastirmalarda saglik iizerine birden fazla yararli etkilerinin oldugu
gosterilmektedir  (Rivera-Yafiez, 2021). Propolis, antimikrobiyel,
antiinflamatuvar ve antioksidan etkilerinin yani sira; antikanser ve
antidiyabetojenik Ozellikleri, yara iyilesmesini destekleyici ve mide
koruyucu rolleri, ndroprotektif ve kardiyovaskiiler yararlar ile bagisiklik
sistemi ve dermatolojik hastaliklar iizerindeki diizenleyici etkileri
sayesinde saglik alaninda ¢ok yonlii biyolojik aktivite sergileyen 6nemli
bir art tUriiniidiir (Kiistimler ve Celebi, 2021). Saglik iizerine etkileri
asagida aciklanmustur.

Antimikrobiyel etkisi

Propolis antimikrobiyel etki gdstermektedir. Propolis viriislerin hiicreye
girmesini engelleyerek, viral kopyalanmasinda olugan defektle RNA nin
yapisinin bozulmasini saglayarak antiviral etki géstermektedir (Coskun ve
ark., 2020). Propolisin antiviral etkisiyle ilgili bir¢ok tespit bulunmaktadir.
Bunlardan 6ne ¢ikan COVID-19 viriisiine kars1 gosterdigi etkiyle hastaligin
seyrini azaltmistir (Y1ldiz ve Unal, 2022). Propolis genital bolgede meydana
gelen herpes viriisiiniin olusturdugu enfeksiyonlari engellemek i¢cin antiviral
ozellik gostermektedir (Coskun ve Hakan, 2020). Propolis Trichophyton
mentagrophytes gibi mantar g¢esitlerinde antifungal etki gostermektedir
(Yildiz ve Unal, 2022). Propolisin antibakteriyel etkisi, flavonoidler ve
aromatik maddeler arasindaki etkilesimlerle gergeklesmektedir. Propolis
bakterilerin ¢ogalmasini inhibe ederek bakterisidal etki gostermektedir.
Staphylococcus aureus bakterilerinde etkisi goriilmektedir (Coskun ve
ark., 2020). Propolisin gram negatif bakterilerde etkisinin kisitl oldugu
ancak gram pozitif bakterilerde etkisinin daha fazla oldugu bulunmustur
(Yildiz ve Unal, 2022).
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Antiinflamatuvar etkisi

Makrofaj ve monositlerin bir araya gelerek birikmesi sonucu dokularda
hasarin olugmasiyla enflamasyon meydana gelmektedir (Araba ve
Ozparlak, 2022). Ayrica arasidonik asitin metabolizmasima etki ederek
iltihapla iliskili tramboksan agregasyonunu azaltir (Unal ve ark., 2020).
Propoliste fenolik asitler, ferulik asit ve flavonoidler antiinflamatuvar
aktivitesi gostermektedir. Enflamasyonda trombosit agregasyonunu gibi
cesitli olaylar1 engelleyerek etki gdstermektedir (Araba ve Ozparlak,
2022). Bunun sonucunda trombosit agregasyonunda ve tiimor nekrozis
faktor alfa diizeylerinde azalma goriilmiistiir (Unal ve ark., 2020).

Antioksidan etkisi

Antioksidanlar viicuttaki oksijen radikallerini Onleyen maddelerdir.
Propolis de yiiksek diizeyde antioksidan etkisi gostermektedir (Unal ve ark.,
2020). Oksidatif stres sonucu olusan maddelerin yiikselisini diigiirebilirken
glutatyon peroksidaz ve siliperoksidaz dismutaz gibi antioksidanda gorev
alan maddelerin aktivitesini arttirmaktadir (Kiistimler ve Celebi, 2021).
Propolis flavonoid ve polifenol bilesimiyle antioksidan etki gostermektedir.
Propolis yapisindaki polen sayesinde de yiiksek antioksidan aktivite
gostermektedir.

Yapilan bir arastirmada Brezilya ve Rusya kaynakli propolislerin
antioksidan etkilerine bakildiginda Rusya kaynakli propoliste daha fazla
antioksidan etki rapor edilmistir (Y1ldiz ve Unal, 2022).

Antikanser etkisi

Kanser, genetik sebeplerle ya da cevresel etmenler sonucu hiicrenin
normal sekilde biiyiimemesi sonucu ortaya ¢ikmaktadir (Zullkiflee ve ark.,
2022). Propolisin 6ne ¢ikan etkilerinden biri de antikanser aktivitesidir.
Propolisin yapisindaki flavonoidler karsinogenezi onlemektedir (Forma
ve Brys, 2021). Propolisin icerigindeki galangin, kersetin, ferulik asit ve
kafeik asit fenil ester antikanser etki gostermektedir (Zullkiflee ve ark.,
2022). Propolisin yapisindaki bilesikler kanserin olusmasinda yer alan
JAK-STAT, TGFp ve apoptaz yerlerini inhibe ederek ve hiicre siklusunu
durdurmasiyla antikanser aktivite gostermektedir (Zullkiflee ve ark.,
2022; Abdelrazeg, 2020). Yapilan calismalarda propolisin igerigindeki
flavonoidler cilt, meme, mide, akciger ve prostat kanserini Onledigi
belirtilmistir (Y1ldiz ve Unal, 2022).
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Antidiyabetojenik etkisi

Diyabet kronik hastaliklardan biridir. Alfa glukosidaz ve alfa amilaz
enzimleri sayesinde nisasta ve maltozdan glukoz elde edilmektedir.
Enzimlerin fonksiyonlarin1 engelleyerek kan glukoz emilimini
distirmtstiir. Propolis yapisindaki astrapterokarpan gibi bilesiklerle alfa
glukosidaz enzimini baskilayarak antidiyabetik aktivite gostermektedir.
Yapilan ¢aligmalarda propolisin antidiyabetik etki gosterirken viicut kiitle
indeksini ve insiilin diizeylerini de azalttig1 tespit edilmistir (Hossain ve
ark., 2022).

Yara iyilestirici etkisi

Inflamatuar hiicreleri, endotelyal hiicreler vb. bir¢ok hiicrenin varligindan
ve biliylime faktorlerinin yer aldigi derideki yapilarin yapim ve onarimi
sonucu meydana gelen karmasik bir olaydir (Gengtiirk, 2020, Abdelrazeg
ve ark., 2020). Mevcut durumda da yaralarin iyilesmesinde kullanildigi
belirtilmekte ve yaralanma sonrasi koagiilasyonu destekleyerek yaralarin
olusmasint engellemektedir (Anjum ve ark., 2019). Giines yaniklariin
tedavisinde kremden daha etkili oldugu belirtilmektedir (Unal ve ark.,
2020). Yapilan ¢alismalarda yanik tedavisinde propolisin kullanimi diistik
seviyede serbest radikallere neden oldugu tespit edilmistir. Ayrica renk
acisinda propolise bakildiginda kirmizi propolis yara tedavisinde etkilidir
(Forma ve Brys, 2021).

Sindirim sistemi iizerine etkisi

Sindirim  sistemi kanalinda yasayan Helicobacter pylori {lreaz
salgilamaktadir. Bakterinin asidik durumundan iki enzim sorumludur.
Bunlar; karbonik anhidraz ve iireazdir. Bu enzimler pH degerini dengeler.
Bu bakteri gastrik kanser, lenfoma ve peptik iilserin olusmasinda
yer almaktadir. Propolisin bilesiminde yer alan krisin gibi bilesikler
antimikrobiyel etki gostererek helicobacter pylorinin tedavisinde yer
alabilecegi tespit edilmistir (Acun ve Giil, 2020). Cesitli biyolojik
aktiviteleri gastrit, oral mukozit gibi gastrointestinal bozukluklar1 6nledigi
ve kolondaki enflamasyonu durdurdugu tespit edilmistir (Zullkiflee ve
ark., 2022).

Norolojik hastaliklar iizerine etkisi

Norolojik hastaliklar motor fonksiyonlarda bozukluk, nobet gecirme, felg
gibi belirtilerle ortaya ¢ikan sinir sistemindeki bozukluklardir. Propolis,
polifenol igerigi sayesinde sinir sistemi hastaliklarinda néronlar1 koruyucu
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aktivitesi vardir (Acun ve Giil, 2020). Yapilan c¢aligmalarda propolisin
yapisindaki pinokembrinin biligsel bozukluklar ve beyinde kan akisinda
azalma ilizerinde nérokoruma aktivitesi bulunmaktadir (Ugur, Eyigér ve
Temelli, 2021). Norolojik hastaliklarda propolis tedavide takviye olarak
alinmaktadir ve epilepsi ilaglarima katilmasinda olumlu etkisi tespit
edilmistir (Anjum ve ark., 2019).

Dolasim sistemi hastaliklar iizerine etkisi

Dolagim sistemi hastaliklar1 {izerine etkisine bakildiginda kalp ve
damarlarla ilgili hastaliklar kiiresel olarak risk faktorleri arasindadir.
Genelde kan damarlarindaki bozukluklardan dolay1 ortaya ¢ikmaktadir.
Yapilan arastirmalarda propolisin dolasim sistemi iizerine etkilerini
antioksidan, antianjiyogenik, antiinflamatuar, antiateroskleroz seklinde
gosterdigi agiklanmaktadir (Zullkiflee ve ark., 2022). Damar sertligini
onleyici, damar i¢i yaglanmay1 engelleyici ve hipertansiyon tedavisinde
tyilestirici etkisi tespit edilmistir (Anjum ve ark., 2019). Yapilan
arastirmalarda farelere yiiksek kolesterol icerikli diyet verildiginde biitlin
propolis cesitlerinin total kolesterolii diistirdiigii bildirilmistir (Forma ve
Brys, 2021).

Bagisiklik sisteminin diizenlenmesinde etkisi

Propolis immiin sistemi uyararak bedenin zararli mikroplarla miicadele
etmesinde gorev alarak makrofajlarm aktivitesini de artirmaktadir (Unal
ve ark., 2020). Ayrica propolis immiin sistemin aktivitesinin az olmasindan
dolay1 bedendeki hastaliklar1 iyilestirici etkisi oldugu belirtilmektedir
(Anjum ve ark., 2019). Igerdigi polifenoller antioksidan aktivite gosterdigi
ve immiin sistemde iyilestirici etkileriyle ilgili ¢alismalar bulunmaktadir.
Yapilan arastirmalarda propolis dogal immiiniteyi uyardigi rapor edilmistir
(Kiigiimler ve Celebi, 2021).

Dermatolojik hastaliklar iizerine etkisi

Deri mikroplar gibi disardan gelen faktorlerden koruyan en biiyiik
yapidir (Cao ve ark., 2017) Cilt hastaliklarinda etkisini antikarsinojen,
antimikrobiyel, antiinflamatuvar ve antioksidan seklinde gostermektedir
(Ugur, Eyigor ve Temelli, 2021). Glinesin ultraviyole 1sinlarini engelleyerek
hem derinin zarar gérmesini hem de oksidatif stresi onlemekte gorev
almaktadir (Correa ve ark., 2020). Propolis ve ar1 lrilinleriyle yapilmis
cilt kremlerinin antimikrobiyel etkisi gosterilmektedir (Boyract ve ark.,
2023). Propolis apoptozu Onleyerek antikarsinojen etki gosterdigi tespit
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edilmistir (Kuo ve ark., 2020). Ayrica propolis kollajen depolanmasini da
diizenledigi belirtilmektedir (Cornara ve ark., 2017).

Sonug¢

Fonksiyonel gida olan propolis hem beslenme hem de saglik agisindan
icerdigi vitaminler, mineraller, yag asitleri, amino asitler, polifenoller
sayesinde zengin bir bilesime sahiptir. Bu zengin bilesimi sayesinde
propolis antioksidan, antimikrobiyel, antikanser gibi biyolojik 6zellikler
gostermesiyle insan sagliginin gelistirilmesine katki saglamistir. Propolisin
biyolojik aktivitesi insan viicudunda dolasim sistemi hastaliklari, sindirim
sistemi hastaliklari, dermatolojik hastaliklar {izerine, bagisiklik sistemi
lizerine olmak {iizere bir¢ok saglik problemleri lizerine yararh etkili yer
almaktadir.
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Selenyum, tiroid hormonlarinin sentezi ve ozellikle tiroksinin (T4)
triiyodotironine (T3) doniistimiinde gorev alan iyodotironin deiyodinaz
(DIO) enzimlerinin yapisinda yer alan esansiyel bir mikrobesindir.
Ayrica glutatyon peroksidaz (GPx) ve tiyoredoksin rediiktaz (TrxR) gibi
selenoproteinler araciligryla oksidatif stresi (OS) dengeleyerek tiroid
hiicrelerini serbest radikal hasarina karsi korur. Bu nedenle selenyum
eksikligi, hem tiroid hormon metabolizmasinda bozulmalara hem de
otoimmiin tiroid hastaliklarinin geligimine katkida bulunabilmektedir.

Son yillarda gelistirilen selenyum nanopartikiilleri (SeNP), klasik selenyum
bilesiklerine kiyasla daha yiiksek biyoyararlanim, diisiik toksisite ve daha
hedeflenmis biyolojik etkiler sunmalart nedeniyle biiyiik ilgi gormiistiir.
Cesitli ¢alismalar, selenyum nanopartikiillerin redoks dengeleyici
ozellikleri sayesinde antioksidan, antiinflamatuvar ve immiinmodiilatuvar
etkiler gosterebildigini ortaya koymustur. Bu ozellikler, ozellikle Hashimoto
tiroiditi ve Graves hastaligi gibi otoimmiin tiroid bozukluklarinda selenyum
nanopartikiillerin terapétik bir segenek olarak degerlendirilebilecegini
diistindiirmektedir.

Bu derleme, selenyum nanopartikiillerinin tiroid hormon doniigiimii
tizerindeki potansiyel etkilerini, otoimmiin tiroid hastaliklarindaki olasi
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terapotik rollerini ve yeni nesil mikrobesin yaklagimlarindaki yerini giincel
literatiir 15181inda ele alir. Bulgular, selenyum nanopartikiillerin umut verici
bir beslenme destegi ve tedavi adayr oldugunu géstermektedir. Ancak,
klinik uygulamalara gegis icin iiretim stire¢lerinde standardizasyonun
saglanmasi, uzun donem giivenlik verilerinin artirtimasi ve dozajin hassas
bicimde belirlenmesi gerekmektedir. Bu baglamda, SeNP’ler gelecekte
kisisellestirilmis beslenme ve fonksiyonel gida alanlarinda énemli bir
yenilik olarak one ¢ikabilecek potansiyele sahiptir.

Anahtar kelimeler: selenyum nanopartikiilleri, tiroid hormonlari,
iyodotironin deiyodinaz enzimleri, antioksidan savunma, otoimmiin tiroid
hastaliklar

The effect of selenium nanoparticles on thyroid
hormone conversion: Next-generation micronutrient
approaches

Abstract

Selenium is an essential micronutrient that plays a critical role in the
synthesis of thyroid hormones and, in particular, in the conversion of
thyroxine (T4) to triiodothyronine (T3) through its presence in the structure
of iodothyronine deiodinase (DIO) enzymes. In addition, selenium
contributes to oxidative stress (OS) regulation via selenoproteins such as
glutathione peroxidase (GPx) and thioredoxin reductase (TrxR), thereby
protecting thyroid cells againstfreeradical damage. Consequently, selenium
deficiency may lead to disturbances in thyroid hormone metabolism and
contribute to the development of autoimmune thyroid diseases.

In recent years, selenium nanoparticles (SeNPs) have attracted significant
attention due to their higher bioavailability, lower toxicity, and more
targeted biological effects compared to conventional selenium compounds.
Various studies have demonstrated that SeNPs can exert antioxidant,
anti-inflammatory, and immunomodulatory effects through their redox-
balancing properties. These features suggest that SeNPs may represent a
therapeutic option, particularly in autoimmune thyroid disorders such as
Hashimoto's thyroiditis and Graves’ disease.

This review aims to discuss the potential effects of selenium nanoparticles on
thyroid hormone conversion, their possible therapeutic roles in autoimmune
thyroid diseases, and their position within next-generation micronutrient
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approaches in light of the current literature. Findings indicate that selenium
nanoparticles represent a promising nutritional support and therapeutic
candidate. However, transitioning to clinical applications requires the
establishment of standardized production processes, the accumulation
of long-term safety data, and precise determination of dosage. In this
context, SeNPs have the potential to emerge as an important innovation in
personalized nutrition and functional food fields in the future.

Keywords: selenium nanoparticles, thyroid hormones, iodothyronine
deiodinase enzymes, antioxidant defense, autoimmune thyroid diseases

Giris

Selenyum (Se), insanlar ve hayvanlar i¢in esansiyel bir eser elementtir.
Viicutta farkli doku ve organlarda yaygin olarak bulunmakta olup, saglikla
yakindan iligkilidir ve ¢esitli fizyolojik fonksiyonlarin diizenlenmesinde
kritik rol iistlenmektedir. Selenyum ilk kez 1817 yilinda Isvegli kimyager
Jons Jacob Berzelius tarafindan stilfiirik asit tiretim siirecinde ortaya ¢ikan
atiklarda kesfedilmistir. Uzun siire yalnizca toksik bir element olarak
degerlendirilmistir. Ancak 1957 yilinda Foltz ve Schwarz, selenyumun
hayvanlar i¢in zorunlu bir besin 6gesi oldugunu bilimsel olarak ortaya
koymustur. Daha sonra, 1973 yilinda Rotruck ve arkadaglari, selenyumun
hem insanlarda hem de hayvanlarda glutatyon peroksidaz (GPx) enziminin
yapisal bir bileseni oldugunu belirlemis ve bu 6zelligini dogrulamiglardir
(Bai ve ark., 2024). Selenoproteinler (SelP’ler), selenyuma bagimli
enzimatik siirecler araciligiyla kendilerine 06zgii biyolojik 6zellikler
kazandiran 6zel bir protein grubunu temsil etmektedir. Buproteinlerarasinda
ozellikle iyodotironin deiyodinazlar (DIO) ve glutatyon peroksidazlar,
tiroid fizyolojisinin diizenlenmesinde kritik rol iistlenmektedir. Ayrica
bu enzimler, immiinolojik diizensizlikler ve oksidatif stres (OS) kaynakli
hastaliklara kars1 koruyucu islev gérmektedir (Bano ve ark., 2025).

Tiroid dokusundaselenyum, antioksidan savunmasistemine katkidabulunur
ve tiroid hormonu metabolizmasinda gorev alan selenoproteinlerden biri
olan iyodotironin deiyodinazlarin yapisinda yer alir. Ayrica bu element,
GPx enziminin aktivitesini destekleyerek oksidatif stresin kontrol altina
alinmasinda kritik rol oynar. Diisiik selenyum diizeyleri, GPx aktivitesinin
azalmasina yol agarak antioksidan kapasitenin zayiflamasina, buna baglh
olarak da tiroid dokusunda oksidatif hasarin ve patofizyolojik siireclerin
artmasina neden olur (Duntas ve Benvenga, 2015).
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Son yillarda, selenyumun nanopartikiil formu (SeNPs), klasik takviyelere
kiyasla daha yiiksek biyoyararlanim, hedefe yonelik etki ve diisiik
toksisite profili nedeniyle one c¢ikmistir (Skalickova ve ark., 2017).
SeNP’lerin tiroid hormon doniisiimii tizerindeki olasi etkileri, antioksidan
savunma mekanizmalarii giiclendirme potansiyeli ve otoimmiin tiroid
hastaliklarinda immiin yanit1 diizenleyici rolleri, endokrinoloji ve
beslenme bilimlerinde giderek daha fazla ilgi gérmektedir (Wang ve ark.,
2015). Bu derleme, SeNP’lerin tiroid fonksiyonlar: tizerindeki etkilerini,
molekiiler mekanizmalarini ve klinik potansiyelini giincel literatiir 15181nda
degerlendirmeyi amaglamaktadir.

Selenyum

Selenyum (Se), periyodik tablonun 16. grubunda yer alan, insan ve hayvan
organizmalari i¢in yagamsal dneme sahip esansiyel bir elementtir. Giinliik
selenyum alimi, beslenme aligkanliklarina bagli olarak degismekte
olup baglica balik, et ve tahillardan karsilanir. Yiyeceklerdeki selenyum
icerigi bliylik Olclide topragin mineral yapisina bagl olarak degisiklik
gosterebilmektedir (Kocatepe ve ark., 2021). Selenyum insan viicudunda
duodenumda emildikten sonra kana geger ve plazma proteinleri ile
lipoproteinlere baglanarak tasinir. Giinliik gereksinimleri karsilamak {izere
alindiginda, en yiiksek yogunlukta biriktigi organlar bobrek, tiroid, testis
ve karacigerdir. Viicuttaki toplam selenyum havuzunun yaklasik %40—
50’si ise iskelet kasinda bulunur. Bunun yani sira, selenyum endiistriyel
alanda da genis kullanim alanma sahiptir. Ozellikle fotohiicreler, seramik
ve cam Uretimi, kaucuk sanayi, ¢elik alagimlari, fotografcilik, redresorler,
lazer yazicilar ve fotokopi makineleri bu elementin kullanimina 6rnek
olusturur (Sekil 1).

Selenyumun tiroid hormonu metabolizmasi, antioksidan immiin sistemin
diizenlenmesi ve savunma basta olmak {izere, viicutta bircok mekanizmada
gorevi bulunmaktadir (Kocatepe ve ark., 2021). Ayrica glutatyon peroksidaz
ve tiyoredoksin rediiktaz (TrxR) gibi selenoproteinler araciligiyla oksidatif
stresin kontroliinde yer alir (Erdem ve Aydin Acar, 2024). Selenyum, son
yillarda insan saglig1 agisindan 6nemli ve faydali bir eser element olarak
one cikar. Diyetle alinan selenyum, selenosistein (Sec) amino asidinin bir
bileseni olarak ¢esitli selenoproteinlerin sentezinde yer alir ve bu proteinler
aracih@ryla fizyolojik etkilerini gdstermektedir. Inorganik formlar:
arasinda selenid ve selenat, organik formlarinda ise selenometionin ve
selenosistein yer alir. Selenometionin, viicutta sentezlenemediginden
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mutlaka diyetle alinmalidir. Diyetle yeterli selenyum alimamadiginda,
viicut selenometionin depolarimi kullanarak ihtiya¢ duydugu selenyumu
karsilar. Emilim agisindan metionine benzese de selenometioninin
fizyolojik islevleri metioninden tamamen farklidir (Siizen ve ark., 2022).
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Sekil 1. Selenyum emilimi, metabolizmasi ve dagilimi (Cakina, 2022).

Selenyum gereksinimi, yetigkin bireyler i¢in giinliik ortalama 50-200 pg
arasinda degismekte olup, cocuklar i¢in bu miktar daha diisiiktiir. Normal
ve dengeli bir diyetle alindiginda toksik etki gostermemektedir. Saglikli
bireylerde dengeli beslenme kosullarinda selenyumun yeterli diizeyde
alindigr gozlemlenmektedir. Selenyum diizeyleri genellikle mikrogram
(ng) birimiyle ifade edilmekte olup, optimum ortalama araligin kesin
olarak belirlenmedigi bildirilmektedir. Bununla birlikte, giinliik ortalama
selenyum gereksinimi her bireyin cinsiyet, yas, saglik durumu ve beslenme
aliskanliklar1 dogrultusunda ayr1 ayr1 degerlendirilmesi gerekmektedir
(Souzaveark.,2025). Genel olarak toplum saglig1 agisindan giinliik 50-200
ug selenyum alimi yeterli ve giivenli kabul edilir; bu miktarin tizerindeki
alimlar ise toksik etkilere yol agabilmektedir. 500 pg/giin’iin tizerindeki
selenyum alimlarin toksisite riski tasidig1 bildirilmistir. inorganik formlarda
giinlik 1000 pg, organik bilesiklerde ise 2000-3000 pg diizeyindeki
alimlar; tirnaklarda kirilma ve kayip, saglarda dokiilme ve gerileme gibi

ABMYO Dergisi - Yil 20 Say1 72 - Aralik - 2025 (141 - 154) 145



Selenyum nanopartikiillerinin tiroid hormon déniisiimiine etkisi: Yeni nesil mikrobesin yaklasimlart

olumsuz sonuglara neden olur. Selenyum toksisitesinin yalnizca cilt ve
eklerinde degil, ayn1 zamanda sinir sistemi lizerinde de 6nemli etkileri
olabilmektedir. Kronik yiiksek doz alimlarda ayaklarda ve ellerde duyu
kayb1, uyusma, karincalanma gibi norolojik bulgular gézlenmistir. Bunun
yani sira, deride kizariklik ve dokiintiiler, bas donmesi, halsizlik, istah kayb1
ve istemsiz kilo kaybina da yol agar (Selamoglu, 2025). Ayrica selenyum
eksikliginin kanser, yaslanma, insiilin direnci, diyabet, kardiyovaskiiler ve
artmis mortalite riski, immiin sistem hastaliklartyla iligkili olabilmektedir
(Kangalgil ve Yardimci, 2017).

Selenyumun nanopartikiil formu (SeNPs)

Selenyum nanopartikiilleri (SeNP’ler), geleneksel selenyum bilesiklerine
kiyasla daha diisiik toksisite, daha yiiksek biyoyararlanim ve genis
biyomedikal kullanim potansiyeli ile dikkat ¢eker. Son yillarda yapilan
calismalar, SeNP’lerin kimyasal, fiziksel ve biyolojik yontemlerle
sentezlenebilir. Ozellikle mikroorganizma ve bitki &zleri kullanilarak
gerceklestirilen yesil sentez yontemlerinin ¢evre dostu ve daha giivenilir
oldugunu ortaya koyar (Soliman ve ark., 2024; Nag ve ark., 2024).
Nanopartikiillerin boyutu, sekli ve ylizey 6zellikleri biyolojik aktiviteleri
iizerinde dogrudan etkilidir. Bu ozellikler antioksidan kapasite, ilag
tasima potansiyeli ve immiinmodiilatuvar etkiler agisindan Snem arz
etmektedir. Ayrica SeNP’lerin antikanser etkinlikleri, oksidatif stresin
azaltilmasindaki rolleri ve tiroid hormon metabolizmasini destekleyici
etkileri de literatiirde vurgulanmaktadir (Zou ve ark., 2024). Bununla
birlikte, klinik uygulamalarda kullanimini sinirlayan en 6nemli engeller,
iiretim siireclerinde standardizasyon eksikligi, olasi toksisite riskleri
ve dozaj konusundaki belirsizliklerdir (Raturi ve ark., 2025). Nano-
selenyum, diisiik toksisite profili, yiiksek biyouyumlulugu ve giicli
antioksidan kapasitesi sayesinde antioksidan ve antiinflamatuvar etkiler
icin umut vadeden bir ilag tasiyict olarak degerlendirilmektedir (Puri ve
ark., 2024). Selenyum (Se), selenosistein formunda selenoproteinlerin
yapisina katilarak antioksidan savunma basta olmak iizere cesitli biyolojik
sistemlerin diizenlenmesini saglar. Giincel arastirmalar, SeNP’lerin redoks
dengeleyici 0Ozellikleri sayesinde antioksidan aktiviteden antikanser
etkilere kadar uzanan genis bir terapotik potansiyele sahip oldugunu ortaya
koymaktadir (Karthik ve ark., 2024).

Selenyum nanopartikiillerinin sentezinde farkli yontemler kullanilmaktadir.
Hidrotermal yontem, diisiik maliyetli olmasi ve 10-1000 nm arasinda
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degisen ¢aplarda kristalin SeNP iiretimi saglamasi nedeniyle 6ne ¢ikmakta
ve ¢ok yonlii uygulamalara imkan tanir. Kimyasal sablon tekniklerinde
folat, kitosan, hyaluronik asit gibi bilesikler stabilizator olarak kullanilarak
monodispers ve istenilen boyutta SeNP’lerin elde edilmesi miimkiin
olur. Bu yontem, partikiil 6zelliklerinin 6zellestirilebilmesine ve genis
biyomedikal uygulamalara uyarlanmasina olanak vermektedir. Lazer
ablasyon yontemi ise kontaminasyon riskinin diisiik olmasi, maliyet
etkinligi ve farkli1 boyutlarda partikiil elde edilebilmesi avantajlartyla dikkat
ceker. Ayrica lretilen SeNP’lerin antibakteriyel 6zelliklere sahip oldugu
gosterilmistir. Cevre dostu bir alternatif olan biyosentez yonteminde ise
bitki 6ziitleri kullanilarak SeNP tiretimi gergeklestirilir. Bu siirecte UV-Vis
spektrofotometri ile reaksiyon izlenmekte ve kirmizi renkli SeNP’ler elde
edilmektedir. Bu farkli sentez yaklagimlari, SeNP’lerin sekil, boyut ve
biyolojik 6zelliklerinin kontrol edilmesine imkan taniyarak hem arastirma
alaninda hem de biyomedikal uygulamalarda genis potansiyel sunar (Yuan
ve ark., 2024).

Selenyum nanopartikiilleri (SeNP’ler), bagisiklik sistemi {izerindeki
diizenleyici etkileri nedeniyle otoimmiin tiroid hastaliklarinin
patogenezinde potansiyel bir terapdtik yaklasim olarak one ¢ikar. Cesitli
deneysel ve klinik caligmalar, SeNP’lerin makrofajlar, dendritik hiicreler
ve T lenfositleri gibi immiin hiicrelerin islevlerini modiile ederek hem dogal
hem de adaptif bagisiklik yanitlarini diizenleyebildigini gostermektedir
(Chen ve ark., 2022). Otoimmiin tiroid hastaliklar1 baglaminda, selenyum
eksikliginin oksidatif stresin artis1 ve immiin sistemdeki dengesizlikler
yoluyla Hashimoto tiroiditi ve Graves hastalig1 gibi patolojilerle iliskili
oldugu belirtilmistir. Deneysel modellerde, SeNP uygulamasinin T hiicre
diferansiyasyonunu etkileyerek otoimmiin tiroidit siirecini modiile ettigi,
lenfosit proliferasyonunu ve sitokin profilini diizenleyerek immiin yaniti
tyilestirdigi saptanmistir (Wang ve ark., 2023). Ayrica insanlarda yapilan
giincel calismalar, otoimmiin tiroid hastaligi olan bireylerde selenyum
diizeylerinin immiin yanit parametreleri ve stres iligkili mekanizmalarla
baglantili oldugunu ortaya koyar (Vaivode ve ark., 2023). Bu bulgular,
SeNP’lerin otoimmdin tiroid hastaliklarinin yonetiminde hem antioksidan
hem de immiinmodiilatuvar ozellikleriyle 6nemli bir arastirma alam
sundugunu gosterir.

Selenyum ve tiroid hormon doniisiimii
Selenyum, tiroid dokusunda antioksidan sistemin bir pargasi olarak gorev

ABMYO Dergisi - Yil 20 Say1 72 - Aralik - 2025 (141 - 154) 147



Selenyum nanopartikiillerinin tiroid hormon déniisiimiine etkisi: Yeni nesil mikrobesin yaklasimlart

yapar ve tiroid hormon metabolizmasinda rol alan iyodotironin deiyodinaz
enzimlerinin yapisinda bulunur. Bu enzimler T4’ln aktif form olan
T3’e doniisiimiinii ya da hormonlarin inaktivasyonunu saglar. Selenyum
eksikliginde T4 lin T3 e doniisiimii azalir ve hormon dengesizlikleri ortaya
cikar (Souza ve ark., 2025). Insanlarda ii¢ farkli deiyodinaz tanimlanmustur.
D1 (Tip 1 Deiyodinaz), T4’i T3’e doniistiirerek dolagimdaki aktif T3
seviyesini saglar (Senthamarai ve ark., 2024). D2 (Tip 2 Deiyodinaz),
beyin, kas ve kalpte hiicre i¢i T3 sentezini ger¢eklestirir ve hipotalamo-
hipofizer geri bildirim dongiisiinii diizenler. D3 (Tip 3 Deiyodinaz), T3 ve
T4’ inaktif formlara doniistiirerek asirt hormon etkilerini 6nlemektedir.
Bu enzim, dokular1 asir1 aktif tiroid hormonlarinin zararl etkilerine karsi
koruyarak tiroid hormon homeostazinda 6énemli rol oynar (Pehlivan ve
ark., 2023; Souza ve ark., 2025).

Selenyum eksikligi, iyodotironin deiyodinaz enzimlerinin islevlerini
bozarak T3 diizeyinde diisiise ve T4 birikimine yol acar. Bu durum,
hipotiroidi benzeri klinik bulgulara neden olabilmektedir (Duntas, 2010).
Ayrica, selenyumun antioksidan savunmadaki rolii de tiroid sagligi icin
kritiktir. GPx ve (TrxR) gibi selenoproteinler, tiroid hormon sentezinde
yan irlin olarak ortaya ¢ikan hidrojen peroksiti (H,0,) notralize ederek
hiicreleri oksidatif hasardan korur (Schomburg ve Kohrle, 2008).

Klinik potansiyel ve giivenlik

SeNP’lerin klinik potansiyeli, geleneksel selenyum formlarina gore daha
yliksek biyoyararlanim ve azaltilmis toksisite avantaji sunmalarindan
kaynaklanir. Ornegin, Ansari ve arkadaslar1 (2024) calismasinda,
SeNP’lerinhedeflenmis ligandlarla fonksiyonelize edildigindeilag tastyicisi
olarak kullanilabilecegi ve cesitli hastaliklarda etkinlik gosterebilecegi
vurgulanmaktadir. SeNP’ler, son yillarda giivenlik profili ve hedefe yonelik
etkileri sayesinde klinik arastirmalarda umut verici bir ajan olarak 6ne
cikmistir. (Vasanthakumar ve ark., 2024). Yapilan ¢alismalar, SeNP’lerin
oksidatif stresi azaltici, antiinflamatuvar ve immiinmodiilatuvar 6zellikleri
sayesinde Ozellikle tiroid fonksiyonlarmin korunmasinda ve otoimmiin
tiroid hastaliklarinin seyrinde olumlu etkiler gosterebilecegini ortaya
koyar. Ayrica SeNP’lerin, yalnizca tiroid hastaliklarinin yonetiminde
degil; antikanser, antimikrobiyal ve antioksidan uygulamalarda da genis
bir terapotik potansiyele sahip oldugu bildirilmektedir (Karthik ve ark.,
2024; Nagime ve ark., 2025).
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Bununla birlikte SeNP’lerin giivenlik profili hala arastirilmaktadir.
Geleneksel Se formlar1 dar terapdtik araliga sahip olup yiiksek dozlarda
toksisiteye yol agabilirken, SeNP’ler daha diisiik toksisite egilimi
gostermektedir. Hayvan modellerinde yapilan caligmalar, yiiksek doz
SeNP maruziyetinin karaciger enzimlerinde degisiklikler, Se birikimi
ve metabolik bozukluklar gibi toksikolojik etkilere yol acabilecegini
gostermistir (Ryabova et al., 2024). Ayrica cevresel giivenlik agisindan
da SeNP’lerin birikimi ve uzun vadeli etkileri heniiz netlesmemistir. Bu
nedenle, SeNP’lerin klinik kullanima gecebilmesi i¢in dozaj araliklarinin
belirlenmesi, uzun dénem giivenlik ¢aligmalarinin yapilmasi ve standart
iretim protokollerinin gelistirilmesi kritik 6neme sahiptir (Vijayakumar
ve ark., 2024).

Yeni nesil mikrobesin yaklasimlari

Selenyum nanopartikiilleri (SeNP’ler), geleneksel selenyum formlarina
gore daha yiliksek biyoyararlanim, diisiik toksisite ve hedef dokularda
etkinlik gostermeleriyle yeni nesil mikrobesin yaklasimlarinda 6ne ¢ikar.
Klasik Se bilesikleri dar terapotik araliga sahip olup, fazla alindiginda
toksik etkilere yol agabilmektedir. Buna karsilik SeNP’ler, diisiik dozlarda
dahi giiclii antioksidan ve immiinmodiilatuvar etkiler sergilemekte,
oksidatif stresin azaltilmasinda ve hiicresel hasarin dnlenmesinde avantaj
sunmaktadir (Karthik ve ark., 2024; Ansari et al., 2024).

Yeni nesil mikrobesin yaklasimlarinda kisisellestirilmis beslenme
anlayisinin  6nemi giderek artmaktadir. Bulgular, bireylerin genetik
farkliliklarinin ~ selenyum  metabolizmasint  dogrudan  etkiledigini
gostermektedir. Bu baglamda SeNP’lerin, genetik profillere uygun olarak
optimize edilmis formiilasyonlarla gelistirilmesi, 6zellikle otoimmiin tiroid
hastaliklari, yaglanma ile iligkili bozukluklar ve bagisiklik fonksiyonlarinin
desteklenmesinde umut verici bir strateji olarak degerlendirilmektedir
(Sadler ve ark., 2024; Sampath ve ark., 2024). Boylece SeNP’ler yalnizca
eksiklik giderici bir mineral takviyesi degil, bireye 6zgii hastalik dnleme
ve tedavi yaklagimlarinda kullanilabilecek yeni nesil bir mikrobesin olarak
konumlanmaktadir (Hosnedlova ve ark., 2018).

Bununla birlikte, SeNP’lerin mikrobesin destegi olarak yaygin
kullanimin1 sinirlayan bazi sorunlar bulunur. Yiiksek doz veya uzun siireli
kullanimda potansiyel toksisite, biyolojik birikim ve cevresel etkiler
konusundaki belirsizlikler halen devam etmektedir (Ryabova ve ark.,
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2024; Vijayakumar ve ark., 2024). Ayrica iiretim siirecleri i¢in standart
protokoller gelistirilmemistir ve uluslararasi regiilasyonlar yetersizdir. Bu
nedenle SeNP’lerin yeni nesil mikrobesin olarak giivenle kullanilabilmesi
icin genis kapsamli randomize kontrollii klinik ¢alismalar, uzun dénem
giivenlik verileri ve yesil sentez yontemleriyle desteklenmis stirdiiriilebilir
iiretim stratejilerine ihtiyac vardir (Nagime ve ark., 2024).

Sonug¢

Selenyum, tiroid hormonlarinin sentezi ve dontisiimiinde kritik rol oynayan,
ayni zamanda antioksidan savunma mekanizmalarinda gorev alan temel
bir mikrobesindir. Selenyum eksikligi, tiroid hormon dengesizliklerine,
oksidatif stresin artmasina ve otoimmiin tiroid hastaliklarinin gelismesine
zemin hazirlayabilmektedir. Bunedenle, selenyumun yeterli alimi1 endokrin
saglik acisindan hayati 6nem tasir.

Son yillarda gelistirilen selenyum nanopartikiilleri, geleneksel selenyum
formlarina kiyasla daha yiliksek biyoyararlanim, diisiik toksisite ve
hedeflenmis biyolojik etkiler sunmalariyla 6ne c¢ikmistir. SeNP’lerin
oksidatif stresin azaltilmasinda, immiin yanitin diizenlenmesinde ve tiroid
hormon metabolizmasinin desteklenmesinde etkili olabilecegi yoniinde
artan sayida deneysel ve klinik bulgu mevcuttur. Ayrica SeNP’ler,
kisisellestirilmis beslenme ve yeni nesil mikrobesin yaklasimlarinda
kullanilabilecek yenilik¢i adaylar olarak degerlendirilmektedir.

Bununla birlikte, SeNP’lerin klinik kullanimlarina iliskin baz1 kisithliklar
s6z konusudur. Uretim standartlarinin heniiz olusturulmamis olmast,
dozaj konusundaki belirsizlikler, uzun dénem giivenlik verilerinin sinirl
bulunmasi ve g¢evresel etkilerin tam olarak bilinmemesi, bu alanda daha
fazla arastirma yapilmasini gerekli kilmaktadir. Gelecekte, yesil sentez
yontemleriyle gelistirilecek giivenli iiretim protokolleri ve genis 6lcekli
randomize kontrollii ¢alismalar SeNP’lerin hem tiroid sagliginda hem
de genel insan saghiginda giivenle kullanilabilen bir mikrobesin destegi
olarak kabul edilmesine olanak saglayacaktir.
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Abstract

The fourth industrial revolution is underway, driven by spectacular advances
inloTthat are redefining the possibilities for equipment monitoring, automated
diagnostics and remote control. In this changing landscape; our research has
focused on accurately measuring the advantages of the MQTT protocol over
its main competitors, HITP and CoAP, in an environment that replicates
real-world industrial conditions. To conduct this evaluation, we designed a
comprehensive test bench combining several key technologies: DHT11 sensors
for temperature monitoring and ACS7 12 sensors for electrical measurements,
an ESP8266 processing unit managing data collection, a Mosquitto server
installed on Raspberry Pi managing MQOTT messages, all visualised using the
Node-Red interface. After intensive testing, the figures highlight that: MOTT
clearly outperforms other protocols with an average response time of 150
milliseconds (with a margin of error of only 5ms), a transmission success
rate of nearly 100%, and optimised energy consumption. This exceptional
performance makes MQTT the ideal candidate for demanding industrial
applications. However, a few practical challenges still need to be addressed
for large-scale adoption: strengthening the security of exchanges via protocols
such as TLS, facilitating connection with traditional industrial systems, and
training technicians in these new technologies. This work paves the way for
a more connected and intelligent industry, where the combination of MOTT
with Al and edge computing could well revolutionise the way, we produce.
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Nesnelerin interneti tabanh endiistriyel otomasyon
ve uzaktan bakim icin MQTT protokoliiniin
degerlendirilmesi

Ozet

Dordiinciisanayi devrimi ekipman izleme, otomatik tespit ve uzaktan kontrol
olanaklarint yeniden tamimlayan internet nesnelerindeki gelismelerle
ilerliyor. Bu ¢alismada MQTT protokoliiniin HTTP ve CoAP’ye kiyasla
avantajlarimi gercek endiistriyel sistemler iizerinde dogru bir sekilde
olgmeye odaklanildi. Bu degerlendirmeyi gergeklestirmek icin, birkag
temel teknolojiyi birlestiren kapsamli bir test yapildi: Bu teknolojiler:
sicaklik izleme icin DHT11 sensorleri ve elektriksel olciimler icin ACS712
sensorleri, veri toplamayr yoneten bir ESP8266 islem birimi, MQOTT
mesajlarint yoneten Raspberry Pi’yve kurulu bir Mosquitto sunucusu,
olmak tizere hepsi Node-Red arayiizii kullanilarak gorsellestirildi. Bes
gtin stiren yogun test ve 1.500 ornegin analizinden sonraki bulgulara
gore: MQOTT, 150 milisaniyelik ortalama yanit siiresiyle (sadece 5 ms’lik
bir hata payiyla), neredeyse %100’liik bir iletim basart oranmiyla ve
optimize edilmis enerji tiiketimiyle diger protokollerden agik¢a daha iyi
performans gostermektedir. Bu performans, MQTT'yi zorlu endiistriyel
uygulamalar igin ideal bir aday haline getiriyor. Ancak, biiyiik élgekte
benimsenmesi icin ele alinmasi gereken su noktalar bulunmaktadir: TLS
gibi protokoller araciligryla aktarim giivenliginin ilerletilmesi, geleneksel
endiistriyel sistemlerle baglantinin kolaylastiriimasi ve teknisyenlerin bu
veni teknolojiler konusunda egitilmesi. Bu ¢alisma, MQTT 'nin ilerleyen
zamanlarda yapay zeka ve u¢ simwr bilisimle entegresi sonucu tiretim
sistemlerimizde devrim yaratici daha baglantili ve akilli bir isleyisin
ontinii agtigini gostermektedir.

Anahtar Kelimeler: Endiistriyel nesnelerin interneti, MOTT protokolii, ag
gecikmesi, giivenilirlik, enerji verimliligi, MOTT aracisi
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Introduction

The digital revolution is profoundly transforming traditional industrial
landscapes, with the emergence of the Internet of Things (IoT) as the
main catalyst for this change. This technological transition is redefining
industrial operating modes through the real-time acquisition of critical
data, the strategic deployment of smart sensors and the integration of
advanced monitoring interfaces. Lee et al. (2022) demonstrates how these
connected systems not only enable more effective predictive maintenance
but also early diagnosis of anomalies, which have become essential in an
increasingly competitive industrial environment.

Faced with growing economic pressures and intensifying global
competition, industrial players are focusing their efforts on continuously
improving equipment availability and reducing unplanned downtime.
The optimal use of real-time data has emerged as a fundamental pillar
of performance optimisation strategies. Research conducted by Zonta et
al. (2020) highlights the multiple benefits of predictive analytics, which
not only significantly reduces maintenance costs but also improves energy
efficiency and extends the operational life of industrial systems.

In this new technological paradigm, communication protocols must
meet particularly rigorous technical requirements. Several recent studies
(Thavasimuthu et al., 2022; Al-Fugaha et al., 2015) emphasise the
imperative need for solutions capable of ensuring robust transmission
despite noisy industrial environments, offering minimal latency for near-
instantaneous responses, minimising the energy consumption of embedded
devices and maintaining their functionality in the face of frequent network
disruptions.

Among the range of available protocols, MQTT (Message Queuing
Telemetry Transport) stands out as a solution particularly suited to
contemporary industrial needs. Standardised by OASIS since 2014, its
lightweight publish/subscribe architecture has been specifically designed
for resource-constrained environments. Main advantages stand on
message reliability and feature variety for MQTT over CoAP (Constrained
Application Protocol). Moreover, MQTT performs better in high-traffic
environments but it consumes accordingly more resources. Extensive
research by Aldin et al.(2024), Seoane, et al. (2021) and Lee et al. (2022)
and Thangavel, et al. (2014) confirms its distinctive advantages: minimal
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protocol overhead, fully configurable quality of service levels, and
exceptional scalability, characteristics that make MQTT a preferred choice
for industrial Internet of Things applications (Hunkeler et al., 2008).

However, the widespread adoption of this protocol faces several major
challenges. The integration of advanced security mechanisms, including
TLS encryption and rigorous client authentication, requires advanced
technical expertise. Furthermore, ensuring seamless interoperability
with existing systems such as SCADA or CMMS represents a significant
technical complexity. Added to these obstacles is a notable shortage of
specialised skills for the effective deployment of MQTT in real production
environments, as previously identified by Chagfeh and Mohamed (2012).

This research study aims to identify optimal deployment conditions and
propose practical solutions to overcome the main technical challenges
associated with the implementation of industrial IoT. The methodology
employed in this study synergistically combines an exhaustive review of
scientific literature with the development and testing of a comprehensive
technological platform. This experimental setup incorporates several key
components: an ESP8266 microcontroller for data processing, DHT11
sensors for thermal monitoring and ACS712 sensors for electrical
monitoring, a Mosquitto MQTT broker hosted on a Raspberry Pi platform,
and a real-time dashboard developed with the Node-RED environment.
Systematic measurements focused on several critical parameters: response
time, data integrity, optimal bandwidth utilisation, and energy efficiency,
providing a solid basis for a rigorous comparative evaluation of MQTT's
performance against other industrial communication protocols.

Firstly we give definition of problem below and then explain materials and
methods. Then we set results, discussion and conclusions, respectively.

Definition of the problem

This in-depth study aims to accurately assess the operational performance
and application potential of the MQTT protocol in a simulated industrial
context. It focuses in particular on analysing its latency, reliability and
stability in a remote monitoring system for DC motors, making detailed
comparisons with other alternative protocols such as HTTP or CoAP.
The problem or main motivation for this study is the need for the highest
reliability for automated industrial systems in near future.
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Material and methods

Experimental setup

The experimental setup shown in Figure 1 incorporates a DC motor equipped
with two sensors that are essential for our study. The first, an ACS712
module, accurately measures current intensity, while the second, a DHT11
sensor, simultaneously records temperature and humidity variations. These
components are connected to a NodeMCU ESP8266 board programmed
via the Arduino environment, which ensures synchronous data acquisition
at regular one-second intervals.

Hmmmmmmmmmemmmm————a- + - + T +
| DC Motor | | Sensors | | Microcontroller |
| (12v, 2000 RPM) |<----- | DHT11 (Temp/Hum) |----- >|  NodeMCU ESP8266 |
| | | ACS712 (Current) | RAW | (Arduino Programmed) |
o + o + o +
| MOTT QoS 1
v
Hmm e + #mm e + o +
| MQTT Broker | | Dashboard | | Local Database |
| Mosquitto | | Node-RED |----- >|  (SQLite/ISON) |
| (Raspberry Pi 3B+) | | (visualization) | Json | |
#mmmsssesssssssasassas + fememsmssssesssssssmas + demmmmsmassamassssases +

Figure 1. Complete experimental setup: From DC motor control to
cloud monitoring. Solid arrows show data flow, dashed arrows represent
physical connections.

The system operates according to a well-established operational sequence.
The sensors begin by collecting analogue electrical signals and digital
environmental measurements. The microcontroller then transforms this
raw data into structured JSON packets before transmitting them via the
MQTT protocol with a level 1 quality of service to a Mosquitto broker
installed on a Raspberry Pi 3B+. This platform also hosts Node-RED,
which plays a central role in our architecture by performing several
complementary functions. In particular, it allows users to subscribe to real-
time data streams, display various parameters on an intuitive visualisation
interface, and save all information in an SQLite database for later analysis.

The technical characteristics of this device are worth highlighting. The
average size of messages exchanged remains around 150 bytes, while total
latency remains below 200 milliseconds. The system offers a configurable
sampling frequency set at 1 Hz for this study and shows optimized power
characteristics (3.2W baseline). This performance is the result of extensive
work to optimise Arduino scripts for the ESP8266 and Node-RED flows,
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with convincing results. Comparative tests conducted under identical
conditions using HTTP and CoAP protocols confirmed a 12% energy gain,
a reliable transmission rate of 99.9% and rock-solid stability demonstrated
by continuous operation over 72 hours.

This comprehensive and well-balanced architecture perfectly meets
Industry 4.0 requirements for remote monitoring. It successfully combines
computational efficiency and operational reliability while maintaining
controlled resource consumption. The various components work in perfect
synergy to offer an integrated solution that has proven itself in our rigorous
evaluations.

Data collection and Metrics

To accurately assess the performance of the system described above, we
implemented arigorous analysis methodology focused on three fundamental
aspects. Network latency was measured by comparing hardware timestamps
at both ends of the transmission chain, from the ESP8266 sending the data
to Node-RED receiving it, with clocks synchronised via NTP to ensure
absolute accuracy. This approach allowed us to experimentally confirm the
claim that latency was consistently less than 200 milliseconds.

Particular attention was paid to the robustness of communications. By
carefully tracking message IDs and acknowledgements at the Mosquitto
broker level, we were able to verify the effective delivery rate in QoS
1, thus supporting the 99.9% success rate mentioned in the architecture
description. This crucial metric demonstrates the exceptional reliability of
the MQTT protocol in our configuration.

Resource optimisation was approached from two complementary angles.
Bandwidth analysis, performed using detailed Wireshark captures, allowed
us to directly compare the footprint of MQTT and HTTP headers. At the
same time, precise measurements of the ESP8266's 3.3V power supply
using a precision multimeter provided tangible data on energy consumption.
These investigations explain and confirm the observations presented in
section 2.1 concerning the modest size of messages (150 bytes on average)
and the 12% lower power draw compared to HTTP-based solutions.

Results
The experimental results, obtained from 1,500 analysed MQTT exchanges,
highlight the remarkable performance of this protocol in an industrial
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context. The measurements reveal an average transmission delay of
150.1 milliseconds between the sensors and the control interface, with
variations not exceeding +20 ms around this value. These figures confirm
the assumptions made during the design of the system described above.

Communication reliability is exceptional, as evidenced by the 99.9%
transmission rate in QoS 1 quality of service. This result, obtained using the
measurement methodology presented above, unequivocally confirms that
this solution perfectly meets the requirements of industrial applications
requiring continuous monitoring with immediate responsiveness.

The comparative study also highlights a major advantage: a 12% reduction
in energy consumption compared to systems using the HTTP protocol.
These data, corroborated by in-depth analyses of network frames, clearly
position MQTT as the technology of choice for industrial environments
where energy efficiency and transmission speed are key criteria.

Figure 2 illustrates the latency values recorded over 100 MQTT message
transmissions from the ESP8266 microcontroller to the Node-RED
dashboard. The graph shows a consistent and narrow distribution of latency
values centered around 150.1 milliseconds, with fluctuations generally
within the range of +20 ms. This low dispersion demonstrates the excellent
temporal stability of the MQTT protocol in our experimental setup. Such
performance is particularly significant in industrial contexts where timely
data delivery is crucial—for example, in real-time condition monitoring or
predictive maintenance tasks.

Latency per MQTT Message (ESP8266 — Node-RED) - 100 Messages

= Latency per message (ms)
=== Mean = 150.1 ms
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Figure 2. MOTT message latency over 100 transmissions (ESP8266 —
Node-RED). The average latency of 150.1 ms confirms the stability of
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the protocol for real-time applications. Variations remain below +20 ms,
demonstrating low dispersion

The results also validate the choice of MQTT with QoS level 1, as this
setting offers a strong balance between delivery guarantee and transmission
speed. Unlike protocols such as HTTP, where latencies are higher and
more variable (300-500 ms), MQTT maintains a predictable response
time, making it more suitable for time-sensitive operations in industrial
automation.

Table 1 compares three protocols commonly used in industrial [oT: MQTT,
HTTP, and CoAP. Several criteria were taken into account, including
latency, message reliability, and quality of service (QoS) according to our
survey.

Table 1. Comparison of communication protocols in industrial contexts

Criterion MQTT HTTP CoAP
Latency (ms) 150.1 300-500 200
Message Reliability High Low Medium
QoS Support 0,1,2 None Partial

Among these options, MQTT stands out as the best choice for time-
sensitive environments, thanks to its low latency (around 150 ms) and
lightweight packet structure, which minimises bandwidth usage. Another
major advantage is its support for different QoS levels, allowing it to adapt
to a variety of industrial reliability requirements.

HTTP, although widely used, has longer transmission delays and does
not natively support a publish/subscribe system, making it unsuitable for
real-time applications. CoAP, designed for resource-constrained devices,
offers lightweight communication comparable to MQTT. However, it
suffers from a lack of built-in features such as a centralised broker, and
its industrial ecosystem remains less mature. In summary, this analysis
confirms that MQTT is the most suitable protocol for remote monitoring,
diagnostics and maintenance in smart factories and IoT environments.

Discussion
The empirical data from our studies leave little room for doubt: the MQTT
protocol stands out as the superior communication protocol for industrial
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IoT applications, demonstrating clear advantages over HTTP and CoAP
protocols in terms of both energy efficiency and data transmission speed.
However, despite these technical advantages, its large-scale implementation
in industrial environments faces a major obstacle: compatibility issues with
legacy SCADA systems. These established industrial control architectures,
based on rigid frameworks and proprietary standards, are philosophically
and technically incompatible with the inherently decentralised and flexible
nature of MQTT.

Recent advances offer promising solutions to the integration challenge
like the creation of intelligent gateway interfaces that successfully
translate MQTT data streams into formats compatible with traditional
industrial systems by using approaches similar to the bridging capabilities
of OPC UA. Our own experiences using Node-RED as an intermediary
platform have confirmed the viability of these translation layers. However,
these innovative approaches have yet to prove themselves in real-world
industrial environments, where uncompromising reliability requirements
and heterogeneous technology ecosystems create additional complexity.
As cyber-physical systems integration increases, concerns on reliability
issues always have priority with network systems. It is possible to claim
that MQTT operates securely considered up-to-date attacks.

The convergence of MQTT with conventional SCADA architectures
raises several critical considerations that require careful consideration.
The scalability limits of current conversion systems remain uncertain,
particularly when it comes to handling sudden spikes in data volume
without compromising system responsiveness. Security implications are
also significant, as these hybrid systems can potentially expand the attack
surface for cyber threats while still needing to maintain industrial-grade
protection standards.

Our findings highlight the need to develop robust evaluation frameworks
capable of assessing these integrated solutions without negating the
fundamental strengths of MQTT, namely its remarkable efficiency and low
resource requirements. The way forward is to strike a balance between
innovation and pragmatism, ensuring that the protocol's advantages are not
sacrificed for the sake of compatibility. As the industrial sector continues
its digital transformation, resolving these integration challenges will be
essential to unlocking the full potential of MQTT in smart manufacturing
environments.
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Conclusions and recommendations

The industrial sector is increasingly recognising MQTT as the protocol
of choice for loT implementations, offering an optimal balance between
technical efficiency and cost-effectiveness, particularly in remote
maintenance scenarios. However, its widespread adoption requires
consideration of several critical success factors that go beyond simple
technical implementation.

Security is the cornerstone of any successful MQTT deployment in an
industrial environment. The implementation of robust TLS encryption
combined with rigorous authentication protocols creates an essential
security foundation for protecting sensitive operational data. These
measures become particularly crucial when dealing with critical
infrastructure where data integrity and confidentiality are paramount.

The human element of the equation is equally important. Organisations must
prioritise the development of internal expertise through comprehensive
training programmes covering the entire spectrum of MQTT operations,
from initial installation and configuration to advanced troubleshooting and
optimisation. This investment in knowledge pays off in terms of smoother
deployments and more efficient long-term maintenance.

For industrial environments with limited resources, MQTT's lightweight
architecture offers distinct advantages, particularly when integrated with
user-friendly platforms such as Node-RED. This combination simplifies
monitoring and control while maintaining the protocol's inherent efficiency.
This pairing creates an accessible entry point for organisations transitioning
to smart factory concepts without requiring a massive overhaul of their
infrastructure.

In the future, the convergence of MQTT with emerging technologies
such as artificial intelligence and edge computing promises to unlock
new capabilities. These synergies could lead to more autonomous and
self-optimising systems capable of predictive maintenance and real-time
process adjustments. Such advances would further enhance the resilience
and intelligence of industrial IoT networks while retaining the protocol's
fundamental advantages in terms of simplicity and efficiency. The future of
industrial automation appears increasingly tied to the evolution of MQTT,
offering exciting possibilities for those willing to harness its potential.
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Abstract

This paper focuses on developing and implementing a biomedical
question-answering (BQA) system using large language models (LLMs)
and the CIliCR dataset, in combination with the LangChain framework.
The study evaluates several models, including GPT-3.5, GPT-4, LLAMA3,
and Mistral, in handling clinical questions. Key methodologies include data
preparation, prompt engineering, and model adaptation. The evaluation
employs metrics such as precision, recall, Fl-score, BLEU scores, and
embedding-based metrics. Results show that using the entire case context
significantly outperforms chunking and vector store indexing methods.
Notably, GPT-4 achieved an exact match score of 44.7%, surpassing human
experts. Although fine-tuning improves domain-specific performance, there's
a risk of overfitting. This research adds to the progress in BOA systems with
possible benefits for clinical decision- making and medical education.
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Biyomedikal soru-cevaplamada dil modeli
performansinin degerlendirilmesi: CliCR veri seti
uizerinde langchain catis1 kullanilarak bir vaka

calismasi

Ozet

Bu makale, LangChain ¢atisi ile birlikte biiyiik dil modellerini (BDM ’ler)
ve CliCR veri setini kullanarak bir biyomedikal soru-cevaplama (BSO)
sistemi gelistirmeye ve uygulamaya odaklanmaktadw. Caliyma, GPT-3.5,
GPT-4, LLAMA3 ve Mistral dahil olmak tizere cesitli modellerin klinik
sorulart ele alma performansini degerlendirmektedir. Temel metodolojiler
arasinda veri hazirlama, komut miihendisligi (prompt engineering)
ve model adaptasyonu yer almaktadir. Degerlendirmede kesinlik
(precision), duyarlilik (recall), F1 skoru, BLEU skorlari ve gémme
(embedding) tabanli metrikler gibi olgiitler kullanilmaktadir. Sonuglar,
vaka baglaminin tamamint kullanmanin, par¢alara aywma (chunking)
ve vektor deposu indeksleme yontemlerine gore onemli olciide daha iyi
performans gosterdigini ortaya koymaktadir. Dikkat ¢ekici bir sekilde,
GPT-4, %44, 7 'lik bir tam eslesme skoru elde ederek insan uzmanlar: geride
birakmistir. Ince ayar (fine-tuning) alana Ozgii performansi artirsa da,
asirt 6grenme (overfitting) rviski tasimaktadw:. Bu arastirma, klinik karar
verme ve tip egitimi i¢in potansiyel faydalar sunarak BSO sistemlerindeki
ilerlemelere katkida bulunmaktadir.

Anahtar Kelimeler: Biyomedikal Soru-Cevap; CliCR; Degerlendirme;
Biiyiik Dil Modelleri; Istem miihendisligi, RAG, Vektor Veritabani;
Parcalama
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Introduction

The developments in large language models (LLM), such as GPT-3.5,
GPT-4 (Achiam et al., 2024), and LLAMA (Touvron et al., 2023), have
considerably affected the domains of natural language processing (NLP)
and artificial intelligence (AI). These models can comprehend and produce
human language, rendering them useful for biomedical applications.
Almanac (Hiesinger et al., 2023) exhibited the possible biomedical uses
of LLMs in question-answering tasks, assisting clinicians, researchers,
and patients in procuring credible and timely information. BQA systems
are proving to be a promising potential in answering complex clinical
questions automatically, thus assisting in clinical decision-making, medical
education, and research (Jin et al., 2021).

But, despite the presented potential, AMMU (Kalyan et al., 2021) shed
light on some of the challenges that remained unsolved. A primary issue
with BQA is the understanding and reasoning over the medical contexts,
which involve technical terminology and complex relationships among
medical entities. Current language models may struggle with these nuances
and vocabularies, leading to inaccurate or incomplete answers (Jin et al.,
2021). It is shown that fine tuning LLMs on extract domain-specific datasets
improves the model's performance, but it has the disadvantage of easily
overfitting and losing generalizability in low-resource domains (Gu et al.,
2020), which remains a challenge. Duong and Solomon (2023) found that
although GPT had nearly human-like performance on the memorization
questions, it scored poorly on critical thinking questions. Lee et al. (2023)
crafted a privacy-preserving LLM for automated data extraction with very
good concordance to human reviewer gold standard, demonstrating both
the potential and limitations of LLMs in biomedical contexts.

To address these challenges, our study explores the development of an
advanced BQA system utilizing the latest developments of LLMs on the
CliCR dataset (Suster & Daelemans, 2018), leveraging the LangChain
framework . The methodology employed involves extensive data
preparation, prompt engineering, and model adaptation using LangChain's
APIs and tools, followed by measuring the results using multiple carefully
designed evaluation metrics including precision, recall, F1-score, BLEU
scores, and embedding-based metrics. The advantage of this approach lies
in exploring and measuring different prompting techniques that both utilize
full context windows and supporting vector stores, in combination with
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sophisticated prompt engineering practices, enhancing the understanding
and generation of accurate and relevant answers to biomedical queries.
This research aims to advance the integration of LLMs in BQA systems,
contributing to improved clinical decision-making and medical education.

To address these challenges, this study makes several key contributions:

* Adoption of State-of-the-Art LLMs: Using frontier large language
models (LLMs), like GPT-3.5, GPT-4, LLAMA3, and Mistral, this
study aims to enhance biomedical question answering (BQA) systems.
By incorporating these advanced models, we hope to improve the
performance of the BQA system.

* Comprehensive Evaluation Across Multiple Models: Performance
comparison of closed, open, and fine-tuned LLMs on CliCR dataset
which will help us emphasize strengths andlimitations of models to
boost the accuracy and reliability of BQA systems.

* Prompt Engineering and Context Utilization: Explore different prompt
engineering and context retrieval techniques when evaluating LLMs
performance within the BQA field, which builds upon the work of
evaluating different approaches for applying LLMs in the biomedical
field.

* Fine-tuning and Domain Adaptation: Finally, explore whether fine-
tuning LLMs on domain specific data will improve the understanding
and QA skills when dealing with medical cases. Previous work has
showcased LLMs performance improvements in the biomedical field
when fine-tuning on biomedical datasets (Gu et al., 2020; Tinn et al.,
2021).

Through these contributions, the study aims to test, evaluate, and experiment
with different technologies and techniques to help advance biomedical
question-answering systems using the latest LLMs advancements. The
work has been conducted through building a modular framework for
efficient experimentations and evaluation of different prompts and retrieval
techniques.

Literature review

The usage of LLMs in the biomedical space has generated considerable
research interest. During our work, we reviewed recent studies and explored
the performance and challenges of utilizing LLMs in the biomedical
domain, while also looking at future insights.
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-Performance evaluation

A case study has been run to assess the performance of LLMs in varying
biomedical tasks. In genetics question answering, GPT was compared
against a human to find that GPT was able to match human performance
for factual recall but did not perform as well on critical thinking questions
(Duong & Solomon, 2023). An evaluation of privacy-preserving LLMs
for the automated data extraction of thyroid cancer pathology reports
demonstrated that the model performed at the level of human reviewers,
suggesting LLMs could be deployed for clinical data processing while
safeguarding patient information (Lee et al., 2023). LLMs were tested
against a neurologic board- style exam wherein the newer versions scored
better than the average human, especially in behavioral, cognitive, and
psychiatric domains (Schubert et al., 2023). Comparative scurrying of
the ChatGPT-3.5, Google Bard, and Microsoft Bing on hematology cases
found ChatGPT able to outperform the others in managing complex
medical queries (Kumari et al., 2023).

-Challenges and limitations

LLMs face several challenges in biomedical applications. One study
identified issues such as inconsistency and inaccuracy in LLM responses
to pathology board exams, emphasizing the need for ongoing model
refinement and human oversight (Koga, 2023). It was also found that
GPT's performance in clinical diagnosis declined without detailed narrative
context, highlighting the importance of comprehensive input for accurate
diagnostic reasoning (Reese et al., 2023).

Furthermore, bias amplification has been revealed in LLMs, particularly
in clinical phenotyping, where models tended to underdiagnose certain
subpopulations, raising concerns about equitable healthcare applications
(Pal et al., 2023).

-Innovative Applications

LLMs have shown potential beyond traditional question-answering tasks.
An evaluation of GPT-4V on challenging medical cases involving both
text and images showed that the model outperformed human respondents,
suggesting multimodal Al could enhance medical diagnostic reasoning
(Buckley et al., 2023). In biostatistics, ChatGPT demonstrated an ability
to guide analyses of NHANES data, making complex statistical methods
more accessible to non-experts (Titus, 2023).
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LLMs have also been assessed in radiation oncology physics, where
ChatGPT-4 performed on par with medical physicists, indicating a potential
for these models to act as knowledgeable assistants in specialized fields
(Holmes et al., 2023).

-Datasets and Methodologies

Developing sophisticated BQA systems depends on a knowledge of the
currentresearch landscape, which includes studying datasets and evaluation
techniques. CIliCR is a dataset introduced for machine comprehension in
the medical domain, based on clinical case reports and consisting of about
100,000 gap-filling questions (Suster & Daelemans, 2018). This survey of
BQA looks at the different approaches and challenges, noting that there
is little real-world usage due to its immaturity (Jin et al., 2021). The other
survey was on transformer-based biomedical pretrained language models
(BPLMs) addressing their pre-training, tasks, and fine-tuning (Kalyan et
al., 2021). Another survey looks into the advances in task-related domain-
specific datasets, placing emphasis on the improvement of the accuracy of
biomedical QA systems (Wang, 2022).

-Privacy and Ethical Considerations

Using LLMs in biomedical scenarios therefore raises privacy and ethical
issues. The LLMs can, however, be used in clinical settings provided
thorough anonymization of records is ensured so as not to comprise
patient privacy (Lee et al., 2023). They have also looked at employing
LLMs to answer routine patient questions regarding post-operative care,
emphasizing the need for safety mechanisms and ethical guidelines to
support responsible use in healthcare (Chowdhury et al., 2023).

-Future Directions

Integrating LLM-powered autonomous agents in simulated environments
offers a new way to improve the learning and adaptability of medical
agents. The simulation of hospital environments allows autonomous agents
to learn and practice medical procedures, accumulating experience and
refining their decision-making in a risk-free setting. Future work should
look into developing such simulacra to provide continuous learning,
potentially utilizing evolutionary learning techniques to create more robust
and accurate BQA systems (Li et al., 2024).
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Table 1.Comparative analysis of previous works.
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genetics ques- I nesses in critical
. thinking ques- .
tions . reasoning
tions
Develop priva- High concord- Custom LLM de-
. . velopment,focus on
Leeetal | CY-preserving ance rates with privacy- preserving
" | LLM for data | Custom LLM | human review- . .
(2023) . L techniques, applica-
extraction from ers, maintained S
atholo atient privac tion in clinical data
P 24 P p Y extraction
Newer LLMs
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medical queries
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al. (2023) 4 in clinical detailed narra- .
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processes

Methodology, materials and methods

We use recent large language models and NLP tools with the LangChain
framework to build a Biomedical Question Answering evaluation system.
The process is broken down into 3 stages: data, model and evaluation.
Figure 1 provides a comprehensive overview of this process, with key
steps outlined:

Loading Dataset —.{ Transforming Dataset Cleaning Dataset }—v Langehain Agents

//\

Chunking Passages Vector Stor ‘ Full Prompt Agent Data Visualization Agent ‘

o

Figure 1. LangChain agents pipeline

- Data Preparation
Inthe initial phase, C1iCR dataset has been processed to ensure compatibility
with various large language models. The main steps include:

A. Data transformation: This involves tasks such as loading the dataset,
restructuring it, cleaning, vectorizing, and performing various text
processing tasks. These tasks vary based on the chosen prompting
strategy (discussed in the next step) and the specific model being
adapted.

B. Handling Long Passages: With an average passage length of
approximately 1,466 tokens, the dataset fits within the context windows
of most large language models. However, some passages exceed the
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maximum context window of many local LLMs running on constrained
environments, necessitating strategies to split the content into smaller,
manageable chunks, potentially using a sliding window technique.

C. Prompt engineering: The dataset is designed to impose restrictions on
the predicted answer format. In this step, the most effective prompt
likely to yield the correct answer has been engineered. Various versions
of the prompt have been tested to align with the capabilities of the
selected LLM.

- Model Adaptation with LangChain

Since the advancement of local and open LLMs has skyrocketed in the past
few months, both the famous GPT model, which is a state-of-the-art closed
large language model including its different versions, and state of the art
open and local models like LLAMAS3, Mistral, and Command-R have been
employed to compare their performance. They have been adapted to the
dataset by exploring multiple methods and prompts. To ensure the work
remains LLM agnostic, an open-source generative language framework
called LangChain has been utilized. LangChain provides a user- friendly
interface for integrating LLM functionalities, enabling effortless switching
between different LLMs, data storage solutions, and transformation tools.
This flexibility allows the same processes to be applied across various
LLMs and storage engines without significant modifications.

-Evaluation

The system's performance is assessed using various evaluation methods
based on the original dataset creator's work. These benchmarks include
exact match (EM), F1 score, BLEU scores (B-2 and B-4), and an
embedding-based metric (E-avg) Table 2. We compare the results with the
findings mentioned in the original dataset paper and also indicate future
directions for our work.

-Large language models

This study evaluates the following LLMs:

* GPT (Generative Pre-trained Transformer): GPT-4 by OpenAl has a
transformer architecture and was trained on many datasets and refined
with reinforcement learning from human feedback (RLHF). It shows
superior performance over GPT-3.5 on various standardized exams
and in natural language understanding and generation (Achiam et al.,
2024)
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* LLAMA3: The LLaMA models from MetaAl range from 7B to
65B parameters. They use RMS normalization, SwiGLU activation
functions, rotary positional embeddings, and an AdamW optimizer
(Touvron et al., 2023). The original LLaMA has fewer parameters than
GPT-3 and yet beats it on multiple benchmarks.

* Mistral: Mistral 7B is a high-efficiency 7-billion-parameter model that
incorporates grouped-query attention and sliding window attention.
It is optimized for reduced memory usage and enhanced speed,
outperforming LLaMA 2 13B in benchmarks such as reasoning, math,
and code generation (Jiang et al., 2023).

* Cohere's Aya: This is a multilingual, instruction-finetuned model
covering 101 languages. Built on mT5 with 13B parameters, it was
trained using the xP3x and Aya Collection datasets and is evaluated
with a comprehensive suite for generative and discriminative tasks
(Ustiin et al., 2024).

Table 2. Description of evaluation metrics

Metric Description Equation

Exact Match (EM) Measures the percentage of in- .
stances where the predicted answer T, =2
exactly matches the ground truth EM = N z I{A: = )
answer. 4=l

where A; is the actual answer, F; is the predicted
answer, and [ is the indicator function.

F1 Score Captures the overlap between the Brecidion - Reea
predicted and ground truth an- Eli=ioj SIECEImIneca
swers. It is the harmonic mean of Precision 4 Recall
precision and recall. TP

Precision = -
TP+ FP
TP
Recall = —
TP+ FN

TP = True Positives, F'IP = False Positives, F')N
False Negatives.

BLEU-2 Assesses token contiguity up 1o 3
2-grams. It is a popular metric
_Ll'dl]l\ 1 1 ptpu g
for machine translation that mea- BLEY =PE-=m (Z oK P“)
n=1

sures the similarity between the
predicted sequence and the ground | For BLEU-2, N = 2, where pn is the precision of
truth. n-grams and w,, are the weights.

1 ife>r
BP = -
{;“*’TJ ife<s

¢ is the length of the candidate translation and r is
the length of the reference translation.

BLEU-4 Similar to BLEU-2, but assesses a
token contiguity up to 4-grams.
gulty up = BLEL':BF-oxp(Z wy, I=.1,‘,‘.p.;)
n=1

For BLEU-4, N = 4. The brevity penalty BP is
calculated as in BLEU-2.
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[“Embedding-based (E-avg) Score | Measures semantic relatedness be- .

tween the predicted and ground ) 1 L ) ,

truth answers by comparing their E-avg = N Z cos(Ea,, Ep,)

vector embeddings, o=l
where E 4, is the embedding of the actual answer,
Ep, is the embedding of the predicted answer. and
cos 1s the cosine similarity.

The integration of these LLMs within LangChain framework enables the
development and testing of reusable BQA systems capable of providing
accurate and reliable information for clinical queries while allowing easy
model swapping when necessary.

The following models’ weights have been chosen to evaluate:
¢ Closed - GPT-3.5

* Closed - GPT-40

* Open-LLAMA3 7B

*  Open - Mistral 7B

* Open - Cohere’s Aya 8B

All open models have been evaluated using 4-bit quantization and were
running locally on a GeForce 3070-ti GPU. The work outlined the
possibility of having these locally running, small, and powerful LLMs
running locally on consumer hardware without the need for deploying
these models in centralized infrastructure, which is both a more accessible
and privacy compliant approach.

-CliCR dataset overview

CliCR dataset (Suster & Daelemans, 2018) was specially created for
the medical machine reading comprehension task. Derived from about
12,000 BMJ Case Reports published between 2005 and 2016, it contains
some 100,000 gap-filling queries. What makes this dataset special is its
methodology of creation: medical entities appearing within the "Learning
points" section of each report are masked, and these entities are considered
as ground-truth answers to the queries.

The CIliCR dataset features make it a strong benchmark. The passages
themselves are varied and rich with linguistic details; providing on an
average about 1,500 tokens of context for analysis. The answers consist
mostly of medical terms that are multiword answer phrases, ranging from
single words to long phrases, testing a model's proficiency in generating
exact answers. Although this puts a challenge, especially when considering
certain LLMs and their context window limitations, it serves as an excellent
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dataset for evaluating and fine-tuning the models for genuine medical use
cases.

Exploratory data analysis

In order to design methods best suited for this data, we carried an
exploratory data analysis on the CliCR dataset. The main insights that we
discovered during the analysis are going to contribute to the design of how
we prompt LLMs during question answering, mainly:

A. Prompt Engineering: By understanding the variations in queries, we
can design prompts that elicit accurate responses from our models.

B. Retrieval augmented generation (RAG): When we analyse the
connections between search queries and specific sections of text, it
helps us come up with methods to find the most relevant information.

We start by listing the key statistics in Table 3. This includes the total
number of cases (11,846) and tokens in the passages (16,544,217 without
recounting and 153,784,539 with recounting) so we can have an idea about
the overall shape of the dataset.

* Answer Length Distribution: Figure 2 shows that most answers are
between 1 to 5 words, 2 words being the most common. The dataset
also has longer answers, some more than 20 words. So, we need to
be able to instruct the models to generate short and limited answers
without over-explaining, which is what they tend to do.

* Expression Variability: 56,093 unique answers, 288,211 with variations
in expression. Which means we need to be able to generalize across
different expressions of the same concept and have a rich vocabulary
support.

* CommonAnswer Terms: Common terms like "treatment”, "symptoms",
"surgery", "MRI" in the case reports. This helps us define what medical
knowledge the model needs to learn and apply and might help us when
exploring medically fine-tuned LLMs.

* Answer Embedding in Passages: 58.94% of answers are embedded
in the passages. That is a very important insight because it indicates
that the LLM will need to understand the context to generate accurate
answers in around 40% of the queries.

* Answer Retrieval: 88.67% of answers can be found in any passage in
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the dataset. This affects how the LLM needs to generate new answers
and requires it to be able to generate novel answers.

i
&
[{=]
27
= 1.
5‘!‘
oY
&-
o~
e
g 8 8§ 8 8 8 =]
2 8 &5 I & I =}
- ~ &8 N & @
N of tokens in passage
(a)
-
2 03-
w
c
w
5 0.2
c
=
8'[11
e
o
0'0- ||||| . " " U
12345 10 15 20 25
Answer length in tokens
(b)

Figure 2. Distribution of answer lengths in the CIliCR dataset

Table 3. Statistical overview of the CliCR dataset.

Data Statistics

Number of cases 11,846
Number of queries 104,919
Total token count in passages without recounting 16,544,217
Total token count in passages with recounting 153,784,539
Average length of passages (tokens) 1,465.75
Number of unique word types in passages 112,673
Number of unique entity types in passages 591,960
Queries in the training set 91,344
Queries in the development set 6,391
Queries in the test set 7,184
Answer type: problem %71.92
Answer type: treatment %17.64
Answer type: test %10.43
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Results

We present our results after testing out different approaches on our
question-answering system. We’ve explored prompt engineering, different
LLMs, vector store indexing and fine-tuned models. We selected the
best performing LLMs to date, both open and proprietary, to do a full
comparison. We measured their performance, time and cost to see what
each model can do and what the limitations are. This helped us figure out
what’s top performing during different setups.

To save on the compute resources, we limited the testing dataset to one
question per case. This reduced inference time and cost while still giving
us representative results, a balance between efficiency and accuracy.

First, we compared using a full case in the prompt with vector store
indexing against the same LLM. The vector store indexing approach
retrieved relevant case context chunks based on semantic similarity. We
broke the dataset into smaller semantically related chunks and indexed
them to fetch the most relevant chunks for each query during runtime. But
this approach underperformed compared to the full prompt engineering
approach, showing its limitation for this setup.

Table 4 shows us the results of the two approaches and how the full case
approach performed better on all evaluation metrics. These results match
up with the insights we got from the EDA step, when we identified that
less than 60% of the answers are embedded within the case context. This
led us to the conclusion that the LLMs will need more context to properly
understand and generate the correct answer for the medical query.

Table 4. GPT3.5 full case/vector retrieval.

Method EM F1 BLEU-2 | BLEU-4 E-avg
GPT-3.5 - Full Case | 36.9% | 53.1% 0.35 0.17 0.76
GPT-3.5 - Retrieval | 23.9% | 36.9% 0.19 0.07 0.68

When exploring fine-tuning possibilities, we evaluated the top open
biomedical LLM called OpenBioLLM (paper to be released) using our
established workflow. This model produced the most hallucinations and
largely ignored our crafted prompts. This outcome suggests a huge loss in
instruction-following capability and language understanding, likely due to
overfitting on the medical dataset. Due to its extremely poor initial results,
we excluded this model from further comparisons.
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During evaluation, multiple prompts have been crafted, tested, and
evaluated for both full case and the vector store cases respectively. Figure
3 showcases the top performing prompt, which as mentioned before was
a full case prompt. The system prompt gives the LLM a medical expert
personality, presents an example of a case format, and gives instructions on
how to parse the coming cases. Then each case will be a simply formatted
case as per the format presented in the system message. The human
message (the case being tested) ends with an '=" symbol to instruct the
model to give the final answer without trying to further explain the answer.
This was needed as LLMs naturally tend to over-explain their answers.

system_message =

human_message =
Rt

;.;p;t‘_va;'l;bll.e; = i context", uestion
Figure 3. Top performing prompt.

To ensure a proper assessment of performance, we ported the same
evaluation metrics from the original dataset authors’ work, as detailed in
Table 2, while laying the groundwork for implementing more evaluation
metrics.

Our results show that while vector store indexing is a way to get relevant
information, full prompt engineering performed better on all evaluation
benchmarks. This proves context is key and context engineering is essential
for Q/A in biomedicine.

These results are useful for anyone looking to improve Q/A in biomedicine.
They show you need to consider the needed context when asking medical
questions and that certain approaches like chunking or fine tuning on too
specific datasets have limitations in this domain.
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Table 5. Evaluation Results

Method | EM | F1 | BLEU-2 | BLEU4 | E-avg | %
Human baseline

Human Expert 35% 53.7% 0.46 0.23 0.67 100%

Human Novice 31% 45.1% 0.43 0.24 0.62 92.5%
Previous Work

rand-entity 1.4% 5.1% 0.03 0.01 0.23 34.3%
maxfreq- entity 8.5% 12.6% 0.10 0.05 0.31 46.2%
sim-entity 20.8% 29.4% 0.22 0.15 0.45 67.1%
lang-model 2.1% 3.5% 0.00 0.00 0.30 44.7%
SA-Anonym 19.6% 27.2% 0.22 0.16 0.43 64.1%
SA-Ent 6.1% 11.4% 0.07 0.05 0.31 46.2%
GA-Anonym 24.5% 33.2% 0.28 0.20 0.48 71.6%
GA-Ent 22.2% 30.2% 0.25 0.18 0.46 68.6%
GA-NoEnt 14.9% 33.9% 0.21 0.11 0.51 76.1%

Our Work

GPT-40 44.7% 60.9% 043 0.24 0.80 119.4%
GPT-3.5 36.9% 53.1% 0.35 0.17 0.76 113.4%
AYA 34.3% 50.6% 0.42 0.27 0.70 104.4%
Mistral 20.8% 35.0% 0.22 0.11 0.64 95.5%

LLAMA3 17.1% 31.3% 0.12 0.05 0.61 91%

Limitations

While this study has demonstrated the promising capabilities of LLMs
in the biomedical domain, it must be noted that the test was not without
limitations. Our evaluation comprised a limited set of prominent LLMs
and only contrasted a full-context approach with a standard vector-search
retrieval method. The development in the Al is very fast and it might
well be that other models or more sophisticated retrieval techniques yield
different results. Additionally, based on our preliminary experiments on
fine-tuning a biomedical LLM, we deemed that there might be issues with
overfitting and a loss of instruction-following capability. There should thus
be further investigations into methods for fine-tuning that create a good
balance between domain-specific knowledge and general reasoning ability.

Furthermore, transferring a generic solution from research and adapting it
to a custom solution in a real clinical use may impose practical constraints
that must always be considered such as:

ABMYO Dergisi - Yil 20 Say1 72 - Aralik - 2025 (167 - 188) 183



Assessing language model performance in biomedical question-answering: A case study using the
langchain framework on the CliCR Dataset

-Cost and Privacy

Proprietary models, such as the beloved GPT-40, offer the highest
performance but run only on external servers, which makes API costs a
concern for patient data privacy and operational budgets.

-Accessibility and Infrastructure

Open-source models like AYA and LLAMAS3 stand as strong alternatives
since they can be running on local hardware, hence ensuring privacy and
eliminating prohibitive long-term costs. There is, however, an upfront
capital investment in computational infrastructure, and one must also deal
with the short context window of any current locally run model, which
becomes a bottleneck for very long clinical reports with hundreds of pages.

Finally, performance gaps detailed in Table 5 are observable. Notably,
GPT-40 even scored above the human expert baseline. But to move
beyond mere comparison and formally verify those results, the execution
of a statistical significance test marks the very next step. For example, by
applying a McNemar's test or bootstrapping test one could find out if the
difference in performances. But due to limitation in accessing the results
reported by original work we note this limitation.

Conclusion

In this study, we have developed and implemented a BQA system to
measure the performance of different LLMs on the CIiCR dataset. Despite
some limitations, we presented some key observations out of our research.
By having an extensible, model-agnostic framework with LangChain, we
compared proprietary models such as GPT-40 with open-source ones such
as LLAMA3, Aya, and Mistral.

A primary conclusion is that full context of an entire clinical case
outperforms naive chunking-based retrieval methods immensely. It brings
to light the fact that when it comes to complex medical reasoning, often
where answers are not given by implication, the whole context must be
provided to the model to be able to respond properly. The combo of GPT-
40, landing at an EM score of 44.7%, which also outperformed human
experts-on-ceiling, constitutes an indication that such systems can work in
clinical workflows. On the other hand, the local model, Aya, gave another
signal of another viable path toward private and secure clinical applications
by nearly matching expert accuracy in performance.
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Future work

Evaluation of methods for fine-tuning remains an interesting avenue for
further investigation. Since initial results suggest little advantage was
achieved by finetuned models, there could be more losses suffered in their
general skills while overly fitted on the dataset they were fine-tuned upon,
and hence it warrants a more thorough investigation. Thus, a complete
evaluation of the fine-tuning approach and strategies would offer sound
insight into its usability for a QA system.

In addition, the world of simulated training environments form important
insights and directions for the further study of BQA systems (Li et al.,
2024). Armed with simulated training environments, evolutionary learning
methods, and comprehensive knowledge integration, future BQA systems
may be refined and enhanced for increased accurateness and usefulness to
clinical decision-making and medical education.

Finally, while our study showed that full context is performing better than
the naive RAG implementation evaluated in this study, it is notable that
new and more advanced RAG techniques are emerging future research
should focus on exploring these techniques on this and other medical
datasets with even larger context windows.
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Abstract

In the digitalizing world, smart city management and applications have
become an integral part of our lives in recent years. With the increase
in innovative sensor-based devices, concepts such as smart environment,
energy, transportation, healthcare, and traffic have emerged within
smart cities, improving the quality of life for citizens through smart city
management. This study focuses on the concept of smart transportation
and traffic management, which is a subcategory of smart cities. The
concept of traffic management in smart cities has advanced thanks to the
integration of IoT (Internet of Things) and Edge Computing technologies.
This system provides more realistic traffic density predictions. loT devices,
traffic sensors, cameras, and GPS-enabled devices collect real-time data
such as traffic density, vehicle speeds, and road conditions in smart cities.
In our study, we aim to predict hourly vehicle density for a specific day.
A three-year dataset was utilized, consisting of 24-hour vehicle density
data for each day of the year. Using time series algorithms, hourly vehicle
density predictions were made for a future date. Algorithms such as ANN
(Artificial Neural Network), KNN (K-Nearest Neighbors), LSTM (Long
Short-Term Memory), Random Forest, Prophet, and XGBoost (Extreme
Gradient Boosting) were employed for predictions. The error rates of the
algorithms were analyzed to identify the most accurate prediction method.
The vehicle density prediction data produced by this algorithm was
considered the closest to reality. The results were discussed and evaluated
in the final section of the article.
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Akilli sehirde IoT ug bilisim ile trafik yogunlugu
tahmini: bir vaka ¢calismasi

Ozet

Dijitallesen diinyada akilli sehir yonetimi ve uygulamalar: son yillarda
bircok alanda hayatimiza girmistir. Uretilen inovatif sensér tabanli
cihazlarin artmasuyla birlikte akilli sehirlerde akilli ¢cevre, enerji, ulasim,
saglik, trafik gibi kavramlar ortaya ¢ikmis ve akillt sehir yonetimi ile
vatandaslarin  hayat kalitesi artmaya baslamistir. Calismada akill
sehirlerin alt bashgr olan akilli ulasim ve trafik yonetimi kavramina
odaklaniimaktadir. Akilli sehirlerde trafik yonetimi kavrami loT (Nesnelerin
Interneti) ve Edge Computing (U¢ Bilisim) teknolojisinin entegrasyonu
sayesinde gelisme kaydetmektedir bu sistemle trafik yogunlugu tahmini
daha gergek¢i bir sonug¢ ortaya koymaktadir. IoT cihazlar, trafik
sensorleri, kameralar ve GPS destekli cihazlar aractligiyla akilli sehirlerde
trafik yogunlugu, ara¢ hizlari ve yol kosullari gibi es zamanli veriler
toplamaktadr. Calismamizda belirli bir giinde, bir saatlik ara¢ yogunlugu
tahminlemesi hedeflenmistir. 3 yillik veri setinden yararlanilmis ve yilin
her giinii 24 saatlik ara¢ yogunlugu verileri kullaniimis olup, zaman
serisi algoritmalar: kullanilarak ileri bir tarih i¢cin saatlik arag yogunlugu
tahmini yapilmistir. Zaman serisi analizlerinden ANN (Artificial Neural
Network), KNN (K-Nearest Neighbors), LSTM (Long Short-Term Memory),
Random Forest, Prophet, XGBoost (Extreme Gradient Boosting)  gibi
algoritmalar kullanmilarak tahminleme yapimistir. Algoritmalarin hata
oranlarina incelenip en dogru tahmin hangi algoritma ile bulundugu
ortaya koyulmug ve bu algoritmayla yapilan arag yogunlugu tahmin verisi
gercege en yakin kabul edilmistir. Ctkan sonu¢lar makalenin son kisminda
tartistimis ve degerlendirilmistir.

Anahtar Kelimeler: Nesnelerin Interneti, U¢ Bilisim, Akill: Sehirler, Trafik
Yogunlugu, Makine Ogrenmesi
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Introduction

Smart cities are modern urbanism that aims to make city life more
efficient, sustainable and livable by using information and communication
technologies. This concept aims to optimize the infrastructure and services
of cities with the help of technology and to provide a better quality of life
for city residents.

The concept of smart cities is defined by Zhao et al. as the application of
urban modernization and the integration of information technologies in
the process to promote the sustainability of cities and improve the well-
being of citizens (Zhao, Su, Li, Zhu and Zhang, 2025).Smart cities aim
to solve challenges through the integration of technology and innovative
developments. Building a smart city means improving urban life, increasing
resource efficiency and creating sustainable environments through the
integration of advanced technologies and data-driven solutions (Karri,
Machado, Tavares and Jain, 2024). Abu Rayash and Dinger stated in their
study that the transformation of homes and cities into smart ones with the
development of technology has made the lives of citizens living in the
city easier. They emphasized that smart transportation systems, which are
one of the basic building blocks of smart cities, are of critical importance
in increasing the quality of life of people living in big cities with traffic
density management. The success of these systems largely depends on
the accurate and instant collection and analysis of traffic density data.
They state that in order for smart cities to be effective and sustainable, the
collected data needs to be managed, sustainable solutions provided, and
simultaneous data needs to be transferred to the system, and control and
analysis needs to be provided (Abu-Rayash and Dinger, 2025). Due to the
increasing population due to migration in recent years, traffic density has
increased significantly, which has a very negative impact on the daily lives
of individuals. Many technologies and strategies continue to be developed
to reduce traffic density problems and make transportation more efficient
by making cities smart. By integrating traffic lights, sensors and cameras
with real-time traffic data, vehicle flow is made more sustainable. Thanks
to real-time data collection, information from mobile devices, GPS and
traffic cameras is analyzed and alternative route suggestions are offered
to drivers where there is no traffic congestion (Kheder and Mohammed,
2024).In public transportation systems, smart transportation vehicles are
optimized and made more efficient, and it is planned to ease traffic by
reducing the use of private vehicles. In addition, autonomous vehicles and
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vehicle-vehicle and vehicle-infrastructure communication technologies
contribute to safer and more relaxed traffic flow (Dahooie, Mohammadian,
Qorbani and Daim, 2024). The introduction of artificial intelligence into
our lives makes it possible to analyze past traffic data, predict future
densities, and develop solutions for this situation. In addition, within the
scope of sustainable transportation planning, bicycle paths and pedestrian
paths are encouraged, and shared vehicle service applications and micro-
mobility solutions are encouraged. Thanks to these systems, it not only
relieves traffic congestion but also contributes to nature by reducing
carbon emissions. In order for smart cities to work effectively, it is of
great importance that both technological investments increase and users
perceive how much these systems contribute to their lives (Idrissi, Lachgar
and Hrimech, 2024). Urban mobility, which is one of the main components
of smart cities, causes the problem of finding a parking space in parking
lots and traffic congestion with the increase in the number of vehicles.
Tekouabou et al. stated that vehicle drivers looking for parking spaces add
30% extra density to traffic density. In their study, they propose a system
that also integrates the prediction model to solve this problem. The system
aims to reduce traffic congestion by predicting the available parking spaces
in parking lots for citizens in advance. In their tests on the Birmingham
dataset, the Mean Absolute Error (MAE) was measured as 0.06% with
the Bagging Regression (BR) algorithm. In addition, the complexity of
the system has been significantly reduced (Tekouabou, Alaoui, Cherif and
Silkan, 2022).

Traffic intersection signal optimization is one of the most important
applications to be done to control traffic density in smart cities. With this
system, reducing traffic density is of critical importance. In this direction, a
smart city traffic intersection signal control optimization method has been
examined with the adaptive artificial whale swarm algorithm. In order to
understand the real situation of traffic flow, the traffic flow status system at
the intersections has been designed. Signal control parameters, minimum
average delay and number of stops have been designed as target functions
and an optimization model has been created for signal control (Zhang,
Jin, Chang and Huang, 2024). By combining with chaotic search theory,
improving the artificial whale swarm algorithm, the smart city traffic
intersection signal control optimization model was solved based on the
adaptive artificial whale swarm algorithm and the smart intersection signal
control optimization was realized. According to the study, the average
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delay obtained with this method was found to be 7.8 ms, the number of
stops was 2, and the travel time was 68.4 seconds. Thus, they proved that
with the proposed method, they achieved good results for traffic signaling
at smart intersections and thus could reduce traffic congestion (Wei and Ju,
2024). Every passing day, a new one is added to smart city management. In
this case, it makes the lives of city residents easier and offers a comfortable
life. Thanks to IoT and sensor-based tools, a new device is integrated
into our lives every passing day. Researchers are also looking for how to
make these devices more efficient and integrated into life (Dogaroglu and
Caligkanelli, 2022).

Smart city management

Rapid population growth, unsafe lifestyle, waste of natural resources,
indiscipline in human behaviours, urgent needs in the field of medicine,
patientinformationsecurity, and issuesrelated to agriculture, and automation
requirements in industries are the main reasons for inventing technologies.
Smart cities aim to address these challenges through the integration of
technology, data, and innovative applications. Building a smart city requires
integrating advanced technologies and data-driven solutions to improve
city life, increase resource efficiency, and create sustainable environments
(Karri, Machado, Tavares, Jain, Dannana, Gottapu and Gandomi, 2024). In
recent years, significant progress has been observed in the scope of smart
city applications in developing countries, and municipalities are fulfilling
their responsibilities in many areas, especially in transportation, energy,
water and waste management (Figure 1). Within the scope of smart city
management; smart transportation and traffic applications such as traffic
density maps, smart parking applications, automatic passage systems,
and electronic inspection systems, vehicle tracking systems, smart meter
readings, and chip-equipped garbage containers are available (Khemakhem
and Krichen, 2024). For example; within the scope of smart environment,
solid waste facilities that produce electricity from methane gas, air quality
monitoring systems, noise control and warning systems, excavation vehicle
tracking systems, smart water network applications, solar lighting of stops,
electric buses and solar-powered meteorological stations are also used in
environmental smart management systems (Ozcan, 2023). One of the most
important problems in smart city management is waste management. The
rapid increase in population in big cities has made this problem even more
important. Waste management, thanks to smart sensors and IoT devices,
ensures that the trash can is emptied when necessary according to waste
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levels. This reduces the frequency of waste collection, creates unnecessary
traffic congestion, and thus minimizes operational costs (Ahmed,
Dubey, Kumar and Dubey, 2024). Technological advances have paved
the way for the Internet of Things (IoT) concept to become widespread
worldwide. Applications of [oT for smart cities are particularly effective in
environmental and urban management. In smart cities, [oT devices are used
to connect supply and demand information for smart homes and energy
management in smart grids. However, power scheduling and information
security transmission stand out as important problems in complex smart
systems, but these problems can be solved with various machine learning
techniques and data analytics methods (Awan, Khan, Rahmani, Tabhir,
Alam, Alturki and Ullah, 2020) .

IoT and edge computing

[ Smart Environment E®}‘\ - {%‘ Smart Water Managcment]
§ i

\
.
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h
' .
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Figure 1: Smart city component

This structure contributes to the management of cities in a more efficient,
sustainable way and in a way that increases the quality of life of citizens
(Yalli, Hasan, Jung and. Al-Selwi, 2025). In recent years, with the
widespread use of Internet of Things (IoT) devices in many areas, data
production has also become very high. After this data is collected, it is
transferred to the cloud computing system for analysis. However, due
to the remoteness of the cloud nodes in the system, problems such as
network congestion, data transfer delay and security arise. These problems
are solved by processing at a point closer to the data sources thanks to
edge computing, which offers alternative solutions. Edge computing is
superior to [oT devices in terms of processing power, but it is more limited
than cloud systems because tasks that require high processing power still
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need to be directed to the cloud. At this point, the Autoencoder algorithm
reduces the delay in data traffic. The Autoencoder algorithm is an artificial
neural network algorithm that is one of the unsupervised learning methods
and is generally used to reduce data size, make meaningful inferences
from data or detect anomalies. Autoencoders try to reproduce the input
(Azzalini, Flammini, Emanuele, Guadagno, Ragaini and Amigoni, 2025).
It optimizes data transfer by compressing and encoding data with artificial
neural network technique. In this way, it reduces the data flow between
edge and cloud computing and reduces network congestion and latency
problems (Tekin, Kakiz and Coban, 2021).

The Internet of Things (IoT) Architecture consists of four layers as seen in
Figure 2 The first of these is the interface layer, the others are the service
layer, the network layer and the perception layer, respectively. In the
architecture (Figure 4), it is recommended to integrate the edge computing
system between the network layer and the perception layer. In this section,
it is recommended that the data be passed through the filter, processed and
sent to the last layer before being sent to the perception layer.

loT Architecture Hierarchy

Interface Layer

Edge Computing ————> @

Figure 2: IoT basic architecture

The Interface Layer provides the integration between IoT devices and the
application layer, allowing devices to communicate with each other and
users. This layer manages device connections, monitors their status, and
is responsible for security. It provides data transmission between devices
through different protocols and APIs, remotely controls and monitors them.
It manages data efficiently by ensuring compatibility between devices, but
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it can also face challenges such as security and protocol diversity (Donta,
Srirama, Amgoth and Annavarapu, 2022).

The Service Layer is a layer that provides functional services in the loT
system. This layer analyzes the collected data and derives meaningful
results from this data. The service layer provides the infrastructure that
various services such as data management, data analysis, data processing
and decision making need to be performed. The layer usually works
integrated with cloud computing or edge computing technologies and
processes large data sets and transmits these results to users or applications
(Arachchige, Murtaza, Cheng , Albahlal and Cheng-Chi, 2024).

The Network Layer is the layer that provides data transmission between
IoT devices. This layer plays a role in the secure transmission of data by
using network communication protocols that enable data exchange between
sensors and devices. It allows devices to communicate with each other or
with a central data processing unit (for example, cloud or edge computing)
and generally uses wireless communication technologies such as Wi-Fi,
ZigBee, 5G. The reliability of this layer is critical for the proper operation
of IoT systems because devices cannot function effectively without data
transmission and network connectivity (Alkhaldi, Darem and Alhashmi,
2024).

Edge Computing is the processing and analysis of data at a point close
to the source, i.e. at the edge where IoT devices and sensors are located,
before reaching the center. This approach allows data to be processed on
local devices or networks before being sent to a central cloud server, thus
reducing delays that may occur during data transmission and optimizing
network bandwidth usage. Edge computing is important for real-time
applications and IoT scenarios where latency should not be a problem.
Moreover, processing data locally also offers advantages in terms of
security and privacy, because sensitive data is analysed and stored locally
without being carried on the network (Rajagopal and Buyya, 2025).

The Sensing Layer is the lowest layer in the [oT architecture and completes
the task of collecting data from the physical environment. This layer
includes devices such as sensors and actuators, detects environmental
parameters (e.g. temperature, light, motion, humidity, pressure), and
converts them into digital data. This layer is the foundation of IoT systems
because other layers only act based on the data obtained from this layer.
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The sensing layer is critical to the accuracy of sensors and data quality
(Dui, Li, Dong and Wu, 2025).

Edge computing

Edge computing is a computing model that allows data to be processed at
a point close to the source of the data before being sent to the center. In
this method, data transmission delay is reduced by directly processing the
data collected from the devices, bandwidth usage is optimized and faster
response times are provided in real-time applications. Local processing
of data both facilitates the protection of privacy and reduces the load on
central servers, creating a more efficient computing infrastructure (Tran-
Dang and Kim, 2025).

The Edge Computing architecture in Figure 3 reduces the dependency
on central data centers by processing this data at a point close to the
data source. In this way, data transmission delay is reduced, the load
on the network is reduced, and real-time decision-making processes are
accelerated. Especially in applications that require instant intervention
such as traffic management, energy optimization, and emergency alerts,
the use of Edge Computing creates a more efficient and secure smart city
structure (Rahmani, Tanveer, Gharehchopogh, Rajabi and Hosseinzadeh,
2025).

With the integration of IoT and Edge Computing technologies, the closest
estimate of traffic data to reality is provided. Before the data is sent to
the point where it will be stored in the system, it means that the data is
processed locally with edge computing systems close to the source,
making it more real, complete, noiseless and easy to analyze. In addition,
this local processing reduces data transmission latency and allows for real-
time estimates with instant traffic density analysis. With these estimates,
traffic density can be reduced or alternative routes can be suggested by
optimizing traffic signals and controlling traffic flow. Real-time traffic
density estimates made with this technology provide cities with a more
sensitive and compatible transportation system, making cities smarter,
more efficient and sustainable (Katsigiannis and Mykoniatis, 2024).
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Unveiling Edge Computing's Impact on Urban Traffic
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Flow

5 Optimized Urban
Transportation
Networks

Figure 3: Edge computing

In their article, Kaya et al. define Edge Computing as a mechanism
developed to overcome the limitations of cloud-based data processing
in traditional IoT systems. The sensing layer is insufficient in traditional
systems for high-performance data processing, and the physical distance of
cloud technology creates a disadvantage in simultaneous data processing.
With edge computing, data from sensors is processed at the closest point
to the source, reducing latency and completing data processing with high
performance. This system works in harmony with [oT layers and offers real-
time solutions (Kaya, Isler, Mahfouz, Rasheed and AlShammari, 2023).
Moura et al. mentioned that smart transportation systems in smart cities
sometimes encounter communication delay problems in the real world, and
therefore cybersecurity vulnerabilities related to real-time data processing
and centralized data storage occur. In his study, he proposes an innovative
architecture using Edge Computing and Distributed Ledger Technology
(DLT) to solve these problems. Edge Computing is moving cloud services
to units closer to data sources, such as moving edge computing to the
roadside if vehicle data is stored. Thanks to this approach, delays and
network congestion are reduced, and the DLT architecture ensures that
this data is stored on a secure platform. The proposed architecture is to
create a decentralized platform for data management and to ensure that
data from sources in the transportation network is processed, stored and
shared securely (Moura , Aquino and Loureiro, 2024).
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Materials and methods

The aim of this study is to make predictions using time series algorithms
for vehicle density prediction in smart traffic management and to examine
the error rates of these algorithms and to determine which algorithms
give the closest results to the truth. In the study, a data set consisting of
four attributes such as date, time, number of data, and vehicle density
is classified. Although the data obtained from Rtms (Remote Traffic
Microwave Sensor) devices is processed, the received data stream is sent
directly to the data storage center. As far as it is determined, there is no edge
computing system in this type of system. In case there is a preprocessing
layer that will undertake the edge computing task, the data will be more
accurate, reliable and will contribute to the formation of more meaningful
analyses in real time.

Data Processing Funnel for Traffic Management

Raw Traffic Data

Edge Computing J' l
Optimization \/

e 2SN RUR 5

AT

.
L

Actionable Traffic Insights

Data Transmission

Data Storage

Data Processing

Figure 4: IoT layers and edge computing

Case study

In the study, a location with high traffic (Istanbul, July 15 Martyrs Bridge)
was selected for vehicle density data and the dataset was obtained from
data provided by the Istanbul Metropolitan Municipality through Rtms
sensors at the bridge entrance was used. Vehicle density estimation will
be made for a future date using the vehicle density (number) data of the
years 2022, 2023 and 2024 (3-year data) at every hour of the day. There
are 4 attributes in the study such as day, hour, number of data and number
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of vehicles. According to the algorithms, some of the data was used as a
training data set and some as a test data set in an optimum way.

Rtms (Remote traffic microwave sensor)

This device is a radar-based sensor system used to monitor and analyze
traffic flow on the road in real time. It uses microwave radar signals to
detect the number, class, speed and density of vehicles. It collects real-time
data from multi-lane roads and transmits this data to management centers,
allowing traffic flow to be monitored, signaling systems to be optimized
and traffic volume to be reduced (Zhao, Tang, Gao and Zhu, 2018). It is
widely used in smart city projects due to its features such as high accuracy
and low maintenance cost. Rtms (Remote Traffic Microwave Sensor) is a
radar-based sensing technology used in traffic monitoring and management
(Figure 5). These sensors use a technology that emits microwaves to
monitor the movement of vehicles and the flow of traffic. This technology
(Figure 6) is effectively used for speed measurement, vehicle counting and
traffic density.

. -

- - =

Figure 5: Rtms sensor

Since system measurement is important, the angles must be adjusted
correctly, therefore, situations such as sensor angle changes and obstructive
foreign objects that cause sensor data to be inaccurate are tried to be
prevented through periodic maintenance works carried out by the Traffic
Branch Directorate (Yildirim and Cataltepe, 2007).

Monitoring
area

Figure 6: Rtms application area
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The estimation models to be selected according to the structure of the
data set are extremely important. For example, parametric models (such
as Linear Regression) may be suitable for data with a normal distribution,
while more flexible models (such as Random Forest) should be preferred
for data with an unknown distribution (ilyas and Albayrak, 2023). Since
time series analysis will be performed in this study, similar studies in the
literature have been examined and the most commonly used algorithms in
traffic density estimations have been used. With these algorithms, hourly
vehicle count estimates will be made on a future date and the error rate of
the algorithms will be compared with the accuracy. The obtained outputs
are evaluated in the conclusion section of the study.

Dataset

The data set used in the study consists of 4 columns: day, hour, number
of data, and number of vehicles. The data set consists of approximately
25,000 rows, 100,000 data, and is 190 kb in size. Although the training and
test data sets differ according to the algorithms in the data, approximately
80% training and 20% test data were used in general for the algorithms.
The raw data received was read using the Pandas Library in Python and
transferred to the data frame. The “Number of data” column from the
attributes in the data set expresses the number of hourly vehicles passing
every 2 minutes. In other words, the number of hourly data is expected to
be 30. However, it was observed that some of the data in the data set was
missing. This number of missing data needs to be completed to 30. Because
the missing number of data means that the “Number of Vehicles” data is
also missing. The missing data was completed using the Pandas Library in
Python. In addition, since the different scales of the attributes in the data
set will negatively affect the performance of some algorithms, min-max
normalization was applied to the data. And results closer to reality were
obtained.

Simulation model

* In order to say that the number of data in the dataset is complete, the
data count column must be 30, but some data counts are less than 30,
which means that the vehicle count data is missing, so the data was
filtered and the data count in Python was completed to 30, thus the
vehicle count data column was completed.

* Real-timeincoming data is received and processed simultaneously in the
data flow shown in Figure 5. The Information Processing Directorate,
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which uses this data flow as a source, stores the data sets and then the
data is sent to the Traffic Branch Directorate for processing.

There is no roadside edge computing system for traffic density data to
determine whether the data generated from rtms sensors is abnormal or
normal (Figure 7).If found, incomplete, erroneous, meaningless data
will not be stored unnecessarily, and it is anticipated that it will not
create additional storage costs allocated to the municipality budget.

In the study, sensor data were generally used for training (optimally)
at 70% and the remaining 30% for testing and prediction according to
the algorithms.

As can be expected, vehicle density in traffic is observed especially
during work commute hours between 06:00 and 08:00 in the morning
and between 18:00 and 19:00 in the evening.

The data was first studied through algorithms without normalization,
but results that were far from reality emerged. Later, since the data
needed to be scaled within a certain range (usually between 0 and
1), min-max normalization was applied to the data set. And more
successful results were obtained.

Traffic Data Processing Sequence

Data Collection

RTMS sensors collect
traffic data

=

Data Reception

Data center receives the

incoming data
pad =) Prediction
=] .
Generation

Predictions for traffic
density are made

Data
Transmission

Data is sent to the data
center

Data
Processing

The data is processed for
analysis

Figure 7: Simulation model
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Experimental results

Classification reports

Classification reports are used to evaluate the classification performance of
machine learning models and reveal metrics such as Precision, Recall, F1-
Score and Support for each classification. This analysis is used to examine
the accuracy estimates of the model and to determine the strengths and
weaknesses of the algorithms. It provides a balanced evaluation of metrics,
especially in imbalanced data sets, and is used to compare the performance
of algorithms (Collado-Montafiez, Martin-Valdivia and Martinez-Cémara,
2025).

Table 1: Ann classification reports results

Class Ann classification reports
Precision Recall Fl-score Support
Accuracy - - 1.00 5001
Macro avg 1.00 1.00 1.00 5001
Weighted avg 1.00 1.00 1.00 5001

Since The Table 1 Ann classification report, precision, recall and F1-score:
1.00 are obtained, we can say that the model has made all its classifications
correctly. The overall accuracy is calculated as 100%. Also, since the
support value is 5001, the number of data can be said to be sufficient.

Table 2: Knn classification reports results

Class Knn classification reports
Precision Recall F1-score Support
0 0.51 1.00 0.68 2534
Accuracy - - 0.52 5001
Macro avg 0.75 0.51 0.36 5001
Weighted avg 0.74 0.52 0.37 5001

The Table 2 Knn classification report, precision 0.51, recall 1.00, the model
caught all positive examples (high Recall), but some of its predictions
were wrong (low Precision). F1-score 0.68 reflects the imbalance between
Precision and Recall. Overall accuracy is 52%, meaning that more than
half of the model's predictions were correct. Low values in Macro and
Weighted Average metrics reveal the difference in performance and
imbalance between classes. Parameter optimization may be required to
improve the model's performance.
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Table 3: Lstm classification reports results

Class Lstm classification reports
Precision Recall Fl1-score Support
0 1.00 1.00 1.00 25002
Accuracy - - 1.00 25002
Macro avg 1.00 1.00 1.00 25002
Weighted avg 1.00 1.00 1.00 25002

The Table 3 Lstm classification report shows that the model has excellent
performance (Precision, Recall, Fl-score: 1.00) and accuracy is 100%.
The model seems to have made error-free predictions for all classes. If the
realism of the performance is to be checked, the model should be tested
again with new and different data sets.

Table 4: Prophet classification reports results

Class Lstm classification reports
Precision Recall Fl1-score Support
High 1.00 1.00 1.00 2
Accuracy - - 1.00 2
Macro avg 1.00 1.00 1.00 2
Weighted avg 1.00 1.00 1.00 2

Although In the Table 4 Prophet Classification Report states that the model
has excellent classification performance (Precision, Recall, F1-score: 1.00)
and the accuracy is 100%, the fact that the Support value is only 2 weakens
the reliability of this assessment. Since the class examples in the data are
very few, these results cannot be generalized and it is difficult to make a
sound inference about the real performance of the model. It may need to
be retested with a larger and more balanced dataset.

Table 5: Random forest classification reports results

Class Xboost classification reports
Precision Recall Fl-score Support

Low 0.00 0.00 0.00 2

Middle 0.00 0.00 0.00 2
High 1.00 1.00 1.00 4163
Accuracy - - 1.00 4167
Macro avg 0.33 0.33 0.33 4167
Weighted avg 1.00 1.00 1.00 4167
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The Table 5, Random Forest Classification Report shows that the
performance of the model is quite unbalanced. While it has excellent
results for the high class (Precision, Recall, F1-score: 1.00), all metrics for
the low and medium classes are zero (Precision, Recall, F1-score: 0.00)
and the number of class examples is very low (2). This shows that the
model only correctly predicts the high class and ignores the other classes.
As aresult, although the overall accuracy is 100%, the classification ability
of the model is unbalanced and it only correctly predicts a single class. In
this case, the model may have overfitted due to data imbalance and needs
improvement.

Table 6: X boost classification reports results

Class Xboost classification reports
Precision Recall Fl-score Support

Low 0.00 0.00 0.00 2

Middle 0.00 0.00 0.00 2
High 1.00 1.00 1.00 4997
Accuracy - - 1.00 5001
Macro avg 0.33 0.33 0.33 5001
Weighted avg 1.00 1.00 1.00 5001

XGBoost Classification Report Table6, shows that the model predicts the
high class perfectly (Precision, Recall, F1-score: 1.00), but all metrics for
the low and medium classes are zero (Precision, Recall, F1-score: 0.00)
and the number of examples for both classes is very low (2). This result
shows that the model only focuses on the high class and cannot correctly
classify the other low and medium classes. Although high accuracy
(accuracy: 100%) is achieved, there is a situation where the classes
produce imbalanced results and the model only learns the dominant class
and ignores the others. Improvements may be needed to make this model
perform more successfully and balancedly, and it is necessary to review
the class imbalance.

Performance values
The studied algorithm performance results are presented below in the
Table 7.
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Table 7: Comparison of performance values

Algoritma Mae Mse Rmse R2 Cpu(sn)
Ann 0.5291 0.3582 0.5983 -3.6235 20.4647
Knn 0.2453 0.0771 0.2771 0.0032 30.9216
Lstm 0.2399 0.0747 0.2733 0.0287 16.5026

Random forest | 0.0974 0.0202 0.1424 0.6023 621.983
Prophet 0.0604 0.0036 0.0604 -350 6.619
Xboost 0.0753 0.0093 0.0967 0.8147 0.4528

According to table 7, XGBoost gave the best results with the lowest error
metrics (MAE: 0.0753, MSE: 0.0093, RMSE: 0.0967) and the highest R?
value (0.8147), while it also worked quite efficiently in terms of CPU time
(0.4528 seconds). Prophet drew attention with the lowest MAE (0.0604),
while the R? value (-350) showed that the model failed to understand the
data. While LSTM and KNN gave reasonable results, the ANN model
exhibited low performance with high error metrics and negative R2
Although Random Forest provided a good R? (0.6023), it was inefficient
in terms of time with a CPU time of 621.983 seconds. In general, XGBoost
stands out as the best algorithm in terms of error and performance balance.
In addition, the Prophet model is a regression model, meaning it estimates
continuous (numerical) values, so evaluation metrics such as confusion
matrix and classification report may not be directly valid.

Confusion matrix

Confusion matrix is a tool used to measure and evaluate the performance
of the classification model. It reveals the correct or incorrect predictions of
the model. In the table values, it shows the correct and incorrect predictions
made by the model for positive and negative classes with values such as
True Positive (TP), True Negative (TN), False Positive (FP) and False
Negative (FN). This matrix helps us understand in which classes the model
is strong or weak by using the calculation of metrics such as Precision,
Recall, and Accuracy (Yu and Do, 2024).

The Figure 8 also visualizes the performance of a classification model
belonging to the Ann algorithm. According to the visual, all predictions
were made correctly for the "Low" class (5001 correct predictions), but
no predictions were made for the high class. This indicates that the model
focused on only one class and did not consider the other classes. There
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may be a class imbalance in the data or the model did not learn the classes
well. Performance analysis should be done with a more balanced data set.

Ann Confusion Matrix
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True label

-4800

- 4600

F=
=2- ' '
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Predicted label
Figure 8: Ann confusion matrix
KNN Confusion Matrix
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E
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Low (0) High (1)
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Figure 9: Knn confusion matrix

The Figure 10, Lstm algorithm shows the relationship between the model's
actual number of vehicles and the estimated number of vehicles on the
time axis. The blue line represents the actual values, and the orange line
represents the model's estimated values. The graph shows that the model
generally makes estimates close to the actual data, but there are deviations
at some time intervals. This shows that the model's predictive performance
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is generally consistent over time, but some points may need improvement.
Additional features or different optimization methods can be tried to make
the model more accurate.

1.0
09
08}

0.7F

Vehicle Count

0.6

05}

e il T G s . Actual Vehicle Count
S - S SR = s Predicted Vehicle Count

5000 10000 15000 20000 25000
Time (Hours)

(=]

Figure 10: Lstm by time

In the Figure 11, Random Forest performance model, it made 2819 correct
predictions and 384 incorrect predictions in the "High (1)" class, while it
made 836 correct predictions and 128 incorrect predictions in the "Low
(0)" class. In general, the model predicted the "High (1)" class more
successfully, but there is room for improvement in false negatives (384).

Random Forest Canfusion Matrix
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Figure 11: Random forest confusion matrix

The Figure 12, XGBoost model shows that it only correctly predicts the
"Low" class (5001) and does not predict the "High" class at all. This
indicates that the model may have focused on only one class due to an
imbalanced dataset or an incorrect training process. Data imbalance issues
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should be addressed and appropriate weighting or retraining methods
should be used to improve model performance.

Xboost Confusion Matrix
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Figure 12: Ann confusion matrix

Discussion and conclusion

This study was prepared using machine learning methods to predict traffic
density, analyze trends, and contribute to traffic management. Vehicle
density in traffic may cease to be linear or predictable due to various
factors (such as weather conditions, whether the academic term is in
session or not, significant match days, and special occasions like holidays
and festivals). In this study, the number of vehicles was predicted using the
ANN, KNN, LSTM, Prophet, XGBoost, and Random Forest algorithms,
aiming to determine vehicle density at specific days and times. In this way,
it becomes possible to prevent traffic congestion, optimize signalization
systems, and guide drivers to alternative routes.

In this context, the algorithms that produced the most successful results
from the predicted values were identified. The Random Forest algorithm
requires a long processing time, which is thought to be due to the model’s
complexity and its parameters. The ANN model, on the other hand, shows
the weakest performance with high error rates and long training time.
Among the best-performing models in terms of performance, the Prophet
algorithm emerges (with the lowest MAE, MSE, RMSE); in short, if the
model with the lowest error rate is preferred, Prophet can be considered.
However, the data set should be reviewed with respect to the R? value.
According to the analysis results, the best-performing models are Prophet
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and XGBoost. As aresult, if the speed and accuracy of the model are critical,
XGBoost can be preferred. In terms of performance, XGBoost has been the
best and fastest model (with high R? and low MSE).In Utku’s study, which
utilized Istanbul traffic data, a comparative analysis involving LR, RF,
SVM, MLP, CNN, and RNN demonstrated that the LSTM-based model
achieved superior performance. The model was reported to attain an R?
value of approximately 0.9, indicating a high level of predictive accuracy.
In contrast, our study evaluated ANN, KNN, LSTM, Prophet, XGBoost,
and Random Forest algorithms, with the findings highlighting Prophet as
the most effective in terms of low error rates, while XGBoost emerged as
the most suitable in terms of both speed and accuracy. The divergence in
results between these two studies can be attributed to differences in dataset
characteristics, model parameters, and the target variables considered
(vehicle count, speed, or density). Consequently, the prominence of tree-
based methods and the time series—oriented Prophet model in one study,
and the superior performance of the deep learning—based LSTM in the
other, is consistent with expectations in the literature (Utku, 2023).

In Ilyas and Albayrak’s study conducted in Antalya, hourly vehicle count
data from each approach lane of two selected smart intersections were
utilized, and the data were divided into training and test sets to develop
models based on Linear Regression, Polynomial Regression, Support
Vector Regression (SVR), and Random Forest Regression. The performance
of the models was compared using Mean Absolute Error (MAE) and R?,
and the Random Forest model was found to outperform the other models.
In contrast, our study evaluated ANN, KNN, LSTM, Prophet, XGBoost,
and Random Forest algorithms, with Prophet exhibiting the lowest error
rates and XGBoost emerging as the most suitable model in terms of both
speed and accuracy. These differing results can be attributed to the variety
of algorithms employed, characteristics of the datasets, and the target
variables predicted (vehicle count, speed, or density). Consequently, while
the Antalya study is limited to classical regression methods, our study
provides a more comprehensive analysis by integrating both time series
and advanced machine learning techniques (ilyas and Albayrak, 2023).

In their study, Balcioglu and Sezen investigated the performance of
different machine learning algorithms for traffic flow prediction on the E80
and E84 highways. The algorithms employed included LSTM, KNN-MLP,
and SVR, with their performance evaluated using RMSE and accuracy
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(Acc-%). The results revealed that the KNN-MLP model achieved the
lowest RMSE and highest accuracy on both highways, outperforming the
other approaches; LSTM ranked second, while SVR showed the weakest
performance. The proposed KNN-MLP method enhances prediction by
selecting spatiotemporally correlated routes through KNN and capturing
hidden features and long-term dependencies with MLP. Tested on real
traffic data provided by the Istanbul Metropolitan Municipality, the model
demonstrated superior predictive capvirgiilability compared to LSTM
and SVR. Overall, the findings highlight the effectiveness of the KNN-
MLP algorithm for traffic flow prediction and suggest that incorporating
external factors such as weather conditions and special events could further
improve its accuracy and reliability. More broadly, the study underscores
the advantage of machine learning approaches over traditional methods
in modeling the complex dynamics of traffic flow (Balcioglu and Sezen,
2024).

In conclusion, selecting the appropriate model according to the data type
increases prediction accuracy. For time series data, developing specific
models (ARIMA, LSTM) and investigating their predictive performance
on larger and more complex datasets enable more accurate forecasting.
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Yazar Kilavuzu

Asagida belirtilen yaym ilkeleri ve yazim kurallarma uygun olarak hazirlanmis,
yazilar, “makale sunum formu” ile birlikte e-posta yoluyla agsagidaki adreslere
gonderilebilir.

Cevirisi yapilmig makalelerin degerlendirmeye alinabilmesi i¢in 6zgiin
metinlerin ve makale sahibinden (asil yazar veya hak sahibi yayinevi) izin
yazilarinin da gonderilmesi zorunludur.

On inceleme ve hakem degerlendirmesi dogrultusunda gelistirilmek ve/veya
diizeltilmek iizere yazarlarina geri gonderilen yazilar, gerekli diizeltmeler
yapilarak en geg, bir ay i¢inde tekrar dergiye ulastirilir.

Yapilan 6n incelemede yazim kurallarina uyulmadigi tespit edilen makaleler
diizeltilmesi i¢in yazarina iade edilir ve yayim programina alinmaz.

Yayin Ilkeleri

1. Dergide yayimlanan makaleler yazi islerinin izni olmaksizin baska
hi¢bir yerde yayimlanamaz veya bildiri olarak sunulamaz. Kismen
veya tamamen yayimlanan makaleler kaynak gosterilmeden hicbir
yerde kullanilamaz. Dergiye gonderilen makalelerin igerikleri 6zgiin,
daha once herhangi bir yerde yayimlanmamis veya yayimlanmak {izere
gonderilmemis olmalidir. Makaledeki yazarlar isim siras1 konusunda
fikir birligine sahip olmalidir.

2. ABMYO Dergisi’ne gonderilen yazilar, referans sistemi, dipnot gosterme
bi¢cimi ve kaynakga diizenlenmesinde American Psychological Association
(APA) stilinde hazirlanmalidir. APA’nin 6. baskisi, yazarlarin dikkate
alacagi versiyonu olmalidir. Bununla birlikte kaynake¢a diizenlenirken
Tiirkce’ye uyarlanmis ve APA’nin istisnasi olan hususlar da bulunmaktadir.
Tiirk¢ede giin ve ay iceren tarihler once giin, sonra ay seklinde (6rnegin
12 Subat) yazilmalidir.

3. ABMYO Dergisi’nde yayimlanan makaleler yayin tarihinden itibaren



10.

derginin bir sonraki sayisina kadar tartismaya acgik olacaktir. Makaleler
icin yapilan elestiriler dergide yayinlanacaktir.

Makaleler en fazla 12 sayfa olmalidir. Makaleler en az Word 6.0/95
formatinda diskette veya CD’de teslim edilmeli ya da ABMYO Dergisi
elektronik posta adresine gonderilmelidir. Orijinal olarak hazirlanmig
makaleler % 20 oraninda kiigiiltiilerek basilacaktir, bu nedenle sekil
ve tablolar bu durum g6z 6niinde bulundurularak hazirlanmalidir.
ABMYO Dergisi siyah beyaz basildigindan gonderilen makaledeki
resim, fotograf, sekil ya da grafikler renkli olmamalidir.

Dergide yayimlanmak iizere gonderilen yazilarin, daha 6nce hicbir yerde
yayimlanmamis olmasi veya bir bagka yayin organinda degerlendirme
asamasinda bulunmamasi gerekmektedir.

Herhangi bir sempozyum, kongre, konferans vb. bilimsel etkinliklerde
sunulmus veya sunulacak olan bildiri metinleri, yayimlanmamis olmasi
kosulu ile hakem degerlendirmesine gonderilir.

Dergi Yayin Kurulu, makaleleri, ii¢c hakem gonderir. Makaleler, en az
iki hakemin olumlu goriisiiyle yayimlanir.

. Yayimlanmasi i¢in diizeltilmesine karar verilen yazilarin, yazarlari

tarafindan en geg (posta siiresi de dahil olmak iizere) 30 giin igerisinde,
yeniden Yaym Kuruluna génderilmesi gerekir. Belirlenen siirede gonderilen
makaleler bir sonraki donemde yayimlanmak tizere siraya konulur.
Metin, degisiklikleri isteyen hakemler tarafindan yeniden incelenebilir.

. Hakem onay1 alan makaleler, raporlarin tamamlanma tarihlerine gore

siraya konularak yayimlanir.

Dergiye gonderilecek yazilar, iki kopya alinarak hazirlanmalidir. Bunlardan
bir kopya posta yolu ile gonderilmeli; bir kopya ise; elektronik posta
araciligiyla iletilmelidir. Elektronik posta olarak gonderilen niishada,
yazar/yazarlarin adi soyadi, makalelerin tam adi, bagli bulunduklar1
kurum ve {invanlari, ig-cep telefonlar1 ve elektronik posta adreslerini
iceren bir kapak sayfasi bulunmalidir. Kapak sayfasi, posta yolu ile
gonderilecek kopyaya da eklenmelidir.



11. Yazarlar, yaymlarmi istanbul Aydin Universitesi Dergisine géndermekle,
telif haklarin1 Istanbul Aydin Universitesine devretmis sayilirlar.

12. Dergide yazis1 yayimlanan yazarlara, iki adet dergi iicretsiz olarak
gonderilir. Ayrica telif hakki 6denmez.

13. Ulusal ve uluslararasi diizeyde akademik bilgi paylasiminin saglanmasi
amactyla Istanbul Aydin Universitesi Dergisi’nde yayimlanmak {izere
Hakem Kurulundan gegen yazilar Universitenin internet sitesine bagl
olarak da yayimlanabilir.

14. Dergiye gonderilen yazilar, yayimlanmasa dahi iade edilmez.

Yazim Kurallari
1. Makale Tiirleri

Dergiye gonderilen makaleler asagidaki 6zellikleri tasiyan ¢aligmalar olmalidir:
-Ozgiin arastirmalarla ilgili calismalar,
-Uygulama 6rneklerini bilimsel bir yaklasimla anlatan ¢alismalar,

-Belirli bir konuda, énemli gelismeleri degerlendirip eksiklikleri ortaya
koyan derleme ¢alismalari,

-Tez calismasindan elde edilen sonuglarin bilimsel tutarliligi olan bir
bdliimiinden ya da tiimiinden yararlanilarak hazirlanmis, doktora 6grencisinin
ve tez danigmaninin ortak yazar olarak yer aldig bilimsel makaleler.

I1. Sayfa Duizeni

Sayfa boyutu A4 kagit boyutunda olmali, sayfa yapisinda sagdan ve soldan
2 cm; Ustten 2.5 cm; alttan da 3 cm bosluk birakilmis olmalidir. Metin,
sag ve sola dayali (justify), 6zet ve abstract tek aralik olarak, ana metin
1,5 aralikla yazilmali, paragraflar arasinda bir satir bosluk birakilmalidir.
Baslik, sekil adi, tablo adi gibi format1 belirtilmis yazilar disinda kalan
metin Times New Roman yazi karakterinde 12 punto ile yazilmalidir.

I11. Makale Bashg
Makale basligi metnin igerigini yansitmali, 70 harfi gegmemeli ve gereksiz



uzatmalardan kaginilmali; Times New Roman yazi karakterinde 20 punto
ile yazilmali ve sadece basligin ilk harfi biiyiik olmalidir. Baslik sayfanin
ist sinirindan 6 cm bosluk birakildiktan sonra yazilmalidir.

IV. Yazar Adr

Yazar adi sayfanin iist ssnirindan 10 cm asagida olmalidir. Yazar adinin ilk
harfi ve soyadi biiyiik harf olmak iizere Times New Roman, 12 punto, saga
yaslanmis sekilde ve koyu olarak yazilmalidir. Yazar adi birden ¢ok olmasi
durumunda, isimlerin her birine iislii say1 seklinde bir numara verilerek kurumlari
dipnotta belirtilecektir. Yazigsmalara yapilacagi yazarin isminin yanina asteriks
(*) isareti koyulacak ve kurumu, telefon numarasi, elektronik posta adresi,
yaymin 1. Sayfasinin altinda dip not (footer) olarak alttan 2 cm yukarida, bir
cizgi ¢ekilerek, 10 punto, Times New Roman ve italik formatiyla yazilmalidir.

V. Kisaltmalar, ilgili bilim alaninin standart kisaltmalar1 olmali ve metin
icinde ilk gectigi yerde tantmlanmalidir.

VL. Tiirkce Oz

Oz; yaziya konu olan ¢alismani amaglarmi, kullanilan yontemleri, ulasilan
sonuglan, degerlendirmeleri icermeli ve 200-250 kelime arasinda olmalidir.
Bu haliyle 6zet, yapilan ¢alisma hakkinda fikir verebilmelidir. Oz, Times
New Roman yazi1 karakteri ile 12 punto, italik olarak sayfanin {ist sinirindan
13cm bosluk birakildiktan sonra yazilmali ve satirlar arasinda tek aralik
birakilmalidir. Oz kelimesi koyu olmalidir. Oz kelimesi ile metin arasinda
bir satir bosluk birakilmalidir.

VII. Anahtar Kelimeler

Oz ve Abstract kisimlarindan sonra, makalenin konu siniflandirmasiin
yapilabilmesi i¢in en az 3, en ¢ok 6 adet anahtar kelime verilmelidir. Anahtar
kelimeler 6nemlerine goére siralanmig, Times New Roman yazi karakteri ile
Tiirkge anahtar kelimeler 12 punto, Ingilizce keywords 11 punto ve italik
yazilmalidir. Sadece ““anahtar kelimeler” ve “keywords” kelimeleri koyu ve
italik olarak yazilmalidir. Tiirk¢e 6z ile anahtar kelimeler arasinda ve abstract
ile keywords arasinda bir satir bosluk birakilmahdir. Ozel isimler hari¢ anahtar
kelimeler kiiciik harfle yazilacaktir.



VIII. Makalenin ingilizce Bashg1

Makalenin Ingilizce bash@1 sadece ilk harfi biiyiik olmak {izere Times New
Roman yazi karakterinde 16 punto ile koyu olarak ve sola yanasik yazilmalidir.

IX. Ingilizce Ozet (Abstract)

Ingilizce 6zet, yaziya konu olan ¢alismanin amaglarmni, yazida kullanilan
yontemleri, ulasilan sonuglar1 ve degerlendirmeleri igeren, Tiirkce Gzette
oldugu gibi bilgi vermek iizere, 200-250 kelime arasinda olacak sekilde
hazirlanmalidir. Abstract, Times New Roman yazi karakteri ile 11 punto,
italik ve satirlar arasinda tek aralik olacak sekilde yazilmali, sadece ““abstract”
kelimesi 12 punto ve koyu olmalidir.

X. Bashklar
- Ana Bagshk

Girig boliimii yaziy1 dogrudan ilgilendiren, uzun tarihgeler igermeyen bir
boliim olmalidir. Tiim ana bagliklar sola dayali olarak Times New Roman
formatinda 14 punto, koyu ve baslhigin sadece ilk kelimesinin ilk harfi biiytik
olacak sekilde yazilmalidir. Higbir bagligin 6niine numara veya herhangi
bir isaret konulmamalidir. Ana basliklardan 6nce bosluk birakilmamali, ana
basliktan sonra bosluk birakilmadan makale metni baslamali, metin yazi
karakteri Times New Roman ve 12 punto olmalidir.

-Ara Bashk

Ana basliktan sonra herhangi bir metin yazilmadan ara baslik yazilmasi
gerektiginde arada bosluk birakilmayacaktir. Ara bagliklar sola dayali
olarak Times New Roman formatinda, 12 punto, keyu yazilmali ve basligin
sadece ilk kelimesinin ilk harfi biiyiik olmalidir. Ara bagliktan sonra bosluk
birakilmadan makale metni baslamalidir. Herhangi bir metin yazildiktan
sonra konulacak ara bagliklardan dnce bir bosluk birakilmalidir.

-Alt Baslik

Alt basliklar paragrafin basinda ve metinden bir ¢izgi (-) isareti ile ayrilarak
yazilmali ve hemen yanindan metin devam etmelidir. Alt baslik Times New
Roman yaz tipinde italik, 12 punto ve sadece ilk kelimenin ilk harfi biiytik
olarak yazilmalidir.



XI. Sekiller

Metin i¢inde yer alan sekiller metin sinirlarin1 asmayacak sekilde ortalanarak
konulmalidir. Sekiller mutlaka net ve okunakli olmalidir. Bask1 sirasinda
yayim %20 oraninda kiiciiltiilecegi i¢in sekil biiytikliikleri bu durum goéz
oniinde bulundurularak belirlenmelidir. Sekiller ya bir ¢izim programi
ile ¢izilmis olmal1 ya da taranmis ise en az 300dpi ¢oziintirlilkte taranmis
olmalidir. Sekil olarak gosterilen grafik, resim ve metin kutularinda yer alan
yaz1 ve sayilarin biiytikliigii makale icinde Times New Roman karakteri ile
yazilmis 9 punto boyutundaki bir yazinin biiyiikliiglinden az olmamalidir.
Sekil numaralar1 ve adlar1 seklin altinda ortalanarak, tek aralikli ve Times
New Roman 12 punto ile italik yazilmali ve sadece ilk kelimenin ilk harfi
biiyiik olmalidir. Sekilden 6nce, sekil adindan 6nce ve sonra da birer satir
bosluk birakilmalidir. Sekiller metin i¢ine yerlestirilirken mutlaka sekilden
once atifta bulunulmalidir.

XII. Resim ve Fotograflar

Resim ve fotograflar taranmis ise en az 300 dpi ¢oziiniirliikte taranmis
olmali, metin i¢cinde mutlaka atifta bulunulmali, sekillerle beraber
numaralandirilmalidir.

XIII. Tablolar ve Denklemler

Metin igerisinde yer alan tablolar metin sinirlarini agsmayacak sekilde
ortalanarak konulmalidir. Tablo numaralar1 ve adlari, tablonun iistiinde
tek aralik ve Times New Roman 12 punto ile sadece ilk kelimenin ilk harf
bliytik olacak sekilde ortalanarak ve italik yazilmalidir. Tablo ad1 yazilirken
iistte ve altta birer satir, tablodan sonra ise bir satir bosluk birakilmalidir.
Tablolara tablodan 6nce mutlaka metin igerisinde atifta bulunulmalidir.

Tablo satir ve stitunlarindaki rakam ve yazilar Times New Roman 12 punto
yazilmalidir. Ancak zorunlu kalman durumlarda yazi boyutu yazi sinirlarini
gecmeyecek sekilde en az 9 puntoya kadar disiirtilebilir. Tablodaki parametre
ve isimlerin yer aldig1 ilk satirin hem alti hem de {istii 1.5 punto kalinlikta
birer ¢izgi ile kapatilmalidir. Daha sonraki satirlarda herhangi bir yatay ve
diisey ¢izgi kullanilmadan son satirin altina bir ¢izgi daha ilave edilerek
tablo sinirlandirilmalidir.

Metin igerisine yazilacak denklemler, Microsoft Word yazim programindaki
Equation Editor ile sola dayali olarak yazilmali ve esitliklere saga dayali



olarak parantez igerisinde numara verilmelidir.

XIV. Semboller

Makale ¢ok sayida sembol iceriyor ya da makaledeki sembollerin
aciklanmasi gerekiyorsa uluslararasi standarda uygun olarak, semboller,
kaynaklardan 6nce, Times New Roman 11 punto ile italik yazilmalidir.
Makalede ondalik gdsteriminde nokta kullanilmali, binlikleri ayirirken
virgiil veya nokta kullanilmamali gerekiyorsa tek bosluk kullanilmalidir.

XV. Kaynaklar

Dergideki referans sistemi, American Psychologists Association (APA)
versiyon 6’ dir. APA sistemine gore yazilmis bir eserin sonunda muhakkak
ki bir kaynakg¢a boliimii olmalidir. Sayfanin basina Kaynaklar (bashik 14
punto, kiiclik harfle, sadece ilk harf biiyiik olmali) diye yazilmalidir. Metin
icinde gonderme yapilmis/anilmis her eser kaynakcada belirtilmelidir.

Makale metninin sonunda bulunan kaynaklar boliimii yazar soyadina gore
A’dan Z’ye dogru, alfabetik bir sekilde siralanmali ve Kaynaklar igerigi Times
New Roman 11 punto ile yazilmali, sadece dergi, kitap ya da sempozyum
adlar italik olmalidir.

Kaynaklarda, varsa cilt numarasi koyu renkte, say1 numarasi normal karakter
ile yazilmalidir. Kaynaklar kisminda yer alan ulusal-uluslararas1 makalelerin
yer aldig1 dergi adlar kisaltilmig halleriyle degil, acik olarak yazilmalidir.

» Ornek: Dergi adi Wat. Res. seklinde degil, Water Resources seklinde
yazilmaldir.

Yazi i¢inde atifta bulunulan kaynaklar; ya ...Smith (1980)... seklinde
climlenin i¢inde, ya ...(Smitb, 1980; Adams, 1981) ya da (Smith vd.,
1980) seklinde ciimlenin sonunda yazar soyadi ve yayin yili belirtilerek
verilmelidir. Iki yazarli kaynaklarda iki yazarin da soyadi yazilmali (Snell
ve Ettre, 1971), ikiden fazla yazarli kaynaklar parantez i¢inde gosterilecek
ise vd. kisaltmasi kullanilmali (Li vd., 1998), parantez disinda Li ve digerleri
(1998) kullanilmalidir.

-Metin iginde kitap, dergi ve film, TV programi adlar italik yazilir. Ornegin,
Siyaset Meydan1 Programi’nda (...).
-Ayrica yeni veya teknik bir terim metin i¢inde ilk gegtigi anda italik



yazilabilir, sonrasinda italik yazilmaz. Ornegin, 1990’lardan sonra alimlama
caligmalar1 Tiirkiye’de de artis gostermistir.

-Ingilizcede yaygin olan ifadeler ve kisaltmalar1 italik yazilmaz. Metinde
bir ifadeyi daha ¢ok vurgulamak amaciyla italik yazilmaz.

-Organizasyon kisaltmalart: ik alintida adi acik¢a yazilmalidir; eger okuyucu
kisaltmay1 yakindan biliyorsa sonrakilerde kisaltma kullanilmalidir.

» Ornek: ilk Alinti: National Institute of Mental Health (NIMH),
Sonrakiler: (NIMH, 2015)

40 ya da daha fazla alint1 sozciik varsa, iceriden, tek veya sik satir araligi
vererek, ana metinden daha kiiciik bir puntoyla (10 veya 11 punto), italik
olmadan, tirnaksiz yazilir. Sonunda paragraf icinde sayfa numarasi yazilir.

Dontistim Krishnamurti’ye gore (1998),

(...) zamanin bir sonucu degildir. Doniistim sessiz, sakin, pasif bir zihnin
sonucudur. Zihin bir sonuca odaklandiginda, artik pasif degildir. Insan
dontismek istedik¢e, degismek istedikge, olan1 degistirmek istedikce, bir
sonuca odaklanacaktir, bir sonucu arayacaktir. Zihin basit bir sekilde olan1
anlamaga niyet etmek zorundadir. O zaman sakinlesebilir. Bu sakinlik i¢inde,
insan olan1 anlayabilir. Dolayisiyla bir dontigiim olabilir (s.83).

E-maille, telefonla, yiiz ylize ya da baska bicimlerde yapilan kisisel
goriismelere dayali bilgiler, metin i¢inde gdosterilir, ancak kaynakcaya
yazilmazlar. Ornegin:

Profesor Mark Post, “et liretimindeki temel sorunun verimsizlik oldugunu
ve et liretimini bir tarim siirecinden fabrika silirecine doniistiirmek
gerektigini “ sdyledi. (Mark Post kisisel goriisme, 24 Aralik 2011).

- Kanunlarin metin icinde ilk defa gosterimi:

Tirkiye Cumhuriyeti Anayasasi’na dayanilarak halkin mahalli miisterek
ihtiyaglarimi kargilamak tizere belediyeler kurulmustur (Tiirkiye Cumhuriyeti
Anayasasi, 1982:Madde 127).
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hizmetin daha etkin ve verimli sekilde verilebilmesi amaciyla Yap1 Kontrol
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