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Abstract

Accurate forecasting of tourist arrivals is essential for strategic planning
and economic growth, particularly in Malaysia, where tourism is a
key contributor to Gross Domestic Product. Traditional forecasting
models, such as the Seasonal Autoregressive Integrated Moving Average
(SARIMA), effectively capture linear and seasonal patterns but struggle
with nonlinear dependencies. Conversely, Artificial Neural Network (ANN)
excels at modeling nonlinear relationships but may fail to account for
temporal dependencies. To address these limitations, this study proposes a
hybrid SARIMA-ANN model that integrates the strengths of both models to
improve forecasting accuracy. In this study, a hybrid SARIMA-ANN model
is developed by first applying SARIMA to extract linear and seasonal
components, followed by modeling its residuals using an ANN to capture
any remaining nonlinear patterns. Empirical results demonstrate that the
SARIMA-ANN model can provide a hybrid model with high accuracy
due to its ability to effectively capture both linear and nonlinear patterns
in time series data. SARIMA effectively captures seasonality and long-
term trends, while ANN overcomes its limitations by identifying complex
nonlinear relationships within the residuals. This combined model reduces
forecasting errors by leveraging the strengths of both models, addressing
limitations that each model individually cannot overcome. These findings
highlight the effectiveness of hybrid time series modeling for forecasting
tourist arrivals, suggesting its potential application in other domains

I Sorumlu Yazar/ Corresponding Author:Sultan Idris Education University,
wnainmarzuki@gmail.com ORCID: 0009-0001-4943-0031
? Sultan Idris Education University, phoong@fsmt.upsi.edu.my, ORCID: 0000-0002-9978-9771
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where seasonal and nonlinear patterns exist. This study implies that it does
not include external variables such as economic indicators, social media
trends, or other external factors that influence tourism demand, which may
limit the model s ability to capture sudden changes.

Keywords: hybrid SARIMA-ANN, time series forecasting, tourist arrivals,
hybrid model, accuracy

Malezya’ya gelen turist sayilarini tahmin etmek
icin hibrit SARIMA-ANN yaklasimi

Oz

Turist gelislerinin dogru tahmin edilmesi, ozellikle turizmin Gayri Safi
Yurtici Hasila’ya onemli katki sagladigi Malezya’da stratejik planlama
ve ekonomik biiyiime icin ¢ok onemlidir. Mevsimsel Otoregresif Entegre
Hareketli Ortalama (SARIMA) gibi geleneksel tahmin modelleri,
dogrusal ve mevsimsel kaliplari etkili bir sekilde yakalar ancak dogrusal
olmayan bagimliliklarla catisir. Buna karsilik, Yapay Sinir Ag1 (YSA),
dogrusal olmayan iliskileri modellemede miikemmeldir ancak zamansal
bagimliliklar: hesaba katmada basarisiz olabiliv. Bu simirlamalart ele almak
icin, bu ¢alisma, tahmin dogrulugunu artirmak amactyla her iki modelin
gli¢lii yonlerini entegre eden hibrit bir SARIMA-YSA modeli onermektedir.
Bu ¢alismada, oncelikle dogrusal ve mevsimsel bilesenleri ¢ikarmak
icin SARIMA uygulanarak, ardindan kalan dogrusal olmayan kaliplari
vakalamak igin YSA kullanilarak artiklart modellenerek hibrit bir SARIMA-
YSA modeli gelistirilmistir. Ampirik sonuglar, SARIMA-YSA modelinin,
zaman serisi verilerindeki hem dogrusal hem de dogrusal olmayan kaliplar
etkili bir sekilde yakalama yetenegi sayesinde yiiksek dogrulukta bir hibrit
model saglayabilecegini gostermektedir. SARIMA, mevsimselligi ve uzun
vadeli egilimleri etkili bir sekilde yakalarken, yapay sinir agi (YSA), artiklar
icindeki karmasik dogrusal olmayan iligkileri belirleyerek simirlamalarinin
tistesinden gelir. Bu birlesik model, her iki modelin giiclii yonlerinden
vararlanarak ve her bir modelin tek basina iistesinden gelemeyecegi
smirlamalart ele alarak tahmin hatalarimi azalt. Bu bulgular, turist
gelislerini tahmin etmek i¢in hibrit zaman serisi modellemesinin etkinligini
vurgulayarak, mevsimsel ve dogrusal olmayan kaliplarin bulundugu diger
alanlarda potansiyel uygulamasini gostermektedir. Bu ¢alisma, ekonomik
gostergeler, sosyal medya egilimleri veya turizm talebini etkileyen diger
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dis faktorler gibi dis degiskenleri icermedigini ve bunun da modelin ani
degisiklikleri yakalama yetenegini sinirlayabilecegini ima etmektedir.

Anahtar Kelimeler: hibrit SARIMA-YSSA, zaman serisi tahmini, turist
gelisleri, hibrit model, dogruluk

Introduction

Forecasting of touristarrivalsis essential for effective planning and decision-
making in the tourism industry (Huang and Zhang, 2024). Tourism in
Malaysia plays an important role in contributing to the nation’s economy.
According to Tourism Malaysia (URL 1), the share of tourism income to
the Gross Domestic Product (GDP) increased from 3.3% in 2000 to 7.4%
in 2016. In 2017, the marketing activities from various shopping campaigns
successfully boosted the tourist expenditure per capita, which expanded
3.2% with international tourist arrivals of 25.9 million and earned over RM
82.2 billion in receipts. In 2020, tourist arrivals in Malaysia decreased
to 4.33 million compared to 26.1 million in 2019 due to the Covid-19
pandemic. The pandemic has put off the Visit Malaysia 2020 Campaign
because of the travel restrictions worldwide.

Inaccurate forecasting of tourist arrivals can lead to ineffective resource
allocation, financial losses, and misinformed policy decisions. Traditional
models often fail to capture both seasonal trends and complex nonlinear
relationships, resulting in unreliable predictions that may impact strategic
planning in the tourism industry (Bouhaddour et al., 2024). The tourism
industry has a big impact on the economic growth in Malaysia; thus, the
forecasting number of tourist arrivals is crucial since it can be used to plan
and improve the tourism-related industry.

In time series forecasting, there are a few types of forecasting models, but
the most commonly used are time series models and causal econometric
models. Traditional statistical models, such as the Seasonal Autoregressive
Integrated Moving Average (SARIMA), have been widely employed to
capture linear and seasonal patterns in time series data. However, these
models often struggle to account for the complex nonlinear relationships
inherent in tourism data. SARIMA struggles with nonlinear patterns,
which are prevalent in tourism data due to varying factors like seasonality
and economic conditions (My et al., 2024). Conversely, Artificial Neural

ABMYO Dergisi - Yil 21 Say1 73 - Temmuz - 2026 (1 - 22) 3
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Networks (ANNs) are adept at modeling nonlinear patterns but may not
effectively handle temporal dependencies and seasonality (Hewamalage et
al., 2021).

To address these limitations, recent research has explored hybrid models
that integrate SARIMA and ANN approaches, aiming to leverage the
strengths of both methodologies for improved forecasting accuracy. The
linear models could be the chosen models if they can estimate the data
generation process well, but if they fail to perform, more complex
nonlinear models should be considered (Yu et al., 2017). Based on a
previous study, the hybrid model of Seasonal Autoregressive Integrated
Moving Average (SARIMA) and Artificial Neural Network (ANN) has
been developed to build a forecasting model to predict the number of
tourist arrivals through Minangkabau International Airport in the future
(Yollanda and Devianto, 2020). Since the residual of the SARIMA model
has not fulfilled an autocorrelation assumption, they proposed a new model
of SARIMA-ANN, which has a better performance based on the smallest
value of Mean Absolute Percentage Error (MAPE).

Additionally, the SARIMA-ANN hybrid model has been applied in the field
of hydrology and water resources to make accurate predictions of reservoir
water levels in Red Hills, Tamil Nadu, India (Azad et al., 2022). Hybrid
forecasting methods were applied to predict the indices of the consumer
price index (CPI) and the expected number of cancer cases in Yemen's
Ibb Province (Hadwan et al., 2022). The proposed methods include three
models: the ARIMA model, the backpropagation neural network (BPNN)
with adaptive slope and momentum parameters, a hybridization between
ARIMA and BPNN (ARIMA/BPNN), and artificial neural networks and
ARIMA (ARIMA/ANN) to gain the benefits of both linear and nonlinear
modeling. Both studies highlight the effectiveness of hybrid models in
improving forecasting accuracy. The SARIMA- ANN model enhances
hydrological predictions, while the ARIMA-BPNN hybrid is useful in
economic and health-related forecasting. These findings reinforce the
adaptability of the hybrid model in diverse fields requiring precise time
series predictions.

By integrating SARIMA’s linear modeling strengths with ANN’s nonlinear
learning capabilities, the hybrid model is expected to deliver more accurate
and reliable forecasts. Therefore, the objective of this study is to develop a
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hybrid SARIMA-ANN model to describe the linear and nonlinear patterns
independently. Then, it is used to forecast the tourist arrivals in Malaysia.

Materials and methods

Hybrid SARIMA-ANN model

Generally, the number of inspections contains both linear and nonlinear
patterns due to the seasonality, randomness, and complexity presented in
time series. Hence, it may be inadequate to apply the linear and nonlinear
methods, respectively. SARIMA and ANN algorithms have the strength
to model linear and nonlinear issues (Parviz, 2020). The process of the
hybrid model starts with the SARIMA model is employed to extract the
linear component of the time series. Then, the residuals and the lagged data
are employed as input for statistical ANN techniques. Finally, predictions
were made based on the chosen model. The equation can be expressed as:

Yt = L¢ + N (D

where L refers to the linear pattern in SARIMA and N: represents the
nonlinear component. The residual derived from the SARIMA model can
be explained as:

e =y:t— Lt (2)

where L indicates the representative of the forecasted value of SARIMA for
time ¢ . The residual analysis is the crucial part of identifying the nonlinear
pattern of data. The residual modeling can be expressed as follows:

& = f(&e-1,&t-2, ..., €t—n) + €¢ 3)
where f is a nonlinear function that can be determined by machine learning

techniques and e, is the random error. Figure 1 shows the flowchart of the
hybrid SARIMA-ANN model which was adopted from Azad et. al (2022).
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Figure 1. Flowchart of hybrid SARIMA-ANN model

The root mean square error (RMSE) and mean absolute error (MAE) are
used to evaluate the performance of the hybrid SARIMA-ANN model
based on the predicted and actual tourist arrivals. It can be formulated as
follows:

RMSE= V'Y ( —y )2
t t t

4)

n

MAE= 'Y |y — 9| (5)

noi=1 t t

where y. denotes the value of the observation at time ¢, y: refers to the
fitted value for the observation at time # and demonstrates the length
of the forecast horizon. These metrics are important in assessing the
effectiveness of forecasting models in many applications. The hybrid
model consistently depicts lower RMSE and MAE values compared to the
individual model of SARIMA or ANN. For instance, the hybrid SARIMA-
ANN model outperformed traditional models in solar radiation forecasting,
demonstrating superior accuracy in capturing nonlinear trends (Mukaram
and Yusof, 2017).

Study area
The monthly number of tourist arrivals in Malaysia is taken as the study
area, which was obtained from the Tourism Malaysia website (URL 1).
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The dataset used in this study is from January 2000 to December 2022 and
contains 270 monthly observations.

Results and discussion

Before constructing a SARIMA model, firstly, we need to evaluate the
fluctuation of the data used. Figure 2 shows the time series plot of the
number of tourist arrivals in Malaysia.

No. of tourist arrivals

3,000,000
2,500,000
2,000,000
1,500,000
1,000,000

500,000

0 DR

00 02 04 06 08 10 12 14 16 18 20

Figure 2. Time series plot of tourist arrivals in Malaysia

Based on Figure 2, the time series plot shows that the time series is an
upward trend and that there is seasonality in the dataset. It also shows
that the data is not stationary as its mean and variance are not constant
through time. The ADF stationary test was conducted for this reason and it
indicates that the dataset has a unit root which is non-stationary since the
p-value is greater than

0.05. To make the data stationary, the data needs to be differencing and this
process is repeated until the data is already stationary. Then, the parameters
of p, q, P, and Q were identified by using ACF and PACF plots. The
following figure shows the ACF and PACF plots after the first differencing.
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Autocorrelation

Partial Autocorrelation

Figure 3. ACF and PACF plots after first differencing

In the earlier stage, the values for first-order non-seasonal differencing (d)
and seasonal differencing (D) were determined as d = 1 and D = 0. Given
that the dataset represents the monthly tourist arrivals in Malaysia, the
seasonal period (S) is set to 12. To identify suitable values for p, q, P, and
Q, the autocorrelation function (ACF) and partial autocorrelation function
(PACF) were analyzed, as illustrated in Figure 3.

The ACF plot in Figure 3 exhibits a notable spike at lag 1, indicating
a relationship between the current value and the previous error term,
suggesting a non-seasonal MA(1) effect. Additionally, significant
spikes appear at lag 12 and repeat at multiples of 12, such as 24 and 36,
highlighting the presence of seasonality, which aligns with a seasonal
MA(1) component.



Wan Nurul Ain, Seuk Yen Phoong

Meanwhile, the PACF plot in Figure 3 shows a significant spike at lag 1,
followed by a gradual decline, suggesting an AR(1) process. The occurrence
of additional spikes at seasonal lags, particularly at lag 12, implies the
presence of a seasonal AR component. The identified models would then
be implemented using Python, evaluated for accuracy, and refined based on
diagnostic checks and performance metrics.

The Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC) are commonly used for model selection, each offering
distinct benefits and limitations. AIC balances model fit with complexity,
aiming to minimize information loss, whereas BIC applies a stricter penalty
for model complexity, making it a more conservative selection criterion.
AIC is particularly beneficial when working with smaller sample sizes, as
it helps identify a model that effectively explains the data while avoiding
overfitting (Kuiper, 2021).

The model selection process involves evaluating different parameter
combinations, comparing their AIC values, and selecting the model with
the lowest AIC as the most suitable for forecasting. Numerous studies have
utilized AIC and BIC to determine the optimal SARIMA model (Farsi et
al., 2021).

Table 1. SARIMA model comparison

Model AIC BIC
SARIMA(L,1,0)(1,0,1) | 5733.464 5746.946
SARIMA(L,1,1)(0,0,1) | 5748.707 5762.190
SARIMA(0,1,1)(1,0,1) , 5727.858 5741.341
SARIMA(0,1,0)(1,0,0) , 5736.789 5743.530
SARIMA(0,1,1)(0,0,1) | 5747.259 5757.371

The SARIMA(0,1,1)(1,0,1) , model was identified as the most suitable,
having the lowest AIC (5727.858) and BIC (5741.341) values. The
estimated model parameters were p=0,d=1,q=1,P=1,D =0, and
Q = 1. The absence of a non-seasonal AR term suggests that the model
primarily relies on seasonal components and differencing for predictions.
The dataset was divided into training and testing sets to evaluate the model's

ABMYO Dergisi - Yil 21 Say1 73 - Temmuz - 2026 (1 - 22) 9



Hybrid SARIMA-ANN approach for forecasting tourist arrivals in Malaysia

performance, following the commonly used 80:20 ratio, where 80% of the
data was allocated for training and 20% for testing (Joseph, 2022). Figure
4 illustrates the selected SARIMA model parameters, processed using
Python.

SARIMAX Results
Dep. Variable: Tourists No. Observations: 216
Model: ARIMA(Q, 1, 1)x(1, @, 1, 12) Log Likelihood -2859.929
Date: Tue, 27 Aug 2024 AIC 5727.858
Time: 11:54:58 BIC 5741.341
Sample: 01-01-2000  HQIC 5733.306
- 12-01-2017

Covariance Type: opg

coef  std err z P>|z| [0.025 0.975]
ma.L1l -0.3073 0.079 -3.901 0.000 -0.462 -0.153
ar.S.L12 0.8066 0.118 6.845 0.000 0.576 1.038
ma.S.L12 -0.4487 0.190 -2.364 0.018 -0.821 -0.077
sigma2 2.857e+10  8.99%e-13  3.18e+22 0.000 2.86e+10 2.86e+10
Ljung-Box (L1) (Q): 0.13  Jarque-Bera (JB): 70.23
Prob(Q): 0.72  Prob(JB): 0.00
Heteroskedasticity (H): 0.88  Skew: 0.12
Prob(H) (two-sided): 0.58  Kurtosis: 5.79
Warnings:
[1] Covariance matrix calculated using the outer product of gradients (complex-step).
[2] Covariance matrix is singular or near-singular, with condition number 3.21e+38. Standard errors may be unstable.

Figure 4. Model parameters

Based on Figure 5, ma.L1 represents the non-seasonal moving average (MA)
term, where ¢ = 1 and the estimated coefficient of -0.30703 is statistically
significant, as indicated by a p-value less than 0.05. This suggests that the
immediate past residual has a notable impact on the current value. The
negative coefficient implies that an increase in the previous residual leads
to a decrease in the current predicted value (Box et al., 2008).

The seasonal autoregressive (AR) term, P =1 denoted as ar.S.L12 in Figure
4, has a coefficient of 0.8066, which is also highly significant with a p-value
less than 0.05. This indicates a strong seasonal autoregressive effect,
where the value from 12 periods ago—corresponding to the same month
in the previous year—positively influences the current value. Similarly,
ma.S.L12, representing the seasonal moving average (MA) term with Q
= 1 is statistically significant, with a coefficient of -0.4487 and a p-value
less than 0.05. This finding suggests that the error from 12 months prior
has an impact on the current value, with the negative coefficient indicating
that a positive residual from the same period in the previous year reduces
the current forecast (Hyndman and Athanasopoulos, 2018).

10
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The estimated residual variance, represented by sigma? in Figure 4, appears
to be a large value. However, this is expected in models dealing with large-
scale data, such as the number of tourist arrivals, as it reflects the magnitude
ofthe dataset being analyzed (Chikobvu and Makoni, 2019). The SARIMA
model comprised a non-seasonal MA(1), one seasonal AR(1) and one
seasonal MA(1) polynomials. These polynomials are presented as:

(1 — ®1B12)(1 — B)X: = (1 — 61B)(1 — ©1B12) Z; (©)

The parameters from the output given as @ = 0.8066, 81 =—0.3073 while
0O, =—0.4487. By substituting the value of the parameters into equation (1),
the SARIMA model equation can be as:

(1 —0.8066B82)(1 — B) X; = (1 + 0.3073B)(1 + 0.4487B") Z, )

The next step is performing diagnostic checks for SARIMA models which
is crucial to verify the model's adequacy and reliability in accurately
capturing the underlying patterns within the data.

Figure 5 presents four plots. The top-left plot displays the residuals over
time, showing no seasonal component, as it was removed during data
preprocessing. In the top-right plot, the orange KDE line closely follows a
normal (Gaussian) distribution, characterized by a mean (pt) and standard
deviation (o), which is desirable for model validation.

The bottom-left plot indicates that all blue dots align closely with the red
reference line, suggesting that the residuals follow a normal distribution.
Meanwhile, the bottom-right plot, a correlogram, demonstrates that the
residuals exhibit low correlation with their lagged values, as most lags
fall within the confidence intervals, confirming that the residuals are
uncorrelated with the time series.

Overall, the SARIMA(0,1,1)(1,0,1)12 model effectively captures both non-
seasonal and seasonal components. The Ljung-Box test in Figure 4 yielded
a p-value of 0.13, indicating no statistically significant autocorrelation in
the residuals.
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Figure 5. Residual diagnostic, histogram plus estimated density, normal
0-0 and correlogram

Figure 6 presents the actual and predicted values for the testing data.
Initially, the model performs well, with the predicted values (orange line)
closely aligning with the actual values (blue line) at the beginning of the
series. However, at a certain point, the actual values experienced a sharp
decline in March 2020, while the predicted values remained relatively
stable. This noticeable discrepancy suggests that the model failed to
account for a crucial structural change in the data.

The significant deviations between actual and predicted values in time
series analysis often indicate that the model has not effectively captured
an underlying anomaly or shift in the data (Darban et al., 2022). In
this case, the decline corresponds to the COVID-19 outbreak and the
subsequent implementation of the Movement Control Order (MCO) by
the government in March 2020. This plot highlights that while the model
performs adequately during stable periods, it struggles with sudden changes,
emphasizing the need for greater model flexibility or the incorporation of a
more adaptive forecasting approach.
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Figure 6. Actual and predicted plot for testing data using SARIMA

Time series data is commonly forecasted using linear models; however, the
residuals from these models often exhibit nonlinear patterns (Rajalakshmi
and Vaidyanathan, 2022). When the residuals of a SARIMA model contain
both a signal and white noise, an ANN model can be employed to capture
and extract the underlying signal. This forms the foundation of the hybrid
SARIMA-ANN approach, which aims to enhance forecast accuracy by
leveraging both linear and nonlinear modeling techniques. In this process,
the residuals from the SARIMA model are further modeled using an ANN
to refine the predictions.

The neural network architecture consists of four layers: an input layer
with 12 features and 12 neurons, two hidden layers containing 50 and 25
neurons, respectively, and an output layer with a single neuron. Table 2
presents the parameters utilized in constructing the hybrid SARIMA-ANN
model. The model employs a window size of 12 inputs, with the number of
epochs set to 500 and a batch size of 32.

Table 2. Parameters for SARIMA-ANN model building

Parameters Values
Window size 12
Epochs 500
Batch size 32
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Figure 7 provides an overview of the hybrid SARIMA-ANN model. The
input layer consists of 12 features derived from SARIMA residuals, with
12 neurons utilizing the ReLLU activation function. ReLU is widely used

in classification tasks as it effectively eliminates negative values (Justin et
al., 2024).

The first hidden layer receives 12 neurons as input from the previous layer
and consists of 50 neurons. Similarly, the second hidden layer processes
the output from the first hidden layer (50 neurons) and contains 25 neurons.
Lastly, the output layer takes input from the second hidden layer (25
neurons) and consists of a single neuron. The number of neurons in the
hidden layers was determined through an iterative trial-and-error process,
considering practical guidelines for optimal performance (Pushpa et al.,
2022). A common recommendation suggests that the number of hidden
neurons should not exceed two-thirds of the input neurons (Mapuwei et
al., 2020). Additionally, the model comprises a total of 2,107 trainable
parameters, meaning all weights and biases are adjusted during the training
process.

Model: "sequential”

Layer (type) Output Shape Param #
dense (Dense) (None, 12) 156
dense_1 (Dense) (None, 50) 650
dense_2 (Dense) (None, 25) 1275
dense_3 (Dense) (None, 1) 26
activation (Activation) (None, 1) 0

Total params: 2,107
Trainable params: 2,107
Non-trainable params: @

Figure 7. Summary of hybrid model

Figure 8 illustrates the structure of the ANN model, which consists of three
layers. The input layer serves as the entry point for the data, with each
neuron representing a specific feature from the dataset that the neural
network will process.

14
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The hidden layer is where the core computations take place. Each neuron
in this layer applies a weighted transformation to the input values and
processes them through an activation function before passing the result to
the next layer.

]The output layer generates the final prediction or classification outcome.
The number of neurons in this layer depends on the task type. For regression
problems, a single neuron is typically used to produce a continuous value,
while for classification tasks, multiple neurons correspond to different
categories, each representing a probability for a specific class.

This diagram provides a visual representation of how data flows through
the network, moving from the input layer through one or more hidden
layers where transformations occur before reaching the output layer.

Input Hidden Output

Figure 8. ANN model architecture

Figure 9 shows a comparison between the actual (blue line) and predicted
(red line) values generated by the hybrid SARIMA-ANN model. The plot
demonstrates that the predicted monthly tourist arrivals closely follow
the pattern of the actual data, particularly in the earlier part of the series,
indicating enhanced model efficiency.

The graphalsohighlights asharp and sudden drop atthe same pointin both the
actual and predicted values. This suggests that the hybrid model effectively
captures this trend, outperforming individual models in adapting to abrupt
changes. Following the decline, the model continues to generate stable
predictions, closely tracking the overall pattern of actual tourist arrivals.
While some discrepancies remain, especially toward the later part of the
series, the hybrid model reduces prediction errors compared to standalone
SARIMA and ANN models.
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Figure 9. Actual and predicted plot using Hybrid SARIMA-ANN model

Additionally, the hybrid SARIMA-ANN model provides a more precise
forecast than individual models, successfully capturing overall trends and
sudden fluctuations. While some minor deviations are observed in the
later data, this model significantly minimizes prediction errors, thereby
enhancing its reliability as a forecasting tool. The finding of the hybrid
SARIMA-ANN model in this study is consistent with previous studies,
which indicate that hybrid approaches outperform individual models. For
instance, Pushpa et al. (2022) demonstrated that the hybrid SARIMA-
ANN model resulted in a lower Mean Absolute Percentage Error (MAPE)
and high robustness in modeling the seasonal agricultural price data.

Similarly, Yollanda and Devianto (2020) reported that integrating ANN
on SARIMA residuals yields significant improvements in forecasting the
number of tourist arrivals at Minangkabau International Airport. Both
studies reinforce the findings in current research, which reveal that while
SARIMA effectively captures seasonality, it leaves behind structured
residuals that are successfully modeled by ANN.

Furthermore, the hybrid model can follow the actual series during periods
of drastic transition, such as the downturn during the COVID-19 pandemic,
which demonstrates its ability to adapt to anomalies better than SARIMA
alone. While some deviations still exist in post-pandemic observations,
the hybrid approach reduces the margin of error and provides a more stable
forecasting framework than the single method.

In terms of forecasting performance, the hybrid SARIMA-ANN model
produced an RMSE of 136,269.69 and an MAE of 95,175.67, indicating
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that, on average, the predicted number of tourist arrivals deviated from
the actual number by approximately 95,000 tourists. Given the scale of
monthly tourist arrivals in Malaysia, which range from a few hundred to
over two million visitors, this error value is relatively low. It indicates that
the model is able to provide estimates that are close to real-world patterns.
Meanwhile, RMSE shows larger errors more severely, further validating
the robustness of the model in minimizing extreme deviations, an important
feature in tourism forecasting where sudden spikes or drops, such as during
the COVID-19 outbreak, can significantly affect the planning decision.
Furthermore, the model can detect and adapt to the sharp drop in tourist
arrivals in March 2020, which corresponds to the implementation of the
Movement Control Order (MCO) and it reflects the ability to capture real
anomalies in the data.

These results are consistent with those of previous studies conducted
by Yollanda and Devianto (2020), who observed the improved forecast
accuracy with the SARIMA-ANN model in forecasting international
tourist arrivals in Indonesia. Similarly, Pushpa et al. (2022) and Azad et
al. (2022) also reported reduced RMSE and MAE values when using hybrid
models for agricultural and hydrological forecasts, respectively, reinforcing
the strength of combining linear and nonlinear modeling techniques. In the
context of Malaysian tourism, where fluctuations are influenced by factors
such as seasons, festivals, and global crises, the SARIMA-ANN hybrid
model has proven to be a reliable and responsive forecasting tool.

In this study, the hybrid SARIMA-ANN model combines the linear
SARIMA forecast with the non-linear residuals forecasted by the ANN.
Thus, the general equation for the hybrid model is:

Yhybria(t) = Ysarima(t) + Eann(t) 8)

where Yhuypria(t) is the final hybrid forecast at time ¢, Ysarima(t) is the
SARIMA forecast at time ¢ and is the residual forecasted by the ANN at
time .

Hybrid SARIMA(0,1,1)(1,0,1)12 — ANN(1,2,1) model was developed to
forecast the number of tourist arrivals for the following 12 months. For
the SARIMA component model, the equation is as in equation (5). When
expanding this equation becomes:
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¥yt — By, — 0.8066B12y, + 0.8066B13y, = e; + 0.3073Be; + 0.4487B12¢,0.13789B13¢; )

The SARIMA forecast, YSARIMA(t) is calculated using this equation for each
time step ¢ Next, for the ANN component, the residual from the SARIMA
model, E(t) = Yactual(t) — Ysarima(t), contains nonlinear patterns that
the SARIMA model does not capture. The ANN is trained on these residuals
to model nonlinear patterns and predict future residuals. For the ANN part,

Eawn(t) = f (E(t — 12),E(t — 11), ..., E(t — 1)) (10)

where f is the nonlinear function learned by the ANN model and £ (¢ — i)
are the residuals from previous time steps (up to 12 months).

Yhybria(t) = Ysarmma(t) + f (E (t —12),E(t — 11), .., E(t — 1)) (1D

where Ysarima(t) is the SARIMA forecast from SARIMA(0,1,1)(1,0,1)12
and E (¢ — i) are the residuals from previous time steps (up to 12 months).

Conclusion

The hybrid SARIMA-ANN model developed for forecasting tourist arrivals
in Malaysia demonstrated significant improvements in accuracy. Results
show that the hybrid model for tourist arrivals in Malaysia is Yhybria(t) =
YSARIMA(t) + f(E(t — 12), E(t - 11), aie ) E(t - 1)) where YSARIMA(t) 1s
the SARIMA forecast from SARIMA(0,1,1)(1,0,1)12 and E(¢ — I)are the
residuals from previous time steps (up to 12 months). These findings
suggest that the hybrid model successfully integrates SARIMA’s ability
to model seasonality with ANN’s capacity to capture complex nonlinear
dependencies. The improved performance indicates that the residuals from
the SARIMA model contained meaningful nonlinear patterns, which the
ANN effectively learned, leading to significantly lower forecast errors.
The residuals, which represent the errors or discrepancies not accounted
for by the SARIMA model, contain meaningful nonlinear patterns and
information that can be leveraged to improve performance accuracy.

This aligns with recent studies that reveal the effectiveness of the hybrid
model in addressing complex forecasting tasks. Saba et al. (2022) reported
that the advantage of combining a linear model, such as SARIMA, with
a nonlinear model, such as ANN, demonstrated significant improvement
in forecasting tourist arrivals in New Zealand, Australia, and London.
Moreover, the hybrid model SARIMA-ANN has been successfully applied
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to different datasets, including forecasting daily tourist arrivals to Macau,
China. This study also revealed that the SARIMA component addressed
linear trends and seasonal patterns, while the ANN captured complex
nonlinear patterns (Wu et al., 2021).

This study also contributes to the growing body of literature that supports
the use of hybrid models in real-world forecasting applications, particularly
in industries where accurate predictions are crucial for resource allocation,
marketing, and policy formulation. The ability of the hybrid SARIMA-
ANN model to accurately forecast tourist arrivals is critical for the
Malaysian tourism sector, where significant seasonal fluctuations and
non-linear dependencies exist. This research highlights the importance of
hybrid models in tourism demand forecasting, as they offer a more robust
and flexible solution compared to traditional forecasting methods.

Furthermore, the hybrid SARIMA-ANN model can be generalized to other
regions facing similar challenges in tourism forecasting. The model’s
regional applicability extends to other areas such as the United States and
Indonesia, where the hybrid model has been used to forecast monthly tourist
arrivals with high accuracy (Misengo et al., 2023). Similarly, in a study on
tourism demand forecasting in the Philippines, the hybrid SVR-SARIMA
model was found to be the best forecasting model, outperforming other
considered models in terms of error magnitude, directionality, and trend
change (Abellana et al.,2021).

In conclusion, the hybrid SARIMA-ANN model offers a powerful
framework for forecasting tourist arrivals in Malaysia, yielding accurate
predictions by incorporating both linear and nonlinear components. This
approach provides a promising avenue for future studies and practical
applications in tourism demand forecasting. Given the increasing need for
precise forecasting in the tourism sector, the hybrid model can serve as
an effective tool for policymakers, industry professionals, and researchers
alike.
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Ozet

Uclii negatif meme kanseri (TNBC), hormon reseptorlerinin (ER,
PR) yoklugu ve HER2 ekspresyonunun bulunmamasiyla karakterize,
oldukg¢a agresif ve heterojen bir meme kanseri alt tipidir. Bu ¢alismada,
Hippo sinyal yolunu hedef alan bir YAPI inhibitérii CA3 ve mikrotiibiil
olusumunu tesvik eden ve depolimerizasyonu engelleyen taksan tiirevi bir
kemoterapdtik ajan olan Dosetaksel’in (DOC) kombine antikanser etkisi,
TNBC model hiicre hattit MDA-MB231 tizerinde arastirilmistir.

CA3 ve DOC ’nin hiicre canliligi iizerindeki kisa stireli etkileri MTT testiyle,
uzun siireli etkileri ise koloni formasyonu testiyle belirlenmistir. IC,,
degerlerine dayanarak farkli konsantrasyonlarda kombinasyon tedavileri
uygulanmistir. Elde edilen veriler, Combenefit yazilimi kullanilarak Loewe
aditiflik modeline gore analiz edilmistir.

CA3ve DOC’nin MDA-MB231 hiicrelerinde IC degerleri sirasiyla 2.2 uM
ve 17 nM olarak hesaplanmistir. MTT ve koloni formasyon analizlerinde,
bazi kombinasyonlarda kuvvetli sinerjik etki gézlemlenmistir. CA3 iin,
YAPI inhibisyonu araciligiyla transkripsiyonel kontrolii inhibe ettigi
bilinmektedir. DOC ise mikrotiibiil dinamiklerini bozarak ve mitozu
durdurarak apoptozu indiikler. Bu mekanik farkililik, ozellikle éldiiriicii
olmayan dozlarda gozlemlenen sinerjik etkilesimleri agiklayabilir.
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Sonug olarak, CA3 ve DOC kombinasyonunun belirli konsantrasyonlarda
MDA-MB231 hiicre hattinda sinerjistik antikanser etkiler olusturdugu
belirlenmis olup bu kombinasyon, TNBC tedavisinde kemoterapétik
etkinligi artirabilecek yeni bir yaklasim sunmaktadir. Bununla birlikte,
burada elde edilen iimit verici in vitro sonuclarin in vivo modeller ve klinik
calismalarla daha ileri dogrulamalara ihtiyaci vardir.

Anahtar Kelimeler: CA3, Dosetaksel, TNBC, antikanser etki, YAPI,
sinerjistik etki

A new treatment approach for triple-negative
breast cancer

Abstract

Triple-negative breast cancer (TNBC) is a highly aggressive and
heterogeneous breast cancer subtype characterized by the absence
of hormone receptors (ER, PR) and HER2 expression. In this study,
the combined anticancer effects of CA3, a YAPI inhibitor targeting
the Hippo signaling pathway, and docetaxel (DOC), a taxane-derived
chemotherapeutic agent that promotes microtubule formation and inhibits
depolymerization, were investigated in the TNBC model cell line MDA-
MB231.

The short-term effects of CA3 and DOC on cell viability were determined
by the MTT test, and the long-term effects were determined by the colony
formation test. Based on the IC,, values, combination treatments were
applied at different concentrations. The obtained data were analyzed using
the Loewe additivity model using Combenefit software.

The IC,, values of CA3 and DOC in MDA-MB231 cells were calculated
as 2.2 uM and 17 nM, respectively. In MTT and colony formation assays,
strong synergistic effects were observed in some combinations. CA3 is
known to inhibit transcriptional control via YAP1 inhibition. DOC, on the
other hand, induces apoptosis by disrupting microtubule dynamics and
arresting mitosis. This mechanistic difference may explain the synergistic
interactions observed, particularly at sublethal doses.

In conclusion, the combination of CA3 and DOC was determined to
produce synergistic anticancer effects in the MDA-MB231 cell line at
certain concentrations, offering a new approach that could enhance
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chemotherapeutic efficacy in the treatment of TNBC. However, the
promising in vitro results obtained here require further validation with in
vivo models and clinical studies.

Keywords: CA3, Docetaxel, TNBC, anticancer effect, YAPI, synergistic
effect

Giris

Uclii negatif meme kanseri (TNBC), hormon reseptdrleri (ER, PR)
ve HER2’nin yoklugu ile tanimlanan, meme kanserinin en agresif alt
tiplerinden biridir. TNBC, tiim meme kanserlerinin yaklagik %10-30’unu
olusturmakta ve geng yasta ortaya ¢ikma egilimi gostermektedir (Murria
ve ark., 2015; Vagia ve ark., 2020). Klinik sonuclar genellikle zayif olup,
metastatik TNBC hastalarinda ortanca sagkalim siiresi 18 ay civarindadir.
Mevcut kemoterapdtik ajanlar TNBC’de 6nemli rol oynasa da direng
gelisimi ve yan etkiler tedavide sinirlayict olmaktadir. Bu nedenle, yeni
kombinasyon stratejilerinin gelistirilmesi 6nemlidir (Shagisultanova ve
ark., 2022).

Hippo sinyal yolu, hiicre proliferasyonu, farklilasma ve apoptozun
diizenlenmesinde kilit rol oynar (Sung ve ark., 2021). Bu yolun baslica
efektorlerinden biri olan “Yes-Associated Protein 1” (YAP1), TNBC’de
asir1 eksprese edilmekte ve hiicre proliferasyonu ile metastazi artirmaktadir
(L1 ve ark., 2022; Yanar ve ark., 2025). YAP1 inhibit6rlerinden biri olan
CA3, ¢esitli kanser modellerinde YAP1/TEAD bagimli transkripsiyonu
baskilayarak antikanser etki gostermistir (Song ve ark., 2018; Kandasamy
ve ark., 2020). MDA-MB231 hiicrelerinde CA3 uygulamasinin YAP1
protein diizeyini onemli diizeyde diisiirdiigli, apoptotik hiicre Sliimiinii
tetikledigi, hiicrelerin G1’de tutuklandigt ve DNA onarmmi ile RNA
metabolizmasinda yer alan proteinlerde artisa neden oldugu belirlenmistir
(Yanar ve ark., 2025).

Dosetaksel (DOC) mitotik i§ olusumunu engelleyerek hiicre dongiisiinii
G2/M fazinda durdurur ve apoptozu tetikler (Ray ve ark., 2011; Lai
ve ark., 2022). DOC, adjuvan, neoadjuvan ve metastatik ortamlarda
meme kanserinin tedavisi i¢in etkili bir kemoterapdtik ajandir. Yaygin
kullanimi, bircok gelismis iilkede goriilen meme kanserine 6zgii sag
kalimda iyilesmelere katkida bulunmustur. Ila¢ ¢ok ¢esitli toksisitelere
neden olur ve bunlarin ¢ogu destekleyici bakim ve kemoterap6tik ajanin
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kesilmesiyle yonetilebilir (Ho ve Mackey, 2014). Bu nedenle, DOC'nin
yan etkilerini azaltmak ve antikarsinojenik aktivitesini artirmak i¢in ¢esitli
kombinasyonlar arastirilmaktadir.

Bu ¢alisma, CA3 ile DOC’nin farkli etki mekanizmalari araciligiyla
TNBC hiicre hattt MDA-MB231°de kombine uygulamasinin potansiyel
antikanser ve sinerjik etkilesim potansiyelini ortaya koymay1 amaglamaistir.

Materyal ve yontem

Hiicre canlihiginin analizi

MDA-MB231 hiicrelerinin, %10 fetal sigir serum ile takviye edilmis
DMEM ortaminda 37°C, %5 CO; ve %80-85 nemde rutin kiiltiiri
yapilmistir. CA3 ve DOC’nin bireysel ve kombine etkilerini belirlemek
amaciyla MTT testi uygulanmistir (Mosmann, 1983). Hiicreler, 96
kuyucuklu plaklarda kuyu basina 3x10? hiicre yogunlugunda 50 pL ortam
ile ekilmistir. Inkiibasyondan 24 saat sonra test edilecek bilesiklerin (CA3,
DOC) farkli konsantrasyonlar1 50 pL ortam ile kuyulara eklenmistir.
Hiicreler 48 saat da inkiibe edilip siire sonunda, her kuyuya 10 uL 5 mg/
mL MTT ¢o6zeltisi eklenmis ve hiicreler 3—4 saat daha inkiibe edilmistir.
Daha sonra ortam uzaklastirilmis ve olusan formazan kristalleri 100
pL. DMSO ile ¢oziilmiistiir. Absorbans, 570 nm’de Thermo Multiskan
FC ile 6l¢iilmiistiir. Hiicre canlilign (HC) asagidaki formiil kullanilarak
hesaplanmaistir:

HC (%) = (Tedavi uygulanan kuyu absorbansi / Kontrol kuyusu absorbanst)
x 100

Koloni formasyon analizi

Bu analiz, CA3 ve DOC’nin, tek basina ve kombine olarak, MDA-
MB231 hiicreleri iizerindeki uzun siireli etkisini ve hiicrelerin klonojenik
potansiyeli Uzerindeki etkilerini degerlendirmek amaciyla yapilmistir
(Rafehi ve ark., 2011; Crowley ve ark., 2016). Hiicreler 6 kuyulu plaklarda
10® hiicre yogunlugunda 2 mL %35 fetal sigir serum ile takviye edilmis
DMEM ortami ile ekilmis ve 24 saat boyunca standart kiiltiir kosullarinda
tutulmustur (37°C, %5 CO;). Hiicreler tizerindeki besiyeri 24 saat sonra
cesitli konsantrasyonlarda CA3, DOC veyakombinasyonlariigeren besiyeri
ile degistirilmis ve 48 saat boyunca inkiibe edilmistir. Ila¢ uygulamasindan
sonra ortam taze besiyeri ile degistirilmis ve kontrol kuyularinda goériiniir
koloniler (>50 hiicre) olusana kadar beklenmistir (7-8 giin).
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Inkiibasyon sonunda besiyeri atilmis ve koloniler 1 mL %6 glutaraldehit-
%S5 kristal viyole iceren fiksasyon/boya ¢ozeltisi ile 1 saat oda sicakliginda
sabitlenip boyanmustir. Plaklar dikkatlice musluk suyu ile fazla boya
giderilene dek yikanmis ve kurumaya birakilmistir. Koloniler invert
mikroskop kullanilarak >50 hiicre igeren kiimeler koloni olarak kabul
edilerek sayilmistir. Hiicre sagkalim fraksiyonu (SF) asagidaki formiille
hesaplanmaistir:

SF (%) = (Tedavi grubundaki koloni sayis1 / Kontrol grubundaki koloni
sayist) X 100

Istatistiksel analizler

Tiim deneyler ii¢ kez tekrarlanmustir. Veriler tek yonlit ANOVA ile grup
ici uyumu degerlendirmek ve Dunnett ¢oklu karsilagtirma testi ile grup ici
farkliliklar1 belirlemek i¢in analiz edilmistir (p<0.05). IC, degerleri Dr. Fit
yazilimi ile belirlenmis ve kombinasyon etkileri Combenefit yazilimi ile
Loewe additiflik modeline gore sinerjik, additif veya antagonistik olarak
siniflandirilmistir (D1 Veroli ve ark., 2015; Di Veroli ve ark., 2016).

Bulgular

CA3 ve DOC’un MDA-MB231 hiicreleri tizerindeki sitotoksik etkileri
MTT testi ile belirlenmistir. Her iki ajan da 48 saatlik uygulamanin
ardindan hiicre canlilig1 iizerinde konsantrasyon bagimli inhibisyon
gostermistir. CA3 i¢in doz-cevap egrisi klasik sigmoidal model ile uyumlu
olup, hesaplanan IC, degeri 2.2 uM olarak bulunmustur (Sekil 1.A).
Benzer sekilde, DOC da sigmoidal model ile uyumlu bir doz-cevap iligkisi
gostermis ve IC, degeri 17 nM olarak hesaplanmustir (Sekil 1.B).
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100 1o
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80r

60

% inhibisyon
% inhibisyon

40 60r

20
40}

0

0.01 0.1 1 10 0.01 0.1 1 10 100
Konsantrasyon (uM) Konsantrasyon (nM)

®»)

Sekil 1. MDA-MB231 hiicre canliligt iizerinde CA3 (A) ve DOC (B)
uygulamasinin kisa stireli etkisi.
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Kombinasyon uygulamalarinda, sitotoksik etkiler konsantrasyon ciftlerine
bagl olarak degismistir. Veriler, Combenefit yazilimi kullanilarak Loewe
additiflik etki modeline goére analiz edilmistir; pozitif degerler sinerjizmi
(mavi tonlar), negatif degerler antagonizmay1 (kirmizi/turuncu tonlar) ve
sifira yakin degerler additif etkileri (yesil tonlar) gostermektedir.

Sekil 2°de goriildigi gibi, 0.25 uM ve 1 uM CA3’iin disiik, subletal
DOC konsantrasyonlart (0.01 nM) ile kombinasyonu ozellikle giicli
sinerjik etki gOstermistir. Bu kombinasyonlar, her iki ajanin tek bagina
uygulamasina kiyasla hiicre canliliginda belirgin azalmaya yol agmustir;
diger kombinasyonlar ise genellikle additif etki gostermis olup 6nemli bir
antagonistik etki belirlenmemistir.

DOC [nM] N=3 DOC [nM]
0 0.01 0.1 1 10 100 ~J0.01 01 1 10 100
10180 (72 |58 |53 -1 -1 3 2 2
0 +/-3 +-2 +-2 +-7 +-4 001 5625 +-1 +-3 +-16 +-14 +-11 s
10181 |72 (59 |54 @
0.015625 ' - y _ 0 -3 1 1 -3 <
— 2 5 - bt sha —_— 00625 +-2 +-7 +-18 +-13 +-11 $
s 101 |80 |74 NGNS T s
= 0.0625 +-2 +-2 +-7 +-18 | +-13 ‘E = 0.25 3 -1 -2
s} S m : 17 +-16 +-15 +-13
98 (61N 74 |[ESGENIE © £
6 0.25 +:3 | 42 | 417 | +e16 | *E15 R 5 2
1 4 8 0 -3 5
1 78 51 63 50 50 +-2 +-16 +-14 +-14 o
w2 | w2 | +r2 | st6 | Se14 B
4 1 4 |a 7 <
4 4 +:2 +1 +1-8 +-11 +-8
Loewe synergy and antagonism

CA3-DOC CA3-DOC
(A) (B)

Sekil 2. Kisa siireli CA3-DOC kombine uygulamasinin, doz-yanit tizerindeki
etkisi (A) ve Loewe modeli sinerji analiz matrisi (B). (*: p<0.05)

Doz-cevap kaymast analizi, CA3’iin diisik DOC konsantrasyonlarinda
DOC’ye bagli sitotoksisiteyi artirdigini, yiiksek DOC dozlarinda ise etkinin
plato yaptig1 veya hafif azaldigin1 gostermistir (Sekil 3.A). Benzer sekilde,
DOC de diisiik CA3 konsantrasyonlarinda CA3’ilin sitotoksik etkisini
artirmis, ancak en yiiksek konsantrasyon ¢iftinde antagonistik etkilesimler
gbzlemlenmistir (100 nM DOC + yiiksek doz CA3), bu sonugclar sinerji
matrisi verileri ile uyumludur (Sekil 3B).
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D-r shift (+CA3) D-r shift (+DOC)
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Sekil 3. MDA-MB231 hiicrelerinin MTT analizine dair doz-yanit kaymast
egrileri. CA3"tin DOC doz-yanmiti iizerindeki etkisi (4), DOC nin CA3
doz-yaniti lizerindeki etkisi (B).

Genel olarak, bu bulgular CA3 ve DOC’nin tamamlayici sitotoksik
etkilere sahip oldugunu ve optimal sinerjinin diisiik DOC ve orta diizey
CA3 dozlarinda gerceklestigini gostermektedir. Yiiksek konsantrasyonlar
ise igbirlikei etkiyi azaltabilmektedir.

CA3 ve DOC’nin uzun siireli ve klonojenik potansiyel tizerindeki inhibitor
etkileri koloni olusum testi ile degerlendirilmistir. Her iki bilesik de koloni
sayisini ve boyutunu konsantrasyon bagimli olarak azaltmistir. Doz-cevap
egrisi analizi sonucunda, CA3 i¢in IC,, degerini 0.07 uM ve DOC igin
0.357 nM olarak belirlenmistir (Sekil 4). Bu IC, degerleri, kisa stireli MTT
testlerinden elde edilen degerlere gore sirasiyla yaklasik 31 ve 48 kat daha
diisiiktiir, bu da ilacin uzun siireli etkisinin kalic1 oldugunu gostermektedir.

100

50

% Change
% Change

0.01 0.1 1 001 0.1
CA3 [uM] DOC [nM]

Sekil 4. CA3 ve DOC uygulamasinin uzun stireli etkisine dair IC degerleri.
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Kombinasyon tedavileri, koloni olusumu iizerindeki inhibisyonu daha
da artirmistir. Combenefit yazilimi ile Loewe modeli kullanilarak
yapilan analizlerde, belirli doz ciftlerinde belirgin sinerjik etkilesimler
gozlemlenmistir; en belirgin olarak 0.016 uM CA3 + 0.1 nM DOC ve
IC, ’ye yakin CA3 konsantrasyonlari (=0.07 uM) ile diistik, toksik olmayan
DOC dozlar1 (0.01 nM) kombinasyonlarinda goriilmiistiir (Sekil 5).

DOC [nM] .
0 0.01 0.1 1 N=3 o1

DOC [nM]
0.1

1

100 96

Synergy

81 74

+1e4

0.08

% Control
CA3 [uM]

Antagonism

DOC-CA3

) (B)
Sekil 5. Koloni formasyon analizine dair veriler. CA3-DOC kombine
uygulamasinin, doz-yanit tizerindeki etkisi (A) ve Loewe modeli sinerji
analiz matrisi (B). (*: p<0.05, ***: p<0.0001)

Doz-cevap kaymasi egrileri, CA3’tin 0.1 nM DOC iizerindeki inhibitor
etkisini anlamli bigimde artirdigini, DOC’nin da diigsiik mikromolar CA3
konsantrasyonlarinda koloni olusumunu baskilama etkisini gli¢lendirdigini
gostermistir (Sekil 6).

D-r shift (+CA3) D-r shift (+DOC)
100 onM 100
g) 80 0.016nM g) 80 o.o?ﬂm
E 60 & 60
e
(@]
3 40 0.08nM:. i\g 40 0.1uM
0 0 1uM
0.01 0.1 1 0.01 0:1
DOC [nM] CA3 [uM]

Sekil 6. MDA-MB231 hiicrelerinin koloni formasyon analizine dair doz-
yanit kaymasi egrileri. CA3"lin DOC doz-yaniti iizerindeki etkisi(A),
DOC ’nin CA3 doz-yanity iizerindeki etkisi (B).
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Kombine uygulama gruplarinin ortalama hayatta kalma fraksiyonunun
kontrol ve tek basina DOC uygulamasina gére anlamli olarak diistiigi
(P<0.05) ve kombinasyon tedavisinin yalnizca hiicre sayisini azaltmakla
kalmayip, kolonilesme yetenegini de bozdugu, dolayisiyla uzun siireli
antiproliferatif ve sitostatik etki sagladigi dogrulanmstir.

Kisa ve uzun siireli testler, CA3 ve DOC’nin belirli konsantrasyon
araliklarinda tutarli bir sekilde sinerjik etki gosterdigini ortaya
koymustur. Diger kombinasyonlarda ise genellikle additif az sayida
nétral etki gozlenmistir. Ozellikle diisiik DOC ve orta CA3 dozlarinda
sinerjizm belirgindir; bu durum, CA3’iin TNBC hiicrelerini DOC’a kars1
hassaslastirabilecegini ve hiicre hayatta kalma ile proliferasyonla iligkili
molekiiler yollar1 modiile edebilecegini diisiindiirmektedir.

Bu bulgular, YAP1 sinyal yolunun (CA3 araciligiyla) ve mikrotiibiil
stabilizasyonunun (DOC araciligiyla) es zamanli hedeflenmesinin
tamamlayict hiicre 6lim mekanizmalar1 saglayabilecegini ve TNBC
icin umut verici bir kombinasyon tedavisi stratejisi sunabilecegini
desteklemektedir.

Tartisma

TNBC, meme kanserinin en agresif ve tedavisi en zor alt tiplerinden
biri olmaya devam etmektedir. Molekiiler onkolojideki gelismelere
ragmen, TNBC'de hala etkili hedefe yonelik tedaviler bulunmamaktadir
ve konvansiyonel kemoterapi tedavinin temelini olusturmaya devam
etmektedir. Yiiksek niiks oranlar1 ve siklikla ortaya ¢ikan ila¢ direnci,
toksisiteyi azaltirken etkinligi artiran yeni kombinasyon stratejilerine acil
ihtiya¢ oldugunu vurgulamaktadir (Vagia ve ark., 2020; Shagisultanova ve
ark., 2022).

Bu calismada, secici bir YAP1 inhibitorii olan CA3 ve koklii bir mikrotiibiil
stabilize edici kemoterapdtik ajan olan DOC kombinasyonu, TNBC
model hiicre hattt MDA-MB231'de belirgin sinerjistik sitotoksik etkiler
gostermistir. Hem kisa siireli (MTT testi) hem de uzun siireli (koloni
olusumu testi) analizler, CA3 ve DOC'in birlikte uygulanmasinin, tek
ajanli tedavilere kiyasla antiproliferatif aktiviteyi onemli 6l¢iide artirdigini
ortaya koymustur.

Mekanik olarak, bu sinerji iki ajanin birbirini tamamlayan etki
mekanizmalarina atfedilebilir. CA3, YAP1/TEAD aracili transkripsiyonel
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aktivasyonu baskilayarak hayatta kalma ve EMT ile iliskili genlerin
ekspresyonunu azaltir (Song ve ark., 2018; Kandasamy ve ark., 2020).
Bu arada, DOC, mikrotiibiil stabilizasyonu yoluyla G2/M fazi durmasini
ve apoptozu indiikler (Ray ve ark., 2011). Transkripsiyonel regiilasyonun
(CA3 araciligryla) ve mitotik ilerlemenin (DOC araciligiyla) es zamanl
inhibisyonu, muhtemelen apoptotik sinyallemeyi gii¢clendirir ve siklikla
kemoterapiye direnclilige yol agan hiicresel telafi edici mekanizmalarin
istesinden gelir.

Onemli olan, gdzlemlenen sinerjizmin, miyelosupresyon ve ndropati
gibi ciddi yan etkilerle tipik olarak iliskilendirilen sitotoksik esigin
altindaki diisik DOC konsantrasyonlarinda meydana gelmesidir (Ho
ve Mackey, 2014). Bu durum, CA3'in TNBC hiicrelerini dosetaksele
duyarli hale getirebilecegini, boylece diisiik dozlarda terapdtik etkinligin
saglanabilecegini ve potansiyel olarak sistemik toksisitenin en aza
indirilebilecegini gostermektedir.

Sonuglarimiz, YAPI1 inhibisyonunun mide, karaciger ve pankreas
maligniteleri de dahil olmak {izere ¢esitli kanserlerde kemoterapotik
ajanlarin antitimor etkilerini artirdigin1 gdsteren onceki ¢aligmalarla
tutarlidir (Ajani ve ark., 2021; Han ve ark., 2022; Dhir ve ark., 2019).
CA3'in DOC ile kombinasyonu daha 6nce TNBC'de kapsamli bir sekilde
aragtirtlmamistir ve bu ¢aligma, bu baglamda sinerjik potansiyellerinin ilk
deneysel dogrulamalarindan biri haline gelmistir. Uzun siireli analizler, kisa
sireli MTT analizlerine kiyasla belirgin sekilde daha diistik IC, | degerleri
ortaya koymustur. Bu da, uzun siireli ilag maruziyetinin, muhtemelen
klonojenik sagkalim yollarmin kiimiilatif inhibisyonu yoluyla hiicresel
duyarliligr artirdigim1 gostermektedir. Bu siirekli antiproliferatif etki,
CA3+DOC kombinasyon tedavisinin, tedavinin kesilmesinden sonra bile
kalici sitostatik ve apoptotik sonuglar gosterebilecegini diistindiirmektedir.

Yanar ve arkadaslar1 (2025) tarafindan bildirilen proteomik bulgular, bu
calismada go6zlemlenen sinerjistik sitotoksisitenin mekanistik temelini
desteklemektedir. MDA-MB231 hiicrelerinin YAP1 inhibitorii CA3 ile
tedavisi, hiicre dongiisii ilerlemesi, mikrotiibiil dinamikleri, DNA onarimi
ve anti-apoptotik yanitlarla iligkili proteinlerde 6nemli bir diisiise yol
acmustir. Ozellikle, YAP/TAZ hedef genlerinin (CTGF, CYR61, AREG),
hiicre dongiisii diizenleyicilerinin (Siklin D1, CDK4, PCNA) ve anti-
apoptotik proteinlerin (BCL2, Survivin) seviyeleri belirgin sekilde
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azalmistir. Ek olarak, DNA onarim proteinleri RAD51 ve BRCA1/2 ile
mikrotiibiille iliskili proteinler (TUBB, KIF11, STMNT1), CA3 tedavisinin
ardindan asagi regiile edilmistir.

Bu proteomik degisiklikler, CA3'lin hiicreleri subletal DOC dozlarina
duyarli hale getirmesiyle tutarlidir. CA3 aracili mikrotiibiil diizenlemesi
ve DNA onarimmindaki bozulma, DOC tarafindan indiiklenen daha
etkili mitotik stres ve apoptozu kolaylastirir. Es zamanli olarak, CA3
tarafindan YAP/TAZ aracil proliferatif ve anti-apoptotik sinyal iletiminin
baskilanmasi, DOC aracili hiicre 6liimiinii artirir. Buna karsilik, daha
yiiksek ila¢ dozlarinda sinerji kayb1 veya antagonistik etkilesimler, hiicresel
sinyal yollarinda bir "doygunluk" etkisini yansitmaktadir.

Genel olarak, bu bulgular CA3'iin MDA-MB231 hiicrelerinde DOC
duyarhiligini artirdigini ve iki etkenin tamamlayici molekiiler hedefleme
yoluyla sinerjik olarak etki ettigini gdstermektedir. Bu nedenle, YAP1
inhibisyonu ve mikrotiibiil stabilizasyonunun ¢ift hedeflenmesi, TNBC
tedavisi i¢in rasyonel ve potansiyel olarak etkili bir kombinasyon
stratejisini temsil etmektedir. Fakat farklt TNBC hiicre hatlari iizerinde de
sinerjik etkinligin arastirilmasi iyi olacaktir.

Bu sinerjinin molekiiler temelini agikliga kavusturmak icin, ozellikle
apoptotik yol analizi ve proteomik profillemeyi igeren daha fazla mekanik
calismaya ve in vivo etkinliginin arastirilmasina ihtiyag vardir.

Sonuc¢

Bu c¢alisma, YAP1 yolu inhibitérii CA3 ile taksan bazli kemoterapotik
ajan Doketaksel’in TNBC hiicre hattt MDA-MB231 iizerinde
onemli sinerjik antitimor etkiler gosterdigini ortaya koymustur.
Sinerjizm doz bagimli olup, en belirgin etkiler diisik DOC ve orta
diizey CA3 konsantrasyonlarinda goézlemlenmistir; bu durum YAPI
inhibisyonunun, DOC duyarliligin1 tamamlayici molekiiler mekanizmalar
araciligiyla artirabilecegini gostermektedir. Elde edilen bulgular,
Hippo—YAP1 ekseninin hedeflenmesinin mikrotiibiil stabilizasyonu
ile birlestirilmesinin TNBC i¢in umut verici bir terapotik strateji
olabilecegini Onermektedir. Bu kombinasyon yaklasimi, antikanser
etkinligi artirmakla kalmayip, daha diisik kemoterapdtik dozlarin
kullanimina olanak saglayarak sistemik toksisiteyi —azaltabilir.
Sonug¢ olarak, bu c¢alismanin bulgulari, CA3 ve DOC eszamanlh
uygulamasinin TNBC i¢in yeni ve etkili bir tedavi stratejisi olarak

ABMYO Dergisi - Yil 21 Say1 73 - Temmuz - 2026 (23 - 36) 33



Uclii negatif meme kanseri icin yeni bir tedavi yaklagimi

degerlendirilmesini desteklemektedir. ileriye doniik in vivo ve klinik
calismalar, bu kombinasyonun potansiyel faydasin1 dogrulamak icin kritik
Ooneme sahiptir.

Cikar catismasi beyani
Yazarlar arasinda herhangi bir ¢ikar ¢atismasi bulunmamaktadir.

Etik Beyan

Bu ¢alisma yalnizca MDA-MB231 hiicre hatt1 iizerinde ylriitiilen in
vitro deneyleri kapsamaktadir. Arastirmada insan veya hayvan denekleri
kullanilmadigindan etik kurul onay1 gerekmemektedir.
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Bal aris1 (Apis mellifera L.), ekonomik agidan bitkisel tarim tiriinlerinin
diinyadaki en onemli tozlastiricisidir. Bal arilarini olumsuz etkileyen
etkenler, onlarin yagama giiciinii ve verimini diistirebilmektedir.

Bu tehditlerden biri de Paenibacillus larvae’nin neden oldugu Amerikan
Yavru Ciiriikliigii (AYC) enfeksiyonudur. P. larvae Gram pozitif, sporlu,
mortalite orant yiiksek, diinya genelinde yayilmis olan epizootik nitelikte
enfeksiyona neden olmaktadir.

AYC, ozellikle larva déneminde %100°e varan oliimlere neden olarak
kiiresel aricilik sektoriinde onemli ekonomik kayiplara yol acan ciddi bir
enfeksiyondur. Ozellikle ERIC I susu ile enfekte larvalarin 12 giin icinde
%100 oldiigii, ERIC I susu ile enfekte larvalarin ise yaklasik 7 giin iginde
oldiigii goriilmiistiir.

Giiniimiizde antibiyotik kullaniminin yasaklanmasi, AYC tedavisinde
alternatif  yaklasimlara olan ihtiyact arturmistir.  Bu kapsamda
bakteriyofajlar, ozgiil etkileri, ¢cevresel giivenlik profilleri ve bal arilarinin
mikrobiyotasina minimal etkileri sayesinde umut vadeden biyolojik ajanlar
olarak on plana ¢ikmaktadur.
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Bu derlemede, AY( 'nin etkeni olan P. larvae’nin biyolojisi, yayiimi,
mevcut teshis yontemleri ve bakteriyofaj temelli biyokontrol yaklasimlar
giincel literatiir 15181nda ele alinmistir.

AYC niin kontroliinde bakteriyofajlarla yapilan miicadele yontemleri
heniiz yaygin olarak uygulanmamasina ragmen, yapilan arastirmalar
bakteriyofajlarin bal arilarint bu enfeksiyondan koruma ve tedavide
potansiyelinin yiiksek diizeyde oldugunu gostermektedir.

Anahtar kelimeler: Apis mellifera L., Amerikan yavru ciiriikliigii, Bal
arisi, Bakteriyofaj, Paenibacillus larvae.

Use of bacteriophages in american foulbrood

Abstract

The honey bee (Apis mellifera L.) is the world s most important pollinator
of plant-based agricultural products in terms of economics. Factors that
negatively affect honey bees can reduce their vitality and productivity.

One of these threats, American Foulbrood (AFB), is a globally widespread,
high-mortality, spore-forming, epizootic bacterial infection caused by the
Gram-positive bacterium Paenibacillus larvae. AFB is a serious infection
that can cause up to 100% mortality, especially in the larval stage, leading
to significant economic losses in the global beekeeping industry.

Specifically, ERIC I strain cause 100% mortality in infected larvae within
12 days, while ERIC II strain kills infected larvae in about 7 days.

The contemporary ban on antibiotic use has increased the demand
for alternative approaches in the treatment of AFB. In this context,
bacteriophages (phages) stand out as promising biological agents due to
their specific effects, environmental safety profiles, and minimal impact on
the honey bee microbiota.

This review examines the biology, spread, current diagnostic methods, and
bacteriophage-based biocontrol approaches for P. larvae, the causative
agent of AFB, in light of current literature.

38



Alper METE, Deniz KESEN, Kemal MET, INER

Although control methods using bacteriophages against AFB are not yet
widely implemented, research demonstrates the potential of this method.

Keywords: Honey bee, Apis mellifera L., American foulbrood, Paenibacillus
larvae, Bacteriophage

Giris

Bal aris1 (4pis mellifera L.) yetistiriciliginin ekonomik dnemi biiytiiktiir.
Bal aricilig1, sadece bal tiretimiyle sinirli olmayan, bitkisel tiretimi artirarak
gida giivenligi ve biyogesitlilige katki saglayan 6nemli bir tarimsal ve
hayvancilik faaliyetidir.

Birlesmis Milletler Gida ve Tarim Orgiiti “Food and Agriculture
Organization” (FAO, 2021) istatistiklerine gore; Cin, 472.100 ton ile
2021 yilinda en ¢ok bal tiretimini gerceklestiren iilke olmustur. Tiirkiye,
96.344 ton ile Cin’i takip etmektedir. 2021 yilinda diinya genelinde
yaklasik olarak 1,8 milyon ton bal iiretimi gergeklesmistir. Sahip oldugu
ar1 koloni sayis1 bakimindan Tiirkiye, Cin’e yakin miktarda koloniye sahip
olmasina karsin (Cin’de 9,2 milyon koloni, Tiirkiye’de 8,7 milyon koloni),
bal verimi degerlendirildiginde karsilastirilamayacak seviyede diisiik
iiretim verilerine sahiptir. Koloni basina 51 kg bal {iretimiyle Cin, ar
kolonilerinden en yiiksek miktarda iiriin alan lilke konumundadir. Koloni
basma 11 kg bal iiretimi gibi diisiik bir seviyede kalan Tiirkiye ise Cin’i
takip etmektedir (FAO, 2022; Tiirkiye Istatistik Kurumu [TUIK] 2024). Bu
durum, Tiirkiye’de yiiksek aricilik potansiyeline sahip olunmasina ragmen,
verimliligin artiritlmas1 gerektigine isarettir (Sancak ve ark., 2013). Ayrica,
95 bin 492 ton ile, Tiirkiye’nin bal tiretiminin 2024 yilinda bir 6nceki yila
gore %16,9 azaldigi goriilmektedir (TUIK, 2024).

Amerikan Yavru Ciirtikligii (AYC), Paenibacillus larvae tarafindan
olusturulan ve 6zellikle larva doneminde 6liimciil seyreden bulasici bir
bakteriyel hastaliktir. 1906 yilinda Amerikal1 Dr. G.F. White, P. larvae’y1
ilk defa identifiye etmeyi basarmustir. P. larvae sporlari, 1-2 p boyunda ve
0.5 p genisligindedir (Ashiralieva ve Genersch, 2006). P. larvae sporlari
yavru arilar i¢in patojen oldugundan yetiskin bal arilarinda enfeksiyon
olusturmaz. Larvalarin beslenmesi sirasinda bakteri sporlar1 bulasabilir ve
enfeksiyona neden olabilir (Zeybek, 1991).

P larvae Gram pozitif, sporlu, mortalite oran1 yiiksek enfeksiyona
neden olmaktadir. P. larvae sporlariin, enfektif formda yillarca ¢evresel
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dayanikliliklarint koruyabildigi belirtilmektedir (Heyndrickx ve ark.,
1996). Sporlar, ar1 larvalarinin sindirim sistemine girdikten sonra
cimlenerek vejetatif forma doniiserek bagirsak duvarini delip hemolenfe
ulasir. P larvae, Hemolenfe ulagtiginda burada ¢ogalmakta ve larvanin
Oliimiine neden olmaktadir (Gregorc ve Bowen, 1998; Hansen ve
Bredsgaard, 1999). AYC enfeksiyonu teshisinde klinik bulgular énemli
olsa da enfeksiyonun kesin teshisi amaciyla, laboratuvarda marazi madde
muayenelerinin yapilmasi sarttir (Tutkun ve Bosgelmez, 2003).

P larvae genotipleri ve karakteristik ozellikleri asagidaki Tablo 1’de
sunulmustur (Genersch, 2010; Beims ve ark., 2020; Jonczyk-Matysiak ve
ark., 2020).

Tablo 1. P. larvae genotipleri ve karakteristik ozellikleri

. ERIC III -
*
Genotip ERICI ERICII ERIC IV ERIC V
P. larvae
Tiir P, larvae P. larvae subsp. P. larvae
pulvifaciens
Larvay: 12 .. 3 glin
giin igerisinde Dunygnm Larvay1 sonrasinda
w1 qon e genelinde, . .
oldiiriir. En Svellikle de 7 glinde dahi
Viriilans | fazla goriilen Avrupa’da izole oldirir. olimlere
sikligt genotiptir. P Son yillarda yol agar.
Di edilen ve en ) . . ,
linyanin iiksek letalit identifiye Ispanya’da
h nd yiksek letaliteye | . e entifi
er yerinde . edilmemistir. identifiye
sahip tlirdiir. o
bulunur. edilmistir.
Frekansi
en yitksek Diinya genelinde | ¢ yilda | Ispanya’da
genotiptir. ozellikle de . . . 4
Frekans < - identifiye identifiye
Diinyanin Avrupa’da izole dil 2 Jilmisti
h ind dilmisti edilmemusgtir. edilmaistir.
er yerinde edilmistir.
bulunur.

(*) ERIC: Enterobacterial Repetitive Intergenic Consensus (tekrarlayan
enterobakteriyel intergenik konsensus diziler).

ERIC primerleri kullanilarak P. larvae 4 farkli genotipe ayrilmistir.
Bu genotipler degisken derecede patojenite gostererek enfeksiyona
neden oldugu raporlanmistir (Genersch ve Otten, 2003; Ashiralieva ve
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Genersch, 2006). Son yillarda yeni bir ERIC gentotipi (P. larvae ERIC V)
tanimlanmistir (Beims ve ark., 2020).

Amerikan Yavru Ciirikligi (AYC) hastaliginin etkeni olan P. /arvae'nin
viriilens mekanizmalari, son yillarda yapilan genomik ve molekiiler
calismalarla biiyiik &lgiide aydmlatilmistir. One ¢ikan temel viriilens
faktorleri sunlardir:

i) Kitin parcalayici enzimler (PICBP49)
P, larvae'nin (ERIC I-1V) genotiplerinde bulunan ve tiiriin en temel viriilens
faktorii olarak kabul edilen proteindir.

Kitin Parcalayici Enzimler (PICBP49), Larva orta bagirsagini koruyan
peritrofik matriksi (PM) parcalayarak bakterinin epitel hiicrelerine
ulasmasini saglar (Djukic ve ark., 2014; Fiinthaus ve ark., 2017).

ii) Genotipe 6zgii toksinler (Plx1 ve Plx2)
Bakterinin epitel dokusunu istila etmesine ve hemosele (viicut boslugu)
gecmesine yardimci olan giiglii toksinlerdir.

PIx1 ve PIx2: Ozellikle ERIC I genotipinde bulunan, hiicre iskeletini ve
sinyal iletimini bozarak larval dliime yol agan ikili (binary) toksinlerdir
(Fiinfhaus ve ark., 2017; Garcia-Gonzalez & Genersch, 2020).

iii) Proteazlar ve kollajenazlar
Bakteri, larva dokularimi sivilastirmak ve besin saglamak icin ¢esitli
enzimler salgilar.

Kollajenazlar (ColA), 6zellikle daha hizl1 6liime neden olan ERIC II, III ve
IV genotiplerinde doku yikimini hizlandirir (Beims ve ark., 2020; Djukic
ve ark., 2014).

iv) S-Tabakasi proteinleri (SplA)

SplA: Ozellikle ERIC II genotipinde bulunan bir yiizey proteinidir.

SplA bakterinin larva bagirsak epitel hiicrelerine yapismasini (adhezyon)
saglar. ERIC I'in toksin odakli stratejisinin aksine, ERIC II bu protein
araciligiyla daha cok fiziksel tutunma stratejisi izler (Fiinthaus ve ark.,
2017; Garcia-Gonzalez & Genersch, 2020).

v) Immiin inhibitér A (InhA) ve enolaz
Immiin Inhibitér A (InhA): An larvasinin bagisiklik sistemine kars:
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savunma mekanizmas: olarak islev goriir ve plazminojen sistemini
kullanarak doku yikimina yardimer olur. (Beims ve ark., 2020; Garcia-
Gonzalez & Genersch, 2020).

Tablo 2. P, larvae viriilens faktorii, Islevi ve Bulundugu Genotipler

Viriilens Faktorii Islevi Bulundugu Genotipler
PICBP49 Peritrofik matriks Tim genotlpluer (Anahtar
yikimi faktor)
Epitel istilas1 ve hiicre
PIx1 / PIx2 e Genelde ERIC 1
Olimii
SplA (S-layer) Adhezyon (Yapisma) Genelde ERIC 11
ColA Doku sivilagtirma ERIC II, 111, IV

[lk 48 saatlik donem larvalarin en duyarl oldugu dénemdir. Enfeksiyona
direng yas arttikca artmaktadir. Hastalik, arilarin bagisiklik sistemini
etkilemeden ilerler. Clinkii bakteri sporlari esas olarak larvalar1 hedef alir.
Ergin arilar tasiyici rol iistlenirken klinik belirti gostermezler (Woodrow,
1942).

Glinlimiizde antibiyotik kullaniminin yasaklanmasi, AYC tedavisinde
alternatifyaklagimlaraolanihtiyaciartirmistir. Bukapsamdabakteriyofajlar,
ozgll etkileri, gevresel giivenlik profilleri ve bal arilarinin mikrobiyotasina
minimal etkileri sayesinde umut vadeden biyolojik ajanlar olarak 6n plana
cikmaktadr.

Bu derlemede, AYC’nin etkeni olan P. larvae’nin biyolojisi, yayilimi,
mevcut teshis yontemleri ve bakteriyofaj temelli biyokontrol yaklagimlari
giincel literatiir 15181nda ele alinmigtir.

Amerikan yavru ciiriikliigii enfeksiyonu ve tiirkiyedeki giincel
durumu

Tiirkiyede yapilan ¢alismalar incelendiginde P. larvae ile ilgili calismalarin
daha ¢ok varligina yonelik oldugu goriilmektedir. 2020-2023 yillar1 arasinda
Orta ve Dogu Karadeniz bolgelerindeki 207 aricilik isletmelerinden
ornekler almmis ve AYC varligi arastinnlmistir. Caligmada toplanan
orneklerde P. Larvae’nin varlig kiiltiir ve PCR ile aragtirllmistir. Caligma
sonucunda 207 bal aris1 isletmesinin 10 unun (%4,83) P. larvae ile enfekte
oldugu belirlenmistir (Akpinar ve ark., 2023). Hatay yoresinde 110 aricilik
isletmesinde bulunan 5730 bal arist kolonisinden &rnek toplanmuistir.
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Ornek alinan bal aris1 kolonilerinin %0.22’sinde AYC ve Avrupa Yavru
Curtkligt (AvYC) birlikte bulundugu tespit edilmistir (Sahinler ve Giil,
2005). Karadeniz bolgesinde bulunan bal arisi kolonilerinin %13,11
oranininda AYC ile enfekte oldugu, Tiirkiye’nin diger bolgelerine gore
enfeksiyonun daha diisiik oranda saptandigi belirtilmistir (Kekecoglu ve
ark., 2013). 2001 yilinda yayimlanan ¢alismaya gore; 1999 — 2000 yillar1
arasinda Elazig’da bulunan 125 ar1 isletmesinden 335 petek drnegi alinmis
ve AYC yoniinden incelenmistir. 335 6rnegin 32 (%9.55)’sinden ve 125
isletmenin 18 (%14.40)’inden P. larvae izole ettiklerini rapor etmislerdir
(Simsek ve Kalender, 2001).

"Sonug olarak, Tiirkiye genelinde yapilan g¢alismalarin kronolojik ve
bolgesel dagilimi incelendiginde; P larvae prevalansinin yillara ve
bolgelere gore degiskenlik gosterdigi, enfeksiyon oranlarmin yaklagik
%0,22 ile %14,40 arasinda seyrettigi goriilmektedir. Karadeniz Bolgesi
ozelinde yapilan arastirmalar, enfeksiyonun varligint %4,83 ile %13,11
bandinda tutarli bir sekilde ortaya koyarken; Dogu Anadolu gibi bolgelerde
isletme bazli yayginligin daha yiiksek seyredebildigi dikkat ¢cekmektedir.
Bu veriler, Amerikan Yavru Ciirtikliigii’niin Tiirkiye aricilig1 i¢in siiregelen
bir tehdit oldugunu ve hastalikla miicadelede bolgesel dinamiklerin yani
sira, glincel molekiiler tan1 yontemleriyle desteklenen siirekli bir siirveyans
stratejisinin gerekliligini 6zetlemektedir."

Arn hastaliklarinin teshisi amaciyla kullanmilan yontemler
"Bal aris1 hastaliklarinin kontrolii ve eradikasyonunda dogru teshis hayati
bir 6neme sahip olup, etkenlerin identifikasyonu ve karakterizasyonunda
konvansiyonel yontemlerin yani sira yiiksek duyarlilik ve 6zgiilliige sahip
cesitli ileri laboratuvar tekniklerinden yararlanilmaktadir. Bu kapsamda
giiniimiizde kullanilan test ve teknikler asagida siralanmistir;

1. Molekiiler teknikler PCR (Polymerase Chain Reaction) cesitleri; REP-
PCR (Repetitive Extragenic Palindromic), ERIC-PCR (Enterobacterial
Repetitive Intergenic Consensus), BOX elements (BOX-AI1R-based
Repetitive Extragenic Palindromic), SDS-PAGE

2. Gas Chromatography (Etkenin biyokimyasal karakterini belirlemede
kullanilir)

3. Epidemiyolojik ve taksonomik amagcli ¢esitli DNA parmak izi teknikleri;
RFLP (Restriction Fragment Length Polymorphism), ARDRA (Amplified
Ribosomal DNA Restriction Analysis), RAPD (Random Amplified
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Polymorphic DNA), AFLP (Amplified Fragment Length Polymorphism),
PGFE (Pulsed Gel Field Electrophoresis).

4. Bakteriyofaj duyarliligi, immuno teknikler, Immunodifuzyon testi,
Immunoflouresan testi, ELISA testi.

Yukarida siralanan bu test ve teknikler ar1 hastaliklarinin tanis1 amaciyla

giiniimiizde kullanilmaktadir (World Organisation for Animal Health
[WOAH], 2023).

Bakteriyolojik Kkiiltiir amaciyla kullamilan besiyerleri ve Kkiiltiir
kosullan

P larvae’y1 tiretmek amaciyla kullanilan bir¢ok 6zel besiyeri vardir (De
Graaf ve ark. 2013);

1) P. larvae agar (PLA): Bacillus cereus selektif agar bazi, triptikaz soya
agar ve takviyeli besin agar1 (SNA) icermektedir (Schuch ve ark., 2001).
i1) MYPGP agar: Mueller-Hinton broth, maya ekstrakti, potasyum fosfat,
glikoz, piriivat ve agar icermektedir (Dingman ve Stahly, 1983).

ii1) J-Agar: Tripton, maya ekstrakti, K. HPO,, glikoz, agar, nalidiksik asit
ve pipemidik asit icermektedir (Hornitzky ve Karlovskis, 1989).

1v) CSA agar (Columbia sheep-blood agar): Columbia koyun kanli agar
baz ve % 5 steril defibrine koyun kani, nalidiksik asit ve pipemidik asit
icermektedir (Hornitzky ve Karlovskis, 1989).

v) BHIT agar (brain—heart infusion medium supplemented with thiamine):
Tiamin HCI eklenmis BHIT icermektedir (Hornitzky ve Karlovskis, 1989).

AYC sagaltiminda antibiyotik kullanim ve yasal sinirlamalar

Bal arilarinin 6nemli ve ihbart mecburi enfeksiyonu olan AYC’nde
antibiyotik kullanimi1 yasak olmasma karsin bazi aricilar tarafindan
kullanilmaktadir. Bu kuralsizca kulllanimin dogal bir sonucu olarak da balda
antibiyotik kalintis1 sorunlar1 olusabilmektedir. Avrupa regiilasyonlarina
(EEC 2377/90) gore de ar triinlerinin (bal, propolis, polen ve ar1 siitii)
antibiyotik ile kontamine olmasi1 durumunda tiiketime sunulmasi kesinlikle
yasaktir (Pasupuleti ve ark., 2017).

Faj tabanh tedavi yaklasimlar: ve arastirmalar

AYC’ne kars1 tedavide antibiyotik kullanilmasinin yasak olmasi nedeniyle,
AYC’niin bal arilar1 arasinda yayilmasini onlemek ve tedavisi amaciyla
bakteriyofajlarin kullanilmasi umut verici bir ¢éziim olabilir (Tsourkas,
2020). Fajlar konak 6zgulliigii yiiksek, dogal ve giivenli ajanlardir. Litik
fajlar, sadece hedef bakteriyi lizis ederken dogal mikrobiyotaya zarar
vermedigi belirtilmektedir (Clokie ve ark., 2011; Tsourkas, 2020). Bu
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bakteriyel virlisler biyosferde siklikla bulunmaktadir (Clokie ve ark.,
2011). Yakin zamanda yapilan bir ¢calisma fajlarin (hem litik hem de ilimli
olanlar) bal aris1 barsak mikrobiyal toplulugunun bir pargasi olabilecegini
gostermistir (Bonilla-Rosso ve ark., 2020). Fajlar, giivenli ve insanlar da
dahil olmak tizere yiiksek mikroorganizmalar tarafindan iyi tolere edilen
ve ayn1 zamanda arilar i¢in de giivenli olan dogal yapilardir. Litik aktivite
gosteren fajlar, dogal barsak mikroflorasinin bilesimi iizerinde olumsuz
etki gostermeden sadece bakteriyel konagin tahribatina ve c¢iliriimesine
neden oldugu rapor edilmistir (Cieplak ve ark., 2018). Fajlarin 6karyotik
hiicreleri enfekte edemedigi bilinmektedir ve ayrica insan, hayvan ve
bitkiler iizerinde herhangi bir toksik etkisi bulunmamaktadir (Atterbury,
2009).

Bu avantajlarindan dolay1 bakteriyofajlar arilarda da terapotik olarak
kullanilabilir.  Fajlarin enfeksiyon yerinde amplifiye olmasi diger bir
avantajl ozelliklerindendir ki bu nedenle “kendi kendilerine dozlanan”
olarak nitelendirilmektedirler. Daha fazlasi, fajlarin gida endiistrisinde,
patojen bakterilerin yayilmasini, gida iiriinlerinin bozulmasini 6nlemek ve
ayrica hayvansal ve bitkisel gida {iretiminin daha giivenli olmasi amaciyla
kullanilmas1 6nerilmektedir (Sillankorva ve ark., 2012).

2018 yilinda yayimlanan bir calismaya gore; P larvae’ya Kkarsi
sekanslanan 48 faj incelenmis ve genis bir yelpazeyi igeren 5 kiimede bu
fajlar gruplandirilmistir. Bu gruplandirma arasinda; Fern, Harisson, Vegas,
Lily ve Halcyone fajlar1 Fern kiimesi iclerinde en kapsamli olanmidir ve
48 P larvae faj genomunun 30’unu igermektedir. Bu fajlarin; Pagassa,
Honeybear, Toothless, Tadhana, Fern, Willow, Lucielle, Saudage, BN12,
Kawika, Kiel007, Redbud, Rani, Eltigre, HB10c2, Arcticfreeze, DevRi,
Bloom, Jacopo, Likha, philBB_PI123, Yerffej, Sitara, Diva, Shelly, Xenia,
Leyra, PBL1c, Genki ve Gryphonian oldugu rapor edilmistir (Stamereilers
ve ark., 2018).

Ikinci sirada Halcyone kiimesi yer almaktadir ve 8 faj icermektedir. Bu
fajlar; Ash, Ley, C7Cdelta, Halcyone, Heath, Tripp, Scottie ve Unity’dir.
Vegas kiimesi 7 faj icermektedir; Diane, Vadim, Vegas Hayley, Dragolir,
LincolnB ve Wanderer adli fajlaridir. Harrison kiimesi ise sade 2 faj
icermektedir; Harrison ve Paisley adli fajlaridir. Faj Lily ise herhangi
bir kiimede degildir. Halcyone kiimesinde yer alan fajlar diger fajlarin
tiimiinden ¢ok farklidir. Giiniimiizde, GenBankasinda 56 Paenibacillus
faji bulunmaktadir. Yukarida P. larvae’ya karsi smiflandirilmis olan

ABMYO Dergisi - Yil 21 Say1 73 - Temmuz - 2026 (37 - 60) 45



Amerikan yavru ¢iiriikliigiinde bakteriyofaj kullanimi

ve Siphoviriisler altinda belirtilen kiimelerde yer alan fajlar haricinde
Stamereilers ve ark., (2018) ve Tsourkas, (2020) myoviriisler (Abouo,
Davies, Emery, Jimmerl ve Jimmer2 fajlar1) altinda gruplandirdiklar
fajlar bulunmaktadir. Detaylar Sekil 1.’de verilmistir. P. larvae fajlarinin
profilaktik ve kiiratif etkilerinin oldugu belirtilmistir (Tsourkas, 2020).

Sekil 1. P. larvae fajlar: asagidaki tabloda siniflandiriimigtir
(Stamereilers ve ark., 2018, Tsourkas, 2020).

Antibiyotiklerin kullanimmin yasaklanmasi, P. larvae ile miicadelede
bakteriyofajlar1 one c¢ikarmistir. Bir¢cok calismada, P larvae'ye karsi
etkili olan fajlarin genom dizilemeleri yapilmis, HB10c2, T7, Jimmerl
gibi fajlarin hem profilaktik hem de tedavi edici potansiyelleri test
edilmistir (Beims ve ark., 2015; Ribeiro ve ark., 2019). Ancak baz fajlarin
larvalardaki etkisinin sinirli oldugu ve faj direng gelisiminin olasi bir tehdit
oldugu belirtilmistir (Van Leuven ve ark., 2024).

Son yillarda gelistirilen modifiye Appelmans ve RAMP-UP protokolleri,
yiiksek titerli ve genis konak spektrumuna sahip fajlarin hizli izolasyonunu
miimkiin kilmistir (Van Leuven ve ark., 2024). Yeni Zelanda’da yiiriitiilen
bir topluluk temelli ¢calismada, 26 yeni faj tanimlanmis ve bunlarin faj
kokteyllerinde kullanilabilirligi gosterilmistir (Kok ve ark., 2023).
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Faj kokteyli kullanimi hem etkinligi artirmak hem de diren¢ gelisimini
onlemek ac¢isindan onerilmektedir. Yeni Zelanda ve Suudi Arabistan’da
yapilan c¢alismalarda, enfekte kolonilerde faj kokteyli uygulamasinin
yiiksek etkinlige sahip oldugu gosterilmistir (El1-Meihy ve ark., 2024; Kok
ve ark., 2023).

2016 yayimlanan bir ¢aligmada; topraktan, ar1 kovani materyallerinden,
kozmetiklerden alinan 6rnekler incelenmis ve P. larvae suslariin lizojenik
ozelligi degerlendirilmistir. Buna gore toplam 157 6rnegin en az 28'inde
bir P. larvae bakteriyofaji pozitif oldugu saptanmistir. Bu sonuclara
gore, faj tedavisinin AYC'yi kontrol etmek i¢in etkili bir yontem oldugu
gosterilmistir (Yost ve ark., 2016). 2025°te yayimlanan baska bir calismada
ise; Yeni Zelanda'da yakin zamanda izole edilen 26 yeni P. larvae fajinin
dizilenmesi yapilmis ve agiklamali genomlarini sunulmustur. Bu calismayla
dizilenmis ve aciklamali P. larvae fajlarinin toplam sayis1 96'ya ¢ikmistir
(Kok ve ark., 2025).2019°da yayimlanan bir ¢alismaya gore, P. larvae’y1
enfekte eden ve yiiksek diizeyde spesifiteye sahip olan ilk podoviriis olarak
bildirilmis olan API480 (vB_PlaP_API480) faj1, kovan kosullarinda genis
litik aktivitesi ve stabilitesi ile, AYC'nin biyolojik kontroliinde potansiyel
olarak kullanilabilecegi sonucuna ulasilmistir (Ribeiro ve ark., 2019).

2021 yilinda yaymmlanmis bir arastirmada;2500 'den fazla numune
incelenmis, 35 adet Paenibacillus spp. susu elde edilmis ve faj
arastirmalart i¢in kullanilmistir. Paenibacillus'a 6zgli bes adet faj izole
edilerek (ultrastriiktiir, morfoloji, biyolojik 6zellikler, stabilitesi ve genom
dizilimine gore) karakterize edilmistir. Bu karakterizasyonlar, fajlarin litik
potansiyelleri hakkinda bilgi edinmek ve gelecekteki saha uygulamalarinda
kullanilmak tizere yiiksek antibakteriyel potansiyele sahip etkili bir faj
kokteyli olusturmak i¢in yapilmistir. Ayrica saglikli arilar {izerinde de 6n
giivenlik ¢aligmalar1 yapilmis olup, uygulanan faj preparati zararsiz olarak
degerlendirilmistir (Jonczyk-Matysiak ve ark., 2021).2017’de yayimlanan
calismaya gore, P. larvae bakterisine kars1 bakteriyofajlar izole edilmis ve
59 saha izolat susu, her bir bakteriyofaj konake¢t araliginin belirlenmesi
icin test edilmistir. P. larvae suslarini lize etme yetenegine gore ve AYC
enfeksiyonlarinda tedavisi i¢in bakteriyofaj kokteyli olusturmak amaciyla
ii¢ (Bakteriyofaj 1, 5 ve 9) secilmistir (Brady ve ark., 2017).

Bakteriyofaj kokteyli giivenlik ve etkinlik yoniinden AY C enfeksiyonlarinin
onlenmesi ve aktif enfeksiyonlarin tedavisinde geleneksel antibiyotiklerin
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yerini alabilecegini gostermek icin yapilmistir. Giivenlik dogrulama
caligmalari, bakteriyofaj kokteylinin asir1 dozda uygulansa bile ar1 6liim
oranini olumsuz etkilemedigini dogrulamistir (Brady ve ark., 2017).

Saglikli kovanlar iizerinde yapilan karsilastirmali bir calismaya gore;
geleneksel profilaktik antibiyotik tedavisinin genel kovan sagligi tizerindeki
etkisi %38 + 0.7'lik bir azalmayla kontrol kovanlarinda gozlemlenen
kovan sagligiyla karsilagtirilmis ve istatistiksel olarak daha diisiik olarak
bulunmustur. Bakteriyofaj kokteyli ile tedavi edilen kovanlarda ise, %19 +
0.8'lik bir azalma gozlemlenmis ve bu etki kontrol kovanlariyla elde edilen
%10 + 1.0'lik azalmaya gore istatistiksel olarak farkli bulunmamistir
(Brady ve ark., 2017). Dogal enfeksiyon riski altindaki kovanlar iizerinde
yapilan bir ¢alismada, bakteriyofaj ile tedavi edilen kovanlar %100 =+
0.5't AYC enfeksiyonuna karsi korunurken, tedavi edilmeyen kontrol
gruplariin %80 + 0.5'1 enfekte olmustur. AYC ile enfekte olan kovanlar,
4 {lizerinden ortalama 2.25 Hitchcock skoru ile baslamis ve bakteriyofaj
kokteyli ile tedavi edilen kovanlarin %100 + 0.5'1 iki hafta iginde
tamamen 1iyilestigi bildirilmistir. Bu caligmalar AYC enfeksiyonunda
bakteriyofaj ile tedavinin giivenligi ve etkinligini gdstermesi yoOniiyle
onem tasimaktadir (Brady ve ark., 2017). Ayrica 2024’de yayimlanan
caligmaya gore, ¢alismada Appelmans protokolii modifiye edilmistir ve
buna gore gozlemlenen yeni faj tiirlerinin oran1 veya sayis1 onemli 6l¢iide
degismemesine ragmen, faj popililasyonunun hizla artma egiliminde
olan bir faj tarafindan baskin hale gelmesi engellenmistir. Bu bulgular,
Appelmans protokoliindeki kiigiik bir degisikligin faj tedavisi icin fajlarin
gelisimini nasil etkiledigini gostermistir. Yontem ayrica, bal arilarindaki
bakteriyel enfeksiyonlarin tedavisi i¢in gelistirilmis fajlarin elde edilmesi
yoniiylede dikkati ¢cekmektedir (Paull ve ark., 2024).

Appelmans protokoliinde yapilan modifikasyon ile faj izolatlar1 elde
edilmesi

Bakteriyel enfeksiyonlar1 tedavi etmek icin kullanilmasi amaclanan
bakteriyofajlar, gilinlimiizde genetik miihendisligi veya deneysel
yontemlerle gelistirilmektedir. "Appelmans" adli bu protokolde
modifikasyon yapilarak, mikrotitre plakalarmin kullanilmasiyla gegirgen
yapiya sahip olmayan konakg¢ilar1 enfekte edebilen fajlarin gelistirilmesi
amaclanmistir. Bu amagla bal aris1 patojeni P. larvae kullanilarak standart
Appelmans protokoliiniin bir modifikasyonu test edilmigtir. Caligmada;
Standart Appelmans protokolii kullanilarak, 4 P. larvae susu iizerinde 3 faj
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gelisimi saglanmistir. Ardindan Appelmans protokoliiniin modifikasyonu
ile de elde edilen fajlarin 10 kez pasajlanmasiyla faj ¢esitliligi saglanmaya
calisilmistir. Calisma sonucuna goére 360 plaktan olusan konake1 yelpazesi
karakterize edilmis ve alt1 yeni faj lizis paterni tanimlanmigtir (Paull ve
ark., 2024).

2024’de yayimlanan c¢alismaya gore, P. larvae'nin farkli bakteriyofajlara
kars1 direng gelistirme yetenegi incelenmistir. Bakteriyofaj direncli
izolatlardaki mutasyonlarin, potansiyel ylizey reseptorlerini kodlayan
genlerde yogunlastigi tespit edilmistir. Bu izolatlardan biri ar1 larvalarinda
test edilmis ve parental P. larvae susuna kiyasla daha diisiik viriilansa
sahip oldugu saptanmistir. Ayrica, bakteriyofajlarin direng evrimine karsi
koyabilecegi de tespit edilmistir. Arastirmacilar, bakteriyofaj direncinin
ortaya cikabilecegini, ancak etkisinin muhtemelen patojenitenin azalmasi
ve bu direncin ikincil bakteriyofaj mutasyonlar1 ile asilabilecegini
belirtmislerdir (Van Leuven ve ark., 2024).

AYC’nde uygulanan fajlar

P. larvae’ya kars1 aktif olan fajlarin ilk izolasyonundan bu yana, pek cok faj
izole edilmis ve tanimlanmistir. Ancak AY C’niin kontrol edilmesi yoniiyle
sadece bir kisminin aktivitesi analiz edilmistir. Asagida sunulan verilerde,
arilarda P. larvae kars1 faj uygulamasi ¢esitli ¢aligmalardan alintilanmastir.

-HB10c2 faj uygulamasi

HB10c2 bakteriyofaji, P. larvae ERIC I’inneden oldugu klinik semptomlara
bagli olarak kovanin tutkal benzeri sivisindan izole edilmistir (Beims ve
ark., 2015).

2015°de yayimlanan ¢alismaya gore, c¢alismada; Siphoviridae ailesinde
yer alan ve oldukga litik bir faj olan HB10c2’nin tam genom analizi
yapilmis ve bu fajin ayrintili bir gilivenlik profiline sahip oldugu
gosterilmistir. HB10c2 fajinin lizojenik dogasinin olasilikla beta-laktamaz
benzeri proteinine bagli olarak ortaya ¢iktigi degerlendirilmektedir.
Yine c¢alismada hedeflenen patojenlere karsi antagonistik aktivitesini
degerlendirmek ve ar1 popiilasyonu ile ¢evre lizerindeki potansiyel zararli
etkilerini belirlemek amaciyla, P. larvae genotipleri ERIC I'den IV'e, ar1
bagirsak mikrobiyotasinin temsilcileri ve Bacillales takiminda ait genis bir
iiye paneli, HB10c2 faj1 ile indiiklenen lizis i¢in analiz edilmistir. Besleme
sirasinda enfeksiyon 500 cfu/larva konsantrasyonunda P. larvae ERIC 1
DSM 7030 veya ERIC II DSM 25430 susu sporlar1 ile beslenen arilara,
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faj 50,000 pfu/larva konsantrasyonunda uygulanmistir. HB10c2 faji
arillarda mortaliteye ve barsak mikrobiota kompozisyonunda degisiklige
neden olmamistir. Ancak HB10c2 faj tedavisinin AY C’nde enfekte larvada
etkili olmadig1r gosterilmistir. Ayrica hedef patojende diren¢ gelisimi
potansiyeli riskine bagl olarak o6zellikle koruyucu uygulama amaciyla
faj kokteyllerinin gerekli olabilecegi sonucuna varilmistir (Beims ve ark.,
2015).

-T7 faj uygulamasi

2019’da yayimlanan ¢aligmaya gore; kovan yonetimi yoniiyle, isci arilarin
beslenmesi yoluyla fajin larvalara dolayli yoldan uygulanmasi, en pratik
yontemlerden biri olarak 6ne ¢ikmaktadir. Bu ¢aligmada, infektif siirecte
bulunan larvalar {izerinde, fajin bal arilarina oral yolla verildikten sonra
ne kadar etkili olabildigi degerlendirilmistir. Arilarin organlarindaki ve
larvalarin yuttugu faj miktarinin direk tarama (direk Faj Olusturan Birim
“PFU” sayim1 yoluyla) ve kantifikasyon (kantitatif PCR) yoluyla tespitine
gore; arilarin organlarinda tespit edilen miktar 10* iken larvalara ulasan
faj ortalamas1 32 adet oldugu belirtilmistir. Enfeksiyonun yayilmasinin
onlenmesinde etki gostermesi beklenen dozun 32 oldugu sonucuna
varilmistir. Ancak ar siitiinde hizla inaktif hale gegen bu diisiik terapotik
miktarin enfeksiyonun kontroliinde hangi oranda etkili olacagi, tedavi
imkanint smirlandirict bir faktér olarak ortaya ¢iktigi vurgulanmistir
(Ribeiro ve ark., 2019).

T7 faji, arilarin beslenmesi amaciyla rutinde kullanilan %50 siikroz
sollisyonu ile invivo uygulanmasi 6ncesinde 24 saat siiresince stabilitesi
yoniiyle degerlendirilmistir. Sonuclar gostermistir ki, en azindan bu siire
icerisinde fajin canlilig1 etkilenmemektedir. Ayrica sprey ile uygulama
metodu ile fajin armin beslendigi soliisyon aracilifiyla uygulanmasi
karsilastirilmis; s glicti yoniiyle fajin daha efektif uygulanmasini saglayan
bu metodun daha avantajli oldugu sonucuna varilmistir (Ribeiro ve ark.,
2019).

-Jimmer1-KC595515, Jimmer2-KC595514, Emery-KC595516,
Abouo-KC595517, Davies-KC595518, Osiris-KT151956, Powder-
KT151958, SecTim467-KT151957, Sundance-KT151959, Jenst-
KT151955 faj uygulamalari

2018 yilinda yayimlanan ¢alismada, arilarin barsaklarinda ve kovanlarda
bulunan ve Brevibacillus laterosporus adli bir baska bakterinin fajlart
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ile enfekte edilmesi sonucunda iirettigi bakterisidallerin P. larvae ile
enfekte olan arilarda tedavi etkinliginin %75 oldugunu gosterilmistir.
B. laterosporus adli Bystander (seyirci) bakteriyi enfekte etmek icin
kullanilan fajlar: Jimmerl1-KC595515, Jimmer2-KC595514, Emery-
KC595516, Abouo-KC595517, Davies-KC595518, Osiris-KT151956,
Powder-KT151958, SecTim467-KT151957, Sundance-KT151959, Jenst-
KT151955 oldugu rapor edilmistir (Brady ve ark., 2018).

-Hb2, Hb3, Hb10 ve SS faj uygulamalarn

2024’de yayimlanan bir ¢aligmaya gore, sekiz ar1 yetistiricisinin kovanlari
AYC enfeksiyonlar1 agisindan incelenmistir. Geleneksel teknikler
kullanilarak 16SrRNA genine 6zgii 452 bp'lik PCR iirlinliniin bakteri
16S rRNA genine spesifikligi ile iic P. larvae izolat1 belirlenmis ve
Paenibacillus izolatlar1 arasinda karsilastirma yapilmistir. Ek olarak, P,
larvae suslarmin 6zel fajlart aricilik kosullar1 altinda enfeksiyon oranini
azaltma etkinlikleri agisindan incelenmistir. Enfeksiyon orani, her bir
faj ayr1 ayr1 uygulandiginda %20 ila %85,7 veya antibiyotik tedavisinin
uygulandig1 durumlarda %78,6 ila %88.,9 iken faj kokteyli uygulanmasiyla
yaklasik 9%94,6 ila %100'e kadar azaldig: rapor edilmistir (El-Meihy ve
ark., 2024).

-PL. Ph-1 faj uygulamalar

2021°de yayimlanan bir calismaya gore, fajlarin sadece vejetatif P
larvae 'ya baglanmakla kalmayip ayn1 zamanda P. larvae sporlarina da
baglandigini kanitlayan bulgular sunulmustur. Spor baglanmas: ti¢ belirli
deneyin sonuclarina gore belirlenmistir.

1- FITC-ile isaretlenmis fajlarin miktarini 6lgen akis sitometrisi sayesinde,
vejetatif bakterilere baglanmis olan fajlar yaninda sporlara da baglanmis
olan fajlar ile ilgili nicel veriler elde edilmistir.

2- Elektron mikroskopi de hem yatay pozisyonda hem de dikey pozisyonda
spor ylizeyine baglanmis olan fajlarin goériintiileri saptanmistir.

3- P larvae sporlan ile inkube edilen fajlarin sporlara baglandigi,
kosullarin spor aktivasyonu i¢in uygun olmadigi sartlarda bulunan vejetatif
bakterilerde plaklar olusturdugu belirlenmis, bu sonuca gore sporlara
baglanan fajlarin geri doniisiimlii oldugu ve fajlarin hala aktif oldugu
gosterilmistir. Faj ile tedavi i¢in geri doniisebilen spor-baglama yetenegi
olan fajlarin tanimlanmasinin, sporlu bakteriyel enfeksiyon tedavisinde
kullanilabilecegi degerlendirilmektedir (Brady ve ark., 2021).
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-Yeni Zelanda’da faj uygulamalar:

Daha once de belirtildigi gibi, 2023’de yayimlanan ¢alismaya gore, 26
adet faj izole edilmis ve elde edilen bu fajlar Vegas ve Harrison kiimesinde
siiflandirilmistir. Bu ¢alisma sonucuna gore Yeni Zelanda'ya 6zgii ve yeni
olan sekiz P. larvae bakteri izolatinin ve 26 P. larvae bakteriyofajinin kesfi
ve izolasyonu yapilmistir. Faj genomlar1 dizilenmis ve Gen Annotasyonu
yapilmistir. Genomlar1 mevcut dizilenmis P. larvae faj genomlariyla
karsilastirilmistir. Bakteriyofajlarin konak araliklari test edilmis ve bir dizi
temsilci bakteri susunda in vitro testler yapilmak tizere kokteyller formiile
edilmisgtir.

Bu ¢alismanin sonucuna gore; AYC'den korunmak amaciyla hazirlanan
faj kokteyl formiilasyonlarinin kullanilmasi, umut verici bir ¢6ziim olarak
degerlendirilmistir (Kok ve ark., 2023).

Tiirkiye’de yapilan bakteriyofaj ¢calismalar:

Tiirkiye’de AYC enfeksiyonunda bakteriyofaj kullanimi ile ilgili yapilan
literatiir taramasina gére, BAP Arastirma Projesi kapsaminda “Amerikan
Yavru Ciiriikliigii etkeni P. larvae suslarinda bakteriyofaj izolasyon
ve karakterizasyonu” adli proje yayimlanmistir (Karali ve ark., 2022).
Ayrica 2021°de yayimlanan diger calismaya gore; Paenibacillus faj
SV21, Paenibacillus faj Pd22F adli iki bakteriyofaja ait konak araligi
ve Ozgilliigli, patlama boyutu, litik aktivitesi ve morfolojik ozellikleri,
yeni nesil dizilemeyle tiim genom analizi, fonksiyonel gen bolgeleri
ve karsilastirilmali genomik analizi yapilarak filogenetik agaglarin
olusturuldugu belirtilmistir. (Bozdeveci, 2021).

Koruma ve kontrol

11/6/2010 tarihli ve 5996 sayili Veteriner Hizmetleri, Bitki Sagligi, Gida
ve Yem Kanununun 4 iincii maddesi ile 3/6/2011 tarihli ve 639 sayili
Gida, Tarim ve Hayvancilik Bakanliginin Teskilat ve Gorevleri Hakkinda
Kanun Hiikmiinde Kararnamenin 7 nci maddesi hiikiimlerine dayanilarak
hazirlanan yonetmelige gore; Bal arilarinin AY C hastaligina karsi korunma
ve miicadelesinde, Hastaligin yayilmasii engellemek icin temel petek
iiretimi yapan petek treticileri, bal mumlarini 120 °C’de 1 atmosfer basing
altinda 10-15 dakika siireyle sterilize ettikten sonra piyasaya siirer (T.C.
Resmi Gazete, 2011).

Tiirkiye’de ihbar1 zorunlu olan bu hastalikla en kesin ve etkili miicadele
yontemi, enfekte kolonilerin tlimiiyle yakilarak yok edilmesidir (Gtilpinar,
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2005). Kovan govdesi pilirmiizle iyice alevden gecirilerek yakilmali
ve koriik, maske, el demiri yemlik, ana ar1 1zgarasi gibi bulasik olan
malzemeler dezenfekte edilmelidir. Boylece hastaligin diger kolonilere
bulasmas1 6nlenmis olur (Geng ve Dodologlu, 2002).

Sonuc¢

Bu derlemede, AYC enfeksiyonunun tedavisinde ve kontroliinde
bakteriyofajlarin potansiyel kullanimini incelemistir. Son yillarda yapilan
calismalar, bakteriyofajlarin P. larvae ile miicadelede etkili, giivenilir ve
cevre dostu biyolojik ajanlar oldugunu ortaya koymustur. Fajlar, 6zellikle
antibiyotik kullaniminin yasaklandigi iilkelerde, kalint1 birakmama avantaji
ve mikrobiyotaya zarar vermemesi nedeniyle 6n plana ¢ikmaktadir.

Cesitli ¢aligmalarda farkl faj tiirleri AYC’niin tedavisinde test edilmistir.
Ornegin HB10c2 fajinm litik etkisi arastirilmis ancak enfekte larvalarda
etkili olmadig1 goriilmiistiir. Benzer sekilde T7 fajinin da diisiik terapotik
miktarlarda etkili oldugu ancak hastaligin kontroliinde tam olarak tatmin
edici sonuglar vermedigi belirlenmistir.

Diger bir calismada ise B. laterosporus adli bir bagka bakterinin tirettigi
bakterisidallerin P. larvae ile enfekte olan arilarda tedavi etkinligi %75
olarak raporlanmistir. Ayrica Yeni Zelanda'da yapilan bir ¢caligmada ise
Yeni Zelanda'ya 0zgii sekiz P. larvae izolatinin tanimlanmasi ve 26 fajin
izolasyonu tizerine gerceklestirilen analizlerde umut verici sonuglara
ulagtlmistir. AYC’niin kontroliinde bakteriyofajlarla yapilan miicadele
yontemleri heniiz yaygin olarak uygulanmamaktadir. Ancak yapilan
arastirmalar bu yontemin potansiyelini géstermesine ragmen tedavideki
etkinligini ortaya koyan daha fazla kanita ihtiya¢ duyulmaktadir.

Uygulamali caligsmalar, fajlarin hem profilaktik hem de tedavi edici
amagla kullanilabilecegini ve 06zellikle kokteyl formiilasyonlarinin
daha yiiksek basar1 orani sagladigini gostermektedir. Bununla birlikte,
faj direnci gelisimi olasilifi ve sahada etkili olacak formiilasyonlarin
gelistirilmesindeki zorluklar halen ¢oziilmesi gereken konular arasindadir.
Bu derlemenin bulgulari, 6zellikle Avrupa ve ABD’de yapilan ¢alismalarin
sikligr dikkate alindiginda AYC’niin kontroliinde bakteriyofajlarin
potansiyel kullanimina dair umut verici sonuglar1 icermektedir. Tiirkiye
gibi AYC'nin yaygin oldugu iilkelerde yerel faj izolasyonu, genomik
karakterizasyonu ve saha uygulamalarini kapsayan projeler, uzun
vadede ulusal ariciligin siirdiiriilebilirligi i¢cin hayati rol oynayacaktir.

ABMYO Dergisi - Yil 21 Say1 73 - Temmuz - 2026 (37 - 60) 53



Amerikan yavru ¢iiriikliigiinde bakteriyofaj kullanimi

Fajlarin konak 6zgiilliigii, ¢evresel stabiliteleri ve antibiyotiklere direng
gelistirmeme Ozellikleri bu biyolojik ajanlar1 giiclii bir alternatif haline
getirmektedir. Tiirkiye’de konuya yonelik arastirmalar artmakla birlikte,
sahaya uygulanabilir faj kokteyllerinin gelistirilmesine ve ulusal bir "Faj
Bankasi1" olusturulmasina ihtiyag vardir.

Sonug olarak, bakteriyofajlar AYC ile miicadelede umut verici bir alternatif
sunmakta olup, bu alandaki aragtirmalarin artirilmasi, yasal diizenlemelerle
desteklenmesi ve uygulamaya entegrasyonu biiyiik 6nem tasimaktadir.

Cikar catismasi beyam
Yazarlar arasinda herhangi bir ¢ikar catismasi bulunmamaktadir.

Etik Kurul Beyani: Bu calisma, insan veya hayvan denekleri
iizerinde herhangi bir deneysel uygulama igermemektedir. Arastirma
yalnizca literatiir taramas1 ve mevcut bilimsel verilerin derlenmesi yoluyla
gergeklestirilmistir. Bunedenle etik kurul onay1 gerekmemektedir. Calisma,
bilimsel aragtirma ve yayin etigi ilkelerine uygun olarak yiiriitiilmiistiir.
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Abstract

This research aimed to examine the general nutritional behaviors of
individuals by assessing the Mindful Eating and Healthy Eating Attitudes
of Adults. The study was conducted on 228 adults (118 female and 110 male)
who attended a private clinic in Istanbul between July 2025 and September
2025. A questionnaire was used to determine the sociodemographic
characteristics of the participants. The Mindful Eating Scale was used to
assess their levels of mindful eating, and the Attitudes Toward Healthy
Eating Scale was used to evaluate their attitudes toward healthy eating.
The mean age of the participants was 33.46+10.89 years for females and
32.29+12.31 years for males. The change in daily physical activity level
showed a significant difference between genders (p < 0.05). It was found
that females scored higher than males in the total Mindful Eating score
(p > 0.05). The sum scores of females’ attitudes towards healthy nutrition
were found to be higher than those of men(p<0.05). Positive and significant
differences were demonstrated by age for the total scores of Mindful Eating,
Impulsive Eating, Emotional Eating, Mindful, and Interference subscales
(p < 0.05). A negative correlation was observed between the total score
for Attitudes Toward Healthy Eating, body weight, and Waist-to-Hip Ratio
(p < 0.05). Females have higher Attitudes Toward Nutrition and Mindful
Eating than men. Furthermore, it appears that their eating habits increase
with age. It was also observed that two scale scores decreased as body
weight increased. For this reason, it can be said that practices aimed at
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increasing Mindful Eating and Attitudes Towards Healthy Eating can be
effective in weight management processes.

Keywords: Mindful eating, nutritional attitude, adult, healthy eating,
obesity. Energy efficiency, Mosquitto.

Yetiskinlerde beslenme tutumlari ve yeme
farkindaliginin incelenmesi

(04

Bu arastirma yetiskinlerin yeme farkindaligi ve saglikli beslenme
tutumlarint degerlendirerek bireylerin genel beslenme davranislarin
incelemeyi amacglamistir. Arastirma, Temmuz 2025- Eyliil 2025 tarihleri
arasinda Istanbul’da ozel bir klinige bagvuran 228 yetiskin (118 Kadin,
110 Erkek) tizerinde yiiriitiilmiistiin. Katilimcilarin sosyodemografik
ozelliklerini belirlemek icin anket formu, yeme farkindalik diizeylerini
belirlemek adina Yeme Farkindahgi Olcegi ve saglikli beslenme
tutumlarini belirlemek adina Saglikly Beslenmeye Iliskin Tutum Olgegi
kullanilmistir. Katilimcilarin yas ortalamalart kadinlarda 33.46+10.89,
erkeklerde ise 32.29+12.31 olarak bulunmustur. Giinliik fiziksel aktivite
diizeyleri agisindan cinsiyetler arasinda anlamli bir farklilik saptanmistir
(p<0,05). Yeme farkindaligi toplam puanminda kadinlarin erkeklerden
daha fazla puan aldigi saptanmistir (p>0,05). Saglikli beslenmeye iliskin
tutum toplam puaninda kadinlarin erkeklere gére daha yiiksek puan aldigi
saptanmistir (p<0,05). Yeme Farkindaligi toplam puani, Diisiinmeden
Yeme, Duygusal Yeme, Farkindalik ve Enterferans alt boyutlar: yas ile
porzitif yonde anlaml iliskiler gostermistir(p<0,05). Saglikli Beslenmeye
[liskin Tutum toplam puani, viicut agirhgr ve Bel/Kal¢a Orani ile negatif
vonde anlamly iligki gostermistir (p<0,05). Kadinlarin yeme farkindaligi ve
saglikly beslenmeye yonelik tutumlar: erkeklere gore daha yiiksek oldugu
bulunmugtur. Ayrica bireylerin yasi ilerledikce yeme davranislarina
vonelik farkindaliklarimin arttigi bulunmustur. Viicut agirligi arttik¢a
iki olg¢ek puanin azaldigi da gozlemlenmistir. Bu sebep ile kilo yonetimi
stireglerinde, yeme farkindaligi ve saghkli beslenmeye iliskin tutumlar
artirmaya yonelik uygulamalarin etkili olabilecegi soylenebilir.

Anahtar kelimeler: Yeme farkindaligi, beslenme tutumu, yetiskin, saglikl
beslenme, obezite.
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Introduction

Nutrition, one of the most basic human needs, is vital for sustaining life and
health (Tiiber, 2022). A healthy diet is essential for life, physical activity,
growth, development, mental health, and reproductive health (Monterrosa
etal.,2020). There is a link between food choices and environmental factors,
including gender, age, genetics, lifestyle, and socioeconomic and cultural
factors. A balanced and adequate diet helps reduce the risk of diet-related
health problems and chronic diseases, while also preventing vitamin and
mineral deficiencies, as well as protein and energy deficiencies (Rattan and
Kaur, 2022).

To contribute to health, nutrition should be mentally satisfying and enjoyable
for individuals. Individuals must make informed food choices to maintain
and preserve their health. If not made consciously, excessive or inadequate
nutrient intake can lead to disorders such as obesity, cancer, cardiovascular
disease and diabetes (Turé et al, 2021). Obesity is an ongoing public health
problem and contributes to many chronic diseases (Monterrosa et al.,2020).
Calorie restriction interventions used to treat obesity have proven largely
ineffective in achieving long-term, sustainable weight loss. Therefore,
calorie restriction alone is not sufficient, and additional interventions are
necessary (Rattan and Kaur, 2022).

A healthy lifestyle is defined as making sound decisions about one's health
that allow an individual to control behaviors that may negatively impact
their well-being. This is important for maintaining health (Zergani et al.,
2024). Currently, the importance of mindful eating in acquiring healthy
eating behaviors is increasing, and its success as an intervention in obesity
treatment is being debated (O'Reilly et al., 2014). By improving their ability
to recognize and cope with emotional states during eating, individuals can
gain awareness of their eating and thus increase the effectiveness of weight
management practices (Zergani et al., 2024).

By increasing their attention to food during eating, internalizing it, and
reducing the expression of emotions and thoughts, individuals can make
more beneficial choices. With these practices, mindfulness and conscious
eating have become increasingly popular concepts (Dunn et al., 2018). This
study aims to examine individuals' general eating behaviors by assessing
adults' Mindful Eating and Healthy Eating Attitudes.
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Method

The research received permission from the Istanbul Aydin University Non-
Interventional Ethics Committee and the clinic where it was implemented
and conducted. This research aimed to examine the general nutritional
behaviors of individuals by assessing the Mindful Eating and Healthy
Eating Attitudes of Adults. The study was conducted on 228 adults (118
women, 110 men) who were admitted to a private clinic in Istanbul
between July 2025 and September 2025. Demographic characteristics
and anthropometric measurements were collected from the participants
through a face-to-face survey, and the Mindful Eating Scale and the
Attitude Towards Healthy Nutrition Scale were also administered.

Data collection tools

Socio-demographic form

Socio-demographic characteristics of adults were collected, including age,
gender, education level, income level, alcohol use, chronic diseases and
physical activity levels. Anthropometric measurements involved body
mass index, height, waist/hip circumference and body weight

Mindful eating scale

In 2009, Framson and colleagues first developed the Mindful Eating Scale.
Kose and colleagues then developed the Turkish version of the validity and
reliability scale in 2017. The adapted Turkish scale consists of 30 questions,
using a five-point Likert-type scale (1: never, 2: rarely, 3: sometimes, 4:
often, 5: always) and seven different subscales (eating control, awareness,
disinhibition, focus, intervention, emotional eating, and eating discipline).
The scale also includes 20 reverse-type items. Questions 1, 7, 9, 11, 13,
15, 18, 24, 25, and 27 are evaluated directly. The remaining questions are
evaluated inversely. The total scale score is evaluated by averaging the
scores of the subscales. The scale score also provides a total Conscious
Eating score (Kose et al., 2016).

The attitude towards healthy nutrition scale

Tekkursun Demir and Cicioglu tested its validity and reliability in 2019.
It consists of a 5-point Likert-type scale with 21 items and four factors.
These factors can be categorized as Knowledge About Nutrition, Poor
Nutrition, Emotional Attitude Towards Nutrition, and Healthy Nutrition.
Knowledge About Nutrition factor is 90, Poor Nutrition factor is 83,
Emotion Towards Nutrition factor is 84, and Healthy Nutrition factor is
75. Test-retest reliability was generally calculated as 0.81, 0.79, 0.68, and
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0.80. The lowest score that can be obtained from the Attitude Towards
Healthy Nutrition Scale 1s 21; the highest score is 105. In the Attitude
Towards Healthy Nutrition Scale, 21 points are defined as having a very
nether attitude towards healthy nutrition, 23-42 points as having a low
attitude, 43-63 points as having a middle attitude, 64-84 points as having
a high attitude and 85-110 points as having an best high attitude towards
healthy nutrition (Demir and Cicioglu, 2019).

Statistical analysis

All data obtained in the study were analyzed using IBM SPSS Statistics
27.0. Descriptive statistics (mean, standard deviation, and percentage
distributions) were calculated for the individuals' demographic
characteristics and the scores obtained from the scales. Skewness and
kurtosis values were examined to determine whether the scales used in the
study met the assumption of normal distribution. The obtained coefficients
were within +1, indicating a normal distribution, and parametric testing
methods were used in data analysis. An independent samples t-test was
used to determine differences between two groups, and one-way analysis
of variance (ANOVA) was used for comparisons of three or more groups.
The Bonferroni post hoc test was used to determine which variables
showed significant differences. In the study, Pearson Correlation Analysis
was conducted to examine the relationship between eating awareness and
attitude scales and their sub-dimensions regarding healthy eating, with a
significance level of p < 0.05 (George and Mallery, 2019; Ghasemi and
Zahediasl, 2012).

Reliability and validity

The Eating Awareness and Attitudes Toward Healthy Eating Scale, which
has been validated and proven in the literature, was used in this study for
adults. Cronbach's alpha coefficients were calculated for the scales and
subscales used in the study. According to the analysis results, Cronbach's
alpha values for all scales and subscales were above 0.70, indicating
adequate internal consistency and reliability of the measurement tools
used. The fact that most of the values obtained in this study fell within the
0.70-0.90 range indicates that the scales provide reliable measurements.

Ethical aspects of the study

The authors obtained the necessary permissions for the scales used in the
study, and ethical permission was obtained from Istanbul Aydin University
to initiate the study. Ethical approval for the study was obtained from the
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relevant institution, the Istanbul Aydin University Non-Interventional
Ethics Committee. (Date: 09/07/2025, Decision No: 156/2025). Voluntary
consent was obtained from each participant in accordance with the
principles outlined in the Declaration of Helsinki.

Results

Demographic and BMI characteristics of the survey participants are
presented in Table 1. A total of 228 individuals participated in the research,
comprising 118 females and 110 males. The mean age was 33.46+10.89
for females and 32.29+12.31 for males. When examining the level of
education, it was found that males with university degrees (46.4%) were
more likely than females (36.4%). When looking at income status, it was
found that males with higher incomes (52.7%) were more likely than
females (45.8%). When examining alcohol use, it was found that males
(13.6%) consumed alcohol regularly compared to females (2.5%). When
discussing the presence of chronic diseases, the prevalence was low in
both groups. Body mass index (BMI) was found to be higher for males
(47.3%) than for females (27.1%).

Table 1. Demographic and BMI characteristics of the participants (n=228)

Female Male Total
(n=118) (n=110) (n=228)
Sub-Categories n % n % n % 1/t P
33.46+ 32.29+1 32.90+
Age Ort£SS 10.89 531 11.59 0.759t  0.449
Elementary 5110 g 73 21 92
education

High school 18 153 26 23.6 44 193

Education Associate 30 254 1 100 41 180 11.865. 0.018*
level degree K
Undergraduate 43 364 51 464 94 412
degree
Postgraduate 14 119 14 127 28 123
degree
Low 44 373 40 364 84 368
Income Medium 20 169 12 109 32 140 2055, 0358
level g
High 54 458 58 527 112 49.1
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Yes 3 25 15 136 18 79
Alcohol . %
status Sometimes 76 644 64 582 140 o614 9.674 0.008
No 39 331 31 282 70  30.7
. Yes 27 229 27 245 54 237
Chronic 0768
illness 0.087¢
No 91 771 83 755 174 763
Underweight
(<18.5) 6 5.1 1 0.9 7 3.1
Body Normal 66 559 44 400 110 482
(18.5-24.9) N
mass - erweight 12,505 0006
index (25.0-29.9) 32 271 52 473 84  36.8

Obese (>30) 14 11.9 13 1.8 27 11.8

The distribution of daily physical activity levels among participants is
presented in Figure 1. In terms of daily physical activity levels, men (20%)
were found to be more active than women (6.8%).

60

51,7
50
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40
288 30,9
30
20

20 127 199
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m Female (%) Male (%)

Figure 1. Distribution of physical activity levels

A comparison of participants' scores on the Mindful Eating Scale and
its sub-dimensions by gender is presented in Table 2. Mindful Eating
scores were found to be higher in women than in men (p>0.05). Men had
substantially higher scores on the Emotional Eating subdimension (p <
0.05). Women had significantly higher scores on the Eating Control and
Conscious Eating sub-dimension (p<0.05).
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Table 2. Association of participants' scores on the mindful eating scale
and its sub-dimensions by gender (n: 228)

Female Male
(n=118) (n=110)
XSS XSS t p
Mindful eating  98.67+14.02 96.26+13.93 1.299, 0.195
Impulsive eating 16.34+4.27  15.57+4.59 1.306, 0.193
Emotional eating 16.85£5.30  18.56+5.29 -2.445, 0.015*
Eating control 14.11+£3.50  11.86+3.41 4.904, <.001%**
Mindfulness 15.7242.61  15.54+2.03 0.591, 0.555
Eating discipline 12.02+£3.13  12.5843.16 -1.355, 0.177
Conscious nutrition  16.4742.98  15.36+£2.86 2.849, 0.005**
Interference 7.17+1.94 6.78+2.05 1.466, 0.144

A comparison of participants' scores on the Attitude Scale and its sub-

dimensions towards Healthy Nutrition by gender is presented in Table 3.
Attitude scores towards healthy nutrition were found to be significantly
higher in women than in men (p<0.05). In the Emotion Towards Nutrition
and Positive Nutrition sub-dimension, men's scores were found to be
substantially higher than those of women (p < 0.05).

Table 3. Association of participants' scores on the attitude scale and sub-

dimensions towards healthy nutrition by gender (n: 228)

Female Male
(n=118) (n=110)
X=SS XSS t p
Attitude towards healthy 7 43,889 64.7129.64 2219, 0.027*
Knowledge about nutrition 19.14+5.25 19.04+4.97 0.146, 0.884
Emotion towards nutrition 17.91+4.79 19.77+£5.15 -2.834  0.005**
Positive nutrition 17.31+£4.42 18.57+4.31 -2.191  0.029*
Poor nutrition 12.49+4.62 11.98+4.77 0.819, 0.414
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The Relationship Between Participants' Eating Awareness, attitudes
towards healthy nutrition, age, and anthropometric measurements is
presented in Table 4. The sum score of Eating Awareness, as well as its
sub-dimensions of Impulsive Eating, Emotional Eating, Awareness, and
Interference, showed significant positive relationships with age (p <
0.05). A substantially negative interrelation was found between the Eating
Control and Conscious Eating sub-dimensions and body weight (p <
0.05). A substantially negative interrelation was found among the Eating
Control, Conscious Eating, and Interference sub-dimensions and height
(p<0.05). The total score of Attitudes Towards Healthy Nutrition showed
a significant negative relationship with body weight and the waist-to-hip
ratio (p < 0.05). The Emotion Towards Nutrition sub-dimension exhibited
significant positive relationships with body weight and height (p < 0.05).

Table 4. Relationship between mindful eating, attitudes towards healthy
nutrition, and age and anthropometric measurements (Pearson correlation
analysis) (n: 228)

Age Body weight Height Body mass  Waist/hip ratio
(kg) (cm) index (BMI) (WHR)

/p t/p /p t/p t/p
Mindful eating ~ 0.220/0.001** -0.126/0.057  -0.109/0.102  -0.076 / 0.255 -0.062 / 0.352
Impulsive eating  0.197/0.003 -0.120/0.070  -0.089/0.179  -0.080/0.228 -0.059/0.378
Emotional eating  0.157/0.017 -0.016/0.814  0.118/0.075 -0.083/0.212 0.089/0.179
Eating control 0.086/0.195 -0.257/0.000%**-0.321 / 0.000***-0.101 / 0.127 -0.190 / 0.004**
Mindfulness 0.192/0.004** 0.086/0.196  -0.007/0.912  0.104/0.116 0.074/0.268
Eating discipline  -0.031/0.643 0.082/0.216  0.134/0.043* 0.002/0.980 -0.016/0.814

Conscious nutrition

0.088/0.184

-0.183/0.006** -0.211/0.001%**

-0.079/0.236 -0.123 / 0.063

Interference 0.222/0.001 -0.068/0.308 -0.188/0.004 0.046/0.493 -0.076/0.250
Attitude towards ¢, 080 _0138/0.037% -0.078/0.241 -0.112/0.091 -0.139 / 0.036*
healthy nutrition

Knowledge about 071/ 0751 0.068/0307  0.077/0244  0.024/0.722 -0.073/0.270
nutrition

Emotion towards 110 /0,006 0.201/0.002%% 0.178/0.007* 0.105/0.113 0.097/0.144
nutrition

Positive nutrition  0.017/0.803  0.095/0.153  0.103/0.120  0.044/0.504 0.075/0.258
Poor nutrition  -0.105/0.113  0.044/0.512  -0.049/0.460  0.094/0.158 0.021/0.754

r: Pearson correlation analysis; *p < .05, **p <.01, ***p <.001

ABMYO Dergisi - Yil 21 Say1 73 - Temmuz - 2026 (61 - 74)

69



Investigation of nutritional attitudes and mindful eating among adults

Discussion

This research aimed to assess the interrelation between mindful eating
and attitudes toward healthy eating in adults, while identifying the
sociodemographic, anthropometric, and behavioral factors that influence
these variables. Adulthood is a period during which an individual's lifestyle
habits have a direct impact on health, and nutritional behaviors play a
significant role in determining the risk of chronic diseases (Demirbas et
al., 2024; Trovato, 2012). Therefore, assessing mindful eating and healthy
eating attitudes during this period is crucial for maintaining healthy
lifestyles and protecting public health. This study found a significant
difference between genders in terms of daily physical activity levels, with
men being more physically active than women. Another study found no
significant difference between men and women (Yasar and Yasar, 2025).
The higher eating discipline scores of participants with higher levels of
physical activity indicate that physical activity supports self-control in
eating behaviors, which is consistent with the findings of Yal¢in et al.
(2022); the higher emotional eating scores, however, suggest that this
relationship is influenced by psychosocial factors. Mindful eating scores
were higher in women than in men, with women showing greater eating
control and conscious eating, while men exhibited a higher tendency
toward emotional eating. These findings suggest that women may regulate
their eating behaviors more effectively, whereas men may be more prone
to emotionally driven eating. The results are consistent with previous
studies reporting higher total mindful eating scores and eating control
in women, and higher emotional eating tendencies in men (Yal¢in et al.,
2022; Ozgiir et al., 2024). The total Mindful Eating score, along with the
Impulsive Eating, Emotional Eating, Mindful Eating, and Interference
subscales, showed significant positive correlations with age. This result
suggests that individuals' awareness of their eating behaviors increases
with age. One study found a low-level negative correlation between the
Mindful Eating Scale and age (Sayin et al., 2019). A substantially negative
correlation was found among the Eating Control and Conscious Eating
subscales and body weight. This suggests that increased conscious eating
behaviors are associated with decreased body weight. One study found
significant negative correlations between total eating awareness scores,
disinhibition, eating control, conscious eating, and body weight (Karaca
and Rakicioglu, 2024). Another study observed that Mindful eating scores
increased as body weight decreased (Chung et al., 2016). This suggests that
individuals with high body weight may struggle to manage their diet and
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eat consciously. In this case, mindful eating practices aimed at promoting
weight management may be effective in achieving and maintaining weight
loss. The fact that women's attitude scores toward healthy eating are higher
than those of men suggests that women have more positive attitudes toward
healthy eating. Some studies have shown that the total attitude score toward
healthy eating is higher and insignificant in men (Demirbas et al., 2024;
Ozenoglu et al., 2021). Another study, however, reveals a higher and more
significant total attitude score toward healthy eating in women, suggesting
similar results to those of the present study (Celik and Duran, 2022). The
higher mean scores for men on the Emotion Toward Nutrition and Positive
Nutrition subscales compared to women suggest that men may have more
positive attitudes toward nutrition. A study conducted on teachers showed
similar results to this study (Sargin and Giilesce, 2022). In another study,
the emotion toward nutrition subscale was found to be significantly higher
in women, while the positive nutrition subscale was not significantly
higher (Celik and Duran, 2022). A significant negative correlation was
found between the total Attitudes Toward Healthy Eating score and body
weight. Similarly, Demirbas et al. (2024) reported non-significant negative
associations between healthy eating attitudes, emotions toward nutrition,
and body weight. In addition, eating control was negatively correlated with
the waist/hip ratio, suggesting that more positive healthy eating attitudes
are associated with a more favorable body composition.

Conclusion

An assessment of mindful eating and attitudes toward healthy eating
in adults has highlighted the importance of mindfulness-based eating
behaviors for public health. This study shows that the relationship
between physical activity level and eating behaviors varies according to
sub-dimensions; it exhibits a more pronounced relationship with eating
discipline, while the relationship with emotional eating needs to be
considered within the context of psychosocial factors. It has been shown
that women have higher mindful eating and more positive eating attitudes
than men, while emotional eating is more prevalent in men. The increasing
prevalence of mindful eating with age, along with the negative correlation
between mindful eating behaviors and body weight, suggests that
mindfulness-based approaches may be effective in weight management
and the prevention of chronic diseases. Consequently, the development of
community-based education programs to increase mindful eating, reduce
emotional eating behaviors, and strengthen healthy eating attitudes in
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adults is recommended. Furthermore, further research conducted across
different age groups and anthropometric levels will contribute to a more
comprehensive assessment of this relationship.
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Bu c¢alisma, kentsel toplu tasima sistemlerinde otobiislerin duraklar
arasi tahmini varig siirelerini (Estimated Time of Arrival, ETA) daha
yiiksek dogrulukla ongorebilmek amaciyla karar agaglar: tabanli makine
ogrenmesi algoritmalarimin kapsaml bir karsilagtirmasini sunmaktadir.
MBTA tarafindan saglanan “Bus Arrival/Departure Times (2024)” veri
seti kullanilarak ham zaman damgalar, sefer kimlikleri ve durak siralart
cok asamalr bir on isleme siirecinden gegirilmis, her seferdeki tiim i <
j durak kombinasyonlarint kapsayan durak cifti olusturulmustur. Bu
yvaklasim, hem kisa mesafeli hem de uzun mesafeli segmentlerin ayni
cercevede modellenmesine olanak taniyarak seyahat stiresi dinamiklerinin
daha ayrintili temsil edilmesini saglamistir.

Calismada Karar Agaci, Rastgele Orman, XGBoost, LightGBM ve
CatBoost algoritmalart ayni egitim ve test ayrimi altinda degerlendirilmis;
performanslart MAE, RMSE ve R? metrikleri ile ol¢iilmiistii. Her hat
icin zaman serisi yapisina uygun 5 katli ¢apraz dogrulama uygulanmis
ve raporlanan tiim metrikler katmanlar iizerinden elde edilen ortalama
degerler olarak sunulmustur. U¢ farkli hat iizerinde yapilan deneylerde
CatBoost en yiiksek dogrulugu saglamistir. Ortalama sonuglara gére Hat
01’de RMSE = 237.46, MAE = 157.08 ve R?> = 0.86, Hat 111 ’de RMSE
= 161.31, MAE = 98.31 ve R? = 0.85; Hat CT2 de ise RMSE = 260.98,
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MAE = 156.52 ve R? = 0.89 elde edilmistir. Egitim stiresi gorece uzun olsa
da CatBoost 'un dogruluk ve istikrar agisindan ETA tahmini igin tistiin bir
performans sundugu goriilmiistiir.

Anahtar Kelimeler: Varis Siiresi Tahmini, Karar Agaglari, Rastgele
Orman, LightGBM, CatBoost, XGBoost

Comparison of decision tree-based machine
learning models for arrival time prediction in

public transportation

Abstract

This study presents a comprehensive comparison of decision tree-based
machine learning algorithms to predict bus arrival times (ETAs) between
stops with higher accuracy in urban public transportation systems. Using
the “Bus Arrival/Departure Times (2024)” dataset provided by the MBTA,
raw timestamps, trip IDs, and stop sequences were subjected to a multi-
stage preprocessing process. A stop-pair structure encompassing all stop
combinations i < j on each trip was created. This approach allows for the
modelling of both short-distance and long-distance segments within the
same framework, providing a more detailed representation of travel time
dynamics.

In this study, Decision Tree, Random Forest, XGBoost, LightGBM, and
CatBoost algorithms were evaluated under the same training and testing
split using MAE, RMSE, and R’ metrics. A 5-fold cross-validation strategy
consistent with the time-series structure was applied for each route, and
all reported metrics represent average values across folds. Across three
different routes, CatBoost achieved the highest accuracy. Based on average
results, the model obtained RMSE = 237.46, MAE = 157.08, and R*> = 0.86
for Route 01; RMSE = 161.31, MAE = 98.31, and R?> = 0.85 for Route
111; and RMSE = 260.98, MAE = 156.52, and R?> = 0.89 for Route CT2.
Although its training time was longer, CatBoost demonstrated superior
performance and stability for ETA prediction.

Keywords: Time to Arrival Estimation, Decision Trees, Random Forest,
LightGBM, CatBoost, XGBoost
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Giris

Kentsel toplu tasima sistemlerinde varig siiresi tahminlerinin (ETA)
dogrulugu, hem operatorler i¢in operasyonel verimliligi artirmada
hem de yolcular icin bekleme siiresi belirsizligini azaltmada kritik
bir rol oynamaktadir (VIlahogianni ve ark., 2014). GPS (Kiiresel
Konumlama Sistemi) ve AVL (Otomatik Ara¢ Konumlama) gibi otomatik
konumlandirma teknolojilerinin yayginlagsmasi, otobiis hareketlerine
iligkin yiiksek hacimli verilerin diizenli olarak toplanmasini saglayarak,
istatistiksel ve makine 6grenimi yontemleri kullanilarak seyahat siiresinin
daha ayrintili modellenmesini miimkiin kilmistir (Biichel ve Corman,
2020).

Son yillarda yapilan c¢ok sayida calisma, ger¢ek zamanli AVL/GPS
verilerinin toplu tasimada seyahat siiresi ve varig siiresi tahmininin
dogrulugunu 6nemli dl¢iide artirdigini géstermistir. Cesitli calismalar, GPS
ile elde edilen ara¢ konum verilerinin diizenli araliklarla islenmesiyle kisa
vadeli seyahat siiresi tahmininin iyilestirilebilecegini gostermistir (Sun
ve ark., 2007; Fan ve Gurmu, 2015). Ayrica, diisiik 6rnekleme frekansl
verilerin, uygun veri isleme teknikleri kullanilarak modellendiginde kentsel
aglarda giivenilir seyahat siiresi tahmini saglayabilecegi bildirilmistir
(Jenelius ve Koutsopoulos, 2013).

Akall sehirler baglaminda, [oT tabanli sensorler, trafik kameralar1 ve GPS
destekli araclardan elde edilen verilerin ug bilisim altyapilart ile birlikte
kullanilmasi, trafik ve ulasim sistemlerinin daha gercekei ve anlik olarak
modellenmesine olanak tanimaktadir. Bu tiir sistemlerin, 6zellikle trafik
yogunlugu ve ara¢ hareketlerinin tahmininde 6nemli avantajlar sundugu
vurgulanmaktadir (Okutucu ve Kaya, 2025). Benzer sekilde, IoT tabanh
sensorlerden elde edilen yliksek frekansli operasyonel verilerin yapay
zeka algoritmalari ile entegre bicimde kullanilmasi, dinamik ve degisken
sistemlerde tahmin dogrulugunu ve kaynak kullanim verimliligini 6nemli
Olciide artirmaktadir. Jobani ve Kaya (2025), farkl iklim kosullar altinda
calisan veri merkezleri i¢in gelistirdikleri hibrit IoT ve yapay zeka
tabanli modelde, ger¢ek zamanli sensor verilerinin makine 6grenimi
yontemleriyle islenmesinin sistem performansint anlamli diizeyde
iyilestirdigini gostermistir. Bu bulgular, kentsel toplu tagima sistemlerinde
AVL/GPS tabanl ger¢ek zamanli verilerin makine 6grenimi modelleri ile
birlikte kullanilmasinin, varis siiresi (ETA) tahmin problemleri i¢in de
uygulanabilir ve genellenebilir bir yaklasim sundugunu desteklemektedir.
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Makine 6grenimi alaninda, karar agaci tabanli modeller, 6zellikle dogrusal
olmayan iligkileri yakalama ve acgiklanabilirlik kabiliyetleri nedeniyle
otobiis seyahat sliresi tahmini literatiiriinde 6ne ¢ikmustir. Cesitli galismalar,
Rastgele Orman ve modern gradyan artirma modelleri (XGBoost,
LightGBM, CatBoost) gibi topluluk yontemlerinin klasik yontemlere gore
daha yiiksek dogruluk sagladigini géstermektedir (Moosavi ve ark., 2023).
Ancak, bu algoritmalar1 ayn1 veri kiimesi ve 6zellik miithendisligi siireci
icinde sistematik olarak karsilastiran ¢alismalar nispeten azdir.

Bu calismada, Massachusetts Bay Transportation Authority (MBTA)
tarafindan saglanan “Bus Arrival/Departure Times (2024)” veri seti
kullanilarak bes karar agaci tabanli makine Ogrenmesi algoritmasinin
(Karar Agaci, Rastgele Orman, XGBoost, LightGBM ve CatBoost)
kapsamli bir karsilastirmasini yiirtitmektedir (MBTA, 2024). Veri setindeki
orijinal zaman damgalar1 ve durak dizileri, her rotadaki tiim ardisik durak
ciftlerini igerecek sekilde durak ¢ifti formatina dontistiiriilmiis ve boylece
mikro diizeyde seyahat siiresi damgalar1 olusturulmustur. Modeller, ayn1
egitim ve test boliimii altinda MAE, RMSE ve R? performans ol¢iitleri
kullanilarak degerlendirilmistir.

Problemin tanimi

Sehir i¢i toplu tagima aglarindaki duraklara otobiislerin tahmini varig
zamanini (ETA) yiiksek dogrulukla tahmin etmek, hem yolcu bilgilendirme
sistemlerinin etkinligi hem de filo yoOnetimi, hiz optimizasyonu ve
operasyonel planlama gibi idari siiregler i¢in kritik bir gerekliliktir. Ancak,
seyahat siireleri trafik yogunlugu, sinyal dongiileri, istasyon giris ve
¢ikis dinamikleri, siiriicli davraniglar1 ve hat 6zellikleri gibi ¢ok boyutlu
ve zamanla degisen faktorlerden etkilendigi i¢in olduk¢a stokastik ve
dogrusal degildir. Bu nedenle, ETA tahmin problemi klasik dogrusal
yaklagimlarla coziilemeyecek kadar karmasiktir ve gelismis makine
Ogrenimi yontemlerinin kullanilmasini gerektirmektedir.

Bu calismada ele alinan problem, yaygin olarak incelenen "ardisik
duraklar arasindaki seyahat siiresi tahmini" probleminin Gtesine gegerek
daha kapsamli bir ¢cergeve sunmaktadir. Buna gore, her durak i¢in yalnizca
bir sonraki durak degil, ayn1 zamanda sonraki duraklarin tim durak ¢ifti
kombinasyonlari (i < j) da dikkate alinmakta ve bir baslangi¢ duragindan
herhangi bir varis duragina kadar olan seyahat siiresi tahmin edilmektedir.
Bu cergeve, tiim glizergah boyunca hem kisa mesafeli hem de uzun mesafeli
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segmentlerin ayni modelleme c¢ercevesine entegre edilmesini saglayarak,
duraga 6zgii, hat 6lceginde ve zamana bagli seyahat dinamiklerinin birlikte
Ogrenilmesini miimkiin kilmaktadir.

MBTA’nin “Bus Arrival/Departure Times (2024)” veri seti kullanilarak
her bir sefer i¢in durak sirasi, yon bilgisi ve gercek zamanli zaman
damgalar1 islenmis; her durak-¢ifti i¢in gercek seyahat siiresi su sekilde
hesaplanmistir:

b’if = Timestamp(j) — Timestamp(i), 0<i<j<N

Burada N, ilgili seferin toplam durak sayisini, Yij ise baslangic duragi i ile
hedef duragi j arasindaki gercek seyahat siiresini (saniye cinsinden) ifade
etmektedir.

Boylelikle problem, bagimsiz degiskenler vektorti X;; (durak sirast, yon,
hat bilgisi, zaman bilesenleri ve sefer 6zellikleri) ile hedef degisken ¥;
arasindaki fonksiyonel iliskiyi modelleyen bir lineer olmayan regresyon
problemi olarak tanimlanmaktadir:

bA’ij = f(Xij)

Amag, tahmin edilen deger Vij ile gercek deger % arasindaki hatay1
minimize eden en uygun modeli f() elde etmektir. Bu dogrultuda
caligmanin temel arastirma sorusu; “Genis kapsamli durak-¢ifti seyahat
siiresi tahmin probleminde, karar agaclari tabanli makine 6grenmesi
algoritmalarindan hangisi en yiiksek dogruluk ve genelleme performansini
sunmaktadir?” seklinde ifade edilebilir.

Seyahat siirelerindeki yiiksek degiskenlik, duraklar arasi mesafelerin
heterojenligi ve veri setindeki kategorik degiskenlerin (6r. route id,
direction_id, stop id) yogunlugu gbéz Oniine alindiginda, bu problem
olduk¢a karmasik bir ogrenme yapist sergilemektedir. Bu nedenle,
karar agaclarina dayali saglam topluluk yontemlerinin performansinin
sistematik olarak karsilastirilmasi, hem literatiirdeki bosluklar1 gidermek
hem de pratik ETA tahmin uygulamalarina katkida bulunmak i¢in 6nemli
bir arastirma ihtiyacini karsilamaktadir.

Materyal ve yontem
Bu calismada, MBTA tarafindan saglanan “Bus Arrival/Departure Times
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(2024)” veri seti kullanilarak otobiislerin duraklar arasi seyahat siirelerini
tahmin etmek amaciyla karar agaclar1 tabanli bes makine 6grenmesi modeli
karsilagtirilmistir. AVL/GPS zaman damgalart silinerek, seferler yon ve
durak sirasina gore diizenlenmis, ardindan her seferdeki tiim ileri durak
kombinasyonlarini igeren durak ¢ifti tabanli bir temsil olusturulmustur.
Bu doniisiim, ayn1 modelleme cercevesi igerisinde hem kisa hem de uzun
mesafeli durak segmentlerinin 6grenilmesine olanak saglamistir.

Model egitim siirecinde zaman (ay, giin, saat), giizergdh ve konumsal
(durak sirasi, durak farki) 6zellikler kullanilmistir. Kategorik degiskenler
uygun bi¢imde sayisallastirilmis, tiim modeller ayni egitim—test ayrimi
altinda uygulanmigtir. Karar Agaci, Rastgele Orman, XGBoost, LightGBM
ve CatBoost algoritmalari, MAE, RMSE ve R? performans Olgiitleri ile
degerlendirilmistir. Boylece ¢esitli aga¢ tabanli yontemlerin ETA tahmini
tizerindeki karsilastirmali performansi sistematik bigimde analiz edilmistir.

Veri

Bu c¢alismada kullanilan MBTA “Bus Arrival/Departure Times (2024)”
veri seti, her bir otobiis seferine ait durak bazli zaman damgalarini ve
giizergah bilgilerini i¢eren ¢ok boyutlu bir yap1 sunmaktadir. Veri setinde
her satir, bir seferde belirli bir duraga gergeklesen varis veya ayrilisi temsil
etmektedir. Veri yapist asagidaki alanlardan olugmaktadir:

1. service date: Seferin gerceklestigi takvim giinii. Bu alan, giinliik trafik
yogunlugu, hafta i¢i/hafta sonu farkliliklar1 ve donemsel etkilerin
modellenmesi agisindan 6nemlidir.

2. route_id: Otobiis hattinin kimligi. Her hat farkli bir giizergdhi temsil
ettigi i¢in, rota bilgisi seyahat dinamiklerindeki yapisal degiskenliklerin
yakalanmasinda temel bir kategorik degiskendir.

3. direction_id: Sefer yonii (Inbound/Outbound). Ayni hat lizerinde karsit
yonlerde trafik kosullar1 ve durak dizilisleri farklilik gosterebildigi igin
model acisindan kritik bir degiskendir.

4. half trip_id: Bir seferi benzersiz olarak tanimlayan kimlik numarasidir.
Ayni hat ve ayn1 giin icinde gerceklesen ylizlerce seferi ayirt etmek
icin kullanilir. Durak cifti doniistimiinde segmentlerin dogru sefer
baglaminda gruplanmasi i¢in zorunludur.

5. stop_id: Seferin ugradigi duragin benzersiz kodudur. Tahmin edilecek
seyahat siiresinin baslangi¢ ve hedef duraginin tanimlanmasinda temel
rol oynar.
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6. time point id: MBTA’nin dahili durak kodlama sistemine ait ek
tanimlayicidir. Durak konumlarinin dis kaynaklarla eslestirilmesinde
kullanilir.

7. time point order: Sefer i¢indeki durak sirasidir. Bu alan sayesinde
bir seferdeki duraklar arasinda dogrusal bir ilerleyis saglanmakta
ve durak c¢ifti donlisimiinde (1 < j) iliskisi giivenilir bi¢imde
olusturulabilmektedir.

8. point_type: Duranin baslangi¢ (Startpoint), orta nokta (Midpoint) veya
bitis duragi (Endpoint) olup olmadigin1 belirtir.

9. standard type: Seferin Schedule veya Headway standardina tabi olup
olmadigimi gosterir. Bu alan planlanan zamanlarin anlamlandirilmasi
i¢in gereklidir.

10. scheduled: Planlanan varig/ayrilis zaman damgasidir. ETA tahmin
modellerinde dogrudan kullanilmasa da hat planlamasi ve sefer
gecikmelerinin analizinde baglamsal bilgi saglar.

11. actual: Gergeklesen varis zamani. Bu c¢alisma kapsaminda seyahat
stiresi hesaplamalarinin temel bileseni olup tiim etiket (label) degerleri
bu alandan tiiretilmistir.

12. scheduled headway: Bir dnceki sefere gore planlanan zaman araligini
(headway) saniye cinsinden ifade eder.

13. headway: Sefer aralig1 bilgisini temsil eder; veri setinde ¢ogu satirda
bos olsa da bazi hatlarda basta kullanilan tamamlayict bir alandir.

Veri on isleme

Veri seti dogrudan kullanilabilir nitelikte olmadigindan, modelleme
siirecine aktarilmadan once kapsamli bir yapilandirma asamasindan
gecirilmistir. Tlk olarak, veri setinde yer alan gozlemler hat numarasina
gore ayristirilmis ve her bir route id degeri i¢in bagimsiz alt veri kiimeleri
olusturulmustur. Bu tercih durak dizilimleri, trafik yogunluk profilleri
ve operasyonel karakteristikleri nedeniyle heterojenligi azaltarak daha
istikrarli bir 6grenme ortami saglamaktadir. Benzer sekilde, giirtiltiilii ve
heterojen veri kaynaklarinda modelleme Oncesi gerceklestirilen veri 6n
isleme ve ayristirma adimlarinin, makine 6grenimi modellerinin tahmin
performansini ve kararliligini artirdigt literatiirde vurgulanmaktadir (Kaya
ve ark., 2021).

Biiyiik 6lcekli ve zamana bagli veri kiimelerinde, gozlemler siklikla
giiriiltii, eksik degerler ve yapisal diizensizlikler icerebilmekte; bu durum,
makine O6grenimi modellerinin dogrudan uygulanmasi halinde tahmin

ABMYO Dergisi - Yil 21 Say1 73 - Temmuz - 2026 (75 - 95) 81



Toplu tasimada varis siiresi tahmini i¢in karar agaglar: tabanli makine 6grenmesi modellerinin
karsilastirmasi

performansini olumsuz yonde etkileyebilmektedir. Bu nedenle, modelleme
oncesinde gerceklestirilen veri on isleme, giiriiltii azaltma ve uygun 6zellik
cikarimi adimlarinin, tahmin dogrulugunu artirmada kritik bir rol oynadigi
vurgulanmaktadir. Isler ve ark. (2025), zaman serisi tabanli tahmin
problemlerinde uygulanan sistematik veri 6n isleme yaklasimlarinin,
model kararliligin1 ve genellenebilirligini 6nemli Olclide iyilestirdigini
gostermistir.

Her hat alt kiimesinde seferler (half trip id) kronolojik olarak siralanmig
ve duraklarin gergeklesme zamanina (¢(@) gore yeniden diizenlenmesi
saglanmistir. [ISO-8601 formatindaki zaman damgalari, regresyon analizine
uygunluk amaciyla epoch saniyesine doniistiiriilmiis ve bdylece zaman
degiskeni siirekli, tek boyutlu ve aritmetik islemlere elverisli bir forma
kavusturulmustur. Bir seferdeki duraklar, 1,2, 3, ..., N seklinde siralanarak
her durak i¢in deterministik bir sira indeksinin atanmasi saglanmugtir.

Bu ¢aligmanin en kritik metodolojik bileseni, klasik “ardisik durak farki”
yaklasiminin 6tesine gegerek her seferdeki tiim durak ciftlerinin durak ¢ifti
uzayinda modellenmesidir. Buna gore, bir seferdeki duraklarin olusturdugu
indeks kiimesi iizerinde asagidaki tiim ¢iftler dikkate alinmistir:

(i,)) éyleki 1<i<j<N

Bu tanim sefer basina olusan ornek sayisinin dogrusal degil, karesel
biiylimesini saglayan kombinasyonel genislemeye yol agmaktadir. Durak
cifti sayist:

Ny NON-1)

(2) -T2

seklinde olup, 6zellikle N degerinin biiyiik oldugu hatlarda veri hacminin
asimptotik olarak O(N?) o6lgeginde genisledigini gostermektedir. Bu
genisleme, modelin yalnizca kisa menzilli segment dinamiklerini (or.
i = i+ 1) degil, ayn1 zamanda uzun menzilli kiimiilatif yolculuk siirelerini
de (or. m, j — ibiiyiik) 6grenebilmesini miimkiin kilarak daha kapsaml
bir tahmin uzay1 saglamaktadir. Her durak c¢ifti icin hedef degisken olan
gercek seyahat siiresi su sekilde tanimlanmastir:

ij =4t

Bu ifade, seyahat siiresinin deterministik bir zaman farki olarak dogrudan
Olgiilmesine olanak tanir. Zaman damgasi kaymalarindan, GPS jitter
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davranisindan veya veri giris hatalarindan kaynaklanabilen ;; < 0
kosulunu saglayan tiim gozlemler fiziksel olarak imkansiz kabul edilerek
veri kiimesinden ¢ikarilmaistir.

Gozlem vektorleri, yalnizca zaman farkina dayali tekil bir 6l¢lim i¢ermez;
bunun 6tesinde mekénsal, zamansal ve operasyonel baglami temsil eden
cok boyutlu bagimsiz degiskenlerle zenginlestirilmistir. Her durak cifti
gbzlemi asagidaki ozellik vektorii ile temsil edilmistir:

P(i, j = [route_id, direction_id, stopid;, stopid ;, i, j, (j — ), month, day, hour]

Bu o6zellik seti; hattin operasyonel kimligini, duraklarin gilizergah
lizerindeki goreli konumlarini, duraksal mesafe derecesini (j — i), ve
seyahat siiresi tizerindeki time-of-day etkilerini modellemeye imkan
tanir. Boylece veri seti, hem diizensizlik ve giiriiltiiden arindirilmis hem
de seyahat dinamiklerinin ¢ok boyutlu temsilini igeren yapisal bir forma
ulasmustr.

Sonug olarak, veri 6n isleme asamasi; hat bazli ayristirmayi, zaman
damgalarinin sayisal doniisiimiinii, durak ¢ifti kombinasyonlarinin karesel
genislemesini ve ¢ok boyutlu 6zellik mithendisligini igeren biitiinlesik bir
stire¢ olarak, karar agaclar1 tabanli makine 6grenmesi modellerine uygun
yiiksek ¢ozilintirliiklii bir veri uzay1 olusturmustur.

Veri setinin bu sekilde yapilandirilmasinin ardindan, kullanilan bagimsiz
degiskenlerin hedef degisken olan seyahat siiresi ile iliskisini nicel olarak
degerlendirmek amaciyla Cramér’s V bagimlilik katsayis1 hesaplanmastir.
Cramér’s V, ki-kare bagimsizlik testine dayanan, iki kategorik degisken
arasindaki iligki giictinii 0 ile 1 arasinda 6lgen parametrik olmayan
bir istatistiksel bagimmlilik katsayisidir (Cramér, 1946). Katsaymin
1’e yaklagmasi giiclii iliskiye, 0’a yaklagmasi ise bagimsizliga isaret
etmektedir. Bu analiz kapsaminda stop id, order, stopid_target, order
target, month, day, hour ve order diff degiskenlerinin hedef degisken
olan y(i,j) lizerindeki etkisi incelenmis; elde edilen sonuglar Tablo 1°de
sunulmustur.
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Tablo 1. Degiskenlerin Cramér s V degerleri

Degisken Cramér’s V Iliski Diizeyi
stopid 0.42 Yiiksek
order 0.42 Yiiksek
stopid_target 0.22 Orta
order target 0.22 Orta
month 0.17 Diistik
day 0.17 Diisiik
hour 0.19 Diisiik-Orta
order diff 0.45 En Yiiksek

Analiz sonuglari, seyahat siiresi varyansiin 6zellikle mekansal konum
bilgisi ve duraklar arasindaki segment mesafesini gosteren degiskenlerle
daha giiclii iliskili oldugunu ortaya koymaktadir. Buna karsilik month ve day
gibi makro zaman bilesenleri, hedef degiskeni agiklamada oldukca sinirlt
katki sunmustur. Bu durum, toplu tasimada seyahat siiresi dinamiklerinin
biiyiik 6l¢tide durak dizilimi, duraklar aras1 mesafe ve giiniin saatine bagl
olarak sekillendigini gosteren literatiirle tutarlidir (Cats, 2011; Jenelius ve
Koutsopoulos, 2013).

Modelleme yaklasim

Bu ¢alismada, durak-¢ifti temelli seyahat siiresi tahmini i¢in karar agaglari
tabanli bes farkli makine 6grenmesi modeli degerlendirilmistir. Modeller,
veri On isleme agsamasinda olusturulan durak cifti yapis1 tizerinden, her bir
route_id hatt1 icin ayr1 ayr1 egitilmistir. Boylelikle her hattin kendine 6zgii
durak dizilimi, trafik akisi, glizergah uzunlugu ve operasyonel degiskenligi
modele daha tutarli bicimde yansitilmistir. Agag tabanli yontemler, dogrusal
olmayan iligkileri yakalama kapasiteleri, biiyiik veriyle 6l¢eklenebilirlikleri
ve kategorik degiskenleri etkili isleme yetenekleri sayesinde toplu tasimada
ETA tahmini literatiiriinde yaygin olarak kullanilmaktadir (Vlahogianni ve
ark., 2014). Bu kapsamda kullanilan modeller ve temel 6zellikleri asagida
Ozetlenmistir.

Karar agaci (decision tree)

Karar agact modeli, veri uzayim art arda bdlerek her bir alt bolgede sabit
bir tahmin degeri iireten temel bir agac yapisidir. Model, her diiglimde
belirli bir dzellik X}, i¢in bir esik degeri ¢ secerek veri kiimesini iki alt
kiimeye ayirir:

84



Turgay SARIOGLU, Hakan Burak EMEKLI

X <cveXi>c

Regresyon problemlerinde her diigiimdeki safsizlik, diigiim igindeki
orneklerin ortalama kare hatasi ile 6l¢iiliir. Bir diigtimdeki 6rnek kiimesi S
ve hedef degerleri Vi olmak tizere safsizlik:

1 _
I1(S) = EZ i — ¥,)?

1€S8

seklinde tanimlanir. Aday bdlme (X, ¢) secildiginde veri S;, ve S alt
kiimelerine ayrilir. Karar agaci, tlim olas1 bolmeler i¢cinde agirlikli safsizligi
en aza indiren bdlmeyi seger:

|S.| Sl
—I1(S,) + —I(S

Bu siireg tekrarlandikg¢a agag biiyiir ve her yaprakta sabit bir tahmin degeri
elde edilir. Karar agaglar1 yorumlanabilir olmalar1 nedeniyle siklikla taban
model olarak kullanilsa da tek baslarina yiiksek varyans egilimlidir ve bu
nedenle topluluk yontemlerinin gerisinde kalirlar (Hastie, Tibshirani ve
Friedman, 2009).

Rastgele orman (random forest)

Random Forest, cok sayida karar agacinin bootstrap 6rneklemeleri lizerinde
egitilmesi ve tahminlerin ortalamasinin alinmasi prensibine dayanir. Bu
yontem asirt 0grenmeye karsit olduk¢a direnglidir ve yiliksek boyutlu,
kategorik degisken yogunluklu veri kiimelerinde kararli performans
gostermektedir (Breiman, 2001). Bu nedenle toplu tasima seyahat siiresi
literatiiriinde sikca tercih edilen gii¢lii bir ansambl yontemidir.

XGBoost

XGBoost, gradyan artirmali karar agaglarinin diizenlilestirme terimleriyle
giiclendirilmis optimize edilmis bir siiriimiidiir. Ardisik her agag, bir
onceki modelin hatasin1 azaltacak yonde {retili. XGBoost, yiiksek
performansi, eksik veri tolerans1 ve L1-L2 diizenlilestirme mekanizmalari
nedeniyle farkli ulasim uygulamalarinda basarili sonuglar vermistir (Chen
ve Guestrin, 2016). Biiyiik ve karmasik veri setlerinde stabil bir 6grenme
davranisi sunmasi, ETA tahmin problemleri i¢in 6nemli bir avantajdir.
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LightGBM

LightGBM, histogram tabanli bdlme algoritmasi ve yaprak odakh
(leaf-wise) biiylime stratejisiyle, boosting yontemleri arasinda en hizl
modellerden biridir. Ozellikle ¢ok genis veri setlerinde hesaplama
maliyetini 6nemli 6l¢lide azaltmaktadir (Ke ve ark., 2017). ETA tahmini
gibi yiiksek boyutlu ve ¢ok sayida durak cifti 6rnegi iceren problemlerde
bu hiz ve 6l¢eklenebilirlik 6nemli bir tistiinliik saglamaktadir.

CatBoost

CatBoost, kategorik degisken yogunlugu yiiksek veri setleri i¢in 6zel
olarak tasarlanmistir ve bu 6zelligiyle toplu tagimada yaygin kullanilan
stop_id, direction_id, route id gibi alanlarda 6nemli performans kazanci
saglamaktadir. CatBoostun en kritik bileseni, kategorik degiskenlerin
klasik hedef kodlama yontemlerinden farkli olarak s6zde zamanli bir
islemle donustiirilmesidir. Boylece hedef sizintisi olusmaz ve model
kategorik slitunlardan daha giivenilir bilgi 6grenir (Prokhorenkova ve
ark., 2018). Literatiirde CatBoost’un ulasim ve seyahat siiresi tahmininde
yiiksek dogruluk iirettigi ¢esitli calismalarda rapor edilmistir (Moosavi ve
ark., 2023).

Tim modeller ayni egitim—test stratejisi ile degerlendirilmis ve zaman
siras1 korunarak veri %80 egitim, %20 test olacak sekilde ayrilmigtir.
Performans degerlendirmesinde Ortalama Mutlak Hata (MAE), Kok
Ortalama Kare Hata (RMSE) ve R? metrikleri kullanilmistir. Bu metrikler
seyahat siiresi tahmin ¢aligmalarinda yaygin olarak tercih edilmekte olup
RMSE’nin biiyiik hatalar1 cezalandiran yapisi, ETA tahmininde 6nemli bir
avantaj sunmaktadir (VIahogianni ve ark., 2014).

Deneysel kurulum

Bu caligmada karar agaclar1 tabanli makine 6grenmesi modellerinin
performanslarint karsilagtirmak amaciyla tiim deneyler ayni donanim
ve yazilim ortaminda yiiriitilmiistiir. Deneyler, Windows 11 isletim
sistemi lizerinde g¢alisan Intel Core 17-14700 2.10 GHz islemci ve 32
GB RAM donanimina sahip bir makinede gergeklestirilmistir. Tim
modeller Python 3.10.4 ortaminda uygulanmis; XGBoost, LightGBM ve
CatBoost kiitiiphaneleri giincel kararl: siiriimleriyle kullanilmigtir. Egitim
stireclerinde GPU kullanilmamus, tiim algoritmalar yalnizca CPU iizerinde
degerlendirilmistir.
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Veri seti, her bir route id i¢in bagimsiz olarak ele alinmis ve modelleme
stireci hat bazinda yiriitiilmistiir. Her hat, daha 6nce aciklanan durak
¢ifti donilisiim adimmin ardindan yiiksek hacimli gézlem matrislerine
ayrilmistir. Veri setlerinin zaman boyutunda tasidigi ardisiklik nedeniyle
rastgele karistirma uygulanmamis; zaman serisi tutarliligimi korumak
amactyla veriler kronolojik siraya gore yapilandirilmistir.

Model performanslarinin daha giivenilir ve genellenebilir bigcimde
degerlendirilmesi amaciyla, her hat i¢in zaman serisi yapisina uygun 5
katli c¢apraz dogrulama (5-fold cross-validation) uygulanmistir. Capraz
dogrulama siirecinde, her bir katman kronolojik biitiinliik korunacak
sekilde olusturulmus ve boylece ileriye doniik bilgi sizintisinin 6niine
gecilmistir.

Capraz dogrulama sonucunda elde edilen performans metrikleri katmanlar
iizerinden aritmetik ortalama alinarak raporlanmis, katmanlar arasindaki
degiskenlik ise standart sapma ile ifade edilmistir. Ayrica, modellerin
gercek operasyon kosullarindaki davranislarini degerlendirmek amaciyla
veri setinin son %20’1ik boliimii bagimsiz bir test kiimesi olarak ayrilmistir.
Bu yaklagim, hem model kararliliginin hem de zamansal genellenebilirligin
daha saglikli bicimde analiz edilmesini amaglamaktadir.

Model hiperparametreleri

Hiperparametre ayarlari, her model igin literatiirde yaygin olarak
onerilen temel konfiglirasyonlar dikkate alinarak belirlenmis; asir1 uyum
(overfitting) riskini azaltmak amaciyla aga¢ derinlikleri sinirlandirilmis
ve yaprak basma minimum 6rnek sayilari artirilmistir. CatBoost modeli
ozelinde kategorik degiskenlerin dogal islenmesi etkinlestirilmis;
boylece ek kodlama adimlarina ihtiya¢ duyulmadan, durak kimlikleri ve
zamansal kategoriler gibi ayrik degiskenlerin model tarafindan dogrudan
ogrenilmesi saglanmistir. Benzer sekilde LightGBM modelinde, biiyiik
olcekli veri kiimeleri i¢in bellek verimliligi ve egitim hizi avantaji sunan
histogram tabanli boliinme algoritmasi tercih edilmistir. XGBoost modeli
icin ise tree_method=hist se¢enegi kullanilarak hem hesaplama maliyetleri
azaltilmis hem de biiyiik veri hacimleri altinda daha kararli bir egitim
siireci hedeflenmistir.

Model performanslarinin degerlendirilmesinde MAE, RMSE ve R?
metrikleri birlikte kullanilmistir. Bu metriklerin tercih edilme nedeni;
MAE’nin ortalama mutlak hata biiyiikliigiinii dogrudan yorumlanabilir
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bicimde sunmasi, RMSE’nin biiyiik hatalara daha duyarli olmasi sayesinde
asir1 sapmalarin etkisini ortaya koyabilmesi ve R*’nin modelin hedef
degiskendeki varyansi ne dl¢iide agikladigini gostermesidir. Bu {i¢ metrigin
birlikte raporlanmasi, modellerin yalnizca ortalama performanslarini degil,
hata dagilimlarimi ve aciklayicilik kapasitelerini de ¢ok boyutlu olarak
degerlendirmeye olanak tanimaktadir.

Tiim modeller, ayn1 egitim—test ayrimi, ayn1 ozellik seti ve ayni veri 6n
isleme prosediirii altinda degerlendirilmis olup, deneysel sonuglarin
karsilastirilabilirligi titizlikle korunmustur. Ayrica, modeller arasi adil
bir karsilagtirma yapilabilmesi amaciyla, herhangi bir modele 6zgii
avantaj saglayabilecek 6zel veri manipiilasyonlarindan veya model dis1
ek bilgi kullanimindan ka¢imilmistir. Bu yaklasim, gézlenen performans
farklarinin dogrudan algoritmik &zellikler ve 6grenme stratejilerinden
kaynaklandiginin daha net bi¢imde yorumlanmasina imkan tanimaktadir.
Buna ek olarak, ¢apraz dogrulama siirecinde elde edilen performans
Olciitlerinin katmanlar arasindaki degiskenligi incelenerek, modellerin
zamansal kararliliklar1 ve genellenebilirlikleri de degerlendirilmistir.
Katmanlar arasinda diisiik varyans sergileyen modellerin, farkli zaman
dilimlerinde daha tutarli tahminler iiretebildigi gézlemlenmis; bu durum,
ozellikle operasyonel kullanima yonelik ETA tahmin senaryolarinda model
secimi acisindan onemli bir kriter olarak ele alinmistir. Boylece, yalnizca
tek bir zaman dilimine 6zgii yliksek performans gdsteren modeller yerine,
farkli kosullar altinda istikrarli sonuclar iiretebilen yaklagimlarin 6nemi
vurgulanmistir.

Tablo 2. Model hiperparametreleri

iterations/n_ | max_ | learning .
Model estimators | depth e Diger Parametreler

Decision

Tree - 6 - Varsayilan parametreler

Random 100 6 - Varsayilan parametreler

Forest

CatBoost 100 6 0. | loss_function=RMSE,
verbose=100
objective=reg:squarederror,

XGBoost 100 6 0.1 colsample bytree=0.3,
alpha=10

LightGBM 100 6 0.1 objective=regression
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Bulgular

Bu boliimde, ti¢ farkl giizergah (Hat 01, Hat 111 ve Hat CT2) i¢in durak
cifti tabanli seyahat siiresi tahmin modellerinden elde edilen sonuglar
sunulmaktadir. Modeller; MAE, RMSE, R? ve egitim siiresi bakimindan
karsilastirilmis ve her hat i¢in performanslar ayri tablolar halinde rapor
edilmistir.

Hat 01’e ait sonuglar incelendiginde (Tablo 3), ansambl yontemlerin tek
bir karar agacina gore belirgin bicimde daha iyi genelleme performansi
gosterdigi goriilmektedir. Ozellikle CatBoost, RMSE ve MAE degerlerinde
tiim modellerin 6niine gegerek bu hat icin en isabetli tahminleri {iretmistir.
XGBoost ve LightGBM egitim siiresi agisindan daha hizli olmakla birlikte,
dogruluk seviyesi bakimindan CatBoost’un gerisinde kalmistir. Rastgele
Orman ise yliksek varyanshi hata davranisi ve daha uzun egitim siiresi
nedeniyle diger modellerden ayrigmaktadir.

Tablo 3. 01 Hatti i¢in model performans karsilastirmast

Tekil

RMSE MAE & Egitim

Stiresi (s)

Catboost | 237.46 (std: 21.99) | 157.08 (std: 13.49) | 0.86 (std: 0.02) 0,7

Xgboost | 239.65 (std: 22.75) | 157.73 (std: 10.68) | 0.86 (std: 0.02) 0.2

Lightgbm | 242.16 (std: 24.00) | 159.85 (std: 13.15) | 0.85 (std: 0.02) 0.3

f;;‘g 249.55 (std: 29.86) | 161.96 (std: 14.44) | 0.85 (std: 0.02) 0.2

g“”ge’e 247.87 (std: 30.63) | 160.36 (std: 15.22) | 0.85 (std: 0.02) 10.9
rman

Hat 111’e iliskin sonuglar (Tablo 4), genel egilimin korundugunu
gostermektedir. CatBoost, 6zellikle disik MAE degeriyle kisa mesafeli
durak ciftlerinde kararli bir 6§renme performansi sergilemistir. Bu hatta
XGBoost, CatBoost’a gore daha diisiik egitim siiresine sahip olmasina
ragmen dogruluk metriklerinde ayni stiinliigii saglayamamistir.
LightGBM ise hiz agisindan avantajli olsa da hata degerleri bakimindan
orta seviyede kalmistir.
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Tablo 4. 111 Hatti i¢in model performans karsilastirmasi

Tekil
RMSE MAE R? Egitim
Stiresi (s)
Catboost 161.31 (std: 9.22) | 98.31 (std: 3.28) | 0.85 (std: 0.02) 1,3
Xgboost 162.53 (std: 9.23) | 100.80 (std: 3.08) | 0.84 (std: 0.02) 0.3
Lightgbm | 164.94 (std: 11.19) | 100.01 (std: 3.56) | 0.84 (std: 0.02) 0.4
Karar . . .
Agact 170.87 (std: 8.15) | 104.97 (std: 3.75) | 0.82 (std: 0.01) 0.4
Rastgele . . .
Orman 169.77 (std: 8.20) | 104.68 (std: 3.83) | 0.82 (std: 0.01) 30.2

Hat CT2 i¢in elde edilen bulgular (Tablo 5), duraklar arasi mesafe
degiskeninin ve trafik kosullarinin daha heterojen olmasi nedeniyle hata
metriklerinin mutlak deger olarak yiikseldigini gostermektedir. Buna
ragmen CatBoost bu hatta da en yiiksek R? degerini saglayarak model
kararliliginm1 korumustur. XGBoost ve LightGBM yine daha kisa egitim
stireleri sunmakla birlikte tahmin dogrulugu bakimindan CatBoost’un
gerisinde kalmistir. Tek bir karar agaci ise her ii¢ hatta da diistiik dogruluk
ve yiiksek varyans nedeniyle tatmin edici performans sergileyememistir.

Tablo 5. CT2 hatti i¢in model performans karsilastirmasi

Tekil
RMSE MAE R Egitim
Stiresi (s)
Catboost | 260.98 (std: 38.55) | 156.52 (std: 15.81) | 0.89 (std: 0.03) 0.3
Xgboost | 261.94 (std: 37.95) | 159.14 (std: 16.90) | 0.88 (std: 0.03) 0.1
Lightgbm | 266.27 (std: 31.92) | 160.43 (std: 14.42) | 0.88 (std: 0.02) 0.2
f‘,’m’ 275.43 (std: 14.76) | 166.65 (std: 36.87) | 0.87 (std: 0.03) 0.1
gaci
g“s’gele 272.33 (std: 15.10) | 163.91 (std: 37.96) | 0.88 (std: 0.03) 3.9
rman

Sekil 1, Sekil 2 ve Sekil 3’te sunulan RMSE, MAE ve R? metrikleri
birlikte degerlendirildiginde, algoritmalarin hatlar arasi performanslarinin
yalnizca mutlak hata seviyeleri agisindan degil, ayni1 zamanda kararlilik ve
genellenebilirlik acisindan da farklilik gosterdigi goriilmektedir. Ozellikle
hatlar arasinda gozlenen hata dagilimlarimin degiskenligi, modellerin
veri yapisindaki heterojenlige verdikleri tepkilerin birbirinden ayristigini
ortaya koymaktadir.
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Gradyan artirma tabanli yontemler, tiim hatlarda daha dengeli hata
profilleri ve daha yiiksek acgiklama giicii sergileyerek, dogrusal olmayan
iligkileri ve degiskenler aras1 karmasik etkilesimleri daha etkin bi¢cimde
modelleyebilmistir. Capraz dogrulama sonuglari, bu ydntemlerin veri
dagilimindaki degisimlere karsi daha dayanikli oldugunu ve zamansal
yapidan kaynaklanan belirsizlikleri daha etkin bigimde yakalayabildigini
ortaya koymaktadir. Bu baglamda, algoritmalar arasindaki performans
farklarinin yalnizca model karmasikligiyla aciklanamayacagi; kullanilan
ogrenme stratejileri, hata fonksiyonlari ve veri yapisinauyum yetenekleriyle
dogrudan iliskili oldugu anlasilmaktadir.
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Sekil 1. Modellerin hat bazinda RMSE karsilastirmasi
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Sekil 2. Modellerin hat bazinda MAE karsilastirmasi
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Sekil 3. Modellerin hat bazinda R? karsilastirmasi

Genel olarak tiim hatlarda gozlenen sonuclar, CatBoost’un kategorik
degiskenleri dogal isleme kabiliyeti, siral1 artirmali 6grenme yaklagimi ve
giiriiltiilii/veri dengesizligi i¢eren veri kiimelerinde sagladigi stabilizasyon
sayesinde ETA tahmininde en yiiksek dogruluk seviyesini sundugunu
gostermektedir.

Sonug¢

Bu calisma, kentsel toplu tasima sistemlerinde duraklar arasi varig
stiresi tahmini (ETA) icin karar agaclari tabanli makine 6grenmesi
modellerinin sistematik bir karsilastirmasin1 sunmus ve MBTA nin “Bus
Arrival/Departure Times (2024)” veri seti durak ¢ifti temelli bir yapiya
doniistiiriilerek yiiksek ¢oziintirliiklii bir tahmin uzay1 olusturulmustur. Bu
dontistim, ardisik duraklar yerine tiim durak ¢iftlerinin modele dahil edilmesi
sayesinde hem kisa menzilli hem de uzun menzilli seyahat dinamiklerinin
biitiinciil bi¢imde Ogrenilmesini saglamistir. Bes farkli modelin ii¢ ayri
giizergah tizerinde degerlendirilmesi sonucunda, ansambl y&ntemlerinin
tekil karar agac1 modeline kiyasla belirgin tistlinliik sagladig1 goriilmiistiir.
Ozellikle CatBoost, kategorik degiskenleri dogal olarak isleme kapasitesi,
siral1 artirmal1 6grenme mekanizmasi ve asir1 6grenme azaltan diizenleme
ozellikleri sayesinde tiim gilizergahlarda en yiiksek dogruluk seviyesini
elde etmistir. R degerlerinin 0.85-0.89 araliginda ger¢eklesmesi, modelin
hem giiclii hem de istikrarli bir agiklayicilik sundugunu gostermektedir.
Egitim siiresinin XGBoost ve LightGBM'e kiyasla daha uzun olmasina
ragmen, CatBoost’un dogruluk-hiz dengesi agisindan pratik uygulamalara
uygun bir ¢o6ziim sundugu belirlenmistir.
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Elde edilen bulgular, durak cifti tabanli karar agact modellerinin, 6zellikle
CatBoost mimarisinin, gergek zamanli ETA tahmini yapan toplu tagima
sistemlerinde etkin bicimde kullanilabilecegini gdstermektedir. Gelecek
calismalarda trafik yogunlugu, hava durumu ve yolcu yiikii gibi ek
degiskenlerin modele entegrasyonu ile tahmin dogrulugunun daha da
artirilmast miimkiindiir. Ayrica diger kentlerdeki veri setlerinin test
edilmesi, modelin genelleme kapasitesinin degerlendirilmesine katk1
saglayacaktir.

Cikar catismasi beyani
Yazarlar arasinda herhangi bir ¢ikar ¢atismasi bulunmamaktadir.

Etik kurul beyam

Bu aragtirma, yalnizca MBTA tarafindan saglanan agik erigimli “Bus
Arrival/Departure Times (2024)” veri seti kullanilarak gergeklestirilmistir.
Calismada insan veya hayvan denekleri iizerinde herhangi bir deneysel
uygulama yapilmamis, kisisel veri toplanmamis ve miidahale iceren bir
stire¢ yuriitilmemistir. Bu nedenle etik kurul onay1r gerekmemektedir.
Arastirma ve yayin etigi ilkelerine uygun olarak yiiriitiilmiistiir.
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Oz

Veteriner mikrobiyolojisinde antimikrobiyal direncin (AMR) artisi, hayvan
saghgi icin ciddi bir tehdit olusturmakta ve sentetik antibiyotiklerin
kontrolsiiz kullanimi ¢oklu ilaca diren¢li (MDR) suslarin ortaya ¢ikmasina
neden olmaktadw. Bu kiiresel halk saghgi sorunu, insan, hayvan ve
cevre saghgm biitiinlestiven “Tek Saglhk” (One Health) yaklasiminin
zorunlulugunu vurgulamaktad. Bu kapsamda, geleneksel tedavilere
alternatif olacak yeni, giivenilir antimikrobiyal ajanlarin arastiriimasi
biiyiik onem tasimaktadir. Bu c¢alismada, Tiirkiye'ye endemik bir alt
tiir olan, Tunceli-Ovacik, Munzur Daglari’ndan toplanan Daphne
oleoides subsp. kurdica’nin hem yaprak hem de sap-gévde kisimlarinin
antimikrobiyal potansiyeli arastirildi. Etanol ile ekstraksiyonu yapilan
bitkilerin antibakteriyel aktivitesinin belirlenmesi icin Agar Diliisyon
Yontemi, antifungal aktivitesinin belirlenmesi i¢in Sivi Makrodiliisyon
Yontemi kullanildi ve Minimum inhibisyon konsantrasyon (MIK) degerleri
belirlendi. MIK degerleri, veteriner hekimlikte klinik c6neme sahip
bakteri (Staphylococcus aureus, Staphylococcus epidermidis, Bacillus
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subtilis, Bacillus cereus, Proteus mirabilis, Escherichia coli ve Klebsiella
pneumoniae) ve mantar (Candida albicans, Pichia kudriavzevii,
Candida tropicalis, Candida globrata, Malassezia pachydermatis,
Microsporum canis ve Trichophyton mentagrophytes) etkenleri i¢in ayrt
ayrt degerlendirildi. Yapilan testlerin sonucunda hem yaprak hem de
sap-govde ekstraktlarimin bakteri ve mantar etkenlerine karst herhangi
bir inhibisyon etkisi gostermedigi, sadece M. canis’e karst (sap-govde
ekstraktr 10100 ug/ml, yaprak ekstrakti 5050 ug/ml) diisiik seviyede bir
etki gosterdigi belirlendi. Bitkinin potansiyel antimikrobiyal ozelliklerini
daha kapsaml bir sekilde ortaya koymak igin, gelecekteki ¢alismalarin
farkl ¢oziiciiler kullamilarak hazirlanmis ekstraktlar ve daha diisiik MIK
degerlerini saptayabilecek yontemlerle test edilmesi onerilmektedir.

Anahtar kelimeler: Antimikrobiyal, antimikotik, Daphne oleoides subsp.
kurdica, Minimal Inhibisyon Konsantrasyonu (MIK)

Investigation of antimicrobial and antifungal effects
of Daphne oleoides subsp. kurdica

Abstract

The increase in antimicrobial resistance (AMR) in veterinary microbiology
poses a serious threat to animal health, and the uncontrolled use of
synthetic antibiotics has led to the emergence of multidrug-resistant (MDR)
strains. This global public health issue highlights the necessity of the “One
Health” approach, which integrates human, animal, and environmental
health. In this context, the investigation of new, reliable antimicrobial
agents that may serve as alternatives to conventional treatments has
become increasingly important. In the present study, the antimicrobial
potential of both the leaf and stem parts of Daphne oleoides subsp. kurdica,
an endemic subspecies collected from the Munzur Mountains (Tunceli—
Ovacik, Tiirkiye), was investigated. Ethanol extracts were prepared, and
antibacterial activity was assessed using the Agar Dilution Method, while
antifungal activity was evaluated using the Liquid Macrodilution Method.
Minimum inhibitory concentration (MIC) values were determined for
each extract. The MIC values were evaluated separately for bacterial
pathogens of clinical relevance in veterinary medicine (Staphylococcus
aureus, Staphylococcus epidermidis, Bacillus subtilis, Bacillus cereus,
Proteus mirabilis, Escherichia coli, and Klebsiella pneumoniae) and for
fungal agents (Candida albicans, Pichia kudriavzevii, Candida tropicalis,
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Candida glabrata, Malassezia pachydermatis, Microsporum canis, and
Trichophyton mentagrophytes). The results indicated that neither the
leaf nor the stem extracts exhibited inhibitory effects against the tested
bacterial and fungal agents, except for a low level of inhibition against
M. canis (10100 ug/ml for stem extract and 5050 ug/ml for leaf extract).
To more comprehensively elucidate the potential antimicrobial properties
of this plant, future studies should include extracts prepared with different
solvents and employ methods capable of detecting lower MIC values.

Keywords: Antimicrobial, Antifungal, Daphne oleoides subsp. Kurdica,
Minimum Inhibitory Concentration (MIC)

Giris

Veteriner mikrobiyolojisi alaninda, patojen mikroorganizmalarin
antimikrobiyal direncinde yasanan artis, hayvan saglig1 ve refah1 tizerinde
giderek biiyilyen bir tehdit olusturmaktadir. Ozellikle hayvancilik ve
pet hayvanlarinda sik¢a karsilasilan enfeksiyonlarin tedavisi, sentetik
antimikrobiyallerin yaygin ve kontrolsiiz kullanimi sonucu ortaya ¢ikan
coklu ilaca direngli suslar nedeniyle karmasik bir hal almistir (Palma
ve ark., 2020). Bu kiiresel sorunun ¢0zlimii, insan, hayvan ve cevre
sagliginin birbiriyle ayrilmaz biitiinliigiinii vurgulayan “Tek Saglik” (One
Health) yaklagimini benimsemeyi zorunlu kilmaktadir (WOAH, 2024).
Bu baglamda, geleneksel antibiyotiklere olan bagimlilig1 azaltacak ve
yeni tedavi segenekleri sunacak alternatif ajan arayislari kritik bir 6neme
sahiptir.

Sifali bitkiler, binlerce yildir geleneksel tipta kullanilan ve zengin biyoaktif
bilesik profilleriyle modern arastirmacilarin dikkatini ¢eken 6nemli bir
dogal kaynaktir. Bu bitkilerden biri olan ve Thymelaeaceae familyasina ait
olan Daphne cinsi, potansiyel antioksidan, anti-inflamatuar ve antitumoral
aktivitelerinin yani sira antimikrobiyal 6zellikleri ile de bilinmektedir
(Can T.H., 2019) Mundarca olarak adlandirilan bu bitki Tiirkiye'de Dogu
Karadeniz, Orta Kizilirmak, Yukar1 Kizilirmak, Konya, Yukari1 Firat,
Erzurum-Kars, Yukar1 Murat-Van, Hakkari, Adana alt bolgelerinde dogal
yayilis gostermektedir. Daphne cinsi, Ozellikle geleneksel Tiirk halk
tibbinda sitma, romatizma ve yara iyilestirme gibi c¢esitli rahatsizliklarin
tedavisinde kullanilan 6nemli bir bitkisel kaynaktir (Stintar ve ark., 2012).
Ancak, ozellikle lilkemize endemik bir alt tiir olan Daphne oleoides subsp.
kurdica'min antimikrobiyal potansiyeli ve bitkinin farkli kisimlar1 (yaprak

ABMYO Dergisi - Yil 21 Say1 73 - Temmuz - 2026 (97 - 107) 99



Daphne oleoides subsp. kurdica nin antimikrobiyal ve antifungal etkilerinin arastirilmasi

ve sap-govde) arasindaki aktivite farkliliklari {izerine yapilan ¢alismalar
oldukga kisithdir.

Bu ¢alismanin amaci, Daphne oleoides subsp. kurdicanin yaprak ve sap-
gbovde etanol ekstraktlarinin, veterinerlikte klinik 6nemi kanitlanmis bakteri
ve mantar suslarina karsi in vitro antimikrobiyal aktivitelerini belirlemek
ve bu iki kisim arasindaki potansiyel farkliliklar1 ortaya koymaktir. Elde
edilen bulgular, antimikrobiyal diren¢le miicadelede kullanilabilecek
bitkisel kaynakli yeni ve etkili fitoterapotik ajanlarin gelistirilmesine
yonelik bilimsel bir zemin hazirlamay1 hedeflemektedir.

Materyal ve metot

Daphne oleoides subsp. kurdica bitki Ornekleri Temmuz- Agustos,
2023 yilinda Tunceli - Ovacik ilgesi Munzur daglarindan toplandi ve
ardindan golgeli bir alanda 20 giin boyunca kurumaya birakildi. Ornekler
ekstraksiyon icin ogiitiildii. Toz halindeki bitki materyali (20 g), 500 ml
coziicii ile soxhlet cihazinda 3 saat boyunca ekstrakte edildi. Whatman
No.l filtre kagidindan stiziildi. Filtrat ekstraktlari, doner buharlastirict
(Heidolph, Laborata 4000 serisi) kullanilarak 35°C'de diisiik basing
altinda konsantre edildi. Kurutulmus ham konsantre ekstraktlar, analizler
icin kullanilana kadar buzdolabinda (-4°C) saklandh.

Bu calismada, Daphne oleoides subsp. kurdica bitkisinin yaprak ve
sap-govde etanol ekstraktlarinin, antimikrobiyal aktivitesini belirlemek
icin iki farkli metodoloji kullanildi. Antibakteriyel aktivite icin agar
dilisyon yontemi, antifungal aktivite i¢in ise s1vi makrodiliisyon yontemi
uygulandi. Her iki yontemde de Minimum Inhibisyon Konsantrasyonu
(MIK) degerleri saptandi.

Antibakteriyel aktivite tayini

Ekstraktlarin antibakteriyel etkilerini degerlendirmek amaciyla, agar
diliisyon yontemi kullanilarak MIK degerleri belirlendi (CLSI, 2006).
Calismada kullanilan bakteri suslari, Istanbul Universitesi-Cerrahpasa
Veteriner Fakiiltesi Mikrobiyoloji Anabilim Dal1 Kiiltiir Koleksiyonu'ndan
temin edildi. Bu suslar; Staphylococcus aureus (ATCC 29213),
Staphylococcus epidermidis (ATCC 12228), Bacillus subtilis (ATCC
6633), Bacillus cereus (ATCC 11778), Proteus mirabilis(ATCC 12453),
Escherichia coli (ATCC 25922) ve Klebsiella pneumoniae (ATCC
4352)'dir.
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Ekstraktlarin stok ¢ozeltileri, CLSI (Clinical and Laboratory Standards
Institute 2006) kilavuzuna uygun olarak katyon ayarli Mueller Hinton
buyyon kullanilarak hazirlandi. Daphne oleoides subsp. kurdica (sap-
govde) ekstrakti i¢in son konsantrasyon aralig1 20200 — 3,945 pg/ml olarak,
yaprak ekstrakti i¢in ise 18100 — 3,535 pg/ml olarak belirlendi. Hazirlanan
on farkli diliisyondan alinan 1 ml soliisyon, 6 cm'lik petrilere dokiildii,
tizerine 45-50°C'ye sogutulan Mueller-Hinton agar eklenerek karigtirildi
ve oda sicakliginda donmaya birakildi. Test edilecek bakteri tiirlerinin 18-
24 saatlik Nutrient agardaki kiiltiirlerinden 0,5 McFarland bulanikliina es
degerde siispansiyonlar hazirlandi. Bu siispansiyonlar 1/10 oraninda steril
fizyolojik tuzlu su (FTS) ile seyreltilerek 107 cfu/ml inokulum yogunluguna
getirildi. Hazirlanan bakteri siispansiyonundan, ekstrakt iceren Mueller-
Hinton agarlara, replikator araciligiyla 2 pl miktarlarinda ekim yapildi.
Kiiltiirler 37°C'de 16-20 saat aerob ortamda inkiibe edildi. Besiyerinde
gozle goriiliir iremenin olmadig1 en diisiik ekstrakt konsantrasyonu MIK
degeri olarak kaydedildi. Testin dogrulugunu kontrol etmek i¢in gentamisin
ve ekstraksiyon solventi kullanildi.

Antifungal aktivite tayini

Ekstraktlarin mayalara ve mantarlara karst potansiyel antimikotik
etkilerini saptamak amaciyla sivi makrodiliisyon yontemi kullanildi. Bu
yontemle de MIK degerleri belirlendi. Calismada kullanilan Candida
albicans (ATCC 10231), Pichia kudriavzevii (Candida krusei; ATCC
6258), Candida tropicalis (ATCC 750), Candida globrata (ATCC
2001), Mallassezia pachydermatis, Microsporum canis ve Trichophyton
mentagrophytes fungal suslar1 Istanbul Universitesi-Cerrahpasa Veteriner
Fakiiltesi Mikrobiyoloji Anabilim Dali Kiiltiir Koleksiyonu'ndan temin
edildi. Suslarin canliligi, mayalar i¢in 37°C'de 48 saat, kiif mantarlar i¢in
25°C'de 7 giin siireyle SDA besiyerinde inkiibe edilerek saglandi. Sivi
makrodiliisyon testinde kalite kontrolii i¢in Amfoterisin B kullanildi.

S1vi makrodiliisyon yontemi i¢in tiim ekstraktlarin iki katl diliisyonlar1
hazirland1 ve her bir diliisyondan 500 pl steril tiiplere dagitildi. Maya
suslarinin 0,5 McFarland bulanikligina es degerde siispansiyonlari
fizyolojik tuzlu su igerisinde hazirland1 ve 1/10 oraninda steril FTS ile
seyreltilerek 107 cfu/ml inokulum yogunluguna getirildi. Mantar tiirlerinin
kolonilerinden ise fizyolojik tuzlu su ile 5 ml siispansiyon hazirlandi,
biiytik partikiillerin ¢6kmesi i¢in 15 dakika beklendi ve homojen konidya
slispansiyonu ayr1 bir tlipe aktarilarak 15 dakika karistirildi. Hazirlanan
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maya ve mantar stispansiyonlari, ekstraktlarin iki katl diliisyonlarina esit
miktarda eklendi. Maya inokulumu eklenmis diliisyonlar 37°C'de 48 saat,
mantar inokulumu eklenmis olanlar ise 26°C'de 7 giin siireyle inkiibe edildi.
Uremeyi inhibe eden en diisiik ekstrakt konsantrasyonu, ¢iplak gdzle veya
McFarland dansitometre cihazi ile dlgiilerek MIK degeri olarak belirlendi.

Bulgular

Bu calismada, Daphne oleoides subsp. kurdica bitkisinin sap-govde ve
yaprak etanol ekstraktlarinin, veterinerlikte klinik 6neme sahip bakteri
ve mantar suslarina karsi antimikrobiyal ve antimikotik aktiviteleri in
vitro kosullarda arastirilmistir. Elde edilen bulgular, her iki ekstraktin
da test edilen mikroorganizmalar {izerinde herhangi bir inhibisyon etkisi
gostermedigini ortaya koymustur.

Incelenen tiim Gram-pozitif bakteri suslarina (S. aureus, S. epidermidis,
B. cereus, B. subtilis) ve Gram-negatif bakteri suslarina (K. pneumoniae,
E. coli, P. mirabilis) kars1t hem sap-gévde hem de yaprak ekstraktlar
i¢in minimum inhibisyon konsantrasyonu (MIK) degeri 20200 pg/ml
olarak belirlendi. Bu deger, denemelerde kullanilan en yiiksek ekstrakt
konsantrasyonuna karsilik gelmektedir ve hi¢bir konsantrasyonda iireme
inhibisyonu gozlenmedigini gostermektedir.

Benzer sekilde, ekstraktlarin antimikotik potansiyelini degerlendirmek
iizere test edilen maya ve mantar suslaria (P. kudriavzevii, C. albicans,
C. tropicalis, C. globrata, M. pachydermatis, T. mentagrophytes) karsi
da higbir aktivite saptanmadi. Sadece M. canis izolatina diisiik seviyede
etkinlik gosterdigi belirlendi. Bu fungal suslardan (P. kudriavzevii, C.
albicans, C. tropicalis, C. globrata, M. pachydermatis, T. mentagrophytes)
i¢in MiK degerleri 20200 pg/ml, M. canis igin sap-gévde ekstragini MIK
degeri 10100 pg/ml, yaprak ekstraginin MiK degeri 5050 pg/ml oldugu
belirlendi (Tablo 1).

Tablo 1. Ekstraktlarin Cesitli Bakteri ve Mantar Suslarina Karsi MIK
Degerleri (ug/ml)

Daphne oleoides subsp Daphne oleoides subsp
kurdica sap-govde kurdica yaprak
(ng/ml) (ng/ml)
S.aureus 20200 20200
S.epidermidis 20200 20200
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K.pneumoniae 20200 20200
E.coli 20200 20200
P.mirabilis 20200 20200
B.cereus 20200 20200
B.subtilis 20200 20200
Pichia kudriavzevii 20200 20200
Candida albicans 20200 20200
Candida tropicalis 20200 20200
Candida globrata 20200 20200
Malasezia 20200 20200
M.canis 10100 5050
T. mentagrophytes 20200 20200

Sonu¢ olarak, bu calismada kullanilan etanol ekstraktlarinin, test
edilen bakteri ve mantar suslarina (M. canis hari¢) karst 20200 pg/ml
konsantrasyonlarda etkisiz oldugu belirlendi.

Tartisma

Bu calismada, Daphne oleoides subsp. kurdica bitkisinin sap-gévde ve
yaprak etanol ekstraktlarinin, test edilen bakteri suslarina kars1 belirgin bir
antimikrobiyal aktivite gostermedigi saptanmistir. Daphne oleoides subsp.
kurdica bitkisinin sap-gévde ve yaprak etanol ekstraktlarinin, test edilen
mantar (M. canis harig) suslarina kars1 antimikotik etki gostermedigi
belirlenmistir. M. canis izolatma kars1 diisiik MIK degeri saptanmustir.
Bulgular, her iki ekstraktin da calismada kullanilan tiim bakterilere ve
M.canis hari¢ tim mantarlara kars1 ancak en yliksek konsantrasyonda
(20200 pg/ml) tiremeyi inhibe edebildigini ortaya koymaktadir. Bu sonug,
Daphne cinsine ait diger tiirler izerinde yapilan ve genellikle antimikrobiyal
aktivite rapor eden ¢alismalarla tezat olusturmaktadir. Bu durum, bitkinin
kimyasal icerigini ve biyolojik aktivitesini etkileyen ¢esitli faktorlere bagl
olabilmektedir.

Literatiirdeki bir¢cok ¢alisma, Daphne tiirlerinin zengin biyoaktif bilesikler
(kumarinler, flavonoitler, diterpenoitler, lignanlar vb.) icerdigini ve bu
bilesiklerin antimikrobiyal 6zellikler sergiledigini gostermektedir (Hussein
ve ark., 2012; Poto¢nik ve ark., 2014). Mousavi ve ark. (2019), Daphne
oleoides'in alkol ekstraktinin, dis plagindan izole edilen bakterilere
kars, ozellikle Streptococcus mutans'a kars1 gliclii antibakteriyel aktivite
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gosterdigini rapor etmistir. Benzer sekilde, Balkan ve arkadaslar1 (2017)
tarafindan yapilan bir arastirmada, Daphne oleoides subsp. oleoides'in
metanol ekstraktinin c¢esitli mikroorganizmalara karsi antimikrobiyal
potansiyeli oldugu belirlenmistir. Bu c¢alismalarin aksine, mevcut
arastirmanin sonuclari, kullanilan ekstraktlarin test edilen patojenlere karsi
etkisiz oldugunu gostermektedir.

Bu farkliliklarin baslica nedenleri, kullanilan ekstraksiyon metodolojisi
ve bitkinin kimyasal profili arasindaki degiskenliklerdir. Calismamizda
ekstraksiyon solventi olarak etanol tercih edilirken, literatiirdeki
basarili ¢aligmalarin ¢ogu metanol gibi farkli ¢oziiciiler kullanmistir
(Mousavi ve ark., 2019; Balkan ve ark., 2017). Bitkisel materyalden elde
edilen bilesenlerin tiirli ve miktari, kullanilan ¢6ziicliniin polaritesine
dogrudan baghdir. Etanol, metanole gore farkli polaritede oldugu icin,
antimikrobiyal aktiviteden sorumlu olabilecek bazi aktif bilesenlerin
yeterince ekstrakte edilememis olmas1 muhtemeldir. Siintar ve arkadaslar
(2012) tarafindan yapilan bir ¢alismada, ayn1 bitkinin metanol ekstraktinin
giiclii yara iyilestirme, anti-inflamatuar ve antioksidan etkiler sergiledigi
rapor edilmistir. Bu aktivitenin, ekstrakt icinde bulunan daphnetin
ve Ozellikle luteolin-7-O-glukozit gibi bilesenlerden kaynaklandig:
belirlenmistir. Bu bulgular, bitkinin i¢erdigi biyoaktif bilesiklerin tiiriiniin
ve konsantrasyonunun, kullanilan ekstraksiyon ¢dziiciisiine gore biiyiik
Olciide degisebilecegini gdstermektedir. Bu nedenle, bu c¢alismada
kullanilan etanol solventi ile, antimikrobiyal aktiviteden sorumlu
olabilecek bilesenlerin yeterince ekstrakte edilememis olmasi elde edilen
sonuclar1 aciklayabilmektedir. Bu durum, bitkinin biyolojik potansiyelini
degerlendirmek icin farkli ¢oziiciilerle (6rnegin, metanol veya kloroform
gibi) daha kapsamli ekstraksiyon ¢aligmalarina ihtiya¢ duyuldugunu ortaya
koymaktadir.

Bu calismada elde edilen MIK degerlerinin literatiirde bildirilen bazi
calismalardan daha yiiksek bulunmasi, kullanilan antimikrobiyal test
yontemleri ve deneysel kosullardaki farkliliklarla aciklanabilir. Bitkisel
ekstraktlarin antimikrobiyal etkinliginin degerlendirilmesinde kullanilan
agar veya makrodiliisyon yontemlerinin, aktif bilesiklerin difiizyon ve
stabilite Ozellikleri nedeniyle mikrodiliisyon yontemlerine kiyasla daha
yiiksek MIK degerleri ile sonuglanabildigi bildirilmektedir (Cos ve ark.,
2006; Eloff, 2019). Ayrica ekstraksiyon sirasinda kullanilan c¢oziicii,
ekstraksiyon siiresi ve 1s1 gibi faktorlerin, bitkisel ekstraktlardaki fenolik
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ve diger antimikrobiyal bilesiklerin biyolojik aktivitesini azaltabilecegi
belirtilmektedir (Eloff, 2019). Bu nedenle ¢alismamizda elde edilen MIK
degerlerinin, literatiirde rapor edilen bazi sonucglardan farklilik géstermesi
metodolojik ve kimyasal faktorler ¢ercevesinde degerlendirilebilir olup,
gelecekte yapilacak calismalarda yontem se¢imi agisindan yol gosterici
niteliktedir.

Ek olarak, bitkinin yetistigi cografi bolge, hasat zamani, ¢evresel kosullar
ve bitkinin farkl alt tiirleri arasindaki genetik varyasyonlar da biyolojik
aktiviteyi etkileyebilmektedir. Bu ¢aligmada kullanilan Daphne oleoides
subsp. kurdica'min fitokimyasal icerigi, diger ¢alismalarin odaklandigi D.
oleoides veya D. oleoides subsp. oleoides gibi farkl alt tiirlerden farklilik
gosterebilmektedir. Nitekim, Daphne tiirlerinin kumarin ve flavonoit
profillerinin tiirler arasinda degiskenlik gosterdigi bilinmektedir (Hussain
ve ark., 2012).

Sonuc¢

Gelecekte yapilacak calismalarda, Daphne oleoides subsp. kurdica'nin
farkli ¢oziiciiler (metanol, hekzan, kloroform vb.) kullanilarak hazirlanan
ekstraktlarmin, daha diisik MIK degerlerini saptayabilecek ydntemlerle
test edilmesi, bu bitkinin potansiyel antimikrobiyal ve antimikotik
Ozellilerini daha kapsamli bir sekilde ortaya koyabilecektir.

Cikar catismasi beyani
Yazarlar, yayin ile ilgili herhangi bir ¢ikar catigmasi olmadigini beyan
ederler.

Etik kurul beyam

Bu arastirmada yalnizca bitki 6rnekleri (Daphne oleoides subsp. kurdica)
kullanilmis olup, insan veya hayvan denekleri iizerinde herhangi bir
deneysel uygulama yapilmamistir. Calismada kisisel veri toplanmamas,
klinik veya invaziv bir islem gerceklestirilmemistir. Bu nedenle etik kurul
onay1 gerekmemektedir. Arastirma ve yayn etigi ilkelerine uygun olarak
yuriitilmistir.

Tesekkiir

Daphne oleoides subsp. kurdica bitki orneklerinin toplanmasi ve
ayristirilmasina sagladiklari katkilarindan dolay: Sayin Haydar METINER
ve Sayn Ziilfii SADAG'a tesekkiir ederiz.
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Amag¢: Bu derleme, modern diyetteki ultra-islenmis  gidalarin
“beslenme  paradoksu” ¢ercevesindeki  biyolojik, davramissal ve
toplumsal etkilerini; tiiketim mekanizmalar: ile saghk iizerindeki
sonuglarint biitiinciil bir yaklasimla degerlendirmeyi amacglamaktadtr.

Kapsam: Literatiir taramasi, ultra-islenmis gida tiiketiminin viicut agirligt
artisi, metabolik mekanizmalar, psikolojik ve sosyal etkenler ile kronik
hastalik riskleri iizerindeki etkilerini incelemistir. Ayrica NOVA sistemi gibi
siniflandirma yaklagimlar: elestirel bir perspektifle degerlendirilmistir.

Ana  Temalar/Bulgular:  Ultra-iglenmis gida tiiketimi, hormonal
dengesizlikler, bagirsak mikrobiyotasi degisiklikleri, bagimlilik potansiyeli
ve diistik sosyoekonomik durum gibi faktorlerle iliskilidir. Kardiyovaskiiler
hastaliklar, tip 2 diyabet, bazi kanser tiirleri, metabolik sendrom,
mortalite riski ve depresyon gibi kronik hastaliklarla giiclii baglantilart
tespit edilmistir.  Tiiketicinin, ultra-islenmis gidalarin  potansiyel
zararlarimi  bilmesine ragmen iiriine yonelimi, ekonomik uygunluk,
ulasilabilirlik ve pazarlama stratejileri gibi etkenlerle agiklanmaktadir.

Sonug¢: Bu derleme, ultra-islenmis gidalarin yarattigi  “beslenme
paradoksu”’nun iistesinden gelmek icin multidisipliner miidahale
stratejilerine acil ihtiya¢ oldugunu gostermektedir. Bireysel ¢abalardan
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ote, gida sistemlerinde koklii degisiklikler ve gii¢clii halk saglig: politikalar
gereklidir. Gelecek ¢alismalar, beslenme ve psikopatoloji arasindaki kesisim
noktalarina odaklanarak daha biitiinciil yaklasimlar gelistirmelidir.

Anahtar Kelimeler: ultra-islenmis gidalar, beslenme paradoksu, kronik
hastaliklar, obezite, halk saglig

The nutrition paradox: a review on the biological,
behavioral, and societal implications of ultra-
processed foods

Abstract

Objective: This review aims to comprehensively evaluate the biological,
behavioral, and societal implications of ultra-processed foods within
the framework of the “nutrition paradox”, assessing their consumption
mechanisms and health outcomes in modern diets.

Scope: The literature review examined the effects of ultra-processed food
consumption on weight gain, metabolic mechanisms, psychological and
social factors, and the risks of chronic diseases. Classification approaches
like the NOVA system were also critically assessed.

Main Themes/Findings: Ultra-processed food consumption is associated
with hormonal imbalances, changes in gut microbiota, addiction potential,
and factors such as low socioeconomic status. Strong links have been
identified with chronic diseases including cardiovascular diseases, type 2
diabetes, certain types of cancer, metabolic syndrome, increased mortality
risk, and depression. Consumer inclination towards ultra-processed foods,
despite awareness of their potential harms, is explained by factors such as
economic affordability, accessibility, and marketing strategies.

Conclusion: This review highlights an urgent need for multidisciplinary
intervention strategies to overcome the ‘nutrition paradox’ created by
ultra-processed foods. Beyond individual efforts, fundamental changes in
food systems and strong public health policies are required. Future studies
should focus on the intersections between nutrition and psychopathology
to develop more holistic approaches.

Keywords: ultra-processed foods, nutrition paradox, chronic diseases,
obesity, public health
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Giris

Giliniimiizde obezite ve kronik hastaliklar, kiiresel halk sagliginin dncelikli
sorunlar1 arasinda yer almaktadir. Modern yasam tarzi ve beslenme
aliskanliklarindaki degisimler, bu hastaliklarin yayginlagsmasinda temel
etkenler olarak belirtilmistir (Roman ve ark., 2024). Son yillarda ultra-
islenmis gidalarin (UIG) tiiketimindeki kiiresel artis, obezite ve kronik
hastaliklarin epidemiyolojisinde kritik bir tetikleyici olarak literatiirde
belirginlesmistir (Baker ve ark., 2020). Ultra-islenmis gidalar , diisiik besin
degerlerine sahip, yiiksek enerji yogunlugunda ve genellikle endiistriyel
olarak islenmis gidalardir (Chen ve ark., 2020). Geleneksel beslenme
diizenlerinden bat1 tarzi, enerji yogunlugu yiiksek diyetlere gecisi ifade
eden "beslenme gecisi" kavrami (Eaton, 2020), 6zellikle UIG'ler, yogun
seker icerikli icecekler ve bitkisel yag kullanimimin yayginlagsmasiyla,
kiiresel obezite ve kronik hastalik oranlarinin artigi iliskili bulunmustur
(Baker ve ark., 2020).

Bu derleme, modern diyetteki ultra-islenmis gidalarin “beslenme
paradoksu” cercevesindeki biyolojik, davranigsal ve toplumsal etkilerini
biitiinciil bir yaklagimla degerlendirmeyi amacglamaktadir. Mevcut
literatiirdeki boslugu doldurmak hedefiyle calisma, UiG'leri besin
degerlerinin 6tesinde; islenme siiregleri, fizyolojik yanitlar, psikolojik ve
sosyoekonomik belirleyicileri ile birlikte incelemektedir. Bu kapsaml
analiz, halk saglig1 politikalari, egitim stratejileri ve klinik miidahaleler
icin daha biitlinciil ve etkili yaklasimlarin gelistirilmesine somut katkilar
saglamay1 hedeflemektedir.

Yontem / literatiir taramasi

Bu derleme calismasi kapsaminda gercgeklestirilen literatiir taramasi;
PubMed, Web of Science, Scopus, DergiPark ve Google Akademik
veritabanlarinda yapilmigtir. Tarama stirecinde "ultra-processed foods",
"UPF", "nutrition paradox", "obesity", "chronic diseases", "food addiction",
"gut microbiota", "behavioral interventions" ve "public health" anahtar

kelimeleri ile bunlarin Tiirkge karsiliklar1 kullanilmgtir.

Arastirma kapsamina 2020-2025 yillar1 arasinda yayimlanmis; Ingilizce
veya Tiirk¢e dillerindeki tam metin derlemeler, sistematik derlemeler,
meta-analizler, kohort calismalar1 ve deneysel arastirmalar dahil
edilmistir. Editér yorumlari, mektuplar, vaka sunumlari, sadece hayvanlar
iizerinde yapilan ¢aligmalar ve konuyla dogrudan iliskili olmayan yayinlar
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kapsam dis1 birakilmistir. Elde edilen makaleler baslik ve 6zetlerine gore
degerlendirilmis; segilen caligmalar ultra-islenmis gidalarin biyolojik,
davranigsal ve toplumsal etkileri odaginda analiz edilmistir.

"Beslenme paradoksu: zararlari bilinmesine ragmen UIG tiiketiminin
kacimilmazhg"

Ultra-islenmis gidalarin liretim ve tiiketimindeki kiiresel yayginlasma,
modern beslenmede belirgin bir “beslenme paradoksu” sunmaktadir.
Saglik lizerindeki potansiyel zararlar1 konusunda artan bilimsel kanitlara
ve kamuoyu farkindaligina ragmen, bu gidalarin tiikketim egiliminin diinya
genelinde siirdiigli gézlemlenmistir (Robinson ve ark., 2024). Bireylerin
UlG'lerden tamamen kagimasi, pratik veya ekonomik nedenlerle
genellikle miimkiin olmamaktadir. Bu durum, yalnizca kisisel tercihlere
bagl olmayip, aym zamanda UiG'lerin ekonomik uygunlugu, yiiksek
ulasilabilirligi, agresif pazarlama stratejileri ve modern yasamin getirdigi
zaman kisithlig1 gibi karmasik faktorlerle iligkili bulunmustur (Williams,
2024).

[FaktorBiRazarlamalvelEndustii
(Stratejilerif
+ Agresif Pazarlama
* Psikolojik Manipiilasyon
« Yanlis Saglik Algisi Yaratma

Sonug: Olumsuz Saglik

Giktilan
+ Obezite

' Be§len|meB$aradpksu + Kronik Hastaliklar
Zararlari rinmesine o . 14
BB Rogmen Artan UIG Tuketimi Mortalite Riski Artist

Faktor C: Sosyoekonomik ve Yagam Faktor D: Biyolojik ve Davranigsal
Tarzi Faktorleri Mekanizmalar
* Diisiik Sosyoekonomik Durum * Disik Doyguniuk
+ Zaman Kisithiligi + Beyin Odiil Sistemi Aktivasyonu Artan Saglik Sorunlan > -

+ Killtiirel Ahgkanliklar + Gida Bagimlihg: Potansiyeli

+ Saglikli Segeneklere Erigim Kisttiligi * Hormonal Dengesiziikler  ~
+ Bagirsak Mikrobiyotasi Degisimleri [ !

Bilinglenme Artigi =

Sekil 1. Ultra-islenmis gidalarin tiiketiminde “beslenme paradoksu nun
dinamikleri

Literatiir, ultra-islenmis gida tliketiminin yetiskin ve ¢ocuklarda viicut
agirlig artist, obezite ve iliskili komorbiditelerle tutarli bir sekilde iliskili
oldugu distiniilmektedir (Dicken ve Batterham, 2024). Bir meta-analiz,
UIG tiiketimi ile bobrek fonksiyon bozukluklari, ¢ocuklarda hiriltili
nefes alma, diyabet, obezite, depresyon ve yaygin zihinsel bozukluklar
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arasinda anlaml iligkiler bulmustur (Dai ve ark., 2024). UiG'lerin
islenme siiregleri ve katki maddeleri, tokluk sinyallerini geciktirerek asir
tilketime ve dolayisiyla agirlik artisina yol acgabildigi diisiibiilmektedir
(Leite ve ark., 2022). Bu durum, UiG'lerin diisiik besin degerleri, yiiksek
enerji igerigi ve bagirsak mikrobiyotas: iizerindeki olumsuz etkileriyle
de iligkilendirilmektedir (Elizabeth ve ark., 2020). Ayrica, calismalar
UIG'lerin baz1 bireylerde "bagimlilik benzeri" davranislara neden oldugunu
belirtmektedir (Gearhardtve DiFeliceantonio,2022). Rafinekarbonhidratve
eklenmis yag acisindan zengin bu gidalar, yliksek derecede "odiillendirici”
bulunup kompulsif tiiketime yol acabilecegi diisiiniilmektedir (Gearhardt
ve ark., 2023). Ultra-islenmis gida bagimliliginin biyopsikolojik
temellerinin, viicut agirlig1 yonetimi tizerinde negatif etkilere sahip oldugu
diisiiniilmektedir (LaFata ve ark., 2024). Yale Gida Bagimlilig1 Olgegi gibi
araclar, bu bagimliligin tanisinda kullanilmakta (Thompson ve Thaw,
2024) ve obezite miicadelesinde bireysellestirilmis yaklasimlar ile halk
saghig1 stratejilerinin gelistirilmesine katki sagladigi disiiniilmektedir
(Zhang ve ark., 2021).

UIG tanimi ve kavramsal cerceve

NOVA sistemi ve sitmirhiliklar:

NOVA siniflandirma sistemi, gidalar1 endiistriyel igleme derecesi ve
amacina gore dort ana gruba ayiran, uluslararasi kabul gormiis ve sikca
basvurulan bir yontemdir (Celik ve ark., 2025). Bu sistemin dordiincii
grubunu olusturan ultra-islenmis gidalar; dogal yapilar1 bozulmus, bir¢ok
katki maddesi iceren ve yogun endistriyel islemlerden gecmis gidalar
olarak tanimlanir (Dai ve ark., 2024). UIG'lere tatlandiricilar, emiilgatorler
ve aroma artiricilar gibi bilesenler eklenerek; uzun raf omrii, diisiik
iretim maliyeti ve yogunlastirilmis lezzet gibi 6zellikler kazandirilmasi
hedeflenmektedir (Celik ve ark., 2025).

NOVA, sadece besin igerigini degil, ayni zamanda gidalarin iiretim
stireclerini de dikkate alarak besinlerin saglik ¢iktilarini1 degerlendirmede
onemli bir ara¢ sunmaktadir (Monteiro ve ark., 2024). Bu yaklagim,
gida islemenin kapsami ve amaci dogrultusunda metodolojik bir ¢erceve
saglamaktadir (Jung ve ark., 2023).

NOVA sistemi yaygin kullanimina ragmen, literatiirde bazi sinirliliklari ve
elestirileri de beraberinde getirmistir (Visioli ve ark., 2022). Elestirilerin
basinda; eklenmis seker, doymus yag ve sodyum diizeyine dayali
simiflandirmasi nedeniyle, bazi besin degeri yiiksek gidalarin da ultra-
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islenmis olarak kategorize edilebilmesi gelmektedir (Crimarco ve ark.,
2021). Ornegin, fasulye ve findik gibi besleyici gidalar, NOVA tanimlarina
gore UIG smifina girebilmektedir (Crimarco ve ark., 2021). Bu durum,
basit tanimin gidanin kendi 6zelliklerini goz ardi edebilecegi endisesini
yaratmis; tam bugday ekmegi gibi baz1 "premium" UlG'lerin saglik i¢in
tehdit olusturmayabilecegi 6ne siiriilmiistiir (Jung ve ark., 2023). Ticari
olarak iiretilen ekmek gibi gidalar UIG olarak smiflandirilirken, evde
yapilmis benzer bir ekmegin islenmemis kabul edilmesinin siniflandirmada
tutarsizliklara yol acabilecegi belirtilmistir (Crimarco ve ark., 2021).

Ancak, NOVA sisteminin elestirilere ragmen, gida islemenin halk
saglig1 tizerindeki etkilerine dikkat ¢ekmede ve politikalar gelistirmede
onemli bir rolii oldugu savunulmaktadir (Louie, 2025). Sistemin temel
amacinin, Uriinlerin besin degerinden ziyade endiistriyel isleme diizeyini
vurgulayarak tiiketicileri ve politika yapicilari bilgilendirmek oldugu ifade
edilmistir (Braesco ve ark., 2022).

Bu smurliliklar nedeniyle, Siga yaklagimi gibi gelismis smiflandirma
sistemleri de glindeme gelmistir (Trumbo ve ark., 2024). Siga gibi
alternatiflerin, Nutri-Score gibi beslenme etiketleriyle birlikte kullanilarak,
tiketicileri daha az ultra-islenmis ve saglik i¢cin daha az riskli gida
seceneklerineyonlendirmede ek bir destek saglayabilecegi diisiiniilmektedir
(Dailey-Chwalibog ve ark., 2020). Bu gelismeler, gida islemenin saglik
iizerindeki etkilerini daha 1yi anlayabilmek icin NOVA'nin 6tesinde yeni
tanimlama yontemlerine ihtiya¢ duyulduguna isaret etmektedir (Medin ve
ark., 2025).

Ultra-islenmis gida tiiketiminin viicut agirh@ artisi ve metabolik
mekanizmalar iizerine etkisi

Asiri tiikketimin davranissal ve hormonal etkenleri

Viicudun tokluk mekanizmalarinin enerji igeriginden c¢ok gidanin
hacmine duyarli olmast nedeniyle, yiliksek enerji yogunluguna
sahip UlG'lerin asir1 tiiketimi kolaylastirabilecegi diisiiniilmektedir
(Crimarco ve ark., 2021). Lezzetli, ekonomik ve biiyiik porsiyonlarda
sunulan bu drilinlerin, siirekli atistirmayr ve istemsiz enerji alimini
tesvik edebilecegi bildirilmistir (Crimarco ve ark., 2021). Ayrica gida
islemenin ve katki maddelerinin, gidanin dokusunu yumusatarak daha
az cigneme gerektirmesinin, tokluk sinyallerini geciktirerek porsiyon
kontroliinii zorlastirabilecegi one siiriilmiistiir (Crimarco ve ark., 2021).
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UIG tiiketiminin, istah diizenleyici hormonlar iizerinde potansiyel etkileri
oldugu literatiirde tartisilmaktadir. Bir calismada, UIG alimmin pankreatik
peptid YY ve ghrelin gibi aclik-tokluk hormonlarinda degisimlerle iligkili
oldugu gozlemlenmistir (Crimarco ve ark., 2021). Bilindigi tizere leptin
toklugu baskilarken, ghrelin istah1 uyarmaktadir (Ranjbar ve ark., 2025).
Stirekli yiiksek seker alimimin leptin direncine katkida bulunabilecegi,
diisiik besin degerli UIG'lerin ise ghrelin salgisini yeterince baskilamayarak
uzun siireli acglik hissi ve kilo artis1 ile iliskili olabilecegi belirtilmistir
(Ranjbar ve ark., 2025). Islenmemis gidalarin tiiketimi sonrasi ghrelin
azalirken PYY artmaktadir; ancak UIG odakli yeme davranigmin ghrelin
ile dogrudan bir iliskisi saptanmazken, leptin seviyeleri ile baglantili
olabilecegi rapor edilmistir (Wiss ve LaFata, 2024).

inflamasyon ve bagirsak mikrobiyotasi degisimleri

UlG'lerin gida matrisinin fazla pargalanmis yapisi; diisiik tokluk
hissi ve yiiksek glisemik yanit ile iliskilendirilmektedir (Dicken ve
Batterham, 2021). Bu iiriinlerin, viicutta diisiik dereceli inflamasyon
stireclerini destekleyebilecegi ve kronik hastaliklarin gelisimine zemin
hazirlayabilecegi diistiniilmektedir (Asensi ve ark., 2023). Ultra-islenmis
gida tiiketiminin; C-reaktif protein, interlokinler ve tiimdr nekroz faktor-
alfa (TNF-«) dahil olmak iizere inflamatuar belirteglerin seviyelerindeki
artisla iliskili oldugu saptanmistir (Wiss ve LaFata, 2024). S6z konusu
tablonun, bagirsak mikrobiyotasindaki bozulma ve takiben gastrointestinal
bariyerin gec¢irgenlesmesi sonucu meydana gelen sistemik inflamatuar
yanitlarla baglantili olabilecegi one siiriilmektedir (Wiss ve LaFata, 2024).
UIG agirlikli beslenmenin, inflamasyonla iliskili mikroorganizmalarin
cogalmasina uygun bir bagirsak ortami olusturabilecegi belirtilmistir
(Crimarco ve ark., 2021). Gida matrisindeki modifikasyonlarin, lif ve
yag igerigini degistirerek mikrobiyota kompozisyonunu ve bakteri-konak
etkilesimlerini etkileyebilecegi bildirilmistir (Crimarco ve ark., 2021).
Calismalar, UIG'lerin mikrobiyal cesitliligi azaltabilecegine, Akkermansia
muciniphila ve Faecalibacterium prausnitzii gibi saghiga faydali
bakterilerin seviyelerini diisiirebilecegine isaret etmektedir; bu durumun
pro-inflamatuar mikroorganizmalarin artisina ve bagirsak disbiyozuna
katkida bulunabilecegi savunulmaktadir (Rondinella ve ark., 2025).
Ayrica UlG'lerde bulunan emiilgatorler, koruyucular, tatlandiricilar ve
renklendiriciler gibi endiistriyel katki maddelerinin de bagirsak biitiinligi
ve mikrobiyom {izerinde olumsuz potansiyel etkiler gosterebilecegi rapor
edilmistir (Whelan ve ark., 2024).
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UIG tiiketimini belirleyen psikolojik ve sosyal etkenler

UIG'lerin bagimhihk potansiyeli

Ultra-iglenmis gidalarin yiiksek seker, doymus yag ve tuz igerikleri
nedeniyle "hiperlezzetli" nitelikte olmasi, asir1 yeme davranisi ve yiiksek
enerji alimi ile iligkilendirilmektedir (Dai ve ark., 2024). Bu durum,
bireyin potansiyel zararlarin1 bilmesine ragmen tiiketmeye devam ettigi
"gida bagimlilig1" benzeri davraniglarin psikolojik bir bileseni olarak
tanimlanmaktadir (Meseri ve Akanalgi, 2020). Literatiirde "ultra-islenmis
gida bagimlilig1" kavrami, olumsuz saglik sonuglarina ragmen yiiksek
miktarda ve kompulsif tiiketimle karakterize edilmektedir (Leary ve
ark., 2021). Baz1 aragtirmacilar, yiiksek oranda islenmis gidalarin, tiitiin
tirtinleri i¢in belirlenen bagimhilik kriterlerini karsilayabilecek o6zellikler
tagidigini  6ne siirmektedir (Gearhardt ve DiFeliceantonio, 2022).
Rafine karbonhidrat ve eklenmis yag acisindan zengin bu gidalarin,
yiiksek derecede "oOdiillendirici" bulunarak kompulsif tiiketime zemin
hazirlayabilecegi belirtilmistir (Gearhardt ve ark., 2023). Ultra-iglenmis
gida bagimliliginin biyopsikolojik temellerinin, viicut agirligir yonetimi
lizerinde negatif etkilere sahip olabilecegi diislinilmektedir (LaFata
ve ark., 2024). Yale Gida Bagimhiligi Olgegi gibi araclar, bu durumun
degerlendirilmesinde kullanilmakta (Thompson ve Thaw, 2024) ve obezite
miicadelesinde bireysellestirilmis yaklagimlar ile halk saglig1 stratejilerinin
gelistirilmesine katki saglamaktadir (Zhang ve ark., 2021). Ancak,
"gida bagimliligl" kavraminin gegerliligi konusunda farkli goriisler de
mevcuttur (Hebebrand ve Gearhardt, 2020). Baz1 arastirmacilar; gidanin
yasamsal olmasi, 6diil sistemini dogrudan aktive etmemesi (Passeri ve
ark., 2023) ve yeme davranisinin karmasik biyopsikososyal faktorlerle
iliskili olmas1 (Torun ve Icen, 2024) nedeniyle, UiG'lere yénelik kontrol
kaybinin "bagimlilik" yerine "yeme davranist bozuklugu" veya "kompulsif
yeme" olarak tanimlanmasinin daha uygun olabilecegini savunmaktadir
(Hebebrand ve Gearhardt, 2020).

Yasam boyu sosyo-demografik belirleyiciler

Bireylerin veya hane halklarimin sosyoekonomik durumu, daha fazla
UIG tiiketimiyle iliskili énemli bir faktdr olarak degerlendirilmektedir
(Crimarco ve ark., 2021). Ancak, bu iligkinin {lkelerin gelir diizeyine
gore degiskenlik gosterebilecegi bildirilmistir (Crimarco ve ark., 2021).
Yapilan c¢alismalarda, diisiik sosyoekonomik statii ve egitim diizeyine
sahip bireylerde UIG tiiketiminin daha yaygin oldugu gdzlemlenmistir
(Dicken ve ark., 2023). UiG'lerin genellikle daha uygun fiyatli, kolay
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ulasilabilir ve daha uzun raf 6mriine sahip olmasindan dolayi, 6zellikle
disiik gelirli gruplarda daha fazla tiiketildigi distiniilmektedir (Celik ve
ark., 2025; Williams, 2024).

Ekonomik ve erisilebilirlik faktorlerinin, saglikli segeneklere ulagimin
kisith  oldugu diisiiniilen durumlarda UlG'leri tiiketici algisinda
"kacinilmaz" bir tercih haline geldigi 6ne siirtilmektedir (Wiss ve LaFata,
2024). Tiiketicilerin, hangi gidalarin ultra-islenmis kategorisine dahil
edildigi konusunda bilgi eksikligi yasayabildigi de belirtilmistir. Bazi
yaygin temel gidalarin islenmemis olarak algilanabildigi ve bunlarin “abur
cubur” ile ayni kategoride goriilmeyebilecegi rapor edilmistir (Robinson
ve ark., 2024).

-Cocuklarda ve ergenlerde riskler ve tiiketim oriintiileri: Cocukluk ve
ergenlikte yogun ultra-iglenmis gida tiiketimi, yetiskinlikteki saglik riskleri
icin 6nemli bir zemin olusturabilecegi vurgulanmaktadir (Crimarco ve
ark., 2021). Kiiresel olarak, ¢ocuk ve ergenlerin giinliik enerji alimlariin
onemli bir kismi UlG'lerden saglanmaktadir (6rnegin, ABD'de iicte
ikisinden fazlasi (Crimarco ve ark., 2021), Brezilya'da ergenlerin yarisi
(Gongalves ve ark., 2023).

Tercihler yas gruplarina gore farklilagmakla birlikte (geng yetiskinlerde
"fast food", kiiciik cocuklarda paketli kekler gibi); artan enerji
gereksinimleri, akran etkisi, yemek hazirlama kisithliklar1 ve iriinlerin
ekonomik erisilebilirliginin tiiketimi etkiledigi belirtilmistir (Celik ve
ark., 2025). UIG tiiketimi, ¢ocuklarda vitamin ve mineral yetersizlikleri
(Garcia-Blanco ve ark., 2023) ile asir1 kilo, obezite ve dislipidemi gibi
metabolik sorunlarla iligkilidir (Silva ve ark., 2024).

Tiirkiye'de UIG'lerin cocuk ve ergen beslenmesindeki yeri, dnemli bir halk
saglig1 konusu olarak ele alinmaktadir. Ulke genelinde yapilan arastirmalar,
okul ¢ag1 cocuk ve ergenlerde UIG yaygmhig ile obezite prevelansi
arasindaki iligkiye isaret etmektedir (Okyar ve ark., 2023; Yardim ve
ark., 2020). Ornegin, ilkokul o&grencilerinin dortte birinin, ortaokul
Ogrencilerinin {icte birinin ve lise dgrencilerinin beste birinin obez veya
fazla kilolu oldugu rapor edilmistir (Yardim ve ark., 2020). Cocuklarin
kahvalti yapma aligkanliginin diisiik olabildigi, okulda simit ve biskiivi
gibi UlG'leri tiiketebildigi ve meyve-sebze aliminin yetersiz kalabildigi
belirlenmistir (Kabasakal ve ark., 2020). istanbul'da 11-13 yas ergenlerin
%58'inin hazir yemek iirlinlerini tercih etmesi ve yetersiz besin 6gesi alimi
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(Can ve Ozpnar, 2023), cocuk ve ergenlere yonelik ambalajli gidalarin
yiiksek enerji, yag, seker ve sodyum igerigine sahip oldugunu calismalarla
desteklemektedir (Karatas ve Kiistimler, 2022; Yilmaz, 2022).

UIG tiiketimi ve kronik hastalik riski

Asagidaki tablo, ultra-iglenmis gida tiikketimi ile gesitli kronik hastaliklar
arasindaki baglantilari, iligkili mekanizmalar1 ve literatiirdeki temel
bulgular1 6zetlemektedir:

Tablo 1. UIG tiiketimi ve kronik hastalik riski

UIG Tiiketimi ile iligkili

Hastalik/Durum Temel Bulgular Iliskili Mekanizmalar
Kardiyovaskiiler }J IG'tuketlmmdekl Dislipidemi, hipertansiyon,
Hastaliklar /o10'luk artis KVH inflamasyon, oksidatif stres
riskinde %12 artisla iligkili ’
Pogitif iliski Insiilin direnci, katki
Tip 2 Diyabet hi b isKd, - maddeleri, bagirsak
iperglisemik etki . ) .
mikrobiyotast degigimi
. Genotoksisite, inflamatuar
Artan insidans ve .
Kanser . mikroortamlar, yapay
mortalite
tatlandiricilar
Metabolik Gti¢li pozitif korelasyon, Asirt kilo/obezite, yliksek
Sendrom UIG tiiketenlerde %90 bel ¢evresi, diisiik HDL-
daha yiiksek risk kolesterol
Inflamatuar siirecler,
Depresyon Anlamli pozitif iligki beslenme davranist,
norotransmitter bozukluklart
%10'luk UIG artis1 tiim

Tim Nedenlere
Bagli Mortalite

Cesitli kronik hastaliklar ve

nedenlere bagli mortalite yasam tarza faktbrleri

riskinde %10 artisla iligkili

Kardiyovaskiiler hastaliklar ve tip 2 diyabet iliskisi

Epidemiyolojik kanitlar, UIG tiiketimindeki her %10'luk artigmn
kardiyovaskiiler hastaliklar (KVH) riskinde %12'lik bir artisla iligkili
bulunmustur (Babalola ve ark., 2025). UiG'ler, KVH icin ana risk
faktorleri olan dislipidemi, hipertansiyon ve obezite prevelansindaki
artisla iliskilendirilmektedir (Babalola ve ark., 2025). Ayrica, kronik UIG
tiketimi sistemik inflamasyon, bagirsak mikrobiyota disbiyozu, endotel
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disfonksiyonu ve oksidatif stres gibi patofizyolojik mekanizmalarla iligkili
bulunmustur (Babalola ve ark., 2025). Bu baglamda, UIG tiiketiminin
metabolik sendrom (MetS) parametreleri ile de pozitif korelasyon
gosterdigi belirtilmistir. (Canhada ve ark., 2022).

Meta-analizler, ultra-ilnemis gida tiiketimi ile tip 2 diyabet (T2DM)
arasinda pozitif bir iliski oldugunu saptamistir (Dai ve ark., 2024; Vitale
ve ark., 2023). UiG'lerin, islenmemis veya minimal islenmis gidalara gore
daha fazla hiperglisemik oldugu yapilan ¢aligmalarla desteklenmektedir
(Dai ve ark., 2024). UiG'lerde yaygin olarak kullanilan katki maddeleri
(6rn. karragenan) ve sentetik ambalaj maddeleri (6rn. bisfenol A), aglik
kan sekerini yiikseltme ve insiilin direncini artirma potansiyeline sahip
olabilecegi ve diyabet riskiyle iliskili bulunabilecegi tartisiimaktadir (Dai
ve ark., 2024).

Kanser, metabolik sendrom ve mortalite riski

UIG tiiketimi sadece kardiyometabolik hastaliklarla degil, ayn1 zamanda
kanser, metabolik sendrom ve genel mortalite riski ile de iliskilendirilmistir.
Kanser insidans1 ve mortalite riskindeki artisin, yogun UIG tiiketimi ile
baglantili olabilecegi bildirilmistir (Babalola ve ark., 2025). Ozellikle
kolorektal kanser, akciger kanseri, prostat kanseri ve meme kanseri gibi
bazi kanser tiirlerinde UIG tiiketiminin risk artigina neden olduguna
isaret eden kanitlar mevcuttur (Pu ve ark., 2023). Bir ¢alismada, UIG
iceriginin %10 artmasmin yumurtalik kanseri goriilme sikligini %19,
yumurtalik kanseri mortalitesini ise %30 artirdigini rapor edilmistir (Dai
ve ark., 2024). UlG'lerdeki yapay tatlandiricilar ve sodyum nitrit gibi
katki maddelerinin, genotoksisite ve inflamatuar mikroortamlarin tesviki
yoluyla kanserojenizle iliskili oldugu diistiniilmektedir (Babalola ve ark.,
2025).

Metabolik sendrom ile UIG tiiketimi giiclii bir sekilde iliskilendirilmistir
(Chen ve ark., 2020). Metabolik sendromu olan bireylerin ortalama %52
UIG tiikettigi ve %72.6'dan fazla UIG tiiketenlerin metabolik sendrom
gelistirme olasiliginin %90 daha yiiksek oldugu saptanmistir (Canhada
ve ark., 2022). UIG tiiketimi; artmis bel cevresi, diisiik HDL-kolesterol
seviyeleri ve bozulmus glukoz metabolizmasi gibi metabolik sendrom
bilesenleri ile iliskilendirilmistir (Crimarco ve ark., 2021).

UIG tiiketiminin tiim nedenlere bagli mortalite riskini arttirdig1
saptanmistir. Her %10'luk UIG tiiketimi artismin, tiim nedenlere bagh
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mortalite riskinde %10'luk artisla iliskili oldugu tespit edilmistir (Liang
ve ark., 2025). Ultra-islenmis gida tiiketimi ile mortalite, kanser, zihinsel,
solunum, kardiyovaskiiler, gastrointestinal ve metabolik saglik dahil olmak
tizere 32 farkli saglik parametresi arasinda dogrudan baglantilar oldugu
belirtilmistir (Lane ve ark., 2024).

UIG ve depresyon arasindaki baglanti

UIG tiiketimi, zihinsel saglik, dzellikle de depresyon riski ile giiclii bir
sekilde iliskilendirilmektedir. Giincel bir meta-analiz, UIG tiiketimi ile
depresyon arasinda anlamli bir iliski oldugunu ortaya koymustur (Dai
ve ark., 2024). Prospektif kohort calismalari, UIG tiiketimi ile
depresyonun ortaya ¢ikma riski arasinda pozitif bir iliski sergiledigini
belirlemistir (Samuthpongtorn ve ark., 2023). UiG'lerin zihinsel saglik
sorunlaria yol agabilecegi mekanizmalar arasinda inflamatuar siirecler,
beslenme davranisi {izerindeki olumsuz etkiler ve ndrotransmitter
fonksiyonlarindaki bozulmalar yer almaktadir (Lutz ve ark., 2025). Stres,
kaygi ve depresyon gibi ruh hali bozukluklar1 olan kisilerin genellikle
UIG'leri tercih edebilecegi de belirtilmistir, bunun da bir tiir kisir dongiiye
isaret edebilecedi literatiirde tartisiimaktadir (Celik ve ark., 2025).

Coziim ve miidahale stratejileri

Ultra-islenmis gida tiikketim kaliplarin1 ve saglik etkilerini anlamak
icin stlirekli ve kapsamli kamu sagligi gdzlemi, pazar penetrasyonu,
tiketim siklig1t ve sosyoekonomik iligkiler gibi verilerin diizenli
analizini gerektirmektedir (Principato ve ark., 2024). UiG'lerin
yiiksek seker, tuz ve yag icerigini acgikga belirten on yiiz etiketleme
sistemlerinin benimsenmesinin, tiiketicilerin bilin¢li se¢imler yapmasini
kolaylastirabilecegi diisliniilmektedir. (Pereira ve ark., 2023). Bu tiir
politikalarin, yalnizca bireysel tiiketim aligkanliklarini degistirmekle
kalmaz, ayn1 zamanda gida endiistrisini daha saglikli tiriinler gelistirmeye
tesvik ederek genis ¢apli bir doniisiim potansiyeli tagidig1 savunulmaktadir
(Baker ve ark., 2020).

Egitim ve davranigsal miidahaleler de ¢Oziimiin 6nemli bir pargasini
olusturmaktadir. Tiiketicileri UlG'lerin potansiyel zararlari konusunda
bilgilendiren ve saglikli alternatiflere yonlendiren kampanyalar ile uzman
beslenme rehberligi anlamli degisiklikler saglayabilir (Koios ve ark.,
2022). Akdeniz diyeti gibi beslenme modelleri, taze sebze, meyve, tam
tahillar ve saglikli yaglar agisindan zengin igerigiyle UIG tiiketimini
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azaltmada etkili bir yaklagim olabilecegi degerlendirilmektedir (Wolde
ve ark., 2020). Ayrica, evde yemek hazirlama sikliginin artirilmasi ve
zaman kisithligina karsi pratik yemek tarifleri sunulmasinin, beslenme
okuryazarligi ile birlestiginde bireylerin saglikli gida hazirlama becerilerini
gelistirebilecegi one siirtilmiistiir. (Hall, 2020). Bilingli yeme davranisini
destekleyen farkindalik programlarinin da UIG tiiketimini azaltmada
tamamlayict bir rol oynayabilecegi literatiirde yer almaktadir (Robinson
ve ark., 2024).

Sonug

Bu  derleme, ultra-islenmis  gidalarin  yarattigi = “beslenme
paradoksu”nun {istesinden gelmek icin yalnizca bireysel ¢abalarin
yeterli olmadigini; aynm1 zamanda gida sistemlerinde  kokli
degisikliklere ve giiclii halk saghigi politikalarina ihtiya¢ duyuldugunu
ortaya koymaktadir. Calisma, UIiG'lerin “beslenme paradoksu”
cercevesinde biyolojik, davranigsal ve toplumsal etkilerini detayli
bir sekilde ele alarak literatiire biitlinciil bir bakis acisi sunmustur.
Elde edilen bulgular 1s1ginda; UIG tiiketiminin sadece besin Ogesi
dengesizligi degil, aynt zamanda hormonal mekanizmalar, bagirsak
mikrobiyotast1 ve psikolojik yeme davranislar1 iizerinde karmagik
etkileri oldugu goriilmiistiir. Gelecek ¢aligmalarin, 6zellikle beslenme
ve psikopatoloji arasindaki kesisim noktalarmma odaklanarak, obezite
ve kronik hastaliklarla miicadelede daha ¢ok boyutlu ve siirdiiriilebilir
coziimler gelistirmesi bilyiik 6nem tasimaktadir.

Cikar catismasi beyam
Yazarlar arasinda herhangi bir ¢ikar catismasi bulunmamaktadir.

Etik kurul beyam
Bu ¢aligma derleme niteliginde olup herhangi bir insan veya hayvan deneyi
icermemektedir. Bu nedenle etik kurul onay1 gerektirmemektedir.
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Abstract

Nutrition is the most basic need for a healthy life. Healthy food consumption
depends on ensuring food safety. Food safety encompasses processes that
protect food from physical, biological, and chemical hazards and prevent
loss of nutritional value at all stages, from production to the table. In
this cross-sectional study, a face-to-face survey was administered to 348
students (male: 183, female: 165) enrolled in three high schools of tourism
and hotel management in Istanbul. The overall knowledge level about
food safety was higher among female students (14.553.44) than among
male students (13.57+3.55) (p < <0.05). The total food safety knowledge
level scores for the classes were 13.37£3.50, 14.64+3.60, and 14.22+3.70
in the 10th, 11th, and 12th grades, respectively. A significant increase
was detected from the 10th to the 1ith grade, whereas the 12th-grade
scores remained comparable to those of the 11th grade (p<0.05). The
results indicate the need to expand and sustain food safety education. In
conclusion, the findings demonstrate that food safety education is a crucial
tool for supporting access to healthy, safe food.
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Ascilik egitimi alan 6grencilerin gida giivenligine
iliskin bilgi ve uygulamalari: Istanbul ili 6rnegi

(04

Beslenme, saghgin korunmasi ve gelistirilmesinde temel bir belirleyici
olup saghkli beslenmenin siirdiiriilebilirligi gida giivenliginin etkin
bicimde saglanmasina baghdw:. Gida giivenligi(gidalarin fiziksel, biyolojik
ve kimyasal tehlikelerden korunmasini, tiretimden tiiketime uzanan tiim
asamalarda besin degerinin muhafazasint ve giivenli tiiketimin temin
edilmesini amaclayan uygulama ve siiregler biitiintinii ifade eder. Bu
kesitsel arastrmada, Istanbul’da bulunan iic farkl turizm ve otelcilik
lisesinde as¢ilik egitimi alan toplam 348 6grenci (183 erkek, 165 kadin) ile
yiiz yiize anket yontemi kullanilarak veri toplanmigtir. Bulgular, genel gida
giivenligi bilgi diizeyi puanlarinin kadin ogrencilerde (14,55+3,44) erkek
ogrencilere (13,57+3,55) kiyasla anlaml diizeyde daha yiiksek oldugunu
gostermistir (p<0,05). Swiflara gore toplam gida giivenligi bilgi diizeyi
puanlart 10., 11. ve 12. simiflarda sirasiyla 13,37+3,50, 14,64+3,60 ve
14,22+3,70 olarak belirlenmistir. 10. siniftan 11. sinifa gegiste anlaml bir
artig saptanirken, 12. sinif puanlarinin 11. sinif puanlarina benzer oldugu
gortilmiistiir (p<0,05). Elde edilen sonuglar, gida giivenligi egitiminin
vayginlastirilmasinin ve siirekliliginin saglanmasinin gerekliligine isaret
etmektedir. Sonug olarak, elde edilen bulgular gida giivenligi egitiminin
saglikl ve giivenli gidaya erigimin desteklenmesinde potansiyel olarak
onemli bir rol oynayabilecegine isaret etmektedir.

Anahtar Kelimeler: Besin giivenligi, besin hijyeni, as¢ilik, gida giivenligi
bilgi diizeyi, halk saghgi, as¢ilik egitimi,

Introduction

To sustain human life and protect health, it is essential to have access
to safe and nutritious food and to consume sufficient, balanced amounts
(WHO, 2006; FAO, 2022). Food safety is commonly defined as the
assurance that food will not cause harm to consumers when prepared and/
or consumed as intended (Codex Alimentarius Commission, 2020). Safe
food preserves its nutritional value when prepared properly and does not
contain physical, chemical, or microbiological contaminants (Akdogan &
Erol, 2023). Precautions should be taken to address biological, physical,
and chemical hazards to ensure the availability of safe food (Pakdel et
al., 2023; Michaels et al., 2024). These hazards cause foodborne diseases
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and constitute a public health problem in many countries (Levy et al.,
2022). Each year worldwide, unsafe food causes an estimated 600 million
cases of foodborne diseases and 420,000 deaths, with a substantial share
of deaths occurring among children under 5 years of age (WHO, 2015).
Foodborne diseases are common in low- and middle-income countries
due to inadequate food processing and sanitation practices, inadequate
training of food personnel, limited food safety awareness, and deficiencies
in regulatory systems (Desye et al., 2023). The WHO has emphasized five
essential points in preventing foodborne diseases: keeping foods clean,
separating raw and cooked foods, cooking thoroughly, storing foods at safe
temperatures, and using safe water and raw materials (WHO, 2006). Food
processors and consumers need to apply these key principles to ensure
food is handled safely (WHO, 2006).

States and scientists have essential duties in ensuring and maintaining
food safety. Legal regulations and research aim to ensure food safety
from farm to table, thereby reducing food-related morbidity and mortality
rates (Kocaman, 2015). In this context, food safety is supported through
the Hazard Analysis and Critical Control Points (HACCP) system and
ISO 22000-based food safety management approaches. In Tiirkiye, the
legislative framework for food safety is primarily based on the Law on
Veterinary Services, Plant Health, Food and Feed (Veteriner Hizmetleri,
Bitki Sagligi, Gida ve Yem Kanunu [5996 SK], 2010: Madde 21) and
related secondary regulations, including the Regulation on Food Hygiene
(Gida Hijyeni Yonetmeligi [GHY], 2011: Madde 11), which sets out
hygiene requirements across the food chain and emphasizes risk-based
controls aligned with HACCP principles. National studies conducted in
Tiirkiye among culinary/gastronomy students and food service personnel
also indicate that food safety knowledge levels may vary across groups and
that specific knowledge gaps persist, highlighting the need for structured,
continuous training (Tuncer & Akoglu, 2020; Ozcan, 2020; Terkuran,
2021).

Based on this, students who receive cooking education in Tourism and
Hotel Management High Schools will soon become the most essential
element in the tourism industry. Food safety education provided to these
students will significantly enhance the quality and safety of food offered to
customers visiting food and beverage businesses. The most critical area for
providing food safety education is schools. It is one of the important issues
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for students who will receive cooking education and work in the kitchen
department or become food producers, offering safe food to consumers.
Preventing students from spreading misinformation about food safety will
be ensured through the training to be provided. Thus, kitchen students
working in hotels and restaurants will be able to reduce risks to human
health and prevent foodborne diseases. However, the literature provides
relatively limited evidence on food safety knowledge levels among students
receiving secondary-level culinary education in Tiirkiye, and the specific
areas requiring further improvement are not always clearly described. This
research aims to measure students' knowledge of food safety in secondary
school cooking education. This study also aims to determine whether
students receive food safety education and the extent of their knowledge
in this area.

Materials and methods

This research was conducted in 2020 to determine students' knowledge
levels in culinary education regarding food safety. The study was conducted
in the city center of Istanbul at the secondary level of culinary education
at Kiigiikcekmece IMKB Hotel Management Vocational High School,
Zeytinburnu Hotel Management Vocational High School, and Tuzla Hotel
Management Vocational High School. It consists of students in 10th,
11th, and 12th grade. The research universe comprised all 10th—12th-
grade students enrolled in culinary programs in the participating schools
during the study period. The study sample consists of students enrolled
in culinary education programs at three vocational high schools, selected
using simple random sampling. For this purpose, eligible student lists
were obtained from the relevant school administrations, and students were
selected by randomization. The sample consists of 348 students enrolled
in a culinary education program. Ethical Permission was obtained from
the Gedik University Ethics Committee (2020/03) before the research, and
institutional permissions were obtained from the school administrations.
Participation was voluntary, and students were informed that they could
withdraw at any time without academic or administrative consequences.
For students under 18 years of age, written parental/guardian consent was
obtained in addition to the students’ assent.

Data Collection- The research employed face-to-face interviews to
assess the knowledge and practices of 10th-, 11th-, and 12th-grade
students receiving training in tourism and hotel management in Istanbul,
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specifically regarding food safety. The research data were collected using
a questionnaire. This form was prepared to facilitate easy application and
was compiled by the researcher from previously prepared similar sources
(Erdem, 2014). Before administration, students were briefly informed
about the purpose and scope of the study and data confidentiality; the
questionnaire was completed anonymously and did not include personally
identifiable information. The prepared questionnaire was administered to
348 students, and all completed questionnaires were collected. Accordingly,
the questionnaire return rate was determined to be 100%.

Limitations and constraints of the study: This research is limited to
secondary school students studying at Kiiclikgekmece Vocational High
School, Zeytinburnu Vocational High School, and Tuzla Hotel Management
and Tourism Vocational High School. The research is limited to evaluating
questionnaire data on students' food safety knowledge and practices;
therefore, the findings reflect self-reported data and cannot be interpreted
as a direct observational assessment of behavior. The researcher’s financial
possibilities limit the research.

Analysis of data- The “SPSS (Statistical Package for Social Sciences)
version 25”7 program was used to evaluate the data obtained in the
study and create the tables. Frequency and percentage values were
used to present categorical variables (demographic characteristics
and question response distributions), and statistical analyses were
performed using the Chi-Square (%?) test. Statistical significance was
set at p<0.05.

Results

In this part of the research, the distribution of 10th, 11th, and 12th-
grade students is presented according to their gender, age, their status
of following general information about food safety in visual and
written media, and their perception of themselves as sufficient in this
regard, as shown in Table 1. of the 348 students who participated in the
research, 52.6% were male (n=183), 47.4% were female (n=165). Of
the male students, 58.5% (n=72) were in the 10th grade, 42.9% (n=42)
were in the 11th grade, and 54.3% (n=69) were in the 12th grade. of
the female students, 41.5% (n = 51) were in the 10th grade, 57.1% (n =
56) were in the 11th grade, and 45.7% (n = 58) were in the 12th grade.
It was determined that 5.5% (n=18) = 15) of the participants were 15
years old, 47.4% (n = 124) were 16 years old, 39.1% (n = 137) were
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17 years old, and 19.8% (n = 69) were between the ages of 18 and 19.
While the rate of students who follow information about food safety
in visual and written media is 10.3%, the rate of students who do not
follow it is 89.7% (p <. While 41.4% of participants consider their

knowledge of food safety sufficient, 58.6% do not (p > 0.05).

Table 1. Demographic information of participants

Variables 10t1111 (g);)ade lltIIll (g(;)ade 12tr111 (go;)ade Tn(?(t)/zzl XpZ
Gender

Male (n-%) 72(58.5) 42(42.9) 69(54.3)  183(52.6)

Girl(n-%) 51(41.5) 56(57.1) 58(45.7) 165(47.4) p >0.05
Total(n-%) 123(100) 98(100) 127(100)  348(100)

Age

15(n-%) 18(14.6) - - 18(5.5)

16(n-%) 85(69.1) 39(39.8) - 124(47.4)

17(n-%) 15(12.2) 50(51) 72(56.7)  137(39.1)
18-19(n-%) 5(4.1) 9(9.2) 55(43.3) 69(19.8)  "p<0.05
Total(n-%) 123(100) 98(100) 127(100)  348(100)

Status of the following general information on food safety in the visual and
written media

Following(n-%)  7(5.7) 16(16.3)  13(10.2)  36(10.3)
fonoljv‘;?('n_% ) 116(943)  82(83.7)  114(89.8)  312(89.7) 26;:00»;5;
Total(n-%) 123(100)  98(100)  127(100)  348(100)
Distribution of food safety general information adequacy
Yes(n-%) 47(38.2)  36(36.7)  61(48)  144(41.4)
No 76(61.8)  62(63.3)  66(52)  204(58.6) x> =7
Total(n-%) 123(100)  98(100)  127(100)  348(100y P ~0-03

Chi-Kare

Participants' general knowledge of food safety was assessed using
the questions in Table 2. The participants' responses to food-safety
questions, categorized by class level, are shown in Table 3. It was
determined that participants' responses to the seventh and tenth
questions were significant, resulting in a corresponding increase in
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class level (p < 0.05). The understanding of cross-contamination
related to chopping boards, clothing, and workbenches was assessed
among students in the 10th, 11th, and 12th grades. Of the 10th graders,
55.3% responded "yes," 4% said "no," and 40.7% were unsure. Among
11th graders, 72.4% answered "yes," and 4.1% answered "no." In the
12th grade, 71.7% said "yes," while 4.7% said "no." Overall, 66.1% of
all students confirmed awareness of cross-contamination.

Regarding damaged utensils, 80.5% of 10th graders responded "yes,"
11.4% said "no," and 8.1% were unsure. Among 11th graders, 87.8%
answered "yes," while 3.1% said "no." In the 12th grade, 70.9%
responded "yes," and 18.9% said "no." Overall, 70.9% of all students
recognized that damaged utensils should not be used.

Table 2. General information questions on food safety

Question 1: Food safety protects consumers from health risks.

Question 2: The most sought-after quality feature in food production is safety for
health.

Question 3: Hands can be washed in dishwashing sinks in very urgent cases and
when necessary.

Question 4: You can continue working after the wounds or cuts on your hand are
taped.

Question 5: Some foods can be touched with bare hands if the hands are clean.
Question 6: Broken glass, hair, nails, etc., can be given as examples of biological
pollution.

Question 7: Chopping boards, clothes, and workbenches are cross-contamination
factors.

Question 8: If the can is bulging, dented, or damaged, it should never be used.
Question 9: Freezing food does not kill bacteria (it just stops their reproduction).

Question 10: Scratched, cracked utensils should not be used in food preparation
and service.
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Table 3. Distribution of participants' responses to general
information questions on food safety

10th 11th 12th

grade grade grade Total
3 . 2
Answers to questions (n:123) (n:97) (n:127) (;(ﬁf};ﬂ;) X p
N(%) N(%)  N(%) ’
Question Yes 94(76.4) 70(71.4) 95(74.8 259(74.4
1 I do not know  28(22.8) 27(27.6) 25(19.7 80(23 8,307 0.81
No 1(0.8) 1(1 7(5.5 9(2.6
Question Yes 116(94.3) 88(89.8  113(89  317(91.1
> I do not know 6(4.9) 9(9.2 10(7.9 25(7.2 4,131 0.389
No 1(0.8) 1(1 4(3.1 6(1.7
Question Yes 64(52 50(51 62(48.8  176(50.6
3 I do not know  23(18.7 11(11.2  23(18.1 57(16.4 3,548  0.471
No 36(29.3 37(37.8  42(33.1 115(33
Question Yes 78(63.4  T71(72.4 76(59.8 225(64.7
4 I do not know  15(12.2 7(7.1 15(11.8 37(10.6 4,394  0.355
No 30(24.4  20(20.4 36(28.3 86(24.7
Question Yes 84(68.3 73(74.5 78(61.4  235(67.5
5 I do not know 10(8.1 3(3.1 5(3.9 18(5.2 8,695  0.069
No 29(23.6  22(22.4 44(34.6 95(27.3
Question Yes 115(74.7 49(50 66(52 179(51.4
6 [ do not know  34(22.1 31(31.6  41(32.3  111(31.9 0,311 0.989
No 5(3.2 18(18.4  20(15.7 58(16.7
Question Yes 68(55.3 71(72.4  91(71.7  230(66.1
7 I donot know  50(40.7  23(23.5 30(23.6 103(29.6 11,299 0.023"
No 5(4 4(4.1 6(4.7 15(4.3
Question Yes 91(74 79(80.6  90(70.9  260(74.7
p I do not know  25(20.3 14(14.3 28(22 67(19.3 2,959  0.565
No 7(5.7 5(5.1 9(7.1 21(6
Question Yes 86(70 77(78.6  97(76.4  260(74.7
9 I do not know  26(21.1 17(17.3  17(13.4 60(17.2 2,959  0.232
No 11(8.9 4(4.1 13(10.2 28(8.1
Question Yes 99(80.5 86(87.8  90(70.9 275(79
10 I do not know 10(8.1 9(9.2 13(10.2 32(9.2 14,150 0.007"
No 14(11.4 3(3.1 24(18.9 41(11.8

" Mann-Whitney U

The participants' responses to the food safety questions, categorized
by gender, are presented in Table 4. Participants' responses to the
third and eighth food safety questions, categorized by gender, were
statistically significant (p <0.05). In response to the statement, "Hands
can be washed in dishwashing sinks in very urgent cases and when
necessary," 51.4% of male students answered "yes," 26.8% answered
"no," and 21.8% responded "I do not know." Among female students,
49.7% agreed with ‘yes,” while 40% answered ‘no,” and 10.3% said
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‘I do not know.” Overall, 50.6% of all students responded ‘yes,’ 33%
answered ‘no,’ and 16.4% said ‘I do not know.’

Regarding the statement, "If the can is bent, it should not be used,"
62.3% of male students agreed with "yes," 7.7% answered "no,"
and 30.1% responded "I do not know." For female students, 88.5%
answered ‘yes,’ 4.2% said ‘no,” and 7.3% responded ‘I do not know.’
In total, 74.7% of all students agreed with ‘yes,” 6% answered ‘no,’

and 19.3% said ‘I do not know.’

Table 4. Distribution of participants' responses to general

information questions about food safety by gender

Male (n:183)

Women (n:165)

Total (n:348)

2

Answers to questions N (%) N (%) N (%) p
. Yes 129(70.5) 130(78.8) 259(74.4)
Question
| Idonotknow  49(26.8) 31(18.8) 80(23) 3,243 0.198
No 5(2.7) 4(2.4) 9(2.6)
Question Yes 168(91.8) 149(90.3) 317(91.1)
U 5 I do not know 13(7.1) 12(7.3) 25(7.2) 0.917  0.632
No 2(1,1) 4(2.4) 6(1.7)
. Yes 94(51.4) 82(49.7) 176(50.6
QUEstiOn 1 do not know  40(21.8) 17(10.3) s7(16.4) 11,712 0003
No 49(26.8) 66(40) 115(33)
Question Yes 110(60.1) 115(69.7) 225(64.7)
4 p I do not know 22(12) 15(9.1) 37(10.6) 3,490  0.175
No 51(27.9) 35(21.2) 86(24.7)
Question Yes 125(68.3) 110(66.7) 235(67.5)
s I do not know 10(5.5) 8(4.8) 18(5.2) 0.260  0.878
No 33(21.4) 30(19.6) 63(20.5)
A Yes 90(49.2) 89(53.9) 179(51.4)
Question Id
p onotknow  55(30.1) 56(33.9) 111(31.9) 4,682  0.096
No 38(20.8) 20(12.1) 58(16.7)
Question Yes 119(65) 111(67.3) 230(66.1)
3 Idonotknow  58(31.7) 45(27.3) 103(29.6) 1,592  0.451
No 6(3.3) 9(5.5) 15(4.3)
Question Yes 114(62.3) 146(88.5) 260(74.7)
; Idonotknow  55(30.1) 12(7.3) 67(19.3) 33,026 0.001°
No 14(7.7) 7(4.2) 21(6)
Question Yes 130(71) 130(78.8 260(74.7)
5 Idonotknow  34(18.6) 26(15.8) 60(17.2) 3,717 0.156
No 19(10.4) 9(5.5) 28(8)
Question Yes 138(75.4) 137(83) 275(79)
“fiso °" Tdonotknow  19(10.4) 13(7.9) 32(9.2) 3,157 0.206
No 26(14.2) 15(9.1) 41(11.8)
“Chi-Kare
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The total knowledge level scores for food safety are compared across
demographic variables in Table 5. Grade-level differences in total
knowledge score were significant (overall p<0.05). Post hoc Bonferroni
comparisons showed that 11th-grade students scored higher than 10th-
grade students (p<0.05), whereas 12th-grade scores did not differ
from those of 11th-grade students (p>0.05). Significant differences
were found in participants' total knowledge scores on food safety, by
gender, age, and perceived sufficiency (p < 0.05). As age and level of
education increased, the total knowledge level score on food safety
increased. The average score for female students was 14.55 + 3.44,
while that for male students was 13.57 £+ 3.55. The average score of
participants who consider their general knowledge of food safety to be
sufficient is 13.64 + 3.8, and the average score of participants who do
not believe their knowledge to be adequate is 14.31 + 3.31.

Table 5. Comparison results of total knowledge level scores on food
safety according to demographic variables

Variables n X~ SS Min Max Test P
Gender
Gl 165 4ss dad 0 = oor
ir . . .
Total 348 1406 3.49 27 6082
Class
10th Grade 123 13.37 3.5
11th Grade 98 14.64 3.66
12th Grade 127 14.22 3.37 0 27 f=3.841 0.022°
Total 348 14.07 3.51
Age
15 19 11.42 4.1
16 124 13.73 3.44
17 136 14.44 3.49
18 65 14.6 3.36 F23865 0.004°
19 4 1325 125 0 27
Total 348 13.48 3.12
Information on food safety in visual and written media
Following 36 14.16 2.81
Non-follower 312 14.02 3.6 f=0.51 0.821
Total 348 1409 32 027
Distribution of food safety general information adequacy
Yes 144 13.64 3.8
No 204 14.31 3.31 0 27  £=3.081 0.08
Total 348 13.97 3.55

Anova, Mann-Whitney U

138



Hayrettin Mutlu, Murat Mutlu Tokay, Zeynep Ercan Karakaya

Discussion

Retail and food service establishments are a common source of foodborne
illness outbreaks (Angelo et al, 2013). From 2009 to 2015, 4,696 outbreaks
were reported in the United States at a single establishment where food
was prepared. Of these outbreaks, 87% were associated with retail or
food service establishments, with the majority being restaurants (61%),
catering services, or banquet facilities (14%) (Dewey-Mattia et al., 2018).
Education of food handlers in retail and food service establishments is
a crucial strategy for improving food safety. Many different types of
education and training interventions, including training courses and
workshops, informational posters, and other multifaceted approaches,
have been developed and evaluated to improve food handlers' attitudes,
beliefs, knowledge, and behaviors toward safe food handling (Soon et al,
2012) (Viator et al, 2015) (Zanin et al, 2017) (Clark et al, 2018). This study
examined the level of food safety knowledge among students enrolled in
culinary education programs to work or become managers in the food and
beverage sector.

According to the research, in line with the literature, female students' food
safety scores are higher than those of male students (Cakiroglu & Ucar,
2008; Lazouetal.,2012; Sanlier et al., 2012). In addition, studies report that
gender-related food safety knowledge scores are not statistically significant
(Kocaman, 2015; Gozener & Biiyiikbay, 2009; Akbulut & Ozkaya, 2016).
In a similar study, it was found that consumers' food safety knowledge
levels, categorized by gender, were not statistically significant (Ozcelik
et al., 2021). In this study, female students' total food safety knowledge
level scores were higher than those of male students (p<0.05). The fact
that the study results are in this direction does not mean that food safety
knowledge scores will be interpreted differently according to gender.

In a study conducted among students of gastronomy and culinary arts,
the food safety knowledge score was found to be significantly higher at
higher grade levels (Akbulut & Ozkaya, 2016). In a study comparing
the knowledge levels of undergraduate students in food processing
and food service with those of associate degree students, a statistically
significant difference was found between the two groups (Uygun, 2017).
In a similar study, food safety knowledge scores of food and beverage
management students, by university level, were statistically significantly
different from those of the control group (Kocaman, 2015). In another
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study, it was observed that personnel hygiene knowledge scores, which
play an essential role in food safety, were higher among participants with
university education than among those with high school education (p =
<0.05) (Unliiénen & Coémert, 2013). According to the current study, the
total knowledge score of students receiving culinary education regarding
food safety was significantly associated with their grade level (p < 0.05).
While the students' scores increased in line with the education they
received, the 12th-grade students' scores decreased. This plateau/decrease
in the final grade may indicate that food safety content is not sufficiently
reinforced through periodic repetition and structured practical applications
after a particular stage of the curriculum, and differences in internship/
workplace exposure in the final year may also play a role. Therefore, it is
possible that 12th-grade students may not retain theoretical knowledge to
the same extent without continued reinforcement.

In the studies conducted, no relationship was found between food safety
knowledge level scores and age (Gozener & Biiyiikbay, 2009; Unliiénen
& Comert, 2013; Alintag, 2021). In another study among university
students, knowledge scores were higher among those aged <20 years than
among those aged >20 years; however, this difference was not statistically
significant (Sanlier et al., 2012). An attempt was made to determine the
food safety knowledge and practices of cooks working in the hospital
kitchen. When the scores of the cooks on food hygiene, personnel hygiene,
kitchen equipment hygiene, and the total questions were compared across
age groups, no significant difference was found (Biyikli, 2011). A study
conducted with students at the School of Tourism Management and Hotel
Management found a negative relationship between age and food safety
knowledge (p <0.05). It has been reported that this situation may be
due to the closeness of the age distributions among university students
(Kocaman, 2015). The current study found that the total knowledge level
score regarding food safety increased with age (p < <0.05). However, the
low total knowledge level score regarding food safety among 19-year-old
students is due to the small number of students in that age group.

In risky situations concerning public health, communication among
political authorities, industry, scientific institutions, civil society
organizations, and society primarily occurs through the media (written,
oral, and visual press) (Avsar et al., 2006). A study concluded that food
safety knowledge increased when comprehensive coverage of food

140



Hayrettin Mutlu, Murat Mutlu Tokay, Zeynep Ercan Karakaya

safety was provided in both written and visual press publications (Meer
& Misner, 2000). In Erdem's (2014) study, of the students who followed
information about food safety from the media, 64.9% were in the 10th
grade, and 69.3% were in the 12th grade, while of the students who did
not follow, 35.1% were in the 10th grade, and 30.7% were in the 12th
grade. It was observed that the rate of following information about food
safety and nutrition from the media increased with grade level. In another
similar study, 56.8% of students who followed food safety information
in the press were high school students, and 53.8% were college students.
The distribution of high school students who do not follow is 43.2%,
and the distribution of college students is 46,2%. It is believed that the
closeness of the rates of following and not following is not directly related
to the culinary education received, but instead to the student's interest
in this subject (Aratoglu, 2015). Another study examining the extent to
which individuals receiving culinary and pastry training followed food
safety information in the media found that 86.08% of those who received
education followed food safety information in the press, while 13.91% did
not. It was determined that exposure to visual and written media on food
safety and nutrition is directly proportional to educational level (Yilmaz
& Nizamlioglu, 2018). This study found that 5.7%, 16.3%, and 10.2%
of 10th-, 11th-, and 12th-grade students, respectively, followed general
food safety information in the visual and written media. In this context, it
can be assumed that students were exposed to general information about
food safety through various media, including visual and written materials,
as well as the education they received. While 10.3% of the 348 students
who participated in the study followed food safety information, 89.7% did
not. As can be understood from this, the high rate of students who did not
follow is unrelated to the culinary education they received. However, it
may be related to the student's interest in this subject.

Erdem (2014) reported that among 10th-grade students who consider
their knowledge of food safety sufficient, the rate is 18.8%, and
among 12th-grade students, it is 28.1% (Erdem, 2014). In a similar
study, 26.1% of high school students and 36.5% of college students
reported proficiency in food safety (Aratoglu, 2015). In this study, the
rate of 10th-grade students who consider their general knowledge of
food safety sufficient is 38.2%, 36.7% for 11th-grade students, and
48% for 12th-grade students (p > 0.05). When the total knowledge
level scores on food safety are examined, the rate of students who
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consider themselves sufficient is 13.64+38, while the rate of students
who do not consider themselves sufficient is 14.3131 (p < <0.05).
The increase in the proportion of students who consider their general
knowledge of food safety sufficient across higher grades is consistent
with the literature. However, no significant differences were observed
in the general knowledge scores related to food safety and the overall
knowledge level scores. In this case, the quality of education and
practical studies, as well as students' perspectives on this topic, should
be reviewed to help students feel more confident in their food safety
knowledge.

Cross-contamination can occur from workers, surfaces that food comes
into contact with, and other foods (Cetin, 2022). In a study conducted
in this context, 73.9% of culinary education students responded ‘yes’,
20.2% ‘sometimes’, and 5.9% ‘no’ to the statement, 'Work clothes,
benches, and tools used in chopping are contagion factors.’ It has been
observed that the number of students who answered ‘yes’ increased
with grade level (Erdem, 2014). In a similar study, the same statement
was asked of high school and college students. College and high
school students responded ‘yes’ at 95.2% and 81.1%, respectively. Of
the total students, 87.9% responded ‘yes’, 1.4% answered ‘no’, and
10.7% ‘I do not know’. This study found that students were aware of
cross-contamination (p < <0.001) (Aratoglu, 2015). In another study,
high school students in the food and beverage program were asked: 'l
use the same knife and chopping board for vegetables I use for meat.'
Of the students, 59.9% reported not using the same equipment, while
6.8% reported using it (Onur, 2018). In the current study, consistent
with the literature, students' responses to the cross-contamination
question were associated with a higher grade level (p < 0.05). In this
context, it is believed that the students received the necessary training
on cross-contamination.

In Aratoglu's (2015) study, students receiving culinary training were
asked about the statement, "Scratched and cracked kitchen utensils
should not be used in food preparation and serving." College and
high school students answered ‘yes’ at a rate of 80.8% and 100%,
respectively. Ofthe total students, 80.9% answered ‘yes’, 14% answered
‘no’, and 5.1% answered 'l do not know' (p>0.05) (Aratoglu, 2015).
In a similar study, the same statement was asked of students receiving
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culinary education. Of the 11th-grade students, 75.3% answered 'yes,'
and of the 12th-grade students, 76.5% answered 'yes.' Of the total
students, 75.9% answered ‘yes’, 14.3% ‘sometimes’, and 9.8% ‘no’
(p>0.05) (Erdem, 2014). Similar results were found in this study. Of
the 10th-grade students, 80.5%, of the 11th-grade students, 87.8%,
and of the 12th-grade students, 70.9% answered 'yes' (p = 0.05). Thus,
it was determined that the students were aware of the proper use of
kitchen utensils for preparing, cooking, and serving food. Scratched
and cracked utensils should not be used to prepare and serve food.
If used, food items that accumulate in damaged areas can increase
microorganism levels over time and pose a health risk (Kizen, 2018).
Some mistakes in preparing and serving food and beverages include
failing to use hand-washing and food-preparation sinks for their
intended purposes (Sevim, 2015). Since handwashing sinks are used
for hand cleaning during production, food, tools, and equipment should
not be washed in these sinks (Sanlier & Sezgin, 2017). In this context,
kitchen sinks and hand-washing sinks should be located in separate
areas, and kitchen sinks should be used exclusively for cleaning food,
tools, and equipment (Kizen, 2018). In a study, high school and college
students were asked: 'Hands can be washed in dishwashing sinks in
urgent cases and when necessary.' Among high school students, 33.3%
answered ‘yes’, 35.1% answered ‘no’, and 31.5% answered ‘I do not
know’. Of the college students, 45.2% said ‘yes’, 45.2% said ‘no’,
and 9.6% said ‘I do not know’. Of the total students, 39.1% said
‘yes’, 40% said ‘no’, and 20.9% said ‘I do not know’ (p < <0.05)
(Kizen, 2018). In a similar study, as grade level increased, 'yes' and
'sometimes' responses to this question decreased, while 'no' responses
increased (p< 0.05) (Erdem, 2014). In this study, as the grade level
increased, the 'yes' answer to the question decreased while the 'no'
answer increased. The majority of students answered 'yes' (p> 0.05).
Compared to females, males gave the 'yes' answer more often (p <
<0.05). As a result, it was understood that hands should not be washed
in sinks in case of an emergency, and this understanding increased
with grade level (p < 0.05). It was determined that male students were
less aware of this issue than female students (p < 0.05).

Canned foods are dangerous due to the microorganism Clostridium
botulinum. Burst and bulging cans should not be used (Dogan, 2022).
The hotel kitchen staff was asked: “If the can is bulging, it should
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not be used.” Of the hotel kitchen staff, 82.7% answered ‘correct’,
7.3% answered ‘incorrect’ (Bayram & Ersoy, 2023). In another study,
most participants responded to the same question with a ‘yes’ (Erdem,
2014). In another similar study, the question ‘Can bulging, dented, or
damaged cans be used?’ was asked, and all employees answered ‘no’
(Sanlier & Tunc, 2008). In this study, when the statement 'If it can
bulge, it should not be used.' was examined across all grade levels, the
majority of students answered 'yes. ' At the same time, when students'
gender was compared to this statement, it was found that female
students were more aware of this issue, but the difference was not
statistically significant (p>0.05). As this shows, products with curved
cans pose a risk to human health and can cause food poisoning.

Conclusion

This study found a significant difference between the students' food
safety knowledge scores and the education they received (Tables
3 and 4). This may be related to the fact that food safety concepts
are introduced relatively recently in the lower grades. Although
higher scores might be expected in upper grades, the lack of marked
improvement among 12th-grade students may suggest that the training
is not sufficiently reinforced through periodic repetition and practical
components. Although the number of students who follow food
safety information through the media increases with grade level, the
number who do not is considerable. Thus, students may not consider
their general knowledge of food safety sufficient. This situation can
be associated with the quality of their education and the students'
interests. Therefore, incorporating age-appropriate food safety content
earlier in the curriculum and strengthening it across educational stages
may be beneficial.

Additionally, it would be beneficial to reinforce food safety training
regularly after high school and university. In-service training should
also be supported by authorized institutions and individuals in
working life. The knowledge and application behaviors of students
working in the food and beverage sector regarding food safety,
which can lead to health problems, should be monitored by expert
educators, and their deficiencies should be addressed through active
kitchen applications. In addition, visual and written materials should
be emphasized in education at primary, secondary, and tertiary levels,
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as well as in working life, and information should be translated into
practical behavior. As a result, it is crucial to enhance the quality of
the education provided, utilize general information about food safety
more accurately, and take the necessary precautions to ensure food
safety.
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Abstract

Smart home technologies play a crucial role in energy efficiency and
user comfort. However, commercial systems are often expensive and
lack customizable security features. This study presents a cost-effective,
hybrid-controlled smart home automation prototype designed with
microcontroller (MCU) and Bluetooth communication. The system
integrates environmental sensing such as temperature, humidity, light,
and motion with a Finite State Machine (FSM) control algorithm. A
unique “Black Box” feature has been developed using EEPROM to record
critical security events and timestamps. The system is controlled via a
custom Android application developed with Mobile Application Interface
(MIT App Inventor), allowing for both manual override and autonomous
operation. Experimental results show that the adaptive lighting algorithm,
which employs an exponential smoothing filter, prevents flickering, and the
security recording system successfully logs all unauthorized attempts.The
proposed system offers a robust application model for Internet of Things
(loT) and embedded systems.
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Bluetooth-controlled smart home automation with adaptive lighting and security

Bluetooth kontrollii uyarlanabilir aydinlatma ve
giivenlik ozellikli akill ev otomasyonu

(04

Akill ev teknolojileri, enerji verimliligi ve kullanict konforunda ¢cok 6nemli
bir rol oynamaktadir. Bununla birlikte, ticari sistemler genellikle yiiksek
maliyetlidir ve ozellestirilebilir giivenlik ozelliklerinden yoksundur. Bu
calisma, mikrodenetleyici ve Bluetooth iletisimi ile tasarlanmis, maliyet
etkin, hibrit kontrollii bir akilli ev otomasyon prototipini sunmaktadir.
Sistem, sicaklik, nem, 151k, hareket gibi ¢evresel algilamayr Sonlu Durum
Makinesi (FSM) kontrol algoritmasiyla entegre eder. Kritik giivenlik
olaylarint ve zaman damgalarint kaydetmek icin EEPROM kullanilarak
benzersiz bir “Kara Kutu” ozelligi gelistirilmistir. Sistem, mobil uygulama
arayiizii (MIT App Inventor) ile gelistirilen ozel bir Android uygulamasi
araciligiyla kontrol edilir ve hem manuel gegersiz kilma hem de otonom
calisma imkani saglar. Deneysel sonuglar, iistel diizeltme filtresi kullanan
uyarlanabilir aydinlatma algoritmasinin titremeyi onledigini ve giivenlik
kaytt sisteminin tiim yetkisiz girigimleri basariyla kaydettigini gostermistir.
Onerilen sistem, Nesnelerin Interneti (IoT) ve gomiilii sistem icin saglam
bir uygulama modeli sunmaktadir.

Anahtar Kelimeler: Akilli ev, loT, Bluetooth, FSM, EEPROM kaydi,
Uyarlanabilir aydinlatma

Introduction

Rapid urbanization and the demand for energy efficiency have accelerated
the need to transform traditional living spaces into intelligent spaces
(Shahidehpour and Ganji, 2018; Oluwafemi et al., 2023). Smart home
automation systems have become critical solutions to satisfy these
requirements, providing improved user comfort, security, and substantial
energy savings through the intelligent control of lighting, heating, and
ventilation systems (Gunge and Yalagi, 2016; Mehmood et al., 2019; Visan
and Diaconu, 2022). Advances in Internet of Things (IoT) technology
have enabled the integration of wireless protocols and microcontrollers
(MCUs), leading to cost-effective and scalable cyber-physical systems
(He et al., 2016; Algani et al., 2021). The main goal of these systems
is not only to provide remote control functionality but also to establish
an autonomous environment that can sense environmental changes and
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respond accordingly to optimize resource utilization (Giannaros et al.,
2023; Popescu et al., 2024).

Fossil fuels have been the main source of energy for residential heating
and electricity generation; however, their exhaustion and the resulting
greenhouse gas emissions have led to the quest for sustainable alternatives
(Meng et al., 2024; Chinnathambi et al., 2022). In this regard, the smart
home system has become a critical solution that curtails unnecessary energy
consumption through automation based on sensor inputs (Babangida
et al., 2022; Naved et al., 2022). The latest research in the academic
community has comprehensively investigated different architectures for
home automation. For example, Candan and Erdem (2020) illustrated the
viability of low-cost smart home systems using mobile control interfaces,
emphasizing the feasibility of MCU-based solutions. Similarly, Gupta and
Singh (2019) analyzed the automation of IoT through Bluetooth sensor
networks and demonstrated that short-range wireless communication
can be used for reliable connectivity in home automation. Moreover, the
works of Kim and Park (2018) have highlighted the need for accurate
environmental sensing through DHT22 sensors for maintaining indoor air
quality and temperature, while ilhan et al. (2021) explored energy-adaptive
lighting systems that employ light-dependent resistor (LDR) sensors to
control artificial lighting based on available natural daylight.

Despite these major breakthroughs, there is a critical need in low-cost
embedded automation (Yavuz, 2024; Chakraborty et al., 2023). Currently,
most existing systems and “Do-It-Yourself” (DIY) solutions available
are nothing more than basic remote-control interfaces and lack the
reliability, fault tolerance, and traceability of data necessary for successful
implementation (Pascoal et al., 2025; Dobrojevic and Bacanin, 2022).
Unlike industrial automation, which uses Programmable Logic Controllers
(PLCs) and Supervisory Control and Data Acquisition (SCADA) systems
to ensure safety and data logging, most DIY smart home solutions lack
the ability to retain critical data even after a power outage (Khairullah
and Sharkawy, 2022; He et al., 2024). This is a major security concern, as
unauthorized access attempts or alarms may go unlogged. Additionally,
most systems lack the ability to strike a balance between autonomous and
manual control, often leading to conflicting commands in which manual
overrides interfere with automated sensor loops (Rahmanovic et al., 2023;
Naved et al., 2022).
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The research work is an attempt to meet these engineering requirements
by developing and testing a resilient, hybrid-controlled smart home
automation system that models the complexity of contemporary industrial
networks. Unlike traditional systems, the developed system is based on a
Finite State Machine (FSM) architecture, which is strongly recommended
in current literature because of its determinism and stability. The system
can thus smoothly switch between autonomous sensor-controlled states
and user-controlled states without any logical inconsistencies. One of
the innovative aspects of this project is the integration of a “Black Box”
security logging system based on industrial traceability best practices.
Using the MCU’s built-in Electrically Erasable Programmable Read-Only
Memory (EEPROM), the system is designed to provide a non-volatile
logging mechanism for critical events such as fire alarms, door presses,
and failed password attempts, all of which are timestamped. Unlike most
low-cost do-it-yourself (DIY) smart home systems that rely on simple
procedural loops and lack persistent event logging, our approach explicitly
combines an FSM with EEPROM-based security recording. The FSM
ensures deterministic state transitions and prevents conflicting manual/
autonomous commands, while the EEPROM ‘Black Box’ provides non-
volatile traceability of security events-a feature typically absent in MCU-
based home automation projects.

Materials and methods

This section describes the hardware components, circuit topology, and
software development tools that were used to implement the embedded
smart home automation system. The system integrates analog sensor
interfaces and digital communication protocols on a single hardware
platform. The choice of materials was guided by the requirements for low
power consumption, cost-effectiveness, and industrial-grade reliability.
The system architecture is given by Figure 1.
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Figure 1. System architecture diagram

Embedded control unit and system architecture

The system operates through the Arduino UNO MCU board which functions
as its main processing unit while running on the ATmega328P architecture.
The system architecture consists of four separate modules which include
the sensing layer and the actuation layer and the communication layer
and the user interface layer. The designers separated high-current devices
which included the DC fan and servo motor from the analog sensor lines
to protect these lines from Electromagnetic Interference (EMI) and to stop
voltage drops. The system required a common grounding method which
used star-ground topology to eliminate ground loops that would otherwise
interfere with analog digital conversion (ADC) reading accuracy.

Environmental sensing subsystem

The sensing layer comprises three heterogeneous sensors chosen to
provide a comprehensive environmental profile. One of them is DHT22
temperature and humidity sensor. This sensor utilizes a capacitive
humidity sensor and a thermistor to measure the surrounding air. It
communicates via a proprietary single-wire protocol. The sensor provides
digital output reflecting the thermal comfort levels necessary for the
automated fan control logic. Secondly, it is the LDR. To enable adaptive
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lighting, an LDR module was employed. Since the LDR operates in the
analog domain, it was configured in a voltage divider circuit with a fixed
resistor. This configuration allows the MCU’s 10-bit ADC to sample a
voltage proportional to ambient luminosity. Lastly, it is Passive Infrared
(PIR) sensor motion sensor, integrated for security monitoring. The sensor
operates as a digital trigger, outputting a high logic signal when motion
is detected (Salah and Jamal, 2017). To mitigate false triggers caused by
thermal noise or power fluctuations, the PIR sensor was powered by a stable
5 V rail and placed physically distant from heat-generating components
like the voltage regulator.

The actuation layer handles the physical manipulation of the environment
through three primary mechanisms: ventilation, access control, and
illumination. An N-channel MOSFET was selected to drive the DC fan.
This component acts as a low-side switch, allowing the MCU to regulate
the fan speed via Pulse Width Modulation (PWM) without bearing the
high current load directly (Alim et al., 2024). During the initial design
phase, a “Floating Gate” phenomenon was observed, where the fan would
activate spuriously during system resets due to electrostatic coupling. To
resolve this, a 10 kQ pull-down resistor was installed between the Gate
and Source pins, ensuring the MOSFET remains in a strictly “OFF” state
when the MCU signal is high impedance. Another actuator is a servo
motor mechanism. A standard micro servo motor is used to simulate the
smart door lock. Since servo motors can draw high instantaneous currents
during movement, potentially causing voltage dips that reset the MCU, the
servo was supplied with a robust power line separate from the sensor array.
Lastly, a PWM-controlled LED was used for lighting. The light emitting
diode (LED) lighting system is driven directly by the MCU's PWM output
(Trivedi, 2016). This setup allows for linear brightness dimming control
rather than simple on/off switching, enabling the implementation of the
smooth lighting algorithm.

The communication backbone of the system is the HC-06 Bluetooth Serial
Module (Kumar and Verma, 2020). This module utilizes the Universal
Asynchronous Receiver-Transmitter (UART) interface to establish a
bidirectional data link between the embedded system and the mobile
application (Xu et al., 2022). Since the HC-06 operates at 3.3V logic while
the MCU operates at 5 V, a voltage divider circuit consisting of resistors
was implemented on the Receiver (RX) line of the module. The module
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was physically positioned away from inductive loads, such as the fan
motor, to reduce susceptibility to Radio Frequency (RF) noise (Dwiansyah
and Prasetya, 2022). For the user interface, custom Android application
was developed using Mobile Application Interface (MIT App Inventor)
(Sharto, 2025). This platform was chosen for its ability to handle event-
driven programming, which is essential for processing such as temperature,
humidity, security status real-time telemetry data received from the MCU.
The application serves as a Human-Machine Interface (HMI), replacing
traditional physical control panels. To implement the “Black Box” security
logging feature, the system utilizes the MCU’s internal EEPROM. Unlike
volatile RAM, EEPROM retains data after power loss (Das et al., 2023).

The ATmega328P's EEPROM has a specified endurance of approximately
100,000 write cycles per cell. To manage this limitation, the system
implements a conditional logging strategy: only critical events (mode
changes, failed password attempts, security triggers) are recorded.
Furthermore, the same event type is not written more than once per
second, even if continuously triggered. Under typical daily usage (e.g.,
10-20 security events per day), this yields an estimated EEPROM lifetime
of over 10 years. Wear-leveling was not implemented due to the small log
size (32 bytes) and the low write frequency, but it remains a recommended
improvement for high-frequency logging scenarios.

Finite state machine control architecture

To manage the complex and often asynchronous interactions between
autonomous sensor inputs and manual user overrides, FSM model
was implemented (Merlin Sajini et al., 2023). In standard procedural
programming, utilizing functions like delay() can block the processor,
rendering the system unresponsive to urgent interrupts such as security
alarms (Vandana et al., 2022). To overcome this, the FSM approach divides
the system’s operation into discrete, mutually exclusive states, where
transitions are governed by specific trigger events. The FSM consists of
some primary operational states, each with a defined behavioral profile. One
of them is initialization state. Upon system power-up, the MCU executes
a setup routine. This includes initializing the UART communication at
9600 baud rate, configuring the I/O pins for the sensors and actuators, and
retrieving the last known state from the EEPROM to ensure continuity
after a power loss. Later, automatic mode is the default operating state
where the system functions as a closed-loop controller. The MCU
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continuously polls the DHT22 and LDR sensors. A proportional control
algorithm maps the ambient temperature to the fan’s PWM duty cycle; for
instance, as the temperature rises from 25-40°C, the fan speed increases
linearly. Simultaneously, the LED brightness is adjusted inversely to the
ambient light level. To prevent rapid switching around threshold values, a
hysteresis band is applied to the sensor readings. Third is manual mode.
This state mimics the “Manual Override” function found in industrial
SCADA systems. It grants the user full authority over the actuators via
the Bluetooth interface. However, safety interrupts retain higher priority
and can override user commands. Another is security mode. Designed for
perimeter monitoring, this state prioritizes the PIR sensor interrupt. This
sequence involves activating the buzzer, locking the servo-driven door
mechanism, and logging the event timestamp to the non-volatile memory.
Lastly, it is parent mode. This state implements an access control layer.
When a user attempts to access restricted features, the system demands a
password. The input is hashed and compared against the stored credential
in the firmware. FSM state transition table is given in Table 1.

Table 1. FSM state transition.

Current . Next .
State Trigger Event State System Action
. Initialize UART (9600 baud), configure /0
nit Setup completed Auto pins, retrieve last state from EEPROM
Auto "Manual" command Manual Disable sensor-based automatic control,
received via Bluetooth enable user control over fan/LED/servo
Auto PIR motion detected + Securit Activate buzzer, lock servo (door), log
Parent mode active y event with timestamp to EEPROM
Auto Temperature > critical Auto Force fan to 100% PWM, open servo
threshold (e.g., 40°C) (fail-safe) (emergency egress)
Manual No user input for 5 Auto Return to closed-loop sensor-based control
minutes (timeout)
Manual Auto” command received Auto Switch back to automatic mode
via Bluetooth
S . "Alarm reset" command Deactivate buzzer, unlock servo, resume
ecurity - Auto -
received normal operation
Any "Parent" command Parent Request password via Bluetooth, disable
state received via Bluetooth other commands
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Mobile interface and event-driven logic

The user interface was developed using MIT App Inventor, functioning
as an HMI. The application logic is event-driven, meaning it reacts
to asynchronous user inputs and incoming data packets. To maintain
synchronization between the physical system and the digital twin, the
app utilizes a polling timer. Every few seconds, it sends a status request
command to the MCU. The MCU responds with a concatenated string
containing current temperature, humidity, and mode status, which the app
parses to update the on-screen labels. Voice commands are converted to
text and matched against a predefined dictionary. The hardware and circuit
design and setup of the system is given Figure 2.

(@ ’ )

Figure 2. System (a) hardware wiring circuit design and (b) setup

In case of Bluetooth disconnection, the mobile application detects the
loss of serial communication using a timeout mechanism in 2 seconds
without response. The app then displays a “Device Disconnected” warning
message and disables all manual control buttons to prevent user confusion.
Meanwhile, the MCU system independently continues to operate in the last
stable mode “Automatic or Security mode”, ensuring that safety functions
remain active. When the connection is re-established, the app automatically
re-synchronizes the status by requesting a full system update.

Electrical noise suppression and power management strategy

One of the primary challenges in mixed-signal embedded designs is
the interference caused by high-current electromechanical actuators on
sensitive analog signal lines. To mitigate this, a strict star-ground topology
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was implemented in circuit design. Instead of daisy-chaining ground
connections, the ground return paths of the Servo Motor and DC Fan high-
power components and the DHT22 and LDR sensitive sensor array were
routed separately to the main power supply terminal. This methodology
prevents ground loops and minimizes the ground bounce effect, which can
introduce significant jitter into ADC readings.

Safety logic and fail-safe mechanisms

Beyond standard operation, the system incorporates dedicated fail-safe
logic to handle abnormal environmental conditions or hardware failures.
These safety protocols are hard-coded into the FSM with the highest
execution priority. Firstly, if the DHT22 sensor reports a temperature
exceeding a critical safety threshold, the system automatically overrides
any user command. It forces the fan to 100% duty cycle and actuates
the servo to the Open position to maximize ventilation and facilitate
emergency egress. Secondly, to prevent brute-force attacks on the Parent
Mode, the system implements a penalty mechanism. Thirdly, the firmware
includes a sanity check for sensor data. If the DHT22 returns a NaN (Not a
Number) or checksum error, the system discards the reading and maintains
the previous valid state rather than acting on erroneous data, ensuring
operational stability.

Results and discussion

This section presents the experimental results obtained from the
implementation of the smart home automation system and provides an in-
depth discussion of its operational behavior, reliability, and performance
across different modes. The objective of this section is to demonstrate
that the system fulfills the intended functional specifications, responds
accurately to environmental changes, handles user commands consistently,
and exhibits stability under long-term operation. The analysis includes
prototype verification, sensor response profiling, actuator behavior
evaluation, Bluetooth communication performance, FSM-driven mode
transitions, and the interpretation of recorded data from the EEPROM
logging subsystem.

Prototype verification and physical system evaluation

The physical assembly of the smart home system was built on a breadboard
platform, which integrated all sensors, actuators, and communication
modules into one cohesive embedded architecture. During the verification
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stage, the prototyped circuit was compared to the theoretical wiring diagram
point by point to ensure that all power lines, signal paths, and grounding
points were correctly placed as intended. The spatial arrangement of
components minimized electrical noise, avoided unnecessary cross-
interference between analog and high-current signals, and ensured that
the system operated under stable voltage conditions. Once the correctness
of hardware connections was assured, every subsystem was powered
on separately to check for electrical stability. The system initialization
sequence was observed on the LCD screen, confirming that the MCU
successfully booted and loaded the firmware. The PIR module displayed
stable idle output without false activations, and the HC-06 module entered
pairing mode immediately, indicating stable UART communication. The
servo motor maintained positional accuracy during calibration tests, and
the MOSFET successfully drove the fan under multiple PWM duty cycles.

Table 2 presents the bill of materials and estimated cost of the prototype.
The total cost is approximately 42 USD, which is significantly lower than
commercial smart home systems (typically 100—-300 USD for basic kits).

Table 2. Bill of materials and approximate cost of the prototype.

Component U?Iijtsf)(;St Quantity To(tlz;lsg())st

Arduino UNO (clone) 5 1 5
HC-06 Bluetooth module 4 | 4
DHT22 temperature/humidity sensor 10 1 10
PIR motion sensor 2 1 2

LDR + 10kQ resistor 1 1 1
Servo motor (SG90) 3 1 3
MOSFET (IRFZ44N) + DC fan 5 1 5
LCD 16x2 with 12C interface 6 1 6
Breadboard + jumper wires 5 | 5
Resistors (2200, 10kQ, etc.) 1 1 1

Total: ~42 USD
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The prototype consumes approximately 250 mA at 5V (1.25 W) when
all sensors are active and the fan is running at 50% PWM duty cycle. In
standby mode (no fan, no servo movement), the current drops to about
80 mA (0.4 W).

For comparison, typical Wi-Fi-based smart plugs (e.g., ESP8266)
consume 1-2 W in active mode and have a standby current of ~70 mA.
Zigbee nodes often operate below 0.5 W in active mode and offer lower
power consumption due to their mesh network architecture. Our system's
power draw is reasonable for a prototype but can be further reduced by
implementing sleep modes on the Arduino and using a more energy-
efficient MCU such as the ESP32 with deep-sleep capability.

Sensor behavior and environmental response analysis

Much of the system’s performance depends upon the precision and
responsiveness of the environmental sensors. The temperature and humidity
readings from the DHT22 sensor were analyzed over a continuous period of
operation. Figure 3 (a) presents the time-series data of the sensor readings.
It was observed that the temperature reading increases steadily from a heat
source and stabilizes without oscillation, demonstrating the effectiveness
of the sampling filter implemented in the data-processing pipeline.

The humidity reading variations are slow, as expected for a capacitive
humidity sensor, and are compliant with the datasheet expectations.
These results validate that the DHT22 sensor is appropriate for driving
the temperature-dependent fan control logic during Automatic Mode. To
prevent rapid on-off switching around the threshold values, a hysteresis
band of+0.5 °C for temperature and £10 lux for light intensity was applied.
For example, the fan activates when the temperature rises above 28 °C but
only deactivates when it drops below 27.5 °C.

Actuator performance and Bluetooth communication analysis

Bluetooth communication forms the backbone of the user-system
interaction. Through performance testing, it was determined that the HC-
06 module is stable in typical household distances. A critical aspect of
the system was the real-time feedback loop between the LDR sensor and
the mobile interface. Figure 3 (b) illustrates the continuous transmission
of LDR sensor readings over the Bluetooth link. The rapid fluctuations
correspond directly to ambient light changes, demonstrating low-
latency communication and reliable real-time user-interface feedback.
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The exponential smoothing algorithm applied to these readings ensured
that the LED brightness modulation remained smooth, preventing the
flickering effect often seen in raw sensor data applications. The latency
measures were less than 150 ms for an average command response time,
proving that the communication protocol is acceptable for real-time user
interaction. The HC-06 Bluetooth module is typically specified as having
an effective communication range of up to 10 meters in open space (line-
of-sight). However, when a single interior wall (approximately 15 cm
brick) is introduced, the reliable range is generally reduced to about
5 meters. Through two walls, communication often becomes intermittent.
For comparison, Bluetooth Low Energy (BLE) modules (e.g., HM-10)
typically offer ranges of 20—30 m line-of-sight and better wall penetration at
similar power consumption. Wi-Fi-based solutions (e.g., ESP8266) provide
virtually unlimited range via internet access but consume significantly
more power (standby current of ~70 mA vs. HC-06's ~30 mA). For a low-
cost, short-range indoor prototype, HC-06 remains acceptable, but future
versions should consider BLE for improved real-world scalability.

Security subsystem and EEPROM logging validation

A critical element of the system is its ability to preserve key events through
EEPROM logging. During validation, repeated mode transitions, incorrect
password attempts, and security activations were performed to populate
the log. Retrieval through the serial monitor confirmed that entries were
written sequentially, without corruption, duplication, or memory pointer
misalignment. Figure 3 (c) shows a segment of the recorded history
containing mode changes, failed login attempts, and security alerts derived
from the logged data. These results validate the selective-write strategy
used to preserve memory longevity and prove that the system can serve as
a “Black Box™ for post-incident security auditing.

ABMYO Dergisi - Yil 21 Say1 73 - Temmuz - 2026 (151 - 169) 163



Bluetooth-controlled smart home automation with adaptive lighting and security

1w
|
P ™ w " e % e m 1] ) 186

Figure 3. System (a) sensor data stability, (b) real-time LDR data and (c)
event logs from EEPROM

The complete system was subjected to extended runtime tests to evaluate
long-term performance. For several hours, the system was operated in
Automatic Mode while environmental conditions were varied gradually.
Throughout testing, the LDR responded accurately to both natural
and artificial light shifts, the fan operated continuously without PWM
collapse, and the servo executed emergency responses cleanly. Crucially,
no unintended resets or freezes were observed. This confirmed the
robustness of the electrical design, the reliability of the FSM structure,
and the efficiency of the data processing pipeline. Overall, the results
demonstrate that the smart home prototype meets all project objectives.
Sensor behavior is accurate and stable, actuator responses are smooth and
reliable, operational modes function without interference, communication
latency is minimal, and EEPROM logging provides durable traceability.
The results confirm that the system is both technically sound and suitable
for real-world deployment as a compact home automation controller.

Conclusions

The smart home automation system prototype developed in this study was
comprehensively tested in terms of hardware integrity, sensor/actuator
performance, Bluetooth communication, and EEPROM-based event
logging, and it has been experimentally verified that all fundamental
requirements are met. The physical assembly exactly matched the theoretical
circuit schematic; the DHT22 sensor produced stable temperature and
humidity readings without oscillation, while the PIR sensor exhibited
no false activations. The average command response time of under 150
ms via Bluetooth demonstrated sufficient performance for real-time user
interaction, and the exponential smoothing algorithm applied to LDR data
eliminated flickering effects in LED brightness, providing precision and
comfort in actuator behavior. Critical events such as unauthorized access
attempts, mode changes, and fire alarms recorded in EEPROM maintained
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data integrity even after repeated tests, establishing the system as a reliable
black box for security auditing. During long-term operation tests, no
freezing, resets, or PWM degradation were observed; responses to varying
environmental conditions in Automatic Mode were accurate and delay-
free. In conclusion, the developed prototype meets all design objectives in
terms of measurement accuracy, response speed, communication stability,
and logging reliability, offering a compact, scalable, and deployment-
ready smart home controller as an original application for real-world
conditions. Despite its successful operation, the current prototype has
several limitations. First, the HC-06 Bluetooth module offers limited
range (approximately 10 m line-of-sight) and poor wall penetration, which
restricts deployment in larger or multi-room homes. Second, the internal
EEPROM has a finite write endurance of about 100,000 cycles. Although
conditional logging minimizes writes, heavy security event logging could
eventually wear out the memory. Third, the system was tested only in a
laboratory environment, not in a real household over extended periods.
Future work will address these limitations by migrating to BLE, e.g., HM-
10 module, for improved range and lower power consumption. A wear-
leveling algorithm will be implemented to extend EEPROM lifetime, or
external flash memory will be used instead. Additionally, real-home long-
term deployment and user experience studies are planned to validate the
system’s practical reliability.
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Abstract

Speech emotion recognition has become an increasingly important
research area because of its potential to enhance human—machine
interaction and support the development of emotion-aware systems.
However, further comparative evidence is still needed on how different
deep learning architectures perform when they are trained using the same
acoustic feature representation. In this study, an experimental comparison
was conducted using the RAVDESS (Ryerson Audio-Visual Database of
Emotional Speech and Song) dataset. Mel-frequency cepstral coefficients
(MFCCs) were used as the sole feature extraction method, and three deep
learning architectures were designed and evaluated: a Convolutional
Neural Network (CNN), a Deep Neural Network (DNN), and a hybrid
feature-fusion model named MFCCFusionNet. The CNN and DNN models
achieved classification accuracies of 81% and 76%, respectively. The
proposed MFCCFusionNet model combined the learned representations
obtained from the CNN and DNN sub-models and achieved the highest
accuracy among the evaluated models, with a test accuracy of 83%. The
findings indicate that MFCC-based representations can be effectively
processed by different deep learning architectures and that feature-level
fusion may improve classification performance in speech-based emotion
recognition. The study provides preliminary evidence that feature-level
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fusion of CNN- and DNN-based MFCC representations may improve
classification performance in speech emotion recognition.

Keywords: Speech emotion recognition, MIFFCC, deep learning architectures

MFCCFusionNet: MFCC temsilleri kullanilarak
konusma duygu tanima icin CNN-DNN tabanl bir
ozellik birlestirme modeli

(04

Konusma duygu tanima, insan—makine etkilesimini gelistirme ve duygu
farkindaligina  sahip akilli  sistemlerin  gelistivilmesini  destekleme
potansiyeli nedeniyle onemli bir arastirma alani haline gelmistir. Bununla
birlikte, aymi akustik ozellik temsili kullanilarak egitilen farkli derin
ogrenme mimarilerinin nasil performans gosterdigine iligskin daha fazla
karsiastirmalr kanita ihtivya¢ duyulmaktadw. Bu ¢alismada, RAVDESS
veri seti kullanilarak deneysel bir karsilastirma yapilmistir. Mel-frekansi
kepstral katsayilart (MFCC'’ler) tek ozellik ¢ikarim yontemi olarak
kullanilmig ve ti¢ derin 6grenme mimarisi tasarlanarak degerlendirilmistir:
Evrigimli Sinir Ag1 (CNN), Derin Sinir Ag1 (DNN) ve MFCCFusionNet
olarak adlandirilan hibrit ozellik birlestirme modeli. CNN ve DNN
modelleri sirastyla %81 ve %76 simiflandirma dogrulugu elde ederken,
onerilen MFCC-Fuse modeli %83 test dogrulugu ile degerlendirilen
modeller arasinda en yiiksek basaryt gostermistiv. Bulgular, MFCC
tabanli temsillerin farkli derin o6grenme mimarileri tarafindan etkili
bicimde islenebildigini ve ozellik diizeyinde birlestirmenin konusma duygu
tamima performansinda sinirlt fakat olumlu bir iyilesme saglayabilecegini
gostermektedir. Genel olarak ¢aliyma, MFCC ozelliklerinden ogrenilen
CNN ve DNN tabanli temsillerin birlestirilmesinin konusma tabanlt duygu
tamima modellerinin ayirt edici kapasitesini artirabilecegine iligkin on
kanit sunmaktadir.

Anahtar Kelimeler: Konusma duygu tamima, MFCC, derin ogrenme
mimarileri, ozellik birlestirme, CNN, DNN
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Introduction

In recent years, speech emotion recognition (SER) has become an
increasingly important research area within artificial intelligence and
human—computer interaction. SER systems aim to automatically identify
emotional states from vocal expressions and thereby support the
development of more responsive, adaptive, and context-aware technologies.
Such systems have potential applications in virtual assistants, customer
service automation, distance education, social robotics, driver monitoring,
affective computing, and digital mental health technologies. As these
application areas continue to expand, the development of reliable and
computationally efficient SER models has become an important research
priority. The performance of SER systems largely depends on the quality
of acoustic feature representation and the suitability of the classification
model used to process these features. Speech signals contain complex
information distributed across both temporal and frequency domains.
Emotional expression may be reflected through variations in spectral
structure, intensity, rhythm, articulation, and other acoustic characteristics.
Therefore, feature extraction is a critical stage in SER because it transforms
raw speech signals into structured representations that can be processed by
machine learning or deep learning models. The main objective at this stage
is to obtain compact yet informative representations that preserve emotion-
related acoustic patterns without introducing excessive computational
complexity. Various feature extraction techniques have been developed for
speech-based emotion recognition. Linear Predictive Coding (LPC),
Perceptual Linear Prediction (PLP), Gammatone Frequency Cepstral
Coefficients (GFCC), and RASTA-PLP have been used to represent
different aspects of speech signals. LPC and PLP are effective in modelling
the spectral envelope and articulatory-related characteristics of speech;
however, when used alone, they may be limited in capturing the broader
acoustic variations associated with emotional expression. GFCC provides
a perceptually motivated representation and is often considered useful
under noisy conditions, although its implementation may introduce
additional computational complexity depending on the experimental
setting. Despite these alternatives, Mel-frequency cepstral coefficients
(MFCCs) remain one of the most widely used feature extraction methods
in speech processing and SER studies because they provide a compact,
computationally efficient, and perceptually informed representation of
speech signals. MFCC extraction is based on the frequency sensitivity of
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the human auditory system. In this process, the speech signal is divided
into short-time frames and transformed into the frequency domain using
the short-time Fourier transform. The resulting spectrum is passed through
Mel-scaled filter banks, logarithmic energy values are computed, and the
discrete cosine transform (DCT) is applied to obtain cepstral coefficients.
In this way, MFCCs primarily represent the short-term spectral envelope
of speech and may indirectly reflect emotion-related acoustic variations
embedded in the signal. Their low-dimensional structure, computational
efficiency, and established use in speech-based classification tasks make
them suitable for comparative deep learning experiments. In traditional
SER approaches, hand-crafted acoustic features such as MFCCs are
generally classified using supervised machine learning algorithms. Support
Vector Machines (SVM), Hidden Markov Models (HMM), Gaussian
Mixture Models (GMM), K-Nearest Neighbour (KNN), Decision Trees,
Random Forests, Naive Bayes classifiers, and Logistic Regression have
been frequently used for this purpose. These methods can provide
acceptable classification performance, particularly in relatively small or
controlled datasets. For example, SVM can construct effective decision
boundaries in high-dimensional feature spaces, whereas HMM is useful
for modelling sequential characteristics of speech. However, traditional
machine learning methods generally depend heavily on predefined feature
representations and may have limited adaptability when speech signals
vary according to speaker identity, accent, speaking style, recording
condition, or emotional intensity. Consequently, their generalisation
capacity may be restricted in more heterogeneous conditions [1]. To
address these limitations, deep learning architectures have increasingly
been adopted in SER research. Deep learning models can learn hierarchical
and nonlinear representations from acoustic inputs and may capture
complex patterns that are difficult to represent through traditional classifiers
alone. Convolutional neural networks (CNNs), although originally
developed for image processing, have been widely applied to two-
dimensional acoustic representations such as spectrograms, Mel-
spectrograms, and MFCC matrices. When applied to MFCC-based inputs,
CNNs can learn local time—frequency patterns and generate abstract
feature maps that are useful for distinguishing emotional categories [2,3].
Deep neural networks (DNNS5), by contrast, process feature vectors through
multilayered fully connected structures. When MFCC features are provided
as input, DNNs can transform low-level acoustic representations into more
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abstract feature spaces and perform classification based on nonlinear
combinations of these features. Although DNNs do not explicitly model
local time—frequency relationships in the same way as CNNs, they can still
serve as effective baseline architectures for SER tasks when compact and
informative acoustic representations are used [4]. Long short-term memory
(LSTM) networks have also been widely used in SER because of their
ability to model temporal dependencies in sequential speech data. LSTM
architectures are particularly useful for tracking changes in emotional
expression over time and for learning temporal patterns related to rhythm,
continuity, and dynamic acoustic variation [5,6]. However, the present
study focuses specifically on CNN and DNN architectures in order to
examine whether local pattern extraction and dense feature abstraction can
provide complementary representations when trained on the same MFCC-
based input. Although individual deep learning architectures have produced
promising results in SER, single-model approaches may capture only
certain aspects of speech representation. CNNs are effective in extracting
local time—frequency patterns, whereas DNNs can learn abstract
relationships among acoustic features in a fully connected feature space.
These differences suggest that the representations learned by CNN and
DNN architectures may contain complementary information. Accordingly,
hybrid architectures and feature-fusion strategies have increasingly been
explored in recent SER studies as a way of combining different
representational strengths within a unified classification framework [7].
Recent studies have reported promising results using transfer learning,
hybrid neural architectures, speaker embeddings, and multi-feature fusion
strategies. For instance, Jakubec et al. [8] used transfer learning with
speaker representation models such as d-vector, x-vector, and r-vector
structures. Rajapakshe et al. [9] proposed the emoDARTS framework for
the joint optimisation of CNN and sequential neural network architectures.
Ulgen et al. [10] examined emotional clustering in speaker embeddings,
while other studies have combined MFCCs with prosodic features, CNN-
based representations, or ensemble structures to improve SER performance
[11-14]. These studies indicate that the integration of complementary
feature representations may improve the ability of SER models to
distinguish complex emotional patterns. Within this framework, the present
study comparatively evaluates CNN and DNN architectures using MFCC-
based features extracted from the RAVDESS dataset and proposes a hybrid
feature-fusion model named MFCCFusionNet. In the proposed model, the
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CNN and DNN sub-models are first trained separately on the same MFCC-
based emotion recognition task. Then, the representations learned by these
sub-models are reused and concatenated within a unified classification
structure. Therefore, the proposed approach should be understood not as
transfer learning based on an external pre-trained model, but as an intra-
dataset representation reuse and feature-level fusion strategy. This
distinction is important because the model aims to examine whether task-
specific representations learned by different architectures from the same
acoustic input can improve classification performance when integrated
into a single framework. The main contribution of this study is threefold.
First, it provides a controlled comparison of CNN and DNN architectures
under the same MFCC-based feature extraction and classification
conditions. Second, it proposes MFCCFusionNet as a CNN-DNN feature-
fusion model that combines local pattern extraction and abstract feature
representation within a unified structure. Third, it evaluates whether the
fusion of learned representations can provide a measurable improvement
over individual baseline models in speech-based emotion recognition. In
this respect, the study contributes to ongoing research on compact and
interpretable deep learning approaches for SER, while also providing
preliminary evidence on the potential value of feature-level fusion using
MFCC representations. Beyond achieving high classification accuracy,
this study offers a distinctive contribution to the literature by providing a
comparative analysis of how different deep learning architectures extract
and leverage distinct representation information from the same acoustic
feature set.

Method

Dataset

The Ryerson Audio-Visual Database of Emotional Speech and Song
(RAVDESS) was used as the dataset in this study. RAVDESS is an open-
access and multimodal emotional expression dataset that has been widely
used in speech emotion recognition research. It consists of high-quality
audio and video recordings produced by 24 professional actors, including
12 female and 12 male speakers, who speak English with a North
American accent. In the dataset, each actor vocalised two semantically
neutral sentences, “Kids are talking by the door” and “Dogs are sitting
by the door”, across eight emotional categories: neutral, calm, happy,
sad, angry, fearful, disgusted, and surprised. Each emotional category
was recorded at different intensity levels, except for the neutral category,
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and each sentence was repeated twice. Therefore, although RAVDESS is
balanced in terms of actor gender, the emotional speech subset contains a
mild class imbalance across emotion categories. This imbalance mainly
arises from the neutral category, as neutral expressions are not recorded
with a strong-intensity condition, unlike most other emotional categories.
Consequently, the neutral class contains fewer samples than the other
emotion classes. Although the full audio version of RAVDESS includes
both speech and song recordings, only the emotional speech subset was
used in the present study. Accordingly, the analyses were conducted on
1,440 speech recordings. Song recordings were excluded from the analysis
in order to ensure methodological consistency and to focus exclusively
on speech-based emotion recognition. All audio files were recorded at a
sampling rate of 48 kHz and a resolution of 16 bits. In the present study, the
mild class imbalance in the dataset was considered during data partitioning
and performance evaluation. A stratified 80:20 training—test split was used
to preserve the proportional distribution of emotion categories across
both subsets. This ratio was selected after preliminary empirical trials
with alternative partitioning ratios, as it provided comparatively stable
classification performance while retaining a sufficient number of samples
for independent testing. As a result, 1,152 recordings were used for model
training and 288 recordings were reserved for testing. In addition to overall
accuracy, class-based precision, recall, F1-score, and confusion matrices
were reported to provide a more detailed evaluation of model behaviour
across both underrepresented and more frequently represented emotion
classes.

Methodology

In this study, three different deep learning architectures were designed
and comparatively evaluated for the task of speech emotion recognition
using MFCCs. The methodological approach was structured around three
main components: audio signal preprocessing, deep learning-based feature
extraction, and the classification process. In the first stage, the audio
samples obtained from the RAVDESS dataset were digitised and subjected
to preprocessing. The audio signals were processed at a sampling rate of 48
kHz and a resolution of 16 bits, and MFCC-based features were extracted
from these signals. Each audio sample was divided into segments using
a 25 ms window size and a 10 ms frame shift, with each frame being
represented by 64 MFCC coefficients. This procedure strengthened the
representation of speech in the time—frequency domain and generated low-
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dimensional, information-rich vectors suitable for model input. The MFCC
features obtained after the preprocessing stage were evaluated using three
different model architectures: (i) CNN, (ii) DNN, and (iii) a hybrid feature-
fusion architecture developed by combining the learned representations
of the CNN and DNN sub-models, referred to as MFCCFusionNet.
The CNN model consisted of three consecutive convolutional blocks
and a fully connected classification layer. In each block, convolution,
ReLU activation, batch normalisation, and max pooling operations were
applied, respectively. The feature maps obtained from the final block
were flattened and transferred to a dense layer with 256 neurons, after
which the final classification was performed using dropout and a softmax
layer. This architecture aimed to capture the differences between emotion
classes by learning local patterns from the two-dimensional representation
of MFCCs. The DNN architecture consisted of three fully connected
dense layers containing 512, 256, and 256 neurons, respectively. ReLU
activation, batch normalisation, and dropout were applied in each layer.
This structure enabled the direct classification of MFCC features as one-
dimensional vectors and allowed abstract representations to be learned
progressively across layers. The proposed hybrid architecture was
developed by combining the learned representations obtained from the final
layers of the CNN and DNN models after these models had been trained
separately. The feature vectors obtained from the dense layer of the CNN
and the final hidden layer of the DNN were merged in a Concatenate layer,
and classification was subsequently performed through two dense layers
containing 128 and 64 neurons. In this architecture, batch normalisation,
ReLU activation, and dropout were applied to each dense layer to improve
generalisation capability. MFCCFusionNet aimed to improve classification
performance by integrating the complementary learning capacities of
different architectures. All models were trained on the RAVDESS dataset
using an 80:20 training—test split, which provided the highest performance
following preliminary experiments conducted with various data partitioning
ratios. To ensure a consistent experimental setting, the same preprocessing,
feature extraction, training, and evaluation procedures were applied to
all three models. The models were trained using the Adam optimisation
algorithm and a multi-class classification loss function suitable for the
eight emotion categories. To reduce the risk of overfitting, dropout and
batch normalisation were applied within the model architectures. The final
evaluation was performed on the held-out test set, which was not used
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during model training. In order to provide a fair comparison among the
CNN, DNN, and MFCCFusionNet architectures, the same MFCC feature
configuration, data partitioning strategy, class labels, and performance
metrics were retained across all experiments. Performance evaluation was
conducted using class-based metrics, including accuracy, precision, recall,
and Fl-score. In addition, confusion matrices were generated for each
model to visualise within-class and between-class prediction performance.

Audio Data [ Audio Signal Pre-Processing ]

[ Audloslgna! Digitization ] Convolutional Deep Neural CNN+DNN
v = | Neural Network Network (DNN) (MFCCFusionNet)

[ Feature Extraction J (CNN)

v > ¥ 4
) Test Data
Feature Extraction
MFCC
Audio Modal
Prediction Model

Classification Results

<I

Audio Signal Pre-Processing

I‘

Figure 1. Deep learning emotion recognition process steps

Mel-Frequency Cepstral Coefficients (MFCC)

MFCCsarean effective feature extraction technique that enables meaningful
and discriminative features to be automatically derived from audio signals.
This method has been widely used in various application areas, particularly
speech processing, automatic speech recognition, biometric systems, and
speech-based emotion recognition. MFCC are based on the Mel scale,
which models the sensitivity of the human auditory system to different
frequencies. This scale transforms the frequency axis into a logarithmic
structure based on the assumption that the human ear is more sensitive
to lower frequencies. Thus, the audio signal can be represented in a form
that is more closely aligned with human auditory perception. In the MFCC
extraction process, the speech signal is divided into short-time frames to
allow fixed-duration analysis. A Hamming window is then applied to each
frame, and the transition from the time domain to the frequency domain is
performed using the fast Fourier transform (FFT). This spectrum is filtered
according to the Mel scale, and the logarithmic energy distribution is
obtained. In the final stage, the discrete cosine transform (DCT) is applied
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to derive the cepstral coefficients. These coefficients generate information-
rich vectors that contain prosodic and acoustic characteristics of speech,
such as pitch, intonation, and energy, beginning from the fundamental
frequency components. One of the main advantages of MFCCs is that they
provide low-dimensional features with high representational capacity.
This reduces computational cost and enables classification algorithms to
operate more effectively and rapidly. In addition, the relative robustness
of MFCC vectors against noise increases their reliability in the analysis
of audio signals. For these reasons, MFCCs have become one of the most
widely preferred feature extraction methods in contemporary speech and
emotion recognition systems [16].

Convolutional neural networks (CNN)

CNNs are among the deep learning architectures widely used particularly
in the field of image processing, owing to their capacity to automatically
learn local patterns. Features are extracted through convolution and
pooling operations applied to the input data, and these representations are
reconstructed at an abstract level in deeper layers. The ability to model
temporal and frequency-based patterns in multidimensional data also
makes CNNs an effective option for speech-based emotion recognition
systems. In this context, CNNs have been shown to produce successful
results on two-dimensional feature representations such as MFCC, Mel-
spectrograms, and filter banks. Their ability to learn patterns containing
emotional information, such as rhythm, intonation, and spectral energy,
improves classification performance. In addition, parameter sharing and
convolution operations reduce computational cost and mitigate the risk
of overfitting. In these respects, CNN stands out in speech-based emotion
recognition systems as both a powerful feature extraction mechanism and
an efficient approach that provides high classification accuracy.

Deep neural networks (DNN)

DNNs are deep learning architectures capable of learning complex
nonlinear relationships through multilayered fully connected structures.
The connection of each neuron to all neurons in the preceding layer
enables abstract representations to be extracted from high-dimensional
data and improves classification performance. Particularly when trained
with sufficient data, DNNs can represent the intrinsic characteristics of the
data in an increasingly abstract manner across successive layers. In speech-
based emotion recognition applications, DNNs operate on feature vectors
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such as MFCCs and can directly learn the underlying emotional patterns
in speech, thereby strengthening the distinction between classes. While
architectures such as CNNs focus on spatial patterns, DNNs operate within
a more general feature space and produce useful results in feature-level
classification tasks. In this respect, they are widely used in speech-based
emotion recognition systems and contribute to classification performance.

Hybrid architecture and feature-level fusion

This study employs a hybrid architecture strategy, which involves the
integration of task-specific representations learned by separately trained
CNN and DNN sub-models. Unlike conventional transfer learning, where
a pre-trained model is adapted to a new domain, the approach proposed in
this study focuses on intra-dataset feature fusion. By constructing a unified
structure, we aim to combine the local pattern extraction capabilities of
the CNN sub-model with the abstract feature representation capabilities
of the DNN sub-model. This design enables the fusion of complementary
acoustic information learned from the same dataset, thereby enhancing the
model's ability to capture complex emotional patterns. This feature-level
fusion approach ensures that the model leverages the distinct strengths of
both architectures, leading to more robust emotion recognition performance
without the need for external large-scale pre-trained networks.

Results

CNN analysis results

The first model architecture developed in this study was structured, as
shown in Table 1, to consist of three convolutional blocks and one fully
connected classification layer. Each block was designed to include a
convolutional layer, a ReLU activation function, and a max-pooling layer.
In this way, hierarchical learning was performed; first, low-level features
were captured, and then more abstract and complex patterns were learned.
The convolutional layers were responsible for extracting local patterns
from the MFCC feature matrices provided as input, whereas the pooling
layers reduced the spatial dimensions, thereby improving computational
efficiency and reducing the risk of overfitting. By using 128, 96, and 64
filters, respectively, the features were represented at progressively higher
levels of abstraction. The feature maps obtained from the convolutional
blocks were flattened and transferred to a dense layer with 256 neurons. In
this layer, batch normalisation and dropout at a rate of 50% were applied
to improve the training process. Finally, an output layer with softmax
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activation was used for the eight-class emotion recognition task. This
architecture was designed to provide high classification performance
by effectively learning both low-level acoustic features and emotional

patterns.

Table 1. Architectural configuration and parameter specifications of the

CNN model
Layer (Type) Output Shape Number of Parameters
Conv2D (None, 128, 228, 128) 3328
BatchNormalization  (None, 128, 228, 128) 512
Activation (None, 128,228, 128) 0
MaxPooling2D (None, 64, 114, 128) 0
Conv2D (None, 64, 114, 96) 196704
BatchNormalization ~ (None, 64, 114, 96) 384
Activation (None, 64, 114, 96) 0
MaxPooling2D (None, 32, 57, 96) 0
Conv2D (None, 32, 57, 64) 55360
BatchNormalization ~ (None, 32, 57, 64) 256
Activation (None, 32, 57, 64) 0
MaxPooling2D (None, 16, 28, 64) 0
Flatten (None, 28672) 0
Dense (None, 256) 7340288
BatchNormalization ~ (None, 256) 1024
Activation (None, 256) 0
Dropout (None, 256) 0
Dense (None, 8) 2056

The performance of the model was evaluated on the test dataset, as
presented in Table 2, with an accuracy rate of 81%. This accuracy rate
indicates that the proposed CNN-based architecture achieved generally
successful classification performance in the speech-based emotion
recognition task. The model performance was detailed not only through
the overall accuracy rate but also through the F1-score values calculated
for each emotion class. According to the classification report obtained, the
emotion classes for which the model achieved the highest F1-score values
were “disgust” (89%), “surprised” (87%), and “calm” (86%), respectively.
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Table 2. Class-based performance metrics of the CNN-based emotion

recognition model

Precision Recall F1-score Support
Angry 0.78 0.78 0.78 36
Calm 0.83 0.89 0.86 44
Disgust 0.86 0.92 0.89 39
Fearful 0.89 0.71 0.79 34
Happy 0.80 0.78 0.79 41
Neutral 0.82 0.70 0.76 20
Sad 0.72 0.76 0.74 34
Surprised 0.84 0.90 0.87 40
Accuracy 0.81 288
Macro avg 0.82 0.80 0.81 288
Weighted avg 0.82 0.82 0.81 288

In addition, the classification performance of the model was analysed in
greater detail through the confusion matrix presented in Figure 2. The
matrix clearly shows that the model predicted the “disgust” and “surprised”
classes with high accuracy. This indicates that the frequency-based features
of these emotions could be easily distinguished by the model and that their
likelihood of being confused with other classes was low.
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DNN analysis results

The second model applied in this study was the DNN-based architecture,
which was constructed from three consecutive dense layers designed to
process the MFCC features provided as input. These layers contained 512,
256, and 256 neurons, respectively. Each dense layer was sequentially
followed by a ReLU activation function, batch normalisation, and dropout
at a rate of 50%. This configuration was designed to enable the first dense
layer to learn high-dimensional MFCC-based feature representations in
detail, while the subsequent layers transformed these representations into
more compact and abstract feature spaces.

Through the ReLU activation function applied in each dense layer,
nonlinear relationships within the MFCC feature vectors were modelled.
Batch normalisation contributed to the stability of the learning process,
whereas dropout was applied to reduce the risk of overfitting. In particular,
the 512 neurons in the first dense layer were used to support the effective
processing of detailed acoustic features extracted from the MFCC matrices.
The following two dense layers, each containing 256 neurons, were used
to obtain lower-dimensional and more abstract representations, thereby
strengthening the generalisation capability of the model. The architectural
structure of the DNN model is presented in Table 3, together with the
output dimensions and parameter counts of each layer.

Table 3. Architectural configuration and parameter specifications of the

DNN model
Layer (Type) Output Shape Number of Parameters
Dense (None, 512) 7,471,616
BatchNormalization (None, 512) 2,048
Activation (None, 512) 0
Dropout (None, 512) 0
Dense (None, 256) 131,328
BatchNormalization (None, 256) 1,024
Activation (None, 256) 0
Dropout (None, 256) 0
Dense (None, 256) 65,792
BatchNormalization (None, 256) 1,024
Activation (None, 256) 0
Dropout (None, 256) 0
Dense (None, 8) 2,056
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As shown in Table 4, the DNN-based model achieved an overall accuracy
of 76% on the test set. The calm and angry classes stood out as the most
successfully classified emotions, with F1-score values of 0.87 and 0.83,
respectively. By contrast, relatively lower performance was observed
for the happy and fearful classes, with F1-score values of 0.68 and 0.70,
respectively. The neutral class also showed a relatively low recall value of
0.65, indicating that neutral samples were more difficult to detect correctly.
When the average performance values are considered, the macro-averaged
and weighted-averaged Fl-scores were both approximately 0.76. This
indicates that the DNN model demonstrated a generally balanced
classification performance across the emotion classes, although certain
acoustically similar emotions were more difficult to distinguish.

Table 4. Class-based performance metrics of the DNN-Based emotion
recognition model

Precision Recall Fl-score  Support
Angry 0.79 0.86 0.83 36
Calm 0.85 0.89 0.87 44
Disgust 0.74 0.79 0.77 39
Fearful 0.72 0.68 0.70 34
Happy 0.74 0.63 0.68 41
Neutral 0.81 0.65 0.72 20
Sad 0.68 0.76 0.72 34
Surprised 0.78 0.78 0.78 40
Accuracy 0.76 288
Macro avg 0.76 0.76 0.76 288
Weighted avg 0.76 0.76 0.76 288

The confusion matrix presented in Figure 3 provides a more detailed
view of the class-based prediction performance of the DNN model. High
correct classification rates were obtained for the calm class, with 39 out
of 44 samples correctly classified, and for the angry class, with 31 out
of 36 samples correctly classified. Similarly, the disgust and surprised
classes were classified correctly in 31 out of 39 and 31 out of 40 samples,
respectively. These findings suggest that the acoustic characteristics of
these emotions were relatively more distinct and discriminative for the
DNN architecture. By contrast, relatively higher confusion was observed
in the happy and fearful classes. The model correctly classified 26 out of
41 happy samples and 23 out of 34 fearful samples. The happy emotion
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was mainly confused with fearful and surprised emotions, while smaller
numbers of samples were misclassified as angry, calm, sad, and neutral. In
the neutral class, 13 out of 20 samples were correctly classified, whereas the
remaining samples were mostly confused with calm and happy emotions.
Overall, the confusion matrix indicates that the DNN model was more
successful in distinguishing emotions with clearer acoustic patterns, such
as calm, angry, disgust, and surprised. However, some classification errors
occurred between emotionally and acoustically overlapping categories,
particularly happy, fearful, neutral, and sad.
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Figure 3. Confusion matrix of the DNN model

MFCCFusionnet hybrid model

The MFCCFusionNet model proposed in this study is a hybrid feature-
fusion architecture developed by integrating MFCC-based representations
learned by the CNN and DNN sub-models. In the first stage, the CNN and
DNN architectures were trained separately on the same emotion recognition
dataset in order to learn complementary acoustic representations from
MFCC features. Subsequently, the trained layers of these sub-models were
frozen and reused as fixed feature extractors within the hybrid architecture.
In this sense, the model transfers task-specific representations learned by the
individual sub-models into a unified classification structure. The proposed
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model therefore does not rely on an external pre-trained network; rather, it
reuses representations learned from the same dataset within an integrated
feature-fusion framework. The 256-dimensional representation obtained
from the dense layer of the CNN and the 256-dimensional representation
obtained from the final hidden layer of the DNN were concatenated to form
a 512-dimensional fused feature vector. The classification block was then
constructed on this fused representation and consisted of two dense layers
containing 128 and 64 neurons, respectively. Batch normalisation, ReLU
activation, and dropout with a rate of 50% were applied in each dense
layer to improve generalisation and reduce the risk of overfitting. This
configuration enabled the complementary representations learned by the
CNN and DNN sub-models to be integrated into a broader feature space.
Thus, MFCCFusionNet was designed to improve emotion classification
performance by combining local pattern extraction and abstract feature
representation within a single architecture.

Table 5. Configuration and parameter specifications of the

MFCCFusionNet model
Layer (Type) Output Shape Number of Parameters
Concatenate (None, 512) 0
Dense (None, 128) 65,664
BatchNormalization (None, 128) 512
Activation (None, 128) 0
Dropout (None, 128) 0
Dense (None, 64) 8,256
BatchNormalization (None, 64) 256
Activation (None, 64) 0
Dropout (None, 64) 0
Dense (None, 8) 520

The class-based performance metrics presented in Table 6 show that the
MFCCFusionNet-based model achieved high accuracy and balanced
classification performance in the speech-based emotion recognition
task. The overall accuracy of the model on the test set was 83%. In
particular, emotions such as disgust (88%), angry (87%), calm (87%), and
surprised (87%) achieved high F1-score values, indicating that the model
demonstrated strong discriminative capability for these classes. This
success can be attributed to the combination of the CNN'’s ability to extract
local patterns and the DNN’s capacity to generate abstract representations.
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A notable improvement was also observed for the happy (80%) and fearful
(78%) emotions compared with the previous models. However, the F1-
score values for neutral (72%) and sad (74%) remained lower, suggesting
that these emotions tend to overlap more with other classes in acoustic
terms. The macro-averaged and weighted-averaged F1-score values of the
model, both at the level of 82—83%, indicate that generally balanced and
strong classification performance was achieved across all classes. These
results demonstrate that MFCCFusionNet can effectively learn features
representing different emotion classes and has a generalisable structure.

Table 6. Class-based performance metrics of the MFCCFusionNet-based
emotion recognition

Precision  Recall F1-score Support
Angry 0.89 0.86 0.87 36
Calm 0.88 0.86 0.87 44
Disgust 0.85 0.90 0.88 39
Fearful 0.83 0.74 0.78 34
Happy 0.88 0.73 0.80 41
Neutral 0.74 0.70 0.72 20
Sad 0.69 0.79 0.74 34
Surprised 0.81 0.95 0.87 40
Accuracy 0.83 288
Macro avg 0.82 0.82 0.82 288
Weighted avg 0.83 0.83 0.83 288

The confusion matrix presented in Figure 4 reflects in detail the class-
based discriminative capability of the MFCCFusionNet model. When
the matrix is examined, it is observed that the model predicted the angry
(31/36), calm (38/44), and disgust (35/39) emotions with high accuracy.
The presence of distinct acoustic patterns in these classes reduced the
risk of confusion with other emotions and made a positive contribution
to the overall performance of the model. By contrast, a certain degree
of confusion was observed in the fearful, happy, and neutral classes. For
example, the happy emotion was occasionally confused with the surprised
and neutral classes. This indicates that some emotions are more difficult
to distinguish because of their acoustic similarities. Overall, the enriched
representation structure generated through intra-dataset representation
transfer and feature fusion enabled the model to effectively distinguish
different emotional patterns. Thus, MFCCFusionNet provided a solution
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with high accuracy and generalisability in the speech-based emotion
recognition task.
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Figure 4. Confusion matrix of the MEFCCFusionNet model

Discussion

In this study, three different deep learning models were developed and
comparatively evaluated for the SER task using MFCC-based features
extracted from the RAVDESS dataset. The findings indicate that CNN,
DNN, and the proposed MFCCFusionNet model were all capable of
learning discriminative representations from MFCC features. However,
the hybrid feature-fusion strategy produced a more effective classification
structure by integrating the complementary learning capacities of the
CNN and DNN sub-models. The CNN architecture provided an effective
solution for processing MFCC representations because of its ability to
capture local acoustic patterns in the time—frequency domain. Since MFCC
features contain compact information about the spectral and prosodic
characteristics of speech, convolutional layers can identify emotion-
related local variations more effectively than models based only on fully
connected structures. This explains why the CNN model produced stable
classification performance, particularly for emotions with more distinctive
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acoustic patterns. Similar findings have also been reported in previous
studies showing that CNN-based architectures can successfully process
MFCC or spectrogram-based representations in SER tasks [18,19].

The confusion matrix results further suggest that emotions with clearer
acoustic boundaries were classified more successfully, whereas acoustically
overlapping categories were more difficult to distinguish. This is an
expected outcome in SER studies because emotions such as neutral, sad,
happy, and fearful may share similar prosodic cues depending on speaker
characteristics, intensity level, and the acted nature of the dataset. Therefore,
the classification errors observed between these categories should not be
interpreted only as a limitation of the model architecture, but also as an
indication of the intrinsic complexity of emotion recognition from speech.
This issue has also been emphasised in previous studies that reported
similar difficulties in distinguishing acoustically close emotion classes
[20]. The DNN model also demonstrated a meaningful capacity to process
MFCC-based input features. Its multilayered fully connected structure
enabled the extraction of abstract representations from the acoustic feature
vectors. However, unlike CNN architectures, DNNs do not explicitly
model local spatial relationships within the MFCC representation. This
may limit their ability to capture fine-grained time—frequency patterns that
are relevant for emotion classification. Nevertheless, the findings indicate
that a DNN architecture can still provide a useful baseline for SER when
compact and information-rich acoustic features such as MFCCs are used.
This supports previous studies showing that dense neural architectures
may produce competitive results in speech-related classification problems
when appropriate feature representations are provided [21,22]. The
comparative findings show that the individual CNN and DNN models
learned different types of information from the same MFCC input.
While the CNN architecture was more effective in extracting local and
structural patterns, the DNN architecture contributed to the formation of
more abstract feature-level representations. This difference provides the
main rationale for developing the proposed MFCCFusionNet model. By
combining the representations learned by both sub-models, the hybrid
architecture was able to construct a more comprehensive feature space for
the final classification stage. MFCCFusionNet differed from the individual
models by reusing the representations learned by the separately trained
CNN and DNN sub-models within a unified feature-fusion structure.
In this study, transfer learning was therefore applied in the sense of
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transferring task-specific representations learned from the same dataset,
rather than using an external pre-trained model. This point is important
because the proposed model should be understood as a lightweight intra-
dataset representation transfer and feature-fusion approach. Through
this structure, the model benefited from both the local pattern extraction
capacity of CNN and the abstract representation learning capability of
DNN. The performance of the proposed hybrid model is consistent with
the general direction of recent SER research, in which hybrid and feature-
fusion-based architectures have increasingly been preferred to overcome
the limitations of single-model approaches. Previous studies have shown
that combining different neural components, such as CNN, BiLSTM,
Transformer-based structures, ensemble learning, or transfer learning
mechanisms, can improve the ability of SER systems to represent complex
emotional patterns [23,24]. In this respect, the present study contributes to
the literature by demonstrating that a relatively simple CNN-DNN fusion
structure based only on MFCC features can produce a competitive and
computationally efficient model. Compared with more complex hybrid
or ensemble models, MFCCFusionNet has the advantage of relying on a
single acoustic feature set and a relatively straightforward model integration
strategy. Some previous approaches have used additional spectral images,
temporal-context layers, dimensionality reduction procedures, or external
pre-trained networks to improve classification performance [24,25].
Although such methods may achieve strong results, they may also increase
computational complexity and reduce practical applicability, particularly
in resource-constrained environments. By contrast, the proposed model
offers a simpler and more interpretable structure while still benefiting from
feature-level integration.

Another important implication of the findings is that MFCC features
remain useful for SER when they are combined with appropriate
deep learning architectures. Although recent studies have increasingly
used complex acoustic descriptors, spectrogram images, or learned
embeddings, MFCCs continue to provide a compact and computationally
efficient representation of speech signals. The results of this study
suggest that the effectiveness of MFCC features can be improved when
they are processed through complementary neural architectures and then
integrated at the representation level. Despite these contributions, several
limitations should be acknowledged. First, the study was conducted using
only the RAVDESS dataset, which consists of acted emotional speech.
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Therefore, the generalisability of the findings to spontaneous speech, real-
life conversations, multilingual contexts, or noisy environments remains
limited. Second, although MFCC features provide an efficient acoustic
representation, the exclusive use of a single feature type may restrict the
model’s ability to capture all emotional cues present in speech. Future
studies may therefore integrate MFCCs with prosodic, spectral, or learned
embedding-based features. Third, the proposed hybrid model was evaluated
under experimental conditions, and further testing is required to determine
its suitability for real-time or edge-device deployment. Overall, the findings
indicate that feature-level integration is a promising strategy for improving
speech emotion recognition performance. The proposed MFCCFusionNet
model demonstrates that the complementary strengths of CNN and DNN
architectures can be effectively combined within a unified classification
framework. This provides both a methodological contribution to SER
research and a practical direction for developing lightweight, efficient, and
interpretable emotion recognition systems.

Conclusions

In this study, three deep learning architectures were compared for speech-
based emotion recognition using MFCC features extracted from the
RAVDESS dataset. The CNN, DNN, and MFCCFusionNet models were
evaluated under the same experimental conditions. The results showed that
all three models achieved acceptable classification performance; however,
the hybrid MFCCFusionNet model achieved the highest accuracy
among the evaluated architectures. This finding suggests that combining
representations learned by CNN and DNN sub-models through feature-
level fusion may improve the discriminative capacity of speech emotion
recognition systems. The study indicates that MFCC features remain useful
for emotion classification when they are processed through appropriate
deep learning architectures. In particular, the proposed CNN-DNN
fusion structure offers a relatively simple and computationally efficient
approach compared with more complex hybrid models. Nevertheless,
the study has several limitations. The experiments were conducted using
only the RAVDESS dataset, which consists of acted emotional speech
in English. Therefore, further validation is required using spontaneous
speech data, multilingual datasets, different accents, and noisy real-world
environments. Future studies may improve the proposed approach by
incorporating additional acoustic features, applying data augmentation
techniques, and testing the model in real-time or edge-device environments.
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Such extensions may contribute to the development of more reliable and
practically applicable speech emotion recognition systems for healthcare,
education, customer service, and human—computer interaction.
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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: Ik 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).

Belli kosullar1 saglayan ve niifus yogunlugu fazla olan belediyelerde
hizmetin daha etkin ve verimli sekilde verilebilmesi amaciyla Yap1 Kontrol



Miidiirliikleri kurulmustur (Belediye Kanunu [BK], 2005:Madde 48).

- Kanun metinde ikinci defa gectiginde:

Belediyeler 5393 sayili yasanin kendilerine vermis olduklar yetki cergevesinde
yapacaklari islerle ilgili olarak yonetmelikler ¢ikarirlar ([BK], 2005:Madde
48).

Kaynak gosterimleri asagidaki 6rnekler gibi yapilmalidir.

Ulusal - Uluslararas1 Makaleler

» Ishidate, M., Sofuni, T., Yoshikawa, K., Hayashi, M., Nohmi, T., Sawada,
M., Matsuoka, A., (1984). Primary mutagenicity screening of food additives
currently used in Japan. Food and Chemical Toxicology, 22(8), 623-636.

» Pandey, A. K., Kumar, P., Singh, P., Tripathi, N. N., Bajpai, V. K.,
(2017). Essential oils: Sources of antimicrobials and food preservatives.
Microbiology, 7: 2161. doi: 10.3389/fmicbh.

» Gezgin, S., (2009). Medyanin sorumlulugu (Tiirk Alman iliskileri
Orneginde). Istanbul Aydin Universitesi Sosyal Bilimler Dergisi. 1: 44-54.

Ulusal - Uluslararasi Bildiriler

» Yilmaz, A., Brown, O. ve Nelson, H., (1998). Magnetic fields, Proceedings,
5tJ1 Conference, Electronics, 117-143, Sydney, A.

Ulusal - Uluslararasi Kitap

» Yilmaz, A., Brown, O. ve Nelson, H., (1998). Magnetic fields, 295,
Mc. Grayv Press, London.

Kitap I¢cinde Boliim

» Sensoy, T., (1998). Magnetic fields, in Reinhards, M, eds, Physics,
Mc. Graw HM Press, 2-5, Oxford, UK.

Ceviri Kitap

»  Ong, W.J (1995). Sozlii ve Yazili Kiiltiir. Sema Postacioglu (Cev.). 136,
Metis Yayinevi. Istanbul

Editorlii Kitap



»  Cebi, M.(Ed).(2003). Medya Etki Arastirmalar: 142, Alternatif Yayevi.
Ankara.

Editorlii Kitapta Boliim

» Keeplinger. HM(2003). Etki Kavraminin Sinirlari. Murat Cebi (Ed.),
Medya Etki Arastirmalar1 142, Alternatif Yayinevi. Ankara.

Dergiden Makale

» Gezgin, S. (2009). Medyanin Sorumlulugu (Tiirk Alman iliskileri
Orneginde). Istanbul Aydin Universitesi Sosyal Bilimler Dergisi, 1, 44-54

Basilmamis Tezler, Bildiriler

» Arvas, 1.S (2010). Cumhuriyet Déneminde Basinda Etik Baglamda
Ortaya Konulan Uygulamalar ve Bir Meslek Orgiitii: Basin Konseyi.
(Yayimnlanmamis doktora tezi.) Istanbul Universitesi / Sosyal Bilimler
Enstitiisii, Istanbul.

Kanun ve Yonetmelikler
»  Tiirkive Cumhuriyeti Anayasasi (1982), Kanun No:2709, Resmi Gazete:
09.11.1982/17863.

»  Yapi Denetimi Hakkinda Kanun (2001), Kanun No:4708, Resmi Gazete:
13.07.2001/24461.

»  Yapt Denetimi Uygulama Yonetmeligi (2008), Kanun No0:4708, Resmi
Gazete: 05.02.2008/26778.

Internette Makale

» Kologlu, O. (1999). Medya, Devlet ve Sermaye.
http://dorduncukuvvetmedya.com

Basilmis Bilimsel Rapor

» Yilmaz, A,, Brown, O. ve Nelson, H., eds. (1998). Magnetic fields, J.,
Technical Report, ICTP TRIL Programme, 12, Trieste.

Mesleki Teknik Rapor
» Yilmaz, A., Brown, O. ve Nelson, H., eds. (1998). Manyetik Alan Teorisi,



Teknik Rapor 5, CEV Vakfi, Istanbul.

Doktora, Y. Lisans Tezi

» Yilmaz, A., Brown, O. ve Nelson, H., (1998). Manyetik Alan Teorisi,
Doktora tezi, AU Fen Bilimleri Enstitiisii, Ankara.

Standartlar
» TS920, (1990). Binalarda riizgar yiikii kurallari, Tiirk Standartlari,
Ankara. ix) Giincel Yazi,

» Yilmaz, A., Brown, O. ve Nelson, H., (1998). Manyetik Alan Teorisi,
Bilim ve Teknik, 63, 7, 3-5

Web Adresleri

Kaynaklarin A’dan Z’ye siralanmasi bittikten sonra 1 punto kalinlikta
bir ¢izgi ¢ekilerek, ¢izginin altindan itibaren, internet kaynaklari, siteden
yararlanilan tarihle beraber yazilmalidir.

» Yilmaz, A., Brown, O. ve Nelson, H., (1998). Manyetik Alan Teorisi,
http://www.server.com/final/paperl .html, (21.12.2005)

Brosiir (Tarihsiz ve yazarsiz):

» Inside these doors: A guidebook of Elfreth’s Alley homes [Brochure].
(t.y.).Philadelphia: Elfreth’s Alley Association.

Film
» Yonetmenin Soyadi, Yonetmenin Adinin Bas Harfleri. (Yonetmen).
(Y1l). Filmin adu italik sekilde. Prodiiksiyon sehri: Prodiiksiyon sirketi ismi.

» Huston, J. (Yonetmen/Senaryo Yazari). (1941). Malta Sahini [Film].
U.S.: Warner.

» Metin i¢cindeyse: (Malta Sahini, 1941) .... seklinde gosterilir.

Fotograf

» Adams, Ansel. (1927). Monolith, the face of Half Dome, Yosemite
National Park [Fotograf]. Art Institute, Chicago.



Metin i¢indeyse: (Adams, 1927) .... seklinde gosterilir.

Goriisme

» Arroyo, Gloria Macapagal. (2003). A time for Prayer. Michael
Schuman ile soylesi. 7ime. 28 Temmuz 2003. Erisim Tarihi 13 Ocak
2004, http://www.times.com/time/nation/article/0,8599,471205,00.html

Rapor ve teknik makaleler

» Gencel Bek, M. (1998). Mediscape Turkey 2000 (Report No. 2). Ankara:
BAYAUM.

Televizyon programi

» Long, T. (Yazar), ve Moore, S. D. (Yonetmen). (2002). Bart vs. Lisa vs.
3. Simif [Televizyon Dizisi]. B. Oakley ve J. Weinstein (Yapimct), Simpsonlar
icinde. Bolim: 1403 F55079. Fox.

Metin i¢indeyse: (Simpsonlar, 2002) .... seklinde gosterilir.
Iletisim Bilgileri:
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Yayin Koordinatorligii
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other must be delivered via e-mail. Both of the delivered copies (digital
and hardcopy) must include a cover page which contains the names
and the surnames of the author(s), the full title of their articles, their
titles and the workplaces, work and mobile phones as well as e-mails.

The copyrights of the manuscripts which are accepted to be published
following the evaluation process, are considered as transferred to Istanbul
Aydin University.

Following the publication of the article, two copies of the related issue of



the journal is delivered to the author. No royalty is payed to the authors.

12. The manuscripts which pass Referee Board and to be published with
the purpose of sharing knowledge on a national and international basis,
may be published depending on the website of the university.

13. The manuscripts sent to the journal are not be returned even if not to
be published.

Editorial Principles
I. Types of Articles

The articles to be published in the journal are expected to be as follows;
»  Works related to original studies,
»  Works which explain application examples in a scientific way,

» Works of collection presenting the deficiencies and evaluating the
developments on a specific subject,

» Scientific articles that are prepared using the results obtained from a
thesis, where there is a scientific consistency partially or as a whole and
in which the doctorate student and the advisor have worked together as
collective authors.

II. Page Layout

A4 page size with 2 cm margins on left and right; 2.5 cm on up and 3 cm
on the bottom of the page. The text must be justified and written with 1,5
space whereas the Turkish and English abstracts must be written with single
space leaving an empty line between the paragraphs. The text, excluding
the title, name of the figure or table for which the format is specified, must
be written using Times New Roman font type in 12-point size in general.

I1I. Article Titles

The title of the article must reflect its content, must not exceed 70 characters.
Authors must avoid redundancy; the title must be typed using Times New
Roman font type in 20-point size with only the initial letter of the title



capitalized. The title must be 6 cm below the upper page limit.

» The English Title of the Article

12-point size, bold, Times New Roman font type with only the initial letter
of the first word capitalized.

IV. Author’s name(s) and Address(es)

10 cm below the upper page limit, only the initials of the name and surname
capitalized, Times New Roman in 12-point size, aligned to right and bold.
In case there are more than one author name to be mentioned, each author’s
institution must be indicated as a footnote. The author responsible for
correspondence must be indicated with an asterisk (*) and his/ her contact
information such as institution, phone number and e-mail address must be
given on the first page of the article as a footnote with 2 cm above the bottom
page limit using 10-point size Times New Roman font type.

V. Scientifically standardized abbreviations should be preferred and explained
where it is first mentioned.

VI. Abstract

The abstract must contain the purpose(s), methods, results and evaluations
regarding the subject of the work and consist between 200-250 words. In
this respect, the abstract must be able to give an idea about the work to the
reader. Starting from 13 cm below the upper page limit, the abstract must
be typed with single space using 12-point size Times New Roman font type
in italics. The title of the abstract (Abstract) must be typed in bold leaving
an empty line before the text.

VII. Keywords

Following the abstract part, at least 3 and at most 6 keywords must be
given in order for the article subject to be classified. The keywords must be
prioritized with 12-point size Times New Roman font type for Turkish and
11-point size and italics for English with only the “Keywords” typed in
bold. There must be a blank space between the abstract and the keywords.
Keywords must be typed in lower-case letters unless indicating a proper name.

VIII. Titles



»  English Title of the Article
Only the initial letter capitalized; Times New Roman, 16-point size, bold
and aligned to the left.

»  Main Title

The introduction section must be directly related to the text itself without
long background information. All main titles must be aligned to the left
using 14-point size, bold, Times New Roman font type with only the initial
letter of the title capitalized. Titles must not start with numbers or any kind
of signs. Main titles must not have space before or after them and the main
title must immediately be followed by the text (12-point size, Times New
Roman) without an empty line.

Section Titles

No empty space is required when main titles are to be followed by the section
titles without a text. The section titles must be aligned to the left and written
in 12-point size, Times New Roman font type in bold with only the initial
letter of the first word capitalized. Section titles must be followed by the
text without an empty line in between. However, any section title following
a text must have an empty line before.

»  Sub-titles

Sub-titles must be typed at the beginning of the text and separated from the
text using a hyphen (-) after which must follow the text without a space.
Sub-titles must be written in 12-point size italics using Times New Roman
font type with only the initial letter of the first word capitalized.

IX. Figures

The figures included in the text must be centered on the page aligned with
the text. The figures must be clear and understandable. The manuscripts will
be scaled down by 20 % while printing thus the sizes of the figures must
be arranged accordingly. The drawings must either be prepared in a digital
drawing software or if scanned the file must at least have 300dpi definition.
The texts found in graphics, images and text boxes must not be smaller
than a text written with 9-point size in Times New Roman font-type. The
numbers and the names of the figures must be centered on the page, typed
under the figure itself, following a single space with 12-point size italics



in Times New Roman font-type with only the initial letter of the first word
capitalized. There must be a single space before the figure, its title and after
its title. The figures must be referred to within the text prior to the figure.

X. Images and Photographs

The images, photographs or special drawings included within the text
must be scanned in 300 ppi (300 pixels per inch) with a 10 cm short edge
in JPEG format, cited within the text and numbered together with figures.

XI.Tables and Equations

The tables included in the text must be centered on the page aligned with the
text. The numbers and the names of the table must be typed above the table
leaving a single space before and after as well as below the table using italics,
12-point size, Times New Roman font type; the title and the number must
be centered with only the initial letter of the first word capitalized. Tables
must certainly be referred to within the text beforehand. The contents of the
tables lines and columns must be typed with Times New Roman font-type
and in 12-point size. In case necessary the font size can be decreased down
to 9-point size not exceeding text limits. The first line of the table, where
the parameters and the names are found, must be closed by a 1.5-point size
thick line from above and under. The table must be limited by adding an
additional line under the last line of the table without using horizontal or
vertical lines.

The equations to be written within the text must be typed using Microsoft
Word Equation Editor and aligned to left with equals numbered within
parentheses and aligned to the right.

XII. Symbols

In case the article contains a lot of symbols or they are required to be
explained, symbols should be written in 11-point size italics with Times New
Roman font type before the bibliography in accordance with international

standards. Decimal demonstrations must be done with full stop*.” with no
comma separating thousands. If required use space.



HIX. Bibliography

The reference system for the journal is American Psychologist Association
(APA) 6th Edition. A work prepared in APA system must have a references
section at the end. The page must begin with a title named “References”
written in 14-point size Times New Roman with only the initial letter
capitalized. Any work referred or quoted within the text must be cited in
the references section.

The references content must be placed at the end of the text, aligned in an
alphabetical order with Times New Roman, 11-point size with only the
names of journals, books or symposiums written in /talics as shown in the
following examples.

In case there is, the volume numbers must be typed in bold and issue
numbers in regular characters. The names of the journals where national or
international articles are taken must not be abbreviated and must be given
in full.

» Example: Name of the journal should be written as Water Resources,
not as Wat. Res.

Citation must be as follows within the text in a sentence...Smith (1980)...
or ...(Smith, 1980; Adams, 1981) as well as (Smith et al., 1980) at the end
of a sentence indicating the surname and publishing year of the work. For
citing the works with two authors, the surnames of both authors must be
mentioned as follows (Snell and Ettre, 1971). In case there are more than
two authors to be indicated in the citation then “et al.” abbreviation must be
used, in parentheses (Li et al. 1998) or within a sentence ... Li et al. (1998)...
- The names of books, magazines or journals, films or TV programs must
be written in italics.

- A new or technical term may be written in italics when it is mentioned for
the first time in the text and with regular characters later on.

- The common expressions and abbreviations in English must be written in
regular characters. Italics must not be used for emphasizing an expression
more.



-Organization abbreviations: the first reference must include the full name
clearly; the abbreviations can be used later on in case the reader is familiar
with the concept.

Example: First reference: National Institute of Mental Health (NIMH),
Later on: (NIMH, 2015)

Place direct quotations that are 40 words, or longer, in a free-standing
block of typewritten lines, and omit quotation marks. Use a smaller point
size than the text itself (10 or 11) and add page number in parenthesis at
the end of the quote.

Example:

According to Krishnamurti (1998),

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

Information based on personal conversations that are realized through e-mail,
telephone, face to face communication and in other ways are cited within
the text but not in references section.

Initial use of laws within a text:

For laws (statutes), the preferred form includes the name of the law
and the year — e.g. (Child Abuse Prevention and Treatment Act of
1974). APA style requires anything cited briefly in the text (e.g. in
parentheses) should also have a complete listing in the References list.
Belli kosullar1 saglayan ve niifus yogunlugu fazla olan belediyelerde
hizmetin daha etkin ve verimli sekilde verilebilmesi amaciyla Yap1 Kontrol
Miidiirliikleri kurulmustur (Belediye Kanunu [BK], 2005:Madde 48).



Repeated use of laws in a text:

Belediyeler 5393 sayili yasanin kendilerine vermis olduklar yetki cercevesinde
yapacaklari iglerle ilgili olarak yonetmelikler ¢ikarirlar ([BK], 2005:Madde
48).

Bibliography should be prepared as follows:

National — International Articles

» Ishidate, M., Sofuni, T., Yoshikawa, K., Hayashi, M., Nohmi, T., Sawada,
M., Matsuoka, A., (1984). Primary mutagenicity screening of food additives
currently used in Japan. Food and Chemical Toxicology, 22(8), 623-636.
» Pandey, A. K., Kumar, P., Singh, P., Tripathi, N. N., Bajpai, V. K.,
(2017). Essential oils: Sources of antimicrobials and food preservatives.
Microbiology, 7: 2161. doi: 10.3389/fmicb.

» Gezgin, S., (2009). Medyanin sorumlulugu (Tiirk Alman iliskileri
Orneginde). Istanbul Aydmn Universitesi Sosyal Bilimler Dergisi. 1: 44-54.

» National — International Papers

» Yilmaz, A., Brown, O. and Nelson, H., (1998). Magnetic fields, Proceedings,
5tJ1 Conference, Electronics, 117-143, Sydney, A.
National — International Books

» Yilmaz, A., Brown, O. and Nelson, H., (1998). Magnetic fields, 295,
Mc. Graw Press, London.

Sections from Books

» Sensoy, T., (1998). Magnetic fields, in Reinhards, M, eds, Physics, Mc.
Graw HM Press, 2-5, Oxford, UK.

Translated Books

»  Ong, W.J (1995). Sozlii ve Yazili Kiiltiir. Sema Postacioglu (Cev.). 136,
Metis Yayinevi. Istanbul



Edited Books

»  Cebi, M.(Ed).(2003). Medya Etki Arastirmalar: 142, Alternatif Yaynevi.
Ankara.

Sections from Edited Books

» Keeplinger. HM(2003). Etki Kavraminin Sinirlari. Murat Cebi (Ed.),
Medya Etki Arastirmalar1 142, Alternatif Yayinevi. Ankara.

Journal Articles

» Gezgin, S. (2009). Medyanin Sorumlulugu (Tiirk Alman iliskileri
Orneginde). Istanbul Aydin Universitesi / Sosyal Bilimler Dergisi, 1, 44-54

Unpublished Theses, Papers

Arvas, 1.S (2010). Cumhuriyet Déneminde Basinda Etik Baglamda Ortaya
Konulan Uygulamalar ve Bir Meslek Orgiitii: Basin Konseyi. (Unpublished
Doctorate thesis) Istanbul Universitesi / Sosyal Bilimler Enstitiisii, Istanbul.

Law and Regulations
»  Tiirkive Cumhuriyeti Anayasasi (1982), Kanun No:2709, Resmi Gazete:
09.11.1982/17863.

»  Yapi Denetimi Hakkinda Kanun (2001), Kanun No:4708, Resmi Gazete:
13.07.2001/24461.

»  Yapi Denetimi Uygulama Yonetmeligi (2008), Kanun No:4708, Resmi
Gazete: 05.02.2008/26778.

Online Articles

» Kologlu, O. (1999). Medya, Devlet ve Sermaye. http://
dorduncukuvvetmedya.com

Printed Scientific Reports

» Yilmaz, A,, Brown, O. and Nelson, H., eds. (1998). Magnetic fields, J.,
Technical Report, ICTP TRIL Programme, 12, Trieste.
Vocational, Technical Reports

» Yilmaz, A., Brown, O. and Nelson, H., eds. (1998). Manyetik Alan



Teorisi, Teknik Rapor 5, CEV Vakfi, Istanbul.

Theses
» Yilmaz, A., Brown, O. ve Nelson, H., (1998). Manyetik Alan Teorisi,
Doktora tezi, AU Fen Bilimleri Enstitiisii, Ankara.

Standards
» TS920, (1990). Binalarda riizgar yiikii kurallar:, Tirk Standartlar,
Ankara. ix) Giincel Yazi

» Yilmaz, A., Brown, O. and Nelson, H., (1998). Manyetik Alan Teorisi,
Bilim ve Teknik, 63, 7, 3-5

Online Sources
Following the alphabetical order of the sources, online sources must be
indicated below a 1-point size line together with the date the source was used.

» Yilmaz, A., Brown, O. and Nelson, H., (1998). Manyetik Alan Teorisi,
http://www.server.com/final/paperl .html, (21.12.2005)

Booklets (no date, no author):

» Inside these doors: A guidebook of Elfreth’s Alley homes [Brochure].
(t.y.). Philadelphia: Elfreth’s Alley Association.

Film
» Director’s Surname, Director’s Initials. (Director). (Year). Name of

the film in italics. Production city: Production company name.

» Huston, J. (Director/Scriptwriter). (1941). Malta Sahini [Film].
U.S.: Warner.

Within the text: ...(Malta Sahini, 1941)...

Photograph

» Adams, Ansel. (1927). Monolith, the face of Half Dome, Yosemite
National Park [Fotograf]. Art Institute, Chicago.

»  Within the text: ...(Adams, 1927)...



Dialogue

» Arroyo, Gloria Macapagal. (2003). A time for Prayer. Michael
Schuman ile soylesi. 7ime. 28 Temmuz 2003. Erisim Tarihi 13 Ocak
2004, http://www.times.com/time/nation/article/0,8599,471205,00.html

Report and technical articles

» Gencel Bek, M. (1998). Mediscape Turkey 2000 (Report No. 2). Ankara:
BAYAUM.

TV Show

» Long, T. (Author), and Moore, S. D. (Director). (2002). Bart vs. Lisa
vs. 3 Grade [TV Series]. B. Oakley and J. Weinstein (Producer), Simpsons.
Episode: 1403 F55079. Fox.

Within the text: ...(Simpsons, 2002)...
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