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Abstract: This study investigates the effects of irrigation frequency and soil hydrogel addition
on the drought response and survival of seedlings from three tree species-oak (Quercus robur L.),
hawthorn (Crataegus monogyna Jacq. and pine (Pinus sylvestris L.)-in a greenhouse experiment.
The objective is to assess these factors' implications for ecological restoration in arid and semi-
arid regions. A total of 240 seedlings (80 per species) were subjected to four experimental
treatments, varying in watering regimes and soil amendments. Experiments 1 and 3 featured daily
irrigation for the first 20 days, while Experiments 2 and 4 involved irrigation five times over the
same period, followed by 30 days of drought stress. Hydrogel was incorporated into the soil in
Experiments 3 and 4 at a rate of 8-10 grams per 8-10 litters of soil. Seedlings were tracked using
unique codes and monitored for wilting and survival. Results showed hawthorn seedlings

*UE7: https://orcid.org/0009-0008-3086-2863

*Corresponding author’s: exhibited the highest survival rates and lowest wilting scores, followed by oak and pine. Seedlings
Emre AKAYDIN ) grown in hydrogel-amended soil with daily watering demonstrated reduced wilting. The findings
g’fezarrtirgjﬂ;f: '-Aa:if:;aﬂenﬁ;e‘iz::"Ct;’l:‘:i(g““"y suggest that hydrogel addition and increased irrigation frequency enhance drought resilience,
B Smreakayang,@gmai,,Comy’ Y indicating potential benefits for using these methods in ecological restoration efforts in water-

limited environments.

Keywords: Drought stress, dryland, ecosystem restoration, hydrogel.

Restorasyon Stratejileri: Hidrojel ve Sulamanin Mese, Alic ve Cam Fidanlarinin
Sagkalimi Uzerindeki Etkileri

Oz: Bu calismada, sulama siklig1 ve toprak hidrojel ilavesinin, bir sera deneyinde ii¢ agac
tiiriinden- mege (Quercus robur L), ali¢ (Crataegus monogyna Jacg.) ve cam (Pinus sylvestris L.)
fidanlarinin kurakliga tepkisi ve hayatta kalmasi lizerindeki etkileri arastirilmaktadir. Amag,
kurak ve yart kurak bolgelerde ekolojik restorasyon ig¢in bu faktorlerin etkilerini
degerlendirmektir. Toplam 240 fide (tiir basina 80), sulama rejimleri ve toprak degisiklikleri
bakimindan farklilik gdsteren dort deneysel uygulamaya tabi tutulmustur. Deney 1 ve 3'te ilk 20
giin boyunca giinliik sulama yapilirken, Deney 2 ve 4'te ayni siire boyunca bes kez sulama
yapilmig ve ardindan 30 giinliik kuraklik stresi uygulanmustir. Hidrojel, Deney 3 ve 4'te 8-10 litre
toprak basina 8-10 gram oraninda topraga dahil edilmistir. Fidanlar benzersiz kodlar kullanilarak
izlenmigtir ve solma indekslerine bakilarak hayatta kalmalar takip edilmistir. Sonuglar, alic

fidanlarinin en yiiksek hayatta kalma oranlarimi ve en diisiik solma skorlarimi sergiledigini,
*Sorumlu yazar:

Emre AKAYDIN ardindan mese ve camin geldigini gostermistir. Giinliik sulama ile hidrojel katkili toprakta
Ankara Universitesi Ziraat Fakiiltesi Peyzaj yetistirilen fidanlar daha az solma gostermistir. Bulgular, hidrojel ilavesinin ve artan sulama
Mimarlig Bolimi, Tirkiye sikligmin kurakliga dayanikliligi artirdigini ve bu yontemlerin su kisith ortamlarda ekolojik

>0: emreakaydin25@gmail.com restorasyon ¢abalarinda kullanilmasinin potansiyel faydalarina igaret ettigini gostermektedir.

Anahtar kelimeler: Ekosistem restorasyonu, hidrojel, kurak alan, kuraklik stresi.
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INTRODUCTION

Drought and desertification have emerged as
pressing global challenges, driven by climate change, land
degradation, urbanization, and various human activities
(CEM, 2013). These processes are particularly concerning in
arid and semi-arid regions, where their environmental and
socio-economic impacts are profound. Dryland ecosystems
are especially vulnerable due to their fragile nutrient cycles
and limited resilience to fragmentation (Acosta et al., 2018).
Drought, a widespread issue, threatens ecosystems by
exacerbating desertification and soil erosion, particularly in
regions characterized by high temperatures and irregular
rainfall (Anderegg et al., 2016; CEM, 2013; Corbac1 &
Ekren, 2022). In Mediterranean climates, for instance,
summer droughts represent a critical period for plant
survival, significantly influencing vegetation dynamics
(Corbact & Ozyavuz, 2024; Sanchez et al., 2014). Given
these challenges, ecological restoration has become a pivotal
approach to mitigate the adverse effects of drought and land
degradation. Restoration efforts aim to rebuild ecosystems to
resemble their historical conditions, restoring biodiversity
and ecological functions (Oner & Sivacioglu, 2010).
Effective restoration requires the identification and
management of biological factors that limit recovery, along
with strategies that enhance natural ecological processes.
Approaches that focus on accelerating natural restoration
processes, rather than merely controlling degradation
factors, can lead to more successful and cost-effective
outcomes (Bongers & Tennigkeit, 2010; Corbaci &
Bayramoglu, 2021). The selection of appropriate plant
species is crucial in restoration efforts, particularly those
capable of improving soil moisture retention and reducing
salinity and pH levels (Thomas et al., 2014; Yiiksek et al.,
2018). Native and well-adapted species are often preferred
for their ability to thrive under local environmental
conditions. Pedunculate Oak (Quercus robur L), Hawthorn
(Crataegus monogyna Jacq.), and Scots Pine (Pinus
sylvestris L.) are widely used in restoration projects due to
their resilience and ecological contributions (Oner et al.,
2016). Scots Pine, a common conifer, is valued for its
adaptability to diverse environmental conditions, its role in
reducing soil erosion, and its economic importance for
timber production (Turna & Giiney, 2009). Pedunculate
Oak, a key broadleaved species in European forests, is
notable for its extensive range and ecological significance,
thriving in various soil conditions and contributing to
erosion control with its extensive root system (Bektas et al.,
2016). Hawthorn, a small, drought-resistant tree, is also
commonly used in restoration projects for its hardiness and
ability to grow in infertile soils (Balta et al., 2015). This
study focuses on assessing the effects of irrigation frequency
and soil hydrogel addition on the drought response and
survival of these three species. Conducted in a greenhouse

setting, the research aims to identify effective techniques for
enhancing plant survival and growth under drought
conditions. By monitoring growth rates, survival, and
wilting responses over a controlled experimental period, this
study seeks to provide insights into optimizing restoration
strategies for arid and semi-arid regions, contributing to the
broader goal of ecological resilience and sustainability.

MATERIAL AND METHOD

Materials

This desiccation experiment, conducted over 50
days (22 June to 10 August) in Greenhouse 1 at Bangor
University, involved 80 seedlings each of Pedunculate Oak
(Quercus robur), Hawthorn (Crataegus monogyna Jacqg.),
and Scots Pine (Pinus sylvestris L.). The study aimed to
compare plant responses to drought under two soil
conditions (with and without hydrogel) and varying
irrigation regimes. Scots Pine seedlings were planted in 4.5
X 4 x 19 cm plastic trays, while the others were bare-rooted.
Soil was sourced from the Henfaes Research Centre, and the
hydrogel used, STOCKOSORB, was incorporated into the
soil at a rate of 8-10 grams per 8-10 liters to create a
homogeneous mix (Arbona et. Al, 2005; Bowman et al.,
1990). Each seedling was planted in individual cells
containing 350 grams of soil, either with or without hydrogel
(Angelina, 2006). Experiments 1 and 3 included hydrogel,
while Experiments 2 and 4 did not. Watering was performed
using a graduated injector, with 100 ml of clean drinking
water per cell (Bayen et al., 2015; Chirino et al., 2011;).
During the initial 20 days, seedlings in Experiments 1 and 3
were watered daily, whereas those in Experiments 2 and 4
received water five times throughout the same period. This
setup allowed for the assessment of species' drought
resistance and water stress response under controlled
conditions.

Table 1: Experiment explanations.

Experiment Irrigation frequency Soil type Irrigation period
Experiment 1 Daily Hydrogel added 20 days
Experiment 2 5 times Normal 20 days
Experiment 3 Daily Hydrogel added 20 days
Experiment 4 5 times Normal 20 days
Methods
Study Area: This study was conducted in

Greenhouse 1, located on the roof of the Memorial Building
at Bangor University, adjacent to the Thoday Building and
opposite the Deniol Library.

Preparation of Soil: Soil for the experiment was
sourced from the Henfaes Research Centre in
Abergwyngregyn, North Wales, characterized by a
temperate climate with an average annual rainfall of 1060
mm and sandy clay soil (Sanchez-Rodriguez et al., 2018).
The soil was excavated, sieved to remove large stones, and
stored in buckets. After a day in cold storage to mitigate high
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temperature effects, 8-10 grams of hydrogel granules were
mixed with 8-10 liters of sieved soil for Experiments 1 and
3, while standard soil was used for Experiments 2 and 4.

Soil pH analysis was conducted on five samples,
revealing a slightly acidic nature with pH values around
5.90. The process involved crushing the soil, air-drying, and
mixing it with water in a 1:2.5 ratio. After shaking and
settling, pH readings were taken, confirming consistent
slightly acidic values across the samples (Ayan et al., 2007;
CEM, 2013).

Seedling Cell Preparation: Seedling cells were
arranged in book-like trays, each measuring 4.5 x 4 x 19 cm,
designed to open easily for root-safe seedling removal.
These plastic trays, with narrow holes at the bottom for root
aeration, were grouped into sets of 10 book-type cells
(Marshall, 2014).

Planting Seedlings: The study utilized 80 seedlings
each of oak (Quercus robur L), hawthorn (Crataegus
monogyna Jacq.), and pine (Pinus sylvestris L.), sourced
from Maelor Nursery in Whitchurch, Wales. The seedlings
were delivered bare-rooted and varied in height: Scots pine
(10-34 cm), oak (10.5-45.8 cm), and hawthorn (18.8-45 cm).
Each cell was filled with approximately 350 grams of soil,
and seedlings were randomly planted in the Thoday Building
laboratory to avoid interference (Angelina, 2006; Kozlowski
etal., 1997). Each seedling was assigned a unique three-digit
code to facilitate tracking across the four treatment groups
(Experiments 1, 2, 3, and 4). As seen in Table 2, the codes
used a combination of letters and numbers, with each digit
representing specific details of the treatment setup
(Rosenfield & Miiller, 2017). Each experimental group
contained 60 seedlings (20 of each species), and individuals
were numbered from 1 to 20.

Table 2: Unique codes and numbers to track and separate all experiments

and species.
Codes Meaning
A Daily watering for the first 20 days before dry-down
B 5 times watering in the first 20 days of the experiment
X Soil without hydrogel
Y Soil with hydrogel
1 Scots Pine (Pinus sylvestris) species
2 Pedunculate Oak (Quercus robur) species
3 Hawthorn (Crataegus monogyna) species
-1t0 20 The number of each individual in the experiments

The first two codes made it easy to understand the watering frequency and soil type according to the
experiments (AX: experiment 1; BX: experiment 2; AY: experiment 3; BY: experiment 4). For
example, AX1-13 means the 13™ individual of Scots pine in trial 1.

Control  of  Greenhouse and  Bangor
Temperatures: The study, conducted from June 22 to
August 10, monitored temperature differences between
Bangor and the greenhouse daily between 5-6 pm using a
thermometer. Water loss was measured by weighing a 10 kg
water-filled bucket. The highest greenhouse temperatures
(above 30°C) were recorded from June 24 to July 8,
promoting seedling growth and flowering during the initial

20-day irrigation period. Water loss increased with higher
temperatures.

Watering: Two watering schedules were employed
during the first 20 days. Experiments 1 and 3 (120 seedlings
total) were watered daily, while Experiments 2 and 4 were
watered on days 1, 5, 10, 15, and 20. Careful watering
ensured optimal growth without overwatering, which could
harm roots. Approximately 100 ml of water was used per
seedling, measured to account for soil water retention after
drainage. Watering was done at 5 pm to mimic natural
evaporation patterns (Marshall, 2014).

Drought Exposure: Irrigation ceased after the first
20 days to induce drought stress, with seedlings monitored
for wilting over 30 days (Huangh et al., 2015; Kalefetoglu &
Ekmekgi, 2005). Greenhouse temperatures remained above
27°C. Weeds were manually removed to prevent
interference with water uptake and soil quality.

Statistical Analyses: Flowering seedlings were
analysed in SPSS, as wilting index assessments relied on leaf
changes. Non-flowering oaks and hawthorns were excluded.
Variance in trial, soil type, wilting index, and watering
frequency was analysed using repeated measures ANOVA.
Temperature and water loss differences between Bangor and
the greenhouse were evaluated using T-tests. Wilting scores
ranged from 0 (normal) to 5 (dead), with statistical
significance assessed at p < 0.05. Wilting scores were
recorded on days 20, 40, and 50.

Wilting Index: The Engelbrecht and Kursar (2003)
wilting index was used for daily visual assessments, focusing
on changes in leaf angle and surface structure. The most
wilted leaves were evaluated to ensure accurate scoring,
allowing performance comparison across soil types and
watering schedules.

RESULTS

Some species showed no growth or leaf
development over the 50-day period, making it impossible
to assess wilting and drought resistance. As a result, 37
pedunculate oaks and 13 hawthorns were excluded from the
analysis. The specific seedlings excluded were AX2-4,
AX2-6, AX2-8, AX2-9, AX2-11, AX2-16, AX2-18, BX2-1,
BX2-2, BX2-4, BX2-5, BX2-6, BX2-8, BX2-9, BX2-10,
BX2-12, BX2-13, BX2-14, BX2-19, BX2-20, BX3-1, BX3-
12, BX3-20, AY2-2, AY2-3, AY2-11, AY2-13, AY2-14,
AY2-16, AY2-18, AY2-20, AY3-13, AY3-14, AY3-15,
AY3-16, AY3-19, AY3-20, BY2-1, BY2-6, BY2-8, BY2-
10, BY2-12, BY2-14, BY2-15, BY2-19, BY2-20, BY3-10,
BY3-12, BY3-15, and BY3-16. The mean temperature
during the study period was 21°C in Bangor and 27°C in the
greenhouse, with these values calculated using a T-test in
SPSS. Figure 1 shows that Experiment 2 (five times
waterings, no hydrogel) exhibited the highest wilting
severity, followed by Experiment 1 (daily watering,
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hydrogel), Experiment 4 (five times watering, no hydrogel),
and Experiment 3 (daily watering, hydrogel). Daily watering
and hydrogel use positively influenced wilting stages, while
limited watering and no hydrogel accelerated wilting and
seedling mortality. Figure 1 indicates that daily watering
consistently resulted in lower wilting scores compared to
five waterings, especially after day 40, where wilting scores
increased steadily in all experiments. Scots pines showed the
poorest growth and survival, with many nearing death. In
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contrast, hawthorns had the lowest wilting scores and highest
growth rates, with wilting patterns for oak and hawthorn
being similar. However, hawthorns experienced less wilting
and demonstrated superior growth. Figure 1 highlights that
hydrogel significantly improved seedling survival and
reduced wilting index values, with lower mean wilting
scores observed in hydrogel-treated soils. The wilting stages,
ranging from 0 (normal) to 2.5 (wilted), reflect the positive
impact of hydrogel on plant resilience.

Estimated Marginal Means of Wiltingindex

2001 Watering
- Every Day Watering
S Times Watering
150
1.004
50
o0
T L T
1 2 3
Time
Estimated Marginal Means of Wiltingindex
2504 Soil
‘Without Hycrogel
o ‘With Hydrogel
Jfl
2 00 ..-/
w /
& /
@
=
'\ 150
£ /
= /
2 /
k-] .-"'r
& 1004 /
4
E
7 /
w ) P
50 / yd
e / -
s
o= &
T T T
1 2 3
Time

Figure 1. Mean Wilting Index Values Over Time: Variations by Experiment, Species, Watering Frequency, and Soil Type.

Growth rates of seedling species: In this part,
mean growth rates were calculated in SPSS according to
seedling species. Hawthorn exhibited the highest growth
rate across all trials, while Scots Pine consistently showed
the lowest (Table 3). Significant differences were observed
between Scots Pine and Pedunculate Oak, as well as

between Hawthorn and Pedunculate Oak, but not between
Pedunculate Oak and Hawthorn (Table 4).

Mean seedling growth rates according to
hydrogel use in soil: These analyses examined the effects
of hydrogel use in soil on seedling growth. As indicated in
Table 5, 94 seedlings were planted in hydrogel-amended
soil and 96 in soil without hydrogel. By day 50, seedlings
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in hydrogel-amended soil exhibited a higher average
growth rate. Table 6 confirms a significant difference
between the two groups, indicating a positive impact of
hydrogel on seedling growth.

Table 3. Mean growth rates of species from the beginning to the end of
the study.

Species Mean Std. Deviation N

Scots Pine 238.850 644.354 80

o Pedunculate Oak 287.860 762.157 43
Beginning

Hawthorn 281.060 699.339 67

Total 264.826 723.460 190

Growth on Scots Pine 250.000 861.031 80

the 50" day Pedunculate Oak 304.605 773.419 43

Hawthorn 316.731 833.906 67

Total 285.889 884.230 190

N: The number of individuals used in analysis.

Table 4. Comparisons of species growth performance.
Mean Difference Std. Error sig.

(1) Species (J) Species

(1-J)
Scots Pine Pedunculate Oak -5.181 1.399 0.001
Hawthorn -5.447 1.225 0.000
Pedunculate Scots Pine 5.181 1.399 0.001
Oak Hawthorn -0.266 1.445 1.000
Hawthorn Scots Pine 5.447 1.225 0.000
Pedunculate Oak 0.266 1.445 1.000

Table 5. Mean growth rates of species from the beginning to the end of
the study according to the use of hydrogel in soil.

Soil Mean Std. Deviation N

Without Hydrogel ~ 251.552 783.357 96

Beginning With Hydrogel 278.383 632.505 94
Total 264.826 723.460 190

Without Hydrogel  274.271 1.011.977 96

Growth on the 50th day With Hydrogel 297.755 717.398 94
Total 285.889 884.230 190

N: The number of individuals used in analysis.

Table 6. Comparisons of soils with and without hydrogel in terms of their
effects on seedling growth.

(1) Soil (J) Soil Mean Difference (1-J)  Std. Error Sig.
Without Hydrogel = With Hydrogel -2.516 1123 0.026
With Hydrogel Without Hydrogel 2.516 1.123 0.026

Mean seedling growth rates as a function of
watering frequency: Watering frequency was another
factor affecting seedling growth and wilting during the first
20 days of the study. Tables 7 and 8 demonstrate that daily
watering was consistently more effective than watering
five times, with a significant difference observed
irrespective of soil type.

Table 7. Mean growth rates of species from the beginning to the end of
the study according to watering frequency.

Watering Mean Std. Deviation N
Daily Watering 276.000  718.528 100
Beginning 5 Times Watering 252.411 712.440 90
Total 264.826  723.460 190
Daily Watering 302.260  868.938 100
Growth on the 50" day 5 Times Watering  267.700 870.000 90
Total 285.889  884.230 190

N: The number of individuals used in analysis.
Table 8. Comparisons of soils with and without hydrogel.

(1) Watering (J) Watering Mean Difference (1-J) Std. Error  Sig.
Daily Watering 5 Times Watering 2.907 1.119 0.010
5 Times Watering  Daily Watering -2.907 1.119 0.010

Wilting index of species: Wilting was not
observed during the first 20 days. The analysis focused on
days 20, 40, and 50, as wilting changes were noted during
this period. Day 20 was selected for initial analysis due to

significant leafing and flowering. Table 9 shows Scots Pine
experienced the most wilting, followed by Pedunculate
Oak, while Hawthorn exhibited the least. Table 10
indicates significant differences in wilting for Scots Pine
compared to other species, but no significant difference
between Hawthorn and Pedunculate Oak.

Table 9. Wilting index of species according to 3 time points.

Species Mean Std. Deviation N
20th Day Scots Pine 0.0000 0.00000 80
Pedunculate Oak 0.0000 0.00000 43
Hawthorn 0.0000 0.00000 67
Total 0.0000 0.00000 190
40th Day Scots Pine 12.125 161.240 80
Pedunculate Oak 0.1395 0.77402 43
Hawthorn 0.0000 0.00000 67
Total 0.5421 124.544 190
50th Day Scots Pine 30.000 203.140 80
Pedunculate Oak 12.791 136.845 43
Hawthorn 10.597 117.912 67
Total 19.263 186.441 190

N: The number of individuals used in the analysis.

Table 10. Comparisons of wilting index of species.

(1) Species (J) Species Mean Difference (I-J) Std. Error Sig.
. Pedunculate Oak 0.9313 0.15395 0.000

Scots Pine

Hawthorn 10.509 0.13483 0.000

Scots Pine -0.9313 0.15395 0.000
Pedunculate Oak

Hawthorn 0.1196 0.15909 1.000

Scots Pine -10.509 0.13483 0.000
Hawthorn

Pedunculate Oak -0.1196 0.15909 1.000

Effect of watering frequency on wilting index:
Watering frequency also affected the wilting of seedling
species in all soil types. Table 11 shows that daily watering
resulted in lower wilting scores compared to watering five
times over 20 days, irrespective of soil type or hydrogel
use. Table 12 highlights a significant difference between
daily and five-time watering (p = 0.014), confirming the
effectiveness of daily watering.

Table 11. Species wilting index in accordance with watering frequencies.

Watering Mean Std. Deviation N

20th Day Daily Watering 0.0000 0.00000 100
5 Times Watering 0.0000 0.00000 90

Total 0.0000 0.00000 190

40th Day Daily Watering 0.3500 0.93609 100
5 Times Watering 0.7556 149.389 90

Total 0.5421 124.544 190

50th Day Daily Watering 16.400 171.458 100
5 Times Watering 22.444 197.917 90

Total 19.263 186.441 190

N: The number of individuals used in analysis.

Table 12. Comparisons of the effect of watering frequencies on wilting
index.

(1) Watering
Daily Watering

5 Times Watering

(J) Watering
5 Times Watering
Daily Watering

Mean Difference (1-J)
-0.337
0.337

Std. Error Sig.
0.136 0.014
0.136 0.014

Comparison of trials and wilting index: In order
to know the wilting scores of all the experimental groups
and how they related to each other, the experiments and
wilting situations were generally compared. Table 13
shows that from day 20 to day 50, Experiment 3 had the
lowest wilting value (1.08), indicating minimal wilting,
followed by Experiment 4 (1.72), Experiment 1 (2.13), and
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Experiment 2 (2.8), the highest. Table 14 reveals no
significant differences between Experiments 1 and 2, 1 and
4, 2 and 4, and 3 and 4, but significant differences were
observed between Experiments 1 and 3, and 2 and 3.

Table 13. Mean wilting index values of all trials according to 3 time
points.

Experiment Mean Std. Deviation N

20th Day Experiment 1 0.0000 0.00000 53
Experiment 2 0.0000 0.00000 43

Experiment 3 0.0000 0.00000 47

Experiment 4 0.0000 0.00000 47
Total 0.0000 0.00000 190

40th Day Experiment 1 0.5660 121.702 53
Experiment 2 0.9070 155.554 43

Experiment 3 0.1064 0.31166 47

Experiment 4 0.6170 143.789 47
Total 0.5421 124.544 190

50th Day Experiment 1 21.321 194.182 53
Experiment 2 28.140 205.004 43

Experiment 3 10.851 121.279 47

Experiment 4 17.234 177.791 47
Total 19.263 186.441 190

N: The number of individuals used in analysis.

Table 14. Comparisons of experiments mean wilting index.
(1) Experiment  (J) Experiment  Mean Difference (I-J) Std. Error Sig.

Experiment 2 -0.3409 0.18713 0.420
Experiment 1 Experiment 3 0.5022 0.18268  0.039
Experiment 4 0.1192 0.18268 1.000
Experiment 1 0.3409 0.18713 0.420
Experiment 2 Experiment 3 0.8431 0.19241  0.000
Experiment 4 0.4602 0.19241 0.107
Experiment 1 -0.5022 0.18268 0.039
Experiment 3 Experiment 2 -0.8431 0.19241  0.000
Experiment 4 -0.3830 0.18808 0.259
Experiment 1 -0.1192 0.18268 1.000
Experiment 4 Experiment 2 -0.4602 0.19241  0.107
Experiment 3 0.3830 0.18808  0.259

The Effects of Soil Types on the Wilting Index:
The soil impact on seedlings species was quite high since
the beginning of this study, so it was necessary to analyse
its effects on the wilting of seedling species. Table 15
shows that by day 50, the absence of hydrogel significantly
increased wilting, with an average wilting index of 2.44,
indicating moderate wilting. Table 16 confirms a
significant difference, with hydrogel-amended soil
exhibiting better performance than soil without hydrogel.

Table 15. Mean wilting index rates in accordance with soil types.

Soil Mean Std. Deviation N

20th Day Without Hydrogel 0.0000 0.00000 96
With Hydrogel 0.0000 0.00000 94

Total 0.0000 0.00000 190

40th Day Without Hydrogel 0.7188 138.186 96
With Hydrogel 0.3617 106.611 94

Total 0.5421 124.544 190

50th Day Without Hydrogel 24.375 200.952 96
With Hydrogel 14.043 154.724 94

Total 19.263 186.441 190

N: The number of individuals used in analysis.

Table 16. Comparisons of mean wilting index in accordance with soil

types.

(1) Soil (J) Soil Mean Difference (I-J) Std. Error Sig.

Without Hydrogel With Hydrogel 0.463 0.134 0.001

With Hydrogel Without Hydrogel -0.463 0.134 0.001
DISCUSSION

The ability of plants to resist drought is critical for
understanding species’ soil moisture association and
physiological and morphological adaptations (Engelbrecht

& Kursar, 2003). This study evaluated drought responses
of 43 pedunculate oaks (Quercus robur L.), 67 hawthorns
(Crataegus monogyna Jacg.), and 80 Scots pines (Pinus
sylvestris L.) under hydrogel supplementation and two
irrigation treatments, using repeated-measures ANOVA.
Fifty broadleaved species were excluded due to defoliation.
Contrary to expectations, Crataegus monogyna Jacg.
outperformed Pinus sylvestris L. in survival and growth
during 20-day irrigation and 30-day drought periods.
Survival was assessed using a six-level wilting index.
Experimental groups included variations in irrigation
density and hydrogel addition (STOCKOSORB). By day
20, seedlings-except for Pinus sylvestris L.-exhibited
significant flowering under watering conditions. Hydrogel
reduced wilting across all groups, with Pinus sylvestris L.
showing the highest mean wilting score (3, "wilted").
Quercus robur L. ranged between "slightly wilted" and
"wilted,"” while Crataegus monogyna Jacq. remained
"normal" to “slightly wilted." Experiment 3 (daily
watering, hydrogel) showed the lowest wilting rates.
Annual rainfall impacts biodiversity and species
distribution even in tropical forests, where dry seasons
lasting over 30 days can reduce survival and growth
(Engelbrecht & Kursar, 2003). Engelbrecht and Kursar
(2003) and Larcher (1980) define drought resistance as the
ability to survive dry periods. Tropical plants like
Beilschmiedia Meisn. and Calophyllum L. wilted early in
watering trials, whereas others (e.g., Tabebuia)
demonstrated high survival. In arid zones, hydrogel-based
soil amendments enhance seedling performance by
increasing water retention and reducing wilting (Arbona et
al., 2005; Chirino et al., 2010). This Bangor greenhouse
study confirmed hydrogel's positive impact on drought
resistance. Experiment 3 (daily watering, hydrogel)
achieved the highest survival. Similar results were noted
for Poncirus trifoliata (L.) Raf. and Citrus reshni (Engl.)
Yu. Tanaka in hydrogel-amended soils (Arbona et al.,
2005). Chirino et al. (2010) found Quercus suber L.
seedlings in hydrogel-enriched soils exhibited superior
water retention and growth. Conversely, lack of hydrogel
increased mortality, particularly for Pinus sylvestris L.
Further, superabsorbent polymers (SAPs) like hydrogel
reduce transpiration and increase water retention (Specht
& Harvey, 2000), aiding dryland restoration. However,
root collar diameter effects remain underexplored (Chirino
et al., 2011). Local species with bare roots, mulching, and
hydrogel significantly reduce water stress in arid regions
(Ayan et al., 2007; Taeger et al., 2015). Native UK species
like Pinus sylvestris L. adapted well to greenhouse
conditions, although high temperatures during transport
may have stressed roots. Despite time constraints (30-day
desiccation), findings highlight hydrogel's potential for
improving survival in restoration studies. Tested species




Akaydin, (2025)

J. Anatol. Env. Anim. Sci., Year: 10, No: 2, (87-94)

(Pinus sylvestris L., Quercus robur L., Crataegus
monogyna Jacq.) are viable for arid restoration. Future
studies should explore hawthorn's performance under
diverse environmental conditions and drought intensities.

CONCLUSIONS

All expectations were met except for the
performance of Scots pine (Pinus sylvestris L.) in this
greenhouse experiment. Surprisingly, Pinus sylvestris L.
showed the poorest growth and highest wilting rates over
50 days, while hawthorn (Crataegus monogyna Jacqg.)
performed best in survival and growth, followed by
pedunculate oak (Quercus robur L.). Significant
differences in wilting rates were observed between P.
sylvestris and C. monogyna. Out of 240 seedlings, 190
were analyzed, with 37 Quercus robur L. and Crataegus
monogyna Jacq. excluded due to defoliation. Experiment 3
(daily watering with hydrogel) yielded the best results,
followed by Experiment 4 (five waterings with hydrogel).
Hydrogel improved survival and reduced wilting across all
conditions, highlighting its effectiveness. Future studies
could test alkaline soils, potted seedlings, and extended
durations to explore soil traits (e.g., organic matter, root
growth). Additional amendments like perlite and peat, and
different plant species may enhance restoration success.
(De Groot et al., 2013; Escolar et al., 2012). Field
experiments in arid areas with sheltered plots would
provide more realistic data. Ultimately, selecting drought-
adapted species and understanding ecosystems are key to
combating drought (Berrahmoni et al., 2015).
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Oz: Bu calisma, antik bahge tasarimlarindan modern doga tabanli ¢oziimlere uzanan siirdiiriilebilirlik
*U5 https://orcid.org/0000-0002-8113-9674 derslerini inceleyerek, Yeni Avrupa Bauhaus girigimi ¢ercevesinde nasil uygulanabilecegini ele almaktadir.
Amag, geleneksel tasarim ilkelerinin yesil altyap1 ve doga tabanli ¢dziimlerle birlestirilerek modern kentlesme
stireglerine katki saglamasini degerlendirmektir. Aragtirma, Web of Science veri tabaninda gergeklestirilen
bibliyometrik analizle literatiirdeki egilimleri ve aragtirma bosluklarini ortaya koymaktadir. Bulgular, antik
bahgelerin su yonetimi, biyolojik ¢esitlilik ve estetik tasarim gibi ilkelerinin, Yeni Avrupa Bauhaus’un
stirdiiriilebilirlik vizyonuna katk1 saglayabilecegini gdstermektedir. incelenen literatiir, gevre bilimleri ve
*Sorumlu yazar: stirdiiriilebilirlik ¢aliymalarinda disiplinler arasi bir yaklasimin hakim oldugunu, Yeni Avrupa Bauhaus’un
Halil DUYles . L o kapsayicilik ve estetik ilkeleriyle bu ¢erceveye yeni bir boyut kattigin1 ortaya koymustur. Bu baglamda, Yeni
bl Il IReyy Mlma__rhg.l ettt Avrupa Bauhaus’un doga tabanli ¢oziimlerle modern sehirlerin gevresel ve sosyal zorluklarini agmada bir
Cukurova Universitesi, Adana, Tiirkiye i g g e . NPT . L. .
52 hduymus@cu.edu tr katalizor oldugu' d.e'gerler.u.ilr.llr?mtlr. _ E_lde ed11§n bulgular, siirdiriilebilirlik hedeflerine yonelik yeni
yaklagimlarin gelistirilmesi i¢in 6nemli bir yol haritas1 sunmaktadir.

Anahtar kelimeler: Yeni avrupa bauhaus, doga tabanli ¢6ziimler, siirdiiriilebilir peyzaj tasarimi, antik bahce
tasarimlari, yesil altyapi.

Sustainability Lessons from the Traditional Complementing the New European
Bauhaus Approach: A Bibliometric Analysis Approach

Abstract: This paper examines the principles of sustainability as exemplified by ancient garden
designs and modern nature-based solutions, and considers their applicability within the context
of the New European Bauhaus initiative. The objective is to assess the potential of integrating
traditional design principles with green infrastructure and nature-based solutions to inform
contemporary urbanisation processes. The research identifies trends and research gaps in the
literature through a bibliometric analysis of the Web of Science database. The findings
demonstrate that the principles of ancient gardens, including water management, biodiversity and
aesthetic design, can contribute to the sustainability vision of the New European Bauhaus. The

,, . , reviewed literature demonstrates that an interdisciplinary approach is a dominant feature of
Corresponding author’s:

Halil DUYMUS environmental sciences and sustainability studies. The New European Bauhaus adds a new
Faculty of Architecture, Department of dimension to this framework with its principles of inclusiveness and aesthetics. In this context,
Landscape Architecture, Cukurova University, the New European Bauhaus has been evaluated as a catalyst to overcome the environmental and

Adana, Tiirkiye

=T s social challenges of modern cities with nature-based solutions. The findings provide an important

roadmap for the development of new approaches towards sustainability goals.

Keywords: New european bauhaus, nature-based solutions, sustainable landscape design, ancient
garden designs, green infrastructure.

GIRiS Komisyonu tarafindan duyurulan bu girisim, sanat, tasarim,
mimarlik ve ¢evre dostu teknolojilerin kesisim noktasinda
yer alarak, estetik ve islevselligi bir araya getiren
siirdiiriilebilir mekanlar yaratmayi amaglamaktadir (Rosado-
Garcia et al., 2021). YAB, yalnizca yenilik¢i teknolojilere ve

Yeni Avrupa Bauhaus (YAB) girisimi, Avrupa
Birligi tarafindan ¢evresel, sosyal ve ekonomik agidan
siirdiiriilebilir kalkinmay1 tesvik eden bir tasarim hareketi
olarak baslatilmistir. Ik kez 2020 yilinda Avrupa
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modern mimari yaklagimlara dayanmaz; ayni zamanda
tarihten alinacak dersler ve gecmisin estetik anlayislar: ile
stirdiiriilebilir ¢6ziimler sunar (Nowakowski, 2024). Bu
baglamda, antik donemde insa edilen bahgeler ve geleneksel
peyzaj tasarimlari, doga temelli ¢oziimler ve modern
stirdiiriilebilir altyapilar tizerinde 6nemli bir etkiye sahiptir
(Cankaya et al., 2016).

Antik donem bahgeleri, sadece estetik anlamda
degil, ayn1 zamanda doganin isleyisine saygi gdsteren ve
ekosistem  hizmetlerinden faydalanan siirdiiriilebilir
mekanlar olarak dikkat ¢cekmektedir (Sowinska-Swierkosz
et al., 2021). Roma, Pers, Cin ve Islam diinyasindaki
bahgeler, donemin su yoOnetimi, bitkisel ve ¢evre tasarim
ilkelerini igermektedir (Lafortezza et al., 2018). Bu bahgeler,
modern zamanlarda popiiler hale gelen “doga temelli
¢ozlimler” anlayisinin tarihsel Onciileridir (Krauze &
Wagner, 2019). Oregin, su kaynaklarin1 en etkin sekilde
kullanma, biyolojik ¢esitliligi koruma ve estetik ile ekolojik
stirdiiriilebilirligi birlestirme gibi uygulamalar, giiniimiiz
peyzaj mimarisinin temel taslarini olusturmaktadir (Keesstra
et al., 2018). Bu baglamda, gecmisin bahgecilik ve peyzaj
uygulamalarinin, modern yesil altyap: tasarimlarina nasil
rehberlik edebilecegi 6nemli bir arastirma alanidir.

Bu c¢alismanin temel amaci, antik bahgelerden
alinabilecek siirdiiriilebilirlik derslerinin YAB yaklagimi
cergevesinde nasil uygulanabilecegini ele almaktir. Bu
baglamda, antik dénem bahge tasarimlarinin doga temelli
¢ozliimler ve modern siirdiiriilebilir altyapilar {izerindeki
etkisini arastirmak, c¢alismanin odak noktalarindan biridir.
Geleneksel bahge ve peyzaj tasarimlari, ekolojik prensiplerle
uyumlu altyapilar inga etmek acisindan giiniimiiz mimari ve
peyzaj tasarimecilari i¢in dnemli bir ilham kaynag: olabilir.
Ozellikle, ekosistem hizmetlerinden yararlanma, biyolojik
cesitliligi artirma ve gevresel siirdiiriilebilirligi saglama gibi
prensipler hem antik bahgelerde hem de modern doga temelli
¢oziimlerde ortak bir paydada bulusmaktadir (Krauze &
Wagner, 2019).

YAB’mm sundugu bu genis vizyon,
stirdiiriilebilir kalkinma hedeflerine ulagmay1 degil, ayni
zamanda kiiltiirel mirasin korunmasini ve bu mirasin modern
tasarim siireglerine entegre edilmesini de amaglamaktadir
(Rosado-Garcia et al., 2021). Bu baglamda hem gegmisten
alinan dersler hem de ileriye doniik siirdiiriilebilirlik
hedefleri, YAB girisiminin merkezinde yer almaktadir
(Sadowski, 2021). Caligmada ele alinacak ana sorulardan
bazilart sunlardir:

yalnizca

o Antik bahgeler ve peyzaj uygulamalari, modern
stirdiirtilebilir altyapilar {izerinde nasil bir etkiye
sahiptir?

o Geleneksel bahge tasarimlarindan ¢ikarim yapilan
stirdiiriilebilirlik dersleri, YAB girisiminde nasil
uygulanabilir?
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e Gecmiste ortaya konan doga temelli ¢oziimler,
modern siirdiiriilebilir peyzaj tasarimlariyla nasil
entegre edilebilir?

Bu sorular1 ele alirken, bibliyometrik analiz
yontemi biiylik bir 6nem tasimaktadir. Bibliyometrik analiz,
belirli bir arastirma alanindaki ¢aligmalarin sayisal verilerini
inceleyerek, bu alanin genel yapisim1 ve egilimlerini
anlamamiza olanak tamimaktadir (Aydin, 2023; Donthu et
al., 2021; Duymus, 2024). Bu analiz, literatiirdeki
calismalarin  hangi  konulara odaklandigimi, hangi
arastirmalarin daha fazla etki yarattigin1 ve hangi aragtirma
bosluklarmin mevcut oldugunu belirlemede etkili bir
yontemdir (Zupic & Cater, 2015). Bu cahismada, antik
donem bahge tasarimlar (saray, sato, villa bahgeleri vb.),
doga temelli ¢dziimler ve siirdiiriilebilir altyapilar iizerine
yapilmis akademik ¢alismalar bibliyometrik analiz ile
incelenmistir. Bu analiz, ¢alismanin sadece teorik bir
altyapisini olusturmakla kalmamis, ayn1 zamanda gelecekte
bu alanda yapilacak arastirmalar igin bir yol haritasi
sunacaktir.

Geleneksel bahgelerin  modern siirdiiriilebilirlik
anlayisma etkisini anlamak i¢in, oncelikle bu bahgelerin
temel 6zelliklerine bakmak gereklidir (Rostami et al., 2015).
Antik Roma bahgeleri, su kaynaklarinin etkin kullanimi,
golgeli alanlar olusturma, tibbi aromatik &6zellikleri ile 6n
plana ¢ikan dogal bitki taksonlarini kullanma ve biyolojik
cesitliligi artirma gibi prensipler {izerine kurulmustur
(Goddard et al., 2010). Aym sekilde, Pers bahgeleri de
doganin kendisiyle uyum iginde olmay1 hedeflemis ve su
kaynaklarinin ~ dikkatli bir sekilde yonetilmesi ile
bilinmektedir (Holland, 2004). Cin ve Japon bahgelerinde
ise doganin bir yansimasi olarak diizenlenen peyzajlar, insan
ve doga arasindaki uyumu simgelemektedir (Shi et al.,
2024). Bu bahgeler, ckolojik siirdiiriilebilirlik agisindan
modern peyzaj tasarimlarmma onemli dersler sunmaktadir.
Omnegin, biyolojik cesitliligi koruma, su kaynaklarm etkin
kullanma ve dogal bitki Ortiisii ile entegre olma gibi
prensipler, modern doga tabanli ¢dziimlerin de temel
taglarimi olusturur (Cannon & Kua, 2017).

Doga temelli c¢oziimler, gilinlimiizde sehirlerin
ekolojik dengesini korumak ve c¢evresel sorunlarla basa
¢ikmak icin kullanilan en 6nemli stratejilerdendir (Liu et al.,
2021). iklim degisikligi, su kithgn ve biyolojik gesitliligin
azalmasi gibi sorunlar, modern sehirler iizerinde biiyiik bir
baski olusturmaktadir (Gémez Martin et al., 2020). Bu
sorunlarla basa ¢ikmak igin gelistirilen doga temelli
¢oziimler, dogal ekosistemlerin isleyis mekanizmalarindan
ilham alarak, sehirlerin daha siirdiiriilebilir hale gelmesini
saglar. Ornegin, yesil cati ve duvarlar, su ydnetiminde
kullanilan dogal filtreleme sistemleri ve biyolojik ¢esitliligi
artiran peyzaj tasarimlari, doga temelli ¢oziimler arasinda
yer almaktadir (Engstrom et al., 2018). Bu ¢oziimler, antik
bahgelerin su yonetimi ve ekolojik siirdiiriilebilirlik
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prensipleriyle biiylik benzerlikler tagimaktadir (Krauze &
Wagner, 2019).

Y AB girisimi, estetik ve siirdiiriilebilirligi bir araya
getiren bu doga temelli ¢éziimlere biiyiik 6nem vermektedir
(Sadowski, 2021; Rosado-Garcia et al., 2021; Torchia et al.,
2023). Bu baglamda, modern gehirlerin ekolojik sorunlartyla
basa ¢ikabilmesi i¢in hem ge¢misin bahge ve peyzaj
uygulamalarindan ilham almasi hem de ¢agdas doga temelli
¢oziimler gelistirmesi gerekmektedir. Bu c¢alismanin en
onemli hedeflerinden biri, bu iki yaklasimi bir araya
getirerek, gelecegin siirdiiriilebilir sehirlerinin nasil insa
edilebilecegine dair bir vizyon sunmaktir.

Bu ¢aligma, antik bah¢elerden modern doga temelli
¢Oziimlere uzanan sirdiiriilebilirlik derslerini ele alarak,
YAB girisimi ¢ercevesinde nasil uygulanabilecegini
incelemektedir. Bibliyometrik analiz yontemiyle yapilmig
literatiir ~ taramasi1  (Donmez, 2024; Oguztirk &
Pulatkan,2022; Torchia et al., 2023; Ogutu et al., 2023;
Oguztiirk & Acar, 2024), bu alandaki aragtirma egilimlerini
ve bosluklari ortaya koymus, boylece gelecekteki caligmalar
icin 6nemli bir rehber sunmasi hedeflenmistir. Geleneksel
bahge tasarimlarindan ve doga temelli ¢oziimlerden alinacak
dersler, sadece ge¢misin estetik ve ekolojik bilgilerini
giiniimiize tasimakla kalmayacak, ayni zamanda modern
peyzaj tasarimi ve siirdiiriilebilir altyapilar igin giiglii bir
temel olusturacaktir.

Antik bahgeler, Doga tabanh ¢oziimler ve YAB
yaklasimlari

Antik  bahceler ve siirdiiriilebilirlik: ~ Antik
bahgeler, tarihin erken donemlerinden itibaren insanligin
doga ile olan iligkisini yansitan énemli mekanlar olmustur

Tablo 1. Antik bahgelerin temel tasarim ilkeleri.
Table 1. Basic design principles of ancient gardens.

(Barnett, 1983). Bu bahgelerin tasarim ilkeleri, dogal
kaynaklarin verimli kullanimina ve ekolojik dengelerin
korunmasina odaklanmistir (Rost, 2017). Ornegin, Babil’in
Asma Bahgeleri, su yonetimi agisindan dikkat ¢ekici bir
ornek olarak gosterilebilir. Bu bahgelerde kullanilan sulama
teknikleri, yer alti su kaynaklarindan faydalanarak bitki
Ortistinii  canli  tutarken suyun israfii  Onlemeyi
hedeflemistir (Simms & Dalley, 2009). Su ydnetimi,
ozellikle antik Akdeniz bahgelerinde, kurak iklim
kosullarina uyum saglayabilmek adina biiyliik bir 6nem
tasimistir (Angelakis et al., 2020). Su kanallari, gegmeler ve
yer alt1 rezervuarlar1 bu bahgelerin temel su yonetimi araglari
olarak kargimiza ¢ikmaktadir (Garcia et al., 2015).

Antik bahgeler ayn1 zamanda biyolojik ¢esitliligin
korunmasi ve gelistirilmesi konusunda da ornek tegkil
ederler (Mounce et al., 2017). Yunan ve Roma bahgeleri,
sadece estetik amaglar igin degil, aym1 zamanda tarimsal
tiretimi artirmak ve gesitli bitkilerin korunmasini saglamak
amaciyla planlanmiglardir (Galluzzi et al., 2010). Bu
bahgeler, yerel flora ve faunanin korunmasina yonelik bir
biyolojik ¢esitlilik stratejisi olarak kabul edilebilir (Potts et
al., 2006). Bunun yan1 sira, ekosistem hizmetlerinin bilingli
bir sekilde kullanimi da bu bahgelerin siirdiiriilebilirlik
acisindan 6nemli bir boyutunu olusturur (Goddard et al.,
2010). Ornegin, toprak erozyonunu 6nlemek ve su tutma
kapasitesini artirmak amaciyla gesitli bitki tiirleri tercih
edilmistir (Dunn, 2017).

Antik bahgelerin Tablo 1°de verilen tasarim ilkeleri
hem estetik hem de islevsel amaclarla dogayla uyumlu,
stirdiiriilebilir ve ekolojik dengeyi gdzeten yontemler igerir.

Tasarim ilkesi Amag ve hedef

Aciklama Ornekler

Doga ile Uyumluluk (Beck, 2014)

Su Yénetimi (Whalley, 1988) Eu kaynaklarmin verimli kullanimi ve
orunmasi.

Estetik ve Sembolik Tasarim Estetik degerleri yansitma ve sembolik

(Kandeler & Ullrich, 2009). anlamlar tagima.

Biyolojik Cesitlilik (Goddard et

al., 2010) Biyolojik gesitliligi koruma ve artirma.

Mikroklima Yaratma (Tian, Mikroklimay1kontrol etme ve daha saglikli
2022) yasam alan1 yaratma.

Mekéinsal Diizenleme ve Simetri Diizenli ve simetrik bir yapiyla islevsellik
(Ivashko et al., 2021) saglama.

Dogal g¢evreyle uyum iginde olma, yerel Bahgeler, yerel iklim ve cografi kosullara uygun
ekosistemle biitiinlesme. bitkilerle planlanarak ekosistemle biitiinlesmistir.

Yerel ve farkli cografyalardan getirilen bitkilerle
estetik ve ekosistem c¢esitliligi saglanmgtir.

Akdeniz bahgelerinde suyu iyi tutan
bitkiler, nemli bolgelerde farkli bitki
tiirleri kullanilmigtir.

Su, estetik ve bitkilerin sulanmasinda kullanilmakla ~ Babil’in Asma Bahgeleri, Roma’nin su
birlikte, su kitlig1 olan bolgelerde suyun korunmast  kemerleri gibi su kaynaklarini verimli
icin gesitli teknikler kullanilmistir. kullanmaya y6nelik ornekler.
Bahgeler, diizenli geometrik sekillerle veya organik ~ Mitolojik anlamlar tasiyan bitkiler ve
formlarla tasarlanmus, kutsal bitkiler ve mitolojik  estetik simgeler igeren geometrik
anlamlarla zenginlestirilmistir. diizenlemeler.

Roma bahgelerinde siisleme ve
tarimsal amaglarla kullanilan gesitli
bitki tiirleri.

Bitkiler, giines 151811 kontrol etmek, golge saglamak Golgeli alanlar Ve suyun
. buharlagmasini minimize eden
ve su buharlagmasini  Onlemek  amaciyla « .
tasarimlar  sicak bolgelerde tercih
kullanilmgtir. o
edilmistir.

Bahgelerde yollar, su unsurlart ve heykeller simetrik ~ Yunan ve Roma bahgelerinde yollar ve
bir diizen iginde yerlestirilerek gorsel ve islevsel  bitkiler ~ simetrik  bir  diizenle
diizen saglanmustir. yerlestirilmistir.

Sosyal ve Kiiltiirel islevler (Boffi Sosyal ve kiiltiirel bulusma alanlari Bahgeler,

toplumsal bulugmalar ve torenler igin  Bahgeler, dinlenme ve térenler igin

etal., 2021) olusturma. sosyal alanlar olarak tasarlanmistir. toplumsal alanlar olarak kullanilmigtir.

Antik bahgeler, tasarim ilkeleri agisindan doga ile
uyumlu yasamin miimkiin oldugunu goéstermektedir. Su
yonetimi, biyolojik ¢esitlilik ve estetik tasarim unsurlari,
modern peyzaj tasariminda da siirdiiriilebilirlik agisindan
6nemli birer rehber olmustur.
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Bu tasarim ilkeleri, giinlimiiz siirdiiriilebilirlik
yaklagimlartyla paralellik gosteren bir ekolojik bilincin
antik ¢aglarda da mevcut oldugunu ortaya koymaktadir.
Bireysel ve toplumsal yasamin doga ile olan entegrasyonu,
antik bahgelerdeki siirdiiriilebilir yasam pratiklerinin
temelini  olusturmaktadir. Antik bahgeler, modern
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stirdiiriilebilirlik uygulamalarma 151k tutan bir model
olarak degerlendirilebilir; o6zellikle su kaynaklarinin
yonetimi, biyolojik c¢esitliligin korunmasi ve doga ile
uyumlu yasam alanlar1 olusturma konularinda énemli bir

bilgi kaynagidir.

Doga tabanh ¢éziimler (DTC): DTC, ekosistem
hizmetlerini  ve  biyolojik  ¢esitliligi  koruyarak
stirdiiriilebilir ~ sehircilik ve cevresel planlamay1

destekleyen yaklasimlar olarak 6n plana g¢ikmaktadir
(Krauze & Wagner, 2019). Yesil altyapr ve ekosistem
hizmetleri, bu ¢ézlimlerin temel bilesenleri olarak énem
arz etmektedir (Castellar et al., 2021). DTC, dogal siirecleri
kullanarak insan yapimi ¢evrenin yani kiiltiirel peyzajin
stirdiiriilebilirligini artirmayr amaglar (Sebastiani et al.,
2021) ve bu baglamda su yonetimi, hava kalitesinin
iyilestirilmesi, iklim degisikligine uyum saglama gibi
kritik iglevler iistlenmektedir (Frantzeskaki, 2019).

Yesil altyapi, kentlerde ekolojik dengeyi
saglamak icin gelistirilen en yaygin doga tabanh
coztimlerden biridir (Engstrom et al.,, 2018). Kentsel
planlama ve tasarim calismalarinda parklar, yesil catilar,
kent vb. yesil alanlar, su dongisiini
desteklemek, 1s1 adasi etkisini azaltmak ve biyolojik
cesitliligi artirmak amaciyla kullanilmaktadir (Dorst et al.,
2019). Ozellikle son yillarda kentlerde artan niifus
yogunlugu ve iklim degisikligi ile basa ¢ikmak i¢in doga
tabanli ¢ozliimler giderek daha fazla tercih edilmektedir
(Frantzeskaki, 2019). Ornegin, Londra’daki Thames
Gateway projesi, doga tabanli ¢6ziimler ile sehirdeki tagskin
riskini azaltmay1 ve su kalitesini artirmay1 hedefleyen
ornek bir projedir (Brownill & Carpenter, 2009).

Ekosistem hizmetleri, DTC’ nin siirdiiriilebilirlik
potansiyelini artiran bir diger dnemli bilesendir (Mexia et
al., 2018). Ekosistem hizmetleri, dogal ekosistemlerin
sundugu su aritimi, karbon sekestrasyonu, polinasyon gibi
hizmetleri ifade etmektedir (Rafferty & Cosma, 2024). Bu
hizmetler, kentsel alanlarin doga ile daha uyumlu bir
sekilde yonetilmesine ve ekolojik ayak izinin azaltilmasina
katkida bulunmaktadir (Chen et al., 2021). Ayrica,
ekosistem hizmetleri, kent sakinlerinin yasam kalitesini
artirarak sosyal ve ekonomik siirdiiriilebilirligi de destekler
(Krauze & Wagner, 2019).

DTC, sadece c¢evresel faydalar1 degil, aym
zamanda sosyal ve ekonomik siirdiiriilebilirligi de goz
onlinde bulunduran biitiinclil bir yaklagimi temsil
etmektedir (Davies et al., 2021). Avrupa Birligi’nin
Horizon 2020 programi kapsaminda finanse edilen birgok
proje, doga tabanli ¢dzlimlerin sehir planlamasi ve iklim
degisikligi ile miicadeledeki potansiyelini vurgulamaktadir
(Faivre et al, 2017). Bu baglamda, DTC, cevresel
sirdiriilebilirligin -~ yan1  sira,  toplumsal  refahin
artirilmasina yonelik 6nemli bir strateji olarak karsimiza
¢ikmaktadir (Lafortezza & Sanesi, 2019).

ormanlari

YAB yaklagimi: YAB, Avrupa Komisyonu
tarafindan Dbaglatilan bir girisim olarak, siirdiiriilebilir
mimarlik ve sehir planlamasi i¢in yeni bir paradigmaya
isaret eden kapsamli bir yaklasimdir (Sadowski, 2021).
YAB, estetik, siirdiiriilebilirlik ve katilimcilig1 bir araya
getiren disiplinlerarast bir yaklagimi benimsemektedir
(Rosado-Garcia et al., 2021). Bu yaklasim, sadece yeni

teknolojiler ve malzemelerle degil, aym zamanda
gelencksel bilgi ve kiiltiirel mirasla da harmanlanmis
sirdiiriilebilir ~ ¢oziimler sunmayr  amacglamaktadir

(Altomonte et al., 2014). Ozellikle doga tabanli ¢dziimlerle
geleneksel tasarim ilkelerinin bulusturulmasi, YAB’in en
onemli 6zelliklerinden biridir (Bili¢ & Smit, 2024).

YAB’mn en biiyiik katkilarindan biriside, sehir
planlamasinda geleneksel bilgilere dayanan doga dostu
¢oziimleri tegvik etmesidir (Sadowski, 2021). Geleneksel
mimarlik, doga ile uyumlu tasarimin ve yerel malzemelerin
kullanimimi 6ne ¢ikarirken, YAB bu unsurlart modern
teknolojilerle birlestirerek siirdiiriilebilir sehirler yaratmay1
hedeflemektedir (Rosado-Garcia et al., 2021). Ornegin,
Akdeniz bolgesindeki geleneksel tag yapilar, YAB
projelerinde  dogal  yalitim olarak
kullanilmaktadir. Bu yapilarin, enerji verimliligi agisindan
modern yapilara kiyasla daha siirdiiriilebilir oldugu
gosterilmistir (Filippi, 2015).

Y AB, ayrica toplumsal katilim1 ve kiiltiirel mirasi
stirdiiriilebilir sehir planlamasinda &nemli bir bilesen
olarak kabul etmektedir (Altomonte et al., 2014). Bu
yaklagim, topluluklarin kendi sehirlerinde aktif rol
oynamasini tesvik eder ve yerel bilgi birikiminden
yararlanarak daha anlamli ve uzun Omirlii projeler
gelistirilmesini saglamaktadir. YAB, sosyal
stirdiiriilebilirligi de goz Oniinde bulundurarak, tasarim
stireglerinde farkli toplumsal gruplarin ihtiyaglarini dikkate

¢Oziimleri

alir. Bu, sadece gevresel degil, aynt zamanda sosyal
esitsizliklerle miicadeleye de katki saglayan bir
yaklagimdir (Lygnerud et al., 2023).

YAB’mn doga tabanli ¢oziimlerle harmanlanmis
geleneksel bilgi  kullanimi, modern siirdiiriilebilirlik
yaklagimlarma yeni bir perspektif kazandirmaktadir. Bu
baglamda, YAB, stirdiiriilebilir sehirlerin ingasinda estetik,
doga ile uyum ve toplumsal katilimi bir araya getirerek
biitiinciil bir yaklasimla gelecege 151k tutmaktadir.

YONTEM

Bu galisma, antik bahge tasarimlarinin modern
peyzaj tasarim yaklagimlart ve doga temelli ¢oziimlerle,
yesil altyapi ve siirdiiriilebilirlik baglaminda incelenmesini
ve YAB inisiyatifi c¢ercevesinde degerlendirilmesini
amagclamaktadir. Ayrica, bu tasarimlarin yesil altyapiya
katkilar1 ve siirdiiriilebilirlik ile iliskileri, bibliyometrik
analiz yontemleri kullanilarak ele alinmistir. Bu kapsamda
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Web of Science Core Collection veri tabaninda literatiir
taramasi gerceklestirilmistir.

Veritabani ve entitlements: Arastirma, Web of
Science Core Collection veri tabaninda gergeklestirilmis
olup asagidaki entitlements kapsamindaki iceriklere erigim

saglanmisgtir:

WOS.SCI : 2020 to 2024

WOS.AHCI : 2020 to 2024

WOS.BHCI : 2020 to 2024

WOS.BSCI : 2020 to 2024

WOS.ESCI : 2020 to 2024

WOS.ISTP : 2020 to 2024

WOS.SSCI 1 2020 to 2024

WOS.ISSHP 12020 to 2024

Arama Kkriterleri: Calismada kullanilan anahtar
kelimeler  sunlardir:  “antique  gardens”, “Green
Infrastructure”, “sustainability”, “Nature-based

Solutions”, “New European Bauhaus”, “NEB”, “NbS”,
“Modern Garden Design Approaches” ve “Landscape
Design”. Bu terimlerin tiimii, Topic alaninda aranmis ve
2020 ile 2024 yili da dahil yayimlanmis arastirma
makaleleri ile smirlandirilmigtir.  Arastirma kriterleri
dahilinde analiz edilen dokiiman tipleri Tablo 2’de
verilmistir.

Tablo 2. Aragtirma kriterleri dahilinde analiz edilen dokiiman tipleri.
Table 2. Types of documents analysed within the research criteria.

Dokiiman tiirii Kayit sayist Toplam (%)

Article 9.329 100

Early Access 101 1,083

Proceeding Paper 1 0,011

Retracted Publication 6 0,064
Arastrma  alanlar1  olarak, Environmental

Sciences, Environmental Studies, Architecture, Urban
Studies, Regional Urban Planning ve Remote Sensing
kategorileri dahil edilmistir. Tiirkiye, Suudi Arabistan,
Finlandiya, Pakistan, Giliney Afrika, Japonya, Isvigre,
Giiney Kore, Malezya, Portekiz, Fransa, isvec, Brezilya,
Kanada, Hindistan, Hollanda, Avustralya, Ispanya,
Almanya, Italya, Ingiltere, ABD, Cin, Danimarka ve
Norve¢ gibi iilkelerde yapilan c¢alismalar dikkate
almmuistir.

Ayrica, tarama siirecinde agik erisim (All Open
Access) belgeler tercih edilmistir. Bu ¢alismada incelenen
Web of Science kategorileri, Environmental Sciences
Ecology, Urban Studies, Water Resources, Architecture,
Remote Sensing, Agriculture, Government Law, Plant
Sciences, Anthropology ve Cultural Studies olarak
belirlenmistir.

Bibliyometrik analiz: Toplamda 9.329 arastirma
makalesinden elde edilen veriler VOSviewer yazilimi
kullanilarak analiz ~edilmistir. Bibliyometrik analiz
stirecinde; makale sayisi, arastirma alanlarmin dagilimi,
yillara goére yaymn egilimleri, anahtar kelime ag1, ortak
yazarlikk ve llke Dbazli katkilar gibi metrikler
degerlendirilmistir.

Bu analizler, antik bahc¢e tasarimlarinin DTC ve
YAB baglamindaki etkilerini daha iyi
saglamak amaciyla gergeklestirilmistir. Ayrica, yazarlar ve
bagli olduklar1 kurumlar, aragtirmaya katki veren iilkeler
ve bu kapsamda hangi konularda calismalarin yapildigi
incelenmigtir. Boylece, antik bahge tasarimlarinin modern
peyzaj ve siirdiiriilebilirlik ¢aligmalari lizerindeki etkileri
stirdiiriilebilirlik perspektifi ile birlikte yorumlanmustir.

Veri toplama ve analiz siireci: Tarama islemi,
Tue Dec 03 2024 11:55:56 GMT+0300 (GMT+03:00)
gerceklestirilmis ve sonuclar analiz edilmistir. Toplanan
veriler, VOSviewer araciligiyla grafikler ve ag analizleri
ile detaylandirilmistir. Calisma kapsaminda elde edilen
bulgular, farkli aragtirma alanlar1 ve tlkeler arasindaki
iliskilerin anlasilmasina yonelik bibliyometrik teknikler ile
desteklenmistir.

anlamamizi

ANALIZ VE BULGULAR

Bibliyometrik analiz bulgulari: \Web of Science
Core veri tabani literatiir taramasindan elde edilen 9.329
arastirma makalesinden elde edilen bulgular analiz
edilmistir. Tablo 3’de arastirma sonuglarina gore
calismalarin yapildigi kategoriler belirtilmistir.

Tablo 3. WoS kategorileri.
Table 3. WoS categories.

Web of Science Kategorileri Web of Science Categories Kayit %
Sayist (9.329)
Cevre Bilimleri Environmental Sciences 9329 100
Yesil Siirdiiriilebilir Bilim ve Green Sustainable Science
Teknoloji Technology 5749 61,625
Cevre Caligmalari Environmental Studies 5332 57,155
Miihendislik- Cevresel Engineering Environmental 1158 12,413
Biyogesitlilik Koruma Biodiversity Conservation 433 4,641
Su Kaynaklart Water Resources 397 4,256
Ekoloji Ecology 304 3,259
Meteoroloji ve  Atmosfer
Bilimleri Meteorology Atmospheric Sciences 259 2,776
Public Environmental Occupational
Halk Sagligi ve Cevresel Saglik Health 259 2,776
Ekonomi Economics 177 1,897
Yer Bilimleri- Multidisipliner Geosciences Multidisciplinary 135 1,447
Cografya Geography 84 0,9
Goriintiileme Bilimi ve Fotograf Imaging Science Photographic
Teknolojisi Technology 80 0,858
Uzaktan Algilama Remote Sensing 80 0,858
Enerji ve Yakitlar Energy Fuels 75 0,804
Deniz ve Tatli Su Biyolojisi Marine Freshwater Biology 30 0,322
Limnoloji Limnology 22 0,236
Fiziksel Cografya Geography Physical 20 0,214
Tarim- Multidisipliner Agriculture Multidisciplinary 14 0,15
Biyoteknoloji ve Uygulamali
Mikrobiyoloji Biotechnology Applied Microbiology 13 0,139
Toprak Bilimi Soil Science 13 0,139
Kentsel Calismalar Urban Studies 13 0,139
Toksikoloji Toxicology 11 0,118
Bilgisayar Bilimi- Disiplinler Computer Science Interdisciplinary
Aras1 Uygulamalar Applications 8 0,086
Matematik- Disiplinler ~Arasi Mathematics Interdisciplinary
Uygulamalar Applications 5 0,054

WoS verileri incelendiginde, toplam 9.329
akademik kaydin ¢evre bilimleri ve siirdiiriilebilirlik odakli
bir dagilima sahip oldugu goriilmektedir. Bu analiz,
cevresel sorunlarin ele alimiginda disiplinler arasi bir
yaklagimin hakim oldugunu gostermektedir. incelenen
kayitlarin tamami gevre bilimleri kategorisinde yer alirken,
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caligmalarin %61,63’1 yesil ve siirdiiriilebilir bilim ile
teknoloji  konularma odaklanmistir. Bu oran, iklim
degisikligi ve ¢evre koruma gibi kiiresel onceliklerin
bilimsel arastirmalardaki agirhigimi  yansitmaktadir.
Cevresel caligmalar (%57,16) ve c¢evre miihendisligi
(%12,41) kategorileri ise bu temay1 destekler nitelikte cok
disiplinli bir yap1 sunmaktadir.

Daha az temsil edilen kategoriler arasinda,
biyogesitlilik ve koruma (%4,64), meteoroloji ve atmosfer
bilimleri (%2,78) ile wuzaktan algilama (%0,86)
bulunmaktadir. Ozellikle uzaktan algilama ve mekansal
analizlerin daha genis Olcekte ele alinmasi, cevre
sorunlarinin  ¢ozlimiine  yonelik  stratejik  katkilar
saglayabilir. Sehir ¢aligmalar1 (%0,14) ve toprak bilimi
gibi kentsel ve dogal kaynak odakli alanlarda ise
arastirmalarin artirilmasi gerekliligi dikkat cekmektedir.

Veriler, 2020 ile 2024 yillar1 arasinda gevre
bilimleri ve siirdiiriilebilirlik alaninda yapilan yayinlarin
yillara gore dagilimmi analiz etmektedir (Tablo 4). Bu
analiz, ilgili alanlardaki akademik iiretimin zaman i¢inde
belirgin bir artig gosterdigini ortaya koymaktadir.

En yiiksek yaym sayisi, 2.260 kayit ile 2021
yilinda gergeklesmistir ve bu toplamin %?24,23’{ini
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olusturmaktadir. Bunu, %23,83 ile 2022 yili izlemektedir.
Bu iki yil, pandemi doéneminin etkisiyle gevre ve
strdiirtilebilirlik konularina yonelik artan farkindaligi ve
bilimsel ilgiyi yansitmaktadir. 2020 y1l1, toplam kayitlarin
%17,49°u ile nispeten diisiik bir paya sahip olmakla
birlikte, pandemi kaynakli ilk kiiresel etkiyle birlikte bu
alanlarda bir ivme kazandigini1 gostermektedir.

Tablo 4. Yayin yillar1.
Table 4. Years of publication.

Yayin yih Kayit sayisi Oran (%)
2024 1.394 14,9
2023 1.820 19,5
2022 2.223 23,8
2021 2.260 242
2020 1.632 17,5

2023 ve 2024 yillarinda yayin sayilarinda kismi
bir diisiis gézlemlenmektedir. 2023 yili, toplam kayitlarin
%19,51’in1, 2024 ise %14,94’linii olusturmaktadir. Bu
diisiis, olas1 yaym siireci gecikmeleri ya da 2021 ve 2022
yillarinda zirve yapan ilginin dogal bir dengelenme
stirecine girdigini gosterebilir. Bununla birlikte, 2024
verileri henliz tamamlanmamis olabilir, bu nedenle
gelecekte bu yil i¢in daha yiiksek bir oran gozlemlenebilir.

Calismadan elde edilen verilere gére VOSviewer
anahtar kelime analiz sonuglar1 Sekil 1°de verilmistir.
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Sekil 1°de verilen anahtar kelime bulutu,
siirdiiriilebilirlik aragtirmalarinin genis kapsamini ve ¢ok
disiplinli yapisim1 net bir sekilde ortaya koymaktadir.
Merkezde yer alan “sustainability” (silirdiiriilebilirlik), bu
calismalarin ana odak noktasidir ve g¢evresel, ekonomik,
sosyal birgok temay1 bir araya getirmektedir. “Sustainable
development” (siirdiiriilebilir kalkinma) ve “environmental
sustainability” (¢evresel siirdiiriilebilirlik) gibi kavramlar,
dogal kaynaklarin korunmasi, ekosistem hizmetleri ve
kalkinmanin ¢evreye duyarli bir sekilde ele alinmasi gibi
temel unsurlar vurgulamaktadir.

Gorselde dikkat ¢ceken diger ana temalar arasinda
ekonomik biiylime, finansal performans, kentlesme ve
yesil altyapi yer almaktadir. Bu temalar, sehir planlamasi

anders

liggwei

edro h. s.
Hos I. munoz

brancaliol

che;u.peng

-
brenes;

mardiyanir‘h, dyah ita

carm

frordeva@jeremy

mcalow S
vaﬂ holscher, K

vacc
alter .

anhol

Jrosley

Sekil 2. Yazarlar arasi is birligi ag1 (VOSviewer).
Figure 2. Author collaboration network (VOSviewer).

Sekil 2’te, yazarlar arasindaki is birligi aglarini
etkili bir sekilde ortaya konmaktadir. Agin merkezinde yer
alan Walter Leal Filho gibi yazarlar, genis bir is birligi
agina sahip olup ¢ok sayida ortak caligmaya Kkatki
saglamaktadir. Daniel Lang ve Niki Frantzeskaki gibi
isimler, yogun is birligi iligkileriyle belirli bir aragtirma
temast etrafinda giilii bir grup olustururken, Tomiwa

d' adan'__lo, idiano

ve doga tabanli ¢dzlimlerle siirdiiriilebilir sehirler insa etme
cabalarint gostermektedir. Ayrica enerji tiiketimi, karbon
emisyonlari, atik yonetimi ve kaynak verimliligi gibi
konular, dongiisel ekonomi ve enerji siirdiiriilebilirligi
acisindan dnemli bir yere sahiptir.

“Stirdiiriilebilir kalkinma igin egitim” gibi
kavramlar ise birey ve toplum diizeyinde farkindaligin
artirilmasina  yonelik c¢aligmalara isaret etmektedir.
Gorselde yer alan  baglantilar,  siirdiiriilebilirlik
aragtirmalarinin ¢evre, ekonomi, teknoloji, politika ve
toplum gibi farkli alanlar1 kapsayan disiplinler arasi bir
yaklasimla yiiriitiildiiglinii gostermektedir.

Sekil 2’te incelenen literatiir kapsaminda yazarlar
arasi iligkiler analiz edilmistir.
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Sunday Adebayo gibi daha yeni is birliklerine yonelen
yazarlar, yenilik¢i ve gilincel arastirma alanlarinda faaliyet
gostermektedir.  Sar1  renkli  diigiimler, aragtirma
faaliyetlerinin son yillarda hangi alanlarda yogunlastigini
gosterirken, daha izole diigimler, yeni is birligi firsatlart
icin potansiyel tasimaktadir. Bu ag genel olarak, akademik
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diinyada giiglii is birliklerinin hem bilimsel {iretkenlik hem
de etki agisindan kritik bir rol oynadigini géstermektedir
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Sekil 3. Yazarlar arasindaki is birligi ve atif iligkileri (VOSviewer).
Figure 3. Collaboration and citation relationships between authors (VOSviewer).
Sekil 3’te, yazarlar arasindaki is birligi ve atif cikmaktadir. Farkli renklerdeki kiimeler, yazarlarin

iliskilerini ortaya koymaktadir. Agin merkezinde yer alan
Walter Leal Filho, siirdiiriilebilirlik ve iklim degisikligi
gibi konularda genis bir is birligi agina sahiptir ve alaninda
lider bir figiirdiir. Niki Frantzeskaki ve Daniel Lang gibi
yazarlar, siirdiirlilebilir gehirler ve yesil doniisiim
temalarinda yogun is birlikleri ile dikkat ¢cekerken, Tomiwa
Sunday Adebayo ve Andrew Adewale Alola ise enerji
politikalar1 ve ekonomik siirdiiriilebilirlik konularinda 6ne
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odaklandig1 tematik alanlari gosterirken, baglantilarin
yogunlugu is birliginin giiciinii yansitmaktadir. Analiz
sonucu, akademik is birliklerinin siirdiiriilebilirlik, enerji
gecisi ve kaynak yonetimi gibi alanlardaki arastirma
aglarim  ve tematik egilimleri giiglii bir sekilde
vurgulamaktadir. Bu baglamda, merkezi yazarlar g¢ok
disiplinli ¢aligmalara onciiliik ederken, daha izole yazarlar
yeni ig birligi firsatlar1 sunmaktadir.
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Sekil 4. Ulkeler arasindaki ortak yazarlik ve is birligi aglar1.
Figure 4. Co-authorship and co-operation networks between countries.

Sekil 4, iilkeler arasindaki ortak yazarlik
iliskilerini ve is birligi aglarin1 gostermektedir. Analiz
bulgularina gore, Cin (People’s R China), ABD, Almanya,
Ispanya ve Italya gibi iilkeler, daha biiyiik diigiimlerle
temsil edilmis olup, akademik is birliklerinde merkezi bir
rol oynadiklari belirlenmistir. Bu iilkeler, genis c¢apta
uluslararas1 ig birliklerine katilarak literatiire Onemli
katkilar saglamaktadir.

Renk skalasi ise, iilkeler arasindaki is birliginin
zamanla nasil degistigini gostermektedir ve sartya yakin
renkler daha yeni is birliklerini, mavi-yesil tonlar ise
onceki yillardaki calismalari temsil etmektedir. Ornegin,
Cin ve Suudi Arabistan gibi iilkeler son yillarda daha aktif
bir is birligi ag1 olusturmus goriinmektedir. ABD ve
Almanya gibi iilkeler hem ge¢miste hem de giiniimiizde
genis ve dengeli bir ag yapisiyla 6ne ¢ikmaktadir.

Gorseldeki yogun baglantilar, bu {lkelerin
akademik is birliginde lider konumda oldugunu ve diger
iilkelerle giiclii iligkiler kurdugunu yansitirken, daha izole
duran iilkeler, 6rnegin Namibya, daha sinirli bir is birligi
potansiyeline sahip olabilir. Ayrica Tiirkiye, Avrupa ve
Orta Dogu iilkeleriyle siki bir is birligi ag1 igerisinde yer
almakta ve bolgesel is birliklerinde 6nemli bir rol
iistlenmektedir.

Genel olarak Sekil 5°ten elde edilen bulgular,
akademik c¢aligsmalarin uluslararasi diizeyde nasil bir ag
olusturdugunu, tlkelerin is birligindeki etkinligini ve
zamanla gelisen iliskileri anlamak igin degerli bir
perspektif sunmaktadir. Bu tiir aglar, bilimsel tiretkenlik ve
yeniliklerin paylasimi agisindan oldukga kritik Gneme
sahiptir.
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Sekil 5. Ulkeler arasindaki atif iligkileri ve akademik is birligi aglar1.

Figure 5. Citation relationships and academic cooperation networks between countries.

Sekil 5, {ilkeler arasindaki atif iligkilerini ve
akademik is birligi aglarin1 géstermektedir. Bu gorselden
elde edilen bulgulara gore, bilyiik diigiimler, akademik
yayinlarda siklikla atif alan ve uluslararas: is birliginde
etkin olan ilkeleri temsil etmektedir. Cin (People’s R
China), ABD, ingiltere, Ispanya ve Isvigre gibi iilkeler,
genis caplt baglantilarla agin merkezi pozisyonunda yer
almakta ve uluslararasi is birliklerinde lider konumda
olduklarini gostermektedir.

Renk skalasi ise, atif iligkilerinin zaman igindeki
degisimini yansitmaktadir. Sariya yakin diigiimler daha
giincel atif iligkilerini gdsterirken, mavi ve yesil tonlar
daha eski iliskileri temsil etmektedir. Cin ve ABD’nin yani
sira Ingiltere ve Ispanya gibi iilkeler hem ge¢miste hem de
giiniimiizde genis bir akademik ag olusturarak siireklilik
gostermektedir. Diger taraftan, Israil, Bulgaristan ve
Kambogya gibi iilkeler daha az baglantiya sahip olup daha
siirh bir atif iliskisi sergilemektedir.
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Baglantilarin ~ yogunlugu, iilkeler arasindaki
akademik etkilesimin giiclinii ortaya koymaktadir.
Ornegin, Cin ve ABD arasinda giiglii baglar bulunurken,
Tiirkiye gibi flilkeler ozellikle Avrupa ve Orta Dogu
ilkeleriyle is birligi gelistirmistir. Genel olarak, Sekil 6
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akademik calismalarin uluslararasi 6lgekte nasil bir ag
olusturdugunu ve iilkelerin bilimsel katkilarinin global
Olcekteki etkisini gozler Oniine sermektedir. Bu tiir
iligkiler, bilimsel ilerlemeyi hizlandirmak ve bilgi
paylagimini artirmak agisindan kritik neme sahiptir.

constr bgld mater

Sekil 6. Birlikte atif ve atif yapilan kaynaklar arasindaki iligskiler (VOSviewer).
Figure 6. Relationships between co-citation and cited sources (VOSviewer).

Sekil 6, birlikte atif ve atif yapilan kaynaklar
arasindaki iliskileri gostermektedir. Farkli renklerle
gruplandirilmis kiimeler, belirli aragtirma alanlarindaki
akademik dergileri ve bu alanlarin birbirleriyle olan
baglantilarin1  temsil etmektedir. Gorseldeki biiyiik
diigiimler, sik¢a atif alan ve alaninda merkezi bir rol
oynayan kaynaklari igaret etmektedir.

En biiyik digim olan “Journal of Cleaner
Production (J Clean Prod)”, siirdiiriilebilirlik, temiz {iretim
ve cevresel yonetim konularinda genis c¢apli bir etkiye
sahiptir ve bircok farkli disiplinle baglantilidir. Bu dergi,
kirmiz1 kiimeyle temsil edilen is ve yonetim alanlariyla,
mor kiimeyle temsil edilen enerji politikalar1 ve ¢evresel
ekonomi ¢aligmalar1 arasinda bir koprii  gorevi
gormektedir.

“Science of the Total Environment (Sci Total
Environ)” dergisi, yesil kiimede yer almakta ve gevre
bilimleri, su kaynaklar1 ve ekolojik yonetim konularinda
onemli bir atif merkezi olarak dne ¢ikmaktadir. Bu kiime,
su yonetimi, arazi kullanimi ve iklim degisikligi ile ilgili
caligmalarin yogunlagtigi bir alani temsil etmektedir.

Mor kiime, enerji politikalar1 ve ¢evresel ekonomi
calismalarina odaklanirken, yesil kiime ¢evre ve ekoloji
temelli konulara daha fazla yonelmektedir. Kirmizi kiime
ise is etigi, liretim ekonomisi ve stratejik yOnetim gibi
konular etrafinda sekillenmistir. Gorseldeki baglantilarin

: Imwfwfe %S hazad mater

energy ecol enviren

yogunlugu, bu alanlar arasindaki disiplinler arasi is
birligini ve bilgi akigin1 géstermektedir.

Genel olarak, Sekil 6, akademik alanlar arasinda
nasil bir etkilesim oldugunu ve hangi kaynaklarin bu
aglarda merkezi bir rol oynadigin1 agik¢a ortaya
koymaktadir. Ozellikle “Journal of Cleaner Production” ve
“Science of the Total Environment” gibi dergiler, farkli
disiplinlerden arastirmacilar1 bir araya getiren kritik
yayinlar olarak dikkat c¢ekmektedir. Bu iliski agi,
stirdiiriilebilirlik ve ¢evre yonetimi gibi c¢ok disiplinli
konularin akademik diinyadaki Onemini ve etkisini
vurgulamaktadir.

SONUCLAR

Bu calisma, antik bahge tasarimlarindan modern
doga tabanli ¢Oziimlere uzanan bir perspektifle New
European Bauhaus yaklagimint tamamlayict
stirdiiriilebilirlik derslerini degerlendirmektedir. Web of
Science veri tabanindan elde edilen 9.329 makalenin
bibliyometrik analizi, gevresel siirdiiriilebilirlik ve doga
tabanlt ¢ozlimlerin tarihsel baglamdaki geleneksel
pratiklerden modern kentlesme siireglerine nasil adapte
edilebilecegini gostermektedir. Analiz, ¢evre bilimleri ve
siirdiiriilebilirlik  ¢aligmalarinin ~ disiplinler arast  bir
yaklagimla ele alindigini, bu konularin bilimsel
literatiirdeki merkezi 6nemini ve kiiresel siirdiiriilebilirlik
hedefleriyle uyumunu ortaya koymaktadir.
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Antik bahge tasarimlari, estetik, ekolojik denge ve
toplumsal degerlerin bir arada saglandigi bir ge¢cmisten
dersler sunmaktadir. YAB yaklagimi, bu birikimi doga
tabanli ¢ozlimlerle birlestirerek modern kentlesme
stireclerinde islevsellik ve estetik arasindaki dengeyi
yeniden insa etme potansiyeline sahiptir. Analiz edilen
anahtar kelimeler, “sustainability” ve ‘“‘sustainable
development” gibi kavramlarin g¢evresel, ekonomik ve
toplumsal boyutlar1 birlestiren ¢ok disiplinli bir gergeve
sundugunu ortaya koymustur. Ozellikle kentlesme ve yesil
altyapr gibi temalar, antik bahgelerin dogal ve kiiltiirel
uyum  prensiplerinin - modern  kentlerde  yeniden
canlandirilmasi i¢in gii¢lii bir temel olugturmaktadir.

YAB’1n kapsayicilik, estetik ve siirdiiriilebilirlik
ilkeleri, modern doga tabanli ¢dziimlerle giiglii bir sinerji
yaratmaktadir. Caligmanin bulgulari, cevresel
siirdiiriilebilirlik ¢aligmalarinin %61,63’{inilin yesil bilim
ve teknolojiye odaklandigim1i ve YAB’in bu alanlarda
birlestirici bir cerceve sundugunu gostermektedir. Iklim
degisikligi, enerji verimliligi ve kaynak yonetimi gibi
konular, YAB’1n modern kentlerde ekolojik doniistimdeki
potansiyelini desteklemektedir. Bunun yani sira, uzaktan
algilama ve mekéansal analizlerin diisiik temsil edilmesi, bu
teknolojilerin gevresel sorunlarin ¢dziimiinde daha genis
Olgekte ele alinmasi gerektigini ortaya koymaktadir.

Bu analiz, geleneksel bahge tasarimlarinin estetik
ve islevsellige dayali siirdiiriilebilirlik ilkelerinin, modern
sehirlerde yesil altyapt ve doga tabanl
araciligiyla nasil yeniden canlandirilabilecegine yonelik
onemli ¢ikarimlar sunmaktadir. Doga tabanli c¢oziimler,
ozellikle dongiisel ekonomi, enerji verimliligi ve kaynak
yonetimi gibi alanlarda YAB ilkeleri dogrultusunda
siirdiiriilebilirlik hedeflerine ulagsmada giiclii bir arag
olarak karsimiza ¢ikmaktadir. Bu baglamda, YAB’in
ekosistem hizmetlerini gii¢lendiren ve topluluk odakli
yaklagimlart tesvik eden bir katalizor islevi gordiigii
degerlendirilmektedir.

Elde edilen bulgular, gelecekteki arastirmalar i¢in
kritik yonlere isaret etmektedir. Ozellikle uzaktan algilama
ve sehir ¢alismalari gibi diisiik temsil edilen alanlarda daha
fazla ¢aligmanin yapilmasi, mekansal planlama ve ekolojik
¢Ozlim Onerileri gelistirme agisindan stratejik katkilar
saglayabilir. Ayrica, YAB’mn iklim degisikligi uyumu,
stirdiiriilebilir sehirlesme politikalar1 ve ekosistem temelli
coziimler gibi alanlarda daha derinlemesine incelenmesi,
modern kentlerin karsilastigi cevresel ve sosyal zorluklarin
iistesinden gelmek i¢in yenilik¢i yaklasimlar sunabilir.

Sonu¢ olarak, YAB yaklagimi, geleneksel
stirdiiriilebilirlik pratiklerinden ilham alarak modern doga
tabanli ¢oziimlerle entegre bir kentlesme modeli gelistirme
potansiyeli sunmaktadir. Antik bahgelerin estetik,
islevsellik ve c¢evresel siirdiiriilebilirlik ilkelerinden
almacak dersler, modern sehirlerin karst karsiya oldugu

¢Oziimler

iklim degisikligi, kaynak yonetimi ve toplumsal uyum gibi
sorunlarin ¢dziimiinde yol gosterici olabilir. Bu baglamda,
YAB’m ¢ok disiplinli ve kapsayict yaklagimi,
stirdiiriilebilir ve direngli kentler insa etmek i¢in degerli bir
rehberlik sunmaktadir.

TARTISMA VE ONERILER

Bu c¢alismada elde edilen bulgular, antik
bahgelerin modern DTC ve YAB girisimi baglaminda
strdiiriilebilirlik acisindan giliclii  bir bilgi kaynagi
sundugunu  gostermektedir. Antik Roma ve
bahgelerinde kullanilan sulama tekniklerinin giiniimiizde
uygulanan su yonetimi projeleriyle uyumlu oldugu,
geemisten gelen bilgi  birikiminin ~ siirdiiriilebilirlik
uygulamalarinda nasil etkili olabilecegini ortaya
koymaktadir. Ornegin, Londra’daki Thames Gateway
projesinde suyun etkin kullanimi, antik bahgelerin tarihsel
birikimiyle benzerlik tasimaktadir. Angelakis et al. (2020)
tarafindan  yapilan  c¢aligmalar, antik  Akdeniz
bahgelerindeki su yonetim sistemlerinin modern projelere
ilham verebilecegini ortaya koyarken, bu c¢aligmanin
bulgular1 da benzer sonuglar1 desteklemektedir.

Biyolojik cesitlilik baglaminda, antik bahgelerin
yerel flora ve faunay:1 koruma islevi dikkat cekmektedir.
Goddard et al. (2010), bu bahgelerin estetik amaglarin
otesinde biyolojik ¢esitliligi artirma amaci tasidigini ifade
etmistir. Calismamiz da bu goriisii dogrulayarak, yesil ¢ati
ve duvar gibi ginliimiz DTC uygulamalarinin, antik
bahgelerden alinan ilhamla gelistirildigini gostermektedir.
Ayrica, estetik ve islevsellik agisindan, antik bahgelerin
geometrik diizenlemeleri ve sembolik anlamlarinin modern
sehirlerin tasariminda hem gorsel hem de islevsel agidan
ilham kaynagi oldugu goriilmiistiir. Rosado-Garcia et al.
(2021) ve Shi et al. (2024), bu tasarim prensiplerinin insan-
doga uyumunu saglama noktasinda onemli bir model
sundugunu  belirtmektedir.  Ozellikle, antik Cin
bahgelerinde goriilen doganin bir yansimasi olarak
diizenlenen peyzajlar, modern siirdiiriilebilir tasarimlar
icin degerli bir 6rnek teskil etmektedir.

Antik bahgelerin sosyal islevleri, toplumsal
stirdiiriilebilirlik agisindan da 6nemli dersler sunmaktadir.
Bu bahgeler, gecmiste toplumsal bulusma alanlari olarak
kullanilmig, sosyal baglar gliclendirmistir. Modern
stirdiiriilebilirlik projelerinde, topluluklarin ihtiyaglarini
dikkate alan ve toplumsal katilim1 artiran yaklasimlar, bu
tarihsel birikimden esinlenebilir. Boffi et al. (2021) de
sosyal siirdiiriilebilirligin  6nemine vurgu yapmis ve
projelerin toplum katilimini tesvik eden bir yapiya sahip
olmas1 gerektigini ifade etmistir. Bu ¢alismanin bulgulari,
topluluklarin projelere dahil edilmesinin YAB girisimi
baglaminda sosyal siirdiiriilebilirligi artirabilecegini ortaya
koymaktadir.

Pers
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Sonu¢ olarak, antik bahgelerin su ydnetimi,
biyolojik cesitlilik, estetik ve toplumsal islev gibi unsurlart,
giiniimiiz projelerine rehberlik edecek zengin bir miras
sunmaktadir. Gegmigin  bilgi birikimi ile modern
teknolojilerin harmanlanmas, siirdiiriilebilirlik hedeflerine
ulagsmada etkili bir yol haritas1 olusturabilir. Yerel
malzemelerin modern teknolojilerle birlestirilerek enerji

verimliliginin ~ artirilmasi,  estetik  ve  cevresel
sirdiiriilebilirligi ~ destekleyen — ¢oziimler  sunabilir.
Topluluklarin projelere katilimin artirmak,

siirdiiriilebilirlik projelerini daha anlamli ve uzun omiirli
hale getirebilir. Bu katillmin yani sira, doga tabanl
coziimler hakkinda farkindalik yaratacak egitim
programlari, bireylerin ve topluluklarin siirdiiriilebilirlik
cabalarina katkisini tegvik edebilir. Disiplinler arasi is
birligi ise bu projelerin basarisinda kilit rol oynamaktadir.
Tarihsel bilgi ve modern teknolojiler bir araya
getirildiginde, kiiltiirel mirasin korunmasi ile ¢evresel
faydalar dengeli bir sekilde saglanabilir.

DTC ve YAB projelerinin basarili bir sekilde
uygulanabilmesi i¢in politika destegi ve finansman
mekanizmalarinin giiclendirilmesi gerekmektedir. Yerel
yonetimlerin ve uluslararast kuruluslarin destegi, bu
projelerin siirdiiriilebilirligini artirabilir. Ayrica, uzaktan
algilama ve mekansal analiz gibi teknolojilerin daha etkin
kullanimi, projelerin hem planlama hem de uygulama
stireclerini giiglendirebilir. Gelecekte yapilacak ¢aligmalar,
antik bahge tasarimlarindan alinan derslerin farkli cografi
ve kiiltiirel baglamlarda nasil
inceleyerek daha genis kapsamli bir bilgi birikimi
olusturabilir. Bu ¢abalar, YAB girisiminin siirdiiriilebilirlik
vizyonunu daha da giiclendirecektir.
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Antimicrobial And Antioxidant Properties of Sea Lettuce (Ulva lactuca L. 1753

Abstract: Macro algae, more commonly known as algae, are multicellular eukaryotic organisms
and form a very important part of the marine ecosystem. Seaweeds are the fastest-growing plant
organisms in nature. They are living things that can find application in sectors such as medicine,
cosmetics, food and animal feed and have the ability to produce biologically active compounds.
U. lactuca contains vitamins, flavonoids, tannins, phenols, polysaccharides, saponins, and
polysaccharides and have anti-inflammatory and anticancer effects. Nowadays, antibiotics are

*, i Qe . - - - - .
Corresponding author’s: widely used to fight diseases caused by microorganisms. However, because they have many side

Aybike TURKMEN . . A . .
Adnan Menderes University, Faculty of effects, cause bacteria to develop resistance to these antibiotics, and are also financially
Veterinary Medicine, Department burdensome, scientists have directed scientists to obtain antibiotics from financially cheap
?ﬁ;‘;‘i"?"l"gy aEies ez, R A, sources that have no or negligible toxic effects. Today, the alternative sources to obtain this
urkiye.

antibiotic are plants of medicinal origin, macrofungi and algae. In this review, the antimicrobial

D<: aybiketurkmen95@gmail.com e o :
and antioxidant characteristics of macroalgae and U. lactuca were examined.

Keywords: Ulva lactuca, antimicrobial, antioxidant, sea lettuce, macroalgae.

GIRIS (Dominguez ve Loret, 2019). Deniz makroalg
ekstraktlarmin birgok yararli etkisinin igerdikleri kimyasal
bilesenlerden (florotanninler, terpenoidler, yag asitleri,
steroidler, amino asitler, fenolik bilesikler, alkanlar ve
halojenlenmis ketonlar gibi) kaynaklandig:
bildirilmektedir. Kirmizi, kahverengi ve yesil makroalg
ekstraktlarmin ~ bakteri, kif ve mayalara Kkarsi
pazar gelistirme ihtiyaglarmi karsilamak ve biyokiitle antimikrobiyal aktiviteye sahip oldugu bildirilmektedir
saglamak i¢in gelecekte tercih edilen bir yontem olacaktir (Giimiis vd., 2018). Makroalglerin sekonder metabolitleri

Mevcut su kaynaklarmin azalmasiyla birlikte
okyanuslar; karasal iirlinlerle karsilastirildiginda deniz
iiriinleri, degerli biyokiitle iiretimi igin cazip alternatifler
haline geldi. Kontrollii ve sirdiiriilebilir yetistirme
sistemleri altinda yetistirilen makroalgler, muhtemelen
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veya biyoaktif bilesenleri ile antimikrobiyal o6zellikleri
tizerine yapilan ¢aligmalar incelendiginde ¢ogunlugunun
antioksidan aktivite ile ilgili oldugu veya ¢aligmanin bir
kisminin  antioksidan aktivite Olglimlerini  igerdigi
goriilmektedir (Celenk, 2014).

U. lactuca, diinya c¢apinda gbzlemlenen birgok
gelgit olaymna karigan yesil bir makroalgdir. Ulva
cogalmalar1 ¢ogunlukla s1g sularda meydana gelir ve bu
alglerin ayrigmasi tehlikeli buharlar {iretebilir. Biyoaktif
bilesikler, gida veya biyoyakit gibi ticari agidan degerli
bilesenler icerir. U. lactuca, Ulvan adi verilen ¢ok 6nemli

bir  siilfatlanmis  heteropolisakkarit  igerir.  Bu
heteropolisakkarit antiviral, antitiimor, antikoagiilan,
antilipidik, hepatoprotektif, immiin sistemi uyarici,

antidepresan ve antianksiyolitik aktivitelere sahiptir.
Farmasotik  uygulamalarda  giderek  daha  fazla
kullanilmaktadir (Dominguez ve Loret, 2019). Bu
calismada yesil bir deniz makroalgi olan U. lactuca'nin
antimikrobiyal ve antioksidan 6zellikleri derlenmistir.
Makroalgler: Makroalgler ¢ok hiicreli dkaryotik
organizmalardir. Deniz ekosisteminin ¢ok Onemli bir
boliimiinii olusturmakta olup, dogada en hizli biiylime
gosteren bitkisel organizmalaridir. Diger taraftan gida,
hayvan yemi, ilag ve kozmetik gibi sektorlerde
kullanilabilen,  biyolojik  aktif bilesikler
yetenegindeki organizmalardir (Oztiirk ve Hamzagebi,
2019). Makroalgler genel olarak Rhodophyta, Ochrophyta
ve Chlorophyta ad1 verilen ti¢ farkli filum altinda toplanir.

iiretme

Taksonomik smiflandirmalar  genellikle igerdikleri
fotosentetik pigmentlere gore yapilmaktadir (Torun ve
Konuklugil, 2020). Makroalgler, ¢ok c¢esitli zorlu

ortamlarda hayatta kalabilmek i¢in polisakkaritler, ¢oklu
doymamis yag asitleri ve florotanninler gibi ¢esitli dogal
biyoaktif bilesikler ve metabolitler tiretir (Wang vd., 2017).

Proteinler, bitki  biiyiime  destekleyicileri,
mineraller (mikro ve makro elementler) ve karbonhidratlar
alglerdeki baslica biyokimyasal bilesikler arasinda yer alir.
Karbonhidratlar agar, fukoidan, aljinat, seliiloz, ulvan,
karragenan, laminarin vb., gibi polisakkaritler alglerde
bulunmaktadir (Sudhakar vd., 2019). Polisakkaritler
hipolipidemik,  antioksidan ve  immiinomodiilator
aktiviteler gibi pek ¢ok makroalg fonksiyonuna destek
saglar (Torun ve Konuklugil, 2020). Dogal ve gevre dostu
ozelliklerinden dolay1r makroalgler giiniimiizde tipta,
gidada, filtrasyonda, endiistriyel kullanimda ve giibrede
yaygin olarak kullanilmaktadir. Bazi dnemli farmakolojik
etkilerinin yani sira makroalglerin, antiviral, antifungal,
antikanser, antiinflamatuar, antibakteriyel ve
antimikrobiyal etkileri de arastirilmaktadir (Albayati,
2020; Chen vd., 2018).

Yenilebilir bir yesil makroalg olan Ulva
(Chlorophyta) cinsinin tiirleri, saghig1 gelistiren bir dizi
biyoaktif bilesige ev sahipligi yapan deniz yosunlaridir.

Ulva, mide-bagirsak sagligin1 destekleyen ve kronik
hastaliklarin goriilme sikliginin azalmasiyla baglantili olan
diyet lifi bakimindan zengindir. Ulva'nin ana aktif bilegeni,
immiinomodiilator, antiviral, antioksidan, antimikrobiyal,
antihiperlipidemik ve antikanser gibi biyolojik aktivitelere
sahip jellestirici siilfatlanmis bir polisakarit ve ¢oziiniir bir
lif olan ulvan'dir. Ulvan ayrica, hem bitki hem de hayvan
sistemlerinde hiicresel sinyallesme siireclerini modiile
etme kapasitesine sahiptir ve bu da iiretkenlik ve saglik
tizerinde faydal: etkilere yol agar (Kidgell vd., 2019).

Deniz Yosunlarinin Antimikrobiyal Aktivitesi:
Antibiyotikler bugiinlerde yaygin olarak
mikroorganizmalarin = neden  oldugu  hastaliklarla
miicadelede kullanilmaktadir. Diger taraftan, ¢cok sayida
yan etkisi oldugundan, bakterilerin bu antibiyotiklere kars1
direng gelistirmesine neden olmasi ve ayni zamanda mali
acidan kiilfetli olmasi nedeniyle bilim insanlari, toksik
olarak etkisiz olan ya da ¢ok az toksik etkiye sahip olan ve
ayn1 zamanda maliyet agisindan ucuz olan materyallerden
antibiyotik elde etmeye yonelmislerdir. Giiniimiizde bu
antibiyotigi elde etmek icin kullanilan alternatif kaynaklar
tibbi kdkenli bitkiler, makrofunguslar ve alglerdir (Sahin
ve Akyurt, 2012). Freile-Pelegrin ve Morales (2004)
tarafindan yapilan ¢aligmada, toplanan farkli deniz
yosunlarindan kloroform-metanol ve etanol ekstraktlarinin
patojen mikroorganizmalara kargi antimikrobiyal aktivitesi
incelenmistir. Calistlan 21 tiirden gl hari¢ digerleri
antimikrobiyal aktivite  gOstermistir.  Gram-negatif
bakterilere karst ¢ok diisiik antimikrobiyal aktivite
gosteren bu tiirlerin tamami Gram-pozitif bakterilere
(Micrococcus luteus, Streptococcus faecalis ve Bacillus
subtilis) kars1 etkili olmustur. B. subtilis'e kars: tiirlerin
¢ogu aktivite gostermistir (%94 kloroform-metanol
ekstraktlart ve %89 etanol ekstraktlar1). Ceramium
nitens’in caligilan tiirler arasinda en yiiksek aktiviteye
sahip oldugu goriilmiistiir.

Kolanjinathan ve Stella (2009) tarafindan yapilan
calismada Hydroclothres sp., Calorpha peltada ve
Gracilaria edulis ekstraktlarmin antimikrobiyal aktivitesi
alt1 bakteriyel patojene karsi arastirilmistir. Enterobacter
aerogenes ve Bacillus cereus disindaki tim test
organizmalarinin bilyiimesi G. edulis ekstrakti tarafindan
inhibe edilmistir. S. faecalis, Staphylococcus aureus ve
Escherichia coli’ ye kars1 Caulerpa peltada 6ziitii aktivite
gostermistir. Alt1 test mikroorganizmasindan yalnizca
Pseudomonas aeroginosa'nin bitytimesi Hydroclothres sp.
ekstrakti tarafindan engellenmistir. Tim deniz yosunu
ekstraktlarina kars1 E. aerogenes ve B. cereus’un direngli
oldugu bulunmustur.

Ege Denizi’nde yiiriitiilen bir ¢alismada, 3 Gram-
negatif (E. coli, E. aerogenes, E. coli O157:H7) ve 3-
pozitif (Enterococcus faecalis, M. luteus ve S. aureus)
bakteri alt1

lizerinde, deniz yosununa ait metanol
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ekstraktlarinin  antimikrobiyal aktivitesi arastirilmigtir
(Taskin vd., 2007). Corallina officinalis hari¢ ¢alisilan
alglerin tamami S. aureus’a karsi aktivite gostermistir.
Ancak C. officinalis, E. aerogenes’e karsi en yiiksek
aktivite gosteren tiir olmustur. Aktivite bakimindan
Cystoseira barbata’nin en genis spektrumlu tiir oldugu
gozlenmistir. Calisilan mikroorganizmalara kars1 en diigiik
aktivite gosteren tiirler Dictyota dichotoma ve Halopteris
filicina olarak g6zlemlenmistir.

Yine yapilan bir baska calismada, in vitro
kosullarda E. faecalis, S. aureus, S. epidermidis, P.
aeroginosa, E. coli ve Candida sp., tiirleri iizerinde, 11
farkli deniz yosunundan elde edilen metanol, aseton, dietil
eter ve etanol ekstraktlarmin antimikrobiyal aktivitesi
incelenmistir. Tim test mikroorganizmalarina Kkarsi
Enteremorpha linza, Ectocarpus siliculosus, Ulva rigida,
Galanthus gracilis ve Cystoseira mediterranea tiirlerine ait
ekstraktlarin tamami etkinlik gostermistir (Tlney vd.,
2006).

Deniz Yosunlarinda Antioksidan Aktivite:
Antioksidanlar iki ana tipe ayrilir: enzimatik ve enzimatik
olmayan. Enzimatik olmayan antioksidanlar, E ve C
vitaminleri gibi diyet maddelerini, ¢inko ve selenyum gibi
mineralleri ve ayrica glutatyon, ubikinol ve tirik asit gibi
endojen molekiilleri kapsar. Ote yandan enzimatik
antioksidanlar arasinda siiperoksit dismutaz (SOD),
glutatyon peroksidaz (GPO) ve katalaz gibi Onemli
parametreler Tim endojen ve diyetsel
antioksidanlarin kolektif aktivitesi genellikle toplam
antioksidan kapasite (TAC) olarak adlandirilir ve viicudun
antioksidan durumunun genel bir 6l¢limiinii saglar (Rezaie
vd., 2007). Son yillarda sentetik antioksidanlara yonelik
giivenlik ve saglik kaygilart giindeme gelmistir. Bu
nedenle dogal antioksidanlar ilgi ¢cekmis ve yaygin olarak
kullanilmaktadir. Antioksidanlar, hedef molekiildeki
oksidatif hasar1 ortadan kaldiran, dnleyen veya geciktiren
herhangi bir madde olarak tanimlanmaktadir (Tziveleka
vd., 2021). Diinya yiizeyinin yaklasik %70'ini kaplayan ve
cok sayida makro ve mikroorganizmaya ev sahipligi yapan
okyanuslar, potansiyel terapotik ajanlarin yenilenebilir bir
kaynagini olusturur. Cesitli ve antagonistik deniz ortamu,
cok cesitli biyoaktif bilesiklerin iiretimini tetikler. Deniz
organizmalari, yiiksek tuzluluk, disik veya yiiksek
sicaklik, yiiksek basing, diigiik besin mevcudiyeti ve diigik

bulunur.

veya yiiksek gilines 1s18ina maruz kalma gibi asir1 ¢evresel
kosullara dikkat ¢ekici bir sekilde adapte olmuslardir ve bu
nedenle, olaganiistii bir biyoaktif bilesik rezervuar
saglayabilirler (Kim ve Mendis, 2006). Karasal
organizmalarda benzeri goriilmemistir (Ahmad vd., 2019).
Deniz yosunlari, genellikle énemli biyolojik aktiviteler
sergileyen, yapisal olarak ¢esitli dogal iiriinlerin zengin bir
kaynagini olusturur. Algler, serbest radikallerin iiretimini
destekleyen kosullar olan giines 15181na ve yiiksek oksijen

konsantrasyonlarina yogun maruz kalan ekosistemlerde
biiytimektedir. Bununla birlikte, yapisal yag asidi
membranlarinda  oksidatif hasarn  olmamasi, bu
organizmalarin antioksidan aktiviteye sahip bilesikler
sentezledigini dusiindiirmektedir (Barzkar vd., 2019;
Tziveleka vd., 2021).

Deniz  makroalglerinde  B-karoten, lutein,
zeaksantin, astaksantin, neoksantin, fukoksantin ve
violaksantin'in karsilagilan baglica karotenoidler arasinda
oldugu bilinmektedir. Ornegin; astaksantin, singlet oksijen
sondiirme, radikal temizleme, lipid peroksidasyonunun
inhibisyonu ve oksidatif stres ile ilgili gen ekspresyonunun
diizenlenmesi gibi ¢esitli mekanizmalar yoluyla oksidatif
hasara kars1 bir koruma gorevi goriir. Astaksantin'in tam
etki mekanizmalari, norolojik hastaliklara kars1 koruyucu
etkilerin yani sira cilt hastaliklarinin tedavisinde ve
onlenmesinde kanitlandigindan, kapsamli bir sekilde
incelenmistir. Bir bagka 6rnek olarak genellikle kahverengi
alglerden  izole edilen  fukoksantin  verilebilir.
Fukoksantinin antioksidan aktivitesine tekli oksijen
sondiirme, radikal temizleme ve lipid peroksidasyonunun
inhibisyonu gibi c¢esitli mekanizmalarla aracilik eder.
Fukoksantin'in, vaskiiler endotelyal biiyiime faktoriiniin
asirt  ekspresyonunu inhibe etmede, yaslanmaya
direnmede, fagositik fonksiyonu iyilestirmede ve retina
pigment epitel hiicrelerinde hiicre i¢ci ROS’u (Reaktif
oksijen tiirleri) temizlemede, retinayi 1s1k kaynakli hasara
karsi korumada karotenoidler arasinda en iyi in vitro
biyoaktiviteleri uyguladigi gosterilmistir (Tziveleka vd.,
2021).

U. lactuca: U. lactuca, Linnaeus (1753)
tarafindan on yedinci ylizyilda Baltik Denizi'nde
tamimlanan, Chlorophyta filumuna ait bir makroalgdir;
Kendi kendine baglanan, sapsiz veya serbest yilizen bir
makroalgdir. Tallusu yaprak seklindedir. 1-2 hiicre
tabakasidan, i¢i bos tiip veya silindirikten olusur. Tallusu
olusturan hiicrelerin tek bir ¢ekirdegi ve fincan seklinde
kloroplastlar1 vardir. A vitamini igerir. Akdeniz iilkeleri ve
Asya’da salata olarak kullaniir (Cebi vd., 2016;
Dominguez ve Loret, 2019). U. lactuca, esansiyel amino
asitlerin kaynagi olabilir. Tarim arazilerine serpilerek veya
kompostlagtirtlarak biitiin olarak kullanilir. U. lactuca
yiiksek diizeyde protein ve demir igerir. Ayrica yag orani
diisiik olan degerli bir besindir (Dominguez ve Loret,
2019). UV 15181 ve tuzlu su ile dogrudan temas halinde,
zorlu bir ortamda yasar. Vitaminler, flavonoidler, tanenler,
fenoller, polisakkaritler, saponinler ve polisakkaritler
igerir. U. lactuca'nin ayrica antiinflamatuar ve antikanser
etkileri vardir (Chung vd., 2021).

U. lactuca’min Antimikrobiyal Ozellikleri:
Yosunlardan izole edilen ve antibakteriyal, antifungal,
antiviral ve antikanser aktiviteye sahip maddelerin

farmakoterapide ve ilag yapiminda uzun yillardir
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kullanildig1 bildirilmektedir. Gida patojenlerine karsi
antibakteriyal aktivitesinin degerlendirilmesi amaciyla
hekzan, kloroform, etanol, metanol, aseton ve distile su
gibi farkli polariteye sahip ¢oziiciilerle ekstrakte edilen U.
lactuca {iizerinde yapilan c¢alismada, farkli ¢oziiciiler
kullanilmast ekstraktlarin antimikrobiyal etkisi
bakimindan farkliliklar gostermistir. S. aureus’a karsi
etanol ekstraktinda en yiiksek antibakteriyal aktivite (26
mm), V. parahaemolyticus’a kars1 metanol ekstraktinda ise
en diisiik antibakteriyal aktivite (7 mm) ise gozlenmistir.
Gram-pozitif bakterilere 6zellikle S. aureus’a etanol ve
metanol ekstraktlar1 spesifik goriinmektedir. S. enteritidis
disinda test edilen diger bakterilere kars1 ampisilin (AMP)
ile ayn1 diizeyde antibakteriyal aktivite gosteren U. lactuca
etanol ekstraktt olmustur. V. parahaemolyticus ve A.
hydrophila’ya karsi tespit edilen inhibisyon zonunun
AMP’den daha yiliksek oldugu metanol ekstraktiyla
yiiriitiilen denemelerde gdriilmiistiir. Neticede, ¢oziiciilerin
antibakteriyal etkilerinin farkli oldugu, A. hydrophila’da
kloroform, metanol ve etanol, E. coli’de kloroform ve
etanol, S. enteritis’de hekzan, S. aureus ve B. cereus’da
etanol ekstraktlarinin etkili oldugu goriilmiistiir. Calisilan
bakteri tiirlerine karsi aseton, su ve DMSO (Dimetil
Siilfoksit) ekstraktlarinin ise etkili olmadig1 goriilmiistiir.
Gram-pozitif bakteriler, Gram-negatif bakterilere kiyasla
U. lactuca ekstrelerine karst daha duyarl olmustur (Oztiirk
ve Hamzagebi, 2019).

U. lactuca’nin etil asetat, kloroform ve metanol
ekstraktlarinin etkisi ile olusan zon ¢aplari iizerine yapilan
caligmada, P. aeruginosa’nin iireme ortaminda metanol
ekstrakti 14,25 mm’lik zon ¢ap1 olusturmustur. Diger
taraftan, E. coli, Staphylococcus epidermidis B-4268 ve
Acinetobacter spp., bakteri kiiltiirleri {izerine daha az etkili
oldugu gozlenmistir. Yine daha diisik antibakteriyel
aktiviteler, S. aureus 29213 ve B. subtilis B-354 bakteri
kiiltiirlerine kars1 olmustur. Candida’ya karsi metanol
ekstraktinin higbir antifungal etkisi goriilmemistir. Sonug
itibariyle P. Aeruginosa lizerine U. lactuca’nin metanol
ekstraktinin diger test mikroorganizmalarina gére daha
etkili oldugu goriilmiistiir (Sahin ve Akyurt, 2012).

Aym ¢alismada, E. coli’nin iireme ortaminda
kloroform ekstraktt 17,00 mm’lik zon ¢ap1 olusturmustur.
S. epidermidis B-4268, Acinetobacter spp., ve P.
aeruginosa bakteri kiiltiirleri tizerine daha az etkili oldugu
gbzlenmistir. Stapyhlococcus aureus 29213 ve B. subtilis
B-354 bakteri kiiltiirlerine kars1 ise olduk¢a diisiik
antibakteriyel aktiviteye gostermistir. Candida’ya karsi
Kloroform ekstraktinin oldukca diisiik bir antifungal
aktivite gosterdigi saptanmamustir. Buna gore E. coli
tizerine, U. lactuca’nin kloroform ekstraktinin diger test
mikroorganizmalarina goére daha etkili oldugunu
gostermistir. P. aeruginosa’nin tireme ortaminda etil asetat
ekstrakti 14,25 mm’lik zon ¢ap1 olusturmustur. S.

epidermidis B-4268, Escheriachia coli ve Acinetobacter
spp., bakteri kiiltiirleri iizerine daha az etkili oldugu
gozlenmistir. Daha diisiik antibakteriyel aktiviteler B.
subtilis B-354 ve S. aureus 29213 bakteri kiiltiirlerine karsi
gbzlenmistir. Candida’ya karsi etil asetat ekstraktinin
olduk¢a diisik bir antifungal aktivite gosterdigi
gozlenmistir. Elde edilen veriler P. aeruginosa tizerine U.
lactuca’nin  etil asetat ekstraktinin  diger test
mikroorganizmalarina goére daha etkili oldugunu
gostermistir.

Yapilan bir calismada, Ulva ekstraktinin E. coli
iizerinde bir etkisi olmadig1 gézlemlenmistir. Bu sonuglar,
yalnizca birkag alg tiiriiniin E. coli'ye kars1 zayif inhibit6r
aktivite gosterdigini belirten bagka galigmalarla tutarlidir.
Bununla birlikte bir ¢alisma, U. lactuca'nin metanolik
ekstraktlariin 4 Gram-negatif ve 2 Gram-pozitif izolatlara
kars1 antibakteriyel aktivitesinin, K. pneumonia, S. aureus,
P. vulgaris, B. subtilis ve P. aeruginosa i¢in en inhibitor
etkiyi sergiledigini gostermistir (Kherraz-Chemlal vd.,
2024).

U. lactuca’min Antioksidan Ozellikleri: Biyolojik
sistemlerde hiicrelerin 6nemli sinyal yollarinda oksidatif
hasara karst koruma gorevi istlenen antioksidanlar,
alglerden de elde edilmektedir (Cebi vd., 2016). U. lactuca
tanen, steroid, saponin, antrakinon, alkaloid ve flavonoid
gibi antibakteriyal potansiyele sahip biyoaktif bilesikler
icermektedir. Ayni sekilde, bilesiminde bulunan fenolikler,
terpenoidler, laktonlar, sterol, siilfatlanmig polisakkaritler
ve yag asitlerinin antioksidan aktiviteden sorumlu oldugu
bildirilmistir. Bunlarin antioksidan aktivitesi temel olarak
tekli ve iicli oksijeni sondiirme ve azaltma giiciine,
selatlama kabiliyetine, siiperoksit ve hidroksil radikallerine
kars1 temizleme aktivitesine baglanmaktadir (Oztiirk ve
Hamzagebi, 2019). Alg ekstrelerinde  bulunan
polifenollerin antioksidan etki gosterdigi belirtilmistir.
Yapilan bir¢ok arastirmayla Ulva tiirlerinin serbest radikal
kovucu etkiye sahip antioksidan bilesenlerce zengin
oldugu ortaya koyulmustur. Yapilan bir arastirmada U.
lactuca’nin igerdigi total fenolik bilesenler sayesinde
bitkinin metanol ekstresinin serbest radikal uzaklastirici
etki gdsterdigi ve antioksidan aktiviteye sahip oldugu tespit
edilmistir (Cebi vd., 2016).

Yine bir diger ¢aligmada, fenolik bilesenlerce
zenginlestirilmis ekstrakt elde etmek i¢in U. lactuca
ornegindeki  lipidler  enzimatik  hidroliz ~ Oncesi
uzaklastirilmistir (Tong vd., 2020). Ekstraksiyon islemi
sirasinda ikincil  bitki
metabolitlerinin salinimini artirabilecegi ve ekstraktlarin
biyoaktif ozelliklerini koruyabilecegi  bildirilmistir.
Enzimatik ekstraksiyon ayrica deniz yosunlarindan
biyoaktif bilesiklerin ekstrakte edilebilirligini de arttirir.
Hiicre duvarmi pargalayan enzimler, hiicre duvarini
bozmaya veya zayiflatmaya yardimci olarak, karmagik i¢

enzimlerin  uygulanmasinin
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depolama materyallerini pargalayarak hiicre i¢i biyoaktif
bilesiklerin salinmasina neden olur. Bu c¢aligmada, U.
lactuca 6ziitiiniin TPC (Total Fenolik igerik) degeri 7,72
mg gallik asit esdegeri/g Oziittiir. Burada elde edilen U.
lactuca oziitii, U. lactuca ve metanol-su (4:1) oziitleri
tizerine yapilan onceki ¢alismalarda bildirilenlere kiyasla
nispeten daha diisiik bir TPC degerine sahipti. Cikarma
yontemlerindeki farkliliklar, farkli calismalar arasindaki
TPC degerlerindeki farkliliklar1 kismen aciklayabilir.
Deniz yosunu ekstraktlarmin TPC'si ile antioksidan
aktiviteleri arasindaki pozitif ve dogrudan korelasyon
belgelenmistir. Bu nedenle, daha sonra ¢esitli in vitro
antioksidan biyo-tahlil sistemlerini kullanarak U. lactuca
Oziitiiniin in vitro antioksidan etkilerini, 6zellikle de U.
lactuca oziitiiniin DPPH, hidroksil ve siiperoksit anyon
radikallerine karsi temizleme Kkapasitelerini ve ayrica
indirgeme giiciinii belirlemislerdir.

Kumar vd., (2010) tarafindan yapilan bir
calismada, kadmiyum (Cd) toksisitesine kars1 U.
lactuca’nin antioksidan ozelliklerine bakilmistir. Tallusta
agirlikli olarak SOD (Siiper Oksit Dismutaz), GR
(Glutatyon Rediiktaz) ve GPx (Glutatyon Peroksidaz)'in
antioksidatif enzim seviyelerinin yiiksek oldugunu ve bu
enzimlerin Cd toksisitesinin etkisini azaltmak i¢in
kombinasyon halinde hareket ettigini gdstermektedir. Ayni
zamanda, incelenen Cd konsantrasyonunun (0.4 mM) CAT
(Katalaz) aktivitesini giiclii bir sekilde inhibe ettigini ve
dolayistyla her zaman O, radikallerine veya peroksizomal
proteazlara kars1 duyarliligini 6ne siirdiigiint belirtmekte
fayda var. SOD aktivitesi, reaktif O, iyonlarmi H,O, ve
OJ'ye doniistiirmek i¢in ¢ok dnemlidir. Cd ile muamele
edilmis tallusta gézlemlenen arttirilmis SOD aktivitesi, Fe
ve Zn-SOD izoformlarina ek olarak indiiklenen Mn-SOD
izoformlar ile iligkili olabilir ve bunun O, radikallerini
daha verimli bir sekilde temizledigini gosterir.
Nannochloropsis oculata ve Glacilaria tenuistipitata'da
(Kadmiyuma kalmalarinin ~ ardindan) SOD
aktivitesinde benzer bir artig rapor edilmistir.

Yapilan bir ¢alismada, U. lactuca'nin etanolik
ekstraktinin, 21,53 ve 11,26 mg Trolox/g gibi yiikksek DPH
(2,2-Diphenyl-1-picrylhydrazyl) ve ABTS (2,2'-Azino-bis
[ 3-ethylbenzothiazoline-6-sulfonic  acid)  siiplirme
aktivitesi igin TEAC (Trolox Equivalent Antioxidant
Capacity) degerleri ile nispeten yiiksek antioksidan
aktiviteye sahip oldugunu gostermistir. Onceki galismalar,
U. lactuca etanolik ekstraktinda flavonoidler, saponinler,
alkaloidler ve kardiyak glikozitler dahil olmak iizere gesitli
fitokimyasallari mevcut oldugunu gostermistir. Ozellikle,
flavonoidler serbest radikalleri etkili bir sekilde siiplirme
yetenekleri nedeniyle in vitro antioksidan aktivite sergiler.

maruz

Dahas1  saponinler, biyomolekiiler hasar1 6nleyen
hidroperoksit olugturarak siiperoksiti temizleyebilen
benzersiz, kalint1 benzeri DDMP (2,3-dihidro-2,5-

dihidroksi-6-metil-4H-piran-4-on) igerir. Birlikte ele
alindiginda, U. lactuca'dan elde edilen etanolik ekstrakt,
diisiik konsantrasyonda nispeten giivenli ve Ozellikle
yiiksek antioksidan aktiviteye sahip oldugu i¢in faydali
ozelliklere sahiptir (Osotprasit vd., 2025).

SONUC

Alg ekstraktlarinin, icerdikleri degerli bilesenler
sayesinde Onemli koruyucu, yenileyici ve iyilestirici
ozelliklere sahip oldugu bildirilmektedir (Metin ve Baygar,
2018). U. lactuca, kozmetik, farmasétik, kimya, gida ve
enerji uygulamalari i¢in kullanilmaya elverisli ticari olarak
degerli olan bilesenleri igermektedir (Dominguez ve Loret,
2019). Dogal tibbi bitkilere karsi ilgi fazla olup, bu
durumun pek ¢ok sebebi oldugu bildirilmektedir. {1k olarak
son zamanlarda bilingsiz antibiyotik kullanimimin
artmastyla mikrobiyal direncin olugmasidir. Dolayistyla
tedavi edilemez hastaliklar ve direncli yeni jenerasyonlar
olusmaktadr. Ikinci olarak, sentetik orijinli ilaglarin insan
viicudunda beklenmedik ve istenmeyen bazi yan etkiler
olusturmasidir. Farkli bir neden ise bitkisel kokenli ilaglar
birden fazla etki gosterirken, sentetikler ise genel olarak
tek bir etkiye sahip olmasidir. Ancak, bitkisel droglarin yan
etkilerinin daha iyi bilinmesinin sebebi olarak, onlarin ¢ok
eski ¢aglardan beri kullaniliyor olmasi gosterilmektedir
(Sahin, 2012).

Ideal olarak insan kullanimma yonelik algler,
yonetilen, siirdiiriilebilir kaynaklardan elde edilecek ve
bdylece izlenebilirlik ve yiiksek diizeyde gida giivenligi
saglanacaktir. Temel arastirmalar, deniz yosunu bazh
antioksidanlarin biyoyararlanimina iligkin aragtirmalar1
icermelidir. Organizmalar normal olarak herhangi bir
metabolik seviyede izole olarak islev gormezler.
Oksidasyon-rediiksiyon reaksiyonlari ve buna baglh olarak
hiicrelerin reaktif tiirlere maruz kalmasi, tim canlilarin
yasaminda temel bir siiregtir. Homeostazi tehlikeye atan,
reaktif tiirlerin dengesizligidir. Ancak, ilgili deniz yosunu
antioksidanlarinin metabolitleri, hiicresel bozulmanin
etkilerini hafifletebilir ve hatta azaltmaya yardimc1 olabilir
(Cornish ve Garbary, 2010). Sonug olarak Orneklerde
goriildiigli gibi yapilan birgok ¢aligmada, U. lactuca’nin
igeriginde bulunan bilesikler sayesinde antiinflamatuvar,
antikanser, antifungal, antimikrobiyal ve antioksidan gibi
ozellikler gosterdigi anlagilmaktadir.
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Abstract: Artvin Province, with 2,727 plant taxa, is Turkey’s richest region in terms of plant diversity.

: https://orcid.org/0000-0003-0064-0318 This study aimed to list the hydrophyte plant species distributed in Artvin and its districts, quantify
*U57: https://orcid.org/0000-0003-2028-5827 them based on aquatic plant types, sample them from the field, and determine their medicinal-aromatic
uses. Floristic studies conducted between 2013 and 2024 identified natural plant species growing in

aquatic habitats, and their habitat, flowering period, and medicinal-aromatic uses were documented. A

total of 236 hydrophyte taxa belonging to 48 families and 135 genera were identified in Artvin

Province. When categorized by habitat, 160 species were classified as marsh hydrophytes, 56 species

*Corresponding author’s: as amphibious hydrophytes, 2 species as free-floating hydrophytes, 9 species as fixed-floating
ﬂggﬁL’;‘:ﬁ&??};ﬁﬁ)ﬁg%ﬁhool Artvin hydrophytes, and 8 species as submerged hydrophytes. The families with the highest number of species
Coruh University, 08000 Artvin, T{irkiye_ were Poaceae (45 taxa), followed by Cyperaceae (43 taxa), and Lamiaceae (10 taxa). 126 taxa were
X: h.akyildirim@artvin.edu.tr found to have medicinal uses, while 109 taxa had no recorded medicinal-aromatic uses. Additionally,

threats and threat categories for these species were identified and documented.

Keywords: Artvin, hydrophytic plant, threat categories, medicinal-aromatic, Tiirkiye.

Artvin flinde Dogal Yayihs Gosteren Hidrofit Bitki Tiirleri ve Tibbi-Aromatik Kullanimlari

Oz: Artvin ili 2727 bitki taksonu ile bitkisel gesitlilik agisindan Tiirkiye’nin en zengin ilidir. Bu
caligmada, Artvin ili ve ilgelerinde yayilis gosteren hidrofit bitki tiirlerinin listelenmesi, sucul bitki
tiplerine gore sayisal olarak ifade edilmesi, alandan 6rneklenmesi ve tibbi-aromatik kullanimlarinin
belirlenmesi amaglanmistir. 2013-2024 yillari arasinda yapilan floristik ¢aligmalarda sucul alanlarda
yetisen dogal bitki tiirleri belirlenmis, habitat, ¢igeklenme donemi ve tibbi-aromatik kullanimlari
verilmistir. Artvin ilinde 48 familya 135 cinse ait 236 hidrofit takson tespit edilmistir. Sucul bitki
tiirlerini habitatlarina gore kategorilendirdigimizde, 160 tiiriin bataklik hidrofitleri, 56 tiiriin amfibiyen

*Sorumlu yazar: hidrofit, 2 tiiriin serbest yiizen hidrofitleler, 9 tiiriin sabit yiizen hidrofit, 8 tiir ise su altinda yasayan
Hayal AKYILDI]}IM'BEGEN ) hidrofitler oldugu tespit edilmistir. En fazla tiir tespit edilen ilk ii¢ familya, Poaceae 45 takson,
Artvin Coruh University Health Services Cyperaceae 43 takson, Lamiaceae 10 taksondur. Bu bitkilerden 126 taksonun tibbi amagla kullanildig;,

Vocational School, Artvin, Tiirkiye

I: hakyildiim@artvin.sdudr 109 bitkinin tibbi-aromatik kullanimimin bulunmadig: tespit edilmistir. Bu tiirleri tehdit eden unsurlar

ve tehdit kategorileri verilmistir.

Anahtar Kelimeler: Artvin, hidrofit bitki, tehdit kategorileri, tibbi-aromatik, Tiirkiye.

INTRODUCTION water regulation and biodiversity support. Although there is

no fixed definition of a wetland, ecologically, it is described

Wetlands and aquatic plants hold a significant place as: “All natural or artificial, permanent or seasonal bodies of

within Tiirkiye’s rich biodiversity. Wetlands not only host  water, whether brackish, fresh, or saline, flowing or still,

numerous plant and animal species but also influence the  with depths not exceeding six meters during low tide, and

climatic conditions of the regions they are located in. They providing a habitat for living organisms.” Wetlands are

are vital and dynamic components of the global ecosystem, critical for maintaining ecological balance and supporting
providing a wide range of ecosystem services, including diverse life forms (Anonim 1999; 2000).
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Wetlands are areas where the soil is completely or
partially covered with water, at least periodically, and
especially during the vegetation period. They also serve as
transitional zones between terrestrial and aquatic ecosystems
(Cowardin et al., 1979). Wetlands have influenced social,
cultural, and economic processes throughout human history
due to their ecological significance (Tiril, 2006). Such areas
facilitate the collection and retention of water, providing a
habitat for numerous plant and animal species (Greb et al.,
2006; Sarpdag & Eminagaoglu, 2020).

A plant that grows in an aquatic habitat or needs to
spend at least part of its life cycle in water is called an
"aquatic plant." Aquatic plants can exist in various forms,
including submerged, free-floating on the surface, rooted at
the surface, marsh plants, and amphibious plants (capable of
growing both on land and in water) (Figure 1) (Maliya,
2006). These plants play a crucial role in ecological
processes, supporting the growth of other organisms such as
fish and aquatic insects, and helping to maintain the
cleanliness of water surfaces. Aquatic plants are also vital
for absorbing solar energy and determining the primary
productivity of aquatic ecosystems (Biswas & Calder, 1937;
Cook, 1996; Lavania et al., 1990; Sukumaran & Jeeva,
2011). Aquatic medicinal and aromatic plants are species
that grow in aquatic habitats and possess medicinal or
aromatic properties. These plants are particularly used for
health and natural therapeutic purposes and often contain
aromatic compounds. The medicinal and aromatic uses of
aquatic plants are commonly found in traditional medicine
or modern phytotherapy practices (Cook, 1996). Among
these, Nymphaea spp. (Water Lilies) are commonly known
for their sedative and analgesic properties, with certain
species being used for medicinal purposes. Mentha aquatica
(Water Mint) is used to treat ailments such as stomach
problems, digestive disorders, and headaches. These plants
also have pleasant aromas and offer various benefits, Lemna
minor (Duckweed) contains nutrients beneficial for the body
and is used in traditional medicine, Typha angustifolia
(Cattail) is utilized both as food and medicine, it plays a role
in regional healing practices, Hydrocotyle spp. (Water
Pennywort) is known for benefiting skin health and
accelerating wound healing, Echinodorus spp. (Sword
Plants) is traditionally used as a diuretic and blood purifier,
Scripus spp. (Bulrush) is believed to have detoxifying effects
on the body and support the digestive system (Cook, 1996;
Sukumarané& Jeeva, 2011). These plants not only contribute
to vegetation but also provide various health benefits to
humans by maintaining balance in the ecosystem. Aquatic
plants are also used in the cosmetic and perfume industries
due to their aromatic properties.

Artvin province, with 2,727 plant taxa, is the richest
in Tirkiye in terms of plant diversity and some of these

plants are distributed in and around rich wetlands such as
streams, lakes and swamps. The streams, located in deep
valleys, have created areas suitable for agriculture and
settlement. Many villages and towns in Artvin are
established around these streams. The water in these streams
has become a vital source of life for the people living in the
area. Locals use the streams to irrigate their gardens and
fields, and they rely on the water from these streams for
drinking and other daily needs (Eminagaoglu et al., 2015).
The aim of this research is to reveal the aquatic plant
diversity in Artvin province and its districts. Therefore, a
comprehensive field study was conducted to create a detailed
list of aquatic plants in the region. The diversity, distribution,
habitat ecology, and relationships of the aquatic plants were
examined, along with their potential medicinal and aromatic
significance.

| LN LA ; 2 A
Figure 1. Some hydrophyte species from Artvin a- Epilobium hirsutum L.
b- Alisma plantago-aquatica L.

MATERIAL AND METHOD

Study Area: Artvin province is located within the
A8-A9 grid of P. H. Davis’s system. Situated in the Eastern
Black Sea region, it spans from 40°35' to 41°32' North
latitude and from 41°07' to 42°00' East longitude. It is
bordered by Ardahan to the east, Erzurum to the south, Rize
to the west, the Black Sea to the northwest, and Georgia to
the north. The province ranges in elevation from sea level to
3,937 meters. Artvin is one of the most important provinces
in Tirkiye in terms of biological diversity, with its four
significant plant and nature areas (Karcal Mountains, Coruh
Valley, Eastern Black Sea Mountains, and Yalnizgam
Mountains), one biosphere reserve (Camili), two national
parks (Karagol-Sahara and Hatila Valley), three nature
conservation areas (Camili-Efeler Forest, Camili-Gorgit,
and Camburnu), and five nature parks (Borgcka-Karagol,
Altiparmak, Balikli Giinesli Waterfalls, Tavsan Hill, and
Cehennem Deresi Canyon). The region lies within the
"Caucasus Biodiversity Hotspot," one of the world's 36 most
biologically diverse and simultaneously endangered
biodiversity hotspots. Additionally, Artvin is part of both the
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"Caucasus-Anatolia-Hyrcanian Temperate Forests," one of
the 200 priority ecological regions for conservation
worldwide, and the “Northeastern Anatolia Plant Diversity
Center”. Artvin has many rivers, large and small. Most of the
rivers in this region are relatively short; they originate from
high altitudes and have fast currents. After converging in
main rivers, they flow into the Black Sea. The longest river
among them is the Coruh River, which is 438 kilometers
long (Eminagaoglu et al., 2015). Specialized vegetation
groups are found along these rivers (Eminagaoglu, 1994).
Field Survey and Data Collection: Detailed field
studies and sample collection activities were conducted
between 2013 and 2024. Flora and vegetation studies were
carried out with the aim of identifying wetland plants.
Collection date, collection number, flowering period,
distribution, and habitat was recorded. All important details
about the wetland plants were documented in the field
notebook on-site. Non-flowering plants (ferns) and
herbaceous taxa of flowering plants were collected as
research material. When collecting these plant samples, care
was taken to include organs such as flowers, fruits, buds,
leaves, stems, and roots that would assist in identification.
The wetland plant specimens collected during the field study
were pressed, dried, and properly preserved according to
standard herbarium techniques. The collected plant
specimens were identified using the work titled Flora of
Turkey and the East Aegean Islands (Davis, 1965-1985;
Davis et al., 1988; Giiner et al., 2000). All specimens were

Table 1. List of hydrophyte plants distributed in Artvin.

examined under a stereozoom microscope (Nikon 750, 1000
1X-2X).

The Turkish plant names and their spelling in the
floristic list were derived from the List of Plants of Tiirkiye
(Vascular Plants) source (Giiner et al., 2012). Habitat and
distribution data were compiled from both the observations
made during field studies and the flora and vegetation
research conducted (Segmen & Leblebici, 1991; Se¢gmen &
Leblebici, 1997; Korkmaz & Mumcu, 2013; Eminagaoglu,
1994).

Determining Medicinal-Aromatic Plants: As a
result of field studies conducted in Artvin province and its
districts, the medicinal and aromatic uses of some identified
aquatic plant species were determined through a
comprehensive literature review (Eminagaoglu, 2005;
Eminagaoglu & Ozcan, 2014; Eminagaoglu et al., 2017;
Eminagaoglu, 2023; Eminagaoglu et al., 2023; National
Library of Medicine, 2024; Natural Herbs, 2024;
Wildflowerweb, 2024; Eminagaoglu & Akyildirim Begen,
2024).

RESULTS AND DISCUSSION

As a result of field studies carried out in aquatic
habitats in Artvin province and its districts, a total of 236
aquatic plant taxa belonging to 48 families and 135 genera
were identified. Habitat information, medicinal and aromatic
uses, and herbarium numbers for these species are also listed
(Table 1; Figure 4-8).

Family Taxon Turkish Local Name IUCN Flowering Habitat Medicinal-Aromatic Usage Herbarium
Time (Eminagaoglu, 2005; Eminagaoglu et al., 2017, Number
2023; Natural Herbs, 2024)
Adoxaceae Sambucus ebulus L. Miirver otu 4-6 Wetlands, roadsides From sinus infections (used in a nasal spray) to ARTH 18313
lowering blood pressure
Alismataceae Alisma plantago-aquatica Coban diidiigii LC 6-9 In marshy and shallow waters along lake and Cystitis, dysentery, renal calculus, gravel ARTH 17536
L. stream shores, at elevations ranging from 0 to
1850 meters.
Alismataceae Sagittaria sagittifolia L. Suoku LC 6-9 Along lake shores, in marshy areas, and within Indigestion, skin problems, as an anti-rheumatic, ARTH 18326
water bodies, at elevations ranging from 0 to anti-scorbutic, a diuretic and to reduce milk flow
1500 meters. in lactating mothers, inducing premature birth
Amaranthaceae Chenopodium glaucum L. Goksirken 7-9 Along lake shores and muddy grounds, at Pathogenic diseases ARTH 18327
elevations ranging from 0 to 980 meters.
Amaranthaceae Salsola kali L. Déngele 5-7 In marshy or muddy areas along saline water Regulate the blood pressure effect on ARTH 18328
shores, at elevations ranging from 0 to 1010 vasoconstriction and hydrastine in its effect on the
meters. smooth muscles of the uterus cathartic, diuretic,
emmenagogue, stimulant, and vermifuge
Amaryllidaceae Allium flavum subsp. Toros sarist 5-8 In marshy grounds near water channels. No data ARTH 18329
tauricum (Besser ex Rchb.)
K.Richt.
Apiaceae Sium sisarum var. Sukerevizi 6-8 In marshes along lake shores, at elevations of Dermatology, Diabetes ARTH 18330
lancifolium L. 1050 to 1150 meters.
Araceae Lemna minor L. Sumercimegi LC 7 In lakes, ponds, streams, water channels, water Colds, measles, oedema and difficulty in urination ARTH 18332
sources, and rice fields, at elevations ranging
from 0 to 1650 meters
Araceae Lemna trisulca L. Yivli sumercimegi LC 6-7 In freshwater and saline lakes, as well as water Treatment of swellings ARTH 18331
sources, at elevations ranging from 0 to 1650
meters.
Araliaceae Hydrocotyle ramiflora Sar1 sutagi 7 Along water edges. Treatment of rheumatic troubles, skin diseases ARTH 18333
Maximow. including syphilis and liver complaints
Asparagaceae Ornithogalum Genis yaprakli tiikiiriikotu 5-7 In marshes and wet meadows, at elevations No data ARTH 18334
montanum Cirillo ranging from 1200 to 2270 meters.
Asteraceae Bidens tripartita L. Ug suketeni LC 7-9 In marshes and along stream banks, at Catarrhal rhinitis, angina, acute respiratory ARTH 18337
elevations ranging from 0 to 1000 meters. infections, and as an anti-inflammatory in colitis,
gout, and infantile rickets
Asteraceae Cirsium arvense (L.) Scop. Koygogiiren 5-10 In wetland areas along lake and stream shores, Eye diseases, skin wounds, bleeding hemorrhoids, ARTH 17605
at elevations ranging from 0 to 1150 meters. anti-diabetic, anti-oxidant, hepato-protective, anti-
inflammatory, vasorelaxant, anti-cancer.
Asteraceae Cirsium canum (L.) All. Gri devedikeni 7-8 In marshes along lake and water shores, at No data ARTH 18336
elevations ranging from 1000 to 1500 meters.
Asteraceae Crepis vesicaria L. Kese kiskist 4-6 In marshes at sea level. No data ARTH 17613
Asteraceae Eupatorium cannabinum L. Koyuntirpagt 5-9 Marshy areas Anti-inflammatory agent for respiratory tract ARTH 17619
diseases
Asteraceae Jacobaea mollis (Willd.) Yumugsak kanarya otu 7-9 In wet areas along marshes and stream banks, No data ARTH 18335
B.Nord. at elevations ranging from 850 to 1110 meters.
Asteraceae Pulicaria dysenterica (L.) Yara otu 7-9 In marshy and muddy grounds along lake and Dysentery ARTH 17640
Bernh. water shores, at elevations ranging from 0 to
1150 meters.
Boraginaceae Aegonychon Goktagkesen 4-7 Meadows situated on the edge of the Gynecological disorders ARTH 18477
purpurocaeruleum (L.) woodlands
Holub
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Boraginaceae Echium vulgare L. Engerek otu 4-8 Meadow Treatment of snake bites ARTH 17681
Boraginaceae Myosotis laxa Lehm. subsp. Hiithiitgozii LC 5-8 In marshy areas along lake shores, at elevations No data ARTH 18338
caespitosa (C.F. Schultz) ranging from 0 to 1500 meters.
Hyl. ex Nordh
Brassicaceae Aethionema arabicum (L.) Arap tasgantasi 4-6 Meadows situated on the edge of the No data ARTH 17693
Andrz. ex Rchb. woodlands,
Brassicaceae Barbarea vulgaris R.Br. Nicarotu LC 4-5 In marshy meadows, at elevations ranging Wound healing, appetizing, curative of scurvy and ARTH 17702
from 0 to 1500 meters. diuretic, kidney failure
Brassicaceae Cardamine raphanifolia Ceykodim 6-8 Along lake shores in high elevations, No data ARTH 18341
Pourr. subsp. acris (Gris.) approximately at 1100 meters.
O.E. Schulz
Brassicaceae Lepidium draba L. dignik 4-6 Meadows and pastures, cultivated fields, home Antiscorbutic, cure for flatulence and fish poison ARTH 18478
gardens, national parks and
Brassicaceae Lepidium latifolium L. Nujdar 6-8 In marshy environments along lake shores, at Stomach tonics and diuretics, hypertension, ARTH 18340
elevations ranging from 900 to 1000 meters. diabetes
Brassicaceae Nasturtium officinale R.Br. Suteresi LC 3-7 In clean spring waters and channels, at Essential oil, Hypertension, hyperglycemia, renal ARTH 18339
elevations ranging from 0 to 1100 meters. colic, anti-cancer, anti-oxidant, diuretic,
expectorant, anti-diabetic
Brassicaceae Rorippa austriaca (Crantz) Topgakandura LC 5-6 In wet marshes and muddy grounds, at No data ARTH 17716
Spach elevations ranging from 0 to 1020 meters.
Brassicaceae Rorippa sylvestris (L.) Cakandura LC 6-9 In shallow waters along lake shores and Kidney stones, urinary tract infections, and edema ARTH 17717
Besser marshy grounds, at elevations ranging from 0
to 2000 meters.
Butomaceae Butomus umbellatus L. Bataklikgiilii LC 5-9 In lakes, puddles, shallow waters, and marshes, No data ARTH 18342
at elevations ranging from 0 to 1950 meters.
Caryophyllaceae Cerastium chlorifolium Parlak boynuzotu 5-7 Marshy areas Fever, cough, and colds. ARTH 17747
Fisch. & C.A.Mey.
Caryophyllaceae Holosteum marginatum Kasikgalan 5 Marshy areas No data ARTH 18480
C.A.Mey.
Caryophyllaceae Spergularia media (L.) C. Kus remilotu LC 5-8 In saline marshes along the coast or inland, at No data ARTH 18343
Presl. elevations ranging from 0 to 1100 meters.
Caryophyllaceae Stellaria aquatica (L.) Vergelotu 7-8 Marshes, fens, streamsides, ditches and damp Galactogogue, fistula ARTH 17776
Scop. woods at low altitudes
Caprifoliaceae Cephalaria aristata Orumotu 6-8 Marshy areas No data ARTH 18479
K.Koch
Celastraceae Parnassia palustris L. Yiirekyapragi LC 7-9 In marshy meadows along the shores of high- Treat disorders of the liver and indigestion, kidney ARTH 18344
altitude lakes, at elevations ranging from 1500 stones.
to 1660 meters.
Convolvulaceae Calystegia sepium (L.) R. Cit denizsarmasig 5-9 It is typically found as a climber on the stems Gallbladder, sedative, analgesic, laxative, diuretic, ARTH 17784
Br. of Phragmites australis in wetland and marshy antipyretic, potent cleaner.
areas along lake and stream shores, at
elevations ranging from 0 to 1000 meters.
Convolvulaceae Calystegia silvatica (Kit.) Biiritk 4-8 They are found as climbers on plants in Digestive problems, skin conditions, and ARTH 17785
Griseb wetland areas along lake shores, at elevations respiratory issues
ranging from 0 to 1100 meters.
Convolvulaceae Convolvulus arvensis L. Tarla sarmagigt 4-9 Itis found as a climber on other plants in Laxative, diuretic, abortifacient. ARTH 17787
marshy and wetland areas along lake and
stream shores, at elevations ranging from 0 to
1150 meters.
Cyperaceae Blysmus compressus (L.) Yasst hasirotu LC 5-8 Freshwater and saline marshes, and wetland Eat digestive problems, skin diseases, and ARTH 18377
Panz. ex Link areas that dry up in summer, at elevations respiratory issues
ranging from 850 to 1500 meters.
Cyperaceae Bolboschoenus maritimus Sandalyesazi LC 7-8 Brackish to saline marshes and coastal strands It is used as a poison and a medicine ARTH 18374
(L.) Palla
Cyperaceae Bulbostylis hispidula (Vahl) Karakofa LC 6-8 Roadsides, bamboo zones, heath scrub, No data ARTH 18352
R.W.Haines. ericaceous zone, moorland
Cyperaceae Bulbostylis tenerrima Kancikkofa DD 6-7 Roadsides, bamboo zones, heath scrub, No data ARTH 18351
(Fisch. & Mey. ex Ledeb.) ericaceous zone, moorland
Palla
Cyperaceae Carex acuta L. Batakliksaz LC 56 Along lake and water shores, in shallow No data ARTH 18369
waters, at elevations ranging from 0 to 1660
meters.
Cyperaceae Carex acutiformis Ehrh. Cayirsazi LC 5-6 Wet meadows, and wetland areas along lake No data ARTH 18362
and stream shores, at elevations ranging from 0
to 1900 meters.
Cyperaceae Carex canescens L. Hammsaparna LC 5-6 In bog marshes and along lake shores, at Digestive issues, menstrual cramps, and skin ARTH 18380
elevations ranging from 1400 to 2650 meters. conditions
Cyperaceae Carex distans L. Ayrik saparna LC 5-6 Saline and slightly saline marshes, wet and Colds, coughs, diarrhea ARTH 18384
marshy meadows, at elevations ranging from 0
to 1000 meters.
Cyperaceae Carex divisa Huds. Zevzirgimeni LC 3-6 In saline marshy meadows, along soda lake No data ARTH 17804
shores, and in rice fields, at elevations ranging
from 0 to 1700 meters.
Cyperaceae Carex echinata Murray Dikenli saparna 5-6 Wet meadows and marshes, at approximately No data ARTH 18361
10 meters.
Cyperaceae Carex flacca subsp. Yanik gayirsazi 5-6 ‘Wet meadows and lake shores, at elevations No data ARTH 18365
erythrostachys (Hoppe) ranging from 0 to 1600 meters.
Holub.
Cyperaceae Carex hirta L. Tiiylii cayirsazt 5-6 Wet meadows and muddy grounds, at The rhizome is diuretic ARTH 18381
elevations ranging from 50 to 1500 meters.
Cyperaceae Carex hordeistichos Vill. Arpa gayirsazi 5-6 Marshes and shallow waters along lake and No data ARTH 18367
stream shores, at elevations ranging from 860
to 1050 meters.
Cyperaceae Carex leporina L. Tiiliisazotu 5-6 In wet meadows, at approximately 1500 to No data ARTH 18360
1660 meters.
Cyperaceae Carex magellanica Lam. Yaman sazotu LC 5-6 Marshy meadows and lake shores, at elevations Diarrhea, fever, headaches ARTH 18385
subsp. irrigua (Wahlenb.) ranging from 1750 to 2900 meters.
Hiitonen
Cyperaceae Carex melanostachya Benli ayakotu 5-6 Marshes, wet meadows, at elevations ranging No data ARTH 18363
M.Bieb. ex Willd. from 50 to 1200 meters.
Cyperaceae Carex panicea L. Darims1 saparna 5-6 Marshy grounds, at elevations ranging from No data ARTH 18366
1500 to 1600 meters.
Cyperaceae Carex pendula Huds. Asik saparna 5-6 Water edges, at approximately 50 meters. No data ARTH 17805
Cyperaceae Carex remota L. Nazlisaparna LC 5-6 In marshy grounds beneath forests, at Digestive problems, skin irritations, and infections ARTH 18379
elevations ranging from 0 to 880 meters.
Cyperaceae Carex rostrata Stokes Sirtksaparna LC 5-6 Lake shores, marshes, at approximately 1500 No data ARTH 18364
meters.
Cyperaceae Carex sylvatica Hudson Enlisaz 5-6 Wet meadows, at elevations ranging from 1000 Diarrhea, fever, and respiratory problems ARTH 18383
subsp. latifrons (V. Krecz.) to 2000 meters.
0. Nilsson
Cyperaceae Carex umbrosa subsp. Golge seven saparna LC 5-6 The edges of water sources, at elevations No data ARTH 18368
huetiana (Boiss.) Soo ranging from 1600 to 3350 meters.
Cyperaceae Cyperus glaber L. Kdsniiotu LC 7-9 In marshes, water edges, rice fields, and along No data ARTH 18345
lake shores, at elevations ranging from 50 to
1150 meters.
Cyperaceae Cyperus difformis L. Gdcelebiiken LC 7-8 Along lake shores and in rice fields, at No data ARTH 18346
elevations ranging from 0 to 1890 meters.
Cyperaceae Pycreus flavescens (L.) Samanberdi LC 8-9 Lake and stream shores, at elevations ranging No data ARTH 18347
P.Beauv. ex Rchb. from 140 to 1150 meters.
Cyperaceae Pycreus flavidus (Retz.) Sariberdi LC 7-8 In marshy slopes and along water sources, at No data ARTH 18348
Koyama elevations ranging from 0 to 140 meters.
Cyperaceae Pycreus sanguinolentus Berdi 8 Along water edges and at stream mouths, at No data ARTH 18349
(Vahl.) Nees elevations ranging from 0 to 900 meters.
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Cyperaceae Fimbristylis dichotoma (L.) Catalberdi 7-9 At stream mouths. No data ARTH 18350
Vahl.
Cyperaceae Eleocharis quinqueflora Seyreksaz LC 5-8 In marshes, marshy meadows, and along water No data ARTH 18353
(Hartmann) O.Schwarz edges, at elevations ranging from 1400 to 1950
meters.
Cyperaceae Eleocharis palustris (L.) Delisaz LC 3-9 Lake shores, water channels, saline and No data ARTH 18354
Roemer & Schultes freshwater marshes, and marshy meadows, at
elevations ranging from 0 to 2600 meters.
Cyperaceae Eleocharis uniglumis Kapgiksazi LC 5-8 In shallow waters along lake and stream No data ARTH 18355
(Link) Schult. shores, and in slightly salty marshes, at
elevations ranging from 805 to 1660 meters.
Cyperaceae Isolepis setacea (L.) R. Br. Tiiyhi kinotu LC 5-10 In marshes and oxygen-poor puddles, at No data ARTH 18356
approximately 770 meters.
Cyperaceae Scirpus sylvaticus L. Topakbedri LC 5-7 Marshes and water edges, at approximately 50 No data ARTH 18357
meters.
Cyperaceae Eriophorum latifolium Pambikotu LC 5-6 Wet meadows, at elevations ranging from 1200 No data ARTH 18358
Hoppe to 2100 meters.
Cyperaceae Rhynchospora alba (L.) Aksazberdi LC 5-8 In acidic bog areas, at approximately 1600 No data ARTH 18359
Vahl. meters.
Cyperaceae Carex vesicaria L. Bohg¢alisaparna LC 5-6 In marshes along lake and water shores, at Urinary tract infections, kidney stones, and ARTH 18382
elevations ranging from 850 to 1850 meters. diarrhea
Cyperaceae Cyperus serotinus Rottb. Gelgit hasirt 8-9 In mud and marshes along lake shores, at No data ARTH 18370
approximately 140 meters.
Cyperaceae Eriophorum vaginatum L. Bataklik keteni 5-6 Marshy meadows and lake shores, at Anti-inflammatory and diuretic agent. Plant ARTH 18376
approximately 1750 meters. extracts with the fruits of this plant are used as a
pain reliever, antipyretic and sedative.
Cyperaceae Fimbristylis bisumbellata Ikiz telberdi 7-9 In marshy areas, at approximately 70 meters. Urination problems and kidney problems. ARTH 18371
(Forssk.) Bubani
Cyperaceae Schoenoplectus Ayna semerotu LC 4-8 In lakes, lagoons, water edges, and irrigation Leaf juice used in attempt to cure blindness ARTH 18372
tabernaemontani channels, at elevations ranging from 0 to 2600
(C.C.Gmel.) Palla. meters.
Cyperaceae Schoenoplectiella Sivriberdi LC 7-10 In rice fields, at elevations ranging from 0 to Release heat, to clear the eyes and to relieve ARTH 18373
mucronata (L.) J.Jung & 1000 meters. coughing.
H.K.Choi
Cyperaceae Schoenus nigricans L. Inekgozii LC 37 Saline marshes and thermal waters, at Respiratory problems and skin irritation ARTH 18378
elevations ranging from 0 to 950 meters.
Cyperaceae Scirpoides holoschoenus Vurla LC 4-8 Marshes, streams, irrigation channels, and Root is a cure for snake and scorpion bites, uterine ARTH 18375
(L.) Sojak crater lakes, at elevations ranging from 0 to discharge, overdose causes the uterus to prolapse,
1150 meters. diuretic, removes stones from the area and is
extremely useful for edema.
Equisetaceae Equisetum fluviatile L. kirkbogum Swamps, lakes, streams, ditches No data ARTH 18481
Equisetaceae Equisetum hyemale L. ulamotu In open or wooded areas along streams, on No data ARTH 18482
alluvial flats, and on wet ledges;
Equisetaceae Equisetum giganteum L. karkkilitotu In open or wooded areas along streams, on Diuretic and hemostatic in urinary disorders ARTH 18483
alluvial flats, and on wet ledges;
Euphorbiaceae Euphorbia heteradena Kerigan 5-9 In marshes along lake shores, at elevations No data ARTH 18386
Jaub. & Spach ranging from 1000 to 2300 meters.
Euphorbiaceae Euphorbia hirsuta L. Killi siitlegen 4-9 In saline marshes and marshy meadows at sea Female disorders, respiratory ailments (cough, ARTH 17835
level. coryza, bronchitis, and asthma), worm infestations
in children, dysentery, jaundice, pimples,
gonorrhea, digestive problems, and tumors
Euphorbiaceae Euphorbia esula subsp. Esek siitlegeni 4-9 Marshes and water edges, at elevations ranging Potential cytotoxic effects in several human tumor ARTH 17842
tommasiniana (Bertol.) from 1000 to 3000 meters. cells.
Kuzmanov.
Fabaceae Astragalus odoratus Lam. Misk geveni 6-7 In marshes along lake shores, at elevations All parts of the plant are toxic, particularly the ARTH 17850
ranging from 850 to 1950 meters. seeds, however poisoning from this genus is only a
hazard after four to eight weeks of chronic
ingestion of the plant material. Symptoms include
paralysis, bradycardia, shallow breathing,
muscular tremors and convulsions, and severe
cases are potentially fatal
Fabaceae Lathyrus nissolia L. Cimenburgak 57 In marshes, at elevations ranging from 0 to No data ARTH 17866
1900 meters.
Fabaceae Lathyrus pratensis L. Tarla burgag 6-7 In marshy meadows along lake shores, at No data ARTH 17867
elevations ranging from 850 to 1500 meters.
Fabaceae Lotus corniculatus var. Gazel boynuzu 4-9 In marshes along lake shores, at elevations Anti-oxidant, immunostimulant. ARTH 17874
tenuifolius L. ranging from 0 to 1700 meters.
Fabaceae Melilotus officinalis (L.) kokuluyonca 5-9 Prairies, savannas, dunes, hillsides, ravine Reduce the risk of phlebitis (inflammation of a ARTH 17881
Desr. shores, roadsides and forest edges vein) and thrombosis.
Fabaceae Securigera varia L. korigen 6-9 Meadows and fields, shores of rivers or lakes i ARTH 17858
Gentianaceae Centaurium pulchellum Pembe tukul LC 4-7 Marshy areas, at elevations ranging from 0 to No data ARTH 18387
(Swartz) Druce 850 meters.
Gentianaceae Centaurium tenuiflorum Zarif ¢igekli kantoron 6-7 In slightly saline or non-saline marshes, at Inflammation, digestive issues ARTH 18388
subsp. acutiflorum (Schott) elevations ranging from 0 to 950 meters.
Zeltner
Gentianaceae Swertia iberica Fisch. ex Safraca LC 7-8 In marshes at high altitudes, at elevations Hepatitis, cholecystitis, pneumonia, osteomyelitis, ARTH 18389
Boiss. ranging from 1600 to 2700 meters. dysentery, and scabies
Geraniaceae Geranium rotundifolium L. helilok 5-9 Shores, floodplains, rocks and barren places Throat, bleeding, nephritis and bruises ARTH 17927
Haloragidaceae Myriophyllum spicatum L. Sucivanper¢emi LC 39 In lakes, irrigation channels, and slow-flowing Demulcent, febrifuge ARTH 18390
streams, at elevations ranging from 0 to 1670
meters.
Hypericaceae Hypericum venustum Fenzl Tentiirdiyototu 7-8 In marshy environments along lake shores, at No data ARTH 18391
approximately 1500 meters.
Iridaceae Iris pseudacorus L. Batak siiseni 57 In wet meadows along lake shores, at Stimulant, tonic, anticonvulsant and diuretic, cure ARTH 18392
approximately 1890 meters. epilepsy
Iridaceae Gladiolus kotschyanus Cayir kiligotu 4-8 In marshy areas along lake and stream shores, Peptic Ulcer, skin infections, gut, urogenital ARTH 18393
Boiss. at elevations ranging from 400 to 2900 meters. system, upper respiratory tract, gonorrhea,
dysentery, other infectious conditions.
Iridaceae Sisyrinchium micranthum 37 on roadsides at 0-10 m with Oxalis corniculata No data ARTH 17303
Cav. L., Plantago major L.
Juncaceae Juncus inflexus L. Sazak LC 4-8 Along water edges, marshy grounds, and wet No data ARTH 18394
meadows, at elevations ranging from 0 to 1990
meters.
Juncaceae Juncus conglomeratus L. Hasirsazi LC 4-7 Along water edges, at elevations ranging from No data ARTH 18395
0 to 1600 meters.
Juncaceae Juncus compressus Jacq. Karahastrlik LC 57 In marshy and muddy areas along lake shores, No data ARTH 18396
at elevations ranging from 0 to 1500 meters.
Juncaceae Juncus bufonius L. Kurbaga hasirotu LC 39 In marshy and muddy grounds, at elevations No data ARTH 18397
ranging from 0 to 2600 meters.
Juncaceae Juncus effusus L. Has kofa LC 4-7 In marshy areas along lake shores, at elevations Sore throats, jaundice, oedema, acute urinary tract ARTH 17943
ranging from 0 to 1620 meters. infection and morbid crying of babies.
Juncaceae Juncus filiformis L. Kizsaz LC 6-8 Marshy meadows at high altitudes, at Infections, kidney stones ARTH 18398
elevations ranging from 2000 to 2750 meters.
Juncaceae Juncus articulatus L. Camisotu LC 4-8 In marshes along lake shores, at elevations Hypnagogic, sedative, spasmolytic, local ARTH 18399
ranging from 0 to 1990 meters. anesthetic, anticancer agent
Juncaginaceae Triglochin maritima L. Sahil okotu 5-8 Marshes, at elevations ranging from 900 to No data ARTH 18400
1890 meters.
Juncaginaceae Triglochin palustris L. Sugengeli LC 5-9 Marshes and along lake shores, at elevations No data ARTH 18401
ranging from 850 to 1700 meters.
Lamiaceae Glechoma hederacea L. yernanesi 3-6 Meadows and fields Diuretic and stimulant ARTH 17956
Lamiaceae Mentha aquatica L. Su nanesi LC 7-10 Along lake and stream shores, in marshes, at Sedative, analgesic, carminative, stomach ARTH 17968

elevations ranging from 0 to 1200 meters.

stimulant, anti-nausea. excessive consumption may
cause miscarriage.
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Lamiaceae Prunella vulgaris L. Gelinciklemeotu 6-9 In marshes and muddy grounds along water Allergy, anti-inflammatory, anti-HIV, skin ARTH 17984
edges, at elevations ranging from 0 to 1660 irritation healer, germicide, wound healer,
meters. astringent, Antipyretic, diuretic, strengthening,
prevents mouth sores, goiter, diarrhea and boils.
Lamiaceae Mentha spicata L. Baglikl nane LC 6-8 In mudflats and wet meadows along water Antimicrobial, antispasmodic, choleretic, ARTH 17972
edges that dry up in summer, at elevations carminative Anti-cramp, carminative, bile
ranging from 0 to 140 meters. enhancer, anti-inflammatory, disinfectant, pain
reliever, soothing
Lamiaceae Mentha pulegium L. Yarpuz LC 6-9 In mudflats and wet meadows along water Strengthening, digestive, phlegm, bile expectorant, ARTH 17971
edges that dry up in summer, at elevations menstrual inducing, nausea treatment.
ranging from 0 to 140 meters.
Lamiaceae Mentha longifolia (L.) Piink LC 6-8 Along water edges and in marshes, at Strengthening, digestive, anticonvulsant, ARTH 17970
Hudson elevations ranging from 100 to 1990 meters. antitussive, insecticidal properties, A strongly
aromatic culinary herb used in infusion, liquid
extract, syrup, powder, essence, fruit juice, and
tobacco. perfume, drink raw materials, anti-septic,
sedative, midevi, carminative, anti-nausea, anti-
diarrheal phlegm,
Lamiaceae Lycopus europaeus L. Avrupa kurt ayagt LC 6-10 In marshy areas along lake shores and in No data ARTH 17964
temporary water bodies, at elevations ranging
from 0 to 1600 meters.
Lamiaceae Teucrium scordium L. Bataklik 5-9 Freshwater or slightly saline marshes, at Anthelmintic, antifungal, antiseptic, diaphoretic, ARTH 18019
subsp. scordioides kisamahmutotu elevations ranging from 0 to 1100 meters. skin, tonic, antidote for poisons, anthelmintic,
(Schreber) Maire & tonic, diaphoretic actions for all inflammatory
Peti in diseases
Lamiaceae Scutellaria galericulata L. Migferli kalkantag 6-8 In marshes along lake and stream shores, at Anti-inflammatory, antispasmodic, slightly ARTH 18402
elevations ranging from 0 to 1500 meters astringent, febrifuge, nervine, strongly tonic, throat
infections
Lamiaceae Stachys palustris L. Gohsirgam LC 6-10 In wet marshy areas along lake shores, at Emetic, antiseptic, nervine, sedative, ARTH 18009
elevations ranging from 0 to 950 meters. antispasmodic, emmenagogue, hemostatic,
vulnerable, expectorant, tonic agent
Linderniaceae Lindernia procumbens Siiriiniicii kutuotu Bern 6 In marshy areas, at sea level. No data ARTH 18403
(Krock.) Philcox LC
Linderniaceae Lindernia diffusa (L.) Som kutuotu LC 6 In marshy areas, at sea level. No data ARTH 18404
Wettst.
Lythraceae Lythrum salicaria L. Hevhulma LC 6-8 Along lakes, streams, and water edges, at Diuretic, astringent, haemorrhagic, strengthening, ARTH 18035
elevations ranging from 0 to 1620 meters. against eczema, hemorrhoids, dysentery prevention
Malvaceae Althaea cannabina L. Giilhannaz 6-8 In marshes, at elevations ranging from 1250 to Asthma, bronchitis, cold, sore throat, cough, ARTH 18405
1500 meters. ulcerative colitis, stomach ulcers, weight loss,
wound healing, anti-tussive, diuretic, emollient,
laxative, odontalgic.
Menyanthaceae Menyanthes trifoliata L. Suyoncast LC 7-8 In lakes and marshes at high altitudes, at No data ARTH 18406
elevations ranging from 850 to 1660 meters.
Onagraceae Epilobium parviflorum Iraz yakiotu LC 5-9 In marshy and muddy areas along lakes and Prostate gland, urinary bladder and treatment of ARTH 18048
Schreber water edges, at elevations ranging from 0 to kidney diseases, anti-inflammatory.
2000 meters.
Onagraceae Epilobium angustifolium L. Dar yaprakli yakiotu 6-8 In muddy grounds along lakes and water edges, Anti-spasmodic (contraction and compression of ARTH 18045
at approximately 1000 meters. smooth muscles such as kidneys and stomach),
astringent (more contraction of tissues caused by
tannins), demulcent (softening of wounds),
emollient (condition of skin softening, healing
state), hypnotic, laxative (cleansing the intestines,
relieving constipation) and tonic effect.
Onagraceae Epilobium hirsutum L. Hasanhiiseyin gigeg LC 6-9 In marshy areas, at elevations ranging from 0 In the treatment of eczema, acne, burns, ulcers, ARTH 18046
to 1660 meters. skin diseases, inflammations, bladder health
protection, maintenance of men's health, hormonal
imbalances, urinary system health.
Onagraceae Epilobium anatolicum Ana yakist LC 7-8 In muddy environments along lake shores, at No data ARTH 18407
Hausskn. an elevation of 1660 meters.
Onagraceae Epilobium palustre L. Bataklik yakiotu 7-8 In marshy grounds along lakes and water No data ARTH 18408
edges, at elevations ranging from 850 to 1620
meters.
Onagraceae Epilobium confusum Mukaddes defne LC 7 In marshes and wet meadows at high altitudes, No data ARTH 18409
Hausskn. at approximately 2660 meters.
Onagraceae Epilobium montanum L. Dag yakiotu 7-8 In wet muddy areas in forest clearings at high Kidney, urinary tract, prostate diseases, anticancer ARTH 18410
altitudes, at approximately 800 meters.
Onagraceae Epilobium tetragonum L. Dort koseli yakiotu 6-8 In muddy and marshy areas along lake shores, Skin irritations, wounds, digestive problems, anti- ARTH 18411
at elevations ranging from 1100 to 1500 inflammatory, analgesic properties
meters.
Onagraceae Epilobium minutiflorum Kiigiik gigekli yakiotu LC 6-8 In marshy grounds along lakes and water edges Constipation ARTH 18412
Hausskn. at high altitudes, at elevations ranging from
1000 to 1100 meters.
Orchidaceae Dactylorhiza urvilleana Balkaymak 6-8 Water sources and meadow at elevations Treat skin problems such as wounds, abscess, ARTH 18065
(Steudel) Baumann & ranging from 0 to 2500 meters. inflammation, and as tonic
Kiinkele
Orchidaceae Dactylorhiza euxina Laz salebi NT 6-8 Peat meadows, along water sources, at Cough, inflammation, skin, affections, used as ARTH 18058
(Nevski) Czerep. elevations ranging from 1150 to 2900 meters. aphrodisiac, tonic, cure wounds
Orchidaceae Dactylorhiza saccifera Keselisalep 6-8 Forests, forest edges, water source edges, Tuber used in decoction as panacea, and breath ARTH 18061
(Brongn.) So6 streams, 800-1680 m. shortness_tubers harvested for Salep
Orchidaceae Epipactis palustris (L.) Danakiranotu LC 7 Marsh meadows, at elevations ranging from 0 No data ARTH 18069
Crantz to0 1750 meters.
Orchidaceae Anacamptis palustris Bataklik salepotu LC 6-7 Marsh and wet meadows, at elevations ranging No data ARTH 18051
(Jacq.) R.M.Bateman, from 850 to 1500 meters.
Pridgeon & M.W.Chase.
Orchidaceae Dactylorhiza umbrosa Govdelisalep 6-8 Marsh, at elevations ranging from 1500 to No data ARTH 18060
(Kar. Et Kir.) Nevski 3300 meters.
Orchidaceae Neottia ovata (L.) Bluff & Cali salebi 5-6 Near water sources and wet meadows, at Clears heat, moves the blood, promotes healing ARTH 18413
Fingerh. elevations ranging from 50 to 1700 meters.
Orchidaceae Dactylorhiza iberica (Bieb. Kirim salebi 5-8 Wet meadows, swamps, and the edges of lakes Hemorrhoids ARTH 18059
ex Willd.) Soo and water sources, at elevations ranging from
1000 to 1500 meters.
Orchidaceae Dactylorhiza osmanica Osmanli salebi 6-7 Swamps, water sources, and riverbanks. Metabolic inflammation, cancer ARTH 18062
(KL.) Soo
Orobanchaceae Euphrasia hirtella Jord. ex Yayla gozotu 6-9 Marshy areas No data ARTH 18484
Reut.
Orobanchaceae Rhynchocorys elephas (L.) Filburnu 4-8 Sulak alanlara, alpin ¢ayirlara ve yamaglara No data ARTH 18094
Griseb.
Orobanchaceae Rhynchocorys stricta Hos filburnu 4-8 Sulak alanlara, alpin ¢ayirlara ve yamaglara No data ARTH 18095
(K.Koch) Albov
Plantaginaceae Plantago major L. Iri yaprakl1 sinirliotu 4-6 Wetlands, alpine meadows and hillsides Diarrhea, gastritis, peptic ulcer, irritable bowel ARTH 18131
syndrome, hemorrhage, hemorrhoids, cystitis,
bronchitis, catarrh, sinusitis, asthma, hay fever.
Plantaginaceae Plantago lanceolata L. Mizraksi yaprakl 4-10 In marshy soils, 0-70 m. Ulcer, hemorrhoids, bronchitis, sinusitis, asthma ARTH 18130
sinirliotu
Plantaginaceae Veronica serpyllifolia L. Kekik yaprakl tavsanotu 4-7 At the water's edge, marshy meadows, and Treat a variety of ailments, including coughs, ARTH 18414
muddy soils, 50-70 m. colds, and digestive problems.
Plantaginaceae Plantago scabra Moench Sinirsek 5-11 In marshy and muddy areas along the sea and No data ARTH 18415
lake shores, 0-1250 m.
Plantaginaceae Veronica anagallis- Sugedemesi LC 4-9 Wetlands, alpine meadows and hillsides Appetizing, stimulating, burn treatment ARTH 18133
aquatica L.
Plantaginaceae Veronica beccabunga L. Atteresi 5-8 Wetlands, alpine meadows and hillsides Treatment of scurvy, diuretic, menstrual flow ARTH 18136
promoter, antipyretic, laxative effect, treat blood
rashes, impurity of blood, burns and ulcers.
Plantaginaceae Plantago maritima L. Sahil sinirliotu 5-8 In salty wetlands along lake and sea shores, Laxative, soothing irritated membranes ARTH 18132

900-1700 m.
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Poaceae Cynosurus cristatus L. Tarakotu 5-8 Marshy areas Catarrhal diseases of the bladder, Diuretic ARTH 18485
demulcent.
Poaceae Festuca drymeja Mert. & Cali yumag: 6-7 Marshy areas No data ARTH 18486
W.D.J.Koch
Poaceae Lolium perenne L. Cim 4-8 Grasslands, pastures, dunes, wastelands, Treatment of cancer, diarrhoea, haemorrhages and ARTH 18487
0-2050 m malaria
Poaceae Lolium rigidum Gaudin sert ¢im 4-9 Cereal grain fields, orchards, vineyards, and No data ARTH 18488
roadsides
Poaceae Poa angustifolia L. Dar salkimotu 5-8 marshes, high steppe to low alpine vegetation No data ARTH 18489
Poaceae Poa diversifolia (Boiss. & Zarif salkimotu 5-8 marshes, high steppe to low alpine vegetation No data ARTH 18490
Balansa) Hack. ex Boiss.
Poaceae Poa masenderana Freyn & Pala salkimotu 5-8 marshes, high steppe to low alpine vegetation No data ARTH 18491
Sint.
Poaceae Poa nemoralis L. Ormansalkimi 5-8 marshes, high steppe to low alpine vegetation No data ARTH 18492
Poaceae Phragmites australis (Cav.) Kanug LC 8-10 In freshwater and brackish wetlands and Diuretic, diaphoretic, blood purifier, preventive of ARTH 18416
Trin. ex Steudel marshes along lakes, rivers, irrigation channels, gout, rheumatism, toothache, bronchitis, measles.
and sea shores, 0-2000 m.
Poaceae Elymus repens (L.) Gould Siiriiniicii yabani arpa 6-8 Open areas with moderate to high nutrient Treatment of kidney, heart and cardiac diseases, ARTH 18417
levels Roots are antilogous, relaxing, sedative, central
expectorant, emollient, lithotripic and tonic, Tea
made from the roots is used for the duration of its
requirement and deworming cystitis and urethritis.
Poaceae Elymus hispidus (Opiz) Tiiylii yabani arpa 6-8 Inl linity mud areas, approxi y No data ARTH 18418
Melderis subsp. barbulatus 905 m.
(Schur) Melderis
Poaceae Eremopyrum orientale (L) Acemtaragt 3-5 Brackish mud areas along lake shores, No data ARTH 18419
Jaub. & Spach approximately 905 m.
Poaceae Hordeum brevisubulatum Morumsu arpa 6-8 Swampy areas along the water, at 1660 meters No data ARTH 18420
(Trin.) Link.
Poaceae Hordeum marinum Huds. Sahil arpasi 5-6 Saline wetlands, 0-1600 m No data ARTH 18421
Poaceae Rostraria cristata (L.) Gagaotu 4-7 Brackish wetland soil, sea level. No data ARTH 18422
Tzvelev
Poaceae Deschampsia caespitosa Cayirsagl 6-8 Swampy meadows, 1050-1890 m. No data ARTH 18423
(L.) P.Beauv.
Poaceae Calamagrostis epigejos (L.) Bekarotu 6-7 Lake shores, wet meadows, 0-1990 m. No data ARTH 18424
Roth
Poaceae Calamagrostis Saz¢imi LC 6-8 At the water's edge, 0-1660 m. No data ARTH 18425
pseudophragmites (Haller
f.) Koeler
Poaceae Calamagrostis stricta Kamisotu 7-8 In wetland areas at the lake shore, ca. 1950 m No data ARTH 18426
(Timm) Koeler
Poaceae Agrostis stolonifera L. Tavusotu LC 6-8 In wetlands at the lake shores, 0-2600 m No data ARTH 18427
Poaceae Zingeria pisidica (Boiss.) Burdur oyalisalkimi LC 5-8 Swamps, ca. 1600 m. No data ARTH 18428
Tutin
Poaceae Phalaris arundinacea L. Kanyas LC 5-9 Swamps along lakes and streams, 0-1950 m. No data ARTH 18429
Poaceae Alopecurus arundinaceus Kamg tilkikuyrugu LC 4-8 Swamps, wet meadows, 800-1700 m. No data ARTH 18430
Poir.
Poaceae Alopecurus myosuroides ince tilkikuyrugu 3-8 Swamps and water edges, 0-900 m. No data ARTH 18150
Huds.
Poaceae Phleum pratense L. Cayir itkuyrugu 6-8 Marshy ca. 1890 m. No data ARTH 18431
Poaceae Glyceria fluitans (L.) R. Dere tatligimi LC 4-6 Along lake shores, 800-1000 m. No data ARTH 18432
BR.
Poaceae Eragrostis barrelieri Salkimyulaf 7-8 In muddy areas along water edges, No data ARTH 18433
Daveau ca. 1050 m.
Poaceae Crypsis alopecuroides Dere bakakotu LC 7-9 Swamps, 10-70 m. No data ARTH 18434
(Piller Et Mitterp.) Schrader
Poaceae Crypsis schoenoides (L.) Bakakotu LC 4-9 Lake shores, 10-1950 m No data ARTH 18435
Lam
Poaceae Tragus racemosus (L.) All. Salkim dikengayir 5-9 On the muddy shores of hot spring lakes, ca. No data ARTH 18436
370m
Poaceae Paspalum distichum L. Yalandarist 6-10 Lake and stream shores, wetlands, and wet No data ARTH 18437
meadows, 0-400 m
Poaceae Agrostis gigantea ROTH Kocatavusotu 7-8 In wetlands, 0-1500 m No data ARTH 18438
Poaceae Anthoxanthum odoratum L. Kokulu hasise 4-5 In the marshy areas of clearings in Fagus Anti-blood clotting, anti-spasmodic methods, ARTH 18439
subsp. alpinum (A. & D. orientalis forests, 1000-1300 m. treatment of rheumatic pain, insomnia in children,
Love) B. Jones & Melderis neurological insomnia.
Poaceae Alopecurus aequalis Sobol. Kinali tilkikuyrugu LC 6-8 Marshes at the water's edge, 850-1900 m. Antiphlogistic, depurative, diuretic ARTH 18440
Poaceae Phleum alpinum L. Alp itkuyrugu LC 6-8 In wetland areas at the lake shores, Treat digestive disorders, skin diseases, fever. ARTH 18441
1500-3175 m.
Poaceae Festuca arundinacea ‘Yumakotu 6-7 Wet meadows and lake shores, 1000-1670 m. Antibacterial, antioxidant, anticancer ARTH 18442
Schreber
Poaceae Catabrosa aquatica (L.) Pinarotu 5-8 In lakes and slow-flowing rivers, in water Stimulant, tonic ARTH 18443
P.Beauv. bodies, 40-1950 m.
Poaceae Sclerochloa dura (L.) P. Micirotu 5-6 In wetland areas along lake and spring shores, Menstrual disorders ARTH 18444
Beauv ca. 905 m.
Poaceae Briza media L. Zembilotu 5-8 Swamp, ca. 1500 m. Fever, diarrhea, skin diseases. ARTH 18445
Poaceae Briza minor L. Kiigiikzembil 5 Swamp areas, 0-30 m. coughs, colds, fever. ARTH 18446
Poaceae Arundo donax L. Kargi 9-10 Shorelines, 0-250 m. Diaphoretic, diuretic, emollient galactofuge, ARTH 18447
stimulate menstrual discharge, diminish milk flow
Poaceae Eragrostis minor Host Kiigiik cayirgiizeli 6-11 Hot water pools, lake shores, and wetlands, 0- Flu in the event of an epidemic ARTH 18448
700 m.
Poaceae Cynodon dactylon (L.) Biiyiik ayrik 4-9 Freshwater wetlands, lake shores, 0-1950 m. Anasarca, cancer, convulsions, cough, cramps, ARTH 18153
Pers. diarrhea, dropsy, dysentery, epilepsy, headache,
hemorrhage, hypertension, hysteria, measles,
rubella, snakebite, sores, stones, tumors, urogenital
disorders, warts and wounds
Poaceae Cynodon dactylon (L.) Biiyiik ayrik 5-9 Freshwater wetland areas along the shores, 0- Anasarca, cancer, convulsions, cough, cramps, ARTH 18449
Pers. var. villosus Regel 400 m. diarrhea, dropsy, dysentery, epilepsy, headache,
hemorrhage, hypertension, hysteria, measles,
rubella, snakebite, sores, stones, tumors, urogenital
disorders, warts and wounds.
Poaceae Echinochloa crus-galli (L.) Darican LC 6-10 In mud areas along stream banks, wetlands, Spleen disease, preventative and tonic, carbuncles, ARTH 18450
P. Beauv. and rice fields, 0-1800 m haemorrhages, sores, spleen trouble, cancer,
wounds.
Polygonaceae Rumex crispus L. Labada 5-8 In wetlands and along lake shores, 70-1150 m. It prevents stomach and intestinal complaints, is a ARTH 18451
bile remover, antipyretic, boil-ripening, blood,
cleansing the intestines, reducing itching,
preventing wounds and eczema
Polygonaceae Rumex pulcher L. Eksilik 5-7 Lake shores, wetlands, marshy areas, and No data ARTH 18163
shallow waters, 0-1150 m
Polygonaceae Polygonum persicaria L. Sogiitotu 6-12 Lake shores, wetlands, and irrigation channels, No data ARTH 18452
0-1700 m.
Polygonaceae Persicaria hydropiper (L.) Su biberi LC 6-8 At lake shores, at sea level. Hemorrhoids, antifertility, diarrhea, dyspepsia. ARTH 18453
Delarbre.
Polygonaceae Persicaria lapathifolia (L.) Tirson 6-9 At lake shores, wetlands, and irrigation canals, Antibacterial, antiviral, anti-inflammatory ARTH 18454
Delarbre. 0-1150 m. astringent, antiseptic, anti-stomach complaint,
hepatoprotective, antifungal uses in addition to its
use for the treatment of dysentery, burns, fevers
Polygonaceae Persicaria amphibia (L.) Yerdegistiren LC 6-9 In lakes or along lake shores, saline water Stomach pains and children with diarrhoea, chest ARTH 18455
Delarbre. lagoons, and irrigation canals, 0-2000 m. colds
Polygonaceae Persicaria bistorta (L.) Cimen evelegi 5-9 Shorelines, wet meadows Diarrhea, abdominal pain, bleeding. ARTH 18456
Samp.
Potamogetonaceae  Potamogeton lucens L. Tel susiimbiilii LC 4-7 Lakes, puddles, slow-flowing streams, water No data ARTH 18457

channels, 0-2000 m
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Potamogetonaceae P 1 gramineus L. Cim LC 5-7 In lakes and rivers, 10-2600 m No data ARTH 18458
Potamogetonaceae Potamogeton perfoliatus L. Sarici yaprakl LC 4-8 In lakes and deep waters, 0-2000 m No data ARTH 18459
susiimbiili
Potamogetonaceae  Zannichellia palustris L. Sukili LC 4-9 Fresh and saline waters, lakes, puddles, rivers, No data ARTH 18460
and canals, 0-1660 m.
Potamogetonaceae  Potamogeton natans L. Suotu LC 5-8 Lakes, puddles, 70-2000 m. Stomach cramps, diarrhea, antiscorbutic,wound ARTH 18461
healing
Potamogetonaceae Potamogeton nodosus Diigmeli suotu LC 4-8 Lakes, rivers, and water channels, 0-1150 m Cancer, tuberculosis, acne, common cough, cold, ARTH 18462
Poiret wounds and abdominal discomfort
Potamogetonaceae  Potamogeton crispus L. Susiimbiili LC 4-8 In lakes and channels, 0-1150 m. Immunity-regulation and tumour proliferation- ARTH 18463
slowing, colourants and antioxidants in food
additives, cancer treatment
Potamogetonaceae  Stuckenia pectinata (L.) Taraks1 susiimbiilii 4-9 In freshwaters, brackish lagoons, and puddles, Treatment of a feverish liver ARTH 18464
Borner 0-1600 m.
Potamogetonaceae  Groenlandia densa (L.) Sutelegi LC 5-9 In streams, springs, water edges, and typically Arthritis, rheumatism, menstrual cramps. ARTH 18465
Fourr. flowing waters, 40-1660 m.
Primulaceae Lysimachia vulgaris L. Adi kargaotu LC 4-9 In wetlands, 0-1850 m Poisonous, against insect bites, soothing the ARTH 18466
stomach.
Primulaceae Lysimachia verticillaris Hilal kargaotu 7-8 Meadows Cough and bronchitis ARTH 18493
Spreng.
Ranunculaceae Caltha palustris L. Lilpar 4-7 At the edges of lakes and wetlands, 1000-1140 Blood strengthener, against internal diseases. ARTH 18467
m. i plant
Ranunculaceae Ranunculus icus Sariyaraotu wetlands No data ARTH 18494
subsp. subleiocarpus
(Sommier & Levier)
P.H.Davis
Ranunculaceae Ranunculus lateriflorus Yamuk girnikotu LC 4-5 In marshy and muddy environments, 0-1300 m No data ARTH 18468
DC.
Ranunculaceae Ranunculus repens L. Tiktakdana 5-7 In wetlands and marshy meadows, 0-2600 m Analgesic, a skin irritant, treat wounds, muscle ARTH 18194
aches, rheumatic pain.
Rosaceae Geum urbanum L. Meryemotu 5-7 In wet, shaded meadows along lakes and water Astringent herb,mouth, throat and gastro-intestinal ARTH 18227
edges, 0-1700 m. tract.
Rosaceae Potentilla reptans L. Begparmakotu 5-8 In wet and marshy meadows along lake shores, Shows moderate antimicrobial activity against ARTH 18237
- 5 wound pathogens
Rosaceae Geum coccineum Sibth. & Alkirmizi karanfilotu 5-7 In mud areas along water edges, 1200-1400 m No data ARTH 18225
Sm.
Rosaceae Filipendula ulmaria (L.) Caywrkiraligesi LC 5-8 At the lake shores, in the wet meadows along Reduces swelling ARTH 18469
Maxim. the water edges, around 1500 m.
Rosaceae Comarum palustre L. Bataklik parmakotu 5-7 At the lake and swamp shores, around 1500 m. Anti-inflammatory, antibacterial, diuretic, ARTH 18470
diaphoretic, temperature-reducing, bleeding-
stopping, pain-relieving, hypotensive properties,
anti-tumor plants
Rosaceae Potentilla anserina L. Kaz parmakotu 5-8 In wetlands along lake and river banks, 2000- Infectious diarrhea with fever, roots and rhizomes ARTH 18471
00 m. are applied as an antiseptic remedy
Rosaceae Geum rivale L. Su karanfilotu 5-7 In wet meadows and wetlands along water Treating children with dysentery, coughs or colds. ARTH 18226
edges, 1250-3000 m
Rubiaceae Galium palustre L. Su iplikeigi LC 5-7 In wetlands, 0-1200 m. Treat wounds, to help stop bleeding ARTH 18472
Scrophulariaceae Limosella aquatica L. Su gamurotu 3 In mud areas at the edges of water bodies, 0- No data ARTH 18473
900 m.
Tamaricaceae Tamarix tetrandra Pall. Ex Gezik LC 35 Lake shores, slightly salty wetlands, Gastro-intestinal disorders, wounds, diabetes, ARTH 18302
Bieb. environments where water recedes in summer, dental problems.
and drainage channels, at sea level.
Tamaricaceae Tamarix smyrnensis Bunge Tigin 37 Lake, river, canal edges, slightly salty No data ARTH 18301
wetlands, and coastal wetlands, 0-1990 m.
Typhaceae Typha shuttleworthii Puf Saz1 6-10 Lake, river, irrigation channels, aquatic areas, No data ARTH 18474
W.D.J.Koch & Sond. and wetlands, 40-1660 m
Typhaceae Typha ii Lepech. Papur 6-10 Lake, river, and water channels, 0-1660 m. No data ARTH 18475
Typhaceae Sparganium erectum L. Kozakamist 5-8 Lake and river shores, wetlands, and water No data ARTH 18476
channels, 0-1850 m.
Verbenaceae Verbena officinalis L. Tibbi minegigegi 6-8 In wetland and mud areas along lake shores, 0- Diuretic, expectorant and antirheumatic, anti- ARTH 18312

60 m.
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As a result of the study, when the distribution of
taxa by families was examined, 45 taxa from Poaceae
(Grass family), 43 taxa from Cyperaceae (Sedge family), 9
taxa from Lamiaceae, 9 taxa from Onagraceae and
Potamogetonaceae, 8 taxa from  Orchidaceae,
Polygonaceae, and Brassicaceae, and 7 taxa from
Plantaginaceae, Juncaceae, Asteraceae, and Rosaceae were
identified (Figure 2).

Taxon number of families

50

45

40

35

30

25

20

15

10
-ARANAnNAEn
0

< o oZ . <

9,

Figure 2. Family wise distribution hydrophyte plants in Artvin.

When the hydrophyte plant species were
categorized according to their habitats, it was found that
160 species are Wetland hydrophytes, 56 species are
Amphibious hydrophytes, 2 species are Free-floating
hydrophytes, 10 species are Fixed-floating hydrophytes,
and 8 species are Submerged hydrophytes (Figure 3).
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Figure 3. Family wise distribution hydrophyte plants in Artvin.

One of the hydrophyte species, Lindernia
procumbens (Krock.) Philcox is distributed naturally the
temperate to tropical zones of Eurasia, and included in the
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Annex IV of the 92/43/EEC “Habitat” Directive and Annex
I of Bern Convention. The species is in the LC (Least
Concern) category according to IUCN lists. However, they
are a species that is under threat due to human activities
and their widespread distribution in agricultural areas.

o B £ Z
Figure 4. Hydrophyte insectivorous plant; Drosera rotundifolia L.

The insectivorous plant species Drosera
rotundifolia, which occurs in the area, has been recorded in
this region (Figure 4). The local people use 112 hydrophyte
plant species to treat various human diseases. Among the
hydrophytic plant species in Artvin, 96 were identified as
LC (Least Concern), 1 as DD (Data Deficient), 1 as NT
(Near Threatened), and 1 species was found to be subject
to the BERN Convention (Table 1) (IUCN, 2024

ol
Figure 5. Fixed floating hidrophytes a-Hydrocotyle ramiflora Maxim. b-
Nasturtium officinale W.T.Aiton.

Herbal medicines have long been considered more
effective and beneficial worldwide compared to synthetic
drugs, especially antibiotics. Behera and Satapathy, (2020)
reported on approximately 45 plant species used to treat
various ailments. Among these, hydrophytes with
medicinal properties include Trapa natans (with
antidiabetic, antibacterial, and neuroprotective effects),
Nymphoides indica (with anticonvulsant, antioxidant,
hepatoprotective, cytotoxic, antitumor, and antimicrobial
effects), and Lippia javanica (with anticancer,
antiamoebic, antidiabetic, antimalarial, antioxidant, and
antiviral properties). These plants are reported to possess
potent curative properties.

AL
Figure 6. Some hydrophytes; a- Potamogeton natans L. (fixed floating)
b-Lemna minér L. (free floatig).

Atamov et al., (2017) conducted a field study
between 2013 and 2015 to reveal the plant diversity in
Azerbaijan's aquatic ecosystems. The study identified a
total of 502 taxa from 62 families and 208 genera. The
number of species identified accounted for 11.2% of
Azerbaijan's total plant species. The most frequently
encountered families in this study were Poaceae,
Cyperaceae, Ranunculaceae, Fabaceae, and
Potamogetonaceae, similar to the findings of other similar
research.

C.A.Mey. b- Butomus umbellatus L.

Aksoy et al., (2023) conducted field studies in
2022 in the aquatic habitats of Bolu Yedigoller National
Park, Kargali Golciik, and Goksu Nature Parks to track
plant species and identify threats. The study identified
natural and foreign plant taxa in the lakes and coastal areas.
In Yedigoller National Park, 37 taxa from 25 families and
35 genera were identified, in Kargali Golciik Nature Park,
8 taxa from 6 families and 6 genera, and in Goksu Nature
Park, 18 taxa from 12 families and 14 genera. Similarly,
Jhan, (2022) identified 40 plant species of economic
importance in 10 aquatic areas in the Nadia region of India.
Of these, 38 species were Angiosperms and 2 were
Gymnosperms. It was noted that 38 of these plants were
used for 49 different diseases in traditional medicine.
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Figure 8. Cardamine raphanifolia Pourr. near the wetland

Behera and Satapathy, (2021) conducted a study
on the diversity and distribution of aquatic plants in the
Odisha state of India. In their study, they identified 211
hydrofit plant species from 61 families and 135 genera
across 10 different aquatic sites. The aquatic plants were
categorized based on their habitat preferences. Marshy
hydrophytes had the highest diversity with 131 species,
followed by amphibious hydrophytes with 38 species, free-
floating hydrophytes with 11 species, submerged
hydrophytes with 15 species, and fixed-floating
hydrophytes with 9 species. The study revealed that the
Poaceae family was the most dominant with 42 species.
Other notable families included Cyperaceae with 34
species, Scrophulariaceae with 11 species, Asteraceae with
10 species, Hydrocharitaceae and Commelinaceae with 6
species each, Fabaceae with 5 species, and Alismataceae,
Nymphaeaceae, Polygonaceae, and Onagraceae each with
4 species. Kocabas et al., (2020) conducted a flora study in
Kahramanmaras, where they identified 109 aquatic plant
taxa from 30 families and 62 genera. The families with the
highest number of aquatic plant taxa in the region were as
follows: Poaceae (21 species), Asteraceae, Cyperaceae,
and Polygonaceae (8 species each), Onagraceae (6
species), and Lamiaceae, Rosaceae, and Scrophulariaceae
(5 species each). Other families such as Fabaceae,
Gentianaceae, Plantaginaceae, and Tamaricaceae were
represented by 4 species each.

This study provides important baseline data for
the conservation of the biological richness of the region by
revealing the hydrophyte plant diversity, seasonal
variations, and medicinal potential of Artvin province and
its districts.

CONCLUSION

Hydrophyte plants occupy different ecological
niches in aquatic environments. While these species are of
great importance for ecosystems and human life, they face
various challenges. These problems stem from both natural
factors (changing climate, e-commerce and invasins.,

expanding hydropower, emerging contaminants...) and
human activities (organic pollutants, infectious disease
agents, pesticides, solid wastes). Issues such as global
warming, climate change, pollution, and invasive species
have affected the distribution and population sizes of
aquatic plants. Some conservation strategies are
recommended such as using remote sensing and
development of Probalistic Support Vector Machines
(SVM’s) model assisted with the GIS technique to study
habitat fragmentation and eutrophication.

This study presents data on the hydrophyte plant
diversity, identification, habitat information, and local
medicinal-aromatic uses of aquatic plants in Artvin
province, which contains some of the most natural areas of
our country. The data obtained from this study will be
highly valuable for future taxonomic and environmental
management research, particularly in areas affected by
water pollution due to road, dam, and mining activities in
Artvin. The study also reveals that 126 hydrophyte plant
species found in Artvin have medicinal and aromatic
properties, making them economically significant. These
species could potentially be collected from the field or
cultivated to create value-added products.

This study provides a comprehensive, field-based
dataset on the distribution of wetland plants in the region,
addressing the knowledge gaps in the Eastern Black Sea
region, and having broader implications for wetland
management policies and practices. Unfortunately,
wetlands in the study area are under significant pressure
due to factors such as population growth, overgrazing,
deforestation, and construction of buildings and roads. The
filling of these water bodies is leading to a loss of hydrofit
species diversity. Therefore, it is essential that these
wetlands be properly conserved and effectively protected
from anthropogenic degradation.
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Abstract: It is aimed to get as many offspring as possible from domestic songbirds during the breeding

*U5: https://orcid.org/0000-0001-9932-3608 season. However, the insufficiency of the nest material used during nest construction and the individual
 https://orcid.org/0000-0002-8667-3390 abilities of the birds in nest construction directly affect the success of the breeding season. This study
evaluates the nests built by two groups of female Gloster canaries using the same nest material, as well

as the effects on the hatching rates of fertile eggs and the development of offspring. For this purpose,

8 female canaries were involved in this study, 4 in the 15t group (T-1) and 4 in the 2™ group (T-2). After

artificially inseminating the female birds showing the signs of estrus, the hatching rates of the eggs

were examined. No intervention was performed during the nest construction in Group T-1, whereas the

nests of Group T-2 were intervened during the construction process, and the hatching rates of fertile

*Corresponding author’s: eggs were observed. It was determined that the group T-2 was more successful than the group T-1. It
gfda ?HUfIO?\(/OIK, Suluova Vocational may be possible to obtain more offspring by eliminating the deficiencies observed in the nests of the
Sfﬁgélm/i?naosya Eﬁ::;:gty ‘j\#’;’;a (’chr:(%r;a birds during nest construction to a certain extent. This study aims to determine the effects of
52: arda.ozkok@amasya.edutr | interventions made to the nests of female birds inseminated under equal conditions on the incubation

process and the hatching rate.

Keywords: Artificial insemination, canary bird, nest material, nest intervention.

Evcil Kus Yetistiriciliginde Yuva Yapimina Miidahale Edilmeli mi?

Oz: Ureme mevsiminde evcil &tiicii kuslardan miimkiin oldugunca ¢ok yavru elde edilmesi
amaclanmaktadir. Ancak yuva yapiminda kullanilan yuva malzemesinin yetersizligi ve yuva yapiminda
kuslarin bireysel yetenekleri tireme mevsiminin basarisint dogrudan etkilemektedir. Bu ¢alismada ayni
yuva malzemesini kullanarak iki grup disi Gloster kanaryasinin yaptigi yuvalar degerlendirilmis,
dollenmis yumurtalarin ¢ikis oranlar1 ve yavrularin gelisimi tizerine etkileri degerlendirilmistir. Bu
amagla 1.grupta (T-1) 4, 2.grupta (T-2) 4 olmak iizere toplam 8 adet disi kanarya kullanilmigtir.
Kizginlik gosteren disi kuslar suni tohumlama ile tohumlanarak yumurta ¢ikis oranlart
degerlendirilmistir. T-1 grubundaki yuvalara yuva yapimi sirasinda miidahale edilmemis, T-2
*Sorumlu yazar: grubundaki yuvalara ise yuva yapimi sirasinda miidahale edilmis ve doéllenmis yumurtalarin ¢ikis
Arda Onur OZKOK oranlar1 gézlenmigtir. T-2 grubunun T-1 grubuna gére daha basarili oldugu sonucuna varilmistir. Yuva
ViztEmmeni (BN, Silevn Wil yapimui sirasinda kuslarm yuvalarinda gézlenen eksikliklerin belli bir oranda giderilmesiyle daha fazla
Yiiksekokulu, Amasya Universitesi, Amasya, . C . . .- . ..
Tarkige yavru elde edilmesi miimkiin Olé'lbllll". Bu (;ahsmapln amaci esit sartlarda tohumlanan disi ku'slar'lr}
B<: arda.ozkok@amasya.edu.tr yuvalarina yapilan miidahalelerin kulugka siireci ve yumurtadan ¢ikma oranina olan etkilerini
belirlemektir.

Anahtar kelimeler: Kanarya, yuva materyali, yuva miidahalesi, suni tohumlama.

INTRODUCTION with the conditions of their habitats (Jessel et al., 2019).
Previous observations suggest that the quality of nest

It is well known that nest construction is crucial for construction is shaped by the bird’s habitat, life experiences,

the successful reproduction of many bird species (Healy et and individual behavior (Healy et al., 2023). The thermal
al., 2023). Birds inhabiting different environments have insulation and temperature variations within the nest may
developed a wide range of architectural nest designs in line vary depending on the properties of the materials used in nest
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construction and the individual skill of the bird during the
building process (Lamprecht & Schmolz, 2004). Even
though nests vary in shape and size among different bird
species, they must be structured in a way that ensures the
survival of the offspring despite environmental challenges,
thereby maximizing hatching success and the healthy growth
of the hatchlings (Biddle et al., 2019). It was reported that
some bird species prioritize not only thermal insulation but
also the color of the nest materials as a means of camouflage
against predators, in harmony with their environmental
conditions (Mayer et al., 2009). Birds may use different
nesting materials based on the climate and habitat in which
they reside. In addition to serving as structural components,
these materials may provide various benefits, such as
antibacterial or antiparasitic properties (Bach et al., 2022).
The type and quantity of materials used in nest construction
are closely related with the nest’s functionality, particularly
its role in ensuring a successful incubation period (Deeming
, 2023). The materials selected for nest construction vary
based on geographical location, ambient temperature, and
the availability of materials in the environment. Even though
this variation differs across bird species, it still is an
important factor in supporting the development of offspring
throughout the incubation period (Biddle et al., 2018). The
selection and physical properties of nesting materials
influence nest construction, which in turn affects hatching
success and chick development indirectly. Therefore, the
characteristics of the materials used in building the nests are
very important (Breen et al., 2021). Furthermore, the
permeability of the nest walls to water vapor in the
environment was determined to be directly related to
eggshell conductivity, egg mass, and incubation duration
(Deeming, 2011).

Even though it is not precisely known which criteria
birds use when constructing nests, it is thought that, in
addition to instinctive knowledge, learning also plays a role
in nest-building behavior (Walsh et al., 2013). Bird species
exhibit not only individual skills but also the capacity to
learn while building nests. Moreover, they have specialized
in selecting materials in line with the physiological needs of
the nest (Tello-Ramos et al., 2022). Birds choose the
necessary materials for nest construction from those
available in their environment, because material availability
varies across different regions. This behavioral pattern may
be acquired either individually or through social learning
from other bird communities (Mennerat et al., 2009). In a
study conducted on a songbird species, no significant
temperature differences were observed depending on the size
of the nest. Consequently, it was suggested that the size of
the nest is determined entirely by the bird’s individual
preference (Sonnenberg et al., 2020).

This study aims to determine the effects of
interventions made to the nests of female birds inseminated

under equal conditions on the incubation process and the
hatching rate.

MATERIAL AND METHOD

Ethics Committee Permission: This study was
approved by the Ondokuz Mayis University Animal
Experiments Local Ethics Committee (2024-49).

Experimental Plan: Eight female Gloster Canaries
were used in this study. Each canary was housed individually
in breeding cages (60x40x50 cm). A photoperiodic light
cycle of 16 hours of light and 8 hours of darkness was
applied to induce sexual stimulation (Chiver et al., 2022).
Since some male birds may disrupt the nest, no male canary
was housed alongside the females.

Semen  Collection and  Evaluation  of
Spermatological Parameters: Sperm collection was
performed using the cloacal massage method (Cramer et al.,
2021). These semen samples were immediately diluted at a
1:1 ratio with Dulbecco’s Modified Eagle Medium (DMEM)
and then examined for relevant sperm parameters. Freshly
diluted semen from each bird was evaluated under a
microscope heated to 38°C at 20x magnification. The sperm
samples collected from male birds were evaluated in terms
of total motility, abnormal spermatozoa rate, and sperm
concentration. Birds that did not meet the criteria of >70%
motility, <10% abnormal spermatozoa, and >80% viability
were excluded from the study. The average sperm
concentration of the sampled birds was determined to be in
the range of 85x10° to 90x106.

Determination of Motility:  Sperm  motility
assessment was conducted twice at different time points for
each bird. Following the sperm collection, sperm motility
and kinematic parameters were analyzed using a Computer-
Assisted Sperm Analysis (CASA) system (SCA®,
Microptic, Barcelona, Spain). The CASA system was
supported by a negative phase contrast microscope with a
heated stage (Nikon Eclipse, Tokyo, Japan). Total sperm
motility (%) and motile sperm concentration parameters
were evaluated by analyzing at least five microscopic fields
using the software system (Yang et al., 2019).

Evaluation of Spermatozoa Morphology: The
Gloster canary produces an average of 2 uL. of semen. After
the semen sample was transferred to 20 uL of Phosphate
Buffered Saline (PBS) solution containing 5%
formaldehyde, 10 puL of sperm sample was spread on the
slide and left to dry at a 45-degree angle. After drying, the
slide was immersed in a jar containing SpermBlue dye and
left for 2 minutes. After the slide was stained with
SpermBlue, it was left to dry. After the drying process, the
slide was washed superficially with distilled water, and
morphological abnormalities were evaluated (Esin et al.,
2023). The abnormal spermatozoa rate was evaluated in
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terms of bent or missing flagellum, multiple flagellum, and
abnormal head formations at 40 x magnification (Cramer et
al., 2019).

Determination of Sperm Vitality Rate: Semen
samples were thawed in a water bath at 37°C and gently
mixed with eosin-nigrosin stain at a 1:1 ratio. The sample
was then spread onto a slide and immediately air-dried. At
least 200 spermatozoa were counted at 400x magnification.
Partially or fully stained spermatozoa were classified as
dead, whereas unstained spermatozoa were considered
viable (Bakst & Cecil, 1997).

Determination of Sperm  Density:  The
hemocytometric method was employed to determine sperm
concentration in this study. The Gloster canary is a small-
sized bird, producing an average semen volume of
approximately 2 plL. The sperm density per mL was
calculated using the standard avian sperm concentration
assessment method (Bakst & Cecil, 1997). The average
number of spermatozoa (5 squares were counted in each
section in the hemocytometer, and the number found was
divided by the number of squares counted) was x Dilution
rate of x 10%,

Artificial Insemination: Semen obtained from
canaries that met the required sperm quality parameters was
used for artificial insemination without dilution. No
contaminated semen was used for insemination (Ozkok,
2022). When the female canary started building a nest,
insemination was performed every two days until the first
egg was laid. The nest-building process was observed to be
completed within 3-6 days, while egg-laying occurred 1-3
days after the completion of the nest. The room temperature
was maintained at 22-25°C, and relative humidity was kept
at 60-65%.

Nest material: Three types of nesting materials
were used in this study: flax fiber, sisal fiber, and hemp. To
standardize all nests, flax fiber was provided first. After the
primary nest structure was completed, sisal fiber was
introduced, followed by hemp. No intervention was
performed on the nests until the egg-laying process was
completed. The nests were left undisturbed in T-1, whereas
modifications were made after nest construction was
completed in T-2. These modifications included
compressing the nest, reinforcing incomplete nest walls with
flax fiber, and adjusting the nest base.

Collecting eggs: The eggs were collected every
morning starting from the first laid egg and replaced with
artificial eggs. The collected eggs were numbered and
stored. Once all eggs had been collected, the real eggs were
placed back into the nests of the birds in the first group
without any intervention. In the second group, the real eggs
were placed in the nests after the nesting structure had been
adjusted. On the 8™ day, the eggs were examined using a
light source to determine fertilization status, and the

fertilized eggs were recorded. This study focused solely on
the hatching rates of fertilized eggs. Employing the data
obtained, the following formula was used to calculate the
hatching rate for each group:

Number of Hatching

Egg hatching rate (%) =

Number of Fertile Eggs

ZAAMRLA N

i : ) i SR R
Figure.1 Different nest materials (fiber yarn, hemp, linen rope).

Statistical Analysis: Differences between groups
were made with the independent t-test. SPSS 20.0 package
program was used for this purpose. The effects (significance)
of the groups were evaluated at p<0.05 level (IBM., Corp.,
2011).

RESULTS

The collected data were analyzed based solely on
fertilized eggs. The nests were left untouched in the T-1
group, whereas the nests were inspected during the nest-
building process, and observed deficiencies were corrected
in the T-2 group. The main interventions involved
compressing the nest base, completing the sidewalls, and
adjusting the nest height. The eggs were removed from the
nests and replaced with artificial eggs until egg-laying was
complete. Once the laying process was finished, the original
eggs were returned to the nests. On the 8™ day, the eggs were
checked with a light source, and fertilized eggs were
recorded. The hatching rates of healthy chicks were
compared between the two groups. There was a significant
difference in hatching rates between the intervention and
non-intervention groups (p < 0.05). The hatching rate of
fertilized eggs was higher in the intervention group (0.68)
(Table 1). In the T-1 group, the primary factors affecting
hatching success were disruptions in egg rotation, which led
to hatching failures, and early embryonic mortality due to
irregular heating.

Table.1 Hatching rates in uninterrupted and intervened nests.

Groups Hatching Rate (%)
T-1 %41+0.060
T-2 %68+0.105

P 0.047

T-1. No intervention T-2. Intervention
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Figure.3 Uninterrupted nests

DISCUSSION

Previous studies demonstrated that nest structure
directly influences reproductive success in birds.
Moreover, the ability to construct a nest is influenced by a
bird’s individual skills, life and
environmental conditions.

Even though the specific criteria birds use for
nest-building are not known, it is thought that in addition
to instinctive knowledge, birds can also learn certain
aspects of nest construction (Walsh et al., 2013). Bird
species specialize in selecting nesting materials that meet
their physiological needs (Tello-Ramos et al., 2022). Since
nesting materials vary by region (Mennerat et al., 2009),
nest-building appears to be shaped by individual abilities,
life experiences, and environmental factors. The present
study revealed that each bird exhibited different nesting
capabilities, which in turn affected incubation success. A
long-term study on nonett birds examined over a thousand
nests over a decade, analyzing nest height, width, and

experiences,

materials used. The study concluded that genetic
inheritance plays a minimal role in nest-building behavior
among nonetts (Jarvinen et al., 2017). There is no available
data on the nesting success of the parents of the birds used
in the present study or on how nest-building traits may have
been genetically transmitted. However, it was observed
that birds provided with the same nesting materials tended
to build similar nests. Furthermore, birds whose nests were
adjusted during this study built subsequent nests with
similar structural features. Another key finding was that as
the duration of the nesting process increased, the amount
of nesting material also increased, leading to greater nest
height, inner width, and nest wall thickness. A higher
accumulation of soft nesting material at the nest base
disrupted the routine rotation of eggs during incubation,
leading to embryo mortality due to embryos adhering to the
eggshell. On the other hand, when the nesting process was
shortened, inadequate nest construction led to heat loss,
potentially increasing embryo mortality. The most
common deficiency in the nests was related to nest base
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construction. Since birds do not live in social groups and
build nests individually, they do not have the opportunity
to learn nest-building techniques. Therefore, this suggests
that nest-building behavior is largely instinctual and
genetically inherited.

CONCLUSION

This study demonstrated that reducing nest
deficiencies through simple interventions significantly
lowered chick mortality. Therefore, addressing structural
issues in nests during construction could help mitigate
chick losses that negatively impact reproductive success.

Contributions: Arda Onur Ozkdk and Gozde
Kiling contributed to the study conception and design.
Material preparation and data collection were performed
by Arda Onur Ozkék. All authors (Arda Onur Ozkék and
Gozde Kiling) contributed data analysis, writing, and
editing the last draft of the manuscript. The manuscript has
been read and approved by all named authors and that there
are no other persons who satisfied the criteria for
authorship but are not listed.

Conflict of interest: The authors declare no
competing interests.

Ethics Committee Approval: This study was
approved by the Ondokuz Mayis University Animal
Experiments Local Ethics Committee (2024-49).

REFERENCES

Bach, R.A.K., Brann, M. & Aime, M.C. (2022). Viability
of fungal rhizomorphs used in bird nest
construction in tropical rainforests. Symbiosis,

87(2), 175-179. DOI: 10.1007/s13199-022-
00856-x

Bakst, M.R. & Cecil, H.C. (1997). Techniques for semen
evaluation, semen storage, and fertility

determination. In: Poultry Science Association,
2nd edn, Murray R. Bakst & Julie A. Long,
Buffalo, Minnesota, p. 11-15.

Biddle, L. E., Broughton, R. E., Goodman, A. M., &
Deeming, D. C. (2018). Composition of bird nests
is a species-specific characteristic. Avian Biology
Research, 11(2), 132-153. DOI:
10.3184/175815618x15222318755467

Biddle, L.E., Dickinson, A.M., Broughton, R.E., Gray,
L.A., Bennett, S.L., Goodman, AM. &
Deeming, D.C. (2019). Construction materials
affect the hydrological properties of bird nests.
Journal of Zoology, 309(3), 161-171. DOI:
10.1111/jz0.12713

Breen, A.J., Healy, S.D. & Guillette, L.M. (2021).
Reproductive consequences of material use in
avian nest construction. Behavioural Processes,

193, 104507. DOLl:
10.1016/j.beproc.2021.104507

Chiver, 1., Ball, G.F., Lallemand, F., Vandries, L.M.,
Plumier, J.P., Cornil, C.A. & Balthazart, J.
(2022). Photoperiodic control of singing behavior
and reproductive physiology in male Fife fancy
canaries. Hormones and Behavior, 143, 105194
DOI: 10.1016/j.yhbeh.2022.105194

Cramer, E.R., Rowe, M., Eroukhmanoff, F., Lifjeld,
J.T.,, Seztre, G.P. & Johnsen, A. (2019).
Measuring sperm swimming performance in
birds: effects of dilution, suspension medium,
mechanical agitation, and sperm number. Journal
of  Ornithology, 160, 1053-1063. DOI:
10.1007/s10336-019-01672-9

Cramer, E.R., Grenstol, G., Maxwell, L., Kovach, A.l.
& Lifjeld, J.T. (2021). Sperm length divergence
as a potential prezygotic barrier in a passerine
hybrid zone. Ecology and Evolution, 11(14),
9489-9497. DOI: 10.1002/ece3.7768

Deeming, D.C. (2011). Importance of nest type on the
regulation of humidity in bird nests. Avian
Biology  Research, 4(1), 23-31. DOI:
10.3184/175815511X13013963263739

Deeming, D.C. (2023). A review of the roles materials
play in determining functional properties of bird
nests. Acta Ornithologica, 58(1), 1-28. DOI:
10.3161/00016454A02023.58.1.001

Esin, B., Kaya, C., Akar, M. & Cevik, M. (2024).
Investigation of the protective effects of different
forms of selenium in freezing dog semen:
Comparison of nanoparticle selenium and sodium
selenite. Reproduction in Domestic Animals,
59(6), e14652. DOI: 10.1111/rda.14652

Faul, F., Erdfelder, E., Lang, A.G. & Buchner, A.
(2007). G*Power 3: A flexible statistical power
analysis program for the social, behavioral, and
biomedical sciences. Behavior  Research
Methods, 39, 175-191.

Healy, S.D., Tello-Ramos, M.C. & Hébert, M. (2023).
Bird nest building: visions for the future. In
Philosophical Transactions of the Royal Society
B: Biological Sciences (Vol. 378, Issue 1884).
Royal Society Publishing. DOl:
10.1098/rsth.2022.0157

IBM Corp. (2011): IBM SPSS Statistics for Windows,
Version 20.0. IBM Corporation, Armonk, NY

Jarvinen, P., Kluen, E. & Brommer, J.E. (2017). Low
heritability of nest construction in a wild bird.
Biology Letters, 13(10), 20170246. DOI:
10.1098/rsbl.2017.0246

Jessel, H.R., Aharoni, L., Efroni, S. & Bachelet, I.
(2019). A modeling algorithm for exploring the
architecture and construction of bird nests.
Scientific ~ Reports, 9(1), 14772. DOL:
10.1038/s41598-019-51478-1

Lamprecht, 1., & Schmolz, E. (2004). Thermal
investigations of some bird nests. Thermochimica
Acta, 415(1-2), 141-148. DOI:
10.1016/j.tca.2003.08.029

130


https://doi.org/10.1007/s13199-022-00856-x
https://doi.org/10.1007/s13199-022-00856-x
https://doi.org/10.3184/175815618x15222318755467
https://doi.org/10.3184/175815618x15222318755467
https://doi.org/10.1111/jzo.12713
https://doi.org/10.1111/jzo.12713
https://doi.org/10.1016/j.beproc.2021.104507
https://doi.org/10.1016/j.beproc.2021.104507
https://doi.org/10.1016/j.yhbeh.2022.105194
https://doi.org/10.1007/s10336-019-01672-9
https://doi.org/10.1007/s10336-019-01672-9
https://doi.org/10.1002/ece3.7768
https://doi.org/10.3184/175815511X13013963263739
https://doi.org/10.3184/175815511X13013963263739
https://doi.org/10.3161/00016454AO2023.58.1.001
https://doi.org/10.3161/00016454AO2023.58.1.001
https://doi.org/10.1111/rda.14652
https://doi.org/10.1098/rstb.2022.0157
https://doi.org/10.1098/rstb.2022.0157
https://doi.org/10.1098/rsbl.2017.0246
https://doi.org/10.1098/rsbl.2017.0246
https://doi.org/10.1038/s41598-019-51478-1
https://doi.org/10.1038/s41598-019-51478-1
https://doi.org/10.1016/j.tca.2003.08.029
https://doi.org/10.1016/j.tca.2003.08.029

Ozkék & Kiling, (2025)

J. Anatol Env. Anim. Sci., Year:10, No:2, (126-131)

Mayer, P.M., Smith, L.M., Ford, R.G., Watterson,
D.C., McCutchen, M.D. & Ryan, M.R. (2009).
Nest construction by a ground-nesting bird
represents a potential trade-off between egg
crypticity and thermoregulation. Oecologia,
159(4), 893-901. DOI: 10.1007/s00442-008-
1266-9

Mennerat, A., Perret, P. & Lambrechts, M.M. (2009).
Local individual preferences for nest materials in
a passerine bird. PLoS ONE, 4(4), e5104. DOI:
10.1371/journal.pone.0005104

Ozkok, A.O. (2022). Semen collection from small breed
birds and some parameters related to passerine
bird semen. International Journal of Science
Letters, 4(1), 220-225. DOl:
10.38058/ijs1.1052705

Sonnenberg, B.R., Branch, C.L., Benedict, L.M., Pitera,
AM. & Pravosudov, V.V. (2020). Nest
construction,  ambient  temperature  and
reproductive success in a cavity-nesting bird.
Animal  Behaviour, 165, 43-58. DOI:
10.1016/j.anbehav.2020.04.011

Tello-Ramos, M.C., Sugasawa, S., Dibia, M. & King, H.
(2022). Tools, behavior, and materials: What
should we learn from animal nest construction?.
In Biomimicry for materials, design and habitats.
Elsevier, 183-214p. DOI: 10.1016/B978-0-12-
821053-6.00014-X

Walsh, P.T., Hansell, M., Borello, W.D. & Healy, S.D.
(2013). Are elaborate bird nests built using simple
rules? Avian Biology Research, 6(2), 157-162.
DOI: 10.3184/175815513X13629302805186

Yang, Y., Zhang, Y., Ding, J., Ai, S., Guo, R., Bai, X. &
Yang, W. (2019). Optimal analysis conditions for
sperm motility parameters with a CASA systemin
a passerine bird, Passer montanus. Avian
Research, 10(1), 1-10. DOI: 10.1186/s40657-
019-0174-5

131


https://doi.org/10.1007/s00442-008-1266-9
https://doi.org/10.1007/s00442-008-1266-9
https://doi.org/10.1371/journal.pone.0005104
https://doi.org/10.1371/journal.pone.0005104
https://doi.org/10.38058/ijsl.1052705
https://doi.org/10.38058/ijsl.1052705
https://doi.org/10.1016/j.anbehav.2020.04.011
https://doi.org/10.1016/j.anbehav.2020.04.011
https://doi.org/10.1016/B978-0-12-821053-6.00014-X
https://doi.org/10.1016/B978-0-12-821053-6.00014-X
https://doi.org/10.3184/175815513X13629302805186
https://doi.org/10.1186/s40657-019-0174-5
https://doi.org/10.1186/s40657-019-0174-5

JAES

Journal of Anatolian Environmental and Animal Sciences Year: 10, No: 2, 2025 (132-138)

(Anadolu Cevre ve Hayvancilik Bilimleri Dergisi) A EH
DOI: https://doi.org/10.35229/jaes.1622890 C

Yil: 10, Say1: 2, 2025 (132-138)
ARASTIRMA MAKALESI RESEARCH PAPER

Green Port and City Integration: Sustainable Approaches in Location Selection

ishak ALTINPINAR*

!Karadeniz Teknik University, Maritime Transportation and Management Engineering Department, Trabzon, Tiirkiye,

Received: 19.01.2025 Accepted: 12.02.2025 Published: 25.03.2025
How to cite: Altinpinar, I. (2025). Green Port and City Integration: Sustainable Approaches in Location Selection. J. Anatol. Env. Anim. Sci., 10(2), 132-138.
https://doi.org/10.35229/jaes.1622890

Atif yapmak igin: Altinpinar, 1. (2025). Yesil Liman ve Sehir Entegrasyonu: Lokasyon Segiminde Siirdiiriilebilir Yaklagimlar. Anadolu Cev. Hay. Bil. Derg.,
10(2, 132-138. https://doi.org/10.35229/jaes.1622890

Abstract: The concept of green ports is becoming increasingly important as global concerns about
*U=0: hitps://orcid.org/0000-0002-1769-3857 environmental sustainability grow. However, operating existing ports as green ports or planning newly
constructed ports as green ports brings certain requirements. It is seen that the importance of location
selection in green ports significantly affects the efficiency of the port and its suitability to its name.
Selecting an appropriate location for green ports constitutes a multifaceted decision-making challenge
that necessitates a balance among environmental, economic, and operational factors. In this study, the
criteria affecting the selection of green port locations were evaluated using the Analytical Hierarchy
Process (AHP), which is a multi-criteria decision-making method (MCDM). The study aims to
hierarchically classify the relationship between ports and cities for more livable cities and prioritize
green port needs. The study results show that the most important criterion among the criteria considered
in the selection of green port locations is Environmental and Social Sustainability (29.27%).
Geographical and Natural Conditions (24.78%) emerge as the second most important criterion.
*Corresponding author’s: Infrastructure and Operational Efficiency (18.47%) and Economic and Commercial Issues (16.8%) are
Il ALTINAINAR -~ y also emphasized in close competition with each other in terms of weight. Management and Strategic
Karadeniz Teknik University, Maritime Importance (10.68%) are in the last place. In the selection of green ports, it is necessary to adopt a
Transportation and Management Engineering 8 8 N Lo .
Department, Trabzon, Tiirkiye business style that respects the environment and humanity. Before the industrial revolution, the port-
>4 ishakaltinpinar@ktu.edu.tr city relationship has given way to distant relations today. In this respect, for a clean future, integrated
systems need to be created not only from green ports but also with green hinterlands and green cities.

Keywords: Analytical hierarchy process, green port, port-city integration, multi-criteria_decision
making, sustainability.

Yesil Liman ve Sehir Entegrasyonu: Lokasyon Seciminde Siirdiiriilebilir Yaklasimlar

Oz: Cevresel siirdiiriilebilirlige iligkin kiiresel endiselerin artmasiyla birlikte yesil liman kavranm
giderek daha da dnemli hale geliyor. Ancak mevcut limanlarm yesil liman olarak isletilmesi veya yeni
inga edilecek limanlarin yesil liman olarak planlanmasi belirli gereklilikleri beraberinde getirmektedir.
Yesil limanlarda lokasyon se¢iminin 6neminin limanin verimliligini ve ismine uygunlugunu 6nemli
olciide etkiledigi goriilmektedir. Yesil limanlar i¢in uygun bir yer segmek, cevresel, ekonomik ve
operasyonel faktorler arasinda bir denge gerektiren ¢ok yonli bir karar alma zorlugunu
olugturmaktadir. Bu ¢aligmada, yesil liman lokasyonlarinin segimini etkileyen kriterler, ¢ok kriterli
karar verme yontemlerinden (CKKV) Analitik Hiyerarsi Stireci (AHS) kullanilarak degerlendirilmistir.
Calismanin amaci, daha yasanabilir sehirler i¢in limanlar ve sehirler arasindaki iligkiyi hiyerarsik
olarak smniflandirmak ve yesil liman ihtiyaglarini dnceliklendirmektir. Caligma sonuglaria gére yesil
liman lokasyonlarinin se¢iminde dikkate alinan kriterler arasinda en 6nemli kriter Cevresel ve Sosyal
Siirdiirtilebilirlik (%29,27) olmustur. Cografi ve Dogal Kosullar (%24,78) ikinci en 6nemli kriter olarak

*Sorumlu yazar: ortaya ¢tkmaktadir. Altyapt ve Operasyonel Verimlilik (%18,47) ile Ekonomik ve Ticari Konular
Ishak ALTINPINAR! (%16,8) da agirlik bakimindan birbirleriyle siki rekabet halindedir. Yoénetim ve Stratejik Onem
Karadeniz Teknik Universitesi, Deniz Ulastirma (%10,68) son sirada yer almaktadir. Yesil limanlarin se¢iminde gevreye ve insanliga saygili bir is

ve Isletme Miihendisligi Boliimii, Trabzon,
Tiirkiye
X: ishakaltinpinar@ktu.edu.tr

yapma tarzi benimsemek gerekir. Sanayi devriminden 6nce liman-sehir iliskisi yerini gliniimiizde uzak
iliskilere birakmistir. Bu baglamda temiz bir gelecek igin sadece yesil limanlardan degil yesil hinterland
ve yesil sehirler ile entegre sistemler olusturulmasi gerekmektedir.

Anahtar kelimeler: analitik hiyerarsi siireci, liman sehir entegrasyonu, yesil liman, ¢ok kriterli karar
verme, siirdiirtilebilirlik.
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INTRODUCTION

Maritime transport plays a key role in world trade
that carries out approximately 80% of global trade
(UNCTAD, 2019). Low cost and energy efficiency
advantages have made maritime transport more appealing
than other transportation modes (Witte et al., 2014). Ports are
essential centers for maritime transport, which plays a vital
role in sustaining the global economy. For this reason, ports'
management, infrastructure, and efficiency are critical.
Major ports such as Shanghai, Singapore, Rotterdam, and
Hamburg are interesting examples of technological
innovation and sustainable development in this context.
(Merk & Hesse, 2012; Zhao et al., 2017). Historically, ports
and cities have had a mutually efficient relationship, such
that ports are important for the global trade of a city and the
urban economy in general. These hubs attracted new
business toward regional wealth by encouraging industrial
development while offering bridges to the global
marketplace (Yu et al., 2020; Monios et al., 2018). However,
the port-city interaction has become more complicated by
growing urbanization and, therefore, globalization has
caused challenges between integration and division of their
growth (Kong & Liu, 2021). Now, ports have much
economic importance because of the unexpected rise of
international commerce and turn into major networks for
global supply chains that affect the hinterland. Directly
through the achievement of further development in
containerization and intermodal transport, ports may now
serve areas well beyond their local metropolitan borders
(Ducruet & Guerrero, 2022). As a result, expansion has
created numerous problems. Social and environmental costs
in cities frequently accompany port activities, including
excessive noise pollution, air pollution, traffic jams, and
conflicts over land use (Kotowska et al., 2018). It is quite an
expected result that the air pollutants already present in
certain amounts in big cities like Istanbul (Colak et al.,
2024), will be supplemented by air pollution originating
from ships.

The issues have thus rekindled discussion on port-
city interaction, especially as far as sustainability and quality
of life in the cities are concerned (Aregall et al., 2018).
Nowadays environmental concerns are becoming the center
of port development discussions. Ports contribute
significantly to greenhouse gas emissions not only through
maritime operations but also through road-based hinterland
connections (Kotowska et al., 2018). Moreover, although
ballast water from ships has been purified from
microorganisms by the improved Ballast Water Treatment
System, the transport of some accompanying inorganic
wastes has still not been completely prevented (Lakshmi et
al., 2021). Ports such as Rotterdam are pioneers in logistics

processes thanks to their strong hinterland connections
(Aregall et al., 2018). However, port-city integration can
also bring problems such as traffic congestion, air pollution,
and noise (Witte et al., 2014). In this context, green port
strategies and smart port technologies offer important
solutions to facilitate integration (Kong and Liu, 2021; Zhao
etal., 2017). The common point among all these solutions is
that environmental and social values should not be lost for
the economic interests of humanity (Bin et al., 2023).
Implementing business plans that take into account both
present and future port requirements is another challenging
task for ports. Kose (2020) assessed the impact of port
activities on the city of Trabzon, and it was determined that
particles originating from the port could spread 2-3 km wide
in the city. Ports need to expand their capacity and foster
economic development, but this growth must be balanced
with efforts to minimize negative impacts on nearby
communities. The implementation of green port policy is one
of the levers that can be applied to have an impact towards
minimizing environmental effects and having sustainable
long-term operations. Satir et al. (2018) define a green port
as "a green port is defined as meeting all applicable
environmental standards and focusing on sustainability and
eco-friendliness". The green port policy aims to develop a
habitat in terms of marine life, reduce air pollution from and
for port users, and create a clean and safe environment.
Major ports have begun adopting such measures as putting
in place the green port strategies and promoting
environmentally friendly mode transport so that they will
have a dent in the region's air pollution (Aregall et al., 2018).
Ports such as Rotterdam and Hamburg have shown that
public benefit ports can deliver in terms of contributing
towards regional environmental targets by proactive
measures reducing emissions and increasing sustainability
(Merk Hesse, 2012). Economic variables play a significant
role in the interaction between ports and cities. Monios et al.
(2018) conducted an in-depth study on how logistics
distribution impacts the dynamics between ports and cities.
This need for sustainable planning is most evident when
considering how logistics activities centered around ports
can influence city traffic flow and economic activities. Ports
are economic engines of development benefiting trade,
foreign direct investment, and employment creation. Lugo
and Martinez-Mekler (2022) discuss the theoretical impact
of ports on city systems in relation to the interdependence of
these two systems. Ports may pose severe limitations to
spatial planning, even as they contribute to the economy of
the cities. Because of this circumstance, port-city integration
becomes really complicated. Discussions continue in this
context regarding whether this situation weakens the
economic ties between ports and cities or opens new avenues
for urban renewal (Zhao et al., 2017). According to the study
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done especially for the Port of Hamburg, port and city
integration provides answers for both economic expansion
and environmental issues. The Organisation for Economic
Co-Operation and Development (OECD) Hamburg research
emphasizes how this integration boosts cities'
competitiveness (OECD, 2020).

Possible criteria affecting the location selection for
a green port are listed as follows.

Geographical and Natural Conditions

Deep water access and natural harbors require deep
water to meet the draft requirements of large ships, and
natural harbors are often used to minimize infrastructure
costs (Ducruet & Notteboom, 2012). This situation paves the
way for the expansion of historically used natural harbors.
Climatic and hydrological factors are favored for operational
efficiency, stability in weather patterns, and minimum
sedimentation (Merk & Hesse, 2012). In this way, prevailing
winds, currents, and rivers' drainage are taken into account.

Economic and Commercial Issues

Strategic locations on important shipping routes
and close to economic centers reduce transportation costs
(Monios et al., 2018; Zhao et al., 2017). Efficient connection
roads, railways, and inland waterway connections are critical
for accessing regional markets thanks to hinterland
connectivity (Kotowska et al., 2018). The biggest
deficiency, especially for Eastern Black Sea ports in Turkey,
is the lack of railway connectivity. The integration of railway
transportation, which is the most economical transportation
method after sea transportation, into ports significantly
affects costs and various environmental pollution. Industrial
proximity is one of the important issues for ports. The
industry in the region increases the cargo volume; therefore,
being close to industrial production centers contributes
positively to the port's processing volume. (Ducruet &
Guerrero, 2022).

Infrastructure and Operational Efficiency

In transport integration, seamless transitions
between sea, rail, and road ensure the smooth operation of
intermodal transport (Kotowska et al., 2018). The
completeness of infrastructure and superstructure formations
such as railways, which also affect economic issues, will
ensure that the port operates more efficiently and cleanly.
Ports equipped with technological readiness, automation and
digital logistics technologies gain a competitive advantage
in terms of being both economical and green ports thanks to
increased efficiency (Aregall et al., 2018). Ports with land
suitable for expansion make it easier to adapt to future
growth demands (Merk & Hesse, 2012). Having land
suitable for the expansion of ports is, in a sense, significantly
and positively related to the distance from the city. There
will be a gap in terms of cost between the resources and time
spent for the expansion of the port in the city center and the
expansion activity to be carried out outside the city.

Environmental and Social Sustainability

For green port initiatives, sustainability practices
such as emission reduction and renewable energy use are
increasingly prioritized (Sharifi, 2020). In urban areas,
addressing social concerns such as congestion, pollution,
and displacement is of vital importance (Yu et al., 2020).
This issue should be taken into account in the establishment
of new ports, and settlements that are somewhat distant from
the city should be considered for the establishment of ports.
Ports located in areas that are far from extreme weather
events and high tides are more sustainable (Aregall et al.,
2018). While tides are not seen much in regions such as the
Black Sea and the Mediterranean, tidal amplitude is an
important criterion in port construction in areas with oceanic
coasts. Finally, before large-scale construction activities
such as ports are carried out in the region, the importance of
the region for marine life should be evaluated, and extra care
should be taken for areas that are critical to species (Gill,
2005).

Management and Strategic Importance

Countries' policies, incentives, and legislation at
different times affect the choice of location (Ducruet
Guerrero, 2022). The area where the port investment will be
carried out should not contain security risks. In addition,
ports with long-term trade agreements with other countries
are preferred (Monios et al., 2018). This situation can be
done not only for economic reasons but also for bilateral
relations and strategies. Since ports are strategically
important, their security should be controlled meticulously.
The crowded and traffic in the region passing through the
port areas is directly important in terms of security (Zhao et
al., 2017). For these reasons, the distance between the ports
and the city should be calculated in a very balanced way.

How is the relationship between urban areas and
ports affected by the concept of green ports? How are port
location selection criteria affecting the interaction between
ports and cities? This paper evaluates the economic, social,
and environmental balances involved using case studies,
theoretical frameworks, and empirical evidence from
literature. For this purpose, the analytical hierarchy method
(AHP) of the multi-criteria decision-making (MCDM)
technique is applied to analyze the weight of critical criteria
in green port location selection. The factors affecting the port
location are summarized into five broad categories by
reviewing the literature and reaching expert consensus.

MATERIAL AND METHOD

In this study, the AHP was used to evaluate and
prioritize the criteria to be considered in port site selection
considering the interaction of cities with ports. AHP,
developed by Thomas Saaty, is a methodical and quantitative
approach to decision-making that gauges expert opinions
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according to a number of criteria (Saaty, 2008). By
comparing the criteria both among themselves and in pairs,
the AHP makes it possible to synthesize qualitative expert
assessments into quantitative rankings (Ozdemir et al.,
2018). In this study, the AHP method was preferred in order
to reveal the weighting and priority order of the criteria. The
initial criteria identified in the literature review were
subsequently refined through preliminary interviews with
experts, during which the suitability of each criterion was
discussed. Five key criteria were ultimately established after
a thorough consensus process involving experts. After
selecting the criteria, a group of nine experts consisting of
experienced captains and academicians from the operations
department evaluated the criteria. As a result of the research
and interviews, five main criteria to be considered in port site
selection were determined. The criteria and their
explanations are given in Table 1.

Table 1. Description of criteria.
Criteria number

Explanations of criteria.

Cl. Geographical and Natural Conditions
C2. Economic and Commercial Issues

C3. Infrastructure and Operational Efficiency
C4. Environmental and Social Sustainability
C5. Management and Strategic Importance

AHP uses pairwise comparisons to assess the relative
importance of each element. According to the relevance scale shown in
Table 2, experts provide a number between 1 and 9 for every pair of criteria,
where 1 indicates equal importance, and 9 indicates extraordinary
importance of one criterion over the other.

Table 2. Importance scale (Saaty, 2008).

Intensity of importance Definition

1 Equal Importance
Moderate Importance
Strong Importance
Very Strong Importance
Extreme Importance
Intermediate Values

3
5
7
9
2,

4,6,8

A pairwise comparison matrix A=[aij] is used to
arrange the comparisons, where:

aij represents the relative importance of criterion i i
over criterion j j.

If aij = k then aij
consistency.

For instance, the pairwise comparison matrix A
would resemble this if it were comparing five criteria, C1,
C2, C3, C4, and C5.

1/k to maintain matrix

1 ay
a; 1
asq

5]
Qzs
azs

a45J
as, 1

The eigenvector computation step starts after this

A= @)

Ay
Qs

stage.
Total the columns of the pairwise comparison
matrix A.

To normalize each element, divide it by the sum of
its columns.

Determine the average of every row in the
normalized matrix to obtain the priority vector.

Each criterion's weights are determined using the
formula w=[w1, w2, w3, w4, w5,...wn].

For a matrix of size n, the formula for criterion i i's
priority is:

==
n j=1 z::'1=1al'}'

AHP performs a consistency check to ensure that
the choices in the pairwise comparison matrix are reasonably
consistent. The Consistency Index (Cl) is calculated using
the formula below:

@

Cl= Amax—n
n-1

®

Where n is the number of criteria and Amax is the
maximum eigenvalue of matrix A. The consistency ratio
must be computed as follows in order to test the pairwise
comparison matrix's (CR) degree of consistency:

CR = CI/RI 4

The random index value for the pairwise
comparison matrix (Anxn) is represented by RI, and the
consistency index value by CI. The random index value RI
can be computed using the random index values listed in
Table 3.

Table 3. Random index (RI) (Saaty, 1980)
n 1 2 3 4 5 6 7 8 9
Rl 000 000 058 09 112 124 132 141 145

If the CR value is less than 0.1, pairwise
comparisons are consistent (Saaty, 2008). If not, the analysis
should be reviewed and, if necessary, updated with new
values.

FINDINGS AND DISCUSSION

Normalized decision matrices were created and
examined following the assessment of each expert. After
that, the specialists created weight eigenvectors for every
criterion. The relative relevance score of each criterion in the
pairwise comparison matrix is based on the geometric mean
of the expert ratings. Professional viewpoints on choosing a
green port location significantly overlap. The criterion
weights derived from the pairwise comparison matrices are
displayed in Table 4.

The study results show that among the criteria
considered in the selection of green port locations, the most
important  criterion is Environmental and Social
Sustainability  (29.27%). Geographical and Natural
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Conditions (24.78%) appear as the second most important
criterion.  Infrastructure and Operational Efficiency
(18.47%) and Economic and Commercial Issues (16.8%) are
also emphasized, with both factors competing closely in
terms of weight. Management and Strategic Importance
(10.68%) are in the last place.

According to AHP results, environmental and
social sustainability was found to be the most important
criterion (29.27%), and sustainability in port management is
a necessary prerequisite for global competition (Aregall et
al., 2018). In order to talk about a sustainable port, it is
expected that the port is operated in a way that respects its
environment and resources. Ensuring intensive particle

Table 4. Criteria weights assigned by experts.

transport into the city while carrying out port activities does
not coincide with green port strategies; much stricter
measures should be taken for air quality in ports close to city
centers (Kose, 2020). There are negative effects of port
activities, such as pollution, noise, traffic, and congestion, on
the urban population in port operations (Kotowska et al.,
2018). If these effects are eliminated, city and port
integration can progress more healthily. For example,
sustainable development policies such as the Hong Kong
Port have shown that effective coordination between port
and city management can increase environmental efficiency
while maintaining economic viability (Kong and Liu, 2021).

El E2 E3 E4 ES5 E6 E7 E8 E9 FEW PCT
C1 0.258 0.273 0.159 0.144 0.252 0.157 0.310 0.253 0.449 0.248 24.78%
C2 0.196 0.223 0.343 0.164 0.133 0.187 0.141 0.130 0.061 0.168 16.80%
C3 0.171 0.193 0.243 0.204 0.144 0.201 0.141 0.145 0.164 0.185 18.47%
C4 0.225 0.213 0.159 0.392 0.377 0.373 0.253 0.373 0.254 0.293 29.27%
C5 0.149 0.098 0.097 0.095 0.094 0.081 0.156 0.100 0.072 0.107 10.68%

*C: Criteria, E: Expert, FEW: Final Expert Weights

According to geographical and natural conditions
(24.78%), the role of natural harbors and hinterland
connections in port success is quite important (Monios et
al., 2018). While natural harbors are important in terms of
reducing investment costs, the depth of ports is
increasingly important today, thanks to large draft ships.
For example, the Port of Gothenburg shows how
geographical proximity to deep water channels and urban
centers can affect port performance and integration with
urban infrastructure (Monios & Bergqvist, 2018).
Moreover, hinterland connection is an essential
determinant of port competitiveness, emphasizing the
importance of intermodal transportation networks (Aregall
et al., 2018). Choosing a port location geographically is
quite important. It is essential to consider the depth of the
port, the distance to the places where rivers flow into the
sea, the prevailing wind and current, and tidal factors
(Merk & Hesse, 2012). When choosing a port location that
is negatively affected by these factors, the effort and
resources spent on combating nature reduce the possibility
of the port being green.

The weight attributed to infrastructure and
operational efficiency (18.47%) reflects the critical role of
modernized logistics systems in port operations. Studies
show that ports that invest in automation and digitalization,
such as container tracking and truck scheduling systems,
increase operational efficiency while reducing congestion
and emissions (Dos Santos & Pereira, 2021). The
introduction of dynamic models for road port access is said
to further facilitate operations, as evidenced by emerging
hub ports such as Santos in Brazil (Dos Santos & Pereira,
2021). Supporting ports with connections such as railways,
roads, and pipelines will increase their efficiency.

However, increasing the efficiency of the port should not
mean increasing pollution. In other words, the port should
not lose its green port feature as it increases its capacity and
throughput. If it is not possible to have these features, it
should be established in areas as far away from the city as
possible, and the port hinterland should be arranged to be a
green hinterland (Aregall et al., 2018).

The relatively moderate weight given to economic
and commercial issues (16.8%) is consistent with the
findings that financial factors, while fundamental, act as
constraints rather than drivers of green port development.
For example, ports in developing regions face challenges
in balancing economic pressures with environmental
objectives, as highlighted in studies on the role of
competition and investment in port efficiency (De Oliveira
& Cariou, 2015).

Finally, there is a lower importance of governance
and strategic importance (10.68%). Government policies
or bilateral agreements are important in port location
selection. However, governments need to adopt green port
policies for green port location selection. Countries with
the world's largest share of greenhouse gas emissions are
moving very slowly in this regard. Studies also show that
high-income people are not very enthusiastic about green
transformation (Nielsen et al., 2021). The port industry
needs to be seriously monitored, and its work within the
scope of green transformation should be monitored.

CONCLUSION AND RECOMMENDATIONS
It is clear that prioritizing sustainability,

benefiting from geographical advantages, and modernizing
the infrastructure are of vital importance when choosing a
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green port location. Considering the primitiveness of
transportation vehicles and the security risks that emerged
during transportation, the intertwining of ports and cities
was quite important in choosing a port location before the
Industrial Revolution. Nowadays, with economic and
technological developments, sustainability emerges as an
important indicator. In line with these indicators, we may
need to move away from old patterns and lengthen the
distance between cities and ports. Future studies can
investigate how these criteria interact in different regional
contexts, especially in developing economies where
economic and social challenges are evident. Predictions
can be made about the ports with the potential to become
new-generation green ports.

Authors’ Contributions: All the paper is
designed, created and revised by one author.

Statement of Conflicts of Interest: There is no
conflict of interest between the authors.

Statement of Research and Publication Ethics:
The author declares that this study complies with Research
and Publication Ethics.

REFERENCES

Aregall, M.G., Berggvist, R. & Monios, J. (2018). A
global review of the hinterland dimension of
green port strategies. Transportation Research
Part D: Transport and Environment, 59, 23-34.
DOI: 10.1016/j.trd.2017.12.013

Bin Ibrahim, 1., Jalil, S.A. & Salleh, S. S. (2023). A
Conceptual Model for Sustainable Green Port
Practices: A Case Study of Northport (Malaysia)
Berhad. Information Management and Business
Review, 15(3  (Sl)), 267-279. DOI:
10.22610/imbr.v15i3(si).3483

Colak, Z., Onat, B., Cosgun, M.S., Ayvaz, B.U., Ayvaz,
C., Kuzu, S.L., .. & Sahin, U.A. (2024).
Istanbul'da Kentsel Arka Planda Atmosferik
Siyah Karbon Konsantrasyon Degisiminin
Degerlendirilmesi.  Journal  of  Anatolian
Environmental and Animal Sciences, 9(4), 648-
659. DOI: 10.35229/jaes.1561066

Dos Santos, M.C. & Pereira, F.H. (2021). Development
and application of a dynamic model for road port
access and its impacts on port-city relationship
indicators. Journal of Transport Geography, 96,
103189. DOI: 10.1016/j.jtrange0.2021.103189

De Oliveira, G.F. & Cariou, P. (2015). The impact of
competition on container port (in) efficiency.
Transportation Research Part A: Policy and
Practice, 78, 124-133. DOI:
10.1016/j.tra.2015.04.034

Ducruet, C., & Lee, S. W. (2006). Frontline soldiers of
globalization: Port-city evolution and regional

competition. GeoJournal, 67(2), 107-122. DOI:
10.1007/s10708-006-9782-6

Gill, A.B. (2005). Offshore renewable energy: ecological
implications of generating electricity in the
coastal zone. Journal of Applied Ecology, 42(4),
605-615. DOI: 10.1111/j.1365-
2664.2005.01060.x

Kong, Y. & Liu, J. (2021). Sustainable port cities with
coupling  coordination and environmental
efficiency. Ocean and Coastal Management, 205,
105534. DOI: 10.1016/j.ocecoaman.2021.105534

Kotowska, I., Mankowska, M. & Plucinski, M. (2018).

Inland shipping to serve the hinterland: The

challenge for seaport authorities. Sustainability,

10(10), 3468. DOI: 10.3390/su10103468

S. (2020). Measurement and Modelling of

Particulate Matter Emissions from Harbor

Activities at a Port area: A Case Study of Trabzon,

Turkey. Journal of ETA Maritime Science, 8(4).

DOI: 10.5505/jems.2020.49389

Lakshmi, E., Priya, M. & Achari, V.S. (2021). An
overview on the treatment of ballast water in
ships. Ocean & Coastal Management, 199,
105296. DOI: 10.1016/j.ocecoaman.2020.105296

Lugo, 1. & Martinez-Mekler, G. (2022). Theoretical
study of the effect of ports in the formation of city
systems. Journal of Shipping and Trade, 7(1),
Article 16. DOI: 10.1186/s41072-022-00117-6

Merk, O. & Hesse, M. (2012). The competitiveness of
global port-cities: The case of Hamburg,
Germany. OECD Regional Development Working
Papers, 2012/06. DOI: 10.1787/5k97g3hm1gvk-
en

Monios, J., Berggvist, R. & Woxenius, J. (2018). Port-
centric cities: The role of freight distribution in
defining the port-city relationship. Journal of
Transport Geography, 66, 53-64. DOI:
10.1016/j.jtrange0.2017.11.012

Nielsen, K.S., Nicholas, K.A., Creutzig, F., Dietz, T. &
Stern, P.C. (2021). The role of high-
socioeconomic-status people in locking in or
rapidly reducing energy-driven greenhouse gas
emissions. Nature Energy, 6(11), 1011-1016.
DOI: 10.1038/s41560-021-00900-y

OECD. (2018). The Future of Ports in Global Supply
Chains. OECD iLibrary. DOI: 10.1787/future-
ports-2018-en

OECD Hamburg. (2020). Building a bridge between port
and city: Improving the urban competitiveness of
port cities. OECD iLibrary. DOl:
10.1787/5k3ttg8zn1zt-en

Ozdemir, U., Altinpinar, I. & Demirel, F.B. (2018). A
MCDM approach with fuzzy AHP method for
occupational accidents on board. TransNav,
International Journal on Marine Navigation and
Safety of Sea Transportation, 12(1), 93-98. DOI:
10.12716/1001.12.01.10

Saaty, T.L. (2008). Decision making with the analytic
hierarchy process. International Journal of
Services  Sciences, 1(1), 83-98. DOI:
10.1504/1JSSC1.2008.017590

Kose,

137


https://doi.org/10.1016/j.trd.2017.12.013
https://doi.org/10.22610/imbr.v15i3(si).3483
https://doi.org/10.22610/imbr.v15i3(si).3483
https://doi.org/10.35229/jaes.1561066
https://doi.org/10.1016/j.jtrangeo.2021.103189
https://doi.org/10.1016/j.tra.2015.04.034
https://doi.org/10.1016/j.tra.2015.04.034
https://doi.org/10.1007/s10708-006-9782-6
https://doi.org/10.1007/s10708-006-9782-6
https://doi.org/10.1111/j.1365-2664.2005.01060.x
https://doi.org/10.1111/j.1365-2664.2005.01060.x
https://doi.org/10.1016/j.ocecoaman.2021.105534
https://doi.org/10.3390/su10103468
https://doi.org/10.5505/jems.2020.49389
https://doi.org/10.1016/j.ocecoaman.2020.105296
https://doi.org/10.1186/s41072-022-00117-6
https://doi.org/10.1787/5k97g3hm1gvk-en
https://doi.org/10.1787/5k97g3hm1gvk-en
https://doi.org/10.1016/j.jtrangeo.2017.11.012
https://doi.org/10.1016/j.jtrangeo.2017.11.012
https://doi.org/10.1038/s41560-021-00900-y
https://doi.org/10.1787/future-ports-2018-en
https://doi.org/10.1787/future-ports-2018-en
https://doi.org/10.1787/5k3ttg8zn1zt-en
https://doi.org/10.1787/5k3ttg8zn1zt-en
https://doi.org/10.12716/1001.12.01.10
https://doi.org/10.12716/1001.12.01.10
https://doi.org/10.1504/IJSSCI.2008.017590
https://doi.org/10.1504/IJSSCI.2008.017590

Altinpinar, (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:2, (132-138)

Satir, T. & Dogan-Saglamtimur, N. (2018). The
protection of marine aquatic life: Green Port
(EcoPort) model inspired by Green Port concept
in selected ports from Turkey, Europe and the
USA. Periodicals of Engineering and Natural
Sciences  (PEN), 6(1), 120-129. DOI:
10.21533/pen.v12.i4

Sharifi, A. (2020). Trade-offs and conflicts between urban
climate change mitigation and adaptation
measures: A literature review. Journal of Cleaner
Production, 276, 122813. DOl:
10.1016/j.jclepro.2020.122813

UNCTAD. (2019). Review of maritime transport 2019.
United Nations Conference on Trade and
Development.
https://unctad.org/webflyer/review-maritime-
transport-2019

Witte, P., Wiegmans, B., Van Oort, F. & Spit, T. (2014).
Governing inland ports: A multi-dimensional
approach to addressing inland port—city
challenges in European transport corridors.
Journal of Transport Geography, 36, 42-52. DOI:
10.1016/j.jtrange0.2014.02.011

Yu, L., Zhang, J. & Chen, S. (2020). Urban and port
development  dynamics: A case study.
Sustainability, 12(2857), 1-18. DOI:
10.3390/su12072857

Zhao, Q., Xu, H., Wall, R.S. & Stavropoulos, S. (2017).
Building a bridge between port and city:
Improving the urban competitiveness of port
cities. Journal of Transport Geography, 59, 120-
133. DOI: 10.1016/j.jtrange0.2017.01.014

138


https://doi.org/10.21533/pen.v12.i4
https://doi.org/10.21533/pen.v12.i4
https://doi.org/10.1016/j.jclepro.2020.122813
https://doi.org/10.1016/j.jclepro.2020.122813
https://unctad.org/webflyer/review-maritime-transport-2019
https://unctad.org/webflyer/review-maritime-transport-2019
https://doi.org/10.1016/j.jtrangeo.2014.02.011
https://doi.org/10.1016/j.jtrangeo.2014.02.011
https://doi.org/10.3390/su12072857
https://doi.org/10.3390/su12072857
https://doi.org/10.1016/j.jtrangeo.2017.01.014

JAES

Journal of Anatolian Environmental and Animal Sciences Year: 10, No: 2, 2025 (139-142)

(Anadolu Cevre ve Hayvancilik Bilimleri Dergisi) A EH
DOI: https://doi.org/10.35229/jaes.1603511 C

Yil: 10, Say1: 2, 2025 (139-142)
ARASTIRMA MAKALESI RESEARCH PAPER

First Evidence-Based Record of Common Pandora Pagellus erythrinus on the Turkish
Coast of the Black Sea

Mehmet AYDIN* Ugur I(ARADURMUS2
'Department of Fisheries Technology Engineering, Fatsa Faculty of Marine Sciences, Ordu University, Ordu, Tiirkiye
2Department of Underwater Technology, Maritime Vocational School, Bandirma Onyedi Eyliil University, Balikesir, Tiirkiye

Received: 18.12.2024 Accepted: 11.02.2025 Published: 25.03.2025
How to cite: Aydin, M. & Karadurmus, U. (2025). First Evidence-Based Record of Common Pandora Pagellus erythrinus on the Turkish Coast of the Black
Sea. J. Anatol. Env. Anim. Sci., 10(2), 139-142. https://doi.org/10.35229/jaes.1603511

Atif yapmak igin: Aycdin, M. & Karadurmus, U. (2025). Karadeniz'in Tiirkiye Kiyilarinda Kirma Mercan Pagellus erythrinus'un Kanita Dayali Tlk Kaydi.
Anadolu Cev. Hay. Bil. Derg., 10(2), 139-142. https://doi.org/10.35229/jaes.1603511

Abstract This paper documents the first evidence-based record of the common pandora

*=: https://orcid.org/0000-0003-1163-6461 (Pagellus erythrinus) from the Turkish coast of the Black Sea, with specimens sampled
- https://orcid.org/0000-0002-5827-0404 during 2024. The samples were collected from four locations along the Black Sea coast,
from Sile in the west to Persembe in the east, at depths of 10-17 m in rocky habitats.

The study suggests that the common pandora likely entered the Black Sea via the

Bosphorus, a natural biological corridor linking the Sea of Marmara and the Black Sea.

:Ac‘a%l;;:f'x\l(ldoiﬁ autbone. The recent warming of Black Sea waters and the ongoing process of
Department of Fisheries Technology Engineering, Medi_terrgneanization, _vvhich_facilitate_s the northw_ard spread of species, are additio_nal
Fatsa Faculty of Marine Sciences, Ordu University, contributing factors. Biometric analysis of the specimens revealed total lengths ranging
Ordilrkiye from 20.7 cm to 26.4 cm and body weights between 101.7 g and 248.5 g, confirming

IX: maydin69@hotmail. S
maydinG9@hotmail.com that all individuals were mature adults.

Keywords: New record, non-indigenous species, range expansion, Sparidae, citizen science,
Tiirkiye.

Karadeniz'in Tiirkiye Kiyilarinda Kirma Mercan Pagellus erythrinus'un Kanita Dayah ilk Kaydi

Oz: Bu makalede, 2024 yilinda yakalanan orneklerle, Karadeniz'in Tiirkiye
kiyilarindaki kirma mercanin (Pagellus erythrinus) ilk kanita dayali kaydini
belgelemektedir. Ornekler, batida Sile'den doguda Persembe'ye kadar Karadeniz kiyisi
boyunca dort lokasyondan, kayalik yasam alanlarinda 10-17 m derinliklerde
orneklenmistir. Calisma, kirma mercanin Karadeniz'e muhtemelen Marmara Denizi ile

*Sorumlu yazar: Karadeniz'i birbirine baglayan dogal biyolojik koridor olan Istanbul Bogazi araciligtyla

Mehmet AYDIN girdigini one siirmektedir. Karadeniz sularmin son zamanlarda 1sinmasi ve tiirlerin
Ordu Universitesi, Fatsa Deniz Bilimleri Fakiiltesi, kuzeye yayilmasmi kolaylastiran Akdenizlesme siireci bu gecise katkida bulunan
Bahll(clhk Teknolojisi Miihendisligi Boliimii, Ordu, faktorlerdir. Orneklerin biyometrik analizi, toplam uzunluklarinin 20,7 cm ile 26,4 cm
Tirkiye

arasinda degistigini ve viicut agirliklarmin 101,7 g ile 248,5 g arasinda degistigini

B din69@hotmail.
LRI AT ortaya koyarak tiim bireylerin olgun yetiskinler oldugunu dogrulamaktadir.

Anahtar kelimeler: ilk kayit, yabanci tiir, menzil genislemesi, Sparidae, vatandas
bilimi, Tiirkiye.

INTRODUCTION 20-300 m, although it has been found as deep as 320 m in
certain areas (Bauchot et al., 1987; Froese & Pauly, 2014).
Its distribution varies with size, ranging from shallow coastal
waters to deeper regions of the continental shelf (Spedicato
et al., 2002). While it is commonly found between 10 and
100 m in the Adriatic Sea and other Mediterranean Sea
subregions, its habitat preferences and adaptability make it a
key species in benthic and pelagic ecosystems. The common

The common pandora (Pagellus erythrinus
Linnaeus, 1758) is a member of the Sparidae family, which
includes 164 species worldwide across 39 genera (Fricke et
al., 2024). A total of 26 species from this family have been
recorded in Turkish waters (Bilecenoglu, 2024). The
common pandora is a gregarious demersal species inhabiting
rocky, sandy, and muddy sea bottoms, typically at depths of

139


https://doi.org/10.35229/jaes.1603511
https://doi.org/10.35229/jaes.1603511
mailto:maydin69@hotmail.com
mailto:ukaradurmus@bandirma.edu.tr
https://doi.org/10.35229/jaes.1603511
https://doi.org/10.35229/jaes.1603511
https://orcid.org/0000-0003-1163-6461
https://orcid.org/0000-0002-5827-0404
mailto:maydin69@hotmail.com
mailto:maydin69@hotmail.com

Aydin & Karadurmus, (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:2, (139-142)

pandora exhibits a lifespan of up to 21 years, with the largest
recorded specimen reaching 58 cm in total length
(Crec’hriou et al., 2012). It is a protogynous hermaphrodite,
starting life as a female and transitioning to male after its
third or fourth year (Buxton & Garratt, 1990). Primarily a
diurnal feeder, common pandora is a generalist predator with
adiet that includes a variety of zoobenthic invertebrates such
as Decapoda, Bivalvia, Polychaeta, and Cephalopoda
(Santié¢ et al., 2011). Its carnivorous nature and opportunistic
feeding habits contribute to its adaptability across different
habitats in the Mediterranean Sea and adjacent waters. The
common pandora is a commercially valuable species,
targeted by trawl fleets, gill nets, trammel nets, bottom long
lines, and hand lines (Metin et al., 2011). It plays a
significant role in small-scale fisheries across the
Mediterranean Sea, contributing to local economies due to
its high market value. Despite being categorized as Least
Concern by the IUCN (Russell, 2014), overexploitation in
certain regions threatens its sustainability.

The common pandora inhabits the eastern Atlantic
Ocean, extending from Norway and the southern coasts of
Scandinavia to Angola, including offshore regions like the
Cape Verde, Madeira, Canary Islands, and Sao Tomé and
Principe (Sanz-Fernandez et al., 2022). This species is
commonly observed across both northern and southern
waters of Mediterranean Sea, from the Strait of Gibraltar to
the Eastern Basin, including the south-central regions like
Tunisian waters (Papaconstantinou et al., 1988). It is
commonly found in the Aegean Sea (Ayyildiz & Altin,
2018) and even widespread in the Sea of Marmara (Sar1 &
Karadurmusg, 2024). Although there are reports suggesting
the presence of common pandora in the Black Sea, these
references—dating back more than 40 years—consist of
repeated citations without direct evidence to substantiate the
species' occurrence in this region (Slastenenko, 1956;
Bauchot & Hureau, 1986; Bonnet, 1969; Fischer et al., 1987;
Froese & Pauly, 2014; Whitehead et al., 1986). Furthermore,
while the species is included in some ichthyofaunal
checklists for the Black Sea (e.g., Keskin, 2010;
Bilecenoglu, 2024), a review of the referenced studies
(Bennett, 1835) reveals no concrete distribution data or
verified findings supporting its presence in the Black Sea.

This study fills a significant gap in the
ichthyological records by providing the first evidence-based
documentation of the common pandora from the Turkish
coast of the Black Sea. Using sampling data collected at
different times during 2024, the species' presence is
confirmed along a wide geographic range, extending from
the western to the eastern Black Sea.

MATERIAL AND METHOD

This study utilized a citizen science approach to
collect samples of the common pandora from the Turkish

coast of the Black Sea. Small-scale commercial fishermen,
operating different regions along the Black Sea coastline
(Figure 1a), played an active role in this collaborative effort.
Under the guidance of our research team, fishermen
photographed the specimens they captured and conducted
biometric measurements (Figure 1b). In addition, critical
fishing information, including coordinates, depth, and the
specific details of fishing gear used, was systematically
recorded by the fishermen. The taxonomic level of the
samples was conducted fish identification key outlined by
Fischer et al. (1987), ensuring accurate species
determination. To further verify the scientific nomenclature,
the species name was cross-checked against FishBase
(Froese & Pauly, 2024), a comprehensive global database of
fish species. Biometric data included total length (TL - the
length of a fish as measured from the tip of the snout to the
tip of the tail) and body weight (W). TL was measured using
an ichthyometer with a precision of 0.1 cm, while W was
recorded using an electronic scale with a precision of 0.1 g.
Both measurements were performed by the fishermen
following detailed instructions provided by the research
team to ensure consistency and accuracy. To better
understand the habitat and environmental preferences of the
species, data regarding the fishing depth and type of seabed
(e.g., rocky, muddy, or sandy) were gathered through direct
communication with the fishermen. The geographic
coordinates of the fishing sites were logged using GPS
devices to enable precise mapping of the species’
distribution in the Black Sea.

26°E 42°F

Figure 1. Geographical records of Pagellus erythrinus along the Turkish
Black Sea coast (a), with specimen sampled from $ile on 2nd March 2024

(b)
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RESULTS AND DISCUSSION

The samples were collected from the coast of Sile
in the west to the coast of Persembe in the east, highlighting
the wide geographical distribution of the common pandora
in rocky habitats along the Black Sea coast. Sampling
occurred at various times throughout 2024, spanning from
spring to autumn, which demonstrates the species’ year-
round presence in the region. Trammel nets were primarily
used as the fishing gear for three specimens, while one
specimen was captured using a gill net. The species was

found at depths ranging from 10 m to 17 m, suggesting that
the common pandora occupies relatively shallow rocky areas
along this stretch of the coast. The total lengths of the
specimens ranged from 20.7 cm (Sp3) to 26.4 cm (Sp2), with
an average length of approximately 23.13 cm. The specimen
weights varied from 101.7 g (Sp3) to 248.5 g (Sp2), with an
average weight of around 184.25 g (Table 1). These findings
provide strong evidence of the occurrence of the common
pandora along the Turkish Black Sea coast, confirming its
presence in shallow rocky habitats.

Table 1. Sampling details and specimen measurements of Pagellus erythrinus along the Turkish Black Sea coast in 2024.

. Location details
Specimen code

Sampling details Specimen details

Date Coordinate Region Fishing gear Depth (m) Habitat TL, cm W, g
Spl 7.2.2024 41°1227"N 29°33'54"E Sile, istanbul Trammel net 17 Rocky 244 204.2
Sp2 2.3.2024 41°10'46"N 29°42'38"E Sile, istanbul Trammel net 16 Rocky 26.4 248.5
Sp3 25.4.2024 41°05'41"N 37°38'18"E Persembe, Ordu Trammel net 10 Rocky 20.7 101.7
Sp4 11.11.2024 41°47'08"N 32°27'57"E Amasra, Bartin Gill net 11 Rocky 21.0 182.6
Means 23.1 184.3

The entry of marine organisms into new affects early developmental stages such as eggs, larvae, or

geographical areas and the subsequent expansion of their
ranges can occur through several mechanisms. Species can
move into new areas through their natural dispersal
capabilities, such as swimming or migration (Bonanno &
Orlando-Bonaca, 2019). This often happens when
environmental conditions in the new area become suitable
for their survival and reproduction. Currents, water
temperatures, and other environmental factors can
transport species from one region to another. For example,
currents can carry larvae or juvenile stages of species over
long distances. Anthropogenic factors, such as ballast
water from ships, the aquarium trade, or aquaculture
activities, can introduce species to new areas. These
human-related pathways often involve the accidental
release of organisms into non-native environments (Bereza
& Shenkar, 2022). In the case of the common pandora
entering the Black Sea, the most plausible mechanism is
that the species swam into the region on its own, utilizing
the Bosphorus as a biological corridor between the Sea of
Marmara and the Black Sea. Over the past decade, the
process known as "Mediterraneanization" of the Black Sea
has accelerated (Oguz & Oztiirk, 2011), leading to an
increased influx of Mediterranean species, including
invasive ones, into the Black Sea. The passage of species
through the Bosphorus has become more frequent due to
the changing environmental conditions in the region. The
species' prevalence in the Mediterranean Sea and Aegean
Seas (Ayyildiz & Altin, 2018), as well as its significant
biomass in the Sea of Marmara (13 kg/km?) (Sart &
Karadurmus, 2024), supports the likelihood of its natural
movement from the Sea of Marmara into the Black Sea.
The fact that all sampled specimens are adults further
suggests that the species likely entered the Black Sea
through active swimming, rather than through passive
transport mechanisms like ballast water, which typically
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juveniles. Additionally, the specimen collected off the
coast of Persembe in the eastern Black Sea indicates that
the common pandora may have already been present in the
region for some time, but its presence was not reported
earlier, possibly due to underreporting or the species not
being captured in fishing nets.

CONCLUSION

This study provides the first evidence-based
record of the common pandora in the Turkish Black Sea
coast, documenting its presence from west to east. The
findings highlight the species’ potential to adapt and
establish in the Black Sea’s rocky habitats, facilitated by
its physiological tolerance, reproductive capacity, and
connectivity via the Bosphorus. The capture of exclusively
adult specimens suggests that the species has successfully
survived in the region and may already be colonizing,
given its high fecundity and favorable environmental
conditions. To understand the long-term implications of
the common pandora occurrence, continuous monitoring of
its population dynamics, distribution, and reproductive
success is essential. Additionally, research on larval
dispersal and recruitment mechanisms will help predict its
future spread. Adaptive management practices, including
monitoring fishery impacts and regulating catch limits if
the common pandora becomes commercially valuable, will
be crucial to ensure both sustainable exploitation and
biodiversity conservation.
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Abstract: Under laboratory conditions, food type is an important factor for Lucilia sericata fly colony

* = https://orcid.org/0000-0002-2982-2396 production and regeneration. Females generally prefer animal tissues or organs with high protein and
- o e T T 0 moisture content for laying their eggs. However, contamination can occur when these preferred foods

3 WA el DR 2 e sl become rotten and putrid. In order to ensure mass rearing control and sterility in fly colony production,

to evaluate structural differences in the food source and to have an idea about the extent to which the

growth rate will change in the life cycle stages, raw liver and sterile tissue-based liver agar food sources

in autoclaved plant tissue culture dishes were used. For larval stage (L1, L2, L3) development

monitoring, a subgroup was formed for each larval stage, so that the experiments were continued for

two generations with 3 sub-study groups for each food type and 6 study groups in total. The growth

rate of larvae reared on a sterile 1:1 mixture of pureed liver and 3% Bacto agar was equivalent or higher

than that of larvae reared on raw liver, resulting in larger adults. At the same time, the sterile liver agar

*Corresponding author’s: rearing medium showed the advantage of no contamination and no offensive odour. There was a

NevraPOLAT significant difference (p<0.05) between first instar larval length, first instar larval weight, second instar
Department of Traditional Complementary and

Integrative Medicine, Institute of Public Health, larval weight, third |ns_tar larval length, _thqu instar Ia}rval weight, pupal length and adglt .Ie'ngth
Ankara Yildirim Beyazit University, Ankara, measurements of L. sericata larvae fed with liver and liver agar. However, there was no significant
iy difference between the second instar larval length measurements of L. sericata larvae fed with liver-
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agar and liver (p>0,05).

Keywords: Food media, Growth and development, Lucilia sericata, Mass-rearing.

Dogal Karaciger veya Karaciger Agar1 Uzerinde Gelisen Lucilia sericata Larvasi

Oz: Laboratuvar kosullarinda Lucilia sericata sinek koloni iiretimi ve rejenerasyonu igin besin tiirii
onemli bir etkendir. Disilerin yumurtalarin1 birakmasinda besin tercihleri genellikle protein orani ve
nem igerigi yiiksek hayvan doku veya organlardir. Ancak tercih ettikleri bu besinlerin ¢iiriimeye ve
kokusmaya yiiz tutmasiyla kontaminasyon gelisebilir. Sinek koloni iiretiminde kitlesel yetistirme
kontrol ve steriliteyi saglamak, besin kaynagindaki yapisal farkliliklari degerlendirmek ve yasam
dongii evrelerindeki bilyiime oraninin ne 6l¢iide degisecegi hakkinda fikir sahibi olmak i¢in ¢ig ciger
ve otoklavlanmis bitki doku kiiltiirii kaplar1 iginde steril doku bazli ciger agar besin kaynaklari
kullanildi. Larval donem (L1, L2, L3) gelisim takibi i¢in her bir larva dénemi i¢in birer alt grup
olusturulmus dolayisiyla her besin ¢esidi igin 3 alt ¢aligma grup totalde 6 ¢aligma grup ile denemeler
iki nesil siirdiiriilmiistiir. Piire haline getirilmis ciger ile %3 Bacto agarin steril 1:1 karisim {izerinde
yetistirilen larvalarin bilyiime hiz1 ¢ig karaciger lizerinde yetistirilen larvalarinkine esdeger veya daha

*Sorumlu yazar: yiiksekti boylelikle daha biiyiik yetiskinler elde edilmistir. Ayn1 zamanda steril ciger agar yetistirme

Nevra POLAT ortami kontaminasyon gelismeme ve rahatsiz edici koku olmadan yetistirme ortam avantaji
Ankara Yildirim Beyazit Universitesi Halk sergilemistir. L. sericata larvalarindan ciger ve ciger agar ile beslenen birinci donem larva boy, birinci
Saghig Enstitiisi, Geleneksel Tamamlayici dénem larva agurlik, ikinci donem larva agirlik, tigiincti ddnem larva boy, ti¢tincii donem larva agirhk,

ve Integratif Tip Anabilim Dali, Ankara,
Tiirkiye
DX: nevrapolat@aybu.edu.tr

pupaya gegis donemindeki boy ve ergin donemindeki boy Olgiimleri arasinda anlamli fark elde
edilmistir (p<0,05). Ancak ciger-agar ve ciger ile beslenen L. sericata larvalarinin ikinci dénem larva
boy ol¢timleri arasinda fark yoktur (p>0,05).

Anahtar kelimeler: Besin ortami, Biiyiime ve gelisme, Kitlesel yetistirme, Lucilia sericata..
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INTRODUCTION

The necrophagous larvae of Calliphoridae family
Diptera flies live by feeding on carrion, dead tissue, rubbish
or rotten food. After the larval stage in their life cycle, they
leave the feeding substrate and move to a cool and shady
place for the next stage of their development, the pupal stage
(Gomes et al., 2006). Abiotic and biotic factors affect these
flies' development and development time during the life
cycle stages. Egg, larval stage (1st stage L1, 2nd stage L2,
and 3rd stage L3), prepupa, pupa, and adult stage refer to the
life cycle of a fly in fly morphology. In their life cycle,
periodic larvae and adults constitute the mobile
developmental stage, prepupae the semi-mobile stage, and
eggs and pupae the immobile stage (Bomphrey et al. 2009).
At each stage transition within the larval stage, larvae shed
their cuticle, and this continues until the final outer cuticle
shrinks. It hardens in this way until the pupal stage (Gunn,
2009). The transition to developmental stages in biological
life cycles requires a developmental threshold in size and
weight. For this reason, adequate nutrition of larvae during
the larval stage is essential (Shaaya & Levenbook, 1982).
Pupation time is related to food competition according to
larval density. In insufficient food substrate, larvae pupate in
a short time. They seek a cool and dark environment for
pupation. This stage after feeding indicates the larvae's
behavioral movement (Gomes et al. 2006). The
metamorphosis period is completed in the puparium until the
adult fly emerges (Mohr, 2012).

Diptera: Calliphoridae larvae development rate and
duration are related to abiotic factors such as temperature,
ambient relative humidity, and photoperiod cycle in
laboratory growing conditions, as well as biotic factors such
as food (Benbow et al., 2015). Food diversity is important
for the fertility of male and female individuals in
reproduction and development, especially if the structure
and chemical properties of the food are suitable for these
organisms. It has been reported that the moisture content of
the food substrate significantly affects the growth of the
green bottle fly L. sericata, with a developmental difference
of up to 7.4 days (Tarone & Foran, 2006). L. sericata larvae
feed on dead, necrotic tissue or decayed food for 3-10 days,
depending on environmental conditions and food substrate
quality. Scientists have repeatedly observed that feeding on
soft food with high protein content affects larval
development time rich diet affects larval development time
(Clark et al., 2006; EI-Moaty & Kheirallah, 2013). It has
been reported that a larva consumes 0.3 g of tissue per day.
Recent studies reported that 200 larvae (maggots) could
consume 15 g of necrotic tissue or tissue fluid in one day
(Wollina et al., 2000). However, it has been reported that
very rapid larval development may also cause permanent

later-stage effects, such as reduced immunity and reduced
adult longevity (Cotter et al., 2004). This maximum larval
feeding rate is explained by the larvae's powerful pharyngeal
pumps, which pass it through a filter that concentrates it five
times. They can digest up to half their body weight in just
five minutes. Thus, a larva can increase its body size 100
times in a few days (Wollina et al., 2000).

It is medically important to obtain sterile larvae in
the application of a biological ‘dressing’ larval treatment to
reduce debridement, bacteria and bad odour in chronic
wounds. For this reason, it is aimed to produce a colony of
sterile adults by maintaining sterility from eggs taken from
fly colonies grown in the laboratory to larval development,
from larvae to pupae and adult. In this direction, liver and
liver agar food types were used and the development of each
stage in the life cycle of L. sericata was examined
comparatively.

MATERIAL AND METHOD

Fly rearing: L. sericata pupae obtained from the
Biotherapy Laboratory of Istanbul Cerrahpasa University
were reared as adults within 7-10 days in specially prepared
45x45x45 cm wire cages covered with tulle. The adult
individuals were initially fed with 20% sugar water solution
(sucrose was used as sugar) in 250 ml Erlenmeyers. The
flasks were sealed with cotton wool so that one end extended
to the bottom of the flask, one end remained outside, and
water was provided as ad libitum. The flies were maintained
at room temperature (22 + 3-C), 50% R.H. humidity, and
12:12 (L:D) photoperiod to ensure colony continuity.
Chicken hearts were used as a protein source and oviposition
medium as food substrate to provide a sufficient number of
adults of the species for the targeted studies.

Pre-Experiment Preparations and Design: In the
transition of the obtained L. sericata eggs to the next stages
in their biological life cycle, the protocol was followed, and
a sufficient number of adults from the species were provided
for the experimental plan and targeted studies. The number
of flies in a cage was kept between 500 and 1000 for the
targeted studies. The eggs of the females that laid eggs
within the specified time (within 2-4 hours) in the cages
where chicken hearts were used for laying eggs were taken
from the cages immediately after the end of laying. In the
second stage, a sterile liver-agar medium was prepared using
bovine liver as a nutrient substrate for experimental analyses.
Egg packets of each female were placed in falcon tubes
containing 9-10 ml of distilled water to separate and count
the eggs. The eggs were shaken manually for 1-2 minutes
until the separation occurred. The eggs separated from each
other were filtered through sterile filter paper, and 100 eggs
were counted separately for each group and transferred to the
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media. The media containing the eggs were incubated at 25-
30 °C overnight. For larval stage (L1, L2, L3) development
monitoring, a subgroup was formed for each larval stage, so
that the experiments were continued for two generations
with 3 sub-study groups for each food type and 6 study
groups in total.

Experimental Procedures:

Preparation of Liver and Liver-agar Medium: In
preparation of liver and sterile liver-agar medium, chicken
livers were washed thoroughly with distilled water and then
cleaned from fat and veins and passed through distilled water
again. The liver was shredded to gel consistency with a
kitchen rondo and 45 grams each for liver-agar medium and
50 grams each for liver medium were taken into heat-
resistant 15 cm diameter sterile petri dishes. To prepare 5%
agar solution to be used in liver agar medium preparation; 5
grams of dehydrated agar powder was weighed and distilled
water was added until 100 millilitres was added. The agar
powder was stirred until the agar powder dissolved and kept
in agarotoclave at 121°C temperature and 1 atmosphere
pressure for 15 minutes. When the agar solution cooled
down to 45-50 degrees, 5 ml of the agar solution was added
to the petri dishes containing 45 grams of liver for liver-agar
medium and mixed thoroughly and homogenous distribution
was ensured. For each food type, 30 petri dishes were used,
therefore 10 petri dishes were used in each subgroup. Petri
dishes with liver and liver-agar were sterilised in an
autoclave at 121°C temperature and 1 atmosphere pressure
for 15 minutes and then covered with sterile petri covers and
allowed to cool.

To determine the average length and weight of a
larva at the end of days 0-2, days 2-4, and days 4-7 following
the first opening of the eggs, 10 larvae of similar size were
randomly selected from each experimental study group.
These larvae were rinsed in distilled water and dried with
blotting paper, then their weights were measured with a
precision balance, and lengths were measured with calipers.
For each food type, the sums of the size and weight data of
30 larvae (since there were three groups) were taken and
divided by 30, and the final data obtained was recorded as
the length-weight value of a larva. Traveling larvae generally
require a dry, cool, shaded environment during the transition
from the prepupal stage to the pupal stage. Glass jars
(15x10x25cm) were used to provide this environment, and
sawdust was placed inside. During metamorphosis, a hole
was made in the lid of the container or glass jar, and this part
was covered with gauze to allow the air necessary for the
larvae's life to enter and prevent the larvae from getting out
of the container. Following the incubation period of 3-5
days, Petri dishes containing different media containing the
larvae, whose mobility decreased after the maximum feeding
stage 3, were placed in the jar on the sawdust. The larvae
were expected to move away from the nutrient medium into

the sawdust, and the petri dishes were removed after they left
the medium. After the incubation period, the pupae were
removed from the sawdust, placed in another plastic
container, and placed in a new fly cage. For pupal length
measurement, ten normal-sized 2-3 days dark-colored 10
pupae of each food species were measured with calipers, and
the sum of the length values was calculated and divided by
30 and recorded as the average length value. Adult lengths
were calculated in the same way as pupal lengths. The data
obtained as a result of mathematical calculations were
compared.

Statistical Analysis: IBM SPSS Statistics 24.0
package program was used in the statistical analysis of the
data obtained in the study. Firstly, the descriptive statistics'
minimum, maximum, skewness, and kurtosis values
according to the variables were included. Skewness and
kurtosis values are statistics that give information about the
normality of the variables, and when they are between £1.5,
the distribution is normal (Tabachnick & Fidell 2013).
Another important assumption for parametric methods in
statistical analyses is that the number of data should be
sufficient in the group (N>30), and when the number of data
is not enough, nonparametric methods should be used even
if the scores are normally distributed (Pallant & Tennant
2007). Accordingly, the dependent group's t-test method was
used to compare the weights and lengths of larvae after
feeding them different foods. The comparison was made at
p<0.05 significance level for statistical analyses.

RESULTS

Since the ambient temperature and humidity will
increase during the feeding process of L. sericata larvae
depending on their activity (Early & Goff, 1986), the
laboratory ambient temperature was fixed at 30°C and 50%
humidity. Since L. sericata flies consume all their energy
reserves within a few days and die when they do not have
access to energy-rich food in the form of lipids or
carbohydrates, the initial feeding of adults in our study was
provided with table sugar and water. A moist and high-
protein meal was fed to mature the ovaries of females and
produce viable eggs. Sterile liver and sterile liver-agar
medium were used to identify growth and developmental
differences and deviations of L. sericata larvae about food
sources at constant temperature and humidity. The opening
times of the eggs of L. sericata larvae left to feed on different
food sources, the transition times to the next stage depending
on the larvae's development, length-weight measurements,
pupal entry times, pupal lengths, pupal exit times, and adult
lengths were determined at (0-2), (2-4), and (4-7) day
intervals after the larvae hatched. These values were
recorded in the table below (Table 1).

145



Polat et al., (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:2, (143-150)

Table 1. Growth and development times of Lucilia sericata in different food
sources.

Lucilia sericata Liver Sterile liver-agar
Egg laying time 9-11 hour 7-9 hour
Time of entry into the second larval stage 27-31 hour 23-30 hour
Time of entry into the third larval stage 45-49 hour 41-46 hour
End of prepupa, the first entry into pupa 10th day 7th day
First exit from the pupa 14th day 12th day

Table 2. Length-weight averages of Lucilia sericata about food type (£

means represent standard deviation).
L. sericata Liver medium

Sterile liver - agar medium

Length (mm) Weight (gr) Length (mm) Weight (gr)
(0-2) day L1 4.5+0.097 0.011+0.001 4.8+0.079 0.012+0.001
(2-4) day L. 8.8+0.126 0.024+0.001 8.9+0.084 0.025+0.001
(4-7) day L3 12£0.092 0.060+0.001 12.3+0.103 0.062+0.002
(7-9) day Pupa 7.2+0.03 - 7.6+0.019 ==
(10-30) day Adult 7.72+0.013 7.9+0.023 -

In this section, the findings examined and analyzed
within the scope of the research are given (Table 2).
Descriptive statistics of L. sericata larvae (L1, L2, L3),
pupae, and adults according to their developmental
characteristics in liver and sterile liver-agar food type are
given in Table 3.

Table 3. Descriptive Statistics Table for Lucilia sericata Larvae (L1, L2,
L3), Pupae and Adult Developmental Characteristics in Food Type.

Food type Measurements Min. Max. Skewness Kurtosis
Larva I (L1) length 4.340 4.660 0 -1.175
Larva I (L1) weight 0.010 0.013 0 -1.219
Larva II (L2) length 8.760 9.040 0 -1.127
Liver Larva II (L2) weight 0.022 0.026 0 -1.175
Larva III(Ls) length 11.850 12.150 0 -1.269
Larvalll (Ls) weight 0.058 0.062 0 -1.193
Pupa length 7.150 7.250 0 -1.197
Adult length 7.700 7.740 0 -0.943
Larva I (L1) length 4.670 4.930 0 -1.227
Larva I (L1) weight 0.011 0.013 0 -1.183
Larva II (L2) length 8.760 9.040 0 -1.127
Sterile liver - agar Larva II (L) weight 0.023 0.027 0 -1.205
Larva ITI(Ls) length 12.130 12.470 0 -1.182
Larva ITI(Ls) weight 0.059 0.065 0 -1.197
Pupa length 7.570 7.630 0 -1.174
Adult length 7.860 7.940 -0.044 -1.163

The length and weight measurements of L. sericata
larvae fed with liver and liver-agar food and the smallest and
largest values of pupal and adult length periods are given
according to the periods. The length and weight of pupae and
adults generally increased in both food types depending on
the larvae's development. The skewness and kurtosis values
show that the larval period measurements fed with both food
types are normally distributed since they are between +1.5
(Table 3). A dependent group t-test was used to determine
whether there was a difference between the length and
weight measurements of L. sericata larvae fed with liver and
liver-agar food and the length measurements in pupal and
adult stages. The scores were normally distributed, and there
were two different measurements for each larva, liver and
liver-agar.

A significant difference was obtained between the
first larval length, first larval weight, second larval weight,
third larval length, third larval weight, third larval weight,
pupal length, and adult length measurements of L. sericata
larvae fed with liver and liver-agar (p<0.05). L. sericata
larvae fed with liver-agar were higher than those fed with

liver and for L. sericata larvae, feeding with liver-agar
increased the measurements compared to feeding with liver.
However, there was no difference between the larval length
measurements of L. sericata larvae fed with liver-agar and
liver (p>0.05) (Table 4).

Table 4. Dependent Groups T-Test between Length and Weight
Measurements of Lucilia sericata Larvae (L1, L2, L3), Pupae, and Adults
fed with Liver and Sterile Liver-agar Food.

Liver Sterile liver — agar
Group t p
Mean+SD) (Mean+SD)
Larvae | (Li) length 4.5+0.097 4.8+0.079 -13.67 .000*
Larvae | (Li) weight 0.011£0.001 0.0120.001 -2.902 0.007*
Larvae Il (L2) length 8.84+0.126 8.9+0.084 0 1
Larvae Il (L2) weight 0.024=0.001 0.025+0.001 -2.083 0.046*
Larvae lll(L3) length 12+0.092 12.3+0.103 -12.379 .000*
Larvae lll(Ls) weight 0.060£0.001 0.062+0.002 -5.025 .000*
Pupa length 7.2+0.03 7.6+0.019 -62.26 .000*
Adult length 7.72+0.013 7.94£0.023 -36.547 .000*

Figure 1. Lucilia sericata larvae reared on different food media (a) larvae
fed with liver, (b) larvae fed with liver-agar.

Figure 2. Lucilia sericata larvae reared on different food media and at 96
hours (a) larvae fed with liver-agar, (b) larvae fed with liver.
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Figure 3. Comparison of larval weights of Lucilia sericata larvae according
to the stages (L1, L2, L3) in liver and liver-agar medium.
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Figure 4. Comparison of the lengths of Lucilia sericata larvae according to
the stages (L1, L2, L3) in liver and sterile liver-agar medium.
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Figure 5. Comparison of pupa and adult lengths in liver and sterile liver-

agar medium.

a b

Figure 6. Lucilia sericata pupae (a) pupa developing from liver-fed larvae,
(b) pupa developing from liver-agar-fed larvae

Figure 7. Lucilia sericata adult (a) adult developing from liver-fed larvae,
(b) adult developing from liver-agar-fed larvae.

DISCUSSION AND CONCLUSION

It is the subject of the study that supplementation of
agar medium to the feeding with liver, which is the known
nutrient substrate in the procedure in the cultivation of L.
sericata, may have an effect on oviposition, development
during the larval feeding period, developmental time
variability, and the developmental rate and time of pupae
developing from larvae and adults developing from pupae
after feeding. Our results confirm our hypothesis, although
less than the results of developmental variability with
different nutrient substrates. Based on our observations and
the data we obtained, if conditions affect development
during the larval period, it exhibits results that accelerate or
slow down the development and process after feeding. For
example, the larval density in the maximum feeding stage
causes food competition to affect the metamorphosis
completed in the puparium (Faris et al., 2020). In most flies,
the final adult size is directly proportional to the rate of
development (Nijhout et al., 2014). However, individual
species-specific  weight may vary depending on
environmental factors (e.g., bacterial accumulation, food
limitation) (Komo & Charabidze, 2021). The rapid increase
of microorganisms through the decomposition process of
saprophytes deteriorates food quality and adversely affects
larval development (Benbow et al., 2019). According to
some scientists, even though Calliphorid flies are known as
carrion flies, they prefer fresh rather than decaying food
(Burkepile et al., 2006). In our study, we observed that the
rate of mass larval feeding on fresh liver was at the
maximum level, but as the food decayed, the larvae avoided
and slowed down feeding. These observations showed the
social behavior of the larvae. The food consumed by L.
sericata under laboratory conditions is a key factor in
biological development and population dynamics (Sherman
& My-Tien Tran, 1995). When larvae feed, larval activity
increases, and thus, the temperature of the food medium
increases (Early & Goff, 1986). For this reason, the ambient
temperature and humidity in the laboratory were not kept too
high and were kept constant at 30°C and 50% humidity.
When the hatching times of the eggs of L. sericata were
placed in different media, the time intervals of the transition
of the living larvae to the next stage, the length and weight
of the larvae according to the 24th, 48th and 96th hour
periods of hatching, the time of first entry into the pupa,
pupal length, pupal exit time and adult length were
evaluated, no extreme variability was observed in the
hatching time of the eggs in both food types. Byrd and
Castner, (2001) emphasized that environmental conditions
and humidity are the most important factors for egg laying,
survival, and hatching. One of the results of our study is the
observation that the opening times of the eggs laid on both
food types were similar in both species. The similarity in the
hatching times of the eggs explains that the humidity ratios

147



Polat et al., (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:2, (143-150)

of the liver and liver-agar medium are similar, and the
environmental conditions are suitable. Our findings are
based on Byrd and Castner (2001). According to Greenberg
and Kunich, (2002) larval maturity depends on feeding
during the larval period, and the minimum larval weight for
maturity is the weight of a few adult flies. In our study, when
the level of increase in the weight of the larvae in L1 (0-2),
L2 (2-4), and L3 (4-7) day intervals of the larvae were
evaluated, it was seen that it was over 100% in both food
types. L. sericata larval period (L1, L2, L3) weight
measurements were significantly different (p<0.05) as a
result of dependent groups T Test comparison analysis. Our
weight gain results in different food types, which indicates
that food type is an important factor for growth and
development (Figure 1 and Figure 3), as shown by
Greenberg and Kunich, (2002). According to Firoozfar et al.,
(2011), nutritional differences significantly affect growth
and development in L. sericata larvae, and food type plays
an important role in development. Ronald and Sherman
(1995) examined the development of sterile L. sericata
larvae reared on liver puree and sterile liver-agar. They
reported that 79% (£26) of larvae reared on liver puree were
viable, and 92% (£8) were viable on sterile liver-agar
medium. There were no significant differences in the
weights of larvae and pupae reared on the two nutrient
media. According to the results obtained from our study, the
percentage of larvae fed on liver agar medium was higher
than the percentage of larvae fed on liver agar medium. A
significant difference was obtained between the first instar
larval length, first instar larval weight, second instar larval
weight, third instar larval length, third instar larval weight,
pupal length, and adult length measurements of L. sericata
larvae fed with liver and liver-agar (p<0.05). Accordingly,
the mean of the first instar larval length (Figure 4), first instar
larval weight, (Figure 3), second instar larval weight (Figure
3), third instar larval length (Figure 4), third instar larval
weight (Figure 3), pupal length and adult length (Figure 5)
measurements of L. sericata larvae fed with liver-agar were
higher than those fed with liver. Our findings are in
agreement with Ronald and Sherman, (1995) but not in
agreement with (p>0,05) in the sense that there was no
difference between the second instar larval length
measurements of L. sericata larvae fed with liver-agar and
liver (p>0.05). The difference in larval second instar length
measurements is due to the competition between the larvae
fed at maximum speed.

Greenberg and Kunich, (2002) reported that a
newly hatched Calliphorid larva, which was 0.1 milligram,
was 0.0840 grams at the end of the fifth day and could
increase its weight up to 800 times in 5 days with feeding.
According to the findings obtained from our study, in the
first period (0-2) days in L. sericata, those fed with liver
weighed 0.011+0.001 g, and those fed with liver-agar

weighed 0.012+0.001 g. In the third period (4-7) days, those
fed with liver weighed 0.060+0.001 g, and those fed with
liver-agar weighed 0.062+0.002 g. According to the findings
obtained from our study, it was determined that the larvae
can increase up to 600-650 times in 5 days, and the high rate
of weight gain of the larvae is parallel with the literature data.

Hassan, (2008) and Firoozfar et al., (2011) reported
that different food substrates significantly affected larval
development and duration in L. sericata larvae. According
to the findings obtained from L. sericata larvae reared on
different nutrient substrates, it was determined that the larval
viability of larvae reared on liver and liver-agar were similar
to each other, and larval weights of L. sericata larvae reared
on liver-agar were only 3.42% (+0.69) higher than those
reared on liver-agar (Figure 2 and Table 2). Our findings on
viability rates and weight gain are by Hassan, (2008) and
Firoozfar et al., (2011).

Cakan et al., (2009) investigated the development
of L. sericata larvae at 24°C, 27°C, 30°C, 35°C, and 50%
humidity and obtained the longest larvae at 27°C. According
to our findings, the maximum length of larvae was obtained
at 30°C temperature and 50% humidity when the working
environment was kept constant. Coban, (2009) reported that
the eggs of L. sericata opened in 8-11 hours, completed their
larval stages in 80-110 hours, and the adult emerged from
the pupa in 5-8 days at 27°C-35°C temperature and 45-65%
humidity range. According to the findings of our study, it
was determined that the eggs of L. sericata fed with liver-
agar opened in 8-11 hours, completed their larval period
between 96-168 hours, entered the pupa on the 6th day, and
the adult emerged from the pupa on the 12th day. While our
findings are compatible with the findings of Coban, (2009)
regarding egg opening time, they are not compatible with the
completion of the larval period and the late emergence of the
adult from the pupa. We think this difference is because the
temperature and humidity were constant in our study, while
the temperature and humidity were not constant in Coban's
(2009) study. Barnes and Gennard (2013) reared sterile L.
sericata eggs on the non-sterile liver and sterile horse blood-
agar medium, and the growth and density rates of larvae
reared on blood medium were lower than those reared on the
liver. Compared with our study, it was found that the larvae
reared on liver and sterile liver-agar medium were better in
size than those reared on liver-agar medium. However, there
were no significant variations or developmental deviations.

For our findings that pupal development took place
at a later time in sterile liver-agar medium compared to
sterile liver medium, we think that the completion of
metamorphosis in the puparium takes place at a later time,
and this may be caused by the delay in the secretion of
ecdysone hormone which terminates larval development.
The pupae developing from the larvae whose larval
development lasted longer in the sterile liver-agar medium
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were morphologically darker and larger than those
developing from the liver medium. In contrast, those in the
liver medium were shorter and lighter in color (Figure 6).
The size of the adult individuals developing from the pupae
was close to each other in both food types, but the difference
in the wing morphotypes of the adults observed on liver-agar
medium was remarkable. Wing morphology is analysed in
detail using geometric morphometric methods. However, in
our study, the left wings of adults from both nutrient media
were removed and the longitudinal and transverse vein
length was measured to the nearest 0.1 mm under a
dissecting miroscope and it was observed that the wing size
of adults from liver agar medium was larger (Figure 7). In
view of the extant literature (Espra et al. 2015), it can be
hypothesised that this phenomenon may be attributable to
disparities in the growth and development of larvae, as well
as the reflection of genetic and environmental conditions.

In conclusion one of the main factors explaining the
biological development and population changes of L.
sericata and the reasons for these changes is the type and
amount of food consumed in cultivation under laboratory
conditions. Natural diets such as chicken liver or bovine
liver, which have high reproductive potential, are often used
in aquaculture. However, nowadays, various artificial diets
have been developed as an option for maintaining and
cultivating L. sericata. Although nutrient substrates such as
chicken liver or beef liver, which are high in protein, have
been used for rearing flies in the laboratory (Sherman & My-
Tien Tran, 1995), the decomposition of these nutrient
substrates can cause offensive odors due to off-gassing and
contamination over time (Tachibana & Numata, 2001).
However, the proposed artificial diets must be standardized
to meet species-specific nutritional needs. The study we
targeted was a comparative analysis of the development and
duration of flies on a commonly used natural diet, sterile
liver, which has a high moisture content in its nutrient
content and a high tendency of female flies to lay eggs, and
on an artificial diet, sterile liver-agar medium, which
contains both a natural diet and an artificial diet to prevent
contamination. The results of this natural diet-integrated
artificial diet study in terms of developmental speed and
time, hatching from eggs, moving to the next level earlier in
each larval stage, completing the pupal adult formation three
days earlier on average, and at the same time, larval, pupal
and adult larvae in terms of weight and size are more
developed compared to the natural diet. Our findings
conclude that sterile liver agar media are more suitable for
mass production and medical larvae supply without
contamination in a short time.
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Abstract: In pest control management, acetylcholinesterase inhibition is one of the important methods.
+12): https://orcid.org/0000-0002-2346-7514 Acetylcholinesterase is the target point of nerve gases and insecticides due to its important role in the
nervous system. This study determined the optimum conditions of “Calliteara pudibunda
acetylcholinesterase” and investigated some of its kinetic properties. Acetylcholinesterase inhibition
studies were carried out with known inhibitors of acetylcholinesterase such as tacrine, edrophonium
chloride, cypermethrin and aqueous extracts of olive leaf, walnut leaf, walnut shell, cherry laurel leaf
and alder leaf. The Vmax and Km values of acetylcholinesterase, which showed maximum activity at 40.0
°C and pH 7.0, were determined as 1.7+0.2 EU and 0.18+0.02 mM, respectively. In inhibition studies,
the 1Cso values of tacrine, edrophonium chloride and cypermethrin were found to be 6.5+0.2, 2.8+ 0.3
and 6.0+0.8 uM, respectively. The ICso values of aqueous extracts of olive leaf, alder leaf, cherry laurel
*Corresponding author’s: leaf, walnut shell and walnut leaf were found to be 1.8+ 0.2, 1.8+0.4, 1.9+0.4, 2.8+0.6 and 5.8+1.2 pg
gﬁ:’;‘%‘ég*cal S — dry matter/mL, respectively. In addition, the plant extracts oleuropein and phenolic substance amounts
Laboratory, 16310 Bursa, Tirkiye were determined and correlated with I_Cso val_ues. A_s_a result, these plant extracts used in the study can
BX: demet kizil@btu.edu.tr be recommended as an alternative biopesticide source to control such pests through
acetylcholinesterase inhibition.

Keywords: Acetylcholinesterase, biopesticides. Calliteara pudibunda, inhibition, pest management.

Baz1 Bitki Ekstraktlarimin Calliteara pudibunda (Linneaus, 1758) Asetilkolinesteraz
Uzerindeki Inhibisyon Etkisi

Oz: Zararh miicadele yonetiminde asetilkolinesteraz inhibisyonu onemli yontemlerden biridir.
Asetilkolinesteraz sinir sistemindeki dnemli rolii nedeniyle sinir gazlarmin ve bocek ilaglarinin hedef
noktasidir. Bu ¢aligmada, Calliteara pudibunda asetilkolinesterazinin optimum kosullar1 belirlenmis
ve bazi kinetik 6zellikleri incelenmistir. Asetilkolinesteraz inhibisyon ¢alismalari, asetilkolinesterazin
bilinen inhibitdrleri olan takrin, edrofonyum kloriir ve sipermetrin ile zeytin yapragi, ceviz yapragi,
ceviz kabugu, kiraz defnesi yaprag ve kizilagag yapraklarinin sulu ekstraktlari ile yiriitilmistiir. 40.0
°C ve pH 7.0'de maksimum aktivite gosteren asetilkolinesterazin, Vmax Ve Km degerleri sirastyla 1.7+0.2
EU ve 0.18+£0.02 mM olarak belirlenmistir. Inhibisyon ¢aligmalarinda kullanilan takrin, edrofonyum
kloriir ve sipermetrinin ICso degerleri sirasiyla 6.5+0.2, 2.8+0.3 ve 6.0+£0.8 pM olarak bulunmustur.
Zeytin yapragi, kizilagag yapragi, kiraz defnesi yapragi, ceviz kabugu ve ceviz yapragmin sulu

*Sorumlu yazar: ekstraktlarinin ICso degerleri sirastyla 1.8+0.2, 1.840.4, 1.9+0.4, 2.8+0.6 ve 5.8+1.2 pg kuru madde/mL
Demet KIZIL e . . . .

v Motk Cintivestics, Misikez Awsin olarak bulunmustur. Ayrica bu bitki ekstraktlarinin oleuropein ve fenolik madde miktarlari belirlenerek
Laboratuvari, 16310 Bursa, Tiirkiye ICs0 degerleri ile iligkilendirilmistir. Sonug¢ olarak ¢alismada kullanilan bu bitki ekstraktlarinin
B<: demet.kizil@btu.edu.tr asetilkolinesteraz inhibisyonu yoluyla bu tiir zararlilarin kontroliinde alternatif biyopestisit kaynagi

olarak onerilebilecegi diisiiniilmektedir.

Anahtar kelimeler: Asetilkolinesteraz, biyopestisitler. Calliteara pudibunda, inhibisyon, hasere

yonetimi.

INTRODUCTION including Germany, Sweden, Denmark, Poland, Romania,
and Ukraine (Mazzoglio et al.,, 2005). Its larvae are
herbivorous and feed primarily on Fagus and Carpinus, but
also on other deciduous trees, herbaceous plants, and it can
cause defoliation of trees (Goktiirk & Aksu, 2005; Ipekdal,
2022; Mazzoglio et al, 2005; Sarikaya et al., 2021;

Calliteara pudibunda (Linneaus, 1758) (Lep.:
Erebidae, Lymantriinae), a Lepidoptera species, is a leaf-
consuming pest known as the beech pest (Sarikaya et al.,
2021). Since 1810, outbreaks of this pest have been reported
in beech and oak forests in many European countries,
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Trofimova, 2012). In our country, pest species cause
epidemics or economic damage are not frequently in beech
forests. However, it was determined that Calliteara
pudibunda (C. pudibunda), which was reported to cause
damage to alder and birch trees in the Artvin region in 2005
(Goktiirk & Aksu, 2005), caused an epidemic in the beech
forests located on the Bursa-Inegol and Kiitahya-Domanig
borders in 2019, damaging an area of 453.80 hectares
(Sarikaya et al., 2021). This pest, which was detected in
Artvin and Bursa provinces in Turkey, has also been
reported to be detected in Balikesir, Diizce, Giresun, Hatay,
Istanbul, Kiitahya, Malatya, Sakarya, Samsun and Yalova
provinces (Ipekdal, 2022; Ipekdal & Avci, 2023; Oztiirk et
al., 2024). According to Sarikaya (2019), the pest is likely to
expand its distribution in our country, especially in the
Marmara and Black Sea regions. It has been reported that the
fact that the pest feeds polyphagously on other forest trees
may pose a significant potential threat to forests (Sarikaya,
2019).

The forest ecosystem, which is the most basic and
indispensable part of human life, vital to importance for
humanity in terms of ecosystem services such as carbon
sequestration, forest products, biodiversity, and climate
change (Akyol & Sarikaya, 2017; Ding & Eldridge, 2024).
Insects, which have a natural role in the forest ecosystem,
can multiply excessively for various reasons, including
human impact, and can disrupt the balance of the ecosystem
by causing damage to forests. For the ecosystem to be
sustainable, it is of great importance to keep the factors that
make up the ecosystem in balance, protect them, and take the
necessary precautions to return them to their natural balance
(Akyol & Sarikaya, 2017; Akyol & Tolunay, 2014).

Acetylcholinesterase (AChE; E.C. 3.1.1.7), found
in many conductive tissues, especially nerve, and muscle
tissues is a cholinergic enzyme called acetylcholine
acetylhydrolase (Duranay et al., 2019; Ramesh et al., 2018).
AChE, which plays an important role in neurotransmission,
rapidly hydrolyzes the neurotransmitter acetylcholine (ACh)
into acetate and choline (~25000 ACh molecules per second)
to complete neurotransmission. Because of the important
role of AChE in the nervous system, it is the target point of
nervous system diseases, nerve gases, and insecticides
(Colovic et al., 2013; Wang et al., 2022). The decrease or
termination of AChE can lead to nervous system disorders
such as nerve overstimulation or blocking of
neurotransmission, even paralysis, and death (Colovic et al.,
2013; Dinger & Akpinar, 2023; Dinger & Kizil, 2022; Li et
al., 2021; Soto-Mancera et al., 2020). Compounds that can
reduce or completely stop AChE activity are called AChE
inhibitors or anticholinesterases (Colovic et al., 2013;
Rampa et al., 2000). AChE inhibitors can be divided into two
groups according to their mode of action: reversible and
irreversible. Reversible inhibitors, which can be competitive

or non-competitive, are mostly used in therapeutic
applications, irreversible inhibitors have been reported to
have toxic effects (Colovic et al., 2013; Li et al., 2021).
Partial inhibition of AChE activity in the brain by AChE
inhibitors that cross the blood-brain barrier increases
endogenous acetylcholine levels, which is useful in the
symptomatic treatment of diseases such as myasthenia
gravis, glaucoma, dementia, and Alzheimer's disease.
However, complete inactivation of AChE, which can occur
with organophosphate chemical warfare agents such as nerve
gases and insecticides, can lead to excessive ACh
accumulation, resulting in paralysis or death (Li et al., 2021;
Patocka et al., 2004). Because of this important role of AChE
in the nervous system, pest control studies have focused on
AChE inhibition (Dinger & Akpinar, 2023; Dinger & Kizil,
2022; Gao et al., 1998; Keane & Ryan, 1999; Li & Han,
2002; Mohamed et al.,, 2020). AChE studies in both
mammals and insects have generally used AChE obtained
from body tissues or whole-body homogenates due to their
proximity to the cellular environment (Keane & Ryan, 1999;
Li & Han, 2002; Moores et al., 1994).

Organophosphates, pyrethrins, and carbamates,
which are among the pesticides widely used in agriculture,
have toxic effects and the presence of their residues in air,
food, groundwater, water, and soil has become a major
problem for the environmental and health concern (Dinger &
Akpinar, 2023; Dinger & Kizil, 2022; Farag et al., 2021; Li
etal., 2021; Mdegela et al., 2010; Poirier et al., 2017; Pundir
& Chauhan, 2012; Vinotha Alex & Mukherjee, 2021). The
residues of these pesticides, which can be mutagenic, can
reach living organisms and accumulate in food chains, even
damaging their genetic structures (Aydogdu et al., 2017
Aydogdu & Giiner, 2012). Their toxicity is based on the
inhibition of AChE, which is necessary for the functioning
of the central nervous system. Organophosphate and
carbamate pesticides, which bind to the serine residue in the
active site of AChE with a covalent bond, inhibit AChE and
cause the accumulation of the neurotransmitter
acetylcholine. This disrupts the transmission of electrical
nerve impulses at synapses in the nervous system, causing
respiratory and myocardial failures, paralysis, and even
death of the insect (Abou-Donia, 2003; Colovic et al., 2013;
Pundir & Chauhan, 2012; Soto-Mancera et al., 2020).
Cypermethrin, one of the pyrethrins widely used in
agricultural, veterinary, and domestic pest management, acts
as a fast-acting neurotoxin in insects. Even low
concentrations of this pesticide have been reported to have
toxic effects on the brains of laboratory animals, many fish,
and aquatic invertebrates (Farag et al., 2021; Prusty et al.,
2015; Singh et al., 2014). Considering these negative effects
on humans and animals, it is clear that the use of such
pesticides to control forest pests would not be appropriate
from a health, environmental and thus ecosystem
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perspective. In order to eliminate these negative effects,
alternative natural herbal products that are safe,
environmentally friendly and inexpensive as an alternative
to pesticides are attracting attention and being researched
(Dinger & Akpinar, 2023; Dinger & Kizil, 2022; Poirier et
al., 2018; Rosell et al., 2008).

The aim of this study was to investigate alternative
biopesticides that could be used instead of pesticides in the
control of C. pudibunda, which causes extensive damage to
beech forests. For this purpose, the inhibitory effects of
tacrine, cypermethrin, and edrophonium chloride which are
ACNhE specific inhibitors, and aqueous extracts of olive leaf,
walnut leaf, alder leaf, cherry laurel leaf and walnut shell on
C. pudibunda AChE were investigated.

MATERIAL AND METHOD

Materials: The chemicals used in the study were
purchased from Sigma-Aldrich Company. Calliteara
pudibunda (Linneaus, 1758) samples was collected from
pure beech and beech-oak mixed stands at an average
altitude of 500 m in the Sahmelek neighbourhood of the
Karacabey district of Bursa province, Turkey, and stored at
-20 °C. Olive leaves (Olea europaea sativa L.), walnut
leaves (Juglans regia L.), and walnut shells (Juglans regia
L.) were collected from Bursa, cherry laurel leaves
(Laurocerasus officinalis L.), and alder leaves (Alnus
glutinosa subsp. barbata) were collected from Trabzon.
These leaves dried at room temperature were ground to
powder using a grinder and then passed through a 60-mesh
sieve to use for in extraction.

Methods:

Crude Extract Preparation: Approximately 5
grams of Calliteara pudibunda samples was homogenised in
20 mL of 50 mM pH 7.4 sodium phosphate buffer containing
0.5% Triton X-100 and 1 mM EDTA in an ice bath. The
supernatant obtained by centrifugation of the homogenate at
20,000xg for 45 minutes at 4°C was filtered through a
syringe filter unit with a pore size of 0.45 pum and used as the
crude extract (Dinger & Akpinar, 2023; Dinger & Kizil,
2022; Son et al., 2002).

Enzyme Assay: AChE activity was determined
spectrophotometrically in the presence of acetylthiocholine
iodide (ATC) substrate (Ellman et al., 1961). The volume of
the mixture consisting of 1.5 mM ATC, 0.2 mM 5,5'-
dithiobis (2-nitrobenzoic acid) (DTNB) and enzyme solution
was filled up to 1 mL with 0.1 M (pH 8.0) phosphate buffer.
The change in absorbance of the yellow compound formed
as a result of the enzymatic reaction was recorded at a
wavelength of 412 nm for 20 minutes. The amount of
enzyme that converts 1.0 uM of substrate into the product in
one minute at 25 °C under optimal conditions is one enzyme
unit (EU) (Cavdar et al., 2019; Dinger & Kizil, 2022; Ellman
et al,, 1961; Son et al., 2002). The kinetic parameters,

Michaelis—Menten constant (Km), and maximal enzyme
velocity (Vmax) were calculated using Lineweaver and Burk
plots (Lineweaver & Burk, 1934).

Oleuropein Analysis by High-Performance Liquid
Chromatography (HPLC): High-performance liquid
chromatography was used to determine the oleuropein
content of plant extracts. The chromatographic method
conditions applied in HPLC were prepared according to
Ansari et al (Ansari et al.,, 2011). Standard oleuropein
standard solutions were prepared at different concentrations
ranging from 0.005 to 0.5 mM. The peak areas of these
solutions at retention times were determined and a
calibration graph was drawn. The oleuropein contents of
plant extracts was determined by HPLC analysis using this
calibration graph.

Determination of Total Phenolic Content: The
total phenolic content of the plant extracts was determined
using the Folin-Ciocalteu reagent at 760 nm. The calibration
curve was established with aqueous solutions of gallic acid
prepared at different concentrations ranging from 0.005 to
0.5 mM. The change in absorbances with gallic acid
solutions and plant extracts was measured at 760 nm. The
results were expressed as Gallic Acid Equivalent (GAE)
determined by the regression equation of the calibration
curve (Hayouni et al., 2007; Lister & Wilson, 2001).

AChE Inhibition: AChE inhibition studies were
carried out in the presence of ATC substrate under optimal
conditions. The inhibitor concentration that reduced the
enzyme activity by 50% was determined as the ICso value.
Solutions of tacrine, edrophonium chloride, and
cypermethrin known as specific inhibitors of AChE, were
prepared in the concentration ranges 1-50 uM (Dinger &
Kizil, 2022; Mohamed et al., 2020). The plants were dried in
the shade and subsequently pulverised using a grinder.
Approximately 1.2 g of dry plant leaf powder was extracted
in 20 mL of distilled water in a shaking water bath for 24
hours and centrifuged at 10,000xg for 30 minutes. The
solvents of the obtained solutions were removed by
evaporator at 60 °C under reduced pressure. The remaining
dry substances were scraped with a spatula and weighed with
a precision of 0.0001. Distilled water solutions with a
concentration range of 1-100 pg dry matter/mL were
prepared from the quantified dry matter and used in
inhibition studies. (Dinger & Akpinar, 2023; Dinger & Kizil,
2022; Acet, 2019). The inhibitory effects of all the prepared
inhibitor solutions on the AChE activity of C. pudibunda
were determined, and the ICsy values of AChE were
calculated by plotting the percentage inhibition graphs
against the inhibitor concentrations.

RESULTS AND DISCUSSION

The AChE activity of C. pudibunda was found to
be optimal at 40.040.1 °C and pH 7.00+0.05. It was observed
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that AChE of C. pudibunda lost its activity by approximately
42% - 60% between pH 4.0 and 6.0 and by approximately
18% - 68% between pH 8.0 and 10.0. It can be said that this
ACHE is quite sensitive to pH (Table 1, Fig 1). The
optimum conditions are consistent with the optimum
conditions of many AChEs in the literature (Dinger &
Akpinar, 2023; Dinger & Kizil, 2022; Duranay et al., 2019;
Meng et al., 2016; Mohamed et al., 2020; Prabhakaran &
Kamble, 1996; Shi & Zhang, 1981).

Table 1. Kinetic parameters of C. pudibunda AChE.

Optimal pH Optimal Vmax Km
Temperature (°C) (EV) (mM)
7.00+0.05 40.0+0.1 1.7+0.2 0.18+0.02
0,60 0,60
0,50 0,50 1
3 0,40 E 0,40 4
2 030 2 030 1
= =
g 0,20 E 0,20 1
0,10 0,10 1
0,00 +——r——7v—T—— 0,00 +—/—7F—"7—"F—T—T—
0 10 20 30 40 50 60 70 80 345 6 7 8 9101112
Temperature (°C) pH

Fig 1. The graphs of C. pudibunda AChE activity versus temperature and
pH.

AChE kinetic parameters of C. pudibunda in the
presence of ATC were determined by the Lineweaver-Burk
plot. The Vmax and K, values for the hydrolysis of ATC used
as a substrate were determined as 1.7+0.2 EU and 0.18+0.02
mM, respectively (Table 1 and Fig.2).

9 =
8 4
7 4
~ 61
5 5
o 5
> 4
=
3 9 y =0,1121x + 0,6014
R2=0,9967
2 4
1 e

0 5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
1/[S] (MML)
Fig 2. The Lineweaver-Burk plot of C. pudibunda AChE.
The K value of C. pudibunda AChE was found to

be greater than the K values of Halyomorpha halys
(0.02+0.006 mM) (Dinger & Akpmnar, 2023), Ricania

Table 2. ICs values of the AChE of C. pudibunda in the presence of ATC.

simulans adult (0.04+0.01 mM), and Ricania simulans
nymph (0.02+0.01 mM) AChEs (Dinger & Kizil, 2022) and
is smaller than the Ky, values of Mytilus galloprovincialis
(1.3 mM) (Duranay et al., 2019), Scomberomorus niphonius
(0.311 mM) (Zhu et al., 1993), and Heterorhabditis
bacteriophora (0.27 mM) (Mohamed et al., 2007). The K,
value of AChE in C. pudibunda was found to be nearly to
the Km values of AChE from Oreochromis aurea (0.183
mmol/L) (Ding et al., 2011), Pseudosciaena crocea muscle
(0.125 mmol/L) (Dong, 1995), and Nebia albiflora muscle
(0.10 mM) (Shi & Zhang, 1981). The Vmax value of the AChE
of C. pudibunda (1.7 EU) was found to be close to the Vimax
values of the AChEs of Halyomorpha halys (0.99 EU)
(Dinger and Akpinar, 2023), Ricania simulans adult (1.2 EU)
(Dinger and Kizil, 2022) and Ricania simulans nymph (0.9
EU). It is lower than the Vma values given for Nebia
albiflora muscle (100 EU) (Shi & Zhang, 1981), and
Pseudosciaena crocea muscle (125 EU) (Dong, 1995).

The ICso values of the competitive AChE inhibitors
tacrine and edrophonium chloride used in the inhibition
studies were determined to be 6.5£0.2 and 2.8+ 0.3 uM,
respectively. In addition, the ICso value of cypermethrin,
which is widely used in pest control, was found to be 6.0+0.8
uM. It was observed that the known inhibitors were effective
against C. pudibunda AChE (Table 2). In the inhibition study
of AChE purified from Halyomorpha halys, the 1Csq value of
cypermethrin was determined to be 9.2+0.5 uM (Akpinar,
2024). In the literature, when tacrine and edrophonium
chloride were used as inhibitors, 1Csy values for AChEs
obtained from different sources were reported as
0.08+0.003, and 15.0+1.0 uM for Halyomorpha halys
(Dinger & Akpinar, 2023),18.0+ 1.9, and 2.4+0.3 uM for
Ricania simulans adults, 1.2+0.4, and 0.6+0.09 uM for
Ricania simulans nymphs (Dinger & Kizil, 2022), and 9.16
and 0.68 uM for Electrophorus electricus (Mutunga et al.,
2009), respectively. In the inhibition study of AChE of
German cockroach (Blattella germanica) with tacrine, the
I1Cso value was found to be 68 nM (Mutunga et al., 2009).
The 1Cs values obtained from the inhibition of AChEs are
seen to be consistent with the data reported in the literature.
The fact that these specific inhibitors are effective against C.
pudibunda AChE activity is evidence that the enzyme used
in the study is AChE.

Substance

OLE Concentration of the plant Total Phenolic Amount

leaves extracts (mM) GAE) (mM)

Tacrine 6.5+0.2 uM - -
Edrophonium chloride 2.8+ 0.3 uM

Cypermethrin 6.0+0.8 uM - -
Olive leaf aqueous extract (Olea europaea sativa L.) 1.8+ 0.2 pg dry matter/mL 0.27+0.05 1.7£0.3
Alder leaf aqueous extract (Alnus glutinosa subsp. Barbata) 1.840.4 pg dry matter/mL 0.2540.08 1.6+0.4
Cherry laurel leaf aqueous extract (Laurocerasus officinalis L.) 1.9+0.4 pg dry matter/mL 0.09+0.04 1.2+0.2
Walnut shell agueous extract (Platanus orientalis L.) 2.840.6 pg dry matter/mL 0.09+0.02 1.0+0.3
Walnut leaf aqueous extract (Juglans regia L.) 5.8+1.2 pg dry matter/mL 0.08+0.03 0.9+0.4
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Agueous extracts of plants were used in inhibition
studies on C. pudibunda AChE and the highest inhibition
effect were observed in the olive leaf (ICso:1.8+0.2 ug dry
matter/mL) and alder leaf extract (ICso:1.8+0.4 pg dry
matter/mL), followed by cherry laurel leaf (1Cs0:1.9+0.4 pug
dry matter/mL), walnut shell (ICs0:2.8+0.6 pg dry
matter/mL), and walnut leaf (ICs0:5.8+1.2 pg dry
matter/mL) (Table 2). The ICs value of the olive leaf
extract used in this study for AChE in C. pudibunda was
determined to be lower than the I1Csy values of
Halyomorpha halys (20.3 + 0.9 pg dry matter/mL) (Dinger
& Akpinar, 2023), Ricania simulans adults (20.3 1.2 pg
dry matter/mL), and Ricania simulans nymphs (16.2 +0.8
pg dry matter/mL) (Dinger & Kizil, 2022). In addition, the
ICso values reported for alder leaf and walnut leaf extracts
are lower than those reported for Halyomorpha halys (1Cso
for alder leaf: 19.0 + 1.7 pg dry matter/mL, and 1Cso for
alder leaf: 108.0 £ 40 pg dry matter/mL) (Dinger &
Akpinar, 2023). It was observed that the 1Cso values in this
study were consistent with other data in the literature, and
as can be understood from the literature, differences in the
ICso values of the inhibitors used are observed by changing
the source of the AChE enzyme.

Oleuropein concentrations of aqueous plant
extracts were determined according to the equation
(y=785.96x; R?=0.99) obtained from the oleuropein
standard calibration. It was calculated as 0.27+0.05 mM in
olive leaf, 0.25+0.08 mM in alder leaf, 0.09+0.04 mM in
cherry laurel leaf, 0.09+0.02 in walnut shell, and 0.08+0.03
mM in walnut leaf (Table 2). The total phenolic contents
of aqueous plant extracts was determined according to the
equation obtained from the calibration curve drawn with
gallic acid standard (y = 2.1454x; R? =0.99) and the results
were expressed as GAE. The total phenolic content of olive
leaf, alder leaf, cherry laurel leaf, walnut shell, and walnut
leaf extracts were determined to be 1.7+0.3 mM, 1.6+0.4
mM, 1.2+0.2 mM, 1.0£0.3 mM, and 0.9+0.4 mM,
respectively (Table 2). Many local plant compounds used
pest control are known to have an inhibitory effect on the
AChE of insects (Abdellaoui et al., 2019; Grdisa & Grsic,
2013; Giilgin et al.,, 2020). It has been reported that
polyphenols may have anti-nutritional properties due to
their ability to inhibit digestive proteases and hydrolases,
which are detrimental to insect growth and development
(Céspedes et al., 2004). Many studies have shown that
olive (Olea europaea sativa L.) leaves exhibit strong
biological activities due to their high content of phenolic
compounds, and these strong effects have been identified
especially with oleuropein (Ben Hamouda et al.,

2015; Dinger & Akpinar, 2023; Dinger & Kizil,
2022; Jemai et al., 2009; Zari & Al-Attar, 2011).

As a result, according to the data obtained in this
study, the plant extracts that show the best inhibitory effect

can be used periodically in forest areas where the pest is
present. Ingestion of the substances in these plants, both
through diet and inhalation, causes the inhibition of AChE
in the pest, resulting in ACh accumulation in nerve cells.
ACh, which accumulates particularly in nerve endings,
causes paralysis of nerve conduction, which can lead to
paralysis or death of the pest. In the context of the forest
ecosystem, this recommended use allows pest populations
to be controlled with aqueous plant extracts without the
need for chemical pesticides.
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black carrot pomace on fatty acid profile as well as on some quality characteristics of low-fat beef
meatballs. Four different meatball formulations were improved as; HO: 4% encapsulated fish
0il+0% black carrot pomace; H3: 4% encapsulated fish 0il+3% black carrot pomace, H6: 4%
encapsulated fish o0il+6% black carrot pomace, C: control containing no encapsulated fish oil or

carrot pomace. Proximate composition (moisture, fat, protein, ash), pH value, color measurement,
fatty acid composition and sensory analysis were carried out on samples. Addition of black carrot
pomace significantly affected protein, ash, color (L*, a*, b* values) and reduced pH values of the
samples (P<0.05). Fatty acid profile of meatballs was significantly improved by using
encapsulated fish oil in the formulations (P<0.05). The total amount of saturated fatty acids (SFA)
in samples containing encapsulated fish oil decreased by approximately 8-10% and
polyunsaturated fatty acids (PUFA) increased 36-47% compared to the controls due to the high
supply of n-3 fatty acids from fish oil. Sensory evaluation scores of samples revealed all
treatments were comparable to the control sample for attributes in terms of texture, juiciness,
flavour and overall acceptance (P>0.05). Results indicate that usage of encapsulated fish oil and
black carrot pomace in low fat beef meatball could give an opportunity to obtain a new healthier
meat product with improved fatty acid profile and acceptable sensory properties.
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Enkapsiile Bahk Yag1 ve Kara Havug Posasi Ilavesi ile Az Yagh Dana Koftelerinin Yag
Asidi Kompozisyonu ve Bazi Kalite Ozelliklerinin Gelistirilmesi

Oz: Bu galismanin amaci, enkapsiile balik yag1 ve kara havug posasinin az yagh dana koftelerinin
yag asidi kompozisyonu ve bazi kalite 6zellikleri lizerine etkilerini incelemektir. Dort farkli kofte
ornek grubu formiilasyonu gelistirilmistir; HO: %4 enkapsiile balik yagi + %0 kara havug posas;
H3: %4 enkapsiile balik yag1 + %3 kara havug posasi; H6: %4 enkapsiile balik yagi + %6 kara
havug posasi, C: enkapsiile balik yagi veya havug posast igermeyen kontrol &rnek grubu.
Orneklerde kimyasal kompozisyon (nem, yag, protein, kiil), pH degeri, renk &lgiimii, yag asidi
kompozisyonu ve duyusal analiz gerceklestirilmistir. Kara havug posast ilavesi, érneklerin
protein, kiil miktarini, renk (L*, a*, b* degerleri) dzelliklerini 6nemli diizeyde etkilemistir ve pH
degerlerini  distirmistir  (P<0,05). Kofte orneklerinin  yag asidi kompozisyonu,
formiilasyonlarina enkapsiile balik yagi eklenerek 6nemli diizeyde gelistirilmistir (P<0,05).

*Sorumlu yazar:

Giilen YILDIZ TURP

Ege Universitesi, Mithendislik Fakiiltesi,
Gida Miihendisligi Bolimii,
Izmir/TURKIYE

DX gulen.yildiz.turp@ege.edu.tr

Enkapsiile balik yagi iceren drneklerdeki doymus yag asitlerinin (SFA) toplam miktari, balik
yagindan gelen yiiksek n-3 yag asitleri sebebiyle kontrol ile karsilastirildiginda yaklagik %8-10
oraninda azalirken, ¢oklu doymamus yag asitleri (PUFA) bakimindan %36-47 oraninda artmustir.
Duyusal analiz puanlari, tiim 6rnek gruplarinin doku, sululuk, lezzet ve genel kabul 6zellikleri
agisindan kontrol rnegiyle karsilastirilabilir oldugunu ortaya koymustur (P>0,05). Sonuglar,
diisiik yagh dana koftede enkapsiile balik yagi ve kara havug posasi kullaniminin, gelistirilmis
yag asidi profili ve kabul edilebilir duyusal 6zelliklere sahip yeni ve daha saglikli bir et {irlinii
elde etme firsat1 verebilecegini gostermektedir.

Anahtar kelimeler: Diisiik yag, enkapsiile balik yagi, kara havug, kofte, yag asidi
kompozisyonu.
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INTRODUCTION

Meat and meat products have constituted a
fundamental element of human diets since ancient times.
Meat is a rich source of vitamins and minerals, including all
essential amino acids, thus making it an excellent protein
source (Geiker et al., 2021). The ingestion of meat has been
demonstrated to be a significant source of essential nutrients,
including iron, zinc, selenium and vitamin B12 (Liberaetal.,
2021). Meatball is one of the favourite meat products in
Turkiye. The fundamental ingredient constituting meatballs
is minced beef, with additional components such as goat and
sheep meat, breadcrumbs, parsley, onion, spices and garlic
also being utilized (Ogiitcii et al., 2018).

Meat and meat products consumption is the
association between a high intake of SFA and the incidence
of physiological disorders, such as obesity, type 2 diabetes,
high blood lipids, high cholesterol level, and cardiovascular
diseases. The prevailing perception of meat fat as being high
in saturated fatty acids (SFA) has led to the belief that meat,
particularly red meat, should be avoided (Badar et al., 2021).
These concerns have led the WHO to make future
encouragement for replacing SFA in meat products ( (Lopez-
Pedrouso et al., 2021). Therefore, there has been an
increased interest in recent years in ways to manipulate the
fatty acid composition of meat and meat products. Fat has
respectable importance in meat and meat products, since it
affects technological properties. Fat has a significant impact
on the quality of meat, with implications for characteristics
such as juiciness, tenderness, mouthfeel and flavour release
of the product (Wi et al., 2020).

Fish oils are known as a rich source of the long-
chain polyunsaturated omega-3 (n-3) fatty acids, containing
docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA). The high content of n-3 fatty acids in fish oil, along
with its beneficial effects on human health, particularly on
heart, brain, and nervous system function, has led to its
consideration as a functional component (Jamshidi et al.,
2020). Fish oil is mainly used in industrial contexts as a raw
material for the production of pharmaceuticals and food
supplements, owing to its protective and healing properties.
Additionally, it is employed as an additive in the animal feed
industry (Bayrakli & Duyar, 2019). Fish oil, rich in fatty
acids, shows potential as a therapeutic tool for various
diseases, including cardiovascular diseases, cancer, obesity,
type 2 diabetes, depression, non-alcoholic fatty liver disease,
Alzheimer and inflammatory conditions (Ellulu et al., 2015;
Jamshidi et al., 2020). Different health organizations have
established dietary recommendations for EPA and DHA
(Solomando et al., 2021). Meat products has a low content
of ®-3 LCPUFA. Enriching meat products with fish oil could
be a highly effective strategy for increasing dietary intake of
these fatty acids (Raeisi et al., 2021). However, DHA and

EPA in fish oil are beneficial for health, the addition of these
components to meat products can have a detrimental
influence on certain sensory attributes and lipid oxidation
stability. This is primarily due to the undesirable off-flavours
and off-odours associated with fish oils, as well as the high
susceptibility of EPA and DHA to oxidation (Solomando et
al., 2020). Encapsulation is an effective method of stabilising
highly unsaturated fatty acids, masking the odour of fish oil
and preserving the biological activity of nutrients
(Pourashouri et al., 2021; Raeisi et al., 2021; Solomando et
al., 2021).

The transformation of meat products into more
"healthier” forms can be achieved through the incorporation
of ingredients that are considered beneficial for health, or by
the elimination or reduction of components that are harmful.
Fiber is one of the valuable components that can be used in
meat products from a health point of view. Dietary fiber is
recognized as a crucial component of a healthy human diet.
Most meat-based foods are rich in protein and fat but
typically deficient in dietary fiber, such as complex
carbohydrates. Additionally, fiber is utilized not only as a
beneficial additive but also as an extender, binder, and fat
replacer in the manufacturing of various meat products
(Mehta et al., 2015).The incorporation of different types of
dietary fibers in meat products has been researched (Santhi
et al., 2020; Younis et al., 2021; Younis & Ahmad, 2017;
Bouaziz et al., 2020; Illippangama et al., 2022).

Black carrots (Daucus carota L.) are a good source
of fibres, sugars, vitamins and minerals, and they have a
characteristic bluish-purple colour due to anthocyanins
(water soluble). They are an excellent source of
phytochemicals, including ascorbic acid, carotenoids,
polyacetylenes and phenolic compounds. Black carrots are
grown and drained in Turkiye, Afghanistan, Egypt and the
Far East conventionally. Turkiye is one of the few countries
with extremely favourable conditions for growing carrots
(Chhetri et al., 2022; Thakur et al., 2024). Black carrot is a
natural food colouring, a natural antioxidant, and a vegetable
with a high mineral content. Peel and pomace of black carrot
are rich in polyphenols, which possess anti-inflammatory
properties (Stoica et al., 2024; Thakur et al., 2024). Carrot
pomace is the residual material that is left over after the
processing of carrots, typically following the extraction of
carrot juice or other processing methodologies. It is
constituted of diverse elements, including carrot pulp, skins,
seeds, and other remnants (Ikram et al., 2024; Liu et al.,
2023). Carrot pomace is a nutritionally rich by-product. Its
insoluble fraction is rich in fiber, consisting mainly of pectic
polysaccharides, hemicellulose, and cellulose (Granucci et
al., 2023).

The objective of this study was to assess the
potential of encapsulated fish oil and black carrot pomace in
the production of low-fat meatballs, with a focus on their
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impact on fatty acid composition and selected quality
parameters. This research will propose a method for
producing low-fat meatballs and investigate the potential for
enriching low-fat meatballs with n-3 polyunsaturated fatty
acids through encapsulated fish oil and black carrot pomace.

MATERIAL AND METHOD

Lean beef as boneless rounds and fat were obtained
from a local processor (Burdur Guchirligi Meat Facility
A.S). Carrot pomace was a by-product from black carrot
juice processing and supplied from Erkon Konsantre A.S.,
Konya, Turkey and stored at -18°C until used. Commercial
encapsulated fish oil -Pure Arctic Premium Powder (43%
fat; 1.5% moisture) supplied by Orkla Health AS, Division
Denomega, Norway. Rusk, onion powder, salt and black
pepper were purchased from a local market in Izmir,
Turkiye.

Formulation of Meatballs: Lean and fat were
ground through a 3 mm plate grinder. Four different low-fat
beef meatballs were formulated as: 0% black carrot pomace
and 4% encapsulated fish oil (HO); 3% black carrot pomace
and 4% encapsulated fish oil (H3) and 6% black carrot
pomace and 4% encapsulated fish oil (H6) and 0% black
carrot pomace and 0% encapsulated fish oil (C) (Table 1).
All meatball mixtures were prepared with equal amounts of
fat (8%) and additives (bread crumbs, onion powder, salt,
black pepper, cumin). Black carrot pomace (BCP) and
encapsulated fish oil (EFO) ratios were replaced by meat
ratio in the formulation of the meatballs. All of the additives
were added to meatball mixture and kneaded until a
homogeneous distribution was obtained. Then each meatball
was formed using a metal shaper (1 cm thick and 80 mm
diameter). The entire trial was replicated twice at separate
times. Proximate composition analysis, pH determination,
color measurement, fatty acid composition analysis and
sensory evaluation were carried out on samples for each
replicate.

Proximate Analysis: Moisture and ash content of
the uncooked samples were measured based on AOAC
(2000) procedures. Protein content was determined
according to Anonymous (1979). The conversion factor was
6.25 for protein analysis. Lipid content was determined
using the Soxhlet extraction method according to AOAC
(2006).

pH Determination: pH analysis was conducted by
directly inserting the pH electrode (Thermo Scientific Orion
3-Star, Singapore) into the uncooked samples for each
treatment.

Color Measurements: Color measurements of the
uncooked meatballs were carried out using a Color Flex
A60-1010-615 Manual Version 23 Hunter Lab
spectrocolorimeter. The device was standardized with white
tile after black glass before each analysis. Eight

measurements were taken for each sample. Color
coordinates L* (lightness), a* (redness), b* (yellowness)
were recorded for the outside surfaces of the samples.

Table 1. Formulation of Meatballs.

Samples

Ingredients (%) C HO H3 H6
Meat 79.9 75.9 729 69.9
Encapsulated Fish Oil 0 4 4 4
Black Carrot Pomace 0 0

Fat 8 8 8 8
Bread crumbs 7 7 7 7
Onion Powder 3 3 3 3
Salt 15 15 15 15

03
0.3

0.3
0.3

0.3
0.3

0.3
0.3

Black Pepper
Cumin

Fatty Acid Composition Analysis: The extraction
of lipids from 10 g samples was performed by using
chloroform: methanol (2:1 v/v) (Flynn & Bramblett, 1975)
and then methylated (Anon, 1987). A gas chromotograph
(HP 5890) fitted with a fused silica capillary column (CP-
Sil-88; 50mx 0.25mmi.d., 0.20 pm film thickness of
polyethylene glycol) (Chrompack Ltd., London UK) was
used for the analyzing of fatty acid methyl esters (FAME).
The column temperature was programmed as 100°C to
220°C at 4°C/min and 15 min at 220°C. The injector and the
detector (FID) temperatures were 220°C. The carrier gas was
hydrogen at a flow rate of 1ml/min. The fatty acids were
identified by comparing retention times of the samples with
those of the standards and expressed as g/100 g fatty acids.

Sensory Evaluation: Sensory evaluations of the
meatball samples were performed at the sensory evaluation
laboratory in individualized booths by 10 panelists
consisting of graduate students from the Ege University
Food Engineering Department. Meatball samples were
served to panelists with water and bread after being cooked
in the oven for 16 minutes (8 minutes for each surface) until
the internal temperature reached at least 75°C. The samples
were coded with 3 digit randomized numbers and placed in
a random order. Samples were presented right after the
cooking process and evaluated in terms of appearance, color,
texture, juiciness, flavor, oxidized flavor and overall
acceptability using a 9-point hedonic scala (9=like extremely
1=dislike extremely) (Altug & Elmaci, 2005).

Statistical Analysis: The effects of different ratios
of black carrot pomace and encapsulated fish oil on
proximate composition, pH, color, fatty acid composition
and sensory analyses were examined using a one-way
ANOVA. Differences among the means were compared by
using Duncan's Multiple Range test. A significance level of
P P<0.05 was used for all evaluations. The data was
analyzed using SPSS software version 20 (SPSS, 2011).

RESULTS AND DISCUSSION

pH and Proximate Composition of Meatballs:
Moisture, fat, protein, ash and pH values of uncooked
meatballs can be seen in Table 2. Moisture content of the
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control sample was detected to be significantly higher
(P<0.05) than those of the HO sample containing
encapsulated fish oil due to the increase in dry matter. There
was no significant difference between sample groups
containing black carrot pomace in terms of moisture content.
Fat content of the samples were not significantly affected
(P>0.05) by the addition of encapsulated fish oil and black
carrot pomace. Protein content of control sample was
significantly higher (P<0.05) than those of the other
samples. No significant differences were found between the
sample groups containing carrot pomace (P>0.05) in terms

Table 2. Proximate composition and pH of meatballs (mean + standard error)

of protein content. The ash content of H6 sample including
highest amount of black carrot pomace was detected as
significantly higher than those of the C sample. Similar
findings were reported by Mendiratta et al. (2013) regarding
mutton nuggets with carrot paste group showed no
significant difference in the moisture. Another study
revealed that moisture content in beef patties decreased as
the percentage of pomace increased. This decrease was
attributed to the replacement of meat with dried carrot
pomace, which possesses a considerably lower moisture
content than meat.

Sample Moisture (%) Fat (%) Protein (%) Ash (%) pH

c 66.29°+ 1.01 8.68%+2.38 20.34°+0.25 2.56% + 0.04 5.68°+0.02
HO 62.922+2.98 9.27% £ 0.65 18.59%+ 1.10 2.61%° +0.09 5.62° + 0.02
H3 63.93% £ 1.47 9.53%+ 1.07 18.48% + 0.42 2.60% +0.08 5.48%+0.02
H6 63.53%+ 1.39 9.87+1.14 18.372+0.80 2.72° £0.11 5.532+0.03

C: Control; HO: 4% EFO; H3: 4%EFO + 3% BCP; H6: 4%EFO + 6% BCP
@b Means in the same column with different superscripts are significantly different (P<0.05)
The use of different amounts of black carrot
pomace and encapsulated fish oil in the formulations of the
samples caused significant differences in the pH values of
the samples (P < 0.05). It was determined that the pH
values of the H3 and H6 samples with added black carrot
pomace were significantly lower than those of the other
samples without black carrot pomace (P < 0.05). The use
of fish oil in the sample formulation also caused a decrease
in pH value. The pH value of sample HO was found to be
significantly lower than sample C (P < 0.05). However, in
a study it was determined that adding carrot pomace into
beef patties showed no significant differences in terms of
pH values (Richards, 2023). Similarly, in another study the
addition of carrot pomace powder at levels of 1%, 2%, and
3%, to chicken meatballs did not affect the pH of product
(Santhi etal., 2022a). But nevertheless Santhi et al. (2022b)
reported that pH of chicken meatballs significantly
(P<0.01) decreased with the increase in the level of grape
pomace powder. They mentioned that the drop in pH by the
addition of grape pomace powder was due to the fact that
it is rich in phenolic acids and tartaric acid. When the
results of the studies were evaluated, it was observed that
the addition of microencapsulated fish oil to meat products
caused different effects on the pH values of the samples.
Dominguez et al. (2017) showed the frankfurter sausages
manufactured with microencapsulated fish oil presented
the lowest pH values. This fact could be related with the
low pH value (4.98) that presented the microencapsulated.
Color of Meatballs: Color is an important quality
parameter that is effective in consumer acceptance in meat
and meat products. The addition of black carrot pomace
and encapsulated fish oil into meatballs significantly
affected the color of meatball samples (p<0.05). The
highest L* and b* values determined in the HO (%4 EFO)
sample group. It can be explained as the lighter color of the

encapsulated fish oil according to the color of the beef meat
resulted that higher L* and b* values in samples.

The lowest L *, a* and b* values were determined
in the H6 (6% BCF) sample group. The higher a* values
were observed in C and HO samples than H3 and H6
samples. Similarly, Ekici et al. (2015) reported that a*
values decreased due to the increase in black carrot
concentration in sucuk formulations containing nitrite
(p<0.05). Also Richards (2023) was reported that the
addition of carrot pomace significantly reduced the redness
(a*) of beef patties, with a 40% decrease observed in
patties containing 4.2% carrot pomace compared to the
control patties. Younis & Ahmad (2017) obtained similar
results showing that the addition pineapple pomace powder
in sausages and patties decreased significantly L* values.
The L* results between C and HO agreed with those
observed by Dominguez et al. (2017) who found that L*
values significantly increased by the replacement of pork
fat with microencapsulated fish oil.

Table 3. L*, a* and b* values of meatballs (mean =+ standard error)

Sample groups L* a* b*

C 39.44° +£0.46 15.95¢ +0.44 20.71°+0.40

HO 42.95% £0.40 15.36° +£0.55 21.64%+0.350
H3 34.60°+1.13 9.75° +0.59 12.73° +0.66
H6 32.492 £0.53 8.59% £0.74 9.91°+0.46

C: Control sample; HO: 4% EFO; H3: 4%EFO + 3% BCP; H6: 4%EFO + 6% BCP
&4 Means in the same column with different superscripts are significantly different (P<0.05)
Fatty Acid Composition of Meatballs: The
influence of using encapsulated fish oil on fatty acid profile
of samples can be seen in Table 4. As expected, fatty acid
profile of meatballs elaborated with encapsulated fish oil
were significantly affected (P < 0.05). The C12:0; C14:0,
C16:1, C18:3n-3, C20:1n-9, C20:2, C20:4, C20:3n-3,
C22:0, C20:5, C22:1, C22:2, C23:0, C24:.0, C22:6,
IMUFA and XPUFA contents of control samples were
found to be significantly lower than those of samples
containing encapsulated fish oil (P<0.05). While the SFA
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content of the control samples was the highest compared to
the other samples, the MUFA and PUFA contents were
determined to be the lowest (P<0.05). The total amount of
saturated fatty acids (SFA) in the meatballs containing
encapsulated fish oil decreased by approximately 8-10%
compared to the controls. Polyunsaturated fatty acids
(PUFA) increased in samples with encapsulated fish oil 36-
47% due to the higher long chain n-3 fatty acids from fish
oil. Similarly, monounsaturated fatty acids (MUFA)
increased % 6-8 in these samples compared to those of the
control samples. These effects are caused by fish oil
containing a low amount of SFA (22.5%) and a high
amount of PUFA (35.7%) (Ospina-E et al., 2010).

Dominguez et al. (2017) found that the
substitution of pork backfat with microencapsulated fish
oil in modified sausages reduced the SFA content from
33.14 g/100 g to 31.65 g/100g, the total amount of SFA in
the samples decreased by 4.5- 11.8% compared to the
control sample. Another study by Keenan et al. (2015), the
fatty acid profile of the beef burger was dominated by
saturated fatty acids (SFAs) and monounsaturated fatty
acids (MUFAs). Similar to our study, palmitic
(hexadecanoic, C16:0), stearic (octadecanoic, C18:0) and
myristic (tetradecanoic, C14:0) acids were the most
abundant SFA respectively. Similar trends were observed
in other studies when pork backfat were substituted by fish
oil in sausages formulation (Josquin et al., 2012; Berasategi
etal., 2014).

The n-6/n-3 fatty acid ratio is widely regarded as
a significant health parameter. The lower this ratio, the
better the product is in terms of health. The ratio of n-6 to
n-3 acids in tissues has been related to chronic diseases,
including  cancer, cardiovascular  diseases and
inflammatory diseases, as well as to the microbiome. The
optimal n-6/n-3 fatty acid ratio to achieve beneficial health
effects is a matter of variation among institutions and
countries. The values proposed by Canada, the Food and
Agriculture Organization of the United Nations, and the
Chinese Nutrition Society (2000) were 4-10, 5-10, and 4—
6, respectively. In general, the n-6/n-3 ratio should not
exceed 5 (Cao et al., 2024). On the other side, increased
consumption of products with n—3 PUFA and reduced
n—6/n—3 PUFA ratio are associated with health benefits
(Liput et al. 2021; Mariamenatu & Abdu, 2021). In the
current study, the n-6/n-3 ratio in samples using fish oil
decreased significantly compared to the control sample.
The decrease in n-6/n-3 ratio was determined as 74.45%,
75.05% and 77.66% in HO, H3 and H6 samples,
respectively, compared to the control sample. Similar
results were reported by Dominguez et al. (2017) who
studied Frankfurter sausages reformulated by replacing
50% of the pork backfat with microencapsulated fish oil.
The n-6/n-3 ratios of the reformulated Frankfurter sausages

decreased from 14.52 for the control batch to 5.70 with the
addition of microencapsulated fish oil. In a study by
Dominguez et al. (2017) two sausages samples were
manufactured: control (CO) with 100% of pork backfat,
and modified sausages where the pork backfat was replaced
with 50% by microencapsulated fish oil (ME). DHA
increased 1.17 g/100g from 0.05 g/100g and EPA increased
0.35 g/100g from 0.02 ¢g/100g. They mentioned that the
higher PUFA content in modified frankfurter sausages than
in the CO batches were caused by the high long-chain n-3
PUFA content in fish oil (4.78% of EPA and 20.55% of
DHA). In agreement investigation by Aquilani et al. (2018)
was conducted into the presence of EPA and DHA in fresh
and cooked Cinta Senese burgers. The investigation
revealed the absence of EPA and DHA in burgers that had
not undergone enrichment. In contrast, burgers that had
been enriched with microencapsulated fish oil (M)
exhibited concentrations of 0.07% EPA and 0.09% DHA
in raw samples and 0.07% EPA and 0.10% DHA in cooked
samples. Also, in M samples, cooking did not significantly
influence EPA and DHA percentages. However, in other
samples where fish oil was added directly to meat, there
was a decreasing in the EPA and DHA percentages from
fresh to cooked samples, which was not observed in M
burgers. This finding indicate that microcapsules offer a
protective effect on these omega-3 fatty acids during
heating or cooking. In agreement with these results, in our
study four n—3 fatty acids were identified, amongst which
DHA and EPA are important. The addition of encapsulated
fish oil to meatballs increased the long chain n-3 PUFA’s
EPA and DHA, characteristic of this oil type. Levels of
EPA significantly increased (P<0.05) from 0.03% in
control meatballs to 0.05%, 0.05% and 0.06% in HO, H3
and H6 samples respectively. Also, DHA levels increased
from 0.04% to 0.1%, 0.11% and 0.1% in HO, H3 and H6
samples respectively.

It was determined that as the ratio of black carrot
pomace used in the sample formulations increased, the
amounts of C14:1, C16:0, C20:4 and C24:1 fatty acids
decreased, while the amounts of C18:3n-3, C20:1n-9,
C20:3n-3, C22:0, C22:1, C23:0, C24:0 increased
(P<0.05). The use of black carrot pomace in higher
amounts in sample formulations, such as encapsulated fish
oil, by replacing the amount of meat and adding it to the
samples, resulted in the use of less meat, which in turn
caused changes in the fatty acid composition of the samples
depending on the ratio.

Sensory Evaluation of Meatballs: Sensory
evaluation is an important test technique for the acceptance
of the product. Sensory analysis scores for meatballs were
given in Table 5. Sensory evaluation scores of all samples
except H6, which were evaluated with a scale where the
highest score was 9, were determined to be above 6.85.
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There were no significant differences between C and HO
samples containing encapsulated fish oil in terms of
appearance, color, texture, juiciness, flavor, oxidized
flavor and overall acceptance (P<0.05). The use of fish oil
in encapsulated form instead of direct use prevented
negative changes in the sensory properties of the samples.
Similarly, Keenan et al. (2015) reported that there was no
significant difference in the appearance, chewiness,
tenderness, juiciness and overall acceptability scores
between burger meatballs containing 3% encapsulated fish
oil and burger meatballs not containing fish oil (P<0.05).
In current study the use of high amounts of carrot pulp in

the samples caused a significant decrease in the appearance
and color scores of the samples. The appearance and color
scores of sample H6 were found to be significantly lower
compared to samples C and HO. Besides this H3 and H6
samples showed no significant difference in terms of
appearance, color, texture, juiciness, flavor, oxidized
flavor and overall acceptance (P>0.05). Richards (2023)
revealed that no significant differences were observed
between patties made with 1% or 3% carrot pomace in
terms of appearance, aroma, taste, chewiness, beef flavor,
sweetness, texture, and overall acceptance.

Table 4. Fatty acid profiles of meatballs (g/100 g fatty acids) (mean =+ standard error)

Fatty acids (g/100g) C HO H3 H6
C8:0 0.010.00 0.010.00 0.02+0.00 0.02+0.00
C10:0 0.040.00 0.04+0.01 0.04+0.00 0.05+0.00
C12:0 0.31+0.032 0.35+0.01° 0.36+0.03" 0.38+0.01°
C13:0 0.010.00 0.010.00 0.010.00 0.010.00
C14:0 2.96+0.16% 3.29+0.13° 3.18+0.07° 3.14+0.02°
Cl14:1 0.31+0.04° 0.26+0.01° 0.27+0.03% 0.23+0.022
C15:0 0.63+0.02° 0.58+0.02° 0.55+0.012 0.55+0.02%°
Ci15:1 0.43+0.02° 0.37+0.042 0.35+0.012 0.35+0.012
C16:0 27.91+0.27° 24.89+0.42° 24.83+0.12° 23.93+0.192
C16:1 2.09+0.022 3.33+0.07° 3.52+0.07° 3.49+0.13¢
C17:0 1.07+0.02¢ 0.88+0.05° 0.84+0.02% 0.82+0.04?
C17:1 0.39+0.01° 0.34+0.012 0.32+0.022 0.32+0.022
C18:0 23.69+0.36° 19.60+0.54° 19.30+0.28° 19.22+0.40°
C18:1n-9¢ 33.20+0.29° 31.89+0.182 31.64+0.17 31.62+0.322
C18:2n-6t 0.49+0.08° 0.15+0.012 0.16+0.022 0.16+0.02?
C18:2n-6¢ 4.11£0.132 4.31+0.21% 4.53+0.08 4.65+0.15¢
C18:3n-6 0.16:0.02 0.16+0.01 0.16+0.01 0.15+0.01
C18:3n-3 0.29+0.012 0.46+0.03° 0.48+0.02° 0.53+0.03¢
C20:0 0.24+0.03 0.21+0.01 0.21+0.02 0.20+0.01
C20:1n-9 0.20+0.012 2.90+0.15° 3.08+0.07° 3.55+0.109
C20:2 0.08+0.012 0.13+0.01° 0.14+0.01° 0.14+0.01°
C20:3n-6 0.15+0.012 0.22+0.04° 0.210.02% 0.17+0.02%
C20:4 0.42+0.022 0.60+0.07¢ 0.60+0.03¢ 0.50+0.02°
C20:3n-3 0.14+0.182 1.65+0.10° 1.77+0.05° 2.00+0.03¢
C21:0 0.03+0.00 0.04+0.00 0.03+0.00 0.03+0.01
C22:0 0.02+0.002 0.14+0.01° 0.16£0.01° 0.22+0.02¢
C20:5 0.03+ 0.00? 0.05+ 0.01° 0.05+ 0.01° 0.06+ 0.00°
c22:1 0.0120.00% 0.09+0.00° 0.09+0.01° 0.10£0.01¢
C22:2 0.07+0.012 0.34+0.02° 0.35+0.00% 0.38+0.02¢
C23:0 0.13+0.182 2.29+0.14° 2.38+0.18° 2.67+0.14¢
C24:0 0.0120.00% 0.08+0.00° 0.08+0.01° 0.10£0.01¢
C22:6 0.04+ 0.012 0.10+ 0.01° 0.11+0.01° 0.10+ 0.00°
C24:1 0.17£0.01°¢ 0.05+0.01° 0.04+0.01° 0.02+0.022
ISFA 57.06+0.30° 52.41+0.422 51.99+0.242 51.34+0.37°
EIMUFA 36.80+0.252 39.23+0.12° 39.31£0.25° 39.68+0.55°
TPUFA 5.98+0.532 8.17+0.36° 8.56+0.13° 8.84:+0.22°
EMUFA+ XPUFA/ SFA 0.75 0.9 0.92 0.95
PUFA/SFA 0.10 0.16 0.16 0.17
n3 0.50 2.26 2.41 2.69
né 4.99 5.76 5.99 5.99
n6/n3 9.98 255 2.49 2.23

=dMeans in the same row with different superscripts are significantly different (P<0.05)
C: Control sample; HO: 4% EFO; H3: 4%EFO + 3% BCP; H6: 4%EFO + 6% BCP

Table 5. Appearance, color, texture, juiciness, flavor, oxidized flavor and overall acceptance of meatballs (mean + standard error)

Samples Appearance Color Texture Juiciness Flavor Oxidized Flavor Overall Acceptance
C 7.45+0.66° 7.35+0.66° 7.55+0.47 7.50+0.26 7.35+0.55 7.50+0.62 7.60+0.49
HO 7.20+0.33° 7.20+£0.49° 7.25+0.19 7.10+£0.26 7.00+0.43 7.50+0.26 7.35+0.53
H3 6.85+0.44% 6.75+0.70® 7.40+0.28 7.70+0.20 7.75+0.30 7.90+0.26 7.55+0.50
H6 6.20+0.37% 5.90+0.26* 7.40+0.23 7.50+0.60 7.20+0.71 7.45+0.93 7.05+0.62

=bMeans in the same row with different superscripts are significantly different (P<0.05)
C: Control sample; HO: 4% EFO; H3: 4%EFO + 3% BCP; H6: 4%EFO + 6% BCP

CONCLUSION

In this study the potential use of encapsulated fish
oil and black carrot as fat substitute and enrichment
material to create an alternative product that addresses

global health problems attributed to increased SFA
consumption. Results showed that encapsulated fish oil
and black carrot pomace addition had a significant effect
on the color properties and the sensory scores. Addition of
black carrot pomace caused darker color so appearance and
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color scores of H6 samples were determined lower than C,
HO and H3 samples. Consequently, it can be recommended
that addition of 3% black carrot pomace with 4%
encapsulated fish oil to the low-fat meatball for acceptable
sensory properties.

PUFA/SFA ratio increased due to usage of
encapsulated fish oil and n-6/n-3 ratio decreased. Long
chain n-3 PUFA’s EPA and DHA were observed higher in
the sample groups containing encapsulated fish oil than
those of the control sample. The findings of the study
suggest that the incorporation of encapsulated fish oil and
black carrot pomace in low-fat meatballs has the potential
to obtain a novel meat product that is both healthier and
more nutritious.
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Abstract: Cancer is the second leading cause of death worldwide, after cardiovascular disease. It can
affect any part of the body and spread to other organs. Pancreatic cancer is a tough disease to diagnose
and treat. It is the fourteenth most common and the seventh deadliest cancer worldwide. New
technology and innovative methods, combined with a range of therapeutic agents, have led to promising
new anticancer treatments. The presence of various bioactive components in the secretions of medicinal
leeches has prompted a re-evaluation of these organisms as a popular method in traditional medicine.
In this study, the effect of the anticancer potential of lyophilised medicinal leech secretion on pancreatic
cancer cell line (MIA PaCa-2) was investigated using XTT assay. A cell viability test was conducted
to ascertain the degree of cytotoxicity following the administration of varying concentrations of
medicinal leech secretion to cell lines over a period of 24, 48, and 72 hours. The percentage viability
of cancer cells was determined at each concentration. The doses were adjusted using dilution
procedures with ratios of 75 pg/ml, 150 pg/ml, 300 pg/ml, 600 pg/ml, and 1200 pg/ml. ICso value was
determined at 24th hour: 484.48 pg/ml; at 48th hour: 330.92 pg/ml; at 72nd hour: 542,75 pg/ml. It was
observed that the effect of Hirudo verbana leech secretion on pancreatic cancer (MIA PaCa-2) cell
viability was not linear. It was determined that 600 ng/ml and 1200 pg/ml extracts had cytotoxic and
anti-proliferative effects. These results indicate that the leech saliva extract has anti proliferative and
cytotoxic effects and may have a promising role in developing new anticancer drugs.

Keywords: Anti-cancer, Hirudo verbana, Pancreatic Cancer, MIA PaCa-2, XTT.

Liyofilize Tibbi Siiliik (Hirudo verbana) Tiikiiriik Ekstraktinin Pankreas Kanseri
(MIA PaCa-2) Hiicre Hatlarina Kars1 Antikanser Potansiyeli

*Sorumlu yazar:

Hiiseyin AYHAN

Saglik Hizmetleri Meslek Yiiksekokulu,
Ankara Yildirim Beyazit Universitesi,
Cubuk, Ankara 06760, Tiirkiye

DX: hayhan@aybu.edu.tr

Oz: Kanser, kardiyovaskiiler hastaliklardan sonra diinya gapinda ikinci 6nde gelen 6liim nedenidir.
Viicudun herhangi bir boliimiinii etkileyebilir ve diger organlara yayilabilir. Pankreas kanseri teshis ve
tedavisi zor bir hastaliktir. Diinya ¢apinda en yaygin on dordiincii ve en 6limciil yedinci kanserdir.
Yeni teknoloji ve yenilik¢i yontemler, bir dizi terapdtik ajanla birleserek umut verici yeni antikanser
tedavilerine yol agmustir. Tibbi siiliiklerin salgilarinda gesitli biyoaktif bilesenlerin bulunmasi, bu
organizmalarin geleneksel tipta popiiler bir yontem olarak yeniden degerlendirilmesine neden
olmustur. Bu ¢aligma, liyofilize tibbi siiliik salgisimin pankreas kanseri hiicre hatti (MIA PaCa-2)
iizerindeki antikanser potansiyelinin etkisi XTT testi kullanilarak incelenmigtir. Hiicre hatlarina 24, 48
ve 72 saatlik bir siire boyunca degisen konsantrasyonlarda tibbi siiliik salgisinin uygulanmasinin
ardindan sitotoksisite derecesini tespit etmek igin bir hiicre canlilik testi yapilmistir. Kanser
hiicrelerinin canlilik yiizdesi her bir konsantrasyonda belirlenmistir. Dozlar 75 pg/ml, 150 pg/ml, 300
pg/ml, 600 pg/ml ve 1200 pg/ml oranlarinda seyreltme prosediirleri kullanilarak ayarlanmistir. ICso
degeri 24. saatte: 484,48 ng/ml; 48. saatte: 330,92 pg/ml; 72. saatte 542,75 pg/ml olarak belirlenmistir.
Hirudo verbana siiliik salgisinin pankreas kanseri (MIA PaCa-2) hiicre canlilig: iizerindeki etkisinin
dogrusal olmadigi gézlenmistir. 600 pg/ml ve 1200 pg/ml ekstraktlarin sitotoksik ve anti-proliferatif
etkileri oldugu belirlenmistir. Bu sonuglar, siiliik tiikiiriigli ekstraktinin anti proliferatif ve sitotoksik
etkilere sahip oldugunu ve yeni antikanser ilaglarin gelistirilmesinde umut verici bir role sahip
olabilecegini gostermektedir.

Anahtar Kelimeler: Anti-kanser, Hirudo verbana, MIA PaCa-2, Pankreas Kanseri, XTT.

I This study was produced from the master thesis of Serkan OZDEMIR Bu ¢alisma Serkan OZDEMIR'in yiiksek lisans tezinden iiretilmistir.
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INTRODUCTION

Cancer is the second leading cause of mortality
worldwide, following cardiovascular diseases (WHO,
2023). It is a complex and multifactorial disease
characterized by the uncontrolled proliferation of cells,
with both genetic predisposition and environmental factors
playing a significant role in its development (Baykara,
2016). Among various cancer types, pancreatic cancer
presents a significant diagnostic and therapeutic challenge.
It is the fourteenth most common malignancy globally and
ranks seventh in cancer-related mortality (Modi & Shires,
2020; McGuigan et al., 2018). Notably, approximately 85-
90% of pancreatic cancers are classified as ductal
adenocarcinomas, which exhibit high metastatic potential,
spreading to both adjacent tissues and distant organs
(Wolfgang et al., 2013; Modi & Shires, 2020).

While conventional cancer treatments follow
standardized protocols, therapeutic approaches vary
depending on the type and stage of cancer. Current
treatment modalities include chemotherapy,
immunotherapy, gene therapy, radiotherapy, and surgical
interventions, which are often employed individually or in
combination to enhance treatment efficacy (Fitzmaurice et
al., 2015; Pavlopoulou et al., 2015). However, these
treatments are frequently associated with adverse side
effects that can impact patient outcomes and quality of life
(Bray et al., 2013). With advancements in biomedical
research, novel therapeutic strategies are being explored,
including the use of natural bioactive compounds with
potential anticancer properties (Surh, 2003; Deng et al.,
2019).

Medicinal leeches have recently attracted
increasing interest in traditional medicine due to their
secretion of bioactive peptides and proteins with
therapeutic properties (Abdualkader et al., 2013; Ayhan &
Mollahaliloglu, 2018). The saliva of Hirudo verbana is
secreted along the dental ridges and exits through the
excretory ducts located between the teeth. These bioactive
molecules not only facilitate blood-feeding but also exert
diverse pharmacological effects on the host (Ayhan et al.,
2021). Several key compounds found in leech saliva,
including vasodilators, anticoagulants, anti-inflammatory
agents, analgesics, and bacteriostatics, have been
demonstrated to influence immune function, regulate blood
pressure, and promote tissue and organ repair
(Godekmerdan et al., 2011; Ayhan et al., 2025). Among
these components, antistasin, a protein identified in leech
secretions, has been shown to inhibit cancer -cell
colonization and exhibit antimetastatic activity (Ammar et
al., 2015; Shakouri et al., 2021). In addition to anti-
proteolytic, platelet  aggregation inhibitors and
anticoagulant enzymes, anti-tumour activity is involved in

other elements such as hyaluronidase. By eliminating the
hyaluronic  acid-CD44 interaction,  hyaluronidase
antitumour activity is thought to be mediated to some
extent through pro-tumourigenic immune cell inhibition
into the tumour stroma (Singh & Rajoria, 2020). Some
studies have identified synthetic hirudin to be successful as
an effective metastasis inhibitor of various cancer cells
such as pulmonary carcinoma, osteosarcoma, leukaemia
and breast carcinoma (Ammar et al., 2017). Hirudin
obtained from the secretion of Hirudo medicinalis shows
practical anti-metastatic activity in various malignancies
such as pulmonary carcinoma, osteosarcoma, breast
carcinoma and leukaemia (Dong et al., 2019).

Given these promising bioactive properties, this
study aims to evaluate the anticancer potential of
lyophilized Hirudo verbana secretion on the pancreatic
cancer cell line MIA PaCa-2.

MATERIAL AND METHOD

Chemicals and Cell Lines: The MIA PaCa-2 cell
line was obtained from the Ankara Yildirim Beyazit
University Central Research Laboratory Application and
Research Centre, where the study was conducted. The cells
were cultured in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 50 ml fetal bovine serum
(FBS) and 5 ml penicillin-streptomycin. All procedures
were performed in a laminar flow safety cabinet to ensure
sterility. The cells were subsequently seeded in fresh
medium in 25 c¢m? flasks and incubated at 37°C in a
humidified atmosphere containing 5% CO:2 until reaching
the desired confluency.

Preparation of Medicinal Leech Secretion:
Medicinal leeches (Hirudo verbana) were obtained from a
licensed farm approved by the Ministry of Agriculture and
Forestry. The leeches were maintained in glass jars
containing chlorine-free tap water, which was replaced
every two to three days. Species identification was
performed using a Euromex NZ.1903-S trinocular stereo
microscope following the taxonomic criteria established by
Davies (1991), Sawyer (1986), Neubert and Nesemann
(1999), and Saglam (2004).

To optimize secretion extraction, the leeches
underwent a four-month starvation period. A solution
mimicking human blood fluid, composed of 0.001 M
arginine and 0.07 M sodium chloride, was prepared as a
stimulant for secretion induction (Abdualkader, 2011).
After ingestion of the solution, the leeches were allowed to
regurgitate the ingested content. The expelled colorless
salivary fluids were centrifuged at 3500 rpm at +4°C for 10
minutes, followed by filtration through a 0.8 pm membrane
filter. The obtained secretion was frozen at -80°C for 24
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hours and subsequently lyophilized for 48 hours to obtain
a solid powdered form.

Protein Analysis in Medicinal Leech Secretion
Extract: The lyophilized leech secretion was dissolved in
DMEM, and the total protein concentration was quantified
using the Bradford Protein Assay Kit (ABP Biosciences,
USA) in accordance with the Bradford method (Bradford,
1976). Based on the total protein concentration,
experimental doses of 1200 pg/ml, 600 pg/ml, 300 pg/ml,
150 pg/ml, and 75 pg/ml were prepared by serial dilution
for subsequent experiments.

Cytotoxic Evaluation: Cell viability, cytotoxicity,
and proliferation were assessed using the XTT assay, a
colorimetric method that measures the conversion of
tetrazolium salt into a water-soluble orange formazan in
metabolically active cells. The assay was performed in
accordance with the manufacturer's protocol to evaluate the
cytotoxic effects of leech secretions on the MIA PaCa-2
cell line.

Following the administration of the secretion at
various concentrations, the cells were incubated under
controlled conditions (95% humidity, 5% CO-, and 37°C).
After a 2.5-hour incubation period, the culture plates were
removed, and absorbance was measured at 450 nm and 650
nm. To eliminate non-specific absorption, values obtained
at 650 nm were subtracted from those at 450 nm. The
negative control group, which was not exposed to the
secretion, was considered 100% viable, and the viability
rates of treated groups were calculated relative to this
control. The calculation formula used was:

(Experimental group mean value / Control group mean value) x 100

The XTT assay was conducted in triplicate at
dilution ratios of 1:1, 1:2, 1:4, 1:8, and 1:16 for incubation
periods of 24, 48, and 72 hours. Furthermore, ICso values
were determined by nonlinear regression curve fitting
using response data normalized against the logarithm of the
secretion concentration.

Statistical Analysis: The ICso values obtained at
24, 48, and 72 hours from the XTT assay were subjected to
statistical analysis using the Excel power regression
function. The mean, standard deviation, and percentage
viability ratios were calculated using IBM SPSS Statistics
21 software (IBM SPSS Inc., Chicago, IL, USA).

RESULTS

Cytotoxic Evaluation of Medicinal Leech
Secretion Extract on Cancer Cells: The percentage of cell
viability was calculated using the following formula:

(Experimental group mean value / Control group mean value) X 100

The control group was considered 100% viable
for cytotoxicity assessments. The power regression

analysis of the XTT assay results for different
concentrations of medicinal leech secretion applied to the
MIA PaCa-2 cell line in Excel yielded the following ICso
values at the specified time points: 484.49 pg/mL at 24
hours (Figure 1), 330.92 pg/mL at 48 hours (Figure 2), and
542.75 pg/mL at 72 hours (Figure 3).

IC5, plot relative to lyophilized leech extract (24. hour)
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Figure 1. ICs plot relative to lyophilized leech extract at 24 hours.

IC5, plot relative to lyophilized leech extract (48. hour)
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Figure 2. ICs plot relative to lyophilized leech extract at 48 hours.

IC5, plot relative to lyophilized leech extract (72. hour)
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Figure 3. ICs plot relative to lyophilized leech extract at 72 hours.

The viability rates of cells treated with leech
secretion were statistically evaluated based on
measurements taken at 24-hour intervals. The percentage
of viable cells in each dose group at 24 hours was as
follows: 75 pg/mL, 97.49%; 150 pg/mL, 94.06%; 300
ug/mL, 93.58%; 600 pg/mL, 39.24%; and 1200 ug/mL,
26.31%. At the 48-hour interval, the viability rates were:
75 pg/mL, 87.74%; 150 pg/mL, 80.05%; 300 pg/mL,
77.26%; 600 png/mL, 32.63%; and 1200 pg/mL, 38.71%.
At 72 hours, the viability rates were: 75 pg/mL, 90.56%;
150 pg/mL, 83.75%; 300 pg/mL, 88.04%; 600 pg/mL,
39.43%; and 1200 pg/mL, 31.79% (Table 1).
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Table 1. Cell viability (%) was measured at 24, 48, and 72 hours
according to the absorbances obtained as a result of the XTT test.

Times Control 1200 pg/ml 600 pg/ml 300 pg/ml 150 pg/ml 75 pg/ml
24hour 100 26.31 39.24 9358 94.06 97.49

48 hour 100 38,71 32,63 77,26 80,05 87,74

72 hour 100 31,79 39,43 88,04 83,75 90,56

The cytotoxic effects of medicinal leech secretion
on MIA PaCa-2 cells are illustrated in Figure 4. According
to the results, a significant dose-dependent decrease in the

viability of pancreatic cancer cells was observed.

Control

Lyophilised Leech Extract by Time
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Figure 4. Effects of different concentrations of leech secretion extract on
MIA PaCa-2 cell viability.

DISCUSSION

Although pancreatic cancer is predominantly
observed in older individuals, it is more frequently
diagnosed in males and is associated with a high mortality
rate (Wolfgang, 2013; Ferlay et al., 2018). The lifetime risk
of developing pancreatic cancer is estimated to be
approximately 1.6%. While incidence rates vary globally,
an annual increase of 0.5% to 1% has been reported
(Daniel, 2018; Ilic & llic, 2016). Pancreatic cancers can
originate from both exocrine and endocrine cells, with
exocrine tumors being more prevalent. Pancreatic ductal
adenocarcinoma (PDAC), the most common type of
exocrine tumor, accounts for over 90% of all malignant
pancreatic tumors (Fesinmeyer et al., 2005). PDAC
frequently metastasizes to the liver and lymph nodes (Kern
etal., 2002). PDAC is often diagnosed at an advanced stage
due to the absence of early symptoms, at which point
metastasis may have already occurred, reducing the
efficacy of available treatment options (Fesinmeyer et al.,
2005). Current therapeutic options for metastatic PDAC
include gemcitabine/nab-paclitaxel, modified folinic acid,
irinotecan, irinotecan/fluorouracil, fluorouracil,
oxaliplatin, gemcitabine/capecitabine, and gemcitabine
monotherapy. Research into the cellular origin and
molecular profile of PDACs has enabled oncologists to
develop personalized treatment strategies (Taherian et al.,
2022). However, despite extensive scientific investigation,
these chemotherapy regimens remain limited in efficacy
and are associated with adverse effects. Consequently,
there is a need to identify natural pharmaceutical

compounds with minimal adverse effects, lower cost, and
reduced drug resistance for cancer treatment (Muhammad
etal., 2022; Aysin et al., 2024).

Medicinal leech treatments have been utilized as
a traditional and complementary therapeutic approach for
centuries. Historically, leech secretions have been
employed in traditional Chinese medicine for the treatment
of various cancers, including esophageal, gastrointestinal,
uterine, and breast cancer (Guo et al., 2006; Tural &
Ayhan, 2024). In recent years, scientific studies have
investigated the bioactive compounds found in leeches,
leading to the development of novel therapeutic agents
(Godekmerdan et al., 2011). The United States Food and
Drug Administration (FDA) approved the use of medicinal
leeches for therapeutic applications in 2004. The salivary
secretions of the leech contain agents that show anti-
metastatic and anti-tumour activity. These secretions
contain antistasin, a protein known to inhibit cancer cell
colonization, and hyaluronidase, which has demonstrated
antitumor activity (Baskova et al., 2008; Ammar et al.,
2015; Alaama et al.,, 2024). Hypercoagulability is
frequently observed in patients with malignant tumors.
Studies have indicated that leech therapy leads to a slight
prolongation of prothrombin time and activated partial
thromboplastin time, alongside reductions in fibrinogen
and D-dimer levels. Furthermore, when combined with
conventional medical treatments, leech therapy has been
found to mitigate the toxicity and side effects of
interventional chemotherapy and hemorrhagic events,
while also improving coagulation function in
hypercoagulable patients (Tang et al., 2012). Leech therapy
is a promising method clinically used for patients with
different types of cancer; however, the resistance of tumour
cells to this agent is still the main obstacle to effective
cancer treatment.

To date, several studies have been conducted to
examine the antiproliferative and cytotoxic activities of
leech secretion across different cancer types.
Transcriptome analysis of tumour samples showed that
Leech Saliva Ekstract (LSE) had significant
immunomodulatory and anti-inflammatory  effects,
together with significant effects on cell-cell adhesion,
induction of glutathione transferase and inhibition of
certain growth factors. Consequently, these effects led to
significant cell cycle arrest, increase in apoptosis and
decrease in proliferation (Ammar et al., 2015). A study
evaluating the effects of Hirudo medicinalis secretion on
cancer cell lines reported an antitumor activity rate increase
of 97% in the liposomal form of leech secretion compared
to direct application in MCF-7 breast cancer cells.
Additionally, an antiproliferative effect of 10% was
observed in the healthy HUVEC cell line (Shakouri, 2022).
Similarly, an in vitro investigation into the effects of
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Hirudo verbana secretion on a breast fibroblast cell line
demonstrated significant alterations in cell viability,
migration capacity, and gene expression in response to
different concentrations of leech secretion (Unal et al.,
2023). The extraction yields of H.verbana leech saliva
extracts were in line with the study by Shakouri et al.
(2021), which showed the similar results with the yield of
leech saliva extracts.

In the present study, Hirudo verbana secretion,
one of the most commonly studied medicinal leech species,
was investigated for the first time on the MIA PaCa-2
pancreatic cancer cell line. The findings reveal the
selective and dose-dependent anticancer effects of leech
secretion on MIA PaCa-2 cells, corroborating earlier
reports of lower ICso values in cancer cells. It is
hypothesized that bioactive compounds in leech secretion,
including hirudin, hyaluronidase, and antistasin, may exert
cytotoxic and apoptotic effects. The effect of leech
secretion on cellular viability was found to be dependent
on both concentration and exposure duration. Notably,
following treatment with 1200 pg/mL of leech secretion
for 24 to 72 hours, cell growth inhibition reached up to
75%. Lower concentrations exhibited a more pronounced
effect on cell viability at 48 and 72 hours, while minimal
effects were observed at 24 hours. In conclusion, leech
secretion has the potential to serve as a natural and
effective anticancer agent. Further studies are required to
elucidate the mechanisms of action and in vivo efficacy.

CONCLUSION

The results presented in this study make a novel
contribution to the existing literature on the mechanism of
action of medicinal leech secretions and provide a
foundation for further research. The findings have
significant implications for the development of drugs that
can effectively target different aspects of cancer treatment.
The 1Cso value of the medicinal leech secretion decreased
at 48 hours and increased at 72 hours. Additional studies
are still needed to elucidate the reason for this, to separate
and determine the active principle, to check the mechanism
of action and to evaluate the effect on different cell line
types. Despite increasing interest in the bioactive
compounds of leeches, further in vitro and in vivo studies
are necessary to fully establish their potential anticancer
properties. The anti-cancer effect of leech saliva can be
further improved by the use of combined therapy and thus
becomes a promising remedy for the application of
pancreatic cancer patients.
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Oz: Kentlesmenin, 6zellikle yari kurak ve kurak bélgelerde, su kaynaklari iizerindeki baskiy artirdig
ve siirdirilebilir yonetimi zorlastirdigi bilinmektedir. Sanliurfa, uzun yillar boyunca diisiik yagis
miktarlar1 ve diizensiz yagis rejimi ile dikkat ¢eken bir bolge olarak, kurakecil peyzaj yaklagiminin
uygulanmasina uygun bir 6rnek teskil etmektedir. Bu ¢aligma, Sanliurfa ili Haliliye ilgesindeki kentsel
acitk ve yesil alanlarin kurakeil peyzaj (Xeriscape) yaklasimi baglaminda degerlendirilmesini
amaglamaktadir. Calismada, Xeriscape yaklasiminin temel ilkeleri dogrultusunda alanin su kullanim
ihtiyaglari, iklim kosullar1 ve bitki se¢imi gibi unsurlar incelenmistir. Aragtirma kapsaminda 85 farkli
bitki taksonu tespit edilmistir; bunlarim %40'1 (34 takson) dogal, %60" (51 takson) egzotik taksonlardir.
Caligma alanlarinda tespit edilen tiim bitkilerin su istekleri degerlendirildiginde 7 (%8) taksonun az, 38
(%45) taksonun az-orta, 34 (%40) taksonun orta, 2 (%2) taksonun orta-¢ok, 4 (%5) taksonun ise ¢ok
Su istegi oldugu goriilmiistiir. Arastirma bulgulari, su kaynaklarinin siirdiiriilebilir yonetimi i¢in diisiik
su tiiketen bitki taksonlarinin ve etkili sulama yontemlerinin 6nemini vurgulamaktadir. Ayrica,
Sanlurfa’da kurakeil peyzaj diizenlemelerinin yerel gevresel kosullara adaptasyon saglayarak hem
ekolojik dengeyi koruyabilecegi hem de kentsel alanlarda estetik ve fonksiyonel katkilar sunabilecegi
sonucuna ulasilmis ve gesitli oneriler gelistirilmistir.

Evaluation of Urban Open Green Areas in Haliliye District of Sanhurfa Province
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with Xeriscape Approach

Abstract: Urbanization, especially in semi-arid and arid regions, is known to increase the pressure on
water resources and make sustainable management difficult. Sanliurfa, as a region characterized by low
rainfall and irregular rainfall regime for many years, constitutes a suitable example for the application
of arid landscape approach. This study aims to evaluate urban open and green areas in Haliliye district
of Sanliurfa province in the context of the Xeriscape approach. In the study, in line with the basic
principles of the Xeriscape approach, factors such as water use needs of the area, climatic conditions
and plant selection were examined. Within the scope of the study, 85 different plant taxa were
identified; 40% (34 taxa) of these are native and 60% (51 taxa) are exotic taxa. When the water
requirements of all plants identified in the study areas were evaluated, it was seen that 7 (8%) taxa had
low water requirements, 38 (45%) taxa had low-medium water requirements, 34 (40%) taxa had
medium water requirements, 2 (2%) taxa had medium to high water requirements and 4 (5%) taxa had
high water requirements. Research findings emphasize the importance of low water consuming plant
species and effective irrigation methods for sustainable management of water resources. In addition, it
was concluded that Xeriscape applications in Sanlurfa can both maintain ecological balance and
provide aesthetic and functional contributions in urban areas by adapting to local environmental
conditions and various recommendations were developed.

Keywords: Xeriscape, drought, climate change, urban open green areas, Sanliurfa.
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GiRisS

Kentlesme, kirsal niifusun sehir merkezlerine gog
etmesiyle birlikte sehirlerin fiziki, sosyal ve ekonomik
yapilarinda meydana gelen degisimlerin sonucunda gelisen
bir siiregtir. Bu silireg, sanayilesme, niifus artigt ve
ekonomik gelismeyle yakindan iligkilidir. Kentlesme,
fiziksel mekén diizenlemelerinden toplumsal davraniglara
kadar pek cok alanmi etkiler (Saglam, 2006; Caliskan &
Oztiirk, 2019; Kayan & Mardinli, 2020). Kentlesmenin
dogal cevre tlizerinde hem dogrudan hem de dolayl: etkileri
bulunmaktadir. Bu etkiler, o6zellikle hizli ve plansiz
kentlesme siireglerinde belirgin hale gelir. Genel olarak
kentlesme; arazi kullaniminda hatali degisikliklere, su
kaynaklarma ve iklim tizerine olumsuz etkilere, kentsel
acik yesil alanlarin azalmasina ve toprak kirliligine neden
olmaktadir (Karakas, 2017; Sahin & Gokdemir, 2019;

Uygur Erdogan, 2022). Tim bu olumsuz etkiler
kapsaminda  kentlesme  giiniimiizin  en  biiyiik
sorunlarindan olan kiiresel 1smmay1 hizlandirarak,

sicakliklarin  artmasmna ve diinyanin birgok yerinde
kurakligin goézlemlenmesine neden olmaktadir (Tiirkes,
2012; Satir Reyhan & Reyhan, 2016; Partigd¢ & Soganci,
2019).

Su kaynaklar1 {izerinde ciddi bir baski olusturan
kentlesme bu kaynaklarin = siirdiiriilebilir  yonetimini
zorlastirmaktadir. Artan niifus yogunlugu, sanayi ve tarim
faaliyetlerinin genislemesi, su talebini 6nemli o6lgiide
artirmaktadir. Kentlesme siirecinde, gegirimsiz yiizeylerin
(beton, asfalt) artisi, yagmur sularinin yeralti su
rezervlerine ulagsmasini engelleyerek su dongiisiinii
bozmaktadir (Korkut vd., 2016). Kentlesme,
degisikligi ile birleserek su kaynaklari tizerindeki baskiy1
daha da yogunlagtirmaktadir. Artan sicakliklar ve degisen
yagls rejimleri, buharlagsmayr hizlandirmakta ve su
rezervlerinin yenilenmesini engellemektedir (Karaman &
Gokalp, 2010; Ayva vd., 2023). Bu durum, 6zellikle yart
kurak ve kurak bolgelerde daha kritik bir hal almaktadir.

Su kaynaklari tizerinde artan baskinin tetikledigi
olumsuz etkilerin bertaraf edilebilmesi amaciyla, ekolojik
temelli planlama yaklasimlarina duyulan gereksinim
gitgide daha belirgin héale gelmistir. Bu baglamda, su
kaynaklarinin korunmasi ve suyun tasarruflu bir sekilde
kullanimi, 6zellikle su kitlig1 yasayan bolgelerde, peyzaj
diizenleme ¢aligmalarinda dncelikli konular arasinda yerini
almigtir (Baris, 2007; Kiigiikali, 2013; Bayramoglu, 2016).
Kentlesmenin hizlanmasiyla birlikte, agik yesil alanlarda
su tiiketimi biiyiik boyutlara ulasmis ve bu durum, mevcut
kaynaklarin siirdiiriilebilir kullanimini tehdit eder hale
gelmistir. Geleneksel peyzaj diizenlemeleri, yogun sulama
gereksinimi nedeniyle bu baskiyr artirirken, disiik su

iklim

kullanimi esasina dayali yeni yontemlerin gelistirilmesi
zorunlu héle gelmistir. Bu kapsamda yapilan ¢aligmalar
sonucunda ortaya ¢ikan Xeriscape (Kurake¢il Peyzaj)
yaklagimi hem suyun verimli kullanimini saglamay1 hem
de ekolojik dengeyi korumayir amaglayan c¢oziimler
sunmaktadir (Corbact vd., 2011; Sezen vd., 2018). Bu
yaklagimin dayandigi temel ilkeler kisaca su sekilde
ozetlenebilir. Ilk olarak, peyzajin planlama ve tasarim
stireci, alanin su ihtiyaglarini, iklim kosullarm1 ve
topografyasini goz oniinde bulundurarak suyun maksimum
verimlilikle kullamlmasin1 amaglamaktadir. Tkinci olarak,
toprak analizi ve iyilestirme ¢alismalari, topragin su tutma
kapasitesini artirmak  igin  organik  maddeyle
zenginlestirilmesini icermektedir. Ugiincii olarak, diisiik su
ihtiyacina sahip dogal bitkilerin sec¢imi, su tiiketimini
minimize ederek biyolojik cesitliligi desteklemektedir.
Etkili sulama teknikleri kapsaminda, damlama sulama gibi
yontemler, suyun buharlagsma kaybini dnleyerek dogrudan
kok bolgesine ulagmasini saglamaktadir. Toprak yiizeyinin
malg ile kaplanmasi, buharlagmay: azaltirken, yabanci
otlarin engelleyerek topragin  nemini
korumaktadir. Geleneksel ¢im alanlarin yerine diisiik su
tiikketen yer Ortiiciilerin tercih edilmesi su tiiketimini daha
da azaltmaktadir. Son olarak, sulama sistemlerinin diizenli

biiylimesini

bakimi, yabanci otlarin temizlenmesi ve malg yenilemesi
gibi uygulamalar, peyzajin stirdiiriilebilirligini
saglamaktadir (Tascioglu vd., 2019; Corbact &
Bayramoglu, 2021; Hersek & Korkut, 2021; Corbact &
Ekren, 2022; Unal Cilek, 2022). Bu ilkeler, estetik ve
fonksiyonel koruyarak su
destekleyen stirdiiriilebilir peyzaj
olusturulmasina katki saglar.

Kentsel agik yesil alanlarda kullanilan bitkilerin
su isteklerinin belirlenerek kurakeil peyzaj ile ilgili
Onerilerin gelistirildigi ¢aligmalar kuraklikla miicadele

ozellikleri tasarrufunu

alanlarmin

edilmesinde yol gosterici niteliktedir. Bu kapsamda
Tiirkiye’de farkli cografi bolgelerde kurakcil peyzaj
konusunda cesitli caligmalar yapilmistir. Yazici vd. (2014)
Isparta kentinde, Cetin & Mansuroglu (2018) Antalya
Konyaalti’nda, Ercan Oguztiirk & Bayramoglu (2020)
Rize Sahil Parki’nda, Pouya vd. (2020) Malatya Indnii
Universitesi Yerleskesi’nde, Cop & Akat (2021) Mugla
Sarigerme Halk Plaji’'nda, Hersek & Korkut (2021)
Tekirdag Namik Kemal Universitesi Yerleskesi’nde,
Kamer Aksoy vd. (2022) Cankir1 kentinde, Corbact &
Ekren (2022) Ankara Altinpark’ta, Giir & Kahraman
(2024) Sanlwrfa tarihi ve kiiltiirel alanlarinda kurakeil
peyzaj ile ilgili ¢aligmalar yapmislardir.

Tiirkiye Cumhuriyeti Cevre, Sehircilik ve Tklim
Degisikligi Bakanligi, Meteoroloji Genel Midiirligi
tarafindan hazirlanan “2023 Yili Yagis Degerlendirmesi”
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raporunda Sanlurfa ili hakkinda Onemli bilgiler
paylasilmistir. Oyle ki, uzun yillar ortalamalarina gore
Tiirkiye’de en diisiik yagislarin I¢ Anadolu’nun orta
kesimleri ile Sanlwrfa, Agri ve Igdir cevrelerinde
gozlendigi belirtilmistir. Ayrica 2023 yili kis mevsim
yagislarinin, Sanliurfa’da %60°in  {izerinde azaldigi
belirtilmigtir. 2023 yili yaz mevsim yagislarinin ise
Sanliurfa’da yaz mevsimi normallerine gore %80 azaldig1
vurgulanmigtir. Mevsimsellik indeksine gore yapilan
degerlendirmede de Sanlurfa diizensiz yagis rejimi
gosteren iller arasinda yer almustir. Sanlurfa ili ayni
zamanda yagish giin sayisi istatistikleri incelendiginde
Tirkiye ortalamasinin (111 giin) altinda kalan illerden biri
olmustur (MGM, 2024). Tim bu veriler Sanliurfa ilinin
suyun verimli kullanimimi esas alan kurak¢il peyzaj
yaklasimina duydugu ihtiyaci ortaya koymaktadir. Bu
dogrultuda bu caligma, Sanlrfa ili Haliliye Ilgesi’nde
bulunan kentsel agik ve yesil alanlarin kurak¢il peyzaj
yaklagimi  ¢ergevesinde
yiriitilmiistiir.

degerlendirilmesi  amaciyla

MATERYAL VE METOT

Bu arastirmanin temel materyalini, Sanlurfa ili
Haliliye il¢esindeki kentsel agik ve yesil alanlarda yer alan
bitki taksonlart olusturmaktadir. Buna ek olarak,
arastirmanin ana konusunu teskil eden kurakgil peyzaja
yonelik literatiir de caligma kapsaminda materyal olarak
degerlendirilmistir.

Sanliurfa Haliliye merkez il¢esinde genel olarak
semi-arid iklim 6zelligi agir basmaktadir. ilin Meteoroloji
Genel Midiirliigi tarafindan hazirlanan ve 6l¢iim periyodu
1929-2023 olan resmi iklim istatistikleri incelendiginde
yillik ortalama sicakliginin 18.5 °C, ortalama en yiiksek
sicakliginin 24.5 °C, ortalama en diisiik sicakliginin 12.7
°C, ortalama giineslenme siiresinin 8.1 saat, ortalama
yagish giin sayisinin 73.1 giin, aylik toplam yagis miktar1
ortalamasinin ise yillik olarak 460.4 mm. oldugu
goriilmektedir (MGM, 2024).

Caligmanin ilk agsamasinda Sanhurfa ili Haliliye
ilgesinde kurakgil peyzaj agisindan incelenen agik ve yesil
alanlar belirlenmistir. Bu alanlar: 1- Cumhuriyet Parki, 2-
GAP Vadisi, 3- Harran Universitesi Osmanbey Yerleskesi,
4- Harran Universitesi Yenisehir Yerleskesi, 5- Kasaptasi
Parki ve 6- Turgut Ozal Parkr’dir. Sekil 1°de calisma
alanlarinm isimleri ve konumlari verilmistir. Incelemeye
konu olan bu alanlar, ilgenin en biiytik, en yogun kullanilan
ve bitki ¢esitliligi acisindan en zengin noktalar1 olmalari
nedeniyle tercih edilmigtir. Bu alanlardaki tiim agacg,
agaccik, cali, yer Ortiicii ile sarilici/tirmanici bitkiler
saptandiktan sonra, s6z konusu bitkiler dogallik durumlart,
familyalar1 ve su istekleri bakimindan incelenmistir. Bu
incelemeler  gergeklestirilirken,  belirtilen  kistaslar
gozetilmistir. Bitkiler dogallik durumlarina gore; yari

dogal (YD), dogal (D) ve egzotik (E) olmak {iizere ii¢
kategoride smiflandirilmigtir. Bitki taksonlarinin  su
gereksinimleri ise bes ayr1 kategoride (az/az-orta/orta/orta-
¢ok/cok) siniflandirilmustir.

3- Harran Uni. Osmanbey Yerleskesif 13
4- Harran Uni. Yenisehir Yerleskesi %, "
5- Kasaptas1 Park:

Turgut Oz

¥

Sekil 1. Caligma alanlarinin konumu. (URL-1)
Figure 1. Location of study areas.

BULGULAR

Bu ¢alisma kapsaminda incelenen kentsel agik ve
yesil alanlarda tespit edilen bitkiler ile bu bitkilerin
familyalari, dogallik durumlari, su gereksinimleri ve
bulunduklar1 bélgeler Tablo 1°de sunulmustur. Bitkilerin
elde edilirken su kaynaklardan
yararlanilmistir:  Williams, 2013; Bainbridge, 2015;
Penick, 2016; Akkemik, 2018; Cop & Akat, 2021; Corbac1
& Ekren, 2022; Corbac1 & Ozyavuz, 2024; Kamer Aksoy
vd., 2022; Giir & Kahraman, 2024.

bu  Ozellikleri

Tablo 1. Caligma sahalarinda tespit edilen bitkiler ve 6zellikleri
Table 1. Plants identified in the study areas and their characteristics.

Familyasi Latince Adi Dogal/ Egzotik Su Istegi gu Bilge
B Sambucus nigra L D Az-Orta 36
Viburnum tinus L D Orta 4
Agavaceae Yucca filamentosa L. E Az-Orta 34,56
Al Schinus molle L E Az-Orta 4
A aceae  Nerium oleander L. D Az-Orta 1,2,3456
Arecaceae Phoenix canariensis Hort. E Az-Orta 4
Washingtonia robusta H. Wendl. E Orta 123456
Berberidaceae Berberis thunbergii DC E Az-Orta 1,2356
Nandina domestica Thunb. E Az-Orta 4
Bignonaceae Campsis radicans (L.) Seem. E Az-Orta 5
Catalpa bignonioides Walter E Orta 12356
Buddlejaceae  Buddleja davidii Franch E Orta 5
Buxaceae Buxus sempervirens L D Orta 4
Cannabaceae Celtis tournefortii Lam. D Az 4
Caprifoliaceae _Lonicera tatarica L. E Orta 35,6
c Euonymus japonicus Thunb. “Variegata™ E Az-Orta 123456
Euonymus japonicus Thunb. “Green Rocket™ E Az-Orta 1,2,345,6
Cupressocyparis leylandii (A.B.Jacks. &
Dallim.) Dallim. E Az-Orta 3
Cupressus arizonica Greene E Az 3,56
Cupressus macrocarpa Hartw. E Az-Orta 35,6
Cupressus sempervirens L. D Az-Orta 1,2.345,6
Cupressacese Cup‘ressus sempervirens L. “Pyramidalis” D Az-Orta 123456
Juniperus sabina L. D Az-Orta 356
Juniperus excelsa M.Bieb. D Az-Orta 1,235
Thuja orientalis (L.) E Orta 4
Thuja orientalis (L.) Franco “P E Orta 1,2,3,56
Thuja plicata Donn ex D.Don E Orta 345
Cycadaceae Cycas revoluta Thunb. E Orta 45,6
Cyperaceae Cyperus alternifolius L. E Orta 3
Elacagnaceae  Elaeagnus angustifolia L. D Az-Orta 123456
Albizia julibrissin Durazz. E Az-Orta 35
Ceratonia siliqua L. D Az 5
Cercis siliquastrum L. D Orta 12,35
Fabaceae Robinia hispida L. E Az- Orta 1,2,345,6
Robinia pseudoacacia L. YD Az- Orta 1,2,345,6
Robinia pseudoacacia var. umbraculifera D.C. YD Az- Orta 1,2,345,6
Sophora japonica L. E Az-Orta 3
Iridaceae Iris x germanica L. E Orta 4
L amiaceae Rosmarinus officir.]ali.s L _ D Az-Orta 12,356
Lavandula angustifolia Mill. D Orta 12356
Lauraceae Laurus nobilis L. D Az-Orta 123456
Lythraceae Lagerstroemia indica L E Az-Orta 12,356
Punica granatum L D Az 1234
Magnoliaceae _Magnolia grandiflora L. E Orta 56
Malvaceae Hibiscus syriacus L. E Az-Orta 3
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Meliaceae Melia azedarach L. E Az-Orta
Ficus carica L. D Orta
Moraceae Morus alba L. E Orta
Morus nigra L. ‘Pendula’ E Orta
Callistemon citrinus (Curtis) Skeels. E Az-Orta
Myrtaceae Eucalyptus is Dehn. E Cok
Eucalyptus globulus Labill. E Cok
Fraxinus excelsior L D Orta 12,34
Forsythia x intermedia Zabel. E Az-Orta 4
Oleaceae Ligustrum japonicum Thunb. E Az-Orta 4
Ligustrum vulgare L. E Az-Orta 1,2,3,56
Olea europaea L. D Orta 1,2,3,56
Onagraceae Gaura lindheimeri Engelm. &A.Gray E Az 4
Paulowniaceae _Paulownia tomentosa Steud. E Orta 356
Cedrus atlantica (Endl.) Manetti ex Carriere E Orta 3,4,5,6
Cedrus libani A Rich. D Az-Orta 3
Pinaceae Pinus brutia Ten. D Az 123
Pinus nigra Lamb. D Orta 1,2,34,5,6
Pinus pinea L D Orta 3
Pittosporaceae _Pittosporum tobira Thunb. Ait. E Az-Orta 3456
Platanaceae Platanus orientalis L. D Orta-Cok 12,3456
Cotoneaster horizontalis Decne. E Az-Orta 1,2,345
Eriobotrya japonica (Thunb.) Lindl. E Az-Orta 4
Prunus cerasifera Ehrh. E Orta 123456
Rosaceae Photinia x fraseri Dress. E Orta 35,6
Pyracantha coccinea M.Roem. D Az-Orta 123456
Rosa laxa Retz. E Orta 13456
Spiraea japonica Lf. E Orta 456
Spiraea x vanhouttei (Briot) Zabel. E Orta 456
Rutaceae Citrus x aurantium L. D Az-Orta 34
Populus tremula L D Orta-Cok 4
Salicaceae Salix babylonica L. E Cok 1,2,356
Salix matsudana L D Cok 36
Sapindaceae Acer neguljdo L_ E Orta 3456
Koelreuteria paniculata Laxm. E Orta 45
Simoribaceae Ailanthus altissima (Mill.) Swingle YD Az 1234
Tamaricaceae  Tamarix parviflora DC. D Az-Orta 3
Tiliaceae Tilia tomentosa Moench. D Orta 4
Ulmaceae Ulmus glabra Huds. D Orta 3
Vitaceae Parthenocissus lia L. E Orta 123456
Calisma sahalarinda  yiiriitilen  incelemeler

sonucunda, toplam 85 farkli bitki taksonu tespit edilmis; bu
taksonlardan 34’tiniin (%40) dogal (Dogal:31, Yart
Dogal:3), 51’inin (%60) ise egzotik oldugu belirlenmistir.
Caligma alanlarinda en ¢ok gdriilen ii¢ familya ise sirastyla;
Cupressaceae (10 takson (%11,76)), Rosaceae (8 takson,
(%9,41)) ve Fabaceae’dir (7 takson, (%8,23)).

Calisma alanlarinda tespit edilen tiim bitkilerin su
istekleri degerlendirildiginde 7 (%8) taksonun az, 38 (%45)
taksonun az-orta, 34 (%40) taksonun orta, 2 (%2) taksonun
orta-¢ok, 4 (%S5) taksonun ise ¢ok su istegi oldugu tespit
edilmistir (Sekil 2).

Calisma Alanlarindaki Tiim Taksonlarm Su istekleri

Cok NN
Orta-Cok [l
Orta I

Su Istegi
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0 5 10 15 20 25 30 35 40
Takson Sayist

Sekil 2. Caligma alanlarinda tespit edilen tiim taksonlarin su istekleri
Figure 2. Water requirements of all taxa identified in the study areas.

Calisma kapsaminda her bir ¢alisma alani igin
tespit edilen taksonlarin su istekleri ayr1 ayr1 incelenmistir.
Bu kapsamda Cumhuriyet Parki’'nda (1 numarali ¢alisma
alani) tespit edilen 37 bitkinin su istegi incelendiginde 3
(%8) taksonun az, 18 (%48) taksonun az-orta, 14 (%38)
taksonun orta, 1 (%3) taksonun orta-cok, 1 (%3) taksonun
ise ¢ok su istegi oldugu belirlenmistir (Sekil 3).

GAP Vadisi’nde (2 numarali galigma alani1) tespit
edilen 36 bitkinin su istegi incelendiginde 3 (%8) taksonun
az, 18 (%50) taksonun az-orta, 13 (%36) taksonun orta, 1
(%3) taksonun orta-gok, 1 (%3) taksonun ise ¢ok su istegi
oldugu tespit edilmistir (Sekil 4).

Cumhuriyet Parki'ndaki Taksonlarin Su Istekleri
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Sekil 3. Cumhuriyet Parki’nda tespit edilen taksonlarin su istekleri
Figure 3. Water requirements of taxa identified in Cumhuriyet Park.

GAP Vadisi'ndeki Taksonlarin Su Istekleri
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Sekil 4. GAP Vadisi’nde tespit edilen taksonlarm su istekleri.
Figure 4. Water requirements of taxa identified in the GAP Valley.

Harran Universitesi Osmanbey Yerleskesi’nde (3
numarali ¢aligma alani) tespit edilen 61 bitkinin su istegi
incelendiginde 4 (%6) taksonun az, 31 (%51) taksonun az-
orta, 23 (%38) taksonun orta, 1 (%2) taksonun orta-¢ok, 2
(%3) taksonun ise ¢ok su istegi oldugu belirlenmistir (Sekil
5).

Harran Universitesi Osmanbey Yerleskesi'ndeki Taksonlarin
Su Istekleri

Cok
Orta-Cok

Orta

Su Istegi

-
u
|
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Az
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Takson Sayis1

Sekil 5. Harran Universitesi Osmanbey Yerleskesi’nde tespit edilen
taksonlarm su istekleri.

Figure 5. Water requirements of taxa identified in Harran University
Osmanbey Campus.

Harran Universitesi Yenisehir Yerleskesi’nde (4
numarali ¢aligma alani) tespit edilen 49 bitkinin su istegi
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incelendiginde 4 (%8) taksonun az, 22 (%45) taksonun az-
orta, 19 (%39) taksonun orta, 2 (%4) taksonun orta-¢ok, 2
(%4) taksonun ise ¢ok su istegi oldugu tespit edilmistir
(Sekil 6).

Harran Universitesi Yenisehir Yerleskesi'ndeki Taksonlarin
Su Istekleri

Cok [
.'ED Orta-Cok .
Rz Orta I ——
=
P Az-Orta
Az
0 5 10 15 20 25

Takson Sayisi

Sekil 6. Harran Universitesi Yenisehir Yerleskesi’nde tespit edilen
taksonlarin su istekleri.

Figure 6. Water requirements of taxa identified in Harran University
Yenisehir Campus.

Kasaptas1 Parki’'nda (5 numarali ¢aligma alani)
tespit edilen 54 bitkinin su istegi incelendiginde 2 (%4)
taksonun az, 24 (%44) taksonun az-orta, 25 (%46)

taksonun orta, 1 (%2) taksonun orta-¢ok, 2 (%4) taksonun
ise ¢ok su istegi oldugu belirlenmistir (Sekil 7).

Kasaptast Parki'ndaki Taksonlarm Su istekleri
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Sekil 7. Kasaptas1 Parki’nda tespit edilen taksonlarm su istekleri.
Figure 7. Water requirements of taxa identified in Kasaptasi Park.

Turgut Ozal Parki’'nda (6 numaral ¢alisma alani)
tespit edilen 46 bitkinin su istegi incelendiginde 1 (%2)
taksonun az, 22 (%48) taksonun az-orta, 20 (%44)

taksonun orta, 1 (%2) taksonun orta-¢ok, 2 (%4) taksonun
ise ¢ok su istegi oldugu goriilmiistiir (Sekil 8).

Turgut Ozal Parki'ndaki Taksonlarm Su istekleri
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Sekil 8. Turgut Ozal Parki’nda tespit edilen taksonlarin su istekleri.
Figure 8. Water requirements of taxa identified in Turgut Ozal Park.

Calisma sahalarinda belirlenen dogal ve egzotik
taksonlarin su gereksinimleri ayr1 ayr1 degerlendirildiginde
dogal taksonlarin igerisinde en fazla (15 takson, (%44)) az-
orta su istegi olan bitkiler yer alirken, egzotik taksonlar
arasinda ise en fazla (23 takson, (%45)) az-orta ve orta su
istegi olan bitkiler bulunmaktadir (Tablo 2).

Tablo 2. Calisma sahalarinda belirlenen dogal ve egzotik taksonlarin su
gereksinimleri.
Table 2. Water requirements of natural and exotic taxa identified in the

study areas.

Su istegi Ozelligi Dogal Taksonlar Egzotik Taksonlar
Az 5 (%15) 2 (%4)
Az-Orta 15 (%44) 23 (%45)
Orta 11 (%32) 23 (%45)
Orta-Cok 2 (%6) 0

Cok 1(%3) 3 (%6)
Toplam 34 51

SONUC VE TARTISMA

Bu caligma, Sanlurfa ili Haliliye il¢esindeki
kentsel agik ve yesil alanlarin kurakgeil peyzaj (Xeriscape)
yaklagimi ¢ercevesinde degerlendirilmesini amaglamistir.
Aragtirmada tespit edilen 85 bitki taksonunun %40nin
dogal, %060'min  egzotik olustugu
belirlenmistir. Bu durum, calisma alanlarinda egzotik
bitkilerin dogal bitkilerden daha fazla kullanildigin
gostermekte ve siirdiiriilebilir peyzaj yonetimi agisindan
onemli bir soruna isaret etmektedir. Dogal bitkiler, yerel
iklim ve su kosullarina adaptasyon saglama kapasiteleri
nedeniyle siirdiiriilebilir peyzaj tasarimlarinda oncelikli
olarak degerlendirilmelidir.

taksonlardan

Bulgular, ¢aligma alanlarinda kullanilan bitkilerin
su istekleri agisindan dnemli farkliliklar gosterdigini ortaya
koymustur. Ornegin, tespit edilen bitkilerin %45'inin az-
orta, %40'min ise orta su ihtiyacina sahip oldugu
saptanmistir. Bu durum, mevcut peyzaj tasarimlarinda su
kaynaklarmin verimli kullanimini destekleyen diisiik su
tiketimli  bitki  taksonlarinin  tercih  edilmesinin
gerekliligini vurgulamaktadir. Cumhuriyet Parki ve GAP
Vadisi gibi alanlarda az ve az-orta su tiiketimli bitkilerin
agirhikli olarak kullamildigi goriilse de, genel bitki
kompozisyonu geleneksel peyzaj yaklagimlarinin etkisinde
kalmis ve bu nedenle su tiiketiminin yiiksek oldugu
anlagilmustir.

Elde edilen bulgular, literatiirde yer alan benzer
calismalarla kiyaslandiginda, kurake¢il peyzaj tasariminin
Tirkiye’de  ¢esitli  kentlerde  farkli
uygulandigint ve su kaynaklarmin etkin kullanimina
yonelik stratejilerin gelistirilmesinin gerekliligini ortaya
koymaktadir.

seviyelerde

Sanlurfa kent dokusunda yiiriitiilen bu ¢alismaya
paralel olarak, Isparta’da yapilan bir arastirmada, ¢im
alanlarin yogun kullamm ve egzotik bitki tiirlerinin
baskinligi nedeniyle su tiiketiminin yiiksek oldugu
belirlenmistir (Yazici vd., 2014). Benzer sekilde, Ankara
Altinpark 6rneginde yapilan ¢alismada, tespit edilen 180
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bitki taksonundan %61 inin egzotik tiirlerden olustugu ve
bunlarin su tiiketiminin yiiksek oldugu belirlenmistir
(Corbact & Ekren, 2022). Bu durum, Sanliurfa’daki
kentsel acik ve yesil alanlarda dogal tiirlerin kullaniminin
artirilmasi gerektigini desteklemektedir.

Literatiirde yer alan diger ¢aligmalar da kurakgil
peyzaj yaklagiminin uygulanabilirligi konusunda benzer
sonuglar  sunmaktadir. Ornegin, Cankiri’da  kent
parklarinda yapilan incelemelerde, bitki kompozisyonunun
cogunlukla orta su ihtiyacina sahip tiirlerden olustugu,
ancak dogal bitkilerin daha fazla tercih edilmesi gerektigi
onerilmistir (Kamer Aksoy wvd., 2022). Sanlurfa’daki
mevcut peyzaj uygulamalarinda da benzer bir durum
gozlemlenmis olup, geleneksel peyzaj anlayisinin su
tiiketimini artirdig1 sonucuna varilmistir. Bununla birlikte,
Tekirdag ve Mugla'da yapilan ¢aligmalar, kurak¢il peyzaj
uygulamalarinin yalnizca bitki segimiyle sinirli kalmamasi
gerektigini ve su yoOnetimi stratejilerinin de entegre
edilmesi gerektigini vurgulamaktadir (Cop & Akat, 2021;
Hersek & Korkut, 2021). Bu baglamda, Sanlwurfa’daki
mevcut sulama yontemlerinin degerlendirilmesi ve etkin
damla sulama yayginlastiriimasi
gerekmektedir.

Sanliurfa, Tiirkiye’nin en diisiik yagis alan
bolgelerinden biri olarak, kurak¢il peyzaj yaklasiminin
hayata gegirilmesi i¢in kritik bir alan teskil etmektedir.
Meteoroloji Genel Miidiirliigii'niin  verilerine  gore,
Sanlurfa’da yagis miktarlar1 uzun dénem ortalamalarina

sistemlerinin

gore ciddi bir azalma gostermistir. Bu wveriler, iklim
degisikliginin  etkileriyle birlestiginde,
kaynaklarinin siirdiiriilebilir yonetimi i¢in daha yenilik¢i
peyzaj stratejilerinin uygulanmasini zorunlu kilmaktadir.
Sonug olarak, Sanlmrfa ili Haliliye ilgesindeki

peyzaj  tasarimlarinda, kurak¢il  peyzaj
prensiplerinin yeterince uygulanmadigi ve bu durumun su
kaynaklar1 etkiler  yarattig1
goriilmektedir. Benzer ¢alismalardan elde edilen bulgular,
kurak¢il peyzaj yaklasgimmin = sirdiiriilebilir  sehir
planlamasi agisindan 6nemli bir ara¢ oldugunu ve bu
stratejilerin uygulanabilirliginin artirilmas1  gerektigini
ortaya koymaktadir.

mevcut  su

mevcut

tizerinde olumsuz

ONERILER

Arastirma bulgulari, kurakeil peyzaj yaklagiminin
temel ilkeleri dogrultusunda bazi Oneriler gelistirilmesini
miimkiin kilmigtir. Az su tiiketen dogal bitkilerin peyzaj
diizenlemelerinde daha fazla kullanilmasi, gegirimsiz
yiizeylerin azaltilmasi ve damla sulama gibi etkili sulama
tekniklerinin yayginlastirilmasi, Sanliurfa gibi yar1 kurak
bolgelerde su kaynaklarinin korunmasi i¢in Onemli
stratejiler olarak 6ne ¢ikmaktadir.

Kurake1l peyzaj yaklasiminin etkin bir sekilde

uygulanabilmesi i¢in malglama, bakim ve budama

stireclerine 6zel Onem verilmelidir. Malglama, toprak
ylizeyinin  organik veya inorganik malzemelerle
kaplanarak nem kaybinin azaltilmasini, toprak sicakliginin
dengelenmesini ve yabanci ot kontroliinii saglar. Ozellikle
organik mal¢ kullanimi, toprak mikrobiyal aktivitesini
destekleyerek uzun vadeli toprak verimliligini artirir.
Bununla birlikte, kurak¢il peyzajda bakim faaliyetleri
minimum diizeyde tutulmali ve bitkilerin dogal biiyiime
dongiilerine uyum saglayacak sekilde diizenlenmelidir.
Diisiik bakim gereksinimine sahip bitkilerin se¢imi, is giicii
ve kaynak kullaniminda tasarruf saglayarak peyzaj
alanlarinin  stirdiiriilebilirligini  artirir.  Ayrica, budama
islemlerinin stratejik olarak planlanmasi, bitkilerin su
kaybini minimize etmesini saglayarak kurak kosullara
adaptasyonunu destekler. Asir1 budamadan kagimilmali,
ozellikle kuraklik stresine dayanikli tiirlerin dogal formlar
korunmalidir. Bu dogrultuda, Sanliurfa’daki kentsel agik
ve yesil alanlarda malglama tekniklerinin
yayginlastirilmasi, bakim stratejilerinin optimize edilmesi
ve bilin¢li budama uygulamalarinin tesvik edilmesi, su
kaynaklarmin siirdiiriilebilir kullanimi agisindan kritik
Oneme sahiptir.

Sanlurfa’nin iklimine uyum saglayabilecek ve su
ihtiyaci diisiik olan baz1 bitki taksonlari, yerel ekosistemle
uyumlu ve siirdiiriilebilir peyzaj yOnetimi igin
Onerilmektedir. Bu baglamda, Capparis spinosa L., Celtis
tournefortii Lam., Ceratonia siliqua L., Euphorbia rigida
M.Bieb., Laurus nobilis L., Nerium oleander L., Quercus
coccifera L. ve Rosmarinus officinalis L. gibi dogal
taksonlar, diisikk su gereksinimleri ve dayanikliliklar:
nedeniyle peyzaj diizenlemelerinde kullanilabilir. Bu
taksonlar, hem estetik hem de ekolojik faydalar sunarak
kent ekosisteminin siirdiiriilebilir yonetimine katkida
bulunacaktir.

Bu c¢aligma, yalnizca Sanliurfa igin degil, benzer
yar1 kurak ve kurak bolgelerde de siirdiiriilebilir peyzaj
yonetimi ve planlama stratejilerine 1sik tutabilecek bir
model sunmaktadir. Ancak, elde edilen
genellestirilebilmesi i¢in farkli cografi bdlgelerde benzer
kapsamda caligmalarin gergeklestirilmesi gerekmektedir.
Ayrica, gelecekte yapilacak ¢alismalarda, kurakgil peyzaj
uygulamalarinin ekonomik boyutlarinin ve kullanici
memnuniyeti iizerindeki etkilerinin degerlendirilmesi, bu
yaklagimlarin uygulanabilirligini artirabilir.

sonuglarin
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Oz: Yakittan kaynaklanan sera gazi emisyonlarina iliskin diizenlemelerle birlikte, havacilik sektoriiniin

* "/ https://orcid.org/0000-0002-9623-5220 kiiresel karbon salmimina katkist %2,5” tur. En biiyiik katkiy1 yapan ticari u¢uslardan kaynaklanan
L P karbon saliniminin azaltilmasina yonelik ¢alismalar da artig gostermektedir. Siirdiiriilebilir havacilik
- itpssiforeid.org/0000-0002-3036-2809 yakiti (SAF) havacilik sektoriiniin karbon emisyonlarini azaltma hedeflerine 6nemli bir katki
sunmaktadir. Kullanimi onaylanan SAF’lar igin ugaklarda herhangi bir degisiklige gerek duyulmamasi

onemli bir avantaj saglamaktadir. SAF tiretiminde hammadde kaynagi olarak 6zellikle atiklarin tercih

edilmesi potansiyel c¢evresel etkilerin degerli enerji kaynaklarina donistiiriilmesiyle dongiisel

ekonomiye tesvik ederek atiklarin azaltilmasini da saglamaktadir. Ticari uguslarda halihazirda SAF

kullanimi sinirlt olsa da uzun uguglardaki dekarbonizasyon potansiyeli yiiksektir. Bununla birlikte

hammadde kaynaklarinin sinirlayict etkisi de goéz 6niinde bulundurulmasi gereken bir durumdur.

Yasam dongii analizi, bir {iriinlin yasam dongiisii boyunca, hammadde elde etme, tiretim ve kullanim

asamalarindan atik yonetimine kadar, potansiyel c¢evresel etkileri ve kullanilan kaynaklar

degerlendirmek igin bir ara¢ olarak tanimlanir. Yasam dongii analizinin SAF’a uygulanmas fosil

*Sorumlu yazarin: yakitlara kiyasla sera gazi azaltim potansiyelinin somutlagtirilmast bakimindan 6nemli bir rol
Gonca YASAR oynamaktadir. Bu inceleme makalesinde havaciligin karbon emisyonlarina etkisi, yenilenebilir enerji
%\j[ti?;l:;cliilletil}?eéfsllt‘zsgicgzr;?gaiss{ag;\:e]‘ﬁrki . alternatifi olarak SAF tiirleri, hammadde kaynaklar1, doniisiim teknolojileri ve bu yakit tiirlerinin yagam
- gonca.ygasar@ogr.’iuc.edu’.tr ’ Y dongii analizleriyle ilgili ¢aligmalardan bahsedilmis ayn1 zamanda Tiirkiye’deki SAF talimatlariyla

birlikte SAF iiretimini etkileyen diger politikalara deginilmistir.

Anahtar kelimeler: SAF iiretimi, siirdiiriilebilir havacilik yakiti, yasam dongii analizi.

Review: Sustainable Aviation Fuels Production and Environmental Impacts

Abstract: The contribution of fuel-related greenhouse gas emissions to global carbon emissions from
the aviation sector is 2.5%. The contribution of fuel-related greenhouse gas emissions to global carbon
emissions from the aviation sector is 2.5%. The major emission contribution comes from commercial
flights. Efforts to reduce carbon emissions are increased. Sustainable aviation fuel (SAF) makes a
significant contribution to the aviation sector's carbon emission reduction targets. Approved SAFs do
not require any modifications to the aircraft, which is a significant advantage. Preferring waste as a
feedstock source for SAF production ensures that the potential environmental impacts of waste are
converted into valuable energy resources and reduces waste by promoting a circular economy. While
the use of SAF is currently limited on commercial flights, the potential for decarbonization on extended
flights is high. However, the limited availability of feedstocks must also be taken considered. Life cycle
assessment is defined as a methodology for assessing the potential environmental impacts of a product's
life cycle, including raw material procurement, utilization phases and waste management. Life cycle
‘responding author’s: assessment of SAFs plays an important role in reducing greenhouse gas (GHG) emissions compared to
a YASAR fossil fuels. This review paper aims to examine that aviation carbon emissions and SAFs as a renewable
bul University-Cerrahpasa, Environmental energy alternative, feedstock sources, conversion pathways and life cycle assessments of sustainable

neering Department, 34315, Istanbul, Tiirkiye P P : . . . . .
jonca.yasar@ogr.iuc.edu.tr 2’;2322 ef(ljjels. In addition, SAF regulations in Turkey and other policies affecting SAF production are
| .

Keywords: Life cycle assessment, SAF production, sustainable aviation fuel.
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GIRiS

Ekonomik kiiresellesmenin gelismesi, bilim ve
teknolojinin ilerlemesiyle birlikte hava tasimaciligs; ticari
iligkiler ve kisiler arasi iletisimde giderek daha 6dnemli bir
rol oynamaktadir. Bu nedenle jet yakiti da benzin ve dizelin
ardindan en 6nemli ulagim yakiti1 haline gelmistir. Hava
tagimaciligia yonelik artan talep, havacilik yakitlarina
olan kiiresel talebin hizla biiylimesine Onemli Ol¢iide
katkida bulunmaktadir (Yang vd., 2022).

Geleneksel havacilik yakiti yenilenemeyen bir
enerji kaynagi olan petrolin damitilmasiyla elde
edilmektedir.  Fosil  yakit azalmasi,
sanayilesme ve modernlesmeye bagli olarak artan enerji
ihtiyaci ve kiiresel 1sinma konusunda artan farkindalikla
birlikte, petrol bazli yakitlara alternatiflerin aranmasina
yonelik artan bir itici gli¢ olugturmaktadir. Motor tasarimi
gibi temel konularda degisiklik yapilmasi 6nemli bir ¢aba
ve yatirm gerektirmektedir. Bu nedenle yapilan
arastirmalarin odag1 esas olarak fosil bazli yakitlar yerine
ikinci  ve nesil hammaddelerle retilmis

rezervlerinin

tiglincii
biyoyakitlar gibi daha siirdiiriilebilir, karbon-notr sivi
yakitlar olmustur. Bu yumusak geg¢is CO2 emisyonlarinin
etkili bir sekilde azaltilmasi konusunda oncelikli tercih
sebebi olabilir (Farooqui vd., 2022).

Agiklanan
sektoriinden kaynaklanan sera gazi emisyonlarinin kiiresel
emisyonlarin yaklasik %2'sini olusturdugu tespit edilmistir
(Wang vd., 2024). Havacilik sektoriindeki biiyiimeye bagl
olarak CO; iiretimindeki artigin 2035 yilina kadar 1,1-1,5
milyar ton olmasi beklenmektedir. Uluslararasi Sivil

istatistiklere =~ gore,  havacilik

Havacilik Organizasyonu (ICAO), sivil havacilik sektorii
icin politikalar, standartlar ve uygulamalar gelistirmek
lizere 191 iiye devlet ve endiistri gruplariyla birlikte
calisarak havacilik sektorii i¢in sera gazi emisyonlart
konusunu ele alma roliine Onciiliilk eden bir Birlesmis
Milletler kurulusudur. ICAO, 2020'den sonra uluslararasi
sivil havaciligin karbon-nétr biiylimesini kolaylastirmak ve
karbon-nétr emisyon hedefine ulagsmak igin Uluslararasi
Havacilik i¢in Karbon Dengeleme ve Azaltma Programi’ni
(CORSIA) uygulamaya koymustur. CORSIA kapsaminda

alternatif havacilik yakitlarinin benimsenmesi gibi sera
gaz1 azaltim stratejilerinin yani sira, uluslararast havacilik
emisyonlarindaki artis1 dengelemeye yonelik bir 6nlem
sistemi belirlenmistir. 2050'ye kadar planlanan net sifir
karbon hedefini kargilamak i¢in, karbon azaltiminin biiyiik
bir kisminin biyokiitle, atiklar, bitkisel yaglar vb. gibi
petrol dis1 kaynaklardan elde edilen diisiik karbonlu
alternatif jet yakitlarinin kullanimindan elde edilmesi
beklenmektedir (Chong vd., 2021).

Havacilik endiistrisinde temel olarak karbon
sayis1 8 ile 16 arasinda olan hidrokarbonlarin bir karigimi
olmak iizere 4 farkl tiirde havacilik yakiti bulunmaktadir.
Bunlar kerosen (Jet A/A-1), kerosen-benzin karigimi (Jet
B), havacilik benzini (avgas) ve biyoyakittir. Jet A/Al
hafif, rafine edilmis petrol kerosen tipi bir yakit olmakla
birlikte ticari uguslarda kullanilir. Jet A-1'in donma noktasi
-47 °C, Jet A’min donma noktasi -40°C olup Jet A
genellikle Amerika Birlesik Devletleri'nde kullanilan bir
yakait tiiriidiir. Parlama noktasi 20 °C ve donma noktasi -72
°C olan Jet B askeri jetlerde, avgas yiliksek oktanli yakit
gerektiren kiigiik 6zel ucaklarda kullanilir. Biyoyakitlarin
arastirillmasit  ve gelistirilmesi,
alternatif olarak ortaya ¢ikmustir (Farooqui vd., 2022; Raab
vd., 2024). Siirdiirtilebilir havacilik yakitlarinin (SAF)
geleneksel havacilik yakiti (kerosen) ile benzerligi
sebebiyle, ugak motorlarinda veya ilgili ekipmanlarda
degisiklik yapilmadan dogrudan harmanlanabilir ve
birbirlerinin yerine kullanilabilirler. SAF kerosene gore
onemli avantajlar sunarken, havacilik sektoriine

kerosen kullanimina

entegrasyonu ¢evrenin korunmasi ve iklim degisikligine
iligkin  uluslararas1 politikalarla uyum saglamasini
gerektirmektedir.

Emniyetli, giivenli ve ekonomik hava ulagimini
saglayabilmek amaciyla kurulan Uluslararast
Tasimaciligi Birligi’nin (IATA) SAF ile ilgili ana rold,
ilgili caligma gruplart aracilifiyla girdisi
saglamanin yan sira politika belirlemek ve gelistirmektir.
Bu dogrultuda diinyada SAF’in gelisim siirecine dair
politikalar ve IATA kapsaminda atilan adimlar Tablo 1’ de
Ozetlenmistir (Efthymiou ve Ryley, 2022; Wang vd., 2024;
IATA, 2024).

Hava

uzman

operasyonel ve teknolojik verimliligin arttirilmasi,
Tablo 1. SAF iiretimi ve kullaniminin tarihgesi.
Table 1. History of saf production and usage.
POLITIKALAR/ iy
YIL ONEMLI KONULAR ACIKLAMA ULUSLARARASI HAVA TASIMACILIGI BIRLIGI(IATA)
Birlesmis Milletler iklim  Uluslararast is birliginin yonetilmesi igin gerekli ilkelerin
1990 Degisikligi Cergeve belirlenmesi (sorumluluklar ilkesi, Yetkinlikler ilkesi, Esitlik
Sézlesmesi flkesi, Siirdiiriilebilir Kalkinma ilkesi)
Kyoto Protokolii Geligmis ve gellsmekte olan iilkelerde ICAO araciligiyla
havacilik emisyonlarininin sinirlandirmasi ya da azaltmasi
Biyojet yakiti ile ilk test ugusu
2008 L
gergeklestirilmistir.
Havacilik ve Alternatif . .
2009 Yakutlar icin Kiiresel ICAO tarafindan kerosen, karigimli jet yakiti ve SAF arasindaki

Cergeve kesin ayrimlar agiklanmis ve tanimlanmistir.
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2011- 22 havayolu sirketi, kullaq1lm1$ yemeklik yag, jatrgfa, ketencik ve alg gibi
2015 hammaddelerden elde edilen %50'ye varan biyojet yakit karigimlariyla
2.500'den fazla ticari yolcu ugusu gergeklestirmistir.
Kyoto sonrasi dénemde uluslararasi mekanizmalar i¢in planlar
2015 Paris Anlagmasi gelistirilmektedir.Ulusal Olarak Belirlenen Katkilar (NDC)
mekanizmasi onerilmistir
.. Hava(nhk? Karbon Azalltlm (;erqeves1 gel}st%r}lmlstlr . Oslo Havalimani'nda ortak hidrant sistemi aracihigiyla diizenli
38. Uluslararasi Sivil CORSIA’nin kabul edilmesiyle SAF ile ilgili kurallar heniiz PR o . Lo
) P, P, e stirdiiriilebilir yakit tedariki baslamistir. Alternatif yakat ireticileri siirece
2016 Havacilik Organizasyonu yiiriirlilkte olmamakla birlikte tiye tilkelerde havacilik i¢in . O L
(ICAO) Kongresi alternatif yakitlara yonelik politikalarin gelistirilmesi ve dah}l olr‘nus'tu%”. Los Angeles’ta giinliik uguslarda SAF ticari operasyonlara
. . . dahil edilmistir
yayginlagtirilmasinin tegvik edilmesi
39.Uluslararasi Slwl CAO, tarafindan SAF ilk kez tanlmlamlst}r‘ . Cancun'da diizenlenen 73. IATA toplantisinda iiyeler SAF kullanilmasi
2017 Havacilik Organizasyonu SAF’1n uluslararasi havacilik yakit talebindeki paymin 2050 X birligivle kabul etmisti
(ICAO) Kongresi yilina kadar %50'ye ulagmasi ongoriilmektedir ararnt oybirliglyle kabul etmighr.
Uluslararas: Sivil
2018 Havacilik S6zlesmesi Ek  SAF’1n gergeve siirdiiriilebilirlik kriterlerinin gelistirilmesi
16, Cilt IV
2019 SAF kullanilan ticari ugus sayist 250.000
iki yeni SAF sertifikasinin Amerikan Test ve Malzeme Toplulugu (ASTM)
2020 tarafindan onaylanmasi1 ve iretimi onaylanan SAF sayisinin 7’ye
yiikselmesi
CORSIA kapsamindaki havayollarinin, gegmis donemdeki
U@uslararam Havacﬂlk emisyon artl§1n1 dengglemek i¢in yeterli karbon kred?si satin Boston'da diizenlenen 77. TATA Genel Kurulu, kitresel hava tasimaciligs
2021 i¢in Karbon Denklestirme aldlklarml_ gosteren bir rapor sunmalar1 gerekmektedir. scktoriiniin 2050 yilma kadar net sifir karbon emisyonuna ulasmasini
ve Azaltim Programi 2027'den itibaren SAF kullaniminin zorunlu olmasi ve SAF P .
(CORSIA) Faz 1 Pilot harmanlama oranlarini emisyon azaltma mekanizmalarina dahil dngren bir karart onaylamistir.
etmesi
41'inci ICAO Toplantisi’nda 2050 yilina kadar net sifir CO2 emisyonuna
2022 ulagmak i¢in uzun vadeli bir hedef belirlenmistir. SAF iiretimi (300 milyon
L olmustur.
TATA, SAF dahil olmak iizere 2050 yilina kadar net sifira ulagmak igin
stratejik yol haritasi yayinlamistir. AB,
'Fit for 55' mevzuatin1 tamamlayan ReFuelEU Aviation't kabul etmistir.
SAF ve kerosen harmanmin 2025 yilinda asgari %?2'lik bir karisimla
2023 baglaylpp 2050  yilinda  %70'e  yikseltilmesi  planlanmistir.
ICAO 2030°’da karbon emisyonunun %5 azaltilmasi i¢in SAF f{iretimini
tegvik edecek kiiresel bir c¢ergeve tizerinde anlagmustir. %100 SAF
kullanilarak diinyann ilk ticari transatlantik ugusu gerceklestirilmistir. SAF
tiretimi 600 milyon litre ve kiiresel jet yakit: kullaniminin %0,2'sini temsil
etmektedir.
2024 2024 yilinda SAF tretimi 1.250 milyar litreye ulasarak kiiresel jet yakiti
kullaniminin %0,3"tinii temsil etmektedir.
Tiirkiye’de SAF ile ilgili Diizenlemeler: bazli) {iretiminin ortalama yasam dongiisii sera gazi

Tiirkiye’de de havacilik kaynakli karbon emisyonlarini
azaltmaya ve siirdiiriilebilir havacilik yakiti kullanimina
yonelik ¢esitli calismalar yiiriitilmektedir. Sivil Havacilik
Genel Midirligi (SHGM) tarafindan ‘SAF Talimati’
taslagi Agustos 2024’te (SHT-SAF) yayinlanmistir. Bu
talimat kapsaminda uluslararasi uguglardan kaynaklanan
emisyonlarin ICAO’nun 2030 yilinda %5 emisyon azaltim1
hedefi kapsaminda gerekli SAF kullanimu ile alakali bilgi
ve belgeler SGHM resmi internet sitesinden
yayimlanacaktir. SHGM tarafindan bir takvim yilinda
kullanllacak SAF miktarin1 resmi internet sitesinde o
takvim yil1 sona ermeden acgiklanacaktir. Tiim paydaslarin
belirtilen SAF miktarini ilgili takvim yili iginde arz etmek
ve  tiiketilmesini  saglamakla  yiikiimli  oldugu
belirtilmektedir (SHGM, 2024). Cevre Sehircilik ve Tklim
Degisikligi Bakanligi tarafindan SAF hammadde
kaynaklarindan biri olan bitkisel ve hayvansal atik yaglarin
yonetiminin daha etkin hale getirilmesi amaci ile Bitkisel
Atik  Yaglarin  Kontrolii  Yonetmeligi (BAYKY)
hazirlanmustir (T.C Cevre Sehircilik ve Tklim Degisikligi
Bakanligi, 2015).

Siirdiiriilebilir  Havacilik Yakin
Yenilenebilir veya atitk hammaddelerden iiretilen ve
CORSIA siirdiiriilebilirlik kriterlerini karsilayan yakitlar
SAF olarak kabul edilir. Kiiresel fosil jet yakiti (petrol

Kriterleri:

emisyonlari; ham petrol geri kazanimi, nakliye ve rafinaj,
jet yakit1 nakliyesi ve jet yakiti yanmasi dahil olmak iizere
kuyudan ¢ikarilip ugakta kullanimina kadar (Well To
Wake) olan emisyonlarin toplami 89 gCO.e/MJ olarak
belirlenmistir. Bu nedenle, yasam dongiisii sera gazi
emisyonlart 89 gCOze/MJ'den diisiik olan yakitlar
CORSIA i¢in uygun kabul edilmistir (Prussi vd., 2021).
SAF'n petrol bazli havacilik yakitinin yerine
kullanilabilmesi i¢in SAF f{iriinlerinin fiziksel ve kimyasal
ozellikleri Amerikan Test ve Malzeme Toplulugu (ASTM)
standartlar1 ¢ercevesinde dogrulanmas1 gerekmektedir
(Wang vd., 2024). Havacilik yakitin1 diizenleyen {i¢ temel
ASTM standard1 D1655, D7566 ve D4054'tir. ~ ASTM
D1655, Jet A ve Jet A-1 havacilik yakitt i¢in minimum
gereklilikleri belirtir ve havacilik yakiti {ireticileri igin
kapsamli bir kilavuz gorevi gorerek, gelistirilen yakitin
mevcut havacilik altyapisina sorunsuz bir sekilde entegre
olmasim1  saglamak i¢in gerekli test ve analiz
gereksinimlerini ana hatlariyla belirtir. ASTM D7566 ise
ASTM D1655 onayli yakitlarla harmanlanmadan 6nce
kullanima hazir sentetik yakitlar (SAF) i¢in ozellik ve
bilesim gereksinimlerini tanimlamaktadir. ASTM D4054,
potansiyel bir alternatif jet yakitin1 degerlendirmek igin test
ve 0zellik kriterlerini detaylandirir (Lau vd., 2024). SAF ve
fosil jet yakitinin ASTM 1655 ve D7566 standartlarina
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gore saglamasi gereken spesifikasyonlar Tablo 2’de
verilmistir (Wang vd., 2024).

Tablo 2. SAF ve fosil jet yakitinn ASTM D1655 ve ASTM D7566
standartlarina gore sahip olmas: gereken spesifikasyonlar.

Table 2. Specifications of SAF and fossil jet fuel according to ASTM
D1655 and ASTM D7566 standards.

Spesifikasyon ASTM 1655 ASTM 7566
Asidite 01 01
Aromatikler (%) Max 25 25(8) Max
S, Kiitle % Max 0.3 0.3

10 % Rec Max 205(400) 205
%90 Rec - 40

BP 300 300
Parlama Noktas1 °C 38 38
Yogunluk, kg/m? 775-840 775-840
Donma Noktast °C -40(Jet A) -47(Jet A-1) -40(Jet A) -47(Jet A-1)
Viskozite -20 °C 8 Max 8 Max
Spesifik Enerji MJ/kg min 42.8 42.8
Dumanlanma Noktasi (min) 25 25
Dumanlanma Noktasi (max) 19.3 18.3
Naftalinler % 3 3
{letkenlik pS/m 50-450 -

SAF Tiirleri ve Hammadde Kaynaklari: SAF
iiretim siirecinde amag, kerosen bazli havacilik yakitinin
ana bileseni olan sentetik parafinik (petrolden elde edilen
mineral yag) kerosen (SPK) elde etmektir. SPK'dan
iiretilen yakitin aromatikler ve halkali zincirli alkanlardan
yoksun olmasi sebebiyle geleneksel kerosen bazli
havacilik yakiti ile harmanlanmasi gerekmektedir. Buna
ragmen, SAF karbon emisyonlarinin azaltilmasina énemli
Olgiide katkida bulunur ve yasam dongiisii sera gazi
emisyonlar1 geleneksel havacilik yakiti emisyonlarina gore
daha dusiiktiir (Wang vd., 2024).

Hammadde se¢imi kdkenine ve dzelliklerine baglt
olarak SAF kategorisinin belirlenmesinde 6nemli bir rol
oynamaktadir. Potansiyel hammaddenin sahip olmasi
gereken ozellikler;
bulunabilirligi, gida iiretimini etkilememesi, uygun maliyet
ve disiik ¢evresel ayak izidir. SAF tiretiminde kullanilan
hammadde kaynaklar1 birinci, ikinci ve {igiincii nesil olmak
iizere 3 gruba ayrilmaktadir. Hammadde kaynaklarinin

bazi temel hammaddenin

tirleri, avantajlart  ve dezavantajlart  Sekil 1’de
gosterilmistir (Lau vd., 2024).
SAF Uretiminde Kullanilan Hammaddeler
1. Nesil 2, Nesil 3. Nesil
Lignoseliilozik
L Biyokiitleler(orman, kentsel
Soya ngu!_y_-esu atiklar vs.)
Aygigeg, . Yenilebilir Olmayan .
Misir T“‘}e'?“z Yaglar(Jojoba,Jatropha vs.) Mikroalgler
Pa'.lm Yagl %]b] Kullanilmis Yemeklik Yaglar
yenilebilir tirlinler Atik Hayvansal Yaglar gibi
yenilmeyen iiriinler
Kolayca erisilebilir Gida olarak tiketilmemesi Yetigtirilmesi igin gerekli
Dezavantajlar jl alanin az olmasi
Gida arz1 ile rekabet Hammadde kalitesinde Dezavantajlar
ve tedariginde dalgalanmalar Yiiksek enerji gerekliligi

Sekil 1. SAF diretiminde kullanilan hammaddeler, avantajlar ve
dezavantajlar.

Figure 1. Advantages and disadvantages of feedstocks for SAF
production pathways.

Birinci nesil hammadde kaynaklar1 tarim
arazilerinin kullanimi sebebiyle yenilebilir gida {iriinlerinin
maliyetini arttirabilir, diinyanin yakit ihtiyacini karsilamak
iizere bu hammaddelerin yetistirilmesi ekolojik dengenin
bozulmasia ve ormansizlagsmaya yol agabilir (Sekil 1).
Ikinci nesil hammaddeler gida tedarik zincirini dogrudan
etkilemeyeceginden, biyoyakit doniisiimii i¢in daha iyi
seceneklerdir. Hammaddelerin yakit iiretimine hazir hale
getirilmesi stirecindeki stabilizasyon asamalar1 ve temini
konusundaki  stirekliligin  saglanmas1 ikinci nesil
hammaddeler i¢in dezavantaj olusturabilecek durumlardir.
Mikroalgler, biyiik olgekli tretim igin iyi bir lipid
kaynagidir, hizli liremeleri nedeniyle yetistirilmeleri ¢ok
kolaydir. Ancak yiiksek sermaye maliyetleri nedeniyle bu
konudaki arastirmalar nispeten daha azdir (Monika vd.,
2023; Michaga vd., 2021; Yousefzadeh vd., 2024).

ASTM tarafindan onaylanmis SAF tiirleri
sunlardir; Fisher Tropsch Sentetik Parafinik Kerosen (FT-
SPK), Hidroislenmig(Hydroprocessed) Esterler ve Yag
Asitleri  Sentetik Parafinik Kerosen (HEFA-SPK),
Hidroiglenmis Fermente Sekerler Sentezlenmis Izo
parafinler  (HFS-SIP), Aromatikli  Fischer-Tropsch
Sentetik Parafinik Kerosen (FT-SPK/A), Alkolden Jete
Sentetik  Parafinik  Kerosen (ATJ-SPK), Katalitik
Hidrotermoliz Sentezlenmis Kerosen (CHJ/ CH-SK),
Hidroislenmis Hidrokarbonlar, Esterler ve Yag Asitleri
Sentetik Parafinik Kerosen (HC-HEFA-SPK),
Aromatiklerle Alkolden Jete Sentetik Kerosen (ATJ-SKA).
FT-SPK, ASTM tarafindan onaylanan en eski SAF
doniisiim yoludur. Siireg, sentetik gaz iiretimi, sentetik ham
petrol iiretimi ve nihai iirlinii iretmeden 6nce sentetik ham
petroliin ayristirilmasi, yiikseltilmesi ve rafine edilmesini
igeren 3 ana asamadan olusmaktadir. HEFA-SPK,
biyokiitleden yagin ¢ikarilmast ve doymanus lipid
trigliseritlerin  hidrojenlenmesiyle iretilir. HFS-SIP,
hidroisleme ve  fraksiyonlama islemlerinin  bir
kombinasyonu yoluyla fermente edilebilir sekerlerden elde
edilen farnesenin (birbirine yakin 6 kimyasal bilesik)
islenmesiyle firetilir. FTSPK/A, FT-SPK sentezinden
tiretilmigtir. Temel fark FT-SPK/A'da aromatiklerin
bulunmasidir. ATJ-SPK, yenilenebilir kaynaklardan alkol
retilmesi, kisa zincirli alkollerin (C1-C4) daha uzun
hidrokarbonlara (C8-C16) doniistiiriilmesiyle iretilir.
CHJ/ CH-SK iiretimi, katalizor esliginde yiiksek sicaklik
ve basingta (240-450 °C ve 1.5-25 MPa) yiiriitiilen bir
stirectir. HC-HEFA-SPK yonteminde hammadde olarak
algler (Botryococcus braunii) kullanilir. HEFA-SPK dan
tek farki hammadde kaynagidir. HC-HEFA-SPK vyeni
onaylanmis bir SAF'tir. ATJ-SKA’ ATJ-SPK
prosesinden farki aromatiklerin bulunmasidir (Lau vd.,
2024; Wang vd., 2024; Bardon vd., 2025; Watson
vd.,2024).

nin
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SAF {iretim yollarinin uygunlugu Teknoloji
Hazirlik Seviyesi (TRL) ve Yakit Hazirlik Seviyesi (FRL)
ile olceklendirilmektedir. FRL TRL'den daha genis bir
perspektifle tliretilmistir: yakit sadece kimyasal olarak
islevsel olmakla kalmamali, ayn1 zamanda teknolojik
baglamda da (yani ucak ve yakit ikmal altyapilari)
kullanimi miimkiin olmalidir. Seviye 4 prototip yani
laboratuvarda dogrulanmis teknoloji, 5-6 dogrulanmig
teknoloji, 7 ticari sunum Oncesi ve 8 ticari {lirlin yani
tamamlanmis ve nitelikli anlamina gelmektedir (Bardon

Tablo 3. ASTM Onayli ve Potansiyel SAF Tiirleri.
Table 3. ASTM-approved and potential SAF types.

vd., 2025). HEFA en olgun SAF tiirii (Tablo 3) olmakla
birlikte ve su anda ticari olarak kullanilmaktadir.
Halihazirda giivenli ve dl¢eklenebilir bir teknoloji oldugu
icin tercih edilmektedir. Yaklagik %80 civarinda sera gazi
azaltim potansiyeli mevcuttur (Mannion vd., 2024). SAF
doniigiim proseslerinin 6zellikleri ASTM onayli ve heniiz
ASTM onay1 almamis potansiyel teknolojiler Tablo 3’te
verilmistir (Cabrera vd., 2022; Lau vd., 2024; Xu vd.,
2025).

Hammadde

Tarim ve Ormancilik
Kalintilar. Yag igeren
bitkiler. Kentsel kat1
atiklar

Yag igeren bitkiler
Kullanilmig yemeklik
yag Hayvansal yag

Seker kamus1 ve seliiloz
bazli sekerler

Ek1'e Aromatik
Bilesikler Eklenir

Sekerler nigasta ve
seliiloz

Trigliserit Bazli
Hammaddeler

Alg (Botryococcus
braunii)

Ek 5'e Aromatik
Bilesikler Eklenir

Proses

Gazlastirma

Notralizasyon

Ekstraksiyon

Gazlastirma

Fermantasyon

Katalitik
Hidrotermoliz

Ekstraksiyon

Ara Uriin

Sentez Gazi

Hidrokarbonlar ve
Lipitler

Seker

Sentez Gazi

Etanol ve Izobiitanol

Bioyag

Bio tiirevli lipitler ve
hidrokarbonlar

Siirdiiriilebilir Havacihk
Yakiti (SAF) Déniisiim
Prosesi

FT-SPK Fisher Tropsch
Sentetik Parafinik Kerosen

HEFA-SPK
Hidroproseslenmis Esterler
ve Yag Asitleri Sentetik
Parafinik Kerosen
HFS-SIP
Hidroproseslenmis
Fermente Sekerler
Sentezlenmis izo parafinler
FT-SPK/A Aromatikli
Fischer Tropsch Sentetik
Parafinik Kerosen
ATJ-SPK Alkolden Jete
Sentetik Parafinik Kerosen
CHJ/ CH-SK Katalitik
Hidrotermoliz Sentezlenmis
Kerosen

HC-HEFA-SPK
Hidroproseslenmis
Hidrokarbonlar, Esterler ve
Yag Asitleri Sentetik
Parafinik Kerosen
ATJ-SKA Aromatikli
Alkolden Jete Sentetik
Kerosen

Amerikan Test Teknoloii Yakat
Max Karisim ve Malzeme ) Haznrhk
Onaylanma Yili . Hazirhik -
Orani (%v/v) Toplulugu Seviyesi (TRL) Seviyesi
(ASTM) 7566 4 (FRL)
50 2009 Ek1 6-8 6-7
50 2011 Ek 2 9 99
10 2014 Ek 3 7-8 5-7
50 2015 Ek 4 6-8 6-7
2016-izobiitanol
50 2018-Etanol EkS 8 n
50 2020 Ek 6 4-6 66
50 2020 Ek7 66
50 2023 Ek 8

SAF Uretimi i¢in Heniiz Amerikan Test ve Malzeme Toplulugu (ASTM) Onay1 Almamis Potansiyel Teknolojiler

Islak Alg

Seker

Lignin

Karbondan Zengin
Hammdde

HtL. Hidrotermal
Sivilastirma (Sivi Jet
Yakit1)

APR. Sulu Faz Reformu
(Stv1 Jet Yakitr)

Piroliz Hidroproseslenmis
depolimerize seliilozik
jet(Swvi Jet Yakit)
Fotofermantasyon
(Hidrojen)

SAF diretimi i¢in heniiz ASTM onay1 almamis

potansiyel

teknolojiler

ve hammaddeler

mevcuttur.

Potansiyel teknolojiler i¢in kullanilan hammaddeler 1slak
alg, biyo-bazli polisiklik alkan(seker), karbon agisindan
zengin attk gaz ve lignindir. Hidrojenden SAF
uretilebilirligi de arastirilmastir. Lignoseliilozik
hammaddeler ve 1slak alglerden {iretilen jet yakitt
hidrotermal sivilagtirma (HtL) {iretim veriminin diisiik
olmastyla birlikte verimliligi ve iiriin kalitesini artirmak
icin yiiksek performansli katalizérler arastirilmaktadir.
Ayrica bu yontemde kullanilan hammaddenin 6n islem
prosesinde de (karistirma, tagima vb.) teknik sorunlarla
kargilagilmaktadir. Sekerden jet yakiti sulu faz reformu
(APR), lignoselillozik biyokiitlede bulunan seliiloz

bilesenlerinin asit hidrolizi
iretilir.

yoluyla parcalanmasiyla

Lignoseliilozdan jet yakiti piroliz yontemi biyo-
yag ekstraksiyonu, dekarboksilasyon ve sikloalkanin jet
yakit1 tiretmek igin uygun hidrokarbonlara yiikseltilmesi
olmak {izere 3 adimdan olusmaktadir. Karbonhidrattan
hidrojene fotofermentasyon yontemiyle tiretilen hidrojenin
hava tasitlarinda yakit olarak kullanilmasi yeni bir yakit
dagitim sisteminin gelistirilmesini ve ugak motorlarinin ya
da u¢ag yeniden tasarlanmasimi gerektirmektedir. Bu
onemli degisiklikler gdz 6niine alindiginda, mevcut altyapi
ve teknoloji ile uyumluluklari nedeniyle su anda geleneksel
jet yakitmin yerine kullanilacak yakitlar
edilmektedir (Lau vd., 2024; Bardon vd.,2025).

tercih
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Swvilagtirilmis dogal gazin (LNG) bir havacilik
yakitt olarak kullanilmasi 1970'lerde NASA tarafindan
arastirllmistir. NASA ve Boeing tarafindan yiiriitiilen daha
yakin tarihli bir program, 2040'larda pazara girebilecek
farkli LNG yakitli ugak konseptlerini degerlendirmistir.
LNG'nin ana bileseni olan LCH4, LNG'nin zaten kiiresel
olarak mevcut bir secenek olmasi avantajina sahiptir.
Ayrica, biyokiitle ve elektrikten metan sentezi, SAF
sentezinden daha az karmasiktir. Hidrojen gibi metanin da
stvilagtirilmast ~ havaalan1  altyapisinda  degisiklik
yapilmasint gerektirmektedir. Bu nedenle, gerekli biiyiik
yatirnmlar géz Oniine alindiginda yakit gesitliliginde bir
degisiklik olmamasi1 sasirtict degildir. Ciinkd ticari
havacilik sektoriinde su ana kadar herhangi bir degisiklik
talebi olmamistir. Ekonomik veya diger tesviklerin
yeterince yiiksek olmasi halinde bu durum gelecekte
degisebilir (Raab vd., 2024).

SAF Uretim Prosesinde Yasam Dingiisii
Degerlendirmesi Yaklagimlari: CORSIA kapsaminda,
SAF kullanimindan kaynaklanan emisyon azaltimlari,
2018 yilinda ICAQO'da kabul edilen yasam dongiisii
degerlendirmesi (YDD) yaklasimi
hesaplanmaktadir. YDD yontemi, havacilik yakitlarinin

kullanilarak

yasam dongiisii sera gazi emisyonlarinin hesaplanmasi igin
uluslararas1 diizeyde benimsenen ilk yaklasim haline
gelmistir (Prussi vd., 2021). Tam bir YDD yaklagimi
normalde tiim {irlin tedarik zincirinin gergevelenmesini
gerektirir ve besikten mezara kadar yapilmalidir, ancak
yakit bazli friinlerin degerlendirilmesi s6z konusu
oldugunda en genel anlamda Well-to-Wake (WtWa)
yaklagimi olarak adlandirilir ve farkli hammaddeler ve
proses yollart arasinda, segilen teknolojilerin tiim sera gazi
(GHG) emisyonlarini, ekstraksiyondan iiretime ve nihai

Tablo 4. SAF’la ilgili yapilan YDD Caligmalari
Table 4. Life cycle assessment of SAF

yanmaya kadar toplam Omiirleri igeren tutarli bir
stirdiiriilebilir havacilik yakit1 karsilastirmasi saglayabilir.
YDD, havacilik yakitlarina uygulandiginda dort tipik
sistem sinir1 ile degerlendirme yapilabilir (Sekil 2): mavi
renkle gosterilen Well to Wake (WtWa), yesil renkle
gosterilen Well to Gate (WtG), kirmizi renkle gosterilen
Well to Pump (WtP) ya da Well to Tank (WtT) sar1 renkle
gosterilen ise Gate to Gate (GtG) dir (Kolosz vd., 2020).

Wiwa ®
---------------------------------------------- . Wika ©

'
.
: Ugakta Yanma
'

Sekil 2. Genel bir havacilik yakitinin YDD sistem sinirlari.
Figure 2. System boundaries for LCA of an aviation fuel.

Hammaddelerin degiskenligi ve diger faktorler
nedeniyle, ASTM sertifikasyonu tarafindan onaylanmis
SAF iiretimi i¢in en iyi evrensel yol belirlenememis olup
tiim {iretim yollarmin kendi i¢inde giiglii ve zayif yonleri
vardir (Lau vd., 2024). Biyokiitle bazli jet yakitinin farkli
proseslerinin ¢evre ve kaynaklar {izerindeki -etkisini
kargilagtirmak amacryla yapilan YDD c¢aligmalar1 temel
olarak biyokiitle bazli sivi yakitin sera etkisini azaltma
katkisina odaklanmistir (Li vd., 2019). Yapilan bazi
caligmalar hammadde  kaynaklari
yontemleriyle birlikte Tablo 4’te verilmistir (Watson vd.,
2024; Seber vd., 2014; Sieverding vd., 2016; Han vd.,
2013; Wang vd., 2023; Budsberg vd., 2016; Sun vd., 2023;
Castillo Landero vd., 2023; Lokesh vd., 2015; Mousavi-
Avval & Shah, 2021; Handler vd., 2012; Ringsred vd.,
2021).

ve  doniisim

Referans Yakat Tiirii dde Tiirii Envanter Analiz Metodu Fonksiyonel Birim Sistem Simir Sera Gazi Emisyonu
Seber vd, 2014 HEFA K?x?]ngﬁE:s GREET-2011 Framework SimaPro I Yakit Well 1o Wake K. Yemeklik Yag: 16.8-21.4 g CO; eq/MJ
Yemeklik Yas 7.3.3 Don Yag:: 25.7-83.9 g CO2eq/MJ
g
- Camelina, Emisyonlar igin k Kanola en yiiksek
Sieverding vd., 2016 HEFA Carinata, Kanola, GREET 2014- vI.2.0.11219 MISYONAr 1610 K& \well to Tank (Pump) anofa en yuxse
Ayeicedi kirlilik/kg tirtin Ketencik en diisiik 2,17 kg/kg
Yagh Tohumlar Fosil Yakita gore Sera Gazi Azaltimi
Han vd., 2013 HEFA -ATJ Misir Sapt GREET MIJ Yakit Well to Wake HEFA %41-63
ATJ %89
GREET 2020
Wang vd., 2023 ATJ Misir Kogant Tsinghua -CA3EM Well to Wake 31.66 g CO2 eq/MJ
ASPEN Plus V11
Budsberg vd., 2016 HFS-SIP Kavak GREET- vl.2.0.11425 Well to Wake 60-73 g CO2 eq/MJ
Piroliz 64,8 kg CO2eq/GJ  Fermantasyon
Sun vd., 2021 AT] Maisir Sapi CML2001-Gabi 9 GJ Yakit Cradle to Grave 18,4 kg CO2eq/GJ Gazlastirma 19,9 kg
CO2eq/GJ
Castillo Landero vd., 2023 HEFA Palmiye Yagi  Open LCA- CML-IA -Ecoinvent 3.8 GJ Enerji Gate to CatelCradle 12.2-12,8 kg COz60/G)
Lokesh vd., 2015 HEFA  Ketencik, ALCEMB MJ Yakit Cradleto Grave  I<etencik %70, Mikroalg %56  Jatrofa %64
Mikroalg, Jatrofa oraninda emisyon azaltimi
Mousavi-Avval & Shah, 2021 HEFA Akga Cicegi Open LCA- TRACI -Ecoinvent 3.2 GJ Yakit Well to Gate 35-49 kg CO2eq/GJ
Handler vd., 2012 Mikroalg SimoPro 7.2-IPCC GWP 100 1 kg kuru alg 0.1-4.4 kg COzeq/kg hammadde
Ringsred vd., 2021 Orman Atiklart GHGenius model 4.03 MJ Yakit Well to Wake 25.7-28.3 gCO2e/MJ

Sun vd. (2021) tarafindan yapilan ¢alismada misir
sapinin biyoyakita doniistiiriilmesinde cevresel
performanslarini1 karsilagtirmak i¢in fermantasyon, piroliz
ve gazlastirma sistemleri iizerinde kapsamli bir YDD

yapilmigtir. Asitlesme potansiyeli, en ¢ok dikkat ¢ceken etki
kategorisidir. Biyoyakit iiretimi ve tarim, cevreyi esas
olarak etkileyen siirecler olarak belirlenmistir. Castillo-
Landero vd. (2023) tarafindan yapilan calismada, palm
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yag1 biyoyakit iiretim siirecini iyilestirmek i¢in siireg
yogunlastirma ve 1s1 entegrasyonu uygulanmis ve tekno-
ekonomik analiz ve YDD yapilmistir. Lokesh vd. (2015)
tarafindan yiritilen c¢alismada, ketencik, mikroalg ve
jatrofa hammaddelerinden {iretilen sentetik parafinik
kerosenler referans yakit olan Jet-Al'e gore %70, %58 ve
%64 oraninda emisyon tasarrufu sagladigini ortaya
koymustur. Mousavi-Avval ve Shah (2021) tarafindan
yapilan calismada akg¢a cicegi hidroislenmis yenilenebilir
jet yakitt (HRJ) {iretiminin enerji ihtiyaci ve c¢evresel
etkileri degerlendirilmistir. Akca ¢icegi bazli HRJ
iiretiminin enerji kullanim verimliligi, kanola gibi diger
yagli tohumlardan elde edilen HRJ'den daha yiiksek olarak
tahmin edilmistir. Ak¢a g¢igcegi bazli HRJ'nin kiiresel
1sinma potansiyeli benzer yagli tohumlardan elde edilen
HRIJ'den ve fosil jet yakitindan daha diisiik oldugu tespit
edilmistir. Wang vd. (2023) tarafindan ¢alismada Cin'deki
etanolden elde edilen yakitin enerji tiiketimi ve sera gazi
emisyonlarini(GHG)  degerlendirmek  icin ~ YDD
yapilmigtir. Temiz elektrik ve 1s1 {iretiminin enerji yogun
sistemin  GHG emisyonlarimi  etkili bir sekilde
azaltabilecegi ve en yiiksek azaltimin %21,55 oldugu
ortaya konulmustur. Budsberg vd. (2016) tarafindan
yapilan ¢alismada kavak biyokiitlesinden {iretilen biyojet
yakitlarin, kerosene kiyasla kiiresel 1sinma potansiyelini ve
fosil yakit kullanimini azalttig1 tespit edilmistir. Hidrojen
iiretimi 6nemli bir GHG emisyonu ve fosil yakit kullanimi
kaynagi olarak tanimlanmistir. Her etki kategorisi i¢in daha
diisiik degerler, fazla 1si/buhar taleplerini karsilamak icin
dogal gaz yerine orman atig1 (hog fuel) kullanilmastyla
saglanmaktadir. Seber vd. (2014) yapti;ni YDD
calismasinda, don yagindan elde edilen HEFA ve dizel
yakatlar ile kullanilmis yemeklik yagdan elde edilen sari
gresin  GHG emisyonlar1 ve iretim maliyetleri
hesaplanmis, geleneksel iiretime kiyasla sirasiyla %76-81
ve %81-86 oraninda sera gazi emisyonu azaltimi sagladigi
belirlenmistir.

SONUC

SAF ile ilgili yapilan YYD c¢aligmalarinda;
hammadde, iiretim ydntemi, sistem sinir1 gibi tercih edilen
bir ¢ok faktdorin SAF tirlerinin ¢evresel etki
potansiyellerini etkiledigi ve kerosene kiyasla GHG
emisyonu azaltim potansiyellerinin yiiksek oldugu
goriilmektedir. Fakat biiyiik dlcekli SAF iiretimi, yaygin
olarak tercih edilebilmesi i¢in gbz oniinde bulundurulmasi
gereken cesitli zorluklarla karsi karsiyadir. Temel zorluk,
SAF dretimi igin yeterli ve siirdiirilebilir hammadde
tedarikinin saglanmasidir. Yaygin hammaddeler arasinda
atik yaglar, tarimsal kalintilar ve gida dis1 enerji bitkileri
yer almaktadir. SAF talebini karsilamak i¢in iiretimin
Olgeklendirilmesi, gida iiretimiyle rekabet etmeden veya
orman kaybina neden olmadan siirdiiriilebilir ve bol

miktarda hammadde kaynagi bulmay1 gerektirir. Su anda,
SAF iretim maliyeti geleneksel jet yakitindan daha
yiiksektir. Bu maliyet esitsizligi SAF’1n havayolu sirketleri
tarafindan biiyiik 6lgekte kullanilmasini zorlastirmaktadir.
SAF'n gelistirilmesi ve kullaniminin saglanmasi i¢in kalici
ve glivenilir politikalar olusturulmasi, SAF i¢in istikrarlt
bir pazar olugturmak agisindan ¢ok 6nemlidir.

ICAO tarafindan belirlenen SAF politikasinda ilk
asamada, teknolojik hazirligin gelistirilmesi i¢in mali
destek saglayarak yatirim risklerini azaltmak ve paydas
katilimimi arttirmaya yonelik tesviklerle SAF iiretimini
arttirmay1 amaglamaktadir. Ikinci asamada, SAF talebinin
olusturulmas:  ig¢in  dilkelerin  kullanilma  yonelik
zorunluluklar olusturmasi 6nemli bir rol oynamaktadir.
SAF'a artan ilgi, bu konuda yapilan yatirimlari ve tegvikleri
arttirmigtir. Yetkili kurumlar, SAF iireticileri ve havayolu
sirketleri arasinda; izlenecek pazar politikalar1 ve finansal
destek konularinda yapilan anlagmalarla siirdiiriilebilir
SAF temini saglanir. Onerilen bu ¢dziimler ve yaklagimlar
bir araya getirilerek, biiyiik 6l¢ekli SAF {iretimiyle ilgili
zorluklarin iistesinden gelinebilir ve daha siirdiiriilebilir bir
havacilik endiistrisine gegis hizlandirilabilir.
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Abstract: This study focuses on the development and use potential of antimicrobial edible films,
which are among the important topics of recent environmental approaches. In this context,
antimicrobial edible films produced with protein and crude fiber obtained from cold-pressed
pepper seed oil by-products were examined. Films with protein (P Film) and crude fiber (CF
Film) were assessed for structural, mechanical, barrier, and antimicrobial properties. Mechanical
tests showed P-CF Film had better flexibility, while P Film achieved the highest elongation at
break (33.76%) and tensile strength (0.46 MPa). Barrier properties revealed that films containing
both protein and fiber had lower water vapor permeability and significantly higher oxygen
permeability than films with only protein or fiber. Antimicrobial tests indicated that both P Film
and P-CF Film were effective against Staphylococcus aureus and Escherichia coli, with P Film
showing superior inhibition against Salmonella typhimurium. This study highlights the potential
of using protein and crude fiber from chili pepper seed oil by-products to develop antimicrobial
edible films, offering a sustainable alternative to conventional packaging.

Keywords: Edible films, antimicrobial, protein, crude fiber.
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Siirdiiriilebilir Bir Yaklasim

Oz: Bu caligma, son dénemde g¢evreci yaklasimlarm ¢nemli bashiklarmdan, antimikrobiyal
yenilebilir filmlerin gelistirilmesi ve kullanilma potansiyelinin arastirilmasina odaklanmistir. Bu
kapsamda, soguk sikim biber ¢ekirdegi yagi yan iriinlerinden elde edilen protein ve ham lif ile
iretilen antimikrobiyal yenilebilir filmler incelenmistir. Protein (P Film) ve ham lif (CF Film)
iceren filmler, yapisal, mekanik, bariyer ve antimikrobiyal 0zellikler acisindan
degerlendirilmistir. Mekanik testlerde, P-CF Filmi daha iyi esneklik gosterirken, P Filmi en
yiiksek kopma uzamasi (%33.76) ve ¢ekme mukavemetine (0.46 MPa) ulagmigtir. Bariyer
ozellikleri, protein ve lif iceren filmlerin sadece protein veya lif igeren filmlere kiyasla daha diisiik
su buhar1 gegirgenligine ve 6nemli dl¢iide daha yiiksek oksijen gegirgenligine sahip oldugunu
gostermistir. Antimikrobiyal testler, hem P Filmi hem de P-CF Filmi’nin Staphylococcus aureus
ve Escherichia coli iizerinde etkili oldugunu ortaya koymus, P Filmi’nin ise Salmonella
typhimurium karsisinda tstiin inhibisyon gosterdigi belirlenmistir. Bu ¢aligma, biber ¢ekirdegi
yagl yan lriinlerinden elde edilen protein ve ham lifin antimikrobiyal yenilebilir filmlerin
gelistirilmesinde kullanilma potansiyelini vurgulamakta ve geleneksel ambalajlara siirdiiriilebilir
bir alternatif sunmaktadur.

Anahtar kelimeler: Yenilebilir film, antimikrobiyal, protein, ham lif.
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INTRODUCTION

Many large-scale food industry byproducts include
significant nutrients and chemicals that can be recovered and
repurposed. Among these by-products, proteins and fibers
are particularly noteworthy due to their potential use in a
range of sectors, including the production of edible films. By
lowering waste and encouraging recycling, the extraction of
these chemicals from waste not only increases the value of
the byproducts but also supports sustainable practices
(Kumar, Konwar et al. 2023). The waste produced during the
manufacturing of cold-pressed hot pepper oil is one
prominent example (Sandoval-Castro, Valdez-Morales et al.
2017). Peppers belong to the Solanaceae family's Capsicum
genus. Varieties high in capsaicin are known as hot peppers.
Significant waste is produced when peppers are processed
into sauces and spices, especially the seeds, which are high
in lipids, proteins, and bioactive substances. Because of its
significant bioactive content, cold-press extraction of pepper
seed oil is becoming more and more popular (Karaaslan,
Sengiin et al. 2021, Avci, Akcicek et al. 2024).

Edible coated films based on naturally occurring
renewable biopolymers have become a revolutionary
environmentally friendly food preservation technique as
environmental concerns become more pressing (Hadidi,
Jafarzadeh et al. 2022). Although biodegradability and
edibility are among their best features, edible coatings and
films' primary role is to protect food from environmental
effects such as microorganisms, oxygen, light and water
vapor. When compared to conventional packaging
technologies, edible coated films can control the flow of
water, oxygen, and solutes, thereby lowering moisture loss
and preventing interaction between food and spoiled
microorganisms (Wang, Ding et al. 2021, Sood and Saini
2022).

The use of natural polymers, including proteins,
polysaccharides, lipids and their mixtures, in food packaging
has increased in importance in recent years due to their
advantageous qualities such as non-toxicity, thermostability,
biodegradability and biocompatibility (Nguyen, Pham et al.
2022). Edible coatings can be made from environmentally
benign materials such as starch, chitosan, pectin, alginate, or
other mucilaginous seeds (Mohamed, El-Sakhawy et al.
2020, Capar 2023).

Recent research has looked into the usage of
protein-based films and fiber-protein composite films as
alternatives to traditional synthetic packing materials. These
biodegradable and edible films provide a viable alternative
for food packaging by combining barrier characteristics and
biodegradability (Wang, Ding et al. 2021). Since proteins
have good oxygen barrier qualities, functionality, and film-
forming ability, there have been a lot of research done on the

creation of edible films using proteins (Brito, Carrajola et al.
2019). Nevertheless, the mechanical and water vapor barrier
qualities of these coatings are limited. The development and
testing of composite edible films derived from biopolymers
has garnered significant attention in the field of food
packaging research in recent years (Ye, Han et al. 2019,
Huang, Xiang et al. 2021, Sani, Geshlaghi et al. 2021,
Homthawornchoo, Han et al. 2022). Proteins and fibers can
be added to these films to improve their functionality and
mechanical properties while also assisting in the creation of
environmentally friendly packaging options.

One significant advantage of edible films with
antimicrobial properties is their ability to extend the shelf life
of food products by inhibiting the development of dangerous
and spoiling bacteria (Galus & Kadzinska, 2015). This
function is essential to preserving food's safety and quality
(Galus and Kadzinska 2015). By lowering the requirement
for extra preservatives, antimicrobial edible films can satisfy
customer desire for less processed and more natural foods
while also promoting the clean label movement
(Dominguez, Barba et al. 2018). The antibacterial properties
of proteins and fibers in edible films have been the focus of
several inquiries (Dominguez, Barba et al. 2018,
Kandasamy, Yoo et al. 2021, Mercadal, Picchio et al. 2024).
Proteins like soy, whey, and zein have been demonstrated to
contain inherent antibacterial characteristics that interact
with microbial cell membranes, causing cell breakdown and
reducing microbial growth (Ghanbarzadeh and Oromiehi
2008, Alipour, Rahaiee et al. 2023, Jeon, Lee et al. 2023,
Mercadal, Picchio et al. 2024). For example, studies have
shown that whey protein films containing essential oils have
significant antibacterial effect against common foodborne
diseases such as Staphylococcus aureus and E. coli (Seydim
and Sarikus 2006). In addition, fibers especially those
sourced from plants help edible films retain their
antibacterial properties. Fibers such as cellulose, chitosan,
and pectin can be added to films to enhance their barrier
properties and produce a physical barrier that prevents germs
from penetrating (Dai, Huang et al. 2022).

This article primary goal is to determine whether it
is feasible to extract protein and fiber from by-products of
cold-pressed hot pepper oil in order to produce antimicrobial
edible films. By transforming food industry waste into
valuable resources, the research supports sustainable
practices and waste reduction. The study also demonstrates
the feasibility of using protein from these by-products as a
key component in edible films due to its natural
antimicrobial  properties, strong  oxygen  barrier
characteristics, and excellent film-forming ability. By
creating a physical barrier that prevents microorganisms
from penetrating, the crude fibers taken from hot pepper oil
by-products are thought to greatly improve the films' barrier
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qualities and increase their protective effectiveness. This
research fills a gap in the literature by being the first to
explore the combination of protein and fiber from hot pepper
oil by-products in the production of antimicrobial packaging
materials. This study provides a thorough assessment of the
mechanical, structural and barrier properties of edible films,
revealing that the combination of protein and fiber plays a
key role in enhancing water vapor barrier properties. The
research also investigates the antimicrobial effectiveness of
these films, demonstrating their ability to inhibit
Staphylococcus aureus, Escherichia coli and Salmonella
typhimurium. The findings underscore the significant
potential of these films in food packaging applications,
offering a promising approach to improving food safety
through natural, sustainable materials. Overall, this study
provides a sustainable, biodegradable alternative to
conventional packaging materials, contributing valuable
insights into the development of environmentally friendly
packaging solutions. The findings also pave the way for
future research and optimization of these films for broader
applications, aligning with modern environmental and
economic goals.

MATERIAL AND METHOD

Material: Pathogenic microorganisms, including
Staphylococcus aureus ATCC25923, Escherichia coli
BC1402, and Salmonella typhimurium RSSK95091, were
received from Beetech Biotechnology Limited Company in
Istanbul, Turkey. Cold-pressed hot pepper seed oil
byproduct was received from ONEVA Food Co. (Istanbul,
Turkey). MRS agar, MRS broth, nutritional agar, and 85%
glycerol were supplied by Merck (Darmstadt, Germany).

Protein and crude fiber isolation from cold-
pressed hot pepper oil by-product: Crude fiber and protein
were isolated from cold-pressed hot pepper oil by-product
(HPOB) using methods modified by (Avci, Akcicek et al.
2024). Initially, HPOB was diluted 1:15 (w/v). To enhance
protein yield, the diluted samples were ultrasonicated at
301.34 W for 3 minutes. The temperature during
ultrasonication was kept at 60°C. The mixture was
centrifuged at 10.000 rpm (15 min) at 25°C. To precipitate
the crude fibers, the supernatant was combined with 95%
ethanol at a ratio of 1:1(w/v) and centrifuged at 10.000 rpm
(15 min) at a temperature of 4°C. The crude fibers were then
isolated and stored until lyophilization. The pH at which the
zeta potential of the remaining liquid decreased to zero was
determined. After determining the proteins' isoelectric point
as pH 5.5, it was precipitated by centrifugation at 10.000 rpm
for 15 minutes at 25 °C. Proteins and crude fibers were
lyophilized with a freeze-drying apparatus (Martin Christ
GmbH, Beta 1-8 LSCplus, Germany).

Preparing film-forming solutions and films: Three
different kinds of film samples were made for this study:
protein, crude fiber, and their mixture. The production of
films is shown in the flow chart in Figure 1. The P film
included 5% protein, the P-CF film contained 5% protein
plus 2.5% crude fiber and the CF film contained 5% crude
fiber (w/v). These components were combined in distilled
water using a magnetic stirrer at 70°C for 1 hour. The
combination was then left to sit overnight at +4°C. In
addition, 2.5% (w/v) glycerol was added as a plasticizer, and
the mixture was agitated for 30 minutes in a sealed container
at 70°C in a water bath. The film preparations were placed
in 90 x 17 mm sterile Petri dishes and left to dry for 24 hours
at 35°C in a fan-assisted incubator. Subsequently, 30 g of the
film solution was poured into each sterile Petri dish.

Dilute HPOB: 1:15 (w/v)

Ultrasonication: 301.34
W for 3 minutes at 60°C

Centrifugation: 10,000
rpm for 15 minutes at
25°C

Combine Supernatant
with Ethanol: 95%
ethanol in a 1:1 ratio

Centrifugation: 10,000
rpm for 15 minutes at .
4°C /
| Crude Fiber

Centrifugation: pH, 5.5 ) }
and 10,000 rpm for 15
minutes at 25°C

g > |

/

uoneziiydoA

Protein

. 4

Mix with Distilled Water: Using a \
magnetic stirrer at 70°C for 1 hour

P Film: 5% protein, P-CF Film: 5%
protein + 2.5% crude fiber, CF Film: 5%
crude fiber

e )

Film Solution j
Preparation
C Mixture 24 hours at +4°C \,
4
Mixing: Add 2.5% (w/v) Glycerol and
mix in a water bath at 70°C for 30
minutes.
/@ ‘ Drying: 24 hours at 35°C in a fan-
\ ) -~ supported incubator

Created in BioRender.com bio

Figure 1. Flowchart of the produced film samples.

Structural characterization:

Thickness and optical properties: A digital
micrometer (Fowler Digitrix Mark 2, Chicago, USA) was
used to measure the film samples' thickness, and a Konica
Minolta Chromameter (CR-400, Minolta Co. Ltd., Osaka,
Japan) was used to measure the surface color characteristics
(L*, a*, and b*) (Tornuk, Sagdic et al. 2018). Color
measurements were taken by placing the film samples on the
colorimeter and selecting at least three random places from
each sample to measure the color parameters.
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Mechanical properties of the films: Tensile
strength (Karydis-Messinis, Kyriakaki et al.) and elongation
at break (E%) of the film samples were measured using a
texture analyzer (TA. XT Plus StableMicro Systems, Surrey,
UK) fitted with a 5 kg load cell in accordance with ASTM
D882-12 guidelines (Soukoulis, Behboudi-Jobbehdar et al.
2017). Initially, grip separation and crosshead speed were
chosen at 50 mm and 4 mm/s for rectangular film specimens
(10 cm x 2 cm), respectively. To determine TS and E (%),
each test was duplicated at least five times.

Water vapor permeability and oxygen
permeability: Water vapor permeability and oxygen
permeability were determined according to (Akman,
Bozkurt et al. 2021). Glass tubes containing silica gel were
heated to 105°C for 24 hours before analysis to remove any
moisture. Circular portions of each film sample were cut to
seal the tube apertures. These tubes were then weighed and
placed in a desiccator with distilled water at 30°C. Glass
tubes without film seals served as controllers. The tubes
were weighed every two hours for 24 hours. The water vapor
permeability (WVP) was determined using the following
equation:

wyp =L x>
=T APz

where w/t was determined by calculating the
amount of water absorbed by the system at steady state using
linear regression, and x, AP, and A stand for mean film
thickness (um), relative pressure difference (kPa), and film
area, respectively, at 25 °C.

For oxygen permeability, film samples were used to
seal conical tubes containing 20 milliliters of sunflower oil,
which were then kept at 60°C for nine days. After this time,
sodium thiosulfate titration was used to determine the oil
samples' peroxide value. The peroxide value was then used
to evaluate the films' oxygen permeability.

Scanning electron microscopy (SEM): The
morphological characterization of the films was conducted
using a field-emission scanning electron microscope (FE-
SEM) (Zeiss, EVO® LS 10) under vacuum conditions at an
accelerating voltage of 5 kV. Prior to imaging, the samples
were carefully prepared by mounting them onto an
aluminum stub to ensure stable positioning during analysis.
To enhance the conductivity of the samples and obtain high-
quality microstructural images, they were uniformly coated
with a thin layer of gold using a sputter coater. The imaging
was performed under a pressure of 300 Pa, and the surface
structures of the films were analyzed at a magnification of
3000x.

Differential  scanning calorimetry  (DSC):
Differential scanning calorimetry (DSC Q20, TA
Instruments, Inc., USA) was adjusted to measure the thermal
behavior of the films in accordance with the (Abdollahi,
Alboofetileh et al. 2013) approach. After weighing the film

sample in an aluminum pan, 5 mg was heated at 10 °C per
minute from 20 to 300 °C with a 20 mL/min N2 flow. An
empty metal pan served as a reference.

Infrared (FTIR) spectroscopic measurements: An
FTIR instrument (Bruker Tensor 27 spectrometer with the
DLa TGS detector, Bremen, Germany) was used to
undertake molecular characterization of the film samples.
The wavelength spectral range of 4000-400 cm™* was used
for the measurements (Mahcene, Khelil et al. 2020).

Antimicrobial activity: The antimicrobial analysis
was carried out using methods modified from previous
research by (Kopuz, Akman et al. 2024). The pathogens
tested were Staphylococcus aureus ATCC25923,
Escherichia coli BC1402, and Salmonella typhimurium
RSSK95091. It was activated in TSB broth medium and
standardized to around 10% CFU/ml. 100 pl of the required
bacterial sample concentration was disseminated on TSB
agar medium. UV-sterilized film samples (5% protein, 5%
crude fiber, and 5% protein + 2.5% crude fiber) were cut into
5x5 mm? pieces and placed on inoculated Petri dishes. A disk
with 10 pl of 30 pg/ml chloramphenicol was used as a
positive control in each Petri plate.

Statistical evaluation: IMB SPSS 25, a Windows-
based statistical analysis tool, was used to perform the
statistical analysis. The Tukey test was used to assess the
statistical differences between the means at the 95%
significant level after a one-way analysis of variance
(ANOVA) was carried out. Three separate analyses were
carried out.

RESULTS AND DISCUSSION

Thickness and color properties of the films: Color
and opacity are critical quality criteria that influence the
appearance and transparency of a film. These features have
a substantial impact on customer perceptions of food
products since brightness and color are frequently connected
with food quality (Kumar, Ramakanth et al. 2022). The L*,
a*, b*, and thickness values for the generated films are
shown in Table 1. The color parameters (L*, a*, b*) of the
developed films exhibit significant variations depending on
their composition. The L* value, representing lightness, was
highest in CF Film (74.95+£1.06), indicating a brighter
appearance, whereas P Film (63.62+2.87) and P-CF Film
(61.36+2.53) showed significantly lower values, suggesting
a darker coloration due to protein incorporation. The a*
value, which indicates the red-green spectrum, was highest
in P Film (9.39+2.33), followed by P-CF Film (6.60+1.83),
while CF Film had the lowest redness (0.53+0.22),
confirming that protein addition enhances the reddish hue of
the films, whereas crude fiber reduces this effect. Similarly,
the b* value, representing the yellow-blue spectrum, was
highest in P Film (43.7140.50) and lowest in CF Film
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(34.65£3.20), demonstrating that protein incorporation
intensifies the yellowish tint, while crude fiber addition leads
to a moderate reduction in yellow intensity. These results
indicate that protein addition darkens the films and enhances
red and yellow tones, whereas crude fiber moderates these
effects by maintaining a relatively lighter and less intense
color profile. Figure 2 depicts the film matrix's structure. It
is evident that P-CF Film and P Film are smoother and more
consistent than CF Film.

Table 1 Development and characterization of films from protein and crude
fiber obtained from cold-pressed hot pepper oil by-product.
Color parameters

Films Thickness = pe e

P Film 0.20+0.012 63.62+2.87°  9.39+2.33? 43.71£0.50°
P-CF Film 0.17+0.06* 61.36+2.53%  6.60+1.83° 39.66+0.81°
CF Film 0.23+0.02% 74.95£1.06°  0.53+0.22° 34.65+3.20°

P Film: 5% protein film, P-CF film: 5% protein and 2.5 crude fiber film, CF film: 2.5% crude fiber
film, a-c the different lowercases within the same column show that the results are significantly
different (P <0.05).

Table 1 reveals that the edible films ranged in
thickness from 0.17 to 0.23 mm, and varying concentrations
of components such as hot pepper protein isolate and crude
fiber resulted in nearly identical film thickness. According
to (Rawat and Saini 2024), film thickness is determined by
the nature and content of the film. Furthermore, the final
thickness of the films is strongly impacted by their
preparation and drying techniques (Omar-Aziz, Khodaiyan
et al. 2021).

P-CF Film

CF Film

Figure 2. Images of the produced film samples

Mechanical properties of the films

The study's findings clearly show that crude fiber
and protein affect the mechanical characteristics of edible
films. Table 2 illustrates the weakening effect of
polysaccharide fibers and other additives on film mechanical
strength. It shows that both P-CF film (0.34+0.01 MPa) and
CF film (0.07+0.00 MPa) exhibit significantly lower values
compared to the P film (0.46+0.00 MPa). The P-CF film has
the largest elongation at break (E) (%34.88+0.17), while
other films have lower values. These findings indicate that
hot pepper protein and crude fiber can improve the flexibility
of film structures, thereby broadening their applications.

Table 2. Mechanical and barrier properties of films
Tensile strength Elongation at break WVP

Films PV (meg/kg)

(MPa) (%) (g mm h' m2kpPa?)
Blank 73.13£5.542
P Film 0.46+0.00% 33.76+1.88% 3.94+0.542 55. 94+4.55b
P-CF Film 0.34+0.01° 34.88+0.172 2.84+0.27° 23.79+4.48¢
CF Film 0.07+0.00°¢ 23.09+0.21¢ 4.06+0.752 44.88+6.10°

P Film: 5% protein film, P-CF film: 5% protein and 2.5 crude fiber film, CF film: 2.5% crude fiber
film, a-c the different lowercases within the same column show that the results are significantly
different (P <0.05.

Tensile properties are generally affected by the
components, relative concentration and processing of the
film. Films with higher tensile strength typically have lower
elongation at break values. According to our research, the
film's tensile strength gradually decreased when CF was
added. P Film had the maximum tensile strength (0.46 MPa),
whereas P-CF Film had the highest elongation value
(34.88%). These results suggest that CF functions as a film
matrix plasticizer by forming hydrogen bonds with protein
molecules (Kamari and Phillip 2018, Yan, He et al. 2023).
Thus, crude fiber reduces the tensile strength by expanding
the pores in the film matrix. A study showed that the major
factors impacting the tensile strength of films were pectin
(P), alginate (A), and pectin whey protein
(Homthawornchoo, Han et al.) interaction; P and A
increased, while P/WP interaction decreased the tensile
strength value. Tensile strength was somewhat reduced by
interactions between A and WP. Similar results were seen
for elastic modulus (E), where the linear interaction between
A/WP and P/WP decreased the value while P and A raised it
(Chakravartula, Soccio et al. 2019). Similarly, protein alone
raised tensile strength and elongation values, whereas crude
fiber interaction decreased them.

According to the (Kocira, Koztowicz et al. 2021,
Zhu 2021) adding polysaccharides and bioactive substances
to film formulations can have a major effect on the
mechanical characteristics of the film, especially lowering
its tensile strength. This work is a significant step in
improving the mechanical characteristics of edible films and
creating more robust and flexible materials for uses like food
packaging.

Barrier properties of the films: Water vapor
permeability (WVP), one of the film's barrier qualities,
should be the lowest (Qin, Liu et al. 2020).Recently, several
natural components have been added to edible films in order
to improve their physical and functional features and
broaden their applications in food packaging (Ghanbarzadeh
and Oromiehi 2008, Sani, Geshlaghi et al. 2021, Zhu 2021).
At a temperature of 25°C, the WVP values of films
supplemented with varying amounts of protein and fiber
were measured. The range of WVP values was 2.84 to 4.06
gVmm/m? h\kPa. Table 2 demonstrates that films with both
protein and fiber had WVP values that were considerably
lower than films with either protein or fiber alone (p<0.05).
The considerable decrease in water vapor permeability in hot
pepper protein and fiber combinations is attributed to
hydrogen bonding and other intermolecular interactions
between the protein and fiber. The hydroxyl groups in the
protein and fiber that display hydrophilic qualities may be
reduced by newly created hydrogen bonds, which would
lower the protein-fiber films affinity for water vapor (Qin,
Liu et al. 2019). Several factors influence the permeability
and diffusion of gases through polymeric films, including the
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type of polymer, the film's physical characteristics, film
thickness, filler material content, and outside variables such
relative humidity and temperature (Kopuz, Akman et al.
2024).

The O2P values of the films are shown as peroxide
values (PV) in Table 2. Compared to the blank film with a
PV value of 73.13 meg/kg, the PV values of the films ranged
from 23.79 to 55.94 meqg/kg. The addition of protein and
crude fiber significantly improved the oxygen permeability
of the films (P < 0.05). The increase in oxygen permeability
(O2P) by adding only protein and crude fiber to the films
may be due to several factors. According to (Kocira,
Koztowicz et al. 2021) is that the incorporation of these
components may create a more porous film structure,
allowing for greater diffusion of oxygen molecules.
Additionally, the hydrophilic nature of proteins and fibers
could attract and retain moisture, which in turn can disrupt
the film matrix and facilitate the passage of oxygen. In
addition, the hydrophilic nature of proteins and fibers may
attract and retain moisture, which may disrupt the film
matrix and facilitate the passage of oxygen. Furthermore, the
increase in oxygen permeability (O2P) may be attributed to
the deterioration of the structural integrity of the film due to
the heterogeneous distribution of protein and fiber particles,

essure HV spot det  mode
0Pa 500kv 35 GSED SE

? 00Ky 35 GSED St ;
Figure 3 The surface (P Film: 5% protein film, P-CF film: 5% protein and 2.5 crude fiber film, CF film: 2.5% crude fiber film) of the composite films of the
scanning electron microscopy morphologies.

7.3mm 10.00ps Ista LU

which may create microvoids or channels (Pajak, Fortune et
al. 2013).

SEM: The permeability and mechanical properties
of the film matrix can be influenced by its structure, shape,
and homogeneity. The surface microstructure of the
generated films is displayed in Figure 3. Compared to other
films, the P-CF Film has a smoother surface. Additionally,
the P Film has a continuous matrix, great morphological
integrity, and a generally flat surface. The CF and P-CF
Films, on the other hand, have a rough surface
microstructure with few pores and indentations (Figure 3).
As mentioned, the patterns displayed by the P-CF and P
films differ from those of the CF films. Specifically, the P
Film displays an uneven matrix with irregular wrinkles,
indicating protein aggregation due to limited compatibility
induced by its more hydrophobic nature, in contrast to the
CF Films' very hydrophilic nature. (Jiang, Zou et al. 2020)
discovered comparable outcomes for composite films
containing carboxymethyl chitosan and whey protein
concentrate. SEM analysis revealed that these films
exhibited a more uniform and homogeneous structure, likely
due to the plasticizing effect of protein, which improved the
film matrix. The CF Film, in contrast, showed a rougher and
less cohesive surface, likely due to the fibrous nature of
crude fiber, which may have led to phase separation.




Kasapoglu & Avci, (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:2, (191-201)

DSC

DSC analysis was used to determine the impact of
protein interaction with crude fiber on thermal properties.
Table 3 illustrates how protein and fiber combinations
affect the melting temperatures and fusion enthalpies of the
films. The results showed that the melting temperatures of
the P Film, P-CF Film, and CF Film were 53.67 °C, 67.42
°C, and 79.78 °C, respectively. These numbers show that
the protein and fiber combination considerably changes the
films' thermal characteristics. In particular, the P-CF film's
lower melting point indicates that protein-fiber molecular
interactions weaken the film's stability, which lowers its
thermal stability. One crucial factor in assessing the film's
thermal stability is its denaturation temperature (Td). The
temperature at which a film changes from being brittle to
being soft and rubbery is denoted by Td. The material
possesses a glassy structure at temperatures below Td and
a rubbery state at temperatures over Td. In a related
investigation, the Td values for the Zein and SPI (soy
protein isolate) films were 77 °C and 86 °C, respectively,
while the Td value for the WGP (wheat gluten protein) film
was the highest at 106 °C (Duan, Zhou et al. 2023). These
results demonstrate that the hydrophilic properties of
proteins significantly impact thermal stability. More water
molecules may be drawn into the film matrix by a
hydrophilic structure, increasing inter-chain mobility and
lowering the Td value of the film. Protein and fiber
combinations decreased the thermal stability of the films,
making them less durable. These findings are important for
optimizing the structure and performance of protein films.
The "free volume theory", which explains the decrease in
hydroxyl groups and hydrogen bonds with the addition of
protein, can be used to explain this behavior. Tg and Tm
fall as a result of this process, which weakens the
biopolymer structure and increases molecular motions.
This increases intermolecular free space (Sadeghi-Varkani,
Emam-Djomeh et al. 2018).

Table 3. Thermal behavior of the films.

Films Tm (°C) AHm (J/g) Td (°C)

P Film 53.67£0.07° 82.91=0.05 254.56£0.10°
P-CF Film 67.42+0.04° 42.410.10° 234.2540.14%
CF Film 79.78+0.062 231.1440.02° 229.5140.20°

P Film: 5% protein film, P-CF film: 5% protein and 2.5 crude fiber film, CF film: 2.5% crude fiber
film, a-c the different lowercases within the same column show that the results are significantly
different (P <0.05).

FTIR: FTIR spectroscopy was used to examine
the molecular structure of the film samples, and the results
are shown in Figure 4. All film samples showed very
identical spectrum characteristics. FTIR spectroscopy is
well recognized as a valuable method for investigating
protein structural changes and the cross-linkages
connecting polysaccharides and protein amino groups. The
films showed absorption bands between 3000-3600 cm™,
indicating the presence of -OH groups and hydrogen

bonding among water molecules crude fiber strands
(Karydis-Messinis, Kyriakaki et al. 2024). The absorption
bands at 1629 cm™, 1535 cm™, and 1400 cm™! correspond
to C=0 stretching (amide 1), N-H bending (amide I1), and
N-H bending (amide I11), respectively, serving as critical
indicators for assessing the secondary structures of
proteins.

The FTIR spectra of P-CF films show a modest
decrease in peak strength at 1628 cm™, 1538 cm™, and
1400 cm™, indicating the creation of secondary structures
in the processed films. This suggests that structural
changes occurred during film processing. These results are
consistent with findings from other studies in the literature,
demonstrating the utility of FTIR spectroscopy in
understanding the structural characteristics of films
(Fernandez, Ausar et al. 2003, Ma, Xin et al. 2017,
Karydis-Messinis, Moschovas et al. 2023).

e P-CF Film
e P Film

CF Film

500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (cm-t)

Figure 4. Fourier transform infrared spectra of protein-crude fiber
containing composite films. (P Film: 5% protein film, b: CF film: 5%
crude fiber film, c: P-CF film: 5% protein and 2.5 crude fiber film).

Antimicrobial activity: The antibacterial activity
of the produced films was determined using the disc
diffusion method. This approach is extensively used to
evaluate the antibacterial characteristics of food packaging
materials (Noori, Khanjari et al. 2021). Edible composite
films incorporating bioactive chemicals with antibacterial
capabilities are more widely used and effective than other
packaging materials (Hematizad, Khanjari et al. 2021).

In Table 4, the results show that films containing
5% protein and 5% protein + 2.5% crude fiber have equal
inhibitory effects for both Staphylococcus aureus
ATCC25923 and Escherichia coli BC1402. However,
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against Salmonella typhimurium RSSK95091, the film
containing 5% protein had a much greater inhibitory effect
than the film containing 5% protein + 2.5% crude fiber
(Figure 5). The film containing 5% crude fiber did not
show antibacterial effects against any of the three
pathogens tested. Protein-based films have reduced
microbial ~ contamination by interfering  with
microorganisms' cell division, lowering cell viability and
halting proliferation.

Table 4. Antimicrobial activity of the films.

. Inhibition circle diameter (Avci et al.)
Bacteria

P Film CFFilm  P-CF Film Chloramphenicol
Staphylococcus aureus b 5
" a
ATCC25923 3.13+0.047 0 3.03+0.047' 4.13+0.094
Escherichia coli BC1402 3.06+0.124° 0 3.16£0.047° 4.08+0.0622
Sal 1 himuri
almonella — typhimurium 5 54, 0 0400 0 3060047  4.06£0.023°

RSSK95091

P Film: 5% protein film, P-CF film: 5% protein and 2.5 crude fiber film, CF film: 2.5% crude fiber
film, a-c different lowercase letters on the same line indicate that the results are significantly
different (P <0.05)

The lack of antibacterial activity in crude fiber-
based films could be attributed to the absence of
specialized antimicrobial processes found in protein-based
films. Protein-based films include bioactive chemicals or
peptides that can target and disrupt bacterial cell
membranes, effectively suppressing bacterial growth
(Fiorentini, Suarato et al. 2021, Yan, He et al. 2023).

AR i

Figure 5. Pétri 1: Staphylococcus aureus ATCC259‘2>3,

Petri 2:
Escherichia coli BC1402, Petri 3: Salmonella typhimurium RSSK95091,
a: P Film: 5% protein film, b: CF film: 5% crude fiber film, c: P-CF film:
5% protein and 2.5 crude fiber film, d: chloramphenicol.

CONCLUSION

This study introduces an innovative approach for
creating antimicrobial edible films using proteins and
crude fibers extracted from cold-pressed hot pepper seed
oil by-products. The films were categorized into three
types: P Film (5% protein), P-CF Film (5% protein and
2.5% crude fiber), and CF Film (5% crude fiber), and were
thoroughly evaluated for their structural, mechanical,
barrier, and antimicrobial properties. The structural
analysis revealed that P and P-CF Films exhibited
smoother surfaces compared to CF Film. Mechanical tests
indicated that P Film had the highest tensile strength (0.46
MPa) and elongation at break (33.76%), while P-CF Film
showed more flexibility. Films with both protein and crude
fiber had higher oxygen permeability and lower water
vapor permeability than those with either protein or fiber,
according to barrier characteristics. Differential scanning
calorimetry demonstrated that the combination of protein

and fiber resulted in reduced melting temperatures,
suggesting diminished thermal stability. Further insights
into the films' structures were provided by scanning
electron microscopy and Fourier-transform infrared
spectroscopy. Antimicrobial testing confirmed that both P
Film and P-CF Film were effective against Staphylococcus
aureus and Escherichia coli, with P Film showing superior
inhibition against Salmonella typhimurium. However,
there are limitations to consider. The reduced thermal
stability due to the combination of protein and fiber may
restrict the films' use in high-temperature applications.
While protein-based films exhibited higher tensile
strength, the inclusion of crude fiber led to decreased
tensile strength, indicating a trade-off that requires further
investigation. Additionally, although the films were
effective against certain pathogens, their antimicrobial
efficacy varied, with the 5% protein film showing
particularly  strong inhibition against Salmonella
typhimurium. Future research should focus on enhancing
the thermal stability of the films by incorporating
stabilizers or exploring alternative processing techniques.
Additionally, optimizing the balance between mechanical
properties and performance by experimenting with
different ratios of protein and fiber or additional additives
would be beneficial. Overall, this study successfully
demonstrates the potential of using protein and crude fiber
from pepper seed oil by-products for antimicrobial edible
films, providing a sustainable alternative to conventional
packaging materials. Future studies should focus on
optimizing the formulation of these edible films to enhance
their mechanical and barrier properties while ensuring
consumer acceptability, sensory quality, and compatibility
with various food products. Additionally, real-time storage
studies and consumer perception analysis would be
valuable in assessing their commercial viability and
practical application in food packaging.
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Abstract: This study aims to investigate the presence of Corynebacterium pseudotuberculosis
*\&: https:/forcid.org/0000-0002-1475-3041 and its antimicrobial susceptibility in cattle with subclinical mastitis in the Aegean Region. In
2024, 200 milk samples were collected from dairy farms in the region where subclinical mastitis
was identified using the California Mastitis Test. The samples were analyzed through culture,
Gram staining, and biochemical testing. Suspected isolates were confirmed using the VITEK 2
system and molecularly identified by PCR targeting the PIP gene. Antimicrobial susceptibility
was assessed via the Kirby-Bauer Disk Diffusion Method. Seven Corynebacterium

*Corresponding author’s: pseudotuberculosis isolates were identified in the analysis. Antimicrobial susceptibility tests

i A showed 71% sensitivity to enrofloxacin and gentamicin, 57% to amoxicillin-clavulanic acid, and
cpartment of Bacteriology, Izmir Bornova - . . .

Veterinary Control Institute, , 35040, izmir, 43% to oxytetracycline. In conclusion, although the detection rate of Corynebacterium

Tirkiye

52 cnuhay@grmail.com pseudotuberculosis was low, it remains a significant pathogen in cattle with subclinical mastitis.

Further studies on antibiotic resistance are essential for developing effective treatment strategies.

Keywords: Antimicrobial resistance, cattle, Corynebacterium pseudotuberculosis, PCR,
subclinical mastitis.

Ege Bolgesinde Yetistirilen Subklinik Mastitisli Sigirlarda Corynebacterium pseudotuberculosis
Varhginin Arastirilmasi ve Antimikrobiyal Duyarhhiklarnn Belirlenmesi

Oz: Bu galismanin amaci, Ege Bolgesi’nde subklinik mastitisli sigirlarda Corynebacterium
pseudotuberculosis varligint ve bu bakterinin antimikrobiyal duyarliligini arastirmaktir. 2024
yilinda Ege Bolgesi’ndeki siit iftliklerinden, California Mastitis Testi ile subklinik mastitis
saptanan 200 siit 6rnegi topland1. Ornekler kiiltiir, Gram boyama ve biyokimyasal testlerle analiz
edildi. Siipheli izolatlar, VITEK 2 sistemi kullanilarak dogruland: ve PIP geni i¢in PCR ile
molekiiler olarak tamimlandi. izolatlarin antimikrobiyal duyarliligi Kirby-Bauer Disk Difiizyon
Yontemi ile degerlendirildi. Yapilan analizlerde 7 adet Corynebacterium pseudotuberculosis
izolat1 tespit edildi. Antibiyogram sonuglarina gore izolatlarin enrofloksasin ve gentamisine %71,

;ig;’am'f%;ﬁ; amoksisilin-klavulanik aside %57, oksitetrasikline %43 duyarli oldugu belirlendi. Sonug olarak,
Yy - s g . . - ..
Bakteriyoloji Anabilim Dal, fzmir Bornova Corynebacterium pseudotuberculosis diisiik tespit oranlarina sahip olmasina ragmen subklinik
¥f’t§Fmer Kontrol Enstitlist, , 35040, Izmir, mastitisli sigirlarda dnemli bir patojen olarak degerlendirilmistir. Antibiyotik direnci ile ilgili
lirkiye . . sy e . [

B cnuhay@gmail.com daha fazla caligma yapilmasi, etkili tedavi stratejileri gelistirilmesi agisindan biiyiik Snem

tagimaktadir.

Anahtar kelimeler: Antimikrobiyal diren¢, PCR, sigw, subklinik sastitis, Corynebacterium
pseudotuberculosis
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INTRODUCTION

Mastitis is an infectious disease of the mammary
glands in mammals caused by various microorganisms,
characterized by inflammation and pus formation. As a
significant health issue in lactating animals, mastitis leads
to a decrease in milk production, alterations in milk
composition, and complications that can result in death if
left untreated. This disease, commonly observed in dairy
cattle farming, is reported to cause one of the largest
economic losses in the industry (Dufour et al., 2019; Ilhan,
2018; Sharun et al., 2021).

Mastitis is classified into clinical and subclinical
forms based on its progression (Schukken et al., 2014).
Visible changes in milk, such as clots, flakes, serum, or
even blood, are the primary indicators of clinical mastitis.
Whether the disease manifests as clinical or subclinical is
generally determined by the type and strain of the
pathogen. One of the main reasons mastitis causes
significant economic losses is its tendency to progress
predominantly in a subclinical form (Gokdag & Ciftei,
2021; Reyher et al., 2011, Savasan et al., 2023). One of the
subclinical ~ mastitis agents in cattle is C.
pseudotuberculosis (Yeruham et al., 1996). Additionally,
Corynebacterium  bovis, Corynebacterium  mastitis,
Corynebacterium amycolatum, Corynebacterium
minutissimum, and Corynebacterium ulcerans have also
been reported to cause mastitis in livestock (Hadimli et al.,
2006).

This study aims to investigate the presence of C.
pseudotuberculosis and determine its antimicrobial
susceptibility in milk samples collected from subclinical
mastitis cattle raised in the Aegean Region.

MATERIAL AND METHOD

The study material consisted of 200 milk samples
collected in 2024 from dairy cattle farms operating in the
Aegean Region, where subclinical mastitis was detected
using the California Mastitis Test. The samples,
transported to the laboratory under a cold chain, were
inoculated onto Columbia Agar (5% sheep blood,
Liofilchem) and incubated at 37°C for 24-48 hours.
Following the incubation period, small, white, dry, and
easily disintegrating colonies were Gram-stained. Gram-
positive small coccobacilli were selected and subcultured.
Colonies testing positive for catalase and negative for
oxidase in biochemical tests were identified as C.
pseudotuberculosis suspects and confirmed using the CBC
diagnostic kit designed for the VITEK 2 (bioMérieux)
system.

The molecular diagnostic method was used for the
identification of C. pseudotuberculosis. The DNA
extractions of isolates identified as C. pseudotuberculosis

were performed using a commercial DNA extraction Kit
(High Pure PCR Template Preparation Kit, Roche).
Molecular confirmation was carried out using primers
specific to the PIP gene of C. pseudotuberculosis (PIP F:
5’-AACTGCGGCTTTCTTTATTC-3’; PIP R: 5°-
GACAAGTGGGAACGGTATCT-3) (D’Afonseca et al.,
2010).

PCR mixtures (12.5 pL Xpert Fast Hotstart
Mastermix (2%, GRiSP), 2 uL forward primer, 2 puL reverse
primer, and 3.5 pL water) underwent amplification under
the following conditions: an initial denaturation at 94°C for
3 minutes, followed by 40 cycles of 94°C for 15 seconds
(denaturation), 54°C for 30 seconds (annealing), and 72°C
for 15 seconds (extension), with a final extension at 72°C
for 3 minutes. PCR reactions were performed using the
Techne TC-412 thermal cycler (Keison Products) with
Xpert Fast Hotstart Mastermix (2%, GRiSP) as the master
mix. (D’Afonseca et al., 2010).

Antimicrobial susceptibilities of the obtained C.
pseudotuberculosis isolates were determined by Kirby-
Bauer Disk Diffusion Method. A 0.5 McFarland
suspension was prepared from the isolates in fresh cultures
in physiological saline, transferred to Mueller Hinton Agar
(MHA) and Ileft for incubation. For antimicrobial
susceptibility testing, tetracycline (30 pupg, Oxoid),
oxytetracycline (30 pg, Bioanalyse), enrofloxacin (5 ug,
Bioanalyse), ampicillin/sulbactam (10/10 ug)
(Bioanalyse), amoxicillin/clavulanic acid (2/1) (30 png,
Oxoid), trimethoprim/sulfamethoxazole (1. 25 pg/23.75
pg) and gentamicin (10 pg, Oxoid) disks were used.
Antibiotic disks were placed in the media and incubated at
37°C for 24 h. Zone diameters formed after the incubation
period were measured and evaluated according to CLSI
2013 (Bauer et al., 1966, CLSI 2013).

RESULTS

Out of 200 subclinical mastitis milk samples
analyzed, 7 C. pseudotuberculosis isolates were identified,
which corresponds to 3.5% of the total samples. Isolates
yielded a specific 551 bp band for C. pseudotuberculosis
(Figure 1).

Figure 1. PIP gene (551 bp) PCR analysis electrophoresis image of
Corynebacterium pseudotuberculosis. PC: Corynebacterium
pseudotuberculosis positive control NCTC 3450; NC: Negative control
(sterilised ddH20); 1-2: Corynebacterium pseudotuberculosis positive
samples Marker: GRS Universal Ladder.

203



Nuhay, (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:2, (202-207)

Antimicrobial susceptibility testing of the isolates
was conducted using the Kirby-Bauer disk diffusion
method. The results are summarized in. Table 1. As a result
of antibiotic susceptibility tests, Enrofloxacin (71%) and
Gentamicin (71%) showed the highest susceptibility, while
Oxytetracycline (43%), Tetracycline (43%),
Amoxicillin/Clavulanic Acid (57%), and
Ampicillin/Sulbactam (29%) exhibited varying degrees of
susceptibility, with the highest resistance observed in
Trimethoprim/Sulfamethoxazole (86%) and
Ampicillin/Sulbactam (71%), and the evaluations were
conducted according to the CLSI 2013 reference.

Table 1. Antimicrobial resistance profiles of isolates.

Antibiotic Name Susceptible  Intermediate  Resistant Referans
Enrofloxacin 5(%71) 0 2(%29) CLSI 2013
Gentamicin 5(%71) 1(%14) 1(%14) CLSI 2013
Oxytetracycline 3(%43) 1(%14) 3(%43) CLSI 2013
Tetracycline 3(%43) 0 4(%57) CLSI 2013
Trimethoprim/Sulfamethoxazole 1(%14) 0 6(%86) CLSI 2013
Amoxicillin/Clavulanic Acid 4(%57) 0 3(%43) CLSI 2013
Ampicillin/Sulbactam 2(%29) 0 5(%71) CLSI 2013

DISCUSSION AND CONCLUSION

Mastitis cases in cattle are generally associated
with  Staphylococcus aureus, Streptococcus — spp.,
Escherichia  coli,  Trueperella  pyogenes, and
Corynebacterium spp. (Cantekin et al., 2015). Among the
Corynebacterium species associated with mastitis in
livestock, C. pseudotuberculosis, C. bovis, C. mastitis, C.
amycolatum, C. minutissimum, and C. ulcerans have been
frequently reported (Hadimli et al., 2006).

In this study, 200 milk samples collected from
subclinical mastitis cattle raised in the Aegean Region were
examined, and C. pseudotuberculosis was isolated from
3.5% (7/200) of the samples. Antimicrobial susceptibility
testing of the isolates revealed 71% susceptibility to
enrofloxacin and gentamicin, 43% to oxytetracycline, and
57% to amoxicillin-clavulanic acid. Susceptibility to
tetracycline was 43%, while susceptibility to trimethoprim-
sulfamethoxazole and ampicillin-sulbactam was found to
be 14% and 29%, respectively.

In Tiirkiye, a study conducted in Afyon province
on 500 milk samples from cattle with clinical and
subclinical mastitis reported the isolation rates of C.
ulcerans at 6.45% and C. bovis at 5.65% (Ozeng et al.,
2019). Another study in Konya province involving 500
milk samples from goats with clinical and subclinical
mastitis found a 23% isolation rate of Corynebacterium
spp. (Ciftei, 1996). In 2021, a study conducted in Soke
district of Aydin province on milk samples from
subclinical mastitis cattle reported a 17.97% isolation rate
of Corynebacterium spp. (Celik, 2021). A study in Yozgat
province involving 238 milk samples from cattle with
clinical mastitis reported the isolation of Corynebacterium
spp. at a rate of 13.79% (24 samples) (Ozavci et al., 2017).

Additionally, a study conducted on mastitis milk samples
from cattle in Konya, Kayseri, and Afyon provinces
reported a 3,12% isolation rate of C. pseudotuberculosis,
which remains the only study in Tirkiye identifying this
pathogen in mastitis cases (Hadimli et al., 2006).

In general, studies conducted in Tiirkiye have
focused on Corynebacterium spp. without extending
identification to the subspecies level. Isolation rates of
Corynebacterium spp. in mastitis cases have been observed
to vary between 11% and 23%. These differences are
thought to arise from variations in livestock management
practices across regions and differences in sample selection
methods used in the studies. When compared to the only
study in Tiirkiye identifying subspecies, which reported a
3.12% detection rate for C. pseudotuberculosis, the 3.5%
detection rate found in the present study shows a similar
result. (Hadimli et al., 2006).

Globally, cases of mastitis caused by C.
pseudotuberculosis have been reported in sheep, goats, and
cattle. A study conducted in Italy involving 120 milk
samples from mastitic sheep reported a 7% detection rate
of C. pseudotuberculosis (Rossi & Bianchi, 2016).
Similarly, a 2013 study in Brazil found that 14% of mastitis
cases in goats were caused by C. pseudotuberculosis (Silva
& Santos, 2013). In Egypt, C. pseudotuberculosis was
isolated from 12% of milk samples collected from 100
dairy goats (Abdelsalam & Ahmed, 2017). Additional
studies on mastitic goat milk reported isolation rates of C.
pseudotuberculosis at 8% in Spain in 2019 and 10% in
South Africa in 2021 (Van der Merwe & Botha, 2021,
Gonzalez & Garcia, 2019).

Studies focusing on cattle have also highlighted
cases of C. pseudotuberculosis mastitis. For instance, in
2021, a mastitis case in a cow in England was attributed to
C. pseudotuberculosis (Thompson & Wright, 2020).
Experimental research in Canada observed clinical mastitis
symptoms caused by C. pseudotuberculosis in 85% of
experimentally infected cows (Dorella et al., 2008). A 2015
study in New Zealand detected C. pseudotuberculosis in
5% of mastitis cases in cattle (McDonald & Jeffers, 2015).
In Australia, C. pseudotuberculosis was identified in 15%
of samples from 200 dairy cows (Connor & Quirie, 2010).
A 2011 study in the United States examined 29 cattle herds
and reported a 10% detection rate of C.
pseudotuberculosis, emphasizing the potential role of
vectors in the transmission of the infection (Baird &
Fontaine, 2011).

One of the most significant reports came from
Israel, where a mastitis outbreak caused by C.
pseudotuberculosis occurred in the summer of 2004. The
outbreak affected 32 cows, with the pathogen isolated from
25% of milk samples (Yeruham et al., 2004).
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The isolation of C. pseudotuberculosis in mastitis
cases is a significant issue both in Tiirkiye and globally.
Although the limited number of studies conducted in
Tiirkiye have reported low detection rates of this pathogen
in mastitis cases, it is considered an important pathogen,
especially ~ when evaluated alongside other
Corynebacterium species. Globally, reports of C.
pseudotuberculosis isolation in sheep, goats, and cattle
have shown varying prevalence across different regions.
This demonstrates that the pathogen exhibits diverse
distribution and impact among species and geographical
areas. The mastitis outbreak reported in Israel highlights
the potential of this pathogen to cause epidemics,
emphasizing the necessity for effective control strategies.

A study conducted in Balikesir province on C.
pseudotuberculosis isolates reported that the isolates were
susceptible to neomycin/bacitracin/tetracycline (81.2%),
amoxicillin/clavulanic acid (68.7%), cloxacillin (62.5%),
oxytetracycline (68.7%), tetracycline (56.2%),
ampicillin/sulbactam  (31.2%), penicillin/novobiocin
(75.0%), trimethoprim/sulfamethoxazole (18.7%), and
enrofloxacin (87.5%), while all isolates were resistant to
streptomycin (Ilhan, 2020).

In  Konya province, a study on C.
pseudotuberculosis isolates obtained from sheep abscesses
found that the isolates were susceptible to ampicillin
(37.5%), florfenicol (98.6%), cloxacillin (55.5%),
telithromycin ~ (91.6%), penicillin G (83.3%),
oxytetracycline (81.9%), rifampicin (81.9%), amoxicillin
(77.7%), ampicillin/sulbactam (76.3%), erythromycin
(69.4%), spiramycin (58.3%), gentamicin (81.9%), and
enrofloxacin (83.3%) (Sakmanoglu et al., 2015).

A 2024 study reported that four isolated strains of
C. pseudotuberculosis were susceptible to tilmicosin,
tetracycline, clindamycin, and ciprofloxacin (Babacan,
2024).

In Egypt, a study on C. pseudotuberculosis
isolates reported that the isolates were susceptible to
ciprofloxacin (96.2%), amikacin (90.4%), neomycin
(88.5%), and streptomycin (80.8%), while they showed
resistance to penicillin (96.2%) and erythromycin (92.3%)
(Algammal, 2016).

In a study by Robaj et al. (2017), C.
pseudotuberculosis isolates were found to be susceptible to
penicillin and erythromycin (100%), tetracycline (95%),
gentamicin (90%), cephalothin (85%), streptomycin
(80%), amoxicillin  (75%), ceftriaxone  (70%),
ciprofloxacin (65%), and trimethoprim/sulfamethoxazole
(60%).

In another study conducted by El Damaty et al.
(2023) in Egypt, C. pseudotuberculosis strains were found
to be resistant to florfenicol and bacitracin (100%),

penicillin (92.6%), and erythromycin (92.6%), but fully
susceptible to norfloxacin.

In this study, the antibiotic susceptibility profiles
of C. pseudotuberculosis isolates were evaluated (CLSI,
2013). The isolates demonstrated susceptibility rates of
71% for enrofloxacin and gentamicin, 43% for
oxytetracycline, and 57% for amoxicillin/clavulanic acid.
Susceptibility to tetracycline was found to be 43%, while it
was 14% for trimethoprim/sulfamethoxazole and 29% for
ampicillin/sulbactam.

The susceptibility and resistance profiles of C.
pseudotuberculosis strains to various antibiotics appear to
be highly variable. This variability can be attributed to
factors such as the country, region, and environmental
conditions where the study was conducted, as well as the
diversity and frequency of antibiotic treatments applied to
the animal population from which the isolates were
obtained. In Tiirkiye, the increase in antibiotic resistance
against agents like C. pseudotuberculosis may be linked to
the indiscriminate and unnecessary use of antibiotics. The
lack of guidelines for therapeutic and prophylactic
antibiotic use, as well as non-compliance with treatment
durations, are among the factors contributing to the spread
of resistant strains.

Therefore, raising awareness about the rational
use of antibiotics, adopting treatment approaches based on

susceptibility testing, and implementing resistance
monitoring programs are of great importance.
Additionally, studying resistance mechanisms could

contribute to the development of effective treatment
strategies.

In conclusion, it was determined that subclinical
mastitis cases in cattle raised in the Aegean Region could
be caused by C. pseudotuberculosis, and the antimicrobial
susceptibility data obtained in this study should be
considered when implementing treatment strategies for
affected animals.
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bozulma ve dogal kaynaklarin siirdiiriilebilir kullanimina altyapi, dogal siireglerin korunmas ve sirdiiriilebilir bir

sekilde yonetilmesi amaciyla stratejik olarak planlanan
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dogal, yar1 dogal ve yapisal elemanlardan olusan bir agdir
(Benedict & McMahon, 2012). Bu sistem, biyolojik
cesitliligin korunmasi, su yonetimi ve iklim degisikligi ile
miicadele gibi kritik ekosistem hizmetlerinin siirdiiriilebilir
yonetimine katkida bulunmaktadir (Sahin et al., 2014b;
Gormiis et al., 2020; Demiréren Civan and Gormiis Cengiz,
2023; Sevingli & Bayrakei, 2024; Oguztirk & Yiiksek,
2024).

Son yillarda yesil altyapi, kentsel direncliligi
artirma ve cevresel siirdiiriilebilirligi saglama konularinda
one ¢ikmugtir. Sevingli ve Bayrakci (2024), iklim degisikligi
etkilerine uyum saglama ve kentsel altyapinin direngliligini
artirma konularinda yesil altyapin etkilerini kapsamli bir
sekilde incelemistir. Ergiin ve Polat (2024), Tirkiye
baglaminda yesil yenilenebilir enerji
tiketiminin ¢evresel siirdiiriilebilirlik {izerindeki olumlu
etkilerini analiz etmis ve bu baglamda yesil altyapiin
yalnizca ¢evresel degil, ekonomik ve sosyal siirdiiriilebilirlik

inovasyon ve

acisindan da kritik bir gereklilik oldugunu vurgulamastir.
Ankara, Tirkiye'nin baskenti tarihi,
mekansal ve ekolojik anlamda biiyiikk bir 6neme sahiptir.
Ancak kentin hizli biiylimesi ve mekansal doniisim
stiregleri, dogal peyzaj lizerinde baski olusturarak ekolojik
islevlerin kaybina neden olmaktadir. Ankara’nin zengin
jeolojik yapisi, hidrolojik o6zellikleri ve ¢esitli habitat
Ogeleri, yesil altyapr planlamasi i¢in 6nemli bir potansiyel
sunmaktadir. Gormiis et al. (2020), Ankara’nin kentsel
vadilerinde yer alan akarsu ekosistemlerinin korunmasinin,

olarak

kentsel ekosistemlerin devamlilif1 agisindan tasidigi 6nemi
vurgulamaktadir. Caligmada, bu vadilerin dogal siire¢lerinin
ve ekolojik potansiyellerinin yesil altyapt yaklagimlar
cergevesinde degerlendirilmesinin biiyiikk Onem tagidigi
ifade edilmistir.

Bu calisma, Giines (2017) tarafindan yiiriitiilen
doktora tezinin bulgularina dayanilarak gelistirilmistir. S6z
konusu tezde, Ankara ili 6zelinde yesil altyap1 planlamasimin
kentsel kimlik ile etkilesimi incelenmis ve Cumbhuriyet
donemi 6rnekleri lizerinden yesil ag planlarinin sehirle olan
baglantilar1 degerlendirilmistir. Ankara’da 2004 yilinda

gelistirilen Yesil Yol Planlamasi (Arslan et al., 2004) kentin
ekolojik koridorlarinin siirdiiriilebilir yonetimi i¢in temel bir
cergeve sunmustur. Ancak, zaman i¢inde mekansal biiyiime
ve kentsel yayilma nedeniyle bu planin etkinligi azalmistir.
Bu c¢alisma, Yesil Yol Planlamasi kapsaminda belirlenen
eksiklikleri degerlendirerek,yesil altyap: modeli gelistirmeyi
amaglamaktadir.

Bu kapsamda, peyzaj koruma degeri yiiksek
alanlarin  belirlenmesi ve bu alanlarin  siirdiiriilebilir
yonetimine odaklanmaktadir. Yiizey akis potansiyeli, toprak
gecirgenligi ve erozyon riski gibi dogal stirecler kapsamli bir
sekilde analiz edilmis ve bu siireglerin peyzaj tizerindeki
etkileri detayli bir sekilde ortaya konmustur (Sahin vd.
2014). Rekreasyonel potansiyeli yiiksek alanlar belirlenmis
ve bu alanlarin siirdiiriilebilir kullanimi i¢in Oneriler
gelistirilmigtir. Calismada, En Diisiik Maliyetli Yol (Least-
Cost Path, LCP) Analizi kullanilarak ekolojik ve sosyal
islevselligi destekleyen baglanti koridorlar: tasarlanmigstir
(Tecim, 2008; Beier et al., 2008; Bagli et al., 2011; ESRI,
2021). Ankara’nin mekansal gelisimi g6z Oniine alindiginda,
LCP yontemi, ekolojik aglarin siirekliligini saglamak ve kent
icindeki yesil baglantilar1 giiclendirmek igin stratejik bir
yaklasim sunmaktadir.

Sonug olarak, bu ¢alisma, Ankara ili i¢in gelistirilen
yesil altyapt modelinin hem ekolojik hem de sosyal
stirdiiriilebilirlige katki sundugunu ortaya koymaktadir.
Literatiirde, yesil altyap1 planlamalarinin yalnizca c¢evresel
fayda saglamakla kalmayip, aynt zamanda kentsel yagam
kalitesini artirarak ekonomik ve sosyal siirdiiriilebilirligi
destekledigi vurgulanmaktadir (Natural England, 2009;
Costanza et al., 1997). Bu baglamda, Ankara i¢in gelistirilen
model, benzer kentsel ve ekolojik yaprya sahip diger sehirler
icin de uygulanabilir bir 6rnek sunmaktadir.

MATERYAL VE METOT

Calisma alami: Bu c¢alisma, Ankara il sinirlar
igerisinde yer alan dogal siireglerin analizini kapsamaktadir.
Calisma alani, 25.978 km? yiizdl¢limiine sahip Ankara ili
biitiinlinii kapsamaktadir (Sekil 1).
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Sekil 1. Calisma alani konumu (Giines, 2017).
Figure 1. Location of the study area (Giines, 2017).
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Yontem:
Arastirma Tasarimi: Bu calisma, Ankara ili
icerisinde  ekolojik ve rekreasyonel ag
baglantilarinin belirlenmesini amaglayan nicel ve CBS
tabanli bir mekansal analiz arastirmasidir. Arastirmanin
yontem asamalar1 Sekil 1°de gosterildigi gibi siralanmustir.
Bu siireg, veri toplama agamastyla baslamis, ardindan peyzaj
yapisinin ve iglevselliginin analiz edilmesiyle devam
etmistir. Daha sonra rekreasyonel ve ekolojik baglantilar
belirlenerek, yesil koridorlarin optimizasyonu i¢in En Diigiik
Maliyetli Yol (LCP) Analizi uygulanmistir (Sekil 2).

simirlari

Ekolojik ve
Rekreasyonel
Baglantiilik modeli

Peyzaj koruma
degeri ylksek
alanlarin
\_ belirlenmesi )

h Peyzaj islevinin Analizi

Yuzey akis potansiyeli
Toprak gegirimliligi
Toprak erozyon riski

Peyzaj Yapisinin Analizi
Bitki értsd varhgi
Koruma alanlan
ODA \__"*

Rekreasyon
odaklarinin

belirlenmesi

Baglantililik analizi
(En uygun guzergah
analizi)

Sekil 2. Arastirma Yontemi Akis Diyagrami.

Figure 2. Research Method Flowchart.

Veri Kaynaklari: Arastirmada kullanilan veriler
CBS ve literatiir taramalariyla toplanmis ve su gesitli veri
setlerinden olusmustur:

e 2023 Ankara Baskent Nazim Imar Plani

e 1/25.000 olgekli topografik ve toprak haritalart
(KARTO-25)

e 2012 CORINE Arazi Ortiisii verisi

e Ankara'daki hidrolojik veriler (akarsular, barajlar,
goller)

e Ankara'da 22 meteoroloji istasyonuna ait yagis verileri
(1927-2016)

e Peyzaj koruma statiisii tagiyan alanlar (tabiat parklari,
tabiat anitlar, sulak alanlar vb.)

Mekansal  Analizler:  Yesil ag
olusturulabilmesi ig¢in Ankara ilinde peyzaj yapis1 ve islevi
incelenmis ve su analizler gergeklestirilmistir:

Peyzaj Yapistnin Analizi (Sahin vd., 2014a)

o Bitki ortiisii varligi: CORINE verisi kullanilarak bitki
ortiisli ve arazi kullanimi belirlenmistir.

planinin

o  Koruma Alanlari: Tabiat Parklari, Tabiat Anitlari,
Tabiat1 Koruma Alanlari, Milli Park, Yaban Hayatini
Gelistirme Sahalar1 ve Sulak Alanlar olmak {izere
koruma statiisii ile korunan alanlar haritalandi.

e Onemli Doga Alanlart (ODA): Eken vd. (2016)
caligmasindan yararlamlarak ODA alanlar1 analiz
edildi.

Peyzaj Islevselliginin Analizi (Sahin vd., 2014a):

o Yiizey Akis Potansiyeli ve Toprak Gegirgenligi: ABD
Toprak Koruma Servisi'nin (SCS) Yiizey Akist Egri
Numarasi (CN) Yontemi kullanilmistir.

e Erozyon Risk Analizi: Toprak verileri ve hidrolojik
ozellikler alanlar
belirlenmistir.

Rekreasyon Odaklar: ve Yesil Koridor Tasarimi

iizerinden erozyona duyarli

e Rekreasyon Alanlarinin Belirlenmesi: Bitki ortiisii, su
ogeleri ve ODA kriterleri esas alinarak rekreasyon
alanlar1 belirlenmistir.

o Yesil Koridorlar: Kentsel merkezleri ekolojik ag ile
baglayan koridorlar olusturulmustur.

e Bisiklet ve Yaya Yollari: Egim analizleri esas alinarak
en uygun bisiklet yollar1 planlanmistr.

En Diisiik Maliyetli Yol (LCP) Analizi: Ekolojik
ve rekreasyonel baglantilarin optimize edilmesi amaciyla En
Diisiik Maliyetli Yol (LCP) Analizi uygulanmistir. Bu
analiz, peyzaj direnci iizerinden en uygun baglanti yollarini
belirlemek i¢in kullanilmistir.

LCP Analiz Asamalari:

Kaynak ve Hedef Alanlarin Belirlenmesi:EKolojik
yamalar ve rekreasyon noktalari belirlenmistir (McRae
et.al., 2008).

Maliyet Yiizeyi Olusturma: CBS kullanilarak arazi
kullanimi, egim ve insan etkisi verilerine dayanarak direng
yiizeyleri olugturulmustur (Pinto & Keitt, 2009).

LCP Analizi Uygulama: Peyzaj
arasindaki en uygun baglanti yollar1 belirlenmistir.

Tiim haritalar, ArcGIS yazilimi kullanilarak
ED_1950 UTM_Zone_36N  projeksiyon  sisteminde
hazirlanmis ve analizler numaralandirilmustir.

elemanlar1

BULGULAR

Calisma sonucunda, Ankara ili genelinde ekolojik

ve c¢evresel siireclerin  peyzaj Tlzerindeki etkilerini
degerlendirmek amactyla kapsamli analizler
gerceklestirilmis ve peyzaj koruma degeri yiliksek alanlar
tespit edilmistir.

Peyzaj yapisinin analizi kapsaminda dncelikle bitki
ortiisii varlig tespit edilmistir. Tablo 1'de, CORINE arazi
ortiisti verilerindeki bitki Ortiisiine sahip alanlara ait kodlar
ve bu kodlarin aciklamalart detayli bir sekilde
sunulmaktadir. Ardindan, bitki ortiisii, su dgeleri ve koruma
statiisiine sahip alanlar birlestirilerek peyzaj deseni haritasi
olusturulmus ve bu harita, koruma altindaki alanlarin
dagilimin1 ve peyzajin mevcut yapisal 6zelliklerini ortaya
koymustur (Sekil 3).
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Tablo 1. CORINE Arazi Ortiisii Kodlar1 ve Bitki Ortiisii Varligina iliskin Aciklamalar (Diizey 1, 2 ve 3) (T.C. Orman ve Su Isleri Bakanlig1, 2012).
Table 1. CORINE Land Cover Codes and Explanations Related to VVegetation Presence (Levels 1, 2, and 3).

Diizey 1 (Genel Kategori) Diizey 2 (Alt Kategori)

Diizey 3 (Detayh Sinif)

1.Yapay bolgeler Yapay ve tarimsal olmayan yesil alanlar

141 Kentsel agik ve yesil alan
142 Spor-eglence alani

2.Tarimsal alanlar 2.3 Meralar

231 Meralar

3. Orman ve Yar1 Dogal Alanlar 3.1 Ormanlar

311 Genis yaprakh orman

312 igne yaprakli orman
313 Karigik orman

3.2 Maki ve otsu bitkiler

321 Dogal gayr
324 Bitki degisim alani

3.3 Bitki ortiisii ile kapli olmayan veya az miktarda bitki ortiisii ile kaph agik alanlar

333 Seyrek bitki alant
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Sekil 3. Ankara ilinde peyzaj deseninin mekansal dagilimi (Giines, 2017).
Figure 3. Spatial distribution of landscape pattern in Ankara (Giines, 2017).
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Peyzajin islevsel 6zelliklerini belirlemek amaciyla,
yiizey akis potansiyeli, toprak gecirgenligi ve erozyon riski
analiz sonuglart birlestirilerek ekolojik islevlere dayali bir
peyzaj islev haritas1 hazirlanmistir. Yiizey akis potansiyeli,
Yiizey Akis1 Egri Numarasi yontemiyle hesaplanmistir. Bu
dogrultuda, hidrolojik toprak gruplari ve CORINE arazi
ortiisii verileri CBS ortaminda birlestirilerek her bir poligon
icin CN numaralar1 atanmistir. Ankara ili ve ¢evresindeki
toplam 22 istasyon verisinden elde edilen yillik ortalama
yagis  verileri, Kriging enterpolasyon  yontemiyle
birlestirilmis ve yiizey akis potansiyelini belirlemek
amactyla analiz edilmistir. Olusturulan yiizey akis
potansiyeli haritasinda, ylizey akis miktar1 yiiksek ve ¢ok
yiiksek olan alanlar peyzaj islevi agisindan kritik dneme
sahip olarak degerlendirilmis ve Sekil 4’de sunulmustur.

Toprak gegirimliligi, hidrolojik toprak gruplarina
gore analiz edilmis ve dort sinifa ayrilmistir: A smifi (yiliksek
infiltrasyon), B sinifi (orta-diisiik yiizey akis1), C sinifi (orta-
yiiksek yiizey akist) ve D sinif1 (yiiksek ylizey akisi). Peyzaj
islevi agisindan, Oncelikli olarak A ve B siniflari
degerlendirilmistir. Erozyon risk analizi, ilke et al. (2016)
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yontemine gére egim, baki ve toprak koruma diizeyi verileri
kullanilarak olusturulmustur. Baki analizi sonucunda giiney
bakanlar ve diger bakanlar olmak {izere iki siniflama
yapilmistir. Egim analizi ise %12’den biiyiik alanlar yiiksek
risk, %12’den kiiciik diisiik risk olarak
siniflandirmistir. CORINE verileriyle degerlendirilen tarim
alanlar1, diisiik toprak koruma derecesine sahip olarak
belirlenmistir. Verilerin birlestirilmesiyle yliksek ve ¢ok
yiiksek erozyon riski tagiyan alanlar tespit edilerek, Sekil
5°de pembe ve kirmizi renklerle sunulmustur. Ozellikle
diisiik toprak gecirgenligi ve yiiksek eg§im oranina sahip
bolgeler, erozyona karsi hassas alanlar olarak oncelikli
miidahale gerektiren bolgeler olarak tanimlanmstir.

Son olarak yiizey akis potansiyeli, toprak
gecirgenligi ve erozyon riski haritalarinin ¢akistirtlmasi ile
olusturulan peyzaj islevi haritasi, su ydnetimi ve erozyon
kontrolii agisindan oncelikli bolgeleri tanimlamakta ve
stirdiiriilebilir ekolojik hizmetlerin saglanmasi i¢in temel bir
ara¢ sunmaktadir. Peyzaj islevlerinin degerlendirilmesi
kapsaminda, yiiksek ve ¢ok yiiksek islev potansiyeline sahip
alanlarin belirlenmesi i¢in asagidaki kriterler esas alinmugtir:

alanlar1
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Sekil 4. Ankara ilindeki yiizey akis potansiyeli dagilimi (Giines, 2017).
Figure 4. Distribution of surface runoff potential in Ankara (Giines, 2017).
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Sekil 5. Ankara ilindeki erozyon risk bolgeleri (Giines, 2017).
Figure 5. Erosion risk areas in Ankara (Giines, 2017).

e  Yiizey suyu akis potansiyeli: Yiksek ve ¢ok
yiiksek akis potansiyeline sahip alanlar,

e Toprak gecirimliligi: Yiiksek yiizey akis
potansiyeli tasiyan topraklar (D smifi) ve orta-yiiksek
yiizey akis potansiyeline sahip topraklar (C simnifi),

e  Erozyon riski: Yiiksek ve ¢ok yiiksek erozyon
riski tasiyan alanlar.

Bu olgiitler birlestirilerek, Sekil 6’da gosterildigi
gibi, herhangi bir islev agisindan ¢ok yiiksek ya da yiiksek
degere sahip alanlar tanimlanmistir. Bu alanlar i¢in peyzaj
islevleri dogrultusunda &nemli yer altt suyu beslenme
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alanlarinin korunmasi, yiizey akisinin yonetimi ve erozyon
kontrolii gibi stratejik hedefler ve politikalar gelistirilmesi
onerilmektedir (Sahin vd., 2014Db).

Sonug olarak, peyzaj koruma degeri yiiksek
alanlarin belirlenmesi amaciyla, peyzaj deseni ile yiiksek

ve c¢ok yiksek islev potansiyeline sahip alanlar
birlestirilmistir. Ankara ili genelinde, bir alanin hangi
yapisal veya islevsel Ozelligi nedeniyle peyzaj koruma
degerinin yiiksek oldugunu analiz edebilmek igin, Sekil
7’de gosterilen ayrintil bir harita olusturulmustur.
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Sekil 6. Ankara ilinde peyzaj islev bolgelerinin haritalanma

s1 (Giines, 2017).

Figure 6. Mapping of landscape function areas in Ankara (Giines, 2017).
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Sekil 7. Ankara ilindeki peyzaj koruma degeri yiiksek alanlar (Giines, 2017).
Figure 7. High landscape conservation value areas in Ankara (Giines, 2017).

Ankara’min  dogal peyzajinin  rekreasyonel
potansiyeli degerlendirilmis ve bitki Ortiisti, su ogeleri,
korunan alanlar ile 6nemli doga alanlar1 dikkate alinarak
rekreasyon odaklar1 tanimlanmistir. Bu odaklar, ekolojik
islevlerin korunmasi ile sosyal siirdiirtilebilirlik hedeflerini

birlestiren alanlar olarak tanimlanmistir. Ayrica, bu
odaklarin topografik uygunluk, akarsular, ulasim hatlari ve
dogal-yapay koridorlarla baglantili analizleri
gerceklestirilmistir.  Dogan  (2012)’nin  ¢aligmasinda
kullanilan yontem dogrultusunda, bu odaklara erigim i¢in
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en yakin yerlesim yerleri, ulasim hatlar1 ve kentsel
baglantilar goéz Oniinde bulundurulmus, 1000 metreye
kadar yaya erisimi saglanabilir bolgeler
onceliklendirilmistir (Sekil 8). Bu yontemle, rekreasyon
alanlarinin erisilebilirligini artirmak ve dogal koridorlarla
uyumlu bir altyapi ag1 olusturmak hedeflenmistir.
Ayrica, rekreasyon  odaklarmin
baglanmasi i¢in yesil koridor giizergahlar1 planlanmis ve
bu giizergahlar, yaya yollar1 ve bisiklet yollarini iceren
stirdiiriilebilir baglantilar1 kapsamaktadir (Sekil 9, Sekil 10

birbirine

ve Sekil 11). Gilizergahlarin tasariminda topografik
uygunluk temel alinmis ve bu dogrultuda iki farkli bisiklet
giizergah1 onerilmistir. {lk giizergah, egim oran1 %6’nin
altinda olan yollart kapsamig; bu gilizergah, kullanici
konforunu artirmak amaciyla diiz ve kolay erigilebilir
rotalar olarak tasarlanmustir. Ikinci giizergah ise %6 ile
%12 arasinda degisen egimlere sahip rotalari igermis ve bu
rotalar, daha zorlu ancak rekreasyonel agidan zengin
deneyimler sunan bolgeler olarak planlanmustir.
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Sekil 8. Ankara ilinde peyzaj deseninin mekansal dagilimi (Giines, 2017).

Figure 8. Spatial distribution of landscape pattern in Ankara (Giines, 2017).
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Figure 9. Recreational connection and green corridor routes (Giines, 2017).
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Sekil 11. Rekreasyon odaklari igin onerilen bisiklet giizergahi - Alternatif 2 (Giines, 2017).
Figure 11. Proposed bicycle route for recreational hubs - Alternative 2 (Giines, 2017).

Bu giizergahlarin tasariminda En Disiik Maliyetli
Yol (Least-Cost Path, LCP) Analizi temel alinmistir. Bu
analiz, giizergahlarin dogal peyzajla biitiinlesik bir sekilde
tasarlanmasini saglamis, kullanic1 konforunu ve ekolojik
baglantililign  artirmayr  hedeflemistir.  Ozellikle,
giizergahlarin dogal koridorlar ve mevcut ulagim aglariyla
uyumlu hale getirilmesi, hem cevresel siirdiiriilebilirligi
hem de sosyal islevselligi desteklemistir. LCP analizi ile
belirlenen bu giizergahlar, Ankara’nin rekreasyon
alanlarmin kentsel merkezlerle baglantisini saglayan
entegre bir altyap1 ag1 sunmaktadir.

Sonug olarak, yapilan analizler ve elde edilen
haritalar, Ankara ilinde ekolojik baglantilarin korunmasi,
dogal siireglerin siirdiiriilebilir sekilde yonetilmesi ve

sosyal faydalarin artirtlmasi i¢in entegre bir yaklagimin
gerekliligini ortaya koymaktadir. Rekreasyon odaklari ile
kentsel merkezler arasinda baglantiy1 saglayan koridorlarin
planlanmasi, hem ekolojik hem de sosyal siirdiiriilebilirlik
hedefleri dogrultusunda 6nemli bir adim teskil etmektedir.
Bu bulgular, Ankara ili 6zelinde gelistirilen yesil altyap1
modelinin, diger sehirler igin de &rnek olabilecek bir
planlama ¢ercevesi sundugunu gostermektedir.

TARTISMA VE SONUC

Bu calisma, Ankara ili icin gelistirilen yesil
altyapi modelinin, ekolojik ve sosyal siirdiiriilebilirlik
cergevesinde oOnemli bir referans sundugunu ortaya
koymaktadir. Arastirma sonucunda, peyzaj koruma degeri
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ylksek alanlar belirlenmis ve bu alanlarin, ekosistem
hizmetlerinin stirekliligini saglama ve biyolojik ¢esitliligi
koruma agisindan kritik 6neme sahip oldugu tespit
edilmistir. Yiizey akis potansiyeli yiiksek ve diisiik
gecirgenlige sahip bolgeler, su kaynaklarinin korunmasi ve
erozyon kontroli i¢in  Oncelikli alanlar olarak
vurgulanmigtir. Bu bdlgelerde onerilen yesil koridorlar,
stirdiiriilebilir yagmur suyu yonetimini desteklemekte ve
mavi-yesil altyapinin (BGI) 6nemini vurgulamaktadir

(Kaur & Gupta, 2022). Rekreasyon odaklariin
tanimlanmasi ve bu odaklarin kentsel merkezlerle
baglantisinin  saglanmasi i¢in siirdiiriilebilir ulagim

giizergahlar1 planlanmistir. Yesil koridorlar, yaya yollart
ve bisiklet yollarim1 kapsayan bu giizergahlar, topografik
uygunluk ve kullanici erisilebilirligi esas alinarak en uygun
sekilde tasarlanmistir. Potansiyel bisiklet giizergahlar1 i¢in
yapilan analizler, egim durumuna bagli olarak iki farkli
rota Onerisini icermektedir. Bu caligma, yesil altyap:
planlamasinin ekolojik  hem de
stirdiiriilebilirligi destekleyebilecek
uygulanabilecegini ortaya koymaktadir.
Arastirma bulgulari, mevcut literatiirle c¢esitli
yonlerden uyumlu ve destekleyici niteliktedir. Ozellikle
Arslan vd. (2004) tarafindan yiiriitilen Ankara kenti yesil
yol  planlamast ile bu c¢alismanin  bulgular
karsilastirildiginda, her iki ¢alismanin da ekolojik, kiiltiirel
ve rekreasyonel baglantilar1 giiclendiren bir planlama
yaklasimi  benimsedigi  goriilmektedir. Arslan ve

hem sosyal

sekilde

arkadaglarinin ¢aligmasinda, Ankara'da onerilen yesil yol
sistemi vadiler, yiikselti gruplar1 ve mevcut ¢evre yolu ile
baglantili olarak sekillendirilmistir. Bu sistem, kent
Olceginde farkli kullanim alanlartyla iliskilendirilerek,
yesil alanlarin siirekliligini saglamayi amaglamaktadir.
Benzer sekilde, bu galismada gelistirilen model de ekolojik
hassas alanlar1 ve rekreasyonel alanlar1 baglayan bir yesil
koridor ag1 olusturarak  ekosistem hizmetlerinin
devamliligint  saglamayr  hedeflemektedir. Bununla
birlikte, bu ¢alisma En Diisiik Maliyetli Yol (Least-Cost
Path, LCP) Analizi’ni kullanarak ekolojik baglantilar1 daha
etkin bir sekilde optimize etmeyi hedeflemistir.

Yesil altyap1 planlamasi iizerine yiiriitillen diger
caligmalar (Benedict & McMahon, 2012; Kim & Coseo,
2018), dogal peyzajin korunmasi ile kentsel gelisim ve
ekolojik stirdiiriilebilirlik arasindaki dengenin
saglanmasinin énemini vurgulamaktadir. Ozellikle Dong
et al. (2022) ve Pantaloni et al. (2022) gibi ¢aligmalar, yesil
altyapinin  sehirlerin iklim degisikligine kars1 direng
gelistirmesinde ve sosyal faydalarin saglanmasinda 6nemli
bir ara¢ oldugunu belirtmektedir. Bu ¢alisma, benzer bir
perspektifi yerel 6lgekli bir uygulama ile destekleyerek
Ozgiin bir katki sunmaktadir. Avrupa’da yiiriitiilen
calismalar (Davies & Lafortezza, 2017), yesil altyap:
planlamasinda politika uyumunun O6nemini

vurgulamaktadir. Bu baglamda, Ankara igin gelistirilen
model, bolgesel planlama politikalariyla uyumlu stratejiler
gelistirilmesi acisindan bir o6rnek teskil etmektedir.
Ozellikle En Diisiik Maliyetli Yol (Least-Cost Path, LCP)
Analizi’nin peyzaj planlamasindaki etkin kullanimu,
Bagstad et al. (2013) ve Yin et al. (2011) tarafindan
Onerilen yaklagimlar1i  desteklemekte ve ekolojik
baglantilart en uygun sekilde saglamada etkili bir arag
oldugunu gostermektedir. LCP analiziyle tasarlanan
koridorlar, Ankara ilindeki ekolojik hassasiyeti yiiksek
alanlarin kent icindeki baglantilarini gii¢lendirmistir. Bu
koridorlar, ekosistem  hizmetlerinin ~ devamliligini
saglarken sosyal baglantilarin gelistirilmesine de katki
saglamistir. Kim & Coseo (2018) tarafindan vurgulanan
yesil koridorlarin iklim degisikligi ile miicadeledeki kritik
rolii, bu ¢aligmada sunulan yesil altyapt modelinin
uygulamasi ile desteklenmistir. Rekreasyonel odaklarin
belirlenmesi ve bu odaklarin kentsel merkezlerle
ulasim ¢oziimleriyle (Ornegin, yesil
koridorlar ve bisiklet yollar1) baglantilandirilmasi, sosyal
stirdiiriilebilirlige yonelik literatiirdeki yaklagimlarla uyum
gostermektedir (Coskun Hepcan & Hepcan, 2021; Ersoy
Tonyaloglu, 2023). Bagstad et al. (2013) ve Costanza et al.
(1997), ekosistem hizmetlerinin ekonomik faydalarinin,
stirdiiriilebilir planlama kararlarini desteklemedeki kritik
rolinii vurgulamaktadir. Ankara ili i¢in gelistirilen bu
model, kentsel gelisim ile ekolojik koruma arasinda bir
denge kurarken, ekonomik siirdiiriilebilirlik i¢in de gii¢li

sirdurilebilir

bir temel sunmaktadir. Onerilen yesil koridorlar ve
rekreasyon alanlari, yalnizca kentsel yasam kalitesini
artirmakla kalmay1p, ayn1 zamanda rekreasyonel turizm ve
yerel ekonomik faaliyetleri destekleyerek 6nemli katkilar
saglamaktadir. Bu model, ¢evresel ve ekonomik hedeflerin
biitiinlesik bir yaklagimla ele alindigi, kent O6l¢eginde
kapsamli bir siirdiirilebilirlik potansiyeli sunmaktadir.

Sonug olarak, oOnerilen yesil altyapt modeli,
biyolojik ¢esitliligin korunmasi, ekosistem hizmetlerinin
stirdiriilebilirligi  ve  kentsel yasam  kalitesinin
artirilmasinda etkili bir yontem sunmaktadir. Peyzajin
yapisal ve islevsel elemanlarinin biitlinciil bir yaklasimla
bir araya getirildigi bu model, diger schirler igin
uyarlanabilir bir ¢ergeve sunmakta ve kentsel biiyiime ile
ekolojik koruma arasinda bir denge kurma konusunda
giiclii bir 6rnek teskil etmektedir.
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