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biocompatibility investigation
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Abstract

The current study aims to investigate the interaction of Ti-6Al-7Nb with simulated body fluid (SBF) in order to apply a
preliminary biocompatibility investigation of this novel biomedical alloy, promising for orthopedic applications. Results of the static
immersion tests conducted in SBF at body temperature demonstrated that Ca-P rich structures form on the Ti-6Al-7Nb alloy surfaces
and the oxide layer formation-dissolution cycle reaches a stable state during immersion. lon release levels were mostly below critical
values except for the initial Al ion release level, which indicated the need for the presence of a stable protective layer on the alloy
surface. The second set of static immersion experiments conducted in densified SBF demonstrated that, such a protective layer can
rapidly form by biomimetic coating if followed by a preliminary surface treatment. Overall, Ti-6Al-7Nb alloys layers exhibit

promising biocompatibility for orthopedic applications, especially with the presence of a stable protective layer.

Keywords: Biomedical alloy; biomimetic coating; ion release; simulated body fluid; Ti-6Al-7Nb

1. Introduction

Biomaterials have become an important material class that
contribute to improving life quality. Among the many
applications of biomaterials, orthopedic implants, which can
replace or support bone tissue, are commonly needed due to
various reasons such as bone and joint disorders, large and
complex fractures, and bone tissue losses (Bauer et al., 2013;
Behera, 2021). For orthopedic implant applications, usually
metallic biomaterials are preferred, mainly owing to their
mechanical properties as well as their biocompatibility (Bauer et
al., 2013). Stainless steel, Cobalt-Chromium (Co-Cr) alloys, and
Titanium (Ti) and Ti alloys, which are included in this group,
are widely used biomaterials for bone tissue applications such as
hip and knee implants, dental implants as well as bone screws
and plates (Manam et al., 2017; Hazwani et al., 2022).

Among these biomedical alloys, Ti and its alloys (e.g. Ti-
6AIl-4V) have been favored over the recent years owing to their
lower density which enables the manufacturing of low weight
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implants (Hazwani et al., 2022). Superior mechanical properties,
corrosion resistance, and elastic modulus close to that of the
bone tissue constitute other advantages of Ti and Ti alloys.
Especially, the TiO- layer, which naturally forms on Ti alloys,
provide remarkable corrosion resistance for these alloys. The
chemical stability of the oxide layer on Ti enables chemical
inertness, corrosion and erosion resistance as well as improved
biocompatibility (Mahyudin et al., 2016; Hazwani et al., 2022).
Moreover, this passive oxide layer provides protection against
ion release from the alloy to the surrounding tissue and supports
osseointegration by favoring the formation of hydroxyapatite
like calcium-phosphate (Ca-P) rich structures on the surface of
implant (Gedikoglu et al., 2021).

Owing to the aforementioned advantages, Ti and its alloys
are preferred for many biomedical applications. Commercial
grade Ti (Cp-Ti) is generally used in dental implants, while Ti-
6Al-4V alloy is preferred for orthopedic applications such as hip
and knee implants due to its superior mechanical properties
(Toker etal., 2019). Ti-6Al-4V alloy is an o/p Ti alloy in which

under the CC BY license.
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the a phase is stabilized by Aluminum (Al) and the B phase by
Vanadium (V). Despite its advantages, the potential release of
Al and V elements from Ti-6Al-4V alloy might cause some
undesired effects for the patient (Mahyudin et al., 2016;
Gedikoglu et al., 2021). Specifically, V element was shown to
cause adverse reactions for the patient in long term use such as
Alzheimer's disease, bone and nerve softening in addition to
toxicity at cellular level (Toker et al., 2019; Badhe et al., 2021;
Wei et al., 2023). On the other hand, Al element ion release
above certain values may also cause various disorders such as
changes in blood pressure, heart failure, parkinsonism including
mild to severe symptoms in the body. Moreover, in the case of
excessive Al ion release, this metal may accumulate in the
kidney and damage different cells (Badhe et al., 2021).
Therefore, the release of V and Al ions may cause significant
health problems if they surround the tissues (Tuten et al., 2019).

Due to the aforementioned issues, B-Titanium alloys are
being developed as an alternative by adding alloying elements
such as Molybdenum (Mo), Tantalum (Ta), Zirconium (Zr), Tin
(Sn) and Niobium (Nb) that can stabilize the B phase. These
alloying elements, which can replace V, exhibit lower or no
toxic effect when compared to V element; while maintaining the
other properties (Bocchetta et al., 2021). Among these, Nb
becomes prominent as an element that does not exhibit toxicity
while contributes to high corrosion resistance (Fellah et al.,
2014). Therefore, through the replacement of V with Nb, Ti-
6AI-7Nb alloy has been developed as an alternative material to
Ti-6Al-4V alloy for biomedical applications which exhibits as
good mechanical properties while not causing toxic effects (Liu
etal., 2013).

There are still various ongoing studies investigating the
mechanical properties and biocompatibility of Ti-6Al-7Nb
alloys to be used for biomedical purposes (Cingi and Cimenoglu,
2010; Fellah et al., 2014; 1zmir et al., 2019). When exploring the
biocompatibility of potential biomaterials, especially
biomedical alloys, investigating the relationship between
corrosion resistance and oxide layer formation of the metal in
the body fluid environment is of utmost importance as metals
are materials prone to corrosion. Specifically, it is crucial to
examine the biomedical alloys’ behavior in a synthetic body
fluid environment at a pH value and ion concentration similar to
the body part in which they will be used, especially for
evaluating their corrosion resistance in the specific corrosive
body environment and determining the possible corrosion
reactions and toxic ion release behaviors (Yilmaz et al., 2020).
Therefore, ex situ tests focusing on the correlation between
corrosion, ion release and formation-dissolution cycle of the
protective oxide layer of the metal in a simulated body fluid
environment are important methods for understanding the
preliminary biocompatibility response of metallic biomaterials
(Toker etal., 2014; Toker and Canadinc, 2014; Gurel et.al, 2022;
Li et al, 2023; Ozdemir et.al, 2023).

While there are few studies focusing on testing the
biocompatibility of Ti-6Al-7Nb in synthetic body fluid
environment, they are mostly focused on the bioactivity of this
alloy and most of the studies on Ti-6Al-7Nb alloys for
biomedical applications are focused on their mechanical
properties. Specifically, studies investigating the various aspects
of the biocompatibility of this novel alloy via static immersion
tests where the corrosion—ion release relationship is investigated
are relatively limited. Moreover, since Al, is a critical element
for tissues due to the aforementioned reasons and is one of the
constituents of Ti-6AI-7Nb alloy, it is especially crucial to
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investigate the ion release behavior of this alloy for potential
biomedical applications. With this motivation, in the current
study, the ex situ biocompatibility of Ti-6Al-7Nb alloy in
synthetic body fluid environment is investigated as a function
time. Specifically, the ion release behavior over time is
examined in relation to the formation and dissolution of the
oxide layer and Ca-P structures, which are important markers for
osseointegration. The purpose of this study is to provide a
preliminary biocompatibility investigation of the novel Ti-6Al-
7Nb alloy for biomedical, specifically for orthopedic
applications, via ex situ methods.

2. Materials and methods

The elemental composition of the Ti-6Al-7Nb alloy used
in the study are given in Table 1 as weight percentage (%) value
of each element (Titanium Ti-6Al-7Nb Data, 2022). The Ti-6Al-
7Nb samples were in cylindrical geometry with a radius of 1 cm
and height of 3 mm.

Table 1
The elemental composition of the Ti-6AI-7Nb alloy used in the study.

Element Composition (weight %)

Titanium (Ti) 85.41-87.41
Aluminum (Al) 5.50-6.50
Niobium (Nb) 6.50-7.50
Iron (Fe) max. 0.25
Oxygen (O) max. 0.20
Carbon (C) max. 0.08
Nitrogen (N) max. 0.05
Hydrogen (H) max. 0.009

In order to investigate of the behavior of Ti-6Al-7Nb alloy
in the body fluid environment, the samples were statically
immersed in a simulated body fluid (SBF) solution, which
mimicked human blood plasma in terms of its pH and ionic
content. The SBF solution was prepared according to the
Kokubo protocol with the chemical content specified in Table 2
and the pH of the solution was fixed at 7.4 (Yilmaz et al., 2020).

Table 2
Chemical content of the SBF solution prepared for the static immersion
experiments.

Adding order Chemical Amount (g/L)

1 NaCl 8

2 NaHCO; 0.35
3 KClI 0.224
4 K>HO,4.3H,0 0.228
5 MgCl,6H,0 0.304
6 HCI 40 ml
7 CaCl, 0.278
8 Na,SO, 0.07
9 (CH,0OH)3;CNH, 6.056

Surfaces of the Ti-6Al-7Nb samples were prepared by
grinding and polishing prior to the static immersion
experiments. Following surface preparation, the samples were
placed in separate tubes where each sample was subjected to the
SBF solution with a ratio of 1/10 of sample surface area
(mm?)/body fluid (ml) according to the Kokubo protocol. The
sealed tubes containing alloys samples immersed in SBF
solution were placed in a water bath where the body temperature
environment of 37°C was provided. The immersion experiment
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was applied for different time periods of 1, 7, 14, 21 and 30 days
in order to investigate the ion release, passive oxide layer
dissolution-reformation behavior as well as Ca-P rich precipitate
formation on the Ti-6AI-7Nb samples in SBF as a function of
time. At the end of each immersion period, the surfaces of the
samples retrieved from the solutions were examined by scanning
electron microscopy (SEM) (FE-SEM, Hitachi Regulus 8,230,
Hitachi High-Tech Co., Tokyo, Japan,) coupled with Energy-
Dispersive X-Ray Spectroscopy (EDX) (Ultim Extreme EDX
instrument, Oxford Instruments, High Wycombe, UK) for the
chemical analysis of the structures formed on the sample
surfaces during static immersion. EDX analyses were conducted
using both point and area spectrums at an accelerating voltage
of 10kV and 10mm working distance. Potential ion release from
the Ti-6Al-7Nb alloys into the SBF solutions were analysed via
Inductively Coupled Plasma-Mass Spectrometer (ICP-MS)
(ICP-MS, Thermo Fisher Scientific, iCAP RQ, MA, USA).

Finally, in order to test the biomimetic coating capability
of the tested alloys, static immersion experiment was applied in
a 3-times densified SBF (3X SBF) solution where the amount of
each ingredient in the solution was multiplied by three. The
immersion in 3X SBF was applied for periods of 1 and 7 days.
For the sample-area/fluid ratio, Kokubo protocol was followed
as in the procedure applied for the initial static immersion
experiments. In order to prevent precipitate formation in the
densified SBF environment, the 3X SBF solutions were renewed
every two days. Following the immersion in the densified SBF
solutions for 1 and 7 days, the samples were retrieved and
analysed via SEM and EDX for the detection and elemental
analysis of the newly formed structures, especially Ca-P
products.

3. Results and discussion
3.1. Ex situ tests in SBF

The TiAINb samples, which were immersed in SBF for 1,
7, 14, 21 and 30 days were retrieved from the fluids at the end
of each immersion period and both the samples and fluids were
thoroughly investigated. The initial examinations revealed that
there were no significant changes on the pH values of the SBF
solutions after the alloys were retrieved from the fluids
following the determined immersion periods, which indicate the
stability of the SBF solutions throughout the experiments.

The selected SEM images of the sample surfaces following
immersion in SBF for 1, 7, 14, 21 and 30 days together with the
control sample are given in Fig. 1. The initial visual observations
from the SEM images indicate the formation of new structures
starting from the 1% day of immersion in comparison to the
control sample. The intensity and distribution of the new
structures on the sample surfaces exhibit slight differences
among the different immersion periods. These differences are
due to the expected new structure formation-dissolution cycle
that occurs throughout the immersion (Toker and Canadinc,
2014; Toker et al., 2014; Gurel et al., 2022; Li et al., 2023;
Ozdemir et al., 2023).

The results of the EDX analyses obtained from the different
areas of each sample paired with the corresponding SEM image
are also provided in Fig. 2. Three or four different areas were
examined via EDX on each of the samples, which were selected
among the regions where formation of new structures was
detected. In the EDX analysis of these selected regions, special
attention was paid to Ca, P and O; as the changes in O signal are
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representative of the formation and dissolution of the protective
oxide layer on the alloy surface while Ca-P signals are important
in terms of providing information about the bone tissue
formation tendency of the surface.

Fig. 1. SEM images of the Ti-6Al-7Nb sample surfaces; (a) control
sample, (b) sample immersed in SBF for 1-day (c) sample immersed in
SBF for 7 days, (d) sample immersed in SBF for 14 days, (e) sample
immersed in SBF for 21 days, (f) sample immersed in SBF for 30 days.

In order to make a quantitative comparison, the maximum
O, Ca and P levels measured on each surface were noted and
organized as a graph of element weight percent vs. immersion
period (Fig. 3 and Fig. 4.).

It is known that during the interaction of the implant
materials with bodily fluids, the protective oxide layer goes into
a continuous cycle of dissolution and reformation, which affects
the ion release from the metal into the fluid (Toker et al., 2014).
For the current samples, the change in O levels with respect to
time exhibits a steady increase from the 1% day of immersion up
to the 14" day, becomes stable around 21 days and followed by
a decrease approaching to 30 days. Since this behavior is
strongly correlated to the ion release behavior, it is important to
examine this trend in relation with the ion release rates over
time. The measured ion release levels of Al and Ti elements at
each immersion period is provided as parts-per-billion (ppb), ie
ug 1tt in Fig. 5. According to this figure, the most striking
observation is the sudden Al release on the 1% day immersion.
This sudden increase is stabilized at the 71" day of immersion,
followed by a slight decrease on the 14™ day and afterwards the
Al release levels fell below detectable levels. On the other hand,
the detected Ti ion release levels over time are relatively low and
close to each other. In terms of the critical levels of the ions, it
is stated that the safe range in the body for the Ti element in the
body is <1 ppb, and for the Al element is <5 ppb (Sahin et al.,
2015). The current results exhibit that risky ion release levels
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Fig. 2. EDX analysis results from selected areas of the Ti-6Al-7Nb sample surfaces; (a) control sample, (b) sample immersed in SBF for 1day (c)
sample immersed in SBF for 7 days, (d) sample immersed in SBF for 14 days, (e) sample immersed in SBF for 21 days, (f) sample immersed in

SBF for 30 days.
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Fig. 3. The maximum O level measured on each sample surface
throughout the different immersion periods. (Since the comparisons
were based on the max O level observed on each sample, no standard
deviation data was provided).

were observed for Al element, only on the 1% day of immersion
while the measured Al ion release levels on the other days are
much lower than the critically risky values (Sahin et al., 2015).

Although O signal is slightly higher as compared to the control
sample on the 1% day of immersion, it can be argued that the
oxide layer is not sufficiently protective at this stage. Literature
shows that, as the thickness of the oxide layer increases, the
potential of crack formation within the oxide layer also
increases, inducing higher ion release levels (Toker et al., 2014),
which explains the observed result. However, the drastic
decrease in the ion release levels and the steady state behavior
following this decrease can indicate that oxide layer thickness
reaches a protective level past the 1% day of immersion and
preserves its protective nature despite the slight fluctuations in
thickness over time. Therefore, it can be argued that, for this
promising alloy, application of a process to ensure the stability
of the oxide layer for the safety during initial interaction with
bodily fluids is essential.

The changes in Ca and P levels detected by the EDX
analyses were also recorded as a function of time since these
observations are indicative for osseointegration which is the
ability of bone tissue formation on the implant surface (Toker et
al., 2020). Specifically, formation of Ca-P rich structures on the
implant surface plays a supporting role in bone tissue formation
by providing a surface where bone cells can adhere and multiply
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Fig. 4. The maximum Ca and P levels measured on each sample surface
throughout the different immersion periods. (Since the comparisons
were based on the max Ca and P levels observed on each sample, no
standard deviation data was provided).
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Fig. 5. The Al and Ti ion release levels at each immersion period (ppb:
parts per billion). (Average value of the three measurements taken from
each sample is provided with the error bar corresponding to the standard
deviation).

in a healthy way and therefore play a critical role in terms of the
biocompatibility of the implant material (Yilmaz et al., 2014).
According to Fig. 4, significant increases are observed in both
Ca and P signals from the 1% day up to the 7" day, which is
followed by a decrease on the 14" day. Afterwards, both signals
re-increase on the 21% day and remain stable until the end of the
immersion period of 30 days. This fluctuating behavior of the
time dependent Ca-P structure formation on the alloy surface
can again be correlated to the dynamic dissolution and
reformation cycle in corrosive body fluid environment over time
(Toker et al., 2014; Ozdemir et.al, 2023). An important
observation for the Ca-P structure formation behavior which
exhibits similarity to that of oxide layer formation is the
significant increase from the 1% day of immersion up to 7 days.
Based on this similarity in the new structure formation over time,
it can be suggested without any special surface treatment,
bioactivity of the TiAINDb alloy increases and reaches a more
optimum level for oxide and Ca-P rich structure formation
following initial immersion. Although, this behavior may be
considered promising for the overall biocompatibility of the
alloy, the high ion release level of Al observed on the 1% day of
immersion indicates that a stable layer should be present on the
alloy surface prior to implantation. In other words, despite the
relatively biocompatible components in this alloy, presence of a
protective layer on the implant surface, in addition to the
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naturally formed passive TiO; layer, is still required to prevent
Al ion release.

3.2. Determination of biomimetic coating capability in
densified SBF

For orthopedic implant materials, usually hydroxyapatite-
based coatings are used as protective layers, which also supports
the bone formation ability of the implant with its chemical
resemblance to the actual bone tissue. Among the commonly
applied methods for hydroxyapatite coating, a simple and
effective method is biomimetic coating, where the metal surface
is subjected to a densified simulated body fluid environment
(Yilmaz et al., 2014; Sarikayak et al., 2021).

For the current study, in order to test the biomimetic
coating capability of the tested alloys, static immersion
procedure was applied in a 3-times densified SBF solution for
the immersion periods of 1 and 7 days. The reason 1 and 7 days
were selected as biomimetic coating periods was based on the
observations of the initial static immersion tests, where
significant changes in new product formation occurred between
1 and 7 days. Both the visual observations from the SEM images
and the quantitative results from the EDX analyses indicate that,
biomimetic coating does not start on the 1% day of immersion
(Fig. 6 and Fig. 7).

Fig. 6. SEM images of the sample surfaces following immersion in 3X
SBF for (a) 1 day and (b) 7 days.

Specifically, following the 1%t day of immersion in 3X SBF,
formation of salt like precipitates rich in Na are observed,
however Ca and P formation does not start yet. It is known that
the formation of Na rich structures, specifically sodium titanate
structures are favorable for the adhesion of Ca-P based
structures (Sarikayak et al., 2021). As expected, Ca-P rich
structure formation are prevalent on the alloy surface on the 7t
day of immersion. The observed structures are widespread
throughout the alloy surface and significant Ca and P signals are
detected from these structures (Fig. 6 and Fig. 7). Normally,
preliminary surface processing is necessary to achieve such rich
Ca-P based structure formation (Hazwani et al., 2022; Wei et al.,
2023). These findings indicate that, without any specific surface
processing, such as alkaline procedures which are commonly
applied prior to biomimetic coating, the TiAINb alloy surface
can be successfully coated with the biomimetic method in 7
days. However, in order to prevent any potential ion release,
which may occur on the early stages of implantation, biomimetic
coating procedure should be applied following a preliminary
surface process such as alkaline treatment.

Overall, the findings of the current study support the
opinions regarding the promising biocompatibility of the novel
TiAIND alloy for biomedical applications. However, in order to
ensure the safe use of this alloy as orthopedic implant materials,
presence of a stable protective layer is required, especially at the
early stages of implantation. In that manner, results of the
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Fig. 7. EDX analysis results from the selected areas of sample surfaces following immersion in 3X SBF for (a) 1 day and (b) 7 days.

biomimetic coating test of this study indicate that, such a layer
can be rapidly achieved by biomimetic coating applied a in
densified simulated body fluid environment followed by the
application of a preliminary surface treatment.

4. Conclusion

In the current study, it was aimed to systematically
investigate the ex situ biocompatibility of Ti-6Al-7Nb, a
promising alloy for biomedical applications. Results of the static
immersion experiments conducted in synthetic body fluid
environment indicated that even the untreated alloy surface is
favorable the formation of Ca-P rich structures, starting from the
early periods of immersion which is important for
osseointegration. The oxide layer formation-dissolution cycle

over time, which is important in terms of affecting ion release,
was observed to reach a stable state around the 14™ day of
immersion. Although majority of the measured ion release levels
were much lower than critically toxic or allergic values, the Al
ion release level at the 1% day of immersion was above critical
levels. This result indicated the need for the presence of a stable
protective layer before implantation.

Findings of the static immersion in densified SBF part of
the study, which aimed at the testing the biomimetic coating
ability of the alloy exhibited that, formation of such a protective
layer can be rapidly achieved by biomimetic coating applied in
densified SBF environment. As compared to commonly used
biomedical alloys whose bioactivity can be enhanced over
complex surface treatments, rapid biomimetic capability of the
tested TiAINb alloy is another positive indication for its

116



S. Culfa & S. M. Toker

biocompatibility (Hazwani et al., 2022; Wei etal., 2023).
Overall, the findings ex situ biocompatibility tests of the current
study indicate that novel TiAINDb alloys are promising materials
for biomedical applications, however in order to ensure their
safe use in orthopedic implant applications, presence of a stable
protective layer is required, prior to implantation.
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Abstract

Polymers are widely employed in biomedical applications, pharmaceutical product formulation, and drug delivery systems.
Since every polymer has its own distinct properties, polymer blends will have novel chemical and physical properties. Functionally,
the purpose of blending polymers is to improve, customize, or maximize material performance. In this study, polyaniline and
polyphenol red polymer mixtures were prepared electrochemically and characterized with XPS imaging and SEM whether their
distribution was homogeneous. The mixture of aniline and phenol red was deposited glassy carbon electrode (GCE) surface using
the cyclic voltammetry technique in the potential range of -0.80 V to 2.00 V with 50 mV/s scan rate for 25 cycles. The phase
separation of the two polymers was demonstrated by a combination of spectroscopic imaging and microscopy. For this purpose, the
X-ray spot size and step number were set to 50um. 1 x 1 mm? area scan of the polymer mixtures was performed, and spectra were
obtained at each pixel in an array of 20 x 20 pixels. Chemical imaging was obtained by applying Principal Component Analysis
(PCA) to collected XPS survey spectra. For the morphological characterization, scanning electron microscopy (SEM) was
employed, and images were obtained at magnifications of 5000 x. The results obtained in the mixtures prepared with 5%, 10% and
25% were better compared to the mixture prepared with 50% polyphenol red. Since the X-ray spot size is limited, the desired image
resolution could not be obtained. It was shown that XPS imaging studies could also be used for examining the distribution of
different and unknown polymer mixtures together with SEM.

Keywords: Chemical imaging; polyphenol red; polyaniline; polymer blend; principal component analysis; X-ray photoelectron
spectroscopy

1. Introduction (Pina and Falletta, 2022; Ghovvati et al., 2023; Morais et al.,

2023; Nasir et al., 2023; Shokrollahi et al., 2023). All conductive

A true revolution in the field of polymers, conducting
polymers are significant and novel materials. They have
potential use in a variety of fields. Polyaniline (PANI) looks
unique thanks to its exceptional electrical conductivity,
biocompatibility, and lack of toxicity. PANI has some surprising
properties, but its low solubility and processability have
prevented it from being used in any practical applications so far.
To overcome these limitations PANI-based composites,
polymer grafting, and polymer blends have been developed
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blends of polymers (CPs) are prepared using two primary
methods: chemical synthesis and electrochemical synthesis. The
first method typically produces powders, but the second allows
for the production of films. While chemical synthesis seems to
be the best route for the large-scale production of CPs, the
resulting polymers are difficult to work with and require
structural modifications to improve their electronic properties.
Conversely, conducting polymers represent a revolution in the
field of polymers, since they represent an important and
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innovative class of materials. They qualify for employment in
numerous industries. Polyaniline (PANI) is distinguished by its
high electrical conductivity, biocompatibility, and low toxicity.
Despite its outstanding characteristics, PANI has not yet found
practical uses due to its poor solubility and processability.
Electrochemical control of the polymerization process is more
efficient, notwithstanding its ineffectiveness for large scale
manufacturing (Li et al., 2012; Ogundele et al., 2023). PANI is
composed of repeating aniline units. The presence of alternating
-NH- groups and aromatic cycles provide compounds with
distinct oxidation states. In contrast, phenol red (PR) is the usual
pH indicator in many cell and tissue culture media since it allows
for a rapid assessment of the culture’s health. PR has also been
utilized in several techniques to detect cellular hydrogen
peroxide and human peroxidase enzyme activity (Morgan et al.,
2019). The structures aniline and phenol red are presented in

Fig.1.
NH2 HO ‘ O OH
0]
-
-0
0]
aniline phenol red

Fig. 1. Chemical structures and images of aniline and phenol red.

PANI can be used in a variety of biomedical contexts,
including as an antioxidant, as an agent with antimicrobial and
antivirus activity, as a drug delivery system, as a cancer therapy,
and as biosensors etc. (Gizdavic-Nikolaidis et al., 2004; Boomi
et al., 2014; lIsakova et al., 2016; Zhao et al., 2017; Li et al.,
2018; Liang et al., 2018; Ahmadkhani et al., 2019; Minisy et al.,
2021; Ghovvati et al., 2023; Riaz et al., 2023). There is an ever-
increasing demand for the creation of novel and more effective
materials that can deliver drugs to the organs and tissues that are
being targeted. One of the most important considerations relates
to the requirement that there should not be an excessive amount
of drugs or an insufficient amount of drugs in order to achieve a
steady and well-controlled release of drugs over a specific
amount of time (Pina and Falletta, 2022). Smart drug delivery
systems are a promising tool in this regard because they integrate
pharmaceutics, materials science, molecular biology,
engineering, and other disciplines. The support can either
actively contribute to the drug release mechanism or sit on the
sidelines and play the role of an inert carrier. Among the various
supports, CPs hold a significant position due to the extraordinary
capabilities they possess, which are primarily associated with
their one-of-a-kind characteristics, such as electroconductivity,
pH sensitivity, light-sensitivity, and so on.

In very recent years nanofiber composites consisting of
chitosan and PANI have been fabricated by in situ chemical
polymerization (Minisy et al., 2021). Ketoprofen was able to be
encapsulated within the composites due to the free volume space
that the composites provided. It was demonstrated that the drug
release is dependent on the pH of the medium, and that the
release increased as the pH increased. On the other hand,
working with a simulation of biological fluid yielded some
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encouraging results. By taking advantage of the sensitivity of
PANI-based materials to changes in pH, a pH-electroactive
bacterial cellulose/PANI hydrogel that allows for the controlled
release of drugs was developed (Li et al., 2018). Chemotherapy
for late-stage cancer is emerging. Accurate release control
enhances drug accumulation in a specific target tissue in
alternative cancer treatment. You et al. (2017) developed
trastuzumab-modified PANI-mediated polymeric nanoparticles
for tumour cell uptake. This was carried out to look into the
possibility of a cis-platinum delivery that could be precisely
controlled. CPs are utilized as transducers in biosensors due to
the extraordinary properties that they possess, which include
electroconductivity, redox properties, biocompatibility, and
high levels of sensitivity. These properties allow for the CPs to
detect changes in their environments with a high degree of
accuracy. Shoaie et al. (2019) comprehensively discussed on
PANI and PANI composite biosensor applications. Recent
advances in PANI-based biosensors necessitate their use.
Electrical stimulations are responsible for the regulation of most
the human body’s control mechanisms. In addition, electroactive
materials have been extensively researched for potential
applications in tissue engineering, with the goals of stimulating
cellular responses and enhancing tissue regeneration. The
properties of pure PANI are not suitable for use in any
application involving tissue engineering.

The employment of a single polymer does not always meet
the site-specific and time-controlled release profile requirements
of a sophisticated drug delivery system, according to scientific
literature. Even though polymers of various origins and of
varying chemical natures have been introduced in biomedicine
as carriers for the purposes of drug delivery, this remains the
case. Polymer blends, from simple physical mixtures to more
complex core-shell strategies and even polymeric block
copolymers, will enable site-specific and rate-controlling drug
delivery in pharmaceutical sciences. In spite of the fact that there
is no one simple recommendation that can be applied in every
situation, it would be helpful to apply various strategies that are
relevant to the blending of polymers in order to overcome
formulation limitations (Ghasemiyeh and Mohammadi-Samani,
2021; Barker et al., 2023; Yazie et al., 2023). Methods for
blending polymers can lead to the formation of possible
molecular interactions between the blended polymers, each of
which has its own set of characteristics. The synthesis procedure
needs to be improved to overcome cytotoxicity, processability,
and physicochemical properties that prevent the clinical use of
PANI and PANI-derivatives. When homopolymers are
combined through the process of polymer blending, the resulting
product may have altered physicochemical properties in
comparison to those of the homopolymers by themselves. The
production of miscible polymer mixtures is the primary benefit
that comes from blending different types of polymers. Blended
polymers’ physical properties depend on both their
homopolymer properties and their intramolecular interactions.
Blending polymers can create a new product with a second
functionality that can interact with other polymers and drugs
(Jones et al., 2005).

In a wide variety of contexts, the surface properties of
polymer blends are of critical importance. Because of the surface
segregation of the component with the lowest surface energy,
the physicochemical properties of polymer blends can be
drastically different at the surface than they are in the bulk. In
this work, X-ray photoelectron spectroscopy (XPS) and
scanning electron microscopy (SEM) have been used to
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characterize surface and bulk properties since the surface
properties and morphology of the prepared polymer blends
directly affect their functionality.

2. Materials and methods
2.1. Chemicals and reagents

All reagents were of analytical reagent grade. Phenol red
(PhR) (C19H140sS), aniline (CsHsNH2) which is distilled two
times for purification, perchloric acid (HCIO,), alumina (Al2O3)
was supplied from Sigma Aldrich, Merck and BDH chemicals.
All solutions were prepared using ultrapure water which
produced from Millipore Milli Q system (18.2 Q). All

electrochemical experiments were performed at room
temperature.
2.2. Preparation of polymer blends

GCE was polished alumina powders, rinsed and

ultrasonicated in water prior to voltammetric measurements.
Electrochemical cleaning was performed by keeping GCE in 0.1
M HCI, which was mechanically cleaned with alumina, at
constant potential for 10 minutes. Cyclic voltammetric (CV)
experiments  were performed using  Autolab 101
potentiostat/galvanostat  and Nova  Software.  The
electrochemical polymerization was carried out with a three-
electrode system which consisted of homemade bare GCE, Pt
wire and Ag/AgCI (sat. KCI) as working, counter and reference
electrodes, respectively. Electrochemical polymerization of
phenol red and aniline in 0.05 mmol L™ HCIO,4 solution was
carried out by CV for 25 cycles between -0.5 V to 2.0 V (vs.
Ag/AgCl) with 0.05 V st scan rate. In order to obtain a polymer-
coated nanocomposite surface, aniline and phenol red solutions
using different ratios (5-10-25-50%) of monomer solutions were
prepared.

2.3. CV, SEM and XPS instrumentation

Cyclic voltammetric (CV) measurements were carried out
utilizing an Autolab 101 potentiostat/galvanostat and Nova
Software. The electrochemical measurements were performed
using a three-electrode system consisting of polyaniline and
polyphenol red modified electrodes, Pt wire, and Ag/AgCI (sat
KCI) as working, counter and reference electrodes, respectively.

To investigate the morphology of samples with SEM, the
samples were coated with a gold (Au) layer that was few
nanometers thick using the Leica EM ACE600 coating
equipment (Leica Microscopes, Milton Keynes, United
Kingdom). Since all the samples had previously been stored in a
desiccator following the XPS studies, the typical drying step was
not carried out. After being coated, the samples were analyzed
using scanning electron microscopy (SEM, Thermo Scientific
Apreo S LoVac SEM, Thermo Fisher Scientific, Waltham,
Massachusetts, United States). The Everhart— Thornley detector
(ETD) was used to record images of the scanned areas at
magnifications of 5000 for each sample at 5kV.

Monochromatic Al Ko radiation (1486.7 eV) was
employed in XPS (Thermo Scientific Model K-Alpha XPS -
Thermo Fisher Scientific, U.K.) analysis of samples. The
photoelectron binding energy scale referenced the 284.8 eV C
1s peak. Snap mode was used for each element and survey
spectra scans were done at 200 eV with 1 eV step size. Analysis
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chamber pressure was 1 x 10® mbar. The electrodes were
mounted on XPS sample holder (Ted Pella, Inc. USA) with
double-sided sticky carbon tape. X-ray Spot and step sizes were
50 um. The mapping captured 200 eV survey spectrum and 50
eV snapshot scans. Almost -1 x 1 mm? area scan of the samples
was made and spectra were obtained at each pixel in an array of
20 x 20 pixels. Chemical imaging was obtained by applying
Principal Component Analysis (PCA) to the obtained data sets.

2.4. Chemical imaging by XPS using PCA

The Avantage Software, version 5.9925, was used to
process each spectroscopic data with the aid of multivariate
analysis. During XPS area analyses, both survey spectra and
snapshot spectra for each element were obtained. Atomic
percentages (at. %) were used to express the elemental
composition of each pixel. After the data sets was quantified,
principal component analysis (PCA) was performed on acquired
survey-XPS spectra (-1000). Each pixel denotes the possibility
of the data being processed as an XPS spectrum. The
methodology that was presented by Erdogan et al., 2019; 2020;
Erdogan, 2022 which was utilized for the purpose of
identification. After that, an improvement was made to the
overall image quality. The final images were layered on top of
one another so that all the components in the sample could be
seen as chemical images.

3. Results and discussion
3.1. Electropolimerization of aniline and phenol red

Fig. 2 shows multisweep CVs of electropolymerization on
GCE surface in 0.05 molL? HCIO, containing aniline and
phenol red between -0.5 V to 2.0 V vs. Ag / AgCl (sat. KCI) at
a scan rate of 0.05 V s for 25 cycles. As seen in Fig. 2, two
oxidation peaks, approximately 0.56V and 0.98V, were
observed. The first one shows the transformation of PANI from
the reduced leukoemaraldin (LE) state to the emeraldin (EM)
state, while the second one, 0.98V, shows the transition from the
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Fig. 2 Cylic voltammograms for aniline and phenol red in 0.05 molL!
HCIO4 on bare GCE at 0.05 V s scan rate with 25 cycles.

LE state to the pernigraniline (PE) state. It is also known that
some dimers and intermediates such as p-benzoquinone, p-
aminophenol are trapped in the polymer during polymerization
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and the anodic bump at about 1.56V is attributed to the redox
reaction of p-benzoquinone. The rise in redox currents
throughout subsequent cycles indicates that the polyaniline film
is growing successively (Hand and Nelson, 1974; Niu et al.,
2003; Pournaghi-Azar and Habibi, 2007; Koluacik et al., 2018).

3.2. Surface analysis of polymer blends by XPS

The first information obtained from XPS is which elements
are present on the surface of polymeric material. A survey, or
wide-scan, spectrum over an energy range is recorded, with
peaks for all elements (except H and He) in the periodic table.
XPS survey spectra was collected for polyaniline and
polyphenol red prior to mapping to discriminate the two
polymers. In addition to survey spectra, valence band spectra are
used to fingerprint polymers. Recently developed spectrometers
with high counting rates and monochromators have made the
study of valence bands extremely valuable for the identification
of various materials. The valence-band spectrum comes from
photoelectron emission from chemical bonding outer molecular
orbitals. The valence band “fingerprint” energy ranges from 0 to
40 eV binding energy. Its complex band structure provides
qualitative information about the chemical environment of the
components that core line spectra cannot. These spectra may aid
polymer identification. For this reason, both spectra were
collected for two polymers. XPS survey spectra and valence
band spectra for each polymer were presented in Fig.3.

According to the XPS measurements, polyaniline contains
C, N and O whereas phenol red is composed of C, S and O as
given in their chemical structures. Moreover, both polymers
have unique valence band spectra which could be easily
differentiated in area scan data processing. XPS area analyses
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were performed in the middle part of the electrode surface as
depicted in Fig. 4. Based on the selected region, 1 x 1 mm? area
was scanned.

The polymer blend compositions can thus be evaluated
based on C, N, O and S percentages from the survey spectra, and
the high-resolution C 1s, N1s and S2p photopeak shapes (data
not shown). It is important to investigate the morphology of a
polymer blend surface. However, the surface homogeneity can
be confirmed by using XPS imaging which is also called
“chemical imaging”.

The use of PCA to do dimension reduction helps us
simplify the entire spectrum data set by identifying the
dimensions that are most prevalent within it. Following the use
of PCA with the Avantage 5.9925 program in K-Alpha, one can
obtain the PCA profiles (Fig. 5). PCA profiles can be designated
in the form of images, as shown in Fig. 6. Photoelectron images
at each individual pixel reveals the variations in concentration
that occur in different locations. When PCA was applied to each
polymer blend at varying concentrations, PCAL corresponded to
polyaniline and PCAZ2 to phenol red.

When the XPS images obtained for polyaniline mixtures
are examined, although X-ray spot size is a limiting factor for
XPS imaging, it has been quite successful in detecting whether
polymer blends are homogeneously dispersed, especially at low
concentrations.

The chemical images of polymer blends at different
concentrations were designated in Fig.6. As the concentration
increases the accuracy of distribution decreases due to resolution
restrictions. However, with the development of new technology
X-ray spot size could be decreased to 10 um. Probably, in the
future more detailed and high-resolution images will be
obtained.
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Fig. 3. XPS spectra for polymers (a, b) Survey and valence band specira for polyaniline and (c, d) Survey and valence band spectra for

polyphenol red.
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Fig. 4. Optical image of the scanned area (a) designated on a scale (b)
pixel dimension (20 x 20).
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Fig. 5. XPS survey spectra of principal components for polyaniline and
polyphenol red.
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Fig. 6. XPS images of polyaniline containing phenol red (a) 5% (b) 10
% (c) 25% and (d) 50% by concentration (v/v).

3.3. Morphology of polymer blends by SEM

Due to its ease of use, specimen preparation, and image
interpretation, SEM is the most popular microscopic technique.
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Owing to its ease of surface preparation, SEM can study all
polymer structures. Surfaces of polymer blends frequently
reveal important structural details and polymer distribution
during preparation (Michler and Lebek, 2016). In the present
study, SEM was used to give an idea about how accurate images
were chemically obtained by XPS using PCA. In fact, SEM
gives detailed information about the morphology of materials as
well as their distribution on a small or large basis. Since XPS
area scan was performed in the middle of the surfaces of the
prepared samples, SEM images were also taken form the same
region and with a magnification of 5000 x as presented in Fig.6.
Based on SEM analyses, 5% and 10% phenol red added polymer
blend areas tend to contain a significant amount of polyaniline
and they are in accordance with the XPS images (Fig. 7). In
addition, it is clear from these SEM images that there is phase
separation occurring on the blend’s surface. The data obtained
from microscopy and spectroscopic imaging when combined
demonstrate, as a result, that the two polymers in a mixture have
separated into two distinct phases.

Fig. 7. SEM images of polyaniline containing phenol red (a) 5% (b) 10
% (c) 25% and (d) 50% by concentration (v/v).

4, Conclusion

In  biomedical, pharmaceutical, and drug delivery
applications, a single polymer often cannot perform a complex
function. Blending polymers overcomes polymer limitations.
Polymer blends enhance pharmaceutical and biomedical
applications. Because many polymers are safe and have been
used in pharmaceutical and biomedical products, many polymer
blend combinations exist. To rationally select and use these
polymer blends, polymer-polymer interactions must be well-
understood.

This allows novel polymer blends to be designed and
manufactured consistently to meet unmet needs. Pharmaceutical
and biomedical applications of polymer blends and their
characterization should be considered due to their localization
and functionality.

In this study, chemical images of phenyl red-polyaniline
mixtures prepared at different concentrations were analyzed by
SEM and XPS. In addition, two different polymer mixtures were
characterized by XPS and SEM. In addition, the distribution of
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the polymer mixtures was determined by XPS imaging.

It should be noted that among the limitations of this
technique is the X-ray spot size. This study demonstrated that
XPS and SEM images acquired from the same areas on polymer
blends could reveal whether the mixture is homogeneous or
heterogeneous.

Both types of images were taken from the same locations
on the polymer blends. The combination of the two methods
results in a more comprehensive approach to the task of
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Abstract

Cancer is a disease that occurs due to irregular growth and proliferation of body cells and can be caused by many factors. One
of these factors is carbonic anhydrase 9 (CAIX). While its expression is high in malignant cells, it is a molecule whose presence is
difficult to detect in healthy tissues. Glioblastoma multiforme (GBM) is one of the fast-spreading brain cancers, and unlike healthy
tissues, overexpressed CALX in its cell receptors. Indisulam, one of the new-generation drug candidates for the treatment of solid
tumours, is a type of CAIX inhibitor that affects cell division progression in human tumour cells. Similarly, it is known that
coumarin, as one of the new-generation drugs in cancer treatment, is used together with chemotherapy. In this study, combined
treatment of indisulam and coumarin was investigated on glioblastoma multiforme cells to evaluate their cytotoxicity, cell migration
and antiproliferative effects. The effects of combined treatment on cell migration and proliferation were investigated with the 1Cso
values determined after the cytotoxicity test. As a result of the wound healing assay, it was determined that the control cells were
closed by 69.6%, while the combined treatment closed the wound by 32% and seriously prevented cell migration. The percentage
of proliferative cell nuclear antigen (PCNA) positive cells decreased significantly after combined treatment, cell proliferation was
93% in the control group and 77% in the combined treatment group.

Keywords: Cancer; carbonic anhydrase 1X; coumarin; indisulam; glioblastoma

1. Introduction

Glioblastoma multiforme (GBM) is a primary brain tumour
with a genetically and phenotypically heterogeneous group of
tumours (Lam et al., 2000; Karcher et al., 2006). GBM has
aggressive characteristics such as rapid proliferation, invasion
into brain tissue, necrosis, angiogenesis, microvascular
proliferation, and migration. The development of GBM is
associated with the deregulation of the G1/S checkpoint in cell
division and the emergence of numerous genetic disorders in
glioma cells (Robert and Wastie, 2008; Hanif et al., 2017). The
histological characteristics of glioma models, such as foci of
tumour necrosis, nuclear polymorphism, and a high mitotic
index, are like those of human GBM and Wistar rat GBM. When
C6 cells are implanted into the brains of newborn rats, they
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mimic human GBM (Giakoumettis et al., 2018). The C6 glioma
models investigate several biological processes, including the
development, dissemination, migration, angiogenesis, control of
growth factor production, and disruption of the blood-brain
barrier in tumours (Giakoumettis et al., 2018; Li et al., 2020).
CAIX is a transmembrane glycoprotein that consists of an
ECD, a single-pass transmembrane region, and an intracellular
tail. It is one of three exofacial CA isoforms, along with CAIX,
CAIV, and CAXII, that is closely linked to cancer. It has a
unique position in the enzyme family due to its expression
pattern associated with hypoxia. Required for energy
metabolism of most tumour cells during hypoxia, glycolysis
results in accumulation of lactic acid, lowering of pH, and
acidification of the environment. The acidic microenvironment,
which is characteristic of solid tumours with hypoxic regions, is
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associated with tumour invasiveness and adversely affects
anticancer therapy (Stubbs et al., 2000; Gatenby and Gillies,
2004; Kroemer and Pouyssegur, 2008).

The sulfonamides are bonded in a tetrahedral geometry. In
its deprotonated forms, it interacts directly with catalytic zinc
and inhibits CA activity by displacing zinc-bound water
hydroxide ions. Due to its chemical structure, indisulam is one
of the best examples of carbonic anhydrase inhibitors (Cuffaro
et al., 2020). The inhibitory effect of indisulam, a new anti-
cancer drug currently in phase Il clinical development for the
treatment of solid tumours, is associated with a cell division
arrest in the G1 phase. Specific inhibitors such as indisulam
establish a definitive pathway for CAIX in tumorigenesis,
making the mechanism reversible. Therefore, selective CAIX
inhibitors illuminate the role of CAIX in controlling pH
imbalance in tumour cells in hypoxic cancers and developing
diagnostic therapeutic applications for tumour management
(Supuran, 2003).

Coumarins are polyphenolic chemicals that are members of
the group of colorless heterocyclic compounds discovered in the
plant Dipteryx odorata Wild. Coumarin-based carbonic
anhydrase inhibitors are studied in association with the tumour-
associated isoforms CAIX and CAXII. Apart from being a
CAIX inhibitor, coumarin has a wide range of pharmacological
effects such as anti-tumour, anti-coagulant, anti-inflammatory,
antioxidant, anti-HIV and anti-bacterial. Recent studies
highlight the potential for use of gambling CAls in combination
with standard chemotherapies in cancer therapy (Touisni et al.,
2011; Sumorek-Wiadro et al., 2020).

CAIX inhibition is attributed to coumarin among the
selected active ingredients (Ismail, 2023). A series of
sulfonamide designs containing coumarin moieties have been
discussed for combining these two active ingredients. Also,
indisulam is an orally active agent that has anti-cancer properties
and induces p53 and p21 through the downregulation of cognate
cell division checkpoint molecules. It is a sulfonamide anti-
tumour agent (Moncao et al., 2022). The combined use of
indisulam and coumarin active ingredients has been evaluated
by Chahal et al. (2022) with a database that predicts the most
likely macromolecular targets of a presumed bioactive small
molecule by using Swiss Target Prediction tool of Swiss
Institute of Bioinformatics.

This study investigates whether the two compounds chosen
are active on the CAIX enzyme. The dynamic table in the
database provides the predicted target molecules for the queried
molecule. The result obtained indicates the probability of
targeting indisulam on CAIX and coumarin on CAIX (Teixeira
etal., 2021; Pontecorvi et al., 2022). When the required scanning
was performed for coumarin, the probability ratio against the
CAIX enzyme was 0.86. As a result of scanning for indisulam,
the probability ratio against the CAIX enzyme is 0.83. A
probability value of 1 indicates that targeting is quite strong
(Chahal and Kakkar, 2023).

In this study, indisulam+coumarin combined therapy was
investigated on GBM cells in terms of cytotoxic effect, wound
healing and antiproliferative properties. The main reason for the
preference for the indisulam+coumarin combination was their
anticancer activities. Carbonic anhydrase X inhibition is
attributed to coumarin among the selected active ingredients
(Ismail, 2023). A series of sulfonamide designs containing
coumarin moieties have been discussed for combining these two
active ingredients. Also, indisulam is an orally active agent that
has anti-cancer properties and induces p53 and p21 through the
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downregulation of cognate cell division checkpoint molecules.
It is a sulfonamide anti-tumour agent (Moncao et al., 2022).
When comparing the results of the combined treatment with
indisulam and coumarin, the cytotoxic effect exhibited similarity
to indisulam, surpassing the effectiveness of coumarin.
Combined therapy decreased wound healing in cancer cells
compared to the control group and significantly reduced
proliferation. Indisulam+coumarin combined therapy was
overall more effective than single-drug therapy for C6 GBM
cells.

2. Materials and methods

Indisulam, coumarin, thiazolyl blue tetrazolium bromide
%98 (MTT), trypsin EDTA and DMSO were obtained from
Sigma Aldrich (St. Louis, USA). Gibco provided the Dulbecco’s
Modified Eagle Medium (DMEM) / F-12 Nutrient Mixture
(Ham), L-glutamine, Penicillin-streptomycin (PEST), and Fetal
Bovine Serum (FBS). The C6 glioblastoma cell line was
obtained from the American Type Culture Collection (ATCC,
Manassas, VA, USA). Thermo Scientific™ supplied the
proliferating cell nuclear antibody (MS-106-P). All the
chemicals and solvents used were of analytical quality and were
not purified further.

2.1. Cell culture studies

C6 glioma cells (ATCC-CCL-107) were cultured in a
Dulbecco’s Modified Eagle’s Medium (DMEM)/Ham’s
Nutrient Mixture F-12 medium (1:1) with 5% fetal bovine serum
(FBS), 100 pg/mL Penicillin-Streptomycin and 0.2 mM L-
Glutamine. Cells were kept at 37°C in a humidified incubator
with 5% CO.. Fresh growth media was used to replenish the
cells’ growth medium 2 to 3 times each week. During the
incubation period, the cells were passaged every two to three
days.

2.2. Cytotoxic effect of indisulam, coumarin and
indisulam+coumarin combine therapy
The MTT 3-(4,5-dimethyl-thiazolyl 2,5-

diphenyltetrazolium bromide) is a sensitive reliable indicator of
cellular metabolic activity and is used to determine and measure
cellular metabolic activity as an indicator of cell viability,
proliferation, and cytotoxicity (Welder et al., 1991). To
determine cell viability levels and cytotoxic activity of
indisulam, coumarin and indisulam+coumarin combined
therapy on C6 cells, MTT assay was used.

Confluent C6 cells were removed from the plate by
trypsinization, and they were seeded at 1x10* cells/mL in 96-
well culture plates. The microplate was incubated at 37°C in a
5% CO; incubator for 24 hours. At the end of the incubation
time, the medium was replaced with a fresh medium containing
different concentrations (10, 25, 50, 100, 250, 500, uM) of
indisulam, coumarin and indisulam+coumarin combinations,
and no application was made to the control group. Microplates
were incubated for 24 and 48 hours, and at the end of the
incubation times, the medium was discarded from each well and
50 pL of MTT reagent was added. Cells were incubated for 3
hours at 37°C with 5% CO,. After 3 hours, the MTT solution
was removed from the cells and the formazan crystals were
dissolved by adding 100 uL of DMSO. Absorbance values (OD)
were measured with a microplate reader at 570 nm and the cell
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viability value was calculated with the following equation after
3 repetitions.

Cell Viability (%) = OD570e / (OD 570b) * 100

OD570e: 1t is the absorbance value of the samples at 570
nm.

OD570b: It is the absorbance value given by the control
group at 570 nm.

The concentration values were calculated that caused 50%
inhibition (ICso) of cells with the % cell viability results
obtained.

2.3. Wound healing assay

A wound healing test is a common in vitro method for
studying collective cell migration. In this test, a cell-free region
is formed in a confluent monolayer either by physical,
mechanical, thermal, or chemical damage (Jonkman et al.,
2014). C6 glioblastoma cells were seeded in a 24-well plate as a
1x10° cells/well and incubated for 24 hours until cells attached
to the plate to form a confluent monolayer. A sterile 200 pL
pipette tip was used to make a physical scratch in the center of
each monolayer cell well. To eliminate non-adherent cells and
debris, cells were gently washed with new media. The ICso
values for indisulam, coumarin, and indisulam+coumarin
combinations were applied to the wells. Images were obtained
immediately after injury (O h), and 6 hours, 12 hours, and 24
hours afterward. GraphPad Prism was used to quantify the
closure distance of the scratch after randomly selecting photos
from each well using phase-contrast inverted microscopy (X10
magnification).

2.4. Determination of cell proliferation with PCNA method

The proliferating cell nuclear antigen is an evolutionarily
well-conserved protein found in all eukaryotic species and
Archaea (Strzalka and Ziemienowicz, 2011). PCNA was first
shown to function as a transactivation factor of DNA
polymerase 6, which is required for DNA synthesis during
replication (Prelich et al., 1987). PCNA gene expression is
involved with cell proliferation and consequently DNA
synthesis during genome replication during the S phase of cell
division in all species. PCNA forms a homotrimeric ring around
the double helix of DNA and acts as a movable sliding clamp to
attract other proteins involved in cell division control as well as
DNA synthesis and repair (Yu et al., 2013). PCNA can stop
damaged cell DNA replication and repair the damage. In cells
that proliferate, that is, increase because of cell growth and cell
division, PCNA levels rise in the middle of the G1 phase and
remain high throughout the S phase. For PCNA, the DNA
replication protein PCNA, which is synthesized in the G1 and S
phases of the cell division, shows proliferation with the presence
of anti-PCNA monoclonal antibodies. PCNA is a protein used
in the analysis to show the proliferation rate. Cells in all phases
of the cycle are marked with PCNA immunocytochemistry
(Matsumoto et al., 1987). Cells in all phases of the cycle are
marked with PCNA immunocytochemistry.

Proliferation was determined using the PCNA antibody
and the Invitrogen Histostain-Plus Kit (Cat:85-9043). C6 cells
were grown as 1x10° cells/well on sterile coverslips in a 24-well
plate and incubated for 24 hours until cells joined to the plate to
create a confluent monolayer. The cells were then treated with
24h  1Csp  values of indisulam, coumarin, and
indisulam+coumarin and incubated at 37°C for 24 hours. The

Front Life Sci RT 4(3) 2023 125-131

media was taken from the wells at the conclusion of the
incubation time, and the cells were rinsed with phosphate-
buffered saline (PBS). For 5 minutes, the cells were fixed in ice-
cold methanol. After the samples fixed with methanol, they were
washed with PBS for 5 minutes, a blocking solution was added
to each sample and incubated at room temperature for 20
minutes. After blocking, PCNA primary antibody prepared in
PBS, and it was added to the samples at a ratio of 1/150.
Antibody-added samples were incubated at room temperature
for 2 hours and they were washed 3 times for 5 minutes with
1xPBS. Following washing with PBS, a biotinylated secondary
antibody was added to the samples and incubated for 20 minutes
at room temperature and washed 3 times for 5 minutes with 1x
PBS. After the washing process, Streptavidin-peroxidase (HRP)
was applied to the samples and incubated for 20 minutes at room
temperature and washed again with 1x PBS for 3x5 minutes.
After the last washing process, AEC chromogen (Invitrogen,
USA) was added to the samples and incubated for 10-20 minutes
at room temperature. Cells labelled with PCNA were stained and
hematoxylin-eosin was used as counterstain. Coverslips,
containing the PCNA positive and negative cells, was covered
on the slides with a mounting medium and analysed under a light
microscope. Proliferation levels were determined by identifying
marked and unlabeled cells in 10 randomly selected areas at
100x magnification with an immersion oil objective. The
percentage of immune-reactive cells was calculated with the
formula.

Cell Proliferation (%) = (Number of PCNA positive
cells)/(Number of total cells) *100

2.5. Statistical analysis

GraphPad Prism software was used for all statistical
analyses (GraphPad Software, La Jolla, CA). Data were
presented as mean standard deviation (SD), and ANOVA was
used to compare groups, with p<0.05 deemed statistically
significant. ns indicates that the p-value is greater than 0.05 and
is statistically insignificant; *, **, *** and **** represent
increasingly significant statistical data, respectively.

3. Results and discussion

3.1. Cytotoxic effect of indisulam, coumarin and

indisulam+coumarin combine therapy

In a study using indisulam as the active ingredient, the
application of indisulam impaired a cell division progression of
P388 murine leukemia cells in the G1 phase. Complete
regression of advanced LX-1 tumours was observed in 80% of
mice treated with E7070 (Ozawa et al., 2001).

The long-term survival of a patient with metastatic
melanoma treated with indisulam is elaborated in the study
conducted by Baur et al. (2007) supports this study and the
patient with metastatic malignant melanoma was treated at
varying indisulam doses. While the tumour burden was quite
high at the start of treatment, after 2.5 years of treatment with
Indisulam, the tumour appeared to shrink significantly. Finn et
al. (2002) conducted a comparative trial of paclitaxel,
doxorubicin and coumarin anti-cancer agents in HEp-2, HCT-8
and Caco-2 cell lines. Coumarin alone has been shown to be less
effective in growth inhibition in all three tumour cell lines.
However, it has been revealed that coumarin, which creates
different mechanisms in each cell line, has lower cytotoxicity
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Fig. 1. The ICso values of indisulam, coumarin and indisulam+coumarin treatment on C6 glioma cells at the end of the 24th (A) and 48th (B)
hour with the cytotoxicity. 1Cso coumarin: 45.98 uM, ICso indisulam: 32.64 uM, ICs0 combined: 39.11 uM for 24th hour; ICso coumarin: 39.80 uM, ICso

indisulam: 28.34 uM, ICs0 combined: 31.41 uM for 48th hour.

compared to other anti-cancer drugs applied.

In this study, the ICs values of indisulam in C6 Glioma
cells were determined as 32.64 uM and 28.34 uM for 24 and 48
hours, respectively (Fig. 1A-B). In support of the experimental
data obtained, it is seen that similar 1Cso values were obtained
because of MTT inthe HCT116-C9 human colon cancer cell line
(Oda et al., 2003).

The ICso values of coumarin in C6 Glioma cells were
determined as 45.9 uM and 39.80 uM for 24 and 48 hours,
respectively (Fig. 1A-B). Experimentally obtained 1Csp values
are consistent with the study realized by Gkionis et al. (2021)
comparing the cytotoxicity of coumarin analogues on breast
cancer.

The combined application has been preferred for the
purpose of providing both cytotoxicity balance and therapeutic
effect. While indisulam alone has limited anti-tumour effects,
studies evaluating its effects in combination with other
chemotherapeutic agents have provided significant results.
Because of this coumarin is included in this study as the before
mentioned bioactive and chemotherapeutic agent (Touisni et al.,
2011). The ICso values of indisulam+coumarin combined
treatment on C6 glioma cells were determined as 39.11 uM and

Indisulam Indisulam

+
Coumarin

Coumarin

A

31.41 pM for 24 and 48 hours, respectively (Fig. 1A-B). In the
literature, there is no study yet on the C6 GBM cells with
combined treatment of indisulam+coumarin.

3.2. Cell proliferation assay with PCNA method

PCNA immunohistochemical analysis was performed to
determine the effect of indisulam, coumarin and
indisulam+coumarin combined treatment on the proliferation on
C6 Glioma cells. In the application with 24-hour 1Csg doses, it
was observed that indisulam, coumarin and indisulam+coumarin
treatment decreased the proliferation rate of the cells compared
to the control group.

A study involving mice demonstrated that coumarin
inhibits cell proliferation in skin papillom (Bhattacharyya et al.,
2010). Another study reported that coumarin ameliorates benign
prostatic hyperplasia by inhibiting the progression of G1/S phase
cell turnover (Imani et al., 2021). It was also clarified that
indisulam disrupts cell proliferation by targeting RBM39, a
crucial mRNA splicing factor (Bussiere et al., 2020).

In this study, the percentage of proliferation was 93% in
the control group compared to the indisulam and coumarin,

3% %k %k k

mm Control

EE Indisulam

B Coumarin
Indisulam+Coumarin

Proliferation (%)

Fig. 2. Indisulam, coumarin, and indisulam+coumarin therapy inhibited the proliferation of C6 Glioma cells using proliferating cell nuclear
antigen (PCNA) labeling. Quantification of PCNA-positive immunostained cells demonstrated that the indisulam+coumarin combination therapy
significantly reduced cell proliferation for 24 hours compared to the control group (****p < 0.0001) (B). PCNA-positive tagged cells (red) are
visible in the brightfield microscope pictures (A). The data were reported as means standard deviations (n=3) for each group.
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which were 81% and 82%, respectively. While these two
compounds alone did not make a significant difference, when
applied together, the percentage of proliferation decreased by
23% and was determined as 77% (Fig. 2B). This shows that the
combined therapy suppresses the growth of cancer cells
compared to single-dose therapy. According to the results
obtained, the combined therapy of coumarin and indisulam on
C6 glioma cells significantly reduces the proliferation rates of
cells entering the progression of the cell division and causes the
cells to be more susceptible to apoptosis after these active
substances applications.

3.3. Wound healing

Wound healing assay has been preferred because it is low
cost and the easiest test for cell migration in vitro. This method
allows to simulate cell migration of an artificial wound created
with a pipette tip and to examine cell-cell, active substance-cell
interactions (Rodriguez et al., 2005). The most common
information to come from the wound healing assay is the gap
closure rate as a measure of the collective movement rate of
cells. Wound healing was determined as 69.6% in the control
group. Sayed et al. (2021) was stated that sulfonamides, which
are the group including indisulam, can be used to reduce wound
infection in addition to providing wound healing on rats. Lee et
al. (2006) determined that certain coumarin molecules
synthesized by different methods showed growth inhibition
activity against HUVEC cells.

In this study, there was 57.38% wound closure with
coumarin therapy, and 50.94% wound closure with indisulam
therapy. The closure value of the combined application group
was determined as 32% (Fig. 3). The reason for the almost
complete closure of the wound created with a pipette tip in the
control group in the C6 glioma cell line after 24 hours is the lack
of an anti-tumour agent. The reason cells treated with indisulam
and coumarin showed less closure at the end of 24 hours is that
it causes inhibition of cell migration in a concentration-
dependent manner. Microtubule binding agents are exemplary
as anti-migration agents. In the study in which the effectiveness
of migration inhibitors was measured, it was stated that active
substances with anti-cancer activity such as doxorubicin and

Front Life Sci RT 4(3) 2023 125-131

paclitaxel prevented wound healing compared to the control
group (Wang et al., 2019). The combination of indisulam and
coumarin can be classified as an anti-migration agent in tumour
cells.

4. Conclusion

Indisulam inhibits cyclin-dependent kinases (CDKSs),
which control cell division progression and are frequently
overexpressed in cancer cells. Inhibiting CDK causes cell
division G1/S phase arrest, which can lead to induction
apoptosis and tumour cell proliferation inhibition. It has been
determined that coumarin induces apoptosis by causing
morphological changes in human cervical cancer HeLa cell line
studies (Chuang et al., 2007). The most important reason the
coumarin active ingredient is preferred is that it is a natural
inhibitor. Anti-tumour mechanisms of coumarin-derived
compounds are remarkably diverse; inhibition of carbonic
anhydrase (CA), targeting of PI3K/Akt/mTOR signaling
pathway, inhibition of multi-drug resistance (MDR), and
induction of apoptosis are some of them (Feitelson et al., 2015).
A common effect of coumarin and indisulam is inhibition of
CAIX. Inhibition of CAIX is another target because it is highly
expressed in tumour cells (Fukuoka et al., 2001). The main goal
is to identify less toxic and more effective anti-cancer agents. In
these contexts, indisulam and coumarin were preferred in this
study among the CAIX enzyme inhibitors, whose expression
increased in the tumour microenvironment and in the tumour
region (Abel and Baird, 2018).

According to the obtained data, indisulam and coumarin
have anti-proliferative and cytotoxic activity in the C6 glioma
cell line. But also, indisulam+coumarin combined therapy
results showed us that combined therapy is more effective on C6
glioma cells. 1Csq values were determined as 39.11 uM for 24™
hour and 31.41 uM for 48™ hour, respectively for combined
therapy. As a result of the wound healing and proliferation
studies with 1Cso doses, it was determined in wound healing that
the control cells closed at the rate of 69.6%, while the combined
treatment closed the wound by 32% and seriously prevented cell
migration. On the other hand, the percentage of proliferative cell
nuclear antigen (PCNA) positive cells decreased significantly

1000+
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2 & = Coumarin
£ ’ .
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0 6 12 24
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Fig. 3. Effect of indisulam, coumarin and indisulam+coumarin combine treatment on C6 glioblastoma cell migration was determined by wound
healing assay (A). Quantification of migration after 6, 12 and 24h treatment with indisulam, coumarin and indisulam+coumarin (n = 3) compared

to control (B).
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after the combined treatment, with cell proliferation regressed
from 93% in the control group to 77% in the combined treatment

group.

The results of the study show that the combined therapy of
indisulam and coumarin can be used as an alternative
chemotherapeutic therapy in the treatment of brain tumours.
Inhibition of the CAIX enzyme, which participates in the
common mechanism of action of indisulam and coumarin, in the
tumour microenvironment may lead to original studies that will
shed light on alternative treatments. The results of this study
should be enriched with in vivo and clinical trials.
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Abstract

In this study, the antimicrobial effects of three different zinc-based nanoparticles, namely zinc oxide (ZnO), zinc chloride

(ZnCl,), and zinc ferrite (ZnFe204), on food-borne pathogen were investigated. ZnO and ZnCl, nanoparticles were obtained as
commercially, but ZnFe,O4 nanoparticles were produced via sol-gel auto-combustion method. From the XRD results of ZnFe;O4
nanoparticle, it was found that all the peaks agreed with the literature. However, there was also small amount of the secondary phase
peaks corresponding to the ferrite (Fe;Os) phases. Significant differences were observed between the inhibition effects of
nanoparticles on bacteria in the disc diffusion method (p<0.005), except for the ZnFe,O4 nanoparticle, which has no effect on
bacteria at the used dose. ZnO nanoparticle was observed to have the lowest inhibition zone on the Gram-negative bacterium
Campylobacter jejuni of inhibition compared to other test bacteria. It was found that ZnFe,O4 had the highest value of minimum

inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) against Gram-negative bacteria.

Keywords: Antibacterial activity; food-borne pathogen; nanoparticle; sol-gel; zinc oxide

1. Introduction

Considered to be a new revolution in the 21st century,
nanoscience and nanotechnology are seen at the forefront of
modern and new studies (Sebastian and Gimenez, 2016; Al-
Byati and Al-Duhaidahawi, 2023). Research and innovations in
the field of nanotechnology contribute to many sectors such as
medicine, health services, energy, defense industry, agriculture,
food, textile, and cosmetics (Bhushan, 2010; Erkoc, 2012;
Singh, 2017; Malik et al., 2023; Yalcin, 2022). It is thought that
it is very important to produce functional foods with
bionanotechnology and nanotechnology, which are advancing at
a great pace. Nano-emulsion structures, nanoparticles,
biopolymeric nano-composite materials, nanofibers, nanotubes,
and nanosensors consisting of macromolecules in the structure
of foods can also be used in applications on foods with different
purposes. It has been reported that the substances in the structure
of foods can have the desired properties at molecular levels. It is
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possible to develop different and new food products by using the
mechanical and sensory properties of the food, and while the
protection of the products and the extension of their shelf life are
provided in the packaging with nano composites, the safety of
the foods will be under control with the help of nanosensors
(Tarhan et al., 2010; Ansari, 2023).

As an application area of nanotechnology science in the
food industry, various topics such as detection of pathogens in
foods, keeping food safety at a high level, development of
antimicrobial packaging methods, controlled distribution with
the transport of bioactive substances and production of
functional foods can be listed (Robinson and Morrison, 2009;
Siddiqui et al., 2023; Zhang et al., 2023).

Many different antimicrobial biomaterials are produced
that are used in the prevention of diseases caused by infection,
in the preservation of the long shelf life of the structures of
medicines, food and cosmetics/dermo-cosmetic products, and in
the prevention of biofilm formation in medical implants
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(Kanematsu and Barry, 2015).

In addition to being primary or secondary metabolite
products of plants and animals or microorganisms, substances
such as metal or nonmetal compounds, minerals, alloys, and
mixtures may also have antibacterial properties. On the other
hand, it has been possible to develop antibacterial carrier
systems through chemically synthesized or purpose-built
polymers, biopolymers, metal or metal oxide nanomaterials,
carbon nanotubes, nanoemulsions and nanocrystalline structures
(Bueno, 2015). It is known that the demand for high-quality and
safe foods is increasing day by day. The presence of pathogens
in food products is not desirable and is one of the leading causes
of foodborne diseases worldwide (Mshelia et al., 2023). The
presence of pathogens such as Clostridium spp., Escherichia
coli, Yersinia enterocolitica, Staphylococcus aureus,
Campylobacter spp., Listeria monocytogenes and Salmonella
spp. are the most important microbial hazards found in food
products. Pathogenic bacteria such as Clostridium spp., Yersinia
spp., Salmonella spp., Escherichia coli and Staphylococcus
aureus are the causes of numerous diseases related to gastric and
intestinal symptoms such as vomiting and diarrhea (Friedman et
al., 2002; Demirci et al., 2008; Negrut et al., 2020). Concerns
about food safety are observed due to the increase in food-borne
diseases caused by pathogenic microorganisms.

In addition, problems arising from chemical preservatives
and artificial antibacterials used to inactivate or prevent the
growth of pathogenic microorganisms that cause food safety risk
are also observed (Turner et al., 2007; Chowdhury et al., 2023).
Therefore, the use of natural antibacterials is important to keep
microorganisms under control (Tajkarimi et al., 2010; Li et al.,
2022). Although the presence and concentration levels of metals
in the ecosystem, whose concentrations in the biological system
produce toxic effects after a certain level, have been investigated
by many scientists, their interaction with nanoparticles, which
are increasing day by day, and the toxic effects they cause are a
very important subject of research today (Lazar et al., 2022;
Morais et al., 2022). Although heavy metals and nanoparticles
have very common uses, they can also be found as mixtures in
nature. Therefore, it is thought that it is very important to
investigate the negative aspects of the pollutants in mixtures on
the ecosystem and the lives of living things.

Zinc (Zn), which is an essential trace element for the
normal development and growth of living things, is an essential
food source for all living organisms and is a heavy metal that has
duties in many enzymatic activities (Palmgren et al., 2008; Asad
et al., 2023). Zn is used in the automotive industry and
galvanizing to make casting molds. Apart from this, ZnCl; is
also known to be used in the textile industry, as an activator in
the tire industry, as a disinfectant and in the construction of
battery bodies. ZnO structures in nanostructure are one of the
favorite research topics of the researchers due to their optical and
electrical properties (Chen et al., 2016; Khan et al., 2016;
Sutradhar and Saha, 2016; Santhoskumar et al., 2017). ZnO
nanoparticles are known to inhibit the growth of different
bacterial strains and exert a cytotoxic effect against many cancer
cells (Hanley et al., 2008; Nair et al., 2009; Premanathan et al.,
2011). ZnO nanoparticle is known to be used as an additive in
sunscreens, fertilizer, dyes, toothpastes, food, and food
packaging (Baker et al., 2014; Shetty et al., 2015; Zhang et al.,
2015; Kuang et al., 2016). Among the spinel ferrite compounds,
ZnFe;04 is used in soft magnet applications at high frequency
values due to its different structures consisting of inverse,
normal and mixed spinel structures and their high

Front Life Sci RT 4(3) 2023 132-137

electromagnetic performance, excellent chemical stability,
mechanical hardness, medium saturation magnetism property
and their physical properties have been studied extensively
(Naserietal., 2012; Heiba et al., 2022; Badiger et al., 2023; Garg
et al., 2023; Joshi et al, 2023). Recently, much research on Zn-
based nanoparticles have been performed in the various field
(Hatami et al., 2023; Kavitha et al., 2023; Senturk et al., 2023;
Yalcin et al., 2023). The aim of this study was to evaluate the
antimicrobial activities of different zinc nanoparticles (ZnO,
ZnCl; and ZnFe;04) on Gram-negative and positive food-borne
pathogens.

2. Materials and methods
2.1. Bacteria and nanomaterials used in the study

Standard bacterial cultures such as Yersinia enterocolitica
(NCTC 11175), Listeria monocytogenes (ATCC 19112),
Campylobacter jejuni (ATCC 33560), and Staphylococcus
aureus (ATCC29213) were used as food-borne pathogenic
bacteria in the study. In the study, zinc chloride (ZnCl;, Sigma
Aldrich 229997) and zinc oxide (ZnO, Sigma Aldrich 209998)
nanoparticles were used as stocked up, while ZnFe;O4
nanoparticles were prepared by sol-gel auto-combustion method
(Ergin et al., 2023).

2.2. Analysis of antimicrobial activity
2.2.1. Agar well diffusion method

The levels of the minimum inhibition zone of Zn
nanoparticles on food-borne pathogens were evaluated by the
well diffusion method (Hwanhlem et al., 2017) using Mueller-
Hinton Agar (MHA, Merck 1.05437, Darmstadt, Germany). The
food-pathogenic bacteria were standardized to a Mcfarland cell
density of 0.5 Mcfarland (108 cfu/mL) after 24 h growth of
bacteria at 37°C in Nutrient Broth (Merck 1.05443, Darmstadt,
Germany). Each bacterial cell culture (100 pL) was infused with
a petri dish containing 20 mL of Muller Hilton agar. Three wells
of 6 mm were formed in the solid medium. Both wells were
inoculated with a 50 pL. Zn nanoparticle stock solution. The petri
dishes were then incubated at 37°C for 24 hours. After
incubation, the zones of inhibition formed around each well
were measured in mm with the help of a caliper.
bactericidal

2.2.2.  Minimum inhibitory (MIC) and

concentration (MBC) of nanoparticles

In the study, minimum inhibitory concentration (MIC) was
determined according to microdilution method suggested by
Clinical and Laboratory Standards Institute (CLSI, 2006) Test
microorganisms incubated at 37°C for 24 hours were
standardized to 0.5 MacFarland cell density. Mueller-Hinton
Broth (MHB, Oxoid, CM0405) was used as the medium.
Nanoparticle stock solution was prepared as 50 mg/ml and
diluted up to 0.19 mg/ml in sterile tubes. Only tubes containing
stock solution or pure culture were evaluated as control group.
Other tubes to which MHB was added contained
microorganisms and diluted stock solutions used in the study.
The tubes used in the study were prepared repeatedly and
incubated at 37°C for 24 hours. The bacterial growths to be
observed in the tubes were compared with the control group
tubes and the tubes with the lowest inhibition in bacterial
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proliferation were recorded as the MIC value. In line with the
MIC results, Mueller Hinton Agar surface was grafted from
tubes without bacterial growth and petri dishes were incubated
at 37°C for 24 hours and MBC values were recorded.

2.2.3. Production of zinc ferrite (ZnFe20a)

Sol-gel automatic burning method was used in the
production of nanostructured zinc ferrite powders. Zinc and iron
nitrate compounds, which are used as zinc and iron sources,
were obtained from Alfa Aeser company. Zinc nitrate (1:2) and
iron nitrate [Fe(NO3)3.9H.0] weighed according to the
stoichiometric ratio were mixed in 50 ml of pure water at room
temperature for about 1 hour until completely dissolved in the
magnetic stirrer. Citric acid supplied from Sigma Aldrich
company with 99% purity was added to the homogeneous
solution as fuel, again according to the stoichiometric ratio, and
mixed in pure water in the magnetic stirrer for 30 minutes. After
the solution preparation process, the pH of the solution was
adjusted to 7 with the help of ammonia. The prepared solution
was evaporated and combusted at about 350°C under
atmospheric conditions. The nano-ferrite powders obtained in
dry form were ground and homogenized for 20 minutes with the
help of agat.

2.2.4. Statistical analysis

Statistical analyses were performed using SPSS 180 (SPSS
Inc., Chicago, IL.USA). The ANOVA test was used to indicate
significant differences, defined as p<0.005.

3. Results and discussion

Since the properties of ZnO and ZnCl, nanoparticles were
previously made by the manufacturer (Sigma-Aldrich) and the
results were presented, no structural analysis studies have been
carried out on these samples. However, prior to investigating the
effect of ZnFe,O4 nanoparticles produced by us, their structural
analysis was also examined. Fig. 1. shows the XRD patterns of
ZnFe;04 nanoparticles. As can be seen from the Fig. 1, the XRD
patterns was labelled according to the JCPDS Card No.: 82-1042
and all the peaks agreed with the literature (Sarala et al., 2020;
Lakra et al., 2023). However, there was also small amount of the
secondary phase peaks corresponding to the Fe;Os phases in the
structure. Fig. 2. shows the size and structure of ZnFe;O4
nanoparticles produced in this study using Transmission
Electron Microscopy (TEM). From the TEM images, it is seen
that many nanoparticles are agglomerated and spherical in
shape. This agglomeration is due to the magnetic nature of the
nanoparticles. In addition, particle sizes are distributed on
average between 5 nm and 40 nm. This may be due to the
inhomogeneous heat dissipation that occurs during the
production of nanoparticles. Results obtained were consistent
with literature findings (Abbasian and Afarani, 2019).

Table 1 shows the inhibition diameter zone of Zn-based
nanoparticles on food-borne Gram-negative and positive
pathogenic bacteria. Statistically significant differences were
observed on inhibition zones of nanoparticles on pathogenic
bacteria (p<0.05). ZnFe,O4 had no antibacterial effect on food-
borne pathogenic bacteria at the administered dose. However,
among the nanoparticles tested, the ZnCl, nanoparticle was
found to have the highest inhibition zone on bacteria (p<0.05).
The ZnCl, particle exhibited the highest zone of inhibition on
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Fig. 1. XRD patterns of ZnFe2O4 nanoparticles.
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Fig. 2. TEM image of ZnFe204 nanoparticles.

Gram-positive Listeria monocytogenes (50 mm) and Gram-
negative Yersinia enterocolitica (48.75 mm), while it showed
statistically similar zone of inhibition (48 mm) on the other test
bacteria. ZnO nanoparticle showed a lower zone of inhibition
(12.25 mm) on Campylobacter jejuni compared to other test
bacteria. Staphylococcus aureus, Listeria monocytogenes, and
Yersinia enterocolitica had a statistically similar (19.25-19.50
mm) zone of inhibition against ZnO nanoparticles.

In the study, the minimum inhibitory (MIC) and minimum
bactericidal concentration (MBC) values of the test
microorganisms against nanoparticles are given in Table 2. The
MIC value of ZnO nanoparticle on bacteria ranged from 6.25
mg/mL (Yersinia enterocolitica) to 25 mg/ml (Listeria
monocytogenes). ZnO nanoparticle exhibited a similar
bacteriostatic effect (12.5 mg/mL) against Staphylococcus
aureus and Campylobacter jejuni bacteria. Gunay et al. (2021)
determined the MIC values of ZnO nanoparticles synthesized
with Nosturtium officinale extract against Aeromonas hydro-
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Table 1
Minimum inhibition zones of zinc nanoparticles against foodborne
Gram-positive and negative pathogenic bacteria.

ZnO ZnCl, ZnFe,O4
Gram-positive bacteria
Staphylococcus aureus 19.50+1.29™ 48.00+0.82° -
Listeria monocytogenes 19.25+1.26° 50.00+0.00? -
Gram-negative bacteria
Campylobacter jejuni 12.25+1.00° 48.00+1.41° -
Yersinia enterocolitica 20.13+1.032 48.75+0.96® =

*Mean (n=3) +Standard deviation. There is a significant difference (p
< 0.05) between the groups in terms of different lettered (a-b) values in
the same column.

Table 2

Minimum inhibitory (MIC) and bactericidal concentration (MBC) of
zinc nanoparticles against foodborne Gram-positive and negative
pathogenic bacteria.

ZnO ZnCl, ZnFe,0,

MIC MBC MIC MBC MIC MBC
Gram-positive bacteria
Staphylococcus o5 55 135 125 125 25
aureus
Listeria 550 25 25 25 >50
monocytogenes
Gram-negative bacteria
Campylobacter ), o 55 g5 125 25 50
jejuni
versinia 625 >50 125 125 25  >B0

enterocolitica

phila and Vibrio parahaemolyticus strains as 15 and 7.5 mg/mL,
respectively. In another study, it was determined that the MIC
values of ZnO nanoparticles against Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa, and
Enterococcus faecalis were above 0.13 mg/mL (Erdogan et al.,
2019). In this study, Campylobacter jejuni was one of the most
sensitive bacteria to the ZnCl, nanoparticle (6.25 mg/mL), while
Listeria monocytogenes was the bacterium with the highest MIC
value (25 mg/mL) against the ZnCl, nanoparticle among the
bacteria tested. ZnFe,O4 nanoparticle showed a MIC value of 25
mg/ml against test microorganisms other than Staphylococcus
aureus. The bactericidal effect of the nanoparticles on the test
organisms was generally 50 mg/ml or more for ZnO and
ZnFe;04, and 12.5 mg/ml for ZnCl,.

On the other hand, studies with different nanoparticles and
different nanoparticle production methods are also available in
the literature. Eren and Baran (2019), synthesized silver
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Abstract

This study aims to investigate the different local thresholding methods on various regions of noise images, which could be
used for image binarization of optical coherence tomography images. In the methods one hundred 8-bit images of noise, 1000x1000
pixel in size, is generated using ImageJ/FIJI program. Images processed with four different auto local threshold method in
ImageJ/FIJI program as Niblack, mean, median and midgrey, to perform binarization. Twenty-five different region of interest,
100x100 pixel in size, from different region in an image analyzed for area percentage (AP) measurement. Normality tests were
performed via Saphiro Wilk Normality test, and Student’s t test and one-way ANOVA were used to assess the continuous variables,
and Bonferroni test for post hoc analysis, utilizing the IBM SPSS Statistics for the statistical analysis. In the results of this study
mean AP for Niblack method was 42.08 + 0.32%, for mean method was 50.00 + 0.32%, for median method was 49.28 + 0.16%,
and for midgrey method was 49.63 + 2.09%. One-way ANOVA analysis shows all the different subgroups of Niblack and mean,
Niblack and median, Niblack and midgrey, mean and median, mean and midgrey, and median and midgrey measurements are
significantly different from each other. In conclusion this study examined 100 noise images across 25 regions using four auto local
threshold methods (Niblack, mean, median, and midgrey). Analyses indicated that Niblack having the lowest mean and there is
significant difference between all the methods; researchers using auto local threshold methods in OCT image processing should
select methods aligned with data properties, warranting further exploration of these methods’ impact on diverse OCT image,
especially taking into account the effect of the noise.

Keywords: Biophysics; choroidal vascularity index; image processing; optical coherence tomography; thresholding

1. Introduction

Image processing in the ophthalmological instruments
have long been an important issue since first optical coherence
tomography (OCT) has been introduced. In this very first
explanation of advantages of the device itself, researchers
discussed and emphasized the non-invasive nature of the
technique for biological systems (Huang et al., 1991). Since then
it is widely used for various kind of ophthalmological conditions
including retinal and choroidal pathologies, acquired and
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inherited conditions (Adhi and Duker, 2013).

The basics of the device rely on low coherence
interferometry, a concept similar to ultrasonic pulse-echo
imaging. However, the key distinction is that it employs near-
infrared light (NIR) instead of sound waves. The formation and
visualization of images occur through the measurement of both
the time and magnitude delay of the light that is scattered back
from the retina. Due to the rapid velocity of the light beams,
direct echoes cannot be detected directly and to overcome this,
a reference mirror is employed which facilitates the comparison
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of reflections using a Michelson interferometer (Huang et al.,
1991).

Recent improvements in the OCT technology allowed us to
use spectral domain OCT (SD-OCT), as a high-resolution
diagnostic tool (Nassif et al., 2004). High-resolution means
more data to interpret and more need for the analysis the data of
the image has itself. Thus, OCT and various ophthalmological
images become a natural candidate for the various kind of image
processing approaches (Agrawal et al., 2016a,c).

Empowering as a few micrometers of resolution to the
ophthalmological images, nearly as a histological image section,
new OCT technologies are even a better target for many of the
image processing methods (Sull et al., 2010). Optical coherence
tomography angiography (OCT-A) technology further improved
our understanding of functional and anatomical vessel
interactions and properties (Ferrara et al., 2016; Kashani et al.,
2017). OCT-A technology has a complex computational
background which mainly utilizes the signal based approaches
(Kashani et al., 2017).

Many of the studies that utilize from OCT, measures
mainly the thickness of the retina and choroid (Leitgeb et al.,
2003; Spaide et al., 2008; Adhi and Duker, 2013). These
thickness measurements were performed in different regions of
the ocular structures (Manjunath et al., 2010). The image
processing of the OCT images is not limited to the thickness
measurement. The studies for retinal image analysis ranges from
image enhancement, segmentation to the thresholding. Not only
OCT images of the macula and fovea have been a subject for
image processing approaches, but also other anatomical
structures like vessels, optic nerve and other structures have
been important for the ophthalmological image processing
studies. Even there were different imaging modalities except
OCT (Patton et al., 2006).

In the recent years, a new field closely related to the image
processing gain importance which is artificial intelligence.
Many of the artificial intelligence study techniques have been
studied in both anterior and posterior segment analysis. Thus,
there are numerous parameters and indexes that can be used in
artificial intelligence architectures, in order to diagnose and
follow up distinct diseases (Duan et al., 2022; Gozzi et al.,
2023). Moreover, some of these studies showed that artificial
intelligence may help the clinician in the process of deciding to
the surgery (Gan et al., 2022). Artificial intelligence is studied
for its role in screening of some ophthalmological conditions,
and found to be a valuable and promising tool (Huang et al.,
2022).

One of the most studied areas of image analysis research is
choroidal vascularity index (CVI) (Agrawal et al., 2016a,c).
Previous image processing studies paved the road for CVI
calculations (Sonoda et al., 2014). It mainly questions if the
thickness measurements are not sufficient for further evaluation
of many diseases, whether ophthalmological and non-
ophthalmological ones such as from Stargardt disease to
panuveitis and from Vogt-Koyanagi-Harada disease to type-2
diabetes (Agrawal et al., 2016b,c; Kim et al., 2018; Ratra et al.,
2018). In this particular method, CVI is measured with a Niblack
binarization technique in OCT images (Agrawal et al., 2016a,c).

Image processing studies utilizing CVI as a tool has a broad
spectrum of interest. Using image processing methods,
particularly CVI, different regions of the retina has been
investigated like macula and peripapillary region (Qi et al.,
2023). Also, there are studies that investigate drug effects, like
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hydroxychloroquine, and these kind of image analysis tools are
mentioned to be a candidate tool for decision making (Hasan et
al., 2023). One other study found that primary open-angle
glaucoma and primary angle-closure glaucoma had significantly
different CVI values (Wang et al., 2023).

Although OCT is an advantageous method for many
reasons, the noise is a concern while gathering the images and
there were certain approaches to overcome this situation in the
literature, even using artificial intelligence (Qiu et al., 2020).
Deep learning approaches also used to denoise the OCT images
of the different ocular anatomical regions (Devalla et al., 2019).
Thus, because of the nature of the Niblack binarization method,
noise could be very important, for the interpretation of the
outcome results.

The need for the determining basic characteristics of
widely used Niblack method and other methods in noisy images,
simulating the noisy part of the OCT images, is increasing as the
CVI research gain importance. Use of different thresholding
methods in different image conditions can be used as the purpose
of the study. For this purpose, in this study it is aimed to
investigate the role of Niblack and three other methods on noise
images, in 25 different regions of the noise images.

2. Materials and methods
2.1. Image acquisition

One hundred different noise image is generated in Tiff
format with a frame of 1000x1000 pixel, a square shaped image,
using ImageJ/FIJI program (version 1.52b) (Schindelin et al.,
2012; Schneider et al., 2012). These images were in 8-bit gray
scale as in the most binarization techniques have been performed
previously (Agrawal et al., 2016c¢) (Fig. 1A).

Fig. 1. (A) A sample noise image, (B) 25 Region of interest (ROI) that
are measured in a single image.

2.2. Binarization process

Gray scale noise images have been employed in order to
binarize via auto local threshold approaches. Binarization means
rescaling two-digit value pixels, either 1 or 0, or simply white
and black. Different techniques of local threshold methods for
binarization are used as Niblack, mean, median and midgrey as
in the previous studies (Fig. 2A-D, respectively). Auto local
threshold is a plugin in the ImageJ/FIJI program, that are used
to binarize images, which computes the threshold using different
approaches such as Niblack, mean, median and midgrey as
preset inbuilt methods (Agrawal et al., 2016c; Landini et al.,
2017; Healy et al., 2018; Nichele et al., 2020).
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2.3. Region of interests

After binarization of the image with a technique, new
image has been saved and ROl measurements take place.
Twenty-five independent regions of interest (ROI) drawn as
shown in the Fig. 1B., in order to represent more of the noise
area and randomize it. Dimension of the ROIs are 100x100 pixel
square, 100 pixels apart each other, in an orientation of five
horizontal and five vertical landing, a total of 25 per image.
Thus, 25 different ROI for 100 image makes a total of 2500 ROI,
which have been analyzed for binarization results with four
different techniques.

Fig. 2. (A) Binarized image using Niblack method, (B) Binarized image
using mean method, (C) Binarized image using median method, (D)
Binarized image using midgrey method.

2.4. Area percentage measurement

ROIls have been measured using measure function in the
ROI manager tab of the program. In this section area percentage
(AP) and mean pixel values were noted, and each ROI is
investigated for the area fraction of white to the total area and
showed in percentage. Histograms, boxplots and scatter plots of
different methods have been drawn.

2.5. Statistical analysis

A total of 100 images with 25 different ROIs have been
analyzed with four different auto local threshold technique. IBM
SPSS Statistics, Version 28.0 is used for the statistical analysis.
Techniques are compared between each other and for different
regions with Student’s T-test. One-way ANOVA has been
employed for independent group assessment and Bonferroni
post hoc analysis has been performed for further analysis.
Normality tests were performed with Saphiro Wilk Normality
tests. Continuous variables have been shown as mean and
standard deviation. p value smaller than the 0.05 is accepted as
significant.
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3. Results and discussion

When the total measurements of all techniques analyzed,
mean AP was measured as 47.75 £ 3.45% (41.11 - 55.84%, N =
10000). Mean AP for Niblack method was 42.08 + 0.32% (41.11
- 43.21 %, N = 2500), for mean method was 50.00 + 0.32%
(49.02 - 51.28%, N = 2500) and for median method was 49.28 +
0.16% (48.77 - 49.84%, N = 2500), for midgrey method was
49.63 +2.09% (42.34 - 55.84%, N = 2500) (Fig. 3).

60.00

55.00

50.00 % %

45.00

AP (%)

=

Niblack

40.00

Midgrey Mean Median

Method

Fig. 3. Boxplot graphs of the four different auto local threshold
methods: Niblack, midgrey, mean and median (AP: Area Percentage,
%: Percent).

When Niblack and midgrey AP compared with each other,
Niblack was found significantly lower than the midgrey (p<
0.001). The distribution width of midgrey, thus standard
deviation is higher than the Niblack method, which can be seen
in the Fig. 3 and Fig. 4. Niblack AP is significantly lower
compared to both mean and median method APs (p<0.001 and
p<0.001, respectively) (Fig. 3). AP of the midgrey is
significantly lower than the mean and significantly higher than
the median method (p<0.001 and p<0.001, respectively) (Fig. 3).
And mean methods AP values are significantly higher than the
median method (p<0.001) (Fig. 3). Although there is not a high
difference between AP results, the high number of sampling rate
makes small changes more significant. All the four methods
results are normally distributed which can be seen at Fig. 4.

One-way ANOVA analysis showed that there were
significant differences between 4 methods (p<0.001).
Bonferroni post hoc analysis suggested that these differences
were due to all of the sub groups of Niblack and mean, Niblack
and median, Niblack and midgrey, mean and median, mean and
midgrey, and median and midgrey (p<0.001 for all of the
subgroup post hoc analysis).

Table 1
Mean values in different methods.
Mean Pixel Minimum Maximum
Method Value %o Pixel Value  Pixel Value
Niblack (n=2500) 107.31 £0.82 104.83 110.19
Mean (n=2500) 127.49 £0.82 125.00 130.76
Median (n=2500) 125.67 £0.41 124.36 127.09
Midgrey (n=2500) 126.55 £5.33 107.97 142.39

(n=Number, X:Mean, o:Standard Deviation)

Mean pixel value after binarization of different methods
have been shown in the Table 1 which is typically between 0-
255 in 8-bit images. The mean value of the Niblack method was
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Fig. 4. Histogram graphs of the four different auto local threshold methods: (A) Niblack, (B) Mean, (C) Median, (D) Midgrey (AP: Area

Percentage, %: Percent, Std. Dev.: Standard Deviation, N: Number).
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Fig. 5. Scatter plot graphs of the 25 different regions of the four different auto local threshold methods: (A) Niblack, (B) Mean, (C) Median,
(D) Midgrey (AP: Area Percentage, %: Percent, ROI: Region of Interest).

found to be lowest among four different method, and mean
method found to be highest (107.31 + 0.82, 127.49 + 0.82,
respectively) (Table 1).

Scatter plot and box plot graphs showed that there are some
outliers in all of the methods in different regions, which can be
seen in Fig. 5 and Fig. 6.

These adaptive and local thresholding techniques have
been used in a broad spectrum of images and studies including
the CVI studies (Brocher, 2014; Agrawal et al., 2016a;
Mohamed Razali et al., 2017; Healy et al., 2018; Nichele etal.,

2020; Ban and Kweon, 2021). In a study investigating the
adaptive thresholding methods in dental X-ray images,
researchers compared the mean, median, midgrey, Otsu and
Niblack methods and they have found that median method has
the best thresholding range overall (Mohamed Razali et al.,
2017). Another study in the literature mentioned the role of these
methods in quantification of sweat areas in a mouse model (Ban
and Kweon, 2021). Yet a study implies and investigates the role
of these different methods on both experimental and synthetic
confocal images of different bacteria types (Nichele et al., 2020).
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Fig. 6. Boxplot graphs of the 25 different regions of the four different auto local threshold methods: (A) Niblack, (B) Mean, (C) Median, (D)

Midgrey (AP: Area Percentage, %: Percent, ROI: Region of Interest).

Different kind of images of astrocytes, microglia and
oligodendrocytes were also evaluated using different
thresholding methods including mean, median, midgrey, and
Niblack (Healy et al., 2018). There were studies comparing new
algorithms with pre-existing thresholding methods (Brocher,
2014).

Niblack method can be considered as a local thresholding
method alongside many others like Sauvola (Niblack, 1986;
Sauvola and Pietikdinen, 2000; Healy et al., 2018). Because
Niblack method depends vastly on the mean and standard
deviation in a local region around a particular pixel, the main
aim of this method could be interpreted as making the
thresholding process which takes into account that surrounding
pixels; Thus, use of Niblack method could have both some
advantages and disadvantages (Adeyanju et al., 2021).

In this study it is found that different adaptive thresholding
methods has significantly different outcomes in the noise. Thus,
especially images that has too much noise in it, can be vulnerable
for that kind of different results when performed with different
methods. Researchers should be careful about the methodology
they chose, before they begin the study, depending on their
dataset and the noise that contains. OCT images, especially that
performed with an unsatisfied quality, should be considered for
noise, if they will be included in studies that require for
implementation of Niblack thresholding algorithm like CVI.
There are some methods used for reducing the noise by reducing
brightness of the OCT images, in order to get better results in the
CVI assessment (Agrawal et al., 2016c). While the contrast
disperse is uniform, global thresholding methods have
advantages, whereas if the contrast is variable or noise is present,
local thresholding methods gain importance (Singh and Mridula,
2014).

In this study it is performed analysis in different regions in
a 1000x1000 pixel image with a ROI size of 100x100. A study
in the literature performed a comparative analysis between
different methods in confocal microscopic and synthetic images

found that local thresholding techniques are very sensitive to the
ROI size (Nichele et al., 2020). Thus, researchers should also
consider the ROI size, when conducting a proper study that
investigates utilizing local thresholding methods.

Considering its widespread investigation in recent years,
CVI is a major research topic not only in medical but also in
surgical and postsurgical conditions (Quiroz-Reyes et al., 2023).
There are both advantages and disadvantages, strength and
limitations of different thresholding algorithms (Nichele et al.,
2020). Although CVI studies performed on the OCT images
found Niblack method more reliable for showing luminal and
stromal areas, other studies examining the dental X-ray images
found median method more suitable for higher number of teeth
segmentation (Agrawal et al., 2016¢; Mohamed Razali et al.,
2017).

Researchers should decide the correct thresholding
method, for their study, considering the amount of noise in their
datasets. This study sheds light on the basic characteristics in the
noise images of various auto local thresholding methods.

4. Conclusion

In this study 100 noise images were investigated for 25
different regions and four different auto local threshold methods
as Niblack, mean, median and midgrey. The findings indicated
that the AP for all four methods followed a normal distribution.
Additionally, there was a significant difference observed among
subgroups, with the Niblack method exhibiting the lowest mean
value. Although OCT is an advantageous imaging tool widely
used in ophthalmology, noise in the OCT images could be a
major problem, and researchers conduct image processing
studies employing auto local threshold methods should consider
their methods according to the properties of their data that they
will work on. Future studies are needed for investigating the
effects of different auto local thresholding methods during noise
in various kind of OCT images.
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Abstract

The aim of the study was to analyze inpatient costs in the Orthopedics and Traumatology clinic of a public hospital. The
hospitalizations in the Orthopedics and Traumatology clinic of the 525-bed All group hospital in 2019, 2020 and 2021 were
retrospectively evaluated. The study was planned as a cross-sectional descriptive study and data were obtained from the Hospital
Management Information System. There were 27,330 inpatients in 2019, 18,604 in 2020 and 21,709 in 2021. The average number
of days of hospitalization was 4.07 days in 2019, 2.99 days in 2020 and 2.34 days in 2021. The total annual inpatient cost of
Orthopedics and Traumatology service was realized as 3,761,369.20 $ (21,326,963.36 TL) in 2019, 2,061,248.96 $ (14,428,742.72
TL) in 2020 and 1,231,753.09 $ (10,937,967.44 TL) in 2021. The average hospitalization cost of inpatients was 137.63 $ (780.36
TL) in 2019, 110.80 $ (775.60 TL) in 2020 and 56.71 $ (503.58 TL) in 2021. The decrease in total inpatient costs and average cost
per patient over the years is a result of the Covid-19 pandemic. In calculating costs for cost control in hospitals, it is important to
investigate the reasons for the change in costs over time as well as revealing the current situation. It is recommended to investigate

the sources of changes in costs in future research.

Keywords: Cost; hospitalization; orthopedics; traumatology

1. Introduction

Effective use of limited resources is an important
requirement for the improvement of health services. The cost of
services provided in hospitals, which constitute the main axis of
health service production, is quite high (Top and Aslan, 2017;
Berk and Cercioglu, 2019). In order for costs to be used as an
effective tool for increasing efficiency in health services, they
must be detectable and auditable. In this direction, it is important
to develop cost accounting systems in hospitals (Elif et al.,
2015). Hospital-wide or clinic-based cost calculations serve the
purpose of developing cost accounting systems.

Due to the increase in costs and limited resources in health
service delivery, hospitals face financial difficulties. Therefore,
the cost-effectiveness and efficiency of hospitals are closely
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monitored by both health care providers and health policy
makers (Canbaz et al., 2015). However, hospitals consume a lot
of resources as they are the institutions with the largest
proportion of health service delivery. Costs are the main factor
in terms of effective and efficient use of resources, directly
affecting the provision of quality, efficient and timely healthcare
(Carikci and Acar, 2017; Dirvar et al., 2020). In addition, it is
important for decision makers how the Covid-19 pandemic,
which has affected the whole world, has caused a change in
healthcare resources. Therefore, decision makers can use this
information to understand resource consumption in hospitals
and both disease- and clinic-based costs, and to plan budget and
resource allocation (Hussey et al., 2009).

Public hospitals play an important role in ensuring access
to health services in the country and in protecting and improving
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public health. The costs of healthcare services offered in
hospitals, including diagnosis, treatment, health education,
surgery, birth, rehabilitation, and the protection and
development of health, are quite high. High costs incurred in the
clinics of these hospitals can become a factor limiting access to
healthcare. In addition, personnel, medicine, serum, vaccine and
medical consumables are among the important cost items in
hospitals. As a matter of fact, many studies have found that
personnel costs are the highest cost item (Yigit et al., 2003;
Karasioglu and Cam, 2008; Esatoglu et al., 2010; Ozkan et al.,
2014; Elif et al., 2015; Soylular and Agirbas, 2016; Buluc and
Agirbas, 2017). In this context, it is possible to list the cost items
in hospitals as follows: direct raw materials and materials, direct
personnel and general production expenses (Esatoglu et al.,
2010).

Systematic and continuous cost management is important
in hospitals to optimize resource consumption and provide
quality, effective and efficient healthcare. Cost management
essentially focuses on planning, management and control of
costs to achieve maximum benefit at minimum cost (Otlu and
Karaca, 2005). As a matter of fact, cost information has a
performance-enhancing effect for healthcare professionals
(Cinquini et al., 2009). One of the cornerstones of cost
management is “cost accounting”. Cost accounting is an
accounting and recording system that allows determining and
monitoring the cost types that make up the cost of produced
goods or services. Under cost accounting, which consists of
recording and measurement systems, measurements are made
with approaches such as traditional cost analysis, activity-based
costing, order costing, phase costing, full costing, variable
costing, actual costing and standard costing (Palteki, 2019).
Depending on the scope of the research, performing cost
analyzes with one of these methods is important for the
management of increasing costs.

Reducing costs, especially in high-cost surgical clinics
such as Orthopedics and Traumatology, will also facilitate
access to healthcare. The costs of patients in surgical clinics may
vary depending on factors such as the patient’s diagnosis,
interventional procedures and treatment method. High-cost
treatment methods are known as factors that increase costs.
Many studies in the literature focus on the medical and surgical
treatment costs of diseases in the field of Orthopedics and
Traumatology. These studies have helped to identify cost-
effective treatment methods for clinicians. The aim of this study
is to examine inpatient costs in the Orthopedics and
Traumatology clinic of a public hospital.

2. Materials and methods

The aim of this study is to examine inpatient costs in the
Orthopedics and Traumatology clinic of a public hospital. The
study was conducted in the Orthopedics and Traumatology
clinic of a 525-bed public hospital serving in the A2 service role
in the Mediterranean Region in Turkey. A-11 Group Hospitals
are general hospitals operating in provinces in Turkey that have
the status of regional health centers or in provinces affiliated to
these centers and do not have education-research status. All
group hospitals meet the following criteria: second level,
inpatient health facility status; having 6 or more specialist
physicians from each of at least four branches (internal
medicine, general surgery, gynecology and obstetrics,
pediatrics) and being able to organize separate emergency and
branch shifts; being able to provide follow-up and treatment of
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high-risk patients by hospitalization; having a Level Il
Emergency Service and a Level Il intensive care unit; meeting
the necessary examination and treatment services and imaging
requirements (Ministry of Health, 2009).

The study was planned as a single-center, cross-sectional
descriptive study, and all hospitalizations that occurred
retrospectively between 01.01.2019-31.12.2021 were included
in the study, and outpatients were excluded. The research period
was determined as 2019-2021 because of make a more up-to-
date comparison between costs and to see the results of the
Covid-19 effect on costs.

Hospitalization costs were calculated based on the
perspective of the reimbursement institution. From the
perspective of the reimbursement institution, the hospitalization
cost calculation includes the medical care costs paid by the
reimbursement institution in exchange for the health care
provided in this unit. Accordingly, the scope of the research is
to examine the transaction costs incurred on patients
hospitalized in the Orthopedics and Traumatology clinics of the
relevant hospital. Thus, the cost of patients receiving inpatient
treatment in the clinic will be determined. Data extracted from
HMIS were examined on the basis of patient, procedure and
diagnosis.

Cost findings are also calculated in US dollars according to
the annual average effective selling rate of the Central Bank of
the Republic of Turkey (1 $=5.67 TL in 2019 1 $=7.00 TL in
2020; 1 $=8.88 TL in 2021 (TCMB, 2023). M.S. Excel program
was used for data analysis.

2.1. Research data

Data were obtained through the Hospital Management
Information System (HMIS) of the relevant hospital, and the
age, gender, diagnosis, number of days of hospitalization and
detailed invoices of the inpatients in the relevant period were
evaluated.

2.2. Institutional authorization

Institutional permission was obtained for the conduct of the
study (19.12.2022/E71713619/11909), scientific, ethical and
citation rules were followed in the writing process of the study;
no falsification was made on the collected data and this study
was not sent to any other academic publication environment for
evaluation, and it was conducted in accordance with the
principles of the Declaration of Helsinki.

2.3. Limitations

This research should be evaluated within the framework of
certain limitations. The scope of the research is to calculate the
cost of patients receiving inpatient treatment in the Orthopedics
and Traumatology service of the relevant hospital from the
perspective of the reimbursement institution. The cost
calculation only covers the procedures applied to patients, and
the lack of grouping such as direct raw material and materials,
direct personnel and general production expenses is a limitation
of the study. As a matter of fact, in this study, a detailed cost
analysis such as traditional cost analysis or activity-based
costing was not performed, and the costs of inpatient treatment
in the relevant clinic were calculated on a transaction basis. In
this context, it was not grouping in cost calculation.
Additionally, due to the scope of the data obtained in the study,
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the cost of inpatient treatment applied in the relevant clinic was
calculated, and no classification was made according to sub-
treatment methods. In addition, the inflation difference was not
taken in the years in which the study was conducted.

3. Results and discussion

Within the scope of the research, 27,330 inpatients were
treated in 2019, 18,604 in 2020 and 21,709 in 2021. The average
age of these patients was 53.09 (0-21) in 2019, 52.63 (0-102) in
2020 and 53.44 (0-103) in 2021. In 2019, 58.35% of hospitalized
patients were female and 41.65% were male; in 2020, 58.81%
of hospitalized patients were female and 41.19% were male; and
in 2021, 61.33% of hospitalized patients were female and
38.67% were male. The average number of days of
hospitalization was 4.07 days in 2019, 2.99 days in 2020 and
2.34 days in 2021 (Table 1).

Table 1
Descriptive statistics.
2019 2020 2021
Number of patients 27,330 18,604 21,709
Gender Male 11,384 7,663 8,394
Female 15,946 10,941 13,315
Average Age 53.09 (0-21) 52.63 (0-102)  53.44 (0-103)
Hospitalization day 4.07 2.99 2.34

Orthopedics and Traumatology service hospitalization
costs are presented in Table 2. The total cost of hospitalization
was 3,761,369.20 $ (21,326,963.36 TL) in 2019, 2,061,248.96 $
(14,428,742.72 TL) in 2020 and 1,231,753.09 $ (10,937,967.44
TL) in 2021. The average hospitalization cost of inpatients was
137.63 $(780.36 TL) in 2019, 110.80 $ (775.60 TL) in 2020 and
56.71 $ (503.58 TL) in 2021. Details of hospitalization costs
were analyzed based on the procedures performed on patients.
In this context, the most billed expense item in 2019 was
“graftless umbilical hernia repair” with a total cost of
1,874,980.25 $ (23,240 times, unit price: 80.68 $), “intra-
articular injection, pain treatment” with a total cost of 50,180.53
$ (10,129 times, unit price: 4.95 $), and “plaster removal” with
a total cost of 11,922.15 $ (5,719 times, unit price: 2.08 $). The
most billed expense item in 2020 was “daily bed charge” with a
total cost of 25,118.69 $ (16,541 times, unit price: 1.52 $),
“intra-articular injection, pain treatment” with a total cost of
30,004.13 $ (7,477 times, unit price: 4.01 $), and “plaster
removal” with a total cost of 6,620.89 $ (3,921 times, unit price:
1.69 $). The most billed expense item in 2021 was “daily bed
charge” with a total cost of 23,487.47 $ (19,444 times, unit price:
1.21 $), “intra-articular injection, pain treatment” with a total
cost of 35,546.62 $ (11,136 times, unit price: 3.19 $), and
“plaster removal” with a total cost of 5,717.93 $ (4,257 times,
unit price: 1.34 $).

Table 2
Orthopedics and Traumatology clinic hospitalization cost.
2019 2020 2021
Total cost of 3,761,369.20 $ 2,061,248.96 $ 1,231,753.09 $
hospitalization (21,326,963.36 (14,428,742.72 (10,937,967.44
P TL) TL) TL)
:(‘)‘s" e 137.63 11080 $ 56.71$
P (780.36 TL) (775.60 TL) (503.58 TL)

cost

Orthopedics and Traumatology clinic inpatient costs were
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analyzed based on ICD.10 (International Classification of
Disease 10) diagnosis classification. In this context, 2,777
inpatients with different diagnoses were treated in the relevant
service in 1,938 in 2020 and 2,296 in 2021. In 2019, the most
common diagnosis was “M17.0-Primary gonarthrosis,
bilateral”. In 2019, 7.79% (2,129 people) of inpatients received
this diagnosis and the total annual cost was 331,842.44 $
(1.881.546,66 TL). Second most common diagnosis was “M17-
Gonarthrosis (arthrosis of the knee joint)” with total annual cost:
113,535.48 $ (643,746.19 TL) and third was “M19.8-Arthroses
other, defined” with total annual cost: 26,389.15 $ (149,626.47
TL). In 2020, the most common diagnosis was “M17.0-Primary
gonarthrosis, bilateral”, which was seen in 8.69% of patients.
The total annual cost of the diagnosis was realized as 170,075.73
$(1,190,530.11 TL). Second and third most common diagnosis
was “M77.3-Calcaneal spur” with total annual cost: 528,779.65
$(3,701,457.53 TL) and “M19.8-Arthroses other, defined” with
total annual cost: 24,850.79 $ (173,955.50 TL) respectively. In
2021, the most common diagnosis was “M17.0-Primary
gonarthrosis, bilateral”, which was seen in 11.16% of patients.
The total annual cost of the diagnosis was determined to be
94,404.66 $ (838,313.38 TL). Second and third most common
diagnosis was “M19.8-Arthroses other, defined” with total
annual cost: 26,212.74 § (232,769.09 TL) and “M17.9-
Gonarthrosis, unspecified” with total annual cost: 23,818.97 $
(211,512.43 TL) respectively.

When the diagnosis with the highest annual total cost was
analyzed, it was determined that the diagnosis seen in 994
patients in 2019 was “M77.3-Calcaneal spur”. The rate of this
diagnosis in total annual inpatient costs was 12.21% [458,957.14
$ (2,602,286.99 TL)]. In this year, this is followed by “M17.0-
Primary gonarthrosis, bilateral” with total annual cost:
331,842.44 $ (1,881,546.66 TL) and “M17-Gonarthrosis
(arthrosis of the knee joint)” with total annual cost: 113,535.48
$ (643,746.19 TL). In 2020, the diagnosis with the highest total
cost was “M77.3-Calcaneal spur” seen in 1293 patients. The
proportion of hospitalizations due to calcaneal spur in total
annual inpatient costs was 25.64% [528,779.65 $ (3,701,457.53
TL)]. This is followed by “M17.0-Primary gonarthrosis,
bilateral” with total annual cost: 170,075.73 $ (1,190,530.11 TL)
and “S46.0-Shoulder rotator cuff tendon injury” with total
annual cost: 87,518.14 $ (612,626.95 TL) respectively. The
diagnosis with the highest annual total cost was “S46.0-Shoulder
rotator cuff tendon injury” in 2021 with total annual cost:
99,276.75 $ (881,577.57 TL). This is followed by “M17.0-
Primary gonarthrosis, bilateral” with total annual cost:
94.404,66 $ (838,313.38 TL) and “M17.1-Other primary
gonarthrosis” with total annual cost: 53,876.18 $ (478,420.52
TL)) respectively.

In the study, patient hospitalization costs in the
Orthopedics and Traumatology clinic of a public hospital were
examined. Within the scope of the research, the number of
patients hospitalized in the Orthopedics and Traumatology clinic
decreased from 2019 to 2020 and increased from 2020 to 2021.
This decrease in the number of patients is due to the Covid-19
pandemic. The fact that the Covid-19 pandemic started to be
seen in Turkey in 2020 resulted in an increase in the demand for
healthcare services in areas other than Covid-19 and urgent/non-
emergency healthcare needs during this period (Genc, 2020;
Sadyrbaeva and Chekirov, 2022).

In this context, as in other specialties, there has been a
significant decrease in the number of inpatients in the field of
Orthopedics and Traumatology. Anticipating and responding to
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Covid-19 patients in need of hospital-based care, many countries
have redesigned hospital discharge policies and delayed planned
admissions for non-emergency care.

As a result, in many countries, total inpatient admissions
declined between 2019 and 2020. In 2021, there was relatively
greater adaptation to the Covid-19 pandemic, and deferred
healthcare services translated into demand, resulting in
increased inpatient admissions. This explains the increase in the
number of inpatients from 2020 to 2021 (Azzolina et al., 2022;
Chiba et al., 2023).

It is seen that the average age of the patients hospitalized
in the relevant clinic was close in all years (=53). Considering
the gender distribution of the patients, it was determined that
mostly female patients received inpatient treatment and the
proportion of female patients receiving treatment increased over
the years.

The average number of days of hospitalization decreased
significantly over the years (from 4.07 days to 2.34 days). It is
thought that this decrease in the number of hospitalization days
is due to the fact that patients who received inpatient treatment
in hospitals during the Covid-19 pandemic period were
discharged as quickly as possible.

When the total annual inpatient cost in Orthopedics and
Traumatology service is analyzed, a decrease occurred from
2019 to 2021 [2019: 3,761,369.20 $ (21,326,963.36 TL); 2020:
2,061,248.96 $ (14,428,742.72 TL); 2021: 1,231,753.09 $
(10,937,967.44 TL)]. This is seen as a natural consequence of
the decreasing number of inpatients. While the average
hospitalization costs per patient were close in 2019 and 2020,
there was a significant decrease in 2021 [2019: 137.63 $ (780.36
TL); 2020: 110.80 $ (775.60 TL); 2021: 56.71 $ (503.58 TL)].

Kizilcec (2012) examined the inpatient costs in Cerrahpasa
Medical Faculty Hospital in 2011 and concluded that the annual
number of inpatients in the Orthopedics Clinic was 300 and the
average hospitalization cost per patient was 24,598.44 TL (=
13,912.36 $). Yigit et al. (2003), in their research, found that the
average cost per patient of the Orthopedics and Traumatology
Service in 2002 was 1,201,789.837 TL (= 684,853.50 $). Elif et
al (2015) conducted a branch-based cost analysis study in a
public hospital and concluded that the annual number of
inpatients in the orthopedics clinic was 205 and the average
hospitalization cost per patient was 2,006.62 TL (=736,374%).
Sonsuz (2011) calculated the total cost of an Orthopedic clinic
in a private hospital as 609,740.65 TL (=369,898.48%) in 2009.
Yilmaz (2018) determined that the total cost of the Orthopedics
and Traumatology clinic in a public hospital was 361,215.60 TL
(=95,592,56%). Dogan (2022) determined that the total clinical
cost of Orthopedics and Traumatology in a training and research
hospital is 18,537,653.65 TL (=3,410,028.93%) in 2019. Soylular
and Agirbas (2016) determined in their research that the
Orthopedics and Traumatology clinic is among the high-cost
units. In this context, it is thought that the difference between the
findings of this study and the findings of other studies may be
due to the different types of hospitals where the studies were
conducted.

As a matter of fact, this research was conducted in an All
group general hospital. Study of Kizilcec (2012) was conducted
in a university hospital, while study of Elif et al. (2015) in a
training and research hospital. Since these hospitals provide
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education services, it is considered normal that inpatient error
costs are high (Kisakurek, 2010; Sonsuz, 2011; Ozkan et al.,
2014; Ozkan and Agirbas, 2015; Buluc and Agirbas, 2017; Mut
and Agirbas, 2017; Yilmaz, 2018; Dogan, 2022).

When the research findings were analyzed within the scope
of expense items, it was determined that the most billed expense
item was “Intra-articular injection, pain treatment” in 2019,
while it was “Daily bed charge” in 2020 and 2021. It is thought
that the reason for this situation is that orthopedic diseases are
very painful and intra-articular injection treatment is often
preferred in pain treatment. Based on the diagnosis-based
inpatient cost findings, the most common diagnosis was
“M17.0-Primary gonarthrosis, bilateral” in 2019, while it was
“M19.8-Arthroses other, defined” in 2020 and 2021. The
diagnosis type with the highest share in the total annual cost was
“M77.3-Calcaneal spur” in 2019 and 2020 and “S46.0-Shoulder
rotator cuff tendon injury” in 2021. Shoulder rotator cuff tendon
injury is one of the most common orthopedic conditions (Bilen,
2016).

4. Conclusion

Musculoskeletal system diseases, which are included in the
field of orthopedics, stand out as very common health problems
today. Therefore, research on the cost of orthopedic clinics is
important. Examining the cost of healthcare provided in public
hospitals can have a significant impact on patients’ access to
healthcare.

It is thought that the results of the research will provide
valuable information for resource planning and cost analysis in
hospital clinics. Based on the research findings, it was revealed
that the number of patients hospitalized in orthopedics clinics
decreased during the pandemic period. It is thought that this
situation is caused by the health problems that were postponed
due to the effect of the pandemic and the short hospitalizations
in the hospitals.

There was also a significant decrease in the average cost of
hospitalization per patient. The decrease observed is generally
evaluated positively in terms of cost control. It is also important
to calculate the costs for cost control in hospitals, to reveal the
current situation, and to investigate the reasons for the change in
costs. This is the limitation of this research. In future research
on this subject, it is also recommended to investigate what
causes the change in costs.

Hospital managers and policymakers should take
precautions considering that hospital visits postponed due to the
pandemic will increase further in the coming years and this will
create an additional burden on the health system. In order to
monitor and control costs, it is important to establish a cost
accounting system in hospitals, to make regular cost division and
unit cost analyses, and to use the analysis results in managerial
decisions.

Conflict of interest: The authors declare that they have no
conflict of interests.

Informed consent: The authors declare that this manuscript did
not involve human or animal participants and informed consent
was not collected.

148



N. Ozturk et al.
References

Azzolina, D., Comoretto, R., Lanera, C., Berchialla, P., Baldi, I., & Gregori,
D. (2022). COVID-19 hospitalizations and patients' age at admission:
The neglected importance of data variability for containment
policies. Frontiers in Public Health, 10, 1002232.

Berk, E., & Cercioglu, H. (2019). The productive efficiency of the Turkish
health care sector based on provincial panel data. Journal of the Faculty
of Engineering and Architecture of Gazi University, 34(2), 929-943.

Bilen, F. E. (2016). Rotator manset yirtiklarinda dogal seyir. In: Ozbaydar,
M. U. (ed) Omuz ve Dirsek Artroplastileri 2016, Dogan Tip Kitabevi,
Antalya.

Buluc, F., & Agirbas, I. (2017). Hastanelerde maliyet analizi: kamu
hastanesi 6rnegi. SGD-Sosyal Giivenlik Dergisi, 7(2), 181-210.

Canbaz, M., Aydin, T., Taspinar, O., & Ersoy, M. (2015). Bir vakif
universitesi tip fakiiltesi hastanesi fiziksel tip ve rehabilitasyon
servisi’nin maliyet yapisi ve analizi. The Journal of Financial Research
and Studies, 7(12), 65-92.

Chiba, T., Takaku, R., Ito, E., Tamune, H., Rivera, M., lkeda, S., & Shiga,
T. (2023). Are hospitals with both medical/surgical and psychiatric
services associated with decreased difficulty in ambulance transfer for
patients with self-harm behaviour? A nationwide retrospective
observational study using ambulance transfer data in Japan. BMJ
open, 13(2), e065466.

Cinquini, L., Miolo Vitali, P., Pitzalis, A., & Campanale, C. (2009). Process
view and cost management of a new surgery technique in
hospital. Business Process Management Journal, 15(6), 895-919.

Carikei, O., & Acar, D. (2017) A research into cost management approaches
of hospital administrators and views concerning factors affecting
hospital costs. Hacettepe Saglik Idaresi Dergisi, 20(3), 275-298.

Dirvar, F., Dirvar, S. U., Yildirim, T., Cengiz, O., & Talmac, M. A. (2020).
Cost analysis in knee revision arthroplasty: A study at the research and
training hospital in Turkey. JAREM. Journal of Academic Research in
Medicine, 10(2), 133.

Dogan, I. (2022). Hastanelerde birim maliyet analizi: bir egitim arastirma
hastanesinde uygulama, Yiiksek Lisans Tezi, (pp. 1-763). Ankara
Universitesi Saglik Bilimleri Enstitusu, Ankara.

Elif, A., Onder, N. T., Kayali, S., Keskin, Z., & Yigit, O. (2015). Cost
analysis per patient in state hospitals according to departments (an
example based on Istanbul  education and  research
hospital). Healthcare | An Open Access Journal, 2, 40-52.

Esatoglu, A. E, Agirbas, |, Payziner, P. D, Akbulut, Y, Goktas, B, Ozatkan,
Y, .. & Okten, I. (2010). Ankara Universitesi Tip Fakiiltesi
Hastaneleri'nde maaliyet analizi. Ankara Universitesi Tip Fakultesi
Mecmuasi, 63(1), 17-27.

Genc, B. N. (2020). Critical management of COVID-19 pandemic in
Turkey. Frontiers in Life Sciences and Related Technologies, 1(2), 69-
73.

Hussey, P. S., De Vries, H., Romley, J., Wang, M. C., Chen, S. S., Shekelle,
P. G., & McGlynn, E. A. (2009). A systematic review of health care
efficiency measures. Health Services Research, 44(3), 784-805.

Karasioglu, F., & Cam, A. V. (2008). Saglik isletmelerinde maliyet analizi:
karaman devlet hastanesinde birim muayene maliyetlerinin

Front Life Sci RT 4(3) 2023 145-149

hesaplanmasi. Nigde Universitesi Iktisadi ve Idari Bilimler Fakultesi
Dergisi, 1(1), 15-24.

Kizilcec, M. (2012) Cerrahpasa Tip Fakultesi Hastanesinde yatan hasta
maliyetlerinin belirlenmesi, Yiiksek Lisans Tezi, (pp. 1-65). Cerrahpasa
Universitesi Saglik Bilimleri Enstitusu, Istanbul.

Kisakurek, M. M. (2010). Hastane isletmelerinde boliim maliyet analizi:
Cumhuriyet ~ Universitesi Tip  Fakiiltesi Hastanesinde  bir
uygulama. Atatiirk ~ Universitesi ~ Iktisadi ve Idari  Bilimler
Dergisi, 24(3), 229-256.

Ministry of Health, (2009). Saghik Bakanligi Tedavi Hizmetleri Genel
Miidiirliigii, Hastane Rolleri, https:dosyamerkez.saglik.gov.tr/Eklenti/
40424/0/hastane-rolleri-1pdf.pdf, Last accessed on September 25,
2023.

Mut, S., & Agirbas, I. (2017). Hastanelerde maliyet analizi: Ankara’da
hizmet sunan ikinci basamak bir Kamu Hastanesi’nde uygulama.
Mehmet  Akif Ersoy  Universitesi Sosyal ~Bilimler — Enstitiisii
Dergisi, 9(18), 202-217.

Otlu, F, & Karaca, S. (2005). Maliyet yonetimi ve yasam seyri maliyet
analizi, Suleyman Demirel Universitesi Iktisadi ve Idari Bilimler
Fakultesi Dergisi, 10(2), 245-270.

Ozkan, O., Kutlu, G., Aydin, J. C., Aydemir, |., & Agirbas, |. (2014).
Hastanelerde maliyet analizi ve ornek bir uygulama. 8. Ulusal Saglik ve
Hastane Idaresi Kongresi, Girne, KK.T.C.

Ozkan, O., & Agirbas, I. (2015). Hastane poliklinik birim maliyet analizi ve
ornek bir uygulama, Hitit Universitesi Sosyal Bilimler Enstitusu
Dergisi, 8(2), 705-714.

Palteki, T. (2019). Bir kamu hastanesinde maliyet analizi ¢alismasi. Journal
of Healthcare Management and Leadership, (1), 1-15.

Sadyrbaeva, A., & Chekirov, K. (2022). Epidemiological analysis of the
diagnostic results of COVID-19 infection in Bishkek by real-time PCR
method. Frontiers in Life Sciences and Related Technologies, 3(1), 21-
24.

Sonsuz, A. A. (2011). Hastane isletmelerinde birim maliyetlerin analizi: bir
ozel hastane ornegi, Yiiksek Lisans Tezi, (pp. 1-148). Ankara
Universitesi Saglik Bilimleri Enstitusu, Ankara.

Soylular, B., & Agirbas, . (2016). Hastanelerde maliyet analizi ve ikinci
basamak bir hastanede birim maliyet hesaplanmasi. Giilhane Tip
Dergisi, 58, 266-271.

Top, M., & Aslan, H. (2017). Arthroscopic slap repair transaction costs,
invoice amounts, and cost analyses based on diagnosis-related groups.
Verimlilik Dergisi, 3(3), 167-232.

Williams, E. E., Katz, J. N., Leifer, V. P., Collins, J. E., Neogi, T., Suter, L.
G., ... & Losina, E. (2022). Cost-Effectiveness of Arthroscopic Partial
Meniscectomy and Physical Therapy for Degenerative Meniscal
Tear. ACR Open Rheumatology, 4(10), 853-862.

Yilmaz, E. (2018). Hastanelerde birim maliyet analizi: Bilecik Devlet
Hastanesi’nde bir uygulama, Yiiksek Lisans Tezi, (pp. 1-398). Ankara
Universitesi Saglik Bilimleri Enstitusu, Ankara.

Yigit, C, Peker, S, Cankul, I, Kostik, Z, Alkan, M, Ozer, M., ... & Akdeniz,
A. (2003). GATA Egitim Hastanesinde yatan hasta maliyetinin
belirlenmesi. Gulhane Tip Dergisi, 45(3), 233-243.

Cite as: Ozturk, N., Isikcelik, F., & Akcal, M. A. (2023). Investigation of hospitalization costs in orthopedics and traumatology clinic. Front Life Sci RT,

4(3), 145-149.

149



Frontiers in Life Sciences and Related Technologies 4(3) (2023) 150-156

FRONTIERS IN LIFE SCIENCES
RELATED TECHNOLOGIES

Contents lists available at Dergipark

Frontiers in Life Sciences and Related Technologies

AND
TECHNOLOGY

Journal homepage: http://dergipark.org.tr/en/publ/flsrt

Research article

Antioxidant activities of plant species growing in different habitats (serpentine,
gypsum and limestone)

Tugce Varol* =/, Etem Osma™ %/, Samed Simsek?® "=, Mujgan Elveren®

! Erzincan Binali Yildirim University, Institute of Natural and Applied Sciences, 24100, Erzincan, Tiirkiye

2 Erzincan Binali Yildirim University, Faculty of Sciences and Arts, Department of Biology, 24100, Erzincan, Tiirkiye

8 Erzincan Binali Yildirim University, Cayirli Vocational School, Medical Services and Techniques Department, 24503, Erzincan,
Tiirkiye

4 Erzincan Binali Yildirim University, Vocational School of Health Services, Medical Services and Techniques Department, 24036,
Erzincan, Tiirkiye

Abstract

In this study, plant species (gypsum, limestone, and serpentine) growing in different habitats in Erzincan province were
investigated. Gypsum [Verbascum alyssifolium Boiss., Tanacetum heterotomum (Bornm.) Grierson, Psephellus recepii Wagenitz
& Kandemir, Gypsophila lepidioides Boiss.], limestone [Cyclotrichium niveum (Boiss.) Manden. & Scheng, Chrysophthalmum
montanum (DC.) Boiss, Teucrium leucophyllum Montbret & Aucher ex Bentham, Phlomis oppositiflora Boiss. & Hausskn]
serpentine [Fumana aciphylla Boiss., Convolvulus pseudoscammania C. Koch., Hypericum thymbrifolium Boiss & Noé, Salvia
indica L., Gladiolus halophilus Boiss. & Heldr.] were examined. The total phenolic contents (TPC), total flavonoid content (TFC),
and the amount of antioxidant activity (DPPH, FRAP) were analyzed in different organs of the plants, including leaves, branches,
and roots. According to the obtained data, when plant parts and habitats were taken into consideration, it was observed that the plant
with the highest flavonoid content (29.71+0.57 mg QE g'* extract) was S. indica growing in the serpentine area with its leaf parts.
In terms of total phenolic content, it was determined that the root part of S. indica growing in the serpentine area had high values
(91.53+2.48 mg GAE g™ extract value). When evaluated in terms of the Iron (111) lon Reducing Antioxidant Power (FRAP) method,
it was observed that the highest value was the stem part of F. aciphylla growing in a serpentine area (100.35+1.60 mg TE g1). In
terms of DPPH radical capacity, the highest value belonged to the leaf part of Salvia indica (15.75+1.74 pg mL™), which is also
grown in the serpentine area. The results were evaluated utilizing the SPSS Statistical Program and differences were observed
between habitats. A strong correlation was found between the phenolic and flavonoid contents of plants and their antioxidant
activities. The findings showed that the phenolic, flavonoid content, and antioxidant activities of plants grown in different ecological
conditions vary significantly.

Keywords: DPPH; flavonoid; gypsum; limestone; phenolic; serpentine

1. Introduction

Antioxidants are the first compounds to protect plants
against free radicals. These compounds are not stable or active
before free radicals attack cells (Percival, 1996; Saffaryazdi et
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al., 2020). Phenolic compounds are natural and complex
containing antioxidants, flavonoids (anthocyanin, flavones,
flavonols, and isoflavonoids), and commonly found tannins
(Gentile et al., 2018; Williamson et al., 2018; Guven et al., 2019;
Shen et al., 2022). Plants synthesize organic compounds such as
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tocopherol,  flavonoid, phenolic compound, alkaloid,
chlorophyll, polyfunctional organic acid, and carotene during
their vital activities (Larson, 1988; Ergun, 2021). Phenolic
compounds, defined as secondary metabolites, undertake the
task of combating pests and shielding against external effects, as
well as vital activities such as growth and reproduction in plants.
The aroma and odor properties of plants are also due to phenolic
compounds in the form of essential oil. In addition, these
compounds are very important in determining the antioxidant
capacity of the plant (Ergun, 2021; Ozyigit et al., 2023). In
plants, these metabolites are affected by internal and
environmental dynamics such as climate, soil, and genetics
(Mikulajova et al., 2016; Tajik et al., 2019).

Tiirkiye is one of the richest countries in the temperate zone
in terms of biodiversity, especially of floral diversity and
endemism. Floristic diversity reflects the ecosystem and
edaphic, climatic, topographic, and geological diversity. The
contribution of edaphic diversity to biodiversity is considerable
and important endemism in Tiirkiye is widely seen in serpentine,
gypsum, or salty soils (Ozdeniz et al., 2017).

Rock and silicate minerals containing high amounts of Mg,
Fe, and mafic minerals are olivine, pyroxene, and ultramafic
rock (such as gabbro, basalt, and peridotite) while those
containing <45% silica (SiOy) are called ultrabasic rocks. The
formation of serpentine by the reaction of olivine, the main
mantle material, with water is called “serpentinization/coiling.
Soils containing serpentine are formed by the erosion of
ultramafic rocks. At least 70% of these igneous or metamorphic
rocks are composed of ferromagnesian or mafic
(magnesium+ferric-mafic-) minerals (Kruckeberg, 2002;
Ozdeniz et al., 2017).

Gypsum is in the form of calcium sulfate (Ca2S04.2H20)
containing water in crystalline form or anhydrite (CaSOu)
containing no water (Van Alphen et al., 1971; Herrero and Porta,
2000; Ozdeniz etal., 2016). When embedded at depths of several
hundred meters, gypsum loses its water and turns into anhydrite.
The solubility of gypsum is 2.6 gr/l at 25°C (Verheye and
Boyadgiev, 1997; Ozdeniz et al., 2016).

While it can dissolve quickly in humid and rainy climates,
in arid climates the rock may appear in the form of crystals with
sand grains or the form of smaller and softer crystals (Ozdeniz
et al., 2016). The efficiency of secondary metabolites is very
important in the adaptation process of plants unique to these
habitats since gypsum and serpentine soils have intemperate
conditions (Politycka and Adamska, 2003). This study aimed to
determine the effects of different habitats on antioxidant
concentrations in plants.

2. Materials and methods

In this study, DPPH, total phenolic contents (TPC),
flavonoids (TFC), and FRAP concentrations were determined in
leaves, branches, and roots of plants grown in different habitats.
The completely white and crystallized areas at the 3rd km to
Kemah-ilic highway towards Yahsiler Village, the limestone
rocks of Kocacimen Village (Kemaliye) and Eric Village
(Kemah), and the serpentine regions around Yucebelen Village
(Kemah) are the sampling areas (Fig. 1.).

In the present research, plant species specific to serpentine,
gypsum, and limestone habitats were selected. Gypsum [G.
lepidioides Boiss., P. recepii Wagenitz & Kandemir, T.
heterotomum (Bornm.) Grierson, V. alyssifolium Boiss.],
limestone [C. montanum (DC.) Boiss, C. niveum (Boiss.)
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Manden. & Scheng, P. oppositiflora Boiss. & Hausskn, T.
leucophyllum Montbret & Aucher ex Bentham] serpentine [C.
pseudoscammania C. Koch., F. aciphylla Boiss., G. halophilus
Boiss. & Heldr., H. thymbrifolium Boiss & Noé¢, S. indica L.]
native to their habitat were collected in an amount to represent
the area where they bloom.

— P
Fig. 1. Study areas.

2.1. DPPH free radical scavenging activity

The free radical scavenging activity of the extracts was
determined using the method of Blois (1958), modified slightly.
DPPH (2,2-diphenyl-1-picrylhydrazyl) solution was dissolved
with methanol at a concentration of 0.26 mM. For the test, stock
solutions (1 mg/ml) were prepared of the extracts and standards.
Concentrations of 20, 40, 100, 200, 300, 400, 800, and 1000
ug/ml were prepared from the stock solutions, and the final
volume was completed to 3 ml with methanol, followed by the
addition of 1 ml of DPPH solution. The mixture was vortexed
and incubated for 30 minutes in the dark at room temperature.
At the end of this period, each mixture’s absorbance was
measured at 517 nm, and the results were converted to %
activity. Each extract’s 1Cso (ng/ml) was determined, and the
findings were compared to Trolox, the standard antioxidant.

2.2. Iron (1) ion reducing antioxidant power method (FRAP)

The reducing power activity assay of plant materials was
carried out with some modifications using the method developed
by Oyaizu (1986). For the test, stock solutions (1 mg/ml) were
prepared of the extracts and standards. 100 pl of the prepared
stock solutions were placed into test tubes, and the volume was
diluted to 1.25 ml using phosphate buffer (0.2 M, pH 6.6). This
mixture was incubated at 50°C for 20 minutes after 1.25 ml of
potassium ferric cyanide [KsFe(CN)e] (1%) was added. Then,
the absorbance of the final mixture was measured at 700 nm
following the addition of 1.25 ml of 10% trichloroacetic acid
(TCA) and 0.25 ml of 0.1% FeCls solutions to the reaction
medium. The results were given as mg TE/g extract using the
calibration curve created from varied concentrations of Trolox
used as a standard (Murathan and Ozdinc, 2018).

2.3. Determination of total phenolic content
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The Folin-Ciocalteu method was used to determine total
phenolic content (Singleton et al., 1999). For this purpose, 100
ul Folin-Ciocalteu, 4.5 mL of distilled water, and 300 pul (2%)
Na>,CO3 were added to 100 pl of the sample stock solutions at 1
mg/ml concentrations. After 2 hours of incubation at room
temperature, the total phenolics content was measured in a
spectrophotometer at 760 nm (Unico, S1205). The total phenolic
content of the samples was measured as mg gallic acid
equivalent to phenolic substance/g extract (Murathan and
Ozdinc, 2018).

2.4. Determination of total flavonoid content

The total flavonoid content was determined using the
method developed by Chang et al. (2002). 4.7 mL of methanol
was added to test tubes containing 100 pL of the sample stock
solutions prepared with methanol at 1 mg/ml concentrations.
Following, 100 uL of 1 M NH4CH3COO solution and 100 puL of
10% AICl3z solution were added to the mixture, which was
vortexed and incubated for 45 minutes at room temperature.
After incubation, the total flavonoid content of the mixture was
measured in a spectrophotometer at 415 nm. The total flavonoid
content of the extracts was determined as mg quercetin
equivalent/g extract by creating a calibration curve from
different concentrations of quercetin used as standard (Murathan
and Ozdinc, 2018). The data obtained in the study were
statistically evaluated. In statistical calculations and
comparisons, p<0.05 was accepted as significant. The data were
analyzed with SPSS 22 Package Statistical Program, ANOVA
test at 95% confidence interval, and differences between habitats
in multiple comparisons were determined by S-N-K and Tukey's
B. The relationship between antioxidant activities and phenolic
compounds was performed using the Pearson correlation
coefficient (r). Differences at p<0.05 were considered
significant by using the software (Chang et al., 2020).

3. Results and discussion

In this study, the antioxidant activities of root, branch, and
leaf parts of 13 plants growing in different habitats were deter-

Table 1

Total phenolic, flavonoid contents and antioxidant activity in plant leaves.
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mined, leading to significant conclusions. In the study, when the
data related to DPPH free radical scavenging activity were
examined, the best activation in the leaves was 17.90+1.74 and
17.52+0.16 in the branch with S. indica in the serpentine region,
and 33.19£1.54 in the root with G. lepidioides plant species
growing in the gypsum region. When the data obtained for total
phenolic content were evaluated, the highest amount was
55.97+0.51 in the leaves with V. alyssifolium in the gypsum
region, 60.19+0.84 in the branch with F. aciphylla in the
serpentine region, and 33.1941.54 in the roots with 91.53+2.48
S. indica L. plant species grown in the gypsum region. When the
data obtained regarding the total flavonoid content were
examined, the highest amount was 29.71+£0.57 in the leaves of
the plant with V. alyssifolium, S. indica in the serpentine region,
26.86+0.86 in the branch, and 18.19+0.72 in the root with H.
thymbrifolium in the serpentine region. Among the FRAP
activity data, the highest amount was 76.51£3.83 in leaves of H.
thymbrifolium 100.35+1.60 in branches, and 93.55+1.67 in roots
of F. aciphylla in the serpentine region (Tables 1, 2 and 3).

When the data were analyzed statistically, significant
differences were observed between habitats. Based on statistical
evaluations, it was obvious that plants grown in the serpentine
area were different in terms of antioxidant compounds compared
to plants grown in other habitats (Table 4). It was determined
that there were differences only in the correlation relationship
within the habitat and in the correlation between all plants.
According to the correlation made in the roots, branches, and
leaves of all plants collected from different regions, a strong
correlation was found between antioxidant compounds. A
negative correlation was seen between antioxidant activity and
phenolic, flavonoid content FRAP. The correlation between
phenolic content and DPPH was strongly negative in leaves (r =
-0.74), branches (r = -0.62), and roots (r= 0.62). The correlation
has been reported in previous studies (Rumbaoa et al., 2009;
Ghafar et al., 2010; Singanusong et al., 2015; Indradi et al.,
2017; Fitriansyah et al., 2018; El Atki et al., 2019; Chang et al.,
2020; Alizadeh and Fattahi, 2021) (Tables 5, 6, 7 and 8.) The
data obtained in this study were compared with those in previous
studies.

Their data on total phenolic, flavonoid contents, DPPH and

. . . DPPH ICs Total phenolics mg Total flavonoids Reducing power
Habitat Plant Species and Families (ng mL™) GAE g Extract mg QE g Extract  mg TE g' Extract

G. lepidioides Boiss (Caryophyllaceae) 118.36+2.40 17.97+0.90 4.95+0.33 41.3240.63
P. recepii Wagenitz & Kandemir (Asteraceae) 59.07+3.01 29.08+0.71 15.14+0.57 52.79+2.88
Gypsum T. heterotomum (Bornm.) Grierson 5250 8.9740.89 1.90£0.44 4.5940.20

(Asteraceae)
V. alyssifolium Boiss (Scrophulariaceae) 27.57x1.47 55.97+0.51 13.14+1.03 72.98+2.44
C. montanum (DC.) Boiss (Asteraceae) >250 13.75+1.70 3.33+0.44 32.28+2.46
€. niveum (Boiss.) Manden. & Scheng 134.98+2.01 26.64+0.13 12.95+0.72 39.2442.69

(Lamiaceae)
Limestone P. oppositiflora I_30|ss. & Hausskn. 149.9840.69 19.0140.84 3.5040.82 49.08+1.90

(Lamiaceae)
T- feucophyllum Montbret & Aucher ex 110.14+1.24 22.411.80 3.43£1.03 5137+1.42

Bentham (Lamiaceae)
C. pseudoscammania C. Koch >250 17.900.68 7.14+3.97 22.04+0.29
(Convolvulaceae)
F. aciphylla Boiss (Cistaceae) 142.90+3.22 34.27+0.67 26.48+0.66 63.91+2.13
Serpentine G. halophilus Boiss. & Heldr (Iridaceae) 161.17+3.18 33.75+1.22 29.14+1.25 63.05+1.93
H. thymbrifolium Boiss. & Noé (Hypericaceae) 61.19+2.59 42.93+1.11 29.62+0.82 76.51+3.83
S. indica L. (Lamiaceae) 15.75+1.74 36.12+2.56 29.71+0.57 69.05+2.65
Trolox 11.95+0.15
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Table 2
Total phenolic, flavonoid contents and antioxidant activity in plant branch.
. . . DPPH ICs, Total phenolics mg Total flavonoids Reducing power
Habitat Plant Species and Families (ng mL™) GAE g Extract mg QE g? Extract  mg TE g’ Extract
G. lepidioides Boiss (Caryophyllaceae) 116.08+0.86 18.19+2.98 2.00+0.29 35.79+2.27
P. recepii Wagenitz & Kandemir (Asteraceae) 56.30+1.20 13.16+1.56 9.90+0.16 41.66+1.90
Gypsum T. heterotomum (Bornm.) Grierson 5250 84140 68 076044 11,3540 12
(Asteraceae)
V. alyssifolium Boiss (Scrophulariaceae) 54.63+0.69 27.30+3.22 5.43+0.29 70.93+3.81
C. montanum (DC.) Boiss (Asteraceae) >250 11.53+0.26 1.81+1.90 26.23+1.11
C. niveum (Boiss.) Manden. & Scheng >250 16.19+1.78 1.90+0.44 19.86+1.47
(Lamiaceae)
Limestone P. oppositiflora I_30|ss. & Hausskn. 250 0.4541.05 0.3840.44 27944032
(Lamiaceae)
T. leucophyllum Montbret & Aucher ex >250 18.1942.58 0.95+0.16 38.13+0.73
Bentham (Lamiaceae)
C. d ia C. Koch
pseudoscammania t. 0 248.56:£60.03 15.08+1.85 4.86+0.57 31.14£0.41
(Convolvulaceae)
Serpentine F. aciphylla Boiss (Cistaceae) 30.06+1.13 60.19+0.84 16.00+1.31 100.35+1.60
P G. halophilus Boiss. & Heldr (Iridaceae) 231.01x1.67 19.82+1.54 6.67+0.66 42.43+1.41
H. thymbrifolium Boiss. & Noé (Hypericaceae) 44.64+1.83 37.45+£2.28 26.86+0.86 72.38+1.56
S. indica L. (Lamiaceae) 24.44+0.16 31.16£1.92 10.48+1.00 59.29+3.25
Trolox 11.9540.15
Table 3
Total phenolic, flavonoid contents and antioxidant activity in plant roots.
. . - DPPH ICs, Total phenolics mg Total flavonoids Reducing power
Habitat Plant Species and Families (ug mL™) GAE g! Extract mg QE g Extract mg TE g ! Extract
G. lepidioides Boiss (Caryophyllaceae) 22.06+1.54 18.34+£1.80 1.52+0.92 43.65+0.15
P. recepii Wagenitz & Kandemir (Asteraceae) 147.10+0.74 14.64+3.30 3.71+0.76 41.89+0.92
T. heterotomum (Bornm.) Grierson
Gypsum ( ) >250 13.53+0.34 0.19+0.16 24.75+0.32
(Asteraceae)
V. alyssifolium Boiss (Scrophulariaceae) 30.31+1.31 33.82+2.52 8.86+0.29 37.05+3.08
C. montanum (DC.) Boiss (Asteraceae) >250 14.04+0.97 1.43+2.23 29.73+0.57
. Ni Boiss.) M . h
CHlIVERIN CUE IR RS Y 189.69+0.95 17.231.36 2.95+0.66 36.80+3.43
(Lamiaceae)
Limestone P. oppositifiora Boiss. & Hausskn. >250 14.64+0.13 3.24+0.44 42.5120.72
(Lamiaceae)
T. leucophyllum Montbret & Aucher ex 2434243 .41 16.56+1.58 1.90+0.44 35.84+0.49
Bentham (Lamiaceae)
C. pseudoscammania C. Koch 205.16+20.55 17.97+0.68 1.62+0.16 44.53£0.47
(Convolvulaceae)
F. aciphylla Boiss (Cistaceae) 33.67+1.21 74.56+2.78 8.38+0.72 93.55+1.67
Serpentine G. halophilus Boiss. & Heldr (Iridaceae) 175.04+0.45 15.75+1.78 2.29+3.22 34.75+1.05
P H. thymbrifolium Boiss. & No¢ (Hypericaceae) 92.85+2.64 27.60+0.44 18.19+0.72 57.29+1.84
S.indica L. (Lamiaceae) 29.71£1.17 91.53+£2.48 7.90+0.59 65.19+0.92
Trolox 11.95+0.15
Table 4
Statistical differences between habitats.
Antioxidant Leaf Branch Root
Compounds Gypsum Limestone Serpentine Gypsum Limestone Serpentine Gypsum Limestone Serpentine
TFC ab a b a a b a a b
TFP a b € a a b a a b
FRAP a a b a a b a a b
DPPH a b ab a b a a b c

Letters indicate significant differences among the different habitats at p<0.05.

FRAP in the leaves of Achillea aleppica D.C. subsp. aleppica
were generally lower than the data obtained in this study,
especially DPPH activity was lower (Colak et al., 2020). The
total phenolic data of the leaves and stem parts of V. major
subsp. hirsute was similar to the data obtained in this study,
while FRAP and DPPH data were found lower (Saral et al.,
2015). The data obtained from five Isatis species regarding total

phenolic, flavonoid contents, DPPH, and FRAP in roots and
stems are considerably lower than the data obtained in this study
(Comlekcioglu, 2020). The antioxidant activity data obtained
from U. filipendula and V. album plants are lower than the data
obtained in this study (Yildiz et al., 2019).

Arituluk et al. (2016) determined the antioxidant activity
and total phenalic and flavonoid contents of some Tanacetum L.
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taxa growing in Tiirkiye. In their study, it was found that the data
obtained in the aboveground parts of the plants were similar to
the data obtained in some plants in this study. Antioxidant
activity and phenolic compounds were examined in 10 selected
plants from Serbia and it was reported that all plant species
examined were rich in phenolic compounds and the data
measured by two different methods used showed satisfactory
antioxidant activity. A high correlation was found between
antioxidant properties and phenolic compounds by Zugic et al.
(2014). In their study, DPPH, FRAP, total phenolic (TP), and
total flavonoid (TF) contents were analyzed to determine the
antioxidant capacity of the methanol extract of S. verticillata
subsp. amasiaca. As a result of the antioxidant tests, DPPH ICsy,
FRAP, total phenolic and total flavonoid contents were
determined as 11.47 + 0.30, 22.22 + 0.36 mmol TE/g extract,
140.18 + 8.73 mg GAE/g extract and 51.56 + 1.18 mg QE/g
extract, respectively (Bayan and Genc, 2016).

Table 5
Correlation among total phenolic content (TPC), total flavonoid content
(TFC), DPPH and FRAP of plants grown in serpentine habitat.

Correlation Leaf Branch Root
DPPH TPC -0,92* -0,69 -0,93*
TPC TFC 0,93* 0,60 0,18
TPC FRAP 0,99** 0,99** 0,77
TFC FRAP 0,98** 0,67 0,38
DPPH TFC -0,94* -0,63 -0,50
DPPH FRAP -0,95* -0,73 -0,81

**Correlation is significant at p<0.01; * correlation is significant at p<0.05.

Table 6
Correlation among total phenolic content (TPC), total flavonoid content
(TFC), DPPH and FRAP of plants grown in limestone habitat.

Correlation Leaf Branch Root
DPPH TPC -0,83 -0,96** -0,98*
TPC TFC 0,76 0,31 0,29
TPC FRAP 0,39 0,32 0,20
TFC FRAP -0,27 -0,56 0,90
DPPH TFC -0,34 -0,26 -0,23
DPPH FRAP -0,81 -0,51 -0,06

**Correlation is significant at p<0.01; * correlation is significant at p<0.05.

Table 7
Correlation among total phenolic content (TPC), total flavonoid content
(TFC), DPPH and FRAP of plants grown in gypsum habitat.

Correlation Leaf Branch Root
DPPH TPC -0,79 -0,71 -0,65
TPC TFC 0,77 0,18 0,91
TPC FRAP 0,92 0,93 0,18
TFC FRAP 0,85 0,52 0,29
DPPH TFC -0,80 -0,66 -0,59
DPPH FRAP -0,97* -0,82 -0,82

**Correlation is significant at p<0.01; * correlation is significant at p<0.05.

Table 8
Correlation among total phenolic content (TPC), total flavonoid content
(TFC), DPPH and FRAP of plants grown plants.

Correlation Leaf Branch Root
DPPH TPC -0,74* -0,65* -0,62*
TPC TFC 0,69** 0,73** 0,46
TPC FRAP 0,88** 0,94** 0,81**
TFC FRAP 0,74** 0} 757== 0,55*
DPPH TFC -0,54 -0,65* -0,53
DPPH FRAP -0,82** -0,75** -0,59*

**Correlation is significant at p<0.01; * correlation is significant at p<0.05.
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Calluna vulgaris (L.) Hull investigated the changes in the
content of some phenolic groups and their biological activities
in various parts of the plant during different growth periods. The
data obtained in different parts of the plant are generally similar
to the data obtained in this study (Chepel et al., 2020). They
determined the phenolic content and antioxidant activity of
purslane (Portulaca oleracea L.) during growth stages. They
determined that FRAP, DPPH, phenol, and total flavonoid
contents were higher in the generative period than in the
vegetative period. As a result, they revealed that the growth
stages of plants significantly affect antioxidant activity
(Saffaryazdi et al., 2020). In this study, they determined the total
phenolic content, flavonoid content, and antioxidant activities of
hot water extracts of mint (Mentha piperita), lemon balm
(Mellissa  officinalis), marshmallow (Althea officinalis),
chamomile (Matricaria chamomilla), green tea (Camellia
sinensis) and sage (Salvia officinalis). The data obtained
generally show similarity to those in this study (Karatas et al.,
2019).

In their comparative study on phenolic, flavonoids, and in
vitro antioxidant activities of wild edible plants obtained from
the Wetland Ecosystem of Loktak Lake in the Himalayan
Region of North East India, Singh et al. (2021) determined 3
plants with potential bioactivity among 28 plants species. They
investigated the possibility of potential medicinal plants by
determining the antioxidant activity and flavonoid content in
relation to total phenolic compounds in plants collected in the
Central Balkans. In their study, Stankovic et al. (2015)
determined that Statice gmelinii and Artemisia santonicum
species had high antioxidant activity among 16 halophyte plants
collected from different families. The correlation between
phenolic content and DPHH was found to be parallel with the
correlation in this study.

They obtained different data on the phenolic contents and
biological activities of two endemic plant species growing in
Tiirkiye, Corydalis oppositifolia and Senecio cilicius, as well as
ethanol, methanol, and ethyl acetate extracted from the subsoil
parts of the plants. They determined that the antioxidant
activities of the two plants were high (Acet et al., 2021).

They determined that the number of phenolic compounds
varied significantly in different growth stages of Rumex crispus
L. and Rumex obtusifolius L. species and that there were
differences in antioxidant activity in different plant organs. They
found that there was a high correlation between the fractions of
phenolic compounds and antioxidant activity (Feduraev et al.,
2019).

4. Conclusion

The biochemical and physiological structures of plants
vary according to the ecological factors in the environment
where they grow. In this study, the amount of some bioactive
components and antioxidant capacities of the plants studied were
compared. It was observed that the total phenolic, total
flavonoid, DPPH, and FRAP activity values of the samples
collected from various habitats were different from each other.
In addition, the data obtained from leaves, branches, and roots
of the same plant species differed. The correlation analysis
showed a wide variation in the correlation coefficient between
the studied parameters. The results show that there are
significant differences in the parameters studied in the plants. In
addition to the different morphological characteristics of the
plants, it is evident that the antioxidant activities and phenolic
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contents of the examined plants vary according to the
geographical regions where they grow. Since Tiirkiye has a great
diversity of endemic plants, it is very important to carry out
research for more effective and efficient use of natural
compounds obtained from plants.
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Oz

Geleneksel tarimda bilingsiz kimyasal kullanimimin toprak yapisinda degisikliklere yol agarak, toprak verimliligini olumsuz
yonde etkiledigi belirtilmektedir. Ayrica gittik¢e artan diinya niifusu nedeniyle gida taleplerinin kargilanmasi i¢in 6nlemlerin
alinmasi gerekliligi de vurgulanmaktadir. Son yillarda, alternatif bir ¢6ziim olarak topraksiz tarim arastirmalari; is giicii, zaman, su
tasarrufu saglanmasi, herbisit/pestisit kullaniminin azalmasi, mikrobiyolojik sikintilarin ortadan kalkmasi gibi avantajlart oldugu
icin artmaktadir. Ote yandan, dezavantaj olarak yiiksek maliyetlerin diisiiriilmesi icin de girisimlerde bulunulmaktadir. Bazi
iilkelerde kentsel tarimin desteklenmesi amaciyla dikey tarim uygulamalarinin yapildigi merkezler bulunmaktadir. Son donemlerde
dikey tarim uygulamalari ile ilgili olarak uzayda bitki yetistirilmesi, uzay ¢iftlikleri gibi basliklar da popiilerdir. NASA nin yiiriittigi
projelerde basariya ulagilmis olan lriinler bulunmaktadir. Mikro yergekimi etkisi ile olusabilecek hasarlar incelenerek, ¢aligmalarin
teknolojinin avantajlariyla daha da ileri gotiiriilmesi amaglanmaktadir. Ayrica, gastronomi alaninda da topraksiz/dikey tarim
stirdiiriilebilirlik agisindan son zamanlarda 6n plana ¢ikmaktadir. Bu tekniklerin uygulanarak kiiciik 6lgekli tiretimlerin yapildigi
restoranlarin 6n plana ¢iktig1 goriilmektedir. Bu derlemede bu konular detayl olarak irdelenecektir.

Anahtar kelimeler: Aeroponik; akuaponik; dikey tarim; gastronomi; hidroponik; uzay tarimi

Are soilless agriculture technologies a sustainable solution for the future?

Abstract

It is stated that the unconscious use of chemicals in traditional agriculture causes changes in soil structure and negatively
affects soil fertility. It is also emphasized that precautions must be taken to meet food demands due to increasing world population.
Recently, soilless agriculture research as an alternative solution has been increasing due to its advantages such as saving labor, time
and water, reducing use of herbicides/pesticides, and eliminating microbiological problems. However, attempts are being made to
reduce high costs that are a disadvantage. In some countries, there are centers where vertical farming practices are carried out to
support urban agriculture. Lately, topics such as growing plants in space and space farms regarding vertical farming applications
are also popular. There are products that have been successful in projects carried out by NASA. It is aimed to take studies further
with advantages of technology by examining damages that may occur due to the effect of microgravity. Moreover, in the field of
gastronomy, soilless/vertical agriculture has recently come to the fore in terms of sustainability. It is seen that restaurants where
small-scale production is carried out by applying these techniques come to the fore. In this review, these issues will be examined in
detail.

Keywords: Aeroponics; aquaponics; gastronomy; hydroponics; space farming; vertical farming
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1. Giris / Introduction

2050 yilina kadar diinya niifusunun 10 milyara yaklasmasi
beklendiginden, insanlarin ihtiyaci olan giinliik ortalama 1600
kalorinin saglanabilmesi i¢in bitki yetistirme alanlarinin 2.1
milyar doniim arttirilmasinin gerekli oldugu bildirilmektedir
(FAO, 2018; Arumugam, 2021). Birlesmis Milletler Gida ve
Tarim Orgiitii (FAO) raporuna gére, 2019 yilinda 690 milyon
insan agliga maruz kalmistir. Ayrica ihtiyag duyulan gida
talebinin ylizde 60 oraninda artacagi tahmin edilirken, diger
yandan da kiiresel olarak her yil 1.3 milyar ton gidanin israf
edildigi ve 750 milyar dolar ekonomik kaybin oldugu rapor
edilmigtir (United Nations Report, 2011; Banerjee ve
Adenaeuer, 2014). 2021 yilinda yaymlanan Birlesmis Milletler
Cevre Programi (UNEP) Gida Atiklar1 Endeks Raporuna gore,
her yil kisi basina diisen gida israfinin kiiresel bazda
ortalamasinin 74 kg oldugu belirtilmistir (UNEP Gida Atik
Endeksi Raporu, 2021). Kiiresel 1sinma, hastaliklar, ekonomik
sorunlar, hizli kentlesme, tarim alanlarinin ve su kaynaklarimin
tahribat1 gibi nedenlerle diinya niifusunun ¢ok daha ciddi bir
aclikla kars1 karsiya kalacagi tahmin edilmektedir (Kalantari ve
ark., 2018). Artan bu gida talebinin karsilanmasi i¢in pek ¢ok
arastirmaci mevcut tarimsal uygulamalarin yani sira alternatif
gida kaynaklarinin arastirilmasi ve siirdiiriilebilir bir sekilde
sehirlere gida tedarik etmenin yollar1 konusuna yogunlasmistir
(Al-Chalabi, 2015). Ote yandan, kiiresel 1sinmaya bagl olarak
diinya genelinde gida iiretimi i¢in kullanilabilecek alanlarin
giderek azalacagi ve endiistriyel gelisme ile goriilen iklim
degisikligi ve cevresel tahribat sebebiyle de bitkisel ve
hayvansal iiretimin olumsuz yonde etkilenecegi belirtilmistir
(Kim ve ark., 2019). Niifus artis1 gida talebindeki 6nemli artist
beraberinde getirirken, niifusun %70’inin de kentsel alanlarda
yasayacagi tahmin edilmektedir (United Nations, 2015). Bu
durum kentsel alanlarda genislemeye yol agabilecegi igin

mevcut tarim arazilerinin azalabilecegi diisiiniilmektedir
(Beacham ve ark., 2019).
Konvansiyonel tarimda arazinin yanlis kullanim,

¢oOllesme, asir1 giibre kullanimi, fazla su tiikketiminin vermis
oldugu zararlarin yani swra mahsul verimini artirmak igin
kullanilan herbisitlerin topragin fiziksel, kimyasal ve biyolojik
yapisinda degisikliklere sebep oldugu ve bunun neticesinde de
toprak ekosisteminde bozulmalar meydana geldigi bildirilmistir.
Boylelikle, toprak verimliliginde ve ekilen {iriinlerin kalitesinde
olumsuz etkilerin gortildiigi belirtilmistir (Despommier, 2013;
Barbosa ve ark., 2015; Bingol, 2019). Ayrica, konvansiyonel
tarimda ortaya ¢ikan sera gazlari, insektisidler, nitrojen ve fosfor
gibi bitki besin maddelerinin g¢evreye salmimi birtakim
olumsuzluklar ile sonuglanmaktadir (Aune, 2012). Bu
baglamda, artan gida talebine ve ekilebilir arazilerin
yetersizligine bagli olarak tarimsal faaliyetler agisindan acil bir
¢oztim getirilmesi gerekliligi ortaya ¢ikmaktadir (Pomoni ve
ark., 2023). Bu olumsuz durumlarin ortaya ¢ikmasi sonucu,
arastirmacilarin teknolojinin geligsimine bagl olarak hidroponik,
aeroponik ve akuaponik sistemler gibi alternatif topraksiz tarim
tekniklerinin tizerinde yogunlastiklar1 goriilmektedir (Bingol,
2019).

Yeni iiretim arayislarinda toprak verimliligindeki ve toprak
besin rezervlerindeki azalma, sulama suyunun sinirli olmasi ve
iklim degisiklikleri dikkate alinmasi gereken
parametrelerdendir. Bu agidan bakildiginda, topraksiz yetistirme
sistemleri tizerinde durulan sistemlerdendir (Mir ve ark., 2022).
Bu sistemler sayesinde kontrolli bir sekilde ve yil boyunca
devamli iretim yapmak miimkiindiir. Farkli teknik ve
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maliyetlere sahip olan topraksiz tarim sistemleri ile ¢esitliligin
artmas1 ve maliyetlerin diigmesi ongoriilmektedir Birgok {ilke
kullanilabilir tarim arazilerinin azlig1 ve verimsizligi nedeniyle
topraksiz tarim uygulamalarina gegmistir (Despommier, 2013;
Barbosa ve ark., 2015). Bu derlemede topraksiz tarim
tekniklerinden, bu tekniklerin avantaj ve dezavantajlarindan,
sehirlerde topraksiz tarim uygulamalarina 6rneklerden,
sirdiiriilebilirlik kapsaminda gastronomi alaninda topraksiz
tarim uygulamalarindan ve uzay tarimi ile ilgili gelismelerden
bahsedilecektir.

2. Dikey tarimin tammm ve dikey tarim uygulamalaria
yonelim sebepleri / Definition of vertical farming and
reasons for tendency to vertical farming practices

Dikey tarim sistemleri, gida giivenligini ve gida iiretimini
diinyanimn siirekli artan kentsel niifusuna hitap edecek sekilde
sehirlerdeki siirdiiriilebilirligi saglamay1 amaclamaktadir (Al-
Kodmany, 2018). Bu noktada daha az su kullanimi ve atik
iretimi ile Ozellikle sehirlere uzak bolgelerden mahsul
taginmasinin Oniine gegilmesi ve yil boyunca daha saglikli
iirtinlerin {iretilmesi hedeflenmektedir. Dikey tarim, sehir veya
sehir merkezindeki bir binanin i¢inde, zeminlerinin hidroponik
(besin igeren su) kullanilarak belirli mahsulleri liretecek sekilde
tasarlandig1, meyve, sebze ve tahillarin kentsel tarimidir (Al-
Chalabi, 2015). Bununla birlikte, ekonomik oldugu kadar
cevresel fizibilitesi de derinlemesine bilimsel aragtirma
gerektirir (Banerjee ve Adenaeuer, 2014). Dikey tarim
uygulamalar {izerinde son yillarda yapilan ¢aligmalarin sayisi
giderek artmaktadir (Celebi, 2019). Bu agidan, dikey tarimin
endiistriyel ve bilimsel topluluklarda giderek genis capta
tartisgtlan  bir konu haline geldigi ifade edilmektedir.
Arastirmalarda, dikey tarim yapilacak binada gereken enerji
miktar1 ile yenilenebilir enerji yoluyla binanin ihtiyaci olan
enerjinin karsilanip kargilanmayacagi ve geleneksel iiretim veya
dikey tarim uygulamasi ile yetistirilen {iriinlerin kargilagtirmali
karbon ayak izinin belirlenmesi iizerine yogunlagsmaktadir (Al-
Chalabi, 2015). Dikey tarim, yiiksek binalarda biiyiik 6lgekli
gida {iretimini igeren tarim teknigi olup, yil boyunca meyve,
sebze ve diger gida iirlinlerinin (6rn. ¢esitli otlar, sifali bitkiler)
iiretilebilecegi bildirilmistir. Boylece, yiiksek niifus yogunlugu
olan kentsel alanlarda (biiyiik sehirler) cok cesitli bitkilerin
yetigtirilmesi, hasat edilmesi, bu mahsullerin dogrudan
sehirlerde satilmasi ve ulasim masraflarinin azaltilmasi miimkiin
olabilmektedir (Banerjee ve Adenaeuer, 2014).

Dikey tarimin uygulama alanlar1 konteynirlar, depolar,
fabrikalar, yer alt1 siginaklar1 ve otoparklar gibi gesitli yapilarin
cati veya fakli cepheleri olabilmektedir. Dikey tarim
uygulamalarinda genellikle terk edilmis depo ve fabrika alanlari
tercih edilmektedir (Celebi, 2019).

3. Dikey tarimin kisa tarihcesi / Brief history of vertical
farming

Dikey tarim kavrami son yillarda popiilarite kazanmis bir
sistem olarak goziikse de aslinda o kadar yeni olan bir kavram
degildir. Deir el Bahari tapmagindaki resimler, 4000 yil 6nce
Misirlilarin bilyiik saksilarda agac yetistirmeye ve nakletmeye
calistigin1 gostermektedir (Raviv ve Lieth, 2007). M.O. 600°1ii
yillarda Babil hiikiimdar1 II. Nebukadnezar tarafindan insa
ettirilen, diinyanin yedi harikasi i¢inde kendine yer bulmus Babil
Asma Bahgeleri ve M.S. 1150°1i yillarda Aztek halkinin bitki
yetistirmek i¢in ¢eneampa adini verdikleri hidroponik tarim

158



K. Yavuz ve ark.

teknigi uygulamalari oncii uygulamalar olarak
degerlendirilmektedir. M.S. 1627°de Sir Francis Bacon, “Sylva
Sylvarum” adli kitabinda ilk defa hidroponik yontem ve tarim
teknikleri iizerine bir teori yaymnlamistir. Bacon, kitabinda
karada yetisen bitkileri toprak olmadan da yetistirmenin
miimkiin oldugunu savunmustur (Swain ve ark., 2021; Bihari ve
ark., 2023). 1699 yilinda John Woodward’ m bitkilerin
besinlerini topraktan m1 yoksa sudan mi aldiklarini anlamaya
calistig1 ve bitki besleme arastirmalart tizerine yaptigi caligmalar
neticesinde ilk hidroponik sistemleri kurdugunu belirten yazili
kanitlar bulunmaktadir. Uyguladigi yontemde su kiltiirii
kullanilmis ve bitki biiyiime ve gelisimini izlenmistir. Sonuglar,
toprak ve suyun bitki biliylimesi ve gelismesi i¢in besin
sagladigini gostermistir (Jones, 1982). On dokuzuncu yiizyilda
Fransiz ve Alman bilim adamlar1 bitki besin gereksinimlerini
arastirmaya baslamiglar ve daha sonra yirminci yiizyilin ilk
yarisinda Amerikali ve Ingiliz bilim adamlar1 tarafindan bu
caligmalar gelistirilmistir (Torabi ve ark., 2012). Dokuz element,
bitki biiylimesi ve gelismesi i¢in temel elementler olarak
belirlenmistir ve ardindan 1860 yilinda ise, iki Alman bilim
insanlar1 Julius von Sachs ve Wilhelm Knop bitkiler icin besin
soliisyonlar1 gelistirmeye baslamislardir. Arastirmacilar, besin
soliisyonunda kullanilacak belirli elementlerin gerekliligini
ortaya koymuslardir. Genellikle vaskiiler dokulara sahip olan
bitkiler icin gerekli oldugu diisiiniilen elementlerin sayist,
1954’te klor eklendiginde 16’ya ¢ikmustir (Hershey, 1994).
1850°den 1900’lerin ortalarina kadar olan donemde, yesil
bitkilerin toprak kiiltiiriinde ihtiya¢ duydugu temel elementler
kesfedilmistir. Wilhelm Knop’un olusturdugu standart besin
soliisyonu (igerigi: KNO3, Ca(NOs),;, KH,PO4, MgS04.7H:0,
FePO,) diger arastirmalara temel olusturmustur. Bu soliisyonun
kullanim1 sirasinda ¢okelti olusmamasi ve bitki biiylimesinin
stres olmadan gergeklesmesi de ayni derecede 6nemli olarak
degerlendirilmistir (Jones, 1982). 1929 yilina kadar olan zaman
diliminde ise hidroponik faaliyetler iizerine yapilan arastirmalar
sadece bitki biyolojisi yoniinden ele alinmigtir. 1929°dan sonra,
besin soliisyonu yoluyla iiretim, Berkeley’deki California
Universitesi’nden William Frederick Gericke tarafindan
baslatilmistir. Besin soliisyonun yalnizca arastirma igin degil,
mahsul iiretmek i¢in kullanilabilecegini bildirmistir. Ardindan
diger hidroponik sistemler gelistirilmistir (Torabi ve ark., 2012;
El-Kazzaz ve El-Kazzaz, 2017). California Universitesi’nden
Dennis R. Hoagland ve Daniel I. Arnon, 1938’de tarim
biilteninde “Growing plants without soil by the water-culture
method” bashkli yaziy1 ve akabinde 1950 yilinda “The water-
culture method for growing plants without soil” adli bir yaziy1
yaymlamiglardir. Bu iki arastirmaci, Hoagland soliisyonlari
olarak bilinen mineral besin soliisyonlari igin ¢esitli formiiller
gelistirmistir (Hoagland ve Arnon, 1938; Hoagland ve Arnon,
1950; Pandey ve ark., 2009). Modifiye Hoagland soliisyonlari
bugiin hala kullanilmaktadir (Fletcher ve ark., 2023; Germer ve
ark., 2023; Sajiv ve ark., 2023). Gericke (1937) yilinda su
kiiltiiri teriminin daha 6nce suda yasayan bitki ve hayvanlarin
yetistirilmesi olarak tanimlandigindan, teknigin “hidroponik”
olarak adlandirilacagini duyurmustur. 1930’larda Pan American
Airlines yolculart igin Wake Adasi’nda sebze yetistirdigi
belirtilmistir (Pandey ve ark., 2009). 1940’da II. Diinya
Savasinda, Amerikan askerleri Pasifik’te sebze iiretmek icin ilk
kez topraksiz yetistirme sistemleri kullanmis ve 8.000 tondan
fazla taze sebze lretilmistir (Dalrymple, 1973; Mhadhbi, 2012;
Celebi, 2019). 1960’larin sonlarinda Ingiltere,
Littlehampton’daki Glasshouse Mabhsul Aragtirma
Enstitiisti’'ndeki (GCRI) arastirmacilar, bir dizi miiteakip
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iyilestirmeyle birlikte besleyici film teknigini gelistirmislerdir
(Pandey ve ark., 2009). Bu arastirma, giiniimiizde kullanilan
hidroponik sistemlerin ortaya ¢ikmasini saglamistir. 1964’te
Viyana Uluslararas1 Bahge Bitkileri Sergisinde, uzun bir cam
kule seklinde dikey bir ciftlik sergilenmistir. 1980°de Isvegli bir
ciftci olan Ake Olsson, sehirlerde sebze iiretimi icin dikey
ciftcilik dnermistir ve bitki yetistirmek i¢in spiral sekilli bir ray
sistemi icat ettigi bilinmektedir (Al-Kodmany, 2018). Jensen ve
Collins (1985), Avrupa ve Amerika Birlesik Devletleri’nde
gelistirilen bircok yeni kiiltiir sistemini vurgulayan, hidroponik
sistemi yaymlamistir. ABD Columbia Universitesi’nden Dr.
Dickson Despommier 1999 yilinda ¢ok katli binalarda kurulan
dikey ciftliklerde Dbitki yetistirilebilecegini  Onermistir.
Boylelikle, Despommier diinyanin 6nde gelen dikey tarim
uzmani ve dikey ¢iftlik savunucusu haline gelmistir
(Despommier, 1999; Chole ve ark., 2021). Modern dikey
ciftliklerden biri olan Sky Green Farms’in Singapur tesisi, her
biri 9 metre yiiksekliginde, giines 15181 kullanarak az enerji ile
yesil sebzeler yetistiren ve yagmur suyunu Ozel tanklarda
toplayarak sulama i¢in kullanan ¢ok fazla kuleden olugsmaktadir
(Wang, 2021; Zareba ve ark., 2021). Hershey (1994), ¢ozelti
kiiltiriinde bitki yetistirmenin toprak kaynakli hastaliklarin
olmamasindan dolay1 daha kolay oldugunu, sulamanin daha az
siklikta  yapildigimi, kok  siteminin  rahathikla  takip
edilebilecegini ve sulamanin otomatik olarak yapilabilecegini
ifade etmistir. NASA tarafindan “Controlled Ecological Life
Support System-Kontrollii Ekolojik Yasam Destek Sistemi”
(CELSS) i¢in kapsamli hidroponik aragtirmalar yapilmaktadir.
Mars’ta gerceklesmesi amaglanan hidroponiklerin ¢ok daha az
sicaklik ile farkli renk spektrumunda gelismeyi saglamak i¢in
LED aydinlatma kullanmaktadir (Pandey ve ark., 2009).
Literatiirde 9300m? alana kurulu 30 kat yiiksekligindeki bir
dikey ciftligin 15.000 kisiye giinliik 2000 kcal.’lik besin
saglayabilecegi ifade edilmistir (Pandey ve ark., 2022). Bu kadar
¢ok insana yeterli giday1 saglamak amaciyla bir dikey kulenin
sahip olmasi 6ngoriilen 6zellikler olarak; kulenin 37 katli olmasi
(25’1 yalmzca bitkisel {liretim ve 3’1 su {iriinleri yetistiriciligi
amagcli) ve 0.93 hektarlik bir alanda yer almasi gerektigi, ayrica
cevre ve atik yonetimi, paketleme ve iiriin igleme gibi prosesler
icin de belirlenen katlarin olmasi gerektigi vurgulanmistir
(Banerjee ve Adenaeuer, 2014).

4. Dikey tarim sistemleri / Vertical farming systems
4.1. Hidroponik sistem / Hydroponic system

Hidroponik sistemler, pek ¢ok iiretici tarafindan siklikla
tercih edilen sistemlerden biridir (Waiba ve ark., 2020). Kiiresel
olarak hidroponik endiistrisinin pazar pay1 2022’de 4,65 milyar
dolar oldugu ve 2023’ten 2030’a kadar %11,9’luk bilesik yillik
biiyiime oraninda (CAGR) biiyiimesi beklendigi rapor edilmistir
(Grand View Research, 2021). Hidroponik sistem, mahsullerin
kum, ¢akil, vermikiilit, tag ylini, perlit, turba yosunu, Hindistan
cevizi veya talag gibi mekanik destek kullanilarak veya
kullanilmadan besin soliisyonlarinda (eriyik haldeki bitki besin
maddeleri igeren) ve toprak kullanilmadan (topraksiz kiiltiir)
yetistirilebildigi bitki yetistirme teknigidir (Richa ve ark., 2020;
Swain ve ark.,, 2021). Hidroponik terimi koken olarak,
Yunancadan gelen bir sozciktir ve “Hidro” ve “Ponos”
sozciiklerinden tiiretilmistir. Hidroponik ile ilgili diger benzer
terimler; “su kiltiiri”, “hidrokiiltir”, “besin kiltiiri”, “topraksiz
kiiltiir”, “topraksiz tarim”, “tank g¢ift¢iligi” veya “kimyasal
kiiltiir” diir. (Swain ve ark., 2021). Genel olarak bitki yetistirme
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yontemlerinin  hem olumlu hem de olumsuz ydnleri
bulunmaktadir (Richa ve ark., 2020). Geleneksel tarim
yontemlerine (toprak kiiltiirii) kiyasla bu yenilik¢i tarim
tekniginin baslica avantajlari sunlardir:

e Toprak tiiriinden/kalitesinden bagimsiz verimli iiretim
(hidroponikte 11+£1,7 kat daha fazladir) yapilmasi,

e  iklim kontroliiniin saglanmas,

e Besin soliisyonu yoluyla biiyiimenin daha iyi
izlenmesi,

e Kaynaklar1 en {ist diizeye ¢ikarma; su ve besin
maddelerinin  yeniden kullanilabilmesine olanak
saglamasi, hidroponik sistemde geleneksel tarima
oranla %70 daha az su gereksinimi vardir.

e Kolay cevresel kontrol saglanabilmesi; uygun sicaklik,
pH, bagil nem vb. saglanarak {iiretilen bitkilerin artan
verimliligi,

e Hizli biiyiime ve mahsul artig1 saglamasi,

Toprak kaynakli hastaliklar1 dnlemek ve patojenleri

kontrol etmek daha kolay,

Herbisit ve pestisit kullaniminin azalmasi,

Is giicii ve zaman tasarrufu saglanmasi,

Bitki atiklarinin yakilarak imhasinin azaltmasi

Mabhsul yetigtirmek i¢in daha az alan gerekmesi (Lee ve
Lee, 2015; Bingol, 2019; Richa ve ark., 2020; Rakesh
ve Javakrishna, 2022).

Hidroponik sistemin dezavantajlar1 ise; maliyetli olmasi,
hassas bir iiretim sistemi olmasi, sistemin siirekli izlenmesi
gerekliligi, teknik bilgi gerekliligi, sadece suyu seven bitkiler
icin uygun olmasi olarak siralanabilir. Ayrica nakliye maliyetleri
gelencksel tarima gore onemli Ol¢lide daha az olsa da, dikey
ciftlikte aydinlatma ve iklim kontrolii i¢in enerji tiiketimi igletme
maliyetlerini 6nemli 6l¢iide artirabilmektedir (Bingol, 2019). pH
ve elektriksel iletkenliginin analizi ile birlikte besin maddelerini
dogru bir sekilde hazirlamak ve karigtirmak icin egitimli
personele ihtiyag vardir. Ayrica elektrik arizalarini 6nlemek igin
sistemin izlenmesi gerekir. Yine de, hidroponigin avantajlarinin
dezavantajlarindan daha fazla oldugu ifade edilebilir (Richa ve
ark., 2020).

Bu sistemde; marul (Lactuca sativa), nane (Mentha
piperita), 1spanak (Spinacia oleracea), frenk sogan: (Allium
schoenoprasum), salatalik (Cucumis sativus), domates (Solanum
lycopersicum), ¢ilek (Fragaria), dereotu (Anethum graveolens),
kekik (Thymus), biberiye (Rosmarinus officinalis), anason
(Pimpinella anisum), dolmalik biber (Capsicum annuum var.
annuum), su teresi (Nasturtium officinale), fasulye (Phaseolus
vulgaris), karpuz (Citrullus lanatus) ve kavun (Cucumis melo)
yetistirilebilmektedir.

Hidroponik sistemler temel olarak, ag¢ik hidroponik
sistemler ve kapali sistemler olarak ikiye ayrilabilir. Kapali
hidroponik  sistemlerde, geleneksel tarimda kullanilan
giibrelerde de bulunan nitrat ve fosfat kaynakli su kaynaklarinda
meydana gelen kirlenme 6nemli olgiide azalmaktadir. Ote
yandan, bu sistemin kullanilmasinin ana sorunlardan biri,
sulama suyunun tuzlu (geri donen besin soliisyonunda tuz
iyonlarinin birikmesi, yani yiiksek NaCl konsantrasyonlar1)
olmasidir (Richa ve ark., 2020).

Martin ve ark. (2019), bira dreticilerinin kullandigt
tahillardan, geri donistiiriilmiis kagitlardan vs. besiyeri igerigini
desteklenmeye calismis ve sonug olarak simbiyotik bir {iretim
stireci izleyerek hem sera gazi emisyonlarint yillik olarak
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%60’ lizerinde azaltilabilecegini hem de siirdiiriilebilirlik
acisindan yarar saglanabilecegini tespit etmislerdir.

4.2. Aeroponik sistem / Aeroponic system

Aeroponik sistem, toprak veya substrat kiiltiirii igermeden
i¢c mekanda yapilan bitki yetistirme yontemidir. Bitkinin yapay
bir destegin yardimiyla havada asili biiylidigi bitkiyi
desteklemek i¢in toprak veya substrat gerekmedigi bir sistemdir
(Francis ve ark., 2018; Lakhiar ve ark., 2018; Ikiz ve ark., 2018).
Uluslararas1 Toprak Bilimleri Birligi Topraksiz Kiiltiir Calisma
Grubu (The International Union of Soil Sciences Working
Group on Soilless Culture) ise, aeroponik sistemi “kiigiik
damlalar (bir sis veya aerosol) ile doymus bir ortamda koklerin
siirekli veya siireksiz olarak biiyiitiildiigli bir sistem” olarak
tanimlamaktadir (Balogun ve ark., 2014). Kékler havada asili bir
sekilde dururken, bitki bliyiimesi igin gerekli olan besinler ve su
ince sis halinde sarkan koklere piiskiirtiiliir (Francis ve ark.,
2018; Ikiz ve ark., 2018). Besin ¢6zeltisinin sis halinde bitkilere
verilmesi genellikle yiiksek veya diisiik hava basinct ile
saglanmaktadir. Besin cozeltisinin otomasyonunda
sis/sprey/aerosol/damlacik boyutu i¢in dikkate alinan nokta,
yiiksek basingta 10 ile 100 mikron, diisiik basingta 5-50 mikron
ve ultrasonik sisleyicilerde 5-25 mikron arasinda olmasidir
(Lakhiar ve ark., 2018). Diisiik basingl aeroponik sistemlerde,
bitki kokleri besin ¢ozeltisi rezervuarmin iizerinde veya bir
rezervuara bagl bir kanalin i¢inde asili olarak bulunmaktadir.
Diisiik basingh bir pompa besin ¢ozeltisini ilettikten sonra
rezervuara geri donmesini saglayabilmektedir. Bu tiir tiniteler
genellikle tezgah {istii yetistirmeye uygundur. Yiiksek basmgl
pompalarin  kullanildigi aeroponik sistemlerde ise yiiksek
kurulum maliyetlerini telafi edebilecek yiiksek degerli
mabhsullerin yetistirilmesi s6z konusudur (Choudhury ve Dutta.,
2022). Bu sistemler hava-su kiiltiirii olarak kabul edilmektedir.
Bu bitki yetigtirme sistemi, B. T. Barker tarafindan bir spreyle
elma agaglari yetistirmesi ile giindeme gelmistir (Barker, 1922;
Clawson ve ark., 2000). Ayrica sistem, 1957’de besin
soliisyonunun sis seklinde verildigi kokleri havada asili olan
domates ve kahve bitkilerini yetistiren F. W. Went, tarafindan
“aeroponik” olarak adlandirilmigtir (Went, 1957; Clawson ve
ark., 2000).

Aeroponik sistemde havada asil1 olan kokler cok miktarda
oksijen alabilmektedir ve bu durum bitkinin daha yiiksek
metabolizma ve biiyiime hizina yardimci olmaktadir.
Caligmalar, biiyiime hizinin toprakta oldugundan 10 kata kadar
arttigin1 gostermektedir. Ayrica, daha az buharlagsma nedeniyle
su kaybi cok azalmaktadir (Francis ve ark., 2018). Aeroponik
sistemler, mahsul verimini en ist diizeye ¢ikarirken su
kullanimimm1 yiizde 98’e kadar azaltabilmektedir. Aeroponik
sistemlerde yetistirilen bitkilerin daha fazla mineral ve vitamin
alarak, daha saglikli ve potansiyel olarak daha besleyici hale
geldigi de gosterilmistir (Birkby, 2016; Chaudhry ve Mishra,
2019). Bitkilerin yetistirildigi hazneler ¢ok az yer
kaplamaktadir. Bu durum ise aeroponik sistemin bir depoda,
bodrumda veya herhangi bir alanda rahatga kullanilabilirligini
saglar (Balogun ve ark., 2014). Bu sistemin hava/sis ortaminda
topraksiz bir gekilde bitkilerin hizli biiylimesine izin verdigi i¢in
hidroponik sisteme gore daha avantajli oldugu ifade
edilmektedir (Chaudhry ve Mishra, 2019). Sistem su
tasarrufunun yani sira %60’a varan besin tasarrufu saglayarak,
%100’e varan pestisit ve herbisit kullanimini azaltabilmekte ve
bitki verimini hidroponik veya geleneksel tarima gore %45 ila
75 arasinda arttirabilmektedir (NASA, 2006; Lakhiar ve ark.,
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2018). Sistem is¢ilik acisindan da geleneksel tarima gore daha
avantajlidir. Bu teknik, yaprakli sebzeler, kok sebzeler, aromatik
otlar ve sifali bitkiler i¢in basariyla uygulanmistir. Aeroponik
kiiltiir ortaminda yetigen bitkilerin fenolik ve flavonoid igerik
miktarinin, antioksidanlar ve vitaminler gibi verim ve besin
kalitesinin toprakta yetisen bitkilere gore daha yiiksek oldugu
bulunmustur (B6hme and Pinker, 2013; Chandra ve ark., 2014).
Aeroponik sistemler, (1) biiyiime odasi, (2) bitki destekleme
kism1 ve (3) besin besleme sistemi dahil olmak iizere temel
olarak ii¢ ana kisimdan olusur (Lakhiar ve ark., 2020). Bu
sistemin avantajlari (1) hizlandirilmis bitki biiylime oranlar1 ve
daha kisa olgunlagsma siiresi, (2) verimde 6nemli artislar, (3)
bitkiden bitkiye daha yiiksek biyokiitle ve ikincil metabolit
tutarliigt ve (4) kontaminant igermeyen iiriin olarak
siralanmistir (Pagliarulo ve Hayden, 2002). New York’ta
domatesle yapilan aeroponik deneyde bir yilda mahsuliin dort
katina ¢iktig1 gézlenmistir (Al-Kodmany, 2018).

Literatiirde aeroponik sistem ile domates, sogan, feslegen,
patates, tatli patates, soya fasulyesi, misir, marul, feslegen,
Anthurium andreanum ve Acacia mangium gibi sebzeler,
meyveler, sifali bitkilerin yetistirildigi bildirilmistir (Gopinath
ve ark., 2017; Ikiz ve ark., 2018; Lakhiar ve ark., 2018; Khater
etal., 2021).

Amerika Birlesik Devletleri’nin 6nde gelen dikey tarim
sitketi olan AeroFarms Newark, New Jersey merkezli
stirdiiriilebilir bir i¢ mekan tarim sirketidir ve {irlin yetistirmek
icin patentli bir aeroponik yetistirme sistemi kullanmaktadir
(Birkby, 2016).

4.3. GrowCube sistemi / GrowCube system

Topraksiz tarim iizerine yapilan ¢alismalarin sayist giin
gectikge artmaktadir.  Arastirmalar kapsaminda aeroponik
sistemin daha yiiksek verim saglayacak versiyonlari tizerine de
aragtirmalar devam etmektedir. Son yillarda, kentsel tarima
uygun olarak i¢ mekanlarda sebze yetistirmek i¢in yenilik¢i bir
teknik olarak GrowCube teknolojisi karsimiza ¢ikmaktadir.
GrowCube, hem evlere hem de ticari operasyonlara her iklimde
taze gida yetistirmek i¢in tam otomatik bir yol saglamayi
amaglayan bir aeroponik sistemdir. Bu sistemde geleneksel
yetistirme sistemlerine kiyasla biiyiik alan gerekmez. GrowCube
mutfaga yerlestirilebilen ve i1spanak, lahana gibi yaprakli
sebzelerin yetistirilmesine uygun yetistirme kutusu olup, tiriinler
her giin pisirmeden Once hasat edilebilmektedir. Bocek ilaci
igermediginden de iiriin tiikketimi agisindan daha giivenlidir (Noh
ve ark., 2021). GrowCube, bir tekerlek araciligiyla dénen ve
gerekli 15181 LED seridi ile saglayan bes hafif plastik plaka
iceren yiiksek teknolojili kiip seklinde bir havalandirma sistemi
bulunan aeroponik bir prototiptir (Al-Kodmany, 2018; Noh ve
ark., 2021). Yazilim gelistirici Chris Beauvois, bilgisayar
programlart ve topraksiz tarim sistemlerini birlestirerek
GrowCube sisteminin bulusunu gerceklestirmigtir. Geleneksel
tarim yontemlerine oranla %95 daha az su kullanan bu sistem,
bitkileri plakalarda ortama sis halinde su vererek biiyiitmektedir
(Cooper, 2013). Patentli bugulanma teknolojisi, en karmagik kok
sistemlerine bile niifuz edebilmektedir. Kiip ve cihazlar,
bilgisayar ve yazilim araciligiyla kontrol edilir ve kiipiin
icindeki sensorler, mikro iklimi optimize etmek igin bilgisayarla
iletisim kurar (Al-Kodmany, 2018). Giiniimiizde sirketler,
online olarak ¢esitli uygulamalar ve iiriin yetistirme kilavuzlar
gelistirmektedirler. Bu sayede yetistirme siireglerini tamamen
uzaktan kontrol ederek optimize edilebilir hale getirmeyi
saglamis olmaktadirlar. GrowCube ile sebze veya otlar
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yetistirilmis olup, meyvelerin de {iretilmesi hedeflenmektedir.
GrowCube, bu yiiksek teknolojili kiiplerden yiizlerce iireterek
projeyi genisletmeyi planlamaktadir.

4.4. Akuaponik sistem / Aquaponic system

1980 yilindan beri giin gegtikce gelisen bir teknoloji olan
akuaponik sistem, yenilebilir ve suyu seven bitkileri ve baliklar
sadece balik yemi ve gilines 15181 girdisinin oldugu kapali bir
sistemde bir arada yetistirmek amaciyla yapilan bitki + balik +
bakteri + su ortaminin dinamik etkilesimini igeren topraksiz bir
su kiltiri seklidir (Love ve ark., 2015; Shafeena, 2016;
Krastanova ve ark., 2022). Dolayis1 ile sistem su {iriinleri
yetistiriciligi (balik yetistiriciligi) ve hidroponik (topraksiz bitki
yetistirme) yetistiriciligin kombinasyonu olup, simbiyotik
iiretim teknigi olarak da adlandirilabilmektedir (Kyaw ve Ng,
2017). Akuaponik sistem, bitkilerin biiyiimesi i¢in gerekli olan
besin maddelerinin geri doniisiim aracilifiyla bocek ilaglari
kullanilmadan  yeniden  kullanilmas1  amaclanmaktadir
(Shafeena, 2016). Bu sistemler dogal biyolojik dongiiler
kullanilarak yenilenemeyen kaynaklarmn kullantimin1 en aza
indirildigi ve zamanla artabilecek ekonomik faydalar saglayan
stirdiiriilebilir bir tarim sistemi olarak hedeflenmistir (Tyson ve
ark., 2011).

Sistemin faydalart; geleneksel su {irlinleri yetistiriciligine
kiyasla suyun verimli kullanimi, sinirlt atik iiretimi, sifir atik su
desarji, karbon ayak izinin kiigiik olmasi, daha az kaynak
tilketimi, daha az ¢evresel etki, daha az metan emisyonu, giivenli
gida idiretimi, smirli su kullantmima bagli olarak c¢evresel
kontaminant  girisinin ~ azalmasi, mahsul  {iretiminin
yogunlugunun artmasi, kalintisiz mahsul {retimi, nakliye
masraflarinin  diigmesi, topraga bagli hastaliklarin bertaraf
edilmesi olarak belirtilebilmektedir (Love ve ark., 2015; Colt ve
ark., 2021). Topraga dayali tarimdan daha verimli oldugu igin ve
stirekli su tasarrufu sagladigi igin, kaynaklarin siirli oldugu ve
iklim degisikliginden etkilenen bdlgelerde gida tiretimi igin
ideal bir iiretim sistemi oldugu vurgulanmistir (Pantanella,
2018). Akuaponik sistemden ¢ikan kati atiklar topragi
zenginlestirmek amaciyla geleneksel tarim  giftliklerine
satilabilmektedir. Sistemin kurulacagi alanin su kaynagina yakin
olmasma ya da drenaj sistemine ihtiyact yoktur (Kargin ve
Bilguven, 2018). Bu sistemin, geleneksel yontemlere gore yiizde
doksan daha az su tiikettigi belirtilmistir. Bir bag marulun
toprakta iiretimi i¢in 50 giin gerekirken, bu siirenin akuaponik
sistemde daha kisaldig1 ve 35 giin stirdiigii belirtilmistir. Yine
aragtirmacilar, 23.000 kg baligin 450.000 kg marul ve ot
iretimine yardimci oldugunu ifade etmislerdir. Bagka bir
ornekte ise, 1 metrekare alanda 0,45 metrekiip suya sahip bir
sistemde 1 kg feslegen yapraginin 60 giinde yetistirilebildigi
bildirilmistir (Hati ve Singh, 2021). Wilson (2005) akuaponik
sistemde 1 kg balik yetistiriciligi i¢in harcanan yem ile 7 kg bitki
uiretilebildigini ifade etmistir. Florida’da akuponik bir sistemde
hasat edilen ortalama balik ve bitki miktarinin yilda sirasiyla 23-
45 kg ve 45-226 kg oldugu belirtilmistir (Colt ve ark., 2021).
Rakocy ve ark. (2004), akuaponik sistemde dort yil boyunca
feslegen ve bamya bitki tiirlerini, Nil Tilapia ve kirmiz1 Tilapia
balik tiirleri ile birlikte yetistirmislerdir. Her iki balik tiiriiniin de
hayatta kalma oranlar1 yiiksek bulunurken, ayn1 kiiltiir suyunda
bitkilerin yetistirilmesi nedeniyle 4. hasattan sonra ortaya ¢ikan
besin yetersizligine bagli olarak feslegende bozulmalar
goriildiigii ifade edilmistir. Diger yandan, bamyanin arazi
iiretimine gore 18 kat daha fazla iiretilebildigini belirtmiglerdir.
Bahri ve ark. (2020) 4 metrekarelik bir alanda 120 adet nane
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celigi ile 90 adet balik yetistirerek, bitkilerin koklerinde %50,
yapraklarinda %100 artis saptayarak hizli  biiyiime
gerceklestigini ve baliklarda %100’e yakin yasama oram ve
biliylime orani gdzlemlemislerdir.

Ote yandan, diinyanin baz1 iklimlerinde veya bolgelerinde
akuaponik sistem ile ilgili belirli 6l¢eklerde gida iiretimine
yonelik c¢esitli sinirlamalar vardir (Love ve ark., 2015).
Birlesmis Milletler Gida ve Tarim Raporu (United Nations Food
and Agriculture)’nda maliyetinin yiiksek olmasi, enerji/kaynak
gerektirmesi, giinliik bakimlarin diizenli yapilmasi sistemin
dezavantajlar1 olarak vurgulanmigtir (Love ve ark., 2015; Sahin
ve Kendirli, 2016). Yasanabilecek elektrik kesintilerinin,
borularda goriilebilecek tikanmalarin sucul canlilarin Sliimiine
yol agabildigi de ayrica belirtilmistir (Kargin ve Bilguven,
2018). Bu nedenle, gida giivenligi ve siirdiiriilebilirlik
konularinda avantajli olan sistem, baliklarin ve bitkilerin saglikl
biiylimesi i¢in tesislerin siirekli izlenmesi gerektiginden isletimi
zor olabilmektedir (Kyaw ve Ng, 2017). Bu noktada, ¢ift¢i icin
ekonomik olmasi hususu dikkate alinmalidir (Love ve ark.,
2015).

Akuaponik sistem akuakdiltiir kisim (canlilarmin yasayip
beslendigi, atik trettigi kisim) ve hidroponik kisim sebze
(lahana, kabak, salata, marul vb.) ve meyve (¢ilek, domates vb.)
gibi bitkilerin yetistirildigi kisim) olmak iizere iki kisimdan
olugmaktadir. Akuaponik sistemlerde bulunan atik aritma
sistemi araciligiyla su, bitki ve balik tanklar1 arasinda devirdaim
yapilarak biyolojik olarak filtre edilmekte ve su firiinleri
yetistirilmektedir (Love ve ark., 2015). Balik atiklarinin
yetistirilmek istenen bitkiler icin giibre islevi gordiigi ve
bitkinin ise baliklar i¢in istenmeyen amonyagin diger azotlu
bilesiklerle birlikte sudan uzaklastirildig bir sistemdir (Kargin
ve Bilguven, 2018). Amonyak, baligin bosaltim iiriinii olup, ¢ok
diisiik dozlarda bile suyun pH’sina bagli olarak balik i¢in toksik
olabilir (Yildiz ve Pulatsu, 2022). Temiz hale gelen su baliklarin
gelisimi i¢in de uygun hale gelmektedir. Bu sistemde su ve balik
atiklar1 bitki yetistirme kabma pompalanir. Balik atiklar
amonyak agisindan zengin olup, bakteriler amonyagi 6nce
nitrite, sonra da nitrata doniistiiriir (Gosh ve Chowdhury, 2019;
Hati ve Singh, 2021). Bu dogal biyolojik doniisiimii yapacak
bakteriler ylizeylerde yasarlar ve suda baliklarin protein
katabolizmasinin son {iriinii olan amonyak oldugu zaman
gelismeye baslarlar (Krastanova ve ark., 2022). Bakteri
faaliyetleri sonucu olusan nitrat bitkiler i¢in besin maddesi
gorevi goriir. Besinlerin bitki kokleri tarafindan emilmesinden
sonra temiz ve filtrelenmis su akvaryuma geri doner (Hati ve
Singh, 2021). Akuaponik sistemlerde bu donisiimii
gergeklestiren nitrifikasyon bakterileri {izerinde ¢aligmalar
yapilmaktadir. Ozellikle amonyumu nitrite  doniistiiren
amonyum oksitleyici bakteriler iizerinde (Nitrosococcus,
Nitrosospira ve Nitrosomonas) durulmaktadir. Nitritin nitrata
doniistiiriilmesinde nitrit oksitleyici bakteriler (Nitrobacter,
Nitrospira, Nitrococcus ve Nitrospina) sorumludur. Son
zamanlarda, Nitrospira sp.’nin  amonyumdan nitrite tam
nitrifikasyonu da gergeklestirebildigi agiklanmistir. Bununla
birlikte, akuaponik sistemin farkli boliimlerindeki toplam
mikrobiyal topluluk, omik teknolojileri kullanilarak karakterize
edilmeye calisilmaktadir. Akuaponik sistemlerin  farkli
tasarimlarda olmasi, bu sistemlerde farkli optimum kosullarda
iretim yapilabilmesi ve sistemin farkli alt birimleri
icerebilmesinden  Gtiirli  bu  bilesenlerdeki  mikrobiyal
topluluklarn  da  farklilik  gosterebilecegi  belirtilmistir
(Schmautz ve ark., 2017; Kushwaha, ve ark., 2023). Ornegin,
akuaponik sistemlerinin farkli boliimlerinden karakterize edilen
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taksonlar; bitki koklerinde Proteobacteria, Planctomycetes,
Acidobacteria, Bacteroidetes, Nitrospirae, Gemmatimonadetes,
Methylophilales, Nitrosomonadales, ve Pseudomonas sp.;
biyofiltrelerde Bacteroidetes, Verrucomicrobia, Fusobacteria,
Planctomycetes, Chloroflexi, Nitrospirae, Proteobacteria,
Microbacteriaceae, Rhodobacterales, Rhizobiales,
Sphingomonadales, Nitrosomonadales, Burkholderiales ve
Rhodocyclales; balik tankinda Nitrospirae ve Nitrobacter sp.
olarak bildirilmistir (Kasozi ve ark., 2021).

Mevcut akuaponik sistemlerde farkli balik tiirleri
kullanilmaktadir. En yaygin olarak kullanilan balik tiirlerinin;
tilapia, siis baliklar1 (koi, japon balig1 ve tropikal baliklar), yayin
balig1, sazan, bluegill, alabalik ve levrek oldugu belirtilmistir.
Yetistirilen bitki tiirleri ise genellikle mutfak amagh kullanima
yonelik otlar ve baharatlar (feslegen, kisnis, frenk sogani,
maydanoz, semizotu, nane, marul, 1spanak, pazi, Cin lahanasi,
su teresi vb.) olarak belirtilmigtir. Domates, biber ve salatalik
gibi sebzeler daha yiiksek besin gereksinimine ihtiyag
duyduklar1 i¢in iyi kurulmus akuaponik sistemlere ihtiyag
duyulmaktadir (Yep ve Zheng, 2019; Krastanova ve ark., 2022).

Akuaponik ¢ozeltide 6zellikle bazi bitkiler icin K, Mg, Ca
ve Fe’nin yetersiz oldugu ifade edilmistir. Bu nedenle akuaponik
sudaki besin seviyelerinin optimize edilecegi detaylh
arastirmalara ihtiya¢ oldugu vurgulanmistir (Yep ve Zheng,
2019). Akuaponik sistemlerde sicaklik, nem, pH ve mineral
konsantrasyonu gibi yetistirme kosullarinin yetistirilecek sebze,
bitki ya da balik tiirline gore degiskenlik gdsterebilecegi
belirtilmistir. Ornegin, bitki tiirlerinin ¢ogu igin pH bakimindan
optimal gelisimin pH 6-6,5; baliklar icin ise pH 7-9 arasinda
gerceklestigi  ifade  edilmistir.  Ayrica,  nitrifikasyon
bakterilerinin gelisimi i¢in pH seviyelerinin 7,5-8,3 arasinda
olmasiin Onemi literatlirde belirtilmistir. Bu nedenle tiim
akuaponik sistem i¢in gegerli olan ideal pH aralig1 6,0-8,0 olarak
rapor edilmistir (Gosh ve Chowdhury, 2019). Baliklar igin en
uygun sicakliklarin yine tiire bagli olarak 25-30°C oldugu
kaydedilmistir (Rakocy ve ark., 2016). Krastanova ve ark.
(2022) ise, akuaponik sistemde hem yetistirilecek Tilapia balik
tirli ve hem de bitkiler i¢in optimum su sicakliginin 22-24°C,
pH degerinin 5,6-7,3, ¢ozlinmiis oksijen miktarinin ise 3-10
mg/L olmasi gerektigini belirtmistir.

4.5. Silindirik topraksiz yetistirme sistemleri / Cylindrical
soilless growing systems

Silindirik Omega Garden veya Volksgarden olarak da
bilinen son yillarda geligsmis hidroponik sistem 6rnegi karsimiza
¢ikmaktadir. Bu sistemde bitkiler merkezi LED igiklarinin
etrafinda diisiik beygir giiciinde bir motor kullanilarak her 50
dakikada bir donen carklarin igine yerlestirilmektedir. Carklarin
doniisiinii giines panelleri veya riizgar tiirbinleri ile de saglamak
miimkiindiir. Bu sistemlerde bitkiler bir merkez {inite etrafinda
donerken belirli bir siire ve seviyede tiim bitkilerin esit 151k
alabilmesi miimkiindiir. Volksgarden sisteminde bitkilerin
kokleri tag ylinii i¢inde yetistirilirken, bir yandan da geleneksel
hidroponik sisteme gore daha hizli biiylimesi saglanmaktadir.
Sistem {initeleri st iste istifleme yontemiyle kapasitesini
cogaltmaya elveriglidir (Al-Kodmany, 2018). Volksgarden
sisteminde her silindirin 80 bitki tutabilme kapasitesi vardir
(Papadopoulos, 2021). Bu sayede tek seferde ¢ok miktarda bitki
yetistirme durumu miimkiin olabilmektedir. Volksgarden dikey
cifteilik yontemi ile kullandigi bu sistemde 120 doner modiil
icermektedir. Kirmizt ve mavi LED aydmnlatma kullanarak,
hidroponik silindirik ¢ok katmanli bir sistemde marul ve
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lahananimn yetistirildigini ifade edilmistir (Kaur ve Chawla,
2021).

5. Sehirlerde dikey tarim uygulamalarma o6rnekler /
Examples of vertical farming applications in cities

5.1. Sky greens / Sky greens

Singapur bir ada ilkesi olarak tarimsal faaliyetler i¢in
sinirlt alana sahip oldugu ve tiikettigi gidanmn yalnizca %7°sini
tiretebildigi i¢in dikey tarima olduk¢a 6nem vermektedir (Al-
Kodmany, 2018). Singapur, gida talebinin yiizde 90’mdan
fazlasin1 ithal Triinler ile karsilamaktadir. Bu sebeple
Singapur’da dikey tarim uygulamalari ile yerel gida iiretiminin
arttirilmast ve ithal {riinlere olan bagimliligin azaltilmasi
hedeflenmis ve 2012’de yiiksek teknolojili sehir ¢iftliklerinden
biri olan Sky Greens ticari olarak faaliyete baglamistir (Gupta ve
Ganapuram, 2019). Sky Greens, diinyanin diisiik karbon ayak
izine sahip hidrolik suyla ¢alisan yercekimi destekli donen bir
yetistirme sistemi ve enerji tasarruflu LED aydinlatma kullanan
dikey tarim sisteminin kurucusudur (Sky Greens, 2018). Bu
dikey ¢iftlikte, {iretim siirecinde olusan atiklarin yeniden
kullanilmasimi saglayan 3R prensibi (azalt, yeniden kullan ve
geri doniistiir) takip edilmektedir. Cevre iizerinde olumsuz
etkiye sebep olmadan, yiiksek verim ve yiiksek kaliteli iiriinlerin
iiretimini saglayan, ultra modern bir aydinlatma sistemi kullanan
ve tamamen kontrolii saglayan bir otomasyon sistemi ile
calismaktadir (Zareba ve ark., 2021). Sky Greens, gilinde
ortalama 0.5 ton sebze iiretim yapabilme kapasitesine sahip, 9
metrelik bir boyutlarda ve 120 aliiminyum kuleden olusmaktadir
(Gupta ve Ganapuram, 2019). Sky Greens’in avantajlari;
geleneksel tarima gore birim alan basina 5 ila 10 kat daha fazla
iriin Uretilebilmesi, ¢evre dostu olmasi, diisiik enerji ve diisiik
su kullanimi saglamasi, siirdiiriilebilir atik su yonetimine sahip
olmasi ve yesil teknoloji kullanmasi olarak belirtilmistir (Sky
Greens, 2018; Chaudhry ve Mishra, 2019). Sky Greens
Solutions (Sky Greens’in sahibi olan sirket), 2015 yilinda
yenilikei tasarimiyla INDEX Odiilii’nii kazanmustir. Sky Greens
arazi sikintisi olan kentlerde elektrik, su ve insan giicii tasarrufu
ile dikey tarim sistemi olarak umut vadeden bir sistemdir (Wong
ve ark., 2020). Bir veya birka¢ tlir mahsul (6rnegin; marul,
ispanak, tropikal yaprakli sebzeler) biiyiik hacimlerde
yetistirilebilmektedir (Beacham ve ark., 2019).

5.2. Plantagon / Plantagon

Bir diger dikey tarim sirketi olan Plantagon Isveg,
Linkoping’de faaliyetlerine baglamistir. Plantagon, yerel enerji
sirketleri ve yerel biyogaz fabrikalari ile kurulacak simbiyotik
bir iligkiyi saglamay1 hedeflemistir. Dikey ciftligin, fabrikalarin
organik atik, karbondioksit, giibre ve fazla 1sisi1 toplayip
bunlar1 1sitma-sogutma igin biyogaza doniistiirilmesini ve
boylelikle gida iiretiminin yan sira siirdiiriilebilirlik konusunda
da ¢oziimsel yaklasgimi amaglamistir (Al-Kodmany, 2018).
Plantagon diger sirketlerden farkli olarak yerel iiretime ek olarak
iretilen Urlinleri Asya pazarina da gondermeyi planlamistir
(Hallock, 2013). Kire seklinde olan, doénen sarmal sekilli
tasarimi ile otomatize bir sisteme sahip olmasi, karbondioksit ve
oksijen aligverisini saglamasi, otel ve ofis gibi yerlere
uygulanabilir olmasi sebebi ile avantajlari oldugu bildirilmistir
(Chaudhry ve Mishra, 2019). Yapay aydinlatma ihtiyacinin en
aza indirilmesi hatta tamamen ortadan kaldirilmasi
amaglanmistir  (Moller Voss, 2013). Neredeyse tamamen
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makinelesen bu sistem gelecekte gida sektorii agisindan biiyiik
bir trend olma potansiyeli tasimaktadir. Ancak bu durum, ¢aligan
personelin yani sira teknolojiyi yonetebilecek bir profesyonelin
ihtiyacin1 da ortaya c¢ikartmaktadir (Hallock, 2013). Ayrica
mabhsiiliin {iretimi, hasadi, atik yonetimi ile ilgili otomatik
entegrasyon sistemi olmamasi dezavantaj olarak belirtilmistir
(Chaudhry ve Mishra, 2019).

5.3. Cati kat1 tarimi1 / Rooftop farming

Giliniimiizde kentsel yap1 yogunlugunun artmast ile
sehirlerde yesil alan kaybi ¢ok yiiksek seviyelere ulagsmistir. Bu
nedenle biiyiikk sehirlerde peyzaj miihendisligi alaninda
yesillendirme calismalar1 yapilmaktadir. Ozellikle New York,
Singapur, Hong Kong gibi binalarin yogun oldugu sehirlerde,
yesil alan artirmak amaciyla yesil cat1, yesil duvarlar ve kentsel
tarima yonelim s6z konusudur (Lee ve Chuang, 2017). Kentsel
tarim arazilerinin yetersizligine bagl olarak, siirdiiriilebilirlik
kapsaminda kullanilmayan alanlar olarak catilar essiz bir
yetistirme alan1 olarak gdriilmektedir. Baz1 sehirlerde gatilar ve
balkonlar taze tiiketim icin ¢esitli yaprakli yesillikler, otlar ve
baharatlar yetistirmek i¢in kullanilmaktadir. Bunun yaninda,
yesil ¢ati ciftliklerinin 1s1 etkisinin azaltilmasinda, yagmur
suyunun akisinin azaltilmasinda ve binalara 1s1 yalitiminin
saglanmasinda olumlu etkilerinin olacag: belirtilmektedir (Mir
ve ark., 2022). Yesil ¢at1 ¢iftliklerinin gida giivenligini, atik
yOnetimini ve is istthdami saglama yoniinde olumlu sonuglarinin
oldugu asikardir (Harada ve ark., 2018a). Ug tiir yesil ¢at1 ¢iftligi
bulunmaktadir. Bunlar, insanlarin organik gidaya artan ilgisi
neticesinde catilarda kurulan hidroponik cati sistemleri, pilot
calismalar i¢in veya egitim amaci ile kullanilan ¢at1 ¢iftlikleri ve
ticari ¢at1 ¢iftlikleridir. Ticari ¢at1 sistemlerinin hedef kitlesi taze
yetigtirilen driinleri satin almayi talep eden misteriler veya
restoranlardir. Genellikle kiiciik olgekli iiretimlerdir ancak
restoran kullanimini siirdiirmek igin yeterlidir. Hong Kong’daki
HK ¢iftligi tiretimin yam sira gorsel olarak da sehre katkida
bulunmaktadir (Lawrence ve ark., 2022).

5.3.1. Brooklyn grange / Brooklyn dikey ¢iftligi

New York merkezli bir proje olan Brooklyn Grange 11
katli bir binanmn tepesinde 2010 yilinda kurulan ve sebze
yetigtirilen 0.6 hektarlik bir cat1 ¢iftligi olup, her yil 23.000
kg’dan fazla {iriinii (domates, kale, salatalik, havug, bezelye
gibi) yetistirebilme kapasitesine sahiptir. Uretilen iiriinler ciftlik
pazarlarinda ve yerel restoranlara satilmaktadir (Royte ve ark.,
2015; Harada ve ark., 2018a). Brooklyn Grange, isletmelere,
okullara, kar amaci giitmeyen kuruluslara ve devlet kurumlarina
yesil gatilar, yesil duvarlar ve organik kentsel ¢iftlik sistemlerini
tasarlama ve kurma konusunda siirdiiriilebilirlik danigsmanligi
hizmetleri de sunmaktadir (Plakias, 2016; Harada ve ark.,
2018b). Ciftlik kuruldugundan bu yana tonlarca ¢opi geri
doniismiistir  (Yang, 2022). Toplum Destekli Tarim
(Community Supported Agriculture, CSA) programi uygulanan
Brooklyn Grange’in yerel ekonomiyi ve istihdam yaratmayi
tesvik etmesi ile ¢ati kat1 tariminda 6nemli bir yere sahip oldugu
belirtilmektedir (Ghosh, 2021). Cati kat1 tariminda, Rooflite®
ad1 verilen yogun yesil catilar, cati bahgeleri, konteynir
bahgelerinde saglikli bitki biiyiimesi i¢in optimize edilerek
tasarlanmis organik madde ve lignoseliilozik materyal iceren
toprak kullanilmaktadir. Ayni1 zamanda Brooklyn Grange,
yagmur suyu (yaklasik olarak 1 milyon galon) yonetimi ile
mabhsul yetistirmeyi de miimkiin hale getirmektedir. Giiniimiizde
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ise Brooklyn Grange, faaliyetlerini giderek bilyilitmekte ve
gelismeye devam etmektedir (Nasr ve ark., 2014; Royte, 2015;
Harada ve ark., 2018b).

5.3.2. Gotham greens / Gotham greens

New York, Brooklyn merkezli Gotham Greens iki katl1 bir
binanin tepesinde, 2011 yilinda insa edilmis yesil ¢at1 ¢iftligidir.
Sirket gelismis hidroponik tarim tekniklerini kullanarak 40°tan
fazla ABD eyaletine taze, yliksek kaliteli, bocek ilaci icermeyen
tirlinler yetistirmektedir. %95 daha az su ve %97 daha az toprak
kullanan tesis olarak Business Insider’in “Amerika’daki En
Harika 50 Yeni Isletme” listesinde yer almistir. Gotham Greens,
¢ok cesitli yaprakli yesillikler ve otlar yetistirmekte ve
satmaktadir (Gotham Greens, 2017; Goodman ve Minner, 2019;
Gulati, 2022). Gotham Greens giines enerjisi kullanmakta ve
sirketin misyonuna uygun olarak 55 kW enerji liretmektedir.
Boylelikle diisiik karbon ve enerji ayak iziyle siirdiiriilebilir bir
sekilde ¢aligmaktadir (Goodman ve Minner, 2019). 2023’te
Gotham Greens’in dokuz adet yiiksek teknolojili, iklim
kontrolli  hidroponik  seraya ulasmayir hedefledikleri
belirtilmistir. Gotham Greens’in; Teksas, Georgia ve
Colorado’da devam eden yeni sera projelerinin oldugu ve
Illinois ve Rhode Island’daki mevcut seralar1 genislettigi de
ayrica ifade edilmistir. Uzun mesafeli soguk nakliyeye gerek
olmadan, iirlin kalitesi ve raf dmriiniin muhafaza edilerek gida
israfint azaltan bir sistemle Ttriinlerin yetistirilmesi ve
tiiketicilere ulastirilmas1 s6z konusudur (Business Insider,
2022). Literatiirde, Gotham Greens’in geleneksel tarima gore
daha fazla iiretim yapilabilmesi, 1sitma, sogutma, sulama ve
bitki beslenme gibi parametrelerin gelismis teknoloji ile kontrol
edilebilmesi, enerji kullaniminin azaltilabilmesi, iiriinlerin
besleyici 6zelliklerinin iyilestirilebilmesi gibi avantajlar1 oldugu
bildirilmistir (Chaudhry ve Mishra, 2019). Ayrica 100 civarinda
galisan isttihdami saglamasi yoniiyle de cati kati tariminda
onemli bir role sahiptir. Gotham Greens genis bir dagitim agina
sahip olup, perakende satis noktalarina, siipermarketlere, iist
diizey marketlere ve restoranlara toptan tedarik saglamaktadir
(Goodman ve Minner, 2019).

6. Uzay tarmmmin gelisim siireci ve uzay ciftlikleri /
Development process of space agriculture and space farms

Birlesmis  Milletler verilerine gére, yil 2050’yi
gosterdiginde ekstra 2,3 milyar insanin daha gidaya ihtiyaci
olacagi belirtilmigtir. Konvansiyonel tarimin bu talebi
karsilamas1 imkansiz gibi goziikmektedir (NASA, 2021).
Tarimin uzayda insan hayatini desteklemek icin kullanilmas,
uzay aragtirmalarinin uzun siiredir devam eden alanlarindan biri
olmustur (Wheeler, 2017). Ozellikle NASA’nin bu yénde
calismalar1 devam etmektedir. Diinya’da ve uzayda gida tiretimi
icin su kullanimin1 ve enerji tiikketimini en aza indiren topraksiz
tarim sistemleri iizerinden arastirmalar geligmektedir (NASA,
2021).

Ote yandan, Mars veya Ay gibi uzun siireli uzay
gorevlerinde astronotlarin yemek ihtiyaclari, donmus veya
konserve edilmis gidalardan karsilanmaktadir ancak bu gidalar
da kiitleye ve buna bagli olarak firlatma ve yakit tiiketimi
sirasinda ortaya ¢ikan ekstra maliyetler nedeniyle fazla miktarda
almamamaktadir. Son zamanlarda astronotlarin beslenmelerini
desteklemek i¢in taze gidalarm iiretimi ve bitki yetistirme
sistemlerinin kesfedilmesi giindeme gelmistir. Ancak uzay
giftciliklerinde yercekiminin ve diger kosullarin dikkate
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almmasimin gerekliligi literatiirde vurgulanmigtir (Nguyen ve
ark., 2023). Bu baglamda ilk denemeler ABD Hava Kuvvetleri
ve NASA i¢in Jack Myers ve digerleri tarafindan 1950°ler ve
60’larda alglerin (Chlorella sp., Anacystis, Synechocystis,
Scenedesmus, Synechococcus, and Spirulina) test edilmesine
dayanan caligmalar ile baglamistir. Uzay tarimi sistemlerinin
temelinde, bitkilerin veya diger fotosentetik organizmalarin
biyokiitle (CH20) ve oksijen (Oy) iiretmesi, havadan COy’yi
uzaklastirmasi vardir. ilk uzay bitkisi arastirmasi (Sputnik 4),
1960 yilinda bugday, bezelye, misir ve sogan c¢imlenmesi ile
baslamistir (Nguyen ve ark., 2023).

[Ik uzay istasyonlar1 olan Saylut ve Skylab 1970’lerde
mikro yer¢ekiminin sitoplazmik akig tizerindeki etkisi gibi temel
astrobotanik arastirmalarin yapilabilmesine imkan sunmustur
(Reed ve ark., 2023). 1971°de Oasis 1’de keten, pirasa, sogan ve
Cin lahanasi yetistirilmigtir. Daha sonra Biosatellite 11’de biber
ve Mir uzay istasyonunda turp ve lahana gibi sebzeler tizerinde
on ¢alismalar yapilmistir (Nguyen ve ark., 2023; Reed ve ark.,
2023). Mir uzay istasyonundaki SVET biiylime odasinda,
tohumdan uzayda yetistirilen iriinlerin ilk mahsulii elde
edilmistir (Reed ve ark., 2023). 1982°de Rus uzay istasyonu olan
Saylut’ta Arabidopsis thaliana ¢igekli bitkisi yetistirilmistir.
Yakin zamanda ise, The International Space Station
(Uluslararas1 Uzay Istasyonu, ISS)’de astronotlar The Vegetable
Production ~ System  (Veggie-NASA  tarafindan  uzay
ortamlarinda gelistirilen ve kullanilan bir bitki yetistirme
sistemi) ve Advanced Plant Habitat (APH- Uluslararas1 Uzay
Istasyonunda bitki biyolojisi arastirmas1 yapmak icin kullanilan
olan otomatik bitki yetistirme tesisi)’t kullanarak kokli ve
yumrulu sebzeler, sogan, sarimsak, yesil yaprakli bitkiler,
domates ve salatalik gibi meyve veren sebzeler yetistirmislerdir
(Nguyen ve ark., 2023; Reed ve ark., 2023). Veggie ve APH
sistemlerinin teknolojik olarak farkli sistemler oldugu ifade
edilmigtir. Veggie’nin, bitki yetistirme ortamin1 kontrol etmek
icin yalnmizca LED aydinlatma sistemine ve bir havalandirma
fanina sahip oldugu ve kontrollerin minimal diizeyde kaldig:
bildirilmistir (Reed ve ark., 2023). Biyokiitle iiretim sistemi
(BPS) uzayda bitki yetistirme denemeleri i¢in kullanilan
2002°de NASA tarafindan calistirilan ilk yetistirme odasidir.
BPS hem ¢evresel parametrelerin kosullarini kontrol etmis hem
de bu bilgiler ile birlikte goriintiileri Diinya’ya gondermistir.
NASA’nin yakin gelecek hedefinde Ohalo III’te daha karmasik
bitki yetistirme biiylime sistemleri gelistirmek vardir (Nguyen
ve ark., 2023).

Mikro yesilliklerin uzay istasyonlarindaki miirettebat ve
astronotlarin istahlarini arttirmak ve viicutlarindaki homeostazi
korumak ig¢in iyi bir gida bileseni olarak kabul edildigi ifade
edilmigtir. Uzay tarimi  mikro yergekimi ortamindan
kaynaklanan birgok zorlukla karsilagsa da ¢esitli teknolojiler ve
biiytime sistemleri gelistirilmeye devam edilmektedir (Teng ve
ark., 2023). NASA, atiklar1 geri doniistiirebilen, yiyecek ve
oksijen iireten ote yandan da karbondioksiti ortadan kaldiran

bitkilerle  biyorejeneratif =~ yasam  destek  sistemlerini
aragtirmaktadir. Kapali Ekolojik Yasam Destek Sistemi
programi, NASA’nin  Florida’daki ~ Kennedy  Uzay

Merkezi’ndeki Yasam Bilimleri Boliimii tarafindan baslatilmis
ve bitkilerin en ideal biiyiime kosullarini belirlemek i¢in biiyiime
odalar1 insa etmistir. NASA Biyokiitle Uretim Odas1 1980’ lerde
insa edilmis ve ¢ok sayida biiyiime deneyi gergeklestirilmistir
(NASA, 2021).

NASA’nin yaymladigi verilerden yola ¢ikarak, daha
sonrasinda Green Sense Farm Holdings, Bowery Farming gibi
sirketler, NASA’nin sistemini yapay zeka ve birkag 6zellikler ile
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gelistirerek Diinya izerinde kullanmaya baslamislardir.
Ozellikle Green Sense Farm’in bagkani1 olan Robert Colangelo,
bitkinin ihtiyact kadar 151k dalga boyunun kullanildigini ve bu
kapsamda da elektrik konusunda tasarruf saglandigini tespit
ettiklerini aciklamiglardir. Bowery Farms ise, sistem ile entegre
olan yapay zekanin kendi kendine 6grenebildigini, binlerce veri
ve fotografi inceleyerek sorunu tespit edebildigini agiklamustir.
Ayn1 zamanda yapay zeka stirekli olarak denetleme yaparak, her
bir detay1 izleyebilme o6zelligine de sahiptir (NASA, 2021;
Nguyen ve ark., 2023).

Son yillarda, uzay c¢iftliklerinde giiniimiiz teknolojilerinin
de kullanilarak bitkilerin yetistirilmesine iliskin Oneriler de
ortaya atilmistir. Bunlardan biri Liu ve ark. (2021) tarafindan
bitki biyoteknolojisine dayanan Whole-Body Edible and Elite
Plant (WBEEP) stratejisi olarak nerilmistir. Bu strateji ile uzay
ciftliklerinde daha fazla zengin besin igerigine, yiiksek
verimlilige ve yiiksek mineral igerigine sahip yenilebilir
mahsullerin gelistirilebilecegi 6ngoriilmiistir. Bu amagla da,
patates (Solanum tuberosum L.) bitkisinin segilebilecegi ifade
edilmigtir.

6.1. Veggie bitki iiretim sistemi / Veggie plant production
system

Veggie sistemi Expedition 39 miirettebati tarafindan
gelistirilmis ve Florida’da bulunan John F. Kennedy Uzay
Merkezi’nde test edilmis bir bitki gelistirme sistemidir. Temel
amact mikro yercekimlerinde bitkilerin saglikli sekilde
bliylimesini saglamak, atmosfer degisikligine karst bitkinin
verdigi tepkiyi analiz etmek ve iiretilen {irlinleri daha da zengin
bir icerige sahip hale getirmektir. Sadece bitki biiyiime deneyleri
icin degil, ayn1 zamanda gida iiretmek i¢in de tasarlanmis ilk
bitki biiytime sistemidir (TechPort, 2018; Carillo ve ark., 2020).
Veggie, Orbital Technologies Corporation (ORBITEC,
Madison, ABD), tarafindan NASA Small Business Inovasyon
Aragtirmast (SBIR) programi biinyesinde insa edilmistir.
Astronotlar Rick Mastracchio ve Steve Swanson 7 Mayis
2014’te Columbus Laboratuvar Modiiline  Veggie’yi
kurmuglardir (Herridge, 2017; John F. Kennedy Space Center,
2020; Carillo ve ark., 2020).

NASA, uzun siireli uzay uguslari sirasinda astronot
miirettebatinin gida olarak tiiketebilmesi ve biyorejeneratif
yasam destegi olmasi i¢in taze salata bitkilerinin
yetistirilebildigi kiiciik sebze iiretim odalar1 seklinde olan
Veggie’yi kullanmaktadir (Burgner ve ark., 2020; Kogkaya ve
Un, 2022; Morsi ve ark., 2022). Veggie Uluslararas1 Uzay
Istasyonu (ISS) i¢in modiiler, diisiik kiitleli ve diisiik enerjili bir
iinite olarak bahge bitkileri yetistirme olanagini sunmak {izere
tasarlanmistir (Massa ve ark., 2017). Veggie, disik gii
gereksinimleri ile “astronotlar i¢in bir bah¢e” olarak kabul edilir.
Veggie’de yetisen bitkilerin, kendi LED aydinlatma sistemlerine
ve hava akisina sahip olduklart belirtilmistir (Carillo ve ark.,
2020; Morsi ve ark., 2022).

Gliniimiize kadar bu sistem ile Cin lahanasi, zinnia
cigekleri, marul, kirmizi lahana, Mizuna hardali, kale,
karnabahar gibi ¢esitli bitkilerin {iretimi basariyla saglanmistir
(Wheeler, 2017; Morsi ve ark., 2022; Reed ve ark., 2023).
Ozellikle uzayda yapilan tarimda patojen kontaminasyonu
riskinden ¢ok endige edilmekte idi. Dr. Gioia Massa ve ekibi
tarafindan uzayda yetistirilen Diinya’ya gonderilen marul
numuneleri aragtirildiginda ise, patojen bulgusu veya canli
organizma i¢in zararli bir etkene rastlanmamis ve yetisen tirlinler
giivenli olarak kabul edilmistir (Wheeler, 2017).
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6.2. BRIC ¢alismast / BRIC study

The Biological Research in Canisters (BRIC) adl1 sistemin
temel amaci, petri kabinda gelisen mikroorganizmalarin
iizerinde uzay atmosferinin verdigi etkiyi incelemektir. Bunlarin
yant sira BRIC-LED ad1 verilen sistem ise, algler ve yosunlar
gibi 1518a ihtiya¢ duyan canlilarin yetisebilmesini saglayan, LED
1s1iklardan yararlanarak hala gelistirme prosesleri devam eden,
BRIC sisteminin daha gelismis versiyonudur. Arastirmacilar
tarafindan adaptasyon siirecinde yercekimi kaynakli genlere
zararin olusabilecegi, reaktif oksijen tiirlerinin DNA yapisini
bozabilecegi gibi etkilerin ortaya ¢ikabilecegi diistiniilmektedir.
Buna bir 6rnek olarak, Veggie’de liretilen Zinnia ¢igeklerinde
ani bir mantar enfeksiyonu gelisimi olmustur (John F. Kennedy
Space Center, 2020). Ozellikle BRIC galismalarinda, Florida
Universitesinden Ph. D. Robert Ferl ve Ph. D. Anna Lisa Paul,
bitkilerin genom dizilimi ve DNA’da gelisen degisiklikleri
inceleme firsati bulmuslardir. BRIC teknigi sayesinde, yasam
destek sistemlerinin nasil siirdiiriilebilir hale getirilebilecegi ve
uzun siiren uzay uguslarinda gida kalitesinin nasil saglanacagi
hakkinda detayli veriler elde etmeyi basarmislardir (NASA,
2013). Nicholson ve ark. (2021) BRIC teknigi ile Uluslararasi
Uzay Istasyonu (ISS) i¢indeki mikro yercekimi ortaminin Gram-
pozitif bir bakteri olan Bacillus subtilis {izerine transkriptomik
tepkisini degerlendirmislerdir. Arastirmacilar, BRIC-21 ve
BRIC-23 olarak adlandirilan iki farkli deney yaparak, kontrol
suslart ile aynm1 B. subtilis suslarini elde edebilmislerdir. Diger
benzer caligmalarda da, BRIC deneyleri ile Staphylococcus
epidermidis ve S. aureus bakterilerinin de mikro yergekimi
ortaminda gelistirilebildigi rapor edilmistir (Nicholson ve ark.,
2021). 1SS’ de mikro yergekimine ve diger kosullara maruz kalan
bitkilerde kok egriligi, gen ifadesinde degisiklikler ve hiicre
duvar bilesiminde degisiklikler gibi durumlarin ortaya g¢iktig
belirtilmistir. Mikro yergekiminin  hiicresel  organeller
tizerindeki etkilerini ele alan sistematik ¢aligmalarin eksik
oldugu ifade edilmistir. Bu amagla Wang ve ark. (2022)
Arabidopsis zigzag-1 (zig-1) ile yapmis olduklar1 ¢aligmada
(BRIC-24), Wortmannin ile muamele edilen fidelerinde mikro
yercekiminin bazi hiicrelerde hipokotil bilyiimesi ile vakuol
fizyonunu azalttigi ve zig-1 fenotipini gli¢lendirdigini
gostermistir.

6.3. Gelistirilmis bitki habitati (APH) / Advanced plant habitat

Sierra Space Corporation tarafindan NASA KSC i¢in insa
edilen APH, 2017 yilinda ISS’ye firlatilmistir (Morrow ve ark.,
2023). Veggie sistemine benzeyen APH sistemi, ISS {izerinde
bitkilerde nesiller boyu denemeler yapilmak tizere gelistirilmis,
tamamen kapali ve kompleks yapiya sahip biiyiik hacimli bir
bitki yetistirme alanidir. APH, 180°den fazla kalibre edilmis ve
bitki acisindan 6nemli hava hizi, bagil nem, CO> gibi kapsamli
kontrollerin yapildig1 sensorlerle donatilmistir. Ayrica, bitki
deneyleri i¢in 135 giine kadar uygun bir biiyiime ortami1 (6rn.
sicaklik, bagil nem, karbondioksit seviyesi, 151k yogunlugu gibi)
saglayan onceden programlanmis bir sisteme sahiptir). Ayrica,
APH sisteminin sahip oldugu sensorler ve kameralar sayesinde,
bitkinin gelisim evreleri Diinya’dan izlenebilmektedir (NASA,
2013; Sempsrott, 2021; Levine, 2022; Reed ve ark., 2023).
Bugday ve Arabidopsis bitkileri APH’de tohumdan basarili bir
sekilde iretilebilmistir ve ISS’de 30 gilinlik biyiimenin
ardindan hasat edilmistir (Monje ve ark., 2018). Sistem, LED
1siklar ile giibrenin kontrollii salinimini saglayan gozenekli bir
kil substrat igermekte, sicaklik, nem gibi ¢evresel faktorler
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otomatik olarak kontrol edilmekte ve bu sayede giinliik bakima
ihtiyag kalmadan takipler yapilabilmektedir. Yetisen bitki
ornekleri  dondurularak  incelenmek {izere Diinya’ya
gonderilmektedir. Arastirmacilarin cevabini bulmaya calistigi
asil soru ise, bitkilerin lignin icerigi ile mikro yer¢ekimi arasinda
olan bag iizerinedir. Ligninler bitkilerin yercekimine karst
gosterdigi direng ve sertlik yapisint olusturdugu icin, insan
kemiklerinin yapisina ¢cok benzetilmektedir. Uzayn, insanlarin
kemik ve kas yapisina uzun siirede zarar verdigi bilinmektedir.
Ayn1 zamanda genetigi degistirilerek daha az lignine sahip olan
bitkilerin, uzay ile uyumu veya uzayda yasamini siirdiirebilecegi
de merak edilen konular arasindandir. Eger boyle bir sey
miimkiin olabilirse, bitki tiikketiminde daha yiiksek besin verimi
almabilecegi ve atiklardan kompost yapilmasmin ¢ok daha
kolay olacag: diistiniilmektedir (NASA, 2013; Sempsrott, 2021).
Bugiine kadar APH’de yetistirilen yenilebilir iiriinler ciice
bugday, Hatch biberi ve turptur (Reed ve ark., 2023).

6.4. Bitki habitat-04 (PH-04) deneyi / Plant habitat-04 (PH-04)
experiment

NASA’nin  Bitki Habitat-04 (PH-04) deneyi ile
Uluslararas1 Uzay Istasyonunda ilk kez ac1 biber yetistirildigi
belirtilmistir (Sempsrott, 2021). Deney, Temmuz 2021 yilinda
baslatilmistir ve Kasim 2021’in sonunda sonlandirilmistir
(Massa ve ark., 2021). Biber tohumlari, Ocak 2021°de klor gazi
ile sanitize edildikten sonra Nisan 2021 yilinda ekilmistir
(Khodadad ve ark., 2022). Biberlerin ¢imlenme siireleri 10-14
giin ve bilylime dongiileri 90-120 giin olarak rapor edilmistir.
Ayrica, meyve verme donemlerinin uzun oldugu bildirilmistir
(Spencer ve ark., 2020). Astronotlar iki hasattan ilkini
gerceklestirdiginde biberler iic aydan fazla biliylimiis ve 26
Kasim 2021°de ikinci bir hasat gerceklestirilmistir. Ekip, ilk
hasattaki tim biberleri yemis ve ikinci hasadin bir kismini
yedikten sonra analiz i¢in Diinya’ya 12 biber paketleyerek
gondermislerdir. PH-04, uzay istasyonunda ilk defa bu kadar
uzun siireli bitki yetistirme s6z konusu olmustur. Bu ¢aligma ile
uzun siireli uzay gorevleri sirasinda gida iiriinleri yetistirme
konusunda bilgi elde edilmistir. Ayrica, goénderilen biber
orneklerinde herhangi bir gida patojeninin tiremedigi ve toplam
heterotrofik  bakteri/mantarlarin  sayismin tespit edilebilir
siirlarin altinda oldugu belirlenmistir (Khodadad ve ark.,
2022). Arastirmacilar, Hatch Valley’den farkli varyetedeki
Hatch aci biberlerini se¢mislerdir. New Mexico Eyalet
Universitesi tarafindan Hatch Sandia ve Espanola biber
tirlerinin melezlenmesi ile elde edilen bir tiir olan NuMex
(Espanola Enhanced)’i elde etmislerdir. Uzay tarim sistemleri
ile iyl uyum yakalayan bu tiir, Hatch biber tiirlerinin arasindaki
en iyi biber olarak kabul edilmektedir (Sempsrott, 2021).

7. Gastronomi alaninda topraksiz tarim uygulamalar /
Soilless agriculture applications in the field of gastronomy

Bilingsiz tiiketim ve kaynaklarin israfi sebebiyle
stirdiiriilebilirlik kavrami gliniimiiziin en temel konularmdan
biridir. Niifusun yogun artisi, sanayilesme, teknolojik gelismeler
beraberinde tarim alanlarmin tahribata ugramasi problemini
meydana getirmistir. Bunlarin yani sira iiretimde ¢ok fazla su
kaynaklarmin tiiketilmesi, kimyasal madde kullanimi, fazla
miktarda atik olusumu ve bu atiklarin bilingsizce dogaya
birakilmasi, ¢evreye ve canlilara zarar vermekte ve bu durum
strdiiriilebilir ~ gastronomi  konusunun Onemini  ortaya
koymaktadir (Cekal ve Dogan, 2022, Cankul ve Toprak, 2022).
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Siirdiiriilebilir gastronomi bolgeye 6zgii gastronomik 6gelere ve
kirsal alanlara ¢evreye duyarl bir sekilde yonelimi saglayarak,
gelecek nesillere aktarimi  miimkiin  hale getirmektedir
(Cilginoglu ve ark., 2022). Son zamanlarda toplumdaki
bireylerin organik tarim ve saglikli beslenme konularina 6nem
verdigi goriilmekte ve siirdiiriilebilirlik konusunda daha fazla
hassasiyet gosterdikleri de goriilmektedir. Siirdiirtilebilir
gastronomi kapsaminda bazi yesil restoranlarin kendi iirtinlerini
yetistirdikleri ve tabaklarinda da kullandiklar1 goriilmektedir.
Bu noktada topraksiz tarim sistemleri gastronomi ag¢isindan da
ele alinan sistemlerdir. Uretilen gida maddesinin ¢evreye zarar
vermeden nesiller arasinda aktarilmasi  siirdiiriilebilir
gastronomi agisindan olduk¢a O6nemlidir. Gastronominin
stirdiiriilebilir olmas1 da tarim uygulamalarinin siirdiiriilebilir
olmasiyla miimkiin hale gelmektedir (Cankul ve Toprak, 2022;
Cekal ve Dogan, 2022).

Siirdiiriilebilir gastronomi alaninda kullanilacak dikey
tarim teknigi ile dogal tarim iiriinlerinin kullaniminda bir tegvik
olusturulabilecegi ve bu tarim iirlinlerinin korunarak nesiller
arasinda aktarilacagi ongoriilmektedir. Bu duruma bagli olarak
yerel liretimin destek almasi ve iiretimin geligmesi sonucunda
rekabet artist ve miisteri memnuniyetinin olusturulmasi
saglanabilecektir. Dikey tarim ile iklim kosullarinda gergeklesen
degiskenlerden etkilenmeden 4 veya daha fazla kez iiriin elde
edilebilmektedir. Bunlarin yan1 sira bu sekilde elde edilen
iirtinlerin yliksek kalitelerde olmasi, iilkeler i¢in son derece
onem arz etmektedir. Gida riiniine ulasabilmek ve
sirdiiriilebilir gida giivenligi, siirdiiriilebilir gastronomi
acisindanda oldukga 6nemlidir. Biitiin bu taleplerin karsilanmasi
ise dikey tarim ile miimkiindiir (Martin ve Molin, 2019;
Cilginoglu ve ark., 2022; Goh ve ark., 2023).

Toskana (italya) yerel gastronomi kiiltiiriinde kullanilan
yenilebilir yabani yaprakli bitkilerin dikey tarim ile
birlesmesiyle yeni bakis agilarinin olusabilecegi belirtilmistir
(Baldi ve ark., 2022). Gastronomi alaninda, siirdiiriilebilir
ekolojik tasarim anlayisi olan perma-kiiltiir restoranlarda
siklikla goriilmektedir. Olusturulan meniilerde; akuaponik,
hidroponik ve organik tarim teknikleri ile tiretilen gida triinleri
kullanilmaktadir. Ozellikle hidroponik teknikte yatay ve dikey
olarak olusturulan alanlarda, dogal ve ekolojik tirtinler rahatlikla
yetistirilebilmekte ve maliyet acisindan cesitli avantajlar elde
edilebilmektedir (Eren, 2018). Tarimin teknolojik hale gelmesi
ve her gecen giin inovasyon ile gelismesi, iiretimin zor oldugu
alanlar1 efektif kullanmayi ve tarimsal verim saglamay1
insanlara kazandirmustir. Tiirkiye’de faaliyet géstermekte olan
Mutfak Sanatlar1 Akademisi (MSA) ile Plant Factory ortak
calisma yaparak, MSA Bahge olarak adlandirilan kiigiik bir
dikey tarim uygulamasini hayata gecirmislerdir. 2020 yilinda
faaliyete giren bu uygulama ile hem sehir tarimciligi i¢in bir
tanitim ve tesvik saglanmakta hem de egitim goren 6grencilerin
ve egitim veren seflerin kapali alanda dikey tarim ile
tanigmasina ve bu iriinleri deneyimlemesine olanak
saglamaktadir. MSA bu teknik ile %95 daha az su tiiketimi ve
minimum diizeyde kayip ile kivircik marul cesitleri ile birlikte
feslegen gibi yesil yaprakli iiriinleri yetistirebilmektedir. Gebze
Teknik Universitesi ile HGT Tarim is birligi yaparak
iniversitenin kampiisiinde 20 farkli tir bitki LED Destekli
Dikey Tarim Laboratuvari’nda (LAVFARM) pestisit veya
herbisit kullanilmadan tretilmistir (Kurum, 2021; Gastronomi
Turkey by Rafine, 2021).

Omaha’da (ABD/Nebraska) bulunan Gather in Omaha
isimli restoranin iginde yer alan bir dikey ¢iftlik bulunmaktadir.
61 adet aeroponik kuleden olusan c¢iftlikte yetistirilen feslegen,
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nane, roka, lahana, biberiye, marul ve hardal gibi ¢esitli tiriinler
taze olarak hasat edilmekte ve meniilerde bulunan yemek-
kokteyl regetelerinde kullanilmaktadir (Agrotonomi, 2023).
Ayn1 zamanda bu uygulama ile tedarik zincirinde yasanan
kesintiler ve kontamine olmus gida {rlinlerinin geri
gonderilmesi gibi durumlarin da biiyiikk Ol¢lide Oniine
gecilmektedir. Bunlarin yani sira 2020 yilinda Poughkeepsie’de
(New York) faaliyete gecmis olan Farmers & Chefs isimli
restoran konteyner ¢iftligi uygulamasini kullanmakta ve burada
cesitli tiretimlerde bulunarak yetistirdikleri iirtinleri mentilerinde
bulunan regetelerde kullanmaktadir (Ridden, 2021).

Son yillarda mikro yesillikler de yeni bir gastronomi trendi
olarak karsimiza g¢ikmaktadir. Mikro yesilliklerin ¢ogunlukla
hem yaratic1 sunuma hem de lezzete 6nem verilen fine dining
restoranlarda kullanildig1 goriilmektedir (Kou ve ark., 2014; Mir
ve ark., 2017). Mikro yesillikler, bir bitkinin yasamasi i¢in
gerekli olan tiim unsurlar1 igeren bir besin ¢dzeltisi yardimu ile
topraksiz yetistirme sistemleri kullanilarak {iretilir. Mikro
yesilliklerin retildigi en yaygin sebze tiirlerinin Brassicaceae
(karnabahar, brokoli, lahana, Cin lahanasi, lahana, su teresi,
mizuna, turp, roka ve hardal gibi), Asteraceae (marul ve hindiba
gibi), Apiaceae (dereotu, havug, rezene, kereviz gibi),
Amarillydaceae (sarimsak, sogan, pirasa gibi), Amaranthaceae
(amaranth, pazi, pancar, 1spanak gibi) ve Cucurbitaceae (kavun,
salatalik, kabak gibi) familyalarina ait oldugu goriilmektedir.
Ayrica, tahillar (yulaf, yaumusak bugday, durum bugdayi, musir,
arpa, piring), kinoa, baklagiller (nohut ve fasulye gibi), yagh
bitkiler (aygicegi) ve keten gibi lifli bitki tiirlerinin yani sira
feslegen, frenk sogani, kisnis ve kimyon gibi birgok aromatik tiir
icin de mikro yesillikler iiretilmektedir (Renna ve ark., 2017).
Ancak restoranlarin mufagina ulagana kadar nakil sirasinda veya
depolama esnasinda mikro yesilliklerin kalitesinde ve
aromasinda diisme meydana geldigi ifade edilmistir (Xiao ve
ark., 2014). Bu nedenle mikro yesilliklerin yiyecek icecek
isletmelerinde iiretilmesi baz1 sefler tarafindan tercih edilen bir
secenek olmaktadir. Ritz-Carlton, Napoli’de Sef George
Fistrovich, “The Grow House” ad1 verilen, iklim kontrollii bir
ortamda mikro yesillikler yetistirmektedir (Ritz-Carlton, 2015).
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