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Abstract: In this study, the effect of vitamin B3 supplement given to rats was investigated on glutathione redox cycle by looking
at glutathione peroxidase and glutathione s transferase activities. 20 Wistar albino male rats were used. Vitamin B3 supplement
was given to one of the two groups that were formed. The other group was determined as the control group. 360 mg/kg/day
vitamin B3 supplement was given by oral gavage method for 10 days. At the end of 10 days, intracardiac blood samples were
taken. Glutathione peroxidase activity level was determined as 1033.44+198.05 U/L in the vitamin B3 supplement group and
526.00+£99.54 U/L in the control group. The glutathione peroxidase activity level of the vitamin B3 supplemented group was
found to be statistically significantly higher than the glutathione peroxidase activity level of the control group (p<0.001, t=7.239).
This difference has huge impact size (d=3.24). Glutathione s transferase activity level was determined as 6.50+0.97 U/mL in the
vitamin B3 supplement group and 7.50+0.67 U/mL in the control group. The glutathione s transferase activity level of the group
given vitamin B3 supplementation was found to be statistically significantly lower than the glutathione s transferase activity level
of the control group (p=0.015, t=2.698). This difference has a very large effect size (d=1.20). As a result, vitamin B3
supplementation led to an increase in glutathione peroxidase activity at a huge effect size and a decrease in glutathione s

transferase activity at a very large effect size.

Keywords: Vitamin B3, Glutathione peroxidase, Glutathione s transferase, Glutathione redox cycle

1. Introduction

Glutathione is a simple sulfur compound that is non-
protein and consists of three amino acids. The functions of
glutathione are very diverse. In particular, redox and
homeostatic buffering are in the foreground. Glutathione
status is modulated by oxidants as well as nutrition and
other factors. Changes in the thiol-disulfide balance can
affect its structure and activity (Noctor et al. 2011).

Glutathione's functions include detoxifying electrophilic
xenobiotics such as chemical carcinogens, environmental
pollutants, and antitumor agents (Hayes et al. 2005). The
classical activity of glutathione transferases is the
conjugation of compounds with electrophilic centers to the
tripeptide glutathione (Oakley 2011).

Selenium-containing glutathione peroxidase, which has an
important role in redox reactions and is involved in the
glutathione cycle, protects against oxidative damage,
inhibits inflammation and oxidant-induced regulated cell
death (Brigelius-Flohe and Flohe 2020). Oxidized
glutathione is formed by glutathione peroxidase, which is
involved in the redox cycle of glutathione. Glutathione
reductase, which is involved in the conversion of this
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oxidized glutathione to reduced glutathione, is responsible
for maintaining the reduced glutathione supply (Couto et
al. 2016). Glutathione reductase catalyzes the reduction of
glutathione disulfide, dependent on nicotinamide adenine
dinucleotide phosphate, for the supply of reduced
glutathione (Belorgey et al. 2013).

The functional cofactors derived from vitamin B3 are
nicotinamide  adenine  dinucleotide  (NADY), its
phosphorylated form, nicotinamide adenine dinucleotide
phosphate (NADP*), and their reduced forms (NAD(P)H).
These cofactors, called the NAD(P)(H) pool, are closely
related in all major bioenergetic, anabolic and catabolic
pathways in all life forms. This pool also contributes to
post-translational protein  modifications and second
messenger generation (Makarov et al. 2019).

Vitamin B3 is the precursor of NADPH, a cofactor in the
glutathione redox cycle, which has an important role in
redox,  homeostatic ~ buffering and  xenobiotic
detoxification. In this study, the effect of vitamin B3
supplementation on the activities of glutathione peroxidase
and glutathione transferase enzymes involved in the
glutathione redox cycle was investigated.
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2. Materials and Method

The study is qualitatively an experimental animal study.
The ethics committee decision required for the study was
obtained from the Animal Experiments Local Ethics
Committee of Aydin Adnan Menderes University. In the
study, 20 Wistar Albino male rats weighing between 380-
465 grams were used. Two groups of ten were formed.
One group was given a vitamin B3 supplement. The other
group was determined as the control group.

2.1. Operations on rats

The study was planned as 10 days. During this time frame,
one group was given a daily vitamin B3 supplement.
Vitamin B3 was obtained from Sigma-Aldrich as a powder
preparation of 100 grams. A solution was prepared from
the powder preparation in order to give it to the rats by oral
gavage method. Determination of solution dose; It was
determined based on the study of Kwon et al. (2018). Each
animal was weighed every day and 360 mg/kg/day vitamin
B3 supplement was given by oral gavage method. Both
groups exercised 30 minutes after vitamin B3
supplementation. The purpose of exercise was to activate
the glutathione cycle more by increasing the oxidative
stress level in rats. One day after the tenth day of vitamin
B3 supplementation, blood samples were taken by
intracardiac route.

2.2. Biochemical processes

Approximately seven ml of blood samples were taken
intracardiacly and centrifuged at 3000 rpm for five
minutes. Serum samples were taken. The method of Paglia
and Valentina (1967) was used for glutathione peroxidase
activity analysis. In this method, glutathione peroxidase
activity is calculated by monitoring the decrease in the
absorbance value of NADPH, which is oxidized per
minute at a wavelength of 340 nm. The glutathione s
transferase colorimetric analysis Kit, which is the kit of the
Elabscience brand, was used for glutathione s transferase
activity analysis,. Biotek Epoch (Canada) device was used
for these analyses.

2.3. Statistical analysis

SPSS for Windows 22.0 program was used for statistical
analysis. Data obtained from the study were given as
meantstandard deviation (X£SD), and P values below
0.05 were considered statistically significant. The groups
were compared with an independent sample t-test. The
effect sizes were calculated based on the t values obtained
and the studies of Cohen (1988) and Sawilowsky (2009).

3. Results

In this study, glutathione peroxidase activity level was
determined as 1033.44+198.05 U/L in the vitamin B3
supplement group and 526.00+99.54 U/L in the control
group (Table 1). Glutathione peroxidase activity levels of
the groups were compared with an independent sample t
test. As a result of this comparison, the glutathione
peroxidase activity level of the group given vitamin B3
supplementation was found to be statistically significantly
higher than the glutathione peroxidase activity level of the
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control group (p<0.001 t=7.239). According to the effect
size calculation based on Cohen (1988) and Sawilowsky
(2009) studies on effect size, a significant difference with a
huge effect size (d=3.24) was found between the groups.

In this study, glutathione s transferase activity level was
determined as 6.50+0.97 U/mL in the vitamin B3
supplement group and 7.50+0.67 U/mL in the control
group (Table 1). Glutathione s transferase activity levels of
the groups were compared with independent sample t test.
As a result of this comparison, the glutathione s transferase
activity level of the vitamin B3 supplemented group was
found to be statistically significantly lower than the
glutathione s transferase activity level of the control group
(p=0.015 t=2.698). According to the effect size calculation
based on Cohen (1988) and Sawilowsky (2009) studies on
effect size, a significant difference with a very large effect
size (d=1.20) was found between the groups.

Table 1. Glutathione Peroxidase and Glutathione S
Transferase enzyme activity level mean and standard
deviations of the groups

Enzvme Vitamin  Control .
y B3 Group  Group p

Glutathione 334ds  $26.00s

Peroxidase . )

(UIL) 198.05 99.54 <0001 3.24

Glutathione S 6501 o

Transferase . )

(U/mL) 0.97 0.67 0.015 1.20
4. Discussion

Vitamin B3 and its derivatives, nicotinamide adenine
dinucleotides, play important roles in the cellular redox
state, Ca*?> stores, DNA damage and repair, stress
responses, cell cycle timing, and lipid and energy
conservation and regulation. It is stated that the
metabolism associated with them occupies a central place
in the aging processes of mammals (Xu and Sauve 2010).
One of these associated sites of metabolism is the
glutathione redox cycle. Glutathione is at the center of the
glutathione redox cycle, has a thiol tripeptide structure.
Glutathione is found in almost every compartment of the
cell, including the nucleus. Transport between different
intracellular compartments is crucial for the regulation of
cell proliferation (Vivancos et al. 2010).

Glutathione is involved in many other reactions such as
glutathionylation ~ of  proteins, neutralization  of
superoxides, and detoxification of metabolites through
conjugation (Bachhawat and Yadav 2018). The basic and
earliest known function of glutathione is thiol-disulfide
interactions, where it is converted back to reduced
glutathione by NADPH-dependent glutathione reductase.
The central role of glutathione in defense metabolism in
animals has long been established as selenium-dependent
glutathione peroxidase is a central pillar of animal
antioxidant metabolism (Noctor et al. 2012).

Glutathione s transferase plays a multifunctional role in the
detoxification mechanism, including the activation of



A Keskin

cytochrome P450 as well as the conjugation of phase two
system oxidants (Jones et al. 2007).

Many studies have been conducted on the link between
glutathione and vitamins. Liang et al. (1999) investigated
the effect of vitamin B2 deficiency on glutathione levels in
their study with rats. In this study, glutathione levels were
found to be low in rats fed a diet devoid of vitamin B2 for
6 weeks. Another study with a diet deprived of vitamin B2
for 12 weeks found a decrease in glutathione levels
(Huang et al. 2010). In a study conducted with rats
infected with Trichinella spiralis, a decrease in glutathione
peroxidase activity was found with vitamin B2 deficiency
(Tumkiratiwong et al. 2003). A similar conclusion was
reached in a another study on vitamin B2 and beta
carotene, precursor of vitamin A (Shenhu et al. 1999). A
review on vitamin B2 states that vitamin B2 has an
antioxidant effect as a component of the glutathione redox
cycle (Ashoori and Saedisomeolia 2014). In the study of
Ponce et al. (2011), they concluded that the daily release of
the glutathione redox cycle decreases in vitamin A
deficiency. They stated that they found retinoid- as well as
clock-responsive sites on regulatory regions of glutathione
reductase and glutathione peroxidase genes. Vitamin D has
also been found to increase glutathione in the brain by
upregulating brain gamma-glutamyl transpeptidase, an
enzyme involved in the glutathione cycle (Garcion et al.
2002). Van Haaften et al. (2003), stated that antioxidants
such as vitamin E have protective effects on glutathione-
dependent enzymes. In addition, it has been stated that
vitamin E, together with glutathione and a heat-sensitive
membrane-bound factor, can prevent the harmful effects of
reactive oxygen species on polyunsaturated fatty acids in
biomembranes. In the study of Waly et al. (2015), it was
determined that the consumption of glutathione increased
in healthy young people who were fed low in vitamin C,
and as a result, it induced oxidative stress.

In our study, glutathione peroxidase activity was found to
be significantly higher in the vitamin B3 given group
compared to the control group. The effect size of this
result has been found to be huge. This is due to NADPH, a
derivative of vitamin B3. At the same time, NADPH is the
cofactor of the glutathione reductase enzyme. In addition,
glutathione reductase is an enzyme involved in the
glutathione redox cycle. The Meyer-Ficca et al. (2016)
study confirms this result. Meyer-Ficca et al. (2016) stated
that there is a intimate connection between dietary vitamin
B3 intake and resulting NAD concentrations. In a study
conducted with rats, it was stated that retinal NAD levels
decrease with aging and this causes a tendency to
glaucoma. In the same study, it was stated that glaucoma
did not develop with oral vitamin B3 administration
(Williams et al. 2017). Lappas et al. (2011) found that
nicotinamide (a vitamin B3 derivative) treatment of human
placenta caused an increase in glutathione peroxidase gene
expression. Overdose of acetaminophen causes severe
oxidative stress. In a study with rats whose liver was
damaged by acetaminophen, they determined the
prophylactic and therapeutic effects of vitamin B3
(Mahmoud and Mahmoud 2016).

Eurasian J Bio Chem Sci, 5(1):1-4, 2022

In our study, Glutathione s transferase activity was found
to be significantly lower in the vitamin B3 given group
compared to the control group. The effect size of this
result has been found to be very large. This is because
reduced glutathione is a substrate for both glutathione s
transferase and glutathione peroxidase. Therefore, an
increase in glutathione peroxidase enzyme activity at a
huge effect size led to a very large effect size decrease in
glutathione s transferase activity.

5. Conclusion

As a result, vitamin B3 supplementation in rats caused an
increase in glutathione peroxidase activity at a huge effect
size and a decrease in glutathione s transferase activity at a
very large effect size. In cases where oxidative stress
increases (exercise, infection, excessive drug use, etc.),
glutathione levels decrease. In addition, glutathione levels
decrease in old age and long-term vitamin deficiency. In
these cases, vitamin B3 supplementation can be used to
continue the Glutathione redox cycle in order to reduce the
damage caused by oxidative stress.
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Abstract: Dye sensitized solar cells (DSSCs) are photovoltaic devices that produce electricity from the photon energy of sunlight
using dyes. Dyes used DSSCs should have a broad absorption spectrum at the UV-Vis region and should be strongly bound to the
photoanode surface. Dyes are used in DSSCs can be classified into three types: metal complex dyes, metal-free organic dyes and
natural dyes. For metal complex dyes, ruthenium is usually used as metal centers. While most Ru complex dyes have high
efficiency, Ru is a rare metal. To decrease the cost of Ru complex dyes, transition metals are widely investigated. In this work,
diphenylcarbazone and tartrazine with different metal complexes were synthesized and investigated for their suitability for DSSCs.
UV-Vis was used for the characterization of dyes and linear sweep voltammetry and electrochemical impedance spectroscopy were

used to investigate the performance of DSSCs.

Keywords: Dye sensitized solar cells, metal complex dyes, diphenyl carbazone, tartrazine

1. Introduction

Dye sensitized solar cells (DSSCs) are classified in 3.
Generation solar cells that convert sunlight to electricity by
the photovoltaic effect. After Gratzel published the first
paper about DSSCs (Oregan and Gratzel 1991), dye
sensitized solar cells have attracted scientists' attention
because of their easy preparation and use of low-cost
materials. However, DSSCs cannot compete with other
solar cells by the aspect of light conversion efficiency
(Sharma et al. 2017). Therefore, intensive research has been
done on DSSCs.

DSSCs consist of four main parts: photoanode, dye,
electrolyte and counter electrode (Jena et al. 2012). As
photoanode, semiconductor metal oxide coated transparent
conductive oxide substrates (FTO or ITO) are usually used.
TiO2, ZnO, SnO; are usually used as semiconductor metal
oxide photoanode materials (Kumar et al. 2017). The main
roles of photoanodes in DSSCs are collection of the excited
electrons from the dye LUMO and carry forward to these

© EJBCS. All rights reserved.

electrons through an external circuit to counter electrode
(Jung and Lee 2013). As electrolyte usually redox couple
including organic solvents are used. In this regard, /15 is
usually used as a liquid electrolyte (Wu et al. 2015).
Electrolytes are collected electrons from the counter
electrode and give an electron to the excited dye molecule
to regenerate it simultaneously (Gong et al. 2017). Counter
electrodes used in DSSCs are generally platinum coated
FTO and collect electrons from the external circuit and
regenerate redox couple in the electrolyte (Sugathan et al.
2015).

Dyes are one of the essential components of DSSCs because
electron excitation/movement starts with dye molecules.
Dyes used in DSSCs can be categorized as Metal complex
dyes, metal-free organic dyes and natural dyes (Mishra et
al. 2009). Although metal-free organic dyes have a high
molar absorption coefficient and can be manipulated to
change suitable molecular geometry or HOMO-LUMO
energy levels, solar cells' efficiency using this type of dye is
low. Natural dyes are cheap sensitizers obtained from


https://orcid.org/%200000-0001-5109-9686
https://orcid.org/%200000-0003-4284-5397
https://orcid.org/0000-0002-1783-7275

B Unlii et al.

plants, herbs, vegetables etc., but they have very poor
stability (Richhariya et al. 2017). Metal complex dyes have
high stability and broad light absorption at the UV-VIS
region. However, rare and expensive ruthenium metal is
used as metal center at metal complex dyes at dye sensitized
solar cells.

Tartrazine (trisodium 1-(4-sulfonatophenyl)-4-(4-
sulfonatophenylazo)-5-pyrazolone-3-carboxylate)) is a
yellow-colored synthetic azo dye that is used for food or
drinks coloring. Tartrazine has two sulfonic acid and one
carboxylic acid group on its structure, so it can change
molecular form with pH change (Saleh et al. 2016).
Diphenylcarbazone (1-anilino-3-phenyliminourea) is a
molecule from the carbazone family. Diphenylcarbazone is
used as a chelating agent to determine the presence of metal
ions because it can form metal complexes with intense
colors (Deshmukh and Bokil 1956).

In this study, it was aimed to prepare tartrazine (TART) or
diphenylcarbazone (DPC) metal complexes with cobalt and
zinc metals to find a cheap alternative to Ru complexes.
While Ru metal is rare and expensive, using cheap and
easily accessible transition metal complexes as sensitizers
might eliminate the low efficiency of DSSCs for low-cost
technologies or applications. Therefore, these dyes were
used as sensitizers at DSSCs and investigated how they
affect the efficiency of DSSCs.

2. Materials and Method

All chemicals that were used in this study were purchased
from Sigma Aldrich. ZnCl, and CoCl,.6H,O were entirely
dissolved with the proper amount in ethanol to prepare 0.3
mM Co?* and Zn?* solution. Same as metal solutions,
tartrazine and diphenylcarbazone were dissolved in ethanol
with the proper amount to prepare 0.3 mM ligand solutions.
While vigorously stirring, 10 mL ligand solutions were
added to 5 mL metal solutions dropwise to prevent
precipitation. After adding process was completed,
solutions were stirred for 10 min. Then, prepared metal
complexes were put in the dark and observed to see whether
precipitation occurred or not. Prepared metal complexes
were named Co-TART, Zn-TART for tartrazine complexes
and Co-DPC, Zn-DPC for diphenylcarbazone complexes.

Dye-Sensitized Solar Cells were prepared as in our previous
study (Unlii and Ozacar 2020). TiO, photoanodes were
immersed in prepared dye solutions for 24 h in the dark.

3. Results and Discussion

UV-VIS Spectroscopy was used to characterize prepared
dyes and obtained spectra can be seen in Figure 1. For
TART, Co-TART and Zn-TART, all spectra are nearly the
same. Although there is a slight shift at n-n* transition band
between 425-475 nm, there are no disappearing or new
bands. That means there is some interaction between TART
and Co or Zn, but complexation was not completely
occurred. For DPC and its Co and Zn complexes, the
situation is different than TART and TART complexes. Zn-
DPC shows a new broad absorption band at nearly 525 nm,
which means the formation of Zn-DPC complex was
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successful. Therefore, even though there is no new band for
Co-DPC, the band seen at 290 nm for DPC disappeared. It
also shows that the synthesis of Co-DPC was successful.
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Fig. 1 UV-VIS spectra of A) TART, Co-TART, Zn-TART and B)
DPC, Co-DPC, Zn-DPC

Linear sweep voltammetry was used to characterize DSSCs
sensitized with TART, DPC and their metal complexes. FF
and solar conversion efficiency (1) were calculated with the
Equation 1 and Equation 2:

FF = Jmax*Vmax (1)
JscxVoc
JscxVoc+FF

= Pin (2)

where Jsc is short current density, Voc is open-circuit
voltage, Jmax and Vmax are maximum current density and
maximum voltage and Pin is the power of the light source.
The J-V curves of the prepared DSSCs can be seen in Figure
2. and electrochemical values and efficiencies of DSSCs
can be seen in Table 1. DSSC that was sensitized with
TART was showed the highest efficiency among all TART
dyes. While TART and TART metal complexes have the
same light absorption property, unreacted metal ions were
caused to decrease at the efficiency. For DPC dyes, it can
be seen that Zn-DPC has the highest efficiency and Co-DPC
is following it. Zn-DPC has the highest efficiency because
it can absorb light between 450-600 nm, so it can absorb
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more photons from sunlight to produce excited electrons.
Co-DPC can absorb more light than bare DPC dye, but it
does not have a broad light absorption like Zn-DPC dye.
That's why its efficiency is lower than Zn-DPC.
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Table 1. Photoelectrochemical Values of Prepared DSSCs

2,0

Dye Jsc (mA/cm?)  Voc FF n (%)
V)
TART 1,54 0,74 0,54 0,61
Co-TART 1,68 0,53 0,43 0,38
Zn-TART 1,38 0,51 0,55 0,39
DPC 1,76 0,63 0,52 0,58
Co-DPC 3,96 0,53 0,48 1,01
Zn-DPC 4,47 0,76 0,56 191
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Fig. 2 J-V curves of DSSCs that were sensitized with A) TART,
Co-TART, Zn-TART and B) DPC, Co-DPC, Zn-DPC
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Electrochemical Impedance Spectroscopy (EIS) was used to
investigate solar cell characteristics such as resistance and
electron lifetime. Nyquist and Bode plots of prepared
DSSCs can be seen in Figure 3. For TART, Co-TART and
Zn-TART sensitized solar cells, Zn-TART has the highest
resistance among them all. This high resistance value can be
explained with unreacted Zn®* ions at the dye solution.
While there are unreacted Co?* ions for Co-TART dyes, it
has the lowest resistance value than all TART dyes.
However, Co-TART dye has the lowest electron lifetime
value that can be seen at the Bode plot. That can explain the
low efficiency that Co-TART sensitized DSSC has. For
DPC dyes, all resistance and electron lifetime value are in
good harmony with the efficiency of DSSCs. Both Co-DPC
and Zn-DPC dyes have less resistance value than DPC and
it can explain the high efficiency of these dyes.
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Fig. 3 Nyquist Plots for A) TART, Co-TART, Zn-TART and B) DPC, Co-DPC, Zn-DPC and Bode Plots for C) TART, Co-TART, Zn-

TART and D) DPC, Co-DPC, Zn-DPC dyes
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4, Conclusion

The new TART and DPC dyes and their metal complexes
were developed and were used as a sensitizer in DSSCs. For
TART dyes, complexations were a failure. However, we
believed that Co or Zn complexes could be prepared by
adjusting pH or using heat. Co and Zn complex with DPC
were prepared successfully and showed high-efficiency
value than DPC as expected. Finally, by mixing with TART
and Zn-DPC to prepare cocktail dyes, we think that
efficiency can be improved because of broadening the light
absorption at the UV-VIS region.
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Ozet: Son yillarda manyetik yapili biyouyumlu nanopargaciklari kanser tedavisinde etkinligi artmaktadir. Hedefli ilag salim
sistemi, geleneksel kanser tedavi yontemlerinin yan etkilerini azaltmakta ve tedavi etkinligini artirmasi sebebiyle yakin zamanda
umut verici kanser tedavisi olarak ortaya ¢ikmaktadir. Calismamizda hibrit yapili manyetik nanopartikiiller sentezlenmistir.
Nanopartikiiller anorganik yapili demir oksit ¢ekirdegi (FesOs) ve organik yapili kopolimerden (k-KRG-asi-PDMAEMA)
olugmaktadir. Manyetik nanopartikiillerin yapis1 UV ve Zeta-sizer ile karakterize edilmistir. Sentezlenen Fe30s@k-KRG-asi-
PDMAEMA nanopartikiillerine anti-tiimor etkiye sahip kanser ilaci doksorubisin (DOX) yiiklenerek Fe3Os@x-KRG-agi-
PDMAEMA@DOX manyetik nanopartikiilleri elde edilmistir. [lag yiiklii manyetik nanopartikiillerin fosfat tamponunda (pH 7,4),
asetat tamponunda (pH 5,5) ve asidik ortamda (pH 1,2) 37 °C’de in vitro salimt incelenmistir. Sentezlenen Fe30s@1k-KRG-asi-
PDMAEMA@DOX manyetik nanopartikiillerin pH’ya duyarli oldugu ve yiiksek salim performansina sahip oldugu gosterildi.
Fe304@xk-KRG-as1-PDMAEMA @DOX nanopartikiillerin DOX salimi pH 7,4, pH 5,5 ve pH 1,2 ortamlarinda sirasi ile %66,53,
%70,08 ve %90,47 bulunmustur. Manyetik nanopartikiillerin kinetik hesaplamalari yapilmistir. Manyetik nanopartikiillerin demir
icerigi %66,77 bulunmustur.

Anahtar Kelimeler: Manyetik nanopartikiil, doksorubisin, kopolimer, demir oksit

pH controlled release of doxorubicin from Fe304@x-CRG-graft-PDMAEMA magnetic
nanoparticles

Abstract: In recent years, the effectiveness of magnetically biocompatible nanoparticles in cancer treatment has been increased.
Targeted drug delivery system has recently emerged as a promising cancer treatment because it reduces the side effects of traditional
cancer treatment methods and increases the effectiveness of treatment. In our study, hybrid magnetic nanoparticles were
synthesized. Nanoparticles consist of an inorganic iron oxide core (FesO4) and an organic copolymer (k-CRG-graft-PDMAEMA).
The magnetic nanoparticles’ structure was characterized by UV and Zeta-sizer techniques. Fe30s@x-CRG-graft-
PDMAEMA@DOX magnetic nanoparticles were obtained by loading the anti-tumor cancer drug doxorubicin (DOX) on the
synthesized Fe304@x-CRG-graft-PDMAEMA nanoparticles. The in vitro release of drug-loaded magnetic nanoparticles in
phosphate buffer (pH 7.4), acetate buffer (pH 5.5) and acidic medium (pH 1.2) at 37 °C was investigated. It has been shown that
the synthesized Fes04@x-CRG-graft-PDMAEMA@DOX magnetic nanoparticles are pH sensitive and have high release
performance. The DOX release of Fe3Os@x-CRG-graft-PDMAEMA@DOX nanoparticles in pH 7.4, pH 5.5 and pH 1.2 mediums
was found to be 66.53%, 70.08% and 90.47% s, respectively. Kinetic calculations of magnetic nanoparticles were made. The iron
content of magnetic nanoparticles was found to be 66.77%.

Anahtar Kelimeler: Manyetik nanopartikiil, doksorubisin, kopolimer, demir oksit

© EJBCS. All rights reserved.

1. Giris nanometre boyutundaki malzemelerin yapisini, davranigini
ve uygulamalarini kapsamaktadir (Alexis ve ark. 2008).
Hizla gelismekte olan nanoteknoloji, diinya ¢apinda bilim
diinyasimin ilgisini kazanmigtir (Jabir ve ark. 2012). Son

Nanoteknoloji kimya, biyoloji, fizik, mithendislik ve tibbi
alanlar1 birlestiren genis kapsamli bir aragtirma alanidir
(Gao ve ark. 2012; Jabir ve ark. 2012). Bu arastirma alan
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yillarda kanser hastaligimin tedavisine yenilik¢i ¢dzliimler
sunma potansiyeline sahiptir. Nano 6l¢ekli materyallerin en
o6nemli biyomedikal uygulamalari, molekiiler gériintiileme,
ilag dagitim, gen iletim, hedefli ila¢ serbestlestirme,
biyomarkir haritalama ve fototerapi alanlarini igermektedir
(Bae ve ark. 2011).

Manyetik nanopargaciklar genellikle gegis metali demir,
nikel ve mangan gibi manyetik elementlerden olugur.
Giliniimiizde manyetik nanopargaciklar  biyoteknoloji
alaninda 6rnegin; kanser hipertermia, hedefli ve kontrollii
ilag salimi, NMR goriintiileme, in vivo ve in vitro
uygulamalarda genis yer tutmaktadir (Akbarzadeh ve ark.
2012; Nene ve ark. 2016; Singamaneni ve ark. 2011).
Manyetik hedefli ilag dagitim sistemi giliniimiizde ¢okga
uygulanmakta ve etkili bir sistem olarak kabul gérmektedir.
Oral veya enjeksiyon yoluyla hastaya verilen manyetik
materyal tasiyan ilag, dis manyetik alanla kanser alanlarina
yonlendirilebilecektir (Yang ve ark. 2014). Manyetik alan
tarafindan yonlendirilme, ilag tasiyicilarini etkili bir sekilde
timor dokularma stiriikleyerek ilag verme verimliligini
artiracaktir (Yang ve ark. 2008).

Kontrollii ila¢ salimi; ilaci belirli dozda, belirli siire viicutta
tutabilme prensibine dayanmaktadir (Danckwerts ve
Fassihi 1991). Etken madde salimi konvansiyonel dozaj
sekillerine gore uzun bir siirecte devam etmektedir ( Tiiylek
2017). Kanser tedavisinde kullanilan birgok ila¢ kanserli
hiicrelere 6zel olmadigr icin saglikli hiicrelere de zarar
verebilmektedir. Bu sorunu agmak igin, manyetik
nanopartikiiller terapotik maddeleri istenilen hedef bolgeye
iletmede kullanilabilir. Manyetik nanopargaciklar digardan
uygulanan bir dis manyetik alan ile spesifik bolgede
tutulabilir (Indira ve Lakshmi 2010). Kontrolli ilag
salimmin avantajlari manyetik nanopartikiillerin istiin
ozellikleri ile birlesince yan etkileri azaltilmis olur, doz
asimi engellenmis ve tedavi igin gerekli konsantrasyon
araliginda ilag seviyesi saglanmig olmaktadir (Ruuge ve
Rusetski 1993).

Doksorubisin (DOX), kanser tedavisinde kullanilan anti-
tiimor etkiye sahip bir ilagtir (Huang ve ark. 2017; Zhang ve
ark. 2017). Kanser tedavisinde etkinligi olduke¢a yiiksektir
(Patil ve ark. 2012). Meme kanseri, yumurtalik kanseri,
akciger kanseri, noroblastoma kanseri, 16semi gibi kanserin
tedavisinde en ¢ok kullanilan ilaglardan biridir.

Bu ¢alismanin amaci kanser tedavisinde kullanilmak {izere
hibrit yapili nanopartikiil tasarlamaktir. Cekirdek (Fe3Oas)-
kabuk (kappa-karagenan-asi-dimetilaminoetil metakrilat)
yapilt hibrit nanopartikiiller sentezlenerek doksorubisinin
yan etkilerinin azaltilmas1 ve bdylece terapdtik etkinliginin
artirilmasi hedeflendi. Bu amaca ulasmak i¢in ilk olarak k-
karagenan-asi-poli(dimetilaminoetil metakrilat) kopolimeri
serbest radikalik katilma polimerizasyon yontemi ile
sentezlendi. Daha sonra kopolimer kapli manyetik
nanopartikiiller mikrodalgada ikili ¢oktiirme yontemi ile
sentezlenerek doksorubisin yiiklendi. lag yiiklii manyetik
nanopartikiillerin tutuklanma verimi ve ilag yiikleme
kapasiteleri hesaplandi ve nanopartikiillerin pH duyarlilig
arastirildi.
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2. Materyal ve Metod
2.1. Materyal

k-Karagenan (KRG, %98), N,N-dimetilaminoetil metakrilat
(DMAEMA, %98), FeCls.6H,O  (%99), FeS04.7H.0
(%99), etanol (> %99,8) Sigma-Aldrich firmasindan temin
edildi. Doksorubisin (DOX) Santa Cruz Biotechnology Inc.
firmasindan temin edildi. N,N-dimetilaminoetil metakrilat
65 ©°C’de destillendikten sonra kullanildi ve diger
kimyasallarin hepsi alindigi halleriyle kullanilmistir.

2.2. x-KRG-asi-PDMAEMA Kopolimerin Sentezi

Asilama iglemi azot gazi atmosferinde, ii¢ boyunlu balonda,
geri sogutucu altinda ve mikrodalga firinda gergeklestirildi.
Karagenan cozeltisi saf su icerisinde, 70 °C sicakliginda 3
saat karistirilarak elde edildi. Cozeltiye destillenmis farkli
miktarlarda N,N dimetilaminoetil metakrilat ilave edildi.
Mikrodalga firinda 500 watta, 70 °C’de 30 dakika siireyle
azot gazi gegirilerek ve daha sonra karisima baslaticisi 4,4°-
Azobis (4-siyanovalerik asit) ilave edilerek tepkime
baglatildi. Tepkime siiresince ortamdan azot gazi
gecirilmeye devam edildi. Olusan {iriinler metanolde (500

mL) ¢oktirildi ve siizillerek elde edilen {iriin,
homopolimerin ~ uzaklastirilmast  amaciyla  Soxalet
icerisinde  tetrahedrafuranda (120 mL) yikands

Homopolimeri uzaklastirilan ag1 kopolimer 40 °C*de vakum
etliviinde sabit tartima gelene kadar kurutuldu. As1 yiizdesi
asagidaki Esitlik 1 yardimiyla kiitle artisindan hesaplanmistir.
Elde edilen kopolimerin karakterizasyonu daha Onceki
calismamizda sunulmustur (Geyik ve Isiklan 2022).

As1 yiizdesi = (kopolimer kiitlesi-polimer kiitlesi) / polimer
kiitlesi x 100 (2)

2.3. k-KRG-asi-PDMAEMA Kopolimerinden Manyetik
Nanopartikiil Sentezi

k-KRG-asi-PDMAEMA kopolimerleri deoksijene suda 70
°C’de manyetik karistiric1 yardimiyla 1 saatte ¢oziildi. Cift
boyunlu balonda kopolimer ¢ozeltisi 70 °C, asitlendirilmis
FeCl3.6H,O tuzundan 5 mL, FeSO4;.7H,O tuzundan 1
(nFe*?/nFe*® = 0,625/1 olacak sekilde) ilave edilerek azot
atmosferinde, mikrodalgada 500 watta, yarim saat
karigtirildi. Cozeltiye KOH (1 M) ilave edildi. Cozelti azot
atmosferinde, 70 °C’de, 500 watta 1 saat mikrodalgada
karigtirildi. Magnet yardimiyla manyetik 6zellige sahip olan
nanopartikiillerle olmayan nanopartikiiller birbirinden
ayrildiktan sonra manyetik nanopartikiiller
etanol/deoksijene su karigimi ile yikandi. Elde edilen
Fe30.@k-KRG-asi-PDMAEMA  nanopartikiilleri etiivde
40 °C’de 48 saat kurutuldu. ila¢ yiiklii nanopartikiiller
hazirlanirken kopolimer karigimma 5 mg DOX ilave
edilerek olusturuldu. Olusan nanopartikiiller sabit tartima
gelene kadar kurutuldu. Manyetik nanopartikiillerin
miknatis yardimi ile toplanma goriintiisii Sekil 1’de
sunulmustur.
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Sekil 1. Manyetik nanopartikiillerin miknatis varliginda
toplanmasi
2.4. Tutuklanma Verimi (TV)
Tutuklanma verimi hesaplanmas1 i¢in ilag yiiklii

nanopartikiillerden 5 mg alinarak 25 mL pH 7,4 (Ho.POg4/
HPO,?) tamponu ilave edildi ve 25 °C’de 100 rpm hizda
calkalamali su banyosunda 4 saat boyunca bekletildi. Elde
edilen  ekstrakt  siiziilerek DOX  igerigi UV
spektrofotometresi ile DOX’un maksimum absorpsiyon
gosterdigi dalgaboyu olan 499 nm’de tayin edildi.
Tutuklanma verimi ¢aligmalari her bir formiilasyondaki ilag
ylklii nanopartikiiller igin t{icer defa tekrarlanarak
hesaplandi.

Nanopartikiillerin DOX yiikleme kapasitesi Esitlik 2 ve
DOX’un tutuklanma verimi Esitlik 3 ile hesaplandi.

Ilag Yiikleme Kapasitesi (%)= (Nanopartikiildeki deneysel
ilag miktar1)/ (Nanopartikiil miktar1)x100 2

Tutuklanma Verimi (%)=(Nanopartikiildeki deneysel ilag
miktar1)/(Nanopartikiildeki teorik ilag miktar1)x100 (3)

2.5. Manyetik Nanopartikiillerin In Vitro Ila¢ Salmi

Fe30:@k-KRG-as1-PDMAEMA@DOX manyetik
nanopartikiillerinden belirli miktarda alinarak, farkli pH
ortamlarinda (fosfat tamponu (pH 7,4), asetat tamponunda
(pH 5,5) ve asidik ortamda (pH 1,2)), 37 °C’de in vitro
salimi 24 saat boyunca incelendi. Tiim salim deneyleri
calkalamali su banyosunda 100 rpm hizda gerceklestirildi.
Belirli zaman araliklarinda 200 uL 6rnekler alindi ve toplam
hacmi korumak i¢in ayni miktarda tampon salim ortamina
ilave edildi. Her bir deney 3 kez tekrarlandi ve standart
sapmalar1 hesaplandi.

2.6. Manyetik Nanopartikiillerin Zeta Potansiyeli ve
Partikiil Boyutu Olgiimii

Fe;04@x-KRG-asi-PDMAEMA ve Fe;04@x-KRG-asi-
PDMAEMA@DOX manyetik nanopartikiillerin zeta
potansiyeli, partikiil boyutu ve polidispersite indeksleri 1
mg manyetik nanopartikiil 2 mL farkli pH ortamlarinda
(fosfat tamponu (pH 7,4), asetat tamponu (pH 5,5) ve asidik
ortamda (pH 1,2)) hazirlanarak 25 °C’de 6l¢tildii.

2.7. Demir Icerigi Tayini

ICP-OES cihazi kullanilarak elde edilen manyetik
nanopartikiillerin FezO4 miktari tayin edildi. Numuneler ve
0-1-2-3-5-10-20 ppm’lik kalibrasyon igin standart
cozeltileri Plasma Power 1435 W, Pump Speed 30 rpm,
Coolant Flow 0,80, Nebulizer Flow 0,70 cihaz sartlarinda
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okutularak  kalibrasyon  egrileri  olusturulmustur.
(R2:0.9999). Numuneye uygulanan islemler su sekildedir;
0,01 g ornege 10 mL HNOj3 eklendi ve CEM MARS6
mikrodalga cihazinda Carbon Metodu kullanilarak; power:
290-1800, ramp time: 20:00, hold time: 15:00 ve
sicaklik:200 °C cihaz kosullarinda yikama islemi
yapilmigtir. Yikama islemi sonrasi toplam hacim 50 mL
olacak sekilde seyreltilerek yukarida belirlenen ICP-OES
cihaz kosullar1 altinda okuma iglemi yapilmistir.

2.8. Istatistiksel Analiz

Istatistiksel analizi SPSS 16,0 yazilimi, ANOVA testi
(IBM, NY, ABD) ile yapildi. (P) < 0,05 anlamlilik diizeyi
istatistiksel olarak farkli kabul edildi. Sonuglar ortalama +
standart sapma (SS) olarak hesaplandi. Caligmalarimizda iig
bagimsiz 6l¢iim yapilarak hesaplandi.

3. Bulgular ve Tartisma

k-KRG-as1-P(DMAEMA) kopolimerinin yapisinda
bulunan SO,* ile Fe304 nanoyapisinda bulunan Fe*® ve Fe*?
iyonlar1 ile baglanarak demir oksit iizerine kaplandig:
diistiniilmektedir (Jones ve ark. 2007). Sentezlenen
Fe30:@k-KRG-as1-PDMAEMA manyetik
nanopartikiillerine kanser ilac1 olarak DOX yiiklendi. flacin
yapiya girdigi UV spektrometresi ile kanitlandi. Sekil 2°de
DOX ve Fe;04@x-KRG-asi-PDMAEMA@DOX manyetik
nanopartikiillerin UV spektrumu sunulmustur. DOX ve
Fe;0,@x-KRG-asi-PDMAEMA@DOX manyetik
nanopartikiilleri 200-700 nm dalgaboyu araliginda tarandi.
Manyetik nanopartikiillerde ilacin pik noktalarmin varligi
DOX’un yaprya girdigini gostermektedir. Manyetik
nanopartikiillerin spektrumunda DOX’un karakteristik
pikleri; 233 nm, 253 nm, 291 nm, 474 nm, 499 nm ve 533
nm’de goriilmektedir (Ma ve ark. 2016). Bu piklerde siddet
azalmasi diginda yerlerinde bir kayma olmamustir.

25

Fe;0,@«-KRG-agI-PDMAEMA@DOX
2.0+

—— DOX

=
&)
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©
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0.0
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Dalga boyu (nm)
Sekil 2. DOX ve Fe304@x-KRG-asi-PDMAEMA@DOX

manyetik nanopartikiillerin UV spektrumu

Fe:04@«k-KRG-agi-PDMAEMA’ nin  yiizey —morfolojisi
TEM ve SAED kullanilarak incelendi. TEM ve SAED
goriintiisii Sekil 3’te sunulmustur. 100 nm’de sunulan TEM
goriintiisii nanopartikiilleri net olarak gostermektedir. Segili
alan elektron kirmim (SAED) deseni, nanopartikiillerin
kristal yapisini karakterize etmek i¢in kullanilan araglardan
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biridir., SAED deseni FesOs nanopargacilarin Kristal
diizlemlerini sunmaktadir. Fe304@x-KRG-agi-
PDMAEMA  nanopartikiillerinin ~ spesifik  kirmim

degerlerini (220), (311), (400), (511) ve (440)’de gosterdi.
Fe304 kristalinin kirimin degerleri literatiirde mevcuttur ve
kiibik kristal yapisina sahiptir (Rahimdad ve ark. 2019).
SAED deseninde, alt1 kat desenli net kirinim halkalara sahip
oldugu gozlenmistir. Bu halkalar, partikiillerin yiiksek
oranda kristallikleri nedeniyle kirinim noktalarinin bir araya
gelmesinden kaynaklanmaktadir. Bu da nano boyutlu olan
Fes04 pargaciklarin yiiksek kristalliklerini gostermektedir.

100 nm

(b)
Sekil 3. Fe304@x-KRG-asi-PDMAEMA ’nin TEM (a) ve SAED
(b) goriintiisii

Kolloidal kararlilig1 karakterize etmek i¢in zeta potansiyeli
onemli bir faktordiir. Zeta potansiyeli partikiillerin yiizey
yiikleri hakkinda bilgi vermektedir. Genel olarak, yiiksek
pozitif ve negatif zeta potansiyeli nanopartikiillerin dagilma
stabilitesini gostermektedir. Yiiksek zeta potansiyeli olan
nanopartikiiller, partikiiller aras1 yiiksek elektrostatik itme
kuvvetinden dolay1 depolanma siiresinde koagiile olmazlar
(Shete ve ark. 2013). Fe;0,@«x-KRG-asi-PDMAEMA ve
Fe:04@x-KRG-asi-PDMAEMA@DOX i¢in farkli pH
ortamlarinda (1,2, 5,5 ve 7,4) 25 °C’de zeta potansiyeli,
hidrodinamik ¢ap1 ve polidispersite indeksi Olgiimleri
yapildi. Sonuglar Tablo 1’de sunulmustur.
Nanopartikiillerin pH 5,5 ve pH 7,4 ortamlarinda zeta
potansiyelleri yiiksek ¢ikmigtir. Nanopartikiillerin yiiksek
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pH’da daha stabil olduklar gériilmektedir. Fes04@x-KRG-
asi-PDMAEMA ve Fes04@x-KRG-as1-
PDMAEMA@DOX  nanopartikiillerin ~ ylizey  yiki
sonuglar1 incelendiginde DOX yiikli nanopartikiillerin
yiizey yikiinde negatif yonli artig goriilmektedir.
Fes0,@x-KRG-asi-PDMAEMA ve Fe;04@kx-KRG-asi-
PDMAEMA@DOX nanopartikiillerinin hidrodinamik ¢ap1
pH’nin artmasi ile azalmaktadir. Kopolimer yapisinda
bulunan PDMAEMA yan dallar1 pH’ya duyarlidir. Diisiik
pH’larda PDMAEMA zincirlerinde olusan kuarterner amin
grubunun birbirini itmesinden dolay1 sisme artmaktadir.
Nanopartikiillerin stabilitesi ve dagilimi hakkinda bilgi
veren diger parametre polidispersite indeksi (PDI)
degeridir. Polidispersite indeksi, dinamik 1s1k sacilimi
(DLS) Ol¢timiinde onemli bir parametredir.
Nanopartikiillerin boyut dagilimindaki degisimi gosterir ve
0,5’in altinda olmasi istenmektedir. PDI degeri 0,1-0,25
araliginda ise nanopartikiiller dar dagilima sahiptir ve
istenilende dar dagilima sahip olmasidir (Ozkahraman ve
ark. 2018). Elde edilen PDI degeri 0,5 ve iizerinde ise genis
dagilima sahiptir. Fes0.@k-KRG-asi-PDMAEMA  ve
Fes0,@x-KRG-asi-PDMAEMA@DOX nanopartikiil-
lerinin PDI degeri 0,22 ile 0,27 araligindadir. Sentezlenen
manyetik nanopartikiiller dar dagilimina sahiptir.

Tablo 1. Nanopartikiillerin zeta potansiyeli, hidrodinamik ¢ap1 ve
PDI degerleri

Nanopartikiil pH Zeta Hidrodinamik PDI
Potansiyeli Cap (nm)
(mV)
Fes0.@x- 1,2 11,23+ 157,73+ 0,238+
KRG-agi-
PDMAEMA 1,10 5,50 0,09
55 -14,20+ 118,47+ 0,255+
0,36 3,84 0,12
7,4 -21,96+ 94,37+ 0,254+
0,51 6,51 0,10
Fe;0,@x- 1,2 11,82+ 181,60+ 0,220+
KRG-as1-
PDMAEMA 0,70 5,21 0,03
@DOX 55 -19,43+ 148,33+ 0,271+
0,50 3,65 0,06
-28,53+ 119,33+ 0,225+
74 1,40 4,09 0,03

Manyetik nanopartikiillerin ilag yiiklenme performansini
belirlemek i¢in, tutuklanma verimi ve ilag yiikleme
kapasitesi hesaplanmustir. Fes04@x-KRG-as1-
PDMAEMA@DOX nanopartikiillerin tutuklanma verimi
%66,82 + 2,23 ve ilag yiikleme kapasitesi %1,63 + 0,05
olarak hesaplanmistir. DOX salim c¢alismalari 24 saat
sireyle pH 1,2, pH 5,5 ve pH 7,4 tamponlarinda
gergeklestirilmigtir.  Sonuglar  Sekil 4’te  sunulmustur.
Fe:04@«k-KRG-asi-PDMAEMA@DOX  nanopartikiilleri
pH 1,2 ve pH 5,5 tamponunda hizli salim yaptig1, pH 7,4
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tamponunda daha yavas salim yaptig1 goriilmiistiir. pH
1,2’de ilac1 fazla salmasi yapida bulunan PDMAEMA’ya
baglidir. PDMAEMA pH duyarli bir polimerdir ve diisiik
pH’larda gisme davranigi gosterir. Sismenin artmasi ile
nanopartikiil i¢ine ve etrafina niifuz eden ilacin salimi
artmistir. Benzer sonuglar literatiirde rapor edilmistir (Saha
ve ark. 2019).

DOX’un Fe30:@x-KRG-asi-PDMAEMA@DOX
nanopartikiillerden salim mekanizmasi Korsmeyer-Peppas
kinetik modeli kullanilarak degerlendirildi. Korsmeyer-
Peppas modeli Esitlik 3’te gosterilmektedir (Siepmann ve
Peppas 2012):

L/
T
burada M¢My; t zamanindaki DOX’un salim oranidir, k;
DOX’un salim hiz sabitini temsil eder ve n; difiizyon
iissiidiir (Siepmann ve Peppas 2012; Luo ve ark. 2017).
n’nin degeri, salim mekanizmasina bagli olarak degisir.
Kiiresel partikiiller i¢in, n < 0,43, ilacin tasiyicidan difiizyon
kontrollii salinimini (Fick difiizyonu) belirtirken, n > 0,85,
gevseme kontrollii salimi (Durum II tagima) gosterir. 0,43
ile 0,85 arasinda degisen ara degerler, ilag saliminin hem
gevseme hem de difiizyon tarafindan kontrol edildigi
anormal tagimanin gostergesidir (Siepmann ve Peppas
2012). Tablo 2, farkli salim ortamlarinda Fe304@x-KRG-
as1-PDMAEMA@DOX nanopartikiilleri i¢in n ve R
degerlerini gostermektedir. Tablo 2’de ortam pH’sinin
1,2’den 7,4’¢ degisimi ile DOX salim mekanizmasinin

degistigi gorilmektedir.

(4)

100

N
T/r‘
80 - 1 /}/I s
/ 7 I
9
=60
E
31/
n
é 40 4
a —~—pH 1,2
L
20 —=—pH 7,4
0 T T T T T T T
0 200 400 600 800 1000 1200 1400 1600
Sire (dakika)
Sekil 4. Fe304@x-KRG-asi-PDMAEMA@DOX manyetik

nanopartikiillerden farkli pH ortamlarinda ilag salimi

Tablo 2. Nanopartikiillerin salim kinetigi

pH n R Difiizyon
Mekanizmasi
1,2 0,4247 0,9981 Fick Diflizyonu
55 0,6232 0,9998 Fick Yasasina
Uymayan
7,4 0,7121 0,9292 Fick Yasasina
Uymayan
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4. Sonuglar

Bu c¢alismada manyetik alana duyarli nanopartikiiller ikili
¢oktiirme yontemi ile basariyla sentezlendi. Mikrodalgada
serbest radikalik polimerizasyon yontemi ile sentezlenen
sicaklik  ve pH duyarh k-KRG-asi-PDMAEMA
kopolimerinin  FesOs’e  kaplanmasiyla ¢ekirdek-kabuk
yapili Fe3s0:s@x-KRG-asi-PDMAEMA  nanopartikiilleri
elde edildi. Manyetik nanopartikiiller UV, Zeta-Sizer, TEM
ve ICP-OES yontemleri ile karakterize edildi. Sentezlenen
bu nanopartikiillere DOX ilact yiiklenerek, ilag salim
caligmalar1 in vitro farkli pH (7,4, 5,5 ve 1,2) ortamlarinda
calisildi. Fe3s0:@k-KRG-asi-PDMAEMA@DOX
nanopartikiillerin DOX salim1 pH 7,4, pH 5,5 ve pH 1,2
ortamlarinda siras1 ile  %66,53, %70,08 ve %90,47
bulundu. Nanopartikiillerin asidik ortamda bazik ortama
gore daha fazla salim yaptig1 goriildii. Stiperparamanyetik
nanopartikiiller pH duyarli salim ve yiiksek DOX
tutuklanma verimi gosterdi. Manyetik nanopartikiillerin en
diisiik hidrodinamik ¢ap1 pH 7,4 tamponunda ila¢ yiikli
olmayan partikiillerde 94,37 nm olarak bulundu. Manyetik
nanopartikiillerin pH 7,4 tamponunda daha stabil oldugu
goriildii. Manyetik nanopartikiillerin demir icerigi %66,77
bulundu. Sentezlenen nanopartikiiller biyouygulamalar igin
umut vadetmektedir.
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Abstract: Zinc-nickel alloy coating (ZnNi) was successfully deposited on carbon steel (CS) applying current density of 47 mAcm-2 with
galvanostatic technique. The ZnNi alloy coating image showed that CS metal surface was plated with a blue-grey homogeneous layer.
Polyaniline film (PANI) film was synthesized with cyclic voltammetry technique from 0.10 M aniline containing 0.20 M sodium oxalate
solution on ZnNi coated carbon steel (CS/ZnNi) electrode surface. And then the synthesis of top PPy film was achieved in pyrrole
monomer containing acetonitrile + tetrabutyl ammonium perchlorate medium successfully. After the top PPy synthesis, it was observed
that both the PANi homopolymer film and the ZnNi coating continued to exist on the CS surface. The corrosion behaviors of uncoated
and coated electrodes were investigated in 3.5% NaCl solution. For this aim, the anodic polarization plots and electrochemical
impedance spectroscopy technique were used. The results showed that the top PPy homopolymer film provided an effective barrier

property on CS/ZnNi/PAN:i electrode and a remarkable anodic protection to substrate for longer exposure time.

Keywords: Alloy plating, corrosion, conducting polymer, polypyrrole, polyaniline, ZnNi

1. Introduction

The role and importance of technical metals in today's
modern world is too great to ignore. Especially the role of
steel among these metals is vital for both industries and
governments. While approximately 30 million tonnes of
crude steel was produced in the world in 1900, this value
reached 1864 million tonnes in 2020 (International lron
and Steel Institute 1978; World Steel Association 2021).
This increase not only creates the modern world, but also
provides an important workforce and economic value.
According to the Oxford Economics report, the share of
the steel industry in annual global GDP is around 3.8%.
(Oxford Economics, 2019). As can be seen from these
values, a healthy metal industry is one of the building
blocks of a healthy economy and modern world. However,
this rapidly increasing steel usage rate also increases the
damage caused by corrosion reactions, which in turn
causes the metals to wear out. Corrosion is an unstoppable
nature event, causing loss of life and property, serious
damage to the state and industry directly or indirectly and
a loss of 3.5 to 5% per annum of GNP. (Hou et al. 2017;
Koch et al. 2002; Uneri 2011).

© EJBCS. All rights reserved.

For many years, researchers in many disciplines are
constantly looking for new ways to protect materials from
corrosion and thereby reduce damage caused by corrosion
(Kilinggeker et al. 2008; Kilinggeker et al. 2013). Alloy
coating is one of the techniques used for this purpose.
Especially, zinc & zinc group coatings are frequently uses
with various coating techniques for cathodic corrosion
protection of Fe group materials due to their high
corrosion resistance and mechanical strength. Electro
deposition is one of the techniques used for zinc & zinc
group coatings and has become widely used in many
industries with unique advantages over many other coating
techniques such as independence from material shape, easy
process setup and control, etc. however, electroplating zinc
alone is insufficient to protect materials from corrosion in
the medium-long term due to the very less noble nature of
zinc. Using zinc alloys with elements in the same period
with zinc is one of the most commonly used methods to
solve this problem in literature. Among these alloys,
especially ZnNi alloy is studied more in the literature
because of its excellent resistant characteristic to corrosive
factors in the atmospheric environment, machining
properties, weldability etc. (Abd El-Lateef et al. 2015;
Bhat et al. 2021; Chouia et al. 2021; Ozyilmaz et al. 2020;
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Tozar and Karahan 2014) Considering the literature
studies in recent years, it is seen that conductive polymers
are of interest in the field of corrosion protection due to
their unique properties such as superior anticorrosive
properties, redox reactions in natural environment and
catalytic activity. For this aim, polyaniline and polypyrrole
among conducting polymers are use for the corrosion
protection of metals in a wide range of aggressive
environments (Ates 2016; Kaliyannan et al. 2020;
Sokolova et al. 2017).

In this study, the surface of the carbon steel (CS) electrode
was plated with a zinc-nickel alloy. The obtained CS/ZnNi
electrode was coated with thin polyaniline (PANi) film in
an aqueous sodium oxalate solution. After that,
polypyrrole (PPy) film was coated as top coating on
CS/ZnNi/PANIi surface in pyrrole containing acetonitrile +
tetrabutyl ammonium perchlorate (TBAP) solution
medium. The corrosion performances of the uncoated and
coated electrodes were evaluated by EIS and anodic
polarization techniques in 3.5% NaCl solution.

2. Materials and Method

All electrochemical studies were carried out on the CH
Instruments 660B model electrochemical workstation
(S/N: A1420) with three electrode technique in one cell. In
the experiment cell, cylindrical low carbon steel electrode
(CS) which chemical composition by wt.%: 0.056% C,
0.450% Mn, 0.140% Si, 0.004% S, 0.010% P, 99.34% Fe
and surface area 0.0531 cm? as working electrode. The
square platinum plate (99.99%) with surface area 0.50 cm?
as counter electrode and Ag/AgCl (3M KCI) electrode as
reference electrode was used. Working electrode was
isolated with a thick polyester block outside the surfaces
which was contact with solution and connects to
instrument. Shortly before use, working surface was
carefully polished with 400 and 1200 grid abrasive paper,
respectively, and washed with 1:1 acetone:ethanol mixture
and bi-distilled water, respectively. For the alloy coating,
the citrate-sulphate aqueous bath containing 0.20 M
ZnSO4, 0.20 M NiSO4, 0.20 M NasCsHsO7, 0.10 M
(NH4)2SO4 was used (Winiarski et al. 2015) at natural pH
of about 5.3. CS surface was coated with approx. 5 um
ZnNi alloy with chronopotentiometry (CP) technique at 47
mA/cm? constant current density at room condition. The
electropolymerization was carried out with cyclic
voltammetry (CV) technique at room condition. For the
PANi coating, 0.10 M freshly distilled aniline monomer
was added into 0.20 M aqueous sodium oxalate solution.
First, alloy coated electrode (CS/ZnNi) was anodically
passivated by applying one segment between -1.50 and
1.00 V potential at a scan rate of 10 mV/s. Next, the film
growth curves were taken for 333 seconds at a potential
range of 0.00 and 1.00 V at a scan rate 150 mV/s without
removing CS/ZnNi electrode from sodium oxalate+aniline
solution. After that, PPy film was carried out on PANi
coated CS/ZnNi electrode (CS/ZnNi/PANI) surface in
acetonitrile+0.025 M TBAP medium containing 0.10 M
freshly distilled pyrrole between -0.80 and 0.80 V at 150
mV scan rate for 533 sec. For metallic characterization of
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uncoated and coated electrodes, the linear sweep
voltammetry (LSV) technique was used in aqueous 0.05 M
EDTA+0.50 M Na»SO. mixture solution a scan rate of 5
mV/s and a potential range of -1.10 and 1.80 V to show the
presence of ZnNi alloy coating on the CS electrode.
Anodic polarization curves were obtained from open
circuit potential (Eocp) to 1.80 V at 5 mVs? scan rate, after
240 h of immersion time in 3.5% NaCl solution.
Electrochemical impedance studies were recorded at
measured open circuit potential values applying 7 mV of
amplitude in frequency range from 10° to 102 Hz. Real
and imaginary components of the EIS in the complex
plane and Bode plots were analyzed with the ZView2
software to estimate the parameters of the equivalent
electrical circuit. Surface images were taken with Canon
EOS5D high resolution digital camera equipped with
Canon EF 100mm Ultrasonic Macro Lens.

3. Results and Discussion

In this study, firstly, the surface of the CS was successfully
coated with approx. 5 pm thick ZnNi alloy from citrate-
sulphate bath with 47 mA x cm™ current density. It was
observed that the surface was polarized immediately at this
current density and there was no change at the potential
values at a large scale in the increasing time. In addition, it
was seen that the potential values of the different
electrodes were similar to each other (It was not shown
here).

After the metallic coating, the CS/ZnNi electrodes were
quickly taken into the PANi synthesis medium. In order to
obtain the homogenous PANi film, the ZnNi alloy coated
CS electrode were polarized by using only anodic scan
from —1.50 to 1.00 V potantial range with scan rate of 10
mV/s (It was not shown here). In the second stage, the
growth cycle of PANi film was taken at potential range
from 0.00 to 1.00 V with 150 mV/s scan rate. Fifty
segments were applied to synthesis of the PANI film.

When the voltammograms were examined, the peaks
obtained for surface oxidation-passivation and monomer-
oxidation were observed at potentials of about -0.10 and
0.65 V, respectively. After monomer-oxidation peak was
observed, current values at ongoing potentials were
decreased. All these observations showed that the surface
was covered with a thin polyaniline film during on anodic
passivation process. A shift of the monomer oxidation
peak recorded for aniline to around 0.79 V in the film
growth voltammogram was seen in Figure 1. This case
proved that a conductive polymer layer were formed on
the alloy coated surface during the anodic passivation
(Ozyi1lmaz, 2005). The current decreases in the continuing
peaks showed that the polyaniline film grew on the surface
and reduces the surface conductivity. Figure 1b showed
electropolymerization voltammograms for PPy synthesis
on to MS/ZnNi/PANi surface. Current increases at
potentials after 0.20 V in Figure 1b corresponded to
oxidation of the pyrrole monomer. The current values
recorded for the monomer oxidation increased at the initial
scan and then those values decreased. According to this
behavior, it was observed that the surface conductivity first
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increased with the polypyrrole film, and then the surface
conductivity decreased due to the form transformation of
the PPy film.

The photographs of the CS, CS/ZnNi, CS/ZnNi/PANi and
CS/ZnNi/PANI|PPy electrodes were given in Figure 2. The
surface images show that a homogeneous ZnNi alloy layer
is coated on the CS electrode surface with a blue-gray
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color tone. The photographs of the black PANi and PPy
top coatings synthesized on CS/ZnNi surface were given in
Figure 2. As can be seen from the images, the surface was
homogeneously coated with PANi film and the PANI
coating surface was covered with a homogeneous top PPy
film.

R e
50
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02 0 02
Potential (V)

04 06 08

Fig. 1 The voltammograms recorded during the film growth on CS/ZnNi electrode in 0.10 M aniline containing 0.20 M sodium oxalate
solution, scan rate: 10 mV/s (a) and on CS/ZnNi/PANIi electrode in acetonitrile+0.025 M TBAP containing 0.10 M pyrrole, scan rate:

150 mV s 1(b).

CS

CS/ZnNi/PANI

CS/ZnNi

CS/ZnNi/PANI/PPy

Fig. 2 The photographs of the CS, CS/ZnNi, CS/ZnNi/PANi and CS/ZnNi/PANI|PPy electrodes
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Figure 3 shows metallic characterization voltammograms
of the CS, CS/ZnNi, CS/ZnNi/PANi  and
CS/ZnNi/PANI|PPy electrodes. In Figure 3, current
increases related to the primary components of the alloy
were observed at the CS/ZnNi, CS/ZnNi/PANi and
CS/ZnNi/PANI|PPy, unlike CS. For polymer film coated
electrodes, these current increases indicated that under
polymer films it was a metallic structure that can form
complex with EDTA. The current peaks recorded for
polymer film coated CS/ZnNi electrodes on the similar
potential values of about -0.30 V, which were not recorded
for bare CS clearly indicated that the polymer films were
synthesized on the ZnNi alloy coated surface. When the
current values on the potential values of about 0.10 V
obtained for the uncoated and coated electrodes are
examined, it is seen that the current values of coated
electrodes were lower than the CS electrode. Accordingly,
these results showed that the alloy and polymer films
formed on the surface created an effective physical barrier
and protect the CS electrode from corrosive environment.
Besides, the lowest current value recorded for
CS/ZnNi/PANI|PPy electrode indicated the presence of
effective layers on the CS electrode surface (Akdag and
Ozyilmaz 2017).
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Anodic polarization results of the CS, CS/ZnNi,
CS/ZnNi/PANi and CS/ZnNi/PANI|PPy electrodes after
240h immersion time in 3.5 % NaCl solution are given in
Figure 4. The corrosion potential (Ecor) Values obtained for
CS, CS/ZnNi, CS/ZnNi/PANi and CS/ZnNi/PANi|PPy
electrodes was found to be -655 mV, -611 mV, -621 mV
and -516 mV, respectively. The Ecor values of coated
electrodes shifted in the anodic region due to anodic
protection than that of uncoated electrode. Besides, the
most positive Ecorr Value recorded for CS/ZnNi/PANI|PPy
electrode, it is easily say that the top PPy film exhibited
the most effective physical barrier properties against
corrosion products in the corrosive environment when
compared with single ZnNi and ZnNi/PANi coatings. This
occasion supported the idea that current values of
CS/ZnNi/PANI|PPy electrode were significantly lowest
when compared with PANi homopolymer film coated
ZnNi plated carbon electrode as well as ZnNi plated
carbon steel and bare carbon steel electrode. This case
showed that PPy film synthesized on CS/ZnNi/PANi
electrode had lowest permeability against the attack of
corrosive products like dissolved oxygen and chloride
ions. These anodic polarization results revealed that top
PPy homopolymer film provided important corrosion
protection to uncoated and coated CS electrode.
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Fig. 3 Lineer Sweep voltametry recorded for MS (-), MS/ZnNi (o), MS/ZnNi/PANi (e) and MS/ZnNi/PANi/PPy (m)
electrodes in 0.05 M EDTA containing 0.50 M sodium sulphate solution.
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Fig. 4 Anodic polarization results recorded for MS (-), MS/ZnNi (o), MS/ZnNi/PANi (e) and MS/ZnNi/PANI/PPy (m)

electrodes after 240 h of immersion time in 3.5% NaCl solution.
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Figure 5 shows the Nyquist plots recorded for CS,
CS/ZnNi, CS/ZnNi/PANi and CS/ZnNi/PANi|PPy
electrodes after 72 and 240 h immersion times in 3.5%
NaCl solution. After 72 h of exposure time, the Eq, values
of CS/ZnNi, CS/ZnNi/PANi and CS/ZnNi/PANI|PPy
electrodes were found to be approx. -0.595, -0.599 and -
0.576 V, respectively while that of bare CS electrode was
—0.669 V. For the CS/ZnNi electrode, this value was
significantly in the anodic direction compared to the CS
electrode, despite the active zinc metal in the alloy. This
behavior was the result of a stable oxide layer formed on
the ZnNi alloy coating surface. On the other hand,
appearance of more positive Eop value for
CS/ZnNi/PANI|PPy  electrode indicated prominent
differences between dissolution behavior of ZnNi alloy
plating and the corrosion reactions at the CS surface. This
showed that PPy homopolymer film on CS/ZnNi/PANi
surface exhibited an important passive film behavior
against to corrosive products on carbon steel electrode. In
Fig. 5(a), there were two depressed semicircles which
could not be well resolved from each other from high and
low frequency region, for CS/ZnNi, CS/ZnNi/PANi and
CS/ZnNi/PANI|PPy electrodes, while the plot of bare CS
electrode consisted of one depressed semicircle. The
depressed semicircle obtained for bare CS electrode was
equal to the polarization resistance (Rp) that including the
total of the charge transfer resistance (Re) that is
responsible for the anodic dissolution of bare metal and
diffusion resistance (Rq), after 72 h of exposure time.
Besides, there were R at high frequency region and oxide
layer resistance (Ro) + alloy plating resistance (Rzmi) at
low frequency region for CS/ZnNi electrode, while the two
depressed  semicircles  for  CS/ZnNi/PANi  and
CS/ZnNi/PAN:I|PPy electrodes were equal to R, including
the total of Ret + Rzani + Ro + polymer film resistance (Ryr)
ranging from high to low frequency region. The corrosion
current (leorr) and the protection efficiency values (E%) of
PANI|PPy and PANI coatings on CS/ZnNi electrode were
calculated as in our earlier work (Ozyilmaz et. al. 2006).
The parameters calculated for CS, CS/ZnNi,
CS/ZnNi/PANi and CS/ZnNi/PANI|PPy electrodes are
presented in Table 1. In Table 1, R, values, which were
analyzed with the ZView2 software, were obtained from
Stern-Geary equation for calculation of corrosion current
(lcorr) using following equation (1). B value was equal to

(ﬂaxﬂc)/((ﬁa +ﬁC)X2.303) ; B and Ba were cathodic

and anodic Tafel slopes, respectively. The value of B was
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taken as 0.052 V for coated electrodes and 0.026 V for
uncoated electrode.

B
Icorr = —
Rp

)

The protection efficiency values (E %) were calculated by
using the following equation.

=] =]
Rp(uncoated) B Rp(coated) %100

R—l

p(uncoated )

The R, values obtained for CS/ZnNi/PANI|PPy electrode
was found to be highest when compared with those of CS,
CS/ZnNi and CS/ZnNi/PANi electrodes. Besides, lcorr
value obtained for CS/ZnNi/PANI|PPy electrode was
found to be 1.45 pA that the lowest value when compared
with those of all electrodes. This case showed the barrier
effect of PPy film as top coating, after 72h of immersion
time in 3.5% NaCl solution. After 240 hours, the R, values
of the CS, CS/ZnNi/PANi and CS/ZnNi/PANI|PPy
electrodes were lower than the values obtained after 72
hours of exposure, while the value of the CS/ZnNi
electrode was higher. These results showed that the stable
oxide layers formed on the ZnNi alloy coating surface over
time. The R, value increase of CS/ZnNi electrode was
observed due to the formation of stable NiO and complex
ZnO+H>0 on ZnNi plating surface. Nevertheless, the R,
values recorded for CS/ZnNi CS/ZnNi/PANi and
CS/ZnNi/PANI|PPy electrodes were found to be higher
when compared with those of uncoated CS metal, after 240
h of exposure time, while the highest R, value was
obtained for CS/ZnNi/PANI|PPy electrode. In addition, the
E% value of CS/ZnNi/PANI|PPy electrode was 75.36%
that it was relatively higher value than those of 17.92% for
CS/ZnNi and 9.87% for CS/ZnNi/PANi electrodes. On the
other hand, a decrease in the Ilcr value of the
CS/ZnNi/PANI|PPy electrode was observed after 240
hours compared to the 48 hour immersion times. After 240
hours of exposure, the decrease in R, for the
CS/ZnNi/PANI|PPy electrode was indicative of a small
increase in the amount of electrolyte solution in the alloy
coating and the homopolymer film surfaces. Nevertheless,
lcor Value obtained for CS/ZnNi/PANI|PPy electrode was
obtained as 1.52 pA that the lowest value than those of
3.49 for CS/ZnNi and 3.83 for CS/ZnNi/PANi electrodes.
It was clear that PPy film exhibited an effective barrier
property against corrosion products, whereby providing a
decrease in diffusion rate of ions.
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Fig. 5 The Nyquist plots recorded for MS (-), MS/ZnNi (o), MS/ZnNi/PANi (e) and MS/ZnNi/PANi/PPy (m) electrodes
after 72h(a) and 240h(b) of immersion time in 3.5% NacCl solution.

19



| Filazi and AT Ozyilmaz

Eurasian J Bio Chem Sci, 5(1):15-21, 2022

Table 1. The Eocp, Rp, leorr and E% values recorded for CS, CS/ZnNi and CS/ZnNi/PANi and CS/ZnNi/PANi/PPy

electrodes after various exposure times in 3.5% NaCl.

0,
Electrode t (h) Eocp (MV) Rp (Q) leorr (A) E%
72 -648 9020 - -
CS
240 -665 12232 - -
) 72 -595 14148 3.67 36.25
CS/znNi 240 -613 14903 3.49 17.92
-599 3.81 32.85
CS/ZnNi/PANi 2 13433
240 -616 13571 3.83 9.87
. . 12 -576 35813 1.45 74.81
CS/ZnNIPANI[PPY 240 545 34259 1.52 64.30
4. Conclusions References

As a result of the study, the CS surface can be successfully
coated with ZnNi alloy from the citrate sulphate bath at 47
mA/cm? current density via galvanostatic technique. It was
seen from the photograph that a homogeneous ZnNi alloy
coating in blue-gray color was obtained. Then, PANi
coating was successfully synthesized on CS/ZnNi
electrode from neutral medium. It was found that the
polarization of CS/ZnNi surface was necessary for
homogenous PANi film synthesis prior to monomer
oxidation and film growth. And then, PPy film was carried
out on CS/ZnNi/PANi electrode surface in pyrrole
containing acetonitrile + tetrabutyl ammonium perchlorate
(TBAP) solution medium. The TBAP was found to be
suitable as electrolyte in acetonitrile medium for
homogeneous polypyrrole synthesis. As a result, the
homogeneous and adherent PANi and top PPy films were
synthesized on CS/ZnNi electrode surface. The corrosion
performance of the bare CS electrode was compared with
CS/ZnNi, CS/ZnNi/PANi and  CS/ZnNi/PANI|PPy
electrodes. The single ZnNi alloy coating and bilayer
ZnNi/PANi coating did not show any significant barrier
behavior on the CS electrode surface. On the other hand,
the PPy coating as the top layer exhibited a significant
physical barrier behavior on the CS/ZnNi/PANi electrode
at longer exposure time.
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Abstract: People spend most of their time in enclosed spaces (e.g., hospital, houses, office buildings, public transportation, and
schools). The coronavirus in late 2019 has rapidly spread throughout the world. After the pandemic, people started to spend more
time in indoor environments, especially in hospitals. In this study, air quality monitoring was carried out in the Intensive Care Unit
of a hospital in Bolu - Turkey. This is the first comprehensive study done in Turkey. In this study, PM2s, PM1o, temperature, and
relative humidity parameters affecting indoor air quality were monitored instantly for one month with a Wireless Sensors Network-
based system. By the results of the study, the maximum concentration of these parameters except relative humidity was higher
than the limited by accepted values parameters by the United States Environmental Protection Agency (EPA), The American
Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE), and the World Health Organization (WHO).
Keywords: Intensive Care Unit, PM, Indoor Air Quality, Monitoring, Wireless Sensor Network.

1. Introduction

Indoor air pollution has become a serious issue affecting
public health, and indoor air quality monitoring system
helps in the detection and improvement of indoor air
quality. Air pollution is a major environmental hazard to
human health and a leading cause of mortality and
morbidity worldwide (Chen and Hoek, 2020). Indoor air
quality monitoring in the healthcare environment has
become a critical part of hospital management, especially in
intensive care units. It is thought that air quality in intensive
care units does not get the standard levels with routine
preventions and requires additional measures. The indoor
air quality monitoring system helps to determine and
improve air quality.

Many studies have shown that particulate matters are higher
indoors than outdoors (Karakas et al. 2013) PM is highly
associated with the incidence of respiratory and
cardiovascular diseases and mortality (Kim et al. 2015).

Average indoor PM concentrations reported in hospitals in
developed countries, including European countries and
Taiwan, are generally low(Heibati et al. 2021a). PM with
aerodynamic diameter below 2.5 pm (PM25) and 10 pum

© EJBCS. All rights reserved.

(PMyp) are <20 pg/m® and < 25 pg/m?3, respectively (Baurées
et al. 2018; Fernandez et al. 2009; Loupa et al. 2016).
However, those measured in China (PMzs, 98, and 124
pg/m3) (Wang et al. 2006) and South Korea (PMio, 57
ug/m®) (Hwang et al. 2018) is substantially higher with
levels up to 250 pug/m® (Heibati et al. 2021b).

After the SARS-CoV-2 pandemic was started to spread
rapidly in the world, healthcare organizations and
healthcare professionals were focused on the treatment
processes and the infection risk rather than limiting the
spread of the disease. However, the fact that the indoor air
quality in the hospitals, which has been a great risk, is an
important factor in determining the rate of spread of the
disease has been ignored. The increased risk of occupational
exposure of healthcare workers to SARS-CoV-2 is of
particular concern (Stern et al. 2021).

After the SARS-CoV-2 virus emerged in China, it is started
to be seen in almost all countries in a short time. The first
official deaths caused by COVID-19 in Turkey have been
reported by the Ministry of Health on March 18, 2020
(Interior Republic of Turkey Ministry of, 2020).
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In the pandemic period, one of the important transmission
of the disease was having a great impact on international
human transport. As of March 21, 2020, the number of
countries with a flight ban reached 46 in total (Against and
Turan, 2020). Turkey is a transit point for international
human transport when viewed from this angle 1t has a
critical geopolitical position. Apart from the travel
restrictions, with the advice of the Scientific Committee,
about blocking entering of the virus into Turkey or delaying
the disease to enter Turkey, serious steps were taken. One
of these steps is to close the border gates with neighbor
states.

In Turkey during the pandemic process, the treatment of
critical patients in the intensive care unit was carried out. In
this study, real-time monitoring of the ICU indoor air
parameters and evaluation of the results will provide
opinions about limiting the spread of the disease. As a result
of the study, the physical conditions of the intensive care
units used in the treatment of this disease will be discussed
and concrete data will be revealed.

This is the first comprehensive study done during the
COVID-19 in Turkey. In this study, indoor air quality levels
were monitored in real-time using Wireless Sensor
Networks from the intensive care unit. Indoor levels of
PMio, PM2s, temperature, and relative humidity were
measured by using wireless sensor networks.

Reduction of hospital infections and other diseases due to
environmental factors through real-time monitoring and
communication system in a hospital environment will
provide an extensive impact on society by reducing
expenditures on health. It was formed an important database
for more extensive projects to be carried out in the future.
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2. Materials and Method
2.1. Study Area

This study was carried out in the Intensive Care Unit (ICU)
of a hospital in Bolu, Turkey. The intensive care unit
consisted of a nursing station, a washing stand, an isolated
room, and 13 beds. The area of the ICU is approximately
250 m? High-Efficiency Particulate Air filters (HEPA)
were installed above the 13 beds. The layout of the floor
plan of the ICU is presented in Figure 1.

2.2. Sampling

Wireless Sensor Networks were installed on a flat and
horizontal surface at about 1.5 meters above the floor.
Continuously the changes indoor air quality levels in
intensive care units were being monitored by using Wireless
Sensor Networks (WSN). Data were collected by WSN
from four different points for one month in the ICU;

a) Near the entrance door

b) Near the nursing station

¢) Near the isolated room

d) Isolated room

Every sampling day, the number of persons, activities in the
ICU, and the cleaning program were recorded and can be
summarized as below:

a) In the morning; doctors, interns, and nurses
examined the patients.

b) At 10:00 am, washing/transferring of patients,
changing bedclothes, and cleaning the beds and
floor were performed.

c) In the evening patients were asleep or resting and
two or three nurses stayed in ICU.
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2.3. Creating Sensor Nodes and Establishing a
Wireless Sensor Network

In the proposed study, 3 different nodes are designed. These
are the Gateway node, Sensor node, and repeater node. The
task of the sensor nodes is to measure the parameter in the
physical environment and transmit it to the gateway node.
Gateway node acts as a bridge for transmitting data from
nodes which has measurement capability to the station.
Repeater nodes, on the other hand, are responsible for
strengthening the signal when the communication between
sensor nodes and gateway nodes is disrupted due to distance
or physical obstacles. Arduino Uno with ATmega328P
microcontroller was used as a microcontroller board in all
nodes. The circuit elements that make up the nodes are
soldered using Proto Shield. Gateway node and Repeater

Nodes consist of Arduino Uno and nRF24L01
communication Devices. The antenna has been added to
increase the signal distances of the nRF24L01

communication modules. In sensor nodes, Arduino UNO
consists of sensors that detect the parameters to be
measured, as well as the NRF24L01 module. The sensors
forming the sensor nodes are described in detail below. The
technical components used in the nodes created within the
scope of the study are explained in Figure 2.

vl TR

Microcontroller Card Communication Device

SDS011

Fig. 2 Hardware components that makeup sensor nodes

Within the scope of the study, 4 different parameters were
collected in the intensive care unit chosen as the
measurement environment. These parameters are PM2.5,
PM10, temperature, and humidity data. Two different
sensors were used to collect these 4 parameters. For the
measurement of temperature and humidity values, the
DHT22 sensor module, which is frequently used by
researchers, was used. The DHT22 sensor module is a low-
cost, digital output active sensor. It is also an ideal sensor
for recommended operation with low power consumption
and a high degree of accuracy. Nova SDS011 sensor module
was used to measure PM2.5 and PM10 values. This sensor
module detects particles of 0.3-10 um in the air with laser
scanning technique. Particles in the scanning area are
detected by laser scattering. The reflected light is converted
into an electrical signal. The analyzed particle amount is
transmitted to the microcontroller card by serial
communication. Detailed information about the installation
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of the sensor nodes is found in the article previously
published by the project team (AKTAS et al. 2020).

2.4. Deployment of Sensor Nodes and Collection of Data

Sensor nodes developed to measure indoor air parameters
were distributed homogeneously in the measurement
environment. A total of 6 nodes, including 4 sensor nodes,
1 gateway node, and 1 repeater node, were designed to
perform healthy measurements in the Intensive Care Unit,
which was determined as the measurement environment.
After the sensor nodes were deployed to the measurement
environment, the sensors were calibrated for 1 day, some
technical problems were solved and more accurate
measurements were tried to be obtained. After it was seen
that all sensor nodes started to send healthy data, the process
of saving to the database was started. Each sensor node is
programmed to measure only one data per minute.

In the study, Microsoft Structured Query Language
(MSSQL) Server platform was used as a database for
storing sensor measurements. MSSQL-Server is a relational
database management system (RDBMS) that supports a
wide variety of transaction processing, business
intelligence, and analytics applications widely used by
researchers. Structured Query Language (SQL), on the
other hand, is a query language that performs operations
such as recording, editing, adding, deleting, and pulling
records to the database. The hourly averages of the data
coming to the Base Station through the Gateway have been
recorded in the MSSQL-Server database to avoid
unnecessary repetitions.

2.5. Monitoring

After the sensor nodes were placed in the 4 locations in the
ICU, and the data was sent properly, the data collection
process was started on 02.09.2020 at 11:03. Each sensor in
the installed system is programmed to measure an average
per minute and send it to the gateway. During the data
collection process, the hourly average of the collected data
was added to MSSQL, a relational database, to avoid
unnecessary sensor repetitions. MSSQL is a client/server-
based SQL database management system used to save data
in many studies. MSSQL is used as a database in this study
because it is a system that is consistent, easy to use, and
familiar to the project team. In addition, MSSQL has been
preferred as a relational database in this project as it
provides a clear user interface for sensor data monitoring
and management.

The date range of the data collection process performed in
the intensive care unit is also the same time the Covidien-
19 outbreak in Turkey corresponds to the second peak it
reached in October. The data collection process in ICU was
ended on 01.10.2020. A total of 30 days of uninterrupted
data was collected at the 4 different selected measurement
sites. Between these dates, each sensor made approximately
43,000 measurements, and a total of approximately
1,400,000 measurements were made. Within the scope of
this project, in the ICU designated as the second
measurement area, doctor controls were carried out between
09:00 and 11:00 am every day. Besides, every day between
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12:00 and 14:00 is determined as visitor hours. These
situations have been beneficial in terms of evaluating the
results of the project to what extent the human density and
human activities affect the environmental conditions during
these hours.

The monitoring data were collected from 1 October to 2
November 2021. Data were recorded hourly by using WSN
in the ICU.

3. Results

3.1. The concentration of Indoor the Environmental
Parameters

Table 1. showed the mean, maximum, minimum
concentrations, and standard deviations of temperature,
relative humidity, PM.s, and PMyo in the ICU and 1solated
room.

The maximum concentration of PMig 99.94 pg/m3 was
measured by WSN near the entrance door in the ICU. The
maximum concentration of PM25 81.71 pg/m3 and Relative
humidity (RH) of 45.80 % was measured by WSN near the
nursing station (Table 1).

Table 1. Maximum, Minimum, Standard Deviation, and Mean

Concentrations of Data Were Collected by Wireless Sensor
Networks (WSN) in the ICU

Sensors Near The Nursing Station

*N Max. Min. Mean= SD

Toecmperat“re 720 2847 2042 24,69+1,12
Relative

Humidity % 720 45,80 18,68  30,83+5,43

PM25s (ng/m°) 720 81,71 0,01 4,86+5,89

PMio (ug/m®) 720 99,94 0,05 6,92+7,79

Sensors Near The Entrance

*N Max. Min. Mean+ SD

Toecmperat“re 720 2828 21,6 2539+1,10
Relative

Humidity % 720 44,68 19,15  30,83+4,77

PM25 (ug/m®) 720 64,29 0,01 5,37+6,62

PMio (ng/m®) 720 91,04 0,04 7,80+8,56

Sensors Near The Isolated Room

*N Max. Min. Mean= SD

Tomperatire 720 2005 2043 25324136
Relative

Humidity % 720 44,87 17,49  30,82+5.46

PM:5 (ug/m®) 720 76,26 0,01 4,75+6,38

PMio (ug/m®) 720 95,47 0,03 7,78+8,85

Sensors in The Isolated Room

*N Max. Min. Mean+ SD

Toecmperat“re 718 27,35 2089  24.44+113
Relative

Humidity % 720 39,12 1391  28,31+4,60

PM25 (ng/m°) 720 51,85 0,01 4,44+4 40

PMio (ng/m®) 720 73,79 0,01 6,08+7,58

*N: Number of samples
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3.2. Statistical Analysis

Statistical calculations were performed using the Stat
graphics Centurion Statistical Software. The environmental
parameters were initially investigated by descriptive
statistics (mean and standard deviation). The ANOVA test
was done between environmental parameters. The
differences between the groups were determined at a 95%
confidence interval for each parameter (p <0.05) (Table 2).

Table 2. One-Way ANOVA comparison test of environmental
factors

Temperature Relative PM2s PM1o
°C Humidity (ug/m®) (ug/m®)
%
Temperature 0.00 0.92 0.99
°C

Relative 0.00 0.00 0.00
Humidity %

PMzs(ug/m®) 0.92 0.00 0.00
PM1o (ug/m?) 0.99 0.00 0.00

Since the P-value of the F-test is less than 0.05 there is a
statistically significant difference between the mean of
temperature and RH%, PM;s with PMso and RH%, PMio
with PM2s and RH% to another at the 95.0% confidence
level.

The p-value was greater than 0.05 which demonstrates that
there was not a statistically significant difference between
the mean of temperature, PM2 5, and PMyp.

4. Discussion

4.1. Maximum Acceptable Levels for Measured

Parameters

Accepted values parameters by the United States
Environmental Protection Agency (EPA), The American
Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE), and the World Health Organization
(WHO), Guidelines on Energy Efficiency of Air
Conditioning Installations (EMSD) and Indoor Air Quality
guideline value for Japan and South Korea were shown in
table 3 and table 4.

Table 3. The Acceptable Values of Parameters to be provided by
WHO, EPA and ASHRAE Organization in Indoor Environment

Organization Eg,\//lrifg’ 527;153
WHO

EPA 50 25
(Pickett and Bell, (24 hours) (24 hours)
2011)

ASHRAE 50 25
(Tucker, 2002) (24 hours) (24 hours)
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Table 4. The Acceptable Values of Parameters to be provided by

EMSD Organization, Japan and South Korea in Indoor
Environment
o Temperature Relative

Organization oC Humidity %

EMSD (Guidelines on energy

efficiency of cultural heritage

- ScienceDirect, 1998) Z?Stﬁozzri)'s

(Guidelines on the energy (Excellent

efficiency of cultural heritage class)

- ScienceDirect, 1998)

EMSD (Guidelines on energy

efficiency of cultural heritage

- ScienceDirect, 1998) <25.5

(Guidelines on the energy (8 hours)

efficiency of cultural heritage (Good class)

- ScienceDirect, 1998)

Indoor Air Quality guideline ‘(13 ;%:r?s())

value for Japan and South (Excellent

Korea (Jeong, 2012) class)

Limit values accepted by EPA and WHO for PMy, and
PMa.s were set as the daily average (24 hours) respectively
50 pg / m® and 25 pg / m3. Accepted values by ASHRAE
for PM 10 were shown in table 3.

The maximum concentration of PM1 and PM25 in the ICU
and the isolated room were measured higher than the
accepted value by EPA, WHO, and ASHRAE’s limited
(Figure 3).

PM pg/m3

100 91.04

80 7379 Accepted
t value for
i 60 PMio
s 40
= —

20

0
*SN 2. *SN3. *SN 4.
Sensors

BPM25 EPMI0

Fig. 3 The maximum concentration of PM1o, PM2 5, and acceptable
limited

*SN1: Sensors Near The Nursing Station, *SN2: Sensors Near The
Entrance Door, *SN3: Sensors Near The Isolated Room, *SN4: Sensors
in The Isolated Room

It is important to note that temperature and RH will always
relate to affect the survival of airborne viruses in aerosols.
Temperature is one of the most major factors affecting virus
survival, as it can affect the state of the virus genome. Virus
survival decreases progressively at 20.5°C —24°C. The
maximum temperature was recorded by sensors in the ICU
and the isolated room was higher than the accepted limits
(Wingate, n.d.) (Figure 4).
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Temperature °C
30 2847 2828 2905 2735
25 — Good Class
20
&b |
=
10
5
0
*SN1. *SN2. *SN3. *SN4.
Sensors

Fig. 4 The maximum concentration of temperature and acceptable
limited

*SN1: Sensors Near The Nursing Station, *SN2: Sensors Near The
Entrance Door, *SN3: Sensors Near The Isolated Room, *SN4: Sensors
in The Isolated Room

Relative humidity ranges about 55%-60% for more critical
areas, such as operating theatres and recovery and the
intensive care unit. Maximum percentages of relative
humidity were measured in the ICU and the isolated room
were lower than the acceptable value from the Indoor Air
Quality guideline value for Japan and South Korea (Figure
5).

Relative Humidity %

70 Good Class
0
> 60
B0 4538 4468 4387
: 39,12

40
230
E 20
& 10 E 3

0
*SN 1 *SN 2. *SN3. *SN 4.
Sensors

Fig. 5 The maximum concentration of RH and acceptable limited
*SN1: Sensors Near The Nursing Station, *SN2: Sensors Near The
Entrance Door, *SN3: Sensors Near The Isolated Room, *SN4: Sensors
in The Isolated Room

5. Conclusion

In public places such as hospitals and schools, the level of
indoor air quality is important for local administrators as
social health is important.

However, poor indoor air quality in buildings can cause
short and long-term health problems. Indoor air quality has
been the outcome of diseases such as including deficits in
lung function, chronic respiratory disease, lung cancer,
heart disease, nervous system, liver, or kidneys(Lakestani
et al. 2013).

Especially during the COVID-19 pandemic, it is thought
that in critical areas like the intensive care units that will
reduce the rate of spread of the diseases by the continuous
monitoring of indoor air pollutants. Improving and
increasing the indoor air quality in the hospitals for
healthcare staff, patients, and visitors has been a part of the
policies of hospital local governments.
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The aim of this study, to provide real-time monitoring of
indoor air quality levels by using wireless sensor networks
in critical areas such as the intensive care units in hospitals
and helping to take necessary measures. The results of this
study include:

e Doctor controls of all the ICU services are done at
approximately 10 o'clock. When the measured
parameters were analyzed, it was seen that the increase
usually at the doctor's control hours. To minimize the
spread of the viruses, especially in cases such as the
COVID-19 pandemic, the number of people in the
indoor environment, such as the ICU, should be reduced
as much as possible. Therefore, doctors’ hours of control
of the ICU patients should be spread throughout the day.

¢ According to the results, when the number of patients
was more than 6 people, it is seen that the measured
values, especially PM’s values, sometimes exceed the
maximum limits recommended by internationally
accepted institutions.

The results have shown that the quality and quantity of
HEPA filters were insufficient. Hospital management has
been advised to review this situation.

After the COVID-19 pandemic, in the places where social
public health is important and potential disease risk is high
using new technologies that produce ozone, hydroxyl
radicals, and emit UV light in addition to HEPA filets, can
reduce environmental pollutants in the air to a minimum.
Thus, in high-risk areas, it can use the negative pressure
factor to minimize the connection of the potential virus with
the outdoor.

To improve the maximum levels of indoor air quality in
critical regions such as the ICU the following issues will be
taken into consideration in future studies.

o By placing more sensor nodes in the ICU in which place
the density of the parameters of indoor air quality is
higher. In the 1CU, a density map of indoor air quality
in terms of parameters will be determined. It is thought
by using this map will placement of HEPA filters and
increase the efficiency of the filters. The increasing
efficiency of the filters in the ICU affects the
improvement of indoor air quality.

e When the indoor air parameters will be higher than the
accepted level by worldwide, the relevant personnel will
be automatically alerted with the instant messaging
application and necessary measures will be taken
urgently.
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The effect of media ion and nitrogen gas dissolved in water on color removal with
sonolysis, Fenton and sono-Fenton in the continuous flow ultrasonic reactor
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Abstract: Ultrasound has been researched as an alternative technique for color removal methods from water and wastewater. In
this study the color removal from water using sonolysis, Fenton, and Sono-Fento was investigated and the effects of power intensity,
media ions and nitrogen gas dissolved in water were investigated in model working solution with Basic Red 29 Dye in the
continuous flow ultrasonic reactor. The experimentation was performed at 22 kHz ultrasonic frequency with different power
intensity application in the ultrasonic system. The optimum color removal efficiency was achieved with 0.45 W/cm? power
intensity. The color removal efficiency of Basic Red 29 was raised to two times with the coexistent effect of media ions while the
media ions and dissolved gas increased to four times simultaneously. To conclude, the color removal efficiency followed from this
order in sonolysis: No+ SO42+ HCO3+NO32> HCO3> SO42+ HCO3+NO32> SO42 >N2> NO372. In Fenton process, the effects
of Fe*? and H20: concentration on system performance were examined obtaining 89% color removal efficiency by using 20 mg/L
Fe™? and 1000mg/L H202. With the hybrid Sono-Fenton process, the required Fe™? amount decreased by 1/5, when the color
removal efficiency increased to 98 % and there was no significant effects of media ions and dissolved gas on Fenton and Sono-
Fenton treatment. As a result of toxicity studies, it was seen that the initial toxicity of wastewater decreased with treatment and the
Sono-Fenton method was the most effective method on toxicity removal. It was determined that color removal using Sono-Fenton
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can be accomplished successfully, economically and environmentally friendly.

Keywords: sonolysis, Fenton, Sono-Fenton, color removal, media ions, nitrogen gas, toxicity

1. Introduction

Wastewater production of textile industry has recently
gained great significance in environmental engineering in
terms of synthetic dye content and toxic characteristic. The
synthetic dyes are resistant to biological degradation (Tegli
et al. 2014) and it remains a challenge to efficiently and
accurately treat textile wastewater with conventinal metods
due to its relatively high level of acidity, toxicity, and non-
biodegredable organic load (Husain 2006). The textile
industry wastewater is generally accepted as persistent,
nonbiodegradable, photosynthesis limiting and toxic
characteristics to the aquatic ecosystem (Weng et al. 2014).

The number of studies on alternative technologies aims to
attain more effective color removal and reducing toxic
effect of dyes has increased, although various conventional
wastewater treatment methods have been used for color
removal of these industries effluents to prevent their
detrimental effects on aquatic ecosystem such as, adsorption

© EJBCS. All rights reserved.

(Khan et al. 2004), membrane processes (Sakoda et al.
1996) and ion exchange (Zhao et al. 2008), electrochemical
treatment (Surme and Demirci 2014), advanced oxidation
process (Lopez-Grimau et al. 2012), bio-sorption (Jin et al.
2014), nano-sized adsorption (Lin et al. 2015), and
sonolysis (Zhang et al. 2013) can be listed among these
alternative technologies.

Sonolysis has been used for various dyes with their different
natures in the literature. Ai et al. developed sonolysis to
remove Rhodamine B azo dye in aqueous solution in
addition to methyl orange, methylene blue and Reactive
Brilliant red X3-B with high removal efficiency (Ai et al.
2010). Zhang et al. demonstrated that sonolysis enhanced
the reduction efficiency of C.I. Acid Orange 7 in the zero
valent iron processes (Zhang et al. 2005). Sonolysis and
their hybrid applications combined with other methods like
sono-Fenton have been noticed to attain more efficient
decolorization and reduce chemical and energy
requirement. Fenton reaction can be improved by
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combining UV (photo-Fenton, solar photo-Fenton), or
ultrasound radiation (sono-Fenton), and electrical current
(Electro-Fenton). The characteristics of the textile industry
effluent is important for recent progress of the Fenton
processes like sono-Fenton adressed as alternative to the
treatment of textile effluents. (Ramos et al. 2021). Among
advanced oxidation processes often used for treatment,
sono-Fenton and photo-Fenton processes gain a lot of
attention due to high pollutant degradation efficiency thanks
to direct and synergistic effects of ultrasound and light
which lead to the highest generation of reactive radicals
such as "OH, 'H and "OOH and thier catalytic role of ferrous
ions (Moradi et al. 2020). Sayan and Edecan researched the
removal of Reactive Blue 19 dye using sono-Fenton
process. They reported that performing sonolysis with
Fenton provided more efficient color removal because of
accelerating synergetic effect of two systems (Sayan and
Edecan 2008). The combination of the various advantages
of these alternative methods such as, mass transfer
accelerator, reaction rate acceletor, and catalyst effect the
raise the removal efficiency, while the disadvantages such
as, energy consumption, chemical requirement, and high
cost are eliminated in the hybrid systems. Xu studied
Reactive Brilliant red X3-B textile dye, which is persistent
to UV radiation treatment, with different advanced
oxidation process and he reached the highest decolorization
efficiency in sono-photo-Fenton (US-Fe'?~H,0,-UV)
treatment (Xu 2001). Voncina and Majcen-Le-Marechal
investigated six different reactive dyes with sono-oxidation
(US-H,0,) treatment. They stated that advanced oxidation
process related to sonolysis application combined with
H,0,, UV, and ozone accelerated free radical formation
efficiency. Since sonication improved mass transfer and
chemical reaction speed (Voncina and Majcen-Le-Marechal
2003). Weng et al. studied with real textile wastewater and
achieved successful decolorization efficiency using sono-
Fenton process combined with 1 g/L zero valent iron dosage
and 0.01 M hydrogen peroxide concentration applying 47
kHz sonic frequency while operating cost was estimated
around 4.5 USD for 1 m® wastewater (Weng et al. 2014).
Chu et al reported the results of the heterogeneous Fenton-
like processes to remove organic dyes from water, and the
synergistic effects of ultrasound (US) and Fenton with
metalic biochar catalyst. The heterogeneous sono-Fenton-
like triple (US—H»O,—catalyst) system exhibited a high dye-
removal efficiency for methylene blue and orange (Chu et
al. 2020). The main reason for using sonolysis together with
other methods is that it requireshigh energy and cost to
obtain effective removal efficiency. Zhang et al. reported
that sonolysis did not enhance the colour removal of CI
Reactive Black 8 combined application with Fenton process
regarding to single Fenton treatment while improving COD
removal (Zhang et al. 2007). The main disadvantage of
other advanced oxidation methods (e.g., fenton) is the
requirement of oxidizing chemicals and the possibility of
forming toxic by-products as a result of treatment. An other
study perfomed by same research team stated that
ultrasound and Fenton process supported activated carbon
system had 88% decolorization efficiency of Crystal Violet
and acute toxicity of dye solution decreased after the
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treatment by Daphnia magna test (Zhang et al. 2013). The
possibility of toxic by-products formation in Fenton
treatment also depends on other ions being in the water. In
addition, these ions can be effective in color removal by
sonolysis eihter. The characteristics of the textile industry
effluent is important for recent progress of the Fenton
processes like sono-Fenton adressed as alternative to the
treatment of textile effluents. There is no detailed study in
which the effects of these characteristics on sonolysis,
Fenton and hybrid sono-Fenton processes and efflux
toxicity are examined in the literature.

The efficiency of such processes regarding the important
characterization parameters (media ions, color, dissolved
gas present in water) for model textile effluents was
investigated in this survey.In this study the color removal
from water using sonolysis, Fenton and sono-Fenton was
researched in the continuous flow ultrasonic rector. The
effect of media ions and dissolved nitrogen gases being in
the water were investigated on the single and hybrid
treatment processes by assessing toxicity.

2. Materials and Method
2.1. Sonolysis

The ultrasonic decolorization studies were performed in
continuous flow reactor with 22 kHz frequency, applying 26
W power. The ultrasonic reactor was used in this study
(refer to Fig. 1). A model wastewater was used in the
treatment studies including Basic Red 29 (refer to Fig. 2)
dye (Sigma Aldrich) with 40 mg/L initial concentration in
the 100 mL volume.
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Fig. 1 Experimental setup

CrIr

Fig. 2 Chemical formula of Basic Red 29



F Karaer Ozmen

The reactor was performed at 5 mL/min flow rate to the
ultrasonic reactor with 50 mL volume and the hydraulic
retention time was determined as 10 minutes during
decolorization treatment with sonolysis, Fenton, and Sono-
Fenton processes. The absorbance of collected samples was
obtained in UV-Vis spectrophotometer (Shimadzu UV-Vis
1600) at 506 nm and the decolorization efficiency
calculated using Equation 1.

Ci—Ce

x 100
G

Color removal efficiency (%) = (Eqn. 1)

Where,
C;=influent Basic Red 29 concentration, mg/L
C, =effluent Basic Red 29 concentration, mg/L

Each treatment was conducted with three independent
experiments at the same conditions and the average results
of all experiments was given in the result section.

2.2. Media ions effect on decolorization

In order to investigate effect of media ions present in water,
SO42, HCOj3', and NOs2 ions were added to system in form
of their water soluble sodium salt. Na,SOs (Merck
Millipore), NaHCO3 (Merck Millipore), and NaNO; (Merck
Millipore) were used to supply these ions to water with 0.1-
0.2 M SOs2, 4.1-8.2 mM HCO3, 4.0-8.0 mM NO;?
concentration added respectively to model wastewater
considering their legally permissible concentrations in the
surface waters as the quality parameters to examine their
effect on decolorization.

2.3. Dissoved nitrogen gas effect on decolorization

Thedissolved nitrogen gas in water was determined in
model wastewater solution in this study. The effect of
dissolved nitrogen gas on decolorization was examined with
8 L/hour, 12 L/hour, and 16 L/hour nitrogen gases
flowrates. The effect of three different nitrogen gases
flowrate on ultrasonic color removal was determined during
color removal from water using sonolysis and sono-Fenton.

2.4. Fenton and Sono-Fenton

Fenton (Fe™-H,0,) studies were conducted in a glass
beaker. The FeCl,.4H,O (Merck, 99% w/w) was used as
Fe™? source in Fenton treatment process. Firstly, The H>O;
concentrations were adjusted as 1000 mg/L in model
solution and the effect of Fe™? concentration was determined
containing 2, 4, 6, 8, 10, 20, 40, 60, 80, and 100 mg/L Fe*?
using suitable primary FeCl,.4H>O stock solutions.

Secondly, Sono-Fenton (US-Fe"2-H,0,) studies were
conducted in US reactor (refer to Fig. 1) using 1000 mg/L
H>O, (Merck, 35% w/w) concentrations and 20 mg/L Fe*?
concentrations. The effect of the media ions effect was
determined with 0.2 M SO472, 8.2 mM HCOsand 4.0 mM
NOs2 concentration and the dissolved gas effect was
investigated 16 L/hour nitrogen gas flowrates on Sono-
Fenton processes.
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2.5. Toxicity Asesment

Toxicity tests of effluent and influent samples were
analyzed with Microtox Model 500 Analyzer (Azur
Environmental, Carlsbad, CA) as cytotoxicity investigation.
The lyophilized Vibrio fischeri bacterium (NRRL number
B-11177, Microtox Acute reagent, Modern Water) with
luminescence characteristics was used as a test
microorganism. The Vibrio fischeri bacterium was
incubated with reconstitution solution (nontoxic ultra-pure
water, Modern Water) and osmatic adjuster solution (22%
sodium chloride, Modern Water) at 15 °C during 15 min in
glass cells. Four serial dilutions of the sample were prepared
with dilution solution (2% sodium chloride, Modern
Water). Toxic effects of the test result were recorded for
each sample using Microtox calculation software (95%
confidence) with light emission reduction percent value of
15 min exposure of Vibrio fischeri to test sample.

3. Results and Discussion

In this study the color removal from water using sonolysis,
Fenton and Sono-Fenton technology was researched and the
effects of media ions and dissolved nitrogen gas were
determined in model synthetic Basic Red dye solution.

3.1. Sonolysis

The results of the experimentations process were given at
22 kHz frequency with different power intensity (W/cm?)
application to the system (refer to Fig. 3).

Basic Red Colour Removal(%)
o o = = =] N (¥5) W P Py
o o W o W o wu o n
o o o o o (=] o o o o

0.00 0.20 040 0.60 0.80 1.00 120 140 1.60

Power intensity (W/cm2)

Fig. 3 Experimental setup

The optimum power intensity was determined as 0.45
W/cm?, and raising the power intensity bigger than 0.45
W/cm?because the applied power is more than 0.45 W/cm?
caused an increasement in heat or resonance of the
ultrasonic system. The other sonolysis studies were
performed this optimized power intensity with 0.45 W/cm?,
The results of the effect of sulphate ion on color removal
were investigated for 0.1-0.2 M SO472 (refer toFig. 4).
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Fig. 4 The effect of sulphate ion on color removal

Another parameter considered in the color removal with
sonolysis is the presence of media ions such as sulphate,
bicarbonate, and nitrate presented in the liquid. According
to Fig. 4, it was determined that suphate ion had negative
effect on color removal efficiency of sonolysis. Dissolved
ions accompanying in water can lead to the formation of
ultrasonic cavitations, but they can have a negative effect as
they can also cause an additional reactions such as
conversion of the sulphate to sulfite or persulphate
(Gayathri et al. 2010).

H,O + ultrasonication— He + OHe (Eqn. 2)
SO42 + He + OH*— SO4~+ H,0 (Eqn. 3)
SO42 + S04~ — $,0572 (Eqn. 4)

Sonolyses catalyzes the production of persulphate, by
activating sulphate with formation of hydroxyl radical by
ultrasonication. If persulfate reaction in Eqn.4 has faster
kinetics than Eqn. 3, the degradation rate of Basic Red 29
was enhanced by the US activated persulphate. Thus, its
negative effect on color removal in the case of sulphate ion
addition (refer to Fig. 4) could be explained by Eqn 2-4.
The results of the effect of nitrate ion on color removal were
investigated for 4.0-8.0 mM NOs (refer to Fig. 5).
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Basic Red Colour Removal
(%)
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ek \

USR22 USR22+ 4 mM

Nitrate

USR22+8 mM
Nitrate

Fig. 5 The effect of nitrate ion on color removal

The nitrate ion addition affected the color removal
adversely in parallel with the sulphate ion results. Similarly,
it causes an additional reactions such as conversion of the
nitrate to nitrogen and ammonia (Koparal and Ogutveren,
2002). The ultrasonical reduction of nitrate ions to nitrogen
and ammonia could be explained as following reactions
(Govindan et al. 2015).
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+8e”
_ +2e) , -3
NO; ,,_+—2‘ NO, - >N, «—— NH;
| +6e T

(Eqn. 5)

The formation of additional reaction of nitrite, nitrogen gas,
and ammonia could be decreased the ultrasonic color
removal efficiency. The results of the effect of bicarbonate
ion on color removal were investigated for 4.1-8.2 mM
HCOj (refer to Fig. 6).
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Bicarbonate

USR22+ 8,2 mM
Bicarbonate

Fig. 6 The effect of bicarbonate ion on color removal

The addition of bicarbonate ion raised the color removal
efficiency of Basic Red 29 three times unlike sulphate and
nitrate ions. Bicarbonate ions could be identified as
accelerator agents in the sonoysis because the rate constants
of bicarbonate ions with sulfate and hydroxyl radicals are
relatively high. Hence the presence of bicarbonate ions can
eventuate in a competition for reaction with free radicals
(Feizi et al. 2019). The results of the effect of nitrogen gas
on color removal were investigated for 8, 12 and 16 L/h gas
flowrate (refer to Fig. 7).
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USR22 +16
L/hour
nitrogen

Fig. 7 The effect of nitrogen gas on color removal

The gas dissolved in the liquid affects the physical and
chemical properties of acoustic cavitation bubbles and
variation of the amount of dissolved gas in the liquid alters
the production of collapse. The change of the type of
dissolved gas modifies adiabatic rate, thermal transmission,
the surface tension of the liquid, and the hot spot
temperature of micro-bubbles. For these reasons the effect
of dissolved gas on color removal with ultrasound must be
investigated. After the nitrogen gas studies, it was observed
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that the addition of nitrogen gas did not have a significant
effect on sonolysis. The simultaneous effect of media ions
(0.2 M SOs2, 8.2 mM HCO? and 4.0 mM NOs? and
dissolved nitrogen gas (16 L/hour) on color removal in
sonolysis is given in Fig.8.

Basic Red Colour Removal

20
15 1
10
3 [

USR22 USR22+ Media  USR22 +16 USR22 +16
ions L/hour L/hour

Nitrogen Nitrogen +

Media ions

Fig. 8 The simultaneous effect of media ions (0.2 M SO42, 8.2 mM
HCOs and 4.0 mM NOs3? and dissolved nitrogen gas (16 L/hour)
on color removal

The color removal efficiency of Basic Red 29 was raised to
two times with the coexistent effect of media ions while the
media ions and dissolved gas increased four times
simultaneously. To conclude, the color removal efficiency
followed from this order in sonolysis: No+ SOs2+ HCO-
3-|-NO3'2 > HCO;z> SO42+ HCO3'+NO3'2> SO42 >N> NO;5
2

3.2. Fenton and Sono-Fenton

The effects of different Fe*? concentrations on color
removal were given in Fig. 9 in Fenton (Fe*>-H,0,) studies
to show the single effect of Fenton on Basic Red 29
removal.

100
90

80
70
60
50
40
30
20

Basic Red Colour Removal (%)

10

40 60
Fe+2 Concentration (mg/L)

80 100

Fig. 9 The effect of Fe'? concentration on Fenton (H20:
concentration is 1000 mg/L and pH:3.96)

When the H,O, concentration was set as 1000mg/L, the
colorremoval efficiency raised to 12.0 % from 89 % as the
concentration of Fe™? was raised from 2 to 100 mg/L. It was
determined that the applied Fe™ concentrations showed
same color removal trend between 20 and 100 mg/L Fe*?
concentration. Hybrid Sono-Fenton studies were carried out
in an ultrasonic reactor by setting Fe*? concentration to 20
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mg/L and H,O; concentration to 1000 mg/L. As in sonolysis
studies, the effects of media ions and nitrogen gas on the
Sono-Fenton were also investigated. The comparative graph
of these studies is given in Fig.10.
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40
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20
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l?Omg\ Fe+2+ (100m, ;:/\ Fe+2 (20m H Fe+2+ nitrogen gas media ions
1000 mg/LH202) +1000 mg/L 1000 mg/L H202)

H202)

Basic Red Colour Removal (%)

USR22+F1+
media
ions+nitrogen
gas

Fig. 10 The simultaneous effect of media ions

Comparing these results with literature, Weng et al.
examined the effect of their anions by adding NaCl,
NaxS04, Na,HPOs, NaNOs;, and NaClOs salts while
examining the removal of RS5 dye with Sono-Fenton at the
end of the study, it was seen that Cl-, SO42, NOs and ClO4
anions did not havesignificant effect, but H,PO4 anion
suppressed the system (Weng et al. 2013). In another study,
the effect of ClI° and SO4? ions was investigated.
Accordingly, CI" ion was negative for the destruction of
Blue2B (B54) and Red12B (R31) dyes; It has been observed
that SO472 ion does not have effect on destruction (Malik and
Saha, 2004). After the nitrogen gas studies, it was observed
that the addition of nitrogen gas did not have a significant
effect on Fenton and US/Fenton reactions, as in the study of
Saravanan and Sivasankar, 2015. They reported that the
maximum decolourization occurs at acidic pH of 3.0, Argon
gas bubbling, 8.82 mmol/L hydrogen peroxide, 10 g/L NaCl
addition and the colour removal are the highest for Fenton’s
reagent-treated Reactive Black 5 dye solution which
followed pseudo-first-order rate kinetics.

3.3. Toxicity assessment

The toxicity reduction of Basic Red 29 containing synthetic
wastewater was illustrated in Fig. 11.

Initial Toxicity _
F2(100 mg/L Fe+2+1000 mg/L H202) [N
F1(20mg/L Fe+2+1000mg/LH202) |
USR22 + F1 (20 mg/L Fe+2+ 1000 mg/L... | E
USR22+F1+ nitrogen gas [
USR22+F1+ media ions |G

USR22+F1+ media ions+nitrogen gas |G

000 020 040 060 08 100 120
Relative Toxicity Index (RTI)
Wt=15 Wt=5

Fig. 11 The simultaneous effect of media ions
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Toxicity assessment showed that 40 mg/L Basic Red 29
containing wastewater had a high toxic effect on Vibrio
fischeri bacteria. The phenol solution was used as control
according to Microtox Test Procedure with 50 mg/L
concentration. The LC50 concentration of untreated
wastewater was calculated as 20 mg/L (2%). In this paper,
even if the sonolysis, Fenton, and Sono-Fenton treatment
slightly reduced the toxicity of untreated wastewater in
parallel with color removal, the toxicity of wastewater was
significantly decreased with Sono-Fenton (US-Fe2-H,0,)
treatment. However, the wastewater treated with Sono-
Fenton (US-Fe™2-H,0,) still showed toxic characteristic
after 99% Basic Red 29 removal.

4. Conclusion

In this study the color removal from water using ultrasound
technology was researched and the effect of applied power
intensity, media ions, and nitrogen gas in water was
determined with ultrasonic color removal of Basic Red 29
dye in the continuous flow reactor. The optimum color
removal efficiency was achieved with 0.45 W/cm? power
intensity. As a result of the study, it was determined that
color removal from water using ultrasound technology can
be accomplished successfully. The color removal efficiency
of Basic Red 29 was raised to two times with the coexistent
effect of media ions while the media ions and dissolved gas
increased four times simultaneously. To conclude, the color
removal efficiency followed from this order in sonolysis:
N+ SO42+ HCO3'+NO3'2 > HCO3z> S04 2+ HCO3;+NO3"
2> 8042 >Np> NO;2. In Fenton process, the effects of Fe*?
and H,O, concentration on system performance were
examined obtaining 89% color removal efficiency by using
20 mg/L Fe'? and 1000 mg/L H,O,. With the hybrid Sono-
Fenton process, the required Fe™ amount decreased by 1/5,
when the color removal efficiency increased to 98 %. As a
result of toxicity studies, it was seen that the initial toxicity
of wastewater decreased with treatment and the Sono-
Fenton method was the most effective method for toxicity
removal.
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Ozet: Rutaceae familyasinin Fortunella cinsine ait olan kamkat, kiigiik meyveleri olan bir agagtir. Kamkat, anavatani olan Cin’in yani sira
Japonya, Amerika, Avustralya, Giiney Afrika, Porto Riko, Guatemala, Kolombiya, Brezilya ve Hindistan’da yetistirilmektedir. Meiwa
(Fortunella crassifolia), Hong Kong (F. hindsii), marumi (F. japonica), nagami (F. margarita), F. obovata ve F. polyandra gibi tiirleri
bulunmaktadir. Cap1 2 cm, agirlig1 10 g olan kamkat meyvesinin sekli yuvarlak veya oval olup tadi eksidir. Rengi turuncu sar1 kabugu ise
tipik bir aromaya sahip, tatl ve yenilebilirdir. Lif, seker ve mikroelementler yoniinden zengin olan kamkat meyvesinin hasat sonrasi raf
omrii, Penicillium'un etkisinden dolay1 nispeten kisadir ve bu da yiiksek diizeyde ¢iiriime ile sonuglanmaktadir. Ticari soguk depolarda 2-
4°C’de 1-2 ay, ev tipi buzdolabinda ise 2-3 hafta, kalitede 6nemli kayip olmadan muhafaza edilebilmekte, oda sicakliginda ise yalnizca
birkag giin dayanmaktadir. Kamkatin kalitesini korumak ve raf dmriinii artirmak igin ¢esitli teknolojiler uygulanmaktadir. Bu uygulamalar,
diisiik sicaklik, kurutma, modifiye atmosfer paketleme ve kaplama gibi bazi yontemlerdir. Kamkat taze olarak tiiketilebildigi gibi recel,
marmelat, jole, sos, surup, likor, sarap, tursu, sekerleme, sorbe, sufle gibi gesitli yiyecek tariflerinde kullanilmaktadir. Literatiir
incelendiginde kamkat meyvesinin taze veya kurutularak kullanilmasi, piire veya toz haline getirilerek kullanilmasi gibi uygulamalarin
¢esitli gidalarin aroma, renk, tekstiirel 6zellikler ve besin degerine etkilerinin arastirildig1 goriilmektedir. Kamkat meyve tozunun biskiivi,
kek; piiresinin dondurma, yogurt ve fonksiyonel icecek eldesinde kullanildigi ¢aligmalarin yani sira kamkattan meyve suyu, regel, sirke,
likor ve sarap gibi iiriinlerin {iretimi ve iiretim parametrelerinin belirlenmesine yonelik ¢alismalar bulunmaktadir. Bu derlemede kamkat
meyvesi ile ilgili bilgilere yer verilmis olup muhafazas1 ve gida iiretimindeki kullanim alanlarindan bahsedilmistir.

Anahtar Kelimeler: Kamkat, kamkatin muhafaza yontemleri, kamkat iiriinleri

Preservation of kumquat and its uses in the production of various foods

Abstract: Kumquat, which belongs to the Fortunella genus of the Rutaceae family, is a tree with small fruits. Kumquat is grown in Japan,
America, Australia, South Africa, Puerto Rico, Guatemala, Colombia, Brazil and India as well as its homeland of China. There are species
such as Meiwa (Fortunella crassifolia), Hong Kong (F. hindsii), marumi (F. japonica), nagami (F. margarita), F. obovata and F.
polyandra. The kumquat fruit, which has a diameter of 2 cm and a weight of 10 g, is round or oval in shape and has a sour taste. Its color
is orange-yellow and the peel, which has a typical aroma, is sweet and edible. The post-harvest shelf life of kumquat fruit, which is rich in
fiber, sugar and microelements, is relatively short due to the effect of Penicillium, and this causes a high level of rot. It can be stored for 1-
2 months in commercial cold stores at 2-4°C, 2-3 weeks in domestic refrigerators, without significant loss in quality, and only a few days
at room temperature. Various technologies are applied to preserve the quality of kumquat and increase its shelf life. These applications are
some methods such as low temperature, drying, modified atmosphere packaging, and coating. Kumquat can be consumed fresh as well as
used in various food recipes such as jam, marmalade, jelly, sauce, syrup, liqueur, wine, pickles, candy, sorbet, soufflé. When the literature
is examined, it is seen that the effects of applications such as using kumquat fruit fresh or dried, using it as puree or powdered, on the
aroma, color, textural properties and nutritional value of various foods. There are studies in which kumquat fruit powder is used in the
production of biscuits and cakes, and kumquat fruit puree is used in the production of yogurt and functional beverage. In addition, studies
have been carried out to determine the production and production parameters of products such as fruit juice, jam, vinegar, liquor and wine
from kumquat. In this study, information about kumquat fruit is given and its storage and usage areas in food production are mentioned.

Keywords: Kumquat, preservation methods of kumquat, kumquat products
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1. Giris

Rutaceae familyasinin Fortunella cinsine ait olan kamkat,
Rutaceae familyasmmin bir bagka tiyesi Citrus cinsi ile
akrabadir (Sadek ve ark. 2009). Fortunella japonica,
Fortunella margarita, Fortunella crassifolia ve Fortunella
hindsii tarim1 yapilan baslica tiirleridir (Lou ve Ho 2017).
Bunlardan meiwa kamkat olarak adlandirilan Fortunella
crassifolia, nagami kamkat olarak adlandirilan Fortunella
margarita Hawai’de en yaygin yetistirilen tiirler iken
sirastyla Hong Kong vahsi kamkat ve marumi kambkat
olarak bilinen Fortunella hindsii ve Fortunella japonica ile
birlikte F. obovata, ve F. polyandra Giineydogu Asya’dan
Japonya’ya kadar yetisen diger tiirlerdir (Love ve ark.
2007). Uzun yillardir meyvesinden faydalanmak veya siis
bitkisi olarak ve hediye paketi ticaretinde kullanilmak tizere
Cin, Japonya, Amerika, Avustralya, Giliney Afrika, Porto
Riko, Guatemala, Kolombiya, Brezilya ve Hindistan’da
yetistirilmektedir (Citrus pages 2021).

Kokleri iyi gelismediginden kamkat nadiren tohumdan
yetistirilmekte, genellikle portakal ve greyfurt agaclarina
asilama  yoluyla yetistirilmektedir. Kamkat agaci
subtropikal bir aga¢ olarak kabul edilmekte ve diisiik
irtifadan 5000 ft'e kadar yiiksekliklerde yetisebilmektedir.
Yavas biiyiiyen bir agactir ve kis mevsiminde dinlenme
doénemine girmektedir. Kurakliga hassas, fakat genis bir
sicaklik araligina toleranshidir (Love ve ark. 2007). Sicaklik
gereksinimi 26-37°C olmakla birlikte 10-15°C gibi diisiik
sicakliklara da, hasara ugramadan karsi koyabilmektedir.
Deniz kenar1 kosullarina uyum saglayabildigi gibi iklimin
pek ¢ok turunggil igin ¢cok soguk sayilabilecegi bolgelerde
de yetigebilmektedir. Ancak daha sicak bolgelerde daha iyi
yetismekte ve daha biiyiik ve tatli meyveler vermektedir
(Abobatta 2016).

Bolca giines 15181na ihtiya¢ duyan kamkat agaglari, toprak
iyi drene edilmis oldugu siirece ¢ogu toprak tipine ve pH’a
uyum gostermektedir (Abobatta 2016). Her 4 ayda bir, ¢ok
amagli narenciye giibresi ile giibrelenmesi ve kurak
donemlerde sulama yapilmasi kamkat agacinin saglikli ve
iretken kalmasini saglamaktadir (Love ve ark. 2007).

Boyu 1-2,5 m yiikseklige ulasabilen kamkat agaci vazo
seklinde veya yuvarlak bir izdiisiime sahiptir. Agacin agik
yesil renkli dallar1 dikensiz veya az dikenli olabilmektedir.
Ust yiizeyi parlak koyu yesil, alt yiizeyi ise acik yesil renkli
olan basit ve mizraksi yapraklari 3,25-8,6 cm uzunluga
sahiptir. Ilkbaharda hos kokulu beyaz cicekler agmaktadir.
Kis mevsiminin ortasinda veya sonuna dogru kamkat
meyveleri olgunlagmaktadir (Abobatta 2016). Tamamen
olgun ve turuncu oldugunda hasat edilen meyvelerde kusur
olmamali ve meyve sinekleri tarafindan zarara ugratilip
ugratilmadigi dikkatle incelenmelidir (Love ve ark. 2007).

Agirhigr yaklagik 10 g, genisligi 1,6-4 cm olabilen kamkat
meyvesi kiiresel, oval, yuvarlak veya yumurtamsi sekle
sahiptir. Kii¢iik meyve i¢i 3-6 parcadan meydana
gelmektedir ve asitli veya yar asitli ve eksi tatta olup fazla
sulu degildir. Kabugu orta kalinlikta, piiriizsiiz yapida ve
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meyveye sikica baglidir. Rengi turuncu sar1 olan kabuk,
icerdigi flavonoid ve terpenoidler nedeniyle tipik bir
aromaya sahip, tatli ve yenilebilirdir. Meyve ¢ekirdegi,
kiigtik, sivri uglu ve olgunlasmanin basinda yesil renkli olup
bazi meyvelerde bulunmamaktadir (Anonim 2021; Wang ve
ark. 2012; Yildiz Turgut ve ark. 2015).

Vitaminler ve polifenoller gibi antioksidan ve
antimikrobiyal aktivite sergileyen cesitli besin 6gesi ve
fitokimyasallar1 igerdigi bilinen kamkat meyvesi ¢lirimeye
kars1 ¢ok hassastir. Genellikle Penicillium digitatum basta
olmak iizere kiiflerin etkisiyle depolama sirasinda oldukga
cabuk bozulmaktadir (Schirra ve ark. 1995; Li ve ark.
2022). Soguk depolama, meyve kalitesini korumak ve
patojen gelisimini 6nlemek icin iyi bir ara¢ iken, ¢lirlime
gelisimini  tamamen engelleyememektedir. Kamkatin
kalitesini korumak ve raf 6mriinii artirmak i¢in gesitli hasat
sonrasi teknolojiler uygulanmaktadir (Palma ve D’Aquino
2018). Genellikle kamkat meyvesi, ¢ekirdekleri harig¢ olmak
iizere kabugu ile birlikte taze olarak tiiketilmektedir. Bunun
yant sira regel, marmelat, j6le, sos, surup, likor, sarap, tursu,
sekerleme, sufle, sorbe ve Mogol eti yemegi yapiminda
kullanilabilmektedir (Love ve ark. 2007; Sadek ve ark.
2009; Wang ve ark. 2012; Yildiz Turgut ve ark. 2015;
Pinheiro-Sant’Ana ve ark. 2019). Literatiirde kamkat
meyvesinin taze veya kurutularak ya da piire ve toz haline
getirilerek ¢esitli gidalarin tiretiminde kullanilmasina ve bu
gidalarin bazi 6zellikleri iizerine etkilerinin incelenmesine
yonelik ¢aligmalar bulunmaktadir. Bu derlemede kamkatin
muhafazasi ve gida iretimindeki kullanimma ydnelik
yapilmis ¢aligmalarin bir araya getirilmesi amaglanmistir.

2. Materyal ve Metot

Bu c¢aligmada kamkatin farkli yontemlerle muhafazasi ve
cesitli gidalarin dretiminde kullanimi ile bu gidalarin bazi
ozellikleri iizerine etkisi konusunda yapilan ulusal ve
uluslararasi bilimsel ¢aligmalar derlenmistir.

3. Bulgular ve Tartisma
3.1. Kamkatin Kimyasal Bilesimi

Turunggil meyveleri, birbirlerinden énemli diizeyde farkli
kimyasal profil sergilemektedir (Kim ve ark. 2021). Bunlar
arasmda  kamkat, gerek besin  Ogeleri  gerekse
fitokimyasallar acisindan miikemmel bir kaynak olmasi ile
on plana c¢ikmaktadir. Lif, seker ve mikroelementler
yoniinden zengin ve besleyici bir meyve olan kamkatin
besin icerigi ve sekonder metabolitlerinin nitelik ve niceligi,
farkli kiiltiirel uygulamalar, tiretim alanlari, iklim kosullari,
genetik ¢esitlilik gibi faktorlere bagli olarak degisiklik
gostermektedir (Palma ve D’Aquino 2018). 100 g taze
kamkatin besin Ogeleri ve miktarlar1 tablo 1’de
gosterilmistir.

Kamkatin karbonhidrat igerigi 12,42 g/100 g sukroz, 10,36
g/100 g fruktoz ve 9,47 g/100 g glukozdan olusmaktadir
(Shanmugavelan ve ark. 2013). Kamkat meyve suyunda
baskin organik asit sitrik asit olup onu malik, tartarik ve
maleik asit izlemektedir (Koh ve ark. 1993).
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Tablo 1. Kamkatin besin 6geleri miktart (USDA 2021)

Besin 6gesi Miktar Besin ogesi Miktar
Su 80,8 ¢ Kalsiyum 62 mg
Enerji 71 kcal Demir 0,86 mg
Protein 1,889 Magnezyum 20 mg
Toplam lipid 0,86 g Fosfor 19 mg
(yag)
Kiil 0,52¢g Potasyum 186 mg
Karbonhidrat 15,9 g Sodyum 10 mg
Diyet lif 6,549 Cinko 0,17 mg
C vitamini 43,9 mg Bakir 0,095 mg
Tiamin 0,037 mg Kolin 8,4 mg
Riboflavin 0,09 mg A vitamini 15 ng
Niasin 0,429 mg  a-karoten 155 g
Pantotenik 0,208 mg  B- 193 g
asit kriptoksantin
B6 vitamini 0,036 mg  Lutein + 129 png
zeaksantin
Folat 17 pg E vitamini (¢ 0,15 mg
tokoferol)

Coklu doymamis yag asidi miktari, tekli doymamis ve
doymus yag asidi miktarindan fazla olan kamkatin lipit
miktart %0,26 ile %0,37 arasinda degismektedir. Yapisinda
en fazla bulunan doymus yag asitleri palmitik ve stearik
asittir. Kamkatin tekli doymamus yag asidi miktar1 %19,28-
%25,01 diizeyindedir ve en yiiksek miktarda bulunan tekli
doymamis yag asidi oleik asittir. Doymus ve tekli
doymamis yag asidi miktar1 birbirine yakin olmasina
ragmen ¢oklu doymamis yag asidi miktar1 bunlarmn iki kati
seviyesinde olan kamkat, %46,59-%52,03 oraninda ¢oklu
doymamis yag asidi igermektedir. Bunun da %34,08 gibi
6nemli kismini a-linoleik asit olusturmaktadir. a-linolenik
asit ve eikosapentaenoik asit de kamkatta bulunan ¢oklu
doymamis yag asitleri arasinda yer almaktadir (Gliney ve
ark. 2015).

Kamkatin ugucu yaglari turunggillerde oldugu gibi kabukta
yogunlasmistir. Ugucu yag kompozisyonunu 90°dan fazla
bilesigin olusturdugu bildirilmektedir. Bunlarin arasinda
terpenler en tipik bilesik olup limonen en fazla bulunan
terpendir ve tiim yagin %90"'idan fazlasini olusturmaktadir.
Diger onemli bilesenler ise mirsen (~%1,84), linalool
(~%1,4) ve etil asetattir (~%1,13). Kabuk yagindaki ana
bilesen limonen olmakla birlikte kabuk yaginin
karakteristik aromasini veren bilesigin sitronelil asetat
oldugu ifade edilmektedir. Kamkat esansiyel yaglari,
terpenil alkol ve esterlerin daha fazla cesidini ve
seskiterpenleri daha yiiksek miktarda igermesi ile
turunggillerden ayrilmaktadir (Palma ve D’Aquino 2018).
Gida endiistrisinde kamkat esansiyel yaglari, aroma
vermek, antioksidan ve antimikrobiyal etkisinden
yararlanmak Ttizere kullanim imkanmna sahiptir. Bu
baglamda ekstraksiyon yontemi Onem tagimakta olup
kamkat esansiyel yaglarinin hidrodistilasyon yontemiyle
ekstraksiyonunda ultrason ve mikrodalga Onislemleri,
esansiyel yag kimyasal bilesimini belirgin bir sekilde
etkilememekle birlikte ekstraksiyon verimini ve 2,2-difenil-
1-pikrilhidrazil (DPPH) radikal siipiirme aktivitesini
artirmaktadir (Yu ve ark. 2021).
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Kamkatin kabugu, meyve etine gore fenolik bilesik ve
flavonoid igerik yoniinden daha zengindir. Olgunlagmaya
bagl olarak meyvenin fenolik bilesik ve flavonoid igerigi
azalmaktadir. Olgunlasmis kamkat kabuk ve meyve etinde
toplam fenolik bilesik miktar1 kuru ekstrakita gallik asit
esdegeri (GAE) olarak sirasiyla 1362 mg GAE/100 g ve 799
GAE mg/100 g’dir. Olgunlasmamis kamkat kabuk ve
meyve etinde toplam fenolik bilesik miktar1 sirastyla 3000
GAE mg/100 g ve 1540 GAE mg/100 g (kuru ekstrakt)’dir
(Lou ve ark. 2016). Kamkat meyve etindeki baslica fenolik
bilesikler ponsirin, didymin, isorhoifolin, hesperidin,
narirutin olarak bildirilmigtir (Ramful ve ark. 2011).
Kamkat kabugundaki fenolik bilesikleri olusturan temel
gruplar C-glikolize flavonlar, O-glikolize flavonlar, C-
glikolize flavanonlar, O-glikolize flavanonlar, flavonoller,
kalkonlar, fenolik asitler ve tiirevleridir (Sadek ve ark.,
2009). Icerdigi flavonoid ve ucucu yag gibi bilesenler
sayesinde kamkat antioksidan kapasiteye sahiptir (Palma ve
D’ Aquino 2018). DPPH radikal siipiirme aktivitesi ve demir
iyonu indirgeyici antioksidan gii¢c yontemleri ile elde edilen
sonuglar, kamkat meyve kabugunun farkli turunggil
kabuklar1 ile kiyaslandiginda en gii¢lii antioksidan
kapasiteyi sergiledigini gostermistir (Chen ve ark. 2021).

Meyvesi eksi olan kamkatin tath olan kabugu, terpenoid ve
flavonoidler nedeniyle tipik bir aromaya sahiptir (Wang ve
ark. 2012). Bu sayede cesitli gidalarin dretiminde aroma
verici etkisinden yararlanmak tizere kullanimma ydnelik
caligmalar yapilmistir (Mousa ve ark. 2011; He ve ark.
2015; Aamer ve ark. 2017).

Kamkatta 11 karotenoid saptanmis olup bunlarin toplam
miktarinin  2185,16 pg/100 g oldugu bildirilmektedir.
Bunlardan B-karoten, pB-kriptoksantin, lutein ve zeaksantin
serbest halde, sitraurin-kaproat, sitraurin-laurat, sitraurin-
miristat, sitraurin-palmitat, kriptoksantin-laurat,
kriptoksantin-miristat, kriptoksantin-palmitat esterlesmis
halde bulunmaktadir. B-sitraurin-laurat ve p-kriptoksantin-
laurat kamkatta en fazla bulunan karotenoidlerdir (Pinheiro-
Sant’Ana ve ark. 2019). Kamkat meyve eti oldukca az
miktarda karotenoid icermesine ragmen, kabuk meyveye
gore fazla miktarda karotenoid igermektedir. B-sitraurin
(%16,6), (92)-violaksantin  (%16,9), B-kriptoksantin
(%11,4) ve violaksantin (%9,8) kabuktaki baslica
karotenoidlerdir (Agocs ve ark. 2007). Cesitli meyve ve
sebzelerde sari, turuncu, kirmizi gibi renklerden sorumlu
olan karotenoidler, kamkatta bulunan sagliga faydali ikincil
metabolitler arasinda yer almaktadir. Karotenoidlerin
sagliga faydali etkileri arasinda pro A vitamini aktivitesi
gostermesi, antioksidan etkisi olmasi, kanser olusumunu
engellemesi yer almaktadir. Saglik {izerine olumlu
etkilerinin bulunmasinin yani sira karotenoidlerin gidalarda
renklendirici  olarak dogal ve yapay formlarn
kullanilmaktadir (Otles ve Ath 1997). Bu durum,
karotenoid  icerigi  yiksek olan kamkatin  gida
formiilasyonlarinda kullanilmasiyla iriiniin rengini olumlu
yonde etkileyecegi  yoniindeki goriislere  dayanak
olusturmaktadir. Nitekim kamkat ilavesinin biskiivi, kek,
yogurt, dondurma gibi driinlerin rengini olumlu yo6nde
etkileyebilecegi gosterilmistir  (Mousa ve ark. 2011;
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Cakmake1 ve ark. 2015; Aamer ve ark. 2017; Olcay 2019;
Yildiz Turgut ve ark. 2019).

Yangilanma dnleyici, antibakteriyal, antifungal, antiiilser ve
antitimdr etkilerinin oldugu ifade edilen fitosteroller de
kamkatin bilesiminde yer almaktadir (Ates ve Velioglu
2005). Kamkatin 12,56 ng/g fitosterol igerdigi, bunun da
kuru agihikta 1,02 pg/g kampesterol, 1,33 pg/g
stigmasterol, 7,04 ng/g sitosterol, 10,45 pg/g amirin, 8,43
pg/g lupenon’dan olustugu bildirilmektedir (Chen ve ark.
2017).

3.2. Kamkatin Muhafazast Ve Depolanmast

Amerika ulusal gida kompozisyonu veri tabanina gére, 100
g taze kamkatin 80,8 g’1 sudan olusmaktadir (USDA 2021).
Bu da su orani yiiksek diger meyve sebzeler gibi kamkatin
kisa slirede bozulmasina neden olabilmektedir. Ayrica
turunggil grubundaki meyvelerden biri olan kamkatin hasat
sonrasi raf dmriiniin nispeten kisa olmasinin bir nedeni de
yilksek oranda  Penicillium gibi  patojenik  bir
mikroorganizmanin etkisiyle ¢iirimesidir (Ladaniya 2008;
Youssef ve ark. 2014). Gliniimiizde kamkatin depolanmasi
sirasinda amaglanan yalnizca mikrobiyolojik ve kimyasal
bozulmalart o6nlemek degil ayni zamanda faydali
bilesenlerin yiiksek oranda korunmasini saglamaktir (Y1ildiz
Turgut ve Topuz 2020). Taze kamkat 2-4°C’de
depolandiginda, ticari depolarda 1-2 ay, ev tipi
buzdolaplarinda ise 2-3 hafta bozulmadan kalabilmektedir.
Oda sicakliginda ise 1-2 giin dayanabilmektedir (Love ve
ark. 2007).

Hasat sonrast depolama ve nakliye siirecinde su kaybi,
esmerlesme, ¢iirime ve mekanik yaralanmalar nedeniyle
besin degeri, aroma ve goriiniis gibi niteliklerde bozulmalar
meydana gelmekte ve depolama siiresi kisalmaktadir
(Hosseini ve ark. 2019). Bundan dolayr kamkatin raf
omriinii uzatabilecek ¢esitli muhafaza yontemleri iizerine
aragtirmalar yiiriitilmiis olup sogukta muhafaza, kurutma,
UV-C uygulamasi, bitki ekstraktlar1 ve dezenfektan
kullanimi ve kaplama bunlar arasinda yer almaktadir.

Muhafaza yontemlerinden biri olan kurutma islemi ile
meyvenin sahip oldugu su orani ve su aktivitesi (aw) degeri
diigiiriilerek depolama esnasinda mikrobiyolojik, kimyasal
veya biyokimyasal yollarla bozulmasimin ve Kkalitesini
kaybetmesinin onlenmesi amaglanmaktadir (Cemeroglu
2011).

Farkli kurutma yontemlerinin kamkatin bazi ozellikleri
iizerine etkisini incelemek amaciyla yapilan bir ¢alismada,
kamkat dilimlerinin bir kismi kurutma oOncesi haglama
islemine tabi tutulmus, bir diger kisim ise herhangi bir 6n
isleme tabi tutulmadan kurutulmustur. Kamkat meyvesi,
sicak hava, mikrodalga destekli sicak hava kurutma,
ultrason destekli ozmotik 6n kurutma sonrasi sicak hava ile
tamamlayici kurutma ve vakum olmak iizere 4 ayr1 kurutma
islemi uygulanarak nem orani yas baza gore %12+l
oluncaya kadar kurutulmustur. Kurutma sonrasi, diisiik
yogunluklu polietilen torbalar igerisinde 100 g’lik kamkat
dilimleri 4 ay boyunca 22-24°C oda sicakliginda
depolanmugtir. Depolama siiresi boyunca her ay fiiriinlerin
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nem miktari, aw, renk degerleri (L*, a*, b*, kroma, hue agist,
toplam renk degisimi), 5-hidroksimetilfurfural (HMF) ve
askorbik asit icerikleri bulunarak, bunlardaki degisim
gozlemlenmistir. Depolamanin sonunda nem igerigi ve aw
degerinde en yliksek artisin sirasiyla on islemli ultrason
destekli ozmotik 6n kurutma sonrast sicak hava ile
tamamlayict kurutma ve sicak hava ile kurutma yontemleri
ile  kurutulan O6rneklerde belirlendigi  bildirilmistir.
Orneklerin HMF degerleri incelendiginde en yiiksek artigin
6n islemsiz ultrason destekli ozmotik 6n kurutma sonrasi
sicak hava ile tamamlayici1 kurutma ve en diisiik artigin ise
on islemsiz mikrodalga destekli sicak hava kurutma
yonteminde  gergeklestigi  arastirmacilar  tarafindan
belirlenmistir. Caligma sonucunda en yiiksek askorbik asit
kaybinin 6n islemli ultrason destekli ozmotik 6n kurutma
sonrast sicak hava ile tamamlayic1 kurutma, en diisiik
askorbik asit kaybimin ise 6n islemsiz ultrason destekli
ozmotik 6n kurutma sonrasi sicak hava ile tamamlayict
kurutma yonteminde tespit edildigi ortaya konmustur
(Yildiz Turgut ve Topuz 2020).

Kamkatin depolama siiresine etki eden bir diger uygulama
meyvenin klor ile muamele edilmesidir. Sicaklig122°C olan
klor ¢6zeltisine 30 saniye daldirilarak klorlanan meyvede O.
ve 7. ginde goriintr bir kif gelisimi gozlenmedigi, 14.
giinde, yiizey alaninin %4,48'inde kiif olusumunda dikkate
deger bir artig oldugu ve 28. giinde ise kiif yayiliminin
ylizey alaninin  %13,62°sine ulastigt tespit edilmistir
(Kassim ve ark. 2016). Klor c¢ozeltileri kamkatta
kiiflenmeyi geciktirmesi, az maliyetli ve uygulamasmin
kolay olmasi sebebiyle kullanilsa da olasi kanserojenik
bilesiklerin olugumu gibi insan saghigini etkileyen bir
durum s6z konusu oldugu i¢in klora alternatif
uygulamalarin arastirildig ifade edilmektedir (Korkmaz ve
Tiryaki Giindiiz 2018). Bu uygulamalardan biri olan UV-C
1s518in - germisidal  etkisini  inceleyen  caligmalar
bulunmaktadir. UV-C 15181 uygulamasinin hasat sonrasi
turunggillerde goriillen ve bozulmalara neden olan P.
digitatum ve Penicillium italicum mikroorganizmalarini
inaktif hale getirip depolama Omriinii uzatmak amaciyla
kullanilabilecegi gosterilmistir (Giindliz ve Pazir 2013;
Giindiiz ve ark. 2015). Giindiiz ve Pazir (2013) UV-C islemi
uyguladiktan sonra 6 giin boyunca 25°C’de depoladiklari
turunggillerde kiif gelisiminin 3 kat daha diisiik oldugunu
belirlemistir.

Bitki ekstraktlarindan elde edilen bazi dogal bilesenlerin
antimikrobiyal ve antioksidan aktivite gostererek meyvenin
tazeligini koruyabilecegi ve raf dmriinii artirabilecegi ifade
edilmektedir. Bu bilesenlerden biri olan ellagik asit
uygulamasinin fizyolojik ve biyokimyasal
fonksiyonlarindaki azalmay1 ve doku hasarin1 engelleyerek
kamkat meyvesinin kalitesini 6nemli ol¢iide korudugu
tespit edilmistir. Bu sayede meyvenin raf omriinii 14-
16°C'de 2 ila 6 giin arasinda bir siire uzatarak 13 giine
cikardigi bildirilmektedir. S6z konusu ¢alismada ellagik asit
uygulanmamig kontrol o6rnekleri ile karsilastirildiginda
ellagik asit uygulamasmin meyve ¢iirlimesi oranini
%22,63'¢ indirdigi, meyve sertligi, toplam suda ¢dziiniir
kuru madde, titre edilebilir asitlik ve C vitamini igerigi
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seviyelerindeki diisiisii yavaslattigi gosterilmistir (Liu ve
ark. 2018).

Yenilebilir kaplamalarin uygulanmasinin fiziksel hasari
onlemek, goriiniimii iyilestirmek ve meyve g¢iirlimesini
azaltmak i¢in uygun maliyetli bir yaklasim olabilecegi ifade
edilmektedir. Nitekim sater otu ve tarhun otu esansiyel
yaglar1 kullanilarak hazirlanan kitosan bazli kaplamalarin
kamkatin depolanmasi sirasinda agirlik kaybimi azaltmada
ve titre edilebilir asitlik ile C vitamini igerigini korumada
etkili oldugu gosterilmistir. [laveten 30 giinliik depolamanin
sonunda duyusal yonden kabul edilemez olarak
degerlendirilen kaplanmamis kontrol orneklerine kiyasla
kaplanmig olan kamkatin duyusal yonden kabul
edilebilirliginin ¢ok daha yiiksek oldugu ortaya konmustur
(Hosseini ve ark. 2019).

3.3. Kamkatin Gidalarin Uretiminde Kullanimi

Kamkat meyvesinin tatli bir aromaya sahip olan kabugu,
meyvenin en tatli kismidir. Merkezi eksi olan meyve,
kabugu ile birlikte yenildiginde alisilmadik ferahlatici bir
lezzet vermektedir (Abobatta 2016). Bu nedenle taze olarak
titketimi tercih edilebildigi gibi kamkat meyvesinin cesitli
gidalarin iiretiminde taze veya kurutularak kullanilmasi,

plire veya toz haline getirilerek kullanilmas1 gibi
uygulamalar da mevcuttur.

Farkli yontemlerle elde edilen kamkat tozlarinin
fonksiyonel  ozelliklerinin ~ belirlenmesi ~ amaciyla

gergeklestirilen bir galismada kamkat meyveleri blender
kullanilarak pilire haline getirildikten sonra %10
maltodekstrin ilave edilerek ve maltodekstrinsiz olarak
sicak havada ve dondurarak kurutma yontemleri ile
kurutmanin ardindan G&giitiilerek toz haline getirilmistir.
Toplam fenolik madde, flavonoid ve karotenoid miktari,
antioksidan aktivite ve flavonoid kompozisyonu gibi
fonksiyonel ozellikler acisindan  karsilastirildiginda
dondurarak kurutulan maltodekstrinsiz kamkat tozunun
digerlerinden iistiin oldugunu ve maltodekstrin ilavesinin
dondurarak kurutma yoéntemiyle elde edilen toz iriinde
askorbik asit icerigini, sicak hava ile kurutma yonteminde
ise flavonoid bilesenlerin miktarin1 olumlu etkiledigini
belirleyen arastirmacilar, kamkat tozlarmin kek, pasta,
puding, ekmek, meyveli igecek gibi iirlinlerde aroma verici,
renklendirici ve fonksiyonel katki maddesi olarak
kullanilma imkani bulabilecegini vurgulamistir (Yildiz
Turgut ve ark. 2019). Nitekim Olcay (2019) ve Olcay ve
Demir  (2021) tarafindan  yapilan  caligmalarda,
konveksiyonel, mikrodalga ve vakumlu kurutma uygulanan
kamkat meyveleri ogiitiiciden gegirilerek meyve tozu
haline getirilmis ve bugday unu agirliginin %10, 20 ve 30’u
olacak sekilde kamkat tozu ikameli biskiivi ve kek
iiretiminde kullanilmigtir. Kamkat tozu ilave edilen biskiivi
ve kek orneklerinin renginin koyulastigi, bunun istenmeyen
bir durum olmakla birlikte kamkat tozunun kendine has
rengi ile sarilik ve kirmiziligmm da artmasinin iriinlerin
albenisini artirdig1 ve en iyi renk degerlerinin mikrodalga
yonteminin kullanildig1 triinlerden elde edildigi ifade
edilmigtir. ~ Aragtirmacilar  tarafindan, kamkat tozu
ikamesinin, Orneklerin fenolik bilesik igeriginde yiiksek
miktarda artis, fitik asit igeriginde ise biiylik oranda diisiis
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saglamast nedeniyle kamkat tozlu kek ve biskiivilerin
mineral emilimi fazla, antioksidan kapasitesi yliksek
fonksiyonel {iriinler olarak diisiiniilebilecegi belirtilmistir.
Kamkat tozu ilave edilmesinin biskiivilerin fiziksel
ozelliklerini gelistirdigi ve kamkat tozu ikameli biitiin
orneklerin begenilerinin yiiksek ve kabul edilebilir nitelikte
olduklar1  tespit  edilmistir. ~Kamkat meyvesinin
kurutulmasinda mikrodalga kurutmanin en uygun yontem
oldugu belirlenen ¢alismalar sonucunda, %10 kamkat
meyve tozu ikamesinin duyusal kabul edilebilirlik agisindan
en uygun oran oldugu ve kurutulmus kamkat meyve
tozlarmm Dbiskiivi ve kek fiiretiminde kullanimi ile bu
iriinlerin ~ kimyasal =~ ve  besinsel  dzelliklerinin
gelistirilebilecegi ve fonksiyonelliginin artirilabilecegi
ortaya konmustur. Kamkat meyvelerinin kek tiretiminde
kullanildig1 bir baska c¢alismada He ve ark. (2015), taze
kamkat meyvelerini kullanarak selenyumca zengin kek
iiretimi gerceklestirmistir. Organik selenyum katkisi igin
selenyumca zengin mayanin tespit edildigi arastirmada, en
uygun jel ajanlart formiilasyonunun agar: karragenan:
pektin=2:2:1 seklinde oldugunu tespit eden arastirmacilar,
optimum kamkat meyve keki formiilasyonunu, kamkat
meyve piiresi: beyaz toz seker: malt surubu: jel ajanlari:
sitrik  asit=40:20:40:3:0,4 olarak bildirmistir. Tabaka
kalinlig1 8 mm olacak sekilde hazirlanan kek karigiminin,
60°C sicaklikta 20 saat pisirilmesi ile elde edilen kekin,
zengin kamkat aromast, tekdiize doku, iyi bir tat ve esneklik
gosterdigi ortaya konmustur. Toplam selenyum igeriginin
229 pg/kg'a ve organik selenyum igeriginin 198 pg/kg'a
ulagmasit nedeniyle, meyveli kekin selenyum agisindan
zengin bir Urlin olarak kabul edilebilecegi bildirilmistir.
Kamkat meyvesi kullaniminin, keklerin yani sira gesitli
tirlinlerin tat, aroma, renk gibi duyusal 6zelliklerini
iyilestirdigini ortaya koyan caligmalar mevcuttur. Cakmake1
ve ark. (2015), kamkati dondurma {iretiminde kullanarak
dondurmanin kalite dzellikleri {izerine etkisini incelemistir.
Bu amagla meyveler c¢ekirdekleri c¢ikartildiktan sonra
blender kullanilarak ezme haline getirilmis ve elde edilen
kamkat ezmesi bir dondurma karigimina agirlik¢a %5, 10 ve
15 oraninda ilave edilerek kamkatli dondurmalar
{iretilmistir. Tlave edilen kamkat ezmesi orani arttikca,
potasyum ve magnezyum mineralleri, C vitamini, toplam
fenolik ve flavonoid bilesik miktar1 ve hacim artis1
degerinde artma meydana geldigi ve %10 ve 15 kamkat
ezmesi ilavesinin ilk damlama siiresini ve tam erime
stiresini artirdigi tespit edilmistir. En yiiksek lezzet puanina
%10 kamkat ezmesi ilavesi, en yiiksek renk puanina %15
kamkat ezmesi ilavesi ile tretilen dondurmalarin sahip
oldugu bildirilen ¢aligma sonucunda, kamkat ezmesi ilave
edilmesinin dondurmanin duyusal ozelliklerini olumlu
etkiledigi ve bu nedenle dondurma iiretiminde dogal renk ve
aroma maddesi kaynagi olarak  kullanilabilecegi
bildirilmistir. Ilave olarak elde ettikleri bulgulara gore
arastirmacilar, kamkat ezmesinin dogal antioksidan kaynagi
olarak degerlendirilebilecegini ifade etmistir. Kamkat piireli
diisiik kalorili yogurt {iretimi yapan Mousa ve ark. (2011),
blenderdan gecirerek piire haline getirdikleri meyveyi,
sakkaroz, fruktoz, stevia ve bunlarin karigimlart ile
tatlandirdiklar1 yogurt 6rneklerine ilave etmistir. Yogurtlara
iiretimden sonra ve 7 ile 14 giin depolamanin ardindan
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kimyasal, fiziksel ve mikrobiyolojik analizler yapilmistir.
Buna gore 14 giin depolamanin ardindan en yiiksek protein
oranina sakkaroz ile hazirlanan kamkatli yogurdun, en
ylksek B-karoten oranina sakkaroz-stevia karigimi ile
tatlandirilan kamkatli yogurdun sahip oldugu belirlenmistir.
Yapilan duyusal degerlendirme sonucu, sakkaroz ile
hazirlanan kamkatlh yogurdun tat-aroma, tekstiir ve renk
yoniinden en yiiksek degerlere, stevia ile hazirlanan
yogurdun ise en diisiik degerlere sahip oldugu ortaya
konmustur. Peynir endistrisi yan tiriinleri, yogurt kiiltiirii ve
kamkat kullanilarak fonksiyonel igecek tiretiminin yapildigi
bir calismada Aamer ve ark. (2017), ¢ekirdekleri gikartilan
meyvelerin  blenderdan  gecirildikten sonra  cam
kavanozlarda 10 dk siireyle 90°C’de 1sitilmasiyla hazirlanan
kamkat piiresi ve bu piirenin %43-44 kuru madde olacak
sekilde seker ilave edilerek kaynatilmasiyla hazirlanan
kamkat ezmesininin, kalsiyum, potasyum ve magnezyum
gibi mineraller, B-karoten, C vitamini, toplam fenolik asitler
ve flavonoidler yoniinden iyi birer kaynak olduklarimi ve
yiksek antioksidan kapasitesine sahip olduklarim
bildirmistir. Ayni1 ¢alismada, kamkat piiresi ve ezmesi ile
peynir endistrisi yan {rlinlerinin farkli oranlarda
karistirilmasi ile hazirlanan tiim igeceklerin, yalnizca peynir
endiistrisi yan tiriinleri kullanilarak hazirlanan igeceklerden
toplam fenol, flavonoid, askorbik asit, B-karoten miktar1 ve
antioksidan aktivite yoniinden daha zengin olduklar1 ve
kamkat piiresi ve ezmesinin ilave edilmesinin i¢eceklerin
kabul edilebilirligini arttirdigi ortaya konmustur. Bu
verilerden yola ¢ikan aragtirmacilar, kamkat piiresi ve
ezmesinin kolay erisilebilir bir antioksidan kaynagi ve
potansiyel bir gida takviyesi olarak kullanilabilecegini,
peynir endiistrisi yan T{riinleri kullanilarak iiretilen
iceceklerde aromayi, besin degerini ve dogal rengi
gelistirmek {izere kullanilabilecegini bildirmistir.

Literatiirde kamkat meyve suyuna yonelik yapilan
calismalar da  bulunmaktadir.  Olgunlagsmis  ve
olgunlagsmamis kamkat meyvelerinden elde edilen meyve
suyunun flavonoid bilesen igerigi ve antioksidan
ozelliklerinin incelendigi bir ¢alismada, 13 flavonoid
bilesen  tanimlanmis ve  olgunlasmamis  kamkat
meyvelerinden elde edilen meyve suyunun, olgun
meyvelerin suyundan, flavonoidlerce daha zengin oldugu
saptanmistir. En yiiksek miktarda bulunan bilesigin,
olgunlasmis ve olgunlagmamis meyvelerden elde edilen
meyve suyunda sirastyla 19,9440,29 mg/L ve 62,49+0,50
mg/L diizeyinde bulunan ploretin 3',5'-di-C-B-glukozid
oldugu tespit edilmistir. Tanimlanan diger bilesiklerin 3,0
mg/L'den daha diisiik miktarlarda bulundugu ve bunlarin
bir¢ogunun, 6zellikle olgun meyvelerin suyunda, yalnizca
eser miktarlarda (<0,1 mg/L) var oldugu belirlenmistir.
Olgunlagmis ve olgunlasmamis meyve sularmin DPPH
radikaline karsi anlamli antioksidan etki gosterdigi ve
olgunlasmis meyvelerden elde edilen meyve sularinin en
ylksek etkinlige sahip oldugu bildirilmis olup kamkat
suyunun antioksidan aktiviteyi giiclendirmeye yonelik
diyetlere onemli katki saglayabilecegi ifade edilmistir
(Barreca ve ark. 2011). Zeng ve Huang (2011), elde ettikleri
kamkat suyunun aciligini gidermek amaciyla naringinaz
enzim muamelesi uygulamig ve bu islem i¢in ideal
kosullarin, enzim dozaji 1,4 g/L (enzim aktivitesi 414 U/g),
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enzim uygulama sicakligi 41°C ve uygulama siiresi 101
dakika seklinde oldugunu tespit etmistir. S6z konusu
kosullar altinda acilik giderme oraninin %48,23'e ulastigi
bildirilmistir. Koh ve ark. (1993), kamkat suyunun organik
asit kompozisyonunun %58,27 sitrik asit, %32,49 malik
asit, %9, 14 tartarik asit ve %0,08 maleik asitten olustugunu
ve malik asit igerigi yoniinden tilkemizde Rize mandalinasi
olarak bilinen Satsuma mandarininden oldukca farkli
oldugunu ortaya koymustur. Ayni ¢alismada kamkat suyu
ve portakal suyunun farkli oranlarda kullanilmasiyla
hazirlanan regellerin bazi kalite 6zellikleri de incelenmistir.
Kamkat suyu kullanilmadan hazirlanan regelde 1,294 g-
force olan sertlik degeri, regeldeki kamkat suyu orani
arttikca diigsmiis ve %100 oraninda kamkat suyu ile
hazirlanan recelde 355 g-force olarak belirlenmistir.
Regelde kullanilan kamkat suyu oraninin artmasinin diger
tekstiirel Ozelliklerde ise ¢ok biiyiik degisikliklere yol
acmadigim1  ifade eden  aragtirmacilar,  duyusal
degerlendirme yapildiginda %40-60 oraninda portakal suyu
iceren kamkat regelinin panelistler tarafindan portakal
receline gore daha {istiin  olarak degerlendirildigini
bildirmistir. Kamkat meyvesinin regel iiretiminde
kullanilabilirliginin ve kamkat recelinin bazi fiziksel ve
kimyasal oOzelliklerinin incelendigi bir bagka calismada
cekirdekleri uzaklastirilan ve 3 pargaya boliinen meyveler,
kabuktaki acilik maddelerini uzaklastirmak amaciyla
kaynar suda 15 dakika haslanmalarinin ardindan acik
kazanda  pisirme teknigi ile recel {iretiminde
kullanilmiglardir. Titrasyon asitligi, pH, suda ¢6ztniir kuru
madde, toplam kuru madde, CIE L, a*, b* renk degerleri,
toplam kiil ve bazi mineral madde analizleri yapildiginda,
elde edilen regellerin Tirk Gida Kodeksi Regel, Jole,
Marmelat ve Tatlandirilmis Kestane Piiresi Tebligi’nde
verilen kriterlere uygun oldugu tespit edilmistir. Taze
meyve ile kiyaslandiginda regeldeki mineral maddelerin
miktarinda diisiis gézlemlenmekle birlikte miktar yoniinden
¢oktan aza dogru sirastyla potasyum, kalsiyum magnezyum,
fosfor ve demir igeren kamkat regelinin insan saghgi ve
beslenmesinde 6nemli bazi mineral maddeler bakimindan
da iyi bir kaynak oldugu belirtilmistir (Y1ldiz Turgut ve ark.
2015).

Kamkatin sirke, likor, sarap gibi firlinlerin eldesinde
degerlendirilmesi de s6z konusudur. Liu (2011), kamkat
sirkesi tiretiminde alkol ve asetik asit fermantasyonlarinin
optimum  kosullarint  belirledigi ¢alismasinda, alkol
fermantasyonu i¢in optimum kosullarin baslangi¢ seker
konsantrasyonunun %17, aktif kuru maya inokiilasyon
oraninin %0,2 ve fermantasyon sicakliginin 32°C olmasi ile
elde edildigini tespit etmistir. Optimum asetik asit
fermantasyon kosullarim1 ise, asetik asit bakterilerinin
inokiilasyon orani %10, baslangi¢ alkol igerigi hacmen %7
ve fermantasyon sicakligit 32°C seklinde bildirmistir.
Aragtirmacit tarafindan bu kosullar altinda, kamkat
sirkesinin asetik asit igeriginin 4,7 g/100 mL’nin iizerinde
oldugu ortaya konmugtur. Wang ve ark. (2009a), AS1.41
asetik asit bakteri susunu kullanarak sivi hal fermantasyon
kosullarinda kamkat sirkesi tireterek fermantasyon siirecini
incelemistir. En uygun fermantasyon kosularini, baslangic
inokiilasyon orani %7 ve fermantasyon siiresi 8 giin
seklinde tespit eden arastirmacilar, bu kosullarda kamkat
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sirkesi asetik asit diizeyinin %4,69'a ulastigin1 bildirmistir.
Wang ve ark. (2009b), kamkat sirkesi durultulmasinda
kitosan kullanimint incelemistir. Optimum durultma
kosullari, kitosan miktar1 1,25 g/L, durultma sicakligt 50°C
ve durultma siiresi 3 saat olarak belirlenmistir. Fortunella
margarita tiiriine ait kamkat meyve yagindan geleneksel bir
Yunan likoriiniin elde edilerek ugucu bilesenlerinin
incelendigi bir ¢caligmada Kontaratou ve ark. (2007), meyve
likoriiniin ugucu bilesenlerini agirlikli olarak sirasiyla
%40,2 ve %]10,3 oraninda bulunan linalol ve limonenin
olusturdugunu ortaya koymustur. Summo ve ark. (2016),
kamkat kabuklar1 ve kabuklu kamkat meyvesinden
yaptiklart likorlerin ugucu bilesen kompozisyonunu, kabul
edilebilirlik ve tercih edilirlik durumlarmni belirleyerek
greyfurt kabugu likérii ve Italyan limon likérii olan
limoncello ile karsilagtirmigtir. Caligmada kamkat kabugu
lik6riiniin ugucu bilesen sayis1 yoniinden digerlerinden daha
zengin oldugu belirlenmistir. Kabuklu kamkat meyvesi
likoriiniin digerlerinden daha az ugucu bilesen igermesinin
nedeninin, yalnizca kabuklarin kullanilmasinin kabuk ile
alkol arasinda yiiksek temas alani yaratmasi ve tahrip olan
hiicrelerin ugucu bilesiklerin daha iyi ekstrakte edilmesine
imkan vermesi olabilecegi ifade edilmistir. Karbonil, alkol
ve esterlerin oksijenli bilesiklere oraninin likorde aroma
kalitesinin 6nemli bir gostergesi oldugunu belirten
aragtirmacilar, kamkat likorlerinin limoncellodan daha
diisiik oksijenli bilesik icerigine sahip olmasina ragmen
kabul edilebilirliklerinin yliksek oldugunu ve yiiksek
seskiterpen alkol icerigi sayesinde kabuklu kamkat meyve
likoriiniin umut vaat ettigini bildirmistir. Zhang ve Liu
(2010), seker ve bal gibi yardimct maddeler de kullanarak
oval kamkat kabugu likorii tiretmistir. Calismada 10 g oval
kamkat kabugu liksiviasyonu i¢in 50 mL Luzhou aromali
likér kullanilmig ve liksiviasyon 4 giin slirmiigtiir. Bu
igslemin ardindan alkol oran1 hacimce %20 ve seker igerigi
%15 olana kadar tatlandirici ile karigtirilmus ve tekrar oval
kamkat kabugu ilave edilerek 2 giin liksiviasyon
uygulanmustir. B-siklodekstrin 90,04 oraninda kullanilarak
aciligin giderilmesinin ve %0,04 jelatin uygulamasinin
ardindan elde edilen likoriin parlak, yar1 saydam ve hos bir
tat ve aromaya sahip oldugu ortaya konmustur. Chen ve ark.
(2014), kamkat kabuk yagmin fazla miktarda ugucu yag
icerigi nedeniyle fermantasyonu engellemesi ve pektinaz
kullanimmin neden oldugu fazla metanol olusumu
durumlariin Oniine ge¢mek igin sira eldesinde bir 1s1
ekstrakt yontemi uygulamistir. Isil islemin fermantasyon
oranini artirabilecegini ve bu sekilde elde edilen iriiniin
%10,29-13,20 (v/v) etanol igerdigini ortaya koymustur.
Fermantasyon siirecinde degerlerde azalma olmakla
birlikte, 1s1l islem uygulanmayan ve pektinaz ile muamele
edilen sira ile kiyaslandiginda, 1sil islem uygulamasinin
polifenol bilesik igerigini ve antioksidatif aktiviteyi
artirabilecegi belirlenmistir. Pektinaz kullanilan ve 1s1

ekstrakt ~ yontemi  uygulanan  driinlerin @ 3 ay
olgunlastirilmasmin ardindan etanol icerikleri (%13)
karsilagtirlldiginda fark olmadigi goriiliirken, metanol

iceriklerinin ise anlamli farklilik gosterdigi belirlenmis ve
181 ekstrakt yonteminin kamkat sarabiin metanol igerigini
onemli olgiide azaltabilecegi bildirilmistir. ilaveten
arastirmacilar ugucu asitligin 1,5 g/L (asetik asit cinsinden)
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olarak bildirildigi yasal diizenleme gz 6niine alindiginda
sarabin ugucu asitliginin bu degerin altinda ve toplam
asitliginin  4,5-4,7 g/L oldugunu ortaya koymus ve
esmerlesme reaksiyonunun 200 ppm kiikiirt dioksit ile
onlenebilecegini ifade etmistir.

4. Sonug

Kamkat meyvesi, vitamin, mineral, karotenoid, flavonoid
ve ugucu yag icerigince zengin ve Onemli antioksidan
aktivitesi olan bir meyvedir. Yararli bilesenler igeren bu
meyve saglik alaninda eskiden beri Cin halki tarafindan
terapOtik  olarak  kullanilmistir. Kabuguyla  birlikte
tilketilebilmesi  biyoaktif maddelerin alimi1 yoniinden
kamkati, turunggillere kiyasla 6nemli hale getirmektedir.
Taze olarak tiiketilmesinin yaninda ¢esitli yiyecek
tariflerinde de kullanilabilen kamkatin raf 6mrii depolama
kosullarina bagli olarak degismektedir. Kalite kaybin
azaltmak ve raf Omriini artirmak amaciyla sogukta
muhafaza, kurutma, modifye atmosfer paketleme, kaplama,
UV-C, bitki ekstraktlar1 ve dezenfektan ile muamele gibi
uygulamalar kullanilabilmektedir. Igerdigi bilesenlerin
saglik iizerine olumlu etkilerinden yararlanmak ve gidalarin
duyusal ozelliklerini gelistirmek amaciyla
kullanilabilirligini incelemeye yonelik caligmalar yapilmis
olup taze olarak, kurutularak, piire, ezme veya toz haline
getirilerek kamkatin biskiivi, kek, dondurma, yogurt ve
fonksiyonel igecek gibi ¢esitli gida formiilasyonlarina
katilmasi yoluyla iiriinlerin fonksiyonelliginin artirilmasini,
renk, aroma ve besin degeri gibi 0&zelliklerinin
iyilestirilmesini saglayabilecegi gosterilmistir. Buna ek
olarak meyve suyu, regel, sirke, likor ve sarap gibi tirlinlerin
iretiminde  degerlendirilmesinin ~ miimkiin  oldugu
aragtirmacilar tarafindan yapilan caligmalar ile ortaya
konmustur. Bu alanda arastirmalarin siirdiiriilmesi riin
cesitliliginin artmasina ve potansiyel fonksiyonel iiriinlerin
ortaya ¢ikmasina imkan tantyacaktir. Hem gida giivenligi
hem de tiiketiciye ulagsmadan 6nce ve ulastiktan sonra
yasanan meyve kayiplarinin yarattigt ekonomik zarar géz
Oniine alindiginda uygun depolama kosullar1 ve muhafaza
yontemlerinin 6nemi ortaya c¢ikmaktadir. Bundan dolay:
kamkatin taginmasi ve depolanmasi esnasinda gereksinim
duydugu kosullar saglanmali ve ihtiyag halinde uygun
muhafaza yontemlerinden yararlanilmalidir. Bu kapsamda
kamkatin muhafazasina yonelik olarak yapilacak yeni ve
ayrintili ¢aligmalarin farkli alternatifler yaratmasi acisindan
Onem arz ettigi diisiiniilmektedir.
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