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In this study, an electrochemical sensor was developed for the electrochemical determination of
melanin. For this purpose, phosphate buffer salt (PBS, pH 7.00) solution was used as an electrolyte, 2,5-
dimethylfuran (2,5-DMF) as a monomer, Pt wire as the auxilary electrode, Ag/AgCI electrode as the ref-
erence electrode and a platinum electrode as the working electrode. The modification of the electrode was
performed by polymerization of 2,5-DMF at the bare Pt electrode surface using the cyclic voltammetry
method. Parameters such as film thickness, scan rate and pulse amplitude with prepared 2,5-DMF modi-
fied platinum electrode (p(2,5-DMF)/PtE) were optimized by square wave voltammetry (SWV) in PBS
buffer containing melanin. In optimum conditions, the anodic peak height showed a linear increase with
the melanin concentration. The limit of detection (LOD) and limit of quantitation (LOQ) were calculated
to be 0.088 mmol/l and 0.292 mmol/l, respectively, with melanin concentrations ranging from 0.10 to
2.20 mmol/I and the correlation coefficient (R%) was calculated as 0.9985. Stability of the prepared sensor
was found to be 99.63% by using the reproducibility experiments (n = 15).
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PA3BOJ HA BOJITAMETPUCKHU CEH30P 3A OIIPEAEJTYBAIBE MEJIAHUH
CO YIIOTPEBA HA IINIATUHCKA EJIEKTPOJA MOJU®UKYBAHA
CO 2,5-JUMETUJI®YPAH

Bo 0B0j Tpy/1 € pa3BHEH eNEKTPOXEMHUCKH CEH30D 3a BOJITAMETPUCKO ONpPE/eTyBamhe Ha MEJIAHUH.
3a Taa 1mei, Kako OCHOBEH CJIEKTPOJIUT € yrmoTpebeH pactBop Ha ¢docdaren mydep co pH = 7,00, 2,5-
JuMeTWwIQypaH € KOPUCTEH Kako MOHOMEp, IUIATWHCKA JKHMBA CIY)KEIIe KaKo MOMOIIHA EJIEeKTPO/a,
Ag/AgCI enektposa e kopucTeHa kako pedepeHTtHa, gojaeka Pt enekrpona e ymorpebena kako paboTHa
eslekTpoaa. MomnpuKyBameTo Ha pabOTHATA EJICKTPOJa € H3BPIICHO CO MoJauMepu3anuja Ha 2,5-
quMerTwidypan Ha ToBpuiMHara oJ Pt emekTposga co mnpuMeHa Ha LMKIMYHA BOJTaMeTpHja.
OnTUMU3MpPakeTo Ha MapaMeTpuTe Kako MITO ce JeOenrHaTa Ha (UIMOT, Op3MHAaTa Ha CKEHHpame U
KBaJIpaTHO-OpaHOBaTa aMIUTUTYyJa € W3BPIICHO cO ymoTpeba Ha KBaJIpaTHO-OpaHOBa BOJTAMETpHja BO
(dbocharen mydep mro coapxku menaHuH. [Ipu ycinoBu mTo Oea ompesesieHd Kako ONTHMATHH, MOCTOU
JIMHEapHa 3aBUCHOCT TIOMely aHOJHara CTpyja Ha BOJITAMETPHCKMOT NHK M KOHIEHTpalujata Ha
MenaHuH. ['paHuiiara Ha JeTeKIMja U rpaHuUIlaTa HAa KBaHTU(HUKAIIM]ja HA MEJIAHUH COOJ[BETHO M3HECyBaa
0,088 mmol/l u 0,292 mmol/l, onipenenenu npu KOHIEHTPAIMK HA MeIaHUH BO nojpayje ox 0,10 mo 2,20
mmol/l, co koepuuuent Ha xopenanmja R? = 0,9985. CrabunHocTa Ha OBOj BOJNTAMETPUCKH CEH30D
nsHecyBaure 99,63%, mTo e mpecMeTaHo MPeKy eKCIepUMEHTH Ha penpoayunduiHoct (N = 15).

Kiy4yHu 300poBH: KBaIpaTHO-OpaHOBa BOJITaMETPHja; MEJIaHUH; CEH30D; 2,5-auMeTriidypaH
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1. INTRODUCTION

Dark brown melanin is synthesized by certain
fungal species. Although melanin is generally found
in the cell wall, some fungal melanin is found in the
medium in the form of granules in certain fungus
species [1]. Fungal melanins with high molecular
weight are also negatively charged and hydrophobic
pigments. These fungal pigments are formed by ox-
idative polymerization of phenolic and indolic com-
pounds such as glutaminyl-3,4-dihydroxybenzene
(GDHB), catechol, 1,8-dihydroxynaphthalene (DHN)
and 3,4-dihydroxyphenylalanine (DOPA). Some
fungi belonging to the Phylum ascomycota synthe-
size DHN-melanin from the polyketide synthase
pathway. A few species of fungi also synthesize
melanin from L-DOPA, which is the synthesis route
in mammals. Melanin is produced in special cells
called melanocytes [2, 3]. Melanin pigments are
produced by the oxidation and polymerization reac-
tions of the amino acid tyrosine, called melanogene-
sis. These pigments, which are not necessary for the
growth of fungi, protect microorganisms from
harmful environmental conditions. That’s why it has
been reported to act as "fungal armor". Fungi that do
not produce melanin are more sensitive than fungi
that produce melanin. Melanin-producing fungi are
resistant to antimicrobial drugs, lytic enzymes,
heavy metals, UV rays and free radicals. Especially
fungi with melanin such as Cladosporium and Al-
ternaria are resistant to heavy metal and unsaturated
hydrocarbon pollution.

The functions of melanin in living things are
different. Some types of melanin are synthesized
by many cephalopods as a defense mechanism
against predators. Melanin pigment has many
properties such as thermoregulatory, photoprotec-
tive, antimicrobial, antiviral, cytotoxic, anti-inflam-
matory and immunomodulator. Therefore, in re-
cent years it has been used in many fields such as
medicine, cosmetics, materials science and nano-
technology [4, 5]

There are three basic types of melanin called
eumelanin, pheomelanin and neuromelanin: The
most common type is eumelanin. Pheomelanin is a
derivative of cysteine that is largely responsible for
the color of red hair. Neuromelanin is found in the
brain. Eumelanin has excellent physical and chem-
ical properties, such as broad band absorbance,
free radical scavenging, as well as photo and elec-
trical conductivity [6, 7].

Since melanin is a biologically functional
and organic material, this pigment is of great inter-
est for many biotechnological applications in the
cosmetic, pharmaceutical, electronics and food
processing industries [8-10].

Pigments synthesized from microorganisms
have many advantages over animal and plant pig-
ments. Their production is economical, they are
easily produced in media, and they do not require
large production areas such as agricultural land
[11, 12].

Other microorganisms such as fungi also
produce a wide variety of biologically important
pigments other than melanin. Microorganisms act
as microbial cell factories that produce these pig-
ments. These are pigments such as carotenoids,
melanins, flavins, phenazines, quinones, monas-
cins, violacein and indigo [13, 14].

There are several methods for assessing the
amount of melanin in biological samples. One of
these is electron spin resonance spectrometry (ESR).
Electron spin resonance signals are measured over
free radicals derived from melanin. This technique
iS quite specific, but not sensitive. High perfor-
mance liquid chromatography (HPLC) is also used
to quantify melanin. The most widely used method
for measuring melanin is absorption spectroscopy.
The absorbance of melanin in the cells is measured
and compared with the data obtained with a stand-
ard synthetic melanin curve. Although it is the most
popular method for melanin, this method has its dis-
advantages; especially, this method does not always
provide precision. Therefore, there is a need for reli-
able, simple and economical alternative methods for
melanin quantification [15].

On the other hand, melanin is a promising
semiconductor biomacromolecule for application
as a pH sensor [16]. The melanin pigment is one of
a few bio-macromolecules that display electrical
and photo-conductivity in the solid-state. Melanin
is mechanically flexible and biocompatible. For
potential in vivo applications, bioelectronic sensing
devices based on melanin may be more useful as
opposed to many other conductive materials whose
performance declines with hydration [17].

Some metabolites produced by microorgan-
isms have the ability to detect a variety of sub-
strates compared to mammalian cells. These prod-
ucts belonging to microorganisms have many ad-
vantages such as low cost, mass production, and
easy genetic modification. These products can of-
ten be used as biosensors.

Biosensors are usually analytical devices
that identify and recognize a particular component.
These biosensors combine a biological structure or
product with a physicochemical detector for the
detection of a chemical [18-20]. Biological struc-
tures such as tissue, microorganisms, organelles,
cell receptors, enzymes, antibodies, nucleic acids,
etc. are biomimetic structures that recognize the
target, react with it, and bind or recognize it.
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Biological products, materials or structures,
act as a biosensor designed to detect an effect that
can be measured by the transducer and react with
the relevant material. There are many biomolecules
that can be used as biosensors. These are anti-
body/antigens [21], enzymes/ligands, nucleic ac-
ids/DNA, cellular structures/cells, or biomimetic
materials [22, 23].

In recent years, many biomaterials have been
used as a substrate for the production of biode-
gradable and biocompatible electronics [5, 8]. Mel-
anin is a polymer obtained from natural sources and
therefore has good biocompatibility and bio-
stability. For example, when fungal melanins were
added to cell culture or injected directly into organ-
isms, various side effects such as cytotoxic effects
and any antigenic response were not observed [9—
11, 12]. In addition to the easy and cheap availabil-
ity of melanin, it also has many other properties
such as scavenging free radicals, UV-visible and
infrared radiation absorption, and hybrid ionic-
electronic conductivity [13, 14, 18]. In terms of
these properties, melanin is a specific biomaterial
for biotechnological applications. [19, 20].

Determination of melanin is also important
due to the above mentioned features. There are no
methods to accurately determine the proportion of
various units contained in melanins [24], although
the determination of melanin is mostly conducted
by spectroscopy, electron paramagnetic resonance
(EPR) spectroscopy [25], photoacoustic spectros-
copy [26], HPLC [24], and electrochemical anayl-
sis methods [27, 28]. There are not many studies
on this subject in the literature. Morever, previous
methods used for quantification of melanins in
pigmented tissues required the isolation of mela-
nins [24]. Sensors, especially, have made great
progress in the determination of biologically im-
portant compounds such as antioxidants or drug
active substances in recent years [29-34].

Electrochemical sensors are a crucial alter-
native for making analysis more accurate, faster
and reproducible at lower costs. Especially, with
specially modified electrodes, very low concentra-
tions and highly reproducible results can be ob-
tained in a very short time.

Electrochemical techniques most frequently
encountered in biomedical investigations are po-
tentiometry and voltammetry. Voltammetric tech-
niques are recognized as cheap, simple, and power-
ful tools provided by commercial electrochemical
instrumentation.

Voltammetry is used in many laboratories
dealing with chemical, biochemical, environmental
and physical analysis. It is particularly important
for the detection and quantification of biochemical
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and physiologically active compounds and is a
technique underlying the operation of many bio-
chemical sensors.

Since square wave voltammetry (SWV), one
of the voltammetric techniques, is considered to be
the most advanced member of the family of pulsed
voltammetric techniques, it is stated in the litera-
ture that special attention has been paid to this
technique [35, 36].

SWV has been widely used in the develop-
ment of electrochemical sensors and biosensors in
recent years due to its high selectivity and sensitiv-
ity [37]. Therefore, it is frequently applied for the
quantitative determination of various compounds
such as drugs, biomolecules, environmental pollu-
tants, antioxidants, etc. Besides the obvious sensi-
tivity, SWV is considered a fast electroanalytical
method, often requiring a very short analysis time.

In the last decade, in many cases, SWV has
emerged as a viable and cheap alternative to other
more expensive and time-consuming techniques
(such as chromatography, for example) for the de-
termination of inorganic and biologically important
compounds. All these advantages make SWV a
technique of choice for the quantification of im-
portant classes of compounds [36].

On the other hand, the modification of elec-
trode surfaces with various conductive polymers
seems inevitable for many electrode-analyt systems
to achieve better compatibility. It is possible to de-
velop miniature voltammetric sensors/biosensors by
modifying the working electrode surface [35].

To contribute to the literature, in this study,
an electrochemically modified Pt electrode with
2.5-DMF was used for the determination of mela-
nin. In this way, modified electrodes as melanin
sensors were developed for fast, sensitive, accurate
and selective determination of melanin. To deter-
mine the stability, selectivity and specificity of
modified electrodes, parameters such as polymer
scan rate and thickness of the film layer were ana-
lyzed using methods such as cyclic voltammetry
(CV) and SWV. In conclusion, we believe that a
developed sensor for determination of melanin in
this way will be of great interest and will contrib-
ute to the literature.

2. EXPERIMENTAL

2.1. Apparatus and chemicals

Electrochemical behavior of melanin was
investigated using two different voltammetric
methods, CV and SWV. CV was used for prelimi-
nary studies such as determining the redox poten-
tial of melanin and polymerization of bare PtE.
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SWV was used for subsequent optimization of
electrochemical parameters. All voltammetric ex-
periments were performed using an lvium Vertex
One brand potentiostat. The potentiostat device
was controlled by IviumSoft ™ software, which is
used for both data acquisition and data analysis and
includes many electrochemical techniques.

Melanin MP was supplied from Biomedi-
cals. Alpha lipoic acid, Aniline, 3-Methylthio-
phene, Acetonitrile (AcN) and 2,5-dimethylfuran
were obtained from Sigma-Aldrich. Citric acid,
NaCl, KCI, NazHPO4 and KH,PO,4 were purchased
from Merck and used without any purification. All
chemicals used were of analytical purity. Melanin
stock solution was prepared in dilute ammonia.
2,5-DMF solution was prepared in AcN containing
0.1 M sodium perchlorate. PBS (Phosphate Buff-
ered Saline) solution was prepared to contain 0.137
M NacCl, 0.0027 M KCI, 0.01 M Na;HPO, and
0.0018 M KH2PO4 [38].

Voltammetric measurements were carried out
in 10-20 ml pyrex cells, which were placed in BASI
brand C3 (cell stand) cage. A Faraday cage was
used to protect the electhrochemical measurement
cell system from magnetic and electrical effects in
the external environment. In all voltammetric exper-
iments, Pt wire as the auxiliary electrode (BASiI
brand, MW-1032), bare and modified Pt electrodes
(BASi brand, MF-2013) and Ag/AgCl (3 M NaCl)
as the reference electrodes (BASi brand, MF-2052
RE-5B) were used in the electrochemical measure-
ment cell system. The reference electrode was
washed with ultrapure water after each use and then
stored in a 3 M NaCl solution saturated with AgCI.
The auxiliary electrode was cleaned by washing
with ultra pure water after burning it for certain in-
tervals on a naked fire in order to remove organic
impurities. Cleaning of the Pt working electrodes
was carried out as specified in [37].

For cleaning, cells and other glass materials
were first washed with detergent and then rinsed
with distilled water (Millipore brand Elix 20). Af-
terwards, they were soaked in 6 M HNOj; solution,
preferably overnight, for at least one hour, then
rinsed with distilled water at least three times and
finally rinsed with ultra pure water and dried in the
oven.

Thermo Scientific STAR A-111 pH-meter
was used for pH measurements and Weightlab In-
strument brand WSA-224 model scales were used
for weighing chemicals. Branson brand 3510 mod-
el ultrasonic bath was used for cleaning of elec-
trodes.

Ultra pure water was supplied from Milli-
pore brand Elix 20.

2.2. Determination of peak potential

The CV of the background (PBS pH = 7.00
buffer solution) in the potential range (-1.2) — (1.2)
V was taken (Fig.1la). Then, 2 mmol/l melanin
stock solution was added into it and CV was taken
at the same interval (Fig. 1b). As seen in Figure 1,
a small peak of melanin oxidation was observed
around 0.03 V. It was understood that this peak
belongs to melanin from the fact that it was not
observed in the background solution. The melanin
oxidation reaction occurring in pH 7.00 PBS buffer
solution was considered to be an irreversible reac-
tion as no peaks were observed in the reverse
scanning, i.e., in the reduction direction. According
to this result, we determined the potential range in
our next studies. We have also shown that melanin
is an electroactive molecule.

200+

0.0 ' '
Potential, V

Fig. 1. Cyclic voltammogram of (a) background (PBS,
pH =7.00) and (b) 2 mmol/l melanin in PBS (pH = 7.00)

2.3. Determination of monomer type

The effect of each polymer electrode on
melanin responses was investigated using the SWV
technique. For this purpose; alpha lipoic acid
(Ala), aniline (An), 3-Methylthiophene (3MTF),
2,5-dimethylfuran (2,5-DMF) and citric acid (CA)
monomer solutions, each of which had a concen-
tration of 5 mM, were prepared and 4-cycle thick-
ness polymers were coated with a scanning speed
of 100 mV/s in the potential range (-1.2) — (0.8) V
by dipping the Pt electrode in this solution. Then,
for the melanin, SWV response of each of the pre-
pared polymer electrodes were taken in PBS (pH
7.00) background solution.

As a result, from electrochemical responses
compared to other modified electrodes, it was de-
termined that the best responsive electrode was the
p(2,5-DMF) coated platinum electrode (Figure 2).

Maced. J. Chem. Chem. Eng. 40 (2), 289-297 (2021)



Development of voltammetric melanin sensor with 2,5-dimethylfuran modified platinum electrode 293

Current, tA

0 . at __»

& 2 © <& & o
o hod ’\‘Sb c)oé\

%

Monomer type

Fig. 2. The effect of bare electrode and coated electrodes
with Ala, An, 3-MTF, 2,5-DMF, CA on melanin response

2.4. Effect of the monomer concentration

2,5-DMF monomer solutions at different
concentrations (3, 5, 8, 10, 12 and 14 mmol/l) were
prepared in AcN containing 0.1 M sodium perchlo-
rate solution. Electrochemical polymerizations in
the potential range of (-1.2) — (0.8) V were carried
out on the bare Pt electrode using the CV method
in all these solutions separately.

14

Current, pA
[+7] :

th

3 5 8 10 12 14

Concentration, mM

Fig. 3. Effect of the monomer concentrations on melanin
SWV response of the modifed electrodes. (Conditions: film
thickness: 4-cycle, scan rate: 100 mV/s, solution medium: 0.1
M PBS pH 7.00, potential step: 10 mV, pulse amplitude: 10
mV, frequency: 10 Hz)

The effect of p(2,5-DMF) coated Pt elec-
trodes prepared at different concentrations on mel-
anin oxidation peak height was investigated using
the SWV method. According to Figure 3, the best
response was obtained at 10 mmol/l monomer con-
centration.

2.5. Effect of the film thickness

The thickness of the polymer film on the
electrode surface was controlled by adjusting the
number of cycles by the CV method during the
electropolymerization process. When the melanin
responses of the modifed electrodes obtained at
different polymer film thicknesses were examined,

Maced. J. Chem. Chem. Eng. 40 (2), 289-297 (2021)

it was seen that the response obtained with 4-cycle
film thickness electrodes was the highest (Figure
4). As the number of cycles increased further,
thicker films were formed and the melanin re-
sponses decreased. Therefore, in subsequent stud-
ies, film thickness was used as 4 cycles.

15
13

11

Current, pA

1 2 3 4 5
Number of Cycles

Fig. 4. Effect of the polymer film tickness on melanin SWV
response of the modifed electrodes. (Conditions: scan rate:

100 mV/s, solution medium: 0.1 M PBS pH 7.00, potential
step: 10 mV, pulse amplitude: 10 mV, frequency: 10 Hz)

2.6. Effect of the scan rate

The effect of 2,5-DMF polymerization scan
rate on melanin peak height was investigated using
the CV method in AcN containing 0.1 M sodium
perchlorate on a bare Pt electrode in the range of
25-125 mV/s. When the melanin SWV responses
of the modified electrodes obtained at different
scan rates were examined in 0.1 M PBS (pH 7.00),
it was clearly seen that the highest response oc-
curred at 75 mV/s scan rate (Fig. 5). As a result,
the scan rate was chosen as 75 mV/s for electrode
modifications.

—
—

Current, pA
o

25 50 75 100 125

Scan rate, mV/s

Fig. 5. Effect of the polymerization scan rate, (SWV responses
of prepared modified electrodes with different scan rate 2,5-
DMF for 2 mmol/l melanin in 0.1 M PBS (pH 7.00, film
thickness: 4 cycle, potential step: 10 mV, pulse amplitude: 10
mV, frequency: 10 Hz).
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2.7. Effect of the pulse amplitude
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Fig. 6. Effect of the pulse amplitude on 2 mmol/l melanin SWV
response. (Conditions; scan rate: 100 mV/s, solution medium:
0.1 M PBS pH 7.00, potential step: 10 mV, frequency: 10 Hz)

The effect of pulse amplitude on melanin
peak current in 0.1 M pH 7.00 PBS buffer was
studied in the range of 10-180 mV (10, 20, 40, 60,
80, 100, 120, 140, 160 and 180 mV) by the SWV
method. As can be seen from Figure 6, it is under-
stood that the optimum pulse amplitude is 100 mV.

An AFM image of the modified Pt electrode
with 2,5-dimethylfuran substrate was taken under
optimum conditions (Figure 7). According to Fig-
ure 7, there was a remarkable increase in the sur-
face area of the electrode. The increase in this sur-
face area resulted in an increase in the melanin
peak current. As a result, compared to the melanin
response obtained on the bare electrode, a much
higher melanin signal was obtained with the elec-
trode modified with 2,5-dimethylfuran.

Fig. 7. AFM image of 2,5-dimethylfuran modified Pt electrode at 5, 10, 20 and 30 pm magnifications

2.8. Effect of melanin concentration

Square wave voltammograms at different
melanin concentrations under optimum experi-
mental conditions are shown in Figure 8A and
background, the lowest and highest concentration,
in Figure 8B. As can be seen from Figure 8, back-

ground, the lowest and highest peak heights are
6,892, 17,547 and 179,713 pA respectively. After
subtracting the background peak current, the low-
est and highest peak currents are 8,855 and
172,821 pA. As a result, peak currents increased in
proportion to the increase in melanin concentra-
tion.

Maced. J. Chem. Chem. Eng. 40 (2), 289-297 (2021)
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Fig. 8. Square wave voltammograms of p(2,5-DMF) coated Pt electrode with increasing amounts (A) of melanin (0.10-2.20 mM),
(B) and 2.2 mmol/l in 0.1 M PBS (potential step: 10 mV, pulse amplitude 100 mV, frequency: 10 Hz, pH: 7.00, scan rate:100 mV/s,
film thickness: 4 cycle, and background correction is applied to voltammograms)

The electrochemical performance of the
mentioned modified electrode provided a sensitive
determination of melanin in a wide linear range of
0.10-2.20 mmol/I with a correlation coefficient of
0.9985. From the calibration curve in Figure 9, the
limit of determination (LOD) with the formula
3s/m, and the quantitation limit (LOQ) with the
formula 10s/m, are 0.088 mmol/l and 0.292 mmol/I
respectively. (s is the standard deviation; m is the
slope of the calibration curve).

200

y =76.205x+10.268
R>=0.9985

—_
th
=}
—e—
1 .
—e—

Current, pA

tn

(=1

e
I—.."—i

0.00 0.50 1.00 1.50

Concentration, mmol/l

2.00

Fig. 9. Calibration curve for detection of melanin with the
p(2,5-DMF) coated Pt electrode
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2.9. Determination of reproducibility

The stability and reproducibility of the
p(2,5-DMF) coated Pt electrode for detection of
melanin was examined by measuring the SWV
peak hight at 0.20 mmol/l concentration in 0.10 M
PBS solution at pH 7.00 (Fig. 10).

70

P
7\
60_| F; i

50|

40

Current, pA

30

T
A0 05 0.0 0.5 1.0
Potential, V

Fig. 10. Reproducibility of the SWV response of 0.20 mmol/I
melanin on p(2.5-DMF)/PtE in pH 7.00 PBS buffer (n = 15).
(Background correction is applied to voltammograms). (Poten-
tial step: 10 mV, pulse amplitude: 100 mV, frequency: 10 Hz)
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The modified Pt electrode by p(2,5-DMF)
was prepared daily and dried in air. The modified
electrode showed a standard deviation of 0.13 and
an RSD of 0.37 % in the peak currents of melanin
after fifteen measurements (Fig. 11).

Current (nA)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Reproducibility

Fig. 11. Reproducibility of the p(2,5-DMF) coated
Pt electrode

3. CONCLUSION

In this study, polymer film modified elec-
trodes with different structures were prepared for
the rapid, effective, and reproducible determination
of melanin. In order to prepare polymer film modi-
fied electrodes with different chemical structures,
five different monomers were electropolymerized
separately on the electrode surface by the CV
method. By comparing the melanin responses of
the obtained modified electrodes, 2,5-DMF was
chosen as the most suitable monomer type for elec-
trode modification. Parameters such as monomer
type, monomer concentration, scan rate, film
thickness and pulse amplitude for the 2,5-DMF
based modified electrodes were optimized. Then,
modified electrodes were prepared by making elec-
tropolymerization with 4 cycled film thickness.
The oxidation peak hight of melanin with prepared
modified electrodes increased linearly with the
increase of melanin concentration.

In this study, for the first time, a sensor was
developed for voltammetric determination of mel-
anin by using p(2,5-DMF) film. This melanin sen-
sor was prepared by a simple CV method and has a
wide 0.10-2.20 mmol/l linear range with a low as
0.088 mmol/I detection limit, short response time,
and high stability (99.63 %). When the responses
of the developed sensor are compared with those of
unmodified electrodes, the sensor has been proven
to show higher stability and reproducibility. As a
result of the work done, a new voltammetric mela-
nin sensor with low cost, fast response, high sensi-
tivity, and reproducibility has been developed.
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