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Melanins are natural pigments distributed in living organisms and they are responsible for pigmentation of
surface structure. The present work emphasis the complex relative dielectric function €*(®) = €’-j(®)” of bacterial
Pannonibacter phragmitetus [EP83], water soluble melanin and 80 (Q) milli Q water at varying concentrations viz.
0, 25, 50, 75, 100 pg/mL have been measured using LCR meter in the frequency range 20 Hz to 2MHz at various
temperature ranges of 95, 98.6, 102.2, 105.8, 109.4 and 113 K i.e. a temperature range between 35 to 45 °C with
a difference of 2°C. The electric/dielectric properties of the melanin sample in milli Q water was represented in
terms of intensive quantities namely, complex relative dielectric function €*(w), electric modulus M*(w), electrical
conductivity 6*(®) and extensive quantities like complex admittance Y*(w) and complex impedance Z*(w). All of
these presentations are used to explore various processes contributed in the electrical/dielectric properties of the
melanin in pure state of water so that it may give a direct idea and influence of melanin in cellular system when
incorporated or induced with. Result so obtained in the selected temperature ranges makes the base line for the
influence of the extracted Pannonibacter phragmitetus [EP83] melanin in the cellular system. This may shed a new
horizon in the pharmaceutical sciences for the cosmetic allegiance of a skin and also would be made employed
for a treatment of leucoderma or for the development of the cosmetic product with dielectric/electric based mode
of actions. Further aspects of this implication are under study and focused to increase the application part of
Pannonibacter phragmitetus [EP83] water soluble melanin.
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Melanins are amorphous, irregular polymeric pigments
distributed in living organisms and they are responsible
for the pigmentation of surface structure (Crippa
and Michelini, 1999; Mosca et al., 1998; Riley, 1997;
Bilinsk, 1996; Rosei and Mosca, 1996; Prota, 1992;
Crippa et al.,, 1989; Miyake et al., 1986). The basic
chemical structure of melanin is not well defined but
it is usually represented by covalently linked models.
Melanin synthesis is produced either by auto-oxidation
of catechola or by the tyrosin action on the enzyme
tyrosinase. Melanins are synthesized from tyrosine by
hydroxylation to dihydroxyphenylalanine (DOPA) and
subsequent oxidation to dopaquinone, both reactions are
catalyzed by the enzyme tyrosinase, (Rile, 1997; Rosei
and Mosca, 1995; Rosei and Mosca, 1996; Blarzino et
al., 1999,Hutchinson et al., 2019).

Several investigations have been devoted to characterize
their physical and chemical properties, such as its higher
molecular weight, insolubility in water and common
organic solvents, specific heat, carrier mobility, electrical
conductivity, redox, chelating, and photo protective
action (Crippa and Michelini, 1999; Mosca et al., 1998;
Riley, 1997; Bilinsk, 1996; Rosei and Mosca, 1996; Prota,
1992; Crippa et al., 1989; Miyake et al., 1986; Harki et
al., 1997; Blarzino et al., 1999; Rosei and Mosca, 1995;
Kollias et al., 1991; Saran, 1992; Krol and Liebler, 1998;
Yong-gang et al., 2009; Hengshan et al., 2006; Mejia-
Caballero et al., 2016 Maranduca et al., 2019 ).

However, the molecular mechanism of melanin at
cellular and sub-cellular level is not yet fully explained
by the biophysical and biochemical studies (Crippa
and Michelini, 1999; kollias et al., 1991; Saran, 1992).
Dielectric properties of biological materials have been
previously investigated (Ghannam et al., 2002; Foster
and Schwan, 1995; Subrata, 1992; Grant et al., 1978).
It has been established that the direct current (DC)
conductivity of 3, 4-dihydroxyphenylalanine (DOPA)
melanin is strongly dependent on the water content
in the polymer structure (Jastrzebsk et al., 2002, 1995;
D’Alba and Shawkey 2019).

The melanin under study from Pannonibacter
phragmitetus [EP83] bacterial origin is a water soluble
melanin. This enchants the study in a more urge and a
mandatory need to understand its dielectric properties.
Dielectric measurements are very important to study the
molecular, solute-solute, solute-solvent interactions and
dynamics of polar liquids, (Sengwa and Sankhla, 2007
Qashou et al., 2017).

This paper presents the result of measured parameters
over the frequency range of 20 Hz to 2MHz on mixture
of water-soluble melanin with 80 Q milli Q water. The
dielectrics have been studied at various temperatures viz.
95, 98.6, 102.2, 105.8, 109.4 and 113 K i.e. a temperature
range between 35 to 45 °C with a difference of 2°C under
various concentration ranges as 0, 25, 50, 75, 100 pg/mL
of water soluble melanin extracted from Pannonibacter

phragmitetus [EP83]. The confirmation of the primary
melanin structure under varying environmental
conditions and interaction amongst the molecular
position is one of the most interesting and challenging
subjects in the scientific field like medicine, physics,
biology, electronics engineering etc.

Sample preparation: Melanin extract was obtained
from the bacterial source, Pannonibacter phragmitetus
[EP83] GenBank: AJ400704.1 (Pithawala and Jain, 2013)
as a water soluble black-brown pigment. The pigment
was extracted and made purified using the previously
standardized method (Wei and Chen, 2005). The culture
broth was mixed with a four volume of methanol and
mixed vigorously. The resulting solution was centrifuged
at 10,000 rpm for 10 min. The upper layer was collected
and filtered through a 0.22 ppore sized filter paper. The
filtrate was concentrated using a rotary evaporator and
subsequently extracted with 3.0 M chloroform. The
chloroform phase was collected and concentrated to
obtain the resultant product, the black-brown pigment.
The melanin as produced by Pannonibacter phragmitetus
[EP83] is also known to solubilize in a mixture of aqueous
chloroform. The mixtures of melanin extracted with milli
Q water were prepared at different concentrations by
volume as 0, 25, 50, 75 and 100ug/mL.

Measurements: An Agilent E 4980A precision LCR meter
with a four terminal liquid dielectric test fixture (Agilent
16452A) were used for the capacitance and resistance
measurement in the frequency range 20 Hz to 2MHz. The
capacitance and resistance of the liquid dielectric test
fixture, with and without sample, were measured in order
to compensate for a short. The test fixture correction co-
efficient was also considered to cancel the effect of the
stray capacitance during the evaluation of the value of
the complex dielectric function. The measurements were
carried out at constant temperature by thermostat with
an accuracy of + 0.1 K.

Evaluation of Different Parameters: The complex
dielectric constant £*(w) of the material is determined
from the Eq. 1 (Agilent 16452A manual 2000).

=y (1)

wlphp”

ooy — o sm o EE
o= —j"=al--—j

where w=2nf is the angular frequency, CO is the
capacitance in free space, Cp is the capacitance with
sample, Rp is the equivalent parallel resistance with
sample and « is the corrective co-efficient of the cell.
The charges considering as an independent variable,
conductivity relaxation effects can be suitably analyzed
within the modulus formation in terms of a dimensionless
quantity, called electric modulus M*(w) is obtained from
the below relation (Shinyashiki et al., 1998).

I
T
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The main advantage of this formalism is that the space
charge effects often do not mask the features of the
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spectra. The complex impedance formalism Z*=1/Y¥,
where Y* is the complex admittance which is commonly
used to separate the bulk and the surface phenomena
(Sengwa and Sankhla 2007). The electrode polarization
(EP) is a highly capacitive phenomenon and therefore
it characterized by large relaxation times than the
polarization mechanisms in bulk. A common feature of
dielectric with 6, _is a discontinuity at electrode/dielectric
interface, which has different polarization properties
than the bulk of the dielectric. The frequency dependent
value of the complex impedance Z*(®) of the material
was evaluated by the relation

By eCR
1= (Bl Rpys 1w (mlply)* 3)

All dielectric parameters were carried out at various
temperatures between 35°C to 45°C with a temperature
difference of 2°C.

RESULTS AND DISCUSSION

o) =Z +j2" =

The frequency dependence of the real part of relative
dielectric function € of various concentrations of
melanin at various temperature ranges are shown in Fig.
1, in which the value of €’ is high in the lower frequency
region corresponding to the electrode polarization effect.
Here time consistency between hydration and temperature
effects for the conductivity model utilizing dielectric
spectroscopy, heat capacity measurements, frequency
scaling phenomena. Level of hydration is sufficient for
melanin to be in the conductive regime in

Figure 1: Frequency dependence of the real part of relative
dielectric function €’ for various concentrations of melanin
in 80 Q milli Q water at various temperature ranges
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which the reaction is strongly exhibited. (Motovilov et
al., 2019). The electrode polarization (EP) phenomena
occur due to formation of electric double layer (EDL)
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on the electrode surfaces. The magnitude of EP depends
on the fractal structure of the electrode surface and
the material used for fabrication of the electrodes. The
large value of €’ (Fig.1) and €” (Fig.2) at lower frequency
make it easy to identify the effect of blocking electrodes
which corresponds to free charge motion within the
material. These values are rather corresponding to free
charge build up at the interface between the dielectric
materials and the electrodes. The values of € in lower
frequency region also change with concentration of
mixture constituents.

In Fig. 1 the values of € are almost independent of
frequency at higher frequency range these values of €’
represents the static dielectric constant €0 of the melanin
samples. The values of €0 in the higher frequency range
symmetrically increase with the decreased concentration
of melanin (Fig. 1). This happens with a general rule with
all selected temperature range between 35°C to 45°C
with a difference of every 2°C temperature. Fig. 3 shows
the frequency dependent tand spectra of the mixture of
water-soluble bacterial melanin with 80 Q milli Q water.
The tand spectra have the peak value corresponding to
the electrode polarization (EP) relaxation frequency
fEP, which is used to separate the bulk material
property and EP phenomena’s (Zhang, et al. 2005;
Motovilov et al., 2019).

Figure 2: Frequency dependence of the dielectric loss €’
various concentrations of melanin in 80 Q milli Q water
at various temperature ranges.
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The values of fEP where used to evaluate the electrode
polarization relaxation time (Sengwa et al., 2007 a; b; ¢
and Shinyashiki et al., 1998). The TEP values representing
the mean time for an ion to travel from one electrode
to another and involves charging/discharging time of
electric double layer capacitance, which is associated
with the overall dynamics of the absorbed ions on the
electrode surface in the alternating electric field. Such
behavior is accompanied by moderate increase of the
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frequency dependent conductivity (Sengwa et al., 2007d,
Shinyashiki et al., 1998; Motovilov et al., 2019).

In Fig. 3 the values of the tand peak frequency changes
with the concentration of the Pannonibacter phragmitetus

[EP83] melanin, whereas the magnitude of the tand peak
values are in between 15 to 38. The frequency of electrode
polarization relaxation increases with increases of EP83
melanin concentration up to around 80% and then it
starts to decrease. The value of electrode polarization
relaxation time TEP with volume fraction of melanin
concentration is reported in Table 1. The variation of
the electrode polarization relaxation time TEP versus
volume fraction of Pannonibacter phragmitetus [EP83]
melanin in milli Q water is shown in Fig. 4, which clearly
indicates that the values of TEP increases with increase of
the concentration of Pannonibacter phragmitetus [EP83]
melanin in milli Q water up to certain concentration and
later decreases

Figure 3: Frequency dependence of the loss tand for pure
milli Q water and mixtures of mili Q water and EP83
melanin at various temperature ranges.
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The dielectric spectroscopic study provides insights
into the structure of compounds, grain boundary, grain,
transport properties and charge storage capabilities of
dielectric material. The dielectric properties depend on
several factors, including the chemical composition and
the method of preparation, etc.

Fig. 5 and Fig. 6 show the variation of M’ and M” versus
frequency of varying concentration of Pannonibacter
phragmitetus [EP83] melanin. At lower frequency the
charges has to build up at the electrodes and material
interface before change of the field direction, giving
a high effective value of €’ (electrode polarization
phenomenon). With increasing frequency there is less
time for the buildup of the charges at the boundaries
of conducting species in the material and at the ends of
conducting path. (Uchino and Nomura 2017).

This phenomenon leads to the so-called conductivity
relaxation and in fact reflects the distribution of the
conductivity relaxation time (Kyritsis et al., 1995), which
is the time of electrical stress associated with ion mobility
(Zhang et al., 2005; Uchino and Nomura 2017). There is
no peak found within the selected frequency range and
hence the values and graph of TEP and thus the ionic
conductivity relaxation time 7_ is not feasible.

Figure 4: Plots of the electrode polarization relaxation
time FEP versus concentration of EP83 melanin for the
binary mixture of milli Q Water and melanin at various
temperatures.
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Figure 5: Frequency dependence of the real part of electric
modulus M’ for pure milli Q water and mixtures of miliQ
water and EP83 melanin at various temperature ranges.
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Figure 6: Frequency dependence of the electric modulus
loss M’ for pure milli Q water and mixtures of miliQ water
and EP83 melanin at various temperature ranges.
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The alternating current (ac) complex conductivity
6*(w) has the frequency dependent real part 6’ and the
imaginary part 6”. The 6*(®) of the liquid sample were
obtained from the below equation

g*'(w) =0 -[-frl:r' =1'.-.'|EﬂEl + jeat (4)

Where £0(8.854x10-12 N/m) is dielectric constant of
the vacuum. The ac conductivity plot of the different
volume fraction mixture of the system is shown in Fig.
7. The ¢’ spectra of melanin and milli Q water have
frequency dependent plateau (Fig. 7), which corresponds
to ionic or ac electric conductivity o, and exhibits
dispersion at lower frequency region. Usual increase of
ionic conductivity of a mixture is due to the increment
of the number of mobile charge carrier produced in
the liquid system with change in concentration at the
constituent.

The real part of ac conductivity cac of the milli Q and
Pannonibacter phragmitetus [EP83] melanin mixture
increases with the increase up to 80% of the melanin
concentration and then for higher concentration of
melanin in the mixture shows the anomalous behavior
in concentration dependant conductivity values, which
is due to the significant change of the hydrogen bond
interactions and molecular dynamics of the binary
mixture of milli Q Water and Pannonibacter phragmitetus
[EP83] melanin.

The complex impedance plane plot for the mixture of
milli Q and Pannonibacter phragmitetus [EP83] melanin is

Pithawala et al.,

shown in Fig. 8. From this plot it can be seen no separate
arcs are observed corresponding to the bulk material
effect (the high frequency arc) as well as electrode
surface polarization effect (the low frequency arc). For
mixture of milli Q and Pannonibacter phragmitetus
[EP83] melanin, single arc is observed which representing
the bulk material effect. Usualy the frequency values
corresponding to Z” minimum values in the Z” versus Z’
plot separates the bulk effect and the surface effect (Pissis
and Kyritsis, 1997). This frequency is found to vary with
the concentration of melanin in milli Q.

Figure 7: Frequency dependence of the real part of ac
conductivity (c,) for pure milli Q water and mixtures of
miliQ water and EP83 melanin at various temperature
range.
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Electrical behavior of synthetic melanin films has been
investigated in vacuum, to prevent any possible effect
from the ambient humidity, as it has been reported for
thick melanin samples (pellets) prepared from powders
(Goncalves et al. 2006). The explanation of the electrical
properties could be done assuming the existence of two
types of water in the melanin structure. The electrical
conduction, observed in all samples, could be related
to an irreversible mechanism of easy water desorption
with a consequent change of the structure affecting the
electrical behavior. In fact, from RT to 380-400K the
resistance will decrease due to the raise of the carrier
density, while water desorption will have minor effects
on the electrical conduction.

At higher temperatures the electron density will
further increase together with a higher rate of easy
water desorption from the melanin molecules. These
water molecules are permanently lost by the melanin,
since the electrical characterization is carried out in
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high conditions. This result acts as an independent
confirmation that significant amounts of liquid like
water is present in the wet melanin sample at high
temperatures. Results also demonstrate that bimolecular
conductivity models should account for temperature and

hydration effects coherently. Such a behavior persists,
even if reducing its amplitude, as long as water is bound
to the melanin molecule. The present study will be great
application potentials in cosmetics, and pharmaceutical
industries.

Figure 8: Plots of Z’ versus Z’ for the mixture of EP83
melanin and milli Q water at various temperature

range.
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Table 1: Calculated values of electrode polarization relaxation time t,, with change in volume fraction of Pannonibacter
phragmitetus [EP83] melanin concentration at various temperature ranges

Volume 35 °C 37 °C 39 °C 41°C 43°C 45 °C
Fraction

of Melanin| fEP TEP fEP TEP fEP TEP fEP TEP fEP TEP fEP | 1EP
(pg/ml) (Hz) (ns) (Hz) (ns) (Hz) (ms) | (Hz) (ps) (Hz) (ms) | (Hz) | (ns)
0 299247 469817.79 | 266704 |418725.3 |266704 418725.3|282508 |443537.6|299247 [469817.8 | 335761/527144.8
25.00 188812 296434.84 |200000| 314000 |211851 332606.1| 211851 |332606.1|224404|352314.3 237700 373189

50.00
75.00 669931/1051791.67 669931 | 1051792 669931 |1051792 | 709627
100.00

CONCLUSION

IThe dielectric and electrical properties of the binary
mixtures of Pannonibacter phragmitetus [EP83]
melanin in milli Q water were investigated at various
temperatures viz. 95, 98.6, 102.2, 105.8, 109.4 and 113
K i.e. a temperature range between 35 °C to 45 "C with a
difference of 2°C under various concentration ranges as
0, 25, 50, 75, 100 pg/mL in the frequency range of 20 Hz
to 2 MHz. The complex dielectric function of these binary
mixtures in lower frequency region is governed by ionic
conduction and electrode polarization phenomenon.

266704 418725.28 | 266704 |418725.3 282508 443537.6/299247 |469817.8/ 316979 497657 316979| 497657

1114114 |751675| 1180130 |751675 1180130

447744 702958.08 | 422698 663635.9 447744 [702958.1474275 | 744611.8 |474275| 474275 |474275744611.8

The comparative analysis of the various dielectric and
electrical quantity spectra conforms that the behavior of
ionic conduction and EDL dynamics is dependent on the
concentration of the mixture constituents.

The ionic conduction and surface effect in the mixture
systems are confirmed by the electric modulus and
the impedance formalism. The electrode polarization
relaxation time TEP depend on the concentration
of melanin in the mixture. Melanin possesses
physicochemical properties and biological activities
that make it a suitable biomaterial for a wide range of
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applications in cosmetic, pharmaceutical, electronic, and
other processing industries. In addition, this pigment
has a considerable biotechnological interest because it
can be produced on a large scale with low cost, making
its use for future practical economically advantageous
applications.

However, it is necessary to expand the knowledge
about the dielectric properties of water-soluble melanin
from bacterial origin. The present research article
emphasis on Pannonibacter phragmetetus [EP83];
GenBank: AJ400704.1 for production of water-soluble
melanin. However, there are very few known bacterial
species that produces water soluble pigment especially
melanin. In this context, the information will be useful
and will encourage a greater number of researches on
melanin, which might be useful to deploy innovative
and sustainable solutions for human health and the
environment.
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