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The objective of this study was to fabricate zinc oxide (ZnO) nanoparticles through
the utilization of the electrodeposition technique, to employ them as a supportive
medium for enhancing the antioxidant properties of curcumin. The study involved
the synthesis of ZnO nanoparticles, which were subsequently subjected to
characterization using X-ray diffraction (XRD), scanning electron microscopy (SEM),
and electrochemical impedance spectroscopy (EIS). Additionally, the antioxidant
activity of the synthesized nanoparticles was assessed through the use of the 2,2-
diphenyl-1-picrylhydrazyl (DPPH) method. In XRD analysis, a notable peak denoted
by an asterisk (*) is observed at specific angles of 26: 25.84°, 31.63°, 34.21°, and
36.12°, with corresponding index values (h, k, 1) of (220), (100), (002), and (101),
respectively. This peak is indicative of the degree of crystallinity exhibited by ZnO
nanoparticles. The SEM data indicates that the particles generated possess a rod-

Attribution 4.0 International License. like morphology, exhibiting a range of sizes. The Nyquist plots exhibit a semicircular
arc pattern at low frequencies, as indicated by the findings from the EIS test. The
data obtained from antioxidant assays indicated that ZnO-curcumin achieved an
inhibition level of 47.09%, while curcumin alone showed a significantly lower

inhibition percentage of 4.93%.
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Similarly, synthetic antioxidants, are known to be
responsible for having adverse effects on the liver and
potentially causing carcinogenesis [3].

1. Introduction

Free radicals as unstable atoms, molecules, or
molecular fragments can damage body cells and cause
oxidative stress resulting in health problems, including
premature aging and other degenerative diseases [1].
Antioxidants can inhibit oxidative damage through
reactions with free radicals indirectly by inhibiting the
activity or expression of free radical-producing enzymes
and increasing the activity of intracellular enzymes.
Antioxidants are classified into two groups, synthetic and
natural antioxidants. Synthetic antioxidants, such as
butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), propyl gallate (PG), while natural antioxidants
derived from plants are classified into three main classes,
such as phenolic compounds, vitamins, and carotenoids.
Limitations resulting from natural antioxidants include
susceptibility to degradation, low permeability, poor water
solubility, and instability during the storage process [2].

Research that has been conducted shows that
curcumin in Curcuma longa has potential as an antioxidant.
Curcumin can interact with various molecular mechanisms
to reduce the level of oxidative stress, including the ability
to chelate heavy metals or regulate enzyme activity [4].
However, several studies showed that curcumin results in
low bioactivity, poor absorption, rapid metabolism, and
chemical instability [5,6]. Therefore, it is necessary to
improve the biocompatibility and bioactivity of
antioxidants with nanotechnology which has previously
been widely developed and proven to have advantages in
various fields [7].

Nanoparticles are effective candidates to support
curcumin bioactivity because they have distinctive
mechanical, thermal, and optical properties and produce a
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larger surface area. Nanoparticles functionalized with
natural antioxidants act as targeted delivery systems to
enhance antioxidant activity [7]. This statement is
supported by research conducted by Ge et al. proving that
nanoparticles functionalized with antioxidants produce
effective antioxidant activity[8].

The characteristics of zinc oxide (ZnO) nanoparticles
are interesting to study because they have properties such
as biocompatibility and lack of toxicity, making ZnO
nanoparticles a desirable alternative for the development
of biological applications and can be used safely in
biomedical applications [9]. ZnO nanoparticles have been
found to exhibit toxicological activities such as cytotoxicity,
genotoxicity, and free radical activity in vitro. Arasu et al.
have succeeded in synthesizing ZnO/C which has
antioxidant activity [10]. ZnO nanoparticles as a support
agent for curcumin are expected to provide a more optimal
quality of antioxidant activity. The size of the nanoparticles
has a significant impact on the surface area of the material
because they have more contact points and interactions
with the environment free radicals [11].

ZnO nanoparticles can be synthesized using the
electrodeposition method. Liu et al. have succeeded in
synthesizing ZnO nanoparticles by electrodeposition
method [12]. The ZnO film morphology can be designed
with various experimental parameters, such as potential
voltage, electrolyte concentration, deposition time, and
temperature. This work aimed to synthesize ZnO
nanoparticles using the electrodeposition method as a
supporting material for curcumin's antioxidant activity.

2. Materials and Method

The materials used were HAuCls, Zn(NOs)2 (Merck),
indium tin oxide (ITO) substrate, KCl (Merck), Curcumin
(Merck), 2,2-diphenyl-picrylhydrazyl (Sigma Aldrich), and
analytical ethanol (Merck).

ZnO nanoparticles were synthesized using the
electrodeposition technique. The precursor used was
Zn(NOs)2 0.5 M. Subsequently, an electrodeposition setup
was prepared with a three-electrode system, where the
ITO served as the working electrode for depositing ZnO
nanoparticles, Ag/AgCl as the reference electrode, and
platinum (Pt) as the counter electrode. The synthesis was
carried out at a temperature of 40°C for 60 minutes, with
the potential set at -1.0 V.

The particle size and crystal structure analysis of ZnO
nanoparticles were conducted using an X-ray
diffractometer (XRD, PANalytical AERIS). The samples
characterized using XRD were ZnO films deposited on ITO
substrates. Measurement result curves in the form of

diffraction peaks from diffraction fields at position 26,
representing diffraction fields in specific directions, were
processed using X'Pert High Score Plus, providing
information about the potential presence of crystalline
phase structures.

The surface morphology analysis of ZnO nanoparticles
was conducted using a scanning electron microscope
(SEM, FEI Inspect F50 FESEM, operating at an energy of 20
kV and a magnification of 5 kx). The SEM characterization
was performed to observe the surface morphology and
grain size of the nanomaterial. Additionally, it allowed the
identification of various clusters formed by the
nanoparticles.

An electrical impedance spectroscopy (EIS) test was
carried out to determine the electronic conductivity of the
electrolyte, utilizing the electrochemical workstation
CS350. The electrochemical impedance of the ZnO
electrode was measured in a 10 mM KCl mixed solution
using the EIS method with a frequency range of 10 kHz to
5 MHz.

The antioxidant activity of ZnO nanoparticles as a
supporting material for curcumin is evaluated using the
2,2-diphenyl-picrylhydrazyl (DPPH) assay method. The
DPPH solution is 1.3 mL 1 mM DPPH concentration. The
DPPH solution and 1% curcumin solution are added to a
microplate containing the sample, covering the deposited
ZnO. The mixture is then shaken for 10 seconds and
incubated for 15 minutes before measuring its absorbance
in the wavelength range of 300-500 nm. The DPPH assay
method is carried out by observing the changes in
absorbance after the DPPH radical reacts with the sample.
The percentage inhibition is calculated using equation (1).
Ao—Aq

0

%1 = X 100% (1)

Where % | represent the percentage of inhibition, Ao is
the initial absorbance of the DPPH solution, and A1 is the
absorbance of the DPPH solution after it has reacted with
the sample.

3. Results and Discussion

The XRD measurement results of ZnO nanoparticles are
shown in Fig. 1. The XRD results exhibit characteristic
crystallinity peaks of ZnO nanoparticles at 26 values in the
range of 0-100°. The crystal diffraction pattern of ZnO
nanoparticles corresponds to the JCPDS reference number
89-1397.

Based on Figure 1, the peaks at 26 25.84°, 31.63°,
34.21°, and 36.12°, corresponding to the (220), (100),
(002), and (101) planes, respectively. The presence of
multiple peaks in all thin films indicates the random
orientation of the crystallites. The analysis results reveal
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that the maximum diffraction peak of ZnO is located at an
angle of 25.84° with a crystal orientation of (220). This
finding aligns with the research by Mousavi-Kamazani et al.
which reported a peak at an angle of 25.12° (220),
indicating the presence of Zn(OH)2 in the sample. Another
diffraction peak is observed at an angle of 31.63° with a
crystal orientation of (100), which corresponds to the
findings of Raoufi et al. who reported that a peak at an
angle of 31.75° (100) indicating the presence of ZnO in the
sample [13]. Furthermore, another diffraction peak is
observed at an angle of 34.23° with a crystal orientation of
(002), consistent with the results of the study by Khan et
al. which reported a peak at an angle of 34.32° (002),
indicating the presence of ZnO in the sample [14].
Additionally, there is another diffraction peak at an angle
of 36.12° with a crystal orientation of (101), which aligns
with the results of the study by Sohail et al. presented a
peak at an angle of 36.15° (101), indicating the presence of
ZnO in the sample [15].
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Figure 1. XRD patterns of ZnO nanoparticles deposited on the

ITO substrate.

The surface morphology was obtained from the SEM
results at a magnification of 5 kx, as shown in Fig. 3, where
it can be observed that the produced particles have rod-
shaped morphology with varying sizes. The data processing
from the SEM analysis revealed the size of nanoparticles
ranging from 7,16 to 73,93 nm.

The data obtained from the EIS test is presented in a
Nyquist plot, where the x-axis represents real impedance
or Zreal (Z'), and the y-axis represents imaginary impedance
or Zimag (Z"). The Nyquist plot matches the real part of
impedance at a certain frequency range. To analyze the
Nyquist plot resulting from the electrolyte test, the
equivalent circuit modeling method is required, where the
Nyquist plot is explained by constructing a circuit model
that creates an identical plot to the test results [16]. The
EIS data can be thoroughly analyzed using an equivalent

circuit model consisting of circuit elements such as
resistors, capacitors, Warburg impedance (W), and
constant phase element (CPE).
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Figure 2.The results of ZnO nanoparticle SEM characterization.

Based on the results of the EIS test shown in Fig. 3, the
Nyquist plots exhibit a semicircular pattern at low-
frequency ranges. This semicircle is related to the values of
electron resistance and charge transfer resistance (Rct) of
the electrode. The R value represents the resistance
associated with the working electrode (ZnO) in the system.
Rct provides information about the resistance occurring at
the ZnO interface towards the electrolyte or its
surrounding environment. Lower R values indicate better
conductivity at the electrode interface, while higher Rc:
values indicate larger resistance at the interface. In the
data, it is shown that the resulting Rt value was 13.51 kQ.
This indicates that ZnO facilitates a high electron transfer
from redox couples to the electrode surface [17].

-15000
-12000
“E -e000 |
o
e}
iu -6000 | .,
. m
A “m
I/. \'\.
3000 LS
/ s
0 1 1 1 1
0 3000 6000 9000 12000 15000
Z' (Q.cm?)

Figure 3. The Nyquist plot of the EIS test for ZnO.
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Figure 4. DPPH free radical scavenging activity of curcumin and
Zn0 nanoparticles-Curcumin.

The single electron present in the DPPH free radical
receives a hydrogen atom donor from the phenolic group
of curcumin, thus reducing the free radical [20]. The
enhanced antioxidant activity of curcumin combined with
Zn0 is due to a coupled electron transfer reaction, where
Cur-ZnO donates an electron to the free radical DPPH [21].
ZnO plays a crucial role by transferring its electron density
from an oxygen atom to the unpaired electron located at
the nitrogen atom within the structure of DPPH [22]. This
transfer of electron density helps neutralize the DPPH
radical, thereby enhancing the antioxidant activity of
curcumin.

4. Conclusion

This research indicates ZnO nanoparticles synthesized
using the electrodeposition method can enhance the
antioxidant activity of curcumin. ZnO nanoparticles can be
formed into the ITO substrate using the electrodeposition
method. The EIS test shows that the Nyquist plots form a
semicircle pattern in the low-frequency range. The Rc
value is 13.51 kQ which is quite high and shows that ZnO
can facilitate high electron transfer from the redox pair to
the electrode surface. The antioxidant activity test results
in the first 15 minutes, the percent inhibition of ZnO-
curcumin reached 47.09% which is better if compared to
cumin which was only 4.93%. This shows that ZnO
increases the antioxidant activity of curcumin.
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