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Fig. 1. Schematic formation of biogenic AgNPs electrochemically synthesis using green tea extracts.

Stage 3, formation of Ag’

R-O + Ag" + e/ R = O (quinone) + Ag’ (3)

Ag’ develops into clusters and then grows to form
biogenic AgNPs [22] with biomolecules as the
reducing agents and stabilizers. Stabilization was
caused by the capping of biomolecules, such as
terpenoids and flavonoids, to form a single layer on
their surface in the solution. The formation of
AgNPs on the cathode side can occur, but this must
be prevented due to the production of R—-OH—-Ag"
[28] under the stirring conditions of the magnetic
stirrer at 2000 rpm. The polarity exchange of positive
and negative poles was applied every 1 min to avoid
the depletion of Ag at the anode side due to the
release of Ag" ions [20].

Experimental parameters in AgNP synthesis,
including the distance between two electrodes,
concentration of green tea extract, and electrolysis
time, were found in the supplementary data
(51—53). The red shift towards a longer wavelength
indicates that AgNPs with a larger size were formed
[29], while wider peak widths show broad size dis-
tribution. A single LSPR band indicates spherical
nanoparticles were formed, while anisotropic
nanoparticles have two or more LSPRs [30].
Increasing the electrode spacing led to the

production of AgNPs with a larger size and broader
distribution. Similar results were obtained for vari-
ations in electrolysis time. Meanwhile, the lower
concentration of tea extract led to broader size dis-
tribution. The optimum conditions in this synthesis
were 0.5 cm of electrode distance and 2 min of
electrolysis with 1% extract concentration.

FTIR measurements were carried out to identify
the functional groups of the biomolecules that serve
as reducing and stabilizing agents for AgNPs syn-
thesized using green tea extract. They were also
used to confirm the schematic of the formation of
these products, as previously described by Loo et al.
[7]. Three bands in the precise infrared spectra were
observed at 3455 cm ™!, 1638 cm % and 400-
800 cm ', as shown in Fig. 2b. The intense broad-
band at 3455 cm ™! was due to the stretching mode of
—OH in the biomolecules of the green tea extract,
which was shifted from the previous band of
3400 cm ', as shown in Fig. 2a. The R—OH was
responsible for the reducing agent in the biogenic
synthesis of AgNPs. The moderate intensity band at
1638 cm ! emerged from the R = O (quinone) strain
mode, indicating the presence of a biomolecule,
which functions as a capping agent for AgNPs and
enhances the stability of the synthesized nano-
particles. Furthermore, the intense and broad peaks
at 400-800 cm ' correspond to Ag’. The formation of
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Fig. 2. FTIR spectra of the green tea extract (a) biogenic AgNPs stabi-
lized by biomolecules in this extract (b).

biogenic AgNPs was indicated by the characteristics
of the LSPR, as shown in Fig. 3.

Biogenic colloidal AgNPs have an LSPR spectrum
with an absorption peak at 420 nm, as shown in
Fig. 3. The colour of the colloidal AgNPs depends on
the shape and size of the particles. Previous studies
revealed that colloidal AgNPs with a particle size of
15—50 nm have an LSPR spectrum with an observed
absorption peak of 420—438 nm and yellow colour-
ation. Meanwhile, those with a diameter of 1-10 nm
and spherical form have LSPR peaks at lower
wavelengths. The shape and size of AgNPs can be
controlled by solvents and capping and reducing
agents [31,32]. It was assumed that prepared AgNPs
with the shape of the nanoparticles are spherical,
and the average diameter size was 17 nm due to the
brownish-yellow colour and peak at 420 nm.

Fig. 4 shows a TEM image of the AgNPs prepared
in this current study. As predicted from the LSPR
spectrum, the nanoparticles were spherical with
quasi-uniform size. The approximate average
diameter was 16.82 + 4.36 nm. Colloidal AgNPs with
particle sizes ranging from 8.88 to 24.13 nm have an
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Fig. 4. TEM image of biogenic AgNPs.

LSPR absorbance of approximately 420 nm, and
their spectra are similar to previously reported data
[33,34]. Previous studies reported that smaller Ag
nanoparticles have a spherical shape. The TEM
images confirmed that the biogenic AgNPs pro-
duced using green tea extract were also spherical,
and the solution was brownish-yellow. Uniformity
of shape and size of AgNPs was achieved in this
synthesis. The previous method, which involved
conventional heating methods, has a broader size
range of 10—60 nm with a longer reaction time of
60 min [9].

The biomolecular stability of the synthesized
AgNPs, which were stabilized by the biomolecules
of green tea extract, was measured during the
storage period. The measurement of the biogenic
stability was carried out within a period of 1 day—15
weeks after the synthesis process using two pa-
rameters, namely the position of the maximum
wavelength (A,.x) and the intensity of the absorp-
tion peak, as shown in Fig. 5. A red shift of LSPR was
observed during storage from 420 to 431 nm, indi-
cating a change in particle size. Besides the
maximum wavelength, absorbance was also
observed. There was a decrease of 30% between 1
day and 15 weeks. It indicates that agglomeration
occurred during the storage period. Although there
was a slight change in the position of A, and the
intensity of the absorption peak, biogenic AgNPs
stabilized by biomolecules from green tea extract
have a high level of stability within 15 weeks of
storage. Previous studies showed that AgNPs syn-
thesized with the addition of the stabilizer Twen-20
can last for two weeks [35], while those produced
using p-aminobenzoic acid stabilizing agents often
have a storage time of 4 weeks [36]. The synthesis
method in another study involved the addition of
polyvinylpyrrolidone solution into warm silver



D. Hermanto et al. / Karbala International Journal of Modern Science 9 (2023) 80—88 85

nitrate solution under constant vigorous stirring,
followed by sodium borohydride. The synthesized
products changed at week 6, showing a difference of
11.9% compared to the original profile and a change
in absorbance at 18 weeks [37]. The results showed
that green tea extract was more effective in pro-
ducing stable AgNPs.

The stability of AgNPs in PBS media is lower
compared to water, as shown in Fig. 5. Furthermore,
PBS has a phosphate group (PO} ") that is negatively
charged, attacks silver [38], and competes with tea
extract biomolecules covering the surface of nano-
particles. The release of capping agents on the
surface of AgNPs causes susceptibility to agglom-
eration [39]. Moreover, at low pH, the functional
groups of biomolecules can be protonated, reducing
their negative charge. Therefore, they are no longer
effective as capping agents. This condition cannot
provide stability in the PBS system, as indicated by
the decreasing intensity and widening of the AgNPs
LSPR.

3.2. Antioxidant activity of biogenic AGNPs

Antioxidant activity is the ability of a compound
or molecule to inhibit or prevent oxidation reactions
caused by free radicals [40]. Furthermore, its
magnitude is expressed by ICs, which is the con-
centration of a substance that can inhibit or reduce
50% of free radicals. Testing of antioxidant activity
with the DPPH method is based on the ability of a
substance to reduce free radicals in DPPH. Samples
tested were reacted with DPPH solution, and their
absorbance was measured using UV—Visible spec-
troscopy with a maximum wavelength of 517 nm
[41]. A series of solutions were employed for the
antioxidant activity determination of biogenic
AgNPs, and the results are presented in Fig. 6. As
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Fig. 5. Stability of biogenic AgNPs in water and PBS.

previously reported, the test samples can reduce
free radicals through serial dilutions [2,42].

As shown in Fig. 6, ascorbic acid (vitamin C) has a
potent antioxidant activity with an ICsy value of
791 ppm. Meanwhile, green tea extract and
biogenic synthesized AgNPs were in the strong
category with values of 78.97 and 54.99 ppm,
respectively. The results of the sample solution were
weaker than the ascorbic acid, which was used as a
standard. Green tea extract has lower antioxidant
power than biogenic AgNPs capped by bio-
molecules from the extract. Previous studies
revealed that flavonoid compounds are responsible
for the antioxidant properties in green tea extracts
and silver metal, which showed that the biogenic
AgNPs have a better ICsy value. Each sample was
measured three times, and a relative standard
deviation of less than 5% was obtained.

Antioxidant activity occurs through electron do-
nors or hydrogen atoms from antioxidants to free
radicals. Elemental silver has one unpaired electron
in its configuration, possibly donated to free radical
species. Capping agents, namely the biomolecules in
tea extract, can also donate hydrogen atoms. It was
supported by NMR spectroscopic analysis, which
confirmed that aromatic protons played a role in the
antioxidant activity of green tea [43]. Fig. 7(1) shows
that the one-electron donor of AgNPs on the DPPH
radical caused electron pairing and DPPH stability.

Meanwhile, Fig. 7(2) revealed that the hydrogen
donation from the capping agent to the DPPH
radical led to its stability. One free electron in the
radical was paired with the hydrogen atom of the
capping agent. These results showed that AgNPs
capped biomolecules of tea extracts can be used as
an antioxidant to prevent oxidative stress that in-
duces several harmful diseases.

——Ascorbic acid
—a—Green Tea Exfract
100 | ——Biogenic AgNPs

Inhibition (%)
3

5

o 8
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Fig. 6. The results of testing the antioxidant activity of AgNPs synthe-
sized electrochemically using green tea extract by the DPPH method.
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Fig. 7. DPPH radical scavenging reaction mechanism by biogenic AgNPs: (1) AgNPs donate electrons to DPPH radicals; (2) Capping agents of AgNPs

donate hydrogen atoms to DPPH radicals.

4. Conclusion

Biogenic AgNPs with excellent characteristics
were successfully synthesized using electrolysis and
green tea extract as a capping agent within 2 min of
the reaction. The AgNPs were spherical, with an
average size of 16.82 + 4.36 nm, ranging from 8.88 to
24.13 nm. The products showed high stability in the
aqueous system but were lower in PBS. The tea
extract's hydroxyl groups of flavonoids and terpe-
noids were involved in reducing and stabilizing
AgNPs. Biogenic AgNPs also had higher antioxidant
activity than green tea extract, with ICs, of 54.99 and
78.97 ppm, respectively. The ease of synthesis and
excellent properties of AgNPs showed that this
method could be used for the large-scale production
of antioxidants in the pharmaceutical industry.
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