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1. Introduction

ABSTRACT

Black betel leaf extract contains reducing agents like flavonoids, which can
reduce the size of silver particles to nanoscale. Meanwhile, Polyvinyl alcohol
(PVA) is used to prevent the agglomeration of silver nanoparticles (AgNPs). This
study aimed to determine the antibacterial activity of AgNPs synthesized from
black betel leaf extract and PVA against Staphylococcus aureus and Escherichia
coli bacteria. PVA was varied at concentrations of 0.5 g, 1 g, and 1.5 g in 25 mL
of deionized water, which was then mixed with 25 mL of black betel leaf extract.
AgNPs were produced through a green synthesis process using the sol-gel
technique, involving extraction, synthesis, characterization, and data analysis.
The resulting AgNPs were stable across variations in polymer mass, with
maximum wavelength absorption ranging from 403 nm to 440 nm. Analysis
showed that the AgNPs possessed a Face Centered Cubic (FCC) crystal structure
with particle sizes between 12.4 nm and 14.7 nm. Furthermore, the AgNPs were
surrounded by various organic molecules such as terpenoids, alcohols, ketones,
aldehydes, and carboxylic acids. The most potent antibacterial nanoparticles
were the AgNPs synthesized with 0.5 grams of PVA. These AgNPs demonstrated
an inhibition zone of 13.9 mm against Escherichia coli and 11.3 mm against
Staphylococcus aureus.

have a larger surface area, which enhances their

Nanotechnology is a rapidly expanding field that
has found applications in various sectors, including
health, environment, and industry [1]. Nanomaterials
are crucial to the advancement of nanotechnology,
offering superior properties compared to their bulk
counterparts [2]. Based on their dimensionality, NMs
can be further divided into four classes. Zero-
dimensional nanomaterials (0D) which have
nanoscale dimensions with sizes below 100 nm such
as nanoparticles, One-dimensional nanomaterials
(1ID) such as nanotubes, Two-dimensional
nanomaterials (2D) such as nanoplates and Three-
dimensional nanomaterials (3D) such as nanotubes
[3]- Among these, metal nanoparticles have garnered
significant research interest due to their unique
optical properties that differ from those of macro-
sized materials [4].

Silver (Ag) is one of the most frequently used
metals in nanoparticle (NP) synthesis due to its low
production cost, simple synthesis process, and
excellent optical properties [5], [6]. Silver
nanoparticles are a promising material for effective
antibacterial applications, working through several
mechanisms [7]. These include damaging cell
membranes, interacting with cell walls, and inhibiting
bacterial growth [8]. The effectiveness of silver
nanoparticles as an antibacterial agent is attributed
to their size and shape. Smaller silver nanoparticles
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antibacterial activity [9]. Therefore, it's crucial to
study synthesis methods to produce silver
nanoparticles with small sizes and a homogeneous
size distribution.

Silver nanoparticles are commonly produced
using a bottom-up approach [7]. This method is
favored because it can create small silver
nanoparticles by assembling molecules or atoms and
then combining them through a chemical reaction
(reduction) [10]. One effective bottom-up technique
is biosynthesis, also known as green synthesis. This
method is environmentally friendly and reduces
hazardous waste [11]. However, a drawback of
biosynthesis is its inability to produce silver
nanoparticles with a homogeneous size distribution.
Therefore, green synthesis methods often need to be
combined with other techniques, such as the sol-gel
chemical method [12].

The chemical sol-gel technique is a bottom-up
approach that yields products with high purity and
relatively small particle sizes. Compared with several

nanoparticle  synthesis = methods such as
hydrothermal and co-precipitation, the sol-gel
method offers better control over particle

homogeneity and composition [12,13]. The sol-gel
method overcomes green synthesis's shortcomings
by yielding homogeneous nanoparticles [12].
Combining the sol-gel method with green synthesis
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aims to minimize hazardous chemical waste by using
bioreductor. This combined approach offers several
advantages, including being environmentally friendly,
cost-effective, and simple to execute, while also
producing homogeneous silver nanoparticles [13].

Bio-reductor are natural reductants derived from
natural materials that contain compounds like
polysaccharides, flavonoids, and terpenoids [14]. One
plant extract with the potential to act as a bio-
reductor agent in AgNPs synthesis is black betel leaf
extract. This statement is based on the results of the
phytochemical test of black betel leaf extract which
shows that black betel contains alkaloid, flavonoid,
and terpenoid compounds [15]. Flavonoid
compounds in black betel leaf extract can function as
bioreductors in the synthesis of AgNPs [16]. In
addition, AgNPs are prone to aggregation, so a
capping agent or stabilizer is needed to prevent
aggregation. Polyvinyl alcohol (PVA) is one type of
polymer that is effectively used in making AgNPs [17].

Based on this description, the synthesis of silver
nanoparticles using black betel leaf extract and PVA
needs to be studied further. Studies on using black
betel leaf extract as a bio-reducing agent in silver
nanoparticle synthesis haven't been conducted
before, making this research a novel approach to
silver nanoparticle synthesis. In this article, we
discuss the biosynthesis of AgNPs using black betel
leaf extract and PVA for antibacterial purposes.

2. Methods
2.1. Preparation

AgNOs 8.49 grams dissolved with 100 mL of aqua
bidest and Citric Acid Monohydrate 16.98 grams
dissolved with 100 mL of aqua bidest. 1 gram’s black
betel leaf extract was dissolved with 45 mL of aqua
bidest. In addition, polymers in the form of Polyvinyl
Alcohol (PVA) as much as 0.5 g (A1), 1 g (A2),and 1.5
g (A3) each were dissolved with 25 mL of aqua bidest
[18].

2.2. Fabrication

Green synthesis of silver nanoparticles was
carried out by sol-gel method by mixing black betel
leaf extract, AgNOs, Citric acid monohydrate, and PVA
at 85-90°C for 1.5-2 hours. The formation of silver
nanoparticles (AgNPs) through green synthesis was
visually confirmed by a change in the solution's color
to light brownish color, accompanied by a
transformation of the solution's texture into a gel. The
solution was put into the oven for 24 hours at 125°C.
Then the sample was crushed for 2 hours and washed
using a centrifuge for 10 minutes at 6000 rpm. The
washed sample was crushed for 2 hours and annealed
at 400°C for 2 hours. After the annealing process, the
sample was crushed again for 3 hours.

2.3. Characterizations

The  synthesized AgNPs  were further
characterized using several instruments. Initial
confirmation of AgNPs presence was performed with
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a UV-Vis spectrophotometer by examining the
wavelength and absorbance of the samples.
Subsequently, the morphology, size, and elemental
composition of the samples were analyzed using
FESEM-EDX. To determine the crystal phase and size,
an XRD instrument was utilized. Additionally, FTIR
was employed to identify the material's functional
groups. Finally, an antibacterial test was conducted
using the disc diffusion method against
Staphylococcus  aureus  (Gram-positive)  and
Escherichia coli (Gram-negative) to evaluate the
antibacterial effectiveness by observing the zone of
inhibition.

3. Results and Discussions
3.1. Color change and UV-Vis spectrum analysis

During the synthesis process, the primary
indicator for the formation of silver nanoparticles is a
visual color change from bright yellow AgNOs
solution to light brownish color [19]-[21]. This color
change arises due to the excitation of surface plasmon
vibrations with the silver nanoparticles [22]. The
transition to a light brownish color signifies the
reduction of Ag* ions to Agf, indicating the successful
formation of silver nanoparticles [21]. The synthesis
of silver nanoparticles with all PVA variations
resulted in a light brownish color solution, which
confirms that silver AgNPs were successfully formed.

UV-Vis spectroscopy testing in this study was
conducted within the 200-800 nm. The results of the
UV-Vis testing are shown in Table 1.

Table 1: The Results of the UV-Vis testing

Maximum Wavelength Absorption
PVA
(nm) (an)
Al 404 0.886
A2 403 1.002
A3 440 0.881

The nanoparticle absorption spectrum showed an
absorption peak at 403-440 nm, which directly
confirms the presence of AgNPs [23]. The SPR band
exhibited a red shift from 403 to 440 nm, which can
be attributed to an increase in nanoparticle size, as
larger AgNPs generally show SPR absorption at
longer wavelengths [24]. A similar red shift has been
reported previously, where the SPR peak of AgNPs
shifted from approximately 420 to 440 nm due to the
formation of larger nanoparticles during the
reduction of Ag* to Ag® [25]. According to Car and
Krstulovi¢ [26], the SPR wavelength is strongly
correlated with nanoparticle size; however,
variations in SPR position may also arise from
differences in particle morphology and the dielectric
properties of the surrounding environment. Thus, the
red shift observed in the present study can be
associated with the growth of AgNPs and remains in
agreement with the fundamental SPR characteristics
of silver nanoparticles. Based on the UV-Vis spectra,
variation A3 exhibited the highest maximum
absorption wavelength value (440 nm), indicating
the formation of relatively larger AgNPs compared



with variations A1 (404 nm) and A2 (403 nm). This
red shift suggests an increase in particle size, as larger
AgNPs generally exhibit SPR bands at longer
wavelengths. In contrast, variations A1 and A2, which
showed lower maximum absorption wavelength
values, are expected to possess smaller particle sizes.
These results provide preliminary information on the
size variation of the synthesized AgNPs and can serve
as a reference for further characterization.
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Fig. 1: UV spectrum of AgNPs

Fig. 1 shows UV spectrum of AgNPs prepared by
biosynthesis using black betel leaf extract. Based on
the graph in Fig. 1, there is a shift in the peak
wavelength. A larger peak shift indicates that the
stability of silver nanoparticles decreases and is more
susceptible to agglomeration or aggregation.

3.2. FESEM-EDX Analysis

Morphological observations were conducted
using FESEM at magnifications of 100,000x. The
morphological results clearly demonstrate that the
AgNPs are spherical, monodisperse, and highly
crystalline. Additionally, Fig.2 shows the presence of
some larger nanoparticles. This phenomenon
indicates that AgNPs tend to undergo agglomeration
(aggregation) due to their high energy and surface
tension [27]. Agglomeration occurs because of
Brownian motion and van der Waals forces within the
solution, leading to non-uniform particle size and
diameter [28]. The addition of PVA during the
synthesis of silver nanoparticles affects the stability
of the nanoparticles. Increasing the PVA
concentration beyond the optimal level impairs the
stability of the silver nanoparticles, leading to
agglomeration [29].

The morphological results of variations A1 and A2
show that silver nanoparticles have a spherical
structure, with a fairly good distribution although
there is a tendency for agglomeration. The A3
variation shows that the particles form
agglomerations with a larger size than the other
variations.
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Fig. 2: FESEM images of AgNPs (a) A1, (b) A2, and (c) A3

Then, EDX characterization is used to determine
the chemical composition of nanoparticles. The EDX
spectrum graph in Fig. 3 shows an optical absorption
peak in the 2.5-3.5 keV range, which indicates the
presence of silver nanoparticles [30]. Based on the
graph in Fig. 3, AgNPs with black betel leaf extract
contain three elements, namely Ag (Silver), C
(carbon), and O (Oxygen). Silver (Ag) was the
dominant element, with mass percentages of 96.17%,
78.80%, and 49.14% in samples Al, A2, and A3,
respectively. This indicates that the AgNPs synthesis



in this study was quite effective, but not perfect. The
elemental composition of AgNPs is shown in Table 2.
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Fig. 3: EDX spectrum of AgNPs (a) A1, (b) A2, and (c) A3

Table 2: Mass Percentages og AgNPs

Mass Percentages (%)

Element

Al A2 A3
Ag 96.17 78.80 49.14
0 1.37 5.44 8.20
C 2.46 15.76 42.66
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The presence of carbon (C) and oxygen (0) in the
samples confirms the organic content from the black
betel leaf extract. Additionally, the C and O content is
also attributed to incompletely reduced compounds
from citric acid and PVA. Based on Table 2, variation
A1 has the highest silver (Ag) elemental composition,
making it the most promising as an antibacterial
agent.

3.3. X-ray diffraction (XRD) analysis

X-Ray Diffraction (XRD) is a material
characterization technique used to determine the
structure and crystallinity data of AgNPs[20]. XRD
testing utilizes an X-ray source with a Cu anode
material that has a wavelength of 1.5406 A. The XRD
diffraction pattern produces peaks that are
qualitatively analyzed to identify the material.

Fig. 3 shows the diffraction angles of AgNPs at five
peaks—38.1°, 44.2°, 64.4°, 77.4° and 81.5°—
correspond to the formed phase. These peaks align
with ICSD data no: 01-087-0597, representing
characteristic peaks with Miller indices of (111),
(200), (220), (311), and (222). The observed Miller
indices are associated with Bragg reflections, which
are consistent with the Face Centered Cubic (FCC)
crystal lattice planes [20], [31].

The crystallite size of the silver nanoparticles was
calculated using the Debye-Scherrer equation. The
crystallite sizes for variations Al, A2, and A3 were
10.9 nm, 11.7 nm, and 11.3 nm, respectively. Based on
this data, the crystallite size is smaller than the
particle size observed in the FESEM analysis [32]. The
XRD analysis indicates that AgNPs variation A1l has
the smallest crystallite size, while the 1-gram
grammage variation has the largest.

3.4. FTIR spectrophotometer analysis

The functional groups of the AgNPs and black
betel leaf extract were determined using an FTIR
spectrophotometer. The 3449 cm™ band in the black
curve is identical to the 3428 cm™ band in the red
curve. This indicates the presence of O-H stretching
linked to hydrogen in the carboxylic acids found in the
black betel leaf extract. It also underscores black betel
leaf's role as a reducing agent for silver nanoparticles
(Rashid et al., 2016). The red curve shows a weak
peak at 2927 cm™, signifying C-H alkane bonds. Both
the 2085 cm™ band in the black curve and the 2224
cm™* band in the red curve point to C=C bonds.

Specifically, the black curve suggests C=C alkene
bonds, while the red curve indicates C=C aromatic
bonds [33]. Peaks at 1636 cm™ and 1599 cm™ are
attributable to C=0 bonds, confirming the presence of
carbonyl (aldehyde) groups. Additionally, C-O bonds
are visible in both curves at 1079 cm™. The changes
in these functional groups after AgNP formation
indicate that biomolecules from black betel leaf
extract interacted with AgNPs and acted as reducing
and stabilizing agents during silver nanoparticle
synthesis [34].
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Fig. 5: FTIR pattern of AgNPs

The FTIR spectrum of the AgNPs are surrounded
by various organic molecules, including terpenoids,
alcohols, ketones, aldehydes, and carboxylic acids.
Research by [35] suggests that AgNPs associated with
such organic molecules possess antibacterial
potential.

3.5. Antibacterial Study

Antibacterial testing aims to determine the
antibacterial activity of silver nanoparticles (AgNPs).
The AgNPs tested were AgNPs biosynthesized with
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black betel leaf extract and 0.5-gram PVA. The testing
employed the disk diffusion method on both Gram-
positive bacteria (Staphylococcus aureus) and Gram-
negative bacteria (Escherichia coli). The testing
process is based on CLSI (Clinical and Laboratory
Standards Institute) 2020 standards. The results of
the antibacterial testing are shown in Fig. 6.
According to Fig. 6, AgNPs exhibited an inhibition
zone of 13.9 mm against E. coli and 11.3 mm against S.
aureus. This data clearly indicates that AgNPs
possesses a greater inhibitory effect on E. coli. The



structural differences between Gram-positive and
Gram-negative bacterial cell walls significantly
influence AgNPs' inhibitory power. Gram-negative
bacteria have a thinner peptidoglycan layer, making
them more susceptible to disruption by AgNPs. While
the outer membrane of Gram-negative bacteria
serves as protection, it is permeable to small,
positively charged particles like AgNPs. This
characteristic allows for greater interaction with the
bacterial surface and subsequent entry into the cell.
Conversely, Gram-positive bacteria lack an outer
membrane but possess a thick peptidoglycan layer
that is more difficult for AgNPs to penetrate [36].

(b)
Fig. 6: Antibacterial activity of AgNPs (a) S. aureus and (b)
E. coli

4. Conclusions

Silver nanoparticles (AgNPs) were successfully
synthesized using a combination of black betel leaf
extract and Polyvinyl alcohol (PVA). The AgNPs
produced showed stable morphological
characteristics, size, and elemental content, and had
strong antibacterial activity against Escherichia coli
and Staphylococcus aureus. This study successfully
proved the effectiveness of black betel leaf extract as
abioreductor in the synthesis of AgNPs and presented
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an alternative method that is more environmentally
friendly.
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