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ABSTRACT Their nanometer size, broad spectrum, and antibacterial mechanism give silver nanoparticles (NPAg) the
potential to be used to inhibit the growth and spread of methicillin-resistant Staphylococcus aureus (MSRA) in medical
devices. Synthesis of AgNPs from Stachytarpheta jamaicensis leaf extract is considered more environmentally friendly
and has low production costs. The objective of this study was to investigate the properties and antibacterial potential
of AgNPs by utilizing S. jamaicensis leaf extract at concentrations of 0.5%, 1.0%, and 1.5% in a 1 mM AgNO3 precursor.
Nanoparticle characterization was performed on the AgNP supernatant obtained by centrifuging the synthesis solution
at 100 rpm for 5 min. Characterization of the NPAg size was confirmed by surface plasmon resonance (SPR) analysis in
UV-Vis spectrophotometer, while the size distribution was measured by a particle size analyzer. Surface morphology was
performed using scanning electron microscopy (SEM), and antibacterial activity was evaluated by the disc diffusion method.
The results showed that AgNPs had the best nanoparticle characteristics in an extract concentration of 0.5%, the synthesis
indicated by SPR at a wavelength of 434 nm and an average size of 80.67 nm. SEM analysis showed the formation of
clusters at variations of 1.0% and 1.5%. The antibacterial activity of AgNPs against MRSA was the highest at 0.5%, with an
inhibition zone diameter of 0.77 mm. The higher concentration of S. jamaicencis leaf extract increases the risk of cluster
formation, which enlarges the AgNPs, while antibacterial activity was reduced.
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1. Introduction and inflating treatment costs due to prolonged hospital-

ization duration and more expensive antimicrobial agents
(Nkuwi et al. 2018). Effective antibacterial agents are
needed to inhibit the spread of MRSA on tools and instru-
ments in hospitals.

Pathogenic microorganisms’ resistant to antibiotics are a
global threat to human health. In 2019, antibiotic-resistant
bacteria caused at least 1.27 million deaths and are as-
sociated with approximately 5 million cases of infection
worldwide (Murray et al. 2022). One of the resistant
pathogen infections with high mortality and morbidity is
the Methicillin-Resistant Staphylococcus aureus (MRSA)
infection. The Asian region has the highest prevalence of
MRSA infection worldwide, reaching 46-61% of infec-
tions (Ruekit et al. 2022).

There has been an increase in awareness of the spread
of MRSA in the hospital environment due to its spread
through direct contact between staff and patients as well
as medical equipment, clothing, and the air. Erlin et al.
(2020) found that there was exposure to MRSA on the in-
strument table (87%), surgical scissors (83%), bed sheets
(67%), and infusion poles (75%) in the surgical treatment

Silver nanoparticles have been widely developed as an
antibacterial agent for coating polymer fibers and metal
surfaces (Xia et al. 2018). Nanoscale metal nanoparticles
(1-100 nm) can enlarge the antibacterial spectrum since
they have a larger surface area per volume ratio (Rosman
et al. 2021). Silver nanoparticles have multiple mecha-
nisms of inhibiting bacteria growth, which may also be
lethal, being able to attach or adhere to the surface of the
bacterial membrane and change the structural integrity of
the membrane (Lee and Jun 2019), entering cells and dam-
aging their intracellular components, inducing the produc-
tion of free radicals, and interfering the signaling transduc-
tion pathways on the bacterial life cycle (Yan et al. 2018).

room. The spread of MRSA infection in hospitals can
harm patient care by increasing morbidity and mortality

Silver nanoparticles produced by physical and chem-
ical methods require expensive reagents and production
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systems utilizing hazardous conditions, that is high tem-
perature and pressure, and longer processing time (Sard-
jono et al. 2022). Green synthesis is an alternative for
the formation of silver nanoparticles by employing com-
pounds contained in plants or microorganisms as natu-
ral reducing agents (bioreductant) to reduce silver metal
ions (Jamkhande et al. 2019). Using extracts from natu-
ral ingredients makes green synthesis more environmen-
tally friendly, has low production costs, and abundant raw
materials in nature, allowing it to be produced on a larger
scale (Sur et al. 2018).

Groups of plant metabolites such as flavonoids, phe-
nolic, carbohydrates, sugars, and proteins act as reducing
and stabilizing agents in the synthesis of AgNPs (Cha-
hardoli et al. 2017). Plant secondary metabolites have
polyhydroxy groups, which possess potent antioxidant ac-
tivity and play a role in reducing metal ions into nanopar-
ticles (Sahu et al. 2016). The hydroxyl group (-OH) in the
flavonoid such as quercetin can be an ion reducing agent
due to changes in the flavonoid tautomer from the enol
to the keto-type, which releases reactive hydrogen atoms
so that they can reduce silver ions into nanoparticles (Me
et al. 2020).

Stachytarpheta jamaicensis is widely distributed in
Indonesia and found in forest areas, meadows, gardens,
and roadsides. The plant is used traditionally for heal-
ing allergies and digestive problems. Recent studies report
that S. jamaicensis leaves contain flavonoids, tannins and
saponins. These compounds have hydroxyl groups, so it
can donate electrons to reduce Ag+ ions to nano-sized Ag0
(Yanuar et al. 2022).

Based on the potential of leaf extract as a bioreduction
of silver nanoparticles, a study was conducted to character-
ize the biosynthesis of AgNPs with various extract concen-
trations. The concentration of the extract determines the
effectiveness of reducing Ag+ ions thereby affecting the
variations in shape, size and concentration of the AgNPs
produced (Septriani and Muldarisnur 2022). Variations in
shape, size, and concentration of the synthesized nanopar-
ticles determine the antibacterial effectiveness of AgNPs
(Dwiastuti et al. 2022). Therefore, this study aimed to de-
termine the optimal concentration of precursors and plant
extracts as bioreduction to produce AgNPs with the small-
est size to inhibit the growth of MRSA.

2. Materials and Methods

2.1. Stachytarpheta jamaicensis leaf extract prepara-
tion
The leaf S. jamaicensis was washed with water and air-
dried. The dried leaf of S. jamaicensis was then crushed
and filtered to a size of 20 mesh to form simplicia with a
uniform size. The simplicia was extracted in 70% ethanol
as a solvent at a ratio of 1:10 using an ultrasonic homog-
enizer (Biologics. Inc 150 v/t, USA) at a frequency of 20
kHz for 20 min. Then, the extract was filtered using fil-
ter paper to separate the filtrate and residue. The residue

was then extracted again following the same method. The
filtrate was then evaporated with a rotary evaporator (In-
ScienPro EVA-700, Indonesia) at 60 °C until % of the vol-
ume remained and then heated in a water bath at 60 °C to
create a thick extract. The concentrated extract was sub-
sequently diluted with distilled water to achieve concen-
trations of 0.5%, 1.0%, and 1.5%, thereby forming the test
extract. The extraction process was conducted following
the protocol of Abd Karim et al. (2022).

2.2. Biosynthesis of AgNPs with S. jamaicensis leaf ex-
tract

The AgNPs biosynthesis process was carried out based on
research conducted by Lestari et al. (2022) by modifying
the addition of 1% poly vinyl alcohol (PVA). The con-
centrated extract was diluted to a concentration of 0.5%,
1.0%, and 1.5% to the test extract. The test extract for
each concentration was added with 1 mM AgNO; with a
volume ratio 1:10. Biosynthesis was evaluated in three
repetitions for each concentration. The mixture was ob-
served for changes in color and absorbance at 0, 24, and
48 h.

2.3. Characterization of AGNPs

Several analyses have been carried out to characterize the
prepared nanoparticles, as described in Du et al. (2022).
The absorbance peak was determined using a UV-Vis
spectrophotometer to determine the growth of nanoparti-
cle formation. The absorbance peaks formed at specific
wavelengths can be used to predict the formed nanoparti-
cles’ size and shape. The size and shape of the AgNPs su-
pernatant were characterized and performed by a UV-Vis
spectrophotometer (Hitachi UH5300, Japan) at a wave-
length range of 350-800 nm.

2.3.1 Surface plasmon resonance and absorbance
analysis

The shape and size of AgNPs can be examined by UV-
Vis spectrophotometer through surface plasmon resonance
(SPR) analysis or an oscillatory resonance process due
to the presence of an electromagnetic field from laser
light with electrons on the surface of silver nanoparticles
(Sarhan et al. 2022). SPR is a phenomenon that occurs
when light interacts with tiny silver particles. When light
as electromagnetic waves hit the surface of the nanopar-
ticles, it will collectively cause the electrons on the sur-
face to oscillate, creating a resonance effect (Lestari et al.
2022). The resonance effect can be detected through dis-
tinct wavelengths of light absorbed or scattered by the
nanoparticles. Light absorption by particles in the UV-Vis
spectrum depends on the electronic structure of the parti-
cles (Fazrin et al. 2020).

Nanoparticle suspension is vortex gently to ensure uni-
form dispersion. For optimal results, we use freshly pre-
pared and well-dispersed samples. For blank preparation,
a clean cuvette was filled with deionized water. The blank
cuvette was inserted into the spectrophotometer and run a
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baseline correction which set the instrument to zero. Next,
a 1 mL volume of the nanoparticle suspension was trans-
ferred into a clean cuvette and inserted the sample cuvette
into the UV-Vis spectrophotometer. The absorbance of the
synthesized AgNPs solution was measured at each concen-
tration over intervals of 0, 24, and 48 hours to observe the
rate of AgNPs formation. The wavelength was recorded
within the range of 350-800 nm, and the peak wavelength
was subsequently identified. For silver nanoparticles, a
peak is typically observed near 400 nm.

Identifying the surface plasmon resonance (SPR) peak
is essential for data interpretation, as its position is related
to particle size and dispersion state. A red shift, where
the peak moves to longer wavelengths, indicates larger
particles or aggregation. In contrast, a blue shift, where
the peak shifts to shorter wavelengths, suggests smaller
particles or surface modifications. Additionally, it is im-
portant to measure the peak intensity since it correlates
with particle concentration. The full width at half maxi-
mum (FWHM) should also be evaluated to determine the
size distribution of nanoparticles; broader peaks indicate
greater size variability or aggregation among the particles.
The measurements are repeated at least three times to en-
sure the reliability of the data.

2.3.2 Particle size analysis

The size distribution of AgNPs is based on diameter, poly-
dispersity index, and Z average parameters, which can be
analyzed by a particle size analyzer (PSA) device. PSA is
an instrument that can measure particle size distribution in
emulsions, suspensions, and dry powders. The advantage
of this instrument is that it has an accuracy of + 1% and can
measure particles from 0.2 nm to 2,000 nm. PSA anal-
ysis can confirm the particle size and distribution of the
nanoparticles formed in the presumed SPR (Ulayya et al.
2019). Confirmation of nanoparticle size was performed
using a size distribution analysis device (Horiba SZ-100,
Japan). Size distribution analysis used AgINPs supernatant
purified of the synthesis solution by centrifugation (Ep-
pendorf centrifuge 5810R) of all concentrations at 1500
rpm for 10 min. A volume of 1 mL of the sample solution
was transferred into the cuvette and subsequently placed in
the holder of the PSA machine. The PSA device provided
the polydispersity index parameters and the nanoparticles’
average size.

2.3.3 Scanning electron microscopy (SEM) analysis

SEM analysis produces surface morphological structure
images of silver nanoparticles. SEM is an electron micro-
scope that depicts the sample’s surface through scanning
from high-emission electrons (Hutagalung et al. 2022).
The surface morphology of AgNPs describe the shape of
the particles and the shape of the clusters formed. The
estimated shape and size of nanoparticles by SPR analysis
can be confirmed utilizing SEM devices. SEM is a method
that can directly characterize the microscopic morphology

of AgNPs (Du et al. 2022). The morphology of the silver
nanoparticles was confirmed by an SEM device (Thermo
FEI Quanta 250, USA). Morphological analysis was per-
formed on 20 pl of AgNPs supernatant dripped onto the
fiber (0.6 mm diameter) with 5 pl 1% PVA as fixative
nanoparticle media and allowed to dry. The fiber was then
analyzed with an SEM device at 50,000x optical magnifi-
cation.

2.4. Antibacterial activity test

The disc diffusion method was used to test the antibacte-
rial activity of AgNPs toward MRSA on Mueller Hinton
Agar (MHA) media. MRSA was obtained from the Fac-
ulty of Medicine, Sebelas Maret University. The tested
MRSA was refreshed by subculture on Nutrient Agar (NA)
and incubated at 37 °C overnight. The MRSA culture was
subsequently suspended in 0.95% physiological saline to
achieve a turbidity level equivalent to 0.5 McFarland. It
was then uniformly spread on the surface of the MHA
medium using a sterile cotton swab. McFarland standards
are used to standardize the approximate number of bacte-
ria in a liquid suspension by comparing the turbidity of the
sample. These standards range from 0.5 to 10, with each
standard representing a specific bacterial concentration.
A 0.5 McFarland standard corresponds to approximately
1.5x108 colony-forming units per milliliter (CFU/mL),
which meets the required bacterial count for the antimicro-
bial susceptibility testing (Aryal 2021). Five paper discs
were placed on the media and then dripped with AgNPs
supernatant (30 pL), ciprofloxacin 32 pg/mL as a posi-
tive control, aquadest as a negative control, and the treat-
ments S. jamaicensis leaf extract and 1mM AgNOs each as
much as 5 pL. In several studies on MRSA, ciprofloxacin
at a concentration of 32 pg/mL was used as a reference
in antimicrobial activity tests. This concentration reflects
a high level of exposure necessary to overcome bacte-
rial resistance, particularly in more challenging strains like
MRSA (Kang et al. 2020). Only 5 pL of the synthesized
AgNPs were utilized, as previous research indicated that
this volume was the minimum required to demonstrate an-
tibacterial activity and to ensure optimal absorption by the
paper disk (Devanesan and Alsalhi 2021). The cultures
were incubated for 24 h at 37 °C. Each treatment was car-
ried out in three replicates. Antibacterial activity testing
was conducted qualitatively, following the procedur of In-
dah et al. (2022).

2.5. Data analysis

Qualitative data for the characteristics of AgNPs, includ-
ing absorbance, particle size, distribution index, and an-
tibacterial activity in the form of inhibition zone diameter,
were analyzed descriptively.
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3. Results and Discussion

3.1. Ethanolic extract of Stachytarpheta jamaicensis
leaf

S. jamaicensis leaf extract was produced by dissolving
48.2 g of S. jamaicensis leaf simplicia in 482 mL of 70%
ethanol and producing a thick extract of 18.1 g. The
yield percentage based on the ratio of the viscous extract’s
weight to the sample’s weight showed a percentage of
37.67% (Table 1).

The percentage of yield obtained is more than 30%,
which means the extraction process has been running op-
timally. Based on the standardization of the (Directorate
General of Food and Drug Administration 2000), opti-
mally, the extraction process occurs when it reaches more
than 10%. The yield with a high percentage showed the
type of solvent and extraction method optimally dissolved
the content of S. jamaicensis metabolites. Ethanol at a con-
centration of 70% as a solvent has been reported to produce
more plant extract yields as it has a higher polarity than at
higher concentrations (Suhendra et al. 2019). Ethanol sol-
vents can dissolve metabolites by degrading cell walls and

TABLE 1 Percentage of the yield of S. jamaicensis leaf extraction
with 70% ethanol as a solvent using the sonication method for 20
minutes.

Sample Solvent Extract Yield
Weight (g)  Volume (mL) Weight (g) Percentage (%)
48.2 482 18.1 37.67

.
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s

~
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FIGURE 1 The color of the silver nanoparticle synthesis solution
with various concentrations of S. jamaicensis leaf extract (0.5%,
1.0%, and 1.5%) at (a) O hours, (b) 24 hours, and (c) 48 hours.

)

(c)

dissolving the bioactive compounds of plant cells with the
ethanol hydroxyl group bonded to the hydrogen group of
the hydroxyl group of phenolic compounds.

The sonication method was used since it requires a rel-
atively short time and a smaller amount of solvent than
other extraction methods (Jumawardi et al. 2021). Soni-
cation can increase the frequency and area of cell surface
contact with the solvent to streamline the time and amount
of solvent used (Xu et al. 2021). In addition to this, the
reducing compounds contained in S. jamaicensis leaves,
including antioxidants, phenolic, flavonoids, tannins, and
saponins, which are thermolabile, make sonication an ap-
propriate extraction method (Oprescu et al. 2022).

3.2. Biosynthesis of silver nanoparticle

The process of biosynthesis of silver nanoparticles can be
observed directly. Visual observation was carried out by
observing changes in the turbidity and color of the synthe-
sis solution. Increased turbidity and color change of the
synthesis solution can indicate the process of forming sil-
ver nanoparticles. One mM precursor AgNOj3 was reacted
with S. jamaicensis leaf extract (0.5%, 1.0%, and 1.5%)
to produce a clear yellowish solution, which became more
intense over time. The color change of the silver nanopar-
ticle synthesis solution at 0, 24, and 48 hours is shown in
Figure 1.

The color of the synthesis solution that is darkened
with time indicates an increase in particle size and the pres-
ence of surface plasmonic effects (Fazrin et al. 2020). The
plasmonic effect is when light interacts with electrons on
the surface of small particles. When it reaches the parti-
cle’s surface, light energy can generate plasmonic waves.
Plasmonic vibrations are the collective vibrations of the
electrons on the particle’s surface. When AgNP particles
are formed, they produce a specific shape and size that pro-
duce a distinctive plasmonic effect. The plasmon waves
that are formed can create electromagnetic resonance at
specific wavelengths. These resonances can affect silver
nanoparticles to absorb and reflect light waves. Larger
AgNP particles absorb more light at shorter wavelengths,
including visible light, and reflect light at longer wave-
lengths. As aresult, larger AgNPs tend to have a darker or
more brownish color (Amaliyah et al. 2022).

Changes in turbidity and the color of the synthesis
solution to dark brown simultaneously indicate that the
biosynthesis rate has reached the final phase. The clus-
tering process of the biosynthesis of silver nanoparticles
with reducing agents of plant bioactive compounds oc-
curs in three phases: induction, growth, and termina-
tion. The induction phase initiates the synthesis process
by reducing silver ions and nucleating them into small,
reactive, and unstable crystals. These ions then spon-
taneously aggregate into larger aggregates, indicating a
growth phase. In the termination phase, the size and shape
of the biomolecule-enclosed aggregate as a capping agent.
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3.3. Absorbance response and peak wavelength of sil-
ver nanopatrticles (AgNPs)

The biosynthesis of silver nanoparticles can be deter-
mined based on surface plasmon resonance (SPR) and
absorbance analysis. Visual observation of the silver
nanoparticle synthesis solution was strengthened by mea-
suring the absorbance spectrum applied in a UV-Vis spec-
trophotometer over time during biosynthesis. The peak
wavelength of the nanoparticles from all variations in con-
centrations of S. jamaicensis leaf was formed in the 429—
436 nm (Table 2). The peak wavelength is the SPR of
the formed nanoparticles. SPR at that wavelength range
shows biosynthesis at each concentration variation to pro-
duce nanometer-sized AgNPs. SPR at this wavelength
range is following previous studies that reported silver
nanoparticles could be identified by the SPR phenomenon
at a wavelength of 400-450 nm (Eid et al. 2020).

The 24-hour biosynthesis time showed that biosyn-
thesis with higher concentrations of S. jamaicensis leaves
produced SPR at shorter wavelengths. SPR that shifts
to shorter wavelengths also shows smaller particle sizes
(Septriani and Muldarisnur 2022). These results state that
using S. jamaicensis leaf extract as a reducing agent in
higher concentrations forms smaller-sized nanoparticles.

The biosynthesis time at 48 hours showed that at a
concentration of 1.5%, the SPR shift was longer than the
other concentration variations. The move of the absorp-
tion peak to longer wavelengths indicates that the stability
of silver nanoparticles is less stable and tends to experience
agglomeration (Prasetyaningtyas et al. 2020). In addition,
there was a significant increase in absorbance at a concen-
tration of 1.5% compared to other concentrations (Figure
2).

The increased absorbance intensity represents an ac-

cumulation in the reduction of silver ions to silver atoms,
resulting in an increase in the formed nanoparticle concen-
tration. Raising the concentration of nanoparticles results
in a more likely tension force for silver to occur, which
causes the size of the silver nanoparticles to be larger due
to the formation of clusters.

3.4. Size distribution of silver nanoparticle

The supernatant from the synthesis solution at 48 h of syn-
thesis time, which was centrifuged at 1500 rpm for 10 min,
was characterized by a particle size analyzer (PSA). The
value of the polydispersity index (Pd.i) and the average Z
value can be seen in Table 3.

Table 3 shows that the average size of the nanoparticles
(Z average) and the diameter (d.nm) increased by elevating
the concentration of S. jamaicensis leaf extract used. The
average size of the smallest nanoparticles, i.e. 80.67 nm,
was obtained in the synthesis of 0.5% extract, and the aver-
age size of the largest nanoparticles was found in the syn-
thesis of 1.5% extract, which was 111.2 nm. This shows
that a 0.5% concentration of S. jamaicensis leaf extract
allows the provision of sufficient antioxidants and other
bioreduction compounds to synthesize silver nanoparticles
with an acceptable size. If the concentration of the extract
is excessive, it can cause the reaction to continue and en-
large in size.

The size distribution curve can be seen in Figure 3.
The curve in Figure 3 has peaks that indicate the size distri-
bution of AgNPs. The peak on the distribution curve des-
ignates that AgNPs of all concentration variations have the
highest particle size frequency below 100 nm. However,
the concentration of 1.5% has particles with sizes above
100 nm in a higher percentage than the other variations.

PSA analysis presented that all silver nanoparticles

TABLE 2 Peak wavelength and absorbance of silver nanoparticles based on biosynthesis time.

Concentration oth hour 24t hour 48t hour
(%) Wavelength (nm) Absorbance  Wavelength (nm) Absorbance  Wavelength (nm) Absorbance
0.5 676 0.047 436 0.974 434 1.002
1 676.5 0.084 431.5 1.321 430 1.469
1.5 674.5 0.111 429.5 1.36 430 2.55
|:| 0Oth hour I:| Oth hour |:| Oth hour
9 - 24th hour - 24th hour “0 - 24th hour
351 - 48th hour - 48th hour - 48th hour

3.0

2,54

2,0

Absorbance
Absorbance

(11,002, 434nm)
(10,974 , 436 nm)
(40,047, 676nm)

(11,489, 430nm)
(11,321, 431,5nm)

(22,55, 430nm)

Absorbance

31,361, 428nm)

(10,084, 874,5nm) (20,13, 674,5nm)

400 500
500 600

‘Wavelength (nm)

(@) (b)

s
800 700 800 800

Wavelength (nm)

‘Wavelength (nm)

(c)

FIGURE 2 Peak wavelength and absorbance: (a) 0.5% extract, (b) 1.0% extract, and (c) 1.5% extract. It was observed that there was a shift
in the absorption peak at the 48th hour of synthesis and an increase in absorbance in the 1.5% variation of the extract.
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TABLE 3 Diameter size of nanoparticles, polydispersity index, and average size of silver nanoparticles formed.

Extract concentration (%) Diameter Size (d.nm) Pd. Index Z Average (nm)
0.5 43.67 0.256 80.67
1 43.49 0.36 89.68
1.5 63.54 0.311 111.2
Size Disiribution by Number Size Distribution by Number Size Distribution by Number
DB 100 25 257 100
R o ooof -
g g 8 s
_E 0 B 210 5 é 5
E E z
20 5
¥ 0 0+
1 10 100 1000 1 10 1000 1 10 100 1000
Size (d.nm) Size (d.nm) Size (d.nm)
'mber (Record 152: 0131 Sandy Samsul_AgNP 05%) B Number (Record 198: 0131 Sandy Samsul_AgNP 1,09%) B Number (Record 2090131 Sandy Samsul AGNP 1.5%)
(@) (b) (c)

FIGURE 3 Size distribution curve from particle size analyzer: (a) Silver nanoparticles with 0.5% extract with a peak below 100 nm, (b) 1.0%
with a peak below 100 nm, (c) 1.5 with a peak below 100 nm, but some curves exceed 100 nm.

with various concentrations of extracts had a reasonable
degree of homogeneity in particle size. The polydisper-
sity index value of the three variations shows a value be-
low 0.5, which denotes good uniformity of the size of
the nanoparticles (Amiri and Behin 2021). The smaller
the polydispersity index value, the more homogeneous the
particle size. Meanwhile, if the polydispersity index value
of the nanoparticles exceeds 0.5, the size of the nanoparti-
cles is heterogeneous (Lestari et al. 2022).

3.5. Surface morphology of silver nanoparticles

Scanning electron microscopy (SEM) is an instrument in
the form of an electron microscope that can image the sam-
ple surface by scanning from the electron beam. SEM
emits an electron beam, which will be reflected by the par-
ticles to be captured by the detector and analyzed to initiate
an image (Hutagalung et al. 2022). Morphological obser-
vations were carried out at magnifications of 50,000x. The
surface morphology of AgNPs at 50,000% magnification
can be seen in Figure 4.

(a) (b)

Surface morphology images of AgNPs show the
biosynthesis of silver nanoparticles of all concentration
variations having sizes below one um. Morphologically,
from SEM observations, nanoparticles have formed with
the observed surface shaped like small spheres. The sil-
ver nanoparticles biosynthesized from the 0.5% extract
revealed spherical nanoparticles sticking together. SEM
images at 1.0% and 1.5% variations demonstrate that the
nanoparticles agglomerate with each other to form large
clusters covering the pores of the filter paper.

Several driving factors can cause the formation of sil-
ver nanoparticle clusters. The higher the extract concen-
tration as a reducing agent, the higher the nanoparticle con-
centration formed relatively quickly. The high concen-
tration of nanoparticles formed generates a tendency for
nanoparticles to experience agglomeration due to Van der
Waals forces (Lestari et al. 2022). Silver nanoparticles that
undergo agglomeration have a low zeta potential value due
to the attraction between nanoparticles, which is greater
than the repulsive force between them. Low zeta potential

FIGURE 4 Scanning Electron Microscopy (SEM) image of surface morphology of silver nanoparticles at 50,000x magnification on filter paper
pores, (a, b, c) silver nanoparticles extract 0.5%, 1.0%, and 1.5% respectively. Note: red circle indicates AgNPs.
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values specify silver nanoparticles that are less stable and
experience agglomeration.

3.6. Antibacterial activity of silver nanoparticle

Silver nanoparticles with a 48-hour biosynthesis time,
which have been identified to form nanoparticles, were
then tested for their antibacterial activity. Figure 5 shows
the inhibition zone of antibacterial activity.

Table 4 reveals the diameter of the silver nanoparti-
cle inhibition zone against MRSA. Silver nanoparticles
of each variation showed a diameter of inhibition on the
growth of MRSA. AgNP variation of 0.5% extract pro-
duced the widest diameter of the inhibition zone, which
gave better antibacterial effectiveness than the other vari-
ations. The diameter of the inhibition zone is consistent
with the size of the silver nanoparticles; the smaller the
size of the silver nanoparticles, the wider the diameter of
the inhibition. Previous reports explained that nanopar-
ticle size can affect antibacterial effectiveness since it is
related to the ratio of surface area to particle volume. The
smaller the particle size, the easier it is for silver nanopar-
ticles to penetrate the bacterial cell wall to change the
cell membrane’s structure and trigger cell death (Yin et al.
2020). Research by Alavi et al. (2019) proved that sil-
ver nanoparticles can enter the cell membrane of S. aureus
bacteria, leading to changes in cell morphology to swell
and shrink due to shrinking cell walls.

AgNPs is widely used as an antibacterial agent, ex-
hibiting various inhibitory mechanisms in bacteria. Ag-

TABLE 4 Diameter of the AgNPs inhibition zone in MRSA bacteria
culture.

Treatment Inhibition zone diameter (mm)
AgNPs Variation 0.5% 1.37

AgNPs Variation 1.0% 0.85

AgNPs Variation 1.5% 0.75

AgNO3 0.73

Extract 1.5% 0

Aquades (negative control) 0

Ciprofloxacin (positive control)  19.65

U]

V)

(v) (1))
(a) (b)

NPs can attach (adhesion) directly to the bacterial cell
membrane due to differences in electrostatic charge (Lee
and Jun 2019). Furthermore, AgNPs will cause holes
in the membrane, causing the membrane to fail to pro-
tect intracellular organs, resulting in cell death (Masimen
et al. 2022). The existence of a hole due to changes
in the permeability and structural integrity of the mem-
brane attached to AgNPs causes AgNPs to enter the cell
(Hochvaldové et al. 2022). AgNPs then interacts with cel-
lular molecules and organelles such as proteins, DNA, and
lipids. AgNPs, which interacts with the ribosome, will in-
terfere with protein synthesis by denaturing the ribosome
and stopping the translation process (Mateo and Jiménez
2022). AgNPs can also bind with DNA molecules, con-
tributing to DNA denaturation and cutting, as well as dis-
ruption of cell division. The interaction of cell cellular
organelles with AgNPs causes bacteria to lose their ability
to divide or reproduce, which ends in cell death (Masimen
et al. 2022). AgNPs will release Ag+ ions, which induce
high levels of reactive oxygen species (ROS), causing cell
oxidative stress (Yan et al. 2018). Oxidative stress can
cause damage to vital cellular organelles such as proteins,
DNA, and RNA.

AgNPs treatment at all variations concentration
demonstrated an inhibition zone, albeit minimal when
compared to the positive control ciprofloxacin. Several
factors could contribute to this observation, such as the
low nanoparticle concentration and the types of bacteria
tested. This highlights the importance of purifying Ag-
NPs produced through biosynthesis, as this research re-
lied solely on the volume of supernatant. Purifying Ag-
NPs eliminates biosynthesis residues and excess bioactive
components, like flavonoids and enzymes from plant ex-
tracts, which can influence measurements of nanoparticle
concentrations. Therefore, more consistent quantification
of AgNPs can be achieved, ensuring that the concentra-
tions used in antibacterial assays are both precise and re-
producible (Nkosi et al. 2024).

According to previous studies (Amaliyah et al. 2022;
Alavi et al. 2019; Hasanzadeh et al. 2021), silver nanopar-
ticles produce smaller inhibition zones in gram-positive
bacteria such as Staphylococcus aureus than in Gram-

V)
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FIGURE 5 Inhibition zone of silver nanoparticles (1) AgNPs ((a) 0.5 %, (b) 1.0%, (c) 1.5%)), (II) ciprofloxacin, (Ill) Extract, (IV) Aquadest, and (V)

AgNOs;.
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negative bacteria such as Escherichia coli. Amaliyah et al.
(2022), using Piper retrofractum (Javanese chili) fruit ex-
tract as a reducing agent, reported inhibition zones for S.
aureus around 12—-16 mm, while for E. coli it reached 18—
20 mm (include paper disk diameter 6 mm), suggesting
higher sensitivity of Gram-negative bacteria in this case.
Alavi et al. (2019) utilized the herbal extract Pelargo-
nium graveolens (geranium) and found inhibition zones
for S. aureus at 10-15 mm, while Gram-negative strains
like Pseudomonas aeruginosa reached 17—22 mm. Hasan-
zadeh et al. (2021), employed Mentha piperita (pepper-
mint) leaf extract, documented S. aureus inhibition zones
around 14 mm, with E. coli showing zones up to 21 mm.
The difference in the effect of AgNPs on Gram-positive
and Gram-negative bacteria may be due to differences in
the membrane structure’s characteristics and the nanopar-
ticles’ nature and size.

Recent studies show that silver nanoparticles (AgNPs)
with ideal size and shape might still exhibit suboptimal
antibacterial performance. One explanation is that while
the morphology and stability of the AgNPs contribute to
their potential activity, other factors, such as the interac-
tion with biological environments, agglomeration, or in-
sufficient surface reactivity, can hinder their effectiveness.
For example, a 2022 fungal-mediated synthesis study pro-
duced well-characterized, stable, and spherical AgNPs.
Despite their excellent physical properties, the antibacte-
rial inhibition zones varied significantly depending on the
bacterial strain. The interaction between AgNPs and bac-
terial membranes can be affected by the nanoparticle’s sur-
face chemistry, capping agents, and environmental condi-
tions, which might reduce their bioavailability or prevent
them from releasing sufficient silver ions for optimal inhi-
bition activity (Murillo-Rabago et al. 2022).

Furthermore, AgNPs synthesized with organic or inor-
ganic carriers may exhibit lower antibacterial activity than
expected. In these cases, the support material can limit the
release of silver ions or the AgNPs may be sterically hin-
dered from interacting efficiently with bacterial cells (Ca-
caci et al. 2023). Thus, while synthesis methods may pro-
duce AgNPs with ideal size and shape, their antibacterial
performance depends on a complex interplay of physico-
chemical properties and environmental factors.

4. Conclusions

It was concluded that the concentration of S. jamaicen-
sis leaf extract produced different characteristics of NPAg
including SPR (0.5%: 434 nm, 1.0%: 430 nm, 1.5%:
430 nm), Z Average size distribution (0.5%: 80.67 nm,
1.0%: 89.68 nm, 1.5%: 111.2 nm), and surface morphol-
ogy (0.5%: spheres stuck together, 1.0%: clusters, 1.5%:
clusters). Based on this, a concentration of 0.5% produced
the best NPAg character. The highest antibacterial activity
of NPAg against MRSA bacteria was in 0.5% S. jamaicen-
sis leaf extract with an inhibition zone of 0.77 mm, fol-
lowed by 1.0% and 1.5%, respectively 0.25 mm wide and
0.15 mm. The higher concentration of S. jamaicensis leaf

extract used increases the risk of cluster formation, which
makes the size of the AgNPs enlarge and the antibacterial
activity decrease.
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