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Abstract. In this study, the green synthesis of silver nanoparticles (AgNPs) was performed using 
S.nervosum leaf extract, and their physicochemical characterization was also studied. The 
characteristic surface plasmon resonance peak observed in the visible region at 435 nm is 
consistent with previous reports of silver nanoparticle formation. The synthesized AgNPs were 
also characterized by SEM, TEM, XRD, and FTIR, which revealed their nearly spherical shape, 
with a diameter mainly in the 10 - 30 nm range. The antimicrobial activity of AgNPs was 
studied using the agar well diffusion method on four clinically significant pathogenic 
microorganisms (P. aeruginosa ATCC 27853; E. coli ATCC 35218, S. aureus ATCC 12493; S. 
aureus Mastitis isolate). The results showed that the green-synthesized AgNPs exhibited 
antimicrobial activity at most studied concentrations, including the antibacterial effect against 
the S. Aureus (Mastitis isolate) strain, which was found to be resistant to Tetracycline at 100 
µg/L. The antifungal activity of these nanoparticles was also studied on Colletotrichum 
gloeopsoriodes by colony formation assay. The green synthesis of AgNPs was successfully 
conducted for the first time using the aqueous extract of S. nervosum. The results of this study 
indicate that the silver nanoparticles have potential applications as antibacterial and antifungal agents. 
Keywords: Green synthesis, AgNPs, S. nervosum, antibacterial activity, antifungal activity. 
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1. INTRODUCTION 

In recent years, nanotechnology associated with metal nanoparticles has garnered 
significant attention in the sciences and is widely applied in various fields, including physics, 
chemistry, and biology [1, 2]. Metal nanoparticles possess unique properties due to their 
excellent physicochemical properties, including electrical and thermal conductivity, as well as a 
high surface-to-volume ratio, which are essential for applications in catalysis, biomedicine, 
energy, environmental protection, electronics, and optoelectronics [3 - 7]. Among these metals, 
silver nanoparticles (AgNPs) have garnered more interest due to their remarkable properties, 
including good electrical conductivity, chemical stability, catalytic activity, and antibacterial, 
antiviral, and antifungal activities [8 - 13]. Various approaches have been developed to 
synthesize AgNPs, including chemical, physical, and biological methods [14]. Generally, 
conventional physical and chemical methods are used to manufacture nanoparticles with high 
stability and controlled size [15]. Unfortunately, their high cost, low reaction yield, hazardous 
nature, and high energy consumption are significant drawbacks [16, 17]. 

In contrast, the synthesis of metal nanoparticles by biological or green synthesis methods 
has recently received considerable attention due to their potential for less toxicity, cost-
effectiveness, and feasibility [18,19]. They utilize biological resources and eco-friendly 
materials, such as microorganisms, fungi, and plant extracts, which can potentially reduce metal 
ions [20]. The synthesis of nanoparticles from microorganisms and fungi enables the control and 
regulation of size and morphology, as well as the use of low residual amounts of reducing 
agents. However, highly sterile conditions, culture contamination, and long reaction times are 
significant challenges for the synthesis [21]. Plant phytochemicals include alkaloids, flavonoids, 
glycosides, polysaccharides, terpenoids, and tannins, which are suggested to reduce agents and 
stabilize AgNPs [22]. 

Plant S. nervosum belongs to the Syzygium Genus, Myrtaceae family. They are cultivated 
in many provinces of Viet Nam and other Southeast Asian countries. The leaf and bud extracts 
of S.nervosum are widely used in traditional medicine, particularly for treating influenza, skin 
diseases, and digestive conditions. The leaf extract of S. nervosum contains polyphenols, 
flavonoids, vitamins, and minerals, and has been shown to exhibit anticancer, antidiabetic, 
antiobesity, antioxidant, antiviral, anti-inflammatory, and other bioactivities [23]. The high 
polyphenol content in the leaf extract can be effectively utilized as a reducing agent for 
synthesizing nanomaterials [24]. 

Silver nanoparticles have extensive applications in the fields of medicine and healthcare 
due to their pronounced antibacterial and antifungal properties [25]. The escalating concern of 
antibiotic resistance poses a significant threat to global health, particularly in developing nations 
like Viet Nam, where antibiotic usage lacks stringent control measures. The promising prospect 
of AgNPs as a viable alternative to antibiotics has garnered considerable attention. The 
antibacterial efficacy of AgNPs operates through a multifaceted mechanism, targeting 
microorganisms across diverse structures simultaneously, endowing them with the capability to 
combat a broad spectrum of bacterial strains [26]. Staphylococcus aureus is one of the most 
frequently identified local pathogens, as well as the type of bacteria causing the major types of 
resistant infections. Infections caused by antibiotic-resistant strains of S. aureus have become a 
serious global problem. They cause invasive infections, inflammation in many tissues, blood 
infections, and even life-threatening infections. 

In this study, we utilized S.nervosum leaf extract to synthesize silver nanoparticles, aiming 
to combine the antibacterial properties of the silver nanoparticles with the pharmacological 
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effects of the leaves to obtain a promising, environmentally friendly new product. In addition, 
the antibacterial activity test against Gram-negative bacteria (Escherichia coli; ATCC 35218) 
and Gram-positive bacteria (Staphylococcus aureus; ATCC 12493 and an antibiotic-resistant S. 
aureus strain) was also performed, yielding positive results. 

2. MATERIALS AND METHODS 

2.1. Materials  

The S. nervosum used in this work was fresh and green, purchased from a supermarket in 
Vietnam. Silver Nitrate (AgNO3, purity of 99 %, VWR Chemical), Polyvinylpyrrolidone (PVP, 
average molecular weight 1300000, Sigma-Aldrich). Deionized Water made in our lab was used 
in this experiment. Other reagents and chemicals are of analytical purity and were used without 
further purification. 

2.2. Methods 

Preparation of S. nervosum leaf aqueous extract: Freshly harvested S. nervosum leaves are 
washed with distilled Water and dried for 1 hour. Afterward, 20 g of chopped S. nervosum 
leaves were immersed in 450 mL of deionized Water, placed on a hot plate, and allowed to boil 
for 5 min. The leaf extract solution was obtained after three rounds of filtration and was ready 
for the next step of the experiment. 

Synthesis of AgNPs using S.nervosum leaf aqueous extract: The AgNPs were prepared by 
reducing an AgNO3 solution (1 mM) to 1 mM in the presence of the S. nervosum leaf extract. 
The mixture of 1 ml polyvinylpyrrolidone (PVP) 10 % and 10 ml of AgNO3 with different 
concentrations (0.01, 0.02 0.04, 0.06, 0.08M) was added to 40 ml of S. nervosum aqueous leaf 
extract at room temperature, and solutions were kept on a magnetic stirrer for vigorous mixing to 
optimize the reduction of AgNO3 by the S. nervosum leaf extract. 

Characterization of AgNPs: The formation and optical properties of AgNPs synthesized by 
S. nervosum leaf extract were measured by the UV-Vis absorbance spectrophotometer in the 
visible region from 350 to 750 nm (Picodrop spectrometer P200, UK). The size and distribution 
of Ag nanoparticles were measured by Dynamic Light Scattering (DLS) (Zetasizer Nano-ZS, 
Malvern). FTIR analysis was performed to identify the biomolecules and functional groups 
present on the synthesized nanoparticles. The crystalline phase of the synthesized AgNPs was 
examined with an XRD analyzer to confirm the crystallinity of Ag nanoparticles. The surface 
morphology and microstructure of AgNPs were examined using field-emission Scanning 
Electron Microscopy (FESEM) (Hitachi S4800) and High-Resolution Transmission Electron 
Microscopy (HRTEM) and selected area electron diffraction (SAED) images were taken on a 
JEOL JEM-2100. 

Antibacterial assay: The antibacterial activity of AgNPs was assessed by agar well diffusion 
test [27, 28] against two Gram-negative bacteria (Escherichia coli; ATCC 35218, Pseudomonas 
aeruginosa; ATCC 27853) and two Gram-positive bacteria (Staphylococcus aureus; ATCC 
12493 and S. aureus; local isolate from mastitis-infected cows). The bacterial stock cultures 
were streaked on the assay plate (90 × 15 mm in dimensions) containing Tryptic Soy Agar 
(TSA, BK046HA, Biokar Diagnostic) and incubated overnight at 37 °C. One colony of each 
overnight culture was used to prepare bacterial suspension by shaking in 20 mL of Tryptic Soy 
Broth (TSB, BK046HA, Biokar Diagnostic) for 4 h at 37 °C and 160 rpm. The bacterial 
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suspension was made in a sterile saline solution (0.85 %) and adjusted to a 0.5 McFarland 
standard (1.5 × 108 CFU/mL). Sterile swabs were used to inoculate TSA plates, where the tip of 
the swab was immersed in the bacterial suspension, and then the wet swab was uniformly passed 
over the entire surface of the plate. Then, nine holes with a diameter of 6 mm were aseptically 
punched using a sterile cork borer. Afterward, 20 µL of the AgNP solutions at various 
concentrations (200, 100, 50, and 25 ppm) were introduced into the corresponding wells. The 
same volume of sterile Water and standard antibiotics was used as negative and positive 
controls, respectively. Ciprofloxacin (25 µg/l) was used as the positive control for P. aeruginosa, 
and Tetracycline (100 µg/l) was used for other strains. The agar plates were incubated at 37 °C 
for 24 h. Then, the diameter of the inhibition zone was measured in millimeters, and the 
antimicrobial effect of AgNP solutions was analyzed. The experiment was carried out                             
in triplicate. 

Figure 1. Graphic representation of AgNPs synthesis. 

Antifungal activity of AgNPs by disk diffusion method: The antifungal activity of 
synthesized AgNPs was investigated by measuring the diameter of the fungal colonies that were 
growing [29]. Following the preparation of the culture medium for pathogenic fungi, specifically 
Potato Dextrose Agar (PDA), which included incorporating the examined sample, the fungus 
plate was subsequently subcultured after three days. A well was created in the center of the petri 
dish (diameter = 8 mm) to transfer the fungal sample. Subsequently, the plates were incubated 
within a hermetically sealed enclosure maintained at room temperature. The sample was 
monitored for five days, during which the diameter of the fungal growth region (in millimeters) 
was measured. The fungal strain employed in the experiment is Colletotrichum gloeopsoriodes, 
a pathogenic fungus responsible for inducing fruit rot in chili peppers (Capsicum annum L.). The 
AgNPs were used at a concentration of 200 ppm, and the PDA medium underwent autoclaving 
at a temperature of 121°C for 15 minutes, followed by subsequent cooling to a temperature of 
60°C. Subsequently, a volume of 1 mL of the sample containing AgNPs dispersed in distilled 
Water was introduced into 20 mL of growth medium, resulting in the formation of a 
homogeneous mixture. This combination was then carefully transferred into a Petri plate and 
maintained at room temperature to facilitate the solidification of the agar medium. The 
aforementioned procedure was executed within a controlled environment, specifically an 
incubator, in order to mitigate the risk of microbial contamination. The efficacy of the 
investigated AgNPs will be assessed by measuring their antifungal activity, specifically the 
suppression rate of mycelium growth. This parameter was determined using the following 
equation [30]: 

𝑰𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏	𝒓𝒂𝒕𝒆	(%) = 	 (𝑫#𝒅)
𝑫

	× 	𝟏𝟎𝟎      (1) 

where: D (mm) control colony diameter; d: treated colony diameter (AgNPs). 
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3. RESULTS AND DISCUSSION 

3.1. The UV-Vis spectrum 

UV-Vis absorption spectrometry was performed to confirm the synthesis of silver 
nanoparticles, with spectra recorded over the range of 350 - 750 nm (Figure 2). The distance 
between the particle size and its dielectric constant is mainly dependent on the size and shape of 
the particles, which causes a change in surface plasmon resonance [31]. A distinct SPR peak at 
435 nm was observed, consistent with characteristic signatures reported for AgNPs, while no 
corresponding peaks appeared in the spectra of the AgNO3 solution or the S. nervosum leaf 
extract, confirming the reduction of Ag+ to metallic Ag0 nanoparticles. The resulting colloidal 
AgNPs exhibit good stability, likely due to the capping and stabilizing effects of biomolecules 
present in the extract. Moreover, varying the AgNO3 precursor concentration (0.01 - 0.08 M) 
revealed a proportional increase in SPR peak intensity, reflecting the enhanced formation of 
AgNPs at higher precursor levels. SPR bands consistently appeared within the typical 400 - 450 nm 
region for silver nanoparticles [32]. The maximum intensity of the SPR peak was observed at an 
AgNO3 concentration of 0.08M, so the number of AgNPs produced is the highest. Therefore, 
0.08M of AgNO3 was considered ideal for further studies. 

                                      
Figure 2. The UV-Vis spectra of synthesized silver nanoparticles at different AgNO3 concentrations. 

3.2. The Dynamic Light Scattering (DLS) 

DLS is the most versatile and valuable technical method for in situ measurement of 
nanoparticle size and size distribution in liquids. In our present work, DLS measurements 
demonstrate the presence of AgNPs synthesized using a green method from S. nervosum leaf 
extract. Figure 3 shows that the successfully synthesized AgNPs have a particle size of 
approximately 5 to 30 nm for AgNO3 concentrations ranging from 0.01 to 0.08 M, respectively. 
Particle size measurements by DLS can be larger than those by SEM and TEM due to the 
presence of organic compounds in the sample. The PDI values of the samples ranged from 0.3 to 
0.4, which falls within the range of 0-1, where 0 refers to monodisperse, and 1 refers to 
polydisperse [33, 34]. It has been reported that samples with PDI values lower than 0.3 would 
exist in monodisperse form. This result indicates that the synthesized AgNPs were mostly in a 
monodisperse phase, and the aggregation observed here is attributed to compounds in the plant 
extract [34].  
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Figure 3. Size distribution of AgNPs by DLS. 

The zeta potential values can determine the stability of the AgNPs. High zetapotential 
causes a strong repulsive force among the particles, thus preventing them from aggregating [34]. 
In our study, the sample of 0.08 M AgNO3 has the highest zeta potential value (-29.5 mV) 
(Table 1), which reinforces its ideal status. 

Table 1. Zetapotential values of synthesized AgNPs. 

 

3.3. The FTIR spectra 

FTIR spectra were recorded to identify functional groups that may be bound to 
biomolecules or phytochemicals, whose extracts are significant for reducing manufactured 
AgNPs, as shown in Figure 4. The strong absorption peak at 3380 cm−1 is attributed to the 
presence of the (–OH) group in the phenolic compounds. The absorption bands at 2931 cm−1 
indicate the presence of alkyl (–CH) stretch (sp3). Additionally, the weak peak at 1723 cm−1 
represents the frequency form of the (C––O) of the ester group, while a peak at 1617 cm−1 
presents the (C––O) of the primary amide group. The δs of the methylene (–CH2) group are 
identified at the sharp peak at 1425 cm−1. Moreover, the absorption bands at 1293 cm−1 and 1028 
cm−1 are attributable to the vibrational frequencies of the (–CH3) group. The absorption band at 
1040 cm−1 represents the vibration of the (C––O) group. Finally, the absorption bands at 735 
cm−1 and 646 cm−1 are vibrations of the (–CH2) and (C=C) groups, respectively [35]. These 
specific functional groups are consistent with the standard eugenol signal, confirming the 
presence of eugenol in the S.nervosum leaf extract. The FTIR spectra suggested that the 
S.nervosum leaf extract successfully synthesizes AgNPs. During heat treatment at 100 °C, the 
absorption of the (–OH) group at 3380 cm−1 is significantly reduced, allowing for preservation, 
storage, and preparation for further experiments. 
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Figure 4. The FTIR spectra of AgNPs treatment (heat treatment at 100 ºC), AgNPs no treatment,                           
and Syzygium Nervosum. 

3.4. Characterization of AgNPs 

Figure 5 shows the XRD pattern of the AgNPs synthesized by S.nervosum leaf extract. 
Sharp and intense peaks describe the highly crystalline silver nanoparticles synthesized. The 
peaks at 2θ: 37.8° (111), 44.9° (200), and 64.8° (220) indicate the formation of a face-centered 
cubic center (FCC) structure of AgNPs (JCPDS No.4.783) [32]. The mean crystallite size was 
calculated by the value of a strong peak at 37.8° using the Scherrer formula given by Equation 2:  

 D = !"
#$%&'

                                                                      (2)  

where k is the shape factor, which is equal to 0.9, λ is the wavelength of X-ray (CuKα = 0.15406 
nm), β is the full width at half maximum (FWHM) of the diffraction peak, and θ is the peak 
position. The average crystallite size estimated was approximately 15 nm. The morphology of 
the AgNPs synthesized was analyzed using SEM and TEM, as shown in Figure 6.  

 
Figure 5. The XRD pattern of AgNPs treatment (heat treatment at 100 ºC) and AgNPs no treatment. 
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Figure 6. The morphology of synthesized silver nanoparticles: a) SEM image b) TEM image, c)                            

and d) HR-TEM images.  

In Figure 6a, we observed that silver nanoparticles synthesized by the plant leaf extract 
have a high yield and uniformity. The nanoparticles are nearly spherical, with diameters mainly 
in the 10 - 30 nm range, consistent with the results of the TEM analysis shown in Figure 6b. The 
HR-TEM image is presented in Figure 6c, with a particle size of 20 nm, which is consistent with 
the result of SEM (Figure 6a). The nanoparticles present as a pentagonal nanostructure due to 
growth in the plane (111). The SAED (Figure 6d) image of AgNPs synthesized is consistent 
with the previous X-ray diffraction results on the crystal structure of the synthesized AgNPs and 
presence in three planes (111), (200), and (220). 

3.5. The antibacterial 

 

Figure 7. Antibacterial activity of green synthesized AgNPs against: a) P.aeruginosa ATCC 27853,                       
b) E. coli ATCC 35218, c) S. aureus ATCC 12493, and d) S. aureus (Mastitis isolate). 
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Table 2. Antibacterial activity of AgNPs against some bacterial strains. 

[AgNPs] (mg/l) 

Zone of Inhibition (mm) 

P. aeruginosa 
ATCC27853 

E. coli 
ATCC 35218 

S. aureus 
ATC 12493 

S. aureus 
Mastitis 
isolate 

Pos. control 31.5 ± 0.3 18.94 ± 0.4 18.8 ± 0.5 NI 
Neg. control NI NI NI NI 

200 16.3 ± 0.3 11.8 ± 0.3 11.0 ± 0.4 11.8 ± 0.4 
100 13.2 ± 0.6 10.4 ± 1.1 9.5 ± 0.4 10.1 ± 0.4 
50 10.2 ± 0.7 8.1 ± 0.2 7.8 ± 0.1 8.0 ± 0.1 
25 9.1 ± 0.5 6.4 ± 0.3 NI 6.4 ± 0.3 

Table 3. Antibacterial effect of AgNPs against the strain of S.aureus or MRSA. 

No Properties of AgNPs The synthetic method Antibacterial activity Ref 
1 Nanometric size 

(up to 100 nm), 
spherical, irregular 
morphologies and a 
polydispersed 
character. 

Green synthesis, using 

extracts of neem, onion 

and tomato 

The addition of green-
synthesized AgNPs to 
antibiotics has increased 
their antimicrobial activity 
against SA 
microorganisms. 

[36] 

2 Levofloxacin-
conjugated AgNPs. 

Silver nanoparticles 
(AgNPs) conjugated 
with Levofloxacin 

Levo–AgNPs appeared to 
have high antimicrobial 
activity against S.aureus 
(ATCC 29213) and 
MRSA strains compared 
to free Levofloxacin. 

[37] 

3 AgNPs with 
spherical shapes and 
sizes ranged from 
8.55 to 20.3 nm 

Synthesis by using 
soluble starch 

The mean values of MIC 
and MBC of AgNPs against 
MRSA were 8.125 ± 0.19 
and 13.125 ± 0.78 µg/mL, 
respectively. 

[38] 

4 AgNPs with a mean 
size of 18.34 nm 

 AgNPs at a concentration 
of 4 µg/ml completely 
inhibited the growth of S. 
aureus PTCC1431. 

[39] 

5 AgNP 
encapsulating 
pNIPAM and 
pNIPAM-NH2 

polymeric 
nanoparticles 

Silver nanoparticles 
encapsulated in poly-
n-
isopropylacrylamide-
based polymeric 
nanoparticles 

Both AgNP-pNIPAM/ 
pNIPAM-NH2 

nanoparticles showed 
antimicrobial effects 
against S.aureus (which 
were lower than those for 
E.coli.) 

[40] 

The antimicrobial activity of AgNPs was studied using the agar well diffusion method on 
four clinically significant pathogenic microorganisms (P. aeruginosa ATCC 27853, E. coli 



 
 
Silver nanoparticles synthesized using S. nervosum leaf extract, and their antibacterial …  

 1169 

ATCC 35218, S. aureus ATCC 12493, S. aureus (Mastitis isolate)) (Table 2). The results 
showed that the green-synthesized AgNPs exhibited antimicrobial activity at most 
concentrations tested, although the effect was not as strong as that of the positive control group 
using antibiotics. The antimicrobial activity of AgNPs was found to be proportional to the 
concentration of AgNPs in the solution. The highlighted point in this study is that the S. aureus 
(Mastitis isolate) strain group was found to be resistant to Tetracycline at 100 µg/l, but showed 
sensitivity to the antimicrobial activity of AgNPs at all studied concentrations (Figure 7). These 
results suggest that green-synthesized AgNPs may be a promising approach for addressing the 
global problem of antibiotic resistance. The ability of AgNPs to inhibit antibiotic-resistant 
strains of S. aureus is also consistently compared with previous studies, which have shown 
antibacterial effects against S. aureus or MRSA strains (Table 3). 

3.6. The antifungal 

The antifungal effect of synthesized AgNPs is shown in Figure 8. The fungal colony 
diameter of the AgNPs sample had significantly smaller fungal growth ring diameters than the 
negative control (sterilized distilled Water). Therefore, it demonstrates that AgNPs possess 
antifungal properties. The inhibition level of AgNPs at 200 ppm concentration against 
Colletotrichum gloeopsoriodes was 31.75%. 

 

Figure 8. Antifungal activity of green synthesis of silver nanoparticles. 

According to Dibrov et al. [41], silver nanoparticles have diameters ranging from 10 to 100 
nm, enabling them to readily traverse the cell wall and access the cell membrane, thereby 
entering the cell. Such penetration is facilitated by the distinctive size effect and surface effect 
exhibited by these nanoparticles. The facile reactivity of AgNPs in cell solutions can be 
attributed to their substantial surface area. The oxidation half-reaction for silver (Ag) can be 
represented as Ag = Ag+ + e-. Upon infiltration into the pathogen cell, the silver ion promptly 
binds to the sulfhydryl (–SH) group of the enzyme protein, rendering certain enzymes inactive. 
Consequently, the cell experiences a loss in its capacity to undergo division and reproduction. 

4. CONCLUSIONS  

In summary, an eco-friendly method was successfully employed for synthesizing silver 
nanoparticles (10 - 30 nm) using S. nervosum leaf extract. The silver nanoparticles exhibited 

Control: sterilized 
distilled water AgNPs 
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plasmon absorption at a wavelength of approximately 435 nm, as indicated by the peak in the 
absorption spectrum. Notably, these environmentally friendly synthesized AgNPs displayed 
remarkable antibacterial activity against both Gram-positive bacteria (S. aureus) and Gram-
negative bacteria (P. aeruginosa, E. coli). Furthermore, the AgNPs demonstrated the ability to 
inhibit antibiotic-resistant strains of S. aureus, suggesting their potential application in 
biochemistry and offering new possibilities for alternative materials to replace antibiotics in the 
future. 
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