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In the present study, the synthesis and characterization of silver nanoparticles were 
carried out through a green chemistry approach. The purpose was to determine the 
antibacterial potential of environmentally safe nanoparticles against commonly 
reported resistant bacteria. The nanoparticles were synthesized using the aqueous 
extract of Ficus palmata Forssk. leaves. The active components present in the leaf 
extract acted as reducing and capping agents. The method used was easy, cost-
effective, eco-friendly, and less time-consuming. To determine the shape, size, and 
crystalline nature, the nanoparticles underwent X-ray diffraction, and scanning 
electron microscopy. The synthesized nanoparticles were found to be crystalline in 
nature and spherical in shape, with an average diameter of about 30 nm. The 
antibacterial activity of the silver nanoparticles (20 µl) was evaluated against a range 
of antibiotic-resistant bacteria using standard microbiological procedures. They were 
found to be effective against MRSA, Bacillus subtilis, Staphylococcus aureus, and 
Klebsiella pneumonia. 
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INTRODUCTION

Antibiotic resistance is a rapidly growing threat to the 

world. As a result, it is becoming more challenging to treat 

many infectious diseases (Murray et al., 2022). Over time, 

microorganisms are developing resistance to the 

available antimicrobials, highlighting the urgent need to 

develop alternatives for treating these resilient 

microorganisms (Rudramurthy et al., 2016; Frieri et al., 

2017; Kongkham et al., 2020; Larsson and Flach, 2021). 

Target-specific resistance has been developed against 

nearly every class of antibiotic (Schmieder and Edwards, 

2012; Tiwari et al., 2013; Hassoun-Kheir et al., 2020; 

Stracy et al., 2022; He et al., 2022; Zhu et al., 2022). Due 

to drug resistance, antibiotics are frequently 

administered in high doses, leading to potential toxicity. 

This scenario has triggered the need to explore 

alternative and innovative approaches to manage 

bacterial infections. Among the challenging clinical 

infections that require special attention are those caused 

by the ESKAPE pathogens, namely Enterococcus faecium, 

Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa, and 

Enterobacter species. ESKAPE species are known for 

their opportunistic nature and are commonly associated 

with nosocomial infections (Ma et al., 2020; Das et al., 

2022). These bacteria have developed a significant level 

of antibiotic resistance through multiple mechanisms. 

The acronym ESKAPE serves as a symbolic 

representation of the ability of these bacteria to "escape" 
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eradication by antibiotics and highlights the stubborn 

nature of infections caused by ESKAPE pathogens, which 

often show resistance to conventional therapies 

(Pendleton et al., 2013; Mulani et al., 2019; Ma et al., 2020; 

De Oliveira et al., 2020; Nasser et al., 2020). 

Nanoscale materials have emerged as innovative 

antimicrobial agents, providing an alternative approach 

to combat pathogens. Various nanoparticles and 

nanosized carriers have been demonstrated to be 

effective in treating bacterial infections and facilitating 

drug delivery, as evidenced by studies conducted in vitro 

and in animal models (Ravishankar and Jamuna Bai, 

2011; Hepokur et al., 2019; Fatima et al., 2021). Among 

metal nanoparticles, silver nanoparticles have garnered 

significant attention due to their excellent antimicrobial 

properties. Compared to traditional antibacterial agents, 

silver nanoparticles exhibit enhanced disinfectant and 

antibacterial characteristics. This is primarily attributed 

to their high surface area to volume ratio, which gives rise 

to distinct chemical, electrical, optical, magnetic, and 

mechanical properties that differ from those of the bulk 

material of the same type. Notably, these properties are 

largely influenced by the particle size of silver 

nanoparticles (Hajipour et al., 2012; Le Ouay and 

Stellacci, 2015; Hamad et al., 2020; Pandit et al., 2022). 

Silver ions have been found to inhibit bacterial DNA 

replication, induce damage to cytoplasmic membranes, 

and reduce ATP levels. These actions ultimately lead to 

cell death in bacteria (Franci et al., 2015; Bruna et al., 

2021). This suggests that the nanoparticles exhibit 

effectiveness against both gram-positive and gram-

negative bacteria. 

A new and alternative approach to treating antibiotic-

resistant pathogens involves the utilization of medicinal 

plants. These plants serve as valuable sources of various 

chemical compounds such as phenols, flavonoids, 

glycosides, alkaloids, saponins, triterpenes, and more. 

These chemical constituents can be potentially harnessed 

for the synthesis of new drugs with therapeutic 

properties (Savoia, 2012; Mahboubi, 2021). Using natural 

plant products as drugs offers several advantages, 

including safety, cost-effectiveness, and easy availability, 

with minimal side effects (Chanda, 2013; Rajput, 2015; 

Osungunna, 2021). Plants are often considered a 

favorable option for the treatment of various infectious 

diseases, and their extracts are commonly utilized for this 

purpose. In addition to plant extracts, nanoparticles have 

been developed using plant materials and employed 

against various microbes (Osungunna, 2021; Mishra et al., 

2014; Ugboko et al., 2020). Nanoparticles can be 

synthesized through various mechanisms. Among them, 

the green chemistry approach is considered the most 

cost-effective, environmentally friendly, and non-

hazardous method for nanoparticle synthesis (Rout et al., 

2012; Jadoun et al., 2021; Shumail et al., 2021). Plants 

contain a diverse range of active components that serve 

as reducing, capping, and stabilizing agents during 

nanoparticle synthesis. The biomolecules present in 

plants, including phenols, terpenoids, polysaccharides, 

flavones, alkaloids, proteins, enzymes, amino acids, and 

alcoholic compounds, play a significant role in controlling 

the shape and stability of nanoparticles (Makarov et al., 

2014; Behera et al., 2020; Shumail et al., 2021). Phenolic 

compounds possess carboxyl and hydroxyl groups, which 

facilitate their binding to metals during the synthesis 

process. These functional groups allow for effective 

interaction and coordination with metal ions, 

contributing to the synthesis of metal nanoparticles 

(Rauwel et al., 2015). Ficus palmata belongs to the family 

Moraceae (Harrison, 2005; Sbhatu et al., 2020). Several 

species of Ficus are utilized in traditional medicine for 

their anti-inflammatory, anti-tumor, and tonic properties. 

These species have a long history of being used as 

medicinal remedies (Kitajima et al., 1999; Ogunlaja et al., 

2022; Khan et al., 2022). Ficus extracts have been 

reported to have potential benefits in treating a variety of 

diseases, including epilepsy, jaundice, influenza, 

whooping cough, tonsillitis, bronchitis, enteritis, bacillary 

dysentery, toothache, and bruises (Kitajima et al., 1999).  

The objective of the present study was to assess the 

capability of fresh leaves of Ficus palmata in synthesizing 

silver nanoparticles (AgNPs). Furthermore, the study 

aimed to investigate the antimicrobial properties of these 

nanoparticles against both gram-positive and gram-

negative microorganisms. 

 

MATERIAL AND METHODS 

Sample Collection and species identification 

Fresh leaves of Ficus were collected from the University 

Campus in Peshawar and subsequently sent to the Centre 

of Plant Biodiversity at the University of Peshawar for 

species identification. 

Preparation of plant extract and silver nitrate 

solution 

Fresh leaves of Ficus palmata were carefully washed with 

distilled water to eliminate any dust particles. Following 
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the washing process, the leaves were air dried for 

approximately 25-30 minutes and then finely chopped 

into small pieces. These chopped leaves were 

subsequently boiled in distilled water for 5 minutes. The 

resulting extract was separated from the leaf pieces 

through decanting, and this solution was utilized for the 

reduction of silver ions to silver nanoparticles. 

Concurrently, a 1mM solution of silver nitrate (Sigma 

Aldrich) was prepared by dissolving 0.0076 grams of 

silver nitrate in 45 ml of distilled water. 

Synthesis of silver nanoparticles (AgNPs) 

The prepared silver nitrate solution was placed in a water 

bath set at 55°C. Then, 5 ml of the prepared leaf extract 

was added drop by drop into the silver nitrate solution 

while continuously stirring at 55°C. The color of the silver 

nitrate solution changed from light green to light brown, 

indicating the formation of silver nanoparticles (Figure 

1).

 

 
Figure 1. Synthesis of Silver Nanoparticles. 

Characterization of nanoparticles 

X-Ray Diffraction: X-Ray diffraction (XRD) was 

employed to obtain structural information regarding the 

crystalline compounds by analyzing the diffraction 

pattern produced by dual waves of X-rays. In this study, 

X-ray diffraction technique (JDX 3532, Jeol Japan) was 

utilized for phase identification of the samples, employing 

Kα radiation. The generator voltage was set at 40 Kv, and 

the current was maintained at 30mA. The samples were 

scanned within the 2θ range. The crystalline size of the 

nanoparticles was determined using the Scherrer 

equation: Dp = 0.94λ/βcosθ. 

SEM: The morphology and size of the nanoparticles were 

investigated using a scanning electron microscope (Jeol, 

JSM 5910). A small drop of the sample was placed on a 

glass slide coated on both sides with conducting carbon 

tape. The surface of the sample was then coated with a 

layer of gold using a gold sputter coater (SPI Company, 

USA) at 30 Dc mA for 1.5 minutes. The magnification 

range used for imaging was 2,000-60,000x, and the 

acceleration voltage was set at 20Kv. 

Antibacterial activity 

Samples collection: Antibiotic-resistant bacterial 

strains, including Enterococcus faecium, Escherichia coli, 

MRSA (Methicillin-Resistant Staphylococcus aureus), 

Pseudomonas aeruginosa, Bacillus subtilis, Klebsiella 

pneumoniae, Salmonella paratyphi A, Streptococcus 

pyogenes, Staphylococcus aureus, and Acinetobacter 

baumannii, were collected from tertiary care hospitals in 

Peshawar. These strains were stored and maintained at 

4ºC for further analysis and experimentation. 

Assessing antibacterial activity: For the antibacterial 

activity assessment, an inoculum was prepared using the 

direct colony suspension technique and compared with a 

0.5 McFarland standard. The turbidity of the inoculum 

was adjusted accordingly. A sterile swab was immersed 

in the inoculum and rotated against the walls of the test 

tube to remove excess liquid. To ensure uniform 

distribution of the inoculum, the entire surface of a 

Mueller-Hinton Agar (MHA) plate was swabbed three 

times by rotating the plate at an angle of 60 degrees. Wells 

were then created on the plates to accommodate 20µl of 

silver nanoparticles and silver nitrate solution. Antibiotic 

disks were placed on the MHA surface with gentle 

pressure to ensure complete contact with the agar. The 

plates were allowed to stand in a laminar flow hood (LFH) 

for 30 minutes to allow the nanoparticles to diffuse into 

the agar media. After 30 minutes, the plates were placed 
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in an incubator at a temperature of 35±2°C for 16-18 

hours for bacterial growth. 

Zone of inhibition formation: After 17 hours of 

incubation, zones of inhibition were observed around the 

positive control for all bacterial strains, indicating the 

effectiveness of the chosen antibiotics against those 

strains. No zones of inhibition were observed for the 

negative control for any of the bacterial strains. 

Regarding the silver nanoparticles, zones of inhibition 

were observed for only four out of the ten tested bacterial 

strains. Among these four strains, three were Gram-

positive and one was Gram-negative. The zones of 

inhibition were carefully observed and measured to 

assess the antimicrobial activity of the silver 

nanoparticles against the respective strains. 

 

RESULTS 

Activity of silver nanoparticles against Gram-

negative bacteria 

The prepared nanoparticles solution was evaluated 

against five Gram-negative bacteria strains, namely E. 

coli, Pseudomonas aeruginosa, Salmonella paratyphi A, 

Klebsiella pneumoniae, and Acinetobacter baumannii. The 

results indicated that the nanoparticles exhibited 

effectiveness against only one of the Gram-negative 

bacteria, specifically Klebsiella pneumoniae. The zone of 

inhibition formed around the Klebsiella pneumoniae 

colony had a diameter of 32mm, while the positive 

control, imipenem, formed a zone with a diameter of 

20mm. These measurements were compared to the 

guidelines provided by the Clinical Laboratory Standards 

Institute (CLSI) in 2015. The zone of inhibition for 

impenem with a diameter of 20mm is considered to be 

intermediate resistant. It is evident from table 1, that the 

nanoparticles demonstrated significantly higher 

effectiveness against Klebsiella pneumoniae compared to 

the antibiotic imipenem. The observed zone of inhibition 

for the nanoparticles was much larger (32mm) in 

comparison to the zone of inhibition formed by 

imipenem. This suggests that the nanoparticles have a 

stronger antimicrobial effect against Klebsiella 

pneumoniae than the imipenem antibiotic. 

According to the CLSI 2015 guidelines, Acinetobacter 

baumannii displayed resistance to imipenem with a zone 

of inhibition of 6mm, which is below the threshold of 

19mm for susceptibility. E. coli, Pseudomonas aeruginosa, 

and Salmonella paratyphi A showed intermediate 

resistance to imipenem with a zone of inhibition of 

20mm, which falls within the intermediate range 

according to CLSI guidelines. Regarding the 

nanoparticles, it is noted that all gram-negative isolates, 

except for Klebsiella pneumoniae, exhibited resistance as 

there was no observed zone of inhibition. These results 

highlight the varying susceptibility patterns of different 

bacterial strains to both imipenem and the tested 

nanoparticles. Klebsiella pneumoniae displayed 

susceptibility to both the nanoparticles and imipenem, 

while the other gram-negative strains showed resistance 

or intermediate resistance to imipenem and resistance to 

the nanoparticles (Table 1).

 

Table 1. Summary of NP’s activity against Gram-negative resistant bacteria in comparison with positive and negative 

controls. 

Sr. 

No 

Test 

Organisms 

Zone of inhibition diameter (mm) 

NP’s Positive Control (Imipenem disc) 
Negative Control 

(AgNO3 solution) 

Strains Avg. Strains Avg.  

1 2 3 4 5 6  1 2 3 4 5 6   

1 
Escherichia 

coli 
8 0 9 11 8 0 6 20 7 25 28 22 18 20 0 

2 
Pseudomonas 

aeruginosa 
-- -- 0 -- 9 0 3 -- -- 20 -- 18 22 20 0 

3 
Klebsiella 

pneumonia 
31 32 -- 33 -- -- 32 19 20 -- 21 -- -- 20 0 

4 
Salmonella 

paratyphi A 
0 11 9 10 -- 0 6 19 21 19 21 -- 20 20 0 

5 
Acinetobacter 

baumannii 
-- 0 -- -- 0 -- 0 -- 0 -- -- 6 -- 6 0 
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Activity of silver nanoparticles against Gram-positive 

bacteria 

S The prepared solution of nanoparticles was tested 

against five strains of gram-positive bacteria, i.e., 

Enterococcus faecium, Staphylococcus aureus, MRSA, 

Bacillus subtilis, and Streptococcus pyogenes. According to 

the results, the nanoparticles were effective against three 

gram-positive bacteria, namely MRSA, Staphylococcus 

aureus, and Bacillus subtilis, showing a zone of inhibition 

with diameters of 32 mm, 28 mm, and 24 mm, 

respectively. According to CLSI 2015 guidelines, MRSA is 

found to have a zone of 30 mm against imipenem, and a 

zone above 23 mm is considered susceptible. There is not 

much difference between the zone of imipenem (30 mm) 

and the zone of nanoparticles (32 mm), which suggests 

that MRSA is almost equally susceptible to imipenem and 

nanoparticles. Staphylococcus aureus is found to have a 

zone of 24 mm, which falls within the range of 

susceptibility. However, the nanoparticles have a zone of 

28 mm, indicating that nanoparticles have a greater effect 

compared to the antibiotic used. For Bacillus subtilis, 

imipenem has a zone of 20 mm, which is considered to be 

intermediate resistance. On the other hand, nanoparticles 

have a zone of 24 mm, suggesting that nanoparticles are 

more effective than imipenem. Enterococcus faecium and 

Streptococcus pyogenes have produced zones of 20 mm 

and 21 mm, respectively, indicating that these isolates are 

intermediate resistant to imipenem according to CLSI 

2015 guidelines, and they are completely resistant to 

nanoparticles (Table 2).

 

Table 2. Summary of NP’s activity against Gram-positive resistant bacteria in comparison with positive and negative 

controls. 

Sr. 

No 

Test 

Organisms 

Zone of inhibition diameter (mm) 

NP’s Positive Control (Imipenem disc) 
Negative Control 

(AgNO3 solution) 

Strains Avg. Strains Avg.  

1 2 3 4 5 6  1 2 3 4 5 6   

1 Enterococcus 

feacium 
0 0 8 0 -- -- 2 20 19 22 19 -- -- 20 0 

2 Staphylococcus 

aureus 

 

28 

 

27 

 

29 

 

29 

 

28 

 

27 

 

28 

 

24 

 

24 

 

25 

 

24 

 

24 

 

23 

 

24 
0 

3 
MRSA 

 

31 

 

32 

 

32 

 

33 

 

31 

 

33 

 

32 

 

29 

 

30 

 

30 

 

31 

 

29 

 

31 

 

30 
0 

4 Bacillus 

subtilis 

 

25 

 

-- 

 

24 

 

23 

 

24 

 

-- 

 

24 

 

21 

 

-- 

 

20 

 

19 

 

20 

 

-- 

 

20 
0 

5 Streptococcus 

pyogenes 

 

-- 

 

0 

 

-- 

 

0 

 

0 

 

-- 

 

0 

 

-- 

 

21 

 

-- 

 

20 

 

22 

 

-- 

 

21 
0 

Characterization of nanoparticles 

X-Ray diffraction 

The sharp peaks indicate the crystalline nature of the 

nanoparticles. The XRD pattern shows diffraction lines at 

low angles, ranging from 100 to 750. The observed 

diffraction lines have 2θ angles of 40.00, 44.70, and 65.90. 

The XRD patterns were evaluated to determine peak 

intensity, width, and full width at half maximum data. 

These data were then used to calculate the particle size 

using the Scherer equation (Figure 2). The average 

particle size was found to be approximately 30 nm, 

confirming their crystalline nature. 

Scanning Electron Microscopy 

The surface morphology of the nanoparticles was studied 

using a scanning electron microscope (SEM). The 

micrographs obtained from the SEM analysis provide a 

clear image of nanoparticles that are approximately 

spherical in shape (Figure 3).
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Figure 2.  XRD pattern showing peaks at 40.00, 44.70 and 65.90. 

 
Figure 3.  SEM images showing the shape of nanoparticles. 

 

All the above results suggest that the nanoparticles were 

successfully synthesized using leaf extract, which 

confirms that Ficus palmata contains important 

components that act as reducing agents, completing the 

process of nanoparticle synthesis.

https://doi.org/10.33687/jpe.005.02.54353


J. Plant Environ. 05 (02) 2023. 87-97    DOI: 10.33687/jpe.005.02.4353 

93 

DISCUSSIONS 

With the passage of time, nanotechnology is gaining 

increasing importance due to its potential applications 

in various fields. The nanoparticles synthesized using 

plant extract have been found to be more stable 

compared to nanoparticles synthesized using other 

organisms (Singh et al., 2016). In addition to their 

stability, nanoparticles synthesized using plant extracts 

offer the advantage of time efficiency, as most plants are 

available throughout the year. Unlike other organisms, 

such as microbes, plants retain their potential for 

nanoparticle synthesis even when kept in culture for 

extended periods (Ahmed et al., 2016). The 

nanoparticles synthesized using plant extract have 

significant potential applications in various fields, 

including pharmaceuticals, food, medicine, diagnostics, 

cancer treatment, and drug delivery. They are 

considered safe, biocompatible, and non-toxic. 

Currently, pilot studies are being conducted to assess 

and evaluate their potential for human benefits. The 

antibacterial activity of silver nanoparticles primarily 

depends on the concentration of silver nitrate. 

Nanoparticles with lower metal concentration are 

considered to be more effective than those with higher 

metal concentration. It has been reported that silver 

ions cause similar morphological alterations in both 

gram-negative and gram-positive bacteria by detaching 

the cell membrane from the cytoplasmic membrane 

(Sahayaraj and Rajesh, 2011). 

In the present study, silver nanoparticles synthesized 

using aqueous leaf extract of Ficus palmata were 

employed to investigate their antibacterial potential 

against commonly resistant bacteria. The antimicrobial 

potential was determined using the well diffusion assay, 

which has also been previously reported in similar 

studies (Gavhane et al., 2012; Murugan et al., 2014; 

Kamath and Packiyam, 2017). In previous studies, the 

use of silver nitrate as a negative control was reported. 

It was observed that the silver nitrate solution showed 

no zone of inhibition in response to bacterial growth 

(Gavhane et al., 2012). 

Our synthesized silver nanoparticles were found to 

exhibit activity against Staphylococcus aureus, which is 

consistent with previous studies conducted on similar 

nanoparticles (Sarsar et al., 2013; Khalil et al., 2014). In 

this study, the nanoparticles demonstrated limited 

activity against MRSA compared to the antibiotic used. 

This finding aligns with the work done by Arunkumar et 

al., (2014). However, it is worth noting that the previous 

study utilized the disc diffusion method, which may 

account for the difference in results (Arunkumar et al., 

2014). The synthesized nanoparticles were found to be 

effective against Bacillus subtilis, which is consistent 

with previous studies conducted on similar 

nanoparticles (Gnanajobitha et al., 2013; Awwad et al., 

2013). The nanoparticles were found to be ineffective 

against all four gram-negative pathogens used in the 

research work. However, the results obtained for E. coli 

differ significantly from the findings of previous studies 

(Khalil et al., 2014; Roy et al., 2015). Additionally, the 

nanoparticles were found to be ineffective against 

Pseudomonas aeruginosa, which also deviates from the 

findings of previous studies (Savithramma et al., 2011; 

Lalitha et al., 2013). 

 

CONCLUSION 

In this study, silver nanoparticles were successfully 

synthesized using the aqueous extract of Ficus palmata 

leaves. The active components within the leaf extract 

played crucial roles as reducing, capping, and stabilizing 

agents in the synthesis process. The chosen method 

offered several advantages such as simplicity, speed, 

cost-effectiveness, and excellent performance. 

Confirmation of nanoparticle synthesis was achieved 

through the observation of a color change in the silver 

nitrate solution, transitioning from transparent to light 

brown, indicating successful nanoparticle formation. 

Additional confirmation was obtained through 

analytical techniques such as X-ray diffraction (XRD) 

and scanning electron microscopy (SEM), which 

revealed the crystalline nature of the nanoparticles and 

their spherical shape, with an average diameter of 

approximately 30 nm. The synthesized silver 

nanoparticles were then subjected to antimicrobial 

testing against a range of antibiotic-resistant bacterial 

isolates, including Enterococcus faecium, E. coli, MRSA, 

Pseudomonas aeruginosa, Bacillus subtilis, Klebsiella 

pneumoniae, Salmonella paratyphi A, Streptococcus 

pyogenes, Acinetobacter baumannii, and Staphylococcus 

aureus. The results showed that the nanoparticles 

exhibited a zone of inhibition against three gram-

positive bacterial isolates and one gram-negative 

bacterial isolate. These zones of inhibition were 

https://doi.org/10.33687/jpe.005.02.54353


J. Plant Environ. 05 (02) 2023. 87-97    DOI: 10.33687/jpe.005.02.4353 

94 

compared to the zone of Imipenem, a Carbapenem class 

antibiotic considered a last resort for treating resistant 

bacteria. Notably, the synthesized nanoparticles 

demonstrated significant activity against certain 

pathogenic isolates, highlighting their potential as a 

promising alternative to traditional antibiotics. Overall, 

this study successfully synthesized silver nanoparticles 

using Ficus palmata leaf extract and demonstrated their 

antimicrobial efficacy against specific antibiotic-

resistant bacterial strains. These findings support the 

future exploration of silver nanoparticles as a viable 

option for combating microbial infections and 

potentially overcoming the challenges posed by 

antibiotic resistance. Further research and development 

in this area are warranted to fully evaluate the efficacy, 

safety, and potential applications of silver nanoparticles 

in various fields, including medicine and healthcare. 
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