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Introduction 
 
Silver nanoparticles (AgNPs) are widely recognized for 
their potent antimicrobial properties against a diverse 
range of pathogens, including bacteria, fungi, and 
viruses. AgNPs are effective because of their ability to 
target and disrupt multiple cellular structures and 
processes, making them valuable for both clinical and 
environmental applications.  
 
AgNPs are now incorporated into a variety of biomedical 
and environmental applications, such as wound 
dressings, medical device coatings, and water 

purification systems, to reduce microbial contamination. 
Although more research is needed to address concerns 
regarding potential toxicity and long-term environmental 
impacts of AgNPs (Rai et al., 2018), advances in AgNP-
based formulations for wound care have shown improved 
healing times and reduced infection rates in clinical 
settings (Xu et al., 2020).  
 
Silver nanoparticles (AgNPs) exhibit potent antibacterial 
properties through multifaceted mechanisms, which 
includes release of silver ions, cell membrane disruption, 
oxidative stress and interaction with DNA etc. AgNPs 
release silver ions (Ag+) which interact with thiol groups 
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This study explores the use of Lantana camara in the synthesis of silver nanoparticles, with 
a focus on assessing their antimicrobial properties. The primary objective is to examine the 
effectiveness of silver nanoparticles produced from Lantana camara leaf extract against 
various microbial pathogens. The synthesis process involved reacting the leaf extract with a 
silver nitrate solution, resulting in the formation of silver nanoparticles. These nanoparticles 
were confirmed through ultraviolet-visible absorption spectroscopy, then analysed using 
TEM and subsequently tested for antimicrobial activity. The antimicrobial potential was 
evaluated using the agar well diffusion method against microbes including E. coli, K. 

pneumonia, S. aureus, and B. subtilis with the inhibition zones indicating antimicrobial 
efficacy against all the four cultures with a maximum ZOI of 21, 9, 14 and 18mm 
respectively. The antibacterial activity of the silver nanoparticles (AgNPs) synthesized in 
this study was compared to that reported in existing literature and found to be comparable, 
with some instances demonstrating even greater efficacy. 
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in bacterial proteins, disrupting their function and leading 
to cell death (Sondi, 2004).  
 
AgNPs can directly bind to the bacterial cell membrane, 
altering its permeability and causing leakage of cellular 
contents (Rai et al., 2009). AgNPs can generate reactive 
oxygen species (ROS) within bacterial cells, leading to 
oxidative damage of DNA, proteins, and lipids (Ameh et 

al., 2022). AgNPs can bind to DNA, inhibiting DNA 
replication and transcription (Pal et al., 2007).  
 
These mechanisms work synergistically, resulting in the 
effective killing of bacteria. However, the exact 
mechanism of action can vary depending on factors such 
as nanoparticle size, shape, and concentration, as well as 
bacterial species and environmental conditions. 
 
In the present study, silver nanoparticles of different 
sizes synthesized under different conditions using 
Lantana camara have been studied for their 
antimicrobial activities and compared with others 
reported in literature.  
 

Materials and Methods  
 
All chemicals used in this study were of high purity and 
used without further purification. Silver nitrate (AgNO₃) 
with a purity of 99.5% was purchased from Sigma-
Aldrich, India. Fresh Lantana camara plants were 
collected from Meerut district, Uttar Pradesh, India. All 
solutions were prepared using deionized water.  
 

Preparation of the leaf extract 
 
Fresh, healthy leaves were meticulously cleaned with tap 
water and distilled water to remove all visible 
contaminants. The leaves were then cut into small pieces 
and dried thoroughly at room temperature. The dried 
leaves were ground into a fine powder using a mortar and 
pestle. 10 grams of this powder were extracted with 100 
mL of hot water at 60°C for 30 minutes. The resulting 
extract was filtered to remove any solid particles, 
yielding a clear solution. This solution was stored in 
sterile conditions at 4°C for future use.  
 

Silver nanoparticle (Ag NPs) synthesis and 

characterization  
 
To synthesize silver nanoparticles (AgNPs), a 50 mL 
solution of 1 mM silver nitrate (AgNO₃) was prepared. 

Different volumes of aqueous leaf extract from Lantana 

camara (10 mL (S1), 5 mL (S2), 2 mL (S3), and 1 mL 
(S4)) were added to separate silver nitrate solutions. The 
pH of each solution was adjusted to 7.0, and the volume 
was brought up to 60 mL with deionized water. These 
solutions were then incubated in a dark environment at 
37°C for different time intervals (15, 30, 45, and 60 
minutes) respectively. A control experiment was also set 
up without silver nitrate. 
 
The formation of AgNPs was indicated by a distinct 
brown color in the solutions. UV-visible spectroscopy 
was used to monitor the formation of AgNPs by 
measuring the absorbance between 200 and 700 nm. 
After the respective reaction times, the AgNPs were 
isolated by centrifugation at 10,000 rpm for 15 minutes. 
The obtained pellets were washed twice with deionized 
water to remove any impurities and then re-dispersed in 
deionized water for further analysis. 
 
The size and structural characteristics of the 
nanoparticles were determined using transmission 
electron microscopy (TEM -Phillips TECHNAI FE 12 
instrument). This technique provided detailed images at 
the nanoscale, allowing for precise confirmation of 
particle morphology and dimensions. 
 

Estimation of antibacterial activity 
 
To assess the antibacterial properties of the plant extract 
and AgNPs, agar well diffusion tests were performed 
against four pathogenic bacteria: E. coli, Klebsiella 

pneumoniae, Bacillus subtilis, and S. aureus. Bacterial 
culture of each strain (OD around 0.1) is uniformly 
spread on the surface of the sterile nutrient agar plate 
using a sterile swab to create a bacterial lawn. 50 
microliters of plant extract, AgNPs from the different 
samples (S1-S4), distilled water (negative control) were 
poured into separate wells created within these plates. 
The plates were incubated at 37°C for 24 hours, and the 
diameter of the inhibition zones around each well was 
measured in millimetres. 
 

Results and Discussion  
 

Synthesis of AgNPs, analysis by UV-visible 

spectrophotometer  
 
The addition of leaf extract to the silver nitrate solution 
triggers a visible color change from a clear yellowish-
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green to a distinct brown (Fig. 1). This color 
transformation indicates the formation of silver 
nanoparticles (AgNPs). The underlying mechanism 
behind this color change is the collective oscillation of 
free conduction electrons within the nanoparticles, 
known as surface plasmon resonance (SPR).  
 
This phenomenon occurs when the nanoparticles interact 
with an electromagnetic field. UV-Vis spectroscopy is a 
key technique for confirming the formation and assessing 
the stability of metal nanoparticles in an aqueous solution 
 
In the UV-Vis spectrum of AgNPs, all the samples (S1, 
S2, S3 and S4) showed a single absorption peak, at 
different wavelength for different samples (Fig.2). As per 
Mie theory non-spherical particles like prisms or rods 
would show two or more SPR bands, in this case a single 
peak indicates the formation of spherical nanoparticles 
(Lahiri, 2016).  
 
The concentration of amount of leaves extract mixed in 
the sample and reaction time affects nanoparticle 
formation, as indicated by UV-Vis spectra. In case of S1 
sample there is a sharp peak at 423 nm, with more height 
indicating small size of nanoparticles and more quantity.  
 
As the reaction time increases with a decrease in quantity 
of leaves extract the peak shifts to 429nm (S2), 435nm 
(S3) and 443 (S4) depicting the increase in the size of 
nanoparticles with lower quantity of nanoparticles.  
 

Analysis of size of synthesized nanoparticle using 

TEM 
 
Size of the synthesized silver nanoparticle were 
determined using TEM, showed that the particles are 
spherical in shape with sizes varying from 12, 15, 17 and 
23 nm of S1, S2, S3 and S4 respectively. (Fig. 3).  
 

Antibacterial activity  
 
The antibacterial activity assay of silver nanoparticles 
(AgNPs) shows significant inhibitory effects all the 
bacterial cultures used in the study. Although the size of 
the inhibition zone varied between cultures, AgNPs 
produced noticeable clear zones around the wells overall 
indicating strong antibacterial activity (Fig. 4).  
 
Silver nanoparticles synthesized as per sample-1 (S1) 
showed the highest zone of inhibition (21 mm) against E. 

coli, (18 mm) against B. subtilis, 14mm against S. aureus 
and 9 mm against K. pneumoniae while AgNPs 
synthesized using other samples (i.e., S2-S4) showed a 
comparatively lower zone of inhibition (Table 1) The 
size of the inhibition zone was found to vary with size of 
nanoparticle, S1 sample with smaller size nanoparticles 
exhibited higher antibacterial activity. 
 
AgNPs synthesized with Lantana camera showed a 
significantly high zone of inhibition against all the 
bacteria under study as compared with those mentioned 
in the literature (Table 2).  
 
Research has demonstrated the antimicrobial efficacy of 
AgNPs against various bacterial pathogens, confirming 
their effectiveness. Studies have shown that silver 
nanoparticles synthesized from Lantana camara and 
other medicinal plants possess notable antibacterial 
activity. However, the inhibition zones reported in these 
studies vary widely, making direct comparison 
challenging due to the lack of standardized parameters. 
Despite these variations, the inhibition zones observed in 
the present study indicate relatively high antibacterial 
potency. Importantly, the size and shape of nanoparticles 
significantly influence their toxicity, biological 
interactions, distribution within organisms, and targeting 
capabilities (Pal et al., 2011). 

Table.1 The variation of particle size of AgNPs and zone of inhibitions against different bacterial cultures 
 

 Size of AgNPs (in nm) 

12 nm 15 nm 17 nm 23 nm 

Concentration of AgNPs 100µg/mL 100µg/mL 100µg/mL 100µg/mL 

E. coli (ZOI in mm) 21 15 13 11 

K. pneumoniae (ZOI in mm) 9 6 5 5 

S. aureus (ZOI in mm) 14 11 8 5 

Bacillus subtilis (ZOI in mm) 18 13 9 7 
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Table.2 Comparison of antimicrobial activities of green synthesized NPs in the present study with Ag NPs 
synthesized with other biological material reported in literature. 

 

Size of 

AgNPs 

Plants Used for synthesis Activity against  Conc. Of 

NPs 

ZOIs Reference 

2–10 C. inerme E. coli 250 µg/mL 17 Khan et al., 2020 
8–20 D. bulbifera E. coli 500 µg/mL 15 Ghosh et al., 2012 
8–50 Allium ampeloprasum E. coli 300 µg/mL 13 Jalilian et al., 2020 

20 Umbrella E. coli 250 µg/mL 16 Elemike et al., 2020 
17.3 Curcuma zanthorrhiza E. coli 100 µg/mL 9 Aiswariya & Jose, 2021 

40-70 Lantana Camera  E. coli NA Nil Hublikar, 2023 
<100 A. violaceum E. coli 100 µg/mL 21 Ahmad et al., 2024 

29 Lantana camara  E. coli NA 4 Ajitha et al., 2015 
12 Lantana camara  E. coli 100µg/mL 21 Present work 

36–74 Trianthema decandra S. aureus 10 mg/mL 13.5 Geethalakshmi & 
Sarada, 2012 

10-20 Green and Black Tea S. aureus 1 mg/mL 19 Asghar et al., 2018 
6 Lantana camara  S. aureus NA 13.9 Aritonang et al., 2019 

10-20 Zingiber officinale S. aureus 0.1 mg/mL 6.5 Velmurugan et al., 2014 
8-50 Allium ampeloprasum S. aureus 300 µg/mL 8 Jalilian et al., 2020 
2–10 C. inerme S. aureus 250 µg/mL 14 Khan et al., 2020 
17.3 Curcuma zanthorrhiza S. aureus  100 µg/mL 3.9 Aiswariya & Jose, 2021 
NA O. tenuiflorum  

O. gratissimum 
S. aureus 100 µg/mL 14 Varghese & 

Shanmugam, 2024 

12 Lantana camara  S. aureus 100µg/mL 14 Present work 
8–20 D. bulbifera K. pneumoniae 500 µg/mL 15 Ghosh et al., 2012 
2–10 C. inerme K. pneumoniae 250 µg/mL 21 Khan et al., 2020 

20 Umbrella K. pneumoniae 250 µg/mL 13.1 Elemike et al., 2020 
50 Aesculus hippocastanum K. pneumoniae 100 µg/mL 12.5 Küp et al., 2020 

20nm P. aeruginosa K. pneumoniae 500 µg/mL  19 Moham, 2022 

12 Lantana camara  K. pneumoniae 100µg/mL 9 Present work 
36-74 Trianthema decandra B. subtilis 10mg/mL 12 Geethalakshmi & 

Sarada, 2012 

10-20 Zinger officinale B. subtilis 100 µg/mL 0 Velmurugan et al., 2014 
37 E. scaber B. subtilis 1mg/ml 16 Francis et al., 2018 

20–25 P. guajava B. subtilis 300 µg/mL 19 Wang et al., 2018 

2–10 C. inerme B. subtilis 250 µg/mL 15 Khan et al., 2020 

29 Lantana camara  Bacillus spp. NA 5 Ajitha et al., 2015 
12 Lantana camara  B. subtilis 100µg/mL 18 Present work 
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Figure.1 Lanata camara, chemical structure of Lantadene, (A) leaf extract before synthesis of AgNPs (B) 
Change in colour after the synthesis of AgNPs 

 

 
 
 

Figure.2 (a) UV-visible spectrum (b) Colour change confirming the successful formation of AgNPs, while 
colour intensity possibly represents the concentration. 
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Figure.3 TEM images of S1, S2, S3 and S4 samples, depicting different sizes of AgNPs. 
 

 
 

Figure.4 Disc diffusion assay of bactericidal activity of synthesized AgNPs (S1–S4) against bacterial 
organisms. 

 

 
 
The size of silver nanoparticles (AgNPs) is a crucial 
physico-chemical property influencing their 
effectiveness. Generally, nanoparticles need to be 50 nm 
or smaller to perform optimally. Specifically, silver 
nanoparticles ranging from 10 to 15 nm in size exhibit 
higher stability, improved biocompatibility, and stronger 

antimicrobial activity. Dakal et al., (2016), the statement 
validate the stronger antimicrobial activity shown by the 
smaller AgNPs in the present study. Small sized 
nanoparticles (12 nm) synthesized in the present study 
displayed high antibacterial activity against E. coli, S. 

aureus, K. pneumoniaen and B. subtilis as compared to 
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that reported in literature by various researchers at 
different times.  
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