
ABSTRACT
An attempt was made to synthesize biocompatible silver nanoparticles by using V. serpens plant extract, which 
can be used in different biomedical applications. The synthesis of silver nanoparticles was optimized in various 
physicochemical conditions and highly stable silver nanoparticles were synthesized with 8.0 mL of V. serpens  
leaf extract, pH 7.0, 1.0 mM AgNO3 and 37 oC. The synthesized silver nanoparticles were characterized by UV-vis 
spectrophotometer, Ph analysis, FE-SEM, XRD and FTIR analysis. The average size of synthesized silver nanoparticles 
was 60-70 nm. The findings from our study showed that the aqueous extract of V. serpens and silver nitrate solution 
did not show significant inhibiting activity against Enterococcus faecalis bacteria in tested concentrations but 
the green synthesized silver nanoparticles, inhibited the growth of Enterococcus faecalis, which is responsible for 
many human diseases like urinary tract infection (UTI). In addition, synthesized silver nanoparticles showed a 
synergetic effect on the antimicrobial activity of the standard antibiotic levofloxacin against Enterococcus faecalis 
bacteria under this study. These findings indicate that green synthesized silver nanoparticles can be used to control 
Enterococcus faecalis-related human diseases as effective growth inhibitors.
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INTRODUCTION

Research and development in nanotechnology are a 
fast-growing field worldwide (Ahmed et al., 2016). 
Nanobiotechnology is currently one of the vibrant 
research disciplines of contemporary material sciences in 

which plant and plant products find an imperative use in 
nanoparticles synthesis (banerjee et al., 2014; Terra et al., 
2019). Such particles exhibit entirely new characteristics 
such as size scale, morphology and distribution compared 
to the larger particles of the mass material from which 
they were prepared (Raju et al., 2013; Elemike et al., 
2020).  Silver nanoparticles (AgNPs), with a broad number 
of applications including its antibacterial catalytic 
properties and its non-toxicity towards human health, 
are one of the most commonly used varieties of NPs  
(Amooaghaie et al., 2015; Ferdous et al., 2020).

genes that couple with silver nanoparticles can inhibit 
the progression of the cell cycle, DNA damage and 
apoptosis in human cells at non-cytotoxic doses  
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investigation notes the simple green synthesis of AgNPs 
using V. serpens leaf extracts and their anti-microbial 
action against Enterococcus faecalis. The method of well 
diffusion has been used to determine the antibacterial 
ability of green synthesized AgNPs (Chand et al., 
2019).

MATERIAL AND METHODS

Collection of plant materials and preparation of extract: 
In August 2019, V. S erpens fresh mature leaves were 
collected from the Dehradun hilly region for plant 
extract preparations, green synthesis of silver nano 
particles and antibacterial analysis of green synthesized 
silver nanoparticles. The plant leaves were then washed 
carefully three times with water, followed by distilled 
water to remove dirt and dust on the leaf surface. These 
leaves were then dried and finely made powder with 
pestle and morter. Until the extraction, in a separate 
case, the powdered product was stored. Weighed and 
mixed 10 g of powdered plant material with 80 mL of 
deionized water and boiled it for 20 minutes. Then the 
material was filtered through the paper filter (Whatman 
No. 1). For further investigations, the prepared extract 
was kept at 4 °C.

Synthesis of silver nanoparticles by using theV. serpens 
extract: V. serpens extract was used for the synthesis 
of silver nanoparticles. In order to achieve the best 
values, it was studied the effects of the extract quantity 
and the silver nitrate solution concentration. by 
adjusting the amount of extract, the best concentration 
was achieved. The different concentration levels of 
silver nitrate solutions were then added to different 
amounts of 1-15 mL extract. The plant extract volume 
of 8 ml and silver nitrate solution concentration of 1 
mmol / L were both optimally chosen. Drop by drop, 
eight mL plant extracts have been applied in 1 mmol / 
L silver nitrate solution for 40 mL. Colorless to dark 
gray, the silver nitrate solution revealed the 
development of silver nanoparticles. The solution 
containing silver nanoparticles was centrifuged to 
removal of silver nanoparticles from the other 
composition of a solution at 9000 RPM for 15 minutes 
and the deposit was prepared for the appropriate 
analysis.
Characterization of green synthesized silver nanoparticles: 
Silver nanoparticles can be characterized in a number of 
ways. The first and most common approach is the color 
changing of the solution. We used the Fourier transform 
infrared spectroscopy and UV-vis spectrophotometer for 
determination of optical properties of green synthesized 
silver nanoparticles. A Wensar UV-vis spectrophotometer 
was used for UV-vis spectral analysis and at a 300 nm / 
min scan speed the test sample had been scanned between 
200 to800 nm. As a blank point of reference was the 
deionised water.

Initially pH 3.9 was recorded for 1 mmol/L aqueous 
solution of silver nitrate and pH changes were observed 
to indicate the synthesis of silver nanoparticles with 
plant extracts. Digital pH meter of Wensar were used to 

(Asharani et al., 2009; Carvalho et al., 2018). Mechanisms 
for toxicity caused by AgNP include genetic material, 
mitochondria and cell membranes. As the silver ions 
enter the bacterial cell, the DNA molecule is condensed 
and loses its ability to replicate causing bacterial cell 
death (Feng et al., 2000; Rajoka et al., 2020). Many 
techniques for synthesizing AgNPs, including physical, 
chemical and, most recently, biological methods have 
been investigated Nanoparticles are quickly synthesized 
in chemical synthesis which uses harmful chemical 
materials such as sodium borohydride, hydroxylamine, 
hydrazine, and ethanol (Negm et al., 2015, Amooaghaie 
et al., 2015; bilal et al., 2019).

In addition, the aggregation, growth, and stability of 
particles are difficult to control with chemical synthesis 
and capping agents are required for the stabilization 
of nanoparticles size (Saha et al., 2017). Recently great 
attention has been paid to green synthesis using different 
parts of plant extracts for nanoparticles synthesis (bilal 
et al., 2017; Hemmati et al., 2019). biosynthetic green 
metal nanoparticles are increasingly being used as a 
result of their usability, non-toxicity and availability 
for large-scale processing (Nagajyothi et al., 2012; 
Sharma et al., 2019). This method is superior to 
traditional synthesizing because it is an environmentally 
sustainable, inexpensive, single-step process, and simple 
to apply to large-scale manufacturing and also does not 
require high pressures, temperature, resources or toxic 
chemicals. Much research has been done on the green 
synthesis of silver nanoparticles using bacteria, fungi 
and various plant extracts; due to their antioxidant 
properties, they are able to reduce metal compounds 
to their respective nanoparticles (Omidi et al., 2018; 
Manosalva et al., 2019).

Plant extracts provide the best capping content for 
silver nanoparticles' stabilization (Ahmed et al., 2016; 
Alfuraydi et al., 2019). Medicinal plants have been used 
in India since ancient times for their ability to function 
against both infectious and non-infectious diseases and 
have been properly referred to in Ayurveda. Traditional 
medical practitioners also increased the use of medicinal 
plants for the treatment of various diseases (Azaizeh et al., 
2003). Viola serpens is a plant belonging to the Violaceae 
family. For preparation of antibacterial medicinal plant 
extract, the different sections of different viola species 
are used. Several species within the Violaceae family are 
rich in cyclotides and contain phytochemical products 
(gerlach et al., 2010; Chand et al., 2019). The biological 
synthesis of silver nanoparticles has yet to show 
bioreduction mechanisms through the use of V. serpens 
extract, though this plant is commonly used in medical 
usage (gerlach et al., 2010; Chand et al., 2019).

The V. serpens extract as a bioreduction reducer which 
transforms silver ions into silver nanoparticles has been 
shown in this study. biologically synthesized silver 
nanoparticles were characterized by UV-vis spectroscopy, 
Field emission scanning electron microscopy (FE-SEM), 
Fourier transform infrared spectroscopy and X-ray 
diffraction techniques (Chand et al., 2019). The present 
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determine the pH. A high-resolution FE-SEM analysis 
was used for the morphological characterization of the 
synthesis of silver nanoparticles. The sample was made 
using a simple drop cover with a synthesized silver 
nanoparticle suspension in a clean electric glass to 
evaporate the solvent. At room temperature, the sample 
was allowed to dry. With the use of phase scan and Cu-Ka 
radiation (1,500 Å, 40 kV, 30 mA) in 1-2 h, X-Pert Pro 
diffractometer obtained the results for x-ray diffraction. 
The glass slide was filled with samples of biosynthesised 
silver nanoparticles accompanied by drying and an X-ray 
diffractometer eventually examined.

Antibacterial assays of synthesized silver nanoparticles: 
Agar well diffusion test was used to examine the 
antimicrobial activity of green synthesized silver 
nanoparticles. With the help of sterile cotton swab 
the tested bacteria were swabbed uniformly on two 
nutrient agar plates, then wells of 6 mm diameter were 
created by using sterile cork borer. In one plate the 
corresponding well has been covered by twenty-five 
microliters of synthesized silver nanoparticles with 
varying concentration (1.0 and 2.0 mM) and in other 
plate well has been covered by silver nitrate solution 
as control and plant extract. In order to determine the 
combined effect of standard antibiotic (levofloxacin) 
and the synthesized silver nanoparticles, 15 mL of 
0.5 mM antibiotic solution were mixed with 15 mL of 
synthesized silver nanoparticle solution (1 mM) and 
placed with the microorganisms tested (Enterococcus 
faecalis) in the corresponding agar plate well. The plates 
were then incubated for 24 h at 370C. The inhibition 
zone of synthesized silver nanoparticles, plant extract, 
silver nitrate solution, levofloxacin and synthesized silver 
nanoparticles with levofloxacin antibiotic was measured 
and compared individually.

RESULTS AND DISCUSSION

The biological and environmental safety of the 
production process in many sectors of the economy 
is becoming an increasing concern while metal nano-
particles are being more and more used. Key methods for 
production of nanoparticles are chemical and physical 
strategies that are costly, and potentially environmentally 
damaging. The risks to human health are getting more 
severe with antimicrobial and antibiotic resistances. It 
must be overcome with nature’s support. because of the 
urgent need for antimicrobial drugs, research on the 
chemistry of medicinal plants is increasingly concerned 
(Meenambigai et al., 2018).

Medicinal plants have been a potentially therapeutic 
source for thousands of years. There are a significant 
number of modern medicines coming from natural 
sources such as plants which are known for thousands 
of years as part of the advancement of human health 
care (Patil et al., 2019). In the past decade, furthermore, 
many organic systems such as plants have been shown 
to transform metal ions into metal nanoparticles through 
their reductive metabolite capacity (Usmani et al., 
2019). Silver has been widely used in human culture 

for many years. It is the only element that can be tuned 
with its plasmon resonance at any wavelength of the 
visible spectrum. This element has a large number of 
applications, including its disinfectant property. Silver 
nanoparticles have shown antibacterial properties with a 
close connection to the microbial cell of the nanoparticles 
and activity based on their dimension (Ahmad et al., 
2019; Fahimmunisha et al., 2020).

basic studies showed the valuable property of silver 
nanoparticles, namely the special optical characteristics 
of catalytic operations, resonance of surface plasmon, 
high electric double-layer efficiency and so on, are 
rarely combined. Nano silver particles were commonly 
used as an antibacterial agent in the healthcare industry, 
for preserving food, cloth coatings and in specific 
environmental applications (Thomas et al., 2019). In 
this respect the synthesis of silver nanoparticles by V. 
serpens extracts was carried out using an efficient and 
versatile process. In order to achieve the best values, it 
was studied the effects of the extract quantity and the 
silver nitrate solution concentration. by adjusting the 
amount of extract, the best concentration was achieved. 
Drop by drop, plant extracts have been applied in 1 
mmol / L silver nitrate solution. Colorless to dark gray, 
the silver nitrate solution revealed the development 
of silver nanoparticles. The solution containing silver 
nanoparticles was centrifuged to removal of silver 
nanoparticles from the other composition of a solution 
at 9000 RPM for 15 minutes (Thomas et al., 2019).

Then the deposit was prepared for the appropriate 
analysis. For the detection of the optical properties of 
silver nanoparticles, we used UV-vis and FTIR spectrums. 
The surface plasmon resonance of biosynthesized silver 
nanoparticles displayed a peak at the UV-vise range 
of almost 430 nm, which correlates to the absorbance 
of silver nanoparticles. We compared the antibacterial 
properties of biosynthesized silver nanoparticles, 
aqueous V. serpens sample extract, standard antibiotic 
levofloxacin and biosynthesized silver nanoparticles 
with biosynthesized silver nanoparticles (Fahimmunisha 
et al., 2020).

Singh et al.,

Figure 1. Synthesis of silver nanoparticles by using V. 
serpens plant extract (a) Solution of silver nitrate and V. 
serpens plant extract (after 2min); (b) Solution of silver 
nitrate and V. serpens plant extract (after 15 min); (c) 
Solution of silver nitrate and V. serpens plant extract 
(after 45 min).
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Colour change and UV–vis spectroscopy: The primary 
indication of the formation of silver nanoparticles is 
the color change of the reaction solution to dark brown 
(behravan et al., 2019). Addition of silver nitrate to 
V. serpens leaf extract produced and instantaneous 
colour change from an initial, light yellow solution to 
dark brown solution within 45 min of reaction time  
(Figure 1) (Fahimmunisha et al., 2020).

The silver nanoparticles surface plasmon resonance 
showed a peak centered close to 430 nm which 
corresponds to the absorption of silver nanoparticles 
(Figure 2) (Roy et al., 2019). The intensity of the reaction 
time increased until the fourth hour without a change in 
the peak wavelength, as illustrated in Figure 2.

FTIR analysis: FTIR experiment is used to describe surface 
chemistry of synthesiszed nanoparticle. FTIR finds 
organic functional groups such as OH, C=O, associated 
with the surface of nanoparticles (Pirtarighat et al., 
2019). The solution that contains synthesized silver 
nanoparticles was centrifuged at 8,000 rpm for 10 min to 
isolate silver nanoparticles from other compounds and a 
deposit for FTIR analysis was prepared. The FTIRspectra 
of the green synthesized silver nanoparticles from V. 
serpens are shown in Figure 4 (Transmission) and Figure 
5 (Absorbance). The FTIR peaks in the range of 1640 cm-1 
that are applicable to C=O bond of the carbonyl group 
and the stretching vibrations of different amides also 
appeared in this range. The FTIR peaks in the range of 
3200 to 3500 cm-1 were allocated as –OH stretching in 
phenolics and alcohol compounds with strong hydrogen 
bonds. Results showed the FTIR bands at 3894.7cm-1, 
3418.5 cm-1, 2923.2cm-1, 2566.4 cm-1, 2321.0 cm-1, 1622.6 
cm-1, 1467.1 cm-1, 1374.3 cm-1, 1063.4 cm-1, 946.5cm-1 
and 537.4cm-1. This demonstrated various functional 
groups linked to synthesized nanoparticles surface.

The existence of these peaks indicated that synthesized 
silver nanoparticles were covered by functional groups 
such as carboxylic acid, aldehyde, ketone, with plant 
secondary metabolites such as tannins, phenols, 
glycosides, flavonoids, terpenoids and others. The 
stability of the nanoparticles is responsible for the 
existence of these groups.

Figure 2: UV-vis absorption spectra of green synthesized 
silver nanoparticles at different incubation time.

pH analysis: When a V. serpens plant's extract was 
applied dropwise to the aqueous silver nitrate solution, 
immediately a color shift was observed, resulting in a 
pH reduction that can be a sign of silver nanoparticles 
synthesis. In this study the pH from high acidic to low 
acidic was observed.

FE –SEM analysis: For size distributions and morphological 
characterizations of synthesized silver nanoparticles, 
high-resolution FE-SEM images are used. FE-SEM study 
showed clearly that average size and shape of silver 
nanoparticles was 60-70 nm and spherical, respectively 
(Figure 3).

Figure 3: FE-SEM image of green synthesized silver 
nanoparticles.

Figure 4: FTIR spectra of capped silver nanoparticles 
synthesized using V. serpens (Transmission).

Figure 5: FTIR spectra of capped silver nanoparticles 
synthesized using V. serpens (Transmission).
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XRD analysis: Figure 6 shows the XRD pattern gained 
for the green synthesized silver nanoparticles using the 
extract of V. serpens. The XRD analysis determined the 
crystalline nature, phase identification, and size of the 
silver nanoparticles. Comparison of the XRD spectrum 
with the Standard confirmed that our experiments made 
silver particles into nanocrystals, as evidenced by the 
2θ peak value of 37.5873, 37.6909, 43.7941, 44.629, 
corresponding to (111), (200), (220) and (311) planes for 
silver, respectively. Unallocated peaks may be caused 
by the bio-organic crystallization on the nanoparticle 
surface.

Figure 6: XRD pattern of silver nanoparticles synthesized 
by using extract of V. serpens.

Figure 7: Antimicrobial Activity of (a) Plant extract 
and silver nitrate solution against Enterococcus faecalis; 
(b) AgNP (1 mM), AgNP (2 mM), standard antibiotic 
levofloxacin and synthesized AgNP with standard 
antibiotic levofloxacin against Enterococcus faecalis.

Antibacterial activity of silver nanoparticles: The 
results of our analysis have shown that V. serpens 
aqueous extract and silver nitrate solution showed no 
substantial inhibition of Enterococcus faecalis bacteria  
(Figure 7a) but the silver nanoparticles synthesized by green 
synthesis, inhibited the growth of Enterococcus faecalis  
(Figure 7b). In addition, synthesized silver nanoparticles 
showed a synergetic effect on the antimicrobial activity of 
the standard antibiotic levofloxacin against Enterococcus 
faecalis bacteria under this study (Figure 7b) (Table 1).

Variables Diameter of inhibition
zone (mm)

Plant extract 10
AgNO3 12
AgNP (1 mM) 18
AgNP (2 mM) 20
Levofloxacin (0.5 mM) 24

AgNP (1 mM) + Levofloxacin (0.5 mM) 28

Table 1. Diameter of inhibition zone (mm)against 
Enterococcus faecalis.

CONCLUSIONS

The present study demonstrated an innovative way to 
use natural products to synthesize silver nanoparticles, 
which can be used in different biomedical applications. 
The synthesis of silver nanoparticles using V. serpens 
extracts as a green method without using any chemical 
stabilizer or reducer was reported. The findings from 
our study showed that the aqueous extract of V. serpens 
and silver nitrate solution did not show significant 
inhibiting activity against Enterococcus faecalis bacteria 
in tested concentrations but the green synthesized silver 
nanoparticles, inhibited the growth of Enterococcus 
faecalis. In addition, synthesized silver nanoparticles 
showed a synergetic effect on the antimicrobial activity of 
the standard antibiotic levofloxacin against Enterococcus 
faecalis bacteria under this study. biosynthesized silver 
nanoparticles demonstrated a large range of antimicrobial 
susceptibility and thus are promising antimicrobial 
agents with potential biomedical uses.
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