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Abstract
The present paper focuses on the synthesis of silver nanoparticles using with different leaf extract concentrations 

of Vitex negundo. The biosynthesized nanoparticles were characterized by UV-vis absorption spectrophotometry, 
fourier transform infrared spectroscopy, X-ray diffraction, field emission scanning electron microscopy, energy 
dispersive X-ray, atomic force microscopy, transmission electron microscopy, photoluminescence and zeta potential 
techniques. The formation of silver nanoparticles was confirmed by the surface plasmon resonance absorption 
peak at 423 nm in UV-vis absorption spectra of the synthesized silver nanoparticles. The fourier transform infrared 
spectroscopy indicates flavonoids as a potential reduced agents. Field emission scanning electron microscopy 
shows the synthesized silver nanoparticles are in spherical shape. Energy dispersive X-ray spectroscopy shows 
the strong peak belongs to silver, and it confirms the formation of Ag NPs. X-ray diffraction spectra of synthesized 
silver nanoparticles exhibit they are in face centered cubic crystalline structure. The photoluminescence spectra of 
synthesized silver nanoparticles show their emission peak at 489-481 nm and the emission intensity is proportional 
to the different concentrations of leaf extract. The spherical shaped silver nanoparticles are observed by atomic 
force microscopy technique. The zeta potential value is observed at -13.5 mV, which shows the synthesized silver 
nanoparticles are incipient instability. The antimicrobial activity of the synthesized nanoparticles is studied using 
the disc diffusion method, which indicates that both Gram positive and Gram negative microorganisms have been 
affected by the silver nanoparticles. The observed antibacterial activity could be find important applications in 
medicine, biology and industry.

Keywords: Silver nanoparticles; Vitex negundo; Surface plasmon
resonance; Face centered cubic; Atomic force microscopy; Antibacterial 
activity

Introduction
Nanoparticles, generally considered as particles with a size up to 

100 nm, exhibit completely new or improved properties as compared 
to the bulk material that they are collected based on particular 
characteristics such as size, distribution and morphology [1]. Recent 
developments in nanoscience and nanotechnology have brought 
potential building blocks for electronic, optoelectronics, medicines 
and solar cells [2]. Nanoparticles of noble metals, such as gold, silver 
and platinum are broadly applied in many fields and also directly 
come in contact with the human body, such as shampoos, soaps, 
detergents, shoes, cosmetic products, and tooth paste, besides medical 
and pharmaceutical applications [3]. In present days, nanoparticles 
based on their electrical, optical, magnetic, chemical and mechanical 
properties are used in various areas, such as the medical sector for 
diagnosis, antimicrobial, drug delivery and also they are also used 
in the electronic and optoelectronic industry [4,5] in the chemical 
sector for catalysis [6] for environmental protection [7] and energy 
conversion [8].

Nanoparticle synthesis is generally carried out by a variety of 
physical and chemical methods, such as laser ablation, pyrolysis, 
chemical or physical vapour deposition, lithography electro-
deposition, sol gel etc., which are not eco friendly [9]. The preparation 
of nanoparticles such as ZnO, CdO, NiO, Sm2O3 are reported by many 
researchers [10-13]. Although the commercial methodologies have 
proven as efficient tools for synthesizing, but their continuous use may 
pose a great threat to human health and the environment because of 
the use of toxic and hazardous reagents and generation of toxic by-
products in some instances [14]. When compared to various physical 
and chemical methods, the synthesis is low cost, competent and fast 
method for producing nanoparticles. Now-a- day, green chemistry 

procedure are generally used in various biological systems such as yeast, 
fungi, bacteria and plant extract for synthesis of silver nanoparticles 
(Ag NPs) [15-17]. The main reason for selection of the green synthesis 
method is, due its low cost, non-toxic, eco-friendly and also has great 
advantages. The green synthesised method is utilized to synthesis for 
Ag NPs using the various leaf extracts [18-21].

Vitex negundo Linn belongs to the family of verbanaceae, which is 
commonly known as chase tree and also called as Karu Nochi in Tamil, 
Nirgundi in Hindi. It is a large shrub grown in waste lands throughout 
India. It is one of the common plants used in traditional medicine 
and reported to have variety of biological and pharmacological 
applications [22].

Although, all parts of V. negundo are in medicine, its leaves have 
the most potential for medicinal value especially in for treatment of 
eye-disease, tooth ache inflammation, leucoderma, enlargement of the 
spleen, skin-ulcers, in catarrhal fever, rheumatoid arthritis, gonorrhoea 
and bronchitis, anti-bacterial, anti-pyretic, anti-inflammatory, 
antioxidant and anti-histaminic agents [23].

The present work the Ag NPs are synthesized by green synthesis 
method using the Vitex negundo leaf extract. The synthesized Ag 
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NPs are characterized by UV-vis, Photo luminescence (PL), X-ray 
diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), 
Field scanning electron microscopy (FESEM), Energy dispersive X-ray 
(EDAX), Atomic force microscopy (AFM), Transmission electron 
microscopy (TEM), Zeta potential. The obtained results are presented 
and discussed in details.

Materials and Methods
Materials

Silver nitrate (AgNO3) (AR grade) was purchased from Sigma 
Aldrich chemicals. Vitex negundo (Karu nochchi) was collected from 
Kollidam located in Tamil Nadu, India. Pure culture of Gram negative 
and Gram positive bacteria were collected from National Chemical 
Laboratory, Pune, India. The microbial cultures were maintained by 
the Department of Pharmacy, Annamalai University, Annamalai 
Nagar, Tamil Nadu, India.

Preparation of leaf extract

Fresh leaves of Vitex negundo were collected, then washed 
thoroughly with distilled water several times to remove the dust and 
dried under shade. The dried leaves were cut into small pieces and 
ground to powder. This 5 g of Vitex negundo leaf powder was boiled in 
100 mL of distilled water at 80°C for 10 mins and filtered in whatman 
No: 1 filter paper. Finally, the prepared extract solution was cooled at 
4°C and stored for further synthesis of nanoparticles.

Synthesis of silver nanoparticles

10 mL of 1 mM aqueous solution of silver nitrate (AgNO3) 
was taken. Then the prepared leaf extract solution with various 
concentrations from 1, 2, 3, 4 and 5 mL was added separately to it at 
room temperature. After 20 min, the solution was turned from light 
yellow to dark brown colour indicating the formation of Ag NPs.

Characterization techniques

UV-vis spectroscopy is the most important technique and simplest 
way to confirm the formation of nanoparticles. Absorbance spectra 
of colloidal sample was taken in the range of 800 to 200 nm, with 
the help of UV-vis spectrometer SHIMADU-UV 1800 with distilled 
water as a reference. FTIR analysis was performed for leaf extract and 
silver nanoparticles using FTIR RX1-Perkin Elmer in the wave length 
range 4000 to 400 cm-1. The emission spectra were recorded using a 
LF-45 fluorescence spectrophotometer (Perkin Elmer). The X-Ray 
Diffraction (XRD) analysis for silver nanoparticles was performed by 
XPERT-PRO using monochromatic Cu kα radiation (λ=1.5406 A°) 
operated at 40 kV and 30 mA at 2θ angle pattern. The morphology and 
shape of the silver nanoparticles were examined using Field emission 
electron microscopy SUPRA55 (CARL ZEISS, Germany). EDAX 
analysis of silver nanoparticles was performed on a SUPRA55 (CARL 
ZEISS, Germany) using FESEM equipped with an EDAX attachment. 
Sample preparation for FESEM analysis is as follows: The surface of the 
sample has been stubbed using the double-side adhesive carbon tape 
and sample are coated with the help of gold coater and deposited with 
thin layer gold (heavy metal) on the sample. The stability of Ag NPs is 
studied by Zeta potential measurements using Malvern instruments. 
The surface topological studies were carried out using Atomic force 
Microscope (Nano surf Easy scan 2) AGILENT-N9410A-5500. Silver 
nanoparticles films deposited on glass slides by spin coating for AFM 
characterization. The morphology and size of silver nanoparticles were 
through Transmission Electron Microscope (JEM2100). For sample 
preparation for TEM analysis, the dilute drops of suspension were 

allowed to dry slowly on carbon-coated grids for TEM measurement.

Antibacterial activity

Antibacterial activity of the synthesised Ag NPs was studied by 
the standard disc diffusion method. The overnight grown bacterial 
suspensions of Escherichia coli (ATCC 8739), Klebsiella pneumoniae 
(ATCC 10031), Micrococcus flavus (ATCC 25619), Pseudomonas 
aeruginosa (ATCC 25619), Bacillus subtilis (ATCC 6633), Bacillus 
pumilus (ATCC 12228), Staphylococcus aureus (ATCC 29737) were 
standardized using Mc farland standard. 5 mm diameter discs of 
whatman filter paper (No: 1). The dilutions of biosynthesised Ag 
NPs varying from 5 mg, 10 mg and 15 mg/mL were prepared with 
two fold symmetry. 20 mL of molten sterilized nutrient agar solution 
was poured into each petri plates and seven organisms were grown 
in them. The tested organisms were inoculated in four discs (5 mm 
diameter), which is dipped in different dilutions of Ag NPs (5 mg, 10 
mg and 15 mg/mL) solutions, and another disc was dipped in 2 mg/
mL of antibiotic Ofloxcin. Each petri plate was loaded with four discs. 
The plates containing the bacteria and Ag NPs were incubated at 37°C, 
and then examined for confirmation appears as a clear area around the 
disc. The diameter of such zones of inhibition was measured using a 
metre ruler, and the mean value for each organism was recorded and 
expressed in millimeters.

Results and Discussion
Optical studies

The aqueous silver nitrate and leaf extract of UV-vis spectrum are 
shown in Figure 1. From the AgNO3 solution neither creates the colour 
nor displayed the characteristic broad peaks. Aqueous extract solution 
and addition with prepared silver nitrate solution, the consequent 
colour changes are observed from light yellow to dark brown within 
20 minutes. Nisha et al. reported that Ag NPs shows from colorless 
to yellowish brown in aqueous solution and it was due to excitation 
of SPR used lemon peels extracts [24]. Figure 2 shows the UV-vis 
spectra of aqueous solution of leaf extract at various concentrations 
(1 mL, 2 mL, 3 mL, 4 mL and 5 mL) with 1 mM aqueous AgNO3 
solution. The color of AgNO3 solution change when it is added with 
vitex negundo leaf extracts. After the addition of leaf extract, we have 
visual perception of change in color of reaction mixture from watery to 

Figure 1: UV-Vis absorption spectra of the AgNO3 and fresh leaf extract.

200 300 400 500 600 700 800

0

1

2

3

4

 
Ab

so
rb

an
ce

Wavelength (nm)

 AgNO3
 Leaf Extract

 



Citation: Anandalakshmi K, Venugobal J (2017) Green Synthesis and Characterization of Silver Nanoparticles Using Vitex negundo (Karu Nochchi) 
Leaf Extract and its Antibacterial Activity. Med Chem (Los Angeles) 7: 218-225. doi: 10.4172/2161-0444.1000460

Med Chem (Los Angeles), an open access journal
ISSN: 2161-0444

Volume 7(7): 218-225 (2017) - 220

yellowish brown indicating the formation of Ag NPs. Its is attributed to 
the collective oscillation of free conduction electrons result in surface 
plasmon resonance (SPR) induced by interacting electromagnetic field 
[25]. Figure 2 shows the SPR peaks for the synthesized Ag NPs for 
different leaf extract concentrations (1-5 mL) are observed at 452-428 
nm, which is characteristic of colloidal silver [26]. It shows that the 
SPR peak is blue shifted when increasing in leaf extract concentrations. 
This observed blue shift is due to the reduction Ag NPs size. Moreover, 
the absorbance of Ag NPs increases when increasing the leaf extract 
concentrations (Figure 3). As the concentration of leaf extract is 
increased, size of the particles decrease due to the more number of 
biomolecules available, which acts as reducing agents. Furthermore, 
aggregation of nanoparticles may occur due to formation of SPR peak 
in the higher concentration of leaf extracts. The spectrum can exhibit 
a shift towards the blue end depending upon the particles size, shape, 
and state of aggregation and surrounding dielectric medium [27]. The 
formation of spherical and aggregation of AgNPs are further confirmed 
by TEM analysis. Narayanan et al. reported the synthesis of Ag NPs size 

is decreased in the appeared of blue shift in SPR band with increasing in 
the concentration of extract using Coleus amboinicus Lour leaves [28].

Figure 4 Shows the UV-Vis spectra of synthesized Ag NPs using 
Vitex negundo leaf extract aqueous solution taken at different time 
interval. The SPR peak appears at 428 nm is clearly observed, the 
intensity of the SPR peak is increased with reaction time (30 mins, 1 hr, 
24 hrs, 48 hrs, 72 hrs). However, the wavelength of SPR peaks does not 
change. The increase in intensity could be due to increase in number 
of Ag NPs form as a result of reduction of silver ions present in the 
aqueous solution. The SPR peak of Ag NPs disappears in a few days or 
72 h of reaction time and Ag NPs are completely vanished [29]. By the 
above observation we conclude that the intensity of SPR peak increase 
with the increase in reaction time however, the wavelength maintains 
same values as shown in the Figure 5.

The optical property of synthesized silver nanoparticles is evaluated 
using photoluminescence spectroscopy. The synthesized Ag NPs are 
excited at 370 nm. Increased photoluminescence intensity is observed 
with an increase of leaf extract quantity shown in Figure 6. The various 
concentration of leaf extracts (1, 2, 3, 4 and 5 mL) that equivalent 

Figure 2: UV-Vis absorption spectra of the Ag NPs synthesized at 
different quantity of leaf extract with fixed concentrations of AgNO3.
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Figure 4: UV-Vis absorption spectra of the Ag NPs synthesized at different 
time interval (30 mins, 1 hr, 24 hrs, 48 hrs and 72 hrs).

Figure 5: Plot on different time interval Vs absorption and wavelength.Figure 3: Plot on Leaf extracts concentration Vs Wavelength and absorption.
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emission peaks like 489, 487, 486, 484 and 481 nm are observed. These 
emission peaks are shifted from higher side to lower side (Blue shift). 
From the UV-vis analysis the same blue shift are also observed. Above 
information confirms the synthesis of Ag NPs is decrease in the high 
concentration (5 mL) using Vitex negundo leaf extracts.

According to Ajitha et al. reported that fixed excitation wavelength 
at 370 nm for different concentration corresponding to PL emission 
peaks 462, 458, 453, and 447 nm were observed, here blue emission 
indicated decrease in the particle size [30]. Theoretical work revealed 
that photoluminescence of silver metals could be viewed as excitation 
of electrons from occupied d bands into states above the Fermi energy. 
Subsequently electron-photon and hole-photon scattering process leads 
to energy loss and finally photo luminescent radiative recombination of 
Fermi level electrons and occupied sp or d-band with the holes [31-34].

Structural analysis

The XRD patterns of Vitex negundo leaf extract synthesised Ag 
NPs are shown in Figure 7. XRD pattern of the synthesized Ag NPs 
exhibits the face centered cubic structure corresponding to the four 
reflection peaks are observed with 2θ values of 38.11°, 44.29°, 64.45° 
and 77.39° they are indexed to the (111), (200), (220), and (311) crystal 
planes (JCPDS card no. 89-3722). The XRD peaks intensity of Ag NPs 

increases when increasing the leaf extract concentration (1-5 mL). 
From the Table 1, It is observed that the decrease in crystalline size 
with increase of concentration and increase in the strain.

The average crystal size of the silver nanoparticles is calculated 
from FWHM of the diffractions peaks using Scherrer’s equation:

D=kλ/β cosθ

Where, D is particle size, k is the Scherrer’s coefficient (0.9), 
λ is wavelength of X-ray source (1.5406 nm), β is the full width at 
half maximum (FWHM) and θ is the diffraction angle. The silver 
nanoparticles size is calculated in the range of 35 to 20 nm for 
different concentration of leaf extracts (1-5 mL). The absence of other 
diffraction peaks present in XRD pattern is observed, which indicates 
that the synthesized Ag NPs are essentially pure. Similar results were 
reported in silver nanoparticles using artemisia annua extract [35]. 
From the observation Table 1, it is clearly understood that 5 mL leaf 
extract concentration is more suitable for synthesis small size Ag NPs. 
Therefore, this higher concentration of Ag NPs is used for further 
studies.

Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR spectrum of the extract gives information of the 
functional groups involved in the reduction of the silver ions. The 
FTIR study identifies the minerals that capped on silver nanoparticles 
and some possible biomolecules from Vitex negundo leaf extract are 
changes from Ag+ to Ag0. The FTIR spectra of (Figure 8a) aqueous 
leaf extract and (Figure 8b) synthesised Ag NPs are analysis shown 
in Figure 7. The FTIR spectrum shows strong peaks at (567 and 485 
cm-1), (604 and 620 cm-1), (772 and 789 cm-1), (1049 and 1098 cm-1), 
(1380 and 1383 cm-1), (1604 and 1603 cm-1), (3374 and 3324 cm-1), 

Figure 6: PL spectra of the prepared Ag NPs at different concentration of leaf 
extract.

Figure 7: XRD diffraction pattern of the Ag NPs prepared in different 
concentrations of Vitex negundo leaf extract quantity.

Figure 8: FTIR spectrum of the (a) Vitex negundo leaf extract (b) synthesised 
silver nanoparticles using Vitex negundo leaf extract.

Concentration 
(ml)

Average NPs 
size (nm)

Lattice 
parameter (Å)

Cell volume 
(Å3)

Micro strain 

1 mL 35.96 4.0877 68.3125 0.0024
2 mL 28.64 4.0863 68.2361 0.0022
3 mL 25.76 4.0852 68.1799 0.0031
4 mL 23.50 4.0858 68.2074 0.0036
5 mL 20.91 4.0875 68.2941 0.0055

Table 1: The variation of Crystallite size, Lattice parameter, Cell volume and Micro 
strain value of bio synthesised nanoparticle.
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(3781 and 3783 cm-1) respectively. The strong band at (567 and 485 
cm-1) corresponded to NO2 in deformation aromatic nitro compound 
and C-O=O carboxylic group in bending vibration. The weaker band 
at (604 and 620 cm-1), (772 and 789 cm-1) corresponds C-Cl stretching 
vibration in alkyl group. The strong peak at (1049 and 1098 cm-1) is due 
to C-O stretching vibration in carboxylic group and flavanones. The 
characterized peak is observed at (1380 and 1383 cm-1) C-N stretching 
vibration in amine group [36]. The strong band at (1604 and 1603 
cm-1) aromatic C=C bending vibration [37]. The broad band at (3374 
and 3324 cm-1), (3371 and 3783 cm-1) are OH stretching vibration in 
alcohols. Some peaks appeared in the FT-IR spectrum of leaf extract, 
which were disappeared in FT-IR spectra of green synthesized Ag NPs. 
This disappeared peaks indicates the phytochemical present in the leaf 
extract, which is involved in reduction of silver nanoparticles.

The phytochemical present in the leaf extract such as Flavonoids 
[38-40] iridoids [41-43], terpenes [44,45], and steroids [46] are the 
major classes of compounds isolated from this plant. Terpenoids are 
poorly water-soluble and hence may not be among prime moieties 
involved in the bioreduction reaction. However, proteins seem to 
exhibit little importance in biosynthesis of nanoparticles and also 
water-soluble phenolic acid and flavonoid compounds are believed to 
play a major role in bioreduction reaction. But, the possible mechanism 
is still unclear and needs further investigation [47].

In addition, carboxylate group can act as surfactant to attach on the 
surface of nanoparticles and results in Ag NPs stabilization [48]. Noruzi 
et al. and Kalpana et al. suggested that synthesis of Au NPs using Rosa 
hybrid petal extract in the presence of protein act as the reducing and 
stabilizing agent [49,50]. The carboxylic group and hydroxyl group are 
also responsible for reduction of silver ion into silver nanoparticles. It 
was proved by Raja et al., Kumar et al. and Jayaseelan et al. [51-53]. 
Shankar et al. suggested that the presence of flavonanes or terpenoids 
adsorbed on the surface of the synthesized metal nanoparticles and the 
reaction of metal ions which was possibly facilitated by the reducing 
sugars and/or terpenoids present in the neem leaf broth [54]. In the 
present work synthesised Ag NPs, flavonoids and Carboxylic group act 
as a reducing and stabilizing agent in Vitex negundo leaf extracts.

Morphological studies

Figure 9 shows, different magnification of FE-SEM images of 
the green synthesized silver nanoparticles using Vitex negundo leaf 
extract. It shows that the synthesized Ag NPs are in spherical shape. 
Furthermore, the particle size is observed to be 20-35 nm.

The energy dispersive X-ray analysis (EDAX) is shown in Figure 
10 EDAX spectrum shows that the strong silver peak (3kev) along 

with magnesium, chloride, oxygen, carbon and potassium elements 
small peaks. Similar result observed from EDAX spectrum by other 
researchers [55,56]. Qualitative as well as quantitative information of 
green synthesized silver nanoparticle is shown in Figure 10.

Figure 11 shows the surface morphology of the Ag NPs was studied 
by atomic force microscopy. AFM images shows the synthesized Ag 
NPs are in spherical shape.

TEM images of silver nanoparticles with various magnifications 
as shown in the Figure 12a-12c. The images reveal that formation 
of spherical shape less aggregated silver nanoparticles. In addition, 
the average size of silver nanoparticles is 23 nm, which can be seen 
observed from particles size distribution histogram image derived 
from the TEM images. The size of the Ag NPs is obtained from TEM 
(23 nm) is consistent with XRD study (20 nm). Figure 12d shows the 
crystallinity of the silver nanoparticles, which are by selected area 
emission diffraction (SAED). SAED pattern of the synthesized Ag NPs 
exhibits the dotted concentric rings belong to (111), (200), (220) and 
(311) planes, which matches with the result of XRD analysis.

Zeta potential measurement

As shown in Figure 13 the Ag NPs obtain have a negative zeta 
potential value. Zeta potential is a basic parameter for classification 
of stability in aqueous Ag NPs suspensions. The Zeta potential 
measurements of the biosynthesised Ag NPs show a sharp peak at -13.5 
mV indicative of that the surface of the nanoparticles is negatively 
charged. Generally, the zeta potential of the nanoparticles should be 
either highest than +30 mV on lower than -30 mV [57,58]. But, the 
synthesized Ag NPs by Vitex negundo shows incipient instability.

Antibacterial activity

To estimate the antibacterial effect of Ag NPs, they are tested 
against seven different bacterial species at different concentration in 

Figure 11: AFM image of 2D and 3D view of green synthesized silver 
nanoparticles.

Figure 10: EDAX spectrum of the Ag NPs and quantative result (inset figure).
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Figure 9: FESEM images of the synthesised Ag NPs (a) 100 nm and (b) 20 nm 
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this study. The present case, the antibacterial activity of synthesised Ag 
NPs are tested against microorganism, that is, Gram negative E. coli, 
P. aeruginosa, K. pneumonia, and Gram positive M. flavus, B. subtilis, 
B. pumilus, S. aureus at different concentrations (5, 10, 15 mg/mL) 
using the disc diffusion method (Table 2). The antibiotic ofloxacin is 
used as a standard in this study. The antibacterial activity is shown in 
Figure 14. The Figure 14 and Table 2 indicate the good antibacterial 
activity in silver nanoparticle using Vitex negundo leaf extract. The 
potential antibacterial effect of the Ag NPs, E. coli culture is treated 

Figure 12: (a-c) TEM image of green synthesised silver nanoparticles in 
different magnification and particle size histogram (inset figure). (d) SAED 
patterns of silver nanoparticles.
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Figure 13: Zeta potential spectrum of the prepared Ag NPs.

Figure 14: The antibacterial activity of Ag NPs in (a) Escherichia coli, 
(b) Klebsiella pneumonia, (c) Micrococcus flavus, (d) Pseudomonas 
aeruginosa, (e) Bacillus subtilis, (f) Bacillus pumilus, (g) Staphylococcus 
aureus at various concentrations ((1) Positive control, (2) 5 mg/mL, (3) 10 
mg/mL and (4) 15 mg/mL).

a d 
 

c b 

e f g 

1 2 

3 

4 

1 
2 

1 3 

4 

2 

2 2 2 

2 

1 1
1 

1 

1 1 
3 

3 3 

3 

3 

4 4 

4 4 4 

Table 2: Antibacterial activity of the silver nanoparticle.

Zone of inhibition of Ag NPs (mm)
Bacterium name Control (Ofloxcin)

2 mg/mL
5 mg/mL 10 mg/mL 15 mg/mL

Escherichia coli 28.5 8 8 9
Klebsiella pneumonia 18 9 7.5 9.5
Micrococcus flavus 18.5 13 9.5 10

Pseudomonas 
aeruginosa

22 7 6.5 8

Bacillus subtilis 22 10 9 11
Bacillus pumilus 20 6 10.5 9.5

Staphylococcus aureus 22 8.5 10 10

with Ag NPs effect on the growth pattern of bacteria is analyzed, which 
has high value in 15 mg/mL compare with other value. K. pneumonia 
culture is treated with Ag NPs at high concentration 15 mg/mL have 
large area inhibition of bacteria. M. flavus culture is tested with Ag NPs 
growth pattern of bacterial high value is observed in low concentration 
5 mg/mL. P. aeruginosa culture is treated with Ag NPs at a high 
concentration 15 mg/mL and the good effect of the bacteria. B. subtilis 
culture is against Ag NPs at a high concentration (wt. %) 15 mg/mL 
is best antibacterial activity comparing with other concentration. 
B. pumilus culture is treated with Ag NPs at a low concentration 10 
mg/mL is large area death of bacteria in particle. S. aureus culture 
is treated with Ag NPs at 10 mg/mL and 15 mg/mL concentration 
has same effect on the growth pattern of bacterial and it is analyzed. 
Bindhu et al. reported the beetroot extract mediated Ag NPs revealed 
efficient antibacterial activity towards the test pathogenic bacteria like 
Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus. 
The Staphylococcus has maximum zone inhibition and E. coli had 
minimum zone inhibition and no zone of inhibition was observed for 
control [27]. Mehmood et al. suggested that the antibacterial activity of 
synthesized Ag NPs (using Melia azedarach leaf extract) against the five 
tested bacteria such as E. coli, K. peumonia, S. aureus, P. aeruginosa and 
Proteus spp at different concentration. S. aureus had higher antibacterial 
activity compare to other tested bacteria [59]. Earlier it was reported by 
Zhang et al., that the effect of Ag NPs tested against pathogens were E. 
coli and S. aureus, S. aureus had less antibacterial effect compared with 
E. coli [60]. In the present work, M. flavus bactria is the best because the 
zone of inhibition is high in it.

According to Ruparelia et al., Nano silver is more active towards 
Gram positive bacterial strain as compared to Gram negative due to 
the membrane structure which plays as important role [61]. Finally, the 
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current study clearly indicate that the synthesised Ag NPs exhibit the 
zone of inhibition has high value obtained at Gram positive organism of 
M. flavus and Gram negative organisms of K. pneumonia. Similar result 
was also observed by earlier worker [25]. Currently silver nanoparticles 
are widely used in textiles coatings and wood flooring as antibacterial 
agents. These plant mediated Ag NPs show high antibacterial activity 
which may be used in these materials.

Conclusion
Ag NPs using Vitex negundo leaf extract with different 

concentrations (1-5 mL) were synthesized by green synthesis method. 
The formation of Ag NPs was confirmed by UV-visible absorption 
spectroscopic analysis. XRD pattern of Ag NPs confirms the 
synthesized particles are in face centered cubic crystalline structure and 
the sizes of Ag NPs are in the range of 35.96-20.91 nm. FESEM, AFM 
and TEM analyses shows the synthesized Ag NPs is in spherical shape. 
Moreover, the Ag NPs size for 5 mL leaf extract concentration is 23 nm 
from TEM study. Zeta potential measurement of the synthesized Ag 
NPs shows incipient instability. The synthesized Ag NPs exhibits the 
best antibacterial activity on gram-positive and gram-negative bacteria.
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