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Introduction

Nanobiotechnology is rapidly growing as an interdisciplinary 
eco-friendly research area and used in broad research section such 
as biology, chemistry, physics, biomedicine and material engineering 
[1,2]. It deals with various shapes and size of particles in the range 
of 1 to 100 nm. From last two decades, top down and bottom-up 
approaches are used to produce metal nanoparticles with di�erent 
morphologies, compositions and structures. It is known for its 
antimicrobial, anti-in�ammatory activities other than that it is used in 
electrical batteries, an optical receptor in solar batteries, bio-labeling 
and in cancer treatment. Nontoxic and new methods in the �eld of 
nano research have been developed that involves microorganism and 
plants for the synthesis of nano-materials [3]. �ough nanoparticle 
can be fabricated by using di�erent physicochemical methods their 
synthesis by a biological method such as using microorganisms, single 
cell plant, plant tissues, fruits or plant extract is a more attractive option 
as they are nontoxic and therefore environmentally safe especially for 
their application in food, pharmacy or in medicine. Although several 
routes are developed for biosynthesis of metal nanoparticles from the 
salt of the corresponding metal, the most advantageous option is to use 
plant extract as they are less expensive and very easy, simple, rapid and 
less energy extensive process as synthesis can be carried out at room 
temperature within few seconds to few minutes and easy to scale up also. 
Biogenic synthesis is advantageous not only that it is environmentally 

friendly but also it is free of contamination and has a well de�ned 

size, shape, and morphology than another physicochemical synthesis 

method. Plant extract acts both as reducing and stabilizing agent in the 

synthesis of nanoparticles. �e activity of the plant extract varies with 

the varying source as it has di�erent composition and concentration of 

the particular organic component in the reducing extract. In view of 

the number of di�erent chemicals involved the bioreduction process is 

relatively complex.

�e pine tree is originated from Northern hemisphere and Sumatra 

2°S. In North America, various species occur in the region of latitudes 

from as far North as 66°N to as far South as 12°S. Few species have 

introduced to the temperate and subtropical region. Pine extract has 

a lot of therapeutic e�ects and used as an alternative medicine for its 

e�ect on health. According to Cancer research, UK it is scienti�cally 

proven fact that it can be used as preventive of cancer. �e therapeutic 
properties of pine oil are antimicrobial, antineuralgic, antirheumatic, 
antiseptic, antiviral, bactericidal, balsamic, cholagogues, deodorant, 
diuretic, expectorant, hypertensive, insecticidal, restorative, 
rubefacient, adrenal cortex stimulant as well as a stimulant to the 
circulation and nervous system.

Recently, a simple and eco-friendly green approach for synthesis of 
silver nanoparticles by various plant extracts have drawn the attention 
of academician and researcher because of its advantage over physical 
and chemical methods [4-12]. Synthesis of nanoparticles by green 
approach is emerging �eld because of its various advantages over the 
other process like nontoxic, ecofriendly and low cost. AgNPs showed 
promising applications in di�erent engineering �elds such as electrical, 
catalytic properties, water, drug delivery and biomedical engineering 
because of its high surface to volume ratio [13-16]. Green approach 

also involved many microorganisms like bacteria, fungi, and yeasts for 

the synthesis of nanoparticles. Some of the microorganisms have used 

to produce nanoparticles like magnetite by magnetotactic, siliceous 

material by radiolarians and diatoms, CdS quantum dots using 

fungi. �e previous study con�rms that biogenic silver nanoparticles 

produced by microorganisms are persistent with excellent (20-50 times 

higher than chemically synthesized) antimicrobial properties [17-

20]. �e main disadvantage of microbial nanoparticle synthesis is the 

aseptically mentainance of microorganisms and the synthesis process is 

comparatively lengthy. Despite all properties of AgNPs showed many 

important properties such as antiin�ammatory¸ wounds healing and 

application in antibiotic, diagnostic, therapeutic etc. AgNPs is non-toxic 

so it is used for curing di�erent types of diseases causing due to bacterial 
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soluble impurities and then nanoparticles were lyophilized and stored 
in dry bottles for further study.

Characterization of silver nanoparticles: Characterization of 

Silver nanoparticles was carried out by using visual observation and 

various techniques, in visual observation, change in color of the 

solution was observed by naked eye. X-ray di�ractometer, using Cu 

Kα radiation (λ=0.1546 nm), with di�raction angle between 10 and 

90° was used to �nd crystal structure of nanoparticles, characterization 

of the surface chemistry of AgNPs and biomolecules in Prunus 

persica solution were done by using a Fourier transform infrared 

spectroscopy (FT-IR Shimadzu FTIR spectrophotometer, FTIR 8400). 

�e FTIR spectrum was collected at a spatial resolution of 4 cm−1 in 

the transmission mode, between 4000-500 cm−1. For identi�cation of 

AgNPs in solution absorbance value was determined using UV-visible 

spectrometer in the wavelength range (λ) 200-800 nm. Identi�cation 

of shape of nanoparticles was done by using Field Emission-Scanning 

Electron Microscopy (FESEM) in scales of 500 nm and 10 nm, for 

determination of average particles size of AgNPs Zeta Sizer was used 

(ZS-90, Malvern Instrument, UK).

Antibacterial activity: Standard agar di�usion method is used to 
test the antibacterial activity of bio-synthesized AgNPs against two 
human pathogens such as E. coli and V. cholerae. Antibacterial activity 
was performed against all the two bacterial strains as per guidelines by 

Clinical and Laboratory Standards Institute (CLSI, M02-A12). �ese 

were grown overnight and diluted in Mueller-Hinton broth (MHB) to 

a cell density of 105 Colony Forming Unit (CFU)/mL. 100 µl of this 

culture was spread on the Mueller-Hinton Agar (MHA) plate and 

allowed to dry in a sterile condition. Further AgNPs (200 mg/mL) were 

added into performed well (6 mm width) on MHA plate. �e plate was 

incubated at 37°C for 24 h antibacterial activity of AgNPs was observed 

based on the zone of inhibition around the well impregnated with the 

rifampicin (RIF) and HPLC grade sterile water and biosynthesized 

silver nanoparticles were used as positive and negative control 

respectively [29].

Catalytic property of AgNPs: Catalytic property of AgNPs was 

done in a batch process at optimized process condition for removal of 

heavy metal such as cadmium and palladium. In experiments, the pH 

of the batch process was controlled by addition of a solution of HCl and 

NaOH (1.0 M and 0.1 M). �e concentration of heavy metal such as Pd 

and Cd (1 mg/l) was investigated in 100 mL �asks. A magnetic stirrer is 

used for stirring at 350 rpm at �xed control temperature. �e obtained 
experimental data at di�erent times were used to calculate the removal 
percentage of Cd and Pd by using the following relationship (eqn. 1).

( )
% Cd and Pd removal = *1000 t

0

C -C

C
                  (1)

Where C
o
 (mg/L) and C

t
 (mg/L) are the Cd and Pd concentration at 

initial and a�er time t (sec) respectively and the equilibrium adsorption 
capacity of the Cd and Pd were calculated according to following 
equation:

eQ ( )*
0 e
C -C V / W=

Where C
0
 (mg/L) and C

e
 (mg/L) are the initial and equilibrium 

concentrations in solution for Cd and Pd respectively, V the volume 
of the solution (L) and W is the mass (g) of the adsorbent. Cd and Pd 
removal percentage on to AgNPs in contact time range (0 to 180 min) 
at 1 mg/L were investigated to evaluate the required equilibrium time [30].

contamination. Silver nanoparticles showed antibacterial property by 
attaching with highly reactive faces of the bacterial wall and inhibit their 
metabolism and other major functions [21-24]. Plant extract contains 
biomolecules such as vitamins, polysaccharides, proteins, amino acids, 
enzymes, and organic acids can act as both reducing as well as capping 
agent in the bioprocessing of silver nanoparticles [25]. Various plant 
extracts had been used for AgNPs synthesis such as Skimmia laureola, 
Clerodendron serratum, Averrhoa carambola L. [26-28]. Considering 
the advantages of green synthesis over other methods, synthesis of 
AgNPs by using pine needles extract was done and also a�ects the 
various process parameters on the formation of AgNPs was evaluated. 
Pine bark extract enhance blood circulation, reduce in�ammation, 
delay aging provide relief from allergy, support immune system 
improve vascular health and it reported of having antioxidant e�ect by 
preventing free radical mechanism. �e extract contains pycnogenol, 
enzogenol, �avangenol, oligonol, oligopin etc. �e aglycon, glycoside 
free, portion of the saponins is termed as sapogenin acts as reducing 
agent. Mittal et al. [3] reported that the role of carbonyl group from 
amino acid and peptide from protein have string a�nity to silver and 
protein works by forming a protective coating over nanoparticles 
surface by preventing its aggregation and therefore stabilization. Ever 
green pine tree is found in many parts of the world. In India, pine trees 
were found in lower Himalaya of Uttrakhand and Himachal Pradesh. 
In this recent research, green synthesis method at room temperature 
was developed for the synthesis of AgNPs using Prunus persica leaves 

extract, which is nontoxic, environmentally friendly and low cost. 
We attempted to evaluate antimicrobial e�ect of silver nanoparticles 
(AgNPs) using human pathogen such as E. coli, V. cholera and also 
catalytic properties of the green synthesized AgNPs were studied by 
removing heavy metal from waste water.

Materials and Methods

Materials

Silver Nitrate is obtained from NICE Chemicals Pvt. Ltd, Kerala. 
Antibiotics (rifampicin) and bacteriological agar were purchased from 
HiMedia; India. Bacterial strains Escherichia coli (E. coli) and Vibrio 
cholera (V. cholera) were procured from Microbial Culture Collection 
Centre (MTCC), Institute of Microbial Technology (IMTECH), 
Chandigarh, India. Glassware and Whatman No. 1 �lter papers are 
obtained from local Market, Chandigarh, India. Pine (Prunus persica) 
extract is obtained from botanical garden of Panjab University Campus, 
Chandigarh, India.

Methods

Preparation of plant extract: Fresh leaves are washed with tap 
water and then with distilled water, then, leaves were dried at room 
temperature. �en, leaves were cut into small pieces; 20 g of leaves 
were added in 50 mL distilled water and then heated at 70°C for 40 
min. Biomass of plant is separated through Whatman No.1 �lter paper. 
Plant extract was stored at 10°C temperature for further study.

Synthesis of AgNPs: Silver nanoparticles were synthesized 
by adding 10 mL of a 0.01 M aqueous solution of silver nitrate into 
di�erent volume (1.0, 2.0, 3.0, 4.0 and 5.0 mL) of Prunus persica needles 
extract taken into four beakers separately at room temperature. �e 
color of the solution was started changing from yellow to brown within 
5 min indicating the formation of nanoparticles and further, no change 
in color can be observed. �e separation of silver nanoparticles from 
the dispersion was carried out by centrifugation a�er that AgNPs 
were washed 4 times with distilled water and acetone to remove water 
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Results and Discussion

Observation of color change

Color changes of the solution from light yellow to brown were 
observed and then turned to dark brown when silver salt (AgNO

3
) was 

added to aqueous pine needle extract. Color changes of the solutions 
are due to some chemical compound such as alkaloids, �avonoids, 
saponins, steroids, and color present in plant extract acts as a reducing 
agent that reduced silver ions (Ag+) to a silver atom (Ag0). Same color 
changes were observed by many researchers by using di�erent plant 
extract [31-33]. �e reduction of silver ions to a silver atom in the 
solution was observed by UV-Visible Spectrophotometer. Detection 
of silver nanoparticles was observed by its dark brown color. Due to 
excitation by surface plasmon vibrations, AgNPs are showed brown 
color in aqueous solution [34.35]. It was noticed that complete color 
transition took 15 min at room temperature. �erea�er no further 
color of the solution was changed (Figure 1a and 1b). �e presence 
of silver nanoparticles in the solution was observed by UV-Visible 
Spectrophotometer presence of peaks at 440 nm. Due to molecular and 
structural changes, color transitions occur in the test substances leads 
to corresponding changes in the ability to absorb light in the visible 
region of the electromagnetic spectrum. As pointed the SPR is caused 
by the application of the free conduction electrons induced by light.

E�ect of concentration of leaf extract on AgNPs sizes and 

concentration

Silver ions above a particular limit can be toxic to protein (present 
in plant extract) and they can cause precipitation. To stop precipitation 
ionic forms are transformed to nano-particle by plant extract. To see 
the e�ect on the size and AgNPs concentration in the reaction mixture 
by varying the concentration of the leaf extract was studied by using 
UV- spectrophotometer and Zetasizer. Size and shape of AgNPs can be 
controlled by changing the concentration of extract from 1 to 5 mL in 
2 mM AgNO

3
 of 20 mL solution, when we increased the leaves extract 

concentration, the absorbance of the sample increased. It indicates that 
the increasing concentration of the silver nitrate particle size reduced 
till the optimum concentration beyond that particle size increase. 
Optimum particles size was observed at 2 mM AgNO

3 
(Figures 2a 

and 2b). Similar results were reported in previous research [36]. At 
higher concentration, it might increase the possibility of particles 
agglomeration.

E�ect of concentration of AgNO
3
 on size and concentration 

of AgNPs

A higher ratio of reducing agent to substrate accelerates the 
reduction of Ag+ to Ag0 immediately followed by capping by the capping 

agent preventing from aggregation. Changes in absorption peak of the 
reaction mixture were observed at varying salt concentrations from 1 
mM to 5 mM. Dark brown colors and maximum peak intensity were 
observed at salt concentrations 2 mM. �erea�er absorption peak 
intensity was decreased from 2 mM to 3 mM and then remained 
constant from 3 mM to 5 mM because, Ag+ concentration was increased 
in the solution by adding more AgNO

3
 the maximum peak intensity 

was obtained at 2 mM of AgNO
3
 as shown in Figures 2c and 2d similar 

variation in peaks intensity due to changing AgNO
3
 concentration in 

reaction mixture was observed with many plant extract (Ibrahim, 2015; 
Metz, 2015). A variation in silver nitrate concentration was also known 
to in�uence nanoparticles size. AgNPs size was observed to decrease 
from 1 mM to 2 mM and then increase from 2 mM AgNO

3
 to 5 mM 

because of increase in the concentration of AgNO
3
, agglomeration may 

occur [37,38].

E�ect of pH on AgNPs size and concentration

Solution pH played an important role in the formation of 

nanoparticles. At low pH (2-5), the formation of AgNPs in the solution 

is very slow and large size nanoparticles are obtained that was shown 

by color change during the reaction. pH of the solution a�ects the 

shape and size of the particles and also have the ability to change their 

capping as well as stabilizing abilities. When pH of the solution was 

increased from acidic to basic (pH 5-13), absorption peak intensity 

increased as pH increased from 5 to 13. Concentration of AgNPs in 

solution also increased due to increase in reduction rate of Ag+ in the 

solution and color change was observed very fast when AgNO
3
 mixed 

with pine needles leaf extract and achieved maximum concentration 

of AgNPs and highly uniform size of nanoparticles were obtained 

with an average size of 40 ± 2 nm at pH 10 as shown in Figures 2e 

and 2f. Similar results were reported in many papers [39,40]. At pH 

13, AgNPs are very unstable in solution and agglomeration of silver 

 

Figure 1: (a) Prunus persica aqueous extracts (b) Extract with AgNO
3
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Figure 2a: Effect of concentration of leaf extract on AgNPs concentration in 
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Figure 2b: Effect of varying concentration of leaf extract on AgNPs sizes.
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the temperature from 20°C to 100°C at an interval of 20°C. When 
the temperature of reaction mixture was increased, an increase in 
the AgNPs concentration was observed which is due to increase in 
reduction rate of Ag+ ions and color of the solution turned light brown 
to dark brown within 5 min and also decrease the average particle 
size (Verma et al., 2015). Optimum temperature was obtained for our 
experiment at 40°C (Figures 2g and 2h). Whereas with an increase in 
temperature above 40°C showed very broad absorbance peak which 
showed an increasing particle size [41].

E�ect of contact time on AgNPs concentration

UV-vis spectrums were used to monitor the e�ect of contact time 
on AgNPs concentration in the reaction mixture at di�erent intervals of 
time with a change of color of the solution. �e intensity of absorption 
peaks is increased gradually and then became constant because the 
concentration of AgNPs was initially increased with increase in contact 
time which is due to the e�ect of surface plasmon resonance of AgNPs. 
Nanoparticles size was measured and it varied from 20 nm to 130 nm 
(Figure 2i). It was observed by Zetasizer, a�er 15 min of reaction time, 

nanoparticles was observed, however, higher pH facilitates reduction 
of Ag+, subsequently, a large number of nanoparticles were formed 
with the smaller size.

E�ect of Temperature on AgNPs size and concentration

�e temperature was also played a crucial role for the size and 
shape of AgNPs. �e e�ect of temperature was observed by varying 
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Figure 2c: Effect of concentration of AgNO
3
 on AgNPs concentration.
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is the wavelength of CuKα and found to be 40 nm. Biosynthesized 
AgNPs was showing high catalytic and antibacterial properties because 
of small size [44].

UV-Visible spectral analysis

Most important properties of silver nanoparticles are their optical 
properties which change with altering the size, the shape of the particle. 
�e surface plasmon resonance of nanoparticles is responsible for the 
unique and bene�cial optical properties of nanoparticles which depend 
on the size, shape of the nanoparticles, their distance from each other 
and the refractive index changes. UV-Visible spectrum were carried 
out to monitored the reduction process when Prunus persica extract 
was added into silver nitrate (1 mM) solution resulted in colour 
change of the solution from yellowish to brown due to excitation of 
surface plasmon vibrations of the silver nanoparticles, also indicating 
the formation of silver nanoparticles in the solution and got a peak 
centered near about 440 nm. It was also noticed that the reduction 
process of silver ions into silver atom was very rapid. Generally, most 
of the papers were reported the wavelength range of AgNPs absorption 
peak is in the range of 440-460 nm [45]. In our work, solution showed 
absorbance peak near at 440 nm as shown in Figure 4 which was 
con�rmed from the reported speci�ed range of Ag nanoparticles.

FESEM analysis

Morphology study of bio synthesized silver nanoparticles was 

carried out with the help of �eld emission-scanning electron microscopy 

(FESEM) of AgNPs by using the scales of 500 and 10 nm. Images of the 

surface morphology of the bio synthesized nanoparticles were clearly 

indicated that bio synthesized AgNPs was roughly spherical in shape 

and uniformly distributed and agglomeration was found in AgNPs 

as shown in Figure 5. It can also be observed that few nanoparticles 

have slightly deviated from their shape from spherical, may be due to 

the presence of di�erent groups of natural chemical which helps in 

reducing and stabilizing the nanoparticles during their initial stage and 

the average size of AgNPs was obtained of 35 nm [46].

FTIR spectral analysis

FT-IR spectra taken to detect the major functional groups in plant 
extract and their possible role in reduction process during the synthesis 

there was no signi�cant change in AgNPs concentration. Small reaction 
times were recommended for higher production rate and small size of 
AgNPs [42].

XRD analysis

XRD analysis of dried green synthesized AgNPs by Prunus persica 
extract was done to �nd the crystalline nature and structure of silver 
nanoparticles. Pattern showed numbers of di�raction peaks at 2 
theta such as 38.20, 44.23, 64.33, 77.40, 27.741, 32.221, 46.261, and 
81.67 (Figure 3) �e spectrum showed �ve distinct separate peaks at 
2h=38.20, 44.23, 64.33 and 77.40 that could be indexed to (111) (200), 
(220), (311) and (222) re�ection planes of face centered cubic structure 
of silver respectively. XRD spectrum clearly shows that the silver 
nanoparticles formed by a green approach using Prunus persica extract 
through reduction process are crystalline in nature. Other unknown 
peaks of XRD pattern showed the presence of an organic compound 
in the extract was also discussed earlier [43]. Average size from XRD 
data of greensynthesized AgNPs was calculated by Debye Scherrer’s 
equation:

D= K / Cosλ β θ
Where ‘D’ is AgNPs crystal size, β is the full-width half maximum 

(FWHM) of di�raction peaks and θ is Bragg di�raction angle and λ 

Figure 3: XRD Spectra of synthesized Ag-NPs.
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of AgNPs and stabilization of silver nanoparticles and spectrum peaks 
were compared with standard values to identify the main biomolecules 
present in the plant extract. �e spectra showed absorption peaks at 
3313 cm-1, 1635 cm-1, 1070 cm-1 and 1032 cm-1 indicating the presence 
of capping and stabilizing agents respectively. �e role of these main 
biomolecules in stability/capping of AgNPs was found in many papers 
(Niraimathi et al., 2013; Krishnaraj et al., 2010). �e peak 3318 cm-1 
indicated phenolic or amide N-H, O-H stretching peak was observed 
at 1635 cm-1 and last important peak at 1032 cm-1 characteristics to 
glycoside or other (C-O-C) groups present in the plant extract are 
observed in Figure 6 (Kumar et al., 2014; Prabhu and Poulose, 2012; 
Benakashani et al.). Major functional groups such as C-O, N-H and C-N 
groups in di�erent chemical classes such as �avonoids, triterpenoids, 
polyphenols, proteins, and pigments present in the plant extract might 
be responsible for bioreduction of Ag+ to AgNPs (Venu, 2011). �e 
result of FTIR con�rmed the presence of protein in the nanoparticles 
sample which will bind with protein either by free amine group or by 
cysteine residues in the protein. �e peak at the region of 1638 nm is 
a characteristic of amide bond that is responsible for the stretching of 
carbonyl group coupled to the amide bond as the peptide has the ability 
to bind with metal and thus most of the cases protein coats the metal 
nanoparticles.

Antimicrobial activity of AgNPs

Silver nanoparticles have been using in many industries such 
as the health, pharmaceuticals, water treatment, paint, food storage 
because of its antibacterial properties [47]. In the present study, the 
antibacterial activity of bio synthesized AgNPs was tested against two 
di�erent human pathogens (Figure 7). It is apparent that the AgNPs 
showed inhibition zone against two tested organisms (Table 1). 
Concentration of AgNPs and rifampicin (positive control) were 200 
mg/mL and 2 mg/mL respectively. �e HPLC grade sterile water was 
used as negative control. �e power of AgNPs against human pathogen 
was depended up the size and dose. �e synthesized AgNPs were found 
to have a higher inhibitory action against P. aeruginosa compared to 
other bacteria. �e larger sizes of nanoparticles have less activity than 
smaller size nanoparticles due to small surface area. One of the possible 
modes of action of the plant mediated AgNPs might be to attach to 
the cell surface and disrupt the cell membrane and interact [48]. A�er 
penetration, AgNPs released silver ion. �ese ions interacted with 
DNA, proteins, and sulfur containing cell constituents, therefore, the 
organisms were prevented [49].

Catalytic property

Short equilibrium time indicates the high surface area of bio 
synthesized AgNPs and its suitability for fast and quantitative removal 
of Cd and Pd. It was found that the adsorption rate is rapid at the 
initial stages (Figure 8) because of the high vacant site to adsorb heavy 
metal and the system reaches equilibrium a�er 120 min and 150 min 
respectively. A�er equilibrium time, removal process became slow 
because of pore di�usion or saturation of adsorbent with heavy metals 
[5-7]. �e degree of removal was very high for heavy metal by using 
AgNPs, more than 80% of Cd and Pd removal was achieved in 120 
and 150 min respectively and a�er equilibrium time, the removal rate 
became slow [9].

Conclusion

�ere are a number of reports which describe methods making use 
of plant extract for the synthesis of nanoparticles as nonconventional 
economic and non-toxic procedures as compared to traditional 
chemical synthesis process. Green technique for fabrication of AgNPs Figure 5: FE-SEM image and size distribution of synthesized Ag-NPs.

Figure 6: FTIR Spectra of Extract.
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Strains Zone of inhibition

E. coli V. cholerae

AgNPs 12 6

Rifampicin (Positive control) 4 24

Table 1: Zone of inhibition of AgNPs and rifampicin against bacterial strains.

 

Figure 7: Panel-I Escherichia coli (E. coli), Panel-II Vibrio cholera (V. cholera).

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 50 100 150 200

Time(Min)

 Pb (1Mg/L)

Cd (1Mg/L)

C
o
n
ce
n
tr
a
ti
o
n
(m
g
/
l)

Figure 8: Removal of Cd and Pd from solution by using AgNPs.

was utilized using pine (Prunus persica) plant needle extract. �is 
technology for synthesis of AgNPs seems to be low cost, not toxic. 
Some natural bio-compounds found in leaves extract that is con�rmed 
by FTIR peaks that are responsible for reducing and stabilizing 
agent. Nanoparticles obtained with green approach were smaller in 
size than other chemical and physical methods but uniform in size 
monodispersed in nature and was synthesized very rapidly. �is method 
does not require tedious downstream processing and it may be scaled 
up to develop a viable technology for the silver nanoparticles synthesis. 
�e spherical shape of bio synthesized AgNPs was well dispersed in 
solution with an average size of 40 nm as evidenced by FESEM. �e 
bio-synthesized AgNPs was proved as an excellent antimicrobial agent 
against E. coli and V. cholerae. Biosynthesized AgNPs were found to 
have a higher inhibitory action against E. coli compared to V. cholera. 
�e present work showed potential for removal of heavy metals such 
as Cd and Pd from waste water by exploring catalytic property of bio 
synthesized AgNPs in a batch process. AgNPs showed higher catalytic 
activity against Cd heavy metal as compared to Pd. Development of 
the continuous process for removal of heavy metals and to explore 
biomedical properties for the preparation of biosensors using AgNPs 
and its application in medicine by using herbal medium is the thrust 
area for future work.
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