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ABSTRACT

Nanomaterials are one of the most researched topics due to
the fact that the nano-range materials (1 - 100 nm) have stark
differences compared to properties of the same materials
in bulk dimensions. Silver nanoparticles (Ag-Np) have been
researched because of their strong action against a range of
microorganisms. Physical and chemical methods like chemical
reduction and microwave irradiation are used to synthesize
these nanoparticles. These methods, however, are dangerous
and expensive. Green synthesis provides a safer, environmental-
friendly, and cost effective way for synthesizing Ag-NPs.
Green synthesized Ag-NPs have a multitude of applications
such as water filtration, sanitisation and so on. They are also
effective antibacterial agents against Gram positive and Gram
negative bacteria. Plants and their various parts have been
used in the synthesis of Ag-NPs due to their ability to act as
reducing and stabilizing agents. PVA encapsulated Ag-NPs
are said to be stable for several months and can be stored at
room temperature. Nanoparticles need to be stabilized for any
practical application and this can be done with the help of
polymers such as polyvinyl alcohol (PVA). The characterisation
of the nanoparticles can be done through the use of various
equipment such as UV - vis spectroscopy, scanning electron
microscope (SEM), Fourier transform infrared spectroscopy
(FTIR), X-ray diffractometry (XRD), Transmission electron
microscope (TEM) and so on. Antibacterial activity to test Ag-
NPs was done by the well diffusion method against a Gram
positive (S aureus) and a Gram negative bacteria (E coli).

ABBREVIATIONS
PVA: Polyvinyl Alcohol; Ag-NP: Silver Nanoparticles.
INTRODUCTION

Nanoparticles are particles/materials that have dimensions
between 1 and 100 nm in size. These nanoparticles have
distinct characteristics from the bulk material's particles. For
example, nanoparticles have a larger surface area as their size
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decreases. Surface area is important for catalytic activity and
other features, such as antibacterial activity in Ag-NPs [1,2].

Chemical methods of Ag-NP synthesis include methods like
chemical reduction by various organic and inorganic reducing
agents such as sodium citrate and sodium borohydride. While
this method of Ag-NP synthesis is quite common, green
synthesis offers a much safer, cost-effective and eco-friendly
alternative to chemical reduction [3,4]. Green synthesized
Ag-NPs have applications in various fields such as medicine,
food preservation, and water filtration. Moreover, according
to recent studies, green synthesized Ag-NPs have strong anti-
microbial, anticancer and antioxidant activity. One of the
most serious threats to healthcare worldwide is the presence
of multi-drug resistant pathogens, especially ones which
cause life threatening diseases. To best these pathogens, new
techniques of treatment of these infections are needed. Green
synthesized Ag-NPs have been found to be effective against
these multidrug resistant microorganisms.

Ag-NPs are frequently used for a variety of reasons, including
their antibacterial properties and low toxicity [5]. There are
two proposed approaches for measuring Ag-NP antibacterial
activity. One advantage of Ag-NPs is their huge surface area,
which allows them to quickly bind to and penetrate the
bacteria's cell membrane. The second explanation proposes
that Ag-NPs interfere with the respiratory chain of bacterial
mitochondria, resulting in cell death [6]. Although there are
other methods for producing Ag-NPs, plant-based synthesis is
preferred because it is environmentally benign, cost-effective,
and eliminates the use of harmful ingredients such as
hydrazine and sodium borohydride used in chemical synthesis
[5]. The biological resources used (plants such as neem and
tulsi, fungi such as Aspergillus spp, Trichoderma, algae such
as Chlorella, Spirulina, etc.) serve as reducing, stabilizing, and
capping agents [5,7]. Ag-NPs are classified based on their
structure and morphology. These include cubic, spherical,
rod, triangular, disk, bar, and wire shapes. Various analytical
methods are utilized to characterize size, shape, distribution,
and stability.

These methods include: (1) UV-vis Spectroscopy, which
describes nanoparticle production at the first stage, (2) Fourier
transform infrared spectroscopy (FTIR) assists in characterizing
the function of chemicals involved in the reduction and
capping of AgNps, as well as the chemical residue on the
surface of the Ag-NPs. (3) X-ray diffraction (XRD) is used
to identify the material and determine the crystallinity. (4)
Scanning electron microscopy (SEM) determines the surface

shape, size, and dispersion of nanoparticles [8].

In this review, we shall attempt to provide an insight into
green synthesis of Ag-NPs, its different methods, how addition
of a synthetic polymer such as PVA affects the efficacy of the
AgNPs and its effect on the antibacterial activity.

EXTRACTION OF PHYTOCHEMICALS FROM PLANT PARTS

Reducing agents have been widely used in biological systems.
The primary requirements for green AgNP production are
silver metal ion solution and a reducing biological agent. In
most cases, reducing agents and other cell constituents act as
stabilizers and caps, removing the need for external agents [2].

Biologically-mediated nanoparticle production provides a
cost-effective and ecologically friendly alternative to chemical
techniques. This approach produces nanoparticles such as
silver, gold, and graphene by combining bacteria, fungi,
plant extracts, and tiny biomolecules, decreasing toxicity and
environmental harm. The biological synthesis of nanoparticles
is dependent on three factors: (a) the solvent, (b) the reducing
agent, and (c) the nontoxic substance [9].

Plants ranging from algae to angiosperms have been
employed for green production of Ag-NPs, with angiosperms
being the most popular. AQNP production has used plant
parts like leaves, bark, roots, and stems from medicinally
significant species such as Boerhaavia diffusa, Aloe vera,
Catharanthus roseus, and Ocimum tenuiflorum, which operate
as both reducing and stabilizing agents. In addition, exotic
weeds (Parthenium hysterophorus) and other plants that
produce alkaloids or essential oils have been employed. Water
is usually the chosen solvent, but organic solvents (methanol,
ethanol, and ethyl acetate) are also used.

Compared to plant-based techniques, microbial synthesis of
AgNPs employing fungi and bacteria is more complex due to
culture management and standardization issues. Microbial
production can occur both extracellularly and intracellularly,
but the extracellular pathway is more commonly documented.
Common fungal taxa, such as Fusarium, are frequently
employed for AgNP production. While some researchers use
stabilizing agents such as L-cystine and piperitone, most bio-
polymers in AgNP synthesis also function as reducing agents,
allowing for more control over nanoparticle size and form.

There are various extraction techniques used to obtain
phytochemicals from different plant types and plant parts.
Each Technique varies with time, pH, temperature and the

Citation: Inchara S, et al. (2024). Green Synthesis of Silver Nanoparticles Using Phytochemicals and Encapsulation Using

Synthetic Polymer (PVA). Nanoparticle. 5(1):16.

DOI: https://doi.org/10.35702/nano.10016



Inchara S, et al.

ISSN: 2767-0171

type of plant used. The various extraction methods commonly
used are:

METHOD OF EXTRACTION OF PHYTOCHEMICALS
Maceration Method

Maceration is one of the easiest methods yet produces
inaccurate results as it is performed manually. In this method,
the plant sample is dried and powdered. It is then put in a
closed vessel and a good amount of solvent is added. It is then
soaked for 72 hours for better results. The phytoextract is then
separated for future purposes [10].

The maceration process is divided into two stages: osmosis
and diffusion. Initially, osmosis occurs swiftly, often in a matter
of seconds, when the solvent travels across the cell membrane
in accordance with van't Hoff's law, which causes osmotic
pressure. The pressure is determined using thermodynamics
and depends on solute characteristics, such as the osmotic
coefficient (¢s) and reflection coefficient (os).

In the later phases, osmosis occurs concurrently with diffusion,
guided by Fick's laws and Maxwell-Stefan diffusion principles.
Effectiveness of tannin extraction is influenced by factors
such as material size, solvent type, temperature, and stirring.
Smaller material sizes complicate filtration, whereas larger
particles are more suited to technologies such as microwave-
assisted extraction.

The efficiency of tannin extraction is determined by factors
such as solvent choice, temperature, duration, and pressure.
Different solvents perform better at distinct temperatures for
different plant kinds. For example, acetone frequently removes
more tannins than ethanol. Optimal conditions differ based
on the tannins and plant species, necessitating specialized
procedures for efficient extraction.

The tannins from grape pomace were extracted at 10°C for
120 minutes. Chemicals underwent cooling, cleaning, and
filtering. To precipitate tannins, use dilute HCl to continually
adjust the liquid phase's pH to 1.5. Centrifugation at 8000 rpm
for 15 minutes yielded precipitated tannins. The extraction
yield is higher than when grape pomace is treated with a 5%
(w/w) solution of sodium hydroxide [11]. Maceration, similar
to infusion, involves soaking things in cold or boiling water for
a brief time [12].

Decoction Method

Method of decoction is similar to that of maceration. The only
difference between these two methods is that heat is involved
in the decoction method. The plant sample is boiled at 90-
100°C with 1:10 w/v deionised water for 15-20 minutes. This is
then cooled down and filtered for further use [13].

Two extraction methods were chosen due to their ease of
execution, quick processing time, cost-effectiveness, and
ability to consistently deliver the desired results.
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PHYTOCHEMICAL TESTING

PHYTOCHEMICAL TEST FROCEDURE

p 1 ml of extract # 2 ml of Wapner's

WAGNOR'S TEST reigent (lodine in potassium iodide).
DRANGANDROFF's [ 1 ml of extract + 1 ml of Dragandroff's

TEST réagent [potassium bismuth iadide).
) : 1 ml of extract + 3 ml of Hager's
ALKALOIDS HAGER's TEST reagent [salurated aqueaus picric

acld).

MAYER's TEST

1 ml of extract + 1 ml of Mayers
reagent [potassium mercuric iodide).

FLAVOROIDS | QUALITATIVE TEST

1 ml of extract + 10 ml distilled
water, shake, then add 1 ml of 10%
NaOH.

SAFONING FOAM TEST

3 ml of extract diluted with 2 ml
distilled water, shaken vigorously.

GLYCOSIDES SALKOWSHKI TEST

1 ml of extract + 5 drops ef conc.
H,50., beil for 2 min, cool, add 3
draps of FeCl,,

QUALITATIVE
GLYCOSIDES TEST

25 ml of dilute H,50, + 5 ml exiract,
bail for 15 min, cool, néutralize, add
5 ml Fehling's salution.

REDUCING
SUGARS

FEHLING'S TEST

0.5 ml extract + 1 ml waler, add 3-8
drops of Fehling's solution, heat.

TERPENDIDS QUALITATIVE

TERPEHOIDS TEST

4 mg extract # 0. ml acelic
anhydride + 0.5 ml chloroform, add
eone. Hy 50,

ROLE OF PHYTOCHEMICALS IN SYNTHESIS OF Ag-NPs

Environmentally friendly production of Ag-NPs by employing
readily accessible reducing and capping agents derived
from plants, which are therefore renewable resources.
The manufacture of nanoparticles via traditional chemical
processes has drawbacks, such as high costs and detrimental
effects on the environment.

Green technologies for the manufacturing of nanoparticles
have emerged as environmentally benign options to address
these problems. When synthesizing Ag-NPs, plant extracts are
effective reducing and stabilizing agents.

It is possible to generate nanoparticles of different sizes
without the use of hazardous chemicals or external stabilizing
agents by replacing plant extracts.

1. Flavonoids: Flavonoids are the constituents of plant
pigments.They represent a class of secondary metabolites
due to their diverse chemical and structural properties
and biosynthesis in plants. Flavonoids are thought to be
the main bio reducing ingredients of plant extracts, and

their reducing potential is linked with their capability

(14]

of donating hydrogen atoms or electrons. The process
of converting silver ions (Ag*) into metallic silver (Ag°)
is carried out by flavonoids. During the green synthesis
process, flavonoids function as effective reducing agents.

Alkaloids: Alkaloids help convert Ag* to Ag° by
contributing to the reduction process.

Terpenoids: Terpenoids (isoprenoids) belong to a
category of naturally synthesized (low molecular weight
substances) terpenes, responsible for various plant
species’ aroma, taste, and color. These substances act
as capping agents, preserving stability and inhibiting
the agglomeration of nanoparticles. The resultant
nanoparticles' size and form are mostly regulated by

terpenoids.

Saponins: Saponins take part in the phases of capping
and reduction. They improve the produced Ag-NPs'
general stability.

Phenols: phenolic acid is an important phytochemical
belonging to the polyphenol family. It has a nucleophilic
aromatic ring which possesses metal-chelating ability
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and antioxidant activity. Phenolic chemicals ensure the
biocompatibility and possible uses of the nanoparticles
by stabilizing them.

6. Tannins: Like other phytochemicals, tannins have
lowering qualities. They aid in the conversion of Ag,O to
Ag,0. Furthermore, tannins have the ability to function
as capping agents, which enhances the stability of the
nanoparticles.

SYNTHESIS OF Ag-NPs

The essential step in synthesizing AgNPs is Ag* ions, which can
be obtained from a variety of water-soluble silver salts. Most
researchers use an aqueous AgNO, solution with an Ag* ion
concentration of 0.1 to 10 mm (usually 1 mm) [2].

Under the sonication conditions at room temperature AgNO,
solution is added to the extract. A significant color change
of the extract from light brown or green to dark brown was
observed showing a bioreduction process for the formation
of AgNPs. The confirmation of AgNPs was carried out by
measuring their absorbance by UV-Visible Spectrophotometer
[13].

Factors affecting the production of AgNps are:

Concentration of extract, temperature, metal salt, pH, and
contact time influence the size and properties of the AgNPs.

Stability

Nanoparticles were kept in a refrigerator at 4°C for up to 28
days, Or the nanoparticles were heated in a water bath at 80°C
for 2 hours. After heating, the samples were cooled to room
temperature [15].

MECHANISM OF ANTIBACTERIAL ACTIVITY OF Ag Nps

One of the main ways to understand the antibacterial activity
of a system is to understand its particular modus operandi.

There are 2 steps that will affect its efficiency:

1. Behavior of Ag-NPs in the vicinity of the environment of
interest where physical and chemical changes can occur.
This includes redox reactions, interaction with other
nanoparticles or surfaces and so on all have an impact on
the antibacterial activity of Ag-NPs [16].

2. Interaction of Ag-NPs with the cell wall which eventually
results in cellular death. This depends on the affected

organism but also other parameters such as size, shape,
dispersion, evaluation procedures such as bacterial stain
used and composition of media. Once AgNPs come into
contact with bacteria they tend to form aggregates
which leads to the decrease in the cell wall integrity and
these perforations lead to cell death. Another method of
cytotoxic activity of AgNps is the generation of a reactive
oxygen species(ROS). In these conditions the cells endure
a very high level of oxidative stress which leads to cellular
inactivation [6,16,17].

COATING OF Ag-NPs WITH POLYMERS

To coat Ag-NPs (AgNPs) with polymers such as starch, PVA, or
propyl amine-substituted PVA, dissolve the polymer in water,
mix it with AgNPs or silver salts, then cast the mixture into
films. Glutaraldehyde and other cross-linking compounds
are utilized to improve mechanical characteristics. The
coating improves nanoparticle stability and dispersion,
reduces aggregation, and boosts biocompatibility for use in
biomedical areas and antimicrobial films [18].

POLY-VINYL ALCOHOL (PVA) LAYER

PVA was dissolved in water at a concentration of 4% (w/w)
and stirred for one hour at 80 degrees Celsius. Once the PVA
solution was entirely dissolved and homogenous, a colloidal
suspension of preformed Ag-NPs (AgNP) was gradually added
to achieve various compositions comprising Ag nanoparticles
ranging from 1% to 5% by weight.

The resulting mixture was thoroughly mixed to ensure that
the Ag nanoparticles were evenly distributed throughout the
PVA matrix. Thin films of these PVA/AgNP solutions were then
formed onto glass plates and allowed to cure before further
investigation.

The findings of this study focus on compositions including 1%
w/w Ag nanoparticles within the PVA matrix [19-21].

ANTIBACTERIAL ACTIVITY

Upon successful synthesis of AgNps and their conjugation
with the phytochemicals from plant extract and PVA we must
check the antibacterial properties of the samples namely
AgNP alone, AgNP+plant extract, AgNP+plant extract+PVA
and finally control (distilled water). These samples are checked
using a Gram positive bacteria (Staphylococcus aureus) and a
Gram negative bacteria (Escherichia coli), through two main
methods: well diffusion method and disc diffusion method
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where disc diffusion method is used to determine how
susceptible bacteria are to an antibiotic and well diffusion
method is used to evaluate the antimicrobial activity of plant
extracts.

Well diffusion method

The antibacterial activity of AgNPs were observed against
Gram positive bacteria (Staphylococcus aureus) and Gram
negative bacteria (Escherichia coli) through well diffusion
method. This is done by comparing the sizes (in mm) of the
zones of inhibition of the different samples taken. The extent
of the halo or ring formed around the sample/solution gives
an indication to the level of the antibacterial activity of the
sample [22].

Disc method

Disc diffusion method is another technique through which
antibacterial activity of Ag-NPs can be measured wherein the
nanosilver shapes were cut into a disc shape and sterilized
by autoclaving (15 min at 121°C), and was placed on E coli
cultured agar plate and S aureus cultured agar plate. The agar
plates were then incubated for 24 h at 37°C. After incubation
the presence and size of the inhibition zone (in mm) was
observed and measured [22].

CHARACTERISATION

The characterisation of the nanoparticles can be done through
the use of various equipment such as UV - vis spectroscopy,
transform
X-ray diffractometry(XRD),
Transmission electron microscope(TEM). These techniques are

scanning electron microscope(SEM), Fourier

infrared  spectroscopy(FTIR),
vital tools in nanotechnology for thoroughly 0-understanding
nanoparticles, and we'll go into more detail on each of them in
the following sections [8,23,24].

Uv vis spectro

UV-Vis spectroscopy is an essential and commonly employed
the
nanoparticles, such as Ag-NPs (AgNPs) or any other. This

technique for initial assessment of synthesized
technique is especially useful because it can track the
synthesis process and evaluate the stability of nanoparticles.
Due to their distinctive properties, AgNPs can strongly
interact with certain wavelengths of light, which makes UV-
Vis spectroscopy particularly suitable for analyzing these
particles, and by analyzing the graph we can make sure that

nanoparticles are synthesized [25].

Although the color change is a good visual sign of Ag-NP (Ag-
NP) formation, UV-Vis spectroscopy provides more precise
confirmation. When using this method, Ag-NPs created
through both green and chemical synthesis methods show
distinct surface plasmon resonance (SPR) peaks. We can vary
the wavelength and get the plots. The peaks, particularly
the strong absorption around 400 nm, indicate successful
nanoparticle synthesis by highlighting how free electrons
interact with light.

When we compare for chemically synthesized Ag-NPs and the
green synthesized nanoparticles in chemically synthesized,
the SPR peaks are read and in this intense and slightly shift
to lower wavelengths occur which suggests that these
nanoparticles are smaller and more uniform. In the green
synthesis process the changes in the peak values suggest
that starch plays a key role in determining the size, reduction
process, and stabilization of the nanoparticles. Furthermore,
the broad absorption range seen in PVA-encapsulated Ag-NPs,
with a noticeable curve around 400 nm, confirms the presence
of the nanoparticles [18,19].

Sem (scanning electron microscope)

Using Scanning Electron Microscopy (SEM) we can closely
examine the size, structure and distribution details of Ag-NPs
(Ag-NPs) and also in various polymers.in the scanning electron
microscope magnification ranges from 20x to 30,000x, and
the area from range of 1cm to 5um can be imaged by the
SEM. The samples are supposed to centrifuged and dried
and then these samples are used accordingly in the analysis,
for the polymer encapsulated Ag-NP the samples are dried
and analyzed these images show that pure carboxymethyl
cellulose (CMC) undergoes a transformation in the form of
square-like structures with Ag-NPs nestled in the center. When
Ag-NPs are encapsulated by polymers like PVA (PVA) and
polypyrrole, the polymers coat the particles, which enhances
their stability and functionality.

For example, SEM studies reveal that Ag-NPs produced from
the green synthesis methods are smaller around 19 nm
when compared to chemical synthesis they are about 40 nm.
This difference is due to the starch which was used in the
green method, starch encourages the formation of smaller
nanoparticles. In films made from PVA and PA-PVA, the Ag-
NPs are well distributed at lower concentrations, but some
clustering is observed at higher concentrations [18].

Fourier Transform Infrared Spectroscopy (FTIR)
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FTIR is a versatile and affordable tool for studying the surface
of nanoparticles, helping to identify both their chemical
composition and reactive surface sites. It allows us to
understand how the nanoparticles behave chemically and
where reactions occur on their surface. FTIR is especially
useful in green synthesis, revealing how biological molecules
reduce Ag* ions and stabilize the Ag-NPs. This makes it a key
technique for characterizing and controlling nanoparticle
properties [26].

This is an important and affordable tool for studying the
surface of nanoparticles; this characterisation technique helps
to identify both their chemical composition and reactive
surface sites. It allows us to understand how the nanoparticles
behave chemically and where reactions occur on their
surface. FTIR is especially useful in green synthesis, revealing
how biological molecules reduce Ag* ions and stabilize the
Ag-NPs. This makes it a key technique for characterizing and
controlling nanoparticle properties [26].

The FTIR spectrum of starch-capped Ag-NPs reveals key
changes in the natural bands of starch, indicating a strong
interaction between starch and the nanoparticles. When it
comes to polymer encapsulation to the nanoparticle the
stretch is analysed. The OH stretching, typically seen at (3143
cm™) and the carbonyl stretching at (1634 cm™) this show
noticeable shifts which suggests that starch is actively involved
in capping the nanoparticles. Similarly, the shifting of the COH
bend at 981 cm™ and the C—-O-C symmetrical stretching at
1348 cm™ further support the link between AgNPs and starch.
These alterations show how the starch becomes more stable
the nanoparticles and keeps them from clumping [18].

This is a tool for analyzing nanoparticles, providing detailed
information on particle size, distribution, shape, and
morphology. By using an electron beam, TEM captures high-
resolution images that are useful in analyzing nanoparticles.
They are prepared to withstand the electron beam by
which the clear images are taken. These images provide
valuable information about the size and arrangement of the

nanoparticles, helping us understand their properties [8,24].
Transmission Electron Microscopy (TEM)

TEM has a better resolution and the screened image and it
provides us the data, but TEM has some of the drawbacks such
as small sample size requirements, high vacuum space, sample
preparation and it takes time for this process.the samples are

analyzed by the magnification between objective lens, the
sample and the image plane.another most commonly used
term (SAED) Selected Area Electron Diffraction this is used to
analyze the crystalline structure of the Ag-NPs which provides
the data and helps in understanding the composition of the
nanoparticle [26].

In the TEM image of pure Ag-NPs can be analyzed, the smallest
particles are about 20 nm, with some larger ones between 20
and 50 nm due to clustering when screened in this paper.
When Ag-NPs are encapsulated in a polymer like PVA or any
other polymer, the TEM image reveals a core-shell structure
where the nanoparticles are embedded in the polymer matrix.
This appears different from the only polymer, which usually
appears as larger, spherical or globular particles averaging
around 0.8 microns. The polymer encapsulation creates a
more defined and organized structure compared to the un
encapsulated nanoparticles [25].

X-Ray Diffraction (XRD)

X-Ray Diffraction (XRD) is a key tool for studying the size and
structure of Ag-NPs. Through the analysis of the diffraction
patterns that result when X-rays interact with the sample, XRD
gives us important details about the nanoparticles' crystalline
structure. This helps us understand how the nanoparticles are
arranged and their size, providing valuable information for
various applications [24].

The data shows that the polymer effectively encapsulates the
Ag-NPs. The XRD pattern reveals peaks around 20° that come
from the crystalline PVA, and clear peaks at 38°, 44°, 64°, and
78° which are characteristic of the Ag-NPs’ cubic structure. This
indicates that the Ag-NPs are well-integrated into the polymer
matrix [25].

Dynamic Light Scattering (DLS)

Dynamic Light Scattering is a technique used to measure the
surface charge, size, and distribution of nanoparticles. It works
by analyzing how light scattered by nanoparticles moves in
response to their Brownian motion in a colloidal solution.
This data helps estimate the hydrodynamic diameter of the
particles. While DLS can measure particles ranging from 1
to 500 nm, it struggles with large agglomerated particles
and is best for monitoring early-stage aggregation. Because
it's sensitive to aggregates, DLS works well when only a few
particles are present to minimize scattering effects [26].
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Scope and Applications

Ag-NPs have a wide range of applications as antibacterial
agents in the health industry, food packaging, textile
industry and in the environmental industry due to their
effectiveness in attacking pathogens. In the textile industry,
silver nanocomposite fibres were prepared with Ag-NPs
incorporated into it. These fibers exhibited high antimicrobial
activity. Furthermore, electrochemical properties of Ag-NPs
are used in nano scale sensors for faster response time [53].
Ag-NPs are also effective drug delivery systems and drug
carrying systems [27-54].

CONCLUSION

Green synthesis of Ag-NPs provides a clean, eco-friendly and
more cost effective way to produce Ag-NPs when compared
with chemical methods of producing them. Synthesis,
characterisation, and application of Ag-NPs has immense
potential in various areas such as antibacterial agents.
Using plant extracts (green synthesis) grants a sustainable
and eco-friendly method for the production of Ag-NPs.
Additionally, stabilizing agents like PVA provide support in
the way of preventing aggregation, and extending the shelf
life of nanoparticles. Techniques and devices such as UV-
vis spectroscopy, SEM, FTIR and XRD are used to confirm
the successful synthesis of Ag-NPs, their dimensions and
stability allowing for further study. Green synthesized Ag-
NPs show strong antibacterial activity due to the presence
of compounds such as phenols and flavonoids. Confirmation
of the antibacterial activity is done through well diffusion
method against Gram positive and Gram negative bacteria.
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