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ABSTRACT: Objective: The objective of this research was a synthesis of silver
nanoparticles from Murraya koenigii leaves in which the particles were
characterized by various techniques and to evaluate the potential antibacterial
activity of synthesized nanoparticles against various human pathogens. Methods:
Murraya koenigii aqueous extract of leaves were prepared by the Soxhlet method,
and the bioactive compounds were analyzed by phytochemical analysis. Silver
nanoparticles were synthesized which are characterized by UV-visible spectroscopic
analysis, XRD, TEM, FTIR analysis and antimicrobial activity was evaluated by
agar well diffusion method. Results: Phytochemical analysis of Murraya koenigii
aqueous extract of leaves showed the presence of alkaloids, phenols, flavonoids,
terpenoids, coumarins, and steroids. The aqueous AgNo3 solution changed from
green to dark brown color after incubation. UV-visible spectroscopic analysis
showed the absorbance peak at around 420 nm which indicates the synthesis of Ag
NPs. TEM image showed the formation of well-dispersed silver nanoparticles in the
range of 5-25 nm. X-ray diffraction (XRD)-spectrum as evidenced by the peaks at 2θ
values of such peaks 38.43°, 44.40°, and 67.57°, is corresponding to 111, 200 and
220 planes for silver, respectively. Silver nanoparticles showed the antimicrobial
activity against Staphylococcus aureus (16mm), Escherichia coli (15mm),
Salmonella sps. (15 mm), Bacillus sps. (16mm), Vibrio sps. (14mm), Enterococcus
sps. (13mm) and Candida (21 mm). Conclusion: This study demonstrated that the
silver nanoparticles from curry leaf extract showed that the remarkable antibacterial
activity against human pathogens. The extract of Murraya koenigii has the bioactive
compounds like alkaloids, phenols, flavonoids, terpenoids and it will become a drug
for the therapy of infectious diseases.

INTRODUCTION:
Nanotechnology
means
handling of matter on an atomic and molecular
scale. Generally, nanotechnology deals with the
structure sized between 1 to 100 nanometer in at
least one dimension and involved in developing
materials or devices within that size 1.
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Nanoparticle synthesis is an essential area of
research in nanotechnology deals with the diverse
chemical composition, dimension and controlled
mono disparity. Indeed, nanoparticles shape control
is a recent addition to the list of demands being
made of newly emerging synthetics method 2.
Nanoparticles are the fundamental building blocks
of nanotechnology. The most important and distinct
property of nanoparticles is that they exhibit a
larger surface area to volume ratio. Nanoparticles
are made from noble metals; in particular Ag, Pt,
Au, and Pd. Metal nanoparticles have marvelous
applications
in
the
area
of
catalysis,
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optoelectronics, diagnostic biological probes, and
display devices. Among the above four silver
nanoparticles play a major role in the field of
biology and medicine 3. Silver has been describing
as an ‘oligodynamic.’ Silver is a nontoxic, safe
inorganic antibacterial agent and is capable of
killing about 650 microorganisms that cause
diseases. Usually physical agents such as UV
radiation and chemical agents such as chlorine,
silver nitrate, etc. are commonly used 4.
Silver has been widely used for the development of
many biological and pharmaceutical processes,
products, and appliances such as coating materials
for medical devices, orthopedic or dental graft
materials, topical aids for wound repair, water
sanitization, textile products, and even washing
machines. The use of nano-sized silver particles as
antimicrobial agents has become more common as
technological advances make their production more
economical 5.
In our present study, curry leaves were used as the
source. Extraction was prepared by Soxhlet method
and
bioactive
compounds
analyzed
by
phytochemical analysis. Aqueous extract of curry
leaves was used as a reducing agent for
biosynthesizing the silver nanoparticles from silver
nitrate. After the biosynthesis, the presence of
silver nanoparticles was checked by using UV-VIS
absorption spectroscopy. The antimicrobial activity
was tested with four different bacterial strains such
as
Escherichia
coli,
Bacillus
subtilis,
Staphylococcus aureus, and Candida. Then the size
and shape of the silver nanoparticles were
characterized by SEM, TEM. The FTIR Study was
carried to identify the biological molecules bound
with the cell surface.
MATERIALS AND METHODS:
Preparation of Plant Extract: Curry leaves were
collected from the local market in Erode district.
50g of dry curry leaf powder in 150ml of water
used for the preparation of extraction by Soxhlet
method. After extraction the extract was condensed
and used for phytochemical analysis.
For nanoparticles synthesis, 15 g of curry leaves
were dried and cut into fine pieces, and it was
crushed with 70 ml of deionized water. The extract
was filtered twice through what man no. 1 filter
paper.

FIG. 1: CURRY LEAVES AND POWDER

Phytochemical Analysis: Aqueous extract of
Muraya koenigii leaf extract was used for the
phytochemical analysis following the standard
procedure of Harbone 1998. 6

FIG. 2: PHYTOCHEMICAL ANALYSIS OF MURAYA
KOENIGII AQUEOUS LEAF EXTRACT

Synthesis of Silver Nanoparticles:
Silver Nitrate: Weighed 0.015 g of silver nitrate
and it was dissolved in 70 ml of deionized water.
Preparation of Test Samples: 100 ml of curry
leaves were added into 70 ml of aqueous solution
of silver nitrate for the reduction of silver ions and
kept at room temperature for 5 h. After incubation,
the solution was centrifuged at 5000 rpm for 20
min. The pellet contains silver nanoparticles, and it
was redispersed in de-ionized water for further
characterization 7.
UV-Vis Spectroscopy: UV-visible spectra were
recorded at room temperature for the aqueous
solution of metal ions with a respective extract
from the wavelength of 200-500 nm at periodic
time intervals.
Transmission Electron Microscope (TEM):
Transmission electron microscopy (TEM) analysis
of Ag NPs was performed with Hitachi H-7500,
operated at 80 kV. The specimen was suspended in
distilled water, dispersed ultrasonically to separate
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individual particles, and two drops of the
suspension were deposited onto holey-carboncoated copper grids and dried under an infrared
lamp. The absorption spectra of the sample were
measured by a computer-controlled UV-visible
spectrophotometer (DR 5000; Hach, Germany).

it was incubated for 24 h in a rotating shaker. To
evaluate the antimicrobial activity added 100 µl
solution of Ag NPs was placed on to the agar
surface inoculated with test bacteria. The plates
were incubated for 24 h. After incubation, the
zones of inhibition were measured.

X-Ray
Diffraction
(XRD):
The
silver
nanoparticles were freeze-dried, powdered and
used for XRD analysis. The diffracted intensities
were recorded from 30-80 2Ø angles 8.

RESULTS AND DISCUSSION:
Collection of Sample and Preparation of
Extraction: Curry leaves were collected from the
local market in the area of Erode district, Tamil
Nadu. The leaves were dried and made a coarse
powder. Extraction of leaf by Soxhlet method. 50 g
of powder yield 6.2 g of extraction. Phytochemical
analysis showed the presence of bioactive
compounds showed in Table 1. The leaf extract
first defatted with petroleum ether and then
extracted with methanol which gave 9.4% of
extract from 50g of curry leaf powder 10.

Fourier Transform Infrared Spectroscopy (FTIR): To determine the functional groups on the cell
surface that may be involved in the nanoparticles
synthesis, FT-IR spectrum was carried out. To
remove any free biomass residue or compound that
is not the capping ligand of the nanoparticles, the
residual solution of 100 ml after the reaction was
centrifuged at 5000 rpm for 10 min and the
resulting suspension was redispersed in 10 ml
sterile distilled water. The centrifuging and
redispersing process was repeated three times.
After that, the purified suspension was freeze-dried
to obtain a dried powder. Finally, the dried
nanoparticles were analyzed by FTIR. The tested
sample was completely dried and blended with KBr
to obtain a pellet. The FTIR spectra were collected
at a resolution of 4 cm-1 in the transmission mode
(4000-400 cm-1) using a Perkin-Elmer FT-IR
spectrum 9.

TABLE 1: QUALITATIVE PHYTOCHEMICAL
ANALYSIS OF MURRAYA KOENIGII AQUEOUS
EXTRACT OF LEAVES
S. no.
Phytochemical test
Inference
1.
Alkaloids
+
2.
Steriods
+
3.
Tannin
+
4.
Phenols
+
5.
Flavonoids
+
6.
Saponins
7.
Glycosides
+
8.
Terpenoids
9.
Coumarins
+
10.
Tri-terpenoids
-

Antimicrobial Assay:
Agar Well Diffusion Method: The disc diffusion
method was applied to estimate the antimicrobial
activity of curry leaf extract Ag NPs against human
pathogenic bacteria. The culture of Escherichia
coli, Bacillus subtilis, Staphylococcus aureus,
Salmonella sps., Vibrio sps. and Candida species
were inoculated 25 ml of sterile nutrient broth, and

Synthesis of Silver Nanoparticles: The synthesis
of nanoparticles is in the limelight in modern
nanotechnology. Biosynthesis of nanoparticles by
plant extracts is currently under exploitation. The
development of biologically inspired experimental
processes for the synthesis of nanoparticles is
evolving into an essential branch of nanotechnology 11.

FIG. 3: SILVER NITRATE REACT WITH PLANT EXTRACT, AND AFTER 5 h OF INCUBATION IT GIVES
DARK BROWN COLORED SOLUTION OF Ag NANOPARTICLES
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The present study deals with the synthesis of silver
nanoparticles using leaf broth of curry leaves and
aqueous Ag+ ions. In the work, silver nanoparticles
were synthesized by employing curry leaves
extract. Silver nanoparticles exhibit dark brown in
aqueous solution. Silver nanoparticles exhibit dark
brown in aqueous solution. Silver ion complex was
mixed with the green extract it gets started to
change the color appearance was dark brown, due
to the reduction of silver ions, which exhibit the
formation of silver nanoparticles 12.

confirming nanocrystalline nature of Ag NPs as
observed in the TEM image 15.

UV-Visible Spectroscopy: The prepared aqueous
solution of silver nanoparticles showed maximum
absorbance at 420 nm, and it shows the absorbance
at 0.824. The sharpening of peak indicated the
particles are monodispersed and homogenous. In
the silver nanoparticles, suspension release of
protein takes place by the aqueous free extract and
suggests a possible mechanism for the reduction of
metal ions in the solution 13.

FIG. 5: TRANSMISSION ELECTRON MICROGRAPH OF
FREEZE-DRIED POWDER OF SILVER NANOPARTICLES
SYNTHESIS AFTER 72 h OF INCUBATION OF THE PLANT
LEAF FILTRATE TREATED WITH SILVER NITRATE (1
mm) SOLUTION

X-Ray Diffusion: Further studies were carried out
using X-ray diffraction to confirm the crystalline
nature of the particles, and the XRD pattern
obtained is shown in Fig. 6. The XRD pattern
indicates there sharp peaks in the whole spectrum
of 2θ values ranging from 10 to 100. It is essential
to know the exact nature of the silver particles
formed, and this can be deduced from the XRD
spectrum of the sample. XRD spectra of pure
crystalline silver structures have been published by
the Joint Committee on Powder Diffraction
Standards.

FIG. 4: UV VIS SPECTROSCOPY

Reduction of silver ions present in the aqueous
solution of the silver complex during the reaction
with the ingredients present in the curry leaves
extract observed by the UV-Vis spectroscopy
revealed the presence of silver nanoparticles may
be correlated with the UV-Vis spectra. UV-Vis
spectroscopy is well known to investigate the shape
and size-controlled of nanoparticles 14.

FIG. 6: XRD ANALYSIS OF SILVER NANOPARTICLES FROM CURRY LEAF EXTRACT

Transmission Electron Microscope: TEM image
recorded from the drop-coated film of Ag NPs
synthesized by treating AgNO3 solution with curry
leaves broth for 4 h. The micrograph clearly shows
individual nanoparticles, almost spherical with
diameters in the range of 5-25 nm. The
measurement of size was performed along the
largest diameter of the particles Ag. The Scherrer
rings, characteristic of fcc silver, are seen,

A comparison of our XRD spectrum with the
Standard confirmed that the silver particles formed
in our experiments were in the form of
nanocrystals, as evidenced by the peaks at 2θ
values of such peaks 38.43°, 44.40°, and 67.57°,
corresponding to 111, 200 and 220 planes for
silver, respectively. Table 1 Moreover, the
insignificant impurity peaks are observed at 28°,
42° and 46° which may be attributed to other
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organic substances in flower extract. The Full
Width at Half Maximum (FWHM) values
measured for 111, 200 and 220 planes of reflection
were used with the Debye-Scherrer equation to
calculate the size of the nanoparticles. The particle
sizes obtained from XRD 83.7nm, 15.9nm and
11.8nm, showed in Fig. 6.
Fourier Transmission Infrared Spectroscopy:
The silver nanoparticle solution is exceptionally
stable for nearly 65 days with only a little
aggregation of particles in solution. It has been
reported that proteins can provide a good protecting
environment for metal hydrosol during their growth
processes 16. FT-IR spectroscopy measurements are
carried out to identify the biomolecules that bound
specifically on the silver surface. It showed the
presence of seven different bands were observed
(3435, 2355, 2096, 1634, 1412, 1116 and 657) and
four were strong bands. 3435 - OH Stretch, 1634 Secondary amine NH Stretch, 1412 -Vinyl C-H
bend, 657 C-H bends shown in the Fig. 7.

FIG. 7: FTIR SPECTRUM OF DRIED POWDER OF
SILVER NANOPARTICLES SYNTHESIS FROM 1 mm
AgNO3 AND LEAF EXTRACT

Agar Well Diffusion Method: Anti-bacterial
activity was evaluated by well diffusion method.
100 µl of aqueous extract showed effective activity
against human pathogens. Staphylococcus aureus
(16mm), Escherichia coli (15mm), Salmonella sps.
(15mm), Bacillus sps. (16mm), Vibrio sps.
(14mm), Enterococcus sps. (13mm) Candida (21
mm) showed in Fig. 8 and 9.

FIG. 8: ANTIMICROBIAL ACTIVITY OF SILVER NANOPARTICLES FROM CURRY LEAF EXTRACT

maximum in Bacillus subtilus and Candida. And it
shows mild inhibitory effect on E. coli and
Staphylococcus aureus species 17.

FIG. 9: ANTIMICROBIAL ACTIVITY OF SILVER
NANOPARTICLES FROM CURRY LEAF EXTRACT

From these studies evaluate the antibacterial effects
against the different organism. When the silver
nanoparticles were tested against four species, they
effectively inhibited bacterial growth. In contrast,
the inhibitory effect of silver nanoparticles was

Gram-negative and gram-positive bacteria have
differences in their membrane structures, the most
distinctive of which is the thickness of the
peptidoglycan layer. The lower efficacy in E. coli
and Staphylococcus spp. may derive from the
differences as a point of membrane structures.
Therefore, if the antibacterial effect of silver
nanoparticles is associated with the peptidoglycan
layer, it will be more straightforward and more
specific to use silver nanoparticles as antimicrobial
agents 18. It is known that proteins and amino acids
tend to reduce Ag+ ions to Ag0. However, it is not
yet clear which protein or compound is responsible
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for bio-reduction of silver. The polyol components
and water-soluble heterocyclic components are
mainly responsible for the reduction of silver ions.
Whereas Shivshankar et al., found that reducing
sugars and terpenoids present in leaf broth of neem
was responsible for the reduction of silver 19.
CONCLUSION: The extract of plant M. koenigii
is capable of producing Ag NPs extracellularly, and
these Ag NPs are quite stable in solution due to
capping likely by the proteins present in the extract.
UV spectra analysis showed the absorbance at 420
nm. This is an efficient, eco-friendly and
straightforward process. Curry leaf mediated silver
nanoparticles having the remarkable antibacterial
activity against human pathogens. Curry leaf
extract having different bioactive compounds.
Silver nanoparticles become a natural drug against
human pathogens.
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