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ABSTRACT

The green synthesis of nanoparticles from plant sources is simple, rapid and ecofriendly approach. In the
present work synthesis and characterization of silver nanoparticles, and their antimicrobial effect on
bacteria were studied. The novelty in this work, is the Murraya koenigii leaves present throughout the
year and not an seasonable leaves and it has many medicinal properties. The synthesized silver
nanoparticles loaded with activated carbon is used in adsorption studies and obtained good results. In the
process of synthesizing silver nanoparticles using Murraya koenigii leaves extract, observed rapid
reduction (i.e. within 20 minutes) of silver ions leading to the development of stable silver nanoparticles in
the solution. The synthesized silver nanoparticles (AgNPs) were characterized by Ultraviolet-visible (UV-
Vis) spectrometer, Fourier Transform Infrared spectroscopy(FTIR), X-ray diffraction study(XRD),
SEM(Scanning Electron Microscopy) and antibacterial activity. Synthesized silver nanoparticles were
confirmed by analyzing the excitation of surface plasmon resonance (SPR) using UV-Vis spectrometer at
433nm. The observed peaks in XRD pattern corresponding to (111), (200) and (311) planes. Disc
diffusion method was used to determine the zone inhibition of the tested samples by using two gram
positive and two gram negative bacteria and it has zone of inhibition from the range of 13.2mm to 23.4
mm. The silver nanoparticles are prepared by using Murraya koenigii leaves extract have potent
antibacterial activity and cost wise is very cheap and ecofriendly to the environment.
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INTRODUCTION

The field of nanotechnology is one of the most active
areas of research in modern material sciences. Green
synthesis pathways are cost effective and do not use
toxic chemicals, high pressure and temperatures’?°.
Nanoparticles exhibit completely new or improved
properties based on specific characteristics such as
size, distribution and morphology. Various metals have
been used in a synthesis of nanoparticles which are
useful in the field of medicine, catalysis, electronics,
optics, photonics, biolabelling, optoelectronics,
photography and surfaced enhanced Raman scattering
(SERS) detection®. It has been reported that silver
nanoparticles (SNPs) are non-toxic to humans and most
effective against bacteria, virus and other eukaryotic
micro-organisms at low concentrations without any side
effect® however biocompatible inert nano materials have
been find their way in cancer diagnosis and delivery of
anticancer drugsﬁ. In small concentrations, silver is safe
for human cells, but lethal for microorganisms7. Silver
(Ag) in the nano scale form exhibits remarkably unusual
physicochemical and biological activities, thus has been
widely applied in the health care sector®®. In particular,
the outstanding antimicrobial properties of Ag NPs have
led to the development of a wide variety of nanosilver
products, including nano silver-coated wound dressings,
contracePtive devices, surgical instruments and
implants o1, Apart from these antimicrobial activities,
Ag NPs are also known to possess antifungal, anti-
inflammatory, antiviral, anti-angiogenesis and
antiplatelet properties™'*'*.  Additionally, more recent
developments have seen Ag NPs used in room spray,
laundry detergent and wall paint formulations as well as
in the textile industry for clothing manufacturing>'®""""8.
Many reports are available on the biogenesis of silver
nanoparticles using several plant extracts, Azadirachta
indica (neem)'® , Aloe vera®,Carrica papaya ', Osmium
sanctum® | Saururus chinenis%,Ca/otro!) s procera®
Eucalyptus hybrida®, Tinospora cordifolia®, Coriandrum
sativum®’ . Murrayakoenigii, commonly known as curry
leaf or karipatta in Indian dialects, belonging to Family
Rutaceae which represent more than 150 genera and
1600 species®. In traditional system of Medicine, it is
used as antiemetic, antidiarrhoeal, dysentery, febrifuge,

(a) Muraya koenigi leaves
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blood purifier, tonic, stomachic, flavoring agent in curries
and chutneys. The oil is used externally for bruises,
eruption, in soap and perfume industry®®. Curry leaves
is found to be effective as antioxidant, antidiabetic,
antibacterial, antihypertensive, cytotoxic and also in the
treatment of bronchial respiratory difficulties. In view of
the importance of Murraya koenigii and silver
nanoparticles, the present study has been planned to
synthesize and investigate the antibacterial activity of
silver nanoparticles synthesized from the aqueous leaf
extracts of Murray koenigii using silver nitrate against
some bacteria. Further the synthesized nanoparticles
were tested for antibacterial activity using disc diffusion
method, for this two gram positive and two gram
negative bacteria was employed.

MATERIALS AND METHODS

The AR grade silver nitrate (AgNO;3;) was purchased
from Sigma-Aldrich chemicals. The leaves ofMurraya
koenigii were collected from the Coimbatore district of
Tamilnadu, India.

Preparation of Murraya koenigii leaves extract

The fresh leaves were washed several times with tap
water and then with distilled water. 25gm of the leaves
were dried, cut in to fine pieces and boiled with 100 mL
of distilled water for 3 mins. The crude extract was then
passed through Whatmann No.1 filter paper and the
filtrate was stored at 4 °Cfor further use.

Synthesis of Silver Nanoparticles

For the synthesis of silver nanoparticles,10 ml of the
Murraya Koenigii leaf extract was added to 90 mL of 1
mM aqueous AgNO; solution in a conical flask for the
reduction of silver ions, and kept at room temperature.
To avoid the unnecessary photochemical reactions of
silver nitrate the overall reactions was carried out in dark
condition. The color change of reaction mixture was
observed from light yellow to dark brown indicates the
formation of silver nanoparticles and it was confirmed by
UV-Vis spectroscopy. The solution was centrifuged
twice at 10,000 rpm for 10 minutes. The pellet thus
obtained was washed with distilled water and stored at
4°C for further use.

(b)Silver nitrate solution
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Figure 1
(a-d) Picture of leaves,silver nitrate and silver nanoparticles

Characterization of Silver nanoparticles

UV-Vis spectral Analysis

UV-Vis spectroscopy analysis was used for monitoring
the synthesis of silver nanoparticles and it is a powerful
tool for the characterization of colloidal particles. The
reaction mixture was diluted 20 times and used for UV-
Visible spectroscopy analysis. The spectrum was
measured by using UV-visible 2450 (Shimadzu)
spectrophotometer model from 200 to 800 nm.

Fourier Transform Infra Red Spectroscopy

The FTIR result analysis is used to determine the
functional groups on the Murraya koenigii leaf powder
and their involvement in the synthesis of silver
nanoparticles. FTIR spectrum of the sample mixed with
KBR powder, in a morter and pressed in to a pellet for
measurement. FTIR measurements were done using
1Shimadzu spectrophotometer in the range 400-4000cm’

X-ray diffraction studies

X-ray diffraction (XRD) measurement was carried out to
determine the crystallographic structure and crystallite
size (grain size) based on the angle of diffraction of the
X-ray beam by the atoms in the crystalline planes. The
air dried silver nanoparticles were coated on to XRD grid
and analyzed using X-ray diffractometer (X'Pert-Pro )
operated at a voltage of 40 kV and a current of 30 mA
with Cu Ka radiation. The scanning was done in the
region of 26 from 10° to 80°.

SEM analysis of silver nanoparticles

Scanning Electron Microscopic (SEM) analysis was
done using JEOL JSM-6390 SEM machine. Thin films of
the sample were prepared on a carbon coated copper
grid by just dropping a very small amount of the sample
on the grid, extra solution was removed using a blotting
paper and then the film on the SEM grid were allowed to
dry by putting it under a mercury lamp for 5 minutes.

Antibacterial activity

Collection and maintenance of test organisms

The organisms used were clinical isolates of
Staphylococcus Aureus, Salmonella paratypi,
Staphylococcus albus and Escherichia coli was
collected from Coimbatore medical college, Coimbatore.
They were collected in McCartney bottles containing
nutrient agar slants.

Preparation of inoculum

The inoculums for the experiment were prepared in
fresh Nutrient broth from preserved slant culture. The
inoculums were standardized by adjusting the turbidity
of the culture to that of McFarland standards. The
turbidity of the culture may be adjusted by the addition
of sterile saline or broth (if excessive or by further
incubation to get required turbidity

Each Petri dish is divided into 4 quadrants, in 3
quadrants nano particles discs such as | (100mcg), I
(200mcg), I (300mcg) discs (discs are soaked
overnight in nanoparticles solution) and one quadrant for
Standard Ciprofloxacin 2mcg, are placed in each
quadrant with the help of sterile forceps. Then Petri
dishes are placed in the refrigerator at 4° C or at room
temperature for 1 hour for diffusion. Incubate at 37°C for
24 hours. Observe the zone of inhibition produced by
different Antibiotics.

RESULTS

UV-Visible spectral analysis

The UV-visible spectroscopy analysis of silver
nanoparticles using Murraya koenigii leaf extract
showed peak at 433nm. The broadening of maximum
absorption peak at 433 nm indicates that the particles
were polydispersed.
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Figure 2
UV-Vis absorption spectra of silver nanoparticles synthesized from
Murraya Koenigii leaves extract

Fourier Transform Infra Red Spectroscopy

The functional groups of green synthesized AgNPs were
recorded by FTIR analysis and the results are shown in
Fig.3. The FTIR result analysis showed sharp
absorption peaks located at about 3446.79 and 1637.56
cm'were assigned to stretching vibrations. The band
appearing at 3446.79cm™ is assigned for O-H stretching

vibration indicating the presence of polyphenols in the
reducing agent. The band at 1637.56 cm'indicates the
presence of —NH stretching vibration of the amide | band
of proteins. The band at 2056.12 may be due to C=0
stretching vibrations of the carbonyl functional group in
ketones, aldehydes and carboxylic acids.
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Figure 3

Fourier Transform Infrared spectra of silver nanoparticles synthesized from
Murraya Koenigii leaves extract

XRD Analysis

The XRD analysis confirmed the presence of silver
colloids in the sample. The number of Bragg reflections
was observed at 26 = 32.23 ©, 46.27 ° and 77 °. These
Bragg reflections clearly indicated the presence of (111),
(200), (311)corresponding to set of lattice planes which

may be indexed as the band for face centered
cubic(FCC)crystal structure of silver. The XRD pattern
thus clearly shows that the silver nanoparticles

synthesized by the present green method are crystalline
in nature.
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Figure 4

XRD analysis of silver nanoparticles synthesized from Murraya Koenigii leaves extract
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SEM Analysis of silver nanoparticles

The synthesized nanoparticles from Murraya koenigii
leaf extract mediated silver nitrate solution were
observed by SEM for identification of the silver

Figure 5

nanoparticle surface. From the SEM images it is evident
that the morphology of silver nanoparticles was
spherical shaped and well distributed without

aggregation (Figure 5).

(a-b) SEM images of silver nanoparticles synthesized from Murraya koenigii leaves extract

Antibacterial activity

The synthesized nanoparticles were tested against four
bacterial strains namely Staphylococcus Aureus,
Salmonella paratypi, Staphylococcus albus and
Escherichia coli. The results were given in the table

1.the zone of inhibition of S. aureus , S. paratypi, S.
albus and E. coli were 21.2mm, 13.3mm, 23.4mm and
18.6 mm respectively, and results are comparable with
standard Ciprofloxacin.

Table 1
Antibacterial activity of Silver nanoparticles from Murraya koenigii leaves extract

Tested Organisms

Zone of inhibition (mm)

Ciprofloxacin (2ug/ml)

S. Aureus 21.2 23.1
S. paratypi 13.2 26.4
S. albus 23.4 24.5
E. coli 18.6 27.3

DISCUSSIONS

Reduction of silver ion in to silver nanoparticles during
exposure to the Murraya koenigii leaf extract could be
observed by colour changes.Silver nanoparticles
exhibited dark yellowish-brown color in aqueous solution
due to excitation of surface plasmon vibrations in the
silver nanoparticles3°. The nanoparticles were primarily
characterized by UV-Visible spectroscopy, and proved
to be very useful techniques for the analysis of
nanoparticles. The absorption spectra of the silver
nanoparticles formed in the reaction media had an
absorbance peak at 433nm and a broadening of the
peak indicated that the particles were polydispersed.
FTIR spectrum were carried out to identify the possible
molecules responsible for the reduction of Ag+ ions and
representsthe capping of the bioreduction and
stabilization of AgNps present in the Murraya koenigii
leaf extract. XRD is commonly used for determining the
chemical composition and crystal structure of a material;
therefore detecting the presence of silver nanoparticles
in plant tissues can be achieved by using XRD to
examine the diffraction peaks of the plant. The XRD
pattern showed three intense peaks in the whole
spectrum of 26 ranging from 10 to 80. In this
experiment the X-ray diffraction pattern of synthesized
silver nanoparticles matches the FCC structure of the
silver with the broad peaks at 32.23 °, 46.27 ° and 77 °.
These are corresponding to (111), (200), (311) planes

respectively. This results clearly indicates that the silver
nanoparticles formed by the reduction of Ag” ions by
Murraya koenigii leaf extract are crystalline in nature.
The SEM image showed relatively spherical shaped
nanoparticles. In order to find the biological activity of
synthesized nano particles we employed antibacterial
activity by disc diffusion method, two gram positive
bacteria S. aureus , S. paratypi and two gram negative
bacteria S. albus and E. coli were used . All tested
bacteria showed moderate to good antibacterial activity
from the range of 13.2mm to 23.4mm zone of inhibition
and results were comparable to the standard
Ciprofloxacin. The S. Aureus and S. albus have good
antibacterial activity with maximum zone of inhibition
21.2mm and 23.4 respectively; the findings are good
agreement with literature®".

CONCLUSION

This work demonstrates the synthesis of nanoparticles
using of plants is quite novel method leading to green
chemistry route and it has wide advantages. Further it
has potent antibacterial activity against all tested
bacteria and is useful for medicinal field.

CONFLICT OF INTEREST

Conflict of interest declared none.

This article can be downloaded from www.ijpbs.net
P-296



Int J Pharm Bio Sci 2017 Apr ; 8(2): (P) 292-298

REFERENCES

1.

10.

1.

12.

13.

Philip D. Biosynthesis of Au, Ag and Au-Ag
nanoparticles using edible mushroom extract.
Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy. 2009 Jul
15;73(2):374-81.

Aromal SA, Philip D. Green synthesis of gold
nanoparticles using Trigonella foenum-graecum
and its size-dependent catalytic activity.
Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy. 2012 Nov 30;97:1-5.
3. Sheny DS, Mathew J, Philip D. Synthesis
characterization and catalytic action of hexagonal
gold nanoparticles using essential oils extracted
from Anacardium occidentale. Spectrochimica
Acta Part A: Molecular and Biomolecular
Spectroscopy. 2012 Nov 30;97:306-10.
Ponarulselvam S, Panneerselvam C, Murugan K,
Aarthi N, Kalimuthu K, Thangamani S. Synthesis
of silver nanoparticles using leaves of
Catharanthus roseus Linn. G. Don and their
antiplasmodial activities. Asian Pacific Journal of
Tropical Biomedicine. 2012 Jul 1;2(7):574-80. .
Jeong SH, Yeo SY, Yi SC. The effect of filler
particle size on the antibacterial properties of
compounded polymer/silver fibers. Journal of
Materials Science. 2005 Oct 7;40(20):5407-11.
Sengupta S, Eavarone D, Capila I, Zhao G,
Watson N, Kiziltepe T, Sasisekharan R. Temporal
targeting of tumour cells and neovasculature with
a nanoscale delivery system. nature. 2005 Jul
28;436(7050):568-72.

Sharma VK, Yngard RA, Lin Y. Silver
nanoparticles: green synthesis and their
antimicrobial activities. Advances in colloid and
interface science. 2009 Jan 30;145(1):83-96. .
Chen X, Schluesener HJ. Nanosilver: a
nanoproduct in medical application. Toxicology
letters. 2008 Jan 4;176(1):1-2.

Wong KK, Liu X. Silver nanoparticles—the real
“silver bullet” in clinical medicine?.
MedChemComm. 2010;1(2):125-31.

Lohse SE, Murphy CJ. Applications of colloidal
inorganic nanoparticles: from medicine to energy.
Journal of the American Chemical Society. 2012
Sep 17;134(38):15607-20

You C, Han C, Wang X, Zheng Y, Li Q, Hu X, Sun
H. The progress of silver nanoparticles in the
antibacterial mechanism, clinical application and
cytotoxicity. Molecular biology reports. 2012 Sep
1;39(9):9193-201.

Monteiro DR, Silva S, Negri M, Gorup LF, De
Camargo ER, Oliveira R, Barbosa DD, Henriques
M. Silver nanoparticles: influence of stabilizing
agent and diameter on antifungal activity against
Candida albicans and Candida glabrata biofilms.

Letters in applied microbiology. 2012 May
1;54(5):383-91.
Krishnaraj C, Ramachandran R, Mohan K,

Kalaichelvan PT. Optimization for rapid synthesis
of silver nanoparticles and its effect on
phytopathogenic fungi. Spectrochimica Acta Part
A: Molecular and Biomolecular Spectroscopy.
2012;93:95-9.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Martinez-Gutierrez F, Thi EP, Silverman JM, de
Oliveira CC, Svensson SL, Hoek AV, Sanchez
EM, Reiner NE, Gaynor EC, Pryzdial EL, Conway
EM. Antibacterial activity, inflammatory response,
coagulation and cytotoxicity effects of silver
nanoparticles. Nanomedicine: Nanotechnology,
Biology and Medicine. 2012 Apr 30;8(3):328-36.
Park M, Im J, Shin M, Min Y, Park J, Cho H, Park
S, Shim MB, Jeon S, Chung DY, Bae J. Highly
stretchable electric circuits from a composite
material of silver nanoparticles and elastomeric
fibores. Nature nanotechnology. 2012 Dec
1;7(12):803-9.

Akter T, Kim WS. Reversibly stretchable
transparent conductive coatings of spray-
deposited silver nanowires. ACS applied
materials & interfaces. 2012 Apr 5;4(4):1855-9.
Gottesman R, Shukla S, Perkas N, Solovyov LA,
Nitzan Y, Gedanken A. Sonochemical coating of
paper by microbiocidal silver nanoparticles.
Langmuir. 2010 Dec 14;27(2):720-6.

Osério I, Igreja R, Franco R, Cortez J.
Incorporation of silver nanoparticles on textile
materials by an aqueous procedure. Materials
Letters. 2012 May 15;75:200-3.

Shankar SS, Rai A, Ahmad A, Sastry M. Rapid
synthesis of Au, Ag, and bimetallic Au core-Ag
shell nanoparticles using Neem (Azadirachta
indica) leaf broth. Journal of colloid and interface
science. 2004 Jul 15;275(2):496-502.

Chandran SP, Chaudhary M, Pasricha R, Ahmad
A, Sastry M. Synthesis of gold nanotriangles and
silver nanoparticles using Aloevera plant extract.
Biotechnology progress. 2006 Jan 1;22(2):577-
83.

Mude N, Ingle A, Gade A, Rai M. Synthesis of
silver nanoparticles using callus extract of Carica
papaya—a first report. Journal of Plant
Biochemistry and Biotechnology. 2009 Jan
1;18(1):83-6.

Mallikarjuna K, Narasimha G, Dillip GR, Praveen
B, Shreedhar B, Lakshmi CS, Reddy BV, Raju
BD. Green synthesis of silver nanoparticles using
Ocimum leaf extract and their characterization.
Digest  Journal of Nanomaterials and
Biostructures. 2011 Jan 1;6(1):181-6.

Nagajyoti PC, Prasad TN, Sreekanth TV, Lee KD.
Bio-fabrication of silver nanoparticles using leaf
extract of Saururus chinenis. Digest Journal of
Nanomaterials and Biostructures. 2011 Jan
1;6(1):121-33.

Gondwal MA, Pant GJ. Biological evaluation and
green synthesis of silver nanoparticles using
aqueous extract of Calotropis procera. Int J
Pharm Biol Sci. 2013;4(4):635-43.

Dubey M, Bhadauria S, Kushwah BS. Green
synthesis of nanosilver particles from extract of
Eucalyptus hybrida (safeda) Ileaf. Dig J
Nanomater Biostruct. 2009 Sep 1;4(3):537-43.
Anuj SA, Ishnava KB. Plant mediated synthesis of
silver nanoparticles by using dried stem powder of
Tinospora cordifolia, its antibacterial activity and
comparison with antibiotics. International Journal

This article can be downloaded from www.ijpbs.net
P-297



27.

28.

20.

Int J Pharm Bio Sci 2017 Apr ; 8(2): (P) 292-298

of Pharma and Bio Sciences. 2013 Oct4(4):849-
63.

Sathyavathi R, Krishna MB, Rao SV, Saritha R,
Rao DN. Biosynthesis of silver nanoparticles
using Coriandrum sativum leaf extract and their
application in nonlinear optics. Advanced science
letters. 2010 Jun 1;3(2):138-43.

Satyawati GV, Gupta AK. Medicinal plants of
India: Indian Council of Medical Research, New
Delhi.

Prajapati ND. Handbook of medicinal plants.
Agrobios; 2003.

30.

31.

32.

Mulvaney P. Surface plasmon spectroscopy of
nanosized metal particles. Langmuir. 1996 Feb
7;12(3):788-800.

Sharma A, Verma R, Ramteke P. Antibacterial
activity of some medicinal plants used by tribals
against UTI causing pathogens. World Applied
Sciences Journal. 2009;7(3):332-9.

You C, Han C, Wang X, Zheng Y, Li Q, Hu X, Sun
H. The progress of silver nanoparticles in the
antibacterial mechanism, clinical application and
cytotoxicity. Molecular biology reports. 2012 Sep
1;39(9):9193-201.

This article can be downloaded from www.ijpbs.net

P-298



Reviewers of this article

Dr K Poonkodi,M.5c.,M.Phil.,Ph.D

Head/Assistant Prof,PG Dept of

Chemistry, NGM College,51,Pallakad
Road,Pollachi,Coimbatore

G. Bakhya Shree M.5. (Research)

Coordinator and Trainer, Department of
Biotechnology and Life Sciences, Dexter
Academy, Madurai, Tamilnadu

o

N

Prof.P.Muthuprasanna

Managing Editor , International
Journal of Pharma and Bio sciences.

Prof.Dr.K.Suriaprabha

Asst. Editor, International Journal
of Pharma and Bio sciences.

We sincerely thank the above reviewers for peer reviewing the manuscript



