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ABSTRACT

Nanotechnology is a rapidly growing field and plays an important role
in most of the advanced science, medicine, and technology areas.
Plants are the major sources of different types of phytochemicals with
numerous biomedical applications. This study focused on the phyto-
synthesis of silver nanoparticles (AgNPs) using the leaf extract of
Averrhoa bilimbi L and their antibacterial potential. Phytochemical
analysis revealed that the rich amount of biochemical present in leaf
extract and these bio-surfactant molecules in the extract play a
significant role both as stabilizing and reducing agents for converting
silver nitrate into AgNPs. The silver nanoparticles synthesized were
confirmed by their change of colour to dark brown due to the
phenomenon of surface Plasmon resonance (SPR) and characterization

was studied by UV-visible spectroscopy, Fourier-Transform Infrared

Spectroscopy (FTIR) and X-Ray Diffraction (XRD) analysis. The morphology and size of

synthesized silver nanoparticles were confirmed by Transmission Electron Microscopy

(TEM) analysis with size range from 10 to 20 nm. The biosynthesized AgNPs were further

studied for its anti-bacterial activity by using agar well diffusion and Minimum Inhibitory

Concentration (MIC) methods at different concentrations against human pathogenic bacteria

(Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae and Pseudomonas

aeruginosa). AgNPs were showed potent antibacterial against all the pathogenic enteric
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bacteria tested. The AgNPs showed maximum efficacy against P.aeruginosa and E.coli. The

AgNPs were found to be more susceptible to all the organisms than the aqueous extract.
KEYWORDS: Bio-Surfactant Molecules, AgNPs, Averrhoa bilimbi, SPR.

INTRODUCTION

Nano-biotechnology is presently one of the most dynamic disciplines of research in
contemporary material science whereby plants and its products are finding an imperative use
in the synthesis of Nanoparticles (NPs). Entirely novel and enhanced characteristics such as
size, distribution and morphology have been revealed by these particles in comparison to the
larger particles of the mass material that they have been prepared from. In recent years,
researchers in the field of nanotechnology are finding that there is an expanding research in
the synthesis of metal nanoparticles due to the potential applications for the development of
novel technologies. Noble metal nanoparticles are extensively studied because of their wide
applications.!*2?!

Numerous methodologies are invented to synthesize noble metal nanoparticles of particular
shape and size depending on specific requirements, because properties of metallic
nanoparticles dependent on size and shape are of interest for applications ranging from
catalysts and sensing to optics, antibacterial activity and data storage. The surface to volume
ratio of nanoparticles is inversely proportional to their size. The biological effectiveness of
nanoparticles can increase proportionately with an increase in the specific surface area due to

the increase in their surface energy and catalytic reactivity.*

Silver has been known for many centuries worldwide for its antimicrobial activity. By

reducing the bulk silver into nanoparticles, we can increase its efficacy against microbes.?>®

A.bilimbi is a small tree. It is easily available and cost effective. It holds a great value in
complementary medicine as evidenced by the substantial amount of research on it. It is used
in the treatment of fever, syphilis, stomach ache, ulcer, hypertension, obesity and diabetes.
There are many reports on various aspects of fruits of bilimbi, however no work have been
carried out on its leaves except the phytochemical profile. So here is an attempt in
synthesizing the silver nanoparticles using the leaves of Averrhoa bilimbi and study on its

antibacterial potential due to their chemical composition.[”
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MATERIALS AND METHODS

Collection and preparation of plant material

Fresh leaves of Averrhoa bilimbi were collected from Chennai. The collected leaves were
washed thoroughly with tap water and rinsed twice with distilled water until no foreign

material remained.

Preparation of aqueous leaf extract
10 gms of fresh leaves were boiled with 100ml distilled water for 10 min. The mixture was
then filtered through Whatmann no.1 filter paper. The filtrate was concentrated at 30°C and

stored in sterile sample containers at 4°C until further use.

Preparation of 1mM silver nitrate aqueous solution
An accurately weighed 0.017g of silver nitrate was dissolved in 100ml distilled water and

stored in amber color bottle until further use.

Synthesis of silver nanoparticles

5ml of Averrhoa bilimbi leaf extract was added drop wise into 95ml of 1mM aqueous
solution of AgNO3 with constant stirring at 50— 60° C. A. bilimbi extract was mixed in
aqueous solution of silver ion complex and stirred for 10 minutes; it starts to change color
from whitish to reddish brown due to Surface Plasmon Resonance which indicates the
formation of silver nanoparticles. It was found to be stable for more than 2 months without
showing any precipitation or color change. The reaction was carried out in darkness, to avoid
photo activation of AgNOs. Both the aqueous and AgNPs solution were concentrated at 50°C

in hot air oven and kept this crude at 4 °C for further use.

UV-Visible spectrophotometer
The bio-reduction of silver ion in the solution was monitored by UV-Vis spectra of the
reaction mixture using UV—Visible Spectrophotometer (Shimadzu UV-1650 pc) from 300 to

600nm at a resolution of 1nm.

Transmission Electron Microscopy
The size of silver nanoparticles was measured by TEM (Tecnai G 2 F 20), which operated at

an acceleration voltage of 200 kV.
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X-ray powder diffractometer
The crystallinity and phase composition of the silver nanoparticles were characterized by an
X-ray powder Diffractometer, which carried out at 40 kV and 40 mA.

FTIR Analysis

FTIR measurement was carried out for functional group characterization through potassium
bromide (KBr) pellet method and the spectrum was recorded using Fourier Transform
Infrared Spectrometer.

Antibacterial activity

Test pathogenic microorganisms

Escherichia coli, Staphylococcus aureus, Klebsiella pneumoniae and Pseudomonas
aeruginosa were procured from Lifeteck Research centre, Chennai. Bacterial strains were

grown and maintained on Muller-Hinton Agar medium.

Preparation of inoculum

The bacterial strains were maintained in nutrient agar slants at 4°C. Loop full of organism
from the stock cultures were inoculated in the test tubes containing nutrient broth and
incubated for 24hrs at 37°C. The turbidity was adjusted to 0.5 Mac Farland standards.
Antibacterial screening was carried out using the standard well diffusion test, Minimum

inhibitory concentration(MIC), Minimum bactericidal concentration (MBC).

Agar well diffusion method

The sterilized Muller Hinton agar medium was poured into petriplates and allowed to
solidify. Wells were cut from the agar medium using sterile 6mm cork borer. Then, the
inoculum was spread on the medium with the sterile swabs moistened with the bacterial
suspension. The extracts of both agueous and AgNPs was prepared in the different
concentrations 125 pg/ml (Cy), 62.5 pg/ml (C,), 31.25 pg/ml (C3), 15.62 pug/ml (C,4) and 7.81
pg/ml (Cs) from the crude by diluting in DMSO. 100ul of extract of each concentration of
aqueous plant extract and AgNPs was loaded in to each well. Ampicillin is used as standard
antibiotic. After overnight incubation at 37°C, the agar plates were observed for zones of

inhibition. The complete antibacterial analysis was carried out under strict aseptic conditions.

WWW.Wjpr.net Vol 7, Issue 7, 2018. 326




Hemamalini et al. World Journal of Pharmaceutical Research

Determination of Minimum Inhibitory Concentration (MIC)

Minimum inhibitory concentration of the aqueous extract and synthesized silver nanoparticles
of Averrhoa bilimbi were determined using tube dilution technique. A volume of 50 ul
respective sterile MHB and aqueous and AgNPs extract solution from 62.5 pg/ml to 0.2
pg/ml to which only 100 pl of test product was added to wells of the microtitre plate
separately. And to all the wells loaded with test sample, 100 pl bacterial suspension of
approximately 10° CFU/ml was added. A growth control (bacterial cell suspension + 50 pl
broth medium) and broth control (only broth medium 50 pl) was kept in the 96 wells
microtitre plate. A positive control that consists of the Ampicillin was also placed on the
microtitre plate. The plates were incubated at 37°C for 24 hours. After incubation, 10 ul of
working solution of resazurin dye was added to all wells. The colour change was then
assessed visually. Any colour change from purple to pink or colourless was recorded as
positive growth. The lowest concentration at which there is no colour change occurred was
taken as the MIC value. Experiments were performed in triplicate under aseptic condition.

Determination of Minimum Bactericidal Concentration (MBC)

The minimum bactericidal concentration of the aqueous extracts and synthesized silver
nanoparticles were determined by sub culturing 0.1 ml from the MIC test dilutions that
showed visible growth in the sterile petri dishes having agar medium and incubated for 24
hrs. The highest dilution that shows no growth of culture was considered as minimum

bactericidal concentration (MBC).

RESULTS

Characterization of Silver Nanoparticles

UV-Visible Spectrophotometer analysis

Reduction of silver nitrate to silver nanoparticles during exposure to plant extracts is
followed by a gradual increase in color development from whitish to reddish brown after 30
minutes, of the reaction. The formation and stability of the reduced AgNP in the colloidal
solution was firstly confirmed by the UV-Vis spectra. The UV-Vis Spectra showed

maximum absorbance at 433.60 nm.
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Fig. 2. UV-Vis Spectra of Silver nanopatrticles.

Fourier Transform infra-red spectrum

FTIR analysis carried out to characterize the AgNPs obtained from the plant extract is shown

in graph 2. In AgNP solution, prominent bands of absorbance were observed at around
500.55, 538.16, 567.1, 620.14, 645.22, 670.29, 1635.71, 2085.14, 2333.97, 2359.04, 2406.3,
2831.62, 2898.17 and 3453.69 cm—1. The observed peaks denote Carbon halide group,

Carbon halide group, Carbon halide group, Carbon halide group, Carbon chloride group,

Carbon chloride group, N-H bending medium bond, C=C- alkyne bonds, C=C- alkyne bonds,
C=C- alkyne bonds, O-H stretch, acid, strong bond, O-H stretch, acid, strong bond, O-H

stretch, acid, strong bond and O-H Strong intensity, very broad band respectively. These

bands denote stretching vibrational bands responsible for compounds like flavonoids and

terpenoids and so may be held responsible for efficient capping and stabilization of obtained

AgNPs.
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Fig. 3. FTIR spectra of Silver Nanoparticles.

re of the as-prepared silver nanoparticles was confirmed by XRD

analysis. The acquired typical XRD pattern is depicted in Graph-3, suggesting the crystalline

nature of prepared silver nanoparticles. The XRD peak positions are in agreement with
metallic silver. Five diffraction peaks were observed at 31.92, 37.96, 45.88, 57.32, and 64.28
which correspond to crystal facets of (111), (200), (220), (311) and (222) reflections

respectively, and represent the Face-Centered Cubic (FCC) structure of metallic silver. The

mean crystallite dia

meter of silver nanoparticles obtained from reduction process, is

determined by using Debye-Scherrer method, and is estimated to be 15 nm.
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Fig. 4. XRD Pattern of Silver Nanoparticles.

Transmission Electron Microscopy

TEM was conducted

in order to investigate the morphology and size distribution of silver

nanoparticles. The typical TEM images of silver nanoparticles are shown in Fig. 3(a) and
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3(b). As can be seen, the morphology of the prepared silver nanoparticles is mostly spherical,
in accordance with the shape of the SPR band in the UV-Vis spectra. The particles size
measured from the TEM images is from 10 nm to 30 nm. However, besides small amount of
relatively bigger particles, most of the particles are below 15 nm, with a narrowly distribution
from 10 to 30 nm. The average particles size of silver nanoparticles is about 15 nm.

a) Magnification — 65000X.

Fig. 5. Transmission Electron Microscope.

b) Magnification — 135000X.

Antibacterial activity

The results of the antibacterial activity of the synthesized nanoparticles and the aqueous plant
extracts were shown in the table 1 & 2 and in graph 1 & 2. In case of all bacterial species
tested, the zone of inhibition of synthesized nanoparticle was found to be more than that of
the aqueous plant extract. The inhibition zone showed decline while the concentration of
extract decreases. AgQNPs were showed potent antibacterial activity against all the pathogenic
enteric bacteria tested. The maximum zone of inhibition was observed against P. aeruginosa
and E. coli (22.6 mm, 21mm zone of inhibition) at 125 pg/ml of AgNPs extract than S.
aureus and K. pneumoniae which showed 18mm and 16.5mm of inhibition zone respectively
at 125 pg/ml AgNPs extract. The AgNPs showed maximum efficacy against P.aeruginosa
and E.coli. The AgNPs were found to be more susceptible to all the organisms than the

aqueous extract.

Table. 1. Table showing the Antibacterial activity aqueous plant extract.

Aqueous plant extract
Zone of inhibition (mm)

No. | Micro organism 125 62.5 31.25 15.63 781
pg/ml pg/ml pg/ml pg/ml pg/ml
1 zﬁgﬂz'ococcus 13+1.15 | 11.2+1.15 | 10.3+1.53 | 9+1.15 0+0
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2 Pseudomonas 19+41.00 | 16.2+1.15 | 13+1.15 | 11+1.53 | 9+1.00
aeruginosa

3 Klebsiella 12+41.00 | 10.2+0.58 | 9+1.00 0+0 0+0
pneumoniae

4 Escherichia coli 17+0.58 | 15.5+1.00 | 13.1+1.15 9+1.00 0+0

*values are mean and standard deviation of three (3) replicates, 0 £0.00 = No activity

Table. 2. Table showing the Antibacterial activity of synthesised silver nanopatrticles.

Silver Nanoparticles
Zone of inhibition (mm)

No. Micro organism 125 62.5 31.25 15.63 781
pg/ml pg/ml pg/ml pg/ml pg/ml

1 Staphylococcus 18+1.00 | 16.2+1.00 | 13+1.00 | 11+1.15 | 9+1.00
aureus

2 Pseudomonas 22.6+1.15 | 204153 | 14+1.15 | 13+1.53 | 11.7+1.15
aeruginosa

3 Klebsiella 16.5+1.00 | 12+41.00 | 11+1.00 | 9+1.00 0+0
pneumoniae

4 Escherichia coli 21+153 | 17+1.15 | 165.5+1.00 | 13.1+1.00 | 11+1.15

*values are mean and standard deviation of three (3) replicates, 0 £0.00 = No activity
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Graph. 1. Graph showing the Antibacterial activity aqueous plant extract.
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Graph. 2. Graph showing the Antibacterial activity of synthesised silver nanoparticles.
Determination of MIC and MBC

The MIC of Staphylococcus aureus was found to be 3.91ug/ml in aqueous plant extract,
while it was 0.49ug/ml in synthesized nanoparticle. For Pseudomonas aeruginosa and
Escherichia coli, it was found to be 7.81ug/ml in aqueous plant extract, while in synthesized
nanoparticle it was 1.95ug/ml. And, for Klebsiella pneumoniae, it was 15.63ug/ml in aqueous
plant extract, while it was 3.91ug/ml in synthesized nanoparticle. The MIC and MBC value is

tabulated in table 3a & 3b. Antibacterial

activity of Silver

Table. 3a. Table showing the Minimum Inhibitory Concentra  nanoparticles  f

extract and synthesized Silver Nanoparticles.

No. | Micro organism Aqueous plant extract | Silver Nanoparticles
pug/mi pug/mi
1 | Staphylococcus aureus 3.91 0.49
2 | Pseudomonas aeruginosa 7.81 1.95
3 | Klebsiella pneumoniae 15.63 3.91
4 | Escherichia coli 7.81 1.95

Table. 3b. Table showing the Minimum Bactericidal Concentration of Aqueous leaf

extract and synthesized Silver Nanoparticles

No. | Micro organism Aqueous plant Silver Nanoparticles
extract pg/mi pug/mi
1 | Staphylococcus aureus 1.95 0.24
2 | Pseudomonas aeruginosa 3.91 0.49
3 | Klebsiella pneumoniae 7.81 -
4 | Escherichia coli 3.91 0.49
- No activity
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DISCUSSION

There are only few studies were reported in the antibacterial activity of leaves of Averrhoa
bilimbi. Hence this study is focused in the synthesis Silver nanoparticle from aqueous leaf
extracts of Averrhoa bilimbi and it was tested for its antibacterial activity, because of its wide
usage in traditional system of medicine. The synthesis of Nanoparticles using the plant
extracts with the 1mM AgNOs solution and the characteristic colour change noted, which is
due to the excitation of the surface Plasmon resonance in the metal nanoparticles.®™ The UV-
Visible spectrophotometer showed the maximum absorbance at 433 nm using the A.bilimbi
leaf extract. This result is in conformity with Dinesh S et al 2012. The FTIR spectra of the
extract showed the strong bands at 3453.69, 2898.17, 2831.62, 2406.3 and 1635.71 cm™
assigned to O—H stretching vibration of alcohols and phenolsi*®, C=0 stretching vibration of
tertiary aminest*”, and C-O stretching of aromatic ethers.*) The amines and alcohols present
in the sample along with ascorbic acid may be responsible for the reduction and capping of
silver nanoparticles.™® XRD is commonly used for determining the chemical composition
and crystal structure of a material; therefore, detecting the presence of silver nanoparticles in
plants extracts can be achieved by using XRD to examine the diffraction peaks of the
plant.™ XRD shows the crystalline nature of the synthesized nanoparticles. From the TEM
images, it was observed that most of the silver nanoparticles are spherical in shape and also
there is variation in particles size and distribution. It is shown that average particle estimated
was 15nm. The results of the present work clearly showed that antibacterial activity was more

in AgNPs than aqueous leaf extracts.

CONCLUSION

It has been demonstrated that the extract of Averrhoa bilimbi leaves are capable of producing
silver nanoparticles extracellularly and the Ag nanoparticles are quite stable in solution. The
biosynthesized silver nanoparticles showed excellent antimicrobial activity. The data
represented in our study contribute to a novel and unexplored area of Nano-materials as
alternative medicine. Therefore, further studies are needed to fully characterize the toxicity

and the mechanisms involved with the antimicrobial activity of these particles.

ACKNOWLEDGMENT
This research work was done at Quaid-E-Millath Govt. College for Women (A), Chennali,
Tamil Nadu, India. We would like to pay our sincere gratitude to my Guide Dr. V.

Hemamalini for giving an exciting work and her constant support to carry out this project.

WWW.Wjpr.net Vol 7, Issue 7, 2018. 333




Hemamalini et al. World Journal of Pharmaceutical Research

We also thank Dr. D. Dorcus for giving permission to carry out the research work and Dr. T.

Vimala for her timely help.

REFERENCES

1.

Arumugam Sudha, Jeyaraman Jeyakanthan, Pappu Srinivasan. Green synthesis of silver
nanoparticles using Lippia nodiflora aerial extract and evaluation of their antioxidant,
antibacterial and cytotoxic effects Resource-Efficient Technologies, 2017; 1-10.

R. S. Rimal Isaac, G. Sakthivel, and Ch.Murthy. Synthesis silver and gold nanoparticles
using the fruit extract of Averrhoa bilimbi. Journal of nanotechnology, 2013; Article ID
906592.

Priya Banerjee, Mantosh Satapathy, Aniruddha Mukhopahayay and Papita Das, Leaf
extract mediated green synthesis of silver nanoparticles from widely available Indian
plants: synthesis, characterization, antimicrobial property and toxicity analysis.
Bioresources and Bioprocessing, 2014; 1: 3.

Hemali Padalia, Pooja Moteriya, Sumitra Chanda. Synthesis silver nanoparticles from
marigold flower and studied its synergistic antimicrobial potential. Arabian Journal of
Chemistry, 2015; 8: 732-741.

D. Vineela, S. Janardana Reddy and B. Kiran Kumar. Microbial synthesis of silver
nanoparticles by using fish pathogen Aeromonas salmonicida. World Journal of
Pharmaceutical Research, 2018; 7(5): 907-916.

K. Ashok Kumar, SK. Gousia, Anupama, M. And J. Naveena Lavanya Latha. A review
on phytochemical constituents and biological assays of Averrhoa bilimbi. International
Journal of Pharmacy and Pharmaceutical Science Research, 2013; 3(4): 136-139.

S. Jayashree and G. Sangeetha Vani. In Vitro Study on Antibacterial Activity of Aqueous
Extract and Silver Nanoparticles of Andrographis paniculata. International Journal of
Current Microbiology and Applied Sciences, 2016; 5(5): 400-406.

Ghassan Mohammad Sulaiman, Wasnaa Hatif Mohammed, Thorria Radam Marzoog,
Ahmed Abdul Amir Al-Amiery, Abdul Amir H. Kadhum, Abu Bakar Mohamad. Green
synthesis, antimicrobial and cytotoxic effects of silver nanoparticles using Eucalyptus
chapmaniana leaves extract. Asian Pacific Journal of Tropical Biomedicine, 2013; 3(1):
58-63.

Dinesh S, Karthikeyan S and Arumugam P. Biosynthesis of silver nanoparticles from
Glycyrrhiza glabra root extract. Arch. Appl. Sci. Res., 2012; 4(1): 178-187.

WWW.Wjpr.net Vol 7, Issue 7, 2018. 334




Hemamalini et al. World Journal of Pharmaceutical Research

10.

11.

12.

13.

14.

R. Ayo, J. O. Amupitan, I. G. Ndukwe, and O. T. Audu, “Some chemical constituents of
the leaves of Cassia nigricans Vahl,” African Journal of Pure and Applied Chemistry,
2009; 3(11): 208-211.

J. A. Selvi, S. Rajendran, and V. SRI, “Corrosion inhibition by beet root extract,”
Portugaliae Electrochimica Acta, 2009; 27(1): 1-11.

S.W. Chang Chien, M. C.Wang, C. C. Huang, and K. Seshaiah, “Characterization of
humic substances derived from swine manure-based compost and correlation of their
characteristics with reactivities with heavy metals,” Journal of Agricultural and Food
Chemistry, 2007; 55(12): 4820-4827.

K. B. Narayanan and N. Sakthivel, “Phytosynthesis of gold nanoparticles using leaf
extract of Coleus amboinicus Lour,” Materials Characterization, 2010; 61(11):
1232-1238.

Panneerselvam C, Ponarulselvam S, Murugan K, Kalimuthu K, Thangamani S. Synthesis
of silver nanoparticles using leaves of Catharanthus roseus Linn. G. Don and their
antiplasmodial activities. Asian Pac J Trop Biomed, 2012; 7: 574-580.

WWW.Wjpr.net Vol 7, Issue 7, 2018. 335




