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Abstract

In the present study, silver nanoparticles were synthesized from the rhizome extract of Alpinia calcarata and the leaves
extract of Melia dubia and Solanum nigrum by a simple and eco-friendly route. Bioreduction of Ag* to Ag® was observed
when the aqueous leaf extract was mixed with 1mM of silver nitrate (AgNO,) and heated to 95 °C. The development of
silver nanoparticles was characterized on the basis of change of colour with the help of UV-VIS spectroscopy. The
biosynthesized silver nanoparticles were tested for their antibacterial activity the test cultures of Staphylococcus aureus
(Gram Positive) and Klebsiella pneumonia (Gram Negative) bacteria. The silver nanoparticles showed a clear zone of
inhibition against these bacterial strains. This strategy gives a straightforward, simple and less-time consuming technique

for synthesizing nanoparticles which could be utilized in several areas of medicine.
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INTRODUCTION

The field of nanotechnology is sprouting as a standout
amongst the most dynamic areas in the present day
material science. Itis astudy of events on nanometer
scale and mainly concerned with synthesis of
nanoparticles by controlling matter at the molecular
level. Nanoparticles have an expansive surface area
to volume ratio which brings about chemical reactivity
and biological activity when compared to their bulk
materials. In the last two decades, metal nanoparticles
have pulled much attention owing to their unique size
with shape-dependent physical, chemical, catalytic
and biological properties and broad application
prospects in modern industries and medicine
(Grzegorz Dzido et al., 2015). Among the metallic
nanoparicles, silver nanoparticles have emerged as
an extravagant product due to their hopeful
bactericidal effect capable of killing about 650 types of
diseases causing microorganisms (Jayshree
Annamalai et al., 2016). Compared with other metals,
sliver exhibits higher toxicity to microorganisms, while
it exhibits lower toxicity to mammalian cells
(Shrivastava et al., 2007). Due to their medicinal and
antimicrobial properties (Virender K. Sharma et al.,
2009; Peter Logeswari et al., 2005; Nafeesa Khatoon et
al., 2015). AgNPs have been incorporated into more
than 200 consumer products including textile fabrics,
polymers, dental material, medical devices, burn
dressings and cosmetics (Veeraputhiran, 2013; Zhang
et al., 2016). Silver has been known to have a
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disinfecting effect and has been found in applications
ranging from customary medicines to culinary things
(Sinha, 2009). The chief use of silver and silver
nanoparticles in medical industry varied from
preventing infections to averting colonization of
bacteria on catheters (Kamyar Shameli et al., 2012).
Besides, it is also widely used in textile industry to
eliminate microorganisms and in water treatment plant
as disinfectants (Feng Zhang et al., 2009; Tiwari et al.,
2008). Eventhough the silver nanoparticles are
produced by a variety of strategies, there is still a need
for economically practical as well as ecological
amicable procedures to avoid the high pressure,
temperature, energy and toxic chemicals in the
synthesis protocols to evade antagonistic impacts in
medical applications. From the recent results,
researchers inspired on biological systems to develop
benign nanoparticles using bacteria (Malarkodi et al.,
2013), fungi (Sadowski et al., 2008), plant and leaf
extracts (Priya Banerjee et al., 2014; Ashok Kumar,
2012; Nithya and Ragunathan, 2009) termed as green
chemistry approaches.

Worldwide, infectious diseases are the number one
cause of death accounting for approximately one-half
of all deaths in tropical countries (Vikram Paritala et
al., 2015). The development of new resistant strains of
bacteria to current antibiotics has become a serious
public health problem. These bacterial strains with
limited life span and reduced susceptibility to
antibiotics raise the specter of untreatable bacterial
infections and add urgency to the search for new
infections fighting strategies. Medicinal plants are the
prime and economic source of Indian traditional
medicine. They are very useful to humankind since
the dawn of civilization to treat many infectious
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diseases. Over 50% of all modern clinical drugs and
natural products play an important role in drug
development programs in the pharmaceutical industry
(Angalaparameswari et al., 2012). Phytomedicines
derived from plants have shown great promise in the
treatment of intractable infectious diseases. Many
plants contain microbial inhibitors and they are used
as traditional medicines and as sources of wide range
of substances which can be useful to treat infectious or
other serious diseases (Yinegar and Yewhalaw, 2009).
In the present scenario, the utilization of medicinal
plants for the synthesis of nanoparticles has emerged
as novel antimicrobial agents.

Alpinia calcarata, commonly known as snap ginger, has
various therapeutic activities: thermogenic, anti-
inflammatory (Asolkar et al., 1992), nervinetonic,
stimulant, revulsive, carminative, stomachic,
disinfectant, expectorant, broncho-dilator and
antifungal property (Warrier et al., 1996). Melia dubia,
commonly called as ‘Malaivembu’ in Tamil, is known
for rich and valuable source of bioactive limonoids. Its
leaf and root extracts possess antibacterial, antifungal,
antimalarial (Chanthuru et al., 2014), anticancer,
antiviral and a number of other pharmacological
activities on humans (Endo et al., 2002; Nakagawa et
al., 2001). Solanum nigrum, commonly known as Black
night shade and ‘Manathakkali’ in Tamil, shows
medicinal properties like antimicrobial, anti-oxidant,
cytotoxicity, antiulcerogenic and hepatoprotective
activity (Rajathi et al., 2015). But little information is
available on the antibacterial activity of silver
nanoparticles mediated by these medicinal leaves and
rhizome. Hence, inthe present article it has been dealt
with the antibacterial activity of silver nanopaticles
mediated by Alpinia calcarata, Melia dubi and Solanum
nigrum.

MATERIALS AND METHODS

Alpinia calcarata, Melia dubia and Solanum nigrum were
purchased from the local market of Tiruchirappalli,
Tamilnadu (Figs. 1la — 1c). The plant materials were
identified and authenticated at the Rapinant Herbium,
St. Joseph College (Autonomous), Thiruchirapalli,
Tamilnadu.They were washed with distilled water and
air dried for 10 days on a clean sheet. Then they were
kept in the hot air oven at 60 °C for 24 hours and then
ground to a fine powder. Then the aqueous extracts of
the plant materials were prepared, evaporated
todryness and weighed (Ammara Hassanet al., 2009).

Synthesis of Silver Nanoparticles

1mM of silver nitrate was added to 0.5g of the plant
extract and made up to a final solution of 200 ml, and
the solution was centrifuged at 15,000 rpm for 20
minutes. The collected pellets were stored at 4 °C. The
supernatant was heated at 50 ° to 95 °C. A change in
the colour of the solution was observed during the
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Fig 1. a. Alpiniacalcarata b. Melia dubia
¢. Solanum nigrum

heating process (Jae Yong Song and Beom Soo Kim
2009).

UV-VIS Spectral Analysis

In order to monitor the formation of silver
nanoparticles, the absorption spectra of synthesized
silver nanoparticles were recorded using UV-VIS
spectroscopy. A graph of wavelength on X-axis and
absorbance on Y-axis was plotted.

Antibacterial activity of synthesized Silver
Nanoparticles

Bacterial cultures of Staphylococcus aureus and Klebsiella
pneumonia were used as antibacterial test organisms.
All the Bacterial strains were obtained from Doctor
Diagnostics Centre, Thiruchirappalli, Tamil Nadu.
Antibacterial activity of the silver nanoparticles
synthesized using Alpinia calcarata, Melia dubia,
Solanum nigrum powder was tested by agar well
diffusion method (Murray et al., 1995) against
Staphylococcus aureus and Klebsiella pneumonia. Each
strain was swabbed uniformly onto the individual
plates using sterile cotton swabs. Wells of 0.5cm were
made on nutrient agar plates using gel puncture. Using
a micropipette, 50ug/ml, 75ug/ml, 100ug/mil of
nanoparticles and solution was poured into each well
on all plates. After incubation at 37 °C for 24 hours,
the diameter of zone of inhibition was measured in
millimeter. Streptomycin was used as positive control
in this study.

RESULTS AND DISCUSSION
Synthesis of Silver Nanoparticles

When the rhizome extract of Alpinia calcarata and leaf
extract of Melia dubia and Solanum nigrum were mixed
with aqueous solution of silver nitrate, it was reduced
into silver ion into silver particles. Itis followed by the
colour change from watery yellow (Figs. 2ato 2c) to
yellowish brown colour (Figs. 3a to 3c) which
indicates the formation of silver nanoparticles
(Sulochana et al., 2012; Sandeep Thapa et al., 2015).
The development of biologically inspired experimental
processes for the synthesis of nanoparticles is evolved
into an important branch of nanotechnology. Silver
nitrate is used as reducing agent as silver has
distinctive properties such as good conductivity,
catalytic and chemical stability (Bekkeri Swathy,

Scientific Transactions in Environment and Technovation



J. Sci. Trans. Environ. Technov. 10(2), 2016

2014). The plant extracts along with silver nitrate will
be watery yellow in colour. But it is well known that
silver nanoparticles exhibit yellowish brown colour
in agueous solution due to excitation of surface
plasmon vibrations in silver nanoparticles
(Ponarulselvam et al., 2012). Thus the colour from
watery yellow to yellowish brown colour clearly
indicates the formation of silver nanoparticles from
Alpinia calcarata, Melia dubia and Solanum nigrum. The
time duration of change in colour varies from plant to
plant. In the present study, all the extracts synthesize
silver nanoparticles within 10 min. Savithrammaetal.
(2011) reported that leaves of Boswellia ovalifoliolata
synthesized silver nanoparticles within 10 min. Green
synthesis of silver nanoparticles using Ocimum has
also been reported (Mallikarjuna et al., 2008). Silver
nanoparticles synthesized using leaf extract was
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Fig. 2. a. Alpinia calcarata b. Melia dubia
¢. Solanum nigrum

Fig. 3.a. Alpinia calcarata b. Melia dubia
¢. Solanum nigrum

advantageous over bacteria due to long process of
maintaining cell cultures.

UV-Vis Spectral Analysis

The Ultraviolet Visible spectrum showed that the
Surface Plasmon Resonance (SPR) band was centered
at around 415 nm, 426 nm and 433 nm (complete
reduction of silver ions) from Alpinia calcarata, Melia
dubia and Solanum nigrum respectively (Figs. 4a to 4c).
It is well known that UV-Vis spectroscopy could be
exploited to study size and shape controlled
nanoparticles in agueous suspensions (Shrivastava et
al., 2009). Similarly, the Ultraviolet Visible absorption
spectrum of silver nanoparticles synthesized from
Allium cepa was found to be 413 nm (Benjamin and
Bhrathwaj, 2011), 412 nm for Eucalyptus hybrida leaf
extract (Manish Dubey et al., 2009), 430 nm for
Euphorbia hirta (Elumalai et al., 2010), 440 nm for
Catharanthus roseus (Mukunthanet al., 2011).
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Antibacterial activity of synthesized Silver
Nanoparticles

The antibacterial activity of silver nanoparticles of the
rhizome extract of Alpinia calcarata (Fig. 5a) and leaf
extracts of Melia dubia (Fig. 5b) and Solanum nigrum
(Fig. 5C) was investigated against Staphylococcus aureus
(gram positive bacteria) and Klebsiella pneumonia (gram
negative bacteria) using agar well diffusion method.
Positive control, Streptomycin, was also maintained
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Fig. 6. Antibacterial activity and zone of inhibition
(mm) shown by synthesized AgNP from extracts of
leaves against Staphylooccus aureus (gram positive)
using agar well diffusion method.
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a-50pg/ml; b-75pg/ml ;c—100 ug/ml; d- leaves against Klebsiella pneumonia (gram negative)
Streptomycin using agar well diffusion method.

Table 1. Antibacterial activity and zone of inhibition (mm) shown by synthesized AgNP from extracts of leaves
against Staphylooccus aureus (gram positive) using agar well diffusion method.

Different Concentration (Zone of inhibition in mm)
50ug/mi 75ug/mi 100pg/mi Streptomycin
Alpinia calcarata - - 3.4 +0.2 8.7 + 0.3
M elia dubia 6 +0.2 8.1+ 0.3 9.2 +0.1 22.7 £ 0.2
Solanum nigrum - - 0.8+ 0.09 1.7+0.2

Table 2. Antibacterial activity and zone of inhibition (mm) shown by synthesized AgNP from extracts of leaves
against Klebsiella pneumonia (gram negative) using agar well diffusion method.

Different Concentration (Zone of inhibition in mm)

50ug/ mi 75pg/ mi 100pg/ mi Streptomycin
Alpinia calcarata 12.7 £ 0.2 148 + 1.1 16.7 £ 0.2 19.7£0.1
M elia dubia - - 1.1+ 0.3 1.8 £0.2
Solanum nigrum - 0.5 £0.1 1.2 £ 0.4 2+02
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in which zone of inhibition was observed and diameter
of inhibition zones around each well with silver
nanoparticles was recorded (Table.1 and 2, Figure 6
and 7). Silver nanoparticles from Alpinia calcarata
revealed highest antibacterial activity against Klebsiella
pneumonia (16.7 mm) at 100 ig/ml and lowest
antibacterial activity (12.7 mm) at 50 igZ/ml
concentrations (Table. 2, Figure 7). They showed
lowest antibacterial activity against Staphylococcus
aureus (3.4 mm) at 100 igZ/ml concentration (Table. 1,
Figure 6). Leaf extract of Melia dubia showed higher
antibacterial activity against Staphylococcus aureus (9.2
mm) at 100 ig/ml concentrations and lowest
antibacterial activity (6.0 mm) at 50 ig/ml
concentrations (Tablel, Figure 6). At the same time,
lowest activity was seen against Klebsiella pneumonia
(1.1 mm) at 100 igZ/ml concentration (Table. 2, Figure
7). Likewise, Solanum nigrum revealed lowest
antibacterial activity of all against Klebsiella pneumonia
(0.9 mm) and against Staphylococcus aureus (0.8 mm) at
100 ig/ml concentration (Table. 1 and 2, Figure 6 and
7). In several studies, Staphylococcus aureus and
Klebsiella pneumonia have been used as models to prove
that silver nanoparticles could be used as an
antimicrobial agent (Prabhu and Poulose, 2012; Doudi
et al., 2013; Quinteros et al., 2016; Rai et al., 2012).
Likewise many researchers have evaluated the
antibacterial efficacy of silver nanoparticles using
different leaf extracts. Biosynthesized silver
nanoparticles using Melia azedarach L. leaf extract
were subjected to antibacterial activity against
K. pneumonia, S. aureus, P. aeruginosa and Proteus species
at different (10pg/ml, 5pg/ml, 2.5pg/ml)
concentrations (Mehmood et al., 2013). Highest activity
of silver nanoparticles (10ug/ml) was observed
against S. aureus (11.67+0.33 mm) and K. pneumonia
(11.33 £0.33 mm). Also the anti bacterial activity was
assessed on human pathogenic Bacillus cereus,
Escherchia coli, Klebsiella pneumonia and Staphylococcus
aureus using silver nanoparticles synthesized by Ficus
microcarpa which showed zone of inhibition ranging
from 10-14 mm at 10, 20, 30, 40 pl/well concentration
(Praba et al., 2015). The antimicrobial activity of the
synthesized nanoparticles using Andrographis
paniculata (Padamata Sai Sudhakar et al., 2014) was
tested against four different pathogenic organism
B. Subtilis, E.coli, P. aeruginosa, S. aureus and A.nigerin
which P. aeruginosa exhibited the highest sensitivity
to nanoparticles (10 mm) at 1000 ug/ml while B. Subtilis
was the least sensitive. Antibacterial activity of
biogenic silver nanoparticles which showed maximum
inhibition zone 12 mm against E.coli, and S. aureus,
K. pneumoniae and Enterococcus faecalis showed zone of
inhibition of 7,9 and 6 mm respectively (Mubayietal.,
2012). Antibacterial effect was size and dose
dependent and was more pronounced against Gram
negative bacteria than Gram positive bacteria (Singh
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et al., 2008). Silver nanoparticles are highly
antimicrobial to several species of bacteria (Ayala-
Nufez et al., 2009). Melia dubia showed highest
antibacterial activity against gram positive bacteriaand
Alpinia calcarata against gram negative bacteria.
According to the mechanism reported, silver
nanoparticles interact with the outer membrane of
bacteria, and arrest the respiration and some other
metabolic pathway that leads to the death of the
bacteria.

CONCLUSION

The present study deals with the synthesis of silver
nanoparticles using the rhizome extract of Alpinia
calcarata and leaf extracts of Melia dubia and Solanum
nigrum with aqueous silver nitrate solution. This
approach appears to be cost effective and an alternative
to conventional methods of assembling silver
nanoparticles. An urgent need in the field of
nanotechnology is the development of reliable and eco-
friendly processes for the synthesis of metallic
nanoparticles. Here, we have reported the green
synthesis of silver nanoparticles using the rhizome
extract of Alpinia calcarata and the leaf extracts of Melia
dubi and Solanum nigrum. This process is quiet fast
and low cost. Biologically synthesized silver
nanoparticles could be of immense use in medical field
for their efficient antibacterial properties. Rhizome
extract of Alpinia calcarata and the leaf extracts of Melia
dubi and Solanum nigrum produced silver nanoparticles
extracellularly and they were highly stable in solution
without any impurity. Hence, applications of such eco-
friendly silver nanoparticles in bactericidal
applications, makes this method potentially exciting
for the large-scale synthesis of silver nanoparticles.
Moverover synthesized nannoparticles are capable of
rendering high antibacterial efficacy and hence have
a great potential in the preparation of drugs used
against bacterial diseases.
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