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Abstract Many methods of synthesizing silver nano-
particles (Ag-NPs) by reducing Ag* ions using aqueous/
organic extracts of various plants have been reported in
the past, but the methods are rather slow. In this inves-
tigation, silver nanoparticles were quickly synthesized
from aqueous silver nitrate through a simple method using
leaf extract of a plant—Cynodon dactylon which served
as reducing agent, while sunlight acted as a catalyst. The
formation of Ag-NPs was indicated by gradual change in
colour and pH and confirmed by ultraviolet—visible
spectroscopy. The Ag-NPs showed a surface plasmon
resonance at 451 nm. Based on the decrease in pH, a
possible mechanism of the synthesis of Ag-NPs involving
hydroxyl (OH™) ions of polyphenols of the leaf extract is
postulated. Ag-NPs having (111) and (200) crystal lattices
were confirmed by X-ray diffraction. Scanning electron
microscopy revealed the spherical nature of the Ag-NPs,
while transmission electron microscopy showed that the
nanoparticles were polydispersed with a size range of
8—10 nm. The synthesized Ag-NPs also demonstrated
their antibacterial activity against Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus and
Salmonella typhimurium.
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Introduction

Nanotechnology started with a boom during early twentyfirst
century and synthesis of different metal nanoparticles using
different physico-chemical methods such as inert gas con-
densation, chemical reduction and electrochemical methods
has been well established [1-3]. However, these methods are
not economical and convenient due to high cost, time
requirements, toxicity of the raw materials used and
byproducts generated [4]. To overcome these drawbacks,
novel environment-friendly methods based on the approaches
of ‘green chemistry’ for the synthesis of nanoparticles have
been developed. Various biological agents such as microbial
cell cultures and plant extracts containing secondary metab-
olites have been exploited for synthesizing metal nanoparti-
cles [5-9]. The use of plant extracts containing secondary
metabolites for the synthesis of nanoparticles is termed as
‘green synthesis’, as it is a simple, convenient, less energy-
intensive and eco-friendly method. The use of plant extracts
for the synthesis of nanoparticles is advantageous over
microbial cultures as it eliminates the process of maintaining
cell cultures. In this investigation, leaf extract of Cynodon
dactylon which is a common occurring weed was used as a
reducing agent for in vitro synthesis of silver nanoparticles
(Ag-NPs) which were characterized appropriately. The anti-
bacterial activity of the synthesized Ag-NPs against common
pathogens is also presented and discussed in this paper.

Materials and methods
Chemicals

Silver nitrate (AgNOj3) of analytical grade was purchased
from E. Merck (India) Limited, Mumbai. Muller Hinton
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Agar was purchased from HiMedia Laboratories Pvt. Ltd.,
Mumbiai.

Preparation of leaf extract

Healthy and fresh leaves of C. dactylon were collected
from the campus of NEERI, Nagpur, India. The leaves
were washed with distilled water and rinsed with 70 %
ethyl alcohol for cleaning. The leaves were chopped to a
size of approximately 2-3 mm and were used as starting
biomass. 20 g of the biomass was boiled at 100 °C in
250 mL beaker for 2-3 min. The mixture was then cooled
and filtered successively through Whatman filter paper no.
41 and 0.22 pm syringe filter to get leaf extract. The extract
was used for the synthesis of silver nanoparticles and other
experiments. The leaf extract was stored at 4 °C.

Biological synthesis of silver nanoparticles

AgNOj3 (1 mM) and leaf extract were used as stock solu-
tion in triplicate for the synthesis of silver nanoparticles.
10 mL of leaf extract was mixed with 90 mL of 1 mM
AgNOj; solution. The mixture was exposed to bright sun-
light (35-40 °C) to initiate the reaction. A mixture con-
taining 10 mL leaf extract and 90 mL distilled water was
taken as control. Within few seconds, the light greenish
colour of mixture turned to orange-brown indicating the
formation of silver nanoparticles and no such phenomenon
was observed in the control. The experiment was carried
out for 1 h and samples were withdrawn for analysis using
UV-visible spectrophotometer at various time intervals.

Analytical methods

Samples from the experiments were analyzed using a
spectrophotometer (Shimadzu UV 1800) to monitor the
rate of synthesis of nanoparticles in the solution. pH of the
samples was measured using a pH meter (Eutech Instru-
ments pH 510). The solution at the end of experiment was
centrifuged (Thermo Scientific Heraeus Multifuge 1S-R) at
10,000xg and the pellet obtained was completely sus-
pended in double distilled water by vigorous mixing. This
suspension was transferred onto a petri plate and dried in
oven at 60 °C overnight. The dried mixture was scrapped
from the petri plate and its fine powder was analyzed by
X-ray diffraction (XRD; Rigaku Miniflex II), to examine
the crystalline nature of the nanoparticles in the mixture.
Scanning electron microscopy (SEM; JEOL JXA-840A
Electron probe micro-analyzer) and transmission electron
microscopy (TEM; CM 200 Philips) were used to study the
size and surface morphology of the particles. Sample for
SEM analysis was prepared by drying the suspension on
stub under IR lamp. The gold-coated mixture was observed
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under SEM at 5,000x magnifications. Sample for TEM
analysis was prepared by drying the suspension on a carbon
coated TEM grid under IR lamp. This dried mixture was
observed under TEM at 120,000 x magnification.

Antibacterial activity assessment

Antibacterial activity was assessed by agar well diffusion
methods [10, 11], against the Gram-positive and Gram-
negative microorganisms, viz. Escherichia coli (MTCC
4604), Staphylococcus aureus (NCIM 2127), Salmonella
typhimurium (MTCC 733) and Pseudomonas aeruginosa
(MTCC 4676) which are common pathogens. The
microorganisms were grown on nutrient broth (Himedia)
at 37 °C for 24 h. The concentrations of microbial
inoculums were adjusted to 2.5 x 10° colony-forming
units (CFU) per mL as measured with the McFarland
turbidity standards using spectrophotometer at 600 nm.
Muller Hinton Agar (MHA) plates were inoculated using
a cotton swab over its entire surface with the bacterial
suspensions. Three wells per plate were made and each
was completely filled individually with (10 pg/mL) syn-
thesized silver nanoparticles suspension, 1 mM AgNOs,
and fresh leaf extract for simultaneous comparison of the
antibacterial activity of each solution. The plates were
incubated overnight at 37 °C and diameter of the bacterial
inhibition zones in each of the plates was measured and
compared after 24 h.

Results
Visual examination

The diluted leaf extract had a pale yellow colour and
appeared turbid soon after adding AgNO;. After the solu-
tion was kept in sunlight, the intensity of the colour
increased gradually from pale yellow to dark brown at the
end of the experiment. The colour change in the solution is
presented in Fig. la. Expectedly, under the same experi-
mental conditions, control samples showed no change
in colour.

UVl/visible spectrum analysis

Optical measurement is the prime technique for charac-
terizing the biological synthesis of nanoparticles. Figure 1b
shows the UV-visible spectra of the samples periodically
withdrawn and subjected to UV-visible spectroscopy dur-
ing the experiment. A broad peak located at 463 nm was
observed after 5 min of exposure in sunlight. The height of
the peak, i.e. the absorbance, increased with time till the
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Fig. 1 a The figure shows
change in colour of solution
containing Cynodon dactylon
plant leaf extract before addition
(left) and after addition of 1 mM
AgNOj solution (right). b UV—
visible spectra over a
wavelength range of

200-700 nm recorded from
aqueous C. dactylon leaf extract
at different time intervals with
1 mM aqueous AgNO;

(a)

After

Before

end of experiment. However, gradual shift in the peak from
463 to 451 nm characteristic of surface plasmon resonance
of silver nanoparticle formation is observed that remained
constant till the end of experiment.

X-ray diffraction analysis

The dry powder of the nanoparticles was spread on a glass
plate and subjected to XRD analysis. The diffracted
intensities were recorded in the whole spectra of 2 theta (6)
angles ranging from 10° to 50°. As shown in Fig. 2, the
XRD pattern showed two prominent peaks of different
intensities and width at different 20 values.

SEM analysis
The SEM micrograph provided further information about

the morphological characteristics of the particles synthe-
sized. It was confirmed that the particles were spherical in
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shape. The scanning electron micrograph of the nanopar-
ticles at 5,000 x magnifications is shown in the Fig. 3a.

TEM analysis

A TEM image of the nanoparticles is shown in the Fig. 3b
at 120,000x magnifications. The silver nanoparticles were
polydispersed and spherical in shape with a smooth surface
morphology. The average diameter of the nanoparticles
was found to be 8-10 nm. The TEM image also showed
that the particles were more or less uniform in shape.
A good number of Ag-NPs were scattered with only a few
of them showing aggregates of different sizes.

Antibacterial test
The synthesized silver nanoparticles showed antibacterial

activity against the tested microorganisms which was con-
firmed by the formation of inhibition zones of various diameters

Fig. 2 X-ray diffraction pattern Intensity (cps)
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Fig. 3 a Scanning electron micrograph (SEM) of the synthesized silver nanoparticles at 5,000x magnification depicting spherical shape of the
nanoparticles. b Transmission electron micrograph (TEM) showing synthesized silver nanoparticles at 120,000 x magnification

as shown in Fig. 4. The result of antibacterial test (diameters of
zone of inhibition) is tabulated in Table 1. It was observed that
the silver nanoparticles were most effective against P. aeru-
ginosa followed by S. aureus, E. coli and S. typhimurium. The
control sample containing only plant extract did not show
antibacterial activity against any of the tested microorganisms.
However, 1 mM AgNO; solution also showed comparable
antibacterial activity similar to silver nanoparticles.

Discussion

Synthesis of silver nanoparticles from AgNO; solution
requires the reduction of Ag* ions to Ag. The components

-

E. coli

of leaf extract act as reducing agents in the synthesis of
silver nanoparticles. A green synthetic route for the pro-
duction of silver nanoparticles using aqueous C. dactylon
leaf extract has been successfully demonstrated in the
present investigation. Change in colour of the leaf extract
solution from greenish yellow to brown during the exper-
iment is the first indication of synthesis of silver nano-
particles. Experiments using other leaf extracts in the past
have also shown identical colour changes [6-9], which is
due to the excitation of surface plasmon resonance in the
silver nanoparticles [12, 13]. The leaf extract was prepared
by boiling the chopped C. dactylon leaves at 100 °C, and
the enzymes such as nitrate reductase, which may serve as
catalysts for the bioreduction reaction would be destroyed.

S. typhimurium

Fig. 4 The diameter of inhibition zone (DIZ) exhibited by aqueous silver nanoparticles (10 pg/mL) indicated by arrow, silver nitrate solution
(1 mM), and Cynodon dactylon leaf extract impregnated wells in presence of common pathogens
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Table 1 Zone of inhibition (mm) against different bacteria

Strain Diameter of zone of inhibition (mm)
AgNO; Ag nanoparticles Leaf
solution extract
P. aeruginosa 14 12 -
S. aureus 16 12 -
E. coli 8 6 -
S. typhymurium 10 7 -

Hence, the role of enzymes for catalyzing the bioreduction
reaction can be nullified; this also demonstrates the pres-
ence of thermo-stable reducing agents in the extract. Sev-
eral polyphenolic compounds are widely reported in plants.
The leaf of C. dactylon contains polyphenols such as beta-
setosterol, flavonoids, alkaloids, glycosides, tannic acids,
triterpenoids, Vitamin-C, carotene, palmitic acid, etc.
[14, 33]. They have been reported to serve as potential
reducing agents for nanoparticles synthesis [15—17]. It has
been reported that the OH™ groups of such compounds play
a vital role in the reaction [18]. Further, in the absence of
active enzymes catalyzing the bioreduction reactions,
sunlight is reported to act as a catalyst for the bioreduction
reaction; and the irradiation effect of sunlight is responsible
for this mechanism [19, 20]. So, exposure to bright sun-
light was found to be enhancing the rate of the synthe-
sis process. The mechanisms of the reduction reactions
mediated by polyphenolic compounds and catalyzed by
sunlight leading to the synthesis of silver nanoparticles are
shown below.

Agt + OH  — AgOH
AgOH — Ag,0

sunlight

Ag,0 — Ag

A simultaneous reduction in pH is most probably
because of the decrease in concentration of OH™ in the
solution, which also proves that polyphenolic compounds
of C. dactylon with OH™ functional group serve as
reducing agents. The intensity of colour (i.e. the
absorbance at A.,,) constantly increased during the
experiment. This shows that concentration of polyphenols
in the leaf extract is sufficient to carry out the reduction of
1 mM AgNO; for 1 h. The synthesis of Ag-NPs started
within 5 min of experiment. In addiion, it was observed
from the shift in the absorbance peak through UV/Vis
spectra from 463 to 451 nm. It has been earlier reported
that Ag-NPs of different sizes and shapes depict surface
plasmon resonance effect at different wavelengths [13, 21].
This shows a change in surface plasmon resonance of Ag-
NPs synthesized during the first 30 min of experiment
which may be due to the change in size of Ag-NPs.

Increasing intensity of the surface plasmon resonance at
constant wavelength (451 nm) after 30 min till the end
of experiment shows a steady increase in concentration of
Ag-NPs of constant size and shape as a function of time
without any shift in the peak wavelength.

The XRD pattern (Fig. 2) of the Ag-NPs gives an insight
about the crystalline structure of the Ag-NPs and reveals
that the diffraction pattern corresponds to the lattices of
crystalline spherical Ag-NPs. The width of peaks obtained
at two different 20 values (38.02° and 46.06°) also signifies
the size of nanoparticles. It is well known that the lesser the
width of peak, the larger is the size of nanoparticles. From
the diffraction pattern, it is revealed that the nanoparticles
synthesized are polydispersed and have different sizes. The
size and shape of the Ag-NPs were confirmed by SEM and
TEM analysis. The synthesized nanoparticles were found
to be spherical in shape having a diameter of around
8-10 nm. Similar approaches for nanoparticles synthesis
using plants like Azadirachta indica, Glycine max, Cin-
namon zeylanicum, Camellia sinensis, Medicago sativa,
Brassica juncea, Carica papaya, Cinnamon camphora, etc.
have also been reported to synthesize nanoparticles having
wide range of size of 8—70 nm and all of them also pro-
duced polydispersed nanoparticles [6-9, 22-25]. Our pre-
mise was based on exploitation of a common plant
occurring in almost all terrestrial ecosystems, so that effi-
cacy of the plant can be tried by many other researchers for
development of a techno-economically viable process in
the near and far future.

The antibacterial activity of the synthesized Ag-NPs
was confirmed against four bacteria viz. S. aureus, E. coli,
P. aeruginosa and S. typhimurium and the radii of zone of
inhibition are tabulated in Table 1 and shown in Fig. 4.
However, the nanoparticles showed moderate antibacterial
effect against Gram-negative E. coli and S. typhimurium
but a stronger effect against Gram-positive S. aureus and
Gram-negative P. aeruginosa. It has been reported that
Ag-NPs interact with bacterial membrane protein and DNA
at preferential sites as it has high affinity towards sulfur and
phosphorous compounds. This interaction leads to the
disruption of cell membrane, increasing the cell perme-
ability and DNA damage which leads to cell death and
inhibition of bacterial growth. Thus, the antibacterial
activity of Ag-NPs is largely dependent on the cell wall and
cell membrane composition of the bacteria due to which
the Gram-negative bacteria should be more susceptible to
the nanoparticles than Gram-positive bacteria.

Higher generation time of P. aeruginosa (39 min) as
compared to other Gram-negative bacteria E. coli (20 min)
and S. typhimurium (22 min) might be the reason for higher
susceptibility of P. aeruginosa for Ag-NPs. Similarly,
a higher generation time of Gram-positive S. aureus
(30 min) might be the reason for higher antibacterial affect
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of Ag-NPs as compared to Gram-Negative E. coli and
S. typhimurium. MubarakAli et al. [26] have shown strong
antibacterial activity of Ag-NPs against both S. aureus and
E. coli. However, 1 mM AgNO; solution showed highest
antibacterial activity, while the leaf extract prepared by
boiling did not show antibacterial effect against any of the
test pathogens. The antibacterial effect of the Ag-NPs was
comparable to that of AgNO; as observed from the zones of
inhibition mentioned in Table 1. However, it is more con-
venient to use silver as nanoparticles than AgNOs, since the
latter shows acute toxicity to human and animals and is also
irritating to the skin, eyes and mucous membrane. Moreover,
Ag-NPs and other nanoparticles can be used to prepare and
develop nanomedicine, new generation of antimicrobials,
drug delivery systems, biosensors and various other applica-
tions such as silver-based dressings, silver-coated medicinal
devices, nanogels and nanolotions [27-32].

Conclusion

Silver nanoparticles were successfully prepared using
C. dactylon leaf extract as the starting raw material. The
method involves the bioreduction of silver ions by the plant
extract and the secondary metabolites consisting of poly-
phenols most probably play the role of potential reducing
agent. UV/Vis spectroscopy reveals the surface plasmon
property and the increase in silver nanoparticles concen-
tration in the reaction mixture during the course of exper-
iment. XRD analysis and TEM images confirm the surface
morphology, shape and size of the silver nanoparticles.
Average size estimated from our studies is 8-10 nm.
Synthesized silver nanoparticles act as an effective anti-
bacterial agent against common pathogens. Silver nano-
particles can be aptly termed as “Silver Bullets” owing to
their potential antibacterial activity. This is a green, eco-
nomical and rapid method for the fabrication of silver
nanoparticles. However, further investigation is required
for identifying the active biomolecule present in C. dact-
ylon leaf extract which mediates nanoparticles production.
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