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ARTICLE INFO ABSTRACT

Keywords: Green synthesis of nanoparticles is an important area in the field of nanotechnology, which has cost effective and
Antibacterial environment friendly benefit over physical and chemical methods. The present study aims at preparation of silver
Silver . nanoparticles through green route using leaves of Ocimum canum Sims, a widely distributed medicinal herb. The
ls\Igl\r;Iopamcles synthesized silver nanoparticles were characterized by SEM and XRD. The spherical and rod like morphological
XRD shapes were proven by SEM techniques. Crystallographic structure was confirmed by XRD and average particle
701 size of synthesized silver nanoparticles was calculated which was found to be of 15.72 nm. The antibacterial

activity of these prepared silver nanoparticles against pathogenic bacterium Escherichia coli (E. coli) has shown
the highest ZOI of 2.45 cm at 30 ppm.

1. Introduction

Metal incorporated nanoparticles have received wide interest in the
area of industrial and medicinal applications. Among them, Nobel
metals gold, silver, platinum and palladium based nanoparticles have
received much attention due to their unique electrical, optical and
electronic as well as catalytic properties. Nanoparticles reveal atom like
behaviours due to high surface to volume area and wide gap between
valance band and conduction band [1,2]. Silver Nanoparticles have
initiated useful interest not only fundamental development in research
but also the industrial level owing to their versatile properties [3-7].
This feature has attracted many researchers to find new methods for
their synthesis [8]. A number of physical and chemical methods like
reduction in solutions, thermal decomposition of silver compound, mi-
crowave assisted and photochemical reactions have been reported by
several workers. The most common method for the synthesis of silver
nanoparticles is a chemical reduction using inorganic and organic
reducing agents such as hydrazine [9], N-dimethylformamide [10],
Sodium borohydride [11], poly(ethyleneglycol) [12] and surfactant
template approach [10,13]. The synthesis of nanoparticles through
green routes using microorganisms [14-16] enzymes [17] and plant
extracts [18-23]were suggested as possible environmental friendly al-
ternatives to chemical methods. Additionally, these methods were
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reported to be of cost effective and synthesized particles were found
more stable. Several medicinal plants such as Acorus calamus [24],
Alternanthera dentata [25], Ocimumsanctum [26], Azadirachta indica
[27], Brassica rapa [28], Coccinia indica [29], Vitex negundo [30], Melia
dubia [31]have already been used to synthesize and stabilize metallic
NPs, very particularly biogenic AgNPs.

A thorough survey of literature indicated that not much work has
been done on the use of jungli tulsi an aromatic herb (Ocimum canum
Sims.) in nanotechnology. Ocimum canum Sims. (hoary basil) of family
Lamiaceae locally known as Jungli tulsi, Bapchi, Naked bapchi, Ban tulsi
etc. and is widely occurring in India, China, Indonesia, Malaysia,
Myanmar, Philippines, Srilanka, Africa and south west Asia. It’s strong
aromatic smell makes the plant conspicuous [32,33]. The plant is
medicinally used in the treatment of headaches, cough, cold, fever,
urinary tract infections and sexual debility in traditional health care
systems of tribals of Rajasthan [34,35]. The essential oil from the leaves
of this herb has been reported to have insecticidal and antiplasmodial
properties and is effective in Malaria. The main compound in the
essential oil of this plant is 1,8-Cineole [36] which is also used as
insect-repellent [32].

The present study aims at first time synthesis and characterization of
silver nanoparticles using aqueous leaf extract of Ocimum canum Sims.,
(JungliTulsi). We also attempted to study the antibacterial activity of the
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Fig. 1. (A) Aqueous Silver nitrate 1 mM Solution (B) Ocimum canum Sims Leaves Extract (C) Colour Change respectively. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 2. SEM images of silver nanoparticles (A) 100000 x (B) 25000 x (C) 10000 Magnification.

nanoparticle synthesized.
2. Experimental
2.1. Plant collection and identification

Ocimum canum Sims., is an aromatic much branched erect herb with
4 angled stems, bearded nodes and lanceolate or ovate lanceolate leaves.
It is a common weed of open waste lands. For the present study fresh
plants were collected from Chittorgarh fort locality which lies in be-
tween 74°38'57.9"E and 24°53'47.06"N at an elevation of 544 m in
district Chittorgarh of Rajasthan in the month of September and brought
to laboratory in air tight polythene bags for further processing.

2.2. Preparation of leaf extract

For the preparation of leaf extract, fresh leaves were collected in a
beaker and washed several times with water to remove the dust and
finally with double distilled water. 10 g washed leaves were cut into fine
pieces and crushed with the help of mortar and pestle in 100 ml double
distilled water. After grinding the aqueous extract was taken in 250 ml
beaker and boiled for 10 min at 80 °C temperature. The plant extract was
allowed to cool at room temperature and then filtered with whatman
filter paper. The filtrate was centrifuged for 20-25 min at 10000 rpm,
the supernatant was collected and stored at 4 °C. This filtrate was used as
a stabilizing and reducing agents.
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Fig. 3. XRD pattern of silver nanoparticles.
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Table 1
Calculations of average particle size of silver nanoparticles from XRD data.
20 0 in radain sin@ cosf Tan0 i} FWHM p 2sin® d(spacing) p cosO D (nm) Average
(degree) (radian) Particle size
27.7 13.83 0.2414103  0.2390723  0.9710018 0.246212  0.26659 0.004653 0.4781446  0.32220379  0.0045185 32.049333
38.1 19.07 0.3327902  0.3266814  0.9451345 0.345645  0.56094 0.009792 0.6533628  0.2357955 0.0092543 15.648504 15.725
44.2 2211 0.3859423 0.3764323 0.9264441 0.40632 1.4605 0.025494 0.7528646 0.20463174 0.0236186 6.1314343
64.5  32.26 0.5630289  0.53375 0.8456423 0.631177  0.71786 0.012531 1.0675001 0.14431849  0.0105964 13.666472
77.4  38.71 0.6757046  0.6254472  0.7802665 0.801582  0.95517 0.016673 1.2508944  0.12315987  0.0130094 11.131642
2.4. Green synthesis of silver nanoparticles
Table 2

ZOI of Silver nanoparticles at Different Concentration (ppm).

S. Concentration dose of Silver Zone of Inhibition (in cm)
No. Nanoparticles A A
Replica-1  Replica- Mean
I
1 Control 0.0 0.0 0.0
2 10 ppm 1.9 1.5 1.7
3 20 ppm 1.9 1.6 1.75
4 30 ppm 2.9 2.0 2.45

2.3. Preparation of 1 mM silver nitrate (AgNO3) solution

The concentration of 1 mM silver nitrate (Central Drug House Ltd.)
was prepared by dissolving 0.169 g AgNOsin 1 L deionised water and
stored in amber coloured bottle to prevent the self-oxidation of silver
nitrate solution.

The preparation of silver nanoparticles (AgNPs) is a single step
synthesis 10 ml of tulsi leaf extract, prepared as described in section 2.2
above, was added to 90 ml silver nitrate solution and the mixture was
heated up at 80 °C for 15 min [27]. The colour of the solution turned
from light yellow to brown (Fig. 1 A — C) indicating the formation of
silver nanoparticles (AgNPs). The Ag NPs synthesized were separated by
the process of centrifugation from the reaction mixture.

2.5. Purification of silver nanoparticles

In order to purify the nanoparticles prepared as described in section
above, we followed the procedure suggested by Chaudhary et al. [37]
The synthesized AgNPs were kept in 12 N hydrochloric acid solution for
24 h. The Ag NPs were isolated by the process of centrifugation from the
mixture. The mixture was washed with distilled water till hydrochloric

Fig. 4. Zone of Inhibition of Ag NPs against E. coli (A:Replica I) and (B:Replica II).
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acid was completely removed.

2.6. Characterization of silver nanoparticles AgNPs

2.6.1. Scanning electron microscopy (SEM) study

Samples were investigated by Nova Nano FE-SEM 450 (FEI) scanning
electron microscope to obtain topological, morphological and compo-
sitional information. Lens mounted DBS and LVD offer best selection of
information and image optimization. Beam landing energy cam go down
from 30 KeV to 50ev and resolution of 1.4 nm at 1 kV (TLD-SE) and 1 nm
at 15 kV (TLD-SE). The entire sample was coated with gold before SEM
analysis.

2.6.2. X- ray diffraction (XRD) analysis

XRD patterns were recorded on Philips PW 3050/10 model. The
sample was recorded on a Philips X-Pert MMP diffractometer. The
diffractometer was controlled and operated by a PC computer with the
programs P Rofit and used a MoK (source with wavelength0.70930 A°,
operating with Mo-tube radiation at 50 kV and 40 mA.

3. Result and discussion

Synthesis of silver nanoparticles by reduction of silver nitrate using
aqueous leaf extract of jungli tulsi can be easily monitored during the
reaction from the change in colour of reaction mixture. Silver nano-
particles bear the characteristic yellow to brown colour due to colour
reaction as presented in Fig. 1 which indicated the formation of nano-
particles. This formation indicates that the Ag(I) converted into Ag (0)
having the size of nanorange [38]. Studies have indicated that bio-
molecules like proteins, carbohydrates, flavonoids and phenols not only
play a role in the capping of the nanoparticles, but also play an impor-
tant role in reducing the ions to the nano size [39,40]. SEM images of
silver nanoparticles have shown in Fig. 2 (A, B,C) which have indicated
that morphologically the silver nanoparticles are spherical as well as rod
like of various sizes (6.13-32.04 nm) and the average size of nano-
particles was calculated to be of 15.76 nm. The SEM image shows
agglomeration of individual silver nanoparticles. A closer look at the
agglomerated rod shape and spherical structure of silver nanoparticles
shown in Fig. 2A and B. Spherical nanoparticles with the range
22.92-41.50 nm were prepared using another species of Ocimum namely
Ocimum sanctum in an earlier work. [41]. In an another work [42] the
average size of green synthesized silver nanoparticles using leaf extract
of Ocimum sanctum was reported to be of 42 nm. Singh et al. have re-
ported green synthesis of silver nanoparticles using sun dried tulsi leaves
and its catalytic application for 4-Nitrophenol reduction [43]. Interest-
ingly, the average particle size in the present study (15.76 nm) using
Ocimum canum was found quite smaller than the size of particles syn-
thesized by Ocimum sanctum. Similarly, the morphology is also different
from nanoparticles synthesized by similar methods [38].

3.1. XRD analysis

From XRD it was evaluated that BM exhibits crystalline nature with
prominent peaks (Fig. 3). The grain size corresponding to intense peak
was determined using Scherrer’s relation [44] and found that the
average particles size is 15.72 nm. (See Table 1)

kM
"B cosd

@

Here k is Scherrer constant having value 0.94, A is the wavelength of X-
ray, B is full width at half maxima (FWHM) which is calculated by fitting
a single Gaussian curve, 0 is Bragg diffraction angle and D is the particle
size. Fig. 3 illustrates a typical XRD spectrum of silver nanoparticles
prepared by the green method.

Biochemistry and Biophysics Reports 24 (2020) 100848
3.2. Antibacterial activity

E.coli was selected to assess antimicrobial activity of silver nano
particles. Pure E. coli culture was taken. Nutrient broth was prepared
and a loop full of inoculum was taken from L.B. Agar plate to inoculate
10 ml of the Nutrient Broth. The broth was allowed to incubate over
night. Salmonella Shigella agar was prepared by mixing 6.3 gm in 100
ml distilled water and was heated till boiling. Autoclaved petri plates
were taken and S.S. agar was poured in plates and allowed to settle
down. 100 pl of the broth was taken and poured on the prepared S.S.
agar plate. Spread plate method was used for culture. Gel puncture was
used for creating wells. Different concentration dose were prepared
using standard 200 ppm solution in acetone which have been prepared
by dissolving 02 g of the silver nanoparticle in 1000 ml of acetone. 20 pl
nanoparticles sample of 10 ppm, 20 ppm and 30 ppm was loaded in each
well. The plates were incubated for 24 h at 28 °C in incubator. Zone of
inhibition was determined after overnight incubation (seeTable 2).

The data pertaining to the biological activity of silver nanoparticles
against E. coli bacteria are presented in Table 2 and Fig. 4 which indicate
that the minimum zone of inhibition of the bacterium (1.7 cm) was
observed at 10 ppm concentration of silver nanoparticles while this zone
was found maximum (2.45 cm) at 30 ppm concentration of AgNPs. The
zone of inhibition caused by 20 ppm concentration of nanoparticles
ranges in between. Thus the maximum ZOI of 2.45 cm was recorded at
30 ppm concentration (Fig. 4).

4. Conclusion

To conclude, this study exhibits one step innovative green approach
for the synthesis of silver nanoparticles from jungle tulsi leaf extract. The
method stand out primarily due to the fact that it is eco-friendly and
advantageous over the conventional physical and chemical methods.
These particles are anticipated to have extensive applications in various
industries. The formation of silver nanoparticles was confirmed by the
colour change. The silver nanoparticles formed were quite stable in
solution. The morphological studies by SEM show that the silver nano-
particles are spherical and rod shaped. The particle size and crystalline
nature were determined by XRD. The carbohydrates, flavanoids and
poly phenols constituents present in leaf extract act as the surface active
stabilizing molecules for the synthesis of silver nanoparticles. The plant
material used is of wide occurrence as a weed and as far as known used
for the first time in green synthesis of nanoparticles. It is quite significant
that finer particles can be prepared using Ocimum canum than the other
species of this genus. The method was unique and cost effective. Still
more clinical trials are needed to support its therapeutic uses.
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