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In the present investigation, a detailed study on the synthesis, characterization and application of Gold Nanoparticles
(GNPs) using medicinally important plant Salacia fruticosa is reported for the first time. The aqueous leaf extract of S.
fructicosa was used as reducing agent for more rapid, facile, cost-effective and eco-friendly synthesis of metallic GNPs.
The synthesis of gold nanoparticles was done by treating the different concentrations of aqueous Gold (III) chloride
trihydrate(HAuCl4)solution with the plant leaf extract at physiological condition (pH 7.4). The formation of GNPs was
studied by varying the metal salt concentrations in the reaction medium and was initially confirmed by UV-visible
spectroscopy by measuring the peak between 400-700 nm. The GNPs synthesised at optimised gold salt concentration
showed a peak at 545 nm. X-ray diffraction (XRD) analysis displayed Bragg’s peak conferring the 310, 310, 330, 420
and 422 facets of the face centered cubic symmetry of nanoparticles suggesting that these nanoparticles were crystalline
in nature. Possible interaction of phytochemicals in mediating and stabilization of nanoparticles was confirmed with
Fourier transform infrared spectroscopy (FTIR). Size and shape of the nanoparticles was determined using Transmission
electron microscopy (TEM) with size ranging from 20-50 nm. The plant S. fructicosa may found to be quite competent
for the purpose of commercial gold nanoparticles production, since it is synthesized extracellular as well as rapidly. This
work also presents a scientific support for the antibacterial activity of the gold nanoparticles against bacterial pathogens
Staphylococcus aureus and Pseudomonas aeruginosa and consequently it may be used to discover the potential applications
in the treatment of the infection caused by other microbial pathogens.
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research due to unique properties which made them use
in divergent field of biological sciences (Vishwanatha et

al., 2018; Yousaf et al., 2020).

Nanotechnology is emerging as a rapidly growing field
and has received enormous amount of interest in recent
years. This it developed as a part of material science which
deals with the development of new improved materials
in nanometre scale. Nanoparticles (1-100nm) being a
fundamental building blocks of nanotechnology exhibits
unique physicochemical properties compared to the bulk
materials. Among noble metal nanoparticles, GNPs has an
increasing interest and is considered an important area of
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GNPs have a wide application in drug delivery, tissue or
tumour imaging, photo thermal therapy, diagnostic and in
hyperthermia. Therefore, there is a lot of scope to develop
eco-friendly process for the GNPs synthesis which has
advantageous over physical and chemical methods
of synthesis (Keshavamurthy et al., 2017). Biological
synthesis of GNPs from plant materials, microorganisms
and enzymes is simpler and eco-friendlier when compared
to physical and chemical methods. Among the different
synthetic methods in biological synthesis, phytochemicals
mediated approach has been gaining significance in
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the recent years due to its renewable and eco-friendly
nature (Nishanthi et al., 2019; Akintelu et al., 2020; Vaid
et al.,2020).

The synthesis of GNPs involves the bioreduction of
Au (III) to Au (0) by plant metabolites in aqueous
medium with mild reaction conditions (Awad et al.,
2019; Balasubramanian et al. 2020). Plant mediated
nanoparticles synthesis is rapid and is cost effective
in comparison to microbial mediated synthesis
of nanoparticles which are slow rate of synthesis
(Srinath and Ravishankar 2014). Biosynthesis of
GNPs by plants such as Azadirachta indica, Emblica
officianalis, Aloe vera, Cinnamomum camphora,
Magnolia kobus,Mangifera indica, Ocimum sanctum,
Amaranthus spinosus, Garcinia combogia, Lantana
camara, Pterocarpus santalinus, Terminalia bellerica
have been previously reported. However, standardization
of experimental conditions is necessary to control the
size, shape and dispersity of the nanoparticles (Shankar et
al., 2004; Ankamwar et al., 2005; Chandran et al., 2006;
Huang et al., 2007; Song et al., 2009; Philip et al., 2010;
Daizyet et al., 2011; Ratul et al., 2012; Anish et al., 2014;
Dash et al., 2014; Keshavamurthy et al., 2017; Kumar et
al., 2018; Awad et al., 2019; Sherin et al., 2020).

Salacia fruticosa is an angiospermic herb belongs to
the family Celastraceae. It is important medicinal plant
which is traditionally being used in Ayurveda and is
found in western ghats of India and mainly seen in the
states Karnataka, Kerala and Tamil Nadu. Their leaves
are simple, opposite, entire estipulate, 2-3 cm broad, 4-8
cm long and fruits are widely consumed by Kanis, the
primitive indigenous tribal community residing in the
Agasthyamala Biosphere Reserve of Southern Western
Ghats (Saravanan et al., 2015; Subin et al., 2018). The
research community in India has not given due emphasis
to this plant due to limited literature on the diversity,
distribution, phenology and its uses. Hence the present
investigation was undertaken to explore the potential
use of this plant in the synthesis and formation of gold
nanoparticles deserves a special attention.

In the present study, we have reported simple, rapid,
facile, stable, eco-friendly and cost-effective method
for the biosynthesis of GNPs by using aqueous leaf
extract of medicinally important plant S. fructicosa as a
reducing and stabilizing agent. We also investigated the
stability of GNPs, therefore carried out green synthesis
of GNPs by treating the aqueous leaf extract with varied
gold salt concentrations at physiological conditions
(pH 7.4). The GNPs synthesised at optimised gold salt
concentration was further characterized by using UV-
visible spectroscopy, XRD, FTIR and TEM. The present
study also emphasizes on the screening of GNPs against
selected human pathogenic bacteria (Dudhane et al.,
2019; Akintelu et al., 2020; Rautray and Rajananthini
2020).

MATERIAL AND METHODS

Gold (IlI) chloride trihydrate (HAuCl,.,H,0, 99.99%)

and other components were purchased from Hi Media
Laboratories Pvt. Ltd. and Sigma-Aldrich, Mysuru,
India. Taxonomically authenticated fresh leaves of
Salacia fruticosa was collected from Western Ghats of
Subramanya (12°39’38" North Latitude 75°36'32” East
Longitude) near Sakaleshpura, Karnataka, India. About
10g of fresh S. fruticosa leaves were weighed and washed
twice with tap water and followed by distilled water to
remove mud, dust particles and other pollutants. The
leaves (Figure 1 a) were cut into small pieces and boiled
with 90 mL of double distilled water and kept on boiling
water bath (Keshavamurthy et al., 2017).

Figure 1: a. Salacia fruticosa plant b. Leaf extract

Figure 2: UV-Visible spectrum of Gold nanoparticles
showing effect of different concentrations of HAuCl4 (0.5
mM to 2.0 mM) on GNPs biosynthesis. Inset shows the
colloidal suspension of GNPs at different concentrations
of HAuCl,.
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The temperature was maintained at 60°C for 15 min
to facilitate the formation of aqueous leaf extract.
The extract was filtered using What mann No. 1 filter
paper. The filtrate (Figure 1 b) was stored at 4°C until
further use (Keshavamurthy et al., 2017). The fresh leaf
extract was used as a reducing and capping agent for
the synthesis of GNPs. The green synthesis approach
employed for the synthesis of GNPs is explained briefly
as follows; 1mL of aqueous leaf extract was added to
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4mL of gold salt solution (0.5 mM, 1 mM, 1.5 mM and 2
mM concentration) and the solutions were incubated at
room temperature (28°C) under physiological condition
(pH 7.4).

The bioreduction of the gold ions was monitored by
measuring the solutions in UV-visible spectroscopy.
Two controls were maintained at the same experimental
conditions, one leaf extract without HAuCl4 and another
control was gold salt without leaf extract. The UV-
visible spectrophotometer (Thermo Scientific, Multiskan
Spectrum) was used to record the colloidal suspension of
GNPs in the range of 400-700 nm. The surface plasmon
resonance peaks were assessed for size and distribution
of synthesised GNPs. Deionised water was used as a
blank. The crystalline nature of GNPs was studied by
X-ray diffractometer (Rigakumini Flex 11) by operating
at 30 kV and a current of 15 mA with Cu Ko radiation
(A= 1.5406 A) and the 26 scanning range was of 6-60°
at 5° min'. The FT-IR measurements of the synthesized
GNPs was used to analyze the presence of surface
functional groups on GNPs.

Figure 3: X-ray diffraction pattern of gold nanoparticles
synthesized by leaf extract of Salacia fruticosa
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Samples were recorded in a Perkin Elmer spectrophotometer
at room temperature by scanning it in the range of 4000
cm™ to 400 cm™ at a resolution of 4 cm™.TEM studies
were performed to elucidate the size and distribution of
the biosynthesised GNPs by using a TecnaiG2 spirit Bio
TWIN, Netherland, operating at an accelerating voltage of
20-120 kV. For TEM analysis samples were prepared by
placing a drop of colloidal suspension of GNPs on carbon
coated copper grids. The films on the TEM grids were
then allowed to dry at room temperature before analysis
(Srinath and Ravishankar 2014; Keshavamurthy et al.
2017).The GNPs synthesized from S.fruticosa leaf extract
was tested for its antibacterial activity using standard
disc diffusion method against pathogenic bacteria such as
gram-positive Staphylococcus aureus and gram negative
Psuedomonas aeruginosa the overnight inoculated test
bacterial cultures were swabbed uniformly on the freshly
prepared Mueller-Hinton agar (MHA) plates using sterile
cotton swab.
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The 6 mm sterile discs were placed on solidified media
and 50 pg/mL concentrations of GNPs were poured over
the test discs. The control disc containing deionized water
was also kept on the plate and incubated at 37 °C for 24
h. The antibacterial property of GNPs was determined
by measuring the zone of inhibition around the discs in
diameter (millimeter) after incubation. Chloramphenicol,
a standard antibiotic of concentration 1mg/ml was used
as positive control (Keshavamurthy et al., 2017; Al Saqr
et al., 2021).

RESULTS AND DISCUSSION

Visual Observations: In the current study, the aqueous leaf
extract of S. fruticosa was treated with different gold salt
concentrations at physiological condition (pH 7.4) and
the GNPs formation was indicated by a change in color
from yellow to pinkish red or ruby red depending upon
the size, shape and dispersity of GNPs in the colloidal
suspension (Figure 2).The reaction took only two minutes
for conversion of gold ions into gold nanoparticles.
There was no color change in both the controls (C1 and
C2) and therefore no nanoparticles synthesis occurred
in control tubes. The color change remained stable for
several months at 4°C. Previously, it wasreported that
the wine red color of GNPs in aqueous solution is due to
vibrations of Surface Plasmon exhibited by GNPs.Similar
changes in color during were reported for the synthesis
of metallic nanoparticles in previous studies (Shankar
et al., 2004; Bonigala et al., 2018; Gomathi et al., 2019;
Nayeem et al., 2020).

Figure 4: FTIR spectra of Gold nanoparticles synthesised
by leaf extract of S. fruticosa
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UV-visible spectroscopy: The bio reduction of gold ions
to GNPs was preliminarily observed by appearance of
red color and was confirmed by UV-visible spectroscopic
studies. The UV-Visible spectrum of GNPs colloidal
solution is shown in the Figure 2.The Surface Plasmon
Resonance (SPR) bands centred between 545-560 nm
confirmed the formation of GNPs in the solution. The
salt control and the cell control tube did not show the
peak characteristic for GNPs.

The height of the peak indicates the concentration of the
GNPs produced and the shift of the peak towards higher
wavelength indicates the larger size of the particles.
Further, the sharp peaks and broader peaks indicate
the mono dispersed and poly dispersed nature of GNPs

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

SYNTHESIS OF GOLD NANOPARTICLES USING S.FRUTICOSA 881



respectively. The spectrum of the reaction mixture
containing 1.5 mM HAuCl4 showed a sharp peak in
range of 545 nm with high intensity indicating that
this concentration is optimum for GNPs synthesis. At
concentrations of 0.5, 1.0 and 2 mM HAuCl4, broader
peaks were observed at these salt concentrations with
less intensity. With 1.5 mM gold salt, the peak was sharp
and intensity was high indicating that this concentration
was able to bring about a reduction of gold salt over
almost the whole range. It is hypothesized that; this
concentration was optimum for efficient activity of the
bio molecules that were involved in the synthesis and
stabilization of GNPs. The SPR of GNPs was attributed
to the interaction between free electrons on the metal
surface and incident light(Song et al. 2009; Pimprikar
et al.,, 2009; Aromal et al., 2012; Francis et al., 2017;
Nayem et al. 2020).

Figure 5: TEM image of gold nanoparticles formed at 1.5
mM HAuCl, by leaf extract of S. fruticosa.
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X-ray diffraction analysis: The crystalline nature of GNPs
synthesized was determined by using X-ray diffraction
analysis. Figure 3 show XRD data of the synthesized
GNPs. For GNPs sharp intense peaks observed at 26 values
0f 28.19°, 31.70°, 38.19°, 40.30°, 44.37° correspond to the
Braggs plane(310), (310), (330), (420) and (422), which
confirmed that synthesized GNPs had a face-centered
cubic structure. Thus, the XRD pattern indicates that the
GNPs were crystalline in nature.The average crystallite
size of the GNPs was found to be 25 nm and further
confirmed by TEM analysis. The mean crystallite size was
calculated by applying the Scherrer formula: D=0.9A/B, ,
cos0, where D is the average crystal size, A is the X-ray
wave length (A=1.5406A°), 0 is Bragg’s angle (26), BI/Z
is full width at half maximum (FWHM) in radians. The
unassigned peaks on the surface of GNPs in XRD analysis
might come from the crystallization of bioorganic
molecules (Borchertet al. 2005; Keshavamurthy et al.,
2017; Vishwanath et al., 2018; Umamaheswari et al.,
2018; Doan et al., 2020).

Fourier transform infrared spectroscopy (FTIR):
spectroscopy was employed to deduce the possible
bio molecules involved reduction of Au** to AuO in
the formation of GNPs. Figure3 shows the presence
of different functional groups involved in leaf extract
of S. fruticosa for the bio reduction of gold salt into
biocompatible GNPs. The intense broad absorbance at
3271 cm-1 is the characteristic of the hydroxyl functional

group in alcohols and phenolic compounds. The bands
at 2970 cm'are corresponding to C-H group, 1737 cm’!
is C=0 in esters1633 cm™ corresponds to N-H bending
modes and 1216 cm! is indicative of the presence of ester
carbonyl and phenol.The bands at 1034 cm™' corresponds
to C-0 stretch.This indicates the GNPs synthesized from
S. fruticosa leaf extract are surrounded by some proteins
and plant metabolites like terpenoids, flavonoids and
phenolic compounds. The shifting and reduction in peak
intensity of main absorbance band of GNPs revealed that
biomolecules present in leaf extract were responsible for
the reduction in gold salt which was reported in previous
studies (Zhao et al. 2004; Ramamurthy et al., 2007;
Naraginti et al., 2017; Ahmad et al., 2019).

TEM analysis: TEM analysis was employed to investigate
the morphology, shape, and size of GNPs synthesized
at optimized gold salt concentration (1.5 mM). TEM
micrographs (Figure 5) depicted that GNPs were spherical
in shape and uniformly distributed without significant
agglomeration. Our result was in accordance with the
previous studies done using different plant extract. The
size of GNPs determined by TEM was in the range of
20 to 50 nm. Our results are un accordance with the
previously published reports, where 13-26 nm, 22 nm
size of GNPs were synthesised using different plant
extract (Keshavamurthy et al. 2017; Mollick et al., 2019;
Al Sagqr et al., 2021).

Antibacterial activity: The antibacterial activity of
GNPs was tested by disk diffusion method against
the pathogenic bacteria, S. aureus and P. aeruginosa.
Antibacterial property of GNPs reveals the diameter of
zone of inhibition of 9 mm for S.aureus and 11 mm for
P.aueroginosa. Positive control disc (Chloramphenicol)
shows a zone of 15 mm. The tested bacterial strains
were selected to represent different bacterial machineries
that are present in different arsenals of virulence
factors, besides their noticeable pathogeneses and high
prevalence in human and animal life. The possible reason
for the difference in the diameter of zone of inhibition
observed might be due to their cell wall composition.
Similar findings were found by GNPs prepared by
aqueous extract of Benincasa hispida, against bacterial
pathogens by well diffusion technique (Al Saqr et al.,
2021).

This part of study is a preliminary time bound approach
on the possible utilization of GNPs as an antibacterial
agent. The results obtained in this investigation could
be in support of developing an efficient, alternative,
stable and biocompatible antibacterial agent from metal
nanoparticles to combat drug resistance pathogens.The
antibacterial mechanism exhibited by the GNPs is subject
to the degree of susceptibility of microorganisms. The
GNPs binds to cell wall of bacteria due to electrostatic
interaction thereby penetrates inside the bacterial cell
causes DNA damage and leakage of cell components
is well documented by previous studies. Further it has
also been reported that the interaction of various metal
nanoparticles including GNPs with the amino acid
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cysteine results in generation of reactive oxygen species,
which also promotes bacterial cell death (Nikparast
and Saliani 2018; Selvaraj et al., 2019; Akintelu et
al.,2020).

CONCLUSION

The present investigation envisions the emerging role
of plants for synthesis of metallic nanoparticles by
employing a medicinally important plant S. fruticosa.
The study highlights low cost, reproducible and rapid
method to produces table GNPs at room temperature. The
reaction rate achieved in the synthesis of nanoparticles
is faster than microorganisms mediated synthesis. As
no toxic reducing agents were used and the GNPs were
synthesized at physiological conditions (pH 7.4) this
method is environment friendly and the synthesized GNPs
could be used in biomedical applications. The study also
highlights effect of GNPs as antibacterial agent against
bacterial pathogens conferring the emerging strategy to
combat multidrug resistant microorganisms.
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