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ABSTRACT

A green approach was used for synthesizing Silver-NPs by the extract of Artocarpus heterophyllus leaves. The effect of
Artocarpus heterophyllus leaf extract was investigated. A Powder XRD study has been used to analyze the structure and
particle size of as-synthesized Silver-NPs. According to the powder-XRD study, the as-prepared Silver-NPs possess an
FCC structure and have a particle size of 23nm. The possible bio-reducing agents within the leaf extracts were confirmed
using FTIR spectral analysis. The characteristic surface plasmon resonance signal of the as-synthesized silver nanoparticles
was detected at 450 nm using UV-Vis spectroscopic analysis between the wavelength range of 300 and 800nm. An
emission peak was observed at 472nm in the PL investigation, indicating the fluorescent emission of Silver-NPs. The
FESEM analysis has been exploited to inspect the morphological aspect of biosynthesized silver-NPs. According to
FESEM micrographs, the biosynthesized NPs were found to have spherical shapes. Using the agar-well process, the
antibacterial efficacy of biosynthesized Silver-NPs was examined. The prepared Silver-NPs exhibited a better antibacterial
efficacy against E.coli than against S.typhi. It's also been observed that when the concentration increased, the antibacterial

activity increased as well.
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1. INTRODUCTION

Nanotechnology is indeed an interdisciplinary field of
study that combines key concepts from numerous fields
such as physical sciences, biological sciences and
engineering to develop unique methodologies for
manipulating tiny particles and producing
nanostructures. Nanotechnology is concerned with the
production, advancement, and exploitation of a wide
range of nanoparticles. Because of its applications in
biology, health, biomedical, electronics, environmental
sectors, sports, and the food industry, biosynthesis and
characterization of metal nanoparticles is an emerging
topic of nanotechnology [1-3]. Owing to the huge
surface-to-volume ratio, nanoparticles have better optical
properties because they can be smaller enough to trap
electrons and induce quantum effects, allowing for clean
detection [4]. Silver nanoparticles have remarkable
physical, chemical, and organic traits amongst different

metal nanoparticles. Extensive studies are being carried

out on Silver-NPs owing to their potential applications in
clinical devices, pharmaceuticals, biomedical, water
purification, optical, and household items [5-7]. Silver-
NPs have different natural applications significantly
antimicrobial, antimalarial, anti-inflammatory, wound
recuperating, Chemopreventive agent, and so on [8, 9].
Silver-NPs and silver-based materials are exceptionally
harmful to microorganisms. Silver is known for inhibiting
a wide range of bacterial strains and pathogens commonly
seen in clinical and mechanical settings [10]. Since Silver-
NPs have antibacterial and antifungal characteristics, they
have a wide range of uses in medication development,
burn infection prevention, and disinfection [11].

For the amalgamation of Silver-NPs, a variety of
approaches are available, including chemical, physical,
and bioreduction procedures [12, 13]. Physical and
chemical techniques are rather hazardous and expensive,
while biological techniques are eco-friendly, secure, and
less difficult for nanoparticle synthesis [14]. The concern
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with chemically producing silver nanoparticles is that
they have a short lifespan owing to clustering. The silver
nanoparticles generated in the majority of cases are highly
unstable, necessitating the inclusion of an additional
capping agent to ensure stability. Hence, due to the
abrasiveness of traditional chemical procedures,
biological organisms have been used to convert silver ions
in solution into colloidal nanostructures. Also, with
biosynthesis technique, the size characterization and
toxicity of a compound can also be adjusted. It could be
accomplished by employing appropriate solvents and
herbal resources, such as organic products. Presently,
diverse biological entities such as bacteria, fungi, yeast,
plant products are extensively used in eco-friendly
approaches for the generation of nanoparticles. Among
the green synthesis methods, exploitation of plant
extracts is an easy and clean method to synthesize metal
NPs at a large scale compared with the microorganism or
fungi-mediated methods. Furthermore, the leaf extracts
themselves serve as capping as well as reducing agents,
lowering the overall cost of the process. Plant-mediated
nanoparticle synthesis is fairly quick because, unlike
microbial synthesis, it does not require the use of
particular media or growth conditions. Silver-NPs
synthesized through this approach are quite stable
because of plant peptides and proteins. The biological
aspect of the biosynthesized NPs relies on different
elemental features like size, shape, morphology, cell
agglomeration, and reducing agent utilized in the
amalgamation of nanoparticles.

Various research groups have reported green methods for
synthesizing Silver-NPs by means of plant extract.
According to prior reports, Silver-NPs were synthesized
via leaves extract such as Calliandra Haematocephala,
Carica papaya, Carissa Carandas, Carya illinoinensis,
Morinda

Pedalium murex,

Clerodendrum
Citrifolia,

Petroselinum crispum, Prosopis Juliflora, and Phlomis

inerme, Ixora coccinea,

Origanum  Vulgare,

[15-26]. In the context of the previous works, we have
used an extract of fresh Artocarpus heterophyllus (Jack fruit)
leaves as both a bioreductant and a capping agent to
synthesize silver-NPs. The jackfruit tree is a member of
the mulberry family. The tropical and subtropical parts of
the world, particularly Southeast Asia, are home to this
tree. The fresh leaf Artocarpus heterophyllus offers a wide
range of medicinal qualities, including diabetes
prevention, antioxidant protection, and anti-aging. It's

also high in potassium, which helps to keep the blood

pressure and heart rate in check. Several authors have

documented the green synthesis, spectral
characterization, surface morphology, and antimicrobial
properties of the Silver-NPs in their backyards [27,28]. In
this study, we used powder-XRD analysis to identify the
structure and size of synthesized Silver-NPs, UV spectral
study to confirm the formation of the compound, PL
spectral study to identify the optical emission, FTIR
analysis to evaluate the existence of functional groups,
FE-SEM analysis to analyze the surface morphology, and

antibacterial study to analyze the antibacterial effects.

2. EXPERIMENTAL

Fresh leaves of Artocarpus heterophyllus (Jack fruit) were
harvested from the central region of kalpakkam, Tamil
Nadu, India. The leaves of Artocarpus heterophyllus are
shown in Figure 1. The recovered leaves were soaked in
distilled water and dried completely to remove any dirt
and other contaminating organic content. 100g of fresh
leaves were finely chopped and ground, then mixed with
20ml distilled water to form a fine paste. The essence
was extracted by squeezing the paste and then heated to
60 degree for an hour. The hot extract was finely filtered
using 0.45um filtrate once it had cooled sufficiently. The
final extract has been taken in a borosil beaker and kept
at room temperature.

Fig. 1: Fresh leaves of Artocarpus heterophyllus

The title compound was synthesized using 0.1 molar
solution of AgNO; diluted in 40ml of distilled water. To
40ml of 0.1 molar solution of AgNO;, 10ml Artocarpus
heterophyllus leaves extract was added. The mix was then
thoroughly = stirred for about 7-10 min at room
temperature. The mixed solution changed its colour
from light to brownish-black, revealing the growth of
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Silver-NPs. The leaf extract of Artocarpus heterophyllus and
observed colour change by the addition of AgNO; are
shown in Fig.2. The synthesized nanoparticles were
agitated for about 10 minutes at 10,000 rpm. Silver-NPs
were collected after draining the supernatant. The
obtained nanoparticles were allowed to dry after being
cleaned with a little amount of ethanol and heated in
Mantle Heaters. The prepared NPs were used for further
characterization studies.

Fig. 2: (a) Leaf extract of Artocarpus heterophyllus
(b) AgNO3-induced color shift

3. RESULTS AND DISCUSSION

3.1. Powder-XRD Method

Powder-XRD analytical method has been employed to
confirm the formation and the structure of green
synthesized Silver-NPs. Figure 3 illustrates the plot of
XRD data of green synthesized Ag-NPs. In this plot,
prominent peaks were indexed based on the FCC
structural report (JCPDS file no 04-0783). Silver-NPs
have intense diffraction peaks at (111), (200), (220), and
(113), which correspond to the two theta values of
38.09, 46.37, 64.66, and 77.2 degrees, correspondingly.
Data acquired for the peaks is consistent with the FCC
structural report (JCPDS file no 04-0783). The Debye-
Scherrer equation D = kA/Bcos? has been applied to
compute the typical size of the NPs [29]. In the equation,
D denotes the particle size determined from the XRD
plot, ¥ denotes Bragg’s angle in degrees, A denotes X-
ray’s wavelength, 8 denotes angular width of the
diffraction pattern about half maximum, and k denotes
the constant of Debye-Scherrer equation. In this analysis,
the typical size of the synthesized samples has been
determined to have around 23nm. Moreover, the
appearance of diffraction patterns, as well as the average
particle size (23nm), clearly shows that Ag-NPs are
formed by this green procedure.
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Fig. 3: Powder XRD spectrum of green synthesized Silver-NPs

3.2. FT-IR Spectroscopy

FT-IR is the constructive spectroscopic technique of
providing information about the chemical bonding of
solids and thin films [30]. The presence of bio-molecules
and stability of the metal NPs were identified using FT-
IR measurements. Figure 4 illustrates the FT-IR spectra
of the synthesized nanoparticles. Absorbance bands of
Artocarpus heterophyllus are found near 3304cm’' for O-H

stretch, 2164cm™ for C=C alkynes stretch, 1980cm™
for C-H aromatic bending, 1633cm™ for C=0O amides
stretch, 1381cm™" for C-H alkane bend, and 963cm™' for
C=C alkene bend. According to the FTIR analysis, the
carboxylic acid (-OH), Aromatic (C-H), and Amides
(C=0) groups of Artocarpus heterophyllus leaves extract
are primarily engaged in the transformation of Ag+ to
Silver-NPs.
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Fig. 4: FT-IR spectrum of Silver-NPs

3.3. UV-Vis Spectral Study
UV-Vis spectral analysis is used for measuring the
magnitude of a wavelength absorbed by a given material
in the UV-Visible range [31]. A Jasco UV-Vis-NIR
spectrophotometer with a scan rate of 200nm-min"' was
Uuv-Vis UV-Visible
recorded in solution between

used for analysis. spectrum
the

wavelength ranges 300 to 800nm was used to evaluate

an aqueous
the development of the reaction involving metal ions as
well as the leaves extract.
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Fig. 5: UV-Vis curve of Silver-NPs

Figure 5 illustrates UV-Visible waveform of silver-NPs.
An intensive characteristics absorbance peak near
450nm has been found in this curve. This characteristic
absorbance peak is because of Surface Plasmon
Resonance (SPR) effect within synthesized sample [32-
34]. An important feature of silver-NPs is that the
resonance peak may appear in the wavelength range 400
to 570nm. As a result, the generation of silver -NPs is
well documented by the occurrence of the SPR peak
near 450nm in the recorded spectra. Previously, it has
been reported that the appearance of resonance peaks in
the range 400-450nm of UV-Vis spectrum correspond
to the metal NPs with a spherical form [35]. In our case,
occurrence of a resonance peak around 450nm there in
UV curve confirms that silver-NPs are spherical, which

agrees well with our FESEM investigation.

3.4. Photoluminescence Study

Photoluminescence spectroscopy (PL) is a versatile
method for analysing a compound's electronic structure
and optical properties [36]. The colloidal Silver-NPs
were uniformly dispersed in an aqueous solution, and
the corresponding spectrum was obtained for the
excitation wavelength of 420nm. The recorded PL
synthesized  Silver-NPs
Artocarpus  heterophyllus leaves extract is illustrated in

spectrum  of green from
Figure 6. From the plot, a highly intensive emission
peak has been observed at 472nm. After that, the
intensity of emission gradually decreases upto 600nm
and reaches a minimum. Jiang et al. have reported that
the emission peak in the water phase was formed at

465nm in the PL spectra [37]. Hence, in the present
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case, the emission peak formed at 472nm in the PL

spectrum is slightly red-shifted.

3.5. FE-SEM Analysis

FE-SEM technique is used to detect structures as small
as Inm and to visualize the topographic details of any
objects. For this purpose, prepared samples were coated
with an extremely thin layer (2nm) of gold palladium.
The coating on the sample forms a conductive layer
which improves the secondary electron signals and also
protects the sample from overheating. The morphology
of the sample is replicated by the appearance of a real-
time image on the FE-SEM screen. Fig. 7 illustrates the
FE-SEM micrographs of the green synthesized Ag-NPs.
Fig. 7a illustrates the observation of the nanoparticles at
30.0 K X magnification; Fig. 7b illustrates the view at
50.0 K X magnification; Fig. 7c at 80.0 K X
magnification and

the Fig. 7d at 100.0 K X magnification over the width of
5.8mm of the sample at the working voltage of 5KV.
The FE-SEM micrographs (Fig. 7a & b) confirm the
agglomeration of nanostructural homogeneities over the
surface, with a particle size of 23nm on average.

Micrographs (Fig. 7c¢ & d) show that the detected NPs
are nearly spherical shape, which is consistent with
previous investigations [38].
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Fig. 6: PL spectrum of Silver-NPs

Fig. 7: FE-SEM micrographs of Silver-NPs with different magnifications
3.6. Antibacterial Study

Silver-NPs have emerged as an effective antibacterial

against multidrug-resistant bacteria because of its huge
surface-to-volume ratio in addition to the distinctive
physiochemical characteristics [39]. Moreover, Silver-

NPs can pass through bacterial cell walls, altering the
structure of cellular membranes and even perhaps
resulting in cell death [40]. The antibacterial ability of
biosynthesized Silver-NPs against two bacterial species,
Escherichia coli and Salmonella typhi, was examined in
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this study using Mueller-Hinton agar plates. Briefly,
sterile agar medium was poured in a sterile petridish
aseptically and allowed for solidification for 30 minutes.
Over-night bacterial culture was inoculated in the
medium, and Silver-NPs were loaded in the well and
the dishes were incubated with 37°C about 24 h in
bacterial incubator. Just following the incubation time,
the zone of inhibition was identified surrounding the
well. Antibacterial ability of the biosynthesized Silver-
NPs had been observed by determining the diameter of
the zone of inhabitation. Antibacterial ability of the
biosynthesized Silver-NPs had been tested for three

distinct concentrations 20, 40 and 60ul. Briefly, E. coli
has shown the zone of inhibition for 20ul, 40ul and 60ul
loaded Silver-NPs samples as 6mm, 10mm and 12mm,
respectively.  Similarly, we have performed the
antibacterial effect of synthesized NPs against S.typhi,
and the inhibition zone was noted for 20ul, 40ul and
60ul loaded Ag-NPs samples as 4mm, 7mm and 9mm,
correspondingly, and are shown in Fig. 8. According to
the findings, the biosynthesized Silver-NPs had more
effective antibacterial action against E.coli than against
S.typhi. Also, it has been observed that the antibacterial
activity increases by increasing the concentration.

Fig. 8: Antibacterial ability against (a) E. Coli, and (b) S. typhi for 20ul, 40ul, and 60ul Ag-NPs

4. CONCLUSION

In this investigation, we adopted a green technique to
synthesise ~ Silver-NPs, by means of  Artocarpus
heterophyllus leaves extract. Powder XRD analysis, FT-
IR spectroscopy, UV-Visible spectroscopy, PL study,
FE-SEM analysis, and antibacterial assays have been used
to further characterise the nanoparticles. According to
powder XRD analysis, the green synthesized Ag-NPs
possess FCC structure and have particle size 23nm. FTIR
spectroscopic analysis confirmed the existence of
functional groups and generation of Ag-NPs. In UV-Vis
absorption curve, the SPR Peak was observed around
418nm, revealing the amalgamation of Ag-NPs. In PL
spectral  investigation,  the  green  synthesized
nanoparticles were found to be photo-luminescent with
an emission peak at 472nm that was slightly red-shifted.
FE-SEM analysis revealed that the surface of the
biosynthesized nanoparticles seemed to be spherical in
shape. Artocarpus heterophyllus leaves extract-assisted
green synthesized Silver-NPs have shown significant
antibacterial efficacy against gram-negative pathogens in

an antibacterial assay. Based on our investigation,
Artocarpus  heterophyllus leaves —extract-assisted green
synthesized Silver-NPs might be used as a coating in
surgical tools and hand tools to avoid especially gram-

negative bacterial contamination.
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