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Abstract: The development of an eco-friendly method for the production of nanomaterials is an area
of significant research and commercial interest owing to its numerous applications in various
disciplines. This study used a simple green synthesis approach to produce silver nanoparticles using
Ocimum basilicum seed extract. The optical, structural, and morphological characteristics of the
synthesized silver nanoparticles (Ag NPs) were found using UV visible absorption spectroscopy,
Fourier transform infrared spectroscopy (FTIR), X-Ray diffractometer (XRD), dynamic light scattering
(DLS), field emission scanning electron microscope (FE-SEM), and energy dispersive X-ray analysis
(EDAX). The agqueous medium containing reduced silver ions showed maximum UV absorption at 430
nm in response to the plasmon absorbance behavior of silver nanoparticles. Synthesized nanoparticles
had a spherical shape with an average particle size of 134.04 nm and a face-centered cubic (FCC)
structure. Synthesized Ag NPs showed excellent free radical scavenging activity as evaluated using the
DPPH method. Additionally, the green synthesized silver nanoparticles showed appreciable
antimicrobial activity against gram-positive (Staphylococcus aureus) and gram-negative (Escherichia
coli) bacteria compared to O. basilicum seed extract. Thus, O. basilicum seed extract can be used as a
bio-reducing agent for producing silver nanoparticles and an effective way of using bioactive resources
with their medicinal benefits.

Keywords: silver nanoparticles; green synthesis; Ocimum basilicum; antimicrobial; antioxidant
nanoparticles.
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1. Introduction

Metal nanoparticles have unique properties owing to their large surface area to volume
ratio, a large fraction of surface atoms, surface plasmon resonance behavior, spatial
confinement of electrons, surface energy, and crystalline nature with low imperfections and
differ significantly from their respective bulk materials [1, 2], Such unique properties have
enabled them to be appropriate candidates for a variety of applications including catalysis [3],
biosensing [4], drug delivery [5], food science [6], water purification [7], electrochemical
sensing [8], agriculture [9], nanodevice fabrication [10], amongst others.

Among the various noble metals, silver (Ag) exhibits remarkable antimicrobial,
antiviral and biocompatible properties, showing promising potential for biomedical
applications and those involving microbial resistance, sunscreen lotions, molecular imaging
contrast agent, DNA detection, wound healing, drug delivery, diagnostic and treatment of
https://nanobioletters.com/ 3411
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diseases, and food packaging [11, 12]. The structure, morphology, and composition of silver
nanoparticles (Ag NPs) are unique; Ag NPs linked with the thiol group present in respiratory
enzymes of a bacterial cell can inhibit the respiratory process and lead to cell death [13].

Different approaches have been reported to synthesize Ag NPs, including chemical
reduction, high energy radiation-induced reduction, and biological methods. Nevertheless, it is
well regarded that the biological approach is biocompatible and eco-friendly, and free from
biological risks [14].

Green synthesis of Ag NPs has been reported using a broad range of plant extracts,
microorganisms, and other bio-based sources [15-17]. A non-exhaustive list of recent studies
reporting the synthesis of Ag NPs from various plant extracts and their properties [18—24].
Among the different biological sources, plant extracts are easily available, safe, biocompatible,
and provide good control over morphology and stability [12]. Ocimum basilicum seed
belonging to the Lamiaceae family is an edible ornamental herb grown in tropical and sub-
tropical countries, valued for its phytochemical, nutritional, and health benefits [25, 26]. The
formation of a mucilaginous gel around the epicarp of the seeds, when soaked in water, is a
characteristic property. In traditional medicine, O. basilicum has been used to treat colic ulcers,
dyspepsia, inflammations, relieve indigestion, sore throat, diarrhea, weight loss, constipation,
and diabetes [27, 28]. Also, O. basilicum seeds are known to have good antimicrobial,
antioxidant, and anticancer properties [26, 29].

This study focuses on synthesizing Ag NPs using basil seed extract and assess their
antimicrobial and antioxidant capabilities. In the green synthesis method, proteinous materials
and phytochemicals such as flavonoids, phenolics, saponins, tannins, and alkaloids reduce Ag
ions from the precursor [30, 31]. Further, the optical, structural, morphological, and elemental
characteristics of biosynthesized Ag NPs have been characterized in detail.

2. Materials and Methods

2.1. Chemicals.

Basil seed (O. basilicum) was procured from a local market in Thanjavur, Tamil Nadu,
India. Silver nitrate (AgNO3) was obtained from Sigma-Aldrich, USA. Double-distilled water
was used for all experiments, and all the experiments were carried out in triplicates.

2.2. Preparation of basil seed extract.

Using a hand mixer, 20 g of basil seed was ground and boiled for 1 h at 60°C in 150 ml
distilled water. Then, the extract was cooled and filtered. The filtrate was used to reduce AgNO3
and synthesize Ag NPs. The color and translucency of the extract are presented in Figure 1.
Samples were stored at 4°C until further use.

2.3. Synthesis of Ag NPs.

The green synthesis approach was used for the synthesis of Ag NPs using basil seed
extract. For this, 1 mM of AgNOs precursor solution was prepared using double distilled water.
Then, 10 ml of basil seed extract was added slowly to the precursor solution. The reaction was
kept at 60°C under constant stirring. The pH of the solution was found to be 7.2. The sample
was collected at every 10 minutes interval. After 20 minutes, the color change (from colorless
to reddish-brown) was observed, indicating the formation of Ag NPs.
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2.4. Characterization of biosynthesized Ag NPs.

Preliminary confirmation of the bioreduction of AgNOs to Ag ion in an aqueous
medium was performed using the UV-visible absorption spectrum of the solution obtained at
different time intervals. The UV-visible absorption spectrum was obtained from 200 to 700 nm
at a resolution of 1 nm using a UV-vis spectrophotometer (UV 1800, Shimadzu Scientific
Instruments Inc., Japan). Distilled water was used as a blank for this study. Ag NPs on the
solution were washed with ethanol by centrifugation and dehydrated for 12 h in a hot air oven
at 60° C and subjected to further characterization. Chemical analysis was carried out by placing
the dehydrated samples in attenuated FTIR sample holders and obtaining the transmittance
spectrum in the wavelength ranging from 4000-400 cm™ at 4 cm™ resolution using an FT-IR
spectrometer (Spectrum Two, PerkinElmer, Inc., Japan) averaging 60 scans. The average
particle size, PDI (Poly Dispersity Index), and zeta potential of green synthesized nanoparticles
were characterized using a Zeta sizer nano-series (Malvern ZS90, Malvern Instruments Ltd,
UK) after dispersing synthesized Ag NPs in water by ultra sonicator. The crystal structure and
phase purity of synthesized Ag NPs were analyzed using an X-ray diffractometer (D8 Focus,
Bruker, Germany). The average crystal size was determined using the following Debye
Scherrer’s equation [32].

D=KA/Bcos20 Eq. 1
where D is the crystallite size (nm), A is the wavelength of the X-ray radiation, K (= 0.9) is the
crystallite-shape factor, B is the full width at half maximum of the diffraction peak and 6 is the
diffraction angle.

The morphology of synthesized Ag NPs was analyzed using Field Emission Scanning
Electron Microscopy (FE-SEM) on a JEOL microscope (JEOL 6390, JEOL Inc., Peabody, MA,
USA) at an accelerated voltage of 20 kV. Previously, the dried Ag NPs were placed on the
sample holding stub using carbon double side adhesive tape and sputtered with gold using a
vacuum sputter coater (JFC-1600 Auto fine coater, JEOL, Ltd., Tokyo, Japan).

2.5. Antimicrobial activity.

The antimicrobial activity of the green synthesized Ag NPs prepared using basil seed
extract was assayed by the well diffusion method. The antimicrobial effect of synthesized Ag
NPs was checked against pathogenic bacteria Staphylococcus aureus (S. aureus) and
Escherichia coli (E. coli). First, the pure bacterial culture was sub-cultured in nutrient broth.
Then, the bacterial strain was uniformly spread over the nutrient agar medium using an L-
shaped glass rod. Around 6 mm wells were punctured on the nutrient agar plates. A 50 ul of
synthesized Ag NPs was poured on the well using a micropipette. The basil seed extract was
used as the positive control, and water was used as the negative control. The plates were then
incubated for 24 h at 37°C. The region of inhibition of bacteria surrounding the well was
measured after the incubation period.

2.6. Antioxidant activity.

The free radical scavenging activity of the synthesized Ag NPs was studied using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) method. Previously seed extract and synthesized Ag
NPs were dehydrated using a refracting window dryer to obtain dry powder [33, 34]. To
compare the free radical scavenging activity of synthesized Ag NPs with that of seed extract

https://nanobioletters.com/ 3413


https://doi.org/10.33263/LIANBS112.34113420
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS112.34113420

and vitamin C, 1 mg of each sample was added in water and sonicated. Then, 100 ul of each
sample was kept for reaction with 300 pl of 0.1 mM DPPH in methanol solution. For control,
100 pl methanol was mixed with 300 pul DPPH solution. Then, the reaction mixture was kept
in an orbital shaker incubator at 37°C for 30 minutes under dark conditions. After incubation,
the absorbance of each sample was determined at 517 nm using UV visible absorbance
spectroscopy. Methanol was kept as the blank for UV absorption.

3. Results and Discussion

3.1. Characteristics of synthesized Ag NPs.

Upon adding the basil seed extract to the precursor solution (AgNQ:3), the color changed
from colorless to reddish-brown after 20 minutes, explaining the formation of Ag NPs. The
preliminary confirmation of the bioreduction of AgNO3 to Ag™ ions in an aqueous medium was
done using the UV-visible absorbance spectrum of sampled aliquots at different time intervals.
The maximum absorbance was observed at 430 nm. Further, the growth of nanoparticles
resulted in the color change from dark red to brown. These color changes occur due to
excitation and the surface plasmon resonance behavior of Ag NPs [35]. It was observed that
there was no significant color change after 90 minutes, indicating the completion of the
bioreduction reaction (Figure 1). The UV-visible spectrum of samples withdrawn at different
time intervals is shown in Figure 2. The peak obtained at 430 nm (Amax) relates to the
maximum absorbance of Ag NPs [36, 37]. The intensity of the peak increased with incubation
time, indicating the increase in absorbance at the maximum wavelength (430 nm) as a function
of time. The bandgap energy for the synthesized Ag NPs was found to be 2.91 eV,
corresponding to the obtained wavelength according to Eq. 2 [38].

E=hc/A Eq.2

where E represents bandgap energy, h is Planck’s constant, ¢ is the speed of light, and

A is the maximum wavelength of the absorption peak.

Figure 1. Biosynthesis of Ag NPs (a) basil seed extract; AgNOs solution added with basil seed extract at
different time intervals: (b) 0 minute; (c) 30 minutes; (d) 40 minutes; (e) 50 minutes; (f) 60 minutes, and (g) 90
minutes.
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Figure 2. UV visible absorption spectra of biosynthesized Ag NPs at different time intervals.
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Further, the FTIR data (Figure 3) reveals that absorption bands at 3340, 2930, 1590,
and 1415 cm™ are attributed to O-H stretching phenol, C—H stretching alkane, N-H bending
amine group, and C-H deformation, respectively. The absorption band at 647.53 cm
corresponds to C-H stretching. Some of these functional groups are related to proteins found
in the extract that act as the capping material of the silver nanoparticles and flavonoids in the
extract that act as the reducing agent [39, 40].
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Figure 3. FTIR spectrum for biosynthesized Ag NPs.

The hydrodynamic particle size distribution, PDI, and zeta potential of biosynthesized
silver nanoparticles were determined (Figure 4 (a) and 4 (b)). The average particle size, PDI,
and zeta potential of the synthesized silver nanoparticles were around 131 nm, 0.3, and —25.7
mV, respectively, at pH 7.2. This negative value confirms the repulsive effects among the
particles. These results indicate that the synthesized particles are fairly stable since the surface
potential explains the stability of nanoparticles.
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Figure 4. (a) Particle size distribution for biosynthesized Ag NPs; (b) Zeta potential for biosynthesized Ag NPs.

The crystalline nature and average crystal size of the biosynthesized Ag NPs were
determined through x-ray diffraction analysis (Figure 5). Three distinct diffraction peaks at
38.19°,44.24°,64.43°, and 77.34° were observed, and these correspond to the index crystalline
planes (111), (200), (220), and (311) and indicate the face-centered cubic lattice structure of
the silver nanoparticle confirmed with reference number 96-901-1608 [41-43]. The average
crystal size of Ag NPs was found to be 6.4 nm using Debye Scherrer’s equation. Some other
small peaks were obtained in the XRD pattern, and these might be due to the presence of
bioactive compounds over the Ag NP’s surface.
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Figure 5. X-ray diffraction pattern for biosynthesized Ag NPs.

The FESEM images of the synthesized silver nanoparticles are shown in Figure 6 (a).
The nanoparticles were found to be spherical, with particle sizes ranging from 10 to 80 nm.
Similarly, recent studies reported green synthesized nanoparticles with sizes ranging from 8
to 14 nm [19] and 18 to 30 nm [21] using aqueous leaf extract. The average diameter of the
green synthesized Ag NPs was around 34.04 nm (average of 60 particles). The difference in
particle size obtained by FESEM and DLS is due to the limited number of particles used for
measurement, whereas DLS measure every particle in the sample. FESEM analysis showed
relatively monodispersed particles in agreement with DLS and PDI value (0.3). The clustering
of Ag NPs was observed in the FESEM image, possibly due to the sample preparation
procedure. Nevertheless, there is no probability for particle aggregation or agglomeration as
explained through the zeta potential value -25.7 mV, representing high electrostatic repulsion
among the particles and demonstrating a stable colloidal system. Elemental analysis of the
silver nanoparticles conducted using EDAX on the FESEM is shown in Figure 6 (b). The peak
around 3.2 keV corresponds to the binding energies of silver, and the other peaks belong to the
sputter-coated material and glass sample holder. It is evident from the results that the
biosynthesized product is composed of high purity silver nanoparticles. These results confirm
that basil seed extracts act as a capping agent and a reducing agent in forming silver
nanoparticles.

30KV X60,00

Figure 6. (a) FESEM analysis for biosynthesized Ag NPs; (b) EDAX analysis ofAg NPs.

3.2. Antimicrobial activity.

The antimicrobial activity of the biosynthesized Ag NPs was investigated against two
different human pathogens, E. coli and S. aureus. Good antimicrobial activity against both
microorganisms was evident (Figure 7). The zone of inhibition for both E. coli and S. aureus
was around 10.33 mm and 7.2 mm, respectively. The presence of peptidoglycan on the cell
wall provides an effective barrier for bacteria. The reaction of Ag NPs with oxygen leads to
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the production of Ag* ions, resulting in cell disintegration by rupture of the cell wall [44]. The
plasma membrane destabilization and rupture of the bacteria cell wall is responsible for cell
death. The size of Ag NPs has an impact on their ability to destroy bacteria. Ag NPs give better
contact with microorganisms due to their enhanced surface area to volume ratio. Smaller size
particles can easily diffuse through the cell wall of the bacteria. Also, the particle's size directly
impacts the surface area, reflects in binding level with the cell wall of the bacteria, and hinders
the growth of bacteria [45]. Literature confirms these results that Ag NPs produced from plant
extract showed strong inhibition of microbial action. It relies on the structural characteristic of
nanoparticles, species, and concentration of the nanoparticles [46]. Nanosized particles allow
penetration of silver ions easily into the bacterial cell and react with DNA molecule led to
collapsing of DNA replication causes bacterial cell dysfunction [47]. Also, Ag NPs linked with
the organosulfur compound of respiratory enzymes of the bacterial cell prevents the respiratory
process and leads to cell death [48, 49]. Surface modification of orthopedic implants with Ag
NPs showed a significant antimicrobial effect against implant-related infections [12]. Ag NPs
have been extensively used in food packaging applications to improve shelf life and avoid
microbial contamination [50]. No zone of inhibition was found in the case of the extract against
E. coli, but a poor zone was formed against S. aureus.

Figure 7. Antibacterial activity gainst E.coli for (a) water; (b) extract; (c) Ag NPs and S. aureus for (d) water;
(e) extract; (f) Ag NPs.

3.3. Antioxidant activity.

The free radical scavenging activity of the synthesized Ag NPs was assessed by the
DPPH method. The DPPH solution exhibited a strong purple color with a maximum
absorbance at 517 nm. With the addition of Ag NPs, the deep purple color vanished, which
could be attributed to the presence of antioxidants in the biosynthesized Ag NPs. Free radical
scavenging activity of the seed extract and Ag NPs on the DPPH radical was found to be 54.0%
and 76.1%, respectively, while vitamin C exhibited 89.8% scavenging activity. Green
synthesized Ag NPs using O. basilicum extract as a reducing agent exhibited higher free radical
scavenging activity, and this could be a potential advantage for biomedical applications.
Similar results with synthesized nanoparticles showing improved scavenging activity than the
source plant extract have been reported by other researchers [51, 52].

4. Conclusions

This study shows that the basil seed extract can be an effective bioreducing agent for
synthesizing silver nanoparticles. The reduced silver ions in basil seed extract showed
maximum absorption at 430 nm. Silver nanoparticles with an average diameter of 131.04 nm
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were spherical, and the zeta potential value was found to be around -25.7 mV. The fair stability
of Ag NPs was found to be because of the capping action of proteins in the basil seed extract.
The Ag NPs synthesized in the green route exhibited high crystallinity with a face-centered
cubic structure. Additionally, higher free radical scavenging activity, up to 76%, and good
antimicrobial action against harmful pathogenic microorganisms (S. aureus and E. coli) explain
its potential for biomedical applications. The approach is eco-friendly and cost-effective.
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