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Silver nanoparticles (AgNPs) are known for their large surface area, which enhances their energy and antimi-
crobial activity. This study focused on producing silver nanoparticles using leaves from the Beta maritima (vul-
garis) plant. Various techniques such as Fourier transform infrared (FT-IR) spectroscopy, ultraviolet-visible
(UV-vis) spectroscopy, energy-dispersive X-ray spectroscopy (EDX), scanning electron microscopy (SEM), and X-
ray diffraction analysis (XRD) to characterize the synthesized AgNPs. The biologically synthesized AgNPs were
then evaluated for their antimicrobial (antibacterial and antifungal) and antioxidant properties using different
agents such as hydrogen peroxide (H2O3), 1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,2 azobis, 3-ethyl
benzothiazoline-6-sulphonic acid (ABTS), and phosphomolybdate. The results showed that the AgNPs exhibi-
ted strong antifungal activity, particularly against fluconazole-resistant strains of Aspergillus niger and Aspergillus
flavus, with a 61 % inhibition rate. Moreover, the AgNPs demonstrated significant antibacterial activity against
various strains. At a concentration of 40 pg/mL, they exhibited 26 % inhibition against Staphylococcus aureus, 22
% against Micrococcus luteus, 18 % against E. coli, and 24 % against Klebsiella pneumonia, outperforming clari-
thromycin antibiotics. SEM analysis revealed spherical AgNPs, sized using nano measurer 1.2, EDX showed the
presence of silver having composition at 80.38 %, and XRD confirmed a face-centered cubic crystalline structure.
In addition to their characterization, the AgNPs also displayed strong antioxidant activity. At the same con-
centration, they showed percentages of 80.78 % (DPPH), 85.38 % (H202), 81.78 % (ABTS), and 80.66 %
(phosphomolybdate), surpassing the antioxidant activity of the plant leaf extract alone. The synthesis of AgNPs
using the extract of the Beta maritima (vulgaris) plant offers several advantages compared to other methods,
including ease of handling, cost-effectiveness, wide availability, and eco-friendliness.

1. Introduction having a size of 1 nm to 100 nm (Kawasaki & Player, 2005). Extensive

research has been conducted to explore the advantageous effects of

For an extended period, medicinal plants have been employed for
nutritional and traditional medicinal purposes. Their efficacy is attrib-
uted to their strong biological properties (Erenler et al., 2023a). A
nanoparticle is widely used in a new era of the scientific world. So,
nanotechnology is a diverse field, i.e., an interdisciplinary field that
covers all the major fields like physics, chemistry, biology, metaphysics,
etc. Nanotechnology is a comprehensive concept that encompasses the
manipulation and fabrication of materials at the nanoscale particles
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silver nanoparticles in biotechnology and medicine, with a particular
focus on their role as antibacterial agents (Zhang et al., 2023). Silver
nanoparticles (AgNPs) find application in various fields, including me-
dicinal uses, surface treatment, coatings, the chemical and food in-
dustries, and enhancing agricultural productivity. Furthermore, AgNPs
have gained widespread utilization nanomedicine, drug delivery,
biomedical devices, electronics, the energy sector, and environmental
protection are prominent domains where nanotechnology finds
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extensive application. (Cui, 2023). The Green synthesis of nanoparticles
can be conducted in different ways like viral DNA, prokaryotic and
eukaryotic microorganisms, and diatom templates. The production of
nanoparticles using plant and plant extracts is a significant area of
research and development that drew the consideration of scientists for
the reason that it has eco-friendly, nontoxic effects on the environment
and human beings (Gecer & FErenler, 2023). Nanotechnology has
captivated the interest of scientists owing to its environmentally friendly
nature and clean characteristics, an environmentally friendly, and non-
toxic mode of nanoparticle synthesis. Many nanomedicines are being
used in the market to control, check, monitor, and repair human bio-
logical structures with the help of nanostructures and nanodevices
(Emerich & Thanos, 2003).

Among the various types of metal nanoparticles, the silver nano-
particle stands out as an exceptionally noteworthy nanomaterial owing
to its remarkable biological characteristics (Erenler et al., 2023a). Silver
nanoparticles (AgNPs) are most extensively used in the business field
and as a biocide (a chemical used to kill life, including poison, anti-
bacterial, and fungicide. It has a very powerful antibacterial activity.
AgNPs have a large surface area, which helps to increase the energy and
improves the antimicrobial activity (Mansoor et al., 2021). AgNPs are
being utilized in surgical instruments, surgical masks, and bone cement,
among other medical devices. It has been reported that free radicals
perform a great role in the pathogenesis of specific diseases and aging
(Adom & Liu, 2005). Pathogenic bacteria are involved in causing various
diseases in humans. Bacterial groups such as Staphylococcus aureus,
Micrococcus luteus, Klebsiella pneumonia, and Escherichia coli cause
serious disorders, e.g. typhoid fever, diphtheria, and food borne ill-
nesses. The antimicrobial effectiveness of AgNPs is linked to various
mechanisms, such as inducing oxidative stress, causing protein mal-
function, disrupting the bacterial membrane, and inflicting DNA dam-
age. These actions collectively result in the demise of bacteria (Timoszyk
& Grochowalska, 2022).

AgNPs have astonishing protection against a variety of microor-
ganisms and can resist commonly used antibiotics (Sharma et al., 2009).
Synthesis of AgNP demonstrations hurdle against microbial activity in
both gram-positive and negative bacteria [(Khan et al., 2021a; Mansoor
et al., 2021)]. Synthesized AgNPs showed very potential and good re-
sults in antibacterial, antimicrobial, and anticancer activities (Khan
et al., 2021b). AgNPs harmfully affect the cellular catabolism, transport
of substrate system, DNA multiplication, and cell division of bacteria
(Sellami et al., 2021). Nowadays, the best application is using AgNPs for
wound healing and infections (Sher et al., 2020). AgNPs are extremely
noxious and dangerous to microorganisms when they contact each
other. The reduction in the size of silver to nano-sized increases its
ability to control bacteria and fungi (Ijaz et al., 2017; Khan et al.,
2020a).

Green synthesis of AgNPs applications has favorability and reliable
potential, which are low-cost to be cultured (Khan et al., 2020b). The
herbal source is composed of different phytochemicals like de-
hydrogenases, ascorbic acids, flavonoids citric acid, and extracellular
electron shuttles, which exhibit the properties of reduction and stabili-
zation AgNPs synthesizes. These compounds play an essential role in
measuring metal-based nanoparticles (Khan, Shahid, Shahid et al.,
2020). AgNP green plant syntheses have great importance due to easy
availability, safe handling, non-hazardous, and having a wide multi-
plicity of metabolites. The synthesis of AgNPs indicates that plant phy-
tochemicals actively engage in ion reduction and direct involvement in
the production of AgNPs (Ahmed et al., 2017; Mansoor et al., 2021).

Beta maritima grows in wild environments, and which are subspecies
of Beta vulgaris that grows in the coastal area of Eurasia. It is related to
the family Amaranthaceae, which is found in Europe, Africa, Asia, and
some of the Middle East. Moreover, a few previous studies proved
that B. maritima exhibits anti-tumor effects, specifically against breast
cancer cells. This medicinal plant, used for a very long time as both a
traditional cure and food, is employed in folk remedies for various
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ailments, including leukemia, esophageal, glandular, prostate, and
breast cancers (Abbasi et al., 2016; Sher et al., 2020). Considering the
therapeutic worth and importance of B. maritima and green nanotech-
nology, the present study was designed to synthesize AgNPs using leaves
of the B. maritima (vulgaris) plant and evaluate their antimicrobial and
antioxidant activities.

2. Material and methods
2.1. Materials

Silver nitrate salt (AgNOs), Sigma-Aldrich (USA) provided the
following materials: sulfuric acid (H2SO4), sodium phosphate, ascorbic
acid, DPPH (1,1-Diphenyl-2-picrylhydrazyl), phosphomolybdate,
hydrogen peroxide (H202), ABTS (2, 2 azobis, 3-ethyl benzothiazoline-
6-sulphonic acid), potassium persulfate (K25208), nutrient agar, and
sabourad dextrose agar (SDA). Briefly, four clinically isolated bacterial
strains, two gram-positive (Staphylococcus aureus ATCC 29213, Micro-
coccus luteus ATCC 4698) and two gram-negative (Klebsiella pneumonia
ATCC 700603, and Escherichia coli ATCC BAA-2471) were used. Briefly,
two fungus strains, the microbiology lab provided Aspergillus niger and
Aspergillus flavus., in the department of Biotechnology, University of
Science and Technology Bannu-KPK, Pakistan.

2.2. Plant collection and extract preparation

An experienced taxonomist from the University of Science and
Technology, Bannu identified the plant Beta maritima (Vulgaris) that was
collected in the Bannu region of KP, Pakistan. After being thoroughly
washed and dried, the plant leaves were ground into a fine powder. The
obtained powder of leaves is soaked in de-ionized water (1:3w/v) and
heated up to 40°c in a conical flask for 20 min. The obtained mixture is
After passing through Whatman filter sheets, the mixture is kept cold
(4 °C) for later use.

2.3. Synthesis of AgNPs

A silver nitrate (AgNO3) solution of about 1 mM in water was pre-
pared. To synthesize AgNPs 10 mL of plant leaves (1 g/100 ml water)
extract is mixed-up with 90 mL of AgNO3 aqueous solution (1 mM) and
stirring it constantly. The solution’s color transitioned from clear yellow
to brownish immediately; the UV-visible spectrum confirmed the
spectrum analysis. After that, it was centrifuged for 20 min at 20,000
rpm to get supernatant for further use (Abbasi et al., 2016). washing
post-centrifugation may be needed to eliminate remaining AgNPs and
ensure the final product’s purity, post-synthesis washing AgNPs from
contaminated leaves after centrifugation with water containing per-
oxyacetic acid or chlorine, with or without an organic load, was found to
only remove 3-7 % of the sorbed Ag from the leaves (Gunathilaka et al.,
2023). The method is reproducible and same results are shown by
(Adnan et al., 2022).

2.4. Characterization

The assessment of silver ion reduction in the solution was conducted
using a Shimadzu UV spectrophotometer (UV-1800). To determine the
existence of various functional groups, the purified AgNPs were
analyzed using an FT-IR Shimadzu spectrometer (IR Prestige-21 Japan).
Before conducting FT-IR analysis, the prepared materials and potassium
bromide (KBr) powder were thoroughly dried. Pure KBr pellets were
used for a blank study. Each sample was thinly pelletized with a 5 % of
solid solution of KBr prepared for FT-IR spectra acquisition within the
infrared radiation range of 400 to 4000 cm™!. The AgNPs’ crystalline
nature was ascertained through the use of a JDX-3532 X-ray diffrac-
tometer from JEOL JAPAN. The XRD patterns were obtained with A
constant wavelength of radiation of A-1.54A°. Concerning structural
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analysis, one square inch-sized samples were placed in a glass holding
system and subjected to X-ray scanning. The scanning parameters
included an acceleration voltage of 35 kV, a current of 20 mA, and a
scanning degree range of 10%-50°. From 20° to 80°, the diffracted in-
tensities were measured.

To analyze the dimensions and form of the ready materials nano-
particles, A Japanese-made JEOL scanning electron microscope, model
JSM-5910, was used. The SEM analysis was conducted with varying
resolutions ranging from 10000X to 50000X, using a current voltage in
the range of 5 kV-20 kV. The samples were appropriately placed on
conductive tap-equipped aluminum stubs and examined using an SEM.
All of the samples’ micrographs were captured at the right voltage and
resolution.

2.5. In Vitro-Antioxidant assay

2.5.1. DPPH scavenging activity

The DPPH assay quantifies the scavenging capacity of test samples
against DPPH, a stable organic radical characterized by a deep purple
hue. This assay measures the extent of DPPH radical neutralization,
expressed as a percentage of radicals scavenged. A higher percentage
indicates a more potent antioxidant activity of the analyzed compound
(Erenler et al., 2023b). The stock solution of DPPH (3 mg/50 mL
methanol) was prepared, and a UV spectrophotometer was used to re-
cord the absorbance value of the instrument which was found to be less
than 0.9A (Williams et al., 2004). Plant extract stock solution, ascorbic
acid, and AgNPs were dissolved in 1 g/mL of de-ionized H,O. About 200
uL from varying concentrations of the samples at 10, 20, 30, and 40 pg/
mL, mixed with 800 pL. DPPH. The experimental procedure followed
standard scientific protocol (Erenler et al., 2023a) and was conducted in
duplicate. Absorbance was set at 517 nm as recommended for 24 hrs
incubation in the dark. The % scavenging was calculated using the
formula as follows: (i);Scavenging = 4545 x 100 (i).

The absorbance of the sample is As, whereas the absorbance of the
control is Ac.

2.5.2. Hydrogen peroxide H202 scavenging Activity

For the activities of hydrogen peroxide (Pick & Mizel, 1981) method
was followed. The experiment involved utilizing plant extract, ascorbic
acid, and AgNPs at 10 pg/mL, 20 pg/mL, 30 ug/mL, and 40 pg/mL
concentrations. Initially, a 2 mM solution of H202 was prepared and
mixed with a 50 mL phosphate buffer with a pH of 7.4. Subsequently,
0.2 mL of the respective sample solution was added to 0.6 mL H202 and
0.4 mL phosphate buffer. After 15 min and a thorough shaking of the
tubes, the absorbance was measured at 230 nm. The percentage was
calculated using the formula (i).

2.5.3. ABTS free radical scavenging activity

ABTS (2, 2 azobis 3-ethyl benzothiazoline-6-sulphonic acids) was
calculated according to the procedure of (Mathew & Abraham, 2006)
with slight modifications. 2.45 mM solution of K;HSO4 was mixed with
7 mM ABTS solution and left in the dark overnight to get dark free
radicals of ABTS. At 745 nm, the ABTS solution’s absorbance was
measured to be 0.936. A standard solution of AgNPs, ascorbic acid, and
plant extract was in de-ionized HO. The plant extract, ascorbic acid,
and AgNPs were diluted in different values of concentrations as 10 pg/
mL, 20 pg/mL, 30 ug/mL, and 40 ug/mL. From all running solutions, 0.2
mL was mixed with 0.8 mL of ABTS solution. After one minute of mixing
both solutions, a clear reduction in absorbance was calculated, and after
six minutes, duplicate solutions of each were measured. The formula (i)
was used to calculate the percentage of age.

2.5.4. Phosphomolybdate free radicals scavenging activity
The technique of (Velavan et al., 2012) was used to perform the
phosphomolybdate scavenging activity. A stock solution of AgNPs,

Journal of King Saud University - Science 36 (2024) 103219

ascorbic acid, and plant extract was prepared in de-ionized H»O. From
each running solution (10 pg/mL, 20 pg/mL, 30 pg/mL, and 40 pg/mL),
A 0.1 mL volume was mixed with 1 mL of a 28 mM sodium phosphate
solution, 0.6 M sulfuric acid, and 4 mM phosphomolybdate. Through
raping with a silver foil sheet, incubation was done, and after this was
placed, the solution was boiled for 90 min at 95 °C. Methanol was used
as absolute, and the absorbance measurement was performed on the
sample mixture. as 0.621 at 765 nm at room temperature. The formula
(i) was used to calculate the percentage of age.

2.6. Antimicrobial screening of AgNPs

2.6.1. Anti-fungal assessment of green synthesized AgNPs

About 1 mg/mL of AgNP solution was prepared in de-ionized water.
Further, 4 different diluted concentrations of solution were prepared, i.
e., 40 ug/mL, 60 pg/mL, 80 ug/mL, and 100 pg/mL. In a current study of
anti-fungal activity, the technique of (Ruparelia et al., 2008) is followed.
The fungicidal potential is measured against two strains of fungus, i.e.,
Aspergillus flavus and Aspergillus niger. First, 100 mL of de-ionized water
with about 6.2 gm sabouraud dextrose agar (SDA) was poured, and the
mixture was autoclaved at 121 °C for 15 min. After the autoclave, the
solution was allowed to cool down to 40 to 50 °C. In 1 mL of DMSO,
about 5 mg of fluconazole were dissolved. About 67 L. AgNPs and plant
extract were present at a 40 pg/mL concentration, combined with 7 mL
SDA and transferred into test tubes. Two control test tubes were taken, i.
e., positive and negative, each of them 67 pL fluconazole, along with 4
mL of media, transferred to the positive control tube. For solidification,
the tubes were kept in a slants position in a Laminar flow cabinet at room
temperature. Afterward, the fungal strain was applied to each test tube
and was placed inside the incubation for 9 days at 30 °C with water; after
a few days, inhibition was identified and examined, which was
expressed in millimeters (mm).

2.6.2. Anti-bacterial activity

Four different bacterial strands, two gram-negative and two gram-
positive bacteria, namely Micrococcus luteus and Staphylococcus aureus,
Escherichia coli, and Klebsiella pneumonia, respectively were selected
(Duraipandiyan & Ignacimuthu, 2009). Nutrient agar prepared in water
(2.8 g/100 mL). Each Petri dish is filled with 40 mL media and allowed
to solidify. In the laminar flow cabinet, fresh bacterial cultures were
taken with the help of a cotton swab and spread all over a nutrient agar
plate aseptically. With the use of an aseptic cork borer, these five wells,
measuring around 3-6 mm, were allowed. Now, 20 uL from AgNPs and
plant concentration 40 pg/mL are poured into wells, respectively.
Standard clarithromycin (5 mg/mL DMSO) is used as an anti-biotic and
DMSO as a negative control loaded into wells respectively. After all this,
Petri dishes were placed in incubation at 37°c for 24 hrs. After a 24-hour
period, the outcomes were expressed by calculating the zone of inhibi-
tion, measured in millimeters, around each well.

2.7. Statistical analysis

One-way ANOVA was used for statistical analysis, and posthoc
analysis followed subsequently. (d Steel & Torrie, 1986). For the
determination to calculate the coefficient of correlation, Statistics
(version 8.1 USA) was used. Graphs were plotted in the R-Studio 4.3.2
version.

3. Results
3.1. Ultraviolet spectroscopy

Using ultraviolet spectroscopy, the basic characterization of nano-
particles that are synthesized and also to observe their stability. The

surface peak and size depend on the chemical environment and dielec-
tric medium of Ag nanoparticles. The UV spectra of an aqueous solution,
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which are shown in Fig. 1 (range from 200 nm to 800 nm wavelength),
and 1 mL of plant concentration, show a peak of 442 nm, which declares
the presence of AgNPs.

3.2. Fourier Transformed infrared analysis of AgNPs

Fourier Transformed Infrared is a method for detecting functional
groups that are partially or strongly bonded to the Nanoparticles
(Table 1). Various peaks of distinct functional groups in the plant
extract, and synthesized AgNPs exhibited absorption peaks at specific
wave numbers: The following wavenumber ranges were observed in the
infrared spectrum: 3400-3200 cm-1 (O-H stretch), 2935-2915 cm-1
(-CH (CH2) vibration), 2865-2845 cm-1 (-CH (CH2)), 1740-1725 cm-1
(C =Osstretch), 1650-1600 cm-1 (C = O stretch), 1410-1310 cm-1 (O-H
bend), 1100-1000 cm-1 (Phosphate ion), 995-850 cm-1 (P-O-C stretch),
and 700-600 cm-1 (C-Br stretch). See Fig. 2.

3.3. SEM activity

Scan Electron Microscopy (SEM) shows the morphology of AgNPs, as
shown in Fig. 3a. The SEM analysis results presented spherical shaped
AgNPs. To calculate the size, 15 particles were marked using nano
measurer 1.2 software. The calculated dimensions was reported to be
144 nm.

3.4. EDX analysis

The identified silver element in the solution was observed in the EDX
analysis, as shown in Fig. 3b. The EDX spectrum illustrates the presence
of significant metallic Ag signals. It ensures the elemental components of
silver (80.38 %), oxygen (12.60 %), and carbon (5.45 %), correspond-
ingly. Silver’s strongest signal was recorded at around 3 keV. There were
other peaks for Cl, C, O, and Mg detected. This graph indicates the
presence of phytoconstituent’s residual moieties of extract as an agent
for surface stabilization of the AgNPs. (Table 2).

3.5. XRD analysis

XRD technique which is used for the detection of AgNPs particle
crystallinity nature. The XRD of Beta maritima mediated AgNPs shows
different peaks of AgNPs in given Fig. 3c from left to right, i.e., 38.31,
46.49, 64.68, and 77.60 at 20 values. The XRD graph demonstrates that
AgNPs are in a center cubic structure having an average calculated size
carrying 71 nm. The size of Nanoparticles is calculated through an on-
line XRD size calculator working on the principle of the “Brags equa-
tion”, which was launched online in 2017.

2.5

442
2.0

Absorbance (a.u)

0.5 4

0.0

T T T T T
300 400 500 600 700 800
Wavelength (nm)

Fig. 1. UV-visible spectrum by using extract of Beta maritima for synthesiz-
ing AgNPs.
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Table 1
Shows detail of different absorbance peaks found in FT-IR analysis of AgNPs.
Wave Absorption, Absorption, Assignment Class of
number cmlofplant  cm-1 of Compounds
cm™! extract AgNPs
700-600 696.97 656.7 C-Br stretch Aliphatic
Bromo
compounds
995-850 994.31 976.61 P-O-C stretch Aromatic
phosphates
1100-1000 1096.21 1100 Phosphate ion ~ Phosphate
compound
1410-1310 1316.12 1368.9 O-H bend, Phenol or
Alcoholic tertiary
group alcohol
1650-1600 1609.16 1600 CcC=0 Ketone
stretching compound
vibration,
Ketone group
1740-1725 1727.8 1725 C = O stretch Aldehyde
compound
2865-2845 2840.38 2853.88 Symmetric Lipids,
stretching of protein
~CH (CHyp)
vibration,
2935-2915 2920.72 2916.64 Asymmetric Saturated
stretching of aliphatic
—CH (CHy) compound-
vibration Lipids
3400-3200 3400 3346.89 O-H stretch Poly Hydroxy
compound

3.6. Antioxidant activities

3.6.1. Hydrogen peroxide activity

AgNPs showed the highest scavenging activity of 85.38 % as
compared to plants at the highest concentration of 40 ug/mL, as shown
in Fig. 4a. Ascorbic acid was taken as standard and showed maximum
scavenging as compared to AgNPs.

3.6.2. ABTS activity

AgNPs showed the highest inhibition against ABTS than plant con-
centrations, and the highest inhibition shown by AgNPs at 40 ug/mL was
81.78 %. Ascorbic acid was taken as standard, as shown in Fig. 4b.

3.6.3. DPPH activity

AgNPs showed the highest inhibition against DPPH free radicals than
plant concentrations, and the highest inhibition shown by AgNPs at 40
ug/mL is 80.78 %. Ascorbic acid was taken as standard, as shown in
Fig. 5a.

3.6.4. Phosphomolybdate activity

AgNPs showed the highest inhibition against phosphomolybdate
than plant concentrations, and the highest inhibition shown by AgNPs at
40 pg/mL is 80.66 %. Ascorbic acid was taken as standard, as shown in
Fig. 5b.

3.7. Antimicrobial assay

3.7.1. Antifungal activity

At a 40 pg/mL concentration, AgNPs exhibited the highest inhibition
with a recorded antifungal activity of 77 % against Aspergillus niger,
surpassing the effectiveness of the plant extract. The highest inhibition
of Aspergillus flavous recorded at 40 pug/mL was 69 % as compared to
plant extract (Fig. 6).

3.7.2. Antibacterial activity
The antibacterial activity of plant extract and AgNPs with different
concentrations is shown in Fig. 7. Clarithromycin was taken as standard.
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Fig. 3. (a) SEM image of biosynthesized AgNPs. (b)The Nanomeasurer calculated size is 144 nm, EDX analysis of synthesized silver nanoparticles. (¢) XRD analysis of
synthesized silver nanoparticles by Beta maritime.

Table 2
The EDX analysis reveals varying elemental compositions.
Elements Weight in % Atomic in %
CK 5.45 22.29
OK 12.60 38.67
Mg K 0.46 0.93
CIK 1.10 1.53
AgL 80.38 36.58
Hydrogen Peroxide Activity
75
R Concentration
2 ] 10u0
250 [ 20u0
g . 30pg
3 B <«
g
0 25
0

AgNO3 AgNPs  AscorbicAcid Plant.extract

Solution

a

The zone of inhibition measuring 26 % and 40 pg/mL was the value
observed as the highest against Staphylococcus aureus, 22 % against Mi-
crococcus luteus, 18 % against E. coli, and 24 % against Klebsiella pneu-
monia. Fig. 8 shows a clear zone of inhibition.

4. Discussion

In the last few decades, researchers have given primary focus to the
green route for nanoparticle synthesis, which is still widely used and

ABTS Activity

951
o1y 926 934

75 744
675

612
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g

1009
20u
o
ou

Scavanging %

AGNO3 AgNPs “Ascorbic Acid Plant extract
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b

Fig. 4. (a) Comparison among ascorbic acid, AgNOs, plant extract, and AgNPs scavenging activity against Hydrogen peroxide free radicals. (b) Comparison among
ascorbic acid, AgNOs, plant extract, and AgNPs scavenging activity against ABTS free radicals.
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Fig. 5. (a) Comparison among Ascorbic acid, AgNOs, plant extract, and AgNPs scavenging activity against DPPH free radicals. (b) Comparison among ascorbic acid,
AgNO3, plant extract, and AgNPs scavenging activity against phosphomolybdate free radicals.
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Fig. 6. Effect of AgNPs and plant extract on the growth of Aspergillus niger and Aspergillus flavous.
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Fig. 7. Comparison between effects of AgNPs and plant extract against the growth of four different bacterial strains.
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utilized in pharmaceutical markets. To investigate the biological po-
tential of AgNPs for the treatment of various ailments, the plant Beta
maritima was used in the current study’s synthesis of AgNPs. The impact
of the green synthesis process on the dimensions and uniformity of
AgNPs has been demonstrated. Several organic extracts, including Cir-
sium japonicum, aloe vera, chamomile, and kiwi, have been employed
as reducing agents in the AgNP synthesis (Devadharshini et al., 2023).
The adjustment of the concentration of the extracts and the synthesis
conditions allows for control over the size of the AgNPs (Fitriany et al.,
2023). The extracts serve as reducing and stabilizing agents, leading to
the production of diminutive and symmetrical AgNPs (Mallakpour &
Amini, 2022).

UV-vis spectroscopy is employed for the primary or fundamental
synthesized nanoparticles’ characterization which monitors also and
shows the stability of the nanoparticles. Dimension of the particles,
chemical environment, and dielectric medium of the AgNPs are the
factors on which surface plasmon resonance of the absorption peak is
dependent. In the UV-Vis spectrophotometry analysis, the sample
exhibited a definite peak value at 442 nm. The UV-vis absorption band
of 420-450 nm was previously published, which is the evidence of
surface plasmon resonance on AgNPs (Erenler et al., 2023b; Ram-
alingam et al., 2014). AgNP presence was demonstrated by peaks that
ranged in size from 300 to 800 nm. XRD analysis further confirmed the
UV-vis spectrophotometry results. The existence of different functional
groups on the surface of the synthesized AgNPs was verified through
FTIR analysis. For the synthesized silver nanoparticles, obtaining peaks
were found, i.e., 605.49 cm-1 (CBr stretch) of the alkyl halide com-
pound, 1529.10 cm-1 (N-H bend) with amide compound, 1695.55 cm-
(C = O stretch), 2924.99 cm~! (C-H stretch). In plant extract of (Beta
maritima), obtained peaks were at 561.16 cm~! (C-Br Stretch) Alkyle
Halide compounds, at 688.30 cm ! (=C-H bend) Alkenes Compounds,
at 1526.96 cm ™! (N-H bend) having Amide compounds and at 1693.77
em ™! found (C = O stretch) having Aldehyde compounds was found. The
outcomes that were attained are reliable with the findings of the earlier
report (Khane et al., 2022). SEM images of synthesized AgNPs depict the
spherical-shaped AgNPs. The current findings demonstrated that AgNPs
exhibited a spherical shape and high density, with most of them being
dispersed while only a minority formed aggregates (Guzman et al.,
2009). AgNPs’ tiny size allows them to enter the cells/microbes and
execute their significant biological activities. Similar SEM results of
green fabricated AgNPs have been published by (Gavade et al., 2015;
Sher et al., 2020). EDX analysis was employed to determine the occur-
rence of the element Ag in AgNPs with the elemental constituents of

silver, oxygen, and carbon maintained at proportions of 80.38 %, 12.60
%, and 5.45 %, respectively, which specifies that Ag ions are reduced to
AgNPs. The EDX spectrum showcases prominent signals indicating the
presence of metallic Ag, which aligns with the results of earlier research
(Bhakya et al., 2016; Ranjan et al., 2014). The XRD spectrum analysis
showed 38.31], 46.49, 64.68, and 77.60 at 26 degrees found the nano-
particles, with an average size of 71 nm, had a centered cubic shape
(Sahin Yaglioglu et al., 2022), which closely resembled the Joint Com-
mittee on Powder Diffraction Standards’ stated reference value (JCPDS
PDF no0:89-3722) (Bhakya et al., 2016).

Different activities were done to check the therapeutic capacity of
synthesized AgNPs. The Hy0, ABTS, DPPH, and phosphomolybdate
scavenging activities were found to be highest as compared to a plant
extract and pure AgNOs salt. These outcomes demonstrated that AgNPs
had a great potency of antioxidants against the extracts of plants (Ade-
bayo et al., 2019; Bhakay et al., 2016; Kanipandian et al., 2014). Free
radicals gain electrons from antioxidant compounds, such as AgNPs,
which changes in absorbance can be quantitatively measured (Mensor
etal., 2001). Free radicals are responsible for the development of several
illnesses, including aging, Parkinson’s disease, neurological conditions,
and moderate cognitive impairment. The results indicate that free rad-
icals gain hydrogen or electrons from the AgNPs and become stable.
These findings have been confirmed by (Carlson et al., 2008; Ram-
alingam et al., 2014), who showed that AgNPs interact with reactive
oxygen species uniquely way within cells (ROS). This outcome was also
confirmed by the findings of (Guntur et al., 2018), who observed a
considerable increase in AgNP content indicated a strong scavenging
ability. Our findings are supported by (Kumar et al., 2022; Reddy et al.,
2013).

On the other hand, synthesized AgNPs were also tested for their anti-
microbial potential. The highest inhibition value was recorded against
gram-positive bacteria, whereas clarithromycin was used as a standard.
The highest potency against gram-positive is because of the composi-
tions of gram-positive and gram-negative cell walls, which are composed
of thick structural layers of peptidoglycans. The higher activity of bac-
terial strains is due to the presence of silver cations, which act as a
reservoir for the Ag™, which helps in penetrations in bacterial agents.

In the coming years, we may see the integration of green-synthesized
silver nanoparticles across diverse fields, emphasizing sustainability and
environmental impact. This includes advancements in biomedical ap-
plications, antimicrobial solutions, nano-bio interfaces, catalysis and
energy, electronics and sensors, water purification, environmental
remediation, and collaborative research with multidisciplinary
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approaches. In summary, upcoming research should prioritize under-
standing the intricate mechanisms behind metal nanoparticle formation,
developing engineered nanoparticles with minimal toxicity, enhanced
health benefits, and precise size and shape control. Moreover, there is a
need to expand the utilization of plant-based metallic nanoparticles in
related fields (Nadaf et al., 2022).

5. Conclusions

The current study concluded that the synthesis of AgNPs from Beta
maritima (Vulgaris) plant extract can be beneficial over other methods
because plant products are easier and safer to handle, cost-effective,
widely distributed, easily available, and eco-friendly. The significance
of nanomaterial research is closely correlated with nanoparticle di-
mensions. Since these particles are smaller in size, have been proven to
play a more significant role. The present study, conferring with various
recent literature, has demonstrated the medicinal value of AgNPs and
describes them as a promising and good source of antioxidants and
antimicrobials.
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