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ABSTRACT

Nanoparticles produced from biological sources are gaining a lot of attention these days, and they have a
wide spectrum of uses. The fact that it is both environmentally benign is the key reason for its widespread
popularity. Our current study uses a green approach to describe the biological production and character-
isation of silver nanoparticles made from a conventional leaf extract. The antibacterial and antidiabetic
performance of silver nanoparticles prepared with plant extracts such as Tabernaemontana divaricate,
Basella alba, and Allium fistulosum is also assessed in this study. Scanning Electron Microscopy (SEM),
and Transmission Electron Microscope (TEM) was utilized to characterise the shape and morphology of
produced silver nanoparticles. Silver nanoparticles with sizes of 40 nm, 50 nm and 57 nm were observed
to have a solid block-like, rod-like structure. AgNPs show bactericidal action towards both gram-positive
and -negative microbes, according to in vitro investigations. Both antidiabetic and antioxidant activity
suggest that silver nanoparticle has good ability to inhibit enzymes so it could act as alternative for
the conventional drug.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Silver nanoparticles

1. Introduction

Metallic nanoparticles (NPs) were of major attention due to its
exceptional physico-chemical properties and possible photocat-
alytic and wastewater treatment benefits (George et al., 2022;
Maria Magdalane et al., 2018; Panimalar et al., 2022; Panimalar
etal., 2022; Kasinathan et al., 2016). Metallic nanoparticles (MNPs)
have distinct properties that are determined by the ways of fabri-
cation and the composition of the precursors which is effect of bio-
logicl and metal oxide nanoparticles (Venkatesh et al., 2018;
Simbine et al., 2019; Aziz et al.,, 2016; Mahmoud et al., 2016;
Elbeshehy et al., 2015). Physical methods for preparing AgNPs have
been tried, however they are not cost-effective, waste more energy,
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and require the use of specialised instruments. However, because
of toxicity issues, they have limited biological applicability. Exter-
nal stabilisers, some of which are hazardous, are routinely used to
improve their stability. The use of biological resources to produce
nanoparticles, particularly plants, can eradicate the toxic issue
(Mani et al.,, 2021; Anand et al., 2017; Mani et al., 2021; Mani
et al.,, 2021). Floras were widely available, non-toxic, and simple
to manage. Plants also have phytochemicals, might be reducing
and capping substances, making the production method simple.
Silver (Ag) NPs have gained a lot of attention among all the metallic
nanoparticles (Oves et al, 2018; Manikandan et al, 2017).
Chemical-based reduction, micro-emulsions, radiation, hybrid-
based approaches, photo-chemical reduction and sono-
electrochemical, microwave-based systems, and now a green pro-
duction route have all been developed for the production of AgNPs
(Yaqoob et al., 2020; Syafiuddin et al.,, 2017; Loo et al., 2018;
Sanchooli et al., 2018).

However, despite the fact that some of these physiochemical
procedures are long-lasting and technically viable, their usage on
a broad scale is limited owing to its usage of dangerous chemicals,
higher costs, higher energy and time requirements, and strain in
wastage purification thorugh photocatalysis technique (Mangala
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Nagasundari et al., 2021; Kayalvizhi et al., 2022; Perumal et al.,
2022; Alhaji et al., 2019; Amanulla et al., 2021). As a result, there
was an improving claim for cost-effective, ecologically friendly,
and green nanosilver manufacturing pathways that utilize non-
toxin chemicals. Green production of AgNPs employing a variety
of microbes, plants, and algae, on the other hand, is a natural, bio-
compatible, and ecologically friendly process (Rajeshkumar and
Malarkodi, 2014; Bakht Dalir et al., 2020; Yadi et al., 2018).
Plant-based materials may be extra advantageous for nanosilver
production than microbial and chemical approaches since they
pose no risk of microbial and harmful chemical infection, need les-
ser energy, have broader consequences, and are easier to utilise.
Furthermore, the inclusion of functional substances like phenol,
ketones, aldehydes, and so on in the green production of AgNPs
based on an plant-based extract mode of actions improves metal
ions. AgNPs were produced using a number of organic plants,
including Emblica fficinalis fruit extract, Citrus limon leaves
extract, green tea - Camellia sinensis. Coffea Arabica and neem;
Azadirachta indica; Acalypha indica, Aloe vera flora extract; latex
of Jatropha gossypifolia; root extract of Morinda citrifolia; Phoenix
dactylifera, in-florescence of Mangiferaindica (Nakhjavani et al.,
2017; Dhand et al., 2016; Tippayawat et al., 2016; Tippayawat
et al.,, 2016; Rai et al., 2014; Kalaimagal, 2019).

Silver nanoparticles were synthesised using medicinal herbs
such as Tabernaemontana divaricate, Basella alba, and Allium fistulo-
sum in this study. Pinwheel flower, Tabernaemontana divaricata,
belongs to the Apocynaceae family and is a wonderfully shaped
evergreen shrub that blooms in spring. Plant extract has antinoci-
ceptive, antioxidant, anti-inflammatory, and reversible acetyl-
cholinesterase inhibitory properties, according to studies (Ahmad
et al., 2019; Rafique et al., 2017; Masum et al., 2019; Chang
et al., 2016; Zuo et al., 2018). Basella alba, sometimes known as
Indian Spinach, was a fastest-growing perennial vine natural to
tropical Asia. It is said to have originated in India or Indonesia
and is exceptionally heat tolerant. It has thick, semi-succulent
leaves that are heart-like and it has a moderate flavour and
mucilaginous texture. It has antinociceptive, antioxidant, and
antibacterial properties, and it's also used to treat diarrhoea
(Mani et al.,, 2021; Mani et al.,, 2021; Yaqoob et al., 2020; Loo
et al., 2018). A. fistulosum is a traditional medicine that is consid-
ered a rich source of nutrients. Several research have revealed
the anti-oxidant; antimicrobial; anticancer; antihypercholes-
terolemic; anti-obesity; and anti-inflammatory activity of A. fistu-
losum for human health. A. fistulosum’s active chemicals help it
perform a variety of biological functions (Zhao et al., 2021; Labh
et al., 2019; Zafer et al., 2021). The anti-oxidant size of A. fistulo-
sum, for example, is closely associated by its total phenolic compo-
sition, while allicin is responsible for its antibacterial activity.
Because of the active components contained in most plants, they
exhibit a wide spectrum of activities. As a result, the goal of our
study was to look at the biological nature of Ag NPs made from
three distinct extracts (Zhao et al., 2021; Akintelu and Folorunso,
2019; Manjula et al., 2018; Ramesh et al,, 2021; Labh et al,,
2019; Zafer et al., 2021; Renuka et al., 2020; Thomas et al., 2019;
Valsalam et al., 2019).

2. Materials and method
2.1. Chemicals

Silver nitrate was obtained from Sigma Aldrich and Milli-Q
(18.2 MQ -cm) was attained from Cascada BIO-water Purification
Scheme. The chemicals utilised in the research were all of analytic
grade.
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2.2. Sample group and processing of leaf extract

The leaf extracts were properly cleaned to eliminate dirt and
fungal-based spores, and then shade desiccated to eliminate
humidity. About 10 g of sample leaves were placed in a 250 mL
beaker with 200 mL distilled water and cooked on the heating
mantle for 45 min. The extract was then chilled to room tempera-
ture (T) before being sieved. This procedure was used to prepare all
plant extracts (Tabernaemontana divaricate, Basella alba, and Allium
fistulosum).

2.3. Ag NPs synthesis

For AgNPs production, a Ag nitrate solution was equipped. Base-
lla alba, Allium fistulosum, and Tabernaemontana divaricate aque-
ous solutions are introduced in varying amounts to test tubes
containing 2 mM aqueous silver nitrate solution. The studies were
performed at different temperatures to find the best conditions for
AgNPs production.

2.4. Characterization of synthesized Ag NPs

2.4.1. Ultraviolet-visible spectroscopy

Using a UV-visible spectrophotometer (Systronics, India Model:
2202) by a slit breadth of 2 nm and a 10 mm cell at room temper-
ature, a UV-visible spectrophotometer by a slit breadth of 2 nm
was used to analyse the extract. For proximate analysis, the mate-
rial was studied in visible and UV light with wavelengths varying
from 300 to 800 nm. Within an hour of starting the reaction, silver
ions were reduced and silver nanoparticles were formed. AgNO3;
was used to maintain control.

2.4.2. Fourier transform infrared study

Ag NP colloid solution (50 mL) were created by ideal conditions
like EFE(5%), 1 milli Molar of silver nitrate, and centrifuged at
20,000 revolutions per minute for 20 min for Fourier transform
infrared (FTIR) spectroscopy measurement. The pellets were then
resuspended and lyophilized for 16 h. To determine the distinctive
functional groups in the produced Ag nanoparticles, FTIR analysis
can be performed using Bruker, Alpha T, Germany. It gives informa-
tion about a molecule’s structure, which may often be gleaned
from an absorption spectra.

2.4.3. X-ray powder diffraction (XRD)

Ag NP mixture was placed in a microscope glass-slide for XRD
investigation. In HAO, it was dried at 50 °C. This process is repeated
until a layer has been created. The dried sample was characterised
employing an X-ray diffraction method (Pan Analytical, X-pert pro,
Netherland) with a Cu source operated at a voltage (V) of 45 kV as
well as a current (I) of 40 mA on an instrument running at a V of
45 kV and I of 40 mA.

2.4.4. Scanning electron microscope (SEM)

The shape and morphology properties of AgNPs are measured
by employing a SEM. After centrifuging silver nanoparticles at
15,000 rpm for 10 mins, the pellets are collected and deposited
in a dehydration oven at 50 °C to remove any remaining water.
The powdered form of the Ag nanoparticle was utilized for energy
dispersive XRD with a Bruker X-flash finder (Bruker, Bremen, Ger-
many). An FEI Nova Nanolab 200 SEM was used to examine the
prepared sample (FEI company Hillsboro, OR, USA). For both imag-
ing and EDX study, the electron beam’s energy was fixed at 15 keV.

2.4.5. Transmission electron Microscopy (TEM)
TEM is employed to examine the morphological characteristics
of the synthesized NPs (TEM). One drop of materials was kept on a
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Cu grid for TEM investigation, and then dried by employing the dry
vacuum. This instrument (Tecnai G-10, Philips) was also used to
image the dried nanoemulsion, as well as an 80 kV TEM by a W-
sourcing as well as an ultrahigh-resolution pole piece by 1.9
resolution.

2.5. Antioxidant reaction

The 1,1-diphenyl-2-picrylhydrazyl technique was employed to
assess the free radical scavenging action of plant extract in water
as a solvent (DPPH). The chemical was produced as a stock solution
by a concentration of 10 mg per ml. At equal volumes, diverse con-
centrations of extract (200, 400, 600, 800, 1000 g) of specimen was
introduced to a methanolic DPPH solution (0.1 mM). The DPPH free
radical scavenging action was tested using the method elaborated
by (Pan et al., 2018; Choi et al., 2017). The mixture was briskly agi-
tated and permitted to settle at room T for 30 mins. The absor-
bance at 518 nm of DPPH was evaluated by employing a UV-
spectrometry to assess decolorization (LMSP-UV1000B). Instead
of plant extract/ascorbic acid, 0.1 mL of the appropriate vehicle
was used as a control. By likening the absorbant values of control
as well as an extract/compound, the % suppression of DPPH radi-
cals by the extract/compound was calculated.

A(control) — A(sample)

A(control) x 100

Scavenging activity % =

2.6. Antibacterial potential of synthesized silver nanoparticles

2.6.1. Bacterial culture

The microbial culture was acquired from Microbial Type Culture
Collection and Gene Bank (MTCC, India). The obtained bacterial
culture was confirmed using biochemical system supplied via Ber-
gey’s Manual of Systematic Bacteriology (Vol 2, Second Edition).

2.6.2. Well diffusion study

The agar-based well diffusion procedure was employed to
examine the anti-microbial action of produced Ag NPs. In the petri
dishes, 20 mL semi-solid mueller-hinton agar (MHA) medium was
transferred. The microbes are cultivated in NB for 24 h and then
cultured with 1.5 106 CFU/mL suspensions of test bacteria on an
exterior of solid-based medium MHA using a sterile brush (Staphy-
lococcus aureus, Enterococcus faecalis, Escherichia coli and, Sal-
monella typhi). A variety of silver nanoparticle concentrations
(varying from 0.32 to 10 mg/mL) were saturated onto wells by a
diameter of 6 mm and kept on the surface of inoculated plates.
For above 4 mentioned bacteria, petriplates were placed for 24 h
at 37 °C. Ciprofloxacin is thought to be a positive control. The diam-
eter of inhibition zone in mm was employed to quantify antimicro-
bial action, and all antibacterial tests are done in triplicate (Pan
et al,, 2018; Choi et al., 2017).

2.6.3. Antifungal activity

To test the antifungal impact of silver nanoparticles, Aspergillus
niger and Candida albicans are cultured in PDA fluid media for
2 days at 35 °C, then plated on new PDA solid-based medium com-
prising Ag NPs and incubated for 5 days at 35 °C. Controls were Ag-
free PDA plates cultivated below the similar circumstances. The
colonies are measured in millimetres. Ketoconazole is utilized as
a positive control in our research (Rajeshkumar and Malarkodi,
2014; Labh et al., 2019).
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2.7. Anti diabetic assay

2.7.1. Alpha amylase

2.7.1.1. Procedure. The starch-iodine technique was used to mea-
sure alpha-amylase activity. 10 L of -amylase solution of
0.025 mg/mL were combined with 390 L of phosphate buffer of
0.02 M comprising 0.006 M NaCl at a pH 7.0 has various extract
concentrations. After a 10-minute incubation in 37 °C, 100 L of
1% starch substance was introduced as well as the mixture was
re-incubated for 1 h. The absorbance was evaluated at 565 nm after
adding 0.1 mL of 1 percent iodine solution followed by 5 mL dis-
tilled H,0. The same reaction conditions were used to determine
the sample, substrate, and -amylase blank (Zafer et al., 2021).
The amount of enzyme activity that was inhibited was determined
as.

Absorbance of Control — Absorbance of Sample
Absorbance of Control

% Inhibition =

2.8. Catalytic action

2.8.1. Catalytic activity of AgNPs

The catalytic action of as-produced AgNPs for the oxidation pro-
cess of benzyl alcohol was studied in order to investigate the
potential use of green synthesised Ag NPs with in area of catalysis.

2.8.2. Benzyl alcohol oxidation

The catalytic performance of Ag nanoparticles produced with
varying amounts (1, 5, and 10 mL) of leaf extracts as an oxidation
catalyst was tested. To evaluate the reaction kinetics, the reaction
mixture was obtained every 10 min and quenched instantly. The
kinetics of the reaction were then analysed using gas chromatogra-
phy (GC) with a capillary column. The following was the GC
approach for the kinetic investigation and product analysis: The
initial T of the column was 120 °C, which was then increased to
180 °C at a rate of 100 °C min~' and maintained for 10 min. The
condition of the reaction was determined as well as the results
were acquired using this process.

2.9. Photocatalytic action

The biologically synthesized Ag NPs were further employed for
the study of dye deprivation. The reaction mixture was kept by
2 mL of eppendorf vial. Nearly 1 mL of congo red dye was added
by 0.25 mg of Ag NPs. The pH was varying from 2 to 10. The aliquot
parts were placed in a rotary shaker for a period of 1 hr at room T.
After the incubation time the specimen was taken for centrifuga-
tion at 1000 rpm. Supernatant was taken for residual dye assess-
ment through UV-visible spectrometer.

3. Result and discussion
3.1. Synthesis and characterization of Ag NP

Silver nanoparticle was synthesized from a biosource using
three different plant extract such as Basella alba, Tabernaemontana
divaricata and Allium fistulosum. The colour transformed from
lighter brown to darker brown when the Tabernaemontana divari-
cata and Allium fistulosum leaf extract were introduced droplet
manner to the silver nitrate mixture, indicating Ag NPs formation.
Similarly, in the case of Basella alba, the colour variation was
observed from lighter brown to green which is a property of Ag
NPs. A variation in colour of the solution showed the AgNPs
synthesis.
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Fig. 1. (a) UV spectrum of Allium fistulosum leaf extract. (b) UV spectra of silver nanoparticle formulated using Allium fistulosum leaf extract.

The color changing of AgNO5; mixture from colorless to darker
brown signifying the NP formation that were seen via naked eye
and further verified by the UV. The absorption band intensity of Al-
lium fistulosum and silver nanoparticle synthesized was identified
as 225 nm and 421 nm respectively in Fig. 1. The produced Ag
NPs with plant extract of Tabernaemontana divaricata. It was
observed from that the plant extract of Tabernaemontana divaricata
and silver nanoparticles shows a extreme absorption band of 215
and 426 nm. The prominent hump specifies the creation of Ag
NPs (Fig. 2).

Basella alba along with silver nanoparticles, the band intensity
of produced AgNPs was identified as 223 nm and 429 nm
(Fig. 3). The colour changing happened due to the surface plasmon
resonance, that was an intrinsic property of metal-based NPs.
There was a noteworthy improvement in peak in the Ag NPs in
comparison with crude-based plant extracts (Gandhi et al., 2021;
Parasuraman et al., 2019; Parasuraman et al., 2019). Generally,
the UV study of Ag NPs designates a rise in the absorption band
representing the more significant creation of Ag NPs. The Fig. 4
illustrates the FTIR spectra of Ag NPs produced from three diverse
plant extract. The nanoparticle synthesized Allium fistulosum using
3 bands in the arena of 3500-1500 cm~! with a more influential
band at 1609 cm~!, and a lower height at 3360 and 2114 per cm
related to C=0 carbonyl group, O-H stretched vibration, aromatic
C-H bond in Fig. 4(a) (Anju et al., 2019; Siddhardha et al., 2020;
Anand et al., 2021). The FTIR spectra of nanoparticle synthesized
by Tabernaemontana divaricata extract revealed an absorption band
at 3297 cm™'; 1634 cm', 1347 cm™!, 1324 cm™! and 1065 cm™!
which corresponds to existence of C-H stretch, C=0 bonds, C-O
bonds, C-0 bonds and alkylamine groups Fig. 4(b). The FTIR spec-
tra of nanoparticle synthesized by Basella alba extract showed an
absorption peak at 3316 1632 1372, and 1041 cm™! designates
an existence of OH bond, C=C bond, S=O0 stretching and C-N bonds
in Fig. 4(c). The Fig. 5 incidates the XRD image of Ag NPs produced
from three different plant extracts. AgNPs synthesized from Allium

fistulosum had 26 ranges of 37.48°, 47.78°, 55.74° and 68.87° which
corresponds to (111),(—112),(020) and (220) respectively (Fig. 5
(a). AgNPs prepared with the extract of Tabernaemontana divari-
cata. The spectrum possesses four regions at 26 values of 38.31°,
48.33°, 56.45°, and 69.59° relative to (111), (—-202), (020) and
(220) of the lattice planes of Bragg’s reflection, respectively in
Fig. 5(b).

The morphological nature of AgNPs are examined by employing
SEM. SEM shows solid block-like structures for Basella alba and
Allium fistulosum mediated AgNPs while for Tabernaemontana
divaricate mediated AgNPs, it shows rod-like structure with some
agglomeration where an average particle shape was 40, 55 and
57 nm respectively (Fig. 6 & Fig. 7).

The particle size, morphological, and crystalline were examined
by employing TEM and Particle size analyser. A one drop solution
of AgNPs were combined on to the carbon enclosed copper-based
grid. Basella alba, Tabernaemontana divaricata and Allium fistulosum
plant extracts were used to synthesize AgNPs and TEM images of
AgNPs with dimensions of 40 nm, 55 nm and 57 nm respectively
were obtained. TEM pictures showed the produced AgNPs were
comparatively even in diameter and size as shown in Fig. 8 and
Fig. 9 (Nithiyavathi et al., 2021; Sathiyaraj et al., 2021).

3.2. Invitro studies

3.2.1. Antimicrobial action of Ag NP using well diffusion technique
The antimicrobial action of Ag NP produced using plant extract
was confirmed using well diffusion method, which is considered as
one of the fastest and reliable method as shown in Fig. 10. The
antibacterial efficiency of the silver nanoparticle is analysed with
the help of microbial species like Enterococcus faecalis, Escherichia
coli, Staphylococcus aureus, followed by Salmonella typhi. The sam-
ple silver nanoparticle synthesised using Allium fistulosum, Taber-
naemontana divaricata, Basella alba is represented as V, N and P
Ag. The Table 1 represents the antibacterial efficiency of silver

2
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Fig. 2. (a) UV spectrum of Tabernaemontana divaricate leaf extract. (b) UV spectrum of silver nanoparticle formulated using Tabernaemontana divaricate leaf extract.
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produced Ag NPs from Basella alba extract.

nanoparticle against the bacterial culture in Fig. 11. In the case of
sample N(Ag), highest zone of inhibition is observed while treating
with the Salmonella typhi then least is found with Staphylococcus
aureus i.e. 18 mm and 08 mm respectively. Similarly, in terms of

09 mm and

the order V

sample- P(Ag) the greatest zone of inhibition was identified while
treating through Salmonella typhi and least was found in the case of

Escherichia colii.e. 177 mm and 11 mm respectively. Similary, in the
case of sample V(Ag), highest zone of inhibition is observed while
treating with the Salmonella typhi then least is used is ciprofloxacin
and its zone of inhibition is observed within a ranging from 35 to

40 mm in Fig. 12.

3.2.2. Antifungal activity of Ag NP using well diffusion method

The antifungal efficiency was studied by employing well diffu-
sion technique towards two diverse fungal straining like Aspergillus
niger and Candida albicans faecalis (Figs. 12 & 13). In the case of fun-
gal strain, Aspergillus niger, the zone of inhibition followed the
order V (Ag) > P (AG) > N(Ag) mediated AgNPs i.e. 11 mm,

3.2.3. Antioxi

08 mm respectively. Similarly, in the case of fungal

strain, Candida albicans faecalis, the zone of inhibition followed

(Ag) > P (AG) > N(Ag) mediated AgNPs i.e. 10 mm,

08 mm and 07 mm respectively (Table 2).

dant action of produced AgNPs by employing 1,1-

diphenyl-2-picrylhydrazyl (DPPH) study
The anti-oxidant action of produced AgNPs were evaluated by
DPPH procedure. DPPH, steady natural free radical which was

employed for examining the free radical actions and then anti-
oxidant action of numerous organic substances. Different concen-
tration of each samples such as 200, 400, 600, 800, and 1000 pg

nanoparticle

were used for the antioxidant study. Basella alba mediated silver

showed higher inhibition percent at 1000 pg concen-

tration compared to others. It also reveals that as the concentration
enhances the percent suppression also enhances i.e, the percent
inhibition was found to be 23-64% for the sample concentration
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Fig. 5. (a) XRD outline of Ag NP synthesized by Allium fistulosum leaf extract. (b) XRD scheme of Ag NP produced by Tabernaemontana divaricata leaf extract. (c) XRD image of
Ag NP produced by Basella alba leaf extract.

Fig. 6. (a) SEM picture of Ag NP produced through employing Basella alba, (b) Tabernaemontana divaricate, (c) Allium fistulosum.
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Fig. 7. EDAX analysis of Basella alba, Allium fistulosum, and Tabernaemontana divaricate mediated AgNPs.
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Fig. 8. Hydrodynamic size of Ag NPs produced from (a) Basella alba, (b) Tabernaemontana divaricata and (c) Allium fistulosum extract.

200-1000 pg (Table 3). The Fig. 14 gives a clear idea that inhibition

activity is a dose dependent activity.

Similarly, both Tabernaemontana divaricate and Allium fistulo-
sum mediated silver nanoparticle showed higher inhibition percent

at 1000 pg concentration compared to other concentrations (Tables
4 and 5). It also reveals that as the concentration enhances the per-
cent suppression also rises i.e., the percent inhibition was found to
be 34-57% and 27-46% for the sample concnetration 200-1000 pg
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Fig. 10. The antibacterial effect of synthesized silver nanoparticle using (a), Enterococcus faecalis (b) Staphylococcus aureus (c) Escherichia coli (d) Salmonella typhi.
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Table 1
Antibacterial efficiency of silver nanoparticles using well diffusion method.

S. Microorganisms Control N P \% Ciprofloxacin
No. (Ag) (Ag) (Ag)
Zone of inhibition in mm

1. Enterococcus - 15 13 17 35

faecalis
2. Staphylococcus - 08 12 10 40

aureus
3. Escherichia coli - 09 11 11 38
4. Salmonella typhi - 18 17 18 35

I Ciprofloxacin

Zone of inhibition (mm)

S typhi

E.faecalis S.aureus E.coli

Fig. 11. The zone of inhibition revealed through Ag NP against different bacterial
strains.

(Figs. 15 and 16). The reduction power of a molecule was linked to
an electron transfer capability and thus might assist as a important
indicator of its potent anti-oxidant action.

3.2.4. Antidiabetic action of Ag NPs synthesized by employing Allium
fistulosum, Tabernaemontana divaricata, Basella alba

Diabetes mellitus is a set of metabolic illnesses characterised by
persistently elevated blood sugar levels. Inhibiting carbohydrate
digesting enzymes (-glucosidase and -amylase) is one way to treat
hyperglycemia by limiting the breakdown of carbohydrates into
monosaccharides, which is a major cause of high blood glucose

{spergillus niger
-

Control

Journal of King Saud University - Science 34 (2022) 101939

[ ketoconazole

Zone of inhibition (mm)

Aspergillus niger Candida albicans

Fig. 13. The zone of inhibition exhibited by silver nanoparticle against different
fungal strains.

Table 2
Antifungal efficiency of Ag NPs using well diffusion technique.
S.No. Microorganisms Control N(Ag) P(Ag) V(Ag) Ketoconazole
Zone of inhibition in mm
1. Aspergillus niger - 08 09 11 15
2. Candida albicans - 07 08 10 18

levels. As a result, creating drugs that inhibit carbohydrate hydro-
lysing enzymes could be an effective strategy to treat diabetes. The
principal enzyme intricate in the interruption of polysaccharides
and the proclamation of sugar into the bloodstream is alpha-
amylase, that results in an increase in blood glucose levels and,
eventually, diabetes. This enzyme’s repressive impact may have a
possible beneficial impact on diabetes. The materials were diluted
into different concentrations such as 5, 10, 15, 20 and 25 g/mL in
order to assess the antidiabetic property. Fig. 17 depicts the per-
cent inhibitory impact of Ag NP on the enzyme. Ag NP showed a
repressive impact on an enzyme in a dosage-based manner as well
as when the dosage was enlarged to 25 pug/mL. It might be evalu-

Candida albicans

Cantrol

N(Ag)

Ketoconazole
V(Ag)

Fig. 12. The antifungal effect of synthesized silver nanoparticle using (a), Aspergillus niger, (b) Candida albicans faecalis.
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Table 3
Antioxidant activity of Basella alba mediated Silver nanoparticle.

Concentrations ([g) Percentage inhibition Percentage inhibition

AgNPs Control
200 23 81.34
400 33.52 89.65
600 45.97 91.76
800 53.56 95.48
1000 64.85 95.17
== AgNPs(P)
100 = =0 control
90
80
704
- ]
S 60
=
2 ]
£ 504
S ]
40 -
30 -
20
T T T T T T T T T N
200 400 600 800 1000

Concentration(ml)

Fig. 14. Percentage inhibition of silver nanoparticle synthesized using Basella alba.

Table 4
Antioxidant activity of Tabernaemontana divaricate mediated Silver nanoparticle.

Concentrations Percentage inhibition Percentage inhibition

(ng) AgNPs Control

200 34.35 75.54

400 38.45 83.85

600 43.46 85.82

800 53.18 92.42

1000 57.53 97.15
Table 5

Antioxidant activity of Allium fistulosum mediated Silver nanoparticle.

Concentrations Percentage inhibition Percentage inhibition
(ng) AgNPs Control

200 27.13 79.14

400 31.15 83.47

600 35.48 88.69

800 41.24 91.51

1000 46.79 95.28

ated from the outcomes that Ag NP might act as a substitute due to
its potent repressive impact which have on its enzyme. The result
also suggests that silver nanoparticle synthesized using Tabernae-
montana divaricata showed higher inhibition compared to the sil-
ver prepared from other two source such as Basella alba and
Allium fistulosum. Around 80% of inhibition was found in silver
nanoparticle synthesized by Tabernaemontana divaricata at the
concentration of 25 pg/mL.

3.2.5. Catalytic action
The catalytic action of three different extracts of AgNPs were
shown in Fig. 18 which was found as 60, 100 and 100 mins for

10
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= AgNPs(N)
== Control
100

90
80 4
70 4

60

% inhibition

50

40 1

30 : :
600 1000
Concentration(ml)

T T
200 400 800

Fig. 15. Percentage inhibition of silver nanoparticle synthesized using Tabernae-
montana divaricate.

—s=— AgNPs (V)

100 - =—e— Control
90
80
c 70
9 ]
i)
‘= 604
£ ]
o
= 504
| ]
40+ /I/
30 /./.
]
T T T T T T T T T 1
200 400 600 800 1000
Concentration(ml)
Fig. 16. Percentage inhibition of Ag NP synthesized utilizing Allium fistulosum.
—a— Standard
80 ——\/
e
g P
70
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5
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Fig. 17. Anti-diabetic activity of silver nanoparticle (Alpha-amylase).

Tabernaemontana divaricate (N), Allium fistulosum (V) and Basella
alba (P) respectively. When the AgNPs were pre-processed by
employing the 1 mL plant extract (V), the conversion by-product
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== AgNPs(V)
—o— AgNPs(N)
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Fig. 18. Catalytic activity of Ag NPs.

creation starts 10 min once the reaction get initiated and gradually
proceeds against 100% conversion product that is benzaldehyde
was attained after 50 min of reaction period. Nevertheless, when
Ag NPs were made with 5 mL plant extract (N), the reaction kinet-
ics were discovered to be differ from the formerly used method (V).
The reaction begins with a conversion of 65 percent after 20 min,
but it is terminated after 100 min, providing a maximum conver-
sion of 93.6 percent, which is quite different from the previous cat-
alyst, which yielded a 100 percent conversion product in 50 min
(Vinayagam et al,, 2022; Magdalane et al., 2021; Subbareddy
et al,, 2020; Thirupathy et al., 2020). Likewise, the catalytic perfor-
mance of Ag NPs ready with 10 mL plant extract (P) was assessed.
It was discovered that 20 min at the beginning of the reaction, 34%
of the conversion product was developed, whilst at the end of
100 min, a maximum of 78.5 percent conversion product was pro-
cured, as well as the reaction was not proceeded further. Based on
the foregoing findings, it can be concluded that the Ag nanoparti-
cles made with 1 mL plant extract were of good quality produced
a 100 per cent conversion product in 50 min of reaction period.

3.2.6. Photocatalytic action

Figure shows the photocatalytic action of all the 3 extracts at
various time and concentration. The optimized Ag NP was taken
for the application of dye degradation process by varying the con-

—m— % of degradation
—e— Concentrationof dye

100 4
804
60

40

Absorbance (arb. units )

20

T T T T T T
20 30 40 50

Concentration(ml)

Absorbance (arb. units )
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—e— Concentration of dye
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o -
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Concentration(ml)

—a— % of degradation
—e— Concentration of dye

100

80

60—

40
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2 4 6 8 10

Time (hrs)

Fig. 20. Catalytic activity of Ag NPs with Allium fistulosum.

centration from 0 to 50 of different aliquots of Ag NPs dispersions
at different time of 0 to 10 and about 1 mL of congo red (1 104 M)
was mixed with 0.25 mg of Ag NPs and kept for continuous stirring
at room temperature. The absorbance of the reaction was observed
and it was exemplified in Figs. 19-21. The clear surface plasmon
resonance (SPR) band for dye was observed in 433 nm. At pH 6
SPR band in 433 has been disappeared (Geetha et al., 2018;
Badineni et al., 2021).

—a— % of degradation
—e— Concentration of dye

100 4

80

60

40 -

20

T T
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o
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o -
o

Fig. 19. Catalytic activity of Ag NPs with Tabernaemontana divaricate.
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Fig. 21. Catalytic activity of Ag NPs with Basella alba.

4. Conclusion

Plant extracts such as Allium fistulosum, Tabernaemontana divar-
icata, and Basella alba have been successfully used to synthesise sil-
ver nanoparticles in a lesser price, eco-friendly approach. UV, FTIR,
XRD, TEM and SEM were used to characterise the synthesised silver
nanoparticles. Biosynthesised AgNPs are nontoxic and have
antibacterial, antifungal, antioxidant, and anti-diabetic properties.
Silver nanoparticles synthesised with Allium fistulosum (V-Ag)
demonstrated a good zone of inhibition against both bacterial
and fungal strains among the three sources of synthesis. When it
comes to antioxidants and antidiabetics, research demonstrate
that as concentration rises, so does action. The findings are highly
positive, demonstrating a significant increase in the activity of the
undamaged fractions. The use of biological sources to synthesise
nanoparticles adds a new dimension to all application areas.
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