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The current work focused on the environmentally friendly manufacture of silver nanoparticles using Ziziphus spina-christi
(L) leaves. The study employed the aqueous leaves extract, which contains alkaloids, coumarins, and flavonoids, as a
reducing and stabilizing agent in the easy bio-fabrication of silver nanoparticles (Zs-AgNPs). The crystalline nanoparticle
formation of the biologically produced Zs-AgNPs was confirmed and examined using scanning electron microscopy
(SEM), zeta potential measurement, energy dispersive X-ray (EDX), and UV spectroscopy. Zs-AgNPs were shown to
have a monoclinic structure with a crystallite diameter of 9 nm using XRD analysis. The TEM and SEM morphological
images of Zs-AgNPs is confirmed by their spherical shape and smooth surface. The Zs-AgNPs were shown to be stable
at pH 10 and to have a high bandgap and substantial optical absorbance in the UV region at 421 nm, which suggests the
presence of charge carriers and surface oxygen vacancies. Using FT-IR and EDX spectroscopy, the presence of Ag and
O elements as well as their Ag bonds was determined. UV light irradiation was used to study the photodegradation of
aqueous 0.1% Eosin Y dye. After 120 minutes of irradiation, a maximum degradation efficiency of 89.5% was achieved.
Additionally, Zs-AgNPs were employed as antifungal and antibacterial agents against two fungi and six Gram-positive
and Gram-negative bacteria. Additionally, the DPPH assay was used to compare the antioxidant activity of biologically
and chemically synthesized AgNPs. The results showed that the biosynthesized nanoparticles had significantly higher
antioxidant activity than the chemically synthesized nanopatrticles, and this finding could have significant applications in
the biomedical field. Biosynthesis of Zs-AgNPs is environmentally friendly and inexpensive, as well as yields highly
stabilized nanoparticles by phytochemicals.

Keywords: Ziziphus spina-christi (L), Photodegradation, Biosynthesis, silver nanoparticles, Eosin Y dye.

INTRODUCTION

Ziziphus spina-christi (L), a tree that may grow to a
height of 20 meters, is locally known as Sidr and is also
generally known as Christ's thorn or Jerusalem thorn in
English(El Maaiden et al., 2019). This kind of tree is
multifunctional and belongs to the Rhamnaceous family
of plants. One of the few really native tree species in
Arabia (Saudi Arabia, Jordan, Yemen, and Egypt), it is
an important cultivated tree that continues to flourish
alongside several recently imported exotic plants (Ads et
al., 2018). The leaves of Z. spina-christi are also used as
an anti-inflammatory in folk medicine for wounds, eye
conditions, bronchitis, and skin ailments (Dkhil et al.,
2018). Furthermore, it has a strong effect in inhibiting
and even killing bacteria( Al-Maagar et al ., 2022, El
Maaiden et al., 2019) . According to reports, it is

effective against fungi and bacteria that are often very
resistant to contemporary treatments(Alotibi et al., 2020).
As such, it is used to treat fever, diarrhea, and
respiratory conditions including TB, cough, and
bronchitis. It also helps to speed up the healing of
recently opened wounds. Four different forms of
glycosides known as christinin-A, B, C, and D are found
in the purified butanol extract of Z. spina-christi leaves
(Amin et al., 2020). Secondary metabolites found in
leaves include tannins, alkaloids, flavonoids,
polyphenols, and saponins(Amin et al., 2020)

Green NP synthesis has consistently drawn a lot of
interest due to its advantages over chemical and
physical approaches, including its low cost,
environmental friendliness, and lack of need for
hazardous chemicals, high pressure, energy, or
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temperature (Hembram et al., 2018). The green
chemistry criteria are utilized in biological approaches to
substitute harsh chemicals with natural products such
biodegradable polymerase, enzymes, and
phytochemicals. Metal salts are rapidly reduced,
stabilized, and capped by biomolecules found in plant
components such as alkaloids, flavonoids, and other
phenolic compounds (lignin, phenolic acids, tannins, and
stilbenes)(Chapagain et al., 2022).

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 diseases, and food
packaging(Abdelsattar et al., 2022). Researchers are
more interested in silver nanoparticles (AgNPs) than in
nanoparticles composed of noble metals because of
their distinct physical and chemical characteristics, which
include excellent electrical conductivity, strong chemical
stability, thermal and nonlinear optical properties(Zhang
et al., 2016). AgNPs size, composition, and form can all
significantly affect how effective they are. Researchers
have been interested in silver nanoparticles (AgNPs)
due to their potent biological properties, which include
antioxidant, wound-healing, antibacterial, and
anticancer activities(Zhang et al., 2016).

Many studies have reported the synthesis of silver
nanoparticles using extracts from different plant
morphological sections, such as flowers, leaves, stems,
or seeds(Hembram et al., 2018). Because of this, the
phytochemical composition of each plant varies, yet their
shared characteristics define their distinct
characteristics(Zheljazkov et al.,, 2018). AgNPs size,
shape, and stability are essentially determined by
physicochemical and technical factors, including the
reaction mixture's temperature, pH, and reaction ratio,
as well as the extract's preparation technique and
solvent type(Balciunaitiene et al., 2021). There have
been reports of silver nanoparticle production from
several plant extracts, including Eugenia roxburghii DC
(Giri et al., 2022), Clerodendrum inerme (Manikandan et
al.,, 2021), Aloe vera(Anju et al., 2021), Euphorbia
sanguine (Ekennia et al.,, 2022), Acacia nilotica
(Alduraihem et al., 2023), Premna integrifolia L(Singh et
al., 2023), Saccharum officinarum, (Noppradit et al.,
2023), Sambucus ebulus(Karan et al.,, 2024), and
Spirulina platensis (Gul et al., 2024). Nevertheless, there
is a lack of knowledge regarding the biological uses of
silver nanoparticles derived from Z. spina-christi (L) or
their manufacture.

Therefore, the aim of this study was to synthesize
AgNPs using green synthesis technology, using Z.
spina-christi (L) leaf extract collected during March and
April 2024 from Najran region, Saudi Arabia, as a
reducing agent. The synthesized AgNPs were then

characterized, and their antifungal, antioxidant and
antibacterial activity was investigated.

MATERIALS AND METHODS

Materials

The leaves fresh and young of the locally grown Z.
spina-christi plant leaves were collected from in
Sharourah, Najran- Saudi Arabia. The chemicals and
media used in This study were all purchased from
Sigma-Aldrich in Darmstadt, Germany.

Z. spina-christi Extract Preparation

The leaves were carefully cleaned with double-distilled
water and allowed to air dry at room temperature for a
period of three weeks. A powder was created by grinding
the dried leaves. Afterwards, reflux condensation was
performed for 30 minutes at 60°C for a mixture of 10 g of
powder with 100 ml of double distilled water. After that,
the extract was let to cool to ambient temperature.
Whatman No. 1 filter paper was used to filter the extract
that had become yellow.

Synthesis of Zs-AgNPs

Z. spina-christi extract was added to AgNOs aqueous
solution 1 mM in 1:10 dilution at ambient temperature
and stirred continuously for 30 minutes at 400 rpm to
create Zs-AgNPs. The solution's color changed from
yellow to dark brown, indicating the creation of AgNPs
(Yu et al., 2019). The 0.1 M NaOH was used to keep the
pH of the solution at 10. It was noted that the solution's
color changed. To verify that AgNPs were formed, the
UV-vis spectra were taken at various intervals. A Sigma
centrifuge was used to centrifuge the totally reduced
solution for 20 minutes at 25 °C at 10,000 rpm. After
discarding the supernatant liquid, the particle was again
dispersed in distilled water. To remove any material that
had adhered to the surface of the silver nanoparticles,
the centrifugation procedure was carried out three times,
and the last step involved the use of pure ethanol. To
prepare them for additional examination, the purified
AgNPs were dried at room temperature and placed in an
aluminum foil-covered Eppendorf tube.

Zs-AgNPs Characterization Method and Instrument

Many methods were used to examine the thermal
stability, surface, structural morphology, and optical
characteristics of the bio-fabricated Zs-AgNPs. UV-Vis
spectroscopy (6850 UV-Vis spectrophotometer, Jenway,
USA) was used to measure the absorbance of the Zs-
AgNPs in the 300-700 nm wavelength range. The Zs-
AgNPs surface chemistry and the role of phytochemical
functional groups in the bio reduction and capping
process were investigated using Fourier Transform
Infrared spectroscopy (FT-IR) and a Shimadzu Iraffinity-
1. The 4000-400 cm™' range was used for the FT-IR
investigation. The value of the zeta potential aids in the
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comprehension of the forces interacting between
particles. Using Zetasizer Nano Series ZS, the
hydrodynamic size of Zs-AgNPs and Zeta potential were
determined in the AgNPs solution. Using energy-
dispersive X-ray (EDX) analysis, Zs-AgNPs where
elementally constructed TEM was employed,
nonetheless, to determine Zs-AgNPs' dimensions and
shape. The bio-fabricated Zs-AgNPs were washed with
deionized water many times in preparation for TEM
analysis. The samples were put on a copper grid that
had been covered with carbon, removed, and allowed to
cure before being examined. A Transmission Electron
Microscope (JEOL, JEM1011, Tokyo, Japan) was used
for TEM analysis to determine the size, morphology, and
particle size distribution. At 100 kv voltage, this
microscope provided high-resolution two-dimensional
images. The crystalline characteristics of the produced
nanomaterials were assessed by XRD analysis, and the
hydrodynamic particle size and net charge of the Ag
nanoparticles were ascertained by zeta potential
measurement(Tang et al., 2020). To perform the X-ray
powder diffraction (XRD) investigation, a Shimadzu
LabX XRD-6100 diffractometer was equipped by a
graphite monochromator that generated Cu-K radiation.

Biogenic Zs-AgNPs' Photocatalytic Dye Degradation
Activity
The disintegration of Eosin Y dye was observed by the
photocatalytic activity of biogenic AQNPs when exposed
to UV radiation. Every dye was prepared in an agueous
0.1% solution. Dyes were first combined with a 10
mg/mL concentration of Zs-AgNP. The solution was
subjected to UV light for the following durations: 0, 5, 10,
15, 30, 60, 90, and 120 minutes. To determine the
percentage of dye degradation, the following formula
was used(Wijesinghe et al., 2021).
C,—C

Co
Where C represents the maximum peak absorbance at a

specific time and CO represents the greatest peak
absorbance at 0 min.

Degradation efficiency (%) = X

Antibacterial Activity Estimation

The resulting Ag-NPs were evaluated for their ability to
inhibit six different strains of Gram (-) and Gram (+)
bacteria. This included E. coli, P. aeruginosa, S.
pneumonia, K. pneumonia, S. epidermis, and S. aureus.
The Disc diffusion technique was used to examine the
solutions containing Ag-NPs particles and the plant leaf
extract. The discs were air dried in a sterile environment
after being individually soaked in 100 ul of double
distilled water, silver nitr nitrate (+control), and Ag-NPs
solution. The bacteria cultures were swabbed with the
nutritional agar media aureus plates. AgNP/disc was
present in a concentration of 25 mg/mL. After incubating

the samples for 16 hours at 37 °C, the inhibition zones
were visible, and the sample with the largest zone of
inhibition was recorded.

Antioxidant Activity of Zs-AgNPs

The antioxidant capacity of Zs-AgNPs was assessed
using the DPPH (2,2-diphenyl-1-picrylhydrazyl) free
radical scavenging test. MilliQ water was used to create
5 ml of ascorbic acid in various doses (2 pg/ml, 4 pg/mi,
6 pg/ml, 8 pg/ml, and 10 ug/ml). A test tube was filled
with one milliliter of the silver colloidal solution and one
ml of ascorbic acid in each concentration. Following that,
450 uL of Tris-HCI buffer (50 mM/pH 7.6) and 1 mL of
0.01 mM DPPH (dissolved in methanol) were added,
and the mixture was shaker-conditioned (100 rpm) at 37
°C for 40 minutes in the dark(Fouda et al,
2022)(ERENLER et al.,, 2021). gNPs or ascorbic acid
were swapped out for one milliliter of Milli-Q, which was
used as a blank to conduct an additional series of tests.
The color's produced absorbance was measured at 517
nm (Sreelekha et al., 2021). The following formula was
used to determine the percentage of radical-scavenging
activity:

% DPPH Radical Scavenging Activity

=———x100 (2)
AC is absorbance control, AS is absorbance sample.

The biogenic Zs-AgNPS Antifungal Activity
Nanomaterial seeding medium were used to assess the
antifungal activity of the silver nanoparticles against F.
chlamydosporum and A. flavus. After autoclaving, the
PDA medium was chilled to around 45 °C. After that, the
medium was supplemented with silver nanoparticles at
final concentrations 0f0,50,100,150, and 200 ppm.
Mycelial plugs with a diameter of about 3 mm were
removed from the edge of cultures of the tested fungi
that were 7 days old. They were then aseptically seeded
upside down onto the PDA that contained nanoparticles.
At 27 £ 2 °C, the plates were incubated (three copies for
each treatment). The examined fungi's growth was
monitored for seven days, and the percentage of
mycelial growth suppression was contrasted with that of
the control (0 ppm silver). Additionally, the dosage
necessary for a desired effect in 95% of the fungal
culture (ED95) and the median effective dose (ED50)
were ascertained.
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Scheme 1: Synthetic strategy to prepare Zs-AgNPs
2022). The Zs-AgNPs were shown to be stable in the pH
10 solution even one month after they were synthesized.
By stability, we mean that the optical characteristics of
the nanoparticle solutions did not change noticeably over

RESULTS AND DISCUSSION

Examining Zs-AgNPs' Optical Characteristics Using
UV-Vis Spectroscopy

Zs-AgNPs were synthesized at room temperature
when plant extract was added to a 1 mM silver nitrate
solution, causing the solution's color to shift from yellow
to reddish-brown. The surface plasmon resonance
(SPR) action may be the cause of the color creation, and
aqueous extracts convert Ag* ions to Ag® (Adhikari et al.,
2022). Using a magnetic stirrer, the plant extract was
added drop by drop, revealing the solution's original
yellow hue. After 30 more minutes of stirring the reaction
mixture (pH 10), the solution took on a dark hue, as seen
in Scheme 1. Finally, the solution was allowed to sit at
room temperature for 24 hours in the dark to convert
Ag+ to Ag0. Even after 24 hours, the mixture's color did
not change, and no SPR band was seen at normal
circumstances (pH 6.4). Thus, by adding 0.1 M NaOH,
the pH of the solution combination was kept constant.
Figure la shows that an absorption peak that was
narrow and sharp was only seen at pH 10, and it was not
acquired at other pH levels. Figure 1b displays the UV-
vis spectra at different periods. The production of Zs-
AgNPs was revealed by the distinctive UV absorption
peak at 421nm. As the amount of silver ions in the
agueous solution decreases over time, more Zs-AgNPs
may develop, which would explain the spectrum's
gradual increase in intensity. A single SPR band was
seen in the UV-vis spectra of the produced
nanoparticles, confirming the presence of spherically
shaped nanoparticles in the solution (Miranda et al.,

time.

12

?

a)

Absorbance

—pH5A
e
3
M

—pH 1

Absorbance

12
(b)

-
=3

-
-

z

~= 20 min

Uhr

Ll S

21l

Wavcleagth {am)
Figure 1: shows the Zs-AgNPs (a) UV-vis spectra at
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spectrum at different times.
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Analysis Using Fourier-Transformed Infrared (FT-IR)

FT-IR analysis of the Z. spina-christi (L) extract
revealed several active chemicals that helped with the
environmentally friendly creation of nanoparticles (Figure
2). The presence of active molecules responsible for
capping and decreasing the particles is indicated by a
high peak for OH stretching owing to phenols, N-H and
C-H bending for amide and aromatic groups, and C=C
stretch for carboxylic or amide groups (Table 1). Lipids,
proteins, carbohydrates, and pigments are all present
according to the spectrum data (Kendel & Zimmermann,

2020).
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Table 1: FT-IR spectra demonstrating the likely functional groups of the Zs-AgNPs and aqueous Z. spina-christi

(L) extracts.

Wave Number (cm™) .
Z. spina-christi (L) Extract | Zs-AgNPs Probable Functional Group
Lipids (3000-2800 cm-1)
3754 O-H stretch (Alcohols)
3368 3403 N-H stretch (Amine)
Proteins (1700-1500 cm)
1708 1706 C=C stretch (Benzene), C=0 (saturated Aldehyde)
N-H (Amides, Nitro compounds), C=0 stretch
1613 1519 (Ketone, Carboxylic acids), C-C stretch (Amides),
C=C ( Benzene, Alkenes)
N-H (Nitro compounds, C=C (Benzene), C-O
1530 1526 stretch (Ketone, Amides)
Carbohydrates (1500-1000 cm1)
1448 1445 O-H (Alcohols), COTH bend (Aldehydes), N=O
stretch (Nitro compounds),
C-N stretch (Amines), C-O stretch (Alcohols,
1347 1347 Ethers), O-H bend (Carboxylic acids)
C-O stretch (Ethers, Alcohols), O-H bend
1201 1200 (Carboxylic acids), C-N stretch (Amines)
C-N stretch (Amines), C-O stretch (Ether, Esters,
1123 1123 Alcohol), S=0 stretch (Sulfoxides),
N-H (Nitro compounds, Amides), C-C stretch
1032 1030 (Amides), C=C (Benzene, Alkenes), C=0 stretch
(Ketone, carboxylic acids)
Cell wall components and chlorophyll (1000 — 600 cm)
865 866 C-H bend (Alkenes),
757 756 C-C stretch (Chlorides), C-N stretch (Amins), =C-H
bend ( Benzene)
665 C-N stretch (Amines), =C-H bend ( Benzene), C-C
stretch ( Chlorides).

44000

Figure 2: FT-IR analysis of biosynthesized Ag-NPs produced from Z. spina-christi (L) aqueous extract.
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XRD and TEM Analysis

XRD analysis was utilized to determine the
crystalline state of the dried Zs-AgNPs. The XRD pattern
of Zs-AgNPs is shown in Figure 3b. There were four
distinct diffraction peaks at 38.2, 45.4, 64.1, and 76.9 ,
respectively corresponding to (111), (203), (220),
and (311) planes of face-centered cubic crystal structure

of metallic silver (JCPDS file n0.040783).
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Figure 3: (a) AgNPs XRD pattern, (b) Zs-AgNPs XRD
X-ray diffraction pattern of the synthesized material
made with Z. spina-christi (L) aqueous leaf extract.
Debye-Scherrer equation D = KA / CosB® may be
used to calculate the crystalline size of the
nanoparticles. Here, D stands for crystalline size, K for
Scherrer constant (0.98), A for wavelength (1.54), and 3
for full width at half maximum (FWHM). 20 nm was
determined to be average particle size. The brilliant
circular ring pattern seen in SAED, and the diffraction
peaks obtained during XRD indicated that the Zs-AgNPs
were crystalline in nature. Erigeron bonariensis showed
comparable SAED and XRD patterns(Kumar et al.,
2016). The produced nanoparticles were spherical in
form and had a smooth surface, as demonstrated by the
TEM images of the Zs-AgNPs (Figure 4(a)). SAED
pattern analysis (Figure 4(b)) further verified the

crystalline nature of silver nanoparticles. The average
particle size of the Zs-AgNPs was 9 nm, and their
particle size distribution ranged from 5 to 15 nm (Figure

4(c)).
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Figure 4: (a) TEM images of Zs-AgNPs at different
maghnifications, (b) SAED pattern of Zs-AgNPs , and
(c) size distribution histogram.

EDX and SEM Analysis Zs-AgNPs

The SEM analysis data showed that the synthesized
Zs-AgNPs were spherical in shape of various sizes
ranging between 9 and 35 nm (Figure 5(a)). Some
nanoparticles were bigger in size, which may be due to
aggregation or overlapping of particles. The shape, size,
and morphology of synthesized green nanoparticles
were confirmed by TEM and SEM imaging. For the
purpose of characterizing nanoparticles, these methods
have been regularly employed by many
researchers(Maduraimuthu et al., 2023). The spherical
form and smooth surface of the Zs-AgNPs were
confirmed by TEM and SEM pictures, indicating that they
were substantially stabilized. In these aggregates, the
particles were not directly attached to each other. This
suggests that the nanoparticles were stabilized by the
aqueous extract of Z. spina-christi (L), are surrounded by
a thin layer of some capping organic substances from
the plant leaf, as seen in the TEM micrograph(El-Ansary
et al., 2018). EDX spectra of silver nanoparticles were
observed between 2.5-4 keV, which clearly showed a
strong spectral signal in the silver region at 3.3 keV
(Figure 6b). The EDX spectrum indicates the existence
of biomolecules next to Zs-AgNPs due to the presence
of signals for carbon, nitrogen, and oxygen(Sidhu et al.,
2022).
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Figure 5: (a) SEM micrograph of AgNPs
synthesized using Z. spina-christi (L) aqueous leaf
extract, (b) energy DXR of Zs-AgNPs.

Assay for Antimicrobials

Green generated Ag-NPs have been evaluated for
antibacterial activity against a variety of bacterial species
using the zone of inhibition technique. The obtained
silver nanoparticles demonstrated positive results in
antimicrobial testing. The antibacterial efficacy of silver
nanoparticles against a variety of bacterial species was
demonstrated by their significant zone of inhibition.
Table 2 displays the zone of inhibition for the disc
diffusion experiment. The zone of inhibition ranged 9 to
11 mm in diameter for Gram-negative bacteria and 11 to
14 mm in diameter for Gram-positive bacteria. The
information gathered is consistent with earlier

research(Ashraf et al, 2019). These Ag-NPs'
antibacterial activity may be explained by oxidative
stress production, interruption of DNA replication, or
direct bacterial cell lysis via AgNP damage to cell
membranes (Alsubki et al.,, 2021). However, the
presence of several phenolic chemicals in a single plant
extract may be the cause of the antibacterial action. It's
also possible that the antibacterial qualities of silver
nanoparticles originate from their interactions with
hypothetical peptides required for cell proliferation and
survival.

Antifungal Activity of Zs-AgNPs

Table 3's data show that the silver nanoparticles
inhibited the linear growth of A. flavus and F.
chlamydosporum above than 50% at 200 ppm (ED50 =
159.18, ED95 = 1941.6, slope = 1.75 % 6.1) and by
approximately 50% at 150 ppm (ED50 = 175.78, ED95 =
840.31, slope = 2.31 + 0.21). The silver nanoparticles'
inhibitory impact against A. flavus was greater at higher
doses than it was against F. chlamydosporum. The
AgNPs' size, structure, and capping proteins may be
responsible for their antifungal action. These results are
consistent with the findings of (Yassin et al., 2017) The
silver nanoparticles' inhibitory impact against A. flavus
was greater at higher doses than it was against F.
chlamydosporum. The AgNPs' size, structure, and
capping proteins may be responsible for their antifungal
action. These results are consistent with the findings of
(Luan & Xo, 2018). The high concentration at which
silver nanoparticles may saturate and bind to hyphae in
the fluid may be the cause of their strong antifungal
action. When the fungus were exposed to silver
nanoparticles, their DNA lost its capacity to replicate,
which may have caused ribosomal subunit protein
expression to be disrupted (Yassin et al., 2021). Overall,
especially at high doses, our biogenic silver
nanoparticles demonstrated encouraging antifungal
activity and could be useful against other test species.

Table 2. Shows the disc diffusion assay-tested antibacterial activity of Zs-AgNPs aqueous leaf extract
against bacteria.

Bacterial Strains Gram stain type Zone of Inhibition (mm)
Control SZ-AgNPs

E. coli Gram-negative 8 11

P. aeruginosa 7.5 9
K. pneumonia 8 10
S. pneumonia Gram-positive 11 12
S. epidermis 10 13

S. aureus. 11 14
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Table 3: Biogenic silver nanoparticles' antifungal affect

Nanomaterial F. chlamydosporum A. flavus
concentrations (ppm) RG % inhibition RG % inhibition
0 91.20 00.00 81.85 00.00
50 81.75 11.28 67.50 17.65
100 64.75 30.17 57.50 31.03
150 53.25 42.94 45.75 45.58
200 40.10 57.67 34.00 60.13
EDso 175.78 159.18
EDgs 840.31 1941.6
Slope + SE 2.31+0.21 1.75+6.1

EDso: Entire dosage needed to eradicate 50% of the fungus; In 95% of the fungal culture, ED 95 indicates the dose
necessary to get the desired result; "R.G." for radial growth; "Inh. (%)" stands for percentage inhibition.

Antioxidant Activity of Zs-AgNPs

Numerous conditions are linked to oxidative stress,
such as atherosclerosis, diabetes, high blood pressure,
and cancer. It is interesting to note that tiny quantities of
antioxidants (organic chemical substances) can either
stop or delay the oxidation of substrates (Jomova et al.,
2024). It has been found that metal nanoparticles are an
effective antioxidant that counteracts the widespread
nitrogen-centered free radical known as DPPH (Naseem
et al., 2024) DPPH is a purple-colored, stable free
radical with a significant absorption maximum at 517 nm.
When an antioxidant is present, the free radicals in the
DPPH being coupled off, which reduces absorbance and
color intensity. AgNPs giving the DPPH radicals an
electron or proton, which is then reduced (Sivalingam et
al., 2024) . Figure 6 shows the DPPH scavenging activity
of chemically and biologically synthesized nanoparticles.
For both chemically and biologically synthesized
nanoparticles, the percentage of DPPH scavenging
activity rose linearly as the nanoparticle concentration
increased from 1 to 5 pg/ml. When tested at a
concentration of 5 pg/ml, biosynthesized nanoparticles
shown 90% of scavenging activity, compared to only
78% for chemically produced ones. Because the surface
of the Z. spina-Christi leaf extract nanoparticles
contained a bioactive capping agent, they exhibited
higher levels of antioxidant activity than the chemically
manufactured counterpart. The strong antioxidant
activity of flavonoid (Sysak et al., 2023) and phenolic
compounds (Sysak et al., 2023) makes them useful for
treating and preventing degenerative illnesses.
Therefore, the improved antiradical activity near the
control ascorbic acid is mostly caused by the bioactive
chemicals that are present on the surface of
biosynthesized nanoparticles.
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Figure 6: Antioxidant activity of biologically and
chemically synthesized AgNPs

The Photocatalytic Dye Activity Of Zs-Agnps

At various time intervals (0, 5, 10, 15, 20, 30, 60, 90,
and 120 min), the photocatalytic dye degradation of
aqueous 0.1% Eosin Y dye by Zs-AgNPs under UV light
was investigated, as indicated in Figure 7(a). Zs-AgNPs
were employed as a catalyst to monitor the dye
degradation process using UV-vis spectroscopy. The
wavelength range in which the absorption spectra were
measured was 400-600 nm. In the visible region, the
maximum absorption peak of eosin dye was observed at
515 nm as shown in Figure. 7(a). It was observed that
the intensity of the absorption spectrum decreases with
respect to time. It's possible that Zs-AgNP-induced
redox reactions are to blame for this. According to Figure
7(b), after 120 minutes, the dye had deteriorated by
89.5%. The photocatalyst material absorbs photons and
generates an electron-hole pair, which then performs
oxidation and reduction reactions on the surface to form
super hydroxyl molecules. During the dye degradation
process, these molecules chemically react with the dye
molecules on the surface of the nanoparticles,
increasing surface area availability and thus improving
photocatalytic efficiency. Zs-AgNPs thus serve as a
source for the electron transfer process. The
photocatalytic activities of Zs-AgNPs under UV light may
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be facilitated by their Surface Plasmon Resonance
characteristic(Aisida et al, 2019). Pathological
laboratories routinely utilize eosin dye for regular
examinations and the identification of illnesses mediated
by bacteria or fungus. However, managing or removing
such dye correctly is time-consuming and detrimental to
the environment. Therefore, the Zs-AgNP mediated dye
degradation technique is still advantageous when it
comes to managing pathological waste (Ghatage et al.,
2023).

The Mechanism

The high stability of Zs-AgNPs is one of its
interesting attributes, resulting in high photocatalytic
activity. The partial production of metallic Ag on the
Ag20 surface caused by photocatalysis of organic
materials  contributes to the stabilty of the
nanophotocatalysts. The photocatalysis process is
enhanced by the metallic Ag's participation in the
organic pollutants' photodegradation (Loka & Lee, 2022).
The equations (3)(10) describe the photocatalysis
mechanism and the self-stabilization process of Ag20-
NPs during photocatalysis, which is seen in Figure 8.

Ag,0 +hv - Ag,0 (ec + hip) 3)

Ag,0 + ecp — Agt+ 05 (€))
Ag* + ecy — Ag (electron trapping) 5)
0, + ecg +2H* > H,0, (6)
H,0, +ecz — OH™ + OH 7
H,0 + hi; — H*+ OH (8)
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The Zs-AgNPs photocatalyst absorbs photons upon
irradiation, leading to the creation of an electron-hole
pair (Equation (3)), whereby the hole (h+) travels to the
valence band (VB) and the electron (e-) goes to the
conduction band (CB). The Ag+ lattice collects the
photogenerated electrons (Equation (4)) into the CB of
the ZS-AgNP because Ag.0O has a higher negative
potential (0.2 V vs. NHE) than Ag*/Ag (0.7991 V vs.
NHE) but a more positive potential when compared to
02/H20 (-0.046 V vs. SHE). On the surface of Ag:0,
metallic Ag is formed because of Ag* reduction. During
the multistep photocatalysis, these metallic Ag clusters
that have formed on the photocatalyst surface function
as an electron pool(Loka & Lee, 2022). Equations (5)
and (6) predict that when a given quantity of metallic Ag
has accumulated, the subsequent photogenerated
electrons will transport in a multielectron way to the
metallic Ag sites. Equations (7) to (10) show that when
the generated hydrogen peroxide takes an electron and
the surface water molecule absorbs the holes in the
valence band, a reactive hydroxyl radical species is
formed that assaults the organic material and gets rid of
the organic contaminant, such organic dyes. Moreover,
the target organic pollutant is directly oxidized in
accordance with equation (10)(Zidane et al., 2022) as a
result of the direct capture of the organic molecule's
photoinduced holes, as shown in Figure 8 .
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Figure 7: (a) Reaction time's effect on Zs-Ag20ONPs' Eosin Y degradation; (b) absorption
and degradation as a function of time.
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Figure 8. The schematic representation of a potential process for Zs-AgNPs leaf extract-mediated
photocatalytic degradation of Eosin Y dye.

CONCLUSIONS

In this study, an aqueous extract of Z. spina-christi
(L) leaves was used to produce Zs-AgNPs based on
phytochemicals. Numerous spectroscopic and
microscopic methods were employed to assess the
structural characteristics of the biofabricated Zs-AgNPs.
The mean particle size of the bio-fabricated Zs-AgNPs
was 9 nm. The bio-fabricated Zs-AgNPs effectively acted
as a photocatalytic agent to degrade 0.1% Eosin Y dye
when exposed to UV light. Additionally, ZS-AgNPs were
employed as antifungal and antibacterial agents against
two fungi and six Gram positive and Gram negative
bacteria. Based on the results, Zs-AgNPs might be a
good choice for photocatalytic removal of poisonous dye,
pathogenic deactivators, and wastewater treatment.
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