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ABSTRACT

Green nanobiotechnology represents a sustainable and cost-effective platform for synthesizing metallic nanopar-
ticles using biologically driven mechanisms. In this study, silver nanoparticles (AgNPs) were biosynthesized
for the first time using methanolic and ethanolic extracts of Rumex nervosus flowers and fruits. Phytochemi-
cal profiling confirmed the presence of phenolics, flavonoids, tannins, and related secondary metabolites in R.
nervosus flower and fruit extracts, which served as intrinsic reducing and stabilizing agents for AQNP synthesis.
The formation of Silver Nanoparticles was indicated by a distinct color transition and further verified by ultravio-
let-Visible Spectroscopy, which revealed characteristic surface plasmon resonance. Fourier transform infrared
spectroscopy demonstrated notable shifts in the O-H, C=0, C-0O, and C-N vibrational bands in the extracts, con-
firming their involvement in metal ion reduction and capping. X-ray diffraction analysis revealed a face-centered
cubic crystalline structure with an average crystallite diameter ranging from 20.7-23.9 nm. Antioxidant evaluation
via the 2, 2-diphenyl-1-picrylhydrazyl assay showed that AgNPs exhibited superior radical-scavenging capacity
compared to crude extracts, with methanolic AQNPs demonstrating the highest activity (91.69%). Antimicro-
bial testing revealed that ethanolic AQNPs displayed significant inhibitory activity against gram-negative bacteria,
whereas methanolic AgNPs showed negligible effects owing to enhanced nanoparticle stabilization and reduced
Ag + availability. These results highlight that R. nervosus is an effective biomediator for AQNP formation with
promising antioxidant and antibacterial applications.
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1. INTRODUCTION

maintenance, and reaction time maintenance [3, 4].

Silver nanoparticles (AgNPs) have gained significant
attention in biological applications compared to other
metals because of their unique chemical and physical
properties [5]. During biosynthesis, plant chemical con-
stituents act as potent reducing agents, facilitating the
formation of stable nanoparticles [6].

Bionanotechnology is considered one of the most impor-
tant branches of nanotechnology because it relies on
biological pathways known as green synthesis, which
involves the use of plants and microorganisms. This ap-
proach is both economical and environmentally friendly
because it does not depend on toxic chemicals, high

pressure, elevated temperatures, or excessive energy, Recently, the bioactive components of Rumex ner-

making it highly applicable in the medical field [1, 2].

Moreover, plants offer several advantages over other
biological processes, including risk reduction, cell culture

vosus flowers (Fig.1) were identified, revealing approxi-
mately 19 flavonoids for the first time, which act as strong
reducing agents in the synthesis of AgNPs [7].
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Figure 1. R. nervosus flowers and fruits

R. nervosus belongs to the Polygonaceae family,
which includes more than 200 species distributed across
various countries worldwide.

R. nervosus grows abundantly in several regions of
Yemen, where it is a staple in traditional Yemeni medicine.
Ethnobotanical records indicate its use in treating inflam-
matory diseases, diarrhea, wounds, typhoid fever, and
various dermatological disorders [8, 9].

Recent pharmacological evaluations have validated
these traditional claims, demonstrating that R. nervosus
extracts possess significant antioxidant, antimicrobial,
and anti-inflammatory proper. Notably, the plant exhibits
potent urease-inhibitory and anthelmintic activity. Fur-
thermore, studies have identified its potential as an anal-
gesic and antiviral agent against influenza A, exhibiting
antileishmanial and cytotoxic (anticancer) activities [10,
11].

Unlike previous studies that focused on leaves [12],
this study highlights the unique phytochemical potential
of R. nervosus flowers and fruits for the rapid synthesis
of stable AgNPs.

2. MATERIALS AND METHODS
2.1. MATERIALS

All reagents were of analytical grade and used with-
out further purification. Silver nitrate (AgNO3) was pur-
chased from Fluka-Garantie, and double-distilled water,
methanol, and ethanol were purchased from commercial
suppliers. Fresh plant samples, flowers, and fruits of R.
nervosus were collected during the summer of 2024 from
Ibb governorate, Yemen. The samples were identified
by Dr. Hassan Ibrahim at the Biological Sciences De-
partment, Faculty of Science, Sana’a University, Yemen.
More than one sample of each category was assigned
herbarium number 1174 and stored at the Faculty of
Science Herbarium for reference.

2.2. METHODS

2.2.1. Preparation of R. nervosus Flowers and Fruits
extracts

Fresh flowers and fruits of R. nervosus were collected
and washed with tap water, followed by double-distilled
water (DD H»O). The samples were dried at room tem-
perature for 5 days in the absence of sunlight and then
pulverized using a sterile electric blender to obtain a fine
powder of the same. For extraction, 50 g of powder was
separately mixed with 500 mL of methanol (95%) and
ethanol (96%). Each mixture was boiled for 35 min at
60°C, cooled, and filtered twice through Whatman No.
1 filter paper. The solvents were then evaporated, and
the extracts were concentrated under reduced pressure
using a rotary evaporator. The obtained crude extracts
were stored at 4°C until further analysis. [13].

2.2.2. Qualitative Preliminary of Phytochemical
Analysis

Following Hoborne [14], a qualitative analysis was con-
ducted to identify a range of bioactive phytoconstituents
using freshly prepared methanolic and ethanolic extracts
of R. nervosus flowers and fruits, to detect alkaloids,
glycosides, terpenoids, phenolic compounds, tannins,
flavonoids, reducing sugars, and saponins.

2.2.3. Synthesis of AgNPs (Green synthesis)

The green synthesis of R. nervosus silver nanoparti-
cles (Rn-AgNPs) was carried out using methanolic and
ethanolic extracts of R. nervosus flowers and fruits. Each
extract was mixed individually with a 0.1 M silver nitrate
(AgNO3) solution in a 1:4 ratio. The reaction mixtures
were stirred magnetically on a hot plate at 60°C for 1 h.
The formation of Rn-AgNPs was indicated by a visible
color change in the solution within 24 h [15, 16].

The nanoparticles were separated via centrifugation
at 5000 rpm for 10 min. The resulting precipitate was
washed twice with deionized water to remove impurities
and then oven-dried to obtain a powder.

2.2.4. Characterization and Measurement Tech-
niques
The green-synthesized silver Rn-AgNPs were charac-
terized using different methods. The optical properties
were determined using a UV-Vis double-beam spec-
trophotometer (Model UV-6100PCS, Shanghai Mapada
Instruments Co., Ltd.) at 300—700 nm. Functional group
analysis: Fourier transform infrared (FT-IR) spectroscopy
(FT/IR-140, Jasco, Japan) was employed, and the ranges
of wavenumbers between 4000-400 cm™" were scanned.
Finally, to determine the crystalline structure, the crys-
talline structure of the sample was determined using
X-ray diffraction (XRD) at 36 kV and 20 mA, and using
Cu Ka (I = 1.54 A) at 36 kV and 20 mA, [17, 18] this
analysis was performed by the Geological Survey and
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Minerals Resources Board, Yemen.

2.2.5. Zeta Potential Analysis

The zeta potential and colloidal stability of the synthe-
sized AgNPs were evaluated using the method described
by Di Fraia et al. [19], employing a Zetasizer Nano
ZS (Malvern Instruments, UK) equipped with DTS1070
folded capillary cells. The methanol- and ethanol-
synthesized AgNPs (individually) were centrifuged, re-
suspended in deionized water to a concentration of ap-
proximately 1 mg/mL, and sonicated for 10 min to en-
sure homogeneous dispersion. Measurements were
conducted at 25°C with a scattering angle of 173°, and
the results were recorded as the average of three inde-
pendent replicates.

2.2.6. Biological Evaluation of Extracts
2.2.6.1. Antioxidant Activity Evaluation

The antioxidant activity of the R. nervosus flowers and
fruits methanolic and ethanolic extracts, as well as the
nanoparticles derived from each extract, was assessed
using a 2, 2-diphenyl-1-picrylhydrazyl (DPPH) free radi-
cal scavenging assay [20, 21]. Ascorbic acid was used
as the standard.

Antioxidant, and the DPPH solution was prepared
by dissolving 2.5 mg DPPH in 25 mL methanol. A 1 mL
aliquot of the methanolic DPPH solution was added to dif-
ferent concentrations of ascorbic acid, as well as various
concentrations (200, 400, 600, 800, and 1000 pg/mL)
of R. nervosus flower and fruit extracts and their corre-
sponding nanoparticles. Each sample was tested individ-
ually (all ascorbic acid, plant extracts, and nanoparticles
were dissolved in methanol). The control and treated
samples (ascorbic acid, plant extracts, and nanoparticle
formulations (methanolic and ethanolic Rn-AgNPs) were
incubated with the DPPH solution in the dark at room
temperature for 30 min. The absorbance was measured
at 517 nm using a Genova Life Science Analyzer Protein.
The free radical scavenging activity (%) was calculated
using the following equation:

(%) = Ac — As/Ac x 100

where is Ac = absorbance of the control sample, and
as = absorbance of the test sample (ascorbic acid, plant
extracts, or nanoparticles) [20]. In contrast, the half-
maximal radical-scavenging activity concentration (ICsg)
was determined to evaluate the antioxidant potency of
the extracts and the synthesized AgNPs. Owing to the
significant antioxidant activity observed, where the inhi-
bition percentage exceeded 50% at the lowest tested
concentration, the ICs, values were calculated using lin-
ear interpolation—ratio and proportion— [22, 23]-based
on the first data point, according to the following formula:

ICs0 = (50 x C;)/RSA1

Where C; is the lowest concentration tested and RSA1
is the percentage of radical scavenging activity at that
concentration. This approach was adopted to provide
a more realistic estimation of the ICs; within the potent
range of the samples and to avoid the statistical bias of
the plateau phase observed at higher concentrations.

2.2.6.2.Antimicrobial assays

2.2.6.2.1. Tested Microorganisms:

The antimicrobial activities of R. nervosus flower and
fruit extracts and the nanoparticle formulations (methano-
lic and ethanolic Rn-AgNPs) were evaluated against
five bacterial strains. These included two gram-positive
bacteria, (Staphylococcus saprophyticus and Staphy-
lococcus aureus), and three gram-negative bacteria
(Escherichia coli, Klebsiella pneumoniae, and Pseu-
domonas aeruginosa). Moreover, the antifungal ac-
tivity of these extracts and nanoparticle formulations
(methanolic and ethanolic Rn -AgNPs) was tested
against Candida albicans. All microbial isolates were
obtained from the National Center of Public Health Labo-
ratories (NCPHL) in Ibb and from Alpha Laboratories.

2.2.6.2.2. Determination of Microbial Activities:

The antimicrobial activities of the methanolic and
ethanolic extracts from R. nervosus flowers and
fruits, as well as their synthesized Rn- AgNPs, were
evaluated using the agar well-diffusion method on
Mueller Hinton Agar (MHA) for antibacterial testing
and Sabouraud dextrose Agar (SDA) for antifungal
assessment. The preparation of microbial inocula and
the standardization of suspensions were carried out
according to the methods described by Ibrahim et al.
[20]. To prepare the treatments, a primary stock solution
was formulated by dissolving 0.3 g of each extract
and AgNPs (individually)in 3 mL of dimethy! sulfoxide
(DMSOQ), yielding an initial concentration of 100 mg/mL.
This stock served as the first test concentration and the
basis for a twofold serial dilution series. Specifically,
the 50 mg/mL concentration was prepared by mixing
1.5 mL of the 100 mg/mL stock with 1.5 mL of pure
DMSO. Subsequently, the 25 mg/mL and 12.5 mg/mL
dilutions were obtained by sequentially transferring 1.5
mL from the preceding higher concentration into 1.5 mL
of fresh DMSO, ensuring a consistent 1:1 dilution ratio at
each step. Using a sterile cork borer, wells of 6 mm in
diameter were prepared in the agar and filled with 50
uL of each resulting concentration, while 50 uL of pure
DMSO was utilized as a negative control [20, 24, 25]. For
positive control Ampicillin (AMP) and Chloramphenicol
(CHL) served as positive controls for antibacterial
activity, while Voriconazole (VRC), Miconazole (MSZ),
Fluconazole (FLU), Itraconazole (ITR), Clotrimazole
(CLT), and Nystatin (NY) were used as positive controls
for antifungal activity. Plates were incubated at 37 °C for
24 h. All procedures were performed in triplicate, and
mean inhibition zone diameters (mm) were calculated
[24-26].
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2.2.6.2.3. Determination of Minimum Inhibitory
Concentration (MIC):

The minimum inhibitory concentration (MIC) of the
plant extracts and the two AgNP formulations (methano-
lic and ethanolic) was determined as the lowest level of
antimicrobial activity against four test human pathogenic
microorganisms (two gram-positive bacteria, S. sapro-
phyticus and, S. aureus, three gram-negative bacteria, K.
pneumoniae, P. aeruginosa, and E. coli) and one fungal
pathogen (C. albicans)

2.2.6.2.4. Statistical Analysis:

All antimicrobial assays were conducted in triplicate
(n=8), and the results are presented as the mean *
standard deviation (SD). To ensure a transparent rep-
resentation of the experimental data, the variability of
the inhibition zones was characterized by reporting the
minimum and maximum observed values. [24].

3. RESULTSAND DISCUSSION
3.1. YIELD OF PLANT EXTRACTS

The yield of the crude extracts varied according to the sol-
vent used. Methanol extraction resulted in a higher yield
(5.1 g, 10.2% w/w), whereas ethanol extraction yielded
4.20 g (8.4% w/w) relative to the initial 50 g of dry starting
material. Based on previous results, methanol extraction
resulted in a higher yield than ethanol extraction, which
may be attributed to the greater polarity and stronger
solvent power of methanol, which enables it to dissolve
a wider range or larger quantity of phytochemicals from
the plant materials. Studies have shown that solvents
with higher polarity, such as methanol, tend to extract
more phenolic, flavonoid, and hydroxyl-rich compounds,
contributing to higher yields and stronger bioactivity [27,
28].

3.2. PHYTOCHEMICAL SCREENING

Phytochemical analysis (Table 1) revealed that the
methanolic and ethanolic extracts of R. nervosus flow-
ers and fruits contain active compounds, such as alka-
loids, phenols, glycosides, and flavonoids. This finding is
consistent with previous findings on the 70% methanolic
extract of R. nervosus flowers [29]. The extracts also con-
tain terpenoids, tannins, reducing sugars, and saponins.

3.3. ULTRAVIOLET-VISIBLE (UV-VIS) ANALY-
sis:

A distinct color change from pale to dark was observed
in the methanolic and ethanolic extracts of R. nervosus
flowers and fruits after adding AgNQs3, indicating the suc-
cessful formation of Rn-AgNPs within one hour due to
surface Plasmon Resonance (SPR). As shown in Fig.
2, the UV-Visible absorption spectrum displayed SPR

Table 1. The Phytochemical Components of the flowers and
fruits methanol and ethanol extracts of R.nervosus

Secondary Test Method of Extraction
Metabolites Reagent Methano| Ethanol
Alkaloids Wanger s test | + +
Flavonolds Ferric Chloride | + +

Lead acetate + +
Terpenoids Salkowski + +
Phenol Ferric Chloride | + +
Tannins Ferric Chloride | + +
Glycosides Keller-Killani + +
Reducing Sugar | Fehling ‘stest | + +
Saponins Foam test + +
“+ “: the active compound is presented

peaks at approximately 380-324 nm and 345-324 nm,
confirming the reduction of Ag* ions and the synthesis
of AgNPs, respectively. This wavelength range reflects
the small size, stability, and minimal aggregation of the
nanoparticles, as smaller particles cause collective elec-
tron oscillations at higher energies, resulting in a blue
shift to shorter wavelengths. [30, 31].

3.4. FOURIER TRANSFORM INFRARED (FT-
IR) SPECTROSCOPY ANALYSIS

Table 2 and Figs.3 and 4 present the FTIR spectra of
R. nervosus flower and fruit ethanolic and methanolic
extracts, along with their corresponding Rn-AgNPs. The
observed spectral variations confirm the involvement of
plant phytochemicals in nanoparticle formation. A shift
in the O—H stretching vibration was observed following
nanoparticle synthesis. In the ethanolic extract, the O-H
band decreased from 3497.76 cm™' (Fig.3 A) to 3431.71
cm™ (Fig.4 A) in the ethanol Rn-AgNPs, while in the
methanolic extract, it shifted from 3422.06 cm™ (Fig.3
B) to 3396.03 cm™' in methanol Rn-AgNPs (Fig.4 B).
This downward shift indicates that hydroxyl-containing
compounds, mainly phenolics and flavonoids, partici-
pated in reducing Ag* to Ag® and were partially con-
sumed in the process. These compounds also adsorbed
onto the nanoparticle surface, contributing to capping
and stabilization. The carbonyl (C=0) stretching bands
also shifted, from 1718.26 in ethanol extract (Fig.3 A) to
1707.66 cm™! in ethanol Rn-AgNPs (Fig.4 A) and from
1708.62 in methanol (Fig.3 B) extract to 1700.91 cm™ in
methanol Rn-AgNPs (Fig.4 B). These changes confirm
the role of carbonyl groups as electron donors and stabi-
lizing agents during nanoparticle formation. Additional
spectral changes were noted in the C—N and C-O func-
tional groups. The C—N band shifted from 1384.64 and
1383.68 cm™' in the ethanol and methanol crude extracts,
respectively (Fig.3 A & B) to 1364.39 and 1365.35cm™ in
Rn- AgNPs ethanol and methanol, respectively (Fig.4 A &
B). The C-O stretching bands shifted from 1033.66 and
1208.18 cm™' in the ethanol and methanol crude extracts,
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Figure 2. UV-Vis absorption spectrum of Rn-AgNPs prepared using R. nervosus flowers and fruits (A) Methanol, (B) Ethanol

extracts

Table 2. FT-IR Spectrum of R.nervosus flower and fruit extracts and silver nanoparticles (Rn- AgNPs)

Wave number of absorption cm™!
NO | Functional group Ethanol Methanol
Extract Rn-AgNPs | Extract Rn-AgNPs

1 -OH 3497.76 | 3431.71 3422.06 | 3396.03

2 -CH (Alkanes/Aliphatic) 2923.56 | 2922.59 2921.63 | 2854.13

3 -C=0 1718.26 | 1707.66 1708.62 | 1700.91

4 -C=C 1618.95 | 1617.02 1617.98 | 1609.31

8 C-N 1384.64 | 1364.39 1383.68 | 1365.35

6 C-O- 1033.66 | 1035.59 1208.18 | 1052.94

7 -C-H (out of plan - OOP) | 873.596 | 520.686 670.142 | 521.65

correspondingly (Fig.3 A & B) to 1035.59 and 1052.94
cm™ in Rn-AgNPs ethanol and methanol, respectively
(Fig.4 A & B). These shifts reflect an interaction between
the extracted biomolecules, and the nanoparticle sur-
face. A pronounced decrease in the aromatic C—H out-
of-plane vibration was also detected, shifting from 873.59
and 670.14 cm™! in the extracts (Fig.3 A & B) to approxi-
mately 520 cm™" in the synthesized nanoparticles (Fig.4
A & B). This reduction provides additional confirmation of
successful Rn- AgNP capping and surface modification.
Overall, these FT-IR spectral changes show that pheno-
lic, carbonyl, and amine-containing phytochemicals act
as reducing agents, converting Ag* to Ag®. In addition,
proteins and polysaccharide-like compounds contribute
to nanoparticle capping and stabilization [32].

3.5. X-RAY DIFFRACTION ANALYSIS

Fig. 5 A&B present the X-ray diffraction (XRD) patterns
of AgNPs prepared using R. nervosus flower and fruit
methanolic and ethanolic extracts individually. These
patterns confirm the phase purity of the crystalline struc-
tures. For the methanolic extract, three sharp peaks ap-
pear at 26 values of 38.755°, 44.101°, and 64.540°. How-
ever, for the ethanolic extract, the peaks are at 38.000°,
44.221°, and 64.580°. These peaks correspond to the
111, 200, and 220 crystallographic planes (Table 3). The

sharp and intense peaks indicate that the synthesized
Rn-AgNPs are highly crystalline. The average crystallite
sizes (D) were 23.931 and 20.713 nm, prepared using
R. nervosus flower and fruit methanolic and ethanolic
extracts, respectively (Table 3). These values were cal-
culated using the Scherrer equation.

D =09A/Bcosb

where A = 0.154 nm, @ is the diffraction angle, and
B is the full width at half maximum, which was used
to calculate the crystallite size [33]. XRD analysis of
the AgNPs synthesized using R. nervosus flower and
fruit confirmed the formation of highly crystalline, phase-
pure metallic silver. The diffraction patterns of both ex-
tracts exhibited three distinct sharp peaks corresponding
to the (111), (200), and (220) crystallographic planes.
Specifically, the methanolic extract showed peaks at 26
values of 38.755°, 44.101°, and 64.540°, whereas the
ethanolic extract showed peaks at 38.000°, 44.221°,
and 64.580°. These values are in excellent agreement
with the standard face-centered cubic (FCC) structure
of silver reported in the literature. The sharpness and
high intensity of these peaks further indicate the high de-
gree of crystallinity of the biosynthesized nanoparticles.
Based on Scherrer’s equation, the average crystallite
sizes were determined to be 23.931 nm and 20.713 nm
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Figure 4. FT-IR Spectrum analysis of Rn-AgNPs prepared using Ethanol (A), Methanol (B) extracts of R. nervosus flowers and

fruits

for the methanolic and ethanolic extracts, respectively.
These dimensions are consistent with previous green
synthesis studies [18], which typically yield nanoparti-
cles in the 10-50 nm range, proving that R. nervosus
phytochemicals act as efficient reducing and stabilizing
agents.

The crystalline nature and mean size of the synthe-
sized AgNPs were confirmed by XRD analysis using the
Scherrer equation. This approach provides a statistically
valid estimation of the crystallite size, which is in good
agreement with the SPR peaks observed in the UV-Vis
spectra.

3.6. ZETA POTENTIAL ANALYSIS

The zeta potential is a fundamental parameter used to
quantify the surface charge of nanoparticles, which di-
rectly influences the physical stability and aggregation
behavior of colloidal dispersions. The AgNPs synthe-
sized using R. nervosus methanolic and ethanolic ex-

tracts exhibited significant negative zeta potential values
(-25.6 £0.1 and -28.4 + 02 mV. respectively). These
negative values suggest that the nanoparticles were ef-
fectively capped by anionic phytochemicals, such as phe-
nolics, flavonoids, and organic acids, present in the plant
extracts. Furthermore, this surface charge creates sub-
stantial electrostatic repulsion that maintains particle dis-
persion and reduces aggregation, indicating that AQNPs
possess moderate to high colloidal stability [34, 35].

3.7. DPPH ScAveENGING AcTIVITY OF DE-
TERMINATION OF THE FLOWERS AND
FRUITS EXTRACTS AND AGNPs oF R.
NERVOSUS.

Determination of DPPH scavenging activity of the flower
and fruit extracts and Rn-AgNPs of R. nervosus. This
method is based on the reduction of the stable purple
DPPH free radical in the presence of an antioxidant
agent, resulting in its conversion to the yellow non-radical
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Table 3. X-ray diffraction (XRD) characteristics of the synthesized and standard AgNPs.

R.nervosus flower and fruit extracts | Metal | 2-theta (2 6) | (hkl) | FWHM (g) | Crystallite size(D,nm) | Average (D,nm)

38.75 111 0.4 21.986

Methanol Ag 44101 200 0.388 23.07 23.931
64.54 220 0.367 26.74
38.0 111 0.544 16.1296

Ethanol Ag 44.221 200 0.381 235 20.713
64.58 220 0.436 22.5096

v IL ;‘ |
\ / ! JIM

Figure 5. X-ray diffraction (XRD) pattern of AgQNPs synthesis using Methanol (A), Ethanol (B) R. nervosus

form. Table 4 and Fig. 6 summarize the free radical scav-
enging activity of the R. nervosus flower fruit methanolic
and ethanolic extracts and the AgNPs synthesized using
each extract individually. The radical-scavenging activity
(RSA%) of R. nervosus flower and fruit extracts and their
silver nanoparticle formulations (Rn-AgNPs) increased
proportionally with increasing concentrations (Fig. 6).
Ascorbic acid exhibited the highest efficiency at low con-
centrations, reaching 90.9% at 10 ug/mL concentra-
tion. Among the plant-derived samples, the methanolic
nanoparticle formulation (Rn-AgNPs) showed the high-
est antioxidant response (91.697% at 1000 ug/mL), out-
performing the pure methanolic (78.73%) and ethanolic
(86.089%) extracts. Additionally, the ethanolic nanopar-
ticle formulation (Rn-AgNPs) demonstrated improved
radical-scavenging activity (87.036%) compared to its
crude extract. The methanolic nanoparticle formulation
(Rn-AgNPs) exhibited improved radical-scavenging activ-
ity (91.697%) compared to the crude extract. Overall, the
conjugation of the plant was determined to be 23.931 nm
for the methanolic extract and 20.713 nm for the ethanolic
extract. These dimensions are consistent with previous
green synthesis studies, which typically yield nanopar-
ticles in the 10-50 nm range, proving that R. nervosus
phytochemicals act as efficient reducing and stabilizing
agent extracts with AgNPs markedly enhanced their an-
tioxidant capacity. The methanolic nanoparticle formula-
tion showed the strongest effect due to its higher polarity,
which enables broader extraction of phenolic compounds
and flavonoids, the primary contributors to antioxidant
activity and reducing factors required for the formation of
AgNPs [10, 36]. Several studies have confirmed that bio-

logically synthesized nanoparticles display stronger an-
tioxidant activity than their corresponding plant extracts
[37].

According to the formula ICsp = (50 x C;)/RSA1
and table x, the lowest concentration that gives the half-
maximal radical scavenging activity percentage ICsy was
118.6 ug/ml for the Methanol Rn-AgNPs, followed by
Ethanol Rn-AgNPs and Ethanol extract with concentra-
tions of 120.2 and 132.2 ug/ml, respectively, while the
highest concentration that gives half-maximal the radical
scavenging activity percentage (ICsp) was for Methanol
extract with a concentration of 138.1 ug/ml, this agrees
with many studies where they reported that the AgNPs
synthesized using methanol exhibited higher antioxidant
potency, as reflected by lower ICsq values, than ethanolic
AgNPs across various plant sources [38—40].

3.7.1. Determination of Antimicrobial Activity

Table 5 and Fig.7. illustrates that the R. nervosus flow-
ers and fruits methanolic extract showed an antibacterial
against one positive gram bacteria; S. aureus at high
concentration (100 mg/ml) with a mean inhibition zone
13.3 mm, however it did not demonstrate any activates
against S. saprophyticus. Furthermore, the R. nervosus
flowers and fruits ethanolic extract at four concentrations
(100, 50, 25, and 12.5 mg/ml) exhibited antibacterial
activity against S. aureus with a mean inhibition zone
of 18.3, 14, 11.7, and 11 mm, respectively, but did not
show any activity against S. saprophyticus (Table 5) and
Fig.8. Moreover, the methanolic and ethanolic Rn-AgNP
extracts did not exhibit any activity against the selected
gram-positive bacteria (Table 5). Conversely, the R. ner-
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Table 4. The antioxidant activity of R. nervosus flower and fruit extracts and silver nanoparticles (Rn-AgNPs)

Radical Scavenging of R.nervosus flowers and fruits extracts and silver nanoparticles (Rn-AgNPs)
Methanol Ethanol
N O | Concentration (pg/ml) Extract AgNPs Extract AgNPs
Ab RSA% | ICso pg/ml | Ab RSA% | ICso pg/ml | Ab RSA% | ICsp pg/ml | Ab RSA% | ICsy ug/ml
1 200 0.370 | 73.052 0.213 | 84.487 0.334 | 75.674 0.226 | 83.54
2 400 0.334 | 75.674 0.143 | 89.585 0.317 | 76.912 0.204 | 85.142
3 600 0.314 | 77.130 | 138.1 0.140 | 89.803 | 118.6 0.239 | 82.593 | 132.2 0.188 | 86.307 | 120.2
4 800 0.303 | 77.932 0.136 | 90.095 0.210 | 84.705 0.185 | 86.526
5 1000 0,292 | 78.73 0.114 | 91.697 0.191 | 86.089 0.178 | 87.036
Ab Absorbance, RSA% Radical scavenging activity percentage
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Figure 6. Free radical scavenging activity% of R. nervosus flowers and fruits extracts and silver nanoparticles (Rn-AgNPs)

vosus flowers and fruits methanolic extract demonstrated
antibacterial activity against the selected gram-negative
bacteria, producing a mean inhibition zone of 10.3, 10, 7,
and 5.3 mm against E. coli and 17.3, 15.7, 15.3, and 13
against P aeruginosa at concentrations of 100, 50, 25,
and 12.5 mg/ml, respectively. It also produced a mean in-
hibition zone of 12.7 mm against K. pneumoniae at a con-
centration of 100 mg/ml (Table 5) and Fig.7. However, the
R. nervosus flowers and fruits ethanolic extract exhibited
antibacterial activity against two gram-negative bacteria,
E. coli, with a mean inhibition zone of 10.7, 10.3, 7.7,
and 6.7 at concentrations of 100, 50, 25, and 12,5 mg/ml,
respectively, and K. pneumoniae, with an inhibition zone
of 13.3, 11.7, 11.3, and 10.3 at concentrations of 100,
50, 25, and 12,5 mg/ml sequentially. However, it did not
demonstrate any activity against P aeruginosa (Table 5)
and Fig.8. Additionally, methanol Rn-AgNP displayed an-
tibacterial activity against two gram-negative bacteria (E.
coli and P, aeruginosa). For E. coli it produces a mean in-
hibition zone of 10.3, 9.7, 9.3 and 9 mm at concentrations
of 100, 50, 25 and 12,5 mg/ml correspondingly, while

against P. aeruginosa the mean inhibition zones were
15.7, 14.7, 13.7 and 10.3 mm at concentrations of 100,
50, 25, and 12.5 mg/mL, respectively; however, it showed
no activity against K. pneumoniae (Table 5) and Fig.7.
In contrast, ethanolic Rn-AgNP exhibited antibacterial
activity against all three selected gram-negative bacteria,
with a mean inhibition zone of 15, 11, 9.7, and 9.3 mm
against E. coli at concentrations of 100, 50, 25, and 12.5
mg/ml, respectively, whereas it displayed antimicrobial
activity with a mean inhibition zone of 10, 9.3, and 8.7
mm against K. pneumoniae and 12.7, 11.7, and 10.3 mm
against P, aeruginosa at concentrations of 100, 50, and
25 mg/ml, respectively (Table 5) and Fig.8 In addition to
antibacterial activity, the extracts also demonstrated an-
tifungal activity against C. albicans (Table 5) with mean
inhibition zones of 10.7, 9.7, 9, and 8.7 mm at concen-
trations of 100, 50, 25, and 12.5 mg/mL, respectively,
for the R. nervosus flowers and fruits methanolic extract,
while the ethanolic R. nervosus flowers and fruits extract
exhibited antifungal activity with mean inhibition zones of
13, 11.7, and 10 mm at concentrations of 100, 50, and 25
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mg/mL, respectively. Furthermore, methanol Rn-AgNP
did not show any antifungal activity against C. albicans,
whereas ethanolic Rn-AgNP displayed antifungal activity
against C. albicans at a concentration of 100 mg/mL with
a mean inhibition zone of 10.7 mm (Table 5) and Fig.7,8.
According to Table 5, Fig.9 the antibiotics Ampicillin and
Chloramphenicol antibiotics demonstrated antibacterial
activity against S. aureus, with inhibition zones of 19 and
24 mm, respectively. Moreover, Chloramphenicol also ex-
hibited an antibacterial activity against S. saprophyticus,
with an inhibition zone of 20 mm, while Ampicillin did not
show any activity against S. saprophyticus. Furthermore,
the three selected gram -negative bacteria exhibited a
resistant to Ampicillin antibiotic, whereas Chlorampheni-
col showed an antibacterial activity against the three
selected gram-negative bacteria; E. coli, K. pneumoniae
and P aeruginosa with inhibition zone of 30, 10 and 18
correspondingly (Table 5 and Fig.9).

In contrast, the antibiotics Nystatin, Clotrimazole, Flu-
conazole, Miconazole and Voriconazole displayed anti-
fungal activity against C. albicans, with inhibition zones
of 22, 12, 30, 11, and 31 mm, respectively, while the
antibiotic itraconazole did not exhibit any antifungal ac-
tivity against C. albicans (Table 5 and Fig.10). Table 6
demonstrates that Rn-AgNP in methanol exhibited no
antimicrobial activity, unlike the ethanolic Rn-AgNP. This
may be attributed to the higher concentrations of polar
phytochemicals, such as polyphenols, flavonoids, tan-
nins, and saponins, in the methanolic extracts compared
to the ethanolic extracts. These phytochemicals act as
reducing and capping agents during nanoparticle syn-
thesis, enhancing the stability of nanoparticles, including
AgNPs, and consequently reducing or halting the antimi-
crobial activity of AQNPs in methanol Rn-AgNPs [41—
43].

3.7.2. Minimum Inhibitory Concentration (MIC)
Based on Table 5, the Minimum Inhibitory Concentration
(MIC)of the methanolic R. nervosus flower and fruit ex-
tracts was 100,12.5,100,12.5and 12.5 mg/ml against S.
aureus, E. coli, K. pneumoniae, P, aeruginosa,and C. albi-
cans,with mean inhibition zones of 13.3, 5.3,12.7,and 8.7
mm, respectively.H owever, the R. nervosus flower and
fruit extracts showed MIC values of 12.5, 12.5,12.5and
25 mg/ml with mean inhibition zones of 11, 6.7, 10.3, and
10.7 mm against S. aureus, E. coli, K. pneumoniae and
C. albicans respectively (Table 5). Furthermore, the MIC
of methanolic Rn-AgNPs was 12.5 mg/ml against E. coli
and P, aeruginosa with mean inhibition zones of 9 and
10.3 mm, respectively (Table 5) . In addition, the ethano-
lic Rn-AgNPs displayed MIC of 12.5, 25, and 25 mg/ml
with mean inhibition zones of 9.3, 8.7, and 10.3 against
E. coli, K. pneumoniae, and P, aeruginosa, respectively
(Table 5).

As shown in Table 5, the ethanolic extract of R. ner-
vosus flowers and fruits exhibited greater antibacterial

activity against S. aureus (gram-positive bacteria) and K.
pneumoniae (gram-negative bacteria) than the methano-
lic extract of R. nervosus flowers and fruit. This maybe
attributed to the difference in polarity between ethanol
and methanol, where methanol is slightly more polar,
and this difference influences their ability to dissolve var-
ious phytochemicals. Therefore, Ethanol can extract a
broader spectrum of bioactive compounds (both polar
and moderately non-polar compounds), which can be
more efficient as an antimicrobial agent [41—43]. In ad-
dition, ethanol frequently yields metabolite profiles with
synergistic antimicrobial potential, as it extracts diverse
classes of bioactive compounds, including phenolics,
flavonoids, terpenoids, and fatty acids, which can act
synergistically to enhance antibacterial activity [44—46].
Moreover, the results in Table 5 illustrate that neither the
methanolic nor ethanolic extracts of R. nervosus flowers
and fruits, nor their corresponding Rn-AgNPs, exhibited
antibacterial activity against S. saprophyticus. This ab-
sence of inhibition may be attributed to resistance mech-
anisms inherent to the clinical strain, such as active efflux
systems, biofilm formation, or structural modifications of
the cell envelope, which limit the penetration or effec-
tiveness of the plant-derived antimicrobial compounds.
Such traits are common in isolates obtained from medi-
cal laboratories, where selective pressure often causes
resistance to both synthetic and natural antimicrobials
[47, 48]. In addition, Table 5 indicates that P aerugi-
nosa was resistant to the ethanolic extract but sensitive
to the methanol extract. This may be because P, aerugi-
nosa has a robust outer membrane, efflux pumps, and
biofilm-forming capacity, and only compounds with cer-
tain physicochemical properties can penetrate or disrupt
them [49]. However, methanolic extracts may contain
compounds capable of permeabilizing or inhibiting these
defenses, whereas ethanolic extracts may lack these
compounds [50, 51].

Moreover, the results in Table 5 demonstrate that
methanol Rn-AgNPs exhibited no antimicrobial activity,
unlike the ethanolic Rn-AgNPs. This may be attributed to
the higher concentrations of polar phytochemicals, such
as polyphenols, flavonoids, tannins, and saponins, in the
methanolic extracts than in the ethanolic extracts. These
phytochemicals act as reducing and capping agents dur-
ing nanoparticle synthesis, enhancing the stability of
nanoparticles, including AgNPs, and consequently re-
ducing or halting the antimicrobial activity of AQNPs in
methanol Rn-AgNPs [52-54].

4. CONCLUSION

This study successfully established the flowers and fruits
of R. nervosus as a novel biogenic platform for the syn-
thesis of crystalline nanoscale silver particles. The nov-
elty of this study lies in the specific utilization of these
reproductive plant organs. While previous research has
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Figure 7. Antimicrobial activity: (A) Methanol Extract. (B) Methanol Rn-AgNPs
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Figure 8. Antimicrobial activity: (A) Ethanol Extract. (B) Ethanol Rn-AgNPs
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Figure 10. Negative control and anti-fungal activity of antibiotics against C. albicans

primarily focused on the leaves, our investigation reveals
that floral and fruit extracts contain a unique concentra-
tion of polyphenols and flavonoids. This specific phyto-
chemical profile results in nanoparticles with moderate to
high colloidal stability and enhanced biological potency,
as demonstrated by the calculated antioxidant activity
and antimicrobial efficacy. Structural and spectroscopic
analyses confirmed the efficient metal reduction and sta-
bilization driven by these endogenous phytochemicals.
The marked antioxidant efficiency of AQNPs and the se-
lective yet potent antibacterial properties of the ethanolic
formulations, quantitatively confirmed by their inhibitory
concentrations and moderate to high negative zeta po-
tential, support their potential integration into advanced
antimicrobial and nanotherapeutic systems. The supe-
rior stability observed in the ethanolic-mediated AgNPs

correlated with the higher antibacterial efficacy observed
in this study, likely due to a more robust and bioactive
capping layer. Future investigations should address cyto-
toxicity, release dynamics, and formulation engineering
to further advance these biomedical and pharmaceutical
applications.

5. RECOMMENDATION

Based on the current findings, we recommend employ-
ing High-Resolution Electron Microscopy (SEM/TEM) in
future studies to provide more detailed morphological
mapping and size distribution analysis. Furthermore,
conducting comprehensive cytotoxicity assays against
human cell lines is essential to evaluate the biocompati-
bility and safety of these biosynthesized AgNPs, which
is a crucial step before their potential implementation in
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medical and pharmaceutical applications.
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