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Abstract

Background: This study presents the green synthesis of silver nanoparticles (AgNPs) using an aqueous extract of
Euphorbia resinifera. Methods: The synthesis of AgNPs was conducted using Euphorbia resinifera extract as a reducing
and capping agent. The resulting nanoparticles were characterised using UV-Vis spectroscopy, thermogravimetric analysis
(TGA), and X-ray diffraction (XRD). Crystallite sizes were evaluated using the Scherrer equation, and the antibacterial
potential of the synthesized AgNPs was assessed against Staphylococcus aureus and Escherichia coli. Results: UV—-Vis
spectroscopy revealed a distinct surface plasmon resonance (SPR) peak at 421 nm with an absorbance of 0.47, confirming
AgNP formation. TGA demonstrated that uncalcined AgNPs underwent a 37—38% weight loss up to 600 °C due to organic
decomposition, whereas calcined AgNPs retained~91% mass stability at 600 °C. XRD analysis confirmed a face-centred
cubic (FCC) structure with reflections at (111), (200), (220), and (311) planes. Following calculation, the apparent
crystallite-domain size increased from 32.9 to 54.8 nm, accompanied by a decrease in FWHM from 0.2558° to 0.1535°.
Additionally, the synthesized AgNPs exhibited clear antibacterial activity against both S. aureus and E. coli. Conclusion:
These findings demonstrated that Euphorbia resinifera is a viable source for the green synthesis of crystalline, biologically
active silver-containing nanomaterials.
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Introduction

In modern materials science, nanotechnology is a highly
innovative  research  field, making significant
contributions to life sciences, particularly biotechnology
and biomedical fields. [1] Specifically, nanotechnology
has transformed drug delivery systems due to the
nanometer particle size, high surface area, enhanced
physicochemical stability, and biocompatibility of
nanomaterials. In addition, it improves drug solubility,
permeability, and bioavailability regardless of the drug’s
physical properties [2].

Nanomedicine is one of the recently emerging fields,
which involves the use of nanoparticles as drug delivery
systems to potentiate the therapeutic action of a
phytochemical agent. Among all used nanoparticles, the
noble silver nanoparticles (AgNPs) gain great interest
due to their wide applications in the medical field[3].
Natural products used in traditional medicine have long
served as the foundation for modern drug discovery [4].
The secondary metabolites from plants, particularly
phenolics and flavonoids, are well documented as potent
free radical scavengers. [5], and effective antimicrobial
agents [6]. Biological matrices, most notably plant
extracts, serve as highly efficient green red

ucing and stabilizing agents, leveraging their constituent
phytochemicals to convert precursor metal salts into
functional metallic nanoparticles. [7]

Extracts derived from various plant parts such as leaves,
roots, stems, seeds, flowers, and fruit peels contain rich
bioactive compounds that serve as effective reducing
agents for synthesizing diverse inorganic nanoparticles
[8], [9]. Among these, a wide spectrum of noble metals
such as silver, gold, palladium, and platinum serves as
key starting materials in green nanomaterial synthesizes
[10], [11].

Plant-mediated synthesis of silver nanoparticles (AgNPs)
has attracted significant research interest as an eco-
friendly, cost-effective, and straightforward approach,
where plant biomolecules act as effective stabilizing and
reducing agents [12], [13].

Synthesis parameters significantly influence the
physicochemical properties of AgNPs, including size,
morphology, and surface characteristics, as governed by
the employed plant species and reaction conditions [14].
Thus, among the metal nanoparticles, silver
nanoparticles (AgNPs) stand out due to these tailored
features, which confer distinguished antibacterial,
antiviral, and anticancer activities [15].
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Deriven by the rapid expansion of nanotechnology
across biomedical, pharmaceutical, and environmental
disciplines [16], silver nanoparticles (AgNPs) have
gained significant research attention due to their versatile
functional  applications, including antibacterial,
antifungal, antioxidant, and antitumor activities, as well
as catalytic dye degradation. [17]

Noble metal nanoparticles exhibit size-dependent
physicochemical properties, including mechanical and
biological characteristics, catalytic activity, thermal and
electrical conductivity and distinct optical properties.
These valuable properties are utilized for widespread
applications in catalysis, electronics, optics, environment
and biomedicine [18], [19].

Compared to bulk materials, nanoparticles exhibit
distinct physical characteristics that are governed by
their size, shape, morphology, and distribution [20], [21].
Libya hosts a wide variety of ecosystems extending from
Mediterranean coastal regions to arid desert landscapes,
providing diverse habitats that support a rich flora [22].
Among these, medicinal and aromatic plants growing in
Libya were first briefly documented in a report by the
United Nations Educational, Scientific and Cultural
Organisation [23].

Euphorbia is the most prominent genus in the
Euphorbiaceae family, with over 2000 accepted species
[24], [25]. Phytogeographically, the genus Euphorbia is
predominantly native to Africa, having subsequently
diversified across disparate global ecosystems including
the Americas, Western Asia, and Central Mexico, while
serving as a prime botanical source of structurally
diverse polycyclic diterpenes [26], [15].

Due to these characteristics, Euphorbia genus species are
frequently utilized in traditional medicine, including
traditional Chinese medicine, due to their rich bioactive
and pharmacological relevance [27], [28]. Indeed, the
genus FEuphorbia is being intensely investigated,
especially due to the possibilities offered by technology
with the association of stabilizing nanomolecules by
pharmaceutical chemists [29].

Among these species, Euphorbia resiniferousO. Berg,
exemplifies the intersection of ecological importance,
traditional knowledge, and modern scientific interest
[30]. Specifically, the traditional medicinal applications
and therapeutic potential of Euphorbia resinifera are
closely linked to its rich chemical constituents and
underlying biological mechanisms [31], [32].

Euphorbia resiniferalL. possesses a rich phytochemical
matrix; Benmehdi et al. [33] demonstrated that its
phenolic-, flavonoid-, and tannin-rich extracts, along
with its honey and propolis, exhibit strong antioxidant
capacity, broad antifungal potential, and selective
antibacterial efficacy against Escherichia coli. Building
on these intrinsic properties, Euphorbia species have
been widely applied as bio-reducers in green
nanotechnology. Specifically, research by Nasr and
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Abdullah [28] and Arif et al. [34] demonstrated that root
extracts of Euphorbia spp. And Euphorbia wallichii (20-
60 nm) mediated the biosynthesis of Silver nanoparticles
(AgNPs) with robust radical scavenging and antibacterial
properties. In alignment with these finding, Devi et al.
[35] synthesized spherical AgNPs (20-90nm) using
Euphorbia nivulia stem extract, showing broad spectrum
activity against pathogens like E. coli and Pseudomonas
aeruginosa. Furthermore, Thomas et al. [36] developed a
facile protocol using Euphorbia gramineaextract to yield
quasi-spherical AgNPs (6.77 nm) with high catalytic and
antimicrobial efficiency. Extending beyond this genus,
Sharma et al. [37] utilized polyphenol-rich extracts of
Centella asiatica for AgNP fabrication, demonstrating
marked antibacterial action against both gram-positive
(Staphylococcus aureus) and gram-negative bacteria.

To date, reports on the green synthesis of silver
nanoparticles using Euphorbia resinifera extracts remain
limited. Therefore, this study aimed to establish a plant-
mediated method for synthesizing silver nanoparticles
using E. resinifera and to evaluate their antibacterial
activity against representative bacterial strains.

Materials and Methods

Silver nitrate (AgNOs) was obtained from Merck,
Germany. All stock solutions were prepared using
double-distilled, deionized water.

The Euphorbia resinifera plant was collected from
Msallata, Libya. The apparatus included conical flasks,
Petri dishes, a digital balance, a magnetic stirrer, a mortar
and pestle, an oven, a hot plate, a centrifuge, glass rods,
droppers, graduated cylinders, Erlenmeyer flasks,
cuvettes, a refrigerator, a Teflon-lined autoclave, a hot-
air dryer, and a furnace.

Plant extracts preparation

The Euphorbia resinifera plant was dried in the shade
under normal environmental conditions and
homogenized into a fine powder before use.

Synthesis of Ag nanoparticle

Silver nanoparticles were synthesized using a green
approach with silver nitrate. A 0.1 M silver nitrate
solution was prepared by dissolving 1.7 g of AgNOs in a
final volume of 100 mL of distilled water. Subsequently,
30 mL of Euphorbia resinifera extract was added to 100
mL of the silver nitrate solution and stirred for 5 min. A
2 M NaOH solution was used to adjust the pH to 9. The
reaction mixture was then stirred for 1 h at 60 °C until a
greenish slurry formed. The precipitate was collected by
centrifugation for 30 min, washed with distilled water
and ethanol, and dried at 80 °C. Finally, the dried
precursor was calcined at 600 °C for 2 h to produce
crystalline silver nanoparticles.
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Characterizations

UV-vis spectroscopy.

UV-Vis absorption double-beam spectrophotometer at
200 -900nm in room temperature was used to analyse the
optical properties of the synthesised Ag nanoparticles
using deuterium and tungsten-halogen lamps.
Thermogravimetric Analysis (TGA)
Thermogravimetric analysis (TGA) was used to evaluate
the thermal stability of the nanomaterials and the thermal
decomposition behaviour of organic components
associated with their surface.

X-ray diffraction (XRD)
A Bruker D8 Advanced diffractometer (Cu Ka, 1 =

1.5406 A) was used to determine the crystallinity at 40
kV, 30 mA, in the 2q range of 10—80° with a step size of
0.02°. The powdered samples were similarly packed on
a flat holder. The Debye—Scherrer formula is used to
compute the crystallite size
Antibacterial activity
Pure and identified bacterial isolates representing the
Gram-positive bacterium Staphylococcus aureus and the
Gram-negative bacterium Escherichia coli were used.
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The purity of the bacterial isolates was confirmed by
culturing them on nutrient agar and incubating them at
37 °C for 24 h before the antibacterial assay.

To prepare the bacterial culture, bacterial colonies were
transferred to a tube containing 5 mL of physiological
saline (0.85% sodium chloride) and thoroughly mixed to
obtain the culture. The suspension was adjusted to
approximately 0.5 McFarland, corresponding to
approximately 1.5 x 10® bacterial cells/mL.

Evaluation of the Antibacterial Activity of Different
Silver Nanoparticles

The antibacterial activity of the silver nanoparticles was
evaluated before and after calcination at 600 °C using
Mueller—Hinton agar (MHA). The medium was
inoculated with the prepared bacterial suspension, and
the silver nanoparticles were deposited onto the surface
of the medium. The plates were incubated at 37 °C for 24
h. After incubation, antibacterial activity was assessed by
measuring the diameter of the zone of inhibition (ZOI)
around each sample.

Results
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Figure 1: UV—Vis analysis of Ag nanoparticles
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Figure 2:TGA Analysis of Ag nanoparticles
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Figure 3: XRD spectrum of AgNPS befor
calcination

Discussion:

UV-Vis spectroscopy:

UV-Vis spectroscopy was used to assess the synthesis of
silver nanoparticles (AgNPs). The UV—Vis spectrum of
the biosynthesized AgNPs prepared using the aqueous
extract of Euphorbia resinifera exhibited a distinct
surface plasmon resonance (SPR) absorption peak at 421
nm, with an absorbance of 0.47. This band is associated
with the collective oscillation of conduction-band
electrons on the nanoparticle surface and supports the
reduction of Ag* to Ag® and the formation of AgNPs.
absorption peak at 421 nm with an absorption value of
0.47. This resonance band arises from the collective
oscillation of conduction band electrons on the metallic
nanoparticle surface, confirming the successful bio

reduction of Ag+ ions to Ag and the subsequent
formation of AgNPs.

Furthermore, the peak's location within the 400-450 nm
range is consistent with numerous studies indicating that
spherical or semi-spherical silver nanoparticles exhibit
absorption peaks within this range. The amplitude of the
peak suggests a distribution in the size of the resulting
particles, which is expected in green synthesis methods
using plant extracts.

Thermogravimetric Analysis (TGA)

In environmentally friendly manufactured silver
nanoparticles (AgNPs), TGA provides essential
information about the presence of plant-derived
phytochemicals adsorbed onto the nanoparticle surface,
their role as reducing and coating agents, the amount of
organic matter bound to the nanoparticles, and the
optimal calcination temperature for obtaining high-
purity nanoparticles. Therefore, TGA plays a crucial role
in validating the effectiveness of environmentally
friendly manufacturing processes and optimizing post-
process heat treatment.
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Figure 4: XRD spectrum of AgNPs after
calcination

The thermogravimetric analysis (TGA) curves of silver
nanoparticles before and after calcination are shown in
Figure 2. The uncalcined sample exhibited a continuous
weight loss of approximately 37-38% up to 600 °C,
confirming the presence of a significant amount of
volatile  substances and plant-derived organic
compounds adsorbed onto the nanoparticle surface. The
initial weight loss below 150 °C is attributed to the
evaporation of physically adsorbed moisture and residual
solvents. The second weight loss region (150-350 °C) is
attributed to the thermal decomposition of plant-derived
phytochemicals, including polyphenols, flavonoids,
proteins, carbohydrates, and other biomolecules that
acted as reducing and stabilizing (coating) agents during
the biosynthesis of silver nanoparticles. The gradual
mass loss observed between 350 and 500 °C is attributed
to the decomposition of organic residues and more
closely bound carbonaceous materials on the
nanoparticle surface.

The total weight loss before calcination indicates that
approximately 38% of the sample mass consisted of
volatile and plant-derived components. The TGA curve
showed that most of these components decomposed
below 500 °C. Accordingly, calcination at 600 °C was
selected as the heat-treatment condition used in this study.
Following calcination, the TGA curve shown in Figure 3,
the weight reduction of approximately 9% over the
studied temperature range, with nearly 91% of the
sample mass remaining at 600 °C. This result indicates
increased thermal stability after calcination and is
consistent with the removal of a substantial proportion of
plant-derived organic components.

Overall, the TGA results are consistent with the
participation of phytochemicals from the plant extract as
reducing and stabilizing agents during synthesis.
Calcination at 600 °C removed a substantial proportion
of these organic components and produced a more
thermally stable material.

X-ray diffraction
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X-ray diffraction (XRD) analysis was performed to
confirm the crystalline nature of the synthesized silver
nanoparticles. The diffraction pattern showed peaks at
approximately 20 = 38.6°, 44.9°, 65.1°, and 77.8°,
corresponding to the (111), (200), (220), and (311)
planes, respectively. These peaks are characteristic of the
face-centred cubic (FCC) structure of metallic silver and
are consistent with the JCPDS standard for silver (No.
04-0783). Weak additional peaks around 28.5°, 33.0°,
46.9°, and 51.0° may be associated with residual
compounds or minor impurities.

To assess the effect of calcination on the structural
properties of the synthesized nanoparticles, XRD
patterns recorded before and after calcination were
compared. Both samples exhibited the FCC crystalline
phase of metallic silver. After calcination, the intensity
of the dominant (111) reflection increased, while its
FWHM decreased from 0.2558° to 0.1535°. The
apparent crystallite size estimated using the Scherrer
equation increased from approximately 32.9 nm to 54.8
nm. The decrease in the broad amorphous background is
consistent with the removal of residual organic
compounds. These results indicate that heat treatment
increased crystallinity and apparent crystallite-domain
size without changing the identified FCC phase.
Overall, the XRD results support the formation of
crystalline silver nanoparticles and indicate that
calcination increased the apparent crystallinity and
crystallite-domain size while retaining the FCC crystal
structure.

Antibacterial activity of silver nanoparticles

The antibacterial activity tests showed inhibition zones
around the prepared silver nanoparticles against both
Gram-positive Staphylococcus aureus and Gram-
negative Escherichia coli. These observations indicate
that the prepared material inhibited the growth of the
tested bacteria.
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Furthermore, a comparison between the silver
nanoparticles before calcination and those that
underwent calcination at 600°C revealed a difference in
inhibitory activity against the tested bacteria. This
difference is attributed to changes in the physical and
crystalline properties of the nanoparticles resulting from
the heat treatment. X-ray diffraction (XRD) results
showed that calcination improved crystallinity and
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bacterial cells, and consequently in their inhibitory
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The antibacterial activity of silver nanoparticles may
involve interaction with the bacterial cell surface, release
of Ag® ions, disruption of membrane permeability,
interference with cellular components, and oxidative
stress. These mechanisms are possible explanations for
the observed inhibition.

Conclusion

In conclusion, silver nanoparticles were synthesized
through an eco-friendly green route using Euphorbia
resinifera extract. UV—Vis spectroscopy showed an SPR
band at 421 nm, while TGA indicated the removal of a
substantial proportion of plant-derived organic
components after calcination. XRD confirmed the FCC
crystalline phase of silver and showed an increase in
apparent crystallite-domain size after heat treatment. The
prepared nanoparticles showed antibacterial activity
against Staphylococcus aureus and Escherichia coli.
These results support the potential of Euphorbia
resinifera extract as a reducing and stabilizing medium
for the green synthesis of silver-containing
nanomaterials.
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