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ABSTRACT

This study was conducted to analyze the phytochemical composition of Euphorbia spp. extract using GC-MS and
to evaluate its potential in the green synthesis of silver (Ag) and zinc oxide (ZnO) nanoparticles The synthesized
nanoparticles were further characterized by FTIR, XRD, SEM, and EDS analyses. For assessing antibacterial and
antifungal activities, by well diffusion method. And DPPH assay was used for antioxidant activity for both plant extract
and synthesized nanoparticles. The GC-MS analysis determined 23 phytochemicals, the major phytochemicals
identified belonged to triterpenoid group including lupeol, lanosterol, and taraxasterol. Phytochemicals belong to other
secondary metabolites were identified including phenols and alkaloids. Theses metabolites have major role as reducing
and stabilizing agent in the process of nanoparticle formation, and mainly they control particle sizes and improve
structural stability. SEM and XRD result showed that, AgNPs exhibited a uniform spherical morphology with strong
crystallinity, while ZnONPs shows a moderate aggregation with shape variability. Regarding their antimicrobial
activity, AgNPs shows higher antibacterial and antifungal activity compared to ZnONPs and plant extract. The DPPH
assay test for Euphorbia plant extract shows potent antioxidant activity especially in high concentration
This study demonstrates a sustainable and successful green method for synthesizing biologically active nanoparticles,
at the same time emphasizing Euphorbia spp as abiogenic source as antioxidant and antimicrobial agent suitable for
pharmaceutical and biomedicine applications.
Keywords: Euphorbia Spp., Phytochemical Profiling, Green Synthesis, Silver and Zinc nanoparticle, Antimicrobial

Activity, Antioxidant Activity.
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INTRODUCTION

During recent years, Nanotechnology has emerged as a transformative field with applications spanning medicine,
agriculture, and industry. Among various nanomaterials, silver (Ag) and zinc oxide (ZnO) nanoparticles have gained
significant attention due to their antimicrobial and antioxidant properties [17,8]. While chemical and physical synthesis
methods are commonly employed, green synthesis using plant extracts offers an eco-friendly, cost-effective alternative that
produces biocompatible nanoparticles suitable for biomedical applications [5,4]. Among the methods practicing in creating
nanoparticles the green synthesis method is the most preferred option due to its nontoxic nature for human and environment.
Among the biological materials, plant phytochemicals are the main source used for green synthesis of nanoparticles,
providing eco-friendly and biocompatible approaches that effectively reduce and stabilize nanoparticles while enhancing
their biocompatibility for interaction with biological cells [6]. The Kurdistan region of Iraq, characterized by its diverse
climate and rich biodiversity, harbors numerous medicinal plant species with unexplored potential for nanotechnology
applications [48]. Among these, the genus Euphorbia (Euphorbiaceae) is particularly promising due to its documented
phytochemical diversity, including terpenoids, flavonoids, and polyphenols, which exhibit various biological activities
[34,22]. As an important source of different chemical compounds with specific structures and functions medicinal plants
exhibit important biological activity such as antimicrobial, anticancer, antiviral, and antioxidant activities. At the same
time those phytochemicals are responsible in the integration between nanotechnology and plant-based synthetic methods
for metal nanoparticle production [14].

The genus Euphorbia, a member of the Euphorbiaceae family, is the third largest flowering plant family. Euphorbia spp.
are widely distributed and can be found in all temperate and tropical regions, comprises about 300 genera and 8000 species
[29]. Most belonging to Euphorbia genus are used in folk medicine in different parts of the world, especially in traditional
Chinese medicine [35]. Previous studies reported the existence of wide range of phytochemicals in this genus including
terpenoids, flavonoids and polyphenols [63], and triterpenoid, glycosides, diterpenoids [16]. These phytochemicals provide
value to this genus in drug discovery as well as having different therapeutic applications such as cytotoxic, antitumor,
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antibacterial, antiviral, and anti-inflammatory activities [63]. At the same time, some species belonging to Euphorbia genus
are reported for their distinct toxic behavior and are highly skin-irritant, and these characteristics are return for having
toxic, milky latex which plant uses naturally as a defense mechanism against herbivores [45]. The taxonomical feature of
Euphorbia spp is an inflorescence structure called cyathium which is cuplike structure formed of connate bracts. This
structure has a single stamen and single pistil with leaves like sepal and petal. The leaves arranged alternately, simple,
oblong in shape and entire or smooth margins with glabrous surface and round apex. This species has a tap root system
[31].

This study aims to investigate the phytochemical profile of selected Euphorbia species collected from the Soran District,
Kurdistan Region, the genus Euphorbia was selected for this study due to its rich diversity of bioactive phytochemicals
where limited scientific data are available despite their traditional medicinal use. and to utilize their aqueous extracts for
the green synthesis of silver (Ag) and zinc oxide (ZnO) nanoparticles. In addition, the study seeks to evaluate the stability,
efficiency, and biological activities of the synthesized nanoparticles, while highlighting the scientific and regional
significance of these indigenous plant resources for future pharmacological applications, conservation efforts, and
sustainable utilization. Scientifically, highlighting the region’s rich botanical diversity. This study has the potential to open
new pathways for therapeutic drug discovery based on indigenous plants.

Materials And Method
Study area and plant collection

The root parts of Euphorbia spp was collected from Rost village, Soran district, Erbil Provinces, located between
36°39.60 Latitude and 44°57.40 Longitude at the elevation 1103 m above sea level (Figure 1). The area is mountainous
with a semi-arid climate. The soil type calcareous, generally gravelly, sandy with clay and brownish in color [18]. The
field collection took place in 26 August 2024, when plants were in late vegetative and early flowering stage. A total of 25
healthy plants were randomly selected from different points across the site to ensure representative sampling. The root
parts were collected manually using sterilized scissors and gloves to avoid contamination and collected manually and stored
in cleaned labeled bags and transported to the lab for further processing (Figure 2). The collected samples were placed in
sterilized, labeled bags and transported to the laboratory within 4 hours. Botanical references were used for plant
identification based on morphological characteristics and the identification was confirmed by qualified botanists. The plant
was taxonomically identified and authenticated at the Department of Biology Laboratory, College of Education, Salahaddin
University Erbil, Kurdistan Region, Iraq, based on standard botanical keys and morphological characteristics. The
identification was confirmed by qualified botanists, and a voucher specimen was deposited in the departmental herbarium
for future reference.

Turkey
@

Jordanﬁ

I Erbd p-w.m\%‘l(/-

440 9
— ——Jxm

@ \Village
. Istrict Center

. :

Figure 1. Location map of plant sample collection area
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Figure 2. show Euphorbia spp collected in Rost valley in Soran district

2.2 Plant material preparation and extraction

The root parts of Euphorbia spp. were collected, carefully washed with tap water to remove dust and debris, and then
shade-dried at room temperature (25 +2 °C) for 7-10 days the plant material was cut into small pieces and ground into a
fine powder using an electrical mill ((High speed multi-functional crusher, Model-200A, China) and stored in a container
with a tightly closed lid until extraction. For antimicrobial activity testing and green synthesis of nanoparticles, distil water
was used to prepare aqueous plant extraction by using ultrasonic assisted extraction method. 5 g of powdered Euphorbia
spp was mixed with 50 mL of distilled water in a ratio of 1:10 (w/v) and the mixture was placed in a conical flask and kept
in an ultrasonic bath (Model Backer, Manufacturer, Sweden) for 30 min, at 40 °C and 40 KHz frequency [64]. Then it was
filtered using filter paper Whatman No. 41 [49]. For phytochemical profiling using GC-MS, ethanol was used for plant
sample extraction due to its volatility and compatibility with the GC-MS system. The extraction procedure followed the
exact same settings as the water-based extraction mentioned above [28].

Synthesis of silver and zinc nanoparticles

Silver nanoparticles (AgNPs) and zinc oxide nanoparticles (ZnONPs) were synthesized using plant extract as a reducing
and stabilizing agent. For AgNPs, 1 g of silver nitrate (AgNO3) was dissolved in 25 mL of distilled water, and 30 mL of
plant extract was added to the solution. The pH was adjusted to 9 using 0.1 M NaOH added dropwise, and the mixture was
stirred magnetically at 500 rpm for 30 minutes at 60°C to ensure homogeneity. The formation of AgNPs was indicated by
a color change from yellow to deep brown. The residue was washed several times with distilled water and ethanol to remove
impurities then dried at 100 °C to remove residual water, and yielding and dried in an oven at 100 °C for 1h. The final step
in the synthesis was calcination, in which the dried powder was heated to 400 °C for 30 minutes (Figure 3). The calcination
process improves the crystallinity of the nanoparticles, making them suitable for various applications [43].
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Figure 3. The synthesis of ZnONPs and AgNPs by using Euphorbia spp
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Antimicrobial activity evaluation
Selection of Bacterial strains

The antibacterial activity of plant extract was tested against standard bacterial strains obtained from American Type
Culture Collection (ATCC) including both gram-positive and Gram-negative bacteria. The Gram-positive species selected
was Staphylococcus aureus (ATCC 25923), Enterococcus faecalis (ATCC 29212) and Gram-negative bacterial strains
were Proteus mirabilis (ATCC 43071), Salmonella bongori (ATCC 13311), Klebsiella pneumoniae (ATCC13883),
Escherichia coli (ATCC 29212) and Shigella sp (ATCC 9290) Pseudomonas aeruginosa (ATCC 27853). To ensure the
identity and purity of the bacterial strains, several selective and differential tests were performed such as mannitol salt agar
for the identification of Staphylococcus aureus, MacConkey agar for Klebsiella pneumoniae, Escherichia coli, and SS
agar for Shigella sp, Salmonella bongori identifications and catalase test for S. aureus were performed for confirmation.
[12].

Isolation of fungal strains

For the evaluation of antifungal activity of Euphorbia spp. plant extract and green-synthesized AgNPs and ZnONPs,
two fungal species were isolated from 30 urine samples obtained from patients at Helav hospital in Soran district Kurdistan
Region, Irag. Among these samples, 19 cases were candidiasis infections caused by fungi. The two isolated fungal species
were identified as candida albicans and candida tropicalis. Following collection, samples were transported to the
laboratory at 4 °C and processed within 2—4 hours. The samples were cultured on PDA plates and incubated for 72 h at 37
°C (Figure 4). Candida albicans was identified through microscopic observation by germ tube formation, while candida
tropicali was confirmed based on colony coloration and morphology on CHROM agar medium [30]. The isolated fungi
species were maintained on PDA to the time of conducting an antifungal assay against both plant extract and synthesized
nanoparticles. for each treatment. Fluconazole served as the positive control.

- Smooth and creamy
PDA media for culture fungi Colony of candida colony of candida
albicans albicans

Candida albicans was identified
through microscopic observation of
germ tube formation

Figure 4. isolation of fungal species from urine samples

Antimicrobial activity Assay

Antifungal and antibacterial activity of Euphorbia spp. extract and synthesized AgNPs and ZnONPs were evaluated
using agar well diffusion method. Mueller-Hinton agar was used to perform antibacterial testing, while PDA was used to
conduct antifungal testing. Overnight cultures of bacterial strains were grown in nutrient broth at 37°C. Bacterial
suspensions were visually adjusted to a dense, homogeneous turbidity before plating. Agar Well Diffusion Procedure:
Mueller-Hinton agar plates were poured to approximately 4 mm thickness. Wells of 8 mm diameter were made using a
sterile cork borer, and 50 pL of each sample (Euphorbia extract, AQNPs, or ZnONPs) was added. Plates were incubated at
37°C for 24 h, and the diameters of inhibition zones were measured in millimeters using a digital caliper [47]. controls:
CIP (10 pg/mL) served as the positive control for antibacterial activity. For antifungal activity, the experiment was
conducted in the same setting of antibacterial testing except the fungal plates were incubated at 25 °C for 24 h used
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Fluconazole (5 pg/mL).

Antioxidant activity assay

The antioxidant activity of Euphorbia spp. extracts was evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging method. Plant extract stock solution was prepared by dissolving 10 mg of dried plant extract in 1 mL methanol.
Serial dilutions were made to obtain final concentrations of 100, 50, and 10 pg/mL, with each solution vortexed to ensure
complete mixing. Ascorbic acid was used as a standard and prepared in the same manner (10 mg in 10 mL methanol,
diluted to 100, 50, and 10 pg/mL). A 0.1 mM DPPH solution was prepared in methanol. For the assay, 1 mL of DPPH
solution was mixed with 1 mL of plant extract. The control consisted of 1 mL DPPH solution mixed with 1 mL methanol
(without sample) to measure maximum absorbance. Methanol alone was used as a blank to zero the spectrophotometer.
All mixtures were incubated in the dark at room temperature (~25 °C) for 30 minutes, with tubes covered in aluminum foil
to prevent light-induced degradation. Absorbance was measured at 517 nm using a UV—-Vis spectrophotometer [41].

The percentage of DPPH radical scavenging activity was calculated using the formula:

Antioxidant Activity (%) = [(A control — A sample) / A control] x 100A control= Absorbance of the control (without
sample)

A sample = Absorbance in the presence of plant extract

Antioxidant Activity (%)= percentage DPPH radicle that neutralized by antioxidant compounds present in the extract.
The calculated percentage represents the amount of DPPH free radicals neutralized by antioxidant compounds present in
the plant extract.

Instrumentation
GC-Mass analysis of plant Euphorbia spp extract

The ethanolic Euphorbia spp plant extract analyzed by GC-MS to identify phytochemical structure. The analysis was
done using Agilent technologies GC system (7890B) coupled with Mass detector (5977) and automatic liquid sampler
(7693A). HP-5MS capillary column (30m x 250 um ID x 0.25 um film thickness) was used for separation. The instrument
was operated in (EI) mode at 70 eV. Helium gas in purity (99.995%) was used as carrier gas at a flow rate of 1 ml/min.
The injection volume was 1ul in split less mode. The injector temperature was set at 250 C and ion source temperature at
200 C. The oven temperature was programmed at 60 C isothermal for 2 minutes, then increased at a rate of 3 C/min to 150
C followed by 10 C/min to 300 C ending with 5 min isothermal at 300 C. Mass spectra data were acquired in the range of
45-550 m/z with a 0.5s scan interval. To avoid solvent interference, the solvent delay was set to 3 min. In our sequence, a
blank sample consisting of the same solvent used for plant extraction was injected to detect any impurities that may exist
in the solvent and at the same time to exclude them from the interpretation of the mass-spectral results. The achieved mass
spectra were compared to the reference data from NIST (national institute of standard and technology) mass spectral library
for identification the bioactive compounds.

Fourier transform infrared (FTIR) spectroscopy

To confirm successful formation and surface functionalization of the synthesized silver and zinc oxide nanoparticles,
FTIR was employed. The analysis was conducted using Shimadzu IRspirite FTIR spectrophotometer equipped with the
attenuated total reflectance (ATR) accessory. Dried synthesized nanoparticles were placed onto ATR without additional
preparation. Spectra were recorded at 4000-400 cm* at room temperature using a spectral resolution of 4 cm™ and the scan
number was setup at 32 scan for each spectrum. In the same condition of the sample, background spectra was collected
before each measurement and subtracted from the sample measurement. To confirm nanoparticles synthesis, absorption
peaks corresponding to phytochemical group from plant extract should be presence as an indicator of reducing and capping
ability in the nanoparticles.

Scanning Electron Microscopy (SEM)

To examine the surface morphology including particle shape, aggregation, surface texture and microstructural
characteristics of the produced AgNPs and ZnONPs, field emission scanning electron microscope (FEI Quanta 450) was
used. The SEM was operated at voltage 30 kV in high vacuum mode. Secondary electron detector (SED) under high
vacuum was used to perform imaging.

Energy dispersive X-ray spectroscopy (EDS)

Bruker XFLASH 6/10 EDS microanalyzer was used to analyze the elemental composition of the synthesized
nanoparticles. The EDS system was integrated with the SEM and featured an energy resolution of 121 eV at Mn Ka. The
sample analysis was performed in both point and elemental mapping analysis to confirm the presence of Ag and Zn and
verify the structure of the synthesized nanoparticles in both elemental composition and distribution.

Sputter coating

To maintain surface detail resolution during imaging, and before conducting SEM analysis, the samples were coated
using Desk Sputter coating DSR1 from nano structured coating. Gold coating was selected and set the coating thickness to
30 nm (300 A) with rotating applied to ensure uniform coating. The sputtering process was conducted at a coating current
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of 20mA.
UV-Visible Spectrophotometry

To evaluate the antioxidant activity of the plant extract using DPPH radical scavenging assay, Cecil-Super Aquarius
dual-beam UV-Visible spectrophotometer was used. The absorbance measurements were recorded at 517nm [38].

Results And Discussion
4.1Phytochemical Profiling of Euphorbia spp

The GC-MS analysis of the Euphorbia Spp. Extract identified (23compounds) (Table 1). The GC-MS chromatogram
(Figure 5) shows distinct peaks corresponding to the various phytochemicals. Among the detected compounds, taraxasterol,
lupeol, and lanosterol were the major compounds, with prominent peaks were observed at retention times of 57.636, 55.585,
and 54.486 minutes, respectively.
Triterpenoids are known for their pharmacological activities, including anti-inflammatory, antimicrobial, antioxidant, and
anticancer properties, highlighting the potential therapeutic applications of Euphorbia spp [37]. Taraxasterol, a pentacyclic
triterpene, has been reported to exhibit anti-inflammatory, antibacterial and cytoprotective effects. Similarly, lupeol, an
important triterpene, possesses anti-inflammatory, antioxidant, and antidiabetic activities, playing a crucial role in
protecting cells from oxidative stress-induced damage. Lanosterol, a precursor compound in steroid biosynthesis is known
for its pharmacological activities, including membrane stabilization and antioxidant defense [26].
Beyond their pharmacological relevance, the phytochemicals detected in Euphorbia root extract also play a critical role in
green nanoparticle synthesis, functioning as both reducing and stabilizing (capping) agents that influence the size, shape,
and homogeneity of the nanoparticles. Functional groups such as hydroxyl (-OH), carboxyl (-COOH), and other electron-
donating moieties can reduce metal ions and simultaneously stabilize the resulting nanoparticles, preventing aggregation
and enhancing stability [46]. In effect they have main role in the regulation process of nanoparticle size, shape and
homogeneity. Phytochemicals such as phenols, sterols (B-sitosterol), and triterpenes (taraxasterol, lupeol, lanosterol) lupeol
(55.585 min), lanosterol (54.486 min), and taraxasterol (57.636 min) as well as sterols such as B-sitosterol (53.739 min),
were detected, indicating a high abundance of redox-active compounds capable of mediating nanoparticle formation. are
among the effective phytochemicals because of their redox potential and surface binding ability [42].Due to the presence
of phytochemicals like flavonoids, diterpenes, and triterpenes, Euphorbia species perform similar functions and and those
phytochemicals support their applications environmentally friendly nanoparticle synthesis and facilitate the reduction of
metal ions and stabilization of nanoparticles, highlighting their dual function in green synthesis [23].The detection of some
of these metabolites in the current Euphorbia plant extract could serve as a valuable natural source for nanomaterial
production in a sustainable way.

Table (1): Phytochemical constituents of Euphorbia Spp. Extract detected by GC-MC

Hit Hit name Rt )
No. name Peak Ara Quality CAS Number
1 Carbonyl—p|—Cyc!opentad|enyle—trlchlorgemyl—us— 4.906 258802 50 1000399-43-
trimethylephosphan 0
2 phenol, 4-[4,5-bis[4-(dimethylamino)phenyl]-1H-imidazol-2- 1000203-04-
yl]-2,6-dimethoxy- 5.234 273344 90 0
3 3,8,12-Tri-O-acetylingol 7-phenylacetate
9.267 68917 91 020071-49-2
4 1H-Cyclopropa[a]naphthalene, decahydro-1,1,3a-trimethyl-7- 1000129-73-
methylene-, [1aS-(1a.alpha.,3a.alpha.,7a.beta.,7b.alpha.)]- 10.427 273517 %0 0

5 1-(2-d-Benzoyl-3,5-di-O-toluyl-.beta.-d-ribofuranosyl)-5,6-
dimethylbenzimidazole

6 7.alpha.,11.alpha.-Dihydroxytomatidine, O,0,0,N-
tetraacetate
7 4-Allyl-5-(2,4-dichloro-phenyl)-2-morpholin-4-ylmethyl-2,4-
dihydro-[1,2,4]triazole-3-thione
8 Lanost-9(11)-en-18-oic acid, 23-(acetyloxy)-_3,20-d|hydroxy-, 15.22 273980 70 070225-30-8
.gamma.-lactone, (3.beta.,20.xi.)-

9 Nickel(11) bis(N,N-diheptyldithiocarbamate) 15.573 274623 71 1000225-76-

13.15 273514 90 107579-33-9

13.245 229219 45 345989-21-1

15159 268092 80 036872-76-1

5
10 2-(Dipropylamino)-4-[2,2,3,3,3-pentafluoro-1,1-
bis(trifluoromethyl)propyl]-6-[2,2,2-trifluoro-1,1- 16.972 241261 69 034062-84-5
bis(trifluoromethyl)ethyl]-1,3,5-triazine
11 Terephthalanilide, 4',4"-dinitro- 17.651 138642 72 005115-81-1
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12 Desulphosinigrin 21.445 24544 40 081800-50-2
13 4,7,7-Trimethylbicyclo[4.1.0]hept-3-en-2-one 30.787 25410 84 065996-50-1
14 Pyrolo[3,2-d]pyrimidin-2,4(1H,3H)-dione 43284 16874 73 043142-43-4
15 3,5-Nonadien-7-yn-2-ol, (E,E)- 50.589 245059 90 000083-46-5
16 .beta.-Sitosterol 53.739 245060 82 000083-47-6
17 .gamma.-Sitosterol 54.112 249535 58 000079-63-0
18 Lanosterol 54 486 249537 95 10003;32-97-
19 Tirucallol 54.662 249570 91 000469-38-5
20 9,19-Cyclolanost-24-en-3-ol, (3.beta.)- 54,961 249533 49 000545-47-1
21 Lupeol 55.585 254112 95 000511-61-5
22 9,19-Cyclolanost-25-en-3-ol, 24-methyl-, (3.beta.,24S)- 56.801 249541 70 001059-14-9
23 Taraxasterol 57 636 258802 56 100035)9-43-
54.961
900000 |
56.802
800000
700000
600000
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500000 54
400000 | |
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o, N
200004906 10428 [l
216972 53.741
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Figure 5. GC-MS chromatogram of ethanolic extract of Euphorbia Spp

Green Synthesis and Characterization of Nanoparticle

The initial formation of silver (Ag) and zinc oxide (ZnQO) nanoparticles was suggested by a visible color change upon
adding the Euphorbia plant extract to the metal precursor solutions. The solution turned brown for AgNPs and milky white
for ZnONPs, indicating the potential reduction of Ag* and Zn2* ions. However, visual observation alone is insufficient to
confirm nanoparticle synthesis; therefore, further characterization using analytical techniques such as X-ray diffraction
(XRD) patterns confirmed the crystalline nature of nanoparticles., Fourier-transform infrared spectroscopy (FTIR) analysis
revealed functional groups associated with phytochemicals on the nanoparticle surface., and electron microscopy was
performed to verify nanoparticle formation SEM images revealed predominantly spherical AgNPs with slight aggregation,
while ZnONPs displayed irregular, quasi-spherical morphology, determine their physicochemical properties, and identify
the role of specific phytochemicals in reduction and stabilization. EDS analysis confirmed elemental composition.
76.22% AgNPs contained 70% silver, with trace carbon and oxygen from capping phytochemicals, ZnONPs contained
48.76 % zinc.

Fourier Transform Infrared (FT-IR)

The Fourier transform infrared (FTIR) analysis of the ZnO and AgNPs, as depicted in Figure (6), provides valuable
insights into their chemical composition and interactions. A strong band peaks observed in plant extract at 3328 cm™
suggested O—H stretching vibrations of hydroxyl groups which are commonly found in phenolic compounds, alcohols, and
flavonoids. These hydroxyl groups play a crucial role in reducing metal ions and stabilizing the formed nanoparticles as
discussed before [62]. The absorption peak in plant extract at 1700 cm™ is characterized to C=0 stretching vibration
indicating the presence of amines or carboxyl coating biomolecules that effect the stabilization of nanoparticle [15]. Weaker
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absorption bands in plant extract at 1077 cm™ and 1150 cm™ are indicated for C-O stretching vibrations associated with
ethers or esters, which also participate in nanoparticle capping. The peak in plant extract at 1457cm™1 corresponds to C=C
stretching vibrations, likely characteristic of phenolic compound known as strong reducing agents [39].

A broad absorption band observed in AgNPs at 3300 cm™ corresponds to O—H stretching vibrations of hydroxyl groups,
commonly present in phenolic compounds, flavonoids, and alcohols. These groups act as reducing agents for Ag* ions and
as capping agents, preventing aggregation and controlling particle size [19]. These functional groups reveal the
participation of bioactive compounds from Euphorbia plant extract as reducing, capping, and stabilizing agents in the
nanoparticle formation process [52]. Similar to AgNPs, a broad O—H stretching band appears in ZnONPs at 3300-3325
cm™2, confirming participation of hydroxyl-containing phytochemicals in the reduction of Zn2* ions, the reduction bands
from 3328 cm™ to 3300 and along present peak at 500 cm—1 is further confirm the bio reduction of Ag+ ions to Ag0 and
Zn*2to ZnO [15]. In general, The FTIR results show that the dual functionality of Euphorbia plant phytochemicals has a
major role in green synthesis of nanoparticles through providing reduction and stabilization characterization to the
reactions. This eco-friendly biosynthesis process excludes the necessity of using hazardous chemicals in the production
process and produces nanoparticles with potential applications in medicine [2].

Tansmitance%

95 Ag NPs
ZnO NPs
Plant extract

0.0

v . : : T : :
4000 3500 3000 2500 2000 1500 1000 500
wavenumber(cm™)

Figure 6. FTIR analysis of Euphorbia spp extract ,AgNPs and ZnONPs showing
characteristic functional groups participated in the formation of nanoparticle.

X-ray diffraction (XRD)

The X-ray diffraction (XRD) patterns of the synthesized results AgNPs and ZnONPs are presented in Figure (7) and
(8). The diffraction peaks observed for silver nanoparticles at 20 values of 38.13°, 44.28°, and 64.43° match to the 111,
200, and 220 crystallographic planes of silver face centered cubic with ICSD database (reference 98-005-3761).Similarly,
the diffraction peaks of zinc oxide (ZnO) which appear at 2Theta positions (20) of 31.74°, 34.28°, 36.16°, and 47.5573°
are the peaks corresponding to the 100, 002, 101, and 102 crystallographic planes of hexagonal wurtzite zinc oxide (ZnO)
(reference 98-065-6331), [51]These result confirms the formation of crystalline Ag and ZnO nanoparticles successfully.
The absence of amorphous peaks in the XRD patterns supports the formation of highly crystalline ZnO and Ag
nanoparticles [10]. Crystallinity is a critical attribute that influences the nanoparticles' functional properties, including their
antioxidant and antimicrobial activities, as reported in previous studies [33]. Overall, the diffraction peaks are characterized
by sharp and well-defined peaks reflecting high structural order and uniformity, confirming the effectiveness of the used
green synthesized method.
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Figure 7. XRD pattern of AgNPs synthesized using Euphorbia spp. extract

Counts.

&
[l zinc Oxide 1000 %
400 -

300 —

200 —

100 —

T — Jx i
Position [*2Theta] (Copper (Cu))
Visible Ref. Code Score Compound Displacement Scale Factor Chemical
Name [°2Th.] Formula
* 98-065-6331 86 Zinc Oxide 0.000 0.870 01 2nl

Figure 8. XRD pattern of ZnONPs, synthesized using Euphorbia spp. extract
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Scanning Electron Microscopy

The scanning electron microscopy (SEM) images presented provide a detailed insight into the morphological
characteristics of the prepared AgNPs and ZnONPs (Figure 9 & 10). These images were captured at various magnifications
to examine the surface morphology including, particle shape, aggregation, surface texture and microstructural
characteristics nanoparticles.
The SEM images of AgNPs showed the spherical and uniformly distributed particles with the size of 100 to 200 nm (Figure
9) The morphology of the surface looks dense with minimal aggregation and well ordered, this indicating that the secondary
metabolites in the Euphorbia extract acted as stabilizing and capping agents during synthesis effectively. The uniform
spherical shape and particle size distribution indicate that the nucleation process and surface stabilization occurred in a
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Figure 9. Scanning electron microscopy (SEM) image of silver nanoparticle synthesized using
Euphorbia spp. Extract

controlled manner, reflecting the efficiency of the green synthesis of nanoparticles.

In contrast, the SEM image of ZnONPs Figure (10) shows a mixture of spherical shapes with heterogeneous size
distribution, irregular shape, and rough surface, with particle size between 150 to 250 nm. The irregular shape impacts the
chemical and physical properties of this nanoparticle. Partial agglomerations observed in ZnONPs, may associated to large
surface area, irregular shape, rough surface and non-uniform nucleation during synthesis, which promote particle-particle
interactions. This phenomenon is a common feature of metal oxide nanoparticle synthesized using plant secondary
metabolites due to the composition of the organic matrix and differences in the precursor reactivity.
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on microsc py(SEM) image of ZnONPs synthesized using Euphorbia spp. Extract
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Flgure 11. Energy dispersive X ray spectroscopy (EDS) spectrum of silver nanoparticle (AgNPs) formed using
Euphorbia extract and coated with gold. The EDS spectrum displaying the elemental composition of the mapped
region, the prominent peaks corresponding to 76.22% silver (Ag) with minor peaks of gold (Au), 23.78% oxygen

The morphological differences between silver and zinc nanoparticles demonstrate that there are differences between the
two metals in synthesis mechanism and growth kinetics. AgNPs are characterized by smoother surface and more
homogeneous, while ZnONPs exhibit more irregularity. These differences in structure have effect on the chemical and
biological properties of the synthesized nanoparticles. Spherical nanoparticles with smaller in size are more effective for
many applications due to higher surface reactivity [57]. The smaller particle size of nanoparticle in this study may be due
to the presence of the high concentration of hydroxyl and phenolic groups in Euphorbia extract which they act as stabilizing
agents and prevent aggregation [50]. Furthermore, spherical nanoparticles have been reported to have more cellular uptake
than rod-like shapes nanoparticles and are more effective for different biological applications. This difference explains
why microorganism tend to be more sensitive to AgNPs than ZnONPs. [21].

Energy- Dispersive Spectroscopy (EDS) Analysis of silver and zinc nanoparticles

The energy-dispersive X-ray spectroscopy (EDS) analysis was conducted to find out the elemental composition of
produced AgNPs and ZnONPs (Figure 11 & 12). This analysis is essential for understanding essential qualitative and
quantitative information about the elemental composition of the synthesized ZnO and Ag nanoparticle and confirming the
purity of the elements and participating the phytochemical compounds from the Euphorbia extract in the formation of
nanoparticles.
The EDS spectrum of AgNPs (Figure 11). The EDS spectrum Figure 7 provides details of the elemental composition,
silver element that the dominant element identified was approximately 76.22%, additionally, minor peaks 0f%23.78
oxygen, 2.33% copper, and gold were present in small amounts. The presence of gold is attributed to the gold coating
applied to the samples to enhance SEM imaging conductivity and resolution [43]. The copper peak comes from the Cu tape
that was used for mounting the nanoparticle samples on the sample holder. Regarding the oxygen peak, it may originate
from oxygen-containing functional groups (-C=0, -COOH, -OH) of the plant extracted phytochemicals which act as
capping agent and create a thin surface oxide layer [58]. The high silver content and purity verify the process of reduction
of Ag* to AgP® successfully, and supporting the production of stable Ag nanoparticles effective and suitable for biological
applications like antibacterial and antifungal activity [20].
In the case of ZnONPs showed in Figure (12) In the case of ZnONPs showed in Figure 8 elemental composition of ZnONPs
the zinc element dominant element identified was approximately 48.76% of the composition. Other elements detected
such as % 2.77 copper, % 40.220xygen. The presence of carbon is due to phytochemical present in the plant extract acting
as capping and stabilizing agents during synthesis. [55]. These results confirm the successful biosynthesis of high-purity
ZnO nanoparticles with the existence of bio-organic metabolites involving particle stabilization. Overall, the EDS results
confirm the successful biosynthesis of high-purity Ag and ZnO nanoparticles with dominant metallic structure. The
elemental composition supports the green synthesis of nanoparticle using Euphorbia plant extract, with a high content of
desired metals and the presence of capping agents [54].
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Figure 12. Energy dispersive X-ray spectroscopy (EDS) spectrum EDX result of zinc nanoparticle (ZnONPs) formed
using Euphorbia extract and coated with gold Clusters of micron-sized minerals with distinct geometric morphologies
are observed in silver nanoparticle, by SEM image show EDX elemental map highlighting zinc (Zn) distribution also
oxygen and gold detected.(E)The EDX spectrum displaying the elemental composition of the mapped region, the
prominent the prominent peaks corresponding to 48.76% zinc (Zn) with minor other peaks of are carbon gold (Au), and
40.2% oxygen (O), and 2.77% cupper (Cu)

Antibacterial activity

In the present study, different gram-positive and gram-negative bacteria were used to screen the possible antimicrobial
activities of Euphorbia spp., green synthesized silver (AgNPs) and zinc oxide (ZnONPs) nanoparticles against bacterial
strains including Staphylococcus aureus., E.coli., Salmonella bongori., Shigella spi., Proteus mirabilis., Klebsiella
pneumoniae, Pseudomonas aeruginosa., and Enterococcus faecali.. The results are summarized in (Table 2).

Table( 2) :Antibacterial activity of Euphorbia spp. extract, silver nanoparticle (AgNPs), zinc oxide nanoparticle
(ZnONPs) and antibiotic CIP10 as positive control

Microorganism Silver Zinc nanoparticle  Extract (mm)  Antibiotic CIP10
nanoparticle(mm) (mm) (mm)

E.coli 35 5 0 40
Staphylococcus aureus 33 0 0 35
Salmonella bongori 35 20 0 30
Shigella sp. 47 4 0 34
Klebsiella pneumoniae 46 3 0 40
Protues mirabilis. 39 0 0 35
Pseudomonas aeruginosa 36 12 0 40
Enterococcus faecali 34 0 0 36

Green synthesis of silver nanoparticles shows strong antimicrobial activity against all bacteria species (Figure 13). The
highest inhibition zones were observed against Gram-negative bacteria, with Shigella sp. showing zone (47 mm), Klebsiella
pneumoniae (46 mm), Proteus mirabilis. (39 mm), Pseudomonas aeruginosa. (36 mm). Salmonella sp and E. coli sp. both
showed an inhibition zones of (35 mm), while the lowest inhibition zone observed for Staphylococcus sp, and Enterococcus
faecali. with inhibition zone (33 mm) and (34 mm) respectively.

In contrast, green synthesized of zinc oxide nanoparticles (ZnONPs) have limited antibacterial activity, with inhibition
zones ranging from (3 mm) to (20 mm) (Table 2). The highest antimicrobial activity recorded was against Salmonella
bongori (20 mm), followed by Pseudomonas aeruginosa (12 mm). The Euphorbia spp extract alone has no significant
antibacterial activity against any tested bacteria species (Figure 14). This may be due to the extraction process. Probably
because of the degradation of thermolabile secondary metabolites during ultrasound-assisted extraction process. Although
ultrasound-assisted extraction reducing extraction time but the temperature may degrade the phytochemicals, by producing
free radical, the higher sensitivity of Gram-negative bacteria may be attributed to their thinner peptidoglycan layer and
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outer membrane, which facilitates the penetration of AgNPs into the cell, leading to disruption of membrane integrity and
intracellular damage. In contrast, Gram-positive bacteria possess a thicker peptidoglycan layer, which acts as a partial
barrier against nanoparticle penetration, resulting in comparatively lower inhibition zones [36].
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Figure 13. Antibacterial activity of Euphorbia spp. extract, silver nanoparticles (AgNPs), and zinc oxide
nanoparticles (ZnONPs) against tested bacterial species, with CIP10a as a positive control.

Silver nanoparticles (AgNPs) demonstrated the most effective and strong  antibacterial activity then both zinc

nanoparticles and plant (Figure 13). This is likely due to their small particle size and uniform spherical shape, as confirmed
by SEM. Smaller particles with larger surface area leads of enhancing interaction with bacterial cell membranes, which
causes structural disruption and releasing cellular contents [11]. The result shows that, the Gram-negative bacteria are
more sensitive to AgNPs compared to Gram positive strains, and this is because of their thinner cell membrane (thinner
peptidoglycan layer), and the existence of lipopolysaccharides (LPS) which are negatively charged and promote
nanoparticle binding [13]. Silver nanoparticle antibacterial action are reported to be happening in multiple mechanism,
starting from interaction with cell wall, destroying the membrane, generate reactive oxygen species (ROS), and disrupting
of the hydrogen bonding between DNA base pairs and interference with protein function [53].
Zinc oxide nanoparticles (ZnONPs) though less effect, also have antibacterial characteristics. Its action mostly related to
generation of reaction oxygen species (ROS) [44]. Reactive oxygen species enhanced ZnONPs against bacteria under UV
exposure, and generate superoxide anion (O2’), hydrogen peroxide (H202), and hydroxide (OH). All of them that toxic for
bacteria and cause damage to cell membrane, DNA, and proteins [24]. zinc nanoparticle less effect on Gram-positive
bacteria due to present thick layer of peptidoglycan which affect the penetration of nanoparticles negatively [3], whereas
Gram-negative bacteria are vulnerable more because of weaker cell wall and the existence of teichoic and lipoteichoic acid
in the peptidoglycan layer that enhance the interaction of ZnONPs with the membranes [7].
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Fungal species Silver nanoparticle Zinc nanoparticle Extract fluconazole
C. albicans 40mm 20mm 7mm 5mm
C tropicali 30mm 15mm 15mm 5mm
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Figure 14. The figure illustrates the antibacterial activity of AgNPs, ZnONPs, ciprofloxacin (CIP) and
Euphorbia spp. extract against different bacterial strains

Antifungal activity

The antifungal activity of Euphorbia spp. plant extract and nanoparticles (silver and zinc) was evaluated against two
fungal species: candida albicans and candida tropical with results summarized in table (3). AgNPs showed strong
antifungal activity against both species, with highest inhibition zone (40 mm) against C. albicans and (30 mm) against C.
tropicalis. ZnONPs exhibited moderate antifungal activity, with inhibition zones (20 mm) against C. albicans and (15 mm)
against C. tropicalis. Although ZnONPs show antifungal effects, their activity was weaker than AgNPs (Figure 15 & 16).
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Table (3) Antifungal activity of Euphorbia spp. silver nanoparticle (AgNPs), zinc oxide nanoparticle (ZnONPs) compared
to fluconazole

The fungal cell wall, composed primarily of glucans, chitin, mannoproteins which are acritical factors in resistance against
antifungal agents [27]. Both C. albicans and C.tropicalis were sensitive to both type of nanoparticles mostly because of
damaging of cell wall and membrane as a result of membrane-nanoparticle interaction [56].

Silver nanoparticles (AgNPs) have significant antifungal role by different mechanisms including damaging cell wall and
membrane, formation pore membrane leading to ion leakage and cellular distraction [14]. Additionally, they also induce
vacuole formation and generate reactive oxygen species (ROS) that cause damage DNA, lipids and protein [40]. Silver
nanoparticles (AgNPs) can affect fungal metabolism including biogenesis of mycotoxin (deoxynivalenol) and change
synthesis of secondary metabolism in fungi [32]

Zinc oxide nanoparticles (ZnONPs) have been reported its effectivity against C. albicans which reduce fungal activity and
distraction of cell wall component such as glycoproteins, polysaccharides glucan and chitin hydrophobics, and amphipathic
proteins [38]. Their antifungal activity also includes inhibition enzyme activities, DNA damage, and inactivation of protein
[37].
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Figure 15. The figure illustrates the antifungal activity of AgNPs, ZnONPs, Euphorbia spp. extract
and fluconazole against different fungal species
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Figure 16. Antifungal activity of Euphorbia spp. extract, silver nanoparticle (AgNPs), zinc oxide nanoparticle

(ZnONPs) and antifungal fluconazole, showing inhibition zone against candida albicans and candida tropical
Antioxidant activity

The antioxidant activity of Euphorbia spp. was evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical

scavenging assay at three concentrations (100, 50, and 10 pg/mL), and the results were compared with ascorbic acid as the
standard reference antioxidant. Plant concentration at 100 pg/mL achieved the highest radical scavenging activity with an
inhibition percentage of approximately 85%, compared to standard ascorbic acid inhibition which was near to 90%. The
second radical scavenging activity was observed in plant extract with concentration 50 pg/ml exhibited 83% inhibition,
while at 10 pg/ml exhibited 40% (Figure 17).
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Figure 17. Antioxidant activity of Euphorbia spp. extract at different concentrations (100, 50, and 10
pg/mL). use of DPPH as radical scavenging activity, highest inhibition recorded at 100 pg/mL around
85%, also at 50 pg/mL 83%, but at a concentration of 10 pg/mL, the extract exhibited lower radical
scavenging activity with ascorbic acid as a standard.

These antioxidant effects are visually confirmed by the change in color from purple to yellow shown in (Figure 18),
which reflect the reduction of the stable DPPH radical through hydrogen atom or electron donation from bioactive
compounds in the plant extract [26]. This visual observation was supported by the quantitative DPPH assay results, which
showed a concentration-dependent increase in radical scavenging activity, with the highest inhibition percentage recorded
at the maximum tested concentration. Ascorbic acid was used as a positive control, while DPPH solution without extract
served as the negative control, ensuring the reliability and comparability of the results. These findings confirm that
Euphorbia secondary metabolites act as effective electron donors, stabilizing reactive oxygen species by converting them
into non-reactive forms, thereby demonstrating their significant antioxidant potential.

According to these results, Euphorbia spp. has strong antioxidant potential, especially at higher concentration. This is due
to the presence of phenolic compounds, flavonoids, or other secondary metabolites, which are known to have the ability to
neutralize oxidative stress by scavenging free radicals [42].
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Figure 18. Antioxidant activity of Euphorbia spp. using the DPPH free radical scavenging assay at different concentfations
(100, 50, and 10 pg/mL): strong antioxidant activity of Euphorbia spp. observed at 100 and 50 pg/mL, changing color from
purple to yellow, but at 10 pg/mL the extract exhibited lower radical scavenging activity with ascorbic acid as a standard.
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Conclusion

This study successfully achieved the green synthesis of silver nanoparticles (AgNPs) and zinc oxide nanoparticles
(ZnONPs) using Euphorbia spp. root extract as an efficient reducing and stabilizing agent. The presence of key
secondary metabolites—particularly phenolics and flavonoids—played a critical role in the bioreduction and capping
processes, as confirmed through FTIR, GC-MS, SEM, EDS, and XRD analyses. These findings align with previous
studies reporting the involvement of plant-derived biomolecules in nanoparticle formation and stabilization, further
validating the suitability of Euphorbia species for green nanotechnology applications.
Overall, the results highlight Euphorbia spp. as a promising, eco-friendly, and sustainable source for the fabrication
of bio-functional nanoparticles with strong antimicrobial and antioxidant properties. Future research should focus on
isolating specific phytochemicals responsible for nanoparticle formation, optimizing synthesis parameters to improve
stability and yield, and conducting in vivo toxicity and efficacy studies to pave the way for biomedical,
pharmaceutical, and environmental applications.
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