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ABSTRACT

Plant-mediated synthesis of metallic nanoparticles has an attractive green approach owing to its sustainability, low

1. INTRODUCTION

environmental impact, and avoidance of hazardous chemicals associated with traditional preparation techniques. In this
investigation, magnesium oxide nanoparticles (MgONPs) were successfully synthesized by aqueous leaf and flower extracts
of Vernonia elaeagnifolia, which functioned as naturally occurring reducing and capping agents. Nanoparticle generation
was first evidenced by immediate change in reaction mixture color and subsequently verified through Fourier-transform
infrared spectroscopy, UV—-visible spectroscopy, scanning electron microscopy (SEM), X-ray diffraction (XRD), and energy-
dispersive X-ray spectroscopy (EDX). The UV—Vis spectra displayed distinct absorption maxima at 285 nm for leaf-extract
MgONPs (MgONPsLe) and 291 nm flower-extract MgONPs (MgONPsFl1), indicating the formation of nanoparticles. The
XRD results confirmed a crystalline face-centered cubic MgO phase crystallite dimensions between 22 and 23 nm. The SEM
observations revealed mainly rod-shaped and plate-like particles for both MgONPsLe and MgONPsFl, whereas EDX
analysis verified magnesium and oxygen as the predominant elements, with magnesium contents of 29.03 at% and 30.62
at%, respectively. Antibacterial, antioxidant, antibiofilm, and antidiabetic properties of both the plant extracts and the
synthesized nanoparticles were systematically investigated. The flower extract produced the greatest antioxidant
performance, achieving 82.15% DPPH free-radical scavenging activity and FRAP ICso of 0.812 mg mL-!. MgONPsFI
exhibited the highest biological effectiveness, showing minimum inhibitory concentration of 37.5-75 pg mL’!, biofilm
inhibition reaching 64.75%, and strong inhibitory activity against a-glucosidase and o-amylase with ICso values of 22.9 and
20.6 pg mL-'. The results demonstrate that Vernonia elaeagnifolia-derived MgONPs represent effective bioactive
nanomaterials with considerable potential for antimicrobial and biomedical applications, while confirming that plant
phytochemicals play a significant role in directing nanoparticle formation, structural characteristics, and biological
performance.

Keywords: MgO nanaoparticles; Vernonia elaeagnifolia; Antioxidant activity; Antimicrobial activity; Biofilm inhibition; o-
Amylase activity.

phytoconstituents for  nanoparticle

reduction,

Sustainable nanotechnology based on biological
resources has become a highly effective strategy for
fabricating metallic and metal oxide nanoparticles.
Traditional chemical and physical synthesis routes
generally depend on toxic reagents, elevated processing
temperatures, substantial energy input, and sophisticated
equipment, reducing their environmental sustainability
and limiting industrial-scale implementation.
Alternatively, plant-assisted fabrication offers a cost-
effective, environmentally benign, and biologically
compatible approach by exploiting naturally abundant

stabilization, and surface protection. Phytochemicals
including flavonoids, phenolic compounds, alkaloids,
tannins, proteins, and terpenoids, actively promote
nanoparticle generation without relying on hazardous
chemical additives. As a result, this biosynthetic strategy
has gained widespread interest for developing advanced
nanomaterials with improved functional and biological
properties suitable for biomedical, pharmaceutical,
environmental, and agricultural applications (Muhaimin
et al 2023). The rapid development of green
nanotechnology has also extended beyond metal oxide
nanoparticles to other biologically synthesized
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nanomaterials. Mycosynthesized silver and selenium
nanoparticles have demonstrated excellent antibacterial,
antibiofilm, and synergistic antimicrobial activities
against multidrug-resistant pathogens, highlighting the
versatility of biological synthesis approaches for
producing highly effective antimicrobial nanomaterials
(Fahmy et al. 2025). Likewise, biogenic palladium
nanoparticles synthesized using plant extracts exhibited
strong antibacterial activity, effective biofilm inhibition,
enhanced antibiotic efficacy, and accelerated wound
healing, further emphasizing the biomedical significance
of environmentally benign nanoparticle synthesis
(Hamid et al. 2024). Among various metal oxide
nanomaterials, magnesium oxide nanoparticles have
received significant attention due to their excellent
chemical stability, thermal resistance, low toxicity, large
specific surface area, and remarkable biological
properties. Their unique physicochemical characteristics
enable efficient interactions with microbial membranes
and reactive oxygen species generation, making MgO
nanoparticles effective antimicrobial agents.
Furthermore, their excellent biocompatibility has
promoted applications in antioxidant therapy, drug
delivery, tissue  engineering, anti-inflammatory
treatment, anticancer therapy, and biosensing.

Several medicinal plants have successfully been
employed for the biosynthesis of MgO nanoparticles.
MgO nanoparticles synthesized using Pterocarpus
marsupium heartwood extract exhibited spherical
morphology with particle sizes ranging from 13 to 25 nm
and demonstrated remarkable antioxidant, antibacterial,
anti-inflammatory, and antidiabetic,  confirming
effectiveness of plant-mediated synthesis in producing
multifunctional nanomaterials (Ammulu et al. 2021).
Similarly, MgO nanoparticles synthesized using Alstonia
scholaris leaf extract exhibited high crystallinity with an
average crystallite size of 19.57 nm. The biosynthesized
nanoparticles showed stronger antioxidant and anti-
inflammatory activities than the standard antioxidant,
suggesting their potential for pharmaceutical and
cosmetic applications (Shahid et al. 2022). The
versatility of green synthesis has also been demonstrated
using different medicinal plants. MgO nanoparticles
produced from Phyllanthus emblica fruit extract
exhibited a characteristic UV—Visible absorption peak at
385 nm and showed excellent antioxidant and anti-
inflammatory activities, indicating their suitability for
large-scale biomedical applications (Behera et al. 2021).
Likewise, MgO nanoparticles synthesized from Oryza
sativa grain extract displayed excellent biocompatibility
together with significant antioxidant, anti-inflammatory,
antidiabetic, and anticancer activities, highlighting the
broad therapeutic potential of biosynthesized MgO
nanoparticles (Velsankar ef al. 2023).

Recent investigations have further expanded the
range of plant resources used for MgO nanoparticle
synthesis. Bioinspired MgO nanoparticles synthesized

using Azadirachta indica leaf extract demonstrated
excellent antioxidant, antibacterial, anti-inflammatory,
antidiabetic, and anticancer activities together with
remarkable biological stability (Al-Harbi et al. 2024).
Similarly, MgO nanoparticles synthesized from Madhuca
longifolia flower extract exhibited a highly pure cubic
crystal structure, and optimization studies confirmed that
precursor  concentration  significantly  influenced
nanoparticle size and antibacterial performance (Kurhade
et al. 2024). The biological performance of MgO
nanoparticles has also been enhanced through alternative
medicinal plants. MgO nanoparticles synthesized using
Matricaria chamomilla extract exhibited quasi-spherical
morphology and significant antiplasmodial activity
against both chloroquine-sensitive and resistant
Plasmodium falciparum strains, demonstrating their
potential for antimalarial therapy (Farzaneh ef al. 2025).
Likewise, MgO nanoparticles synthesized from
Pterocarpus santalinus extract exhibited concentration-
dependent antibacterial activity against both Gram-
positive and Gram-negative bacteria, confirming their
broad-spectrum antimicrobial potential (Sahith et al.
2025).

Beyond monometallic nanomaterials, hybrid
metal oxide nanoparticles have attracted considerable
research interest because synergistic interactions
between different metal oxides often produce superior
physicochemical and biological properties. A green-

synthesized ZnO/MgO bimetallic nanocomposite
exhibited enhanced antioxidant, antibacterial,
antidiabetic, and plant growth-promoting activities

compared with individual metal oxides, demonstrating
the advantages of combining multiple nanomaterials into
a single multifunctional system (Selim er al. 2025a).
Other multicomponent nanostructures have also
demonstrated remarkable biomedical performance.
MnO,-MgO bimetallic nanoparticles synthesized using
plant extracts exhibited significant antioxidant activity
together with strong antimicrobial and antibiofilm
properties against pathogenic microorganisms (Elhawary
et al. 2025). Similarly, TiO,~MgO-Au trimetallic
nanoparticles displayed potent antibacterial, antibiofilm,
and anticancer activities, indicating that hybrid
nanostructures represent an effective strategy for
developing multifunctional biomedical nanomaterials
(Soliman et al. 2025).

Among medicinal plants, Vernonia
elaeagnifolia has recently gained considerable attention
because of its rich phytochemical composition and
diverse pharmacological properties. Zinc oxide
nanoparticles synthesized using Vernonia elaeagnifolia
leaf extract exhibited spherical morphology with an
average particle size of approximately 45 nm and
demonstrated remarkable antioxidant, antibacterial,
anticancer, and DNA-binding activities, confirming the
capability of this plant to mediate the green synthesis of
highly functional nanoparticles (Chandramohan et al.



Alagendran Subbarayalu et al. / J. Environ. Nanotechnol., Vol. xx(x), Xx-xx (20xx)

2025). The suitability of Vernonia elaeagnifolia for green
nanotechnology has been further demonstrated through
the biosynthesis of gold nanoparticles. Biosynthesized
Au nanoparticles exhibited superior apoptotic activity
against glioma cells together with significant antiplatelet
effects, highlighting the presence of potent reducing and
stabilizing phytochemicals within the plant extract
(Sherin et al. 2024). Apart from nanoparticle synthesis,
Vernonia elaeagnifolia itself possesses significant
medicinal value. Methanolic extracts of the plant
exhibited pronounced antipyretic and hypoglycemic

activities without producing irritant effects in
experimental models, indicating that the plant contains
abundant  pharmacologically = active  secondary

metabolites capable of supporting both therapeutic
applications and green nanoparticle synthesis (Touqeer et
al. 2024).

The growing emphasis on sustainable material
development is also evident in advanced engineering
materials, where eco-friendly processing strategies have
significantly improved the mechanical performance of
natural biomaterials and hybrid composites. Process
optimization has enhanced the mechanical properties of
heat-treated date palm seed biomaterials, while cellulose-
reinforced natural fiber composites and ceramic-filled
hybrid composites have achieved remarkable
improvements in strength, fatigue life, impact resistance,
and wear behavior, demonstrating the increasing
importance of sustainable material design across diverse
scientific disciplines (Chowdhury ef al. 2026; Gupta et
al. 2026; Subbarao et al. 2026).

Although substantial advances have been made
in green production of MgO nanoparticles using wide
range of medicinal plants, the application of Vernonia
elaeagnifolia has received comparatively little attention.
Previous research involving this medicinal species has
mainly concentrated on the synthesis of ZnO and Au
nanoparticles, while its capability for fabricating MgO
nanoparticles remains largely unexplored. In addition, a
detailed comparative investigation of MgO nanoparticles
prepared from different plant organs, especially leaf and
flower extracts, has not been conducted to clarify the
effects of phytochemical variation on nanoparticle
synthesis, morphology, crystallinity, antioxidant
potential, antibacterial properties, and antibiofilm
activity. Accordingly, this work focuses on green
fabrication of MgO nanoparticles by aqueous extracts
obtained from the flowers and leaves of Vernonia
elaeagnifolia by straightforward, sustainable, and eco-
conscious process. Prepared nanoparticles were
thoroughly examined by UV-Visible spectroscopy, X-
ray diffraction (XRD), Fourier-transform infrared
spectroscopy (FTIR), Scanning Electron Microscopy
(SEM), and X-ray spectroscopy (EDX) to evaluate their
optical, crystalline, morphological, and elemental
characteristics. In addition, antioxidant, antibacterial, and
antibiofilm  performances were comprehensively

investigated to determine how the selected plant part
influences nanoparticle features and biological
effectiveness. The findings offer valuable evidence
supporting the use of Vernonia elaeagnifolia as a
renewable source for the green fabrication of MgO
nanoparticles and highlight its promise for producing
multifunctional bioactive nanomaterials with prospective
biomedical applications.

2. MATERIALS AND METHODS

2.1 Preparation of Plant Extracts

Vernonia elaeagnifolia leaves were harvested
from foothill region of Sathyamangalam Tiger Reserve in
Erode District, Tamil Nadu, India, between March and
April 2024. Separate portions of 20 g of dried leaf and
flower powders were transferred into individual beakers,
followed by the addition of 100 mL of deionized water.
The suspensions were incubated at 37 °C for 1 day to
facilitate the extraction of bioactive constituents. After
incubation, each extract was passed through filter paper,
and the filtrates were preserved at 4 °C under dark
conditions for biosynthesis of magnesium oxide
nanoparticles.

2.2 Green Synthesis of MgO Nanoparticles

MgO nanoparticles were biosynthesized by
aqueous leaf extract of Vernonia elaeagnifolia through a
modified plant extract-mediated precipitation technique
(Wulandari et al. 2024). In brief, fresh 0.1 M aqueous
solution of  magnesium  nitrate  hexahydrate
[Mg(NOs),-6H,O] was prepared by dissolving
analytical-grade magnesium nitrate in distilled water
(Kongara et al. 2025). For MgO nanoparticle preparation,
20 mL of Vernonia elaeagnifolia leaf extract was
introduced slowly into 100 mL of the magnesium nitrate
solution while maintaining constant magnetic agitation.
The reaction suspension was kept at 70 + 2 °C for 2 hours,
during which a creamy-white precipitate developed,
confirming the synthesis of the magnesium precursor
mediated by plant-derived phytochemicals. Precipitate
was recovered by centrifugation at 10,000 rpm for 15
minutes, rinsed three times with deionized water and
subsequently with ethanol to eliminate residual
biomolecules and other contaminants, and then oven-
dried at 80 °C for 12 hours. The dried material was
calcined at 500 °C for 3 hours to produce crystalline MgO
nanoparticles, which were utilized for subsequent
characterization and biological evaluation.

2.3 Physicochemical Characterization of
MgONPs

Synthesized samples were analyzed by UV-—
Visible spectroscopy, XRD, and FTIR. Formation of
magnesium oxide nanoparticles was verified by UV—
Visible spectral analysis employing deionized water as
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the reference blank. Spectral analysis was performed by
UNICO 2080 spectrophotometer within the wavelength
range 220-600 nm (Devi and Ramesh, 2026), which
encompasses the characteristic ultraviolet and visible
absorption regions of both organic and inorganic
compounds. The instrument was operated at a scanning
rate of 1-2 nm/min with baseline correction against the
blank, and all measurements were recorded at ambient
temperature (20-25 °C). The FTIR spectra were obtained
on a FTIR 640 spectrometer over the range 4000—400 cm”
! using KBr pellet method. Spectral acquisition were
carried out at resolution of 4 cm™! with 32 accumulated
scans under ambient conditions (Mustafa et al. 2021).
Crystalline phase analysis was performed using D8
ADVANCE BRUKER X-ray diffractometer. Diffraction
profiles were collected across 26 interval of 10-80° at
scan rate of 0.5-2°/min.

The surface architecture, elemental distribution
of magnesium oxide nanoparticles (MgONPs)
synthesized from the flower (MgONPsFl) and leaf
(MgONPsLe) of Vernonia elaeagnifolia  were
investigated using a Zeiss Gemini Scanning Electron
Microscope (SEM) coupled with energy-dispersive X-
ray analysis system.

2.4 Bioactivities of Plant Extracts and MgONPs
2.4.1 Antioxidant Performance Evaluation
2.4.1.1 DPPH Antioxidant Assay

The free radical scavenging of extracts was
analysed by 2,2-diphenyl-1-picrylhydrazyl (DPPH)
(Govindhraj and Shanmugam, 2025). About 20 pL of test
specimen was mixed with 200 pL of 120 pM DPPH
solution prepared in 96% methanol. The mixture was
allowed to react for 30 minutes under dark conditions at
ambient temperature. Following incubation, absorbance
was recorded at 517 nm by microplate
spectrophotometer. Free radical scavenging activity was
calculated as percentage inhibition (%) in comparison
with the negative control.

2.4.1.2 FRAP Antioxidant Assay

Ferric reducing antioxidant capacity of
specimens was assessed as follows. Briefly, 50 uL of each
specimen was mixed with 50 pL of 1% potassium
ferricyanide [K3Fe(CN)g] and 50 pL of deionized water.
The reaction mixture was maintained at 45 °C for 15
minutes. Thereafter, 50 pL of trichloroacetic acid
together with 10 pL of FeCls was introduced, followed
by an additional incubation at 50 °C for 10 minutes.
Absorbance was subsequently recorded at 700 nm by
Multiskan  microplate  spectrophotometer.  Greater
absorbance values corresponded to stronger ferric ion
reducing ability, indicating the conversion of Fe?" to Fe?*
by the antioxidant compounds present in the samples.

Butylated hydroxytoluene was employed as the standard
antioxidant.

2.4.2 Antioxidant Activity Evaluation

The assay measures antioxidant -capacity
through the conversion of Mo(VI) to (V) by test
specimen, followed by generation of green phosphate
under acidic conditions(Ali ef al. 2024). About 0.1 mL of
the sample was added to 1 mL of the reagent containing
28 mM sodium phosphate, 4 mM ammonium molybdate
and 0.6 M sulfuric acid. The reaction mixture was heated
at 95 °C for 90 minutes and then allowed to cool to room
temperature. Absorbance was subsequently recorded at
695 nm using reagent blank as the reference.

2.4.3 Anti-Inflammatory Bioactivity Assessment

The aqueous extracts from flowers and leaves,
along with corresponding MgONPs were assessed. This
involves assessing their capacity to prevent denaturation
of BSA following the incubation of mixture at 36 °C for
20 minutes. Absorbance was assessed at 660 nm to
evaluate the extent of percentage inhibition and protein
denaturation. /(%) was computed according to equation
(1) as follows (Kandavalli ef al. 2025):

1%=100><(

Ac—As)
Ac

)
2.4.4 Antidiabetic Bioactivity Assessment

Antidiabetic activity of prepared magnesium
oxide nanoparticles was investigated by evaluation of
their suppressive effect on a-glucosidase and a-amylase
enzymes. For the a-amylase assay, S00 uL of MgONPs
dispersion at various concentrations was blended with
500 pL of a-amylase. The mixture was maintained at 20
°C for 15 minutes before introducing 500 pL of 1%
starch. Enzyme activity was terminated using 1 mL 3,5-
dinitrosalicylic acid solution, followed by heating on a
water bath for 4 minutes. After cooling under ambient
conditions, 5 mL of deionized water was added and the
optical density was determined at 540 nm. Acarbose was
employed as standard reference inhibitor. Percentage of
a-amylase suppression was subsequently determined.

2.4.5 Antimicrobial Activity
2.4.5.1 Zone of Inhibition Assay

Antimicrobial potential of test materials was
investigated using Candida krusei ATCC 6258, Candida
albicans ATCC 90028, Bacillus cereus ATCC 14579,
Enterococcus  faecalis ATCC 29212, Salmonella
typhimurium ATCC 14028, Staphylococcus epidermidis
CIP 106510, Staphylococcus aureus ATCC 43300,
Listeria monocytogenes ATCC 19115, and Escherichia
coli ATCC 35218. Their inhibitory effects against the
microbial species were determined by employing agar
well diffusion assay (Amina et al. 2020). The bacterial
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inoculum was standardized to 107 CFU/mL, whereas
Candida inoculum was standardized to 10° spores/mL.
Antibacterial evaluation was carried out using Mueller—
Hinton agar, while Sabouraud chloramphenicol agar was
selected for antifungal assessment. All inoculated plates
were maintained at 36 °C for 1 day. Every experiment
was performed three times to ensure reproducibility.
Amphotericin B (25 pg mL!) and levofloxacin (5 pg)
were included as reference antimicrobial agents.

2.4.5.2 Minimum Bactericidal Concentration (MBC) and
Minimum Inhibitory Concentration (MIC) Assessment

The MBC of magnesium oxide nanoparticles
was determined through a broth dilution assay performed
at sterile 96-well microtiter plates with flat bottoms. For
the determination of MBC, 10 pL aliquots collected from
wells with no detectable growth was streaked onto agar
media and incubated for 1 day. Recovery of bacterial
colonies show bacteriostatic response, whereas absence
of colony development confirm  bactericidal
concentration of synthesized magnesium oxide
nanoparticles. The minimum inhibitory concentration
(MIC) of MgONPsF1l and MgONPsLe against the tested
bacterial strains was determined using the broth
microdilution method in sterile flat-bottom 96-well
microtiter plates. Two-fold serial dilutions of each
MgONP suspension were prepared in Mueller—Hinton
broth to obtain concentrations of 18.75, 37.5, 75, 150,
and 300 pg mL™'. Each well was inoculated with the
standardized bacterial suspension. Inoculated broth
without MgONPs served as the growth control, whereas
uninoculated broth was maintained as the sterility
control. The microplates were incubated at 36 °C for 24
h, and the MIC was defined as the lowest concentration
of MgONPs showing no visible microbial growth
compared with the growth control. Wells exhibiting no
detectable growth were subsequently used for
determination of the minimum bactericidal concentration
(MBCO).

2.4.5.3 Biofilm Inhibitory Activity

The influence of the synthesized magnesium
oxide nanoparticles on microbial biofilm development
was investigated using sterile 96 flat-bottom microtiter
plates.

2.4.5.4 Effect of MgONPs on Bacterial Cell Wall

Staphylococcus aureus and Bacillus cereus
cultures were grown on solid agar at 37 °C for 1 day. The
harvested cells were washed with deionized water and
subsequently dispersed in 50 mM phosphate buffer.
Then, 100 pL of bacterial cell wall suspension was
transferred into an Eppendorf tube containing 50 pL of
test sample. The mixture was maintained at 37 °C for 1
hour. Lysozyme-like activity was determined in arbitrary
units by monitoring the decline in absorbance.

2.4.6 Lipopolysaccharide Degradation

Ability of synthesized magnesium oxide
nanoparticles to promote lipopolysaccharide degradation
was investigated. Gram-negative bacterial cultures were
grown at 1 mL of Luria-Bertani medium containing
either MgONPs (150 pg/mL) or no nanoparticles at 36 °C
for 18 hours with continuous agitation. Equal range of
5% phenol reagent was then added, followed
immediately by fivefold sulfuric acid. The resulting
mixture was kept in dark for 1 hour, after which
absorbance was determined at 490 nm to evaluate the
extent of lipopolysaccharide (LPS) degradation.

2.5 Statistical Analysis

Experimental findings are given as mean =+
standard error. Statistical differences among groups was
evaluated by Student-Newman—Keuls (SNK) multiple
comparison procedure with level of significance
established at p < 0.05. Data points assigned an identical
superscript letter did not differ significantly.

3. RESULTS AND DISCUSSION

3.1 Green-synthesized MgO Nanoparticles:
Structural Characterization

3.1.1 UV-visible Analysis

Formation of MgONPs was confirmed by the
distinct visual transformation of reaction solution from
light yellow to dark brown. Observation indicates
conversion of Mg?" ions into MgONPs (Fig. 1).

288 nm MgO nanoparticles|

250 300 350 400 450 500 550 600
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Leaves extract
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Fig. 1: (a) Optical absorbance profile of MgONPsLe, (b)
Leaves extract and MgONPsLe, (c) Optical absorbance
profile of MgONPsFI and (d) Photographs of flower extract
and MgONPsF1

Successful formation of magnesium oxide
nanoparticles was additionally verified by UV-Vis
spectroscopy, which exhibited characteristic absorption
maxima at 285 nm for the leaf-extracted MgONPs and
291 nm for the flower-extracted MgONPs. A previous
investigation reported green production of MgO
nanoparticles by Acalypha indica leaf extract, where
UV-Vis analysis revealed a characteristic band at 284 nm
and XRD measurements indicated an average crystallite
size of 10 nm (Ramaprabha ef al. 2025).

3.1.2 Fourier Transform Infrared Analysis

The FTIR profiles (Fig. 2a&b) revealed the
functional groups associated with the leaf and flower
extracts as well as their respective synthesized
nanoparticles, demonstrating the effective biomediated
conversion and subsequent stabilization of the
nanomaterials.

- v - v ~
4000 3600 3000 2500 2000

Wavenumber (e

Fig. 2: (a) FTIR profiles: leaf extract, MgONPsLe and (b)
FTIR profiles: flower extract, MgONPsFI

Fig. 2(a) illustrates the FTIR spectra of the leaf
extract and the MgO nanoparticles prepared from the
same extract, highlighting the involvement of plant-
derived biomolecules in nanoparticle synthesis. The
spectrum of leaf extract exhibits broad peak at 3398 cm"
!, characteristic of O—H stretching vibrations originating
from phenolics, flavonoids, and alcoholic constituents.
Signals detected at 2923 and 2853 cm! are associated
with asymmetric and symmetric stretching modes of
aliphatic C—H bonds. The peak centered at 1734 cm! is
characteristic of carbonyl (C=0) stretching from ester
and carboxylic acid functionalities, whereas the
absorption at 1636 cm'! is related to the amide I region
arising from C=C/C=0O vibrations. Furthermore, the
peaks at 1517, 1452, and 1383 cm™ correspond to
aromatic ring C=C stretching, CH, deformation, and C—
N stretching together with CH, bending, respectively.
The peaks appearing at 1246, 1072, and 1030 cm™ are
assigned to C-O stretching of phenolic compounds,
alcohols, and polysaccharides, while the peaks at 874 and
652 cm! are attributed to aromatic C—H and out-of-plane
deformation modes.

After the production of MgO nanoparticles, the
broad O—H peak shifted to 3386 cm™' and exhibited lower
intensity, whereas the aliphatic C—H stretching signals
were detected at 2920 and 2850 cm'. The amide I peak
was shifted to 1632 cm™!, while the peaks corresponding
to aromatic C=C stretching, CH, deformation, phenolic
C-0, alcoholic C-0, and polysaccharide C—O vibrations
were identified at 1510, 1447, 1238, 1062, and 1018 cm"
!, respectively. A weak peak at 872 cm™' was associated
with carbonate species adsorbed on the nanoparticle
surface. In addition, prominent peaks located at 522 and
445 cm™ were characteristic of Mg—O bond stretching
and Mg-O lattice vibrational modes, respectively,
thereby verifying the successful crystallization of MgO
nanoparticles.

Fig. 2(b) depicts the FTIR profiles of the flower
extract and the MgO nanoparticles obtained from the
flower extract. The spectrum of the flower extract
displays a broad peak centered at 3350 cm,
corresponding to O—H stretching vibrations arising from
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hydroxyl-containing  phytoconstituents,  including
phenolic compounds and flavonoids. The aliphatic C—-H
asymmetric and symmetric stretching modes are
observed at 2918 and 2846 cm’!, respectively, whereas
the peak at 1732 cm’! is characteristic of carbonyl (C=0)
stretching associated with ester and carboxylic acid
groups. The signal appearing at 1644 cm'! is assigned to
the amide I region resulting from C=C/C=O vibrations.
Moreover, the peaks located at 1512, 1456, and 1390 cm”
! are attributed to aromatic ring C=C stretching, CH,
deformation, and C-N stretching together with CH,
bending, respectively. The peaks at 1256, 1070, and 1050
cm!  correspond to C-O stretching of phenolic
compounds, alcohols, and polysaccharides, while the
peaks at 838 and 650 cm’! are assigned to aromatic C—-H
and out-of-plane deformation vibrations.

Upon formation of the MgO nanoparticles, the
broad O-H absorption was displaced slightly to 3342 cm’
!, whereas the aliphatic C-H stretching features were
retained at 2918 and 2844 cm™!' with lower absorbance.
The amide I signal was observed at 1626 cm™'!, while the
absorptions located at 1522, 1442, 1380, 1264, 1052, and
1015 c¢m™ confirmed the persistence of aromatic,
phenolic, and alcoholic functionalities on the
nanoparticle surface. A minor absorption centered at 842
cm?! was assigned to adsorbed carbonate species.
Additionally, the pronounced bands detected at 514 and
435 cm! correspond to Mg-O bond stretching and Mg—
O lattice vibrational modes, respectively, thereby
verifying the successful production of crystalline MgO
nanoparticles.

A comparative evaluation of the spectra
recorded prior to and following nanoparticle generation
reveals that both leaf and flower extracts possess
prominent amide absorptions and O—H, C=0, indicating
phytoconstituents involved in the conversion process.

In contrast, the spectra of the flower-derived and
leaf-derived nanoparticles display minor displacements
of C=0, O-H and amide absorption. The change in
intensity suggest adsorption of phytomolecules onto the
nanoparticles, resulting in stabilization of formed
nanostructures. The observed spectral shifts further
demonstrate the association of metal ions with the
corresponding functional groups.

The suggested eco-friendly synthesis pathway
proceeds through four sequential stages. The initial stage
involves electron transfer, during which phenolic
hydroxyl and carbonyl functionalities act as electron
donors through the following reaction (1):

M™ + phytochemicals - M (nanoparticles) (2)

These findings indicate that flavonoids and
polyphenolic constituents promote metal ion conversion
through electron donation, whereas proteins contribute to

electron transport. The subsequent stage involves nucleus
initiation, in which the newly generated metal species
cluster to produce primary nuclei. This is followed by
particle development, where the expansion of the nuclei
is regulated and biomolecular components govern
nanoparticle dimensions. The final stage consists of
surface passivation, in which proteins, polyphenolic
compounds, and polysaccharides adsorb onto
nanoparticle exterior by coordination interactions,
hydrogen bonding, and electrostatic attraction. This
protective layer suppresses particle aggregation, surface
oxidation, and excessive crystal growth. The FTIR
analysis further demonstrates that phenolic and flavonoid
hydroxyl groups function as electron donors, proteins
containing amide I and II peaks provide surface
protection, carbonyl functionalities coordinate with the
metal surface, and polysaccharides impart steric
shielding. The spectral shifts observed for the flower-
derived and leaf-derived nanoparticles verify the direct
participation of these phytoconstituents in nanoparticle
generation  and  stabilization, confirming an
environmentally benign synthesis pathway in which
plant-derived biomolecules perform both reducing and
stabilizing functions.

3.1.3 X-ray Diffraction Analysis

The crystalline nature of the synthesized
nanoparticles was examined using X-ray diffraction
analysis. As illustrated in Fig. 3(a), the diffraction profile
of the leaf-derived sample exhibits a series of well-
defined Bragg reflections characteristic of crystalline
MgO. These reflections are indexed to the face-centered
cubic (fcc) phase of magnesium oxide nanoparticles.
Prominent diffraction maxima are observed at 36.92°,
42.90°, 62.26°, 74.68°, and 78.60°, corresponding to the
(111), (200), (220), (311), and (222) lattice planes,
respectively. Among these, the intense reflection at
42.90° assigned to the (200) plane signifies the excellent
crystalline quality of the biosynthesized MgO
nanostructures. In addition, a broad diffuse peak
extending from approximately 15° to 35° is evident,
indicating the existence of amorphous organic
constituents. Such a halo is commonly associated with
plant-mediated synthesis because residual
phytochemicals remain attached to the nanoparticle
surface. These naturally occurring compounds, including
polyphenols, proteins, flavonoids, and polysaccharides,
participate in Mg?* conversion and subsequently serve as
surface-stabilizing species. Owing to their non-
crystalline nature, these organic molecules are
responsible for the diffuse amorphous background
observed in the XRD pattern.



Alagendran Subbarayalu et al. / J. Environ. Nanotechnol., Vol. Xx(x), XX-xx (20xx)

(a) a2y —— Leaves-derived MgO
(200)
3
=
2
[ 36.92°
S 111
E
T T T T T T
10 20 30 40 50 60 70 80
20 (%)
(b) 4294 —— Flowers-derived MgO
(200)
3
5
2 36.96°
@ (111)
2
E
T T T T T T
10 20 30 40 50 60 70 80
26 (°)

Fig. 3: (a) XRD pattern of MgONPsLe, (b) XRD pattern of
MgONPsF1

The crystal characteristics of the flower-derived
sample were investigated by X-ray diffraction analysis
(Fig. 3b). The diffraction profile verifies the successful
production of crystalline magnesium oxide nanoparticles
using the flower extract as the biogenic source. Distinct
Bragg reflections located at 36.96°, 42.94°, 62.34°,
74.78°, and 78.74° are indexed to the (111), (200), (220),
(311), and (222) lattice planes, respectively, confirming
the fcc phase of MgO. The pronounced reflection
associated with the (200) plane reflects the high
crystalline quality of the obtained nanoparticles. In
addition, a broad diffuse band extending from
approximately 15° to 35° is visible, indicating the
presence of amorphous phytochemical residues derived
from the flower extract. These plant-derived constituents
remain adsorbed on the nanoparticle surface following
synthesis, where they function as naturally occurring
capping and stabilizing molecules.

The XRD profile displays a broad diffuse
feature, indicating the existence of non-crystalline

organic constituents, a characteristic commonly observed
in plant-mediated synthesis. This amorphous fraction is
derived from phytoconstituents such as polyphenols,
flavonoids, terpenoids and proteins in the leaf extract.
The naturally occurring compounds facilitate the
transformation of Mg?" into MgO, provide a protective
surface layer, and introduce functional groups onto the
nanoparticle surface. Consequently, the diffuse halo
represents the organic shell enveloping the nanoparticles
rather than contamination. Although this amorphous
contribution is evident, the well-defined diffraction
reflections verify that the nanoparticles retain a highly
crystalline MgO core.

The average crystallite dimension was
estimated using the Scherrer equation, as expressed in

Eq. (2):

k-2
d=-2 .03

3.1.4 Scanning Electron Microscopy

Surface morphology was examined using a
Zeiss Gemini Scanning electron microscope, and the
micrographs (Fig. 4) demonstrate distinct structural
characteristics of the biosynthesized nanoparticles. The
leaf-derived MgO nanoparticles (MgONPs Le) display
compact nanoflake- and rod-like architectures with
random alignment, producing a continuous network of
clustered structures (Fig. 4a).
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Fig. 4: () SEM Micrograph of MgONPsLe and (b) SEM
micrograph of MgONPsF1

In comparison, the flower-derived MgO
nanoparticles (MgONPsFl) are mainly composed of
elongated rod-shaped and platelet-like nanostructures
with a more homogeneous particle distribution than the
leaf-derived counterpart (Fig. 4b). Both materials exhibit
clustered particles, which can be attributed to their
elevated surface energy together with van der Waals and
magnetic interactions occurring during the drying
process. The observed differences in morphology and
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aggregation behavior are most likely related to the
distinct phytochemical profiles of the flower and leaf
extracts, which govern nanoparticle nucleation, crystal
development, and surface stabilization. Collectively, the
SEM micrographs verify the formation of MgO
nanostructures with irregular rod and platelet-like
features, while the morphological variations between the
two samples demonstrate the effect of the plant source
employed in the green synthesis process.

3.1.5 Elemental Analysis

Energy-dispersive X-ray spectroscopy
characterization of the leaf- and flower-derived MgONPs
exhibited an intense characteristic MgO signal near 3
keV, verifying the successful production and elemental
composition of the synthesized nanomaterials. The EDX
spectra of both samples identified identical elemental
constituents, namely C, O, Mg, Al, Si, P, S, Cl, K, and
Ca. These constituents are attributed to phytochemicals
released from the plant matrix during aqueous extraction.
Carbon- and oxygen-containing species function as
naturally occurring reducing and surface-stabilizing
components, whereas oxygen is associated with the oxide
framework of MgO nanoparticles. Sulfur is presumed to
originate from sulfur-bearing amino acids and related
plant metabolites, which may also assist in nanoparticle
stabilization (Fig. 5 a, b).
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Fig. 5: (a) EDX spectrum of MgONPsLe and (b) EDX
spectrum of MgONPSsFl

The elemental distribution expressed as atomic
percentage  (Atom%)  demonstrates = measurable
differences between the two biosynthesized nanoparticle
samples. The MgONPs F1 exhibit a greater magnesium
concentration (30.62 Atom%; 43.37 wt%) than the leaf-
derived MgONPs (29.03 Atom%; 41.62 wt%). In
contrast, the carbon proportion is lower in MgONPsFI at
15.63 Atom% (10.92 wt%) compared with 17.62 Atom%
(12.48 wt%) for MgONPsLe. Oxygen accounts for 43.71
Atom% (40.68 wt%) in MgONPs FI and 42.23 Atom%
(39.85 wt%) in MgONPs Le. Moreover, the leaf-derived
nanoparticles possess marginally higher levels of Al
(0.52 wt%), Si (0.41 wt%), P (0.56 wt%), S (0.48 wt%),
C1(0.86 wt%), K (2.15 wt%), and Ca (1.07 wt%) than the
flower-derived sample, which contains Al (0.43 wt%), Si
(0.34 wt%), P (0.48 wt%), S (0.39 wt%), Cl1 (0.74 wt%),
K (1.82 wt%), and Ca (0.83 wt%). Such variations in
elemental abundance are expected to influence the
physicochemical = characteristics and  biological
performance of the prepared MgO nanoparticles.

3.2 Biological Activities of MgONPs

3.2.1 Antioxidant Capacity

The flower extract (82.15%) and leaf extract
(67.48%) reflect the abundance of phenolic constituents
and flavonoids. By comparison, the flower-derived MgO
nanoparticles (55.36%) and leaf-derived MgONPs
(48.92%) displayed reduced DPPH scavenging
efficiency, probably because a portion of the
phytoconstituents was utilized or immobilized on the
nanoparticle surface during the biosynthesis. Evaluation
by the FRAP method showed that the flower extract
possessed the greatest ferric ion reducing ability among
the plant-based samples (ICso = 0.812 mg mL"),
followed by MgONPsFI (1.486 mg mL™'), MgONPsLe
(2.126 mg mL™"), and the leaf extract (2.684 mg mL"").
Smaller ICsy values represent stronger reducing
performance, indicating that the biosynthesized
MgONPs preserved considerable electron-transfer
capability. with flower extract recording maximum value
(1.94 mg (ascorbic acid equivalents)AAE g'MS),
followed by leaf extract (1.61 mg AAE g' MS),
MgONPsF1 (1.46 mg AAE g'MS), and MgONPsLe
(1.34 mg AAE g! MS) (Table 1). Sharmila and Selvaraj,
(2024) reported that MgO nanoparticles prepared from
Scutia  myrtina exhibited 87.68% DPPH radical
scavenging activity, 95.8% anti-inflammatory activity,
85.32% photocatalytic degradation efficiency, and an
A549 cytotoxicity ICso of 44.9 ng/mL, highlighting their
broad biomedical and environmental potential. The
obtained results indicate that nanoparticle production
caused a modest decline in antioxidant performance
relative to the original plant extracts; however, the
biosynthesized =~ MgONPs  preserved  substantial
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antioxidant potential due to the surface-associated
phytoconstituents. Association between phytochemical
abundance and antioxidant capacity were supported by
strong positive linear relationship between DPPH radical
scavenging activity and total phenolic content (Fig. 6).
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Fig. 6: TPC-DPPH correlation analysis

Table 1. Comparative antioxidant activity

DPPH TAA Mg A ]'ZRAI;T (/
(P19%6) asc/g MS 151(1)L )g
67.48 2.684
Extract Le +0.86 1.61 £ 0.10 +0.16
82.15 0.812
Extract FI +218 1.94 £ 0.11 +0.04
48.92 2.126
MgONPsLe +1.74 1.34 +0.06 +012
55.36 1.486
MgONPsFI +242 1.46 £ 0.07 +0.08
Ascorbic acid* 93.42 - -
(5mg/mL) +0.04
0.574
*
BHT +0.005
Collectively, the outcomes suggest that

nanoparticle morphology plays major role in determining
antioxidant behavior. The flower-derived spherical
MgONPs exhibited superior free-radical neutralization in
the DPPH assay, whereas the leaf-derived cubic
MgONPs showed greater ferric ion reducing capability in
the FRAP assay but may display lower stability under

specific conditions, thereby influencing their overall
antioxidant capacity.

3.2.2 Anti-Inflammatory Bioactivity Evaluation

Protein denaturation is a well-recognized event
during inflammatory responses, and compounds capable
of suppressing this process are regarded as potential anti-
inflammatory agents. Accordingly, inhibition of bovine
serum albumin (BSA) by test samples were used to
evaluate their anti-inflammatory properties. In in vitro
BSA assay, the flower and leaf extracts produced
moderate inhibition values of 19.28% and 15.12%,
respectively. By comparison, the corresponding
magnesium oxide nanoparticles, MgONPsFl and
MgONPsLe, demonstrated markedly greater anti-
inflammatory efficacy, achieving inhibition percentages
of 43.72% and 37.41%, respectively (Fig. 7).
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Fig. 7: Anti-Inflammatory activity assessment

Phytochemical screening revealed that Vernonia
elaeagnifolia contains abundant tannins, flavonoids, and
polyphenolic constituents, which are responsible for its
pronounced antioxidant and anti-inflammatory activities.

3.2.3In Vitro Antidiabetic Enzyme Inhibition

Diabetes remains one of significant health
concerns worldwide in the twenty-first century. A key
therapeutic approach for treatment of type 2 diabetes
mellitus is to slow intestinal glucose uptake by limiting
carbohydrate breakdown through suppression of starch-
degrading enzymes, including a-glucosidase and o-
amylase, thereby reducing postprandial blood glucose
levels. Although pharmacological agents such as
acarbose, miglitol, and voglibose are widely used for this
purpose, their clinical application is frequently limited by
adverse effects. Therefore, this investigation explored
MgONPs biosynthesized from the leaf and flower
extracts of Vernonia elaeagnifolia as plant-based enzyme
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inhibitors for diabetes management. The starch agar plate
assay  demonstrated that flower-derived MgO
nanoparticles completely suppressed a-amylase activity
(Fig. 8), whereas acarbose and leaf-derived MgO
nanoparticles exhibited comparatively lower inhibitory
responses (Table 2).

sFI

MgONPsLe

Fig. 8: Comparative a-Amylase inhibition assay

Table 2. a-Amylase Inhibitory Activity

Enzyme Inhibition Diameter Zone
Inhibition Activity (%) (mm)
Enzyme (alone) 0.00 + 0.00 30+ 0.0
Acarbose
13.33+4.71 26.0+ 1.4
(40u g - -
MgONPsFI 20.67 +2.36 238+ 0.8
Boug
AN 18.33 +2.36 245+ 0.7
40ug)

Both MgONPsFl and MgONPsLe exhibited
concentration-dependent suppression of a-glucosidase
and o-amylase activities. Enzyme inhibition increased
steadily as nanoparticle concentration was raised from 5
to 40 pg mL'. At highest test concentration (40 pg mL-
), a-amylase inhibition reached 92.1%, 86.5%, and
72.3% for acarbose, MgONPsFl, and MgONPsLe,
respectively. Likewise, a-glucosidase inhibition at 40 pg
mL! attained 89.2%, 81.4%, and 67.6% for acarbose,
MgONPsFI, and MgONPsLe, respectively. These
outcomes indicate that flower-derived MgONPs exert
greater inhibitory effects on both enzymes than the leaf-
derived counterpart, although their activity remained
below that of the reference drug acarbose (Fig. 9).
Samanta et al. (2025) synthesized silver nanoparticles
using Carica papaya leaf extract, which showed MIC
values of 20 ug/mL against E. coli and 30 pg/mL against

S. aureus. Thus, nearly 90% inhibition of biofilm
formation was achieved and minimal hemolytic and
cellular toxicity up to 50 pg/mL was exhibited,
highlighting their excellent antibacterial and antibiofilm
performance.

@ 100

—e— Acarbose
|—&— MgO-NPs FI

—=— MgO-NPs Le
80
60
40
20+
T T T T T T T T

0 5 10 15 20 25 30 35 40 45
Concentration (pg/mL)

a-Amylase inhibition (%)

—e— Acarbose
—4— MgO-NPs FI
—=— MgO-NPs Le

804
60
40
204
T T T T T T T

0

a-Glucosidase inhibition (%)

T
0 5 10 15 20 25 30 35 40 45
Concentration (pg/mL)

Fig. 9: (a) a-Amylase and (b) a-Glucosidase inhibitory
activity

The inhibitory response of a-amylase increased
with the concentration of both MgONPsFl and
MgONPsLe (Fig. 9a). Enzyme suppression became
progressively greater as the nanoparticle level was raised
from 5 to 40 ug mL!. At the maximum concentration (40
pg mL™"), acarbose produced the greatest inhibition
(92.1%), followed by MgONPsFl (86.5%) and
MgONPsLe (72.3%). The calculated ICso values were
18.9 pg mL! for acarbose, 20.6 pg mL™! for MgONPsF],
and 27.8 pg mL™! for MgONPsLe, demonstrating that the
flower-derived MgO nanoparticles were more efficient a-
amylase inhibitors than the leaf-derived counterpart. A
comparable trend was obtained for o-glucosidase
inhibition (Fig. 9b). Increasing the nanoparticle
concentration from 5 to 40 ug mL! resulted in a gradual
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enhancement of inhibitory activity, with the highest
response recorded at 40 ug mL™!. Under these conditions,
acarbose achieved 89.2% inhibition, whereas MgONPsFI1
and MgONPsLe produced 81.4% and 67.6% inhibition,
respectively. The corresponding ICso values were
determined as 19.7 ug mL! for acarbose, 22.9 pg mL!
for MgONPsFI, and 28.6 pg mL! for MgONPsLe. These
observations demonstrate that flower-derived MgO
nanoparticles possess greater a-glucosidase inhibitory
capacity than leaf-derived MgO nanoparticles, although
both remain less effective than the reference drug
acarbose.

3.2.4 Antimicrobial Action

Evaluation by agar well diffusion assay
demonstrated that the biosynthesized magnesium oxide
nanoparticles exerted pronounced antibacterial activity
against examined Gram-positive and negative bacterial
strains. In contrast, flower and leaf extracts did not
produce detectable antibacterial effects at identical
experimental conditions. None of the evaluated materials
exhibited antifungal activity against either of two
Candida species. The MgONPsF] generated wider
inhibition zones than the MgONPsLe (Table 3).

Table 3. Comparison of antimicrobial activity

Zone of Inhibition

Microorganisms Strains

Flowers Leaves
MgONPs FI MgONPsLe Derived Fl Derived Le Standard
Bacterial Variant Levofloxacin
E. coli ATCC 35218 14.8 £ 0.08¢ 12.6 £0.10¢ 0.0£0.0 0.0+0.0 28.5+0.10
Enterococcus faecalis . . a
ATCC 29212 14.3+£0.09 13.7 £ 0.08 0.0+£0.0 0.0£0.0 25.4 +£0.10
S EEIGAS Gl Cmiels 14.7 £0.07¢ 13.8+0.10¢ 0.0+0.0 0.0+0.0 29.6 +0.120
CIP 106510 e T T T T
Bac'"uslcfsr%s ATCC 27.4+0.15) 20.3+0.18¢ 0.0£00 00+00 33240118
Staphylococcus aureus . n
ATCC 43300 16.8 £ 0.12> 13.4£0.09 0.0+£0.0 0.0£0.0 27.2 £0.15
Salmonella typhimurium . .
ATCC 14028 17.4 £0.10° 15.3+0.08 0.0£0.0 0.0+0.0 32.1+0.09
Listeria monocytogenes . .
ATCC 19115 15.6 £ 0.09 12.9 £0.11¢ 0.0£0.0 0.0+0.0 31.8+0.08
. Amphotericin B (30 pug
Fungal species mLY)
Candida krusei 0.0+0.0 0.0£0.0 0.0+£0.0 0.0+0.0 15.4 £ 0.06*
Candida albicans 0.0+£0.0 0.0+0.0 0.0+0.0 0.0+£0.0 18.2 +0.08

The minimum inhibitory concentration and
minimum bactericidal concentration analyses also
substantiated the antimicrobial effectiveness of the
biosynthesized MgO nanoparticles. A similar pattern was
observed for the MBC measurements, further indicating
that the flower-derived nanoparticles possessed enhanced
bactericidal capability compared with the leaf-derived
counterpart. In an earlier investigation, MgO
nanoparticles prepared using watermelon peel extract

produced inhibition zones of 23.7 + 0.4 mm against S.
aureus and 15.4 + 0.25 mm against E. coli. Those
nanoparticles also exhibited MIC values of 50-200
pg/mL, a DPPH ICs of 223 pug/mL, antiviral efficiencies
of 84.7% against HAV and 49.7% against HSV-1 at 62.5
pg/mL, together with pronounced antibiofilm activity
against MRSA (Selim et al. 2025b). The MBC/MIC
ratios additionally demonstrate that both nanoparticle
formulations possess bactericidal activity (Table 4).
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Table 4. MIC-MBC antibacterial evaluation

Microorganism

Strains MgONPsFI (Mean + SD) MgONPsLe (Mean * SD)
Bacterial strains MiC MBC MBC/MIC MIC MBC MBC/MIC
Enterococcus faecalis . .
ATCC 29212 75+0.09 150 +0.10° 2 150 +0.12° 300+ 0.13 2
Salmonella
typhimurium ATCC 75+0.11¢ 150 + 0.09° 2 150 +0.13° 300 £ 0.10° 2
14028
Staphylococcus aureus . .
ATCC 43300 37.5 +0.08¢ 75+0.10 2 75+0.12 150 £ 0.09° 2
Bac'"usl":reus ATCC  375:007 75+ 0.08¢ 2 75+0.11¢ 150 +0.09° 2
579
Staphylococcus
epidermidis CIP 37.5+0.09¢ 75 +0.08 2 75+0.10¢ 150+ 0.12 2
106510
Listeria monocytogenes . .
ATCC 19115 75+0.10 150 +0.12° 2 150 + 0.09° 300+0.11 2
E. coli ATCC 35218 75 +0.12¢ 150 +0.08> 2 150 £ 0.14® 300 +0.102 2
The superior antibacterial activity of
. . Staphylococcus
MgONPSFl compa@d with leaf-derw?d MgONPsLe may epidermidis CIP 54.02¢ + 0.05 47.18¢ + 0.04
be attributed to differences in their physicochemical 106510
properties. MgONPsFI produced wider inhibition zones
in both Gram-pqsitive and n.egative bacter.ial specif:s than EnthZ%Z?fscus 45.08¢ + 0.03 43.56¢ + 0.02
MgONPsLe. This observation was consistent with the
EDX results, which showed a higher magnesium atomic = it ATEE
percentage in MgONPsFl (30.62 at%) than in " 35218 49.35¢£0.02 38.62°+0.03
MgONPsLe (29.03 at%), potentially contributing to the
improved antibacterial response. Biofilm inhibition
prov P L Staphylococeus 63.48: +0.04 49.46¢ 0,03
analysis also demonstrated enhanced activity for aureus
MgONPsFI, with inhibition values ranging from 45.08%
to 64.75%, whereas MgONPsLe achieved 33.16%- Sarl]mone_lla 64.75 + 0.03 33.16+ 0.05
49.46%. The maximum inhibition of biofilm formation typhimurium
by MgONPsFl was recorded against Salmonella Bacillus cereus 58,460 + 0.02 4552 + 0.03

typhimurium (64.75%) and Staphylococcus aureus
(63.48%). In comparison, MgONPsLe produced lower
inhibition across all evaluated bacterial strains, with
values between 33.16% and 49.46% (Table 5).

Table 5. Biofilm Inhibition by MgONPs

Biofilm Inhibition Percentage

Bacterial Variants b
Ef(ltor\;vgtre d Leaf-Extracted
MgONPSFI MEEINPE
Listeria
monocytogenes 50.12¢ £ 0.03 37.241+0.02
ATCC 19115

3.2.5 Mechanism of Antimicrobial Activity

The pronounced antibacterial performance of
the flower-derived MgONPs against the evaluated
bacterial species is likely associated with their greater
lysozyme-like activity. Highest activity was recorded
against Bacillus cereus and Staphylococcus aureus,
reaching 47.28 and 46.62 AU mL! min’!, respectively. In
comparison, the leaf-derived MgONPs produced lower
corresponding values of 40.21 and 38.74 AU mL"! min™!
(Table 6). This behavior may be attributed to the
abundance of biologically active phytoconstituents in the
flower extract, particularly those contributing to
lysozyme-like activity against Bacillus cereus. In
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addition, lipopolysaccharide degradation analysis
demonstrated that both MgONPs effectively suppressed
LPS production, with the extent of degradation varying
among the tested bacterial species. The highest LPS
degradation was detected for Salmonella typhi, reaching
61.45% for MgONPsF1 and 58.46% for MgONPsLe,
whereas low degradation percentages were observed for
Escherichia coli (43.12% and 46.18%, respectively).
Overall, these results demonstrate that both MgO
nanoparticle formulations exert antibacterial effects
through lysozyme-like activity and LPS degradation,
with MgONPsF1 consistently showing greater efficacy.

Table 6. LPS and lysozyme-like degradation

Lysozyme Action

(AU/mL/min) LPS Degradation (%)

Samples
s. . . B.
aureus E. coli E. coli cereus
46.62 43.12 43.12 47.28
MgONPSFI 1003 +008  +008 +0.02
38.74 46.18 46.18 40.21
MOONPsLe 004  +0.05  +0.05 +0.03

Flower-derived MgONPs possess a greater
magnesium content than the leaf-derived counterpart.
Their elevated MgO composition, together with a
positively  charged surface, promotes efficient
electrostatic  attraction toward negatively charged
bacterial envelope components, including
lipopolysaccharides in Gram-negative bacteria and
teichoic acids in Gram-positive bacteria. These
interactions weaken the cell envelope, enhance
membrane permeability, and ultimately compromise
bacterial integrity. Biosynthesized MgO nanoparticles
commonly exhibit a positive surface potential that favors
binding to the negatively charged LPS layer of bacterial
membranes. Such attachment disrupts the structural
organization of the membrane, increases its permeability,
and enables MgO nanoparticles to interact with
negatively charged biomolecules containing phosphorus
and sulfur, resulting in membrane injury and structural
deformation. The improved antibacterial performance of
flower-derived MgONPs relative to leaf-derived
MgONPs is also linked with wvariation in surface
characteristics, MgO content, and particle morphology.
The predominantly spherical morphology of MgONPsFI
provides larger surface-area-to-volume, allowing more
extensive contact by bacterial cells. Combined with their
higher MgO content, these features contribute to
enhanced antibacterial efficiency. Therefore, the superior
antimicrobial activity of flower-derived MgONPs arises
from the combined influence of their spherical
morphology, favorable surface charge, and increased
MgO content, which collectively strengthen interactions
with and disruption of Gram-positive and negative
bacterial membrane.

4. CONCLUSION

The present investigation reports a detailed
synthesis of magnesium oxide nanoparticles through a
plant-mediated approach employing aqueous leaf and
flower extracts of Vernonia elaeagnifolia. This
biosynthetic strategy offers an environmentally benign,
reliable, and sustainable route for generating crystalline
MgO nanomaterials possessing distinctive
physicochemical and biological properties. Structural,
morphological, and compositional characterization
demonstrated that variations in elemental abundance and
particle architecture, especially the rod and platelet-like
nanostructures obtained from the flower- and leaf-
derived samples, substantially influenced their biological
responses. Both nanoparticle formulations displayed
remarkable antioxidant, antidiabetic, and antimicrobial
properties, confirming multifunctional bioactivity at
evaluated in vitro experimental conditions. Flower-
derived MgONPs consistently outperformed the leaf-
derived counterpart, and this improved response is likely
associated with their slightly greater magnesium content
(30.62 at% compared with 29.03 at%) together with
advantageous physicochemical features. Accordingly,
flower-derived MgONPs achieved MIC values of 37.5—
75 ng mL!, a-amylase and a-glucosidase ICso values of
21.5 and 22.9 pg mL"!, and a maximum biofilm inhibition

of  64.75%, demonstrating superior biological
effectiveness relative to the leaf-derived nanoparticles.
Collectively, these findings identify  Vernonia

elaeagnifolia as an efficient biological source for
producing multifunctional MgONPs and as a renewable
feedstock with considerable potential for sustainable
nanopharmaceutical applications. Nevertheless, the
current work is confined to in vitro biological evaluation
and physicochemical characterization and therefore does
not confirm in vivo therapeutic efficacy or safety. The
incorporation of plant-derived phytochemicals into MgO
nanostructures provides a sound platform for developing
future therapeutic materials aimed at metabolic disorders,
microbial diseases and oxidative stress. Further studies
should include toxicological investigations and in vivo
pharmacological, biocompatibility testing, and the
development of Vernonia elaeagnifolia-based MgONP
formulations for targeted delivery systems, including
wound-healing nanogels and hydrogels, to establish their
therapeutic and safety effectiveness before clinical
translation.
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