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Abstract

In this work, a novel green synthesis for producing magnesium oxide
nanoparticles (MgO NPs) using three plant extracts— cumin (C. cyminum),
pomegranate (P. granatum), and coffee (C. arabica)—for sustainable
nanophysics and demonstrating enhanced antibacterial activity against
Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli) and anticancer
activity against cervical cancer cells. MgO NPs was characterized by XRD
patterns, FESEM images, EDX analysis, FTIR spectrum, and UV-visible
spectrum to study the nanophysics (structure and optical) properties. The
average crystalline sizes and nanocrystals of MgO NPs prepared using (C.
cyminum), (P. granatum), and (C. arabica) extracts were (21.26, 21.39, and
18.32) nm with face-centered cubic (FCC), respectively, as confirmed using
XRD patterns. FE-SEM showed the morphology and the particle size of MgO
NPs prepared using these extracts indicated mostly spherical and irregularly
nanoparticles shaped with (24.95, 19.68, and 13.89) nm, respectively, while
EDX analysis confirmed the high purity of Mg and O elements. The FTIR
spectrum confirmed the strong absorption peak of MgO NPs prepared using (C.
cyminum), (P. granatum), and (C. arabica) extracts were 414 to 646 cm™, 418
to 648 cm™', and 419 to 649 cm™', respectively, by revealing unique Mg—O
stretching vibrations. The energy band gaps of MgO NPs prepared using (C.
cyminum), (P. granatum), and (C. arabica) extracts were 5.7 eV, 5.9 eV, and
5.8 eV, respectively, as revealed by UV-Vis spectrum. According to this study,
gram-positive bacteria (S. aureus) had inhibitory zones of 99.98%, 99.50%, and
68.39%, respectively. The inhibition ratios of gram-negative bacteria (E. coli)
were 82.22%, 71.87%, and 68.75%, respectively. Additionally, at a dosage of
1000 pg/mL, MgO NPs prepared using (C. cyminum) extract showed 55.57%
cell death against cervical cancer cells (HeLa line), indicating strong anticancer
potential.

Key-words: MgO NPs; Green synthesis; plant extract; antibacterial activity;
cervical cancer cells.

1. Introduction

Nanotechnology represents a rapidly evolving frontier in scientific research, offering
revolutionary advances across a wide range of fields [1-5]. Among various NPs, MgO NPs
have attracted considerable attention due to their exceptional chemical stability, high surface
area, and notable biological properties [6-10]. MgO NPs possess unique optical, mechanical,
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and antibacterial characteristics, making them highly desirable for applications in
environmental, biomedical, and optical devices [11-15]. Traditional chemical and physical
synthesis methods for producing NPs often involve toxic reagents and energy-intensive
processes [16-18]. As an alternative, green synthesis has emerged as an eco-friendly and cost-
effective route, utilizing biological resources such as plant extracts (C. cyminum, P. granatum,
and C. arabica) to mediate the formation of NPs [19-21]. Plant-mediated synthesis not only
eliminates the need for hazardous chemicals but also offers natural capping and stabilizing
agents, enhancing the biocompatibility and functionality of the resulting NPs [22-25]. This
study focuses on the green synthesis of MgO NPs using (C. cyminum, P. granatum, and C.
arabica) extracts—all rich in photochemicals capable of reducing and stabilizing metal ions
[26-29]. Today, diverse plant sources are employed to synthesize green NPs. Plant seed and
leaf extracts are useful stabilizers for the synthesis of biogenetic NPs, according to researchers.
The biological activities of green NPs are precisely determined by the plant types from which
the extracts are derived, as well as the abundance of antimicrobial/anti-carcinogenic chemicals
found in the plant [30].

C. cyminum, a medicinally significant plant high in flavonoids, phenolics, and
terpenoids, is ideal for green synthesis due to its bioactive features [31]. C. cyminum extract
not only speeds up the formation of NPs, but it also improves their biological activity [32-33].

Pomegranate fruit is considered healthy for the human diet. In the P. granatum juice
industry, the peel of a P. granatum accounts for around 50% of its weight and is a rich source
of polyphonic compounds. P. granatum have been used to cure a variety of human ailments,
including diarrhea, vomiting, headaches, colitis, dysentery, and ulcers. P. granatum extract
offers a wide range of biological activities, including antioxidant, anti-inflammatory, and anti-
carcinogenic qualities; it is used to treat cancer, tooth infections, and bacterial wounds. P.
granatum extract contains bioactive compounds that are known to have antioxidant and
antibacterial activities [34].

Global C. arabica production surpasses 168 million metric tons per year, with coffee
husk accounting for 30-50% of the entire yield. C. arabica husk, which was formerly discarded
or utilized as a low-value fertilizer, is now recognized as a valuable material for green NP
synthesis. Recent research has shown that spent coffee ground extracts and C. arabica seed
extracts are useful in the production of silver NPs, particularly in terms of physiochemical
qualities and biological applications. However, research into the utilization of C. arabica husk
as a sustainable precursor for NP production is still limited [35].

When compared to the current chemical approaches, plant-mediated synthesis is the
preferable biosynthesis source due to its less biohazardous environment, reduced energy
consumption, easy/promising scaling up, and simply less purification required [36-38].
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In the literature, some studies have been conducted on green NPs synthesized from
Cuminum cyminum L. (C. cyminum) extract to investigate their biological properties. C.
cyminum is the most common spice used in Asian cuisine products. C. cyminum oil's principal
components include cuminaldehyde, cymene, and terpenoids [39]. Some researchers have
established that some of the key active components in cumin oil, such as cuminal and chimeric
alcohol, displayed very high anti-cancer effects on colon and lung malignancies [40]. In 2022,
synthesis of iron oxide NPs using the henna leaves extract for anticancer activity by Duha A.
Kadhim [41]. In 2022, iron oxide NPs using chili extract with iron rust for antibacterial activity
were developed by Muslim A. Abid and Duha A. Kadhim [42]. Copper oxide NPs were
synthesized using the blood extract for antibacterial activity by Duha A. Kadhim [43]. AgO
NPs, MnO NPs, and AgO/MnO NPs were synthesized from the Malva extract for antibacterial
activity by Muslim A. Abid [44]. In 2025, synthesis of SnO: NPs using the Crofon
malabaricus bedd extract for antioxidant, antibacterial activity, and anti-biofilm by Nayan
Kumar Sishu et al. [45]. In 2025, ZnO NPs were prepared using the plant extract (Cichorium
intybus L. root) for biomedical applications via Nayan Kumar Sishu et al. [46]. In 2025, Au-
ZnO nanocomposite was synthesized using plant extract for photocatalytic activity of MB dye
by Arunadiri Sharmila et al. [47]. In 2025, the in silico test demonstrated how well the
phytocompounds might attach to the protein targets that fight cancer, diabetes, and germs via
Nayan Kumar Sishu et al. [48].

The green synthesis approach is regarded as more cost-effective than standard chemical
procedures since it uses natural plant extracts such as C. cyminum leafs, P. granatum peels,
and C. arabica seeds while avoiding expensive chemical processes. Compared to traditional
synthesis, green synthesis offers a 30% decrease in energy usage, up to 40% cost savings, and
a 50% increase in industrial output. Antibacterial, anticancer agents, antioxidants, and drug
delivery methods are all examples of biomedical uses. Carbon quantum dots and photovoltaic
are covered under the energy section. The agricultural and food industries prioritize nano
fertilization, insect control, and food quality. Environmental remediation includes the cleaning
of water and soil by Ahmed I. Osman [49].

In this work, three distinct plant extracts—C. cyminum, P. granatum, and C. arabica—
were used to create MgO NPs in an environmentally friendly manner. The nanophysics
(structural, chemical, and optical) characteristics of the produced MgO NPs were assessed
using a comprehensive characterization process that included XRD patterns, FTIR spectrum,
FE-SEM images, EDX analysis, and UV-Vis spectroscopy. In addition to characterization, the
MgO NPs antibacterial effectiveness was evaluated against both Gram-positive and Gram-
negative bacteria, and their anticancer potential against cervical cancer cell lines was also
evaluated. The use of integrated multi-plant extracts in green synthesis to improve biological
activity and environmental safety has not received much attention, despite the large number of
studies on MgO NPs. By offering a sustainable and environmentally friendly synthesis
technique that makes use of the synergistic potential of several phytochemicals, our study seeks
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to close this gap. The study also highlights the environmental and biological significance of
MgO NPs, emphasizing their potential uses in antibacterial and anticancer therapies.

2. Experimental work
2.1 Materials and Methods

Magnesium nitrate [Mg(NO3)2.¢H20, >98% purity, ACS grade] was purchased from
Sigma-Aldrich (China). Plants (C. cyminum, P. granatum, and C. arabica) were purchased
from a local market in Baghdad, Iraq. The apparatus and materials applied in this work include
an oven (SRJX-5-13 model box—resistance furnace control box), a magnetic stirrer (Rlabinco,
Lebanon), and an electronic balance (Sartorius, Germany).

2.2 Green synthesis of plant (C. cyminum, P. granatum, and C. arabica) extracts

The C. cyminum, P. granatum, and C. arabica were thoroughly washed with deionized
water to remove any surface impurities, followed by careful removal of internal organs. The
cleaned specimen was then dried using a traditional clay oven to ensure complete moisture
removal and subsequently ground manually using a mortar and pestle to obtain a fine powder.
10 g of C. cyminum, P. granatum, and C. arabica were placed into a glass beaker containing
100 mL of deionized water, respectively. The mixtures were homogenized using a magnetic
stirrer at a constant temperature of 70°C for two hours. Upon completion of the reaction, the
solution was filtered using Whatman filter paper to remove large particulates; the filtration
process was repeated several times to ensure purity. The resulting filtrate was stored in airtight
glass containers for subsequent use in the preparation of MgO NPs. Muslim A. Abid calculated
the extraction yield by drying a certain volume of the filtrate and weighing the amount of solid
material that was left behind [50-51]. The corresponding extraction yields for (C. cyminum ,
P. granatum, and C. arabica) were 6.4%, 8.5%, and 10.3%, respectively.

2.3 Green synthesis of MgO NPs using plant (C. cyminum, P. granatum, and C. arabica)
extracts

Synthesis of MgO NPs via green methods using three plant (C. cyminum, P. granatum,
and C. arabica) extracts. In each synthesis, 100 mL of the plant (C. cyminum, P. granatum,
and C. arabica) extracts were mixed with 10.4 g of magnesium nitrate hexahydrate
(Mg(NOs)2:6H20) dissolved in 100 mL of distilled water at 70-80°C. MgO NPs were
synthesized from C. cyminum, P. granatum, and C. arabica extracts, which served as natural
sources of reducing and stabilizing agents, using a plant-mediated green synthesis approach.
MgO NPs that were phase-pure were obtained after two hours of calcination at 500°C.
Following impurity removal and drying, the final products displayed clear color variations
based on the plant source, ranging from light sand to dark gray, representing variations in
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particle properties driven by the photochemical makeup of each extract [52]. A schematic
overview of the synthesis protocol is depicted in Figure 1 A-C.

A
B
XRD + UV + FTIR +
FESEM + EDX
C

" XRD+UV+FTR+ A
FESEM + EDX

Figure 1: Schematic illustration of the green synthesis process of MgO NPs, (A) C. cyminum extract, (B) P.
granatum extract, and (C) C. arabica extract.
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2.4 Antibacterial activity of MgO NPs using plant (C. cyminum, P. granatum, and C. arabica)
extracts

This study uses two different types of bacteria strains: Gram-positive Staphylococcus aureus
ATTC25923 and Gram-negative Escherichia coli ATTC25922. Escherichia coli is a gram-negative,
facultative anaerobe. Staphylococcus aureus, a Gram-positive bacterium, is spherically shaped and
belongs to the Bacillota. They are commonly seen in the upper respiratory tract and on the
epidermis. The genus Staphylococcus has more than 40 species, including Staphylococcus, a Gram-
positive bacterium. E. coli are coli form germs that do not form spores. Rod-shaped cells are the
norm. It has been associated with pneumonia in patients with diabetes or alcohol use disorders, and
it is found in the environment. The microbial cultures were provided by the Microbiology
Laboratory at the University of Mustansiriyah-College of Science. This test was carried out utilizing
the agar-well diffusion approach, which involved using sterile nutritional agar as the medium in
sterile petri dishes of 90 mm in diameter. The nutritional agar medium was made by dissolving 0.6
g of peptone (organic nitrogen), 0.4 g of yeast extract (vitamins, carbs, nitrogen, and minerals), and
28 g of agar (firmness) in 1000 mL of distilled water. At a temperature of 28°C, the pH was set to
6.9. To ensure that the components are fully blended, they are combined and heated to 121°C for
around 15 minutes. The MgO NPs were then dissolved in a 30 mg/mL solution of Baseline (control).
Recently created bacteria were placed on the petri dish's surface. A sterile gel puncher/cork borer
was used to create 8§ mm diameter wells in the bacterial medium of each plate. For microorganisms,
each well contains 40 uL. of MgO NPs, and the appropriate quantity of Baseline (control). The
inhibitory zone was determined in millimeters after incubating test samples at £25°C for 24 hours
to stimulate bacterial growth. The inhibitory zone was determined in millimeters after incubating
test materials at +25°C for 24 hours to stimulate bacterial growth. Mn(NOs): salt is mixed with C.
cyminum, P. granatum, and C. arabica extracts to create MgO NPs. These substances help to
prevent two types of bacteria, all of which have the potential to cause a variety of human disorders.
The bacterial cell wall's adhesion and penetration eventually cause the cell's death, as demonstrated
by structural changes to the cell membrane, such as increased permeability. They have now been
identified as promising antibacterial agents capable of targeting both intracellular and extracellular
sites [53]. The inhibition zone percentages are ascertained by employing the subsequent equation:

Diameter of the inhibition zone in mm

Inhibition Zone (%) = x 100% (1)

Diameter of pertiplate (90 mm)
2.5 Anticancer activity cell line (Hela) of MgO NPs using plant (C. cyminum, P. granatum, and
C. arabica) extracts

Cancer cells line (Hela) (acquired from the American Type Culture Collection in Manassas,
Virginia). Cells were grown in high glucose Dulbecco's modified Eagle's medium (Gibco
Laboratories, Grand Island, NY, USA) with 10% heat-inactivated fetal bovine serum, 100 units/mL
penicillin, and 100 pg/mL streptomycin (Invitrogen, Carlsbad, CA) at 37°C in a 5% CO> humidified
environment. The medium was replaced every two days during the incubation period. After reaching
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70-80% confluence, cells were starved to induce quiescence before being treated with the
experimental reagent.

2.6 Cell viability assay of MgO NPs using plant (C. cyminum, P. granatum, and C. arabica)

Cell viability was determined using a colorimetric test technique (XTT Cell Proliferation
Kit). RAW 264.7 Hela cells (2 x 105 cells/well) were seeded in 96-well plates and incubated at
37°C in a humidified 5% CO2/95% air environment for 48 hours. Cells were treated with 500 pg/ml
and 1000 pg/ml of MgO NPs, and 500 pg/ml of CO for 48 hours. XTT solution (50 uL) was added
to each well, incubated for 4 hours, and absorbance was measured at 450 nm with a reference
wavelength at 670 nm using a microplate reader (Molecular Devices, Sunnyvale, CA).

2.7 Characterization of MgO NPs using plant (C. cyminum, P. granatum, and C. arabica)
extracts

The Joint Committee on Powder Diffraction Standards (JCPDS) XRD was used to identify
the MgO NPs phases with C. cyminum, P. granatum, and C. arabica extracts using CuKa radiation
(1.5418 A) as the source. It collected intensity data from 20° to 80° in step scan mode (XRD-6000).
XRD measurements were used to study the phase analysis of MgO NPs produced in the
Nanotechnology Laboratory and Advanced Materials Department of the Ministry of Science and
Technology in Iraq. "A FE-SEM (JAEL JSM-6460LV)" has been used to determine the shape and
particle size of MgO NPs using FE-SEM. The FE-SEM field provided information about the tiny
structure and size of particles, along with their shapes, at different zoom levels using a voltage of
20.00 kilovolts (KV). The Fourier transformed infrared spectrum (FTIR) from the Spectrum GX
FT-IR, made by Perkin-Elmer, which has a potassium bromide (KBr) beam splitter and a mid-IR
triglycine sulfate (TGC) detector, to analyze the functional groups and vibration modes through
polarized IR reflectance. The energy band gap measured was determined by analyzing the UV-
visible spectra from the SHAMIZDA-1800UV spectrometer [54].

2.8 Role and mechanism of MgO NPs using plant (C. cyminum, P. granatum, and C. arabica)
extracts

The green synthesis of MgO NPs seeks to reduce the usage of harmful chemicals by using
bioactive molecules derived from plant extracts as reducing and stabilizing agents. These extracts
can be derived from many parts of the plant, such as leaves, seeds, flowers, stems, bark, roots, or
even the entire plant [55]. In recent years, a wide range of plant species have been employed in the
green synthesis of MgO NPs, demonstrating the versatility of plant-based methods. MgO NPs are
created using plant (C. cyminum, P. granatum, and C. arabica) extracts by using natural substances
in the bioreactor to convert Mg?" ions into a different form, such as uric acid, amino acids, and
reducing sugars. Nanoscale nuclei are formed at the start of the process. Particles slowly grow, and
cuminaldehyde (major volatile oil), limonene, B-pinene, flavonoids (apigenin, luteolin), phenolic
acids (caffeic, ferulic), ellagic acid, punicalagin, gallic acid, catechins, flavonols (quercetin,
kaempferol), and tannins Caffeine, chlorogenic acids (CGA), trigonelline, cafestol, kahweol, and
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melanoidins stabilize the surface. Mg(NO:s). salt, which is the main product of reduction, is then
changed into MgO NPs through oxygen oxidation or heat treatment. This technique makes stable
MgO NPs. Phenolic acid is an electron-rich substance that is an effective Mg(NOs). reducer and is
the primary component of C. cyminum, P. granatum, and C. arabica, responsible for the crystalline
of C. cyminum, P. granatum, and C. arabica, as shown in table 1. FT-IR analysis has revealed the
presence of groups of functional compounds that react with and reduce metal ions [56].

Mg(NO;z)2+ C. cyminum extract ——»MgO+ H,0+ NO2—— MgO NPs (2)
Mg(NOs)2 + P. granatum extract—— MgO+ HoO+ NO>—— MgO NPs 3)
Mg(NO;3): + C. arabica extract ——— MgO+ H,0+ NO2——» MgO NPs 4)

Table 1: Bioactive substances for C. cyminum , P. granatum, and C. arabica extracts.

Plant Material Key Bioactive Compounds Biological Activities / Functions
Cumin (C. Cuminaldehyde (major volatile oil), Antioxidant, Antibacterial, Anti-
cyminum) Limonene, B-Pinene, Flavonoids (apigenin, inflammatory, Hypoglycemic

luteolin), Phenolic acids (caffeic, ferulic)
Pomegranate Peels Ellagic acid, Punicalagin, Gallic acid, Strong antioxidant, Anticancer,

(P. granatum) Catechins, Flavonols (quercetin, kaempferol), Antibacterial, Chelating agent in

Tannins nanoparticle synthesis
Coffee (C. arabica) Caffeine, Chlorogenic acids (CGA), Antioxidant, CNS stimulant,
Trigonelline, Cafestol, Kahweol, Melanoidins Hepatoprotective, Antimicrobial,
Antidiabetic

3. Structural Properties
3.1 X-Ray diffraction of MgO NPs using plant (C. cyminum, P. granatum, and C. arabica)
extracts

The X-ray diffraction (XRD) patterns of MgO NPs synthesized by green methods using (C.
cyminum, P. granatum, and C. arabica) extracts revealed well-defined peaks corresponding to the
cubic phase of MgO, with no evidence of impurities or secondary phases—indicating high sample
purity. The diffraction peaks matched the standard JCPDS cards (00-045-0946 for MgO),
confirming a face-centered cubic (FCC) structure with equal and orthogonal crystal axes (a=b =c
=421 A; a = B =y = 90°). Prominent diffraction peaks were observed at approximately 36.8°,
42.9°, 62.2°, 74.5°, and 78.5°, corresponding to the (111), (200), (220), (311), and (222) planes,
respectively; this result is consistent with a reference [57]. As shown in figure 2, the average
crystalline sizes of MgO NPs using C. cyminum, P. granatum, and C. arabica were 21.264 nm,
21.394 nm, and 18.32 nm, respectively. Additional parameters such as dislocation density and
micro-strain were also evaluated and summarized in Tables 2 and 3. The findings in Table 3 show
that the MgO NPs prepared using three plant-based samples under investigation—C. cyminum, P.
granatum, and C. arabica—show notable differences in average crystallized size, dislocation
density, and micro-strain. Interestingly, the shortest average crystalline size of MgO NPs was
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prepared using C. cyminum (18.322 nm), whereas P. granatum (21.394 nm) and C. arabica (21.264
nm) had the largest. This reduction in crystal size is associated with the maximum dislocation
density and micro-strain values of any sample, which are found in C. arabica. The inherent chemical
makeup and the thermal treatment parameters used during sample preparation are responsible for
these findings. C. arabica probably experiences non-uniform nucleation and fast crystallization,
producing smaller, defect-rich crystalline since it includes complex organic compounds like lipids
and polyphenols. On the other hand, the creation of larger and more organized crystalline is
supported by C. cyminum and P. granatum, which contain more chemically stable substances. The
observed patterns are explained by the inverse relationship between crystalline size and dislocation
density, which is in line with the theoretical relation 6 = 1 / D*2. Additionally, there is a clear
correlation between the rise in micro-strain and the increase in dislocation density, suggesting that
a higher concentration of structural defects leads to enhanced lattice distortions. These results
highlight the crucial role that synthesis circumstances and raw material composition play in
determining the nanostructure and defect-related characteristics of bio-derived nanomaterials. The
average crystal size calculated using the Scherrer equation as follows:

0.9A
Bcos6

D (C.S.)= (%)

Where D is the crystalline size (nm), k is the shape factor, A is the wavelength, B is the full
width at half maximum, and 0 is the angle of peak.
The dislocation density is calculated by this equation [58]:

§ = 1/D? (Line’/m?) x 101° (6)
Where 6 is the dislocation density were estimated using this equation [58]:

€= cos 0/4 (7

Coffee MGO NPs

Cuminum MGO NPs

Pomegranate peel MGO NPs;|
200 geneee

220

111

Intensity (a.u.)
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| -
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26 (degree)

Figure 2: XRD patterns of MgO NPs synthesized using C. cyminum, P. granatum, and C. arabica extracts.
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Table 2: XRD patterns of MgO using C. cyminum, P. granatum, and C. arabica extracts by green synthesis.

Sample | Pos. [°2Th.] FWHM d-spacing D (nm) (hkl)
type [°2Th] [A]. crystalline
(size)
s 36.770 0.620 2.44205 16.70 (111)
= 42.759 0.807 2.11307 14.00 (200)
§ 62.124 0.860 1.49293 20.62 (220)
‘f 74.220 1.400 1.27137 21.75 (311)
© 78.330 1.230 1.21691 33.25 (222)
s 36.944 0.820 243121 12.63 (111)
§ 42912 0.904 2.10588 13.17 (200)
§ 62.241 1.012 1.49041 17.65 (220)
O 74.560 1.170 1.27173 27.32 (311)
A 78.538 1.160 1.21698 36.20 (222)
36.970 0.950 2.42976 10.93 (111)
.§ 42.932 1.097 2.10492 10.33 (200)
§ 62.272 1.160 1.48973 15.36 (220)
S 74.610 1.360 1.27102 22.94 (311)
78.550 1.300 1.21684 32.05 (222)

Table 3: The average crystalline size values, the dislocations density, and the micro-strain of the MgO NPs using
C. cyminum, P. granatum, and C. arabica extracts.

Sample type Average dislocations Microstrains
crystalline density *107°¢
size (8*10° nm™)

(nm)
21.264 3.5 3.970653358
§ 5.1 4.177047053
= 23 2.178401547
§ 2.1 1.896875934
& 0.9 1.219251664
21.394 6.2 5.218394862
S 5.7 4.654137713
§ 32 2.550785653
a 1.3 1.549454388
A 0.7 1.128884596
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18.322 8.3 3.970653358

9.3 4.177047053
.§ 4.2 2.178401547
S 1.9 1.896875934
G 0.9 1.219251664

3.2 FE-SEM and EDX of MgO NPs using plant (C. cyminum, P. granatum, and C. arabica)
extracts

FE-SEM analysis revealed that the morphology and size of MgO NPs varied significantly
depending on the type of plant extract used in the green synthesis process. The morphology and the
average particle size of MgO NPs synthesized using the C. cyminum, P. granatum, and C. arabica
extracts resulted in irregularly shaped particles, ranging from spherical to hexagonal forms, with
large aggregates being 24.95 nm in size for MgO NPs using the C. cyminum extract, as shown in
figure 3 (a-b). In contrast, as shown in Figure 4 (a-b), MgO NPs synthesized using the
p. granatum extract produced smaller particles size (approximately 19.68 nm) with irregular
surfaces. As shown in Figure 5 (a-b), MgO NPs prepared using the C. arabica extract yielded the
smallest and most uniform particles (approximately 13.89 nm), exhibiting regular spherical and
hexagonal morphology.

These differences are attributed to the specific phytochemical composition of each extract,
particularly their content of bioactive compounds such as phenolics, flavonoids, proteins, and
sugars. These compounds play critical roles in the reduction of Mg** ions and stabilization of NPs
during synthesis. The high phenolic and flavonoid content in C. arabica extract likely contributed
to the formation of smaller, more regularly shaped crystals. In contrast, the proteins and sugars in
C. cyminum extract may have interfered with crystal growth, leading to the formation of irregular
aggregates.

Figures 3, 4, and 5 (c-d) reveal EDX analysis, which confirmed the presence of magnesium
(57.58, 54.52, and 56.30%) and oxygen (42.42, 45.18, and 43.70%) in ratios close to the
stoichiometric composition of MgO NPs using C. cyminum, P. granatum, and C. arabica,
respectively, indicating high purity and successful synthesis. While experimental conditions such
as the reaction temperature (500°C) and time promoted crystallization, they were not the primary
factors influencing NPs characteristics. Therefore, the chemical diversity of plant extracts can be
strategically utilized to tailor the properties of MgO NPs for diverse medical, environmental, and
electronic applications [59-61].

20



@TECHNIUM Technium Vol. 31, pp.9-45 (2026)
1 |SSN: 2668-778X

www.techni umscience.com

SEM MAG: 70.0 kx WD: 6.17 mm | SEM MAG: 135 kx WD: 647 mm il
Det: SE SEM HV: 15.0 kV Det: SE SEMHV: 150KV | 200 nm
Date(midly): 01/11/23 Date(m/dly): 01/11/23

B spectrum 3

Mg I
o I
Weight % 60%

Element i Line
i Type | f

© K [ 002803 | 4242}

i series i : :

K

i series i

0.05874 i 57.58 i

MIRA3 TESCAN|

Figure 3: FE-SEM morphological images and ED TIET TATACTET T vigO NPs

synthesized using the C. cyminum extract.

SEMMAG: 70.0kx | WD: 6.15 mm | MIRA3 TESCAN SEM MAG: 135 kx WD: 6.15 mm L1t
Det: SE SEM HV: 15.0 kV Det: SE SEM HV: 15.0 kV 200 nm
Date(midly): 01/11/23 Date(midly): 01/11/23

21



@TECHNIUM Technium Vol. 31, pp.9-45 (2026)
1l |SSN: 2668-778X

www.techni umscience.com

. Spectrum 1

Mg I
c IS
Weight % 60%

Element Line k Ratio
Type

K 0.06450
series

K 0.11344
series

4 (i -a\f
10um - - -

Figure 4: FE-SEM morphological images and EDX elemental characterization of MgO NPs synthesized using the
P. granatum extract.
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Figure 5: FE-SEM morphological images and EDX elemental characterization of MgO NPs synthesized
using the C. arabica extract.
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3.3 FTIR spectrum of MgO NPs using plant (C. cyminum , P. granatum, and C. arabica)
extracts

The FTIR spectra of MgO NPs manufactured with three distinct plant-based extracts—C.
cyminum, P. granatum, and C. arabica—are shown in Figure 6. The presence of hydroxyl groups,
which could be the result of adsorbed water or polyphenolic chemicals in the plant extracts, is
indicated by the broad absorption band seen at about 3468.99 cm™, which corresponds to the O—H
stretching vibration. The C—H stretching vibrations of aliphatic compounds are responsible for the
peaks seen at 2937 cm™ and 2704 cm™, which indicate the presence of organic molecules left over
after the bio-reductants. The stretching vibration of C=0O groups, which may be caused by
carboxylic acids, ketones, or ester functionalities, is linked to the absorption band at 1576.11 cm™.
Furthermore, the presence of phenolic structures and alcohols from the plant-based stabilizing
agents is indicated by the peaks at 1424.99 cm™ and 1109.5 cm™, which are connected to C—C and
C—O stretching vibrations. Most significantly, the distinctive bands seen at 414 to 646, 418 to 648,
and 419 to 649 cm™ attest to the creation of Mg—O bonds and indicate that MgO NPs were
successfully synthesized using C. cyminum, P. granatum, and C. arabica extracts. These results
show that plant extracts can be employed as both capping and reducing agents. They also show that
the amount of organic residue varies depending on the extract utilized, which could affect the
stability and surface characteristics of the MgO NPs, these results agree well with the reference
[62].

A careful comparison was carried out, with an emphasis on the principal distinctive peaks
corresponding to functional groups found in both samples. This comparison aimed to determine
which functional groups in the plant extracts (C. cyminum, P. granatum, and C. arabica) were
responsible for the MgO NPs stability and decrease. In both spectra, for example, peaks associated
with hydroxyl (—-OH), carbonyl (C=0), and phenolic groups were detected, suggesting that these
biomolecules were involved in the creation of the MgO NPs. The greater quantity of hydroxyl-
containing chemicals in C. arabica extract might explain the sharper O-H stretching vibrations
found in the FTIR spectra of MgO nanoparticles generated using C. arabica extract compared to
those made with C. cyminum. C. arabica extract grounds include phenolic chemicals, organic acids,
and water-soluble hydroxyl groups, which can stay adsorbed on the surface of MgO NPs after
production. Surface hydroxyl groups contribute to the noticeable O-H stretching bands at 3200-
3600 cm™. In contrast, C. cyminum extract may include fewer hydroxyl-rich biomolecules or other
chemical ingredients, resulting in lower O-H signals. This variation impacts surface chemistry,
which can have an impact on nanoparticle stability, dispersibility, and catalytic or antibacterial
activity [63].

Additionally, to comprehend the chemical interactions and bonding modifications
taking place during MgO NPs production, shifts or variations in the strength and location of
certain peaks between the plant extract and the MgO NPs spectra were examined. To support
our study, it provided references to similar research that used a comparative approach [64-67].
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Figure 6: FTIR spectra of MgO NPs synthesized using C. cyminum, P. granatum, and C. arabica extracts.

3.4 Optical properties of MgO NPs using plant (C. cyminum, P. granatum, and C. arabica)
extracts

The optical properties of MgO NPs synthesized using green synthesis methods were studied
via UV-Vis absorption spectroscopy. Figure 7 shows the absorption spectra of MgO NPs prepared
from C. cyminum, P. granatum, and C. arabica extracts. The absorption begins near the cutoff
wavelength, marking the transition between absorption and transparency. The peak absorption
wavelengths are observed at 194 nm (C. cyminum), 197 nm (P. granatum), and 200 nm (C. arabica).
These results are consistent with previous studies. The low absorption values at these wavelengths
are attributed to the quantum size effect, which modifies the electronic structure of the nanoparticles
due to their high surface-to-volume ratio [68]. Figure 8 presents the Tauc plots which used to
calculate the optical energy gaps [69]. The energy band gap of MgO NPs using the C. cyminum, P.
granatum, and C. arabica extracts are 5.7 eV, 5.9 eV, and 5.8 eV, respectively.

These values are lower than the bulk value of 7.8 eV for MgO, confirming the impact of the
quantum size effect. The reduced optical energy gaps reflect the changes in the electronic structure
caused by the confinement of electrons and holes within the MgO NPs [70].
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Figure 8: The energy band gap of MgO NPs synthesized from different plant extracts a) C. cyminum , b) P.
granatum, and c) C. arabica.

3.5 Antibacterial Activity of MgO NPs using (C. cyminum, P. granatum, and C. arabica) plant
extracts

This study examined the antibacterial activity of MgO NPs manufactured using various
plant-based C. cyminum, P. granatum, and C. arabica extracts against two common bacterial
strains: the Gram-positive Staphylococcus aureus ATTC25923 and the Gram-negative Escherichia
coli ATTC25922. Miiller-Hinton agar was used as the growth medium for the antibacterial tests,
which were carried out using the time-kill assay and colony counting techniques. After being
serially diluted to concentrations of 107!, 1072, 10#, and 107>, bacterial cultures at a concentration
of 10° CFU/mL were incubated for 24 hours at 37 °C. Table 4 shows the antibacterial activity of
MgO NPs using C. cyminum, P. granatum, and C. arabica extracts against gram-positive and gram-
negative bacteria. According to the findings, MgO NPs have broad-spectrum antibacterial action
and are significantly more efficient against Gram-positive S. aureus than Gram-negative E. coli.
Electrostatic interactions between the positively charged Mg?* ions and the bacterial cell membrane
are responsible for this increased activity. These interactions cause NP attachment, membrane
breakdown (pitting and cracking), and ultimately cell death [71].

Figure 9 (A-D) shows the antibacterial activity against Staphylococcus aureus using baseline
control with concentrations (102, 104, 10, and 10°® CFU/mL. Figure 10, 11, and 12 shows the
antibacterial activity against Staphylococcus aureus using C. cyminum, P. granatum, and C. arabica
extracts with different concentrations (10!, 102, 10, and 10> CFU/mL. Figure 13 (A-D) shows
the antibacterial activity against Escherichia coli using baseline control with concentrations (1072,
10%, 10, and 10°® CFU/mL. Figure 14, 15, and 16 shows the antibacterial activity against
Escherichia coli using C. cyminum, P. granatum, and C. arabica extracts with concentrations (10"
1,102,10* and 10 CFU/mL.

With a 99.98% inhibition rate against S. aureus, MgO NPs synthesized from C. cyminum
extract outperformed the other examined materials. P. granatum extract came in second with a
99.5% inhibition rate, and C. arabica extract came in third with a 68.39% inhibition rate. C. arabica
(68.75%), P. granatum (71.87%), and C. cyminum (82.22%) had lower inhibition rates against E.
coli. A thorough summary of the antibacterial activity and structural features of MgO NPs made
from various plants emphasizing the relationship between NP morphology and biological activity.

The electrostatic interaction of MgO NPs with bacteria caused the bacterial wall damage
and reduced antibacterial activity. MgO NPs are linked to the cell membrane via van der Waals and
electrostatic interactions. After attaching to membrane proteins, MgO NPs impede bacterial activity,
and a strong electrostatic interaction with spores causes cell death [72-74]. Furthermore, the
defective nature of the surface and the positive charge of MgO NPs allow them to absorb halogen
gases, resulting in significant interactions with negatively charged bacteria [75]. MgO NPs'
antibacterial action can generate ROS-like O:*—, leading to lipid peroxidation in bacteria [76-77].
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Increased surface area of MgO NPs leads to higher concentrations of O:— in the environment,
further destroying bacterial cell walls. When MgO NPs are fewer than 15 nm in size, the
agglomeration effect becomes crucial due to the particles' extremely high surface energy. The
enormous size of accumulated MgO NPs limits contact with microorganisms, lowering their
antibacterial effects [78].

Figure 9: Antibacterial activity against Staphylococcus aureus using baseline control at varying concentrations, a)
1072,b) 104, ¢) 1075, and d) 10°5.
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Figure 10: Antibacterial activity against Staphylococcus aureus using MgO NPs from C. cyminum extract at
varying concentrations, a) 10, b) 102, ¢) 10, and d) 107.
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Figure 11: Antibacterial activity against Staphylococcus aureus using MgO NPs from P. granatum extract at
varying concentrations, a) 107!, b) 102, ¢) 107, and d) 10-%.
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Figure 12: Antibacterial activity against Staphylococcus aureus using MgO NPs from C. arabica extract at
varying concentrations, a) 107!, b) 1072, ¢) 107*, and d) 105.

The control plates with serially diluted bacterial solutions demonstrating the baseline
growth of S. aureus are shown in figure 9. The inhibitory zones for MgO NPs made from C.
cyminum, P. granatum, and C. arabica extracts, respectively, at different concentrations are
shown above. The studied NPs' dose-dependent antibacterial activity is demonstrated by the
inhibition zones' growing size and clarity.

The control plates with serially diluted bacterial suspensions are shown in figure 13,
which shows the E. coli growth baseline. The inhibitory zones for MgO NPs made from C.
cyminum, P. granatum, and C. arabica extracts, respectively, at different concentrations are
shown in figure 14, 15, and 16.The concentration-dependent antibacterial impact of the
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nanoparticles is demonstrated by the size and clarity of the inhibition zones; C. cyminum-
derived MgO NPs are the most effective against Gram-negative strain.

Figure 13: Baseline control for antibacterial activity against Escherichia coli at varying concentrations, a) 102, b)
104, ¢) 1073, and d) 10°°.
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Figure 14: Antibacterial activity against Escherichia coli using MgO NPs from C. cyminum extract at varying
concentrations, a) 10!, b) 1072, ¢) 1074, and d) 10°°.
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Figure 15: Antibacterial activity against Escherichia coli using MgO NPs from P. granatum extract at varying
concentrations, a) 107!, b) 1072, ¢) 1074, and d) 10°°.
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Figure 16: Antibacterial activity against Escherichia coli using MgO NPs from C. arabica extract at varying
concentrations, a) 107!, b) 1072, ¢) 1074, and d) 10°°.

A comparison of MgO NPs' antibacterial activity against specific gram-positive
(Staphylococcus aureus) and gram-negative (Escherichia coli) bacterial strains utilizing
extracts from C. cyminum, P. granatum, and C. arabica is shown in table 4.
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Table 4: Comparative antibacterial efficacy of MgO NPs using C. cyminum, P. granatum, and C. arabica extracts
against selected gram-positive (Staphylococcus aureus) and Gram-Negative (Escherichia coli) bacterial Strains.

Type of the bacteria Type of Number Sample period of Results | inhibition
Material bacteria concent time (CFU/ml) ratio
Inoculation in ration Contact
time (CFU/ml) (the watch)
(zero
Staphylococcus MgO NPs — 0.3 24 1.93x10* 99.98 %
aureus C. cyminum mg/ml
ATCC25923 MgO NPs - 0.3 1.89x10% | 99.5%
P 3.5x10° mg/ml
granatum
MgO NPs - 0.3 5.12x107 68.39%
C. arabica mg/ml
Baseline 0.3mg/ml 1.62x108 -
Control
bacteria
Escherichia coli MgO NPs — 0.3 24 5.69x107 82.22%
ATCC25922 C. cyminum mg/ml
MgO NPs - 0.3 9.00x107 71.87%
P. mg/ml
1.72x 10°
granatum
MgO NPs - 0.3 1.00x108 68.75%
C. arabica mg/ml
Baseline 0.3 3.2x10s
Control mg/ml
bacteria

3.6 Anticancer Activity of MgO NPs using (C. cyminum ) extract

The current study's findings showed that MgO NPs synthesized using the C. cyminum
extract significantly reduced the vitality of cancer cells, with cell viability percentages at 500
pg/ml and 1000 pg/ml being 56.63% and 44.42%, respectively. This suggests that cell viability
is declining in a concentration-dependent manner. At the same concentrations, the cytotoxicity
percentages were discovered to be 43.37% and 55.57%, respectively.

These results are depicted in Figures 17a and b, which clearly show that cell viability
decreases as nanoparticle concentration rises. Due to MgO NPs' capacity to interact with cancer
cells' plasma membranes and possibly trigger the production of reactive oxygen species (ROS),
a lethal effect has been seen. Excessive ROS generation can cause oxidative stress, which can
alter cellular processes, cause pathophysiological alterations, and ultimately lead to cell death
[79]. Table 5 summarizes the anticancer activity of MgO NPs, highlighting their potential as
promising agents for cancer therapy. The control sample (CO) showed 100% viability. Results
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indicate a concentration-dependent increase in cytotoxicity. The ICso value estimates that about
771.4 pg/mL of the tested chemical is required to block 50% of HeLa cell viability under the
experimental circumstances after 24 hours of exposure. The control plates with serially diluted
cancer solution demonstrating the CO growth are shown in Figures 17a and b. Table 6 revealed
the present work results, which were compared with the previous studies.

a Cell viability
100 -
F 80 A
=
£ 60 - o
=
S 40 4
S 20 1
0
co MgO (500pg/mL) MgO (1000ug/mL)
b Cytotoxicity
70 -
__60 A
& 50 4
> T
s 40 4
S 30 A
£ 20 -
“ 10 4
0
co MgO (500ug/mL) MgO (1000ug/mL)

Figure 17: Cytotoxicity and cell viability of MgO NPs at different concentrations (a) Cell viability of cancer cells
treated with MgO NPs at concentrations of 500 pg/mL and 1000 pg/mL, compared to the control (CO). (b)
Corresponding cytotoxicity percentages for the same concentrations.

Table 5: Cytotoxic effect of MgO NPs on HeLa cells after 24 hours of exposure, showing cell viability and
cytotoxicity percentages at concentrations of 500 pg/mL and 1000 pg/mL.

Material Plant extract Name of the Cell Call Sample Perce | Percent
cell line concentrati time concentrati nt toxicity
on the on alive cellular
(Number/ watch (ng/ml) Mani
200p1) cell
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Hela cell 10000 24 500 56.63 43.37%
%
MgO C. cyminum 1000 44 .42 55.57%
%
control 100 -
sample
(CO)

Table 6: The comparison of the present work results with academics previous studies.

Year Authors Plant Material Method Reference
extract
2022 Muslim A. Trigonella Iron oxide NPs Simple [81]
Abid, et al. and Tomato chemical
method
2023 | Harjeet Singh Plants Nanomaterials Green sythesis [82]
, et al.
2023 Duha A. Aloe Vera Iron oxide NPs Hydrothermal [83]
Kadhim, et al. method
2024 Duha A. Marine AgO/Fe203 NCs | Hydrothermal [84]
Kadhim, et al. | shrimp shell method
2025 Furkan Ulas, Plants Ag NPs, ZnO NPs, Green [80]
et al. NiO NPs, CuO synthesis
NPs, Fe NPs

4. Conclusion

C. cyminum, P. granatum, and C. arabica extracts were used to successfully create
MgO NPs utilizing a green method. The final powders were very similar to MgO that is made
commercially. This environmentally friendly method provides control over particle size and
shape, which is in line with sustainable development goals. Because of the consistent heat
treatment (500°C, 2 hours), all samples showed comparable optical characteristics and slight
variations in crystal size. Notably, MgO NPs prepared using C. cyminum exhibited the
strongest antibacterial and anticancer properties, with P. granatum coming in second.
Differences in NPs size and shape are responsible for the increased bioactivity, underscoring
the significance of nanostructure design in environmental and biomedical applications. Recent
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results indicate MgO NPs manufactured from natural plant extracts have promising
antibacterial and anticancer activity. As a first testing technique, the MTT test was used to
assess the cytotoxic and cell viability effects. This study found that the inhibitory zones of
gram-positive bacteria (S. aureus) were 99.98%, 99.50%, and 68.39%, respectively. Gram-
negative bacteria (E. coli) had inhibition ratios of 82.22%, 71.87%, and 68.75%, in that order.
Furthermore, MgO NPs made with extract from C. cyminum demonstrated 55.57% cell death
against cervical cancer cells (HeLa line) at a dosage of 1000 pg/mL, suggesting substantial
anticancer potential. To acquire an improved comprehension of the fundamental anticancer
procedures, further studies such as cell cycle analysis utilizing flow cytometry and fluorescence
microscopy using nuclear-specific dyes are proposed. Future research will focus on these
sophisticated approaches to evaluate the cellular and molecular processes involved, as well as
to support the future use of MgO NPs in biomedical applications.
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