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Abstract:

Magnesium oxide nanoparticles (MgO NPs) exhibit promising
antibacterial properties, making them a potential solution for combating
bacterial infections linked to dental caries. This research concentrated on
assessing the impacts of MgO NPs on Lactobacillus acidophilus, specifically
assessing their antibacterial activity. The assessment the research included
observing the impacts of MgO nanoparticles (NPs) on bacterial proliferation
suppression. Proliferation inhibition was assessed by calculating the
percentage decline in the cloudiness of the bacterial solution and the decrease
in bacterial colony development subsequent to exposure to MgO NPs. The
inquiry demonstrated a dosage-dependent, noteworthy (p < 0.05) impeding of
growth and effects on Lactobacillus acidophilus when subjected to 10-100
ug/ml of MgO nanoparticles (NPs) across a 24-hour period. Fourier-
transform infrared spectrometry (FTIR) analysis revealed that MgO NPs
bond with polypeptides and glycogen in the microbial cell surface.
Furthermore, Scanning electron microscopy (SEM) results emphasized the
binding of MgO NPs to the cell wall, leading to its degradation and
subsequent cellular damage. These findings confirm the bactericidal
properties of MgO nanoparticles against Lactobacillus acidophilus .
Keywords: magnesium oxide nanoparticles, dental caries, Lactobacillus
acidophilus, growth inhibition
Introduction

Green nanoscience's unique features enabled chemists and scientists to
flourish swiftly. A nano technology deals with a small size of 1-100
nanometers, hence the particles termed nanoparticles (NPs) [1]. Nano
particles of MgO used with low volume fraction to enhance the mechanical
properties of epoxy Nano composite [2]. Altering the experimental
procedures for synthesis opens up a fascinating world of possibilities, leading
to a variety of shapes and sizes of Nanoparticles (NPs) crafted from a medley
of compounds have become a hot topic in scientific discourse. Recently,
there's been a remarkable pivot among researchers; they’re embracing
biological methods for synthesizing NPs rather than relying on the age-old
physical or chemical techniques that have dominated the field. This refreshed
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approach isn’t just a fad—it's a conscious effort to ditch harmful toxins that
come with traditional methods. Plus, it saves money! Who wouldn’t want
that? [3,4]. Imagine researchers successfully harnessing the power of
nature—using extracts from leaves and flowers to create nanomaterials. It’s
not only an inspiring idea, but also a promising step toward sustainable
innovation, but it also underscores the sustainable benefits of these innovative
methods. [6,7]. Green techniques have been extensively advanced for the
fabrication of MgO nanoparticles employing energy-efficient, economical,
and sustainable methods. [8,9]. The goal of this research is to fashion
magnesium oxide nanoparticles (MgONPs) via an eco-friendly synthesis
method, employing Mg acetate as the initial precursor and citrus peels as the
final outcome. Citrus peels can be utilized to reduce metal oxides such as
Zn0O, Ti02, and so forth. Plant extracts function as oxidizing and reducing
agents. [10, 11]. CITRUS peel is naturally light yellow. These peels
completely cover the selected fruit inner portions from the outside
environment. Additionally, water is used in this method to eliminate typical
toxic chemicals. [12, 13]. Furthermore, warmth plays a pivotal role in the
synthesis of magnesium oxide nanoparticles (MgO NPs). If thermal levels
aren't quite right, it can mess with the phytochemicals, leading to the
stabilization and reduction of these tiny particles. Equally, the balance and
concentration of starting materials and extracts notably influence the
magnitude and shape of MgO NPs. Furthermore, concerning the inorganic
MgO substance, it is important to mention that it possesses a substantial band
gap. [14]. It finds its way into various applications, from remediating toxic
waste and serving catalytic purposes to material adsorption [15, 16], as well
as reflecting and anti-reflecting coatings, and even in ionic batteries, among
others [17,18]. MgO is utilized in healthcare for addressing heartburn, aiding
bone healing [19], and alleviating stomach discomfort. MgO nanoparticles
are considered a potential nanomaterial for cancer therapy. Many research
endeavors have inspected the attributes and applications of MgO composites.
For instance, Yamamoto determined that integrating MgO nanoparticles with
various substances (like Ag, Zn, chitosan, phene, etc.) improved the stability
and germicidal effectiveness of the compound. CS-MgO Nano composite
films have demonstrated greater success in restraining microbial
proliferation. [20]. Lactobacilli were chosen from twenty vaginal isolates
obtained from twenty-five swabs taken from the vaginas of healthy married
women [21]. The facility carried out the determination of these samples.
Lactobacillus has been often associated with tooth decay 16. Nevertheless,
the primary environmental element for the sustained existence of Lactobacilli
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In the mouth seems to be the presence of decay. It is historically valuable to
note that this link was verified by Harrison and Opal (1944) [22]. Presently,
Lactobacilli remain viewed as an element in assessing the susceptibility to
form cavities. As an initial phase in settlement, microbes affix to oral
surfaces. [23]. The number of Lactobacilli was detected as significantly
lowered in the saliva of people retaining sound oral states. While specific
species of Lactobacilli were not linked to particular regions within the mouth,
there were some species that could be identified in certain locations. [24] the
isolated Lactobacilli from dental carries samples [25]. The chief
characteristic of the genera Lactobacillus is acid production from fermentable
sugars. Rodriguez Vargas(1921), had separated three types of the lactic acid
microbes from dental caries, and he concluded that these species of
Lactobacillus were accountable for generating acids that cause tooth decay
[26].

Materials and Methods in research:

Citrus Peel Extract Preparation :

Citrus peel excerpts were made following the methodology detailed in the
research [26]. Fresh citrus fruits were harvested from trees located in gardens
throughout Baghdad. The peels were cleaned with distilled water to remove
any dirt, then air-dried in the laboratory for 20 days to eliminate any
remaining moisture before being ground into a fine powder for subsequent
processing.

A total of 15 grams of the dried rind powder was heated under reflux in 250
milliliters of deionized water for (0.06) Molar one hour. The separation was
carried out employing Whitman filter paper (0.1um). The resulting filtered
fluid was stored in the refrigerator for subsequent testing endeavors [1,3].
Magnesium Oxide Nanoparticles Synthesis:

For producing MgO NPs, one gram of Magnesium nitrate hexahydrate, was
mixed in 50ml of deionized water inside a glass beaker. Afterward, 5ml of
the priory prepared aqueous extract of peels was gradually introduced,
employing a magnetic stirrer, for 6 hours to attain a consistent blend. The
subsequent stage involved transforming the magnesium nitrate solution into
MgO. A shift in color suggests the reduction process has taken place. One
Normal sodium hydroxide solution (NaOH) was added slowly to maintain the
solution pH at 12. Subsequently, the compound was warmed to 80 degrees
Celsius for thirty minutes, at which juncture the nanoparticles formed and
amassed at the base of the vessel. The mixture was then spun at 4,000
rotations per minute for four minutes, as shown in figure one. Ultimately, the
MgO nanoparticles underwent a filtering process and were subjected to air
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drying overnight, resulting in the formation of a white precipitate[37], as
detailed in equations one and two below:

Mg (NO3 ) , - 6H, O + 2NaOH — Mg (OH), | + 2NaNO; + 6H, O
(white precipitate) Eqg. (1)

2) Mg (OH), — MgO + H, O (80°C/6h) Eq.(2).

2.2. Exposure of bacteria to magnesium oxide nanoparticles (MgO NPs)
A decaying tooth was used to isolate Lactobacillus acidophilus, and the stock
culture was kept at 37°C on De Man—Rogosa—Sharpe agar (MRS agar slant).
To reach the stationary phase, the initial culture of Lactobacillus acidophilus
was prepared from stock in sterile (De Man—-Rogosa—Sharpe )MRS broth and
incubated for 24 hours at 37°C. Fifty mL of fresh tryptic soy broth(TSB)was
mixed with about 1 mL of primary culture, and the solution was allowed to
stand for 4 hours at a heat of 37°C until it attained the mid-log growth phase.
The initial solution was supplied as (150 pg/mL) and was then diluted
with(De Man—Rogosa—Sharpe ) MRS to yield four distinct concentrations of
MgO NPs (10, 50, 75, and 100 pg/mL). Three-point five mL of MgO
nanoparticles underwent mixing with 3.5 mL of bacterial culture at mid-log
phase, possessing a starting absorbance of 0.03 at wavelength 600nm [38],
for a duration of 24 hours at 37°C. The bacterial suspension exposed to the
antibiotic Ampicillin (2.5 ml) served as the positive control, while the
bacterial liquid without MgO NPs functioned as the negative control[39]..
Characterization of MgoNps

The bacterial suspension treated with the antibiotic Ampicillin (2.5 pg/ml)
served as the positive control, while the bacterial solution without MgO NPs
functioned as the negative control. To examine the crystalline features of the
nanoparticles, X-ray diffraction (XRD) testing was carried out employing a
Shimadzu XRD-600 instrument, operating at a voltage of 40 kV and
employing CuK aradiation with a wavelength of1.5405.Aacross abroad
spectrum of Bragg angles (30<26<800 across a wide range of Bragg angles.
Fourier transform infrared (FT-IR) spectral evaluations were accomplished
utilizing a Shimadzu IR-Prestige-21 spectrophotometer[40].The effect of
magnesium oxide nanoparticles on bacteria was evaluated through the
turbidity method. A spectrophotometer (Shimadzu, IR-Prestige-21) measured
the turbidity of bacterial cultures exposed to MgO NPs at a wavelength of
600 nanometers. Both positive and negative controls were kept at 37°C for 24
hours. To eliminate the interference caused by nanoparticles, The light
attenuation at 600 nm of the MgO NPs suspension at various concentrations
was gauged and taken away from the trial findings. The degree of bacterial
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growth suppression from nanoparticle exposure was determined relative to
the control cells, following EqL1.
o = He " BT
He

100

Here are the definitions for each variable in the equation:

» 1%: The percentage of bacterial growth inhibition.

* pe: The mean O Dy, value of the control group (cells without nanoparticle
exposure).

* pg: The mean ODygy, value of the treatment group (cells with nanoparticle
exposure).

Additionally, the bactericidal impact of MgO NPs was assessed using the
colony count method. Using the streak plate method, bacterial cultures
treated with MgO NPs for 24 hours (about 5 pl.) were plated on MRS along
with a positive and negative control. After incubation for a day at 37°C, the
plates were inspected to confirm whether the growth of microbial populations
ceased by counting the colonies. Eq.1 was used to calculate the proportion of
viable bacterial cells reduced compared to the control

2.6. Scanning electron microscopy (SEM) and energy-dispersive x-ray
(EDX)

The attachment of MgO nanoparticles to the membrane of bacterial cells
and the subsequent alterations in their shape were observed using scanning
electron microscopy. Conversely, energy-dispersive X-ray spectroscopy was
utilized to verify the elements or chemical makeup detected on the surfaces
of the bacterial cells. The creation of nanoparticles was verified by the clear
sharp peaks seen in the X-ray diffraction pattern of the magnesium oxide
specimen; a lessening in the size of the nanoparticles was suggested by a
widening of these peaks. Furthermore, the superior grade of the produced
nanoparticles was confirmed by the absence of extra peaks. Centrifugation at
5000 rpm for 10 min was utilized to gather cells from a 10 mL solution of
MgO NPs-treated cells. Following a series of alcohol washes (45, 95, and
100% ethanol), distilled water, 2.5% glutar aldehyde, and 0.01 M PBS, the
pelleted bacterial cells were freeze-dried. SEM-EDX examination was
performed on the freeze-dried bacterial cells.
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Figure 2- B. Analysis of MgO nanoparticles using scanning electron
microscopy at a magnification of 50,000 times and X-ray diffraction (C).
2.7. Surface interplay of MgO NPs on microbes:

MgO NPs binding to the exterior of the bacteria was confirmed
through Fourier transform infrared (FTIR) analysis, which identified the
functional groups within the bacterial cell envelope responsible for this
association. Bacterial cells were separated from 10 mL of bacterial broth
treated with MgO NPs by spinning down at 6,000 rpm for a period of 10
minutes. To remove the moisture, the pelleted bacterial cells were freeze-
dried after three rounds of washing with 1X PBS [27]. Fourier-transform
infrared (FTIR) analysis was then carried out on the freeze-dried bacteria,
covering the 4000400 cm—1 range.

3. Results & Discussion :
3.1 Characterization of MgO nanoparticles (NPs)

Dimensions and configuration of MgO NPs were assessed via SEM,
and EDX scrutiny verified their elemental composition, as depicted in Fig.
(2-A). The SEM evaluation suggested that the MgO NPs exhibited a mixture
of hexagonal and stick-shaped particles, with dimensions ranging from 30.6
to 60.3 nm, and a mean size of 51.9 nm. The MgO NPs powder under review
comprised magnesium and oxygen molecules, according to the EDX
examination. The hexagonal structure of MgO NPs was confirmed by the
XRD pattern in Figure (2-C).

-
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Figi‘ure (2A) Cha}acterization of MgO NPs under EDX.
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3.2. A bacterial growth curve

Figure 3 depicts the lactobacillus acidophilus growth pattern. After 24 hours
of incubation, the growth of lactobacillus decreased, and the log phase was
detected between 3 and 6 hours of subculturing. The initial growth period of
lactobacillus acidofilus commenced at 3 hours, succeeded by four hours of
the middle proliferation stage, by eight hours the latter proliferation stage,
and by nine hours the static phase in Todd-Hewitt broth supplemented with
0.2% yeast extract at 37 degrees Celsius. [28] displayed comparable
progression patterns for lactobacillus acidophilus amid diverse growth
conditions.
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Figure 3:Growth curve of lactobacillus acidophilus in MRS broth at 37°C

3.3. Test for growth inhibition

The cloudiness of the bacterial culture was gauged to evaluate the growth-
hindering actions of MgO NPs on lactobacillus tallying the bacterial colony
subsequent to nanoparticles treatment. The lactobacillus culture's turbidity
following 24 hours of incubation is depicted in Fig.4. With 10, 50, and 100
ug/mL of MgO NPs, the cloudiness of the bacterial suspension decreased by
40.50£5.17, 75.30+£7.01, and 80.29+5.50%, correspondingly, based on the
results. (Figure 4).
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Figure 4 : The lessening of turbidity in lactobacillus within the broth (MRS)
at 24 hours following exposure to 10 pg/mL (B), 50 pg/mL (C), and 100
pug/mL (D) of MgO nanoparticles is demonstrated. The negative and positive
references are illustrated in (A) and (E) respectively.

At concentrations of 10, 50, and 100 pg/mLof MgO NPs, the colonies of
MgO fell by 4545, 9444, and 97+£5%, respectively, following 24 hours

(Figure 4B). The lactobacillus cluster findings indicated a decrease in the
amount of colonies as the MgO NPs' concentration rose. (Figure 5, Table

<A

2).Figure 5. no.of colonies on (MRS)at 24h.
Table 2: no. of colonies on MRS at 24 h.

MgO NPs (pg/ml) bacterial colonies No.
calculator Mean * Standard Deviation
Calculator
0 1804
10 1007
50 1645
100 5+3
Ampicillin (2.5u9) 0+0

Across all concentrations explored for MgO nanoparticles, the restraint of
lactobacillus acidophilus development showed notable variations
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($p < 0.05%) when contrasted with the negative control, according to both
colony enumeration and cloudiness evaluations. Consistent with our study,
[29]. indicated an 85% decrease in the turbidity of the lactobacillus
acidophilus solution that was treated with 80 ug/mL MgO nanoparticles after
10 hours, whereas [30] showed that lactobacillus underwent over 95% growth
suppression subsequent to exposure for 8 hours to concentrations spanning

310 to 550 ug/mL of MgO
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Figure 6: Share of growth inhibition tracked via turbidity of Lactobacillus
cultures (A) and colony counting procedure (B) following exposure to
differing amounts of MgO nanoparticles for 24 hours at 37 degrees Celsius in
broth (MRS), along with positive control (PC). Shows a statistically
significant variance between the control and the bacterial specimens
subjected to MgO nanoparticles (p < 0.05).

3.5. Scanning electron microscopy (SEM) analysis:

Bacteria treated with MgO NPs showed a nearly five-fold higher
magnesium content in their SEM EDX spectrum (Figure 7B) compared to the
control (Figure 7D). Perhaps as a result of the magnesium in the culture
media, the control sample had the lowest amount of magnesium. Phosphorus

February (2026)&L sl Gy AN Ol o Al
130



FOURI NS { Jp PR | % LR =V
ret i) bzt — sl a5 i

Journal of the College of Basic Education  Vol.32 (NO. 135) 2026, pp. 122-138

might have been present in the bacterial growth substrate or rinse solution
employed in the study, which is why there was a clear phosphorus peak in the
test and control spectral readlngs (Figure 7B&D).

TUBITAK St 200KV X50000 1(1rm WD 158mm

Figure 7: With magnification below 5 OOOX SEM EDX V|suals
display microbes subjected to a density of 100 um of MgO nanoparticles for
24 hours, (C) and (D), beside the control baseline samples (A) and (B).
Results verified that MgO nanoparticles were gathering on the exterior of
bacterial cells that were exposed to MgO nanoparticles. Furthermore,
following a 24-hour exposure to 100 pg/ml Regarding MgO nanoparticles,
the bacterial suspension showed MgO NPs adherence onto the bacterial cell
wall (Figure 8D), cell surface wrinkles (Figure 8C), and cell membrane
rupture (Figure 8B).

An unbroken cell membrane and smooth, spherical cells were visible in the
SEM picture of the control bacterial cells (Figure 8A) [31]. Comparable
outcomes were observed in other research, like the breakdown of cellular

membranes induced by MgO NPs handling and the subsequent outward flow
of internal constituents in microbes. [32]. According to [31] , "lactobacillus
acidophillus™ handled with 80 pug/ml MgO nanoparticles (NPs) for 10 hours
showed marked cell demise and alteration, with damaged cells situated near
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the NPs After treatmg E. C0|I for 12 hours w1th 8 u/ml MgO NPs.
E_Aiéb P > Bt = ’7' : A e

Figure 8 : SEM |mages of Lactobacnlus aC|doph|Ius control (A) and
bacterial cells treated with 100 um MgO NPs at 24 hours reveal cell
membrane rupture (B), bacterial cell surface distortion or wrinkles (C), and
MgO NPs attachment to the cell membrane (D).
3.6. Surface interactions of magnesium oxide nanoparticles (MgO NPs)
with bacterial cell walls

FTIR, was employed to investigate the functional groups that
contributed to MgO NPs adherence on the surface of lactobacillus
acidophilus, as depicted in Figure 9. A visual representation of MgO
attachment is shown in Fig. 10. NPs to the cell walls of Gram-positive
bacteria.
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Figuer 9 : FTIR of control (a) and 100 um MgO NPs exposed Lactobacillus
acidophilus (b).
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Figure 10: Visual representation of MgO NPs adhering to Gram-positive

bacteria’s cell wall.

The results were demonstrated by comparing the moved peaks between
the control and MgO NPs at 100 pg/ml that were exposed to bacterial cells
for 24 hours. Magnesium oxide nanoparticles displaying intense peaks at
3415, 1633, 1500, and 434 cm-1. The signals observed at the wavenumber of
3415 cm-1 suggested the presence of adsorbed O-H groups which aided in
converting Mg acetate into Mg nanoparticles. Meanwhile, vibration of
aromatic the C=0 stretching of the polypeptide and protein framework was
mainly ascribed to the area between are represented by the two bonds 1634
and 1550 cm-1 [33]. observed at 434 cm-1 confirmed the genesis of MgO
Nano particles. Anionic groups on the bacterial cell wall and the cation Zn+
may have an electrostatic connection that causes MgO NPs to adhere to the
cell wall. MgO NPs then bind to the bacterial wall and cell membrane,
modifying the membrane potential and inducing the bacterial cell membrane
to depolarize. MgO NPs then attach to the bacterial wall and cell membrane,
modifying the membrane potential and inducing the bacterial cell membrane
to depolarize. [34]. Membrane depolarization impedes respiration and energy
transformation, generates an imbalance in the transport mechanism, and
results in the loss of cell membrane soundness. Ultimately causes bacterial
cells to rupture or expire [35]. Bacterial cell death might arise from the
internal release of Mg** [35].

4. Conclusion

The results of the investigation demonstrated MgO NPs' influence on
lactobacillus acidophilus via dose-dependent growth suppression. Moreover,
it was verified that moieties from the bacterial cell wall polymers participated
in the MgO NPs' surface adherence to the microbes. MgO NPs' linkage to the
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bacterial cell lining. The findings demonstrated that magnesium nanoparticles
have an effect on Lactobacillus acidophilus by disrupting its cell wall and
killing it, thereby treating the dental cavities caused by this bacterium
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