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Abstract

Metal oxide nanostructures have lately sparked a lot of interest owing to their high stability.
However, chemical synthesis of these compounds necessitates the use of costly, toxic, and hazardous
chemicals. This study involves the biosynthesis of magnesium oxide nanostructures (Nano-MgO)
using Beta vulgaris extract (BVE) as a reducing agent in a simple and environmentally friendly way.
Preliminary investigations were used to assess the phytochemicals present in the prepared BVE. The
synthesized nanostructures were characterized by UV visible spectroscopy, SEM-EDX, XRD, FTIR,
TGA, and DSC. The Nano-MgO absorption peak was observed at a wavelength of 270 nm. SEM studies
showed a mean particle size of about 36.28 nm and EDX analysis revealed the presence of magnesium
and oxygen in weight percentages of 27% and 72% respectively. XRD demonstrated the crystalline and
cubic nature of synthesized Nano-MgO. FTIR verified Nano-MgO vibrational frequency at 565.07 cm'.
Antioxidant assay (ABTS) revealed that Nano-MgO exhibited higher antioxidant activity than BVE
alone. Significant antibacterial effects were demonstrated by Nano-MgO, with a substantial inhibition
zone against Escherichia coli (3.8 cm) Staphylococcus aureus (3.9 cm). The cytotoxic impact of Nano-
MgO on PC-12 cell lines revealed the IC-50 value to be 30.94 pg/mL for 24 hours of incubation.
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Introduction

Nanoscale has become extremely significant for
a multitude of reasons, the most notable of which is that
it enhances the surface-to-volume ratio found in most
nanoscale components when compared to bulk materials
of the same materials. This is because the number of
atoms, ions, or molecules that make up a nanoparticle
increases on its surface rather than within it.
Nanotechnology is the study of microscopic structures
with sizes between 0.1 and 100 nm [1, 2]. As a result,
different nanoparticles with specific traits arise, and the
nanoparticles display diverse chemical, physical, and
biological attributes at the nanoscale compared to their
respective particles at larger sizes. This field of material
science has great potential that can create a wide range
of materials at the nanoscale level with numerous
applications in almost every field, including electronics,
sunscreens, cosmetics, biolabeling, catalysis, renewable
energy, environmental remediation, and medicine,
among others [3, 4]. Many areas of material, physics,
and chemical science depend on metal oxides, as they
are smaller than other materials and have a highly
dense edge surface, which might allow them to display
peculiar chemical or physical traits. Furthermore,
owing to their higher surface- to-volume ratio, metal
oxides at the nanoscale exhibit greatly improved and
novel magnetic, electrical, and catalytic capabilities as
compared to traditional bulk metals.

Metal oxide-based nanoparticles are intriguing
due to their structural characteristics, notably network
symmetry and unit parameters [5, 6]. As a result of
the rise in antibiotic-resistant strains and infectious
diseases, metal nanoparticles have a broader variety
of biopharmaceutical and biomedical applications as
substitute antibacterial agents [7]. New nano-based
materials are being synthesized and implemented into
everyday personal care products, pharmaceuticals,
cosmetics, and drug delivery to influence the
manufacturing and industrial sectors. The commercial
applications of nanomaterials and the development
of nano-based devices will continue to grow with
regulated synthesis [8]. Metallic nanomaterials
have been fabricated employing several biological
techniques, such as utilizing enzymes, bacteria, and
plant components, which are thought to be effective
eco-friendly nano-factories [9]. The interaction of metals
with microbes or plant extracts has been employed
in various applications, including biomineralization,
bioremediation, bioleaching, and  biocorrosion.
As a result, nanoparticle biosynthesis has emerged as
a potential study area in nanobiotechnology, linking
biotechnology, and nanotechnology [10].

Plant-mediated synthesis is one of the biological
techniques, which is most straightforward, dependable,
cost-effective, and non-toxic [11]. Plants include
phytochemicals, such as proteins, polysaccharides,
flavonoids, tannins, ketones, alcohols, and others
that work as excellent reducing agents in the required

characteristics [12, 13]. Nanostructured magnesium
oxide offers a broad range of applications owing to its
distinct characteristics, including high band gap, low
refractive index, and thermodynamic stability [14].

It has been employed for many purposes, including
catalysis, hazardous waste removal, refractory materials,
additives in heavy fuel oils, absorbents, superconductive
thin films as a substrate for superconductors, and more
[15].

Magnesium  oxide nanoparticles (MgO-NPs)
are white powders with a high melting point that is
odorless and harmless. According to previous studies,
the bactericidal effectiveness of MgO-NPs increases
as particle size and concentration decrease [16]. MgO-
NPs are a safe antibacterial agent that is relatively easy
to obtain among many different inorganic metal oxides.
They can alleviate heartburn, stimulate the activation
of bone repair scaffolds, and function as an anticancer
agent. MgO-NPs were identified as a potential candidate
as they are biocompatible, environment-friendly,
and safe for various human cell lines, making them
appropriate for biomedical applications [17]. MgO-NPs
coated with polyethylene glycol have also been used as a
delivery agent for anticancer medications like 2-methoxy
estradiol, demonstrating their value in regulated
drug delivery systems [18]. Recent breakthroughs
in nanomaterials and nanomedicine have resulted in
significant developments with enormous promise.

Beetroot is a common agricultural crop of the
Chenopodiaceae family, and its root is essential in
sugar production. Swedish botanist “Linnaeus (Carl
Linne, 1707-1778)” described B. vulgaris L. in 1753 [19].
It is a vitamin-rich vegetable that is widely accessible
and includes a variety of beneficial chemicals such as
manganese, folate, and magnesium. Beetroot pigments
are water soluble and are impacted by a range of
factors such as pH, moisture, temperature, light, and
oxygen. Beetroots are used in traditional medicine
to cure a variety of ailments. Their effects include
antidepressant, immunostimulant, antihypertensive,
antioxidant, antihyperlipidemic, radioprotective, and
hepatoprotective activities [20]. Because of its high
sugar content, beetroot has a high reductive capability
that can be exploited to synthesize nanomaterials. It also
comprises phytochemicals such as betalains, known as
betaxanthins and betacyanins, as well as polyphenolics
and flavonoids, which have been utilized as capping
and reducing agents in the preparation of gold and zinc
oxide nanoparticles.

In this study, a sustainable and environmentally
friendly method based on biological synthesis principles
has been developed for the synthesis of magnesium
oxide nanostructures (Nano-MgO). B. vulgaris L.
extract, also known as beetroot extract, which has
great medicinal capabilities was utilized as a reducing
agent [21]. The effective synthesis of Nano-MgO was
confirmed by characterization methods including
UV-vis spectroscopy, SEM-EDX, FTIR, XRD, TGA,
and DSC analysis. Moreover, the study also showed that
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these nanostructures have the potential to be used as an
antioxidant and antibacterial agent.

Materials and Methods

Analytical-grade chemicals of the highest purity
were employed in the current study. The beetroots
(B. vulgaris L.) used for biosynthesis in the study were
procured from the local market in Pune, India. The plant
name was identified as B. vulgaris L. and belongs to the
family Amaranthaceae authenticated by the “Botanical
Survey of India, Western Regional Centre, Pune,
Government of India.” The beetroot (59 g) was cleaned
with tap water and rinsed with deionized water to
eliminate dust and particle pollutants. It was then dried,
peeled, chopped and ground in a household blender with
250 mL deionized water and further heated for 2 hours
at 60°C. After allowing it to cool to ambient temperature
and filtering it with Whatman filter paper, 200 mL of
the extract was obtained and stored in the refrigerator at
5-10°C for future use.

UV-visible analysis was done by using a Shimadzu
UV-1900 UV spectrophotometer. The morphology, size,
and elemental analyses of biosynthesized nanostructures
were determined using “Scanning Electron Microscopy”
(SEM) in conjunction with “Energy-Dispersive X-ray
Analysis” (EDX). To analyze the crystalline structure of
Nano -MgO (=1.541), “X-ray diffraction” (XRD) patterns
were acquired using a D§ ADVANCE-D8X XRD system
(Bruker) with a Cu Kline as the source of radiation
[22]. “Fourier Transform Infrared” (FTIR) analysis
was performed using a Bruker Alpha spectrometer and
the software OPUS7 to analyze the presence of Mg-O
bonds and other functional groups in the prepared
sample. “Thermogravimetric analysis” (TGA) was used
to examine materials by calculating mass change as
a function of temperature and “Differential scanning
calorimetry” was done to study the thermal properties
of synthesized Nano-MgO.

Synthesized nanostructures were assessed for
antioxidant activity where BVE and synthesized
Nano-MgO at varied concentrations of 50, 100, 150,
200, 250, and 500 g/mL were independently tested by
a standard approach utilizing a sigma antioxidant assay
kit (Catalogue Number- CS0790) [23]. A plate reader
was used to determine endpoint absorbance at 620 nm.
Also, the antimicrobial activity of the nanostructures
was assessed utilizing well diffusion method against
E. coli and S. aureus by taking BVE and Nano-MgO
as test samples, and standard commercial antibiotic
gentamicin and ciprofloxacin as positive controls
[24]. PC-12 cells were obtained from NCCS Pune,
India. MTT “3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl
tetrazolium bromide” assay was performed to access the
cell viability where PC-12 cells were exposed for 24, 48,
72, and 96 hrs. to various concentrations of Nano-MgO
including 0.1, 0.5, 1, 5, 10, 25, 50 and 100 pg/mL.

Identification of Phytonutrients

Standard preliminary tests were performed to
determine the phytonutrients present in the prepared
BVE responsible for the process of reduction to
synthesize the Nano-MgO. The presence of biologically
active compounds such as phenols, flavonoids, saponins,
sterols, terpenoids and tannins was studied according to
the established protocols [25, 26].

Biological Synthesis of Nano-MgO

200 mL of MgCl2 .6H20 (0.5M) was dissolved in
Milli-Q water to obtain an aqueous solution to which
B. vulgaris extract (50 mL) was gradually added
under continuous stirring and heating (70°C) for about
5 hours. The completion of the reaction and synthesis
of the Nano-MgO was indicated by the solution’s color
changing from dark pink to green and the reaction was
stopped and mixture was transferred to falcon tubes for
centrifugation. After centrifugation at 7000 rpm for 7
minutes, the precipitate was washed three times with
ethanol to eliminate free magnesium oxide associated
with Nano-MgO. Then the pellet was separated from the
supernatant and dried for 3 hours at 75°C in a hot air
oven. After drying, the sample was crushed by utilizing
mortar and pestle to obtain white powder [27, 28]. Yield
of the biosynthesized Nano-MgO was approximately
fifty-seven percent.

Results and Discussion
Investigation of Phytochemicals

In an aqueous BVE, the phytonutrients that help
synthesize and cap Nano-MgO from the magnesium
oxide precursor are qualitatively investigated.
The phytochemical screening of the aqueous BVE
(Fig. 1) demonstrated that it is an excellent source of
secondary metabolites such as phenols, flavonoids,
saponins, sterols and tannins. These metabolites might
be important in reducing magnesium chloride and the
stability and synthesis of nanostructures. Further, the
results showed the absence of terpenoids (Table 1) in
the synthesized BVE since the extract was synthesized
by heating at 60°C, where terpenoids are more volatile
at high temperatures with enhanced emission from the
pool.

U.V Visible Spectroscopy

In a UV-visible spectrophotometer, the absorption
spectra of the synthesized Nano-MgO were recorded
between 200 and 700 nm (Fig. 2a). The strong peak at
Amax 270 nm confirmed their nanoscale size, restricted
particle size distribution, and monodispersed nature.
[29] For the developed Nano-MgO, Fig. 2b) shows the
usual dependency of (ahv)? v/s hv where band gap energy
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(Eg) is determined by the straight line’s intersection
with the h-axis. In comparison to bulk MgO, which had
a predicted band gap energy of 7.8 eV using the Tauc
plot and formula:

(xhv)* = A(hv —Ey),

where Eg = Band gap, h = constant, Planck’s and
v = Frequency. By plotting (¢hv)? versus photon energy
(h) and projecting the linear section of the curve to the
photon energy axis we calculated the energy bandgap
(Eg), which was 4.1 eV for synthesized Nano-MgO. This
is in close agreement with the previous studies including
Citrus limon (4.2 eV) [30] and Hagenia abyssinica
(4.19 eV) [31]. The existence of 4-coordinated surface
anions near the border of the Nano-MgO, as opposed
to 6-coordinated surface anions in the bulk materials,
is undoubtedly superintended for the band gap energy.
Furthermore, the energy band gap could be influenced
by the diameters of the MgO particles in the nano
region, band gap energy increases as particle size
decreases [32].

SEM-EDX Analysis

The topographical surface appearance, aggregation,
and chemical composition of the produced Nano-
MgO were studied by SEM-EDX analysis. SEM image
(Fig. 3a) indicated that the particles of synthesized
Nano-MgO are homogenous, spherical, uniform,

Table 1. Phytochemical analysis of synthesized Beta vulgaris
extract.

Phytonutrients Results
Phenols +
Flavonoids +
Saponins +
Sterols +
Terpenoids -
Tannins +

and agglomerated with good size distribution. The
calculated mean particle size is 36.28 nm. Moreover,
the EDX analysis revealed the sample has the existence
of magnesium and oxygen in weight percentages of
27% and 72%, respectively (Fig. 3b). It revealed that
the sample has the required phases of Mg and O [33].
Furthermore, the emergence of peaks with energies
between 0.5 and 1.5 KeV demonstrated the effective
synthesis of Nano-MgO [33, 34]. Other peaks in the
sample indicate the presence of contaminants, which
XRD analysis later confirmed (Fig. 3b). According to
studies, the appearance of extra peaks in the EDX profile
was caused by the breakdown of enzymes, proteins, and
other phytochemicals that function as stabilizers.

Fig. 1. The aqueous extract of Beta vulgaris was exposed to phytochemical screening tests, which identified the presence of phenols,
flavonoids, saponins, sterols, and tannins. Notably, the extract was discovered to be devoid of terpenoids.
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Fig. 3. Nano-MgO surface morphology and elemental composition analysis by; a) FE-SEM of Nano-MgO at resolution 400 nm. Mean

particle size is 36.28+10 nm; b) EDX profile.
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Fig. 4. XRD patterns of Nano-MgO for crystallographic structure
analysis.

XRD Analysis

Further, the crystalline nature and purity of the
fabricated Nano-MgO were determined by employing
an XRD study (Fig. 4). At 20 intensity, five notable

Transmittance (%)
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Wavenumber (cm™)

Fig. 5. FTIR of synthesized Nano-MgO for determination of
functional groups.

peaks are observed: 36.58°, 42.61°, 62°, 74.4°, and 78.3°,
which corresponds to planes (1 1 1), (2 0 0), (2 2 0),
(3 11), and (2 2 2), in the given order. These peak values
are compared and matched with JCPDS standard file
89-7746, suggesting that the synthesized Nano-MgO
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Fig. 6. a) Thermogram; b) Differential Scanning Calorimetry of Nano-MgO.

powder is crystalline and cubic [35, 36]. Furthermore,
the presence of extra peaks in the XRD spectra
verifies the findings from the EDX examination, which
revealed that the sample included other forms of Nano-
MgO. Using the Debye-Scherrer equation, the average
crystallite size was calculated to be 23.32 nm by using
the formula:

D = KA/fcos6

Where D corresponds to “crystalline size,” K
corresponds to the “Scherer constant (0.9)”, A is taken
as 1.5406 nm, B corresponds to the “full width at half
maximum of the diffraction peak” and 0 is the “angle of
diffraction”.

FTIR Spectroscopy

The occurrence of a functional group in the prepared
Nano-MgO was determined using FT-IR analysis which
showed the presence of absorption bands at 3698.98 cm™,
3427.18 cm’, 1635.80 cm’!, and 565.07 cm? (Fig. 5).
Observed C=C stretching vibration is related to the
absorption band at 1635 cm™. Three peaks at 3698 cm™,
3639 cm™, and 3427 cm! correspond to the O-H stretch
of the water, which is reabsorbed from the surrounding
environment. Mg-O vibrations are responsible for
the peak at 565.07 cm™. The existence of MgO at the
nanoscale is demonstrated by the peaks ranging from
400 cm™ to 700 ecm™ [37-39].

TGA and DSC

TGA measures the change in mass as a function of
temperature to characterize materials, whereas DSC is
a thermoanalytical approach that analyzes the variation
in the amount of heat required to raise the temperature
of a sample relative to a reference as a function of
temperature. Here X-Axis is the temperature at which
the sample was heated up to 900 degrees in the presence

of nitrogen. Y-Axis was the Weight (%) or amount of
compound lost, i.e., around 10% of adsorbed molecules
on the surface are lost, and 90% of the compound is
stable, as seen in the thermogram (Fig. 6a) [40]. Further,
it is considered that the dehydration of hydroxyl groups
on the brucite layers, which results in the production of
MgO, is what causes the occurrence of a single massive
endothermic transition (Td) at 360°C. According to this
data, MgO particles can develop when the treatment
temperature is lower than 360°C (Fig. 6b).

Antioxidant Activity

ABTS test was employed to investigate the
antioxidant properties of prepared BVE and Nano-
MgO in-vitro. The scavenging impact of the BVE and
Nano-MgO on ABTS radicals (Fig. 7) was found to be
significant and dose-dependent, where the Trolox reagent
was employed as a control. In the instance of BVE,
ABTS cation radical scavenging activity was 11-64% at
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Fig. 7. Graph showing ABTS activity of Beta vulgaris extract
and Nano-MgO.
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a concentration range of 50-500 g/mL when compared to
B. vulgaris section, it was 28-79% in the case of Nano-
MgO, demonstrating that biosynthesized nanoparticles
have more significant antioxidant properties [41, 42].

Antimicrobial Activity

S. aureus and E. coli bacteria were utilized to assess
antibacterial activity by employing 1 mg of Nano-
MgO (Fig. 8). In the presence of MgO nanoparticles,
both bacteria demonstrated antibacterial action, but no
discernible activity in the presence of BVE. The findings
demonstrated that Nano-MgO had a high inhibition
efficacy against both microbial pathogens, with the zone
inhibition diameter against S. aureus measuring 3.9 cm
as opposed to 3.4 cm for ciprofloxacin as a control. The
inhibition effects of Nano-MgO against E. coli were at
3.8 cm compared to control gentamicin at 3.4 cm.

Cell Viability

MTT assay was utilized to evaluate the percent
viability of PC-12 cells treated with different
concentrations of Nano-MgO (0.5-100 pg/mL), and
the findings were analyzed using Two-Way-ANNOVA
and software called graph pad prism 6.0. Nano-MgO
alone causes a decrease in cell viability as time and
concentration increase (Fig 9a). When evaluating the
effect of nanoparticles on cell viability, a 40 percent
decline in cell viability at 100 g/mL concentration occurs
after 24 hours, and a significant loss in cell viability
occurs after 48, 72, and 96 hours at concentrations
over 25 ug/mL, as compared to control. The logIC50 of
Nano-MgO at different time points was also calculated
(Fig. 9b) and was found to be 30.94 pug/mL for 24 hrs.,
14.08 pg/mL for 48 hrs., and 11.03 pg/mL for 72 hrs.
and 10.49 pug/mL for 96 hrs. Our data showed that the
logIC50 value decreases with an increase in incubation
time.

Fig. 8. Nano-MgO antimicrobial activity against a) E. Coli and; b) S. aureus.
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Conclusion

The current study suggests that magnesium oxide
(MgO) nanostructures were successfully fabricated
via a plant-mediated synthesis approach, utilizing an
extract derived from B. vulgaris. The techniques such
as FTIR, UV-Visible spectroscopy, XRD, SEM, TGA,
and DCS were used to characterize nanoparticles. A
color shift from red to green indicated that Nano-MgO
was synthesized successfully. Mg-O functional groups
were found using FTIR spectroscopy. The well-defined
crystalline structures were confirmed by XRD signals.
Using SEM, it was possible to see spherical Nano-MgO
with an average size of 36.28 nm. These nanoparticles
showed strong antibacterial and antioxidant activity.
The adoption of the B. vulgaris-mediated approach,
which makes the procedure more affordable and
environmentally benign than chemical synthesis, is
one of the study’s key findings. In addition, B. vulgaris
is widely accessible for a potential commercial-scale
preparation of Nano-MgO, given that they are grown in
many developing countries in large quantities. By using
the procedure outlined in this paper, Nano-MgO with
homogeneous size and shape can be produced for use in
biotechnology and nanomedicine.
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