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Magnesium oxide nanoparticles (MgONPs) synthesized by efficient green

approach have unique physiochemical properties. In this study, MgONPs are syn-

thesized with bract extract of Musa acuminate, an agro waste. The surface plas-

mon resonance at 450 nm in UV spectrum and FTIR peaks at 601 and 890 cm�1

confirmed the presence of MgONPs. XRD pattern revealed high crystallinity of

the nanoparticles with an intense orientation peak at 111, and the size was

13 nm. The particles were spherical with an average size of 24.85 nm. The ele-

mental percentage of magnesium and oxygen were 68.55% and 31.45%. MgONPs

had antibacterial activity against Bacillus subtilis, Escherichia coli, Vibrio harveyi,

Vibrio parahemolyticus, and Staphylococcus aureus with MIC, 6 μg/mL. The IC50

value for MCF-7 cell was 113.56 μg/mL, and the normal cell line was 785.69 μg/
mL. The NPs also exhibited hemolytic features in a dose-dependent manner. The

MgONPs exhibited photocatalytic degradation of methyl violet, CBB G-250, and

malachite green in 60 min duration. MgONPs had promising antibacterial, cyto-

toxic, hemolytic, photocatalytic, and seed germination activity. They have the

potential to serve as an additive in a variety of biological applications.
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1 | INTRODUCTION

Nanotechnology has emerged as a multidisciplinary field,
expanding its application to biomedicine, tissue engineer-
ing, pharmaceuticals, catalysis, electronics, energy harvest-
ing, mechanical industry, environment, material science,
cosmetics, and food technology.[1,2] Nanoparticles (NPs)
can be obtained using two methods: top-down and
bottom-up.[3] Various methods for synthesizing nanoparti-
cles (NPs) are employed, namely, physical, chemical, elec-
trochemical, and biological.[4,5] Physical and chemical
methods involve toxic and expensive chemicals and are
not environmentally friendly.[6,7] In this regard, current
research is focused on biological methods for the synthesis
of NPs by the use of plants, plant products, and micro-
organisms from metal and metal oxides, which are more
advantageous as it is cost-effective, safe, environmentally
friendly, clinically adaptable, and bio-compatible instead
of using hazardous chemicals and extreme reaction
conditions.[8–10] Metal and metal oxide nanoparticles have
wide applications as catalysts, conductors, biosensors,
cytotoxic agents, antimicrobial drugs, and diagnostic tools
due to their high dispersion properties in solution and
surface-to-volume ratio.[11,12] Numerous metal and metal
oxide NPs have been generated using plant biomass due to
their high yield, renewability, and availability.[13] Plants
are the most common biological substrate for NPs synthe-
sis as they are simple, easy, and safe to handle compared
with microbes.[8] Plant parts such as leaves, flowers, fruits,
roots, barks, fruit peel, and pulp synthesize NPs.[14] Plants
contain various biomolecules such as phenols, alkaloids,
flavonoids, terpenoids, proteins, amino acids, enzymes,
and vitamins that effectively reduce, cap, and stabilize
chloride and nitrate precursors for biosynthesis of
NPs.[1,15,16] Thus, they act as stabilizers and reductants.[17]

Plant extract natural antioxidants help scavenge reactive
oxygen species (ROS), free radicals, and chelate metal ions.
In addition, the green route synthesis generates well-
defined NPs with definite shapes and size.[18] Plant-
mediated NPs find enormous application in medicine as
anti-inflammatory, antioxidant antibacterial, antifungal,
anticancer, and antiangiogenic agents.[19] Many plants
have been used in the synthesis of NPs, such as Saussurea
costus, Manilkara zapota, Cynara scolymus, Annona squa-
mosa, Ziziphora clinopodioides, Magnolia cobus, Falcaria
vulgaris, Aloysia citrodora, Cassia alata, Lavandula angu-
stifolia, and Argyreia nervosa.[19–21]

Unique biocompatibility, high stability under extreme
conditions, and distinctive physiochemical properties make
magnesium oxide nanoparticles (MgONPs) eco-friendly,
economically feasible, and industrially important.[22,23] Bio-
molecules present in plant extracts reduce Mg+ ions to Mg0

valency state.[24,25] Among the metal oxide NPs, MgONPs

have versatile applications, including catalysis, ceramics,
electronics, additives, paints and phytochemical prod-
ucts[26] heavy metal detection and removal, pesticide degra-
dation, and dye removal.[27,28] Properties such as high
strength-to-weight ratio, hygroscopic nature, low density,
recycling activity, good functionality, and nontoxicity make
MgONPs promising biological implants.[29] They possess a
unique combination of biocompatibility, biodegradation,
and intrinsic fluorescence, making them applicable in
cutting-edge fluorescence-guided surgery.[30] Moreover,
these NPs exhibit excellent toxic effects against multidrug-
resistant human pathogens as protein caps on the metal
NPs stabilize the bacterial cell surface, enhancing the bind-
ing and absorption of drugs by the infected cells, and hence
can be used as an alternative medication. They are used as
ointments to treat wounds and burns.[31]

Metal oxide NPs find their way as anticancer therapeu-
tic agents and are used in proof-of-principal nanocryo sur-
gery for cancer treatment.[31–33] Human serum albumin-
doped MgONPs have exhibited anticancer activity against
leukemia K562 cell lines.[34] Similarly, MgONPs prepared
with curcumin and beta-cyclodextrin efficiently kill breast
cancer cells (MCF-7).[35] Recently, research has been
reported on MgONPs from various plant extracts such as
neem leaves, Parthenium, rind of Punica granatum, Mani-
hot esculanta, Aloe vera, Rosarinus officinalis, Pterocarpus
marsupium, Brassica oleracea, Trachyspermum ammi, and
Camellia sinensis.[36–41] Despite this, more plants need to
be explored to synthesize green NPs. Hence, this work
explored the biomedical efficacy of the flower bract gener-
ated as an agro waste.Musa acuminate Colla. is a wild spe-
cies of banana plant found in tropical and subtropical
regions. The plant parts, including leaves, flowers, pseu-
dostem, corn, fruits, peels, and sap, are used in traditional
medicine to treat various illnesses.[42] Considering the
uninterrupted availability of this agro-waste and the medi-
cal importance of MgONPs, the current work was under-
taken to synthesize MgONPs using a bract extract of Musa
acuminata Colla. flowers and study the antibacterial, cyto-
toxic, hemolytic, and photocatalytic activities besides test-
ing its efficacy on seed germination.

2 | MATERIALS AND METHODS

2.1 | Materials

Musa acuminata Colla. bract was collected from agricul-
tural land in Mettupalayam, Coimbatore District, Tamil
Nadu, and identified. Magnesium chloride (MgCl2),
3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT), Dulbecco's modified Eagle medium
(DMEM), and fetal bovine serum (FBS) were obtained

2 of 15 SHANMUGAM ET AL.

 10990739, 2023, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aoc.7063 by U

niversidad de V
igo, W

iley O
nline Library on [26/10/2023]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License



from Himedia. The bacterial strains used were Bacillus
subtilis (ATCC6633), Escherichia coli (ATCC25922),
Staphylococcus aureus (ATCC25923), Vibrio harveyi
(ATCC33843), and Vibrio parahaemolyticus (ATCC17802).

2.2 | Methods

2.2.1 | Preparation of plant extract

Musa acuminata Colla. bract, commonly known as red
banana bract was used for the synthesis of MgONPs. The
bract was washed thoroughly, shade-dried for 3–4 days,
chopped into pieces and stored. To prepare the bract
extract, 5 g of the processed sample was mixed in 100 mL
of deionized water and heated at 65�C for 30 min. It was
then cooled, filtered at room temperature, and used for
NPs synthesis.[43]

2.2.2 | Optimization of synthesis parameters

Based on molarity, pH, temperature, and concentration
ratio (salt solution:plant extract), the synthesis process
was optimized as shown in Table 1.

2.2.3 | Synthesis of MgONPs

To 90 mL of 0.1 M MgCl2 solution, 10 mL of the prepared
plant extract was added drop by drop with swirling. The
pH was adjusted to 12 using a 2 M NaOH solution. The
mixture was kept in a magnetic stirrer and heated at
80�C for 15 min. The formation of a white-colored precip-
itate indicates the end-point of the synthesis of MgONPs.
The solution was centrifuged at 5000 rpm for 15 min, and
the white precipitate obtained was washed with sterile
distilled water twice and air dried.[44]

2.2.4 | Characterization

As a primary screening step, the plasma resonance of
MgONPs was analyzed by a double beam spectrophotom-
eter (WSP-UV-580PC) in the 200–800 nm range. The

possible functional molecules responsible for the reduc-
tion and capping of the prepared MgONPs are identified
by Fourier transform infrared spectroscopy (FTIR) with a
DTGS detector (Bruker). The samples were prepared by
mixing the generated MgONPs with potassium bromide
(KBr) powder to form thin translucent discs. The trans-
mittance was recorded in the range of 400–4000 cm�1

with a set resolution of 4 cm�1. The crystalline structure
of synthesized MgONPs was studied by X-ray diffraction
studies (powder X-ray diffractometer-P Analytical,
Xpert3). The purity and crystalline size of the NPs were
determined at 40 kV with a current of 30 mA using Cu
Kα radiation using a diffractometer. The Debye–Scherrer
formula calculated the average size of the NPs:

D¼ 0:91λ= β cosθð Þ:

where D corresponds to the crystalline size, 0.9 is Scher-
rer constant, λ = 1.5406 Å, β is full width with half maxi-
mum (FWHM) of the most intense peak and θ is the
Braggs diffraction angle.[19] Scanning electron micros-
copy (SEM) (FEI Quanta 200F) was used to study the sur-
face morphology using secondary electrons and
backscattered electron mode at an accelerating voltage of
20 kV. Energy dispersive X-ray (EDX) was done to ana-
lyze the elemental composition.[45]

2.2.5 | Antibacterial assay

The antibacterial activity of the synthesized MgONPs was
determined by assessing the Minimum Inhibitory con-
centration (MIC) against Bacillus subtilis (ATCC 6633),
Escherichia coli (ATCC 25922), Staphylococcus aureus
(ATCC 25923), Vibrio harveyi (ATCC 33843), and Vibrio
parahaemolyticus (ATCC 17802). A stock was prepared
by dissolving 30 mg of the MgONPs in 5 ml deionized
water. Using saline, the bacterial cultures in the log
phase were adjusted to 0.5 McFarland standard
(1.5 � 10–8 CFU/mL). A primary volume of MgONPs
was added to get various concentrations (6, 3, 1.5, 0.75,
and 0.375 μg/mL). Then 100 μL of bacterial inoculum
was added to the wells of a microtiter plate accordingly.
Positive and negative control wells were also maintained.
Negative control consists of test organisms and saline,

TABLE 1 Optimization of various

parameters for synthesis of MgONPs.
Concentration of MgCl2 1 mM 5 mM 10 mM 50 mM 100 mM

pH 7 8 9 10 12

Temperature 40 50 60 70 80

Concentration ratio
Salt solution:plant extract

5:5 6:4 7:3 8:2 9:1
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whereas the positive control has saline and streptomycin
solution. The microtiter plate was incubated at 37�C for
24 h aseptically. The percentage of inhibition was mea-
sured and recorded using plate reader at 495 nm.[46]

2.2.6 | In vitro cytotoxicity assay

The synthesized MgONPs were evaluated for antiproli-
ferative activity against the breast cancer cell line (MCF-
7), and cytotoxicity was tested on Vero cell line. The per-
centage of cell viability was determined by colorimetric
assay, using 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tet-
razolium bromide (MTT) and compared with untreated
controls. The cells were seeded in 96-well plates in
100 μL of medium (DMEM) containing 5% FBS, with a
density of 10,000 cells per well and incubated at 37�C
with 5% CO2 prior to the addition of MgONPs. After the
cells were attached, different concentrations of MgONPs
(10–100 μg) were added and incubated at 37�C with 5%
CO2 and 95% oxygen. Triplicates were maintained and
the wells without the sample served as control. After
48 h, 50 μL of MTT (5 mg/mL) in phosphate buffer saline
(PBS) was added to each well and incubated at 37�C for
4 h. Then 100 μL of dimethylsulfoxide (DMSO) was
added to the medium to solubilize the formazan crystals.
Absorbance was measured at 570 nm using microplate
reader.[47] The percentage of cell viability was determined
using the following formula:

Percentage of inhibition %ð Þ¼ 100�Absorbance Sampleð Þ
Absorbance controlð Þ x 100

2.2.7 | In vitro hemolytic activity

Fresh heparinized human blood was collected and
washed thrice with PBS (pH �7.4) by centrifuging at
1000 rpm for 10 min to separate the plasma. The
obtained pellet containing the red blood cells (RBCs) was
resuspended in 20 mL of PBS. Two hundred micrograms
of MgONPs were dissolved in 1 mL PBS. The RBC sus-
pension was treated with an equal volume of MgONPs of
various concentrations (100, 50 25, 12.5, 6.25, and
3.125 μg/mL) and incubated at 25�C for 30 min. The
RBCs treated with Triton X-100 (2%) and PBS (pH 7.4)
were used as the positive and negative control, respec-
tively. After incubation, the mixture was centrifuged at
1000 rpm for 5 min, and the absorbance of the superna-
tant was measured at 540 nm using plate reader.[48] The

percentage of hemolysis was calculated by the following
formula:

Percentage of Hemolysis¼ 100

� Abs:of Sample�Abs:of PBS
Abs:of TritonX�Abs:of PBS

where Abs denotes absorbance.

2.2.8 | Photocatalytic activity

Photocatalytic activity of biosynthesized MgONPs was
studied by the degradation of organic dyes such as methyl
violet, Coomassie brilliant blue G-250, and malachite
green. Twenty micrograms of MgONPs were added to
10 mL of dye solution. Treatment without NPs served as
control. The reaction mixture was kept dark for 1 h and
then placed under direct sun irradiation. The absorbance
was recorded at regular intervals until the solution
turned colorless. The following formula calculated the
percentage of decolorization:

Percentage of decolorization¼C0�C
C0

�100

where C0 is the initial concentration of the dye solution
and C is the concentration of dye solution after photoca-
talytic degradation.[49]

2.2.9 | Seed germination

The green-synthesized MgONPs were used to investigate
the effect of seed germination using the seeds of Vigna
radiata (Green gram). The seeds were surface sterilized
using 70% ethanol, Tween20, mercuric hypochlorite, and
deionized water. The sterilized seeds were soaked in deio-
nized water for 3 h. Healthy seeds were then immersed
in MgONPs suspension for 2 h. The seeds were then
transferred onto absorbent cotton containing deionized
water. The set-up was maintained under the aseptic con-
dition at room temperature. The germination was moni-
tored at regular intervals.[50]

2.3 | Statistical analysis

The data collected on the various parameters for this
experimental study were analyzed.

The mean ± standard deviation of three independent
readings was used to express the values.
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3 | RESULTS AND DISCUSSION

Different factors like the pH, temperature, volume of
the plant extract, and the molarity of MgCl2 solution
were modified to obtain the NPs. Based on all the
parameters analyzed the ratio of 9:1 (salt
solution:extract) exhibited a color change from colorless
to a typical dark brown color. This color change after
15 min of interaction indicated the formation of
MgONPs, whereas the other vials did not give rise to
the desired color change nor exhibited the spectral
properties that correspond to that of MgONPs. Thus,
the MgONPs with desirable properties were synthesized
using bract extract of Musa acuminata bract as a bio-
reductant at pH 12, using 100 mM salt concentration at
a temperature of 80�C.

3.1 | Characterization

3.1.1 | UV–visible spectrometer analysis

The shape, size, and distribution of NPs in the colloidal
matrix influence the surface plasma resonance (SPR)
band. The SPR pattern depends on the size, the shape

of the metal particles, and the dielectric properties of
the medium used to synthesize the NPs, stabilizing mol-
ecules on the surface of the NPs.[51,52] A single plasma
resonance peak at 385 nm for MgONPs was observed
upon spectrometric analysis (Figure 1), which con-
firmed the reduction of Magnesium chloride to
MgONPs.

The SPR absorption may be due to the interaction
of free electrons of the MgONPs and the light wave.[53]

According to Mie's theory, spherical nanoparticles show
only a single SPR band, whereas anisotropic particles
show two or more SPR bands depending on the shape
of the NPs.[54,55] The single peak in the UV–Vis
spectrum indicates the prepared nanoparticles were iso-
morphological.[56] Phytochemical constituents such as
alkaloids, tannins, phenols, and flavonoids in the bract
extract act as bio-reducing agents resulting in the for-
mation of MgONPs.[57] They attune the morphology,
surface chemistry, shape and size, and minimize the
agglomeration/aggregation of the NPs.[58] The capping
agents regulate the stability and functionalization of the
NPs in the medium in which they are suspended.[59] A
similar pattern of SPR behavior in the range of
300–400 nm was reported for MgONPs by previous
researchers.[1,9,43]

FIGURE 1 UV–Vis spectra of magnesium oxide nanoparticles (MgONPs) synthesized using the bract extract of Musa acuminata flower.
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3.1.2 | Fourier transform infrared
spectroscopy (FT-IR)

FTIR analysis was performed for wave number VS trans-
mittance in the scan range of 500–4000 cm�1 to identify
the interactions of synthesized MgONPs using bract
extract of Musa acuminata (Figure 2).

FT-IR spectra of MgONPs exhibit a broad peak at
3301 cm�1 (OH stretching), 2127 cm�1 (C C ; alkyne
stretching), and 1638 cm�1(C O stretching) and found
that the stretching vibration mode in the range of
601 and 890 cm�1 indicates the formation of Mg O Mg
bonds.[60,61] Molecules that contain the functional group
C O C, C O , C C , and C O have been

reported to act as reducing agents in green synthesis.[62]

The marginal shift in the peak position and absence of a
few peaks indicate plant compounds acting as reducing
agents.[1]

3.1.3 | XRD analysis

XRD analysis of MgONPs (Figure 3) showed significant
peaks at 37.1�, 42.4�, 62.5�, 74.7�, and 78.70�, respectively,

representing (111), (002), (200), (113), and (222) planes,
indicating the formation of the polycrystalline structure
of MgONPs. The results are in agreement with Interna-
tional Center for Diffraction Data Card (JCPDS
No. 87-0653).[60] XRD pattern shows an intense orienta-
tion peak (111), revealing the high crystallinity of the
synthesized NPs. The size of the NPs calculated by the
Debye–Scherrer formula was 13 nm. The few peaks in
the spectrum indicate the lack of metallic impurities.[9]

3.1.4 | SEM–EDX

The surface morphology of the green synthesized
MgONPs and the quantitative chemical composition
were investigated by SEM–EDX. The SEM images
showed spherical MgONPs with an average size of
24.85 nm (Figure 4a,b). SEM images show the sizes of the
metallic core of the particle and also the particle size
accuracy scales with the SEM image resolution.[63] The
small average size of the NPs plays an important role in
antibacterial activity; the smaller the size, the greater the
antibacterial activity.[64] The EDX profile contains Mg
and O with a weight percentage of 68.55% and 31.45%

FIGURE 2 FT-IR spectrum of (a) bract extracts of Musa acuminata flower; (b) MgONPs.
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with an atomic percentage of 58.92% and 48.92%
(Figure 5). The formation of MgONPs was confirmed
with the energy peak between 0.5 and 1.5 KeV.[65]

3.1.5 | Antibacterial assay

The minimum inhibitory concentration (MIC) was deter-
mined for five bacterial strains: Bacillus subtilis, Escheri-
chia coli, Staphylococcus aureus, Vibrio harveyi, and
Vibrio parahaemolyticus using biosynthesized MgONPs
in the concentration ranging from 6, 3, 1.5, 0.75, and
0.375 μg/mL (Figure 6). The MIC of the MgONPs was
1.5 μg/mL. Growth of all the test bacteria was completely
inhibited with the highest tested concentrations of 6 μg/
mL. As the concentration of the drug reduced gradually,
there was an increase in the growth of the microorgan-
isms. NPs have been reported to be more susceptible to
Gram-negative bacteria than Gram-positive bacteria, as
the latter have a thick peptidoglycan layer, which acts as
a barrier and prevents the entry of the nanoparticles.[66]

The negative charge of the lipopolysaccharide in the
Gram-negative cell wall facilitates the adhesion of the
nanoparticles.[65] There are several mechanisms proposed

for the antibacterial effect of MgONPs. These NPs gener-
ate certain levels of H2O2, which induces oxidative stress
in the cell. The interaction of NPs and cell surfaces dis-
rupts the membrane integrity of bacteria.[67] The mem-
brane damage causes leakage; thereby, irreversible
oxidation of biomolecules (Proteins, DNA, lipids) occurs,
leading to the cell's death.[68]

It has been proposed that NPs generated by using
plant extract intercalate between the purine and pyrimi-
dine and disrupt the hydrogen bond, thereby denaturing
the DNA molecules.[69]

3.1.6 | In vitro cytotoxicity assay

In vitro cytotoxicity of MgONPs was assessed on the
breast cancer (MCF-7) and Vero cells line (Figure 7). The
IC50 of MgONPs was 113.56 and 785.69 μg/mL against
MCF-7 and Vero cells respectively. This difference in tox-
icity may be due to the colloidal stability of the NPs. NPs
infiltrate the cancer cells more efficiently than normal
cells.[70] These NPs may accumulate in mitochondria and
reduces the membrane potential, which interrupts ATP
synthesis leading to the formation of high amounts of

FIGURE 3 XRD spectrum of MgONPs.
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ROS.[20] ROS play an important role in cell death, which
causes oxidative DNA damage by way of single and
double-strand breaks, mutations, and generation of oxi-
dized nucleotides.[71] The metal ions from nanoparticles

play a key role in cytotoxicity.[72] NPs are internalized by
nonspecific or specific endocytosis and remain in the
cytoplasm or inside the intracellular vesicles. The ions
released by the NPs may enter the nucleus and damage

FIGURE 4 SEM micrograph of MgONPs.

FIGURE 5 EDX spectrum of MgONPs.
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FIGURE 6 Antibacterial activity of MgONPs.

FIGURE 7 In vitro cytotoxicity of MgONPs on breast cancer cell line, MCF-7, and on normal Vero cell lines.
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the DNA either by fragmentation or hypermethylation or
arrest the cell cycle.[73] In vitro toxicological studies of
MgONPs on human peripheral mononuclear cells
(PBMC) showed no alternations in cell viability or mem-
brane integrity. They had no cytotoxic effect on control
cells, demonstrating its safety as a medicine.[74]

3.1.7 | In vitro hemolytic activity

The hemolytic assay revealed a dose-dependent effect of
MgONPs on the red blood cells (RBCs) In vitro
(Figure 8). The percentage of hemolysis at concentrations
of 100, 50, 25, 12.5, 6.25, and 3.125 μg/mL was found to
be 8.18%, 2.69%, 2.39%, 1.49%, and 1.19%, which indicates
that as the concentration of the NPs increased the per-
centage of hemolysis increased.

The results show that hemolysis was directly propor-
tional to the concentration of the NPs. According to the
American Society for Testing Materials guidelines, the
biocompatibility of compounds with >2% hemolysis are
designated as no hemolytic, 2%–5% slightly hemolytic
and >5% hemolytic.[75] The study proves that the

synthesized MgONPs are non-toxic at the lowest tested
concentration. The smaller size of NPs aids effective pen-
etration into the cell; larger surface availability improves
interaction and interferes with the cell's metabolism.
Hemolysis occurs due to the size, surface chemistry, and
physiochemical properties of the NPs. It is attributed to
the reductive/oxidative process of interfacial charge inter-
actions with RBCs.[76]

3.1.8 | Photocatalytic activity

The photocatalytic activity of MgONPs was studied by
the degradation of methyl violet, Coomassie brilliant blue
G-250, and malachite green (Figure 9a–c). At 60 min
duration, the NPs showed the highest degradation of
methyl violet by 96.12%, followed by Coomassie brilliant
blue G-250 (95.13%) and malachite green (94.24%). Metal
oxide NPs can absorb light and produce a charged separa-
tion that can oxidize or reduce organic compounds or
dyes.[77,78] Light from the sun's irradiation can be
absorbed by the catalyst and the dye molecule. Activation
of MgONPs takes place on exposure to UV or visible

FIGURE 8 Percentage of RBC hemolysis by MgONPs.
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light; the photogenerated electrons are transferred from
the valance band to the conduction banding. These elec-
tron/hole pairs (e�/h+) are responsible for the redox
interaction of the adsorbed organic dyes on their
surface.[1]

3.1.9 | Seed germination

The effect of the synthesized MgONPs was tested on the
germination of Vigna radiata. At a test concentration of
10, 30, and 50 mg/mL, the length of the shoot (7–12 cm)

FIGURE 9 Photo degradation of

dye by MgONPs: (a) Coomassie brilliant

blue, (b) methyl violet, (c) malachite

green.
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and roots (2–3.5 cm) were enhanced compared with the
control (Figure 10a,b). Leaf induction counts were more
(4–8 leaflets per plant) as the concentration of the NPs
increased (Figure 10c). Mg is a macronutrient essential
for plant growth, and the ions play a major role in acti-
vating enzymes involved in seed germination.[79] NPs
increase seeds' water and nutrient absorption capacity by
increasing the nitrate reductase enzyme level.[80] NPs
may also help in the reduction of antioxidants stress of
plants by reducing H2O2 and superoxide radicals and
increasing the activity of superoxide dismutase, ascorbate
peroxidase, guaiacol peroxidase, catalase, and so on.[81]

4 | CONCLUSION

The economic perspective and viability of green synthesis
of NPs are of significant interest. This study reports the
green synthesis of MgONPs using bract extract of Musa
acuminate flower and their potential bioactivity. The size
and morphology of the MgONPs confined the antibacter-
ial targeting potential and the cytotoxicity. For the

photodegradation of organic dyes in wastewater,
MgONPs may prove to be a useful and versatile catalyst.
The biogenic magnesium nanoparticles demonstrated
good seed germination efficiency, indicating their poten-
tial to enter seed coat as a microelement source. To
understand mechanism of its plant growth promotions,
further extensive research is needed. Improving depend-
able metallic NP synthesis for commercial feasibility that
is comparable with conventional methods would be a
stride in applied nanotechnology.
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