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Abstract. In this paper we studied the efficiency of magnesium oxide (MgO) nanoparticles with an average size of 27
nm synthesized by a simple soft chemical method, in killing both Gram negative and Gram positive pathogenic bacteria.
The antibacterial activity was determined by a minimum inhibitory concentration technique, agar cup method and live count
technique. These nanoparticles show the maximum antibacterial activity towards Bacillus sp. in comparison with Escherichia
coli. Transmission electron microscopy analyses of the treated-bacterial strains showed a morphological deformation with
increased cell wall disruption. From the analysis of the antibacterial activity of MgO nanoparticles it is revealed that
6 μg ml−1 of dose is sufficient for killing Bacillus sp. whereas it is 7.5 μg ml−1 for E. coli. These doses may be used
in medical application. MgO nanoparticles could be used as antibacterial agents after completion of successful in vivo
trials.
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1. Introduction
In the last decade numerous antibacterial entities of different
sizes have been explored. Few of these entities, which show
good medical application, have the property to show cytotoxicity against microorganisms but not against mammalian
cells [1]. The inorganic nanoparticles at low concentrations
are more effective to show their antibacterial activity [2]. The
high-specific surface area is responsible for the antibacterial
activity of the microorganism [3–5]. Magnesium oxide (MgO)
nanoparticles possess good antibacterial activity in addition
to their physico-chemical characteristics. The antibacterial
activity of MgO nanoparticles lies in the fact that they generate superoxide radicals (viz. O−
2 ) by reacting with oxygen on
the bacterial cell surface. These superoxide radicals have extra
electrons that are very reactive and damage the proteins and
phospholipids of the bacterial membrane [6,7]. It has been
reported that nano-sized MgO also acts against food borne
pathogens [8]. To prepare MgO nanoparticles various types
of techniques are adopted such as the combustion technique,
co-oxidation technique, sol–gel technique, etc. [9,10]. The
effect of MgO nanoparticles on the eukaryotic system depends
on its cytotoxicity, absorptive and swelling in human cardiac
microvascular endothelial cells has also been studied [11]. To
synthesize MgO nanoparticles, we have used a simple soft
chemical technique. This is a low-cost, eco-friendly method
to produce large-scale MgO nanoparticles. In this method by
controlling the calcination temperature of the material and pH
of the reaction media, a uniform and narrow size distribution
0123456789().: V,-vol

of MgO nanoparticle is produced. In this work Escherichia
coli and Bacillus sp. as representatives of Gram negative and
Gram positive groups are considered to analyse the antibacterial activity of MgO nanoparticles with an average crystalline
size of 27 nm. These bacteria in addition to their role as normal microflora of the human colon are also known to cause
severe diseases at times. Among the diseases caused by some
strains of E. coli are severe abdominal cramps, diarrhoea and
haemolytic-uraemic syndrome and urinary tract infections
[12]. Diseases such as meningitis, endocarditis, osteomyelitis,
pneumonia, musculoskeletal infections, ocular infections and
eye infections are known to be caused by some of the Bacillus sp. strains as well [13]. Nosocomial infections (NI) due
to these bacteria are also a common phenomenon worldwide.
The survey report produced by the World Health Organization
(WHO) within 55 hospitals of 14 countries of WHO regions
found that 8.7% patients had NI. Most of the time 1.4 million
people attacked by the infection complications obtained from
the hospital [14,15]. This present article also deals with the
mechanism of action of MgO nanoparticles with respect to
these two bacteria E. coli and Bacillus sp.

2. Experimental
2.1 Materials
Magnesium nitrate (Mg(NO3 )2 ) (Merck, India), sodium
hydroxide palate (NaOH) (Merck, India) and doubly
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Table for changing shape of bacteria.
Length (μm)

Name of pathogens

Breadth (μm)

MgONP untreated

MgONP treated

MgONP untreated

4.0 ± 0.106
3.08 ± 0.152
∗ F 122.66 >> F
crit 5.31
4.0125 ± 0.065
3.1 ± 0.100
∗ F 292.45 >> F
crit 5.31

E. coli
Bacillus sp.

MgONP treated

1.13 ± 0.107
1.45 ± 0.105
∗ F 22.18 > F
crit 4.96
1.11 ± 0.031
1.3 ± 0.105
∗ F 33.61 > F
crit 5.31

The F values in all the measurements are significantly greater than the Fcrit values as determined by one way ANOVA. Hence, a difference in sizes of
treated bacterial samples is very much significant with respect to untreated ones.

Table 2.

Zone sizes in agar cup media.
Diameter of inhabitation zone

Name of pathogens ↓

E. coli
Bacillus sp.

Concentration of MgO nanoparticle ↓
0 μg ml−1
9 mm
9 mm

1.5 μg ml−1
9 mm
9 mm

2.5 μg ml−1
9 mm
9 mm

3.5 μg ml−1
15 mm
16 mm

5 μg ml−1
17 mm
18 mm

7.5 μg ml−1
19 mm
19.4 mm

Inclusive of bore/well/cup diameter 9 mm.

distilled (DD) water have been used for MgO nanoparticle synthesis. The chemicals have been used without further
purification. Two bacterial pathogens E. coli and Bacillus sp.
were obtained from the Department of Botany, B.B. College,
Asansol, West Bengal, India.

2.2 Synthesis of nanoparticles
To prepare MgO nanoparticles, a 0.2 M magnesium nitrate
solution and a 0.4 M NaOH solution were first prepared in
a beaker so that molar ratios of metal ions to hydroxide ions
remain to be 1:2. The NaOH solution then drop wise mixed to
the magnesium nitrate solution under continuous stirring for
half an hour. The mixture was ultrasonicated for 3 h at room
temperature to form a magnesium hydroxide (equation (1))
colloidal solution.
Mg(NO3 )2 + 2NaOH → Mg(OH)2 + 2NaNO3 .

(1)
2.3 Characterization

The Mg(OH)2 suspension thus formed was separated by centrifugation and then washed several times with DD water by
centrifuging at 8000 rpm at room temperature. Finally, the
suspension was washed with absolute ethanol, dried for 48 h
at 80◦ C and powdered in a mortar. The powdered material was
subjected to calcination at 450◦ C for 1.5 h to obtain nanosized
MgO by following equation (2).
Mg(OH)2 → MgO + H2 O

Figure 1. The XRD pattern of MgO nanoparticles.

(2)

2.3a Microstructural characterization: The formation of
the MgO nanocrystals was recorded by the study of an
X-ray diffraction (XRD) pattern. The XRD patterns of these
experimental samples were analysed by using the X’Pert
Pro X-ray diffractometer (Panalytical, Almelo, Netherlands)
using a nickel filter in the presence of Cu-Kα radiation with
a wavelength of 1.5414 Å in the range of 20◦ ≤ 2 θ ≤ 80◦ .
Transmission electron microscopy (TEM, JEOL 2011) evaluation was performed to record the particle dimension, check
the crystalline property and the morphology of the prepared
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Figure 2. (a) Transmission electron micrograph of MgO nanoparticles. (b) Selected area diffraction patterns of MgO
nanoparticles from the TEM image.

samples. For the TEM study of nanoparticles, ground samples
were dispersed in ethanol by ultra-sonication and then a single
drop was fling onto a copper grid coated with carbon.
The morphology of the pathogens used in this work was
also studied by TEM with an accelerating voltage of 200
kV. For the TEM analysis of E. coli and Bacillus sp., liquid
cultures were treated with their corresponding 1/2 minimum inhibitory concentrations (MIC) which are 3.75 and 3
μg ml−1 , respectively. Untreated cultures were used as control. Cultures grown for 48 h in this way were harvested at
5000 rpm at room temperature. After washing the culture
with 1× phosphate buffer saline twice, the culture was finally
washed with absolute ethanol.
Finally, they were preserved in absolute ethanol with a cell
density of 108 ml−1 until further use. The ethanol-preserved
cultures were then gridded on carbon-coated Cu grid at room
temperature. These grids were then subjected to analysis.
The dielectric constant measurement was performed at an
temperature interval from 333 to 473 K within the frequency
range of 20 Hz–10 MHz using an Agilent E4980A LCR meter.
The dielectric constants ε ( f  ) were calculated according to
the following equation (3):
ε ( f  ) =

Cp t
Sε0

(3)

t is the width of the experimental sample disk, S is the
surface area of that disk and ε0 is the permittivity of free
space.
2.3b Antibacterial assay and MIC: Antibacterial activity
of MgO nanoparticles was determined with the two-bacterial

strains namely E. coli and Bacillus sp. using agar-cup and
live count techniques. For the agar-cup method, nutrient agar
media were poured @ 25 ml per Petri dish of 90 mm diameter. The cups were made with the help of a cork-borer with a
diameter of 9 mm before preparing a lawn of E. coli and Bacillus sp. by a 0.8% top agar overlay technique. Then, different
concentrations of the MgO nanoparticle suspension viz. 0,
1.5, 2.5, 3.5, 5 and 7.5 μg ml−1 were added in the agar cups
and allowed to settle for some time. The Petri dishes were
kept upright at 37◦ C for overnight incubation. The inhibition
zone diameter formed around the cup was measured for each
concentration.
The viable count method was used to determine the MIC
of the nanoparticles. For this, 2 ml of nutrient broth inoculated equally with 100 μl of bacterial inoculums were added
with increasing concentrations of MgO nanoparticles. After
incubation for 48 h, each culture was poured on nutrient agar
plates to allow the live bacteria to grow. The Petri dishes were
further kept at a temperature of 37◦ C for another 48 h incubation and a colony count was recorded. The concentrations
of MgO used were 0, 1.5, 2.5, 3.5, 5 and 7.5 μg ml−1 . Six
cultures each for E. coli and Bacillus sp. strains were propagated in a replica of five and poured accordingly on nutrient
agar plates.
2.3c Statistical analysis: We have considered around 55
bacterial cells for measuring the change of length and breadth
of experimental microorganisms. The standard deviation values corresponding to length and breadth of the pathogens
are shown in table 1. Measurements of the inhibitory zone
diameter have been performed by using five set of nutrient
agar plates. The average values of inhibitory zone diameters
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normal distribution function with a standard deviation of 1.6
nm. The synthesized MgO nanoparticles exhibit a spherical shape and homogeneous crystal structures without any
observable pores. Figure 2b shows the selected area diffraction pattern with few distinct diffraction spots reconfirmed
the formation of MgO crystallites.
Figure 3a shows the increasing property of dielectric permittivity ε ( f ) as the frequency ( f ) decreases at a fixed
temperature. In a low-frequency range a sudden increase in
the real part of the dielectric constant ε ( f ) can be described
about the existence of the large value of degree of dispersion for transferring of charge diffusion within the interfacial
layer between the two electrodes. The decreasing of the ε ( f )
value in a low-frequency range is observed due to the freezing of electrical dipoles through the relaxation method, the
polarization decreases with a change in the applied field and
also charge carriers of the samples are obstructed in the
conducting region due to the inhomogeneous nature of the
sample.
The ac conductivity of crystalline MgO samples is investigated from figure 3b in a frequency interval from 20 Hz
to 1 MHz and a temperature interval from 333 to 473 K.
The conductivity variation with changing frequency at a definite temperature is notable in a higher frequency range but
conductivity is independent in a low-frequency region, this
is the property of dc conductivity. A general property of
the disordered system is the variation of conductivity with
frequencies i.e. ac conductivity (σac ( f )) obeys the power
law with variation of frequency. Net conductivity over a
wide range of frequency can be represented as shown in
equation (4)

Figure 3. (a) Graph of dielectric permittivity of MgO nanoparticles. (b) Graph of ac conductivity of MgO nanoparticles.

are shown in table 2. The statistical analyses for the
significance test were performed using one-way analysis of
variance (ANOVA) at P = 0.05.

3. Results and discussion
3.1 Microstructural characterization
The XRD pattern (figure 1) shows that MgO nanoparticles are well crystalline in nature having an average crystal
size of 9 nm. It is observed from the XRD pattern that
the highest intensity peak is obtained at the (200) crystal plane suggesting the MgO nanoparticle structure being
in the FCC phase (JCPDS 4-0829) which is in accordance
with the crystal structure of MgO nanoparticles reported
elsewhere [16]. The TEM image of the MgO nanocrystals
is shown in figure 2a. The average crystalline particle size
is seemed to be 27 nm calculated by considering a log

σ  ( f ) = σdc + α f s

(4)

where dc conductivity can be represented by σdc , the
temperature-dependent constant is α and frequencydependent constant s < 1. The variation of log(σ ) vs.
log(ω) at different temperatures for the sample MgO crystalline nanoparticles is measured and shown in figure 3b.
The value of the frequency-dependent constant has been
determined for each temperature from the slope of log(σ )
vs. log(ω). The variation of temperature-dependent factor,
‘s’ with temperature is shown in figure 3b. Temperature
dependency of the frequency-dependent constant of the disordered system can be described by some methods like
correlated barrier hopping (CBH) model [17], small polaron
tunnelling [17], electron tunnelling [18] and large polaron tunnelling. Temperature dependency of the frequency-dependent
constant ‘s’ is different for each conduction process. The
charge transport properties may be acquired experimentally from the variation of frequency exponent (s) with a
change in temperature. The frequency-dependent exponent,
‘s’ decreasing with an increase in temperature is measured
for the MgO sample by using the CBH model. By using
the CBH model, hopping of charge carriers between the
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Figure 4. TEM images of: (a) the cell structure of untreated E. coli, (b) the cell structure of E. coli after treatment with
MgO nanoparticles, (c) the outer cell of E. coli after treatment with MgO nanoparticles and (d) the inside cell of E. coli
after treatment with MgO nanoparticles.

sites over the separated barrier potential ‘s’ can be defined
as
6 kB T
s =1−
[WH − kB T ln(1/ωτ0 )]

(5)

where the relaxation time is expressed by τ0 and WH is
the effective barrier height. Variation of frequency exponent, ‘s’ is independent of frequency [19], when WH /kB T
shows a very large value. We fitted experimental data in
the above equation where WH and τ0 are fitting parameters. In the figure, point shows theoretical data and solid
line shows the theoretical best fit value. The best fitted
values of WH and τ0 are 1.27 eV and 5.14 × 10−13 s,
respectively.

3.2 Antibacterial characterization
Figure 4a and b shows the TEM image of the cell structure of E. coli without any treatment with MgO nanoparticles
and after treatment with MgO nanoparticles on it. Similarly,
figure 5a and b reveals the TEM image of the cell structure of
Bacillus sp. without any treatment with MgO nanoparticles
and after treatment with MgO nanoparticles on it. A clear disruption of the cell wall for bacterial strain after the treatment
with MgO nanoparticles is observed. Morphological changes
have been observed in both the bacteria after treatment with
MgO nanoparticles. In addition to this, the overall shapes of
both the bacteria are found to be changed in comparison with
the unused samples. It can be seen from figure 6 that the length
of bacteria decreases and the width of the bacteria increases
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Figure 5. TEM images of: (a) the cell structure of untreated Bacillus sp., (b) the cell structure of Bacillus sp. after
treatment with MgO nanoparticles, (c) the outer cell of Bacillus sp. after treatment with MgO nanoparticles and (d) the
inside cell of Bacillus sp. after treatment with MgO nanoparticles.

when treated with MgO nanoparticles. The specific sizes of
treated and untreated bacteria estimated from the TEM micrograph are summarized in table 1.
The F values in all the measurements of length and breadth
of E. coli and Bacillus sp. are significantly greater than the
Fcrit values as determined by one-way ANOVA. Hence, the
differences in sizes of treated-bacterial samples are very much
significant with respect to untreated ones.
The result of the agar-cup method shows (figure 7)
that there is no effect of MgO nanoparticles up to a
concentration of 2.5 μg ml−1 for both the bacteria. Microbial
activity is only observed when the concentration of nanoparticles is above 3.5 μg ml−1 . The zone sizes in agar cup medium
has been reported in table 2, from which it is evident that
the killing effect is relatively more pronounced in the case

of Bacillus sp. than E. coli. The MIC levels of both these
bacteria are shown in figure 7a and b where the number of
observed colonies per ml are plotted along with dilution factor
5 × 102 with respect to different concentrations of the samples. This result also in accordance with the agar-cup method
showing an MIC of 3 μg ml−1 in the case of Bacillus sp. and
that of 3.75 μg ml−1 for E. coli. Thus, Bacillus sp. seems to be
more sensitive than E. coli as far as the antibacterial activity
of MgO nanoparticles is concerned.
3.3 Discussions
TEM was performed to understand the mechanism behind
the bactericidal effect in both these types of bacteria. The
TEM result reveals two things about MgO. First, it is not
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Figure 6. TEM image for measuring length and breadth of: (a) the cell structure of E. coli without treatment with
MgO nanoparticles, (b) the cell structure of Bacillus sp. without treatment with MgO nanoparticles, (c) the cell structure
of E. coli after treatment with MgO nanoparticles and (d) the cell structure of Bacillus sp. after treatment with MgO
nanoparticles.

able to penetrate the cellular boundary and second, whatever
observable damage it does is restricted on the cell surface.
The explanation for the antibacterial effect of MgO nanoparticles from outside the cell lies in the chemical property of
MgO nanoparticles. The MgO nanoparticles have a large
number of oxygen vacancies in their surface that are adsorbed
on the bacterial cell wall [20]. The superoxide radical formation on the surface of the microorganism signifies the
existence of these oxygen vacancies on the cell surface. Superoxide radicals are highly reactive species, inducing their effect
by disruption of the carbonyl group of the peptide bonds in

the cell wall and the membrane. It has been reported that
MgO nanoparticles induced peptide linkage disruption in
Pseudomonas aeruginosa and E. coli [21]. The MgO
nanoparticle induced superoxide radicals may lead to the
destruction of cell membrane integrity resulting in leakage
of intracellular materials followed by cell death [8,22]. The
principal cause of membrane destruction may be attributed to
the lipid peroxidation induced by these superoxide radicals
particularly H2 O2 [23,24].
Figures 4c, 5c and 4d, 5d show the existence of MgO
nanoparticles outside and inside the cell wall for E. coli and
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Figure 7. (a) Plot of number of colonies of E. coli with respect to the concentration of MgO nanoparticles
to calculate MIC. (b) Plot of number of colonies of Bacillus sp. with respect to the concentration of MgO
nanoparticles to calculate MIC.
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Bacillus sp. The effect is more prominent in the case of the
Gram positive bacterial sample than the Gram negative one.
Secondly, the overall morphology of the bacteria of both the
groups is being altered due to MgO treatment. The cells for
both strain become wider instead of longer. The best possible
explanation for the alteration of the cell size is to increase
the nutrient acquisition capacity by increasing the surface
area to volume ratio [25]. Under MgO-treated conditions,
cells are subjected to nutrient exclusion and to compensate
that they increase their surface area by decreasing their overall size. The apparent shape of a cell is determined by the
geometry of its growing cell wall [26,27]. In this regard proteins like FtsZ, MerB and crescentin are known to govern
the shape of the bacterial cell. The principal protein for cell
wall remodelling is MreB. Depolymerization of this protein
can transform E. coli cells from rod-shape to a spherical
shape [28,29]. Whether, MgO nanoparticles are also affecting the MreB proteins to depolymerize is a matter of further
investigation, but their involvement in remodelling of the cell
morphology seems logical. For the antibacterial activity of
MgO nanoparticles another important parameter to be considered is particle size. When the size of nanoparticle decreases,
the specific surface area of MgO nanoparticle increases. The
effective number of reactive groups on the particle surface
also increases with an increase in the surface area. These reactive groups are supposed to exhibit high-antibacterial activity.
After different experimental procedures it seems to clear that
MgO nanoparticles have dosage dependency for antibacterial activity. In previous work on antibacterial activity of
MgO nanoparticles it was shown that almost >3 mg ml−1
concentration is required to observe the killing effect of E.
coli i.e. Gram negative and Bacillus sp. i.e. Gram positive
[30]. Avanzato et al [31] also showed that greater bacterial
inactivation occurred in high-MgO nanoparticle concentrations [31]. But this dosage (>3 mg ml−1 ) is very high for a
host. In our study it exhibits that good antibacterial properties of crystalline MgO nanoparticles for the concentration
of 7.5 μg ml−1 (for E. coli) and 6 μg ml−1 (for Bacillus sp.)
whereas the average particle size of MgO nanoparticles is
27 nm. These particle sizes and concentrations are very effective to obtain antibacterial activity. The antibacterial activity
reveals that MgO nanoparticles are dynamic antimicrobial
agents. The MIC for Bacillus sp. is found to be 3 μg ml−1
whereas that of E. coli is seemed to be 3.75 μg ml−1 . Therefore it is clearly shown that Gram-positive bacteria shows
better response in less concentration with respect to Gramnegative bacteria.

4. Conclusion
The crystalline spherical MgO nanoparticle with an
average size of 27 nm was prepared by a simple soft chemical
method. The details of the antibacterial activities of the synthesized MgO nanoparticles are studied. From the analysis of
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the antibacterial activity of MgO nanoparticles, it is revealed
that 6 μg ml−1 dosage is sufficient for killing Bacillus sp. and
7.5 μg ml−1 for E. coli. These amounts of dosage may be used
in medical application. The oxygen vacancy in nanoparticles
is adsorbed at the cell wall and forms superoxide radicals
when react with the cell wall and kills bacteria. The extent of
damage caused by the superoxide at the membrane lipid and
its fate after reacting with antioxidant enzymes could only be
confirmed after some enzymatic assays. It is hoped that these
studies will stimulate such an investigation.
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