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Abstract

Magnesium oxide nanoparticles (MgO NPs) were synthesized by a green method
using the peels of Persimmon extract as the reducing agent , magnesium nitrate, and
NaOH. This method is eco-friendly and non-toxic. In this study, an ultrasound
device was used to reduce the particle size, with the impact on the energy gap was
set at the beginning at 5.39 eV and then turned to 4.10 eV. The morphological
analysis using atomic force microscopy (AFM) showed that the grain size for MgO
NPs was 67.70 nm which became 42.33 nm after the use of the ultrasound. The
shape of the particles was almost spherical and became cylindrical. In addition the
Field-Emission Scanning Electron Microscopy (FESEM) analysis showed that the
average particle size was reduced and the spherical shape was changed into
cylindrical flakes. The antibacterial activity of MgO Nps was measured against both
gram positive and negative bacteria (Staphylococcus aureus and Escherichia coli,
respectively) for both the synthesized and the scaled-down particles by the
ultrasonic. MgO NPs showed an efficacy at a minimum inhibitory concentration
(MIC) of 500 pg/ml, with the better effect being observed after the ultrasonic
treatment of the MgO NPs.

Keywords: Magnesium oxide nanoparticle, Green method, Atomic Force
Microscopy, Bacteria, Ultrasonic processor, and minimum inhibitory concentration
(MIC).

8alaal) Lgiulledg MgO M 3:133&\ al.;:UaJS Z\,;.al:wd\ uaibadll (e LA\JAJ padY) aalgll)
Ll
30.411\9 ul\fﬂ ¢ 2@\.«4 .\$ Bals cltu.nl; u.\:!j ‘*lglﬁ J.b
sk daals ¢ il ashell LIS ¢ pLjudl) aud'
Cany drala ¢ aglall LS ¢ clal) o’

Lhall ¢ Lahal Galaally deliall i ¢ AuslaSy silly 2ibasl) Cigadl 5S,0°

adal)
D38 aliiue aladiuly ¢lyadll daylay (MO NPS) dugilil asiiall | amesl cilisja aiaal
0da Lf el e Aull dpra J\.Ef)}al\ »3a .NaOH K] (';M\ s ¢ d\)ﬁ;\ JlaS an:wa),\&\

*Email: rand_ali90@yahoo.com
266



Ali et al. Iragi Journal of Science, 2020, Vol. 61, No. 2, pp: 266-276

Al sgad o il ISy cilaseall pan il Adgeal) (358 Clasall Slea pladial & ¢ Al
LA Bl eae pladiul oaslshysall dalaill elily cclgd 4,10 ) absas 5 cdb 5.39 Ay
Aadiul aes jiesils 42.33 mualy jigl 67.70 oIS MgO NPs (1 51l aaa of (AFM)
el ¢l ) DLyl L skl maals L L)€ liall IS8 OISy ¢ Adgeall (B5b Clasdll
Oy omidil 8 @B aas daugie ol (FESEM) g 5SN) ililasd Jgual) asall gl Jolas
e IS ilie MO Nps 1 LyaSull sabiaal) ddladl) (bl o3 Lilshand 3308, ) Jsat (5 S0 J<a)
e Js gl s\=(Escherichia coll) s (Staphylococcus aureus) 3l L sall Lyl
Ladl 350 o) MgO NPs cujelils ¢ diigeall (Bsi Cilagall daulys Sypcadlly daicadl clasall
Al (358 Glagall ileaMgO NPs I Jumdl 53l ae da [ ol s 500 3 (MIC) oY)
Introduction
Modern studies show that the metal oxide and metal nanomaterials demonstrate noticeable positive
results in many fields [1-4]. Metal oxide nanoparticles attracted attention due to their increased use in
various fields such as cosmetics, electronics, material sciences, catalysis, environment, energy and
Biomedicine [5, 6]. MgO nanoparticles have interesting applications in microelectronics, diagnostics,
and biomolecular detection. Green synthesis of MgO nanoparticles was carried out using the peels of
Persimmon extract for the predominantly ecofriendly processing with remarkable novel technologies
[7]. MgO is considered as a safe material for humans and animals. There are several methods for the
synthesis of nano-sized MgO particles, including laser deposition, sol- gel , hydrothermal synthesis ,
aerosol synthesis, and chemical gas deposition [8, 9]. The toxicity of metal oxide nanoparticals and
their antimicrobial activity are attracting very much research. Among such oxides is the MgO with its
low cost and eco-friendly properties, while its toxicity is conferred by the production of reactive
oxygen species (ROS) [10]. MgO NPs were shown to have antimicrobial activities against different
microbial species, especially bacteria [11], which needs to be further investigated on different levels.
Persimmon is also named kaki, which has been cultivated in Japan for several centuries. It is believed
to have originated in southern China. The fruits of kaki are astringent until fully ripe. Persimmon
contains many biologically active compounds, such as tannins, carotenoids, flavonoids, steroids,
naphthoquinones, terpenoids, sugars, minerals, amino acids, and lipids [12]. In general, the peel was
seen as a waste matter, although recent studies have shown that peel contains biologically and
nutritionally beneficial compounds [13]. Ultrasound is a very active processing method in the
application and generation of nano-size materials. In general, ultrasonic cavitation in liquids may
cause fast and complete degassing; it accelerates chemical reactions by facilitating the mixing of
reactants; it enhances polymerization and depolymerization reactions by temporarily dispersing
aggregates or by permanently breaking chemical bonds in polymeric chains [14]. Ultrasound is
applied in a vast range of physical, biological and chemical processes. Emulsifying and dispersing are
examples of physical processes. Most of the uses of high-intensity ultrasound are based on the
cavitation effects [15]. The nanoparticles and mini nanoparticles of MgO synthesized using ultrasonic
processor were analyzed as related to their antibacterial activities.
Materials and methods
Green method of synthesis of MgO NPs
Preparation of hot agueous extracts of the Persimmon peels
Fresh fruits of Iranian origin were bought from the markets, washed with water and distilled water
several times, peeled and dried in an 40 ° C oven. They were grinded with an electric grinder and a
soft powder of kaki peels was obtained. The powder (15 gm) was mixed completely with 200 ml of
boiled distilled water and then homogenized on a magnetic stirrer. The final product solution was
extracted by centrifugation at 4000 rpm for 25 min, and thereafter kept at 4C untill use [16] .
Synthesis of MgO NPs by hot aqueous extract of the Persimmon peels
An aliquot of 40 ml aqueous extracts from the peels of Persimmon (P.P) was heated at 60 ° C on a
magnetic stirrer, then 0.1 M (40 ml) of magnesium Nitrate Mg(NO3)2.6H20 was added and kept on
stirring condition at 1500 rpm. After reaching the required temperature, 2M NaOH solution was added
drop-wise into the reaction mixture to achieve a pH between 10-12. A solution of Mg (OH), was
formed after adding the alkaline solution and left for 2hr until its color changed to a brown color, as
shown in Figure-1. The solution was then centrifuged at 4000 rpm for 15min. The precipitate was
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placed in the oven at 400° C for 3hr. A white powder was obtained and collected carefully, as shown
in Figure-2, then kept for characterization purposes.
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Figure 1-Magnesium oxide nanoparticles by green method.(a) before adding NaOH (b) after adding
NaOH.

Figure 2-Magnesium oxide nanoparticles powder by green synthesis.

The synthesized MgO NPs (0.1mg) was mixed with 100 ml of distilled water and processed in an
ultrasonic processor device at 750 Watt and 20 kHz .The device operated for 5 days with 1land a half
hours a day (10: 5 seconds of working: resting cycles).

The synthesized MgO nanoparticles and the reduced grain size of MgO NPS were characterized
by X-ray diffraction (XRD), UV-visible spectroscopy, atomic force microscopy (AFM), field
emission scanning electron microscopy (FESEM) and energy dispersive x-ray analysis (EDX).
Antibacterial activity of MgO nanoparticles
Preparation of bacterial culture solution

Two previously-identified bacterial strains (Staphylococcus aureus and Escherichia coli) were
obtained from Biology department — College of Science /University of Baghdad. Each strain was
subculturted in nutrient broth and incubated for 18 hr. at 37 °C, and then used as a bacterial stock
solution for further experiments.

Minimal Inhibitory Concentration (MIC)

Antibacterial activity of MgO NPs was examined against pathogenic bacteria S. aureus (Gram-
positive) and E. coli (Gram negative) using MIC examination in a microtiter polysteren plate with 96
flat bottomed wells. The freshly bacterial subcultures were prepared before starting the experiment by
inoculating the bacteria in a 10 ml nutrient broth test tube and incubated for 18 hr. at 37 C. Different
concentration of MgO NPs (250, 500, 1000, and 2000 pg/ml) were used and 100 pl of each MgO NPs
concentration was mixed with 100 pl bacterial growth (after adjusting its concentration to 1.5*10°
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cell/ml, 0.5 MacFerland turbidity) in each well of the microtiter plate. The lowest concentration of
MgO NPs that showed no detectable growth was determined as MIC. A volume of 100 pl was
transferred from the bacterial culture at the MIC as well as the previous higher concentration and
spread on sterile nutrient agar plates, which were then incubated at 37 C for 24 hr. The lowest
concentration of MgO NPs that killed 100% of the bacteria was determined as the Minimal
Bactericidal Concentration (MBC) [17].
Resazurin microplate assay

The test was performed in a microtiter polysterene 96 well plate as described by Coban (2012)[18],
using the broth microdilution method with modifications. Resazurin powder was dissolved in
phosphate-buffered saline (PBS), pH 7.5, to a final concentration of 0.1 mg/ml. VVortex mixer was used
to ensure that the powder was well-dissolved. Fifty microliters of nutrient broth was dispensed into the
1st to the 6th well in two rows, while 50 pl of each MgO NPs concentration was pipeted into the 1st to
the 3rd well in two raws for the ultrasonic-treated MgO NPs and into the 4th to the 6th well in two
raws for the ultrasonic-untreated MgO NPs. Five microliters of bacterial suspention (at 0.5
MacFerland turbidity standard with aproximately 1.5*10° cell/ml bacterial concentration) was
inoculated into each previous well (1st raw with E coli bacterial growth and 2nd raw with S aureus
bacterial growth). The plate was then covered loosely to avoid dehydration of the well suspention and
incubated aerobically at 35C for 18hr. After incubation of the broth microdilution plate, 15 pl of the
dye was added to each well and mixed using an electronic multichannel dispenser. The plates were
incubated for an additional 75 min at 37 € (Figure-10). The change in blue color into pink indicated
live bacterial cells while the maintanence of the blue or purple color indicate thed inhibited or killed
bacterial cells.
Results and discussion
X-ray Diffraction

The cubic crystal system of the synthesized MgO was confirmed by the XRD (Figure-3). The 20
peak positions were well identified with the JCPDS NO: 00-045-0946. Also, the crystalline size was
evaluated by the following Debye Scherrer’sformula
D=0.944/p cos 0

The crystalline size values and structural parameters of MgO NP, synthesized by the green method
are shown in Table-1. The results agree with those of EL-Moslamy et al. (2018) and Balraj et al.
(2018) [19, 20]. The calculated crystallite size of the MgO NPs shows that the nanoparticles were
prepared in the quantum confinement system, as shown in Table-1. There were no impurities, while
the extra peaks in the synthesized material and the sharp peaks specified that the material is purely
crystalline in nature.
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Figure 3-XRD patterns of MgO NPS powder.
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Table 1-Crystalline size and structural parameters of MgO
Crystalline size

20 FWHM
(Deg) (Deg) D(nm) Hkl
37.001 0.0056 25.68 (111)
42.991 0.0058 25.62 (200)
62.363 0.0061 26.55 (220)
74.71 0.0059 29.23 (311)
78.65 0.0057 30.96 (222)

The optical absorption analysis

UV-VIS is the optic absorption spectrum [21]. The absorption spectra of the MgO were recorded
within the wavelengths of 200-800. From Figure-4, it can be observed that , at absorbances of 240 nm
and 310 nm, there were shifts towards the larger wavelength after treatment with the ultrasonic
processor , leading to a decrease in the energy gap from 5.16 eV to 4. 0 eV. This result agrees withthat
of Moorthy et al. (2015) and Sivalingam et al. (2012) [5, 22].
The energy band gaps of MgO NPs were calculed by the following formula
E=hc/A

It was observed that the shift in the increasing wavelength leads to a decrease in the energy gap
from 7.8 eV in the bulk MgO to 5.16 eV in the MgO NPs synthesized by the green method. This is
possibly due to the increase in the aggregation of MgO NPs. This occurs because of defects that
accompany the preparation of MgO NPs [9, 22].
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Figure 4-UV—Visible spectrum of MgO NPs (a) before treatment, (b )after treatment with ultrasonic
waves.

Atomic Force Microscopy (AFM)

Atomic force microscopic examination allows identifying the plot topographies representing the
surface elevation and the structure of the surface. This technique refers to digital images that allow
guantitative measurements of surface features, such as root mean square roughness (Rq) , average
roughness (Ra) and the analysis of images from different perspectives, including 3D simulation [23].
Figure-5 illustrates the three dimensional AFM images and granularity distribution of the MgO NPs
synthesized by the green methods. It is important to note that the mean values were obtained and
showed a statistical variance, depending on the location of the measurements performed on the
samples. The average grain size for the MgO NPs was 67.73 nm, as show in Table-2, and It can be
seen that the nanoparticles were approximately spherical.
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Table 2-The information of the diameter in AFM analysis, volume %, and cumulation % of MgO
nanoparticles

Avg. Diameter:67.73 nm <=10% Diameter:0 nm

<=50% Diameter:60.00 nm <=90% Diameter:80.00 nm

Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio
nm)< (%) n(%) nm)< (%) n(%) nm)< (%) n(%)
60.00 27.43 27.43 80.00 7.08 88.50 100.00 0.88 97.35
65.00 24.78 52.21 85.00 5.31 93.81 105.00 0.88 98.23
70.00 20.35 72.57 90.00 1.77 95.58 115.00 0.88 99.12
75.00 8.85 81.42 95.00 0.88 96.46 145.00 0.88 100.00

Granulasity Cumulation Distibution Chant
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Figure 5-AFM images before treatment with ultrasonic processor (a) three dimensions, and (b)
histogram of the distribution of grain size.

Figure-6 clarifies the image of three dimension and the distribution of granularity accumulation of
MgO NPs after treatment with thw ultrasonic processor. The average grain size of MgO NPs treated
with ultrasonic processor was 42.33 nm, as show on Table-3 . It can be seen that the nanoparticles
were approximately cylindrical. This result corresponds with that of the UV-Vis analysis.

Table 3-The information of diameter in AFM analysis, volume % and cumulation % of MgO
nanoparticles after treatment with ultrasonic processor.

Avg. Diameter:42.33 nm <=10% Diameter:0 nm
<=50% Diameter:40.00 nm <=90% Diameter:45.00 nm
Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio | Diameter( | Volume | Cumulatio
nm)< (%) n(%) nm)< (%) n(%) nm)< (%) n(%)
43.00 10.52 5.52 44.00 12.34 40.19

40.00 12.34 27.85 45.00 11.04 43.23 38.00 8.76 40.00
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Figure 6-AFM images after treatment with ultrasonic processor (a) three dimensions, and (b)
histogram of the distribution of grain size.

Field Emission Scanning Electron microscopy (FE-SEM)

Figure-7 shows the surface morphology of MgO nanoparticles that were obtained using the FE-
SEM image. By analyzing the image, it shows that the synthesized MgO NP; were approximately
spherical with an average diameter of 36.74 nm. In addition, they were aggregated and formed
predominantly dense and irregular sharped flakes.
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Figure 7-The surface morphology of MgO NPs By FE-SEM (a) 200nm(b) 1um.

The FESEM analysis for MgO NP with ultrasound effects was obtained as shown in Figure-8,
with an average size of 23.88nm. There have been a noticeable change in the shape after using the

ultrasonic mixer; the spherical shape was changed into cylindrical flakes with a homogeneous and
almost uniform distribution for magnesium oxide nanoparticles .
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SEM MAG: 140 kx WD: 4.78 mm el MIRA3 TESCAN SEM MAG: 35.0 kx WD: 4.79 mm m | MIRA3 TESCAN
Det: SE SEM HV: 15.0 kV 200 nm Det: SE SEM HV: 15.0 kV 1pm

Date(m/dly): 06/10/19 Bl: 15.00 Performance in nanospace Date(m/dly): 06/10/19 BI: 15.00 Performance in nanospace

(@) (b)
Figure 8-The surface morphology of MgONP; processed by ultrasonic, (a) 200nm (b)1pum.

EDX spectrum was recorded, as shown in Figure- 9 which shows a clear peak corresponding to Mg
and O. Additional peaks of C, Si, Ca and Na were recorded. This result agrees with Hielscher, ( 2007)
[16]. A strong peak was obtained at 1.1 keVV to 1.3 keV for magnesium , while an oxygen peak was
obtained around 0.2-0.4 keV. The observed strong peaks can be correlated to the formation
mechanism to confirm the purity of the synthesized materials.
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Figure 9-EDX analysis of the synthesized MgO nanoparticles.

Antibacterial activity of MgO nanoparticles
Antibacterial activity by MIC assay

The anibacterial activity of MgO NPs was detected against both S.aureus and E.coli pathogenic
bacteria . The MIC value of MgO NPs against E.coli and S.aureus was 500 pg/ml with ultrasonic
treatment. Whease the MgO NPs without ultrasonic treatment showed no effect against E.coli,
although a higher concentration was used (2000 pg/ml)which showed the same MIC value against
S.aureus at 500 pg/ml. The MgO NPs in general were previously shown to have antibacterial activities
[24, 25]. Green synthesis of nanoparticles from this oxid metal is superior to chemical syntheses in
different ways [26]. In this study, we used the peels of Persimmon extract in the green synthesis of
MgO NPs, which showed antibacterial activities especially against Gram positive bacteria ( S. aureus).
This may be explained by the differences in the cell wall of Gram positive and Gram negative bacteria
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[27]. The presence of active oxygen, such as superoxide, on the surface of the synthesized MgO NPs
may be one of the reasons behind the significant antibacterial activity by causing cell death related to
the cell membrane damage [28]. The results also showed the positive effects of using ulrasonic
treatment for the produced MgO NPs on inhibiting the growth of bacteria. This can be attributed to the
ability of the ultrasonic treatment to maintain the nanoparticles flouting and dispresed in the
suspension rather then being aggregated as a sediment with no effect. In other words, ultrasound
disruption shows more energy and reach higher levels of powder fragmentation [29], which enhance
the effects of the MgO NPs against the pathogenic bacteria that grow in the broth suspention.
Antibacterial activity by resazurin microdilution assay

Antibacterial activity by resazurin was used as a confirmatory assay (growth indicator ) of the MIC
assay. In the 250 pg/ml treated wells, viable bacterial cells were detected (pink color) for both E .coli
and S.aureus after 75 min of incubation (Figure-10). After incubation with 500 ug/ml, nanoflakes
the non-viable cells started to be detected (purple color) (Figure-10), whereas totally non-viable cells
were seen ( blue color) at 2000 and 1000 pg/mi-treated samples. Growth was highly inhibited when
the bacterial cells were incubated with MgO NPs treated with ultrasonic processor at a concnetrattion
of 1000 pg/ml nanoparticles. From this assay, it was observed that the population of dead cells was
increased with the increase of concentration. Furthermore, very low viability/growth of S. aureus was
seen after incubation with 500, 1000 and 2000pug/ml of MgO NPs compared to control and compared
to E.coli where. It was also observed that the population of dead cells increased in the concentrations
of 2000 and 1000 of MgO NPs treated with ultrasonic mixer. The data obtained is similar to MIC
assay , which gives a good indication for the useful and simple use of resazurin in the detection of the
antibacterial activity of different nanopartical materials since this assay was used in different other
materials sugh as plant extracts and essential oils.

| - o p ‘ e - "" - - B -
Figure 10-Plates after 75min. of modified resazurin assay. Pink color indicates growth and blue color
means inhibition of growth.

Conclusion

This research is the result of biological synthesis and reduced particle size by ultrasonic treatment
of MgO NPs and their ability to be applied as antibacterial agents. XRD confirms the molecular
structure of MgO nanoparticles with a crystal size of 25.62 nm. Analyses of FESEM and AFM show
the spherical nature of the MgO NPs prior to ultrasound processing. The effect of ultrasound reduced
particle size and changed their shape from spherical to cylindrical. MgO Nps showed a minimum
inhibitory concentration (MIC) at 500 pg / ml with a better effect for the ultrasound-treated sample.
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