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Abstract

Synthesis of MgO Nanoparticles by Green synthesis using Trigonella foenum-graecum is a facile method
which can be easily used for various biomedical application. Construction of nanoparticle by this method
makes it compatible for Antibacterial studies. Trigonella foenum-graecum functions as a reducing and
stabilizing agent and the precursor is Magnesium Nitrate. The synthesised MgO nanoparticles was
characterized using UV-Vis spectroscopy. FTIR technique which was used to confirm the presence of
functional groups, X-ray Diffraction (XRD) study was used to confirm the crystalline nature of the
biosynthesised nanoparticle and confirm the size of the nanoparticle as 13nm.GC-MS technique was used
to confirm the presence of stabilizing and reducing functional groups present in the leaf extract. SEM
with EDAX was used to confirm the size, shape and composition of green synthesized MgO
nanoparticle. The effect of green synthesised MgO nanoparticle against gram positive and gram negative
bacteria was also studied. And it was observed that MgO nanoparticle shows significant antibacterial
activity towards both the stains.
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1. Introduction
Green synthesis of MgO is considered as a potential and eco-friendly way towards creation of
Inorganic metal oxide nanoparticle. Inorganic materials such as metal and metal oxides have
attracted a lot of attention over the past decades due to their ability to withstand harsh process
conditions 2, MgO Metal oxides is of particular interest as it is not only stable under harsh
process conditions but also generally regarded as safe materials to human beings and animals
Bl MgO is considered as a very good antibacterial agent compared to organic antibacterial
agents [“61. There are numerous chemical methods available to synthesise MgO nanoparticles
but as the usage of chemicals are highly toxic and hazardous it may lead to the environmental
problems [/, Today the methods available to synthesise metal oxide nanoparticles are solution
combustion method, co-precipitation method, sol-gel method, hydrothermal method, Solvo
thermal method, micro assisted sol-gel method and Green method . Of all the methods
mentioned above, synthesis of Metal Oxide nanoparticles by green synthesis is reported to be
advantageous when compared to other methods in terms of less cost, reduced usage of toxic
chemicals and the product and by products being Eco-friendly in nature [,
Going Green in the construction of nanomaterials that is Biosynthesis of nanomaterials is
considered an important area of research amongst researchers in today’s world. The synthesis
of metal and semiconductor nanoparticles by green route has potential applications towards the
development of novel functional units. Various environmentally benign materials like plant
extract, bacteria, fungi, enzymes etc are used as the starting material for the synthesis of metal
oxide nanoparticle. Magnesium Oxide is an interesting basic oxide that has many applications
in catalysis, adsorption and in synthesis of refractory ceramics %, It is a unique solid of
high ionic character, simple stoichiometry and crystal structure and it can also be prepared
widely in variable particle sizes and shapes. It has been reported that the shape and size of
nanocrystalline magnesium oxide particles have high specific surface and reactivity because of
the high concentration of edge/ corner sites and structural defects on their surface. Compared
with TiO,, silver, copper and other kinds of solid bactericides, Nano MgO has the advantage of
being prepared from readily available and economical precursor and solvents and therefore is a
considerable potent as a solid bactericidal material under simple condition [4-16],
Apart from all these, Magnesium Oxide Nanoparticles are very important because they have
unique properties when compared to bulk materials. Its excellent properties like high chemical
stability, high photocatalytic activity, high electrical permittivity, non-toxic nature makes MgO
nanoparticles to be very unique.
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It also finds extensive applications in catalysis, toxic waste
remediation, paints, superconducting products, optical,
electrical, electronic, antiseptic, antibacterial activities,
semiconductors and catalytic devices 1. In this paper for the
green synthesis of MgO nanoparticle Trigonella foenum-
graecum commonly called as fenugreek leaves is being used.

Trigonella foenum-graecum
Trigonella foenum-graecum commonly called as fenugreek is
an annual plant in the family Fabaceae, with leaves consisting
of three small obovate to oblong leaflets. This plant grows
anywhere around the world and is an excellent medicinal
plant which is used for producing blood lipids and helps in
decreasing the sugar levels in diabetic patients. It also has
antioxidant and antibacterial activity. The plant contains
active phyto constituents such as alkaloids, amino acids,
flavonoids, steroids, steroidal sapinogens, fibres, Saponins,
lipids, polyphenols, carbohydrates etc [*8l. Hence the presence

of the above constituents can actively take part in the
synthesis of nanoparticle. Thus in the present work, MgO
nanoparticle is synthesised by green synthesis using
Trigonella-foenum graecum and the synthesised nanoparticle
will be applied to Gram positive and Gram negative bacteria
to check the antibacterial activity.

2. Materials and Methods

All chemicals and reagents used in this study were of
Analytical Grade. The chemical Magnesium nitrate was
purchased from Merck, India. Double distilled water was used
for the preparation of solutions.

2.1 Collection of plant material

Green leaves of Trigonella foenum-graceum was collected
from the local market of Tambaram West, Kanchipuram
District, Tamil Nadu, India.

Fig 1: Collected and washed leaves of Trigonella foenum-graceum

2.2 Preparation of plant extract

The roots of the plant fenugreek were cut. The leaves of the
plant was washed thoroughly using tap water, followed by
distilled water wash two to three times. The leaves were
allowed to dry under shade for nearly three to four days. The
obtained dry leaves was grined well and made into powder.
The leaf powder was used for the preparation of the leaf
extract. 59 of the powder was taken and 200 ml of the
distilled water was added to it in a clean 500 ml beaker 181, It
was stirred continuously at 60° C for an hour, cooled to room
temperature and filtered using the Whatman filter paper. The
colour of the extract was observed to be pale green.

2.3 Preparation of Magnesium Oxide Nanoparticles
The Magnesium Oxide nano particles prepared from

"\

@

Fenugreek leaf extract is as follows. 30 ml of the plant extract
was taken in a 500 ml beaker and 150 ml of the freshly
prepared 5mM Magnesium nitrate solution was added drop by
drop using a burette and 1M NaOH was also added drop wise
with continuous stirring for 2 hours at a temperature of 80° C.
With the addition of Magnesium nitrate solution a sharp
change in colour from pale green to brown was observed
confirming the formation of Mg (OH). nanoparticle Fig 1.The
solution was then centrifuged, the precipitate was washed
with ethanol several times to remove the impurities and dried
in the oven for 8 hours. It is finally calcined in the Muffle
furnace at 600°C for 4 hours and pale yellow coloured MgO
nanoparticles was obtained.

(b)

Fig 2a: Leaf Extract (b) MgO nanoparticle
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2.4 Characterization

The MgO Nanoparticles prepared by the above method was
characterized using Elico SL210 Double Beam UV-Vis
spectrophotometer in the UV- Vis range of 200-800nm. FT-
IR response was taken using Shimadzu IR Affinityl
spectrometer to confirm the presence of functional group in
the plant extract and synthesised MgO nanoparticle. For the
plant extract GC-MS response was taken using Joel GC mate
Il instrument. For GC-MS response the powdered sample of
Trigonella foenum- graecum leaf extract was extracted with
ethanol and the extract was used for analysis.X-ray
Diffraction studies was carried out to know the whether the
nanoparticle is crystalline or amorphous and alto also
calculate the particle size.In the XRD technique the powdered
sample of synthesized MgO nanoparticles was analysed using

X-ray powder diffractometer in the low angle range (10 0 70

0 ). SEM-EDX characterization studies was carried out using
FEI Quanta 200 F for studying the surface morphology of the
nanoparticle. For the SEM- EDX analysis little amount of
biosynthesized MgO NP was spread on the top of the sample
holder followed by gold sputtering. The nano layer coated
MgO nanoparticles was analysed for elemental studies.The
Antibacterial Activity for the synthesized Nanoparticle was
carried out using Resazurin Microtitre assay to determine the
Minimum Inhibitory Concentration (MIC) values against
various bacterial strains.

Determination of minimum inhibitory concentration
(MIC) using resazurin microtitre assay

For screening natural products, that is crude extracts,
chromatographic fractions or purified compounds for
antibacterial activities, it is essential to employ anin
vitro antibacterial assay that is simple, rapid, efficient,
reliable, sensitive, safe and cost-effective. Moreover, most
often the small quantities of natural products, especially
purified compounds, that are available for antibacterial
screening, can be a limiting factor in any viable screening
programme. The conventional methods, e.g. disc diffusion
method, may be time consuming and require significant
quantities of the test materials, and there are also a few other
problems associated with this method. Hence the resazurin
microtitre assay utilising microtitre-plate, described by
Drummond and Waigh in 2000, has been adopted in the
determination of the Minimum Inhibitory Concentration
(MIC) wvalues of the synthesised Magnesum Oxide
nanoparticles against various bacterial strains. The chemicals
and the procedure adopted are described as follows.

Preparation of resazurin solution

The resazurin solution was prepared by dissolving 270 mg in
40 mL of sterile distilled water. A vortex mixer was used to
ensure that it was a well-dissolved and homogenous solution.

Procedure

Test was carried out in a 96 well Plates under aseptic
conditions. A sterile 96 well plate was labelled. A volume of
100 puL of sample was pipetted into the first three plates. To
all other wells 50 pL of nutrient broth was added and serially
diluted it. To each well 10 uL of resazurin indicator solution
was added. 10 pL of bacterial suspension was added to each
well. Each plate was wrapped loosely with cling film to
ensure that bacteria did not become dehydrated. The plate was
incubated at 37 °C for 18-24 h. The colour change was then

assessed visually. Any colour changes from purple to pink or
colourless were recorded as positive. The lowest
concentration at which colour change occurred was taken as
the MIC value.

Sample preparation
10 mg/1000pl distilled water, Std-Streptomycin

3. Results and Discussion

3.1 Synthesis of MgO nanoparticles

In the synthesis of MgO nanoparticle, it is seen form Figl that
with addition of the leaf extract of Trigonella foenum-
graecum which is added drop wise to colourless 5mM
Magnesium Nitrate [Mg(NOs)2] solution followed by the
addition of NaOH. the colour of the extract changes from pale
green to brown confirming the formation of MgO
nanoparticles [,

3.2 UV-Vis Absorption Spectrophotometric Analysis

Fig 3: UV-Vis spectrum of MgO Nanoparticle

The above fig3 shows the absorption response of MgO
nanoparticle (MgO NP). The specific absorption peak is
observed at 267 nm which is in the range of 260-280nm
specific for Magnesium Oxide nanoparticle. The optical band
gap energy of the biosynthesised MgO NP is calculated from
the formula E=hv=hc/A where h is the planck’s constant, c is
the velocity of light and A is the wavelength observed from
the UV- Vis response, is found to be 4.6eV which is similar to
the earlier reported value based on the same time and
temperature of calcination 2%,

From Fig 2 and 3 it is clear that the phytochemicals like
alkaloids, amino acids, flavonoids, steroids, terpenoids,
vitamins, glycosides, ketones, alkenes, alkanes, aromatic and
aliphatic components present in the leaf function as a
reducing, capping and stabilizing agent towards the synthesis
of biosynthesised MgO NP. The formation of Magnesium
Oxide nanoparticle is confirmed by the visible colour change
and the UV response observed in Fig 2.

3.3 Fourier Transform Infrared Spectroscopy

The FTIR response was carried through the wavenumber
range from 500 -4000 cm* using KBr pellet method at room
temperature. Figure 4(a) and 4(b) shows the FTIR responses
for Trigonella foenum-graecum plant extract and MgO
nanoparticles respectively.
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Fig 4(b): FTIR spectrum of Magnesium oxide nanoparticle.

The FTIR response for the plant extract Trigonella foenum-
graecum confirms the presence of alkaloids, phenolic groups,
polysaccharides, flavones, amino acids, terpenoids, flavonoids
and steroids. The broad peaks in Fig 3a & 3b in the higher
region 3600-3400 cm™ is due to the presence of alcoholic or
phenolic —OH groups. The strong —OH stretching vibrations
represented at 3439 cm™ are due to the water molecules. A
reduction in peak intensity in fig3b compared to Fig 3a
confirms that the organic molecules have been involved in the
formation of MgO nanoparticles. Peaks in the range between
2100 -2500cm* indicate the stretching of alkynes. The peaks
at 1876 cm, 1604cmt, 1460-1350cm ! corresponds to C=0
stretching(amide linkages), C=C stretching (alkenes) and -CH
stretching (alkanes) respectively 21, It is also observed from
figure 3 (b) that with the formation of nanoparticle, intensity
of the peak at 3400cm™ and 1600cm™ corresponding to N-H
stretching and C-N stretching respectively is found to

decrease. The peaks in the range between 450-560cm? is
assigned to Mg-O stretching vibrations and the absence of
peak at 694cm* confirms the absence of Mg (OH)s.

3.4 Gas chromatography and mass spectrometry (GC-MS)
analysis

The results pertaining to GC-MS analysis of the methanolic
extract of Trigonella foenum-graecum leaves led to the
confirmation on the presence of various components present
in the plant extract analysed earlier by FTIR spectroscopic
method. The compound prediction is based on National
Institute Standard and Technological Database. The GC-MS
results reveal the presence of different active components
present in the Trigonella foenum-graecum leaves. The results
of the present study is tabulated in Table 1. Figure 5 depicts

the GC-MS spectrum of Trigonella foenum-graecum leaf
extract.
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Fig 5: GC-MS Chromatogram of ethanolic leaves of Trigonella foenum-graecum
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Table 1: Components detected in the plant of methanol extract of Trigonella foenum-graecum leaves, and its Biological activity

Molecular Molecular **Biological
*
S:NO|*RT |Name of the compound Formula Weight(g/mol) Activity
Phenol,2,4-bis
1 [12.63 (1,1-dimethylethyl) CuuH20 206.32 -
Endoanaesthetic,
Endocrine protective,
4-(1,5-dihydroxy- Energizer, Fertility
2,6,6-trimethylcyclo Enhancing, enterotoxic,
2 1452 “pexo-enyhbuta- | CrH 176.29 Memory enhancer,
en-2-one Stimulate PUFA Desaturase and Elongase
Enzymes, Hexokinase-
Stimulator.
3,6-nonadienedioic
3 [15.68 acid,5,5-dimethyl-, ) ) -
dimethylester
Catechol-O-methyl-
Pentadecanoicacid Transferase-inhibitor,
' Methyl donor, methyl-
4 [17.15 13-met2¥t|‘;,rmethy| C17H34 02 270.45 Guanidine-inhibitor,
Antioxidant, Acidifier,
Urine acidifier, Increase the production of uric acid, Acidulant
Anticancer, Antidote,
Antitumour, provides Oligosaccharides, Increases Zinc
5 [1803 ZAMENISIS gy, 264.48 Bioavailability, Energizer, Methyl-
Guanidine-inhibitor, Memory enhancer, stimulate Epinephrine
production
8-octadecenoicacid, Antioxidant,
6 11883 " Methylester,(E)- |1 H#©2 296 Antimicrobial
Acidifier, Acidulant,
(E)-9-octadecenoic Anticancer, Urine acidifier, Antitumour,
7 1945 Acidethylester CaoHse Oz 31051 Antidote, Energizer,
Memory enhancer, Decrease oxalate excretion, Ecbolic
8 [214 6,11-e|cosad|en0|c Cot Has 290.52 Anti inflammatory, _Antl0X|dant, Antiarthritic,
acid,methylester Anti-coronary
9 |23.18 Isopropylstearate C21H42 02 326.56 -

*Retention time

**Biological Activity source: Dr. Duke’s Phytochemical and Ethnobotanical Database

From the GC-MS data given in the table 1 and the FT-IR
figure 4a and 4 b confirms the presence of functional groups
depicted by the FT-IR response and hence clearly proves the
presence of the phyto components such as alkaloids, steroids,
saponins, terpenoids, flavonoids which have involved as

capping agents and stabilization agents in the formation of
MgO nanoparticle.

3.5 X-ray Diffraction Analysis

|

o

MgO NANOPARTICLES
\

| \
M. A n / A s AW\
"l YVIWMWAA AAL T A AN VWi,

Fig 6: XRD pattern of MgO nanoparticles

The powdered MgO sample was analyzed by a Cu Ka — X
Ray Diffractometer for confirming the presence of MgO
nanoparticles. Fig 6 shows the peaks appeared at 20 values
ranging from 28.34° 40.58°, 42.87°, 50.20°, 62.35° which
corresponds to the presence of MgO nanoparticles and the
location of the peaks in the graph are in good agreement with

the literature report 22, It is also clear from the XRD response
that MgO NP is crystalline in nature.

The crystalline average size of the biosynthesized
nanoparticle calculated by using Debye Scherrer’s formula

D=k A/PcosOA -
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Where, D is the average crystalline size in A°, k is the shape stabilizing and reducing agent. Other elements are in very

factor, Ais the wavelenghth of X-ray (0.1540 A% Cu-Ka negligible amounts.
radiation, B is the full width at half maximum (FWHM), and

0 i the angle of diffraction.

The D values of the peaks which appeared at the 20 values
are 20.13, 19.70, 8.41, 20.96, 7.67 nm respectively. From
these values the average crystalline size of the MgO
nanoparticle formed was calculated to be 13.89 nm.

3.6 Scanning electron microscopy (SEM) with energy
dispersive X-ray diffraction (EDX)

SEM with EDX was used to study the surface morphology
and the percentage composition of the nanoparticles. The
SEM image in Figure 7(a) shows that the biosynthesised MgO
NP’s consisted of a mix of fine, spherical structures. Its
dimensions were found to be in the range between 36.7 and
69.6nm and spherical in shape.The EDX response 7(b) depicts
a high elemental composition of Mg and O in the
nanoparticle. The presence of carbon is from the organic
molecules present in the leaf extract which functions as both

CedaxiZ genests genmaps.spc 01.Mar 2017 'l's"e’&” 4 . v ’ /0 ; '
1 CK 1433 23.05
- 0K 31.28 37.77
NaK 01.89 01.58
. MgK 34.97 27.79
Keo| mg AIK 02.07 01.48
05 SiK 03.44 02.37
CIK 0142 00.78
03 KK 06.99 03.45
CaK 03.60 01.74
" oo w em wm  ww um um wm wm | | Mapix | Comection | ZAF

Fig 7(b): Elemental compostion of MgO NP’s analyzed by EDAX

3.7 Antibacterial activity

Fig 8: Determination of MIC using Resazurin microtitre assay

Antibacterial studies was carried out to determine the Minimum inhibitory concentration (MIC) using Resazurin Microtitre Assay
which is shown in Figure 8.

Table 2: Tabulation showing growth of inhibition on E.coli, Bacillus and S.aereus bacterial stains

S. No| Microorganisms/sample Growth of inhibition
5009|250 ug|125 ug|62.5 ug|31.2 ug|15.6 ug|7.8 ug|3.9 ug| Positive control 10ug |Culture

MgO Nanoparticles
1 E.coli - - - + + + + + - +
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2 Bacillus - - + +

+ + + + - +

3 S.aereus - - - +

+ + + + - +

Table 3: Tabulation showing MIC values

MIC Value (ug)

Microorganisms/sample |
MgO Nanopatrticles

E.coli 125
Bacillus 250
S.aereus 125

From the above tabulations 2 & 3, the change in the colour
from purple to pink or colourless in Figure 8 were recorded as
positive. The Minimum Inhibitory Concentration of the
biosynthesised towards the various bacterial stains are found
to be 125ug of MgO is the MIC for the bacteria E.coli and
S.aereus which is in accordance with the earlier report [23-26]
and the MIC value towards bacteria Bacillus is 250ug. It is
observed that with just 125ug of biosynthesised MgO
nanoparticle higher antibacterial effect is observed towards
both gram negative and gram positive bacteria E.coli and
S.aereus. A higher concentration of MgO NP is required for
antibacterial activity in case of Bacillus which is according to
the earlier report which stress that antibacterial activity by
nanoparticle is dosage dependent 1. It means Bacillus is
more resistant to MgO nanoparticle compared to E.colli.
Earlier reports 2839 have indicated that antibacterial activity
of MgO nanoparticle is due to lipid peroxidation and the
formation of Reactive Oxygen Species (ROS) such as super
oxide ion (Oy2). It is due to the defects of Oxygen vacancy on
the surface of nanoparticles B, As the MgO nanoparticles
have large surface area, increase in surface area increase the
concentration of ROS and hence effective destruction of
bacterial cell wall. Thus the green synthesised MgO
nanoparticle is found to exhibit antibacterial activity towards
both gram positive and negative stains.

4. Conclusion

In the present study we report the green synthesis of
Magnesium Oxide Nanoparticle using leaf extract of
Trigonella foenum-graecum. The organic molecules present
in the leaf extract functions as a reducing and stabilising
agent. The synthesized MgO NP’s were Characterizedusing
various techniques which includes UV-Vis, FT-IR, GC-MS,
X-ray Diffraction (XRD) and SEM with EDX. From the Uv-
Vis response the optical band gap was calculated. It was
found to be 4.6eV which is similar to the earlier reported
values. The presence of functional groups present in the plant
extract which function as both stabilizing and reducing
agentnwas confirmed from the GC-MS and FTIR response.
From the XRD analysis the average size of the biosynthesised
MgO NP was found to be 13nm which was calculated by
Debye-Scherer equation. SEM picture confirms the presence
of spherical shaped MgO NP with nanometer sized
dimension. The chemical composition of MgO nanoparticle
was identified by EDX analysis. The Antibacterial activity of
the biosynthesized MgO nanoparticle was studied by
determining Minimum Inhibitory concentration (MIC) using
Resazurin Microtitre Assay and the MIC values of MgO NP
was found to be 125ug for both Gram positive and Gram
negative bacteria. Thus the by green synthesis MgO NP can
be synthesised and these MgO NP exhibits good antibacterial
activity too.

5. Acknowledgement
The authors thank the Principal, Madras Christian College

(MCC) and the Head of the Department of Chemistry, MCC
for providing the lab facilities to conduct the experiment.

6. References

1. Kursawe M, Anselmann R, Hilarius V, Pfaff G. Nano-
Particles by Wet Chemical Processing in Commercial
Applications J. Sol-Gel. Science and Technology. 2005;
33(1):71-74.

2. Jung WK, Koo HC, Kim KW, Shin S, Kim SH, Park YH.
Antibacterial activity and mechanism of action of the
silver ion in Staphylococcus aureus and Escherichia coli.
Applied and Environmental Microbiology. 2008;
74:2171-2178.

3. Huang L, Li DQ, Lin YJ, Evans DG, Duan X. Influence
of nano-MgO particle size on bacte ricidal action against
Bacillus subtilis var. niger. Chinese Science Bulletin.
2005; 50:514-5109.

4. Huang L, Li DQ, Lin YJ, Wei M, Evans DG, Duan X.
Controllable preparation of nanoMgO and investigation
of its bactericidal properties. Journal of Inorganic
Biochemistry. 2005; 99:986-993.

5. Stoimenov PK, Klinger RL, Marchin GL, Klabunde KJ.
Metal Oxide Nanoparticles as Bactericidal Agents,
Langmuir. 2002; 18(17):6679-6686.

6. Fang M, Chen JH, Xu XL, Yang PH, Hildebrand HF.
Antibacterial activities of inorganic agents on six bacteria
associated with oral infections by two susceptibility tests.
International Journal of Antimicrobial Agents. 2006;
27:513-517.

7. Suresh J, Yuvakkumar R, Sundrarajan M, Hong SI.
Green synthesis of Magnesium Oxide nanoparticles. Adv
Mater Research. 2014; 952:141-144.

8. Ganapathi Rao K, Ashok CH, Enkateshwara Rao KV,
Shilpa Chakra CH, Akshay Kranth A. Eco friendly
synthesis of MgO Nps from Orange fruit waste.
International Journal of Adv. Research in Physical
Science. 2015; 2(3):1-6.

9. Kumar Brajesh, Smita Kumari, Cumbal Luis, Debut
Alexils, Camacho Javier, Hernandez-Gallegos Elisabeth
et al. Pomosynthesis and biological activity of silver
nanoparticles using Passiflora tripartita fruit extracts.
Adv Mater Lett 2015; 6:127-132.

10. Choudhary VR, Rane VH, Gadre RV. Influence of
Precursors Used in Preparation of MgO on Its Surface
Properties and Catalytic Activity in Oxidative Coupling
of Methane J Catal. 1994; 145:300-311.

11. Rajagopalan S, Koper S, Decker S, Klabunde KJ.
Nanocrystalline metal oxides as destructive adsorbents
for  organophosphorous compounds at ambient
temperatures. Eur. J Chem. 2002; 8 (11):2602-2607.

12. Xu BQ, Wei JM, Wang HY, Sun KQ, Zhu QM, Nano-
MgO. Novel preparation and application as support of Ni
catalyst for CO2 reforming of methane. Catal. Today.
2001; 68:217-225.

13. Suchada Utamapanya, Kenneth Klabunde J, John Schlup
R. Nanoscale metal oxide particles/clusters as chemical
reagents. Synthesis and properties of ultrahigh surface
area magnesium hydroxide and magnesium. Chem.
Mater. 1991; 3(1):175-181.

14. Roselli M, Finamore A, Garaguso |, Britti MS, Mengheri
E. Zinc oxide protects cultured enterocytes from the

~ 1199~



Journal of Pharmacognosy and Phytochemistry

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

damage induced by Escherichia coli. Journal of
Nutrition. 2003; 133:4077-4082.

Sawai J. Quantitative evaluation of antibacterial activities
of metallic oxide powders (ZnO, MgO and CaO) by an
indirect conductometric assay. Journal of Microbiological
Methods. 2003; 54:177-182.

Sawai J, Kojima H, lgarashi H, Hasimoto A, Shoji S,
Sawaki T et al. Antibacterial characteristics of
magnesium  oxide powder. World Journal of
Microbiology and Biotechnology. 2000; 16:187-194.
Ganapathi Rao K, Ashok CH, Venkateshwara Rao K,
Shilpa Chakra CH, Akshay Kranth A. Structural
properties of MgO NPs, synthesized by Co-precipitation
technique. International Journal of Adv. Research in
Physical Science, ISSN (online) 2013; 2319-7064.
Nagulapalli Venkata KC, Swaroop A, Bagchi
D, Bishayee A. A small plant with big benefits:
Fenugreek (Trigonella foenum-graecum Linn.) for
disease prevention and health promotion. Mol Nutr Food
Res. 2017; 61(6). https://doi.org/10.1002/mnfr.201600
950

Krishna Moorthy S, Ashok CH, Venkateshwara Rao K,
Viswanathan C. Synthesis and Characterisation of MgO
nanoparticles by Neem leaves through Green method.
Materials Today Proceedings. 2015; 2:4360-4368.

John Sushma N, Prathyusha D, Swathi G, Madhavi T,
Deva Prasad Raju B, Mallikarjuna K et al. Facile
Approach to synthesise Magnesium Oxide Nanoparticle
by using Clitoria ternatea - Characteriztion and in vitro
antioxidant studies. Appl. Nanosci. 2016; 6(3):437-444.
Ramesh P, Rajendran A, Arumugam Subramanian.
Synthesis of ZnO nanoparticle from fruit of Citrus
Aurantifolia by chemical and green method. Asian
Journal of Phytomedicine and Clinical Research. 2014;
2:189-195.

Akl Awwad M, Ahmed Ahmed L. Biosynthesis,
Characterization and optical properties of Magnesium
hydroxide and oxide nanoflakes using Citrus lemon leaf
extract. Arab Journal of Physical Chemistry. 2014,
1(2):65-70.

Tauc J. Amorphous and Liquid Semiconductors, Plenum
Press, London, 1974, 8.

Makhluf S, Dror R., Nitzan Y., Abramovich Y., Jelinek
R., Gedanken A., Microwave-assisted synthesis of
nanocrystalline MgO and its use as a bacteriocide.
Advanced Functional Materials. 2005; 15:1708-1715.
Zhen-Xing Tang, Bin-Feng Lv. MgO nanoparticles as
antibacterial agent: preparation and activity. Braz. J.
Chem. Eng. 2014; 31 (3):591-601.

26.Di, D. R., He, Z. Z., Sun, Z. Q. and Liu, J., A new
nano-cryosurgical modality for tumor treatment using
biodegradable MgO nanoparticles. Nanomedicine. 2012;
8:1233-1241.

An Y, Zhang K, Wang F, Lin L, Guo H. Removal of
organic matters and bacteria by nano-MgO/GAC system.
Desalination. 2011; 281:30-34.

Sawai J. Quantitative evaluation of antibacterial activities
of metallic oxide powders (ZnO, MgOand CaO) by an
indirect conductimetric assay. Journal of Microbiological
Methods. 2003; 54:177-182.

Huang L, Li DQ, Lin YJ, Wei M, Evans DG, Duan X.
Controllable preparation of nano-MgO and investigation
of its bactericidal properties. Journal of Inorganic
Biochemistry. 2005; 99:986-993.

30.

31.

32.

~ 1200~

Li YJ, Li DQ, Wang G, Huang L, Duan X. Preparation
and bactericidal property of MgO nanoparticles on -
Al;Os. Journal of Materials Science: Materials in
Medicine. 2005; 16:53-56.

Yamamoto O, Fukuda T, Kimata M, Sawai J, Sasamoto
T. Antibacterial characteristics of MgO-mounted
spherical carbons prepared by carbonization of ion-
exchanged resin. Journal of the Ceramic Society of
Japan. 2001; 109:363-365.

Yamamoto O, Ohira T, Alvarez K, Fukuda M.
Antibacterial characteristics of CaCO3-MgO composites.
Materials Science and Engineering B. 2010; 173:208-
212.



