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ABSTRACT

In this paper, a review, there are presented “Green” routes used in the
synthesis of ZnO nanoparticles because they are more eco-friendly alternatives in
comparison with chemical and/or physical techniques. Microorganisms, bacteria,
enzymes and plant extracts also allow a controlled synthesis and function as
stabilizing or hydrolytic agents. The chemical solvents are toxic, and these methods
suffer various disadvantages due to the involvement of high temperature and
pressure conditions during nanoparticle synthesis.

The ZnO nanoparticles are of significant interest as they provide many
practical applications in various fields: drugs, cosmetics, textile, electronic and

optoelectronic, photocatalysis. The

most

important application of ZnO

nanoparticles would be as antibacterial agents. The increased surface area and
smaller size of these particles make them an ideal antibacterial agent.

In addition to the green synthesis of ZnO nanoparticles along with their
antimicrobial activity the mechanism of this activity was also reviewed. The green
synthesis of ZnO nanoparticles from Azadirachta indica, Aloe vera, Murraya
koenigii and Anisochilus carnosus were also highlighted.

KEYWORDS: ZnO nanoparticles, green synthesis, eco-friendly, antibacterial

activity

1. Introduction

A special attention was paid to the green
synthesis of metallic nanoparticles using biological
material as the reducing and stabilizing agents and
due to the utilization of eco-friendly, non-toxic and
safe reagents during the biosynthesis process [1-5]. In
the green method of chemistry, not only plant extracts
are used for controlled and accurate synthesis of
several metallic nanoparticles [6]. High active surface
due to the small size of nanoparticles are responsible
for their behaviour [7, 8]. Green synthesis approaches
are gaining interest preventing the high costs and
usage of toxic chemicals and harsh conditions for
reduction and stabilization [9]. Although, that
conventional methods such as reaction of zinc with
alcohol,  vapor transport, hydro/solvothermal
synthesis, precipitation method use less time for
synthesizing nanoparticles, they contribute to
environmental toxicity because they require toxic
chemicals as capping agents. Therefore, the new

methods for the nanoparticles synthesis are an eco-
friendly alternative and it is cost effective [10-12].

Nanoparticles are synthesized owing to various
and unique properties, which facilitate their
exploitation in completely unrelated fields, such as,
nanodiagnostics, nanomedicine and antimicrobials on
one hand [13-22] and luminescence, photocatalytic
potential and photodiode on the other [19, 20, 23, 24].
Zinc oxide nanoparticles (ZnO NPs) are
environmentally friendly, offer easy fabrication and
are non-toxic, biosafe and biocompatible, making
them an ideal candidate for biological applications
[25-26].

Considering this, zinc oxide nanoparticles have
been successfully synthesized using biological
methods [27-31].

Recently, ZnO NPs have been used in food
packaging materials and various matrices and
methods for incorporation of ZnO into those matrices,
which have been reported. ZnO is incorporated into
the packaging matrix, free to interact with the food
materials offering preservatory effects [32]. Presently,
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ZnO NPs have found application in sunscreens, paints
and coatings as they are transparent to visible light
and offer high UV absorption [33] and are also being
used as an ingredient in antibacterial creams,
ointments and lotions, self-cleaning glass, ceramics
and deodorants [34]. ZnO nanoparticles have been
lately tested for their antimicrobial potential and seem
to possess both antibacterial and antifungal potential.
They are active against both Gram-positive and
Gram-negative bacteria and show considerable
activity against more resistant bacterial spores [35]. It
was also observed that doping of ZnO NPs with other
metals such as gold, silver, iron etc. improved the
antimicrobial activity of ZnO NPs [36-37]. Also,
inhibitory effects of ZnO NPs are correlated with
their size and concentration, with smaller particles
offering better inhibitions in higher concentrations
[38-39].

2. Zinc Oxide Nanoparticles

Zinc oxide (ZnQ) is a class of inorganic metal
oxides available and exhibit a wide range of
nanostructures. It is known as 11-VI semiconductor
[40], since Zn and O are classified two and six in the
periodic table, respectively. It is characterized by a
direct wide band gap (3.3 eV) in the near-UV
spectrum, a high excitonic binding energy (60 meV)
at room temperature [41-45], and a natural n-type
electrical conductivity [46].

Though ZnO shows light covalent character, it
has very strong ionic bonding in the Zn-0. Its longer
durability, higher selectivity, and heat resistance are
preceded than organic and inorganic materials [47].
The synthesis of nano-sized ZnO has led to the
investigation of its use as new antibacterial agent.

Lower cost, large surface area, white appearance
and their remarkable applications in the more fields
are the advantages of ZnO nanoparticles.
Interestingly, ZnO-NPs are reported by several
studies as non-toxic to human cells [48], this aspect
necessitated their usage as antibacterial agents,
harmful to  microorganisms, holding  good
biocompatibility to human cells [39].

ZnO-NPs  exhibit  attractive  antibacterial
properties due to the increased specific surface area as
the reduced particle size leading to enhanced particle
surface reactivity. ZnO is a bio-safe material that
possesses photo-oxidizing and photocatalysis impacts
on chemical and biological species. Emphasize was
given to bactericidal and bacteriostatic mechanisms
with focus on generation of reactive oxygen species
(ROS) including hydrogen peroxide (H202), OH-
(hydroxyl radicals), and O,? (peroxide). ROS has
been a major factor for several mechanisms due to the
electrostatic binding of the particles on the microbial

surface contributing to the antimicrobial activity of
ZnO nanoparticles [49].

Photocatalytic activity of ZnO nanoparticles
offers a promising method for wasted water treatment
[50]. Toxic water pollutants released from textile and
dying industries by utilizing natural source of energy,
sunlight is degraded by ZnO and exhibit
photochemical reactivity. This could be because of
the presence of many active sites and fabrication of
hydroxyl radicals on ZnO surface. They exhibit high
catalytic efficiency, strong adsorption ability, being
used in sunscreens manufacture [51], ceramics and
rubber processing, wastewater treatment, and
fungicide [52-53]. ZnO nanoparticles can absorb both
UV-A and UV-B radiation and therefore offers better
protection and improved opaqueness [52].

2.1. ZnO nanoparticles green synthesis

ZnO nanoparticles have been reported to be
synthesized from many plant extracts. In Azadirachta
indica, stabilizing agents for the nanoparticle
synthesis are flavanones, terpenoids and reducing
sugars, the constituents of the Neem leaf broth [4]. It
is suggested that the aldehyde groups are responsible
for reduction of zinc oxide to zinc oxide nanoparticles
and stabilize the nanoparticles [4].

Noorjahan et al. proposed a method to
synthesize zinc oxide nanoparticles from the leaf
extract of Azadirachta indica and lipseste un verb its
characterization by FTIR and SEM analysis. It was
seen that from FTIR analysis, alcohols, terpenoids
ketones, aldehydes and carboxylic acid were
surrounded by synthesized nanoparticles. SEM
analysis showed stable zinc oxide nanoflakes and
spindle shaped nanoparticles. The size of the ZnO
nanoparticles synthesized was found to be 50 um
[54].

Sangeethaa et al., depict Aloe vera has immuno-
modulatory, anti-inflammatory, UV protective,
antiprotozoal, and wound- and burn-healing
promoting properties. Single crystalline triangular
gold nanoparticle (~50-350 nm in size) and spherical
silver nanoparticles (~15 nm in size) in high yield
have been successfully synthesized [55]. This
synthesis is by the reaction of aqueous metal source
ions (chloroaurate ions for Au and silver ions for Ag)
with the extract of the Aloe vera plant. Aloe vera
extract was used to synthesize Spherical zinc oxide
nanoparticles and their optical properties were studied
[55].

Murraya koenigii has been reported to have
hypoglycemic [56] and anti-fungal effects [57] and
against colon carcinogenesis [58]. The plant has
active agents like polyphenols and flavonoids, which
have strong roles in the synthesis and stabilization of
metal NPs [59-61]. The other authors reported that

-26-


https://doi.org/10.35219/mms.2018.3.04

,@'EETE%}

>~ G
;f;?&u Q% THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI
[ Ll: é“ FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
%}M e 5, N°. 3 -2018, ISSN 2668-4748; e-ISSN 2668-4756
Ny, i m\&ﬂ Article DOI: https://doi.org/10.35219/mms.2018.3.04

the contents of polyphenol and flavonoids present in
the leaf of M. koenigii are 81.9 mg Gallic acid
equivalent g/L and 39.98 mg of quercetin g/L,

and as the stabilizing agents by adhering on the
surface of the NPs formed, and thereby prevent their
aggregation and control the particle size [59-61].

respectively. These compounds act as reducing agents
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Fig. 1. Methods involving nanoparticle synthesis
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Fig. 2. Schematic representation of mechanism for biological synthesis of nanoparticles using plant
extract

NPs was seen against S. aureus, B. subtilis, P.
aeruginosa, P. mirabilis and E. coli and fungi strains
such as C. albicans and C. tropicalis with distinct
differences in the susceptibility to ZnO NPs in a dose
dependent manner. Among them, S. aureus was found
to be more susceptible to ZnO NPs [62].

2.2. Antibacterial activity of ZnO
nanoparticles

Elumalai and Velmurugan reported the MIC,

MBC and MFC values of prepared ZnO NPs against
bacteria and fungi. Significant inhibition by the ZnO
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The mean zones of inhibition ranged from 9.8 =
0.76 to 23 = 0.50 (mm). The highest mean zones of
inhibition ranged from 14.4 £ 0.76 to 23 £ 0.50 (mm)
against S. aureus. The MIC values ranged between to
6.25 to 50 (ug/mL) and MBC and MFC from 12.5 to
50 (ug/mL).

Antimicrobial activities of ZnO NPs increased
with increase of concentrations (50, 100 and 200
ug/mL) and were due to the increase of H,0,
concentration on the surface of ZnO.

Lakshmi et al. have reported the antibacterial
study of zinc oxide nanoparticles synthesized from
Aloe vera hot extract (ZnO-AH), cold extract (ZnO-
AC) and chemical method (ZnO-C) on six clinically
isolated strains namely, Bacillus subtilis, Escherichia
coli, Klebsiella ~ pneumoniae, Pseudomonas
aeruginosa, Salmonella typhi and Staphylococcus
aureus. Significant activity was seen in the zinc oxide
particles synthesized by chemical method and
particles obtained using Aloe vera cold extract. ZnO-
AH showed less activity.

There was a significant difference in the
antibacterial activities of ZnO-AH and ZnOAC
though both synthesized in a similar manner. This
variation was because of the size as the size of ZnO-
AH is much more than that of ZnO-AC. The smaller
the size of nanoparticles, the better is their activity
[63-64].

Mariam et al., reported a novel synthesis for
In203 and ZnO nanoparticles with particle sizes in the
range of 10 to 30 nm using indium nitrate and zinc
nitrate solutions. They utilized A. vera extract as a
solvent instead of organic solvents. The antibacterial
and antifungal activities of the particles were studied
using S. aureus, S. pyogenes, P. aeruginosa, E. coli,
and S. typhi and the fungal strains were A. niger, A.
flavus, A. fumigatous, Rhizopus indicus and Mucor
indicus. Highest inhibitory activity against the tested
bacteria was displayed by the extracts with ZnO +
In,0s+ A. vera. A. bigger growth was also inhibited
by the extract. It was concluded that ZnO
nanoparticles mixed with A. vera were effective in
inhibiting bacterial growth [65].

Elumalai et al., reported that to study the
antimicrobial activity of the leaf extract of Murraya
koenigii the bio-assay was carried out using five
bacterial strains such as S. aureus, B. subtilis, P.
aeruginosa E. coli, P.mirabilis and two fungal strains
such as C. albicans and C. tropicalis as per the disc
diffusion and dilution technique. It was concluded
that the zone of inhibition increased with increase in
zinc oxide nanoparticle concentration and decrease in
particle size. The ZnO-NPs were found to be effective
for both S. aureus and E. coli and P.aeruginosa [62].

Anbuvannan et al. reported the ZnO
nanoparticle synthesis and antibacterial activity of
Anisochilus carnosus. Antibacterial activity was

studied against the Gram-negative and the Gram-
positive bacteria S. paratyphi, V. cholerae, S. aureus,
and E. coli. Inhibition zones of 6 mm, 10 mm, 7 mm
and 9 mm were observed from the synthesized ZnO
nanoparticles against S. paratyphi, V.cholerae, S.
aureus, and E. coli, respectively. In the present study,
green synthesized ZnO NPs exhibited a greater
significant zone of inhibition compared to leaf extract
and solvent [66].

4. Conclusions

The green synthesis of ZnO nanoparticles is an
interesting subject of Nanomaterials Science. Also, of
the latest concern it is the biosynthesis of metal
nanoparticles using plants to obtain them on a large
scale. Nanoparticles produced by plants are more
stable and more varied in shape and size in
comparison to those produced by other organisms. In
this review, the synthesis of ZnO nanoparticles and
antimicrobial activity were reported. The ZnO
nanoparticles have varied applications in all fields.
The enhanced bioactivity of ZnO nanoparticles is
attributed to the higher surface area to volume ratio.
The antimicrobial activity of ZnO nanoparticles was
reported with respect to Azadirachta indica, Aloe
vera, Murraya Kkoenigii and Anisochilus carnosus.
Therefore, based on the reported antibacterial and
antifungal activity, it can be concluded that the ZnO
nanoparticles constitute an effective antimicrobial
agent against pathogenic microorganisms.
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