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Abstract

Nanomaterials can be produced by using nontoxic biological compounds that are both eco-friendly and economically viable. Temperature depen-
dent ecological synthesis of ZnO nanoparticles was carried out with leaf extract of Ocimum sanctum. An electron microscope study confirmed
that a temperature of 400 °C was optimal for the formation of ZnO nanoparticles generated by biosynthesizing ZnO nanoparticles. The normal
crystalline size of biosynthesized ZnO nanoparticles calculated via XRD analysis are found to be 18, 12 and 17 nm for 300 — 500 °C, respectively.
The direct optical band gap energy deducted from Tauc approximation range to be 3.32-3.20 eV. In SEM analysis, depending on the temperature
of the synthesis conditions, different ZnO morphologies are also found. Functional groups analysis confirmed the incidence of carboxyl and
amide groups in the O. sanctum leaf extract. The ZnO nanoparticles analysed at room temperature using photoluminescence, a broad visible band
is observed around 382 nm for all samples. Furthermore, this study determines that the synthesized ZnO nanoparticles provide antimicrobial
efficacy against clinical strains of Bacillus subtilis and Staphylococcus aureus, as well as against standard strains of Escherichia coli. Several
fields, including cosmetics and pharmaceuticals, can benefit from biosynthesized nanoparticles.
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1. Introduction properties such as nanoparticles insignificant size, high
adsorption, high catalytic activity, high surface area, large
number reactive sites and chemical stability, nanoparticles
are a promising strategy to improve medical and industrial
applications [2]. Nanoparticles, e.g., ZnO, CuO, CaO, SiO, ,
MgO and TiO,, have received significant scientific attention
due to their potential applications as biocidal agents and

*Corresponding author tel. no: disinfectants, especially in the healthcare field [3-8]. Due to
Email address:  bennyanburaj@gmail.com (D. Benny Anburaj )

Nanotechnology is causing a revolution in every discipline
of science by incorporating nanoparticles into diverse industrial
and medical products such as ceramic materials, cosmetics,
food and pharmaceuticals [1]. Due to their extraordinary
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their high stability, ZnO nanoparticles are considered probable
next-generation constituents as biocidal and disinfecting
agents. This stability is ascribed to them being more versatile
than organic-based sanitizers and anti-microbial mediators [9].
As a semiconductor, ZnO has a wideband gap (3.37 eV) and
an exciton binding energy of 60 meV, which is an efficient
source of excitonic blue radiation. As a result of its inherent
ability to absorb UV irradiation, ZnO has been agreed by the
nutrition and drug management for use in sunscreens [10].
ZnO nanoparticles have been by many methods including Sol
gel [3], chemical vapor deposition [11], chemical precipitation
[12], hydrothermal [13], laser ablation [14] and pyrolysis [15].
This process is complicated, costly and results in hazardous
toxic wastes that are harmful to humans and the environment.
These methods are also limited in biomedical application
because of the toxic chemicals required [9]. Hence, it is
imperative to explore alternative green source in order to
overcome these disadvantages. Various natural sources have
been used in the green synthesis process, including plants,
bacteria, algae and fungi [16]. Biosynthesized nanoparticles
are biocompatible, eco-friendly and non-toxic [9]. The natural
extract may contain bioactive compounds that are likely to bind
to nanoparticles surface, and the density of their population
depends on the synthesis parameters [17]. Phytochemicals,
such as amino acids, flavones, phenols, sugars, carotenes,
aldehydes, amides, ketones, etc., present in plants have been
widely used for green synthesis. The surface coatings of the
fabricated materials are controlled by the interaction between
nanoparticles and biological materials [3]. There have been
numerous reports on the combination of ZnO nanoparticles
with leaf extracts, such as Azadirachta indica [18], Solanum
nigrum [3], Passiflora caerulea [19] Moringa oleifers [20],
Cinnamomum verum [21], Curry [9], and their antimicrobial
activities.

Ayurveda and its allied herbalism disciplines are integral
parts of Indian traditional medicine. Ocimum sanctum (O. sanc-
tum) has been used for its diverse medicinal properties for thou-
sands of years. The O. sanctum has been shown to possess
antibacterial, anti- inflammatory, antistress, antiasthmatic, im-
munomodulatory and hypoglycemic properties in various ani-
mal models [22]. It relieves stress and improves immunity, as
well as relieving people of stress. Alkaloids, carvacrol, urso-
lic, tannins, linalool, Rosmarinus acid, glycosides are among
the chemical constituents of O. sanctum. We synthesized ZnO
nanoparticles using O. sanctum leaf extract at changed cal-
cinations temperatures in the current study. The biosynthe-
sized nanoparticles were characterized by Scanning electron
microscopy (SEM) with energy dispersive X-ray spectroscopy
(EDAX), Zeta potential (ZE), UV-visible spectroscopy (UV-
vis), Dynamic light scattering (DLS), X-ray diffraction anal-
ysis (XRD), Fourier transform infrared spectroscopy (FT-IR)
and Photoluminescent (PL) analysis. Furthermore, the stabil-
ity of the different calcinations’ temperature ZnO nanoparticles
and their antibacterial activity were also studied.

2. Experimental sections

2.1. Materials

The substances such as Zinc acetate dihydrate (Zn
(CH3C0OO0),.2H,0) and all the chemicals and reagents were
procured since Merck chemical reagent co distilled this work
purchased since the leaves of O. Sanctum plant together form
in and around garden, Nagapattinam, Tamil Nadu, India.

2.2. Plant leaf collection

Fresh leaves of plants that is, O. sanctum free as of were
collected from Nagapattinam. The leaves were recognized and
authentic by Department of Agriculture, Annamalai University
at Tamil Nadu. To remove dust particles from the surface of the
leaves, they were twice washed by tap water and then repeatedly
washed in double distilled water. The washed leaves then shade
dried for five days. Before, 20 gm of dried leaves be situated
crushed and 50 ml of distilled water were added. Subsequently
that, a magnetic stirrer was used to stir the mixture, then the
mixture was heated for 60 °C at 1 h. After the combination
displayed a creamy (yellow) color, it was sifted with Whatman
filter paper. As a result, nanoparticles of ZnO were prepared
from the extract solution.

2.3. Preparation of ZnO nanopowders

The ZnO nanoparticles were biosynthesized by following
the Sol gel method designated by Muthuvel et al. [3]. Briefly, it
was prepared by stirring 2 M zinc acerate in 50 mL of deionized
water for 30 min at 85 °C. on order to make a NaOH solution,
4 gm NaOH powder was additional to 50 mL of distilled water
and stirred concurrently at 85 °C for 30 min. The two solutions
were then vigorously stirred together. The 15 mL leaf extract
was assorted through the solution drop by drop during this stir-
ring process. After stirring continuously for two 2 h using a
magnetic stirrer white precipitate was obtained. To remove the
impurities, the hurried was filtered and repeatedly washed with
distilled water followed by ethanol. After, the precipitate was
dried at 300 °C for 4 h and the obtained ZnO powder was en-
dangered for additional classification. The similar procedure
followed by other two temperature (400 °C and 500 °C).

2.4. Characterization of synthesized nanoparticles

In order to collect X-ray diffraction data for the formed sam-
ples, SHIMADZU-XRD 6000 analytical diffractometers were
used. We measure UV absorbance and photoluminescence with
a Shimadzu UV-VIS-260 system. The morphology of the syn-
thesized nanoparticles was examined using scanning electron
microscopy (Hitachi S-4500 machine). DLS and zeta potential
were measured by Malvern Zeta Sizer (ZS 90, USA). Measure-
ments were made with a Bruker tensor 27 FT-IR spectrometer
using Fourier transform infrared spectra.
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2.5. Antibacterial activities

The antibacterial actions of leaf extract and biosynthesized
ZnO nanoparticles (400 °C) were tested with the Disc dif-
fusion technique [23] on IV types of bacteria: Bacillus sub-
tilis, Staphylococcus aureus, Pseudomonas aeruginosa and Es-
cherichia coli. The samples of 5 and 10 ug/mL concentration
were dispensed onto ach disk and positioned on Muller Hin-
ton agar plates. The antibiotic dis Ciprofloxacin was used as
positive controller. The plates were gestated for 24 h at 35 °C.
The antibacterial activities of the samples on the tested bacterial
strains were determined by forming an inhibitory zone around
the wells.

3. Results and analysis

3.1. XRD analysis

Figure 1 shows the XRD patterns of the biosynthesised ZnO
nanoparticles prepared at 300 °C, 400 °C, and 500 °C. All the
peaks with Miller indices (100), (022), (101), (102), (110),
(103) and (200) are detectable in that ZnO nanoparticles which
were calcined at three different temperatures respectively. ZnO
nanoparticles were scheduled as a hexagonal Wurtzite structure
in all the diffraction pattens. The similar results were also re-
ported by others the (h k I) standards are settled well with the
standard card of ZnO powder model [JCPDS file No: 89-7102]
[24].
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Figure 1: XRD pattern of the biosynthesized ZnO nanoparticles calcined at
three different temperatures

A single phase ZnO nanoparticles was synthesized based
on the results, and no additional peaks were detected. In
this case, the extensive peaks suggest the crystalline size
particles are at the nanoscale, indicating the size of the
biosynthesized particles is well and insignificant [24]. As a
result, ZnO nanoparticles synthesized at 400 °C contain all
the characteristic diffraction peaks that show the nanoparti-
cles are crystalline in nature. For all investigated annealing

temperatures, (101) has the strongest line (Figure 1.) The
result of this study indicate that the method used to make
pure ZnO nanoparticles is effective. From the figure also
shows that the diffraction peak intensifies and narrows as the
annealing temperature increases, suggesting that the product of
crystallizing ZnO nanoparticles has a good crystalline structure.

Furthermore, the broadening at the bottom of the diffrac-
tion peaks in Figure 1 indicates that ZnO nanoparticles crys-
talline sizes are small which consistent with ZnO nanoparticles
sizes reported in literature [25]. Through a rise in the anneal-
ing temperature from 400 °C to 500 °C, the crystallinity of
the ZnO nanoparticles improves, as shown in Figure 1. The
Scherer method was used to estimate the size of the synthesized
nanoparticles [26]:

0.89 1
D=
Bcosb

ey

where D is particle size of the crystal, k = 0.9 is Scherer’s
constant, A is X-ray wavelength (1.5406A), B is the width of the
XRD peak at the half height and 6 is Bragg’s diffraction angle.
The micro-strain (€) and dislocation density ¢ were considered
using the formulas [26]:

e:ﬂcétﬂ 2)
1
6= n 3)

The changes in calcinate temperature led to changes in crys-
tallite size, as shown in Table 1. From the increasing sintering
temperature temperatures up to 400 °C, the size of the average
crystallite increases. As result, ZnO nanoparticles are observed
to have a quantity of vacancies of oxygen situation bands and
lattice defects at the boundary, causing the unit cell volume to
decrease. Although it can relax the interface structure of ZnO
nanoparticles at low temperature (300 °C), it cannot eradicate
the resident lattice disorder or variation their internal structure
[3, 9]. The sintering occurs at 400 °C, which causes the lattice
parameters to adjust rapidly, and the unit cell volume to nor-
malize as the modicums initiate to grow [18]. In addition to the
increase in crystal size at sophisticated sintering temperature
(500 °C), large scale particles also develop during sintering due
to the organization of minor grains by grain borderline disper-
sion. The present study demonstrates that ZnO nanoparticles
obtained by biosynthesis can greatly improve antibacterial ac-
tivity when they are deriving from a smaller crystal size (12
nm).

3.2. UV-Visible analysis

Using a double beam UV-Vis spectrophotometer, we
recorded the absorption spectra of biosynthesized ZnO
nanoparticles. In the range of 200-800 nm, the samples ab-
sorption spectrum was recorded. Figure 2a shows the biosyn-
thesized ZnO nanoparticles at different calcinated temperature.
The biosynthesized ZnO nanoparticles presented absorption
edges at 373, 387 and 379 nm at 300 °C, 400 °C and 500 °C,
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Table 1: Structural parameters of biosynthesized ZnO nanoparticles at different calcinations temperature

Sample Calcination Grain size (D Dislocation Strain (e X Lattice parameter (A) Volume (;\3 )
temperature nm) density (10" 1073) (10%)
(lines/m?))
A c cla
ZnO 300°C 18 0.4527 10.1173 2.8671 4.959 1.72933  35.32
ZnO 400°C 12 1.1111 7.4687 2.86227  4.957 1.73184  35.16
ZnO 500°C 17 6.9444 6.1173 2.77382  4.954 1.78670  33.33

respectively. A strong absorption peak was observed in all syn-
thesized nanoparticles in the UV-visible region. At 400 °C, the
absorption spectrum showed a red shift due to a qualitative sug-
gestion of the crystal size distribution.

We calculated the band gap energy (E, ) of biosynthesized
ZnO nanoparticles based on the wavelength value associated
with the connection theme of the vertical and horizontal parts
of the band [3]:

(ahv? = B(hv-E,)", @)

where £ is the Planck constant, hv is photon energy, « is the
absorption factor and B is a constant. The optical band gap of
biosynthesized ZnO nanoparticles synthesized at 300 °C, 400
°C and 500 °C, respectively, is calculated to be 3.32, 3.20 and
3.27 eV, respectively (figure 2b). With increasing sintering tem-
peratures, the optical band gap energy decreases. In compar-
ison with bulk ZnO nanoparticles (E, = 3.35 eV), the band
gap value decreases, indicating the quantum confinement effect
[26]. The present optical band gap energy (E, = 3.2 eV) is
very low to the ZnO nanoparticles synthesized by some chemi-
cal methods [27, 28]. The present work demonstrates that ZnO
nanoparticles can be obtained by biological means from small
band gap values, and that this greatly enhances their antibacte-
rial properties.

3.3. Dynamic light scattering and zeta potential analysis

By measuring the time dependent instability of scattering of
light by nanoparticles enduring Brownian movement, the parti-
cle size spreading was resolute using dynamic light scattering
analysis [23]. In colloidal solution, dynamic light scattering
is widely used to quantity the explosive thickness of capping
agents or stabilizers invasive metallic nanoparticles, as well as
the size of the metallic core. Figure 3a shows the DLS pattern of
biosynthesized ZnO nanoparticles at different calcinated tem-
perature. The size distribution of biosynthesized ZnO nanopar-
ticles at 300 °C, 400 °C and 500 °C, respectively, is 47, 32 and
50 nm. According to the DLS data, variations in nanoparticles
size can be attributed to temperature variations [3].

The zeta potential values provide information regarding a
samples surface area charge as well as its stability. Figure 3b
shows that ZnO nanoparticles biosynthesized at 300 °C, 400 °C
and 500 °C, have zeta potentials of -24.86, -26.48 and -23.19
mV, respectively (figure 3b). There are similar kinds of results
reported by Muthuvel et al [3]. Particles through ZE above +30
mV or below —30 mV are considered constant. With a zeta

potential of —26.48 mV, the ZnO nanoparticles synthesized via
biosynthesis at 400 °C are very stable. The high negative value
of the zeta potential correlated with the presence of negatively
charged groups on the superficial of the nanoparticles. This
reduction of metal ions also stabilization of nanoparticles could
be caused by protein and flavonoids in the leaf extract [18].

3.4. SEM analysis

Using SEM microscopy, the ZnO nanoparticles were con-
sidered for their form and size. Figure 4 displays the SEM
images of biosynthesized ZnO nanoparticles at three calcined
temperatures. All the samples have spherical shapes and nano-
sized rings. At lower temperatures, nanoparticles were more
clumped; on increasing the temperature, segregation was ob-
served, and at the highest temperature, the most segregation of
nanoparticles was evident, and individual nanoparticles were
more visible. For biosynthesized ZnO nanoparticles, the even
surface morphology besides modicum size is measured by 400
°C. Biosynthesized of ZnO nanoparticles induced added un-
varying structure and hexagonal also clear nanoparticles struc-
ture at 400 °C (figure 4, a3). The histogram of particle size
distribution in figure 4 (b1-b3) shows the average diameter of
Zn0O nanoparticles as 36, 30 and 31 nm for 300 °C, 400 °C and
500 °C, respectively.

EDAX analysis of biosynthesized ZnO nanoparticles at dif-
ferent calcined temperatures; Znic and oxygen confirms the
presence of metallic zinc acetate during the biosynthesis of ZnO
nanoparticles. Zinc and oxygen are each represented by two
peaks in the EDAX spectrum (Figure 5). The EDAX analy-
sis revealed that as the temperature increased, the more ZnO
nanoparticles were formed. It can be seen from the graph
that at lower temperature 72.1 of zinc was analysed, whereas
at 400 °C this number increased to 78.2 %. Oxygen in trace
amounts is a reflection of plant phytochemicals reducing metal
ions, acting as capping agents, and stabilizing the biosynthesis
of ZnO nanoparticles [9]. In biosynthesis ZnO nanoparticles
using leaf extract, the EDAX profile showed higher counts at
10keV due to zinc oxide ions, which confirmed the formation
of ZnO nanoparticles.

3.5. FT-IR analysis

FT-IR investigation can be used to classify the probable re-
ducing and stabilizing bio molecules. Wave number range be-
tween 400 to 4000 cm~! was used for FT-IR analysis. Figure
6 shows the FT-IR spectra of the synthesized ZnO nanopar-
ticles at different calcined temperature. The FT-IR spectrum
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Figure 2: a) UV-Visible spectra (b) optical band gap energy of the biosynthesized ZnO nanoparticles calcined at three different temperatures
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Figure 3: (a) DLS (b) Zeta potential of the biosynthesized ZnO nanoparticles calcined at three different temperatures

Table 2: EDX element value of biosynthesized ZnO nanoparticles at different
calcinations temperature

ZnONPs Element Weight%  Atomic %
R S YR
WC G s o
WC G

of O. sanctum leaf extract exhibited several peaks at 3420.27,
2978.25,2491.98, 1437.04, 859.69 and 681.52 cm~!. The peaks
at 3420.27 (O-H), 2978.25 (CHy), 2491.98 (stretching mode of
C-H), 1437.04 (bending mode of C-H), 800-600 (RCOO)cm™!
are associated to flavonoids, phenolic and alkaloids compounds
correspondingly [3, 9, 18]. Functional groups analysis con-

firmed the incidence of carboxyl and amide groups in the O.
sanctum leaf extract. In this process, zinc ions are transformed
into ZnO nanoparticles by the groups.

Depending on the calcined temperature, the major absorp-
tion bands of synthesized nanoparticles are 3450-3350, 2950-
2900, 2450-2350, 1450-1400, and 500-400 cm -1 (Figure 6). A
broad fascination peak at 3450-3350 cm™! is caused by stretch-
ing vibrations between O and H, which are found in phenolic
and carboxylic acids [3]. An alkyl peak was observed at 2450-
2350 cm™! in the O-H group [29]. Assigned to N-O stretching
in the nitro group, the peak at 1450-1400 cm™" was strong [30].
In each samples showed an intense broad band in the range 500-
400 cm™" due to ZnO nanocrystals vibrational property [3, 18].
Nitrates are biotransformed into oxides by phytochemicals as a
result. Biosynthesized ZnO nanoparticles showed new char-
acteristic peaks as compared to pure ZnO nanoparticles [3].
2974.25 and 1437.04 cm™' were peaks created by flavonoids
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Figure 5: EDX images of ZnO nanoparticles calcined at three different temperatures
and phenolics of leaf extract molecules, confirming the pres- 3.6. PL analysis
ence of phytochemica.ls on ZnO nanopart.icles. A phthChem- Figure 7 shows a photoluminescence result of three differ-
ical from plant materials acts as a reducing agent during the  en¢ calcined ZnO nanoparticles in powder form excited at 320
formation of nanoparticles. nm at room temperature. On the absorption spectrum, Near
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Table 3: Antibacterial activity of leaf extract and biosynthesized (400°C) ZnO nanoparticles against human pathogens

Bacteria Concentrations
5 pg/mL 10 pug/mL

Leaf Bio Standard Leaf Bio Standard
Bacillus 4 12 15 9 22 25
subtilis
Staphylococcus 5 10 14 10 23 25
aureus
Pseudomonas 5 14 16 11 24 26
aeruginosa
Escherichia 7 14 17 13 25 26
coli

Transmittance (%)

Leaf
e 300)°C
— 400°C
— 500°C

—T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (u:nfI )

Figure 6: FT-IR spectra of the biosynthesized ZnO nanoparticles calcined at
three different temperatures
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Figure 7: PL spectra of the biosynthesized ZnO nanoparticles calcined at three
different temperatures

Band Edge (NBE) emission peaks at 360-370 nm are typically
associated with donor band excitation emission [31]. There are
in the blue region of the PL spectrum around 412 and 434 nm.
through an exciton collision process, the peak at 412 nm results
from the recombination of free excitons [32]. Photogenerated
holes and electrons occupying oxygen vacancies are thought to
generate the peak at 434 nm by radiative recombination [32].
As electron and holes recombine under light irradiation, they
emit PL and the lower intensity of PL indicates a lower electron
hole recombination [3]. When biosynthesized ZnO nanopar-
ticles at 400 and 500 °C as compared 300 °C, their PL inten-
sity is highest, indicating the most electron and hole recombina-
tion [33]. The biosynthesized ZnO nanoparticles exhibit some
surface and subsurface defects as a result of their dissolute re-
sponse formation progression and huge surface to size ratio.

3.7. Antibacterial activities

Figure 8 shows the bacterial activity of O. sanctum leaf ex-
tract and biosynthesized ZnO nanoparticles (400°C) were ex-
amined by both Gram-positive (Bacillus subtilis and Staphy-
lococcus aureus) and gram-negative (Pseudomonas aeruginosa
and Escherichia coli) bacteria by disk diffusion technique. The
size of the reserve zone growths linearly with an increase in
sample concentration (Table 3). In higher concentrations, leaf
extract showed very little bacterial activities with zones of inhi-
bition of the bacteria such as; Bacillus subtilis (9 nm), Staphylo-
coccus aureus (10 nm), Pseudomonas aeruginosa (11 nm) and
Escherichia coli (13 nm). The phytochemicals in O. sanctum
leaf extract may be in control for the vey little antibacterial
activity present in it. Based on the antibacterial activity re-
sults, biosynthesized ZnO nanoparticles were effective against
all tested bacteria.

The zone of shyness was originated to be the Escherichia
coli (25 mm), Pseudomonas aeruginosa (24 mm), Staphylococ-
cus aureus (23 mm) and Bacillus subtilis (22 mm) at 10 pug/mL
concentrations. Gram negative bacteria are more susceptible to
biosynthesized ZnO nanoparticles than gram positive microbes.
There was a variance in the cell wall assets of Gram positive and
Gram-negative bacteria, with Gram positives having a heav-
ier outer cell membrane layer, which made them immune to
ZnO nanoparticles. In addition, it was proposed that gram neg-
ative bacteria were immune to nanoparticles due to lip polysac-
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Figure 8: Antibacterial activity of the O. sanctum leaf extract and biosynthesized (400°C) ZnO nanoparticles against human pathogens

charide on their cell walls. In a statement by Muthuvel et al
[3], the antibacterial activities of biosynthesized ZnO nanopar-
ticles were stated to be additional active against gram negative
bacteria than gram positive microorganisms. ZnO nanoparti-
cles consume a variety of mechanisms for causing antibacterial
action, the most common of which is the production of ROS
and the statement of Zn%*, which result in cell impairment and
demise in bacteria [18]. Moreover, because ZnO nanoparticles
are cations, they can electrostatically ascribe to the damagingly
emotional surface of bacteria, instigating them to become in-
jured. The biosynthesized ZnO nanoparticles presented greater
bacterial activities in the present study because of their insignif-
icant size and stability. Comparatively, to bulk nanoparticles,
smaller nanoparticles (crystallite size 12 nm) have a higher sur-
face range and reactivity, which improves their bacterial ac-
tivity. Among the biosynthesized ZnO nanoparticles with an
average size of 3 nm, Muthuvel et al [3] observed sophisti-

cated inhibitory activity against Pseudomonas aeruginosa and
Escherichia coli microorganisms. They also proposed that the
bacterial activities of ZnO nanoparticles is size dependent, and
that they inhibited Escherichia coli growth at a comparatively
low concentration of 10 ug/mL [34].

4. Conclusion

The impact of different calcining temperature (300-500 °C)
on the classification of the synthesized nanoparticles was ex-
amined with different techniques such as UV-vis, PL, SEM
with EDAX, XRD, DLS, ZE and FT-IR. XRD results indicate
that all samples are crystallized from wurtzite ZnO with good
crystallinity. The SEM reveal that the ZnO nanoparticles syn-
thesized at 400 °C yielded the best size and shape, while at
500 °C, the particles agglomerated and became large. The FT-
IR results showed that biomolecules were involved in reducing
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zinc ions to ZnO nanoparticles as well as acting as a capping
agent for the synthesized ZnO. The ZE value was found to be
-26.48 mV. The high worth indicates that zinc oxide nanopar-
ticles are stable. The bacterial activity of the biosynthesized
ZnO nanoparticles were assessed by disk diffusion technique
towards all tested bacteria showed effective inhibitory activity
against Escherichia coli (25 mm) and Pseudomonas aeruginosa
(24 mm). It is a simple, eco-friendly and economically feasi-
ble way to apply and extend the green chemistry methods to
nanoparticles production. There is a potential that biosynthe-
sized nanoparticles can be used in a variety of fields, including
cosmetics and pharmaceuticals.
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