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Abstract

In this paper, we report the green synthesis of ZnO nanoparticles by using the medicinal plant,
Aloe Vera. Characterization of the prepared nanoparticles was carried out by various
techniques such as field emission scanning electron microscopy (FESEM), elemental analysis A o %
(EDS), X-ray diffraction (XRD), ultraviolet-visible (UV-Vis), and Fourier-transform infrared / %
(FTIR). The synthesized nanoparticles have the hexagonal wurtzite structure of an average grain
size of 17 nm confirmed from X-ray diffraction analysis. Studies of antibacterial activity show
that the synthesized ZnO nanoparticles have potential applications in this field. For

antibacterial studies, we used Bacillus Subtilis and Staphylococcus Aureus as the gram-positive

and Escherichia Coli and Salmonella Typhi as the gram-negative bacteria.
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Introduction

he field of nanotechnology is one of the most active researches

in modern material science. Nowadays, nanoscience, as well as
nanotechnology, is widely applied in different fields mainly in
sensor, electronic, antibacterial, water purification, cosmetic,
biomedical, pharmaceutical, environmental, catalytic and material
applications.®The zinc oxide (ZnO) has high electron mobility, high
thermal conductivity, good transparency, wide and direct bandgap
(3.37 eV), and large exciton binding energy; it can also be grown
easily in various nanostructure forms.1° The size, crystallinity, and
morphology of the nonmaterial can greatly influence their catalytic,
magnetic, electronic, and optical properties.!? The ZnO
nanoparticles (NPs) are of significant interest as they provide many
practical applications worldwide.? Recently green synthesis has
become a popular way to synthesize these NPs due to its low cost,
environment compatibility, synthesizable in ambient atmosphere
and non-toxicity.13 The antibacterial activity of ZnO NPs has been
ascribed to a variety of factors like abrasiveness of the
nanomaterial’s, presence of surface defects, orientation and facet
formation, possible disruption of the cell membrane, oxidative
stress created inside the cell, generation of reactive oxygen species
(ROS), lattice constant of the particles, etc.14-18
Biological methods of synthesis of nanomaterial’s are considered to
be environmentally safe and sound compared to the conventional
synthetic methods.19.2% Since plants are rich in polyphenols, they
serve as important materials for the production of metallic NPs.2!
Such types of synthesis using phytochemicals minimizes or
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eliminates chemical interventions, thereby resulting in a truly green
and non-polluting eco-friendly process.?223 Here we report the new
fast method to green synthesis of ZnO NPs and their antibacterial
properties against both gram-negative and gram-positive bacteria.

Experimental

Antibacterial activity

The disc diffusion method was applied to examine antibacterial
activity.?* Ciprofloxacin and fluconazole were taken as a standard
for antibacterial activity. A panel of 4 common pathogenic
microorganisms with two gram-positive bacteria Staphylococcus
Aureus (PTCC 1431), Bacillus Subtilis (PTCC 1156) and two gram-
negative bacteria Escherichia Coli (PTCC 1553), Salmonella Typhi
(PTCC 1609) was used. The bacterial strains were obtained from the
Persian Type Culture Collection, IROST, Iran.

Preparation of the Aloe Vera leaf extract (ALE)

Aloe Vera leaf (40 g) were thoroughly washed, dried and then
boiled in 80 ml of deionized water for half an hour. The color of the
aqueous solution changed from watery to dark yellow. The extract
was cooled at room temperature, filtered through Whatman filter
paper and stored at 20 °C for further use.

Synthesis of ALE-capped ZnO NPs

For the synthesis of ZnO NPs, 0.4 g of Zn(OAC); were dissolved in 50
mL deionized (DI) water. Then 4 mL of ALE were added and the
resulting mixture stirred for 20 min using a magnetic stirrer. In
order to adjust the pH of the solution to pH 12, NaOH solution 2 M
was added drop-wise while stirring. After the end of the reaction,
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Table 1. Anti-bacterial activity of the ZnO NPs vs. Aloe Vera extract.

Bacteria Category Zone of Inhibition (mm)
Sample A (Aloe Vera) Sample B (ZnO)
5mg 10 mg 25mg 5mg 10 mg 25mg
Escherichia Coli Gram negative 2 3 5 11 13 16
Salmonella Typhi Gram negative 1 2 4 9 14 17
Bacillus Subtillis Gram Positive 5 8 13 13 17 23
Staphylococcus Aureus Gram Positive 8 12 17 15 21 25
the white crystalline precipitated were collected by filtration and  —
washed several times with hot water and dried at room
temperature. Then placed in a furnace at 600°C for 1 hour after
annealed in an oven at 120 °C for 3-5 h. 1000 ’
UV-Vis Spectroscopy |
The ultraviolet-visible (UV-Vis) spectrum of the synthesized ZnO
NPs was carried out on a Shimadzu 1601-PC UV/Vis s00-] |
spectrophotometer. ) . J\ Iﬂ A
X-ray diffraction measurements )\ ‘Jﬂ ) I{ l }’ \i | ’i‘
The X-ray diffraction (XRD) pattern of powdered ZnO NPs was . ot ¥ WJL.,_J A W M A
recorded on Philips X'Pert PRO XRD system (Netherlands) at 40 kV 1 E: @ 4‘0 & B ™ &
with CuKa radiation (k = 1.54 A). X'pert high score database used to e
check for the references. The crystalline size of the ALE-ZnO NPs T
was calculated following the Debye—Scherer’s formula (equation S— |
(). |

Scanning electron microscopy (SEM)

SEM analysis was carried out using the fine powder of ZnO NPs by
use of Phenom ProX ultimate all-in-one imaging and X-ray energy
dispersive spectroscopy (EDS) system (Netherlands) at an
accelerating voltage of 15 kV.

Fourier-transform infrared (FTIR) spectroscopy

FTIR was employed for the assessment of functional groups on ZnO
NPs. Briefly, the air-dried powder of ZnO NPs were mixed with
spectroscopic grade KBr (1:100) and their spectrum was recorded.
FTIR measurements were carried out by the use of the Shimadzu
prestige-21 FTIR spectrophotometer (4000-400 cm-1).

Results and discussion

X-ray diffraction analysis

Figure 1 shows distinctive Bragg reflections at 26 values of 31.887,
34.576, 36.400, 47.657, 56.723, 63.032, 66.500, 68.096, 69.312,
72.712, and 77.052 can be indexed to the (100), (002), (101), (102),
(110), (103), (200), (112), and (201) that are in good agreement with
wurtzite Zn0.23 The distinct and clear peaks confirmed the high
purity and crystalline nature of the prepared ZnO NPs. The

Figure 1. The XRD pattern of the synthesized ZnO NPs.

crystalline size has been estimated from the broadening of the first
diffraction peak using the Debye—Scherer formula: 2

D =0.9\/ Bcosd (1)

where D is the crystal size of ZnO NPs, 0.9 is Scherer’s constant, 1 is
the wavelength of X-rays (1.541 A), 8 is the Bragg diffraction angle,
and B is the full-width at half-maximum (FWHM) of the diffraction
peak corresponding to plane (101). The average particle size of the
sample was found to be 16.98 nm which is derived from the FWHM
of the more intense peak corresponding to the (101) plane located
at 36.4006° using Scherer’s formula.

B=0.49204*22/180*7= 0.00859 radians (2)
26=36.4006 - 6=18.2003
D= 0.9\ /Bcos6 - D = 0.9*%0.154 /0.00859cos (18.2003) = 16.98 nm

Scanning electron microscopy
The SEM images exhibited pleomorphic ZnO NPs (Figure 2). The
elemental composition of ZnO NPs was analyzed through EDX and

o= = B —

Figure 2. The SEM image of synthesized ZnO NPs.
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found comprised of zinc (48.6%) and oxygen (51.4%) by atomic
concentration (Figure 3). Results indicate three emission peaks of
metallic zinc and small peaks of oxygen, which confirmed the
formation of ZnO NPs.
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Figure 3. The EDS pattern of synthesized ZnO NPs.

FTIR spectroscopy

The FTIR spectrum of ZnO NPs is shown in (Figure 4). This spectrum
exhibited a broad peak at 3437 cm, assigned to the -OH group
from phenol present in the extract. The bands at 3452 and 2929 cm-
1 are attributed to stretching vibrations of the amines, O-H
stretching of alcohols, and C-H stretching of alkanes. A similar band
pattern has been reported by Sangeetha et al.2* for the ZnO NPs
synthesized by A.barbadensis miller leaf extract. The peak at 1608
cmis due to the amide regions that are characteristics of proteins
and enzymes. The high-intensity band around 440 cm™ is due to
stretching of zinc and oxygen bond.26

Figure 4. The FTIR spectra of synthesized ZnO NPs.

UV-Vis spectroscopy

The UV-Vis spectrum is shown in Figure 5. Confirmation of the
synthesized ZnO nanoparticles was exhibited by the blue-shifted
absorption maximum at 347 nm. Bulk ZnO exhibits absorption
maximum around 380 nm approximately.?’
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Figure 5. The UV-Vis spectrum of synthesized ZnO NPs.

Antibacterial test

The antibacterial activity of the synthesized ZnO NPs was tested for
gram-positive and gram-negative bacteria. The results are shown in
Table 1 that represent the excellent antibacterial activity of ZnO
NPs against all gram-positive and gram-negative bacteria. The
experimental outcomes undeniably suggest an effective growth
inhibitory activity of the ZnO NPs upon the micro-organisms.

Conclusion

Effective green synthesis of nanoparticles will have greater
implication and applications in biomedical research. In this study,
ZnO NPs were synthesized by using Aloe Vera leaf extract. The
phytochemicals present in the plants reduced zinc acetate. The
crystalline structure of ZnO NPs was confirmed by XRD. The
Antibacterial studies confirmed that the synthesized ZnO NPs have
effective growth inhibitory activity upon the micro-organisms.
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