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Abstract

Zinc oxide nanoparticles (ZnO NPs) were synthesized from cinnamon and bay leaves using chemical
and environment-friendly synthesis approaches. The biosynthesized NPs were characterized using
X-ray diffraction (XRD), which confirmed their crystalline nature. The morphology of the NPs was
analyzed using scanning electron microscopy. The XRD analysis data showed average grain sizes of
9.968, 18.547, and 29.983 nm for the ZnO NPs. Energy-dispersive X-ray spectrum and XRD patterns
showed that the synthesized ZnO NPs were unadulterated. These ZnO NPs were then used as
antibacterial agents against Gram-positive (Staphylococcus aureus and Staphylococcus epidermidis)
and Gram-negative bacteria (Escherichia coli and Klebsiella pneumoniae). The antifungal activity of
the biosynthesized NPs was also tested against common unicellular fungi (Candida albicans). The
results showed that ZnO NPs extracted from cinnamon demonstrated a higher antibacterial activity
compared with those of the NPs extracted from bay leaves or the chemically prepared ones.
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Introduction

Nanotechnology is the synthesis and utilization of
materials that have dimensions of 100 nm or less. It is
used in materials science research, agriculture, food
manufacture, cosmetics, medicine, and diagnostics.
Nanoscale inorganic compounds demonstrate
extraordinary antibacterial activity at extremely low
concentrations because of their high surface-to-
volume ratios and distinctive chemical and physical
properties [1]. Also, these particles are more stable at
high temperature and pressure [2]. Some of these
compounds are considered nonhazardous and may
even contain minerals essential to human nutrition.

Metallic nanoparticles (NPs) and metal oxide NPs

such as silver, gold, copper, titanium oxide, and zinc
oxide (ZnO), are among the most antibacterial
inorganic substances [3].

ZnO NPs are one of the most important metal oxide
NPs. They are employed in various fields because of
their distinct characteristics. ZnO NPs were initially
used in the production of elastic materials because
they impart abrasion resistance to elastic compound
materials and have high polymer tenacity and vigor.
These NPs are used in antiaging personal care
products and are also useful in industry for the
manufacture of concrete and electronics, and for
photocatalysis and electrotechnology, among others.

ZnO is extensively used in personal care products
such as cosmetics and sunblocks [4]. Also, ZnO NPs
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show exceptional antibacterial, antimicrobial, and
ultraviolet (UV) light-blocking properties. In fact, in
the textile industry, they are incorporated into
completed fabrics to impart appealing properties such
as UV and visible light resistance and antibacterial
and deodorant properties [5].
including carbonic anhydrase, carbopeptidase, and
alcohol dehydrogenase, are inactive in the absence of
Zn, which is a necessary trace element in the human
body, while the other two components (cadmium and
zinc) are Mercury and cadmium are
hazardous metals belonging to the same set of
elements with similar electronic structures. These are
required by the eukaryotes as they modulate
numerous physiological processes [6, 7]. Using
biologically mediated processes, a green synthesis
technology for NPs has been developed in recent
years as an alternative to the conservative physical
and chemical approaches.
multicellular organisms such as bacteria [8, 9],
fungi [10], viruses [11], and algae [12] are involved
in the biosynthesis of metal and metal oxide NPs.

Several enzymes,

inactive.

Unicellular and

These approaches are inexpensive, nontoxic, and
environment-friendly. Metal ions are transformed into
metal NPs by bacteria, which operate as small
nanofactories, with the help of yeast and other
biomolecular components that are concealed or
synthesized by microbes. However, at present, only a
few microbial species are used for the manufacture of
ZnO NPs. Thus, there is a need to find additional
microorganisms for the synthesis of ZnO NPs. This
study investigates the microbe-mediated synthesis of
ZnO NPs, the mechanism of NP synthesis and process
optimization, and their prospective application as
antibacterial agents and forage supplements in animal
husbandry along with their toxicological risks to
animals [13].

In this study, we synthesized ZnO NPs using
environment-friendly and chemical approaches,
examined their structural and surface properties,
determined their effects on two species each of
Gram-negative and Gram-positive bacteria and one
species of fungi, and compared the results obtained
using both methods.

Materials and Methods

In Fig. 1, for the preparation of plant extracts,
cinnamon and bay leaves were chopped, washed with
distilled water, and air-dried. Then, 20 g of the

chopped leaves were weighed and mixed with
deionized water. The aqueous extracts were obtained
after boiling the washed leaves for 15 min, after
which they were allowed to cool, and then were
placed in different beakers. After cooling, the extracts
were filtered using a filter paper and stored at 40 °C.

Zinc acetate (0.1 mol/L) was dissolved in 50 mL of
deionized water in a beaker and placed on a magnetic
stirrer for 15 min for homogenization. Then, 10 mL
of cinnamon and 10 mL of bay leaves were added to
10 mL of Zn (CH;CO,),-2H,0 solution in a beaker
using a magnetic stirrer for 10 min at room
temperature for 24 h before the experiments.

The manufactured NPs were cycled at 6 000 r/min
for 10 min, rinsed with ethanol, and then dripped in
water before use. The samples were then transferred
to a Petri dish and dried for 4 h at 100 °C in an oven.

ZnO NPs were prepared using zinc acetate
dihydrate (Zn (CH;CO,),:2H,0, 99%), which was
supplied by a German company. After decomposition
at room temperature, a concentration of 0.1 mol/L
was obtained by dissolving 2.1949 g of zinc acetate in
50 mL of deionized water [14].

The solution was mixed using a magnetic stirrer for
15 min to complete the dissolution process and then
left for 1 h to obtain a homogeneous solution.

Fig. 1 Steps of the preparation process of ZnO NPs using
chemical and environment-friendly methods.

Results and Discussion

X-Ray diffraction examination

Figure 2 shows the X-ray diffraction (XRD) patterns
of the ZnO NPs synthesized using cinnamon and bay
leaves, and following a chemical synthesis process.
The XRD patterns of all ZnO NPs showed a
hexagonal structure with lattice parameters of a = b =
249 and ¢ = 206, as mentioned in Refs. [15-17].
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Several extensive diffraction peaks were observed at
31.90°, 34.4098°, 36.20°, 47.12°, 56.40°, 62.48°, and
67.40°, corresponding to the (100), (002), (101),
(102), (110), (103), and (112) crystal
respectively. The strongest peak was observed at
(101) and
demonstrating the excellent cleanliness of the ZnO NP
crops. The XRD patterns of the ZnO NPs synthesized
using green technology were inconsistent as already
stated in Ref. [18] with the drift depicted in Fig. 2.
The production of ZnO NPs was confirmed using

planes,

indicated a favored growth plane,

XRD analysis. The diameters of the NPs were set

using Scherrer’s equation as follows:

D= 0.94 )
Bcoso

where D is the grain size of nanoparticles, 4 is the
wavelength of radiation, f# is the full width at half
and 0
degree [16—18]. NPs produced by green synthesis

maximum in radians, is the diffraction
approach (using cinnamon and bay leaves) and
chemical approach have mean diameters of 29.983,
9.968, and 18.547 nm, respectively. Table 1 shows
the average diameters of the nanoparticles produced
using chemical components and cinnamon and bay
leaf extracts. Compared with the preparation of ZnO
NPs using the chemical methods, the average
diameter of the ZnO NPs extracted from cinnamon
and bay leaves was smaller, and the increase in the
width of the peaks led to a smaller crystal size

(Table 1).
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Fig. 2 XRD spectrum of ZnO NPs.
Scanning electron microscopy (SEM)
analysis

Figure 3 shows the SEM morphologies of the ZnO
those
extracted from cinnamon and bay leaves. The shape

nanoparticles generated chemically and
of the spherical surfaces is shown in the SEM images.
Because of their modest sizes, green synthetic
structures exhibited minimal aggregation. Instead of
using expensive and toxic capping chemicals to
reduce agglomeration, plant extracts can function as
both capping and reducing agents. Hence, this
approach for producing ZnO nanoparticles is more
cost-effective and ecofriendly than the other methods.
The narrow-assimilation SEM images of the ZnO NPs
synthesized from cinnamon and bay leaf extracts
showed a hexagonal wurtzite structure with a smooth

and well-defined contact surface [19, 20].

Table 1 Structural properties deduced from XRD results of ZnO nanoparticles

Sample FWHM (rad) 26 (°) Diameter (nm) Average diameter (nm) hikl
0.004 647 31.701 31.230 (100)
0.005184 34.352 27.808 (002)
7n0 0.005484 36.152 26.597 (1o1)
chemical 0.006 105 47.381 24.803 29.983 (102)
0.003489 56.145 45.603 ' (110)
0.006978 62.143 23.225 (103)
0.005457 67.824 30.620 (112)
0.019016 36.200 7.5851 (100)
0.010867 34.409 13.370 (002)
0.013730 31.906 10.624 (101)
Cinnamon 0.014567 47.451 10.409 9.968 (102)
0.018318 56.490 8.601 (110)
0.015650 62.791 10.386 (103)
ZnO 0.018981 67.861 8.809 (112)
green 0.009954 31.761 14.398 (100)
0.006456 34.905 22.545 (002)
0.008466 36.140 17.331 (101)
Bay leaf 0.007909 47.269 19.151 (102)
0.011100 56.477 14.191 18.547 (110)
0.007257 62.023 22.295 ' (103)
0.008374 67.422 19.921 (112)

https://www.sciopen.com/journal/2150-5578


https://www.sciopen.com/journal/2150-5578

Nano Biomed. Eng., 2023

Fig. 3 SEM images of ZnO nanoparticles using chemical and
green methods.

Fourier transform infrared (FTIR) analysis

Using FTIR spectroscopy, the expected functional
sets of biomolecules present in a natural extract
resulting from the reduction of zinc ions to ZnO NPs
were discovered. Figure 4 shows the FTIR spectrum
of the ZnO NPs synthesized from plant extracts.
ZnO NPs produced using chemical methods and

—— Chemically — Cinnamon — Bay leaf

Transmitance (%)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 4 FTIR spectrum of ZnO nanoparticles.

cinnamon and bay leaf extracts exhibited absorption
peaks at 67222, 1012.47, 1022.58, 1348.73,
1404.57, 1588.91, 2930.98, and 2988 cm™ on the
FTIR spectrum.

The broad and prominent peaks between 1500 and
2000 cm™ correspond to N—H, O—H, and C—H
bonds; H-bonded phenols and alcohols; and the
amide group stretching oscillations. C—O stretch
vacillations are characterized by the bands in the
neighborhood of 2930.98 and 2988 cm™. The
presence of a band between 672.22 and 1022.58 cm™
in the spectrum suggests that ZnO NPs were
synthesized, and these results agree with the findings
of other studies [21-23].

The optical energy band gap of the ZnO NPs was
calculated using the absorption edge. A very large
energy gap was observed (Table 2). The increase in
the band gap energies of ZnO NPs could be an
indication of the quantum confinement effect because
of the decrease in the structure size.

Table 2 Energy bandgap of the prepared ZnO NPs extracted
from cinnamon, bay leaf, and using chemical synthesis

Sample A max (M) E, (eV)
Chemical 339.743 3.655
Cinnamon 319.044 3.892
Bay leaf 331.755 3.743

Electron transitions between the wvalence and
conduction bands result in the intrinsic band gap
absorption of ZnO. Because ZnO NPs absorb UV
radiation, they can be wused in sunscreen and
antimicrobial ointments [24]. Band gaps in the ranges
of 3.655, 3.892, and 3.743 eV were observed, which
shows that ZnO NPs can be used in metal oxide
semiconductor-based systems [25].
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Antimicrobial activity

The antimicrobial activity of the synthesized ZnO
NPs was examined against a variety of pathogenic
bacteria, including Gram-positive (Staphylococcus
aureus and S. epidermidis) and Gram-negative
bacteria (Escherichia coli and Klebsiella spp.). The
antifungal activity of the synthesized NPs was also
studied against a

(Candida albicans).

common unicellular fungus

The test was conducted using the agar disc
technique in sterile, dishes (¢90 mm). Nutrition agar
was prepared by dissolving 28 g of nutrient agar
powder in 1 L of water. The medium was then
sterilized in an autoclave at 121 °C at 1.5 MPa for
approximately 15 min. The medium was then cooled
to 45-50 °C and transferred to Petri dishes. Bacteria
were cultured in Petri dishes using the diffusion
method and dispersed uniformly onto nutritional agar
plates with a sterile glass rod spreader. Wells were
drilled into the bacterial and fungal media in each
dish using a sterile gel drill/crook borer, proportional
to the number of samples (materials), to determine the
effect of these samples on the bacteria and fungi.
Each well was filled with 100 pL of ZnO NPs and the
plates were incubated at 37 °C for 24 h. The widths of
the inhibition zones were measured after incubation.
The inhibition zones were obtained for E. coli (10,
11, and 12 mm), Klebsiella spp. (13, 14, and 15 mm),
S. aureus (11, 11, and 12 mm), S. epidermidis (12, 14,

and 15 mm), and C. albicans (16, 16, and 17 mm) for
ZnO NPs prepared using the chemical method and
those extracted from cinnamon and bay leaves,
respectively (Table 3). The inhibition zones obtained
for ZnO NPs generated using the chemical approach
showed antimicrobial efficacy against £E. coli
(12 mm), Klebsiella spp. (15 mm), S. aureus
(12 mm), S. epidermidis (15 mm), and C. albicans
(17 mm). The results suggest that the ZnO NPs
generated from cinnamon exhibited superior
antibacterial activity against all tested pathogens
compared with the ZnO NPs synthesized from bay
leaf and those synthesized using a chemical approach
(Fig. 5). Additionally, the increased antibacterial
action of the cinnamon-extracted ZnO NPs was
characterized by modest size, shape, and nature of the

biologically active compound present in cinnamon.

Conclusion

The phytoassisted synthesis of ZnO NPs using
aqueous extracts of cinnamon and bay leaves is an
environmentally friendly and cost-effective method
for the synthesis and chemical preparation of ZnO
NPs. The results of this study show that the tested
pathogenic strains are susceptible to ZnO NPs, which
confirm the potential efficacy of these NPs against
certain bacterial strains. This makes it possible to
extend the use of these NPs in the biomedical field.

Table 3 Inhibition zone of the ZnO and ZnO green nanoparticle activity against the tested pathogenic microbes

Inhibition zone (mm)

Microbial type Organisms Chemical method Green method
ZnO Chemically (1) ZnO Bay leaf (2) ZnO Cinnamon (3)
Escherichia coli 10 11 12
Gram-negative
Klebsiella spp. 13 14 15
Staphylococcus aureus 11 11 12
Gram-positive
S. epidermidis 12 14 15
Fungi Candida albicans 16 16 17

Fig. 5 Activity of ZnO nanoparticles prepared using chemical and green methods (cinnamon and bay leaf) against the tested
microbial species (S. aureus and S. epidermidis, E. coli, Klebsiella spp., and C. albicans).
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