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In this study, we used khat (Catha edulis) leaf extract as a reducing and stabilizing agent for the biosynthesis of zinc oxide
nanoparticles (ZnO NPs). The rapid color change of the solution to pale yellow and UV-visible absorption peak at 322 nm
confirmed the initial formation of ZnO NPs. FTIR spectrum analysis revealed the contribution of khat leaf extract to the
bioreduction of Zn>" ions to ZnO NPs. The FTIR spectrum for the stretching vibration of ZnO at 480 cm™ also confirms the
formation of ZnO NPs. The XRD spectrum showed the crystallinity and the hexagonal wurtzite structure of ZnO NPs. The
size of the synthesized ZnO NPs calculated using the Debye-Scherrer formula was found to be equal to 17 nm. Antibacterial
efficacy of green-produced zinc oxide nanoparticles against Gram-positive and Gram-negative microorganisms was tested. It
has the greatest inhibition zone (23 mm) against E. coli, but the least activity was against S. pneumoniae (15 mm).

1. Introduction

Green synthesis nanoparticle production through plants,
bacteria, fungi, and algae allows for the large-scale produc-
tion of metal oxide nanoparticles with sizes ranging from 1
to 100nm [1-4]. Green synthesis is a developing area in
the field of chemistry, which aims to design clean products
and sustainable processes through decreasing or eliminating
the use of toxic reagents [4, 5]. Green synthetic procedures
have gained rising popularity as they can develop clean tech-
nology that proactively affects the design of nanomaterials
and products by decreasing or eliminating toxic wastes from
the fabrication of nanoscale materials and provides a benign
atmosphere for promoting environmental sustainability [4,
6]. Due to their intrinsic capabilities, green methodologies
facilitate the reduction of dissolved metal ions to zero
valence state and eventually yield the pertaining nanoparti-
cles [7]. Nanoparticles contain distinct physicochemical,
optical, and biological properties that can be customized to
fit specific requirements. One of the distinguishing charac-
teristics of nanosized particles is their high surface-to-

volume ratio [8, 9]. Nanoparticles have this property, which
allows them to be more reactive than bulk materials because
atoms on the surface are more active than those in the bulk
[10, 11]. When particles are reduced in size from a microm-
eter to a nanometer scale, their characteristics such as elec-
trical conductivity, hardness, active surface area, chemical
reactivity, and biological activity have all been drastically
changed. This is because a large surface area particle has more
reaction sites than a small surface area particle [11, 12].
Among the various nanoparticles that have been synthe-
sized so far, zinc oxide nanoparticles (ZnO NPs) have
attracted a lot of interest due to their unique physical and
chemical characteristics [13, 14]. The attention of the scien-
tific and medical community was drawn to ZnO nanoparti-
cles because of their crucial significance in biomedical and
cancer applications. It has many technological applications,
because of its exceptional optical and electrical properties,
such as thin film transistors [15] and electrochemical sensors
[9]. It is also useful in the pharmaceutical and cosmetic
industries [16], environmental protection [17], and light-
emitting devices and solar cells [18], for rubber industry
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FIGURE 1: Schematic illustration of antibacterial activity of ZnO NPs [19].

[19], improving the efficiency of subgrade soil strength prop-
erties [20], heterogeneous and homogenous catalysts [21],
heavy metals absorption [22], and nanomedicine and water
purification [7], in food packaging [23] as well as for anti-
bacterial activity [24, 25]. The antibacterial activity may
involve the accumulation of ZnO NPs in the outer mem-
brane of bacterial cells and trigger Zn** release, which would
cause bacterial cell membrane disintegration, membrane
protein damage, and genomic instability, resulting in the
death of bacterial cells [19]. As shown in Figure 1, prior
reports had suggested that the main antibacterial toxicity
mechanisms of ZnO NPs were based on their ability to
induce excess reactive oxygen species (ROS) generation,
such as superoxide anion, hydroxyl radicals, and hydrogen
peroxide production [19, 23]. This puts cells in an oxidative
stress state, which causes protein denaturation, affects mito-
chondrial function and cell metabolic activity, and eventu-
ally leads to death [9].

Different physical and chemical processes are now
widely used to synthesize metal oxide nanoparticles, allow-
ing one to obtain particles with desired characteristics.
Such manufacturing methods are generally excessively
costly and involve the use of toxic and hazardous chemi-
cals that cause a variety of environmental risks [6, 26].
As a result, there is a clear need for an alternative, cost-
effective, safe, and environmentally friendly technique of
nanoparticle synthesis [11, 14, 24, 27].

In recent years, various natural materials such as plant
extracts and marine organisms (yeast, bacteria, algae, fungi,
etc.) have been exploited to make energy-efficient, low-cost,
and nontoxic nanoparticles in the last few decades. They
function as a potential biofactory for the reduction and sta-
bilization of the biofabricated nanoparticles owing to a great
variety of their secondary metabolite’s contents such as poly-
saccharides, polyphenols, chitosan, alkaloids, fiber, and fla-
vonoids [6, 28]. Furthermore, the presence of a wide array
of phytochemicals in their extract may function as a natural
stabilizer and/or reducer [29].

FiGure 2: Khat (Catha edulis) leaf.

According to the previous literatures, ZnO nanoparticles
have been synthesized from a variety of plant extracts such
as orange fruit peel extract [30], Hibiscus sabdariffa extract
[31], Citrus sinensis extract [32], Mangifera indica leaves
[33], Andrographis paniculata leaves [34], Parthenium hyster-
ophorus leaf extract [35], tea leaf extract [15], Garcinia man-
gostana fruit pericarp [36], Aloe vera peel extract [37], etc.

Despite the environmental advantages of using green
chemistry-based biological synthesis over traditional methods,
there are some unresolved issues such as particle size and
shape consistency, reproducibility of the synthesis process,
and understanding of the mechanisms involved in producing
the nanoparticles via biological entities [38]. Consequently,
there is a need for further research to analyze and compre-
hend the real biological synthesis-dependent processes.

Hence, in this study, khat (Catha edulis) leaf extract was
used as a reducing and stabilizing agent for the synthesis of
zinc oxide nanoparticles. Khat (Catha edulis) is an evergreen
plant of the family Celastraceae. It is widely cultivated on the
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FIGURE 3: The process of khat leaf preparations. (a) Fresh khat leaf, (b) washed khat leaf, (c) small pieces of khat leaf mixed with distilled

water, (d) heating of the mixture, and (e) filtrate of khat leaf extract.
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FIGURE 4: Synthesis of zinc oxide nanoparticle preparation.

high and mountain sides of Yemen and Ethiopia (Figure 2)
[39, 40]. Khat contains a psychoactive composite belonging
to the phenyl propylamine groups of alkaloids called cathi-
none: a drug that has a stimulant effect on the central
nervous system that can be both physically and psychologi-
cally addictive when overused [41]. Its young buds and ten-
der leaves are chewed to attain a feeling of great happiness
and stimulation [40, 42].

Nowadays, a large number of people in East Africa
(Ethiopia, Eritrea, Kenya, Somalia, and Djepute) and Yemen
chew khat leaves because of their pleasurable and stimulat-
ing effects [42]. Students have chewed khat in an attempt
to improve their mental performance before exams. The
leaves have an astringent taste and a characteristic aromatic
odor [40]. The taste varies from one type to another due to
the different compounds (phytochemicals) present in the
leaf. Khat contains more than forty alkaloids, glycosides, tan-
nins, amino acids, vitamins, and minerals [40, 43]. The envi-
ronmental and climate conditions determine the chemical
profile of khat leaves. The presence of phytochemicals and
the minor components of khat leaf extract play an important
role in the reduction property of khat leaves. The current study
focused on the green synthesis of ZnO NPs using khat (Catha
edulis) leaf extract, and its characterization was investigated
along with the evaluation of antibacterial properties for the
synthesized ZnO NPs.

2. Materials and Methods

2.1. Materials and Chemicals. Khat (Catha edulis) leaf was
purchased from a local market in Bahir Dar city, Ethiopia.
Chemicals such as zinc nitrate hexahydrate, ferric chloride,
hydrochloric acid, and sulphuric acid were purchased from
Loba Chemie Pvt. Ltd., India. Chemical reagents such as

methanol, gentamycin, chloramphenicol, and potassium
bromide from Uvasol, Germany, were also used in the
experiment. Escherichia coli (Gram-negative), Salmonella
typhi (Gram-negative), Staphylococcus aureus (Gram-posi-
tive and Gram-negative bacterial strains), and Streptococcus
pneumoniae (Gram-positive and Gram-negative bacterial
strains) strains purchased from IMTECH, Chandigarh,
India. The experiment was conducted with freshly prepared
double distilled deionized water, and all of the chemicals
used were of analytical grade.

2.2. Preparation of Khat (Catha edulis) Leaf Extract. Fresh
leaves of khat (Catha edulis) were washed with tap water
followed by double distilled water to remove all contaminants.
Thereafter, the leaves were chopped into small pieces and
homogenized with a mortar and pestle. The aqueous extract
of leaves was made by mixing 5 g of finely chopped leaves with
50 mL of distilled water in a 250 mL glass beaker. The mixture
is then heated for 20 minutes at 60°C (Figure 3). After allowing
the extract to cool to room temperature, it was filtered through
Whatman No. 1 filter paper. The filtrate was put in the refrig-
erator at 4°C until it was needed for further use.

2.3. Phytochemical Screening of Khat (Catha edulis) Leaf
Extracts. Active constituents in the leaf extract of khat
(Catha edulis) were detected and identified by performing
chemical tests. Phytochemicals such as proteins, tannins, fla-
vonoids, terpenoids, saponins, quinones, and phenols were
detected based on standard tests [44-46].

2.4. Test for Alkaloids. For this test, a filtrate of khat leaf extract
was acidified by adding 1.5% (v/v) of HCI followed by a few
drops of Wagner’s reagent. The formation of a yellow (orange)
precipitate confirmed the presence of alkaloids [44, 46].
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ScHEME 1: Possible mechanisms of formation of ZnO NPs by using plant extract [54].

F1GURE 5: Phytochemical analysis of khat (Catha edulis) leaf extract
for (a) alkaloids, (b) glycosides, (c) flavonoids, (d) steroid, (e)
tannins, and (f) phenols.

F1GURE 7: Color changes observed before and after the formation of
ZnO NPs: (a) Zn(NO,),*6H,0 solution, (b) leaf extract of khat
TaBLE 1: Qualitative analysis of phytochemicals in khat (Catha (Catha edulis), and (c) ZnO NPs.

edulis) leaf extract.
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FIGURE 6: FTIR spectra of (a) khat (Catha edulis) leaf extract and

(b) ZnO NPs. 2.6. Test for Flavonoids. For the flavonoids test, 5mL of

dilute ammonia was added to 3mL of aqueous filtrate of khat
2.5. Test for Glycosides. To test glycosides, a small amount of ~ leaf extract. This was followed by the addition of 1.5mL of
khat leaf extract was dissolved in 1 mL of water, and I mL of  concentrated sulphuric acid (H,SO,). The formation of a yel-
aqueous NaOH solution was added to the extract solution. low color confirmed the presence of flavonoids [46].
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F1GURE 9: X-ray diffraction patterns of ZnO nanoparticles.

2.7. Test for Steroids. For the steroids test, 2mL of khat
extract was mixed with 2mL of chloroform, and 1 mL of
concentrated H,SO, was added carefully to the mixture.
The appearance of a reddish brown color interface indicated
the presence of steroids [45].

2.8. Test for Tannins. For the tannins test, 3mL of khat leaf
extract was placed in the test tube, and then, 2 mL of 5% fer-
ric chloride solution was added. The formation of a brown-
ish green or blue-black color confirmed the presence of
tannins [44, 46].

2.9. Test for Phenols. For the phenols test, 1 mL of khat leaf
extract and 2 mL of distilled water followed by a few drops
of 5% ferric chloride were added. The formation of brown-
purple color confirmed the presence of phenols [44].

2.10. Synthesis of Zinc Oxide Nanoparticles. To synthesize
zinc oxide nanoparticles, a 2mL aqueous solution of 3%
(w/v) khat (Catha edulis) leaf extract was mixed with 5mL
of a 1mM aqueous Zn(NO,),.6H,O solution. We heated
the solution for 10 minutes at a temperature of 60°C using
a magnetic stirrer (Figure 4). The solution color changes to
yellow due to the formation of a Zn** complex with the phy-
tochemical components of the khat leaf (Scheme 1). The
resulting solution was placed in a Petri dish and heated in
the oven at 400°C for two hours. After calcination, a white
powder of zinc oxide was packaged and kept in the sample
container for the next characterization.

2.11. Characterization of Zinc Oxide Nanoparticles. Visual
inspection, UV-visible absorption spectroscopy, X-ray dif-
fraction spectroscopy, and FTIR spectroscopic analyses were
used to evaluate ZnO NPs produced using khat leaf extract.
Every color change for each phase of the nanoparticle pro-
duced was carefully observed. The color changes were
blended and examined before and after the khat (Catha edulis)
leaf extract and the precursor were mixed. The UV-visible
absorption spectral analysis of the produced ZnO NPs was

performed using an Agilent Cary 60 UV-vis spectrophotome-
ter. The samples of the combination were closely monitored to
ensure that the bioreduction of Zn** ions was complete and
then scanned in the UV-visible spectrum with wavelengths
ranging from 200 to 700 nm. A drop of the extract was com-
bined with KBr powder to prepare a paste for FTIR spectro-
scopic measurement. The paste was then scanned with an
8 nm resolution FTIR spectroscopy in the wave number range
of 400 to 4000 cm™". The crystalline nature of the zinc oxide
nanoparticle was measured using X-ray diffraction (XRD,
PANalytical X’Pert PRO) with Cu K radiation at a voltage of
40kV and a current of 30 mA. The average size of ZnO NPs
was calculated using the Debye-Scherrer equation.

2.12. Antibacterial Activity of ZnO NPs Using Disc Diffusion
Methods. The disc diffusion method was used to test the
antibacterial activity of ZnO NPs against human pathogens
Escherichia coli (Gram-negative), Salmonella typhi (Gram-
negative), Staphylococcus aureus (Gram-positive), and
Streptococcus pneumoniae (Gram-positive). Before being
placed on the agar, the discs were soaked using sterile for-
ceps in double distilled water as a negative control, ZnO
nanoparticles colloidal solution, plant leaves extract, and
2mM zinc nitrate solution. As a positive control, gentamicin
and chloramphenicol were inserted in the center of the
plates. Each disc was gently pressed down with sterile for-
ceps to ensure precise contact with the agar surface. The agar
plates were then incubated for 24 hours at 37°C. The inhibi-
tion zones that resulted were measured, and they were
expected to be uniformly round with a confluent lawn of
development. A digital electronic caliper was used to mea-
sure the sizes of zones of full inhibition. Antibiotics genta-
mycin and chloramphenicol were used as positive control.

3. Results and Discussion

3.1. Phytochemical Analysis of Khat (Catha edulis) Leaf
Extract. Phytochemicals are plant-derived bioactive com-
pounds. They are classified as secondary metabolites since
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FIGURrE 10: Antibacterial image of ZnO nanoparticles: (a) E.

the plants that make them may not require them. All parts of
the plant, including the leaves, stem, root, flower, fruits, and
seeds, produce them naturally [47]. Alkaloids, glycosides, fla-
vonoids, steroids, tannins, and phenols were identified in the
preliminary phytochemical screening of khat (Catha edulis)
leaf extract. Standard procedures were used to identify these
phytochemical constituents based on color changes
(Figure 5) [48, 49]. Table 1 shows the results of a qualitative
phytochemical investigation of khat (Catha edulis) leaf extract.
From the table, it is observed that khat (Catha edulis) leaf
extract showed the presence of phytoconstituents.

3.2. The FTIR Spectra Analysis. Photochemical of khat
(Catha edulis) leaf extract that are responsible for reducing,
capping, and stabilization of ZnO NPs was determined using
FTIR spectroscopic measurements. The FTIR spectrum of
plant extracts and manufactured ZnO NPs is shown in
Figures 6(a) and 6(b), respectively. The presence of a strong,
broadband spectrum (Figure 6(a)) at 3451 cm’! in khat
(Catha edulis) leaf extract can be attributed to hydrogen
linked O-H stretching vibrations of phenol, alcohol, carbox-
ylic groups, and other compounds [50, 51]. At 3443cm’’, a
broad absorption band for the synthesized ZnO NPs was
also observed (Figure 6(b)). Alcohols, phenolics, carboxylic
groups, and other OH stretching vibrations are associated
with the spectrum [4, 10, 15]. When compared to the spectra
of khat (Catha edulis) leaf extract, the intensity of this spec-
trum is reduced and its location is shifted [36, 52]. The rea-
son for the reduction of the spectra is due to the fact that the
phytochemicals such as alcohols, flavones, and carboxylic
groups are involved for the reduction of Zn** to ZnO nano-
particles [10, 36]. A strong absorption spectra for khat leaf
extract (Figure 6(a)) was observed at 1638 cm™, which may

coli, (b) S. typhi, (c) S. aureus, and (d) S. pneumoniae.
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FIGURe 11: Antibacterial activity of ZnO nanoparticles against
bacterial strains.

be attributed to C=O bands and the N-H group of proteins
and enzymes [13, 23, 51]. The spectra of C=0 bands and
the N-H group of proteins and enzymes for the biosynthe-
sized ZnO NPs shifts to 1630 cm™, and the intensity is sig-
nificantly decreased (Figure 6(b)). The decrease in intensity
is mainly due to the redox reaction of C=0 containing
organic compounds with zinc ions which converts to the
OH group [4, 26, 50]. This is also another confirmation test
for the involvement of phytochemicals in the reduction pro-
cess. The stretching vibration of ZnO has an absorption
spectrum of 480 cm™’, confirming the production of zinc
oxide nanoparticles [10, 35, 53]. The presence of N-H and
O-H bonds in the FTIR spectrum revealed that proteins
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TaBLE 2: Zone of inhibition of ZnO NPs against different human pathogenic bacterial strains.

E. coli inhibition zone
Reagent

S. typhi inhibition zone

S. aureus inhibition zone  S. pneumoniae inhibition zone

(mm) (mm) (mm) (mm)
Gentamycin 27 23 22 21
Chloramphenicol 22 18 18 17
[3] 13 — 16 10
[51] 19.8 — 10.7 —
ZnO NPs 23 17 17 15

and phenolic and flavonoid compounds are responsible for
the bioreduction and stabilization process of ZnO NPs syn-
thesis [51]. The stabilization of the synthesized ZnO NPs
may be due to the coordination of ZnO NPs with —-OH
and C=0 groups [15].

The mechanism of ZnO NPs synthesis is that the plant
extracts act ligation and the aromatic hydroxyl group pres-
ent in polyphenolic ellagic acid ligate with Zn>" ions to form
zinc-ellagate complex (Scheme 1). Calcination of the com-
plex for 2 hours at a temperature of 400°C results in the for-
mation of white powder (ZnO NPs) [54].

3.3. Visual Observation. Confirmation of ZnO NPs forma-
tion in colloidal solution was easily noticeable due to a
change in the color of the colloidal solution after the addi-
tion of Zn(NO;),*6H,0 to the leaf extract. The colorless
Zn(NO;),*6H,0 solution started changing its color to pale
yellow as soon as the leaf extract of khat (Catha edulis)
was added (Figure 7). This color change to pale yellow con-
firms the formation of ZnO NPs, which is in agreement with
the previous work [4, 16].

3.4. UV-Visible Spectra Analysis. The characterization of
ZnO NPs by visual examination was further confirmed by
UV-visible spectroscopic analysis. The UV-vis spectra of
ZnO NPs showed a distinct maximum absorbance peak at
322 nm (Figure 8). The spectra showed no additional peaks,
indicating that the produced products are pure ZnO NPs.
The spectra recorded, implied that most rapid bioreduction
was achieved using khat (Catha edulis) leaf extract. This
result definitely agrees with the range of A, values of
the ZnO NPs reported by the previous researchers [51].
Furthermore, it has been found that the peak positions of
UV-visible spectra are related to nanoparticle size, with
blue shifting as nanoparticle crystal size decreases [3]. The
UV-vis spectra in this investigation indicated a blue shift
in wavelength, which can be interpreted as a sign of ZnO
NPs with tiny particle sizes. As a result, visual inspection
and UV-vis spectrum values are used to confirm the syn-
thesis of ZnO NPs.

The possible reaction mechanism of ZnO NP formation
is the reduction of zinc ions (Zn>") using phytochemicals
(flavonoids, terpenoids, and tannins) to zero-valent Zn
atoms. These zero-valent Zn atoms start the nucleation pro-
cess and are involved in converting the remaining Zn”* to
7ZnO, which leads to cluster formation [51].

3.5. XRD Analysis. The XRD spectrum of the synthesized
ZnO nanoparticles offers information on structural identifi-
cation and crystalline size determination. XRD spectra of
ZnO nanoparticles synthesized using zinc acetate hexahy-
drate and khat (Catha edulis) leaf extract are shown in
Figure 9. Cu Ka radiation (k=0.15406 nm) and 26 ranges
from 10° to 80° were used to measure the diffraction peaks.
The diffraction peaks found at 20 values are 31.78°, 34.44°,
36.27°, 47.56°, 56.61°, 62.87°, 66.39°, 67.96°, 69.10°, 72.64°,
and 77.03°, respectively. The peaks correspond to the lattice
planes of (100), (002), (101), (102), (110), (103), (200), (112),
(201), (004), and (202). The diffraction peaks were assigned
using JCPDS file card No. 0361451 [4, 23]. The characteristic
peaks obtained for ZnO NPs are in good agreement with the
previous experimental findings. From the spectra, it is possi-
ble to conclude that the structure of ZnO NPs is hexagonal
wurtzite structure [10, 12, 50]. The crystallite size (D) of
ZnO NPs was calculated from the full width at half maxi-
mum of XRD spectra by using the Debye-Scherrer equation:

KA

D:ﬁcose’ v

where D is the crystallite size, A = 0.15406 nm, which is the
wavelength of the X-ray for Cu target Ka radiation; f is
the peak width at half maximum of an XRD, K = 0.89, which
is the Scherrer’s constant; and 0 is the Bragg diffraction
angle.

The full width at half maximum was measured using
Gaussian curve for the highest peak. Thus, the crystalline
size of the synthesized ZnO NPs calculated using Debye-
Scherrer formula was found to be equal to 17 nm.

3.6. Antibacterial Activity. Using the agar well-diffusion
method, the antibacterial activity of ZnO NPs produced
from khat leaf extract was tested against Gram-negative
and Gram-positive pathogenic bacteria. The pathogenic bac-
teria used for the test were Escherichia coli, Salmonella
typhi, Staphylococcus aureus, and Streptococcus pneumo-
niae. Antibiotics gentamycin and chloramphenicol were
used as positive control. The antibacterial activity of ZnO
NPs was determined on the basis of zone of inhibition
(mm). Figure 10 depicts a graph of ZnO nanoparticle pro-
tection levels against several bacterial strains. E. coli was used
to determine the maximum zone of inhibition (23 nm). The
zone of inhibition for Staphylococcus aureus and Salmonella



typhi was moderate; however, the zone of inhibition for Strep-
tococcus pneumoniae was modest (Figure 11).

The structure and chemical makeup of the microorgan-
isms’ cell membranes may play a role in their antibacterial
activity difference [50]. From the table, it is observed that
ZnO NPs synthesized in this study are good candidates for
their usage in antibacterial drugs, but the principal antibac-
terial mechanism of metal and metal oxide nanoparticles
remains relatively unclear. It is found that nanoparticles
functionalized with biomolecule can significantly enhance
antimicrobial activity [6]. Thus, it is vital to investigate the
mechanisms of ZnO NP bactericidal activity before they
may be employed as an antibacterial material. The interac-
tion of ZnO NPs with the outer surface of the plasma mem-
brane is one mechanism of antibacterial activity. This
contact alters the permeability of the plasma membrane by
disrupting its structure. The disruption of membrane structure
and consequent accumulation of ZnO NPs in the cytoplasm
interferes with the basic cell development processes [23].

As shown in Table 2, the antibacterial activity efficiency
of the synthesized ZnO NPs is better than the literature
values.

4. Conclusions

In this study, ZnO NP was effectively produced via a green
synthetic process with the help of khat (Catha edulis) leaf
extract as a reducing, stabilizing, and capping agent. This
synthetic approach is easy to use, inexpensive, and safe for
the environment. The synthesized zinc oxide nanoparticles
were characterized using visual observation (color change),
UV-vis absorption spectroscopy, XRD, and FTIR spectros-
copy. UV-visible absorption spectrum showed a distinct
peak around 322 nm, which is specific for ZnO NPs. From
the FTIR spectroscopic result, it is observed that khat leaf
extract contains various phytochemicals. The spectrum at
480cm™, which was not present in the pure extract, is
thought to be the most important confirmation of ZnO NP
formation. Our results confirm the potential of khat leaf
extract for the synthesis of ZnO NPs in a fast and ecofriendly
way. Powder X-ray diffraction examination confirmed the
crystalline nature and hexagonal wurtzite structure of the
synthesized ZnO NPs. The crystalline size of ZnO NPs syn-
thesized by zinc acetate hexahydrate and khat leaf extract
was found to be 17nm. ZnO NPs synthesized using the
above green method have better antibacterial activity against
Gram-negative bacteria than Gram-positive bacteria. It has a
maximum inhibition zone of 23 mm for Escherichia coli and
a minimum inhibition zone of 15nm for Streptococcus
pneumoniae.
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