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1. Introduction
Alot of research has been done on metal-based nanoparticles

due to their special characteristics, such as copper, silver, gold,

titanium, zinc oxide, titanium oxide, and copper oxide [1].

Various methods, such as chemical and physical reduction and

microwave-aided, can be used to create these nanoparticles.

However, there are several problems associated with these

processes by the implementation in the biological environment

because of the use of toxic materials as reducing agents [2].

Green nanotechnology is an ideal way to lessen the harmful

impacts of producing and using nanoparticles, thereby reducing

the risk associated with the nanotechnology [3]. Green

nanotechnology is concerned with production of nanomaterials

and their uses in the food, energy, medicinal, sensor, and

optoelectronics sectors [4]. Metal nanoparticles (NPs) and metal
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oxide nanostructures can be generated via a variety of chemical

and physical techniques, including sputtering, lithography, and

electrospinning. Nevertheless, they come at a high cost, and

working with hazardous substances puts your health in danger.

In this sense, no dangerous chemicals, high-pressure reactors, or

high temperatures are needed for the green synthesis method.

The main benefit is that it produces biodegradable trash with a

lower chance of contamination in the end [3].

Zinc oxide nanoparticles (ZnO-NPs) are the most widely used

metal oxide nanoparticles due to their easily modifiable wide

bandgap of 3.37 eV, and high excitation binding energy of 60

meV. This allows ZnO-NPs effectively imitate a strong

photocatalytic and photo oxidizing moiety that targets both

biological and chemical species [5]. Zinc is a trace element that

is less toxic to the body, and the dissolved Zn+2 of zinc oxide is

biocompatible with the physiological system[6]. The

biodegradability of ZnO-based materials has been demonstrated

in both bulk phases and as nanoparticles. Additionally, by

damaging the cell membranes of intracellular bacteria, zinc ions

serve as the main mediators of their toxicity [7]. A variety of

plants have been extracted to create ZnO-NPs through green

synthesis, such as Garlic (A. sativum) [8], Cardamom [9], C.

fistula and M. azadarch [3], A. vera (coffee) [10], Z. officinale

(ginger) [11], O. peel [12], and L. adenosis (koseret) [13].

Allium ampeloprasum (leek) is a hardy biennial that does not

grow a hard bulb like onions or garlic [14]. One of Europe's

most important veggies to cultivate, from the Balkan Peninsula

to Ireland, as well as in western Asia, is A. ampeloprasum. (e.g.,

Middle East) [15]. A. ampeloprasum has a large amount of

organosulfur compounds, with gamma-glutamyl peptides

prevailing over alliin and allicin. Apart from the presence of

saponins, this imparts to the leeks a sweet onion flavor and a

moderate pungent aroma, as opposed to the powerful pungent

perfume of onion and garlic [16]. The green leaves and white

shafts or bulbs of A. ampeloprasum are rich stores of secondary

metabolites, including flavonoids, phenolic acids, polyphenols,

and saponins [14]. A. ampeloprasum bulbs exhibited more

phenol content and antioxidant activity than typical garlic bulbs,

according to reported research [17]. Apart from its culinary uses,

a number of studies have documented the medical applications

of A. ampeloprasum, including anti-proliferative [18], anti-

bacterial [19], anti-fungal[20], antiulcer effects [16], , anticancer

[15], anti-inflammatory [16], and anti-oxidative[16].

Furthermore, in a rat model of diabetes produced by alloxan, it

demonstrated hypoglycemic, hypolipidemic, and anti-oxidative

properties[21]. This strategy has advantages: the precursor is

less expensive, and the product is purer and comes in larger

quantities. Additional advantages include its speed and

environmentally friendly methodology. It does not the use of

any intermediate compounds or costly equipment. Considering

nutritional values Few characterizations of new metabolites in A.

ampeloprasum, commonly known as leeks, have been conducted

thus far, and this food plant has not received much attention in

terms of its therapeutic potential. For this reason, the present

work offers a biosynthesis of zinc oxide nanoparticles (ZnO-NPs)

using A. ampeloprasum leaves that contain a variety of

phytochemicals to produce an aqueous extract that is then used

to produce and stabilize ZnO-NPs. This process has two

advantages: the precursor is less expensive, and the product is

purer and comes in larger quantities. Additional advantages

include its speed and environmentally friendly methodology. It

does not necessitate the use of any intermediate compounds or

costly equipment. Bio-fabricated ZnO-NPs were successfully

characterized by FTIR, XRD, UV spectroscopy, SEM, TEM,

TGA, and EDX techniques Additionally, the mechanism of MB

dye degradation under UV light was explored using bio-

fabricated ZnO-NPs with photocatalytic properties. The

biosynthesized NPs' antibacterial activity was investigated and

evaluated against two harmful bacteria.: gram-positive S. aureus

and gram-negative E. coli.

2. Materials and Methods
2.1. Chemicals and materials

The following chemicals The following chemicals, ethanol,

sodium hydroxide (NaOH), and zinc acetate

(Zn(CH3COO)2·2H2O) were acquired from Sigma Aldrich

(Taufkirchen, Germany) . During the trials, deionized water that

had undergone double distillation was utilized. The pH values
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were controlled with sodium hydroxide. None of the analytical-

grade compounds used in the tests require further purification.

2.2. Preparation of A. ampeloprasum (leek) leaves extract

The leaves of the locally grown A. ampeloprasum (leek) plant

were obtained at localy market in Sharourah - Saudi Arabia. The

leaves were repeatedly washed with tap water and then double-

distilled water to remove the dust particles. The leaves were

chopped into little bits and allowed to dry in the shade for 15

days. The dried leaves were pulverized into a powder.

Subsequently, 10 g of the powder was mixed with 100 mL of

double-distilled water in a reflux condenser for 45 minutes at 60

Co. The green color of the distilled water shows that leaves were

extracted [22]. After 45 minutes, the extract was allowed to cool

to room temperature. Following that, the mixture was

immediately used for the ZnO-NPs synthesis after being filtered

via Whatman's No. 1 (11µm) filter paper.

2.3. Preparation of ZnO-NPs

Mix 4 grams of zinc acetate dehydrates with 100 milliliters of

deionized water and magnetically stir for one hour at room

temperature. The obtained A. ampeloprasum extract (20 ml) was

then added to the zinc-based salt solution as indicated in Figure

1. The aforementioned combination's pH may be maintained up

to 12 [23] by adding 1 M of NaOH solution dropwise at stirring

constantly for two hours at 50°C and 400 rpm. This process

was completed when dark yellow precipitates formed, indicating

the creation of ZnO-NPs [24]. Precipitates were then separated

using a centrifuge at 5,000 rpm for 20 minutes. After that,

ethanol and deionized water were used three or four additional

times for further purification. The precipitates were dried in an

oven at 100°C, according to Figure 1. Following the drying

process, the samples were calcined for two hours at 450°C in a

muffle furnace, and the powders were then gathered for testing

[11]. ZnO-NPs where ground until a fine powder was produced.

2.4. Characterization of ZnO-NPs

The bio-fabricated ZnO-NPs were characterized using a variety

of methods, such as surface, optical, and structural morphology.

The absorbance of the ZnO-NPs was measured using UV-Vis

spectroscopy (Thermos Scientific 600 UV-Vis

spectrophotometer, Waltham, MA, USA) in the 200–800 nm

wavelength range. The surface chemistry of ZnO-NPs and the

function of functional groups in phytochemicals in the bio-

reduction were investigated using a Bruker FTIR

spectrophotometer. The range in which the FTIR study was

carried out was 4000–400 cm−1. ZnO-NPs were analyzed using

energy-dispersive X-ray (EDX) to ascertain their elemental

configuration. However, ZnO-NPs form and size were

ascertained using TEM. To get ready for TEM examination, the

bio-fabricated ZnO nanoparticles underwent many washes in

deionized water. Samples were placed on a carbon-coated

copper grid, which was then taken off and given time to dry

before analysis. Particle size distribution, morphology, and size

were all determined by TEM analysis using a TEM (JEOL,

JEM1011, Tokyo, Japan). At 100 Kv voltage, this microscope

provided high-resolution two-dimensional images. Zeta

potential analysis was utilized to determine the hydrodynamic

particle size and net charge of ZnO nanoparticles, while XRD

analysis was employed to identify the crystalline features of the

produced nanomaterials [25]. An X-ray monochromator with a

graphite unit that produced Cu-K radiation was used to conduct

the X-ray particle diffraction (XRD) analysis (Shimadzu,

Columbia, USA). Using the Brun Auer-Emmett-Teller (BET)

method and Quanta Chrome Pore Size and Surface Area

Analysis (Nova 3200e), the bio-fabricated Zn-ONPs were

determined to evaluate their pore size distribution, surface area

and pore volume.

2.5. Photodegradation of methylene blue

The efficiency of photocatalytic dye degradation of synthetic

nanoparticles exposed to visible light was evaluated using MB

(methylene blue) dye. Primarily, 10 mg of the produced

nanoparticles were well disseminated in a 10 ppm MB solution

utilizing the ultrasonication technique. The ultrasonicated

solution was kept in a dark chamber and stirred with a magnetic

stirrer for thirty minutes. Subsequently, UV light was applied to

the samples. The samples were 8 cm apart, and the UV light

source was an Xe lamp (λ = 400 nm). The samples that had been

exposed to radiation were taken out at regular intervals and

centrifuged at 1000 rpm to remove the nanoparticles. The dye

solutions that had been collected were then measured using a
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UV-visible spectrophotometer. The amount of MB dye that had

broken down were measured at 665 nm absorbance. Quenching

measurements, which may be used to find holes, superoxides,

and free radicals, were utilized to study the active species of the

photocatalyst. The efficiency of dye degradation with

nanoparticles was calculated using formula (1) [26].

MB dye degradation efficiency % =
Co −C
��

x 100 (1)

Where C0 represents the MB dye solution's starting

concentration (in milligrams per liter) and C represents the

solution's concentration (in milligrams per liter) following a

certain amount of radiation. Formula 2 was used to determine

the half-life of MB dye degradation by biosynthesized NPs

[26]:

The half − life dye degradation = 1−
C
C0

x100 (2)

Figure 1. Diagram showing the steps involved synthesis of
ZnO-AgNPs.

2.6. Antibacterial activities

The disc diffusion technique was used to assess the antibacterial

activity of the nanoparticles against E. coli (ATCC 9637) and S.

aureus (ATTC-6638). Nutritional agar was used for the

solidification process, and it was put on sterile Petri dishes. A

new culture of bacteria was put out over the hardened plates.

Six-millimeter paper discs were filled with nanoparticles at four

different doses (10, 20, 50, and 100 µg/ml). For 24 hours, the

plates containing nanoparticles were incubated at 37 °C. In the

end, the incubated plates developed inside the zones of

inhibition. Standard amikacin discs were used to compare the

measured bacterial activity. The inhibited region was measured

on a millimeter scale. The synthesized nanoparticles' bacterial

inactivity is demonstrated by the zone of inhibition[27].

3. Results and discussion
3.1. UV-vis spectral study of bio-fabricated ZnO-NPs.

The as-synthesised ZnO-NPs were stabilized by bioactive

components found in the aqueous leaf extract of A.

ampeloprasum, as demonstrated by the high absorption peak

seen in the UV-visible spectroscopy. The details of the inquiry

into ZnO-NPs' absorbance and bandgap band gap are shown in

Figure 2a.

Figure 2. Diffuse reflectance spectrum observable in UV
light (a), and bandgap characterization of bio-fabricated ZnO-
NPs using a Tauc plot (b).

The bio-fabricated ZnO exhibited a characteristic absorption

peak at 368 nm due to the valence band electrons switching

across to the conduction band. In addition, the energy band gap

was calculated using the following equation (3) using a Tauc

plot [28].

(�ℎѵ)2 = [�(ℎѵ−��]
1
� (3)

where 'Eg' is the energy bandgap, 'A' is the constant, 'h' is the

Planks constant, and 'hѵ' is the energy of the incident photon.

Plotting (αhѵ)2 against photon energy hѵ yielded the energy

band (Eg) for ZnO, as Figure. 2b illustrates. The bandgap for

ZnO-NPs 2.95 eV was obtained by using the Tauc Plot equation

[29].
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Figure 3. FT-IR spectrum for ZnO-NPs using an extract of A.
ampeloprasu.

3.2. FT-IR spectra analysis of ZnO-NPs

FT-IR analysis was utilized to identify the primary functional

groups responsible for the bio-formulated ZnO-NPs' reduction,

stability, and capping[30]. Different absorption peaks were

found at 3435, 1648, 1416, 1251, 1046, and 566 cm−1 in the

FTIR spectrum (Figure 3). The robust peak seen at 3435 cm−1

may be attributed to the hydroxyl functional groups that are

connected with the polyphenolic components of the extract of A.

ampeloprasum, which helps stabilize by caping ZnO-NPs [31].

It was found that the vibrations of molecules of double-bonding

carbon stretching were responsible for the additional absorption

peaks seen at 1648 cm−1 and 1416 cm−1 [32]. However, a small

band in the spectra at 1251cm−1 was identified as the C–N

stretching of amines, along with other distinctive peaks at 891

cm-1 (-N–H, 1o, and 2o amine). They were capping agents on

ZnO-NPs' surfaces. It was reported that alcohols from C to C,

possibly capping the surface of ZnO-NPs, were the source of the

band at 1046 cm−1 [33]. The production of ZnO-NPs by

bioformulation was indicated by the observation of a broad

absorption band at 566 cm−1, which is characteristic of the Zn–O

metal oxide bond[34]. The functional groups of biogenic ZnO-

NPs that have been identified, such as amines, alcohols,

carboxylic acids, phenols, and alkenes, significantly contributed

to the stability; and capping of the bio-fabricated nanomaterials

[35].

3.3. XRD analysis of ZnO-NPs.

ZnO-NPs that were bio-fabricated had their crystalline structure

examined using XRD spectra. The bio-fabricated ZnO-NPs'

XRD pattern is depicted in Figure 4, which is supported by the

orientation plane-based peaks obtained at (100), (101), (102),

(200), (110), (103), (200), (112), and (201). The corresponding

values of 2θ are as follows: 31.912o, 34.561o, 36.538o, 47.612o,

6.752o, 62.814o, 68.011o, 69.021o, and 72.419o. The bio-

fabricated ZnO-NPs' polycrystalline structure was shown by the

acquired XRD pattern, it is a result of the bio-fabricated ZnO-

NPs hexagonal wurtzite structure. Based on the Powder

Diffraction Joint Committee. (JCPD) criteria, these peaks are in

good coordination with quartzite ZnO (card number 36–1451)

[36]. In addition, these results are consistent with the results of

Ali and co-workers for both pure ZnO-NPs and different ZnO-

NPs concentrations[36]. Our study revealed that orientation

peak (202) at 2θ = 72.691◦ had a strong intensity peak. This

peak was ascribed to unreacted impurities in ZnO-NPs. The

average size of ZnO-NPs is determined using Scherrer's formula,

D = 0.94λ/β cos θ, where "λ" is the wavelength of the X-ray

(1.54068 ̅ ).

Figure 4. XRD spectra for the bio-fabricated ZnO-NPs.

The most intense diffraction peak's full width at half the

maximum (FWHM) is denoted by β, which is detected to be

0.6912, and θ is diffraction angle (36.538◦) [36]. It was found

that ZnO-NPs average crystallite size was 26.75 nm. These

particle size values are in close agreement with those published

by Ifeanyichukwu et al [35], who achieved "D" values of 28.41

nm. This outcome agreed with what the TEM analysis showed.

3.4. TEM Analysis.

The size and shape of the bio-formulated ZnO-NPs were studied

using TEM examination[37]. Figure 5a shows the biogenic

ZnO-NPs as spherical in shape. The spherical form of these

nanoparticles sets them apart from other forms because of their

large surface area and superior ability to penetrate bacterial

structures. Spherically shaped nanoparticles are also beneficial
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in biological applications [38]. Figure 5b shows the histogram

pattern of biosynthesized ZnO-NPs varied in size from 10 to 72

nm in diameter, with an estimated average nano size of 25.75

nm. Based on the TEM results, the reactive bioactive elements

in the aqueous medium support of the production of Zn-ONP

using the aqueous extract of A. ampeloprasum leaves.

3.5. Energy dispersive X-ray scanning electron

microscopy (EDX)

The existence of manufactured nanoparticles was further

confirmed by SEM imaging and EDX analysis. Zinc oxide

nanoparticles produced from the aqueous extract of A.

ampeloprasum leaves have a rounded form and an agglomerated

appearance, as seen in Figure 6a SEM image, similar to that

described by Jayachandran et al [39]. The biologically produced

ZnO-NPs were further analyzed using their EDX spectrum,

shown in Figure 6b. The strong zinc metal peaks, containing

oxygen, were confirmed by the EDX spectrum to be present in

the A. ampeloprasum leaf aqueous extract-stabilized

nanoparticles. The elemental analysis for ZnO-NPs shows that

26.06% of the components are oxygen and 58.31% are zinc.

Furthermore, carbon peaks linked to biological constituents such

as flavonoids, amino acids, polyphenols, vitamins, and saponins

were observed.

3.6. Thermogravimetric (TGA) analysis.

The TGA performance of bio-fabricated ZnO-NPs is displayed

in Figure 7. There were three significant weight loss periods

identified. In First stage below 200 °C, there was a 15% weight

loss due to the evaporation of water and the remaining living

molecules on the organic surface moiety, which is hydrophilic.

At 200 ◦C, the stabilizing capping agent A. ampeloprasum

extract moieties continued to operate on the surface of the

nanoparticles. The second stage, temperature increases between

200 and 440 °C were shown to cause a 20% drop in weight and

to enhance the structural disruption of organic components [40].

ZnO-NPs stabilized by A. ampeloprasum extract resembled

three different curves as temperatures increased; these curves

were also previously seen in dextran-coated nanoparticles with

magnetic characteristics [41].

Figure. 5. (a) ZnO-NPs produced by extracting A. ampeloprasum, shown in TEM micrograph and (b) histogram of ZnO-NPs.
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Figure 6. (a) The SEM picture displays EDX spectra of zinc oxide leaf aqueous extract from A. ampeloprasum. (b) The EDX

spectrum of the aqueous extract of A. ampeloprasum leaves

The third stage resalts indicates that weight loss dropped by 10%

at temperatures above 440–780°C, translating into a 55% weight

reduction. Over 800°C, no appreciable weight loss was seen.

The TGA results obtained for A. ampeloprasum extract highlight

the possibility of organic chemicals acting as agents for capping

nanoparticle surfaces and their ability to bio-generate ZnO-NPs.

Figure 7. Bio-fabricated ZnO-NPs tested using TGA analysis.

3.7. The bio-fabr icated ZnO-NPs' photocatalytic

character istics.

The bio-fabricated synthesized ZnO-NPs were tested for their

efficiency for dye deterioration under UV light using methylene

blue (MB) dye as a typical water contaminant. Several factors

affect the nanoparticles' photocatalytic activity, such as size,

surface area, pH, and sources of radiation. Stabilized ZnO-NPs

derived from A. ampeloprasum extract were utilized for the MB

dye's photocatalytic disintegration when exposed to a broad

spectrum of UV light emitted by an Xe lamp (λ = 400 nm) at

room temperature. Photocatalytic degradation by ZnO-NPs

against MB is demonstrated in Figure 8a. The ideal absorption

peak of MB, which was measured at 665 nm, was selected to

examine the absorption throughout various time periods. The

bio-fabricated ZnO-NPs had strong catalytic capabilities, as

seen by the reduction of the absorbance peak at 665 nm within

120 minutes [9]. Different values of the degradation percentage

were calculated over different periods of time. The

biosynthesized ZnO-NPs degraded the MB dye by 90.13% after

120 minutes of UV exposure, as Figure 8b shows. The

photodegradation efficiency of the dye MB is illustrated in

Figure 9a. A 5-ppm dye solution was added to 50 mL of room

temperature, pH 6 solution, varying the amounts of ZnO-NPs (5,

10, 15, 20, 25, and 40 mg). The findings proved that up to 20

mg of ZnO-NPs may be photodegraded more efficiently in A.

ampeloprasum extract. An increase in the amount of catalytic

activity means that there are more accessible active sites on the

surface of catalyst [42]. However, photodegradation efficiency
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dropped when the catalyst dosage was increased to more beyond

20 mg because to NP buildup and sedimentation. Because of the

turbid and opaque suspension brought on by NP sedimentation,

there was less light scattering and a higher catalytic load of NPs

across the reaction mixture, which led to poor degradation [43].

Additionally, figure 9b contrasts the effects of higher dye

concentrations (5, 10, and 15 ppm), room temperature, and UV

light with the effects of ZnO-NP dosage (20 mg) at pH 6 on

MB's photocatalytic degradation. Interestingly, ZnO-NPs in the

extract of A. ampeloprasum showed better photodegradation

efficiency at the lowest dye concentration of 5 ppm. The

effectiveness of photocatalytic degradation mediated by NPs

decreased when the dye concentration was initially increased

from 5 to 15 ppm, indicating that the MB dye concentration was

required for this activity. But it's important to keep in mind that

compared to the reaction mixture including ZnO-NPs, the

catalyst is more effective in generating •OH and O2• at 15 ppm

MB, which speeds up the photodegradation of MB [44]. As seen

in Figure 9c, changing the pH from 2 to 10 and the room

temperature influenced the ZnO-NPs in the A. ampeloprasum

leaf extract for MB's photocatalytic degradation at fixed dye

levels of 5 ppm and catalyst concentrations of 20 mg. Alkaline

environments at pH 8 and 10 showed the highest percentage of

MB degradation.

Figure 8. (a) A typical absorbance spectrum of MB dye under UV light with bio-fabricated ZnO-NPs present. (b) The percentage

of MO dye degradation at various periods.

Figure 9. Parameters of physico-chemical optimization for photocatalytic degradation with ZnO-NPs in A. ampeloprasum leaf extract are

presented. (a) ZnO-NPs catalytic load; (b) MB concentration with a constant catalytic load of 20 mg (c) pH at a constant dye concentration of 5

ppm and a catalytic load of 20 mg.
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Figure 10. (a) ZnO-NPs photocatalytic degradation plots for MB dye generated with half-lives of A. ampeloprasum leaf extract.

(b) Shows the potential process for the photocatalytic degradation of MB dye.

However, ZnO-NPs lessen the effectiveness of their

photocatalytic destruction of MB since they break down more

readily in acidic settings (pH 2 and 4). The literature suggests

that zero potential charges might be used to explain this [45].

The pH medium selected for the MB dye degradation

experiment was pH 6, as it is challenging to observe the reaction

at pH 8 or 10. The dye bonding was lessened by surface electron

migration. When nanoparticles are present during excitation,

their active sites are significantly higher than in nanoparticle

samples that are not exposed to light [46]. In the process of

photocatalysis, conduction band electrons on the photocatalyst

material were induced to move from the valence band.

Additionally, the valence band had an equal number of holes in

it. Subsequently, the trapped electrons and conduction-band

electrons traveled jointly to the photocatalyst's surface, where

the oxygen vacancies had imprisoned them [47]. Superoxide

radicals (O2−•) were created because of the oxygen vacancies

trapping the O2 molecules. Meanwhile, the oxygen molecules

are in MB dye solution are converted into superoxide radicals

by interacting with oxygen vacancies on the surface [48].

Hydrogen (H2O) molecules or OH− groups also captured holes,

resulting in the production of hydroxyl radicals (OH•−). The

target dye is eventually successfully degraded by the produced

radicals' interactions with the contaminant. In the presence of

biosynthesized ZnO-NPs, MB photocatalytic degradation is

schematically represented in Figure 10b, with corresponding

equations displayed in (4 to 9) [48].

푍�� + ℎѵ → �− + ℎ+ 4

�2 + �− → �2
−∙ (5)

ℎ+ + ��− → ��. 6

ℎ+ +�2� → �+ + ��. − 7

푀� + ��.− → ��2 + �2� (8)

푀� + �2
−� → ��2 + �2� (9)

3.8. Antimicrobial efficacy

The antimicrobial efficacy of the NPs was examined using the

disc diffusion technique against the bacteria E. coli and S.

aureus, both gram-positive and gram-negative. The antibacterial

nanoparticles' inhibiting zone is shown in Figure 11(a). ZnO-
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NPs linked to plant extracts showed the strongest inhibition at

different doses. Green-assisted ZnO-NPs have far better

bacterial sensitivity against S. aureus than against E. coli. Figure

11(b) illustrates the disk with green-synthesized ZnO-NPs at

various concentrations and their corresponding inhibitory zones

(mm). Synthesized ZnO-NPs were more effective at a

concentration of 100 μg/mL than at a lower concentration of 10

μg/mL. These results are consistent with the results of previous

studies [5]. According to Table 1, the synthesized ZnO-NPs

demonstrated the highest zone inhibition (15.01 ± 0.85 mm) for

S. aureus versus E. coli (13.34 ± 0.04 mm). The production of

Zn+2 ions control the growth and spread of E. Coli and Aureus

bacteria.

Table 1. The average inhibitory zones value (mm) was obtained from the A. ampeloprasum leaf extract mediated by zinc oxide
nanoparticles.

Figure 11. (a) ZnO-NPs that have been biosynthesized demonstrate efficacious antibacterial properties against both E. Coli and
S. aureus (b) The antibacterial activity of ZnO-NPs was investigated in bar graphs at four distinct concentrations (10 µg/mL, 20
µg/mL, 50 µg/mL, and 100 µg/mL), which were mediated by A. ampeloprasum leaf extract.

N Bacterial strains 10µg/ml (mm) 20µg/ml (mm) 50µg/ml (mm) 100µg/ml (mm)

1 S. aureus 7.16 ± 0.76 12.33 ± 0. 49 12.93 ± 0.45 15.01 ± 0.85

2 E. coli 8.14 ± 0.52 10.10 ± 1.00 12.20 ± 0.07 13.34 ± 0.04
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The release of Zn+2 ions resulted in leaks in the cell wall

membrane and, consequently suppression of the bacteria. The

amikacin antibiotic disc increases the obtained values of

bacterial inhibition. The use of plant extracts with zinc oxide

nanoparticles (ZnO-NPs) enhances the production of free

radicals and increases oxidative activity [42]. The bacterial

structure allowed metal ions to enhance electrostatic contact and

cause ZnO-NPs to produce ROS [49]. Furthermore, DNA and

protein molecules' deactivation state is the source of metal ion

and lattice oxygen dissolution. The bacterial system's damage to

its DNA and proteins cuts off its feeding and communication

systems, which results in cell death [50].

4. Conclusion

In this work, an aqueous extract of A. ampeloprasum (leek)

leaves is used to produce ZnO-NPs based on phytochemicals.

Several microscopic and spectroscopic methods were used to

assess the structural characteristics of the bio-fabricated ZnO-

NPs. The ZnO-NPs that were bio-fabricated exhibited a band

gap of 2.95 eV and an average particle size of 25.75 nm. The

bio-fabricated ZnO-NPs effectively functioned as photocatalysts,

degrading MB (methyl blue) dye at a rate of 90.13% when

exposed to UV light. When it came to S. aureus, the bacterially

deactivated ZnO-NPs outperformed E. coli in terms of

inhibition. The findings suggest that ZnO-NPs might be a good

choice for wastewater treatment, pathogen inactivation agents,

and hazardous dye photoelimination.
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