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a b s t r a c t 

The synthesis of nanoparticles via the green routes is an established technology for pro- 

ducing nano dimensional materials that are useful in different fields where environmental 

friendly materials are a major requirement. The present study reports a cost effective, eco- 

friendly and straightforward approach to synthesize zinc oxide nanoparticles (ZnONPs) us- 

ing plantain peel extract. The optical, structural and morphological characteristics of the 

ZnONPs were studied using different techniques. X-ray diffraction analysis confirmed a 

hexagonal wurtzite structure, whose morphology and particle size, according to the trans- 

mission electron microscopy (TEM), was spherical and about 20 nm in size. The antimi- 

crobial potency of the ZnONPs was evaluated using agar well diffusion and broth dilu- 

tion assays against pathogenic strains of Salmonella enterica, Klebsiella pneumoniae , Bacillus 

cereus MTCC 430 and Staphylococcus aureus 26923, isolated from beef. The biosynthesized 

ZnONPs demonstrated good antimicrobial activity with a MIC value of 100 μg/mL for all 

the test isolates. Based on the results obtained, the antimicrobial efficacy of the nanopar- 

ticles against the selected bacteria followed the sequence: S. aureus ˃ B. cereus ˃ K. pneu- 

moniae ˃ S. enterica . The results showed that plantain peels, which are the waste of these 

fruits, could be helpful for the green synthesis of ZnONPs with good antibacterial efficacy. 

© 2022 The Author(s). Published by Elsevier B.V. on behalf of African Institute of 

Mathematical Sciences / Next Einstein Initiative. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
Introduction 

The menace of foodborne infections has become a major global public health concern. According to the World Health 

Organization (WHO), foodborne infections impact over 30% of the population in developed nations each year. The main 
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source of foodborne illness in humans is the intake of foods contaminated with foodborne pathogens such as bacteria, 

fungi, viruses, and toxins. During pre-harvesting, post-harvesting, processing, transport, handling, or preparation, food, es- 

pecially poorly processed food, can be contaminated [1] . Some common pathogens found in food are Salmonella, Klebsiella, 

Staphylococcus, and Bacillus spp [2–4] . Control of pathogens is a critical aspect of public health, especially with respect to

foodborne diseases [ 5 , 6 ]. The use of antibiotics and other methods currently engaged in controlling pathogens have been

limited by economic factors and the incidence of resistance of pathogens to antibiotics. Allen et al [7] . reported that the cur-

rent distribution of antibiotic resistance genes into pathogenic bacteria questions the efficacy of today’s antibiotic repertoire 

in the near future. This has been exacerbated by the widespread antibiotic use and antibacterial pharmacokinetics, such as 

maintaining insufficient bactericidal concentrations at the infection site. Furthermore, the practice of self-medication, bla- 

tant flouting of recommended doses and frequent use, influence the development of bacterial resistance to antibiotics [8] . 

This has resulted in the emergence of super-bacteria which are resistant to nearly all antibiotics [9] . The majority of antibi-

otic resistance mechanisms are irrelevant for nanoparticles (NPs) because their method of action is direct contact with the 

bacterial cell wall, rather than penetration. 

The production, manipulation and use of materials below 100 nm range is known as Nanotechnology [ 10 , 11 ]. Nanoparti-

cles (NPs) can be synthesized using three major methods, including physical, chemical and biological methods. The chemical 

method is the conventional and most employed method [12] ; however, the disadvantage of this process, is the possibility

of synthesising materials that could be toxic to cells [13] . Consequently, there is a drift towards the synthesis of NPs by

using extracts of plants, which are less toxic. Also worthy of note is the fact that, plants contain active pharmacological

ingredients, which can intensify the biomedical efficacy of NPs by serving as capping and reducing agents [14] . This helps

to reduce the amount of raw materials required for synthesis and promotes green technologies. In addition, plant-mediated 

nanoparticles synthesis is preferred because it is eco-friendly, energy-efficient, cost-effective, safe for human therapeutic use 

and involves a single-step process for biosynthesis [ 15 , 16 ]. 

Green biotechnology is geared towards designing biochemical products and processes that reduce or eliminate the appli- 

cation or generation of hazardous substances that adversely affects the environment and human health. Recent studies have 

established that plants parts such as leaves, fruits, seeds and fruit peels are rich sources of bioactive compounds if extracted 

efficiently [17] . One of such is plantain peel (Musa paradisiaca). It is an herbaceous, perennial, monocotyledonous plant 

[18] belonging to the genus Musa along with (dessert) bananas (M. sapientum) in the family Musacaceae [ 19 , 20 ]. Musa 

paradisiaca is a tropical tree-like herb [21] that can grow as high as 3–15 m with an aerial pseudostem and submerged

rhizome, which produces the large, pulpy, and starchy fruit (plantain) [22] . Consumption of plantain fruit comes with health

benefits such as reduction of cholesterol, prevention of anaemia and treatment of stomach ulcers. It is also beneficial in 

pregnancy, diabetes, and as a weaning food for babies. The health benefits of this plant is not limited to the fruit alone,

the peel contains phytochemicals such as tannins (28.4 mg/100 g), saponin (327 mg/100 g), phenols (89.4 mg/100 g) and 

flavonoids (1.0 mg/100 g) [20] . Plants produce phytochemicals (biocontrol agents) in order to prevent the proliferation of 

plant pathogens [23] , and this has motivated several studies that focus on plant-derived compounds, as potentially bioactive 

substances against pathogens. 

The aim of this study was to synthesize zinc oxide nanoparticles using plantain peel extract, characterization of the 

synthesized nanoparticles and evaluation of their antimicrobial activity against representatives of Gram-positive and Gram- 

negative human pathogenic microorganisms. The formation of the nanoparticles was examined by the use of UV–vis spec- 

troscopy while the size and shape of the nanoparticles were determined using transmission electron microscopy (TEM). 

Materials and methods 

Collection and preparation of plantain peel extract 

Musa paradisiaca was obtained from Food Lover’s Market Mega City, Mmabatho, South Africa and identified accordingly. 

The peel was removed and washed with clean water to remove impurities and chopped into smaller bits. 10 0 0 mL of

distilled water was added to 464 g of the plantain peel and was blended using Bennet read blender model BRNPL10 0 01,

P.R.C. This was then filtered using a muslin cloth and allowed to stand to obtain a clear supernatant. The supernatant

obtained was further filtered using Whatman No 1 filter paper, with a pore size of 25 μm. The extract was labelled plantain

peel extract (PPE) and stored in a refrigerator for further studies. 

Synthesis of zinc oxide nanoparticles (ZnONPs) 

The ZnONPs were prepared using the clear supernatant of PPE. A solution of 4.4 g of zinc acetate (ZnC 4 H 6 O 4 ) in 10 mL

of distilled water was added to 10 mL of the PPE, and the pH of the solution was adjusted to 12 using NaOH after which the

solution was stirred on a magnetic stirrer at 85 °C. After 2 h, the particles were separated by centrifugation at 5500 rpm

for 15 min, the supernatant was decanted while ethanol was added to remove impurities and centrifuged again under the 

same condition. The pellet was obtained in a clean crucible, dried in the oven for 8 h at 90 °C and thereafter calcinated at

350 °C for 2 h to obtain the sample labelled as ZnONPs. 
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Characterization of synthesized zinc oxide nanoparticles 

The absorption spectrum of the ZnONPs was recorded using UV–vis spectrophotometer (UV-1901 Agilent Technology, 

Cary series UV–vis spectrometer, USA) set at a resolution of 0.5 nm. The functional groups present in the peel extract were

confirmed using Bruker alpha-P FTIR spectrometer operated in the range of 40 0 0–40 0 cm 

−1 . The powder X-ray diffraction

(p-XRD) patterns of the nanoparticles were recorded on an automated Rontgen PW3040/60 X’Pert Pro-X-ray diffractometer 

operated at a scanning rate of 2 0 min 

−1 at 40 kV and 30 mA from 25 to 80 0 using a nickel-filtered Cu ( λ = 1.542 Ǻ) at

room temperature. The morphological properties of the nanoparticles were determined using a model JEOL2100 transmis- 

sion electron microscope (TEM) instrument fitted with a LaB 6 electron gun at an acceleration voltage of 30 kV at room

temperature. 

Antimicrobial assay of ZnONPs 

The antimicrobial activities of the ZnONPs was assessed by agar well diffusion method against pure bacterial cultures 

isolated from beef. The test microorganisms were Salmonella enterica, Klebsiella pneumoniae, Bacillus cereus MTCC 430 and 

Staphylococcus aureus 26923. These microorganisms were swabbed uniformly on nutrient agar plates using sterile hockey 

stick. Five wells of 6 mm diameter were made using sterile cork borer. Different concentrations (5, 10, and 20 mg/mL) of

ZnONPs solutions (20 μL) was poured into the corresponding wells with one well containing dimethylsulfoxide (DMSO)to 

serve as control. The solvents used for this assay were water and DMSO. After incubation at 35 ± 2 °C for 24–48 h, the

plates were examined for the presence of inhibition zones. Inhibition was considered positive when the width of the clear 

zone around the wells was 0.5 mm or larger. 

Preparation of varying concentration of nanoparticles suspension 

Determination of% of inhibition and minimum inhibitory concentration (MIC) 

The MIC was determined by preparing the ZnONPs-DMSO solution in vitro at increasing concentrations. An inoculum of 

25 μL was pipetted from a 24 h broth culture of the various test organisms into 5 test tubes containing 50 mL of nutrient

broth. The same amount (25 μL), but different concentrations of the nanomaterial was also pipetted into each test tube. 

In place of the nanomaterial, DMSO, which was used as the solvent, was pipetted into the first test tube, which served as

the control. After incubating in a shaker incubator at 37 °C and 150 RPM for 16–20 h, the turbidity was measured at a

wavelength of 600 nm using a spectrophotometer (Thermospectronic, Model Helios Epsilon, made in USA). Percentage of 

inhibition were calculated from the readings obtained from the spectrophotometer using the formula below. 

P ercentageof inhibition = Absorbanceof control − Absorbanceof sample 

Absorbance of control 
X 100 

Results and discussion 

The chemistry and synthesis of zinc oxide nanoparticles (ZnONPs) 

The mechanism of the green synthesis of ZnO nanoparticles is presented in scheme 1 . The plantain extract contains

phytochemicals, which may vary according to different parts of the fruit. Hence, the composition significantly affects the 

nanoparticle synthesis. These phytochemicals are antioxidants and toxic-free chemicals. Hence, act as stabilising agents and 

are also able to convert the metal precursors to metal oxide nanoparticles, thereby act as both reducing and stabilizing

agents [24] . The formation of the ZnO nanoparticles proceeds via a two-step process involving the formation of the hydrox-

ide by the interaction of the zinc salt and the extract of plantain peels, and a calcination reaction at 350 °C to yield ZnO.

Due to the attachment of Zn to the acetate anion, in the precursor salt, there is a high reduction potential and tendency

to donate electrons. As a result of this, the Zn cation is easily coordinated to the different antioxidants present in the PPE

through the OH group resulting in the formation of Zn(OH) 2 and an off white precipitate began to emerge. The formed

Zn(OH) 2 is then followed with calcination process to give ZnO as presented in Scheme 1 [ 25 , 26 ]. 

Identification, isolation, and mass synthesis of bioactive compounds against pathogens are required for the management 

of foodborne diseases. ZnO nanoparticles exhibit high antibacterial efficacy at concentrations as low as (0.16–5.00 mmol/L), 

either by disruption of the cell membrane [27] , generation of reactive oxygen species (ROS) [28] , hindering bacterial DNA

amplification, or down-regulation of gene expression [29] . Obtaining these nanoparticles from plant extracts gives an added 

advantage because they serve as reducing agents and surfactants by binding to the metal ions to form the respective hy-

droxide. The formation of the metal oxide involves calcination, a thermal process, which determines the structure, size and 

crystalline nature of the synthesized nano-materials. The stages involved in the synthesis of ZnONPs from PPE are repre- 

sented in Fig. 1 . 
3 
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Scheme 1. Proposed mechanism for PPE mediated synthesis of ZnO nanoparticles. Note ( ̶ ) ̶ R is organic components of PPE. 

 

 

 

 

 

 

 

 

 

X-Ray diffraction (XRD) pattern of ZnO nanoparticle 

Fig. 2 is the XRD pattern of ZnO nanoparticles after calcination at 350 °C for 2 h. The definite broadening of the XRD

peaks indicate that the analysed sample contains particles in nanoscale range. Position and width, peak intensity and full- 

width at half-maximum (FWHM) were determined from the XRD patterns analysis. The diffraction peaks located at 31.84, 

34.52, 36.33, 47.63, 56.71, 62.96, 68.13,69.18,72.61 and 77.11 are indexed to (10 0), (0 02), (101), (110), (103), (200), (112),

(201), (004) and (202) respectively of a hexagonal wurtzite phase of ZnO [30] with lattice constants a = b = 0.324 nm and

c = 0.521 nm (JPCDS card number: 36-1451) [31] . Furthermore, it was also confirmed that the synthesized nanopowder was

free of impurities because it did not contain any other XRD peaks besides that of ZnO [32] . The diameter of the synthesized

ZnO nanoparticle was estimated using Debye-Scherrer formula ( Eq. (1) ) 

D = Kλ/β cos θ (1) 

where K = 0.9 is the shape factor, γ is the wavelength of X-ray used (1.5406 A), θ is the Bragg diffraction angle, and β is

the full width at half maximum (FWHM). 

The estimated crystallite size of the ZnONPs was about 18.06 nm and this was in the range of the values obtained in

previous similar studies [32] . 

Optical characterization 

UV–visible absorption and emission spectrum studies 

The UV–visible spectrum of the synthesized nanoparticles in absolute ethanol is shown in Fig. 3 a, and clearly shows that

the maximum absorption peak appears at 378 nm which has also been reported for ZnONPs with a hexagonal wurtzite 

structure [33] . The optical band gap energy of the zinc oxide at the maximum absorption peak was obtained from Eq. (2) as
4 
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Fig. 1. Pictorial representation of steps involved in the green synthesis of ZnONP using plantain peel extract (PPE). 

Fig. 2. XRD pattern of ZnO nanoparticles synthesized from peel extract of Musa paradisiaca. 

 

3.28 eV. 

E g = h v /λ = 1240 /λ (2) 

Where γ = wavelength of maximum absorption; h = Planck’s constant, c = speed of light 

In addition to the optical band gap at the wavelength of maximum absorption, the band gap of the synthesized ZnONP

was also estimated from Tauc equation and Tauc plot shown in Eq. (3) and Fig. 3 (b) respectively. 

∝ h v = D ( h v − E ) 
n 

(3) 

Where h v = photon’s energy of the incident radiation; E g = band gap of the synthesized material; D and n are constant. 
5 
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Fig. 3. (a) UV–vis spectrum of the synthesized zinc oxide (b) Tauc plot of synthesized zinc oxide. 

Fig. 4. FTIR spectrum of unripe plantain peel extract. 

 

 

 

 

 

 

The Tauc plot was obtained from this equation by plotting ( ∝ h v ) 2 against h v while the bandgap of 3.65 eV was obtained

by extrapolating the linear part of the plot to the energy ( hv ) axis. The higher value of bandgap compared to that of the

bulk is due to quantum confinement effect [31] . 

Fourier transform infrared spectroscopy (FTIR) 

The plantain peel has been previously reported to contain biogenic amines, phenolic compounds and carotenoids [22] . 

Some of the functional groups that are present in the extract of plantain peel emanated from these compounds. The FTIR

spectrum ( Fig. 4 ) shows the presence of aromatic C 

–H out of plane vibration at 590.25 cm 

−1 and the peaks at 1636.71

and 3296.07 cm 

−1 are the bending and stretching vibrations of the O 

–H respectively [34] . This indicated the presence of

hydroxyl compounds in the plantain peel extract. 

Morphological studies and chemical analysis 

The size, morphology and surface area of nanoparticles play important roles in their properties and characteristics. The 

morphological, size, and compositional analysis of the ZnO NPs were studied by TEM, SEM and EDX as presented in Fig. 5 .
6 
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Fig. 5. SEM images at (a) low magnification, (b) high magnification, (c) EDS spectrum as inset, (d) TEM image, and (d) particle size distribution histogram 

of the synthesized ZnO nanoparticles. 

 

 

 

 

 

 

 

 

 

The SEM micrograph ( Fig. 5 a) indicated that the ZnONPs were of spherical morphology, with smooth surface and good

distribution across the surface as shown in the higher magnification images of Fig. 5 b. EDX result shown in the inset of

Fig. 5 b reveals a single peak of O identified at 0.5 KeV, and three peaks of Zn identified at 1, 8.4 and 9.8 KeV. These peaks

characteristic of only Zn and O elements, without any additional peaks, confirmed the purity of the biosynthesized ZnONPs. 

This also corroborates with the results obtained from both the XRD and FTIR analyses. The internal morphology presented 

by the TEM images of Fig. 5 d showed spherical morphology with slight agglomeration typical of particles prepared via a

calcination process. An average particle size of 12.45 nm was obtained from the particle size distribution histogram obtained 

using the origin software ( Fig. 5 e). The size is in good agreement with the results obtained from the XRD analysis. 

Antimicrobial susceptibility assay 

The antimicrobial efficacy of the ZnONPs was investigated on four food-borne pathogenic organisms ( S . enterica , K. pneu-

monia , S. aureus and Bacillus cereus ) using the agar well diffusion and agar broth dilution methods Fig. 6 . shows the magni-

tude of the susceptibility of the various pathogenic organisms. 

The diameter of the zone of inhibition (ZOI) varied for the different organisms. The highest ZOI was recorded in the

treatment against S. aureus ATCC 26923, while K. pneumoniae demonstrated the lowest ZOI. This was similar to the reports 

of Chennimalai [35] , where Bacillus cereus , a Gram-positive bacterium was observed to be more sensitive to ZnO nanocrystals

compared to Gram-negative pathogens. The mean of three replicates of the diameter of ZOI (in millimeters) induced by the 

ZnONPs suspension is presented in Table. 1. Table. 2 Table. 3 .. 

This green synthesized ZnONPs exhibited a high degree of antimicrobial activity against Gram-positive bacteria. One 

major function of the bacterial cell walls and membrane is for protection against environmental threats. Therefore, bacte- 

ria are classified based on the differences in the cell wall structures. Gram-negative cell wall, which is also referred to as
7 
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Fig. 6. Zone of inhibition of green synthesized ZnONPs against (A) K. pneumoniae (B) B. cereus (C) S. enterica (D) S. aureus ATCC 26923. 

Table 1 

Mean width of inhibition zone (in millimeters) induced by the ZnONPs. 

S/N Organism Mean width of Inhibition Zone (mm) 

1 Salmonella enterica 10.67 ± 0.58 

2 Klebsiella pneumoniae 12.00 ± 1.00 

3 Staphylococcus aureus 27.67 ± 6.81 

4 Bacillus cereus 12.00 ± 1.73 

Table 2 

Optical density reading of broth culture at 600 nm. 

S/N Test isolate Concentration of ZnONPs 

0 μg/ml 10 μg/mL 100 μg/mL 500 μg/mL 10 0 0 μg/mL 50 0 0 μg/mL 

1 Salmonella enterica 1.403 1.408 1.097 1.046 1.022 1.019 

2 Klebsiella pneumoniae 1.225 1.230 1.035 0.861 0.836 0.798 

5 Staphylococcus aureus 1.371 1.374 0.998 0.957 0.940 0.938 

6 Bacillus cereus 1.337 1.339 1.087 1.044 1.036 1.021 

Table 3 

Percentage of inhibition and Minimum Inhibitory Concentration (MIC) of ZnONPs. 

S/N Test isolate Percentage of inhibition (%) 

10 μg/ml 100 μg/ml 500 μg/ml 10 0 0 μg/ml 50 0 0 μg/ml 

1 Salmonella enterica 0.00 21.81 65.75 67.46 61.76 

2 Klebsiella pneumoniae 0.00 15.51 29.71 31.76 34.86 

5 Staphylococcus aureus 0.00 27.21 30.20 31.44 31.58 

6 Bacillus cereus 0.00 18.70 21.91 22.51 23.64 

 

 

cell envelope, basically contains two layers of lipopolysaccharides. In contrast, Gram-positive cell wall is typically thicker and 

primarily composed of a single type of molecule, peptidoglycans. Roy et al [36] . reported that most ZnONPs show higher an-

tibacterial activity against Gram-negative bacteria than Gram-positive bacteria, due to the natural barrier that Gram-positive 

bacterial cell wall provides. Consequently, the ZnONPs synthesized in this study is of utmost value as it demonstrates high 

degree of antimicrobial activity against Gram-positive bacteria, thereby making it a good therapeutic agent against Gram- 

positive pathogenic bacteria. 

Minimum inhibitory concentrations (MICs) are the lowest antimicrobial concentrations that will inhibit visible microor- 

ganism growth after an overnight incubation period. The notion of minimum inhibitory concentration was developed by 

Alexander Fleming, who used the turbidity of broth to measure the antibacterial effectiveness of medicines. The Clinical and 

Laboratory Standards Association combined methodologies and standards for MIC determination and clinical application for 

antibiotic bacteriostatic effects evaluation in the late 1980s. In microbiology, the minimum inhibitory concentration (MIC) is 

the lowest concentration of chemicals (usually drugs) that prevent the visible growth of bacteria. The MIC depends on the 

microorganisms, the infected person (only in the body) and the antibiotic itself. 

The broth dilution method was used to determine the lowest concentration of the ZnONPs that could inhibit the growth 

of the pathogenic organisms. The MIC for the green synthesized nanoparticle was found to be 100 μg/mL. In a related study,
8 
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Ansari et al. (2020) synthesized zinc oxide nanoparticles from Cinnamomum verum plant extract and observed a minimum 

inhibitory concentration (MIC) of 125 μg/mL and 62.5 μg/mL for Escherichia coli and Staphylococcus aureus respectively. 

Furthermore, biosynthesized ZnO 

–NPs have been found to be effective against plant pathogenic microorganisms such as 

Erwinia amylovora, Aspergillus flavus, Aspergillus niger, Fusarium oxysporum, Fusarium moniliform , and Alternaria alternata , with 

MIC values ranging from 15.6 μg/mL to 500 μg/mL. The percentage of inhibition was observed to increase with an increase

in the concentration of the nanoparticle solution. The highest percentage was observed at a concentration of 50 0 0 μg/mL

against B. cereus, while the lowest was observed at a concentration of 100 μg/mL against K. pneumoniae. 

In a similar study, it was reported that the antibacterial activity of ZnONPs increases with an increase in the concen-

tration of ZnONPs due to the increase of H 2 O 2 concentration from the surface of ZnONPs. The nanoparticles which were

synthesized from Nilgiriantusciliantus leaf extract were observed to inhibit the growth of Pseudomonas aeruginosa and Strep- 

tococcus mutans [37] . 

Some attempts have been made to explain the mechanism of infiltration of nanoparticles to microbial cells, however, 

the precise mechanism of interaction between nanoparticles and cell organelles, which initiates antimicrobial activity, is still 

lacking. Four modes of penetration which includes attachment of the nanoparticles to the cell membrane; the production of 

Reactive Oxygen Species (ROS) by the Zn ions to damage the microbial DNA; interference of ATP synthesis and DNA repli-

cation by the ionic forms of nanoparticles and by interaction with amino acids and nucleic acid moieties as a result of the

formation of thiols or phosphates [38] . According to Liu et al [39] ., when E. coli was treated with zinc oxide nanoparticles,

the particles adhered to the cell membrane, producing membrane deformation and disarray of intracellular structures. The 

antibacterial effect of zinc oxide nanoparticles on multidrug-resistant S. aureus was examined by Kadiyala et al [40] , who

concluded that ROS formation alone could not be the predominant antibacterial mode of action. However, one thing is cer- 

tain: the high amount of zinc ions present at nanoforms disrupts virulence by inhibiting some important glycolytic enzymes 

due to reduction in hyaluronic acid capsule synthesis, which invariably leads to a shift in the expression of carbon catabolic

pathways [41] . 

Conclusion 

In order to limit the use of chemicals in the synthesis of nanoparticles, hexagonal zinc oxide nanoparticles were pre- 

pared using the aqueous extracts of plantain peels. The zinc oxide nanoparticles of spherical morphology were character- 

ized for their optical, structural and morphological properties, and the antimicrobial efficacy of the zinc oxide was investi- 

gated against different clinical strains of food borne Gram positive and Gram negative bacteria: Salmonella enterica, Klebsiella 

pneumoniae, Bacillus cereus MTCC 430 and Staphylococcus aureus 26923, extracted from beef. The biosynthesized nanopar- 

ticles exhibited good antimicrobial efficacy against both the Gram-positive and Gram-negative bacteria, with low values of 

minimum inhibitory concentrations. The study concludes that the synthesis of zinc oxide nanoparticles using the plantain 

peel extract represents an eco-friendly and cost-effective approach to green ZnO nanoparticles with potent anti- microbial 

efficiency. 
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