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Abstract— Zinc oxide [ZnO] nanoparticles have drawn significant attention due to their numerous promising applications in a 

variety of domains like medicine, environmental studies, and electronics. Generally, the synthesis of ZnO nanoparticles has 

traditionally involved chemical methods that often require toxic chemicals and expensive equipment. However, these 

conventional methods raises concerns about the impact of on the environment and their biocompatibility, driving a shift in the 

intrest towards the green/ biological synthesis of ZnO nanoparticles. Green synthesis is less hazardous aproach because it uses 

plant extracts from leaves, flowers, fruits, bark, and peels, reducing the need for potentially hazardous substances. This 

environmentally friendly process not only reduces harm but also enhances ZnO nanoparticles biocompatibility, broadening the 

range of possible applications in various fields. The review covers the recent developments in the environmental friendly green 

synthesis of ZnO nanoparticles. The article explores various techniques for synthesis of  nanoparticles and highlights the 

influence of plant-mediated processes on the their size, structure, and morphologies. In addition, the paper discusses several 

characterization techniques which are necessary to understand the properties of nanoparticles synthesized by sustainable 

methods. The review discusses multiple applications of these nanoparticles, highlighting their role in advancing towards 

sustainable & eco-conscious future. 
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1. Introduction 
 

The field of nanotechnology has grown significantly during 

the past century. Furthermore, nanotechnology is at present 

the subject of a multitude of types of research, in either a 

direct or indirect way [1]. Nanoparticles are particles that 

have a size range of 1 to 100 nanometers. When particles are 

reduced to the nanoscale, materials display unique chemical 

& physical properties due to their high ratio of surface area to 

volume [2]. Nanoparticles display distinctive qualities from 

those of their bulk counterparts which makes them suitable 

for a wide range of uses [3].Nanoparticles can be classified 

into various categories based on their composition and 

characteristics, including, Metal or metal oxide nanoparticles, 

carbon based NPs, semiconductor NPs, , Polymeric NPs,  

lipid based NPs and ceramic NPs. Metal oxide nanoparticles 

are widely used in several cutting-edge applications, such as 

Catalysis, Optoelectronics materials, heavy metal removal in 

industrial wastewater, antiviral agents, electrochemical 

energy storage, Antioxidants, photocatalytic degradation, 

drug delivery & diagnosis, cosmetics and skin care, anti-

inflammatory agents and  Antimicrobial agents in surfaces of 

building structures [4-14]. Zinc oxide nanoparticles have 

attracted a lot of attention recently because of their distinctive 

characteristics and extensive range of dievrse applications. 

Zinc oxide nanoparticles have exceptional optical, electrical, 

and antimicrobial characteristics, making them highly 

valuable in different domains, such as environmental science, 

electronics, and medicine [15-17]. Their high ratio of surface 

area to volume and semiconductor characteristics facilitate 

effective photocatalytic activity [18]. It is helpful for 

decomposing contaminants and disinfecting water in cleaning 

up the environment. Developments in ZnO nanoparticle 

synthesis techniques are being made with the goal of 

improving the material's stability, reactivity, and application, 

which will boost its use across scientific and industrial 

domains. For commercial application, ZnO nanoparticles can 

be produced chemically or mechanically. However, 

environmental problems raised by these methods have 

received worldwide concern [19]. Nanoparticles produced 

through traditional methods often have restricted applications 

in clinical settings because of their associated toxicity and the 

use of hazardous chemicals in their production process [20]. 

Utilizing plant extracts can boost the bioactivity of the 
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nanoparticles, providing additional functionalities. 

Additionally, employing plant extract in the synthesis of 

nanoparticles has the advantage of their accessibility, safety, 

and large variety of metabolites, which include antioxidants, 

nucleotides, and vitamins. [21]. This review aims to provide a 

detailed analysis of the available techniques employed for the 

synthesis of  ZnO nanoparticles utilizing extracts of different 

plant parts such as leaves, flowers, seeds, stems, bark, fruits 

and roots. Additionally, the review will explore the various 

applications of these green-synthesized ZnO nanoparticles 

across multiple fields. This study aims to highlight ZnO 

nanoparticles' potential for advancing the field of 

nanotechnology while promoting sustainability. We aim to 

encourage further research and innovation in green 

nanotechnology, paving the way for future developments 

which promote the objectives of global sustainability. 

 

2. Methods of synthesis of ZnO Nanoparticles : 
 

There are several methods to synthesize nanoparticles. The 

bottom-up method works with building up nanomaterials 

from the atomic scale, whereas the top-down aproach focuses 

on reducing the particle from micro to nanoscale [22]. 

 

2.1 Physical Methods 

Ball Milling  

The ball milling method is one of the physical top-down 

approach used for the synthesis of nanoparticles. This 

technology uses high-energy balls in a revolving or vibrating 

ball mill to mechanically reduce bulk materials to nanoscale 

sizes. Particles break down into smaller sizes as a result of 

frequent collisions between the balls and the substance [23]. 

ZnO nanoparticles can be synthesized by this method by 

precisely controlling the milling parameters, including 

milling speeds, processing time and the type of milling 

apparatus used [24]. Studies has been reported in which ZnO 

nanoparticles [ZnO NPs] are synthesized using a ball-milling 

approach at different calcined temperatures. The ZnO NPs 

were then characterized using a variety of characterization 

techniques [25, 26] 

       

Thermal Evaporation 

The thermal evaporation method is a physical vapor 

deposition [PVD] technique used for the synthesis of 

nanoparticles. This method involves heating bulk material to 

a high temperature and evaporating it in a vacuum chamber. 

Following their vaporization, the atoms or molecules 

condense onto a colder substrate to create thin films or 

nanoparticles [27, 28]. Zinc oxide nanoparticles with different 

morphologies have been synthesized via a thermal 

evaporation technique. The morphology of ZnO can be 

controlled by varying the evaporation pressure [29]. Using a 

variety of characterization methods, the impacts of selective 

control of process parameters on the morphological, 

structural, and optical properties of synthesized ZnO 

Nanoparticles are systematically investigated [30, 31] 

 

Laser ablation 

Laser ablation is a top-down physical method used to 

synthesize nanoparticles. A target substance is exposed to a 

high-energy laser beam, which causes the material to 

evaporate and produce a plasma plume. The plasma cools and 

forms nanoparticles [32, 33]. Zinc oxide nanoparticles are 

synthesized using laser-ablation method and are characterized 

by using different techniques. The size and shape of the 

nanoparticles can be controlled by controlling the ablation 

time and wavelength [34]. 

 

2.2 Chemical Methods 

Sol-gel method 

The sol-gel technique is a widely used bottom-up synthesis 

approach for creating nanoparticles with distinct chemical 

compositions. The creation of a homogenous sol from the 

precursors and its transformation into a gel form the 

foundation of the sol-gel process. The gel is subsequently 

dried, and the solvent is eliminated from the gel structure [35, 

36]. The sol-gel method is based on inorganic polymerization 

processes. It contains four steps: hydrolysis, 

polycondensation, drying and thermal decomposition [37]. 

The sol-gel method is successfully used to synthesize zinc 

oxide nanoparticles with good crystallinity and their various 

properties and applications have been extensively reported in 

existing literature [38-41]. 

 

Precipitation method 

The synthesis of nanoparticles by the precipitation method 

involves combining precipitating agent and metal salt 

solutions, which causes insoluble nanoparticles to form 

through nucleation and growth processes [42]. Synthesis & 

Characterization of ZnO Nanoparticles by using precipitation 

method has been reported in the literature. Furthermore, it has 

been reported that the precursor concentration, variation in 

pH, reaction time, synthesis temperature, calcination 

temperature, stirring time, and stirring speed all have an 

impact on the final structure, morphology and shape of the 

nanoparticles [43, 44]. 

 

Hydrothermal method 

Hydrothermal synthesis of nanoparticles is a solution 

reaction-based approach. Chemical reactions occur in a liquid 

solution that is enclosed in a sealed container, subjected to 

high pressure and temperature. This process promotes the 

crystallization of nanoparticles [45]. The metal precursor goes 

through the hydrolysis and condensation processes during the 

hydrothermal synthesis, resulting in the formation of ionic 

and neutral species like metal hydroxide, oxides, and their 

complexes [46]. The process of synthesizing Zinc Oxide 

Nanoparticles with various shapes using hydrothermal 

synthesis is a well-known and frequently used method in 

many scientific investigations [47- 49]. 

 

Electrodeposition method 

Electrodeposition is a technique used to create nanoparticles 

by applying an electric current to a solution containing metal 

ions, which then deposit onto a conductive surface. This 

technique allows precise control over various parameters 

related to nanoparticles such as shape, size and distributions 

by adjusting different variables such as voltage, time 

durations, and current densities [50, 51]. Various studies have 

reported the synthesis of ZnO Nps employing the 
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electrodeposition method, achieving different morphologies 

under varying condition [52, 53]. The morphology of the ZnO 

nanoparticles can be precisely regulated by manipulating 

various parameters like temperature, deposition time, applied 

potential, and pH of the deposition bath [54, 55]. 

 

Chemical Vapour deposition  

Nanoparticles can also be synthesized by using Chemical 

Vapor Deposition technique, where volatile precursors are 

vaporized and transported to a heated substrate, where they 

chemically react or form nanoparticles [56]. Numerous 

studies have reported on the synthesis of ZnO nanoparticles 

using Chemical Vapor Deposition [CVD] method, allowing 

for precise control over morphology and size of particles. 

This technique has been effective in producing ZnO 

Nanoparticles with different structures and morphologies [57-

59]. 

3. Plant mediated synthesis of ZnO 

Nanoparticles: 
 

Metal oxide nanoparticles are commonly synthesized by 

using chemical and physical methods. However, these 

processes often requires expensive equipment and involves 

toxic and harmful reducing agents which has adverse effect 

on environment [60]. Green synthesis of nanoparticles is an 

eco-friendly method that utilizes biological entities like plant 

extracts, fungi, algae, or bacteria etc. for synthesizing 

nanoparticles. Unlike traditional synthesis methods, this green 

synthesis technique involves non-toxic naturally occurring 

compounds which are renewable and abundantly available. 

Thus synthesis by this alternative approach is just not only 

biocompatible but also economical [61].  

 

 
Figure 1. Overview of Conventional Synthesis Methods for ZnO Nanoparticles 

 

The common method adopted for plant mediated synthesis of 

nanoparticles involves preparing a plant extract containing 

alkaloids, tannins, polysaccharides, flavonoids, terpenoids, or 

polyphenols by boiling or grinding different parts of the plant 

such as leaves, stems, fruits, bark, peels, or roots. After that, a 

solution containing metal ions, such as zinc acetate for ZnO 

nanoparticles is mixed with the plant extract. The plant 

extract is then combined with a solution containing metal 

ions, like zinc acetate for zinc oxide nanoparticles. In the 

presence of  biomolecule of the plant extract, reduction of 

metal ions occurs and the formation of nanoparticles takes 

place. These biomolecules do not only involve in the 

reduction process but they often act as capping and stabilizing 

agent, preventing assemblage and enhancing their 

functionality. The intricacy of plant extracts makes it difficult 

to control the physicochemical properties of NPs, despite the 

fact that a good understanding of the biomolecules will be 

useful in the development of new green approaches. The 

morphological & structural characteristics of nanoparticles 

can be varied by altering the reactant 

composition/concentrations and condition of the reaction [62-

66]. 

 

ZnO Nanoparticles synthesized using spinach leaves was 

studied for their potential to degrade wastewater. ZnO 

Nanoparticles were characterized using XRD, SEM, UV-Vis 

and TEM. FTIR, XPS, and EDXS for ZnO NP structural 

analysis. ZnO NPs from spinach leaves effectively break 

down wastewater in the presence of sunlight. Biosynthesised 

ZnO nanoparticles exhibit photocatalytic activity in the 

breakdown of wastewater [67]. While studying the plant-

mediated ZnO NPs synthesis for eco-friendly water treatment 

applications it was explored that pH influences ZnO 

properties. Green synthesis of ZnO NPs using Sorghum seed 

at pH 11 was explored. Sorghum seed extract at pH 11 

showed best photocatalytic degradation. pH influences ZnO 

NPs properties for efficient methylene blue degradation. ZnO 
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Nanoparticles synthesized with pH 11 have shown high 

degradation efficiency [68]. 

 

Green synthesis of ZnO nanoparticles using Sorghum panicle 

for photocatalytic degradation, antibacterial activity and 

phytotoxicity studies was conducted. Synthesised 

nanoparticles were characterised for stability, morphology, 

and thermal properties. ZnO nanoparticles synthesised using 

Sorghum panicle showed high photocatalytic degradation 

efficiency. An investigation on the effects of nanoparticle 

concentration on antibacterial activity revealed increased 

activity, 100% of the seeds germination rate with treated 

water was found in a phytotoxicity study [69]. Further, it was 

studied that co-doped ZnO NPs show improved degradation 

of methylene blue dye. Green synthesis of Ni-Mn co-doped 

ZnO NPs from orange peel extract showed improved 

photocatalytic activity, degrading 97% methylene blue. This 

study also reveals that doping concentration affects crystallite 

size, band gap, and photocatalytic activity [70]. Segun 

Abegunde et al. studied that ZnO nanoparticles synthesized 

from Nauclea latifolia fruit extract can have antimicrobial 

use. Prepared ZnO NPs were characterised using different 

methods, which include UV-Vis, FTIR, XRD, DLS, and 

TEM. Nauclea latifolia-ZnO NPs showed antibacterial 

properties and high antimicrobial potency against E. coli and 

S. aureus [71]. 

 
Figure 2. Green Synthesis Approach to ZnO Nanoparticles: A Step-by-Step Flow Chart 

 
=Green synthesis of ZnO NPs utilizing Lupinus albus L. seed 

is studied by Teshiwal Bizuayen Adamu et al. for 

antibacterial and photocatalytic applications. ZnO NPs from 

Lupinus albus L. seed extract showed high photocatalytic 

activity. Antibacterial activity against Klebsiella pneumonia 

was highest with these seed extracts [72]. Green synthesis of 

ZnO NPs utilizing G. ulmifolia leaf demonstrated potential 

for use in biological applications.  

 

XRD, UV-Vis, FTIR, SEM, and EDS were done for ZnO NPs 

characterization. The agar-well diffusion method was used for 

antibacterial property assessment. Antioxidant and 

antibacterial activities of ZnO NPs were demonstrated 

effectively [73]. Photocatalytic degradation of Congo red by 

Green synthesis of ZnO NPs using Epipremnum Aureum 

leaves was studied. XRD analysis confirmed the crystalline 

nature and hexagonal phase of  nanoparticles. Also, The band 

gap of the particles was reported to be 3.73 eV. Under UV 

light, these ZnO NPs effectively degraded Congo red under 

the optimum conditions for CR degradation: pH 2, 10 ppm, 

20 mg of catalyst [74]. 

 

Green synthesis of Ag2O doped ZnO NPs using Croton 

Macrostachyus leaf was studied. Nanoparticles exhibit 

nanorod-like morphology with sizes ranging between 16 to 23 

nm. Synthesized nanoparticles exhibit enhanced 

photocatalytic and antioxidant properties. Doped 

nanoparticles degrade methylene blue dye efficiently under 

sunlight exposure [75]. M. Muthukathija et al. studied the 

Green synthesis of ZnO Nanoparticles utilizing Pisonia Alba 

leaf. It has been reported that Pisonia alba extract act as a 

capping and reducing agent. Green synthesized ZnO NPs had 

potent antibacterial properties against gram-positive and 

gram-negative bacteria [76]. Green synthesis of ZnO-NPs 

using mint and basil leaves was done to investigate physical 

properties, antibacterial potential, and plant uptake effects. 

XRD was done for chemical composition and phase purity 

confirmation. Green synthesis produced pure, crystalline 

ZnO-NPs with high purity. It was reported that mint and basil 

extracts enhanced Zn uptake and plant growth. Hence, ZnO-

NPs improved wheat germination, varying growth based on 

species and concentrations [77]. Nanoparticle preparation 
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using medicinal plants like Magnifera indica (Mango) seed 

was reported by Shanmugam Rajeshkumar et al. to study 

antibacterial and antioxidant activities. UV-Vis spectroscopy, 

FT-IR, XRD, SEM, TEM, and AFM techniques were used. 

Mango seed-wrapped ZnO NPs exhibit powerful antioxidant 

properties and inhibit bacterial growth efficiently, thereby 

showing significant antimicrobial potential [78]. 

 

Esraa Hamdy et al. reported that ZnO-NPs biosynthesized 

from E. japonica leaf extract showed insecticidal properties. 

Synthesized ZnO-NPs were effective against coleopteran 

pests and bacterial pathogens. Also, it was reported that 

antibacterial activity against potato pathogens was 

concentration-dependent. According to this study, ZnO-NPs 

can be used in pest management and potato diseases [79]. 

Michael Odoi Kyene reported ZnO NPs developed using root 

extract Cassia sieberiana exhibit good antioxidant activity and 

anti-microbial properties [80]. Shahid Awan et al. and Vidhya 

Selvanathan et al. had also studied plant-mediated ZnO-NPs 

for antibacterial and antioxidant activities. Shahid et al. used 

leaf extract of Ailanthus altissima for ZnO NPs synthesis. The 

ZnO Nanoparticles were having spherical shape with 13.27 

nm average size. ZnO-NPs exhibited antioxidant efficiency 

with an IC50 value of 78.23 lg/mL. ZnO-NPs showed 

antibacterial activity. Vidhya Selvanathan et al. used Soursop 

leaf extract to synthesize ZnO NPs by microwave irradiation 

method. These nanoparticles also showed antibacterial 

activity [81, 82]. Amal Al-Mohaimeed et al. had reported 

Green synthesized  ZnO nanoparticles from oat extract for 

biomedical applications. Antibacterial, antioxidant, and 

photocatalytic properties of ZnONPs were investigated. 

ZnONPs exhibited significant antioxidant effects with 

scavenging activity. ZnONPs showed antibacterial activity 

against various strains. Synthesized ZnO NPs showed 

photocatalytic potential for Rhodamine B dye degradation 

[83]. 

 

Hamad Sadiq et al. Synthesized ZnO NPs showed high 

photocatalytic activity and were capable of degrading MB 

dye effectively [84]. Lalitha Kolahalam et al. reported that 

Saussurea lappa root extract-based ZnO NPs showed 

antifungal, antibacterial activity, and cytotoxicity in 

opposition to CHO cells [85]. Shah Faisal et al. reported 

synthesis of ZnO Nanoparticles using Myristica fragrans 

showed antibacterial, antidiabetic, and antioxidant properties. 

also, reported ZnO NPs showed larvicidal action against 

Aedes aegypti and leishmanicidal activity. ZnO NPs had been 

capable of degrading methylene blue dye by 88% 

photocatalytically [86]. Raghavendra Sali et al. reported that 

biosynthesized ZnO and Ag-ZnO nanocomposites using 

Macrotyloma uniflorum leaf extract exhibit strong 

antibacterial activities against gram bacteria [87]. Rafael 

Álvarez-Chimal et al. stated that green synthesized ZnO-NPs 

the use of Dysphania ambrosioides plant extract also 

exhibited antibacterial residences towards numerous bacteria 

strains [88]. P. Ramesh et al. mentioned that ZnO NPs 

synthesized from Cassia auriculata leaf extract exhibited 

effective antibacterial residences, displaying antibacterial 

activity towards diverse pathogens [89]. 

 

Biogenic synthesis of ZnO NPs from Syzygium cumini leaves 

for dye toxicity removal was reported by Hamad Sadiq et al. 

Synthesized ZnO NPs showed high photocatalytic activity 

and were able to degrade MB dye effectively [84]. Lalitha 

Kolahalam et al. reported that Saussurea lappa root extract-

based ZnO NPs showed antibacterial, antifungal activity, and 

cytotoxicity against CHO cells [85]. A study reported by 

Shah Faisal et al. reveals that green synthesis of ZnO-NPs 

from Myristica fragrans showed antibacterial, antidiabetic, 

and antioxidant properties. Also, reported ZnO-NPs showed 

larvicidal activity against Aedes aegypti and leishmanicidal 

activity. ZnO-NPs were able to degrade methylene blue dye 

by 88% photocatalytically [86]. Raghavendra Sali et al. 

reported that biosynthesized ZnO and Ag-ZnO 

nanocomposites using Macrotyloma uniflorum leaf extract 

exhibit strong antibacterial activities against gram bacteria 

[87]. Rafael Álvarez-Chimal et al. reported that green 

synthesized ZnO-NPs using Dysphania ambrosioides plant 

extract also demonstrated antibacterial properties against 

different bacteria strains [88]. According to P. Ramesh et al., 

ZnO nanoparticles synthesized using Cassia auriculata leaf 

extract have strong antibacterial properties and exhibit 

antibacterial activity against various pathogens [89]. 

 

Fatemeh Norouzi et al. studied the green synthesis of ZnO 

NPs using Amygdalus scoparia for antimicrobial, anticancer, 

and antidiabetic properties. ZnO NPs showed potential as a 

remedial agent for various conditions. Also, enhance insulin 

levels and reduce blood glucose levels, AST, ALT, and 

improved gene expression. ZnO NPs biosynthesized from A. 

scoparia showed remarkable inhibitory activity by inhibiting 

bacteria, fungi, cancer, and diabetes effectively [90]. Sunday 

Wilson Balogun et al. studied synthesis of ZnO NPs utilizing 

Mimosa pudica extract and their energy applications. 

Synthesized ZnO NPs thin film absorbs light from 235 to 300 

nm. ZnO NPs thin film device has 0.7% efficiency under 

illumination for solar cells [91]. Wali Muhammad et al. 

synthesized ZnO NPs from Papaver somniferum L. for 

theranostic applications. ZnO NPs from Papaver somniferum 

demonstrated anti-diabetic activity, biocompatibility, and 

bactericidal properties. ZnO NPs are biocompatible with 

RBCs and effective against drug-resistant bacteria. They 

showed moderate enzyme inhibition and no RBC damage. 

These particles had potential for theranostic applications in 

drug delivery [92]. Harish Chandra et al. also reported 

synthesis of ZnO NPs using leaf extract of Berberis aristata, 

which also shows antibacterial activity and exhibits moderate 

antioxidant potential [93]. 

 
Table 1 : The green synthesis of ZnO-NPs reported in recent literature : 

Year Plant Name 
Part of the 

plant 
Shape  Size [nm] 

Characterization 

Techniques 
Applications Ref. 

2024 Spinacia oleracea leaf Spherical 35-40 XRD,SEM,TEM,UV Photocatalytic activity [67] 
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2024 Sorghum bicolor Seed 

Spherical  & 

Hemi- 

spherical 

11-15 XRD,SEM, UV, FTIR Photocatalytic activity [68] 

2024 Sorghum Panicle Panicle Spherical 59 

XRD , UV, FTIR 

FESEM,EDS, 

TGA/DTA 

Photocatalytic activity, 

Antibacterial activity, 

Phytotoxicity 

[69] 

2024 
Citrus sinensis 

[Orange] 
Peels Irregular 36 

XRD , UV, FTIR, 

SEM,EDS 
Photocatalytic activity [70] 

2024 Nauclea latifolia Fruit 
Spherical to 

Hexagonal 
14 

XRD, SEM, TEM, UV, 

FTIR, BET, TGA/DTA 
Photocatalytic activity [71] 

2024 
Lupinus albus L. 

[white lupin] 
Seed Spherical 20-30 

XRD, SEM, UV, FTIR, 

TGA/DTA 
Photocatalytic activity [72] 

2024 Guazuma ulmifolia leaf Spherical 27 
XRD , UV, FTIR 

SEM,EDX 

Antioxidant activity, 

Antimicrobial activity 
[73] 

2024 
Epipremnum 

aureum 
leaf Spherical 19 

XRD, SEM, , UV, 

FTIR,EDX, TGA/DTA 
Photocatalytic activity [74] 

2024 
Croton 

macrostachyus 
leaf Rod-like 16-23 

XRD, SAED, UV, 

HRTEM, TEM, SEM, 

FTIR, EDX 

Photocatalytic activity, 

Antioxidant activity 
[75] 

2023 Pisonia Alba leaf Rod-like 48 
XRD, SEM, , UV, 

FTIR,EDX 
Antibacterial activity [76] 

2023 Mentha spicata leaf Triangular 94 
XRD, SEM, , UV, 

FTIR 
Antibacterial activity [77] 

2023 Mangifera indica Seed Spherical 40-60 
SEM, EDX, AFM, 

XRD, FTIR 

Antibacterial activity, 

Antioxidant activity 
[78] 

2023 
Eriobotrya 

japonica 
leaf 

Irregular & 

Spherical 
5-27 

XRD, SEM, , UV, 

FTIR, DLS 
Antibacterial activity 

[79] 

 

 

2023 Cassia sieberiana Root Spherical 10-16 

 

XRD, SEM, TEM, UV, 

FTIR, EDX 

Anti-inflammatory, 

Antioxidant and 

antimicrobial activities 

[80] 

2023 Ailanthus altissima leaf Spherical 13 XRD, UV, SEM, FTIR 
Antibacterial activity, 

Antioxidant activity 
[81] 

2022 Annona muricata L leaf 
Quasi-

spherical 
37 

XRD, FESEM,TEM, 

FTIR , UV, Raman 
Antibacterial activity [82] 

2022 Avena Sativa [Oat] Seeds Hexagonal 17.5 

XRD, SEM, TEM, UV, 

EDX,  FTIR, 

TGA/DSC 

Antibacterial activity, 

Photocatalytic activity, 

Antioxidant activity 

[83] 

2021 Syzygium Cumini leaf 
Agglomera-

ted structure 
11.35 

XRD, FTIR, SEM, UV, 

, EDX, 
Photocatalytic activity 

 

[84] 

2021 Saussurea lappa Root Hexagonal 26 
XRD, FESEM FTIR , 

UV 

Antimicrobial activity, 

Cytotoxic activity 
[85] 

2021 Myristica fragrans Fruit 
Elliptical 

shape 
66 

XRD, SEM, TEM, UV, 

FTIR, EDX, TGA, DLS 

Antioxidant activity, 

Photocatalytic activity 
[86] 

2021 
Macrotyloma 

Uniflorum 
Leaf Hexagonal 128 

XRD, SEM, TEM, UV, 

FTIR, EDX, DLS 
Antibacterial activity [87] 

2021 
Dysphania 

ambrosioides 
Leaf 

Quasi-

spherical 
5-30 

FESEM, TEM, EDS, 

HRTEM, XRD, FTIR 

and TGA 

Antibacterial activity [88] 

2021 Cassia auriculata Leaf 
Nano Rod & 

Nano Flower 
20-30 

XRD, FESEM, UV, 

FTIR, TEM, EDX 
Antibacterial activity [89] 

2021 Amygdalus scoparia Stem Bark Spherical 15-40 
TEM, EDX, FESEM,  

UV 

Antibacterial activity, 

Antifungal activity,  

Anticancer activity, 

Anti-diabetic agent 

[90] 

2020 Mimosa pudica Leaf Spherical 15 XRD, UV, SEM, FTIR 
Photoanode in Dye 

sensitized solar cells 
[91] 

2019 
Papaver somniferum 

L. 
Pod Spherical 48 

XRD, TEM, SEM, 

FTIR, UV,  

Antibacterial activity, 

Antidiabetic activity 
[92] 

2019 Berberis aristata Leaf Needle like 20-40 
XRD, SEM, UV, FTIR, 

EDX, DLS 

Antibacterial activity, 

Antioxidant activity 
[93] 

 

4. Conclusion 
 

Recent advances in the synthesis of ZnO nanoparticles using 

various plant extracts has meticulously explored, focusing on 

the characterization and diverse applications of ZnO 

nanoparticles. The green synthesis technique provides a 

promising alternative approach of synthesis of ZnO 

nanoparticles. This method not only reduces the 
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environmental and health hazards associated with traditional 

synthesis techniques but also promotes the use of renewable 

resources and reducing waste generation.  Future prospects 

for the environmentally friendly manufacturing of ZnO 

nanoparticles utilizing extracts of different plants are 

extremely promising. During the synthesis of nanoparticles, a 

substantial and mainly unexplored pool of bioactive 

compounds found in plants can serve as stabilising and 

reducing agents. This not only makes the process more 

environmentally friendly, but it also makes it possible to 

create nanoparticles with certain qualities that are suited for 

particular uses.Furthermore, the exploration of a broader 

range of plant species, including those from underutilized or 

indigenous flora, could unlock new possibilities in 

nanoparticle synthesis. This approach not only promotes 

biodiversity but also supports sustainable development by 

utilizing locally available resources, particularly in regions 

rich in plant diversity. Future research could focus on 

optimizing extraction methods, understanding the role of 

specific phytochemicals in nanoparticle formation, and 

scaling up the synthesis process for industrial applications. 
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